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3.0 SOLID WASTE MANAGEMENT UNIT 10, BURIAL MOUNDS 

3.1 Summary 

Sandia National Laboratories/New Mexico (SNUNM) is proposing a risk-based no further action 
(NFA) decision for Solid Waste Management Unit (SWMU) 10, Burial Mounds, Operable Unit 
(OU) 1333. SWMU 10 is an inactive site comprised primarily of soiVdebris trom construction of 
bunkers at SWMU 60. from grading operations performed to maintain access to the site, and 
from salvage operations conducted after explosives testing activities. Primary sources of 
constituents of concern (COC) for SWMU 10 were depleted uranium (DU), high explosives 
(HE), and metals associated with accidental detonation of two mock weapons. Other tests 
conducted at the site may have contributed to contamination at SWMU 10 also, but specific 
details regarding those tests are unknown. Analytical results indicated that no residual HE 
compounds are present in the soil/debris mounds or surrounding surface soils (see 
Section 3.4.4.3). A radiological voluntary corrective measure (VCM) was conducted in 1996 to 
remove radiological anomalies associated with the soiVdebris mounds. A voluntary corrective 
action (VCA) was conducted in 1998 to remove the vermiculite mound. 

Review and analysis of all relevant data indicate that concentrations of COCs at this SWMU are 
less than applicable risk assessment action levels. Thus, SWMU 10 is being proposed for an 
NFA decision based upon confirmatory sampling data demonstrating that COCs that may have 
been released from this SWMU into the environment pose an acceptable level of risk under 
current and projected future land use, as set forth by Criterion 5 which states, ''The 
SWMUlAOC [area of concern] has been characterized or remediated in accordance 
with current applicable state or federal regulations, and the available data indicate that . 
contaminants pose an acceptable level of risk under current and projected future land use" 
(NMED March 1998). 

3.2 Description and Operational History 

Section 3.2 describes SWMU 10 and discusses its operational history. 

3.2.1 Site Description 

SWMU 10 (Figure 3.2.1-1) is associated with SWMU 60 and is located near the northeastern 
comer of Kirtland Air Force Base (KAFB), on federally owned land controlled by KAFB 
(SNUNM July 1994a). Access to the general area is by Coyote Springs Road to Pendulum 
Road and then approximately 1.5 miles north (Gaither Date fUnk]; Oldewage May 1993). The 
site lies on approximately 2.9 acres at a mean elevation of 6,175 feet above sea level 
(SNUNM April 1995). 

SWMU 10, Burial Mounds, inactive since the late 1970s, consists of nine soiVdebris mounds, 
one former soiVdebris mound removed in April 1996, and a former vermiculite mound removed . 
In May 1998. The former soiVdebris mound was removed in conjunction with a radiological 
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VCM (Section 3.4.4). The former vermiculite mound was removed as solid waste in a VCA 
(Section 3.4.5). The site boundary was established based upon the fragmentation radius of DU 
fragments found in the initial surface gamma radiation survey conducted in October 1993 
(RUST Geotech Inc. December 1994). 

SWMU 10 lies on Tesajo-Millett stony sandy loams that are underlain by igneous and 
metamorphic Precambrian rocks (USDA June 1977). Immediate topographic relief around the 
site is approximately 50 feet (Figure 3.2.1-1). The nearest monitoring wells, the Graystone 
Manor and TSA-l Wells, are located approximately 2.2 miles southwest and southeast of 
SWMU 10, respectively (Figure 3.2.1-1). Groundwater condijions at TSA-1 are probably 
more representative of conditions at SWMU 10, because SWMU 10 and TSA-l are east of 
the Coyote Fault on thin alluvium deposijs surrounded by Precambrian rocks (IT May 1994). 
At TSA-l well, semiconfined to confined groundwater is encountered in fractured Precambrian 
bedrock at a depth of 180 feet below ground surface (bgs) (IT May 1994). Local groundwater 
flow in the vicinity of SWMU 10 may be complicated because of abundant fractures and faults in 
the area. 

For a detailed discussion of the local setting and other information pertaining to SWMU 10, refer 
to the "RCRA [Resource Conservation and Recovery Act] Facility Investigation Work Plan for 
Operable Unit 1333, Canyons Test Area" (SNLJNM September 1995). 

3.2.2 Operational History 

The nine existing soiVdebris mounds and one former soiVdebris mound comprising SWMU 10 
are designated 1 through 10 to simplify discussion in this NFA proposal, and these numbers 
have no historical basis. The former vermiculite mound, not given a numerical deSignation, was 
located directly south of Mound 4 (Wrightson September 1993). Some of the mounds have 
been removed or modified in conjunction with a radiological VCM and solid waste VeA. 
Mounds 1 through 7 and Mound 10 are located west of Pendulum Road and the SWMU 60 
bunkers (Figure 3.2.2-1). Mounds 8 and 9 are located east of Pendulum Road (Figure 3.2.2-1). 
Table 3.2.2-1 provides a summary of the mounds and their original area/extent, modifications to 
the mounds during remediation, and the mounds final configuration. 

When most of the mounds were constructed is unknown and cannot be determined through the 
available historical aerial photographs (SNUNM August 1994). However, the majority of soil 
mounds were reportedly in place before January 4, 1979, when the Torch-Activated Burn 
System (TABS) experiment was ccnducted at the SWMU 60 control bunker (Kurowski January 
1979, Larson August 1994, larson and Palmieri August 1994a, Larson and Palmieri August 
1994b). Interview records confirm that the non-TABS-related soil mounds (I.e., Mounds 1, 2, 4, 
7,8,9, 10, and part of 6) were probably generated when the SWMU 60 bunkers were 
constructed and possibly during grading operations in the arroyo channel, which had been used 
as access to the site (Larson and Palmieri September 1994, Larson August 1994). Mounds 3 
and 5 and the south end of Mound 6 consist of sifted material derived from salvage operations 
that had been conducted after the TABS test. It is believed that the former vermiculite mound 
west of the bunkers originated from radioactive tracer experiments (osmium-191) that had been 
conducted in a vermiculite pit prior to the 1979 TABS test (Wrightson September 1993). 
Interviews confirm that at the conclusion of the tests in the pit the vermiculite was screened by 
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Table 3.2.2-1 
Summary of Remedial Actions Conducted 

On SWMU 10 SoiVDebris Mounds 

SWMU 10 

11 
12 

3 

4 

5 

Mound 6 

17 
18 
19 
110 

Mound 

Area~:;tent Remedial Actions 

;t ~~~~ 1 I VCM 

Mound 3 Completely 
Dismantled and Radiological 

Ii 
539 ; I ; IVCMI 

Mound 4 Partially Dismantled 
and Discrete Radiological 

r 
325 iii IVCMI 

2,446 

1,007 
. 568 
2,836 
1,013 
1,070 

Mound 5 Partially Dismantled 
and Discrete Radiological 
A, r 

iii 
Mound 6_ Partially Dismantled 
and Radiological Anomalies 
Removed Throughout 

I None 
LNone 
I None 
LNone 
I Solid Waste 

Vermiculite Mound Completely 

It = Square feet. 
SWMU = Solid waste management unit. 
VCA = Voluntary Corrective Action. 
VCM = Voluntary Corrective Measure. 
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Present Mound 
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~I 
Removed, Two Post-VCM 
Clean Soil Residual Mounds 
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Clean ts!~~~~~~1 Mound 
Remain 

15 and One 
Clean SOil Residual Mound 
Remain 

Present 

Area~~;tenl 

*,",as":ct::-) ---1 
164 (west) 

274 

142 

IPort;on ol , 16 ','091 
Removed. Northern Portion 6) 
of Mound 6 and One Post- 1.067 (clean 
VCM Clean Soil Residual residual) 

N, 
No 
N, 

1 No 
I No Pre- or 

Residuals from the 
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the shoveHul and that no elevated radioactivity was detected (Wrightson September t 993). 
Part of the former vermiculite mound may have originated when bags of vermiculite were 
removed from storage in the supply bunker at SWMU 60 (Palmieri November 1994). SWMU 10 
has been inactive since the late 1970s (EPA April 1987). Figure 3.2.2-2 presents the actual 
locations of the ten current and former soiVdebris mounds and the former vermiculite mound. 

The TABS test was conducted in the SWMU 60 control bunker to investigate the feasibility that 
remotely burning HE contained in nuclear weapons would not induce an explosion (Kurowski 
January 1979). However, two mock weapons containing HE, DU, and beryllium detonated 
(Kurowski January 1979), destroying the control bunker and scattering debris around 
SWMU 10. Mounds 3 and 5 and the south end of Mound 6 were produced from salvage 
operations that attempted to recover test materials, DU, and undetonated HE (Larson August 
1994. Larson and Palmieri August 1994a). During a survey conducted by SNUNM Industrial 
Hygiene and Radiation Protection Operation (RPO) personnel after the TABS test. DU 
fragments were removed and buried at the mixed waste landfill in Technical Area III (Larson 
August 1994). 

Scrap metal and wood debris are associated with some of the non-TABS soil mounds. 
However, specific test activities that produced the debris are unknown. One interview record 
states that containment-type tests were conducted with short half·life radionuclides in the 
bunker (SWMU 60) north of the Pendulum Site (SWMU 59). and the mounds contain the 
remnants of these tests (Martz October 1985). Similarly, another interview record states that a 
test involving a radioactive osmium-191 tracer was conducted in the bunker (SWMU 60) near 
the Pendulum Site (SWMU 59) (Author [Unk] Date [Unk]a). A test engineer involved in the 
radioactive tracer experiments stated that osmium tetra oxide was the tracer compound used 
and that the test involved a vermiculite catch pit located about 100 feet southwest of the bunker 
(Wrightson September 1993). This implies that the tests were performed in the area of the 
vermiculite mound rather than in the bunkers (Figure 3.2.2-1). The test engineer also stated 
that the osmium-191 tracer had a half-life of about 16 days (half-I~e for osmium-191 is 
15.4 days [GE 1989]). Details regarding the test setup and number of tests were not available. 

3_3 Land Use 

Section 3.3 discusses the current and future proposed land uses for SWMU 10. 

3.3.1 Current 

SWMU 10 is located within the boundaries of KAFB and is currently an inactive site 
(Figure 3.3.1-1). 

3.3.2 Future/Proposed 

SWMU 10 has been recommended for industrial land use in the future (DOE and USAF March 
1996). However, the risk associated with SWMU 10 has also been assessed for residential 
land use because the site is in proximity to private housing developments (see Section 3.5.2.1) . . 
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3.4 Investigatory Activities 

SWMU 10 has been characterized andlor remedlated in a series of four investigations and 
VCMlVCA activities. Section 3.4 discusses these activities. 

3.4.1 Summary 

SWMU 10 was invesligaled inilially under the U.S. Department of Energy (DOE) 
Comprehensive Environmental Assessment and Response Program (CEARP) in the mid-1980s 
in conformance with the Comprehensive Environmental Response. Compensation, and Liability 
Act (CERCLA). The investigation included collecting nonsampling data and inspecting the site 
(Investigation #1). In 1989, preliminary investigations began that included unexploded 
ordnance (UXO)/HE, radiological, cultural-resources, and sensitive-species surveys and 
scoping sampling (Investigation #2). A radiological VCM was conducted, followed by 
confirmatory sampling (Investigation #3). A solid waste VeA was pertormed at the site to 
remove a vermiculite mound and was followed by confirmatory sampling (Investigation #4). 

3.4.2 

3.4.2.1 

Investigation #1-Comprehensive Environmental Assessment and 
Response Program 

Nonsampling Data Collection 

SWMU 10 was first listed as a potential release site based upon the CEARP interviews in 1985. 
The CEARP Phase I draft report (DOE September 1987) stated that several burial mounds are 
located in the bunker area (SWMU SO) north of the Pendulum Site (SWMU 59). During the 
preliminary site investigation, it was observed that scrap metal and small pieces of shrapnel 
protruded from some of the mounds, that HE were on the surface, and that the mounds 
contained debris (such as DU, radioactive tracers [osmium-191], beryllium, lead, and/or HE) 
derived from various explosives testing activities (DOE September 1987). 

3.4.2.2 Sampling Data Collection 

No samples were oollected at SWMU 10 during the CEARP. 

3.4.2.3 Data Gaps 

No confirmation samples were obtained during the CEARP to confinn whether hazardous 
materials or wastes were stored or released to the surrounding environment. 
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3.4.2.4 Results and Conclusions 

The CERCLA finding under the CEARP was positive for Federal Facility Site Discovery and 
identification findings, preliminary assessment, and preliminary site investigation, but insufficient 
information was available to calculate a Hazard Ranking System score for the SWMU. 

3.4.3 Investigation #2-SNUER Preliminary Investigations 

3.4.3.1 Nonsampling Data Collection 

This section describes the nonsampling investigation data collected at SWMU 10. 

3.4.3.1.1 Background Review 

A background review was conducted in order to collect available and relevant information 
regarding SWMU 10. Sources included interviews with SNUNM staff and contractors familiar 
with the site's operational history and reviews of existing site records and reports. The study 
was documented completely and has provided traceable references that sustain the integrity of 
the NFA proposal, The following sources were used to assist in evaluating SWMU 10, 

• Two SNUNM technical reports on past site TABS testing activities (Kurowski 
January 1979, SNLJNM February 1979) 

• Six historical aerial photographs spanning the years 1951 to 1992 (SNLJNM August 
1994) 

• Eight interviews with seven current and retired facility personnel (Martz October 
1985, Larson and Palmieri September 1994, Larson August 1994, Brouillard June 
1994, Larson and Palmieri August 1994a, Larson and Palmieri August 1994b, 
Palmieri November 1994, Wrightson September 1993) 

• Photographs and field notes from numerous site inspections conducted by SNUNM 
Environmental Restoration (ER) staff (Author (Unk] Date [Unk]b, Gaither January 
1994, Gaither Date [Unk], Gaither November 1992, Author [Unk] Date [Unk]a, 
Author [Unk] Date (Unk]c, Gaither May 1992, Burton February 1987). 

3.4.3.1.2 UXOIHE Survey 

In September 1993, KAFB Explosive Ordnance Disposal personnel conducted a visual surface 
survey for UXO/HE on the ground surface of SWMUs 10 and 60. One live ground burst 
simulator was found and was removed in June 1994. The ordnance debris that were removed 
included twelve expended smoke grenades. two practice 40-millimeter grenades, three 
expended smoke pots, five empty White Star parachute containers, one empty homemade 
booby trap, one empty Molatov Cocktail, various pieces of unidentified rockets, and expended 
blank 7.6-mm and S.6-mm ammunition (Young September 1994). It is believed that these 
materials are associated with KAFB war game operations. 
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3.4,3,1,3 Radiological Survey(s) 

In addition to the DU removal activity after the TABS test in 1979, a 1989 radiation survey of 
SWMUs 10 and 60 conducted by SNUNM RPO identified an area of radioactively-contaminated 
vermiculite. The radioactively-contaminated vermiculite was removed in 1989 and disposed of 
as radioactive waste. The remaining vermiculite mound was free of radioactive contamination 
(Gaither January 1994, Mlnnema and Tucker August 1989, Larson August 1994), 

In May 1993, SNUNM RPO conducted a radiation survey of the road leading to SWMU 10, 
Adhesive swipes that had been placed on the underside of the vehicle were analyzed and 
revealed no contamination, nor was airborne radioactivity detected in the dust kicked up by the 
vehicle (Oldewage May 1993), 

In October 1993, RUST Geotech Inc. conducted a Phase I surface gamma radiation survey of 
SWMUs 10 and 60. The survey was conducted on 6-foot centers and covered 100 percent of 
the site. The areas of gamma activity greater than 30 percent above natural background 
(10 to 16 microroentgens per hour [~Rlhr]) included the following (Figure 3.4,3-1) (SNUNM 
Seplember 1997): 

• 31 point source and small area source anomalies 
• 21 randomly-located soil area source anomalies 

In February 1994, SNUNM RPO personnel conducted a follow-up beta-gamma radiation survey 
at SWMUs 10 and 60 (SNUNM September 1995), None of 1he measured swipe-sampled 
anomalies yielded removable contamination above the action levels detailed in DOE Order 
5400.1, "General Environmental Protection Program," nor were radiation levels greater than 
5 ~Rlhr at a distance of 1 foot. It is suspected thaI RUST Geotech anomalies 60E36, 60E39, 
60E41 , 6OE42, 6OE43, 60E44, and 6OE45, identified in the Phase I survey, resulted from 
bedrock outcrops of granitic composition (Oldewage February 1994). 

The anomalies were analyzed using gamma spectroscopy in March 1995, both In situ and at an 
off-site laboratory to determine whether they represented natural background or were the result 
of scattered DU, It was determined that the only DU anomalies within the SWMU 10 
boundaries were in Mounds 3 and 6; the radioactive area seen in Mound 7 and other anomalies 
were of natural origin (i.e., the natural rock and soil types). The anthropogenic anomalies were 
removed during the VCM conducted in April 1996 (see Section 3.4.4.2.1), 

3.4,3,1.4 Cultural-Resources Survey 

A cultural-resources survey was conducted as part of the site assessment. One archeological 
site was Idenlified north of SWMU 10, outside of the sile boundary (Hoagland and Delio-Russo 
February 1995), 
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3.4.3.1.5 Sensitive-Species Survey 

The site was surveyed for sensiti .... e species on April 26 and May 24. 1994, using parallel 
transects spaced 100 feet apart (IT February 1995). The area is within pinon-juniper woodland 
vegetation, with an understory dominated by blue grama. The terrain is rolling. and the soil is 
coarse to rocky. A small but vigorous population of visnagita cacti was found on a low hill in the 
southeastern quarter of SWMU 10 near its outer boundary. A single Wright's pincushion cactus 
was found in the northeastern quarter of the survey area outside of the site boundary. 

3.4.3.1.6 Geophysical Survey(s) 

No geophysical surveys were performed at SWMU 10. 

3.4.3.2 Sampling Data Collection 

Scoping samples were collected in March 1995 and around SWMU 10 to determine 
whether radiological anomaly areas also contained RCRA-regulated hazardous constituents 
(e.g., metals, explosives compounds, etc.). Eight soil samples were collected: four from inside 
the site boundaries, and four from just outside the boundaries to serve as background samples. 
Semiquantitative results were produced using x-ray fluorescence and direct current plasma for 
metals and HE and using gamma spectroscopy for radiological constituents. Gamma 
spectroscopy revealed elevated anthropogenic radionuclides from four samples from within the 
site boundary, which were identified for removal during the VCM. 

A follow-up scoping sampling was conducted in August 1995, to verify possible metals 
contamination indicated by the semiquantitative results obtained during the initial seoping 
sampling effort. Five samples were collected from Mounds 3 and 6 and were analyzed off site 
for metals and HE compounds using SNUNM sample collection procedures. Figure 3.4.3-2 
shows the follow-up seoping sample locations. Lockheed Analytical Services (LAS) of Las 
Vegas, Nevada, analyzed the samples for RCRA metals plus beryllium (using EPA Methods 
601017000 [EPA November 1986», and for HE (using EPA Method 8330 [EPA November 
1986». No quality assurance (QA)/quality control (QC) samples were collected. 

3.4.3.3 Data Gaps 

Information gathered from process knowledge, site files, and personal interviews aided in 
identifying the most likely COCs, the most likely locations of potential COC releases. and the 
types of analyses to be performed on soil samples. Radiological surveys and scoping sampling 
further defined the location and extent of contamination that exists at SWMU 10. However, 
because the need to remove elevated concentrations of radiological contamination was 
identified, residual contamination levels that would remain after such cleanup activities could 
not be defined. 

AtI7-98.wPISNL:A4400-3.doc 3-21 301462.183.03912198 10:19 AM 



This page intentionally left blank. 

AVT·~tSNL:A4400-3.doc 3·22 301462. 183.03912198 10:19 AM 



• 

• 

• 

I 
RUST 

1 1 ~t---.. 

I 

I -
lagend 

'~~'I~_~~~- .... 
,: s..fKI Soil 510 ....... 'PC .... 

2 Fool Canmu = """' .... 
.. ..... &owcaRadioIlon_tv 

-

3- 23 

+ 
-

Figure 3.4.3-2 
Scoptng Sampfe 

Locations at SWUU 10 

I 

I 

I 





3.4.3.4 Results and Conclusions 

Table 3.4.3-1 summarizes the off-site metals and HE analysis results for the five surface soil 
samples collected from Mounds 3 and 6 during follow-up seoping sampling at SWMU 10. 
Arsenic. barium, and lead were not detected above background concentrations. Mercury, 
selenium, and silver were not detected above their respective method detection limits (MOL). 
Beryllium concentrations were significantly elevated above background in both mounds. In 
addition, cadmium and chromium concentrations were detected above background in both 
mounds. No HE compounds were detected above practical quantitation limits. 

Data Validation 

The SNUNM Sample Management Office reviewed and verified/validated all seoping sampling 
laboratory results as set forth by "Data VernicationiValidation Level 2-DV-2" in Attachment B 
of Technical Operating Procedure 94-03, Rev. 0 (SNUNM July 1994b). The 
verification/validation process confirmed that the data are acceptable for use in this NFA 
proposal for SWMU 10. 

3.4.4 

3.4.4.1 

Investigation #3-SNUNM ER Project Voluntary Corrective Measure and 
Confirmatory Sampling 

Nonsampling Data Collection 

There were no nonsampling dats collection activities associated with the VCM and confirmatory 
sampling et SWMU 10. 

3.4.4.2 Sampling Data Collection 

A VCM was performed in April 1996 to remove all remaining area source gamma radiation 
anomalies occurring in the soil/debris mounds at SWMU 10. Confirmatory soil sampling was 
conducted following the VCM to confirm that no RCRA metals (plus beryllium), HE, or gamma­
emitting radionuclides remained at the site at concentrations that might pose a level of risk 
under current and projected future land use. 

3.4.4.2.1 Voluntary Corrective Measures Activities 

Because there were recorded radiation area source anomalies at SWMU 10 that were not 
addressed during the initial Phase I radiological survey and cleanup (Section 3.4.3.1.3), 
SNUNM executed a VCM to remove and dispose of the anomalies. The VCM, conducted in 
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Table 3.4.3-1 
Summary of SWMU 10 Scoping Soil Sampling Metals and HE Analytical Results, August 1995 

(Off-site laboratory only) 

Samole Attributes 

R"""" ER Sample 10 D"..:.':~l Numbel iF-iours 3.4.3-21 Arsenic 

03951 CYlo-GR-001.Q.SS ..... 5 3.7 
(Mound 6) 

03951 CYlo-GR-002-0-5S ..... 5 3.8 
(MOLr(! 81 

03951 CY10-GR·Q03.0.SS ..... 5 3.' 
(Mound 6) 

03951 CYlo-GR·0044SS 0-0.5 2.8 
(Mound 3) 

03951 CY1().GR·OO5-O-SS 0-0.5 3.8 
(Mound 3) 

SNUNM Canyons Soil Background 95th UTL 9.8 
or 951h-Percenlile Concentrations d 

"EPA November 1986. 
~AnaJVSiS requestlchaltHlf-custody record. 

~alues in bold exceed background soil concentrations. 
dFrom Zamorski December 1997. 
cy _ canyon. 
EPA '" U.S. Environmental Protaction Agency. 
ER = Environmental restoration . 

s: Foot (feet). • OR 
HE 
CD 
• glg -. N 
NA 

'" Grab sample. 
'" High explosiv88. 
" IdentlficatJon . 
" Microgram(s) per gram. 
'" Mnllgram(s) par kilogram. 
.. Matrix spike recovery exceeded acceplancelimlts. 
'" Not applicable. 

Barl~ 

140 

140 

130 

100 

170 

248 

Metals (EPA Methods 6010J7000,· (mVkg) 

BeMlium cadmium Chromium Lead ...... 'N Selenium 

5.'· 1.2 28 12 NO (C.IO) N NO (0.98) 

2.1 NO (O.99) 1. 11 NO (0.10) N NO (0.99) 

1.0 NO (1 .0) 13 8.1 NO (0.10) N NO (1.0) 

13.0 1.' 20 13 NO (0.10) N NO (1.0) 

5.2 1.3 31 12 NO (0.10) N NO (O.99) 

0.75 0.64 18.8 18.9 0.055 3.0 

Silver 

NO (2.0) 

NO (2.0) 

NO (2.0) 

NO (2.0) 

NO (2.0) 

<0.' 

NOli 
SNUNM 

" Not detected 211 or above the project reporting limit lor metals (shown in parenthesis) or the practical quantitation limillor HE (range Shown in parenthesis). 
"Sandia Natlonallaboralories, New Mexico. 

SS 
SWMU 
UTL 

• Surface soil sample. 
:: Solid waste management unit. 
:: Upper tolerance limit. 

HE 

IEPC~:I' 
NO (0.25-2_2) 

NO (0.25-2.2) 

NO (0.25-2.2) 

NO (0.25-2.2) 

NO (0.25-2.2) 

NA 



April 1996, involved trenching through all of the soiVdebris mounds (except Mound 9), 
screening for radiological anomalies, and removing radioactive fragments and soil as 
necessary. 

It had been shown during previous SWMU 10 radiation surveys (see Section 3.4.3.1.3) that 
Mounds 1, 2, 7, 8, and 10 have no anomalous radioactive surtace contamination. However, 
during the VCM these mounds were investigated to confirm that no radioactive materials 
existed beneath the surface. Trenches were excavated through the mounds and the sidewalls 
and floor, and the areas were scanned for elevated radiation. It was verified that each of these 
mounds have no radioactive anomalies. 

It had also been demonstrated during previous SWMU 10 radiation surveys (see 
Section 3.4.3.1.3) that Mounds 3 and 6 contained radioactive anomalies. In addition, it was 
discovered that two other mounds (Mounds 4 and 5) originally thought to have been free of 
radioactive material did contain radioactive anomalies. All four of these mounds were dissected 
by trenching, and the excavated materials were systematically screened for radioactive 
materials (Le., material that exceeded 1.3 times background radiation readings) . The 
radioactive materials (fragments and soli) were placed into 55-gallon drums for off·site disposal. 
The segregated clean soil was placed into clean residual mounds (Figures 3.4.4·1 a and b). 
SNUNM Department 7577 (Waste Operations) personnel handled and packaged these 
materials and secured the waste containers for transport and disposal at Envirocare of Utah 
(SNUNM September 1997). A total of one hundred 55-gallon drums and one 30-gallon drum of 
contaminated soil and two 30·gallon drums of metals fragments were generated during the 
VCM (SNUNM September 1997). Only clean soil (gamma radiation reading less than 1.3 times 
background) was left on site. 

Although, because of its large extent and because it was not shown to contain radioactive 
anomalies, Mound 9 was not trenched during the course of the VCM. It was trenched through 
the interior to native soil in 3 locations during the subsequent confirmatory sampling 
investigation conducted in April 1997 (Section 3.4.4.2.2). The results of the VCM are 
summarized in the report entitled "Final Report, Survey and Removal of Radioactive Surtace 
Contamination at Environmental Restoration Sites, Sandia National LaboratorieslNew Mexico· 
(SNUNM September 1997). 

3.4.4.2 .2 Confirmatory Sampling 

SNUNM conducted confirmatory soil sampling between April and August 1997 to determine 
whether potential COGs were present at levels exceeding background limits at the site and/or 
were sufficient to pose a level of risk under current and projected future land uses. The 
confirmatory soil sampling program was performed in accordance with the rationale and 
procedures described in the ' Sampling and Analysis Plan [SAP] for SWMU 10, Burial Mounds' 
(SNUNM January 1997) and In the document of understanding related to the sampling (NMED 
DOE DB April 1997). Both of these documents were developed in close oonsultation with New 
Mexico Environment Department (NMED) DOE Oversight Bureau personnel. All mounds were 
trenched In multiple locations to the undisturbed soil surface. All samples were grab samples 
collected using a stainless steel bowl and scoop or trowel, in accordance with ER Field 
Operating Procedure 94-52 (SNUNM January 1995). For all sampling activities that included a 
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Figure 3.4.4- 1 a . 

Figure 3.4.4-1b. 

.. ,,"'. '" co._ ..... 

LongitiJdlnal trench through MolXld 6 (north view) . 

Layout pad for spreading and screening material from 
Mound 5 (north view) . 
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combination of judgmental and random sampling, SNUNM adhered to the SAP with only minor 
modification in the field. 

The number of trenches excavated at each soil debris mound ranged from one to three 
depending upon the soil/debris mound size and material consistency. Trench soil samples 
were collected from the middle of each sidewall and trench bottom beneath the soil/debris 
mound and native soil interface. Judgmental soil samples were collected from adjacent arroyos 
(sediment storage areas) and from trenches excavated through the mounds; random samples 
were collected from the surface in a radial grid pattern representing the fragmentation radius at 
the point of weapons detonation. Figure 3.4.4-2 shows both the confirmatory sample collection 
locations In the mounds and the radial grid. Figure 3.4.4-3 shows the confirmatory sample 
collection locations in the arroyos. 

Fifty samples were collected from the mounds at depths of approximately 1 to 2 feet from the 
top and 1 foot below the bottom of the mound. Seven samples were collected from the arroyos 
at a depth of 0.5-foot bgs. Seventeen near-surface samples were collected from the radial grid 
at a depth of 0.5-foot bgs. SNUNM followed analysis requestlchain-of-custody (AAICOC) and 
sample documentation procedures for all samples collected. All samples were analyzed on site 
for RCRA metals plus beryllium, HE, and gamma-emitting radionuclides. SNUNM Department 
6684 (ER Chemistry laboratory) analyzed the samples on site for RCRA metals plus beryllium 
using EPA Method 6020 (EPA November 1986) and for HE using a micellar electrokinetic 
chromatograph. SNUNM Department 7713 (Radiation Protection Sample Diagnostics 
Laboratory) analyzed the samples on Site for radionuclides using gamma spectroscopy. 
SNUNM on-site laboratories analyzed ONOC samples (rinsates and duplicates), which were 
collected at the rate of 1 In 10. In addition, approximately 15 percent of the samples were split 
for analysis at an off-site laboratory, including duplicate soil sample analyses. LAS of Las 
Vegas, Nevada. analyzed the samples for RCRA metals plus beryllium using EPA Met~od 
601017000 and for HE using EPA Method 8330 (EPA November 1986). 

As indicated in Section 3.4.4.4.1, Mound 9 was investigated as part of the confirmatory 
sampling performed at SWMU 10. The mound was dissected by trenches 3 feet wide by 4 feet 
deep that were cut approximately north-south, northwest-southeast, and northeast-southwest 
(approximately 60, 35, and 35 feet long, respectively) (Figure 3.4.4-4). One small piece of 
oxidized DU (schoepite) was detected in the toe of the southeast-trending trench, but no other 
DU was detected in any of the trenches through Mound 9. 

During the sampling activities conducted at the mounds, a single sample was collected from a 
surface water collection area located at the base of the soil berm adjacent to Mound 9. 
Although not intended for surface water collection, accumulation of surface water occurs 
because of the location of the soil berm relative to the local topography. A sample was 
collected from this area based on the potential accumulation of surficial contamination migrating 
In surface water. The sample collected from this area is identified as CY10-PIT-1. 

3.4.4.3 Data Gaps 

Information gathered from process knowledge, historical site fites, and personal interviews 
aided in identifying the most likely COCs at SWMU 10 and in selecting the types of analyses to 
be performed on soil samples. Although the history of past releases at the site is incomplete, 
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analytical data from confinnatory sampling are sufficient to detennine whether significant 
releases of COCs occurred at the site. 

3.4.4.4 Results and Conclusions 

The following sections summarize the analytical results for characterizing the soil mounds, 
fragmentation area (Grid Sampling), and the arroyo sediment. 

3.4.4.4.1 Soil Mounds 

Tables 3.4.4-1 and 3.4.4-2 list the on- and off-site metal analysis and gamma spectroscopy 
analysis results, respectively, for the 53 soli samples, 5 split samples, and 5 duplicates 
collected from the soil mounds during confinmatory sampling at SWMU 10. Table 3.4.4-3 
summarizes the HE compounds analyzed for and their respective MOLs. This section 
summarizes the analytical results. 

Metals 

Concentrations of arsenic were not detected above the background limit in any of the samples. 
Concentrations of cadmium and selenium were detected slightly above the background limit in 
only one sample (CY10-PIT-1 0). Concentrations of silver were detected above the 
nonquantified background limit of <0.5 milligram (mg) per kilogram (/kg) in two samples 
(CY10-PIT-1 and duplicate). 

The beryllium conoentration in sample CY10-M3-S1 (3.4 mg/kg) was elevated nearly five 
times the 0.75 mglkg background limit but was also observed in the method blank. However, 
the beryllium concentration in the duplicate of sample CY10-MS-S1 that was analyzed on site 
was below the background limit. Other samples in which beryllium concentrations were 
detected above background include CY10-M3-S2. CY10-MS-T3-M. CY10-MS-S2. CY10-MB-T1-
B. CY10-M9-T1-M. CY10-M9-T2-B. CY10-M9-T3-M. CY10-PIT-1 (including the split [analyzed 
off site]. duplicate. and split duplicate [analyzed off Site]). and CY10-M10-T3-M. The 
concentration of beryllium in these samples is less than twice the background limit. All other 
samples contained beryllium at or below the background limit. 

Lead concentrations were only slightly above background in sample CY10-PIT-1 . including the 
split (analyzed off Site). duplicate. and split duplicate (analyzed off site). All other post-VCA 
(vermiculite mound removal) samples contained lead at or below the background limit. The 
mercury concentrations in several samples (including CY10-M1-T2-B. CY10-M2-T1-M. and 
CY10-PIT-1 [and duplicate]) were estimated to be at levels slightly exoeeding the 0.055 mg/kg 
background concentration limit. Although mercury was not detected in any of the samples 
analyzed off site, the MOL used for these analyses were above the background limit. Mercury 
was not detected in the remaining samples and the detection limits were below background. 

Concentrations of both barium and chromium were significantly higher than the background 
limits in several samples collected from locations either within or near the vermiculite mound 
that existed prior to the VCA. As described in Annex 3-A of this NFA, this outcome is believed 
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Table 3.4.4-1 
Summary of SWMU 10 Confirmatory Soil Sampling Metal Analytical Resulls, Soil Mounds, April-August 1997 

, 
A~" ,;:,,~.'~) S.~:)D'P" 

Number
b 

'"~. "",m n co .. M_o ...... m 5'"" 

~ 
"-M 0.5-1.0 100 0.51 • 0.18 ' .6 3.5 NO 10.0441 0.7" 11.31 

O.lJID.I8) 52 2.; NO, O.62J 1 1 .~ 

~ 
110 0.5. O.099J I") ". 3.' NOlO."") o.n J 11.5) 

1.7 J (3) 180 0.66. 021 37 ••• 
06'" ":M 0.5-1.0 , .. 130 NO (O.33) 40. ,., NOCo.tl) NO (0.66) NO (0.33) 

06157 Tl-M O.IH.D I.' J 12.') 140 0.7<. 0'" " 10."" 

08157 0.>-1.0 1.3 J 12.') '30 0.". 

"157 0.5-1.0 1.6 J 12.') 140 0.85. 0.2 18 I., 10."" 

08157 0.5-1.0 I.'J( . 120 0.64 • 18 5 , NO ,0 046) 

08151 0.>-1.0 I 1 J 10,16L 

08157 0.>-1.0 •• 0.19 18 3.6 12J, 1.3) NO 10.045) 

. 08157 140 3.4. 0-'3 18 7.7 1 J (12) 0.11 JIO.16) 
( )6157 0.>-1.0 67 0.72 " 12 '.5 0.' J 11.3) 0.003 J 10·1 n 
08157 0.5-1.0 130 1 0.31 " ••• 0.055 J 10.19) • 1.3J (1-') D.'JIO.l6) 

06157 0.>-1.0 72 0.64 O.16JIO.19) '.3 5 O.58J(1.') O.076J 10.16) 

06008 0.5-1.0 99 0.59. 

~. 
62 

O~. 
O.68J(1.') 

~) 08157 

~ 
0.5-1.0 0.87 J (2.4) "". '-'3 O.14JIO.l6) ••• O.69J 112) 

Il6543 0.>-1.0 ., 580 '" 14. NOjO.H) NO (0.40) 

"'" 0.5-1 .0 2.' 550 340 16. NDIO·ll) 

~ 08157 0.5-1 .0 I.'JI2·n "'. 0.59 "". 12 

~ 06157 0.5-1.0 1 J 12.71 368' 0.47 O.15J(O.18) 160 ••• NO (0.046) O.I!2J(1.4) 

06558 0.5-1.0 3.5 410 NO (0.35) 110 27. NO (0.11) NO (0.10) NO (0.35) 

06006 0.5-1 .0 NO (0.62) '80. 0.558 0. 18B 72 16 NO (0.041) 0.87 J (1.2) NO (0.041) 

"''''. 2.69 "' .• 0.586 0.164 '.53 ,>5 0 .... NOIO.OJ!) 

• 10If:"'~ ' 
~ Refer to footnotes at end of table. 



Table 3.4.4-1 (Continued) 
Summary of SWMU 10 Confirmatory Soil Sampling Metal Analytical Results. Soil Mounds. April-August 1997 

.,....;,;-

~ C~ ~ '.'0- Ro., , 
"" ".~. S.,,',m .. " 

2.64 101 0.490 0. 125 7.12 , . ., NO (0.173) 0.779 NO (0.031) 

"""" ~ 2.79 94.0 0.479 0.146 ... 0 5.01 NO (0.173) 0.763 NO (0.031) 

~ O.16J (02) " •. , NO (0.05) D.,.J (1 .5) NO (0.05) 

0.5-1.0 '2 J ".5) 70 0"" 0."" 15 7.2 NO ro.041) 0.91 J (12) 0.0 .. J (0.16) 

06"" 71-" 0.5-1.0 '.0 100 0.54 J (1.0) NO (0.42) 12. 6.4 NO(O.II) NO (0.84) NO (OA:?) 

~ n:M • 5-1.0 ~ . 

~ 
o:s::;:o Ta 

0.5-1.0 10.56J(1.1) 15. 7.0 NO(O.II) NO (0.84) NO (0.42) 

~ 1.<>-1 .5 1.7 J (3) 92 0.598 . D.14J(O.2)8 5.7 6.' NO(D.049) 0." (1.5) 

0.5-1.0 1.'J " . ., 200 0.73" 0.24 " .. 16 NO (0.0<9) 1.3 J (I.') 

~ I.H5 2~ 
-iis "0A2B o:i :iToToiB • 5.' 

N'! 

0.59 J (1.') 

~ 
"'OiOO8 o:s::i:O 

~ ~ 
O.15J(O.ln8 5.' ND( . ( . 

. '8 O.15J (0.19) 8 5.' 6.' NO< . ) 0.7,"('-') 

0 ,", 1.2 0.82 , 02. 8 • 12J('-') 

"""" TioM 0.5-1.0 1.3 100 0.71 8 0278 16 10 1.3 

"""" "-B 1.'>-1.5 71 0.64 0.19 14 5.1 0.053 J (0.16) 

06006 0.5-1.0 Q,96J (2.91 ........ 0.74 0.21 , . 7.1 NO (0.048) O.98J(I .4) 0.26 

"'OiOO8 I .H5 . ) ..... o:5il ~ ' .5 

"'OiOO8 o:s::i:O 55 .....,. 0:28 -•.• 12 1.5 0.0"" (O.ln 

"'OiOO8 i:o::t: 

~ .. ND~ 
1., 

06006 n·8 1.0-1 1 J(2.') 0.438 NO . (0.16) 8 

"'566 0.5-10 ' .0 110 NO (0.41) 9.' 7.0 NDro.l1) 

" 0658!l 

~ 
0.5-1 .0 3.' 110 . ) NO (0.40) ••• '.0 

"""" 0.5-1.0 ". 0.61 

R~ 



Table 3.4.4-1 (Continued) 
Summary of SWMU 10 Confirmatory Soil Sempling Metal Analytical Results, Soil Mounds, April-August 1997 

"""" oeooa 
06008 

"'542 

"'54' 

TI< 

~~ 
0"" 

"'" "... ;;;':;';., , 
"'" «) .... " n.a.o . 
05008 

08008 

"'" CYl().MI().T2 .... 

' .' ,.S 
0 ...... 0 

...... 5 

0.5-"0 

1.1>-1 .5 

0.5-"0 

0.5-"0 

0 ...... 0 

0.5-"0 

0.5-' .0 

0 .... , .0 

1.0-1.5 

1.0-1 .5 

"1>-' .5 

1.1>-1.S 

0.5-1 .0 

08008 0 ...... 0 

08008 " I>-' .S 

"""", • Son .. , (d. """ 

"'157 "EB) NA 

J (2.') 

J (2A) 

1.7 J (2.') 

1.8 J ['.') .. 
8. 

8.6 

',6 
••• 

"'J(2.~ 

NO (0.8) 

' .0 

3.' 

~ 
0." • 

0.75 8 

,.. 0.n8 

,so 1.11 

230 

240E .. 
120 

88 

87. 

". 

"'I " 
'SOl lJ 

1.1 

U 

0.51 

0.46 

0.41 

1 0.67 J ( ' .1) 

I 0.88'(1.0} 

023 8 

0228 

0.34 8 

_ 02' 

0.8 

0 ... 
022 

025 

ND(O.'2) 

NUIO.'1) 

8 

7 

8.5 

9.5 

16. 

17. 

12 

" 8 

S.8 

14. 

11 . 

10 

7.' 
16 

20. 

19. ND (0.12) 

20 

20 

8.' ND (0.0'8) 

'.S NO '.043) 

• .• ND [3.04) 

'" ND [0.11) 

6.S NO (0.11) 

1(10 

67 

110 

0.67 02 8.8 8.8 

1.6 J (2 .7) 

'''8 
928 

ND (O.8n ND '.TO 

[ . 
['.') ND[ . 

0.47 O."J(O.ln 52 ' .1 
0.71 

0.17 

0.888 

ND (0." 

0.75 

0.3 

0.38 

0.238 

0." 

8 11 

9 10 

8.' 8.1 

NO 

ND 

ND('." ND[l .n 

18.' 18.' 

NO (0.045) 

ND [0.045) 

NO~ 

ND :;:;; 

0."" 

,.S 
' .8 
2 

1.3 

ND(O.92) 

NDIO.84, 

NO (0.82) 

0 .81 J(I .4) 

."'J(O.l~. 

O.05S J (O.'~ 8 

0.11 
05< 

ND (0."") 

NO (0.043) 

NO (0.41) 

NO (0 .045) 

0.83 J (1 .~ 0.073 J (0.18) • 

O.88J (U) 

NO (0.34) 

NO ND(022) 

.ND . ND~ 



Table 3.4.4-1 (Concluded) 
Summary of SWMU 10 Confirmatory Soil Sampling Metal Analytical Results. Soil Mounds, April-August 1997 

"EPA Melhod IlO:2O (EPA NoverTber 1986) used by (WI-$itllt IAI'JonItory and EPA Me!hocIs 6010f7000 (EPA Novembef 1986) used by orf-site 

IllboralOfy . 
• AAIlVsII requnt/d'leln of c:uatody re<XlI'tI. 
"valun In bold exeeed badI.gfound soil concentrations. 
-FfOII'I ZlmorsId Oecembef 1997. 

B 
CV 
E 
EB 
EPA 
ER 
ft 
ID 
J() 

.. AssocIated analyla was also observed in the method blank. 

. c.oyoo. 

.. The aMOdllled eoncentnttlon was observed abcrv9lha h9hMt ealbratiOn level. 

.. Equipment blank. 

.. U.S. Environmental Ptolection Agency'. 

.. Environmental AHtoralion. 
• Foot (feet). 
.. ldenliliclliion . 
.. Tlla estimated value r&pOrted is either abovelt1e method detlldion limit (MOl) and less than the 

practical quanllflcatlon limit (shown In paroolt1l15ll'S) loron-slle labooitory analyses orabOYe the 
Instrument detection limit anc:l less than the conlf1lCl tltqulred deteclioo limit (shown In parentheses) 
for off·slte laboratory all3tyw5. 

I¢ 

""'" NA 
NO () 
SNLlNM 
SWMU 
un. 

.. Microgram(s) perliter. 

.. MiIignom(lI) per kiogIam. 

.. No! appIleabie. 

.. Not detected 11\ or above the MOl.., shown In parenthesls. 
'"' Sandia National LabolliitorfH. New M.!Cieo, 
.. Solid _ste ma~ 1.11111. 
'" Upper tolerance limit 
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Table 3.4.4-2 
Summary of SWMU 10 Confirmatory Soil Sampling Gamma Spectroscopy Analysis, Soil Mounds, Aprif-August 1997 

A~'" 
NUrri)er" 

ER sample 10 

Reft'lr to footnotes at end of lable. 



Table 3.4.4-2 (Concluded) 
Summary of SWMU 10 Confirmatory Soil Sampling Gamma Spectroscopy Analysis, Soil Mounds, Aprif-August 1997 

"_ Number' 
ERSM,"'0 

Sample 
0 ..... 

• AnalysIs ~tfdIa'" 01 custody record. 
"Two 5laOdatd drAa\kllrnl about IhtI mean detected activity. 
"vaIuH in bold f'1(Cft(j backQrOund SOil activity. 
-From DinwIcde Septen't>er 1997. 

cy 
EB 
ER 
ft 

NA 

.. Canyon. 
: EQIIlpment blenk. 
.. Environmental A&sloration. 
.. Foot (feet,. 
.. IcfefltifK:aIion, 
.. Not applicable, 

NO() 
pCV, 
pCVmL 
SNUNM 
SWMU 

.. Not IWlectl!ld at or abOve 1M minimum delectable activity. shown In p&renll'lesls . 

.. Pic:ocurie{s) per gram. 

., PIcocuIle(s) per mllIlIHer. 

.. Sandie. Netional Laboratori .. , New Mexico. 

.. Solid waste management unit. 

.. Error not calculated !of noncIetectable results. 



Table 3.4.4-3 
Summary of HE Analysis Detection Limits 

Used for SWMU 10 Confinmatory Soil Sampling, April-August 1997 

Analvsis Detection Limits 

On-Site Analyses by Off-Site Analyses by 
MEKC EPA Method 8330

8 

HE Compounds (mg/kg) (~g/g) 

1,3,5-trinitrobenzene 0.093-{).12 0.070 

1.3-dinitrobenzene 0.065-{).085 0.10 

2,4.6-trinitrotoluene 0.25-{).33 0.11 

2,4-dinitrotoluene 0.21-<l.28 0.16 

2,6-dinitrotoluene 0.25-{).33 0.19 

2·amino-4.e·dinitrotoluene 0.11-<l.14 0.13 

2-nitrotoluene 0.13-{).17 0.070 

3-nitrotoluene 0.13-{).17 0.16 

4-amino-2,6-dinitrotoluene 0.093-{).12 0.055 

4-nitrotoluene 0."-0.14 0.17 

HMX 0.11-<l.14 0.42 

Nitrobenzene 0. 15-{).19 0.15 

Pentaerythritol tetranitrate 0.3-<l.39 NA 

RDX 0.16-<l.2 0.19 

Tetryl NA 0.34 

-EPA November 1986. 
EPA '" U.S. Environmental Protection Agency, 
HE '" High explosives. 
HMX = t ,3,5,7-tetranitro-1 .3,5,7-tetraz8cyclooctane. 
MEKC = Micellar electrokinetic chromatography. 
mg/kg '" Milligrams per kilogram. 
NA '" Not applicable. 
RDX "" 1 ,3,S-trinitro-1 ,3,5-triazacyclohexane. 
SWMU "" Solid waste management unit. 
Telryl '" 2,4,6-trinitrophenylmethylnitramine. 
~g/g '" Microgram(s) per gram. 
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to be a result of the chemical composition of vermiculite. which was present in the sample 
matrices. rather than an indication of environmental contamination. However, barium slightly 
exceeded background at sample locations not necessarily within or near the former vermiculite 
mound (CY10-PIT-1 split and split duplicate). Chromium exceeded background in one or more 
samples collected from Mounds 1 through 7, including sample location CY1 O-PIT -1. 

Radionuc!jdes 

Table 3.4.4-2 presents a summary of the on-site gamma spectroscopy results for the 50 soil 
samples and 4 duplicate samples collected during confirmatory sampling at SWMU 10. 
Annex 3-8 contains complete results of the gamma spectroscopy analyses. Gamma activity 
from uranium-238 is equivalent to or exceeds the 2.31 picocuries per gram (pel/g) background 
limit in samples CY10-M1-Tt-M, CY10-M3-S1 and duplicate, CY10-M3-S2, CY10-M3-S3, 
CY10-MS-S2, CY10-M6-S2, and CY1D-M9-T2-U. The detected uranium-238 activity rangee 
from 0.55 pCi/g to 8.41 pCilg. The uranium-238 activity is residual from the mock weapon 
detonation. Gamma activity from uranium-238 was not detected in 13 other samples in which 
the minimum detectable activity (MOA) exceeded the background concentration. 

Thorium-232 is a long-lived thorium series indicator for contamination (Miller June 1998). 
Gamma activity from thorium-232 exceeded background in 31 samples. Thirty-one out of fifty 
soil samples only slightly exceeded background, sample CY1o-PIT-1 and the duplicate were 
about twice the background aclillity. 

Gamma activity resulting from uranium-235 was detected equivalent to or slightly above the 
0.16 pCVg background limit in samples CY1 0-M1-T1-B, CY10-M2-T1-M, CY1 D-M3-S2, 
CY10-M3-S3, CY10-M6-T3-B, CY10-M7-T2-M, and CY10-M9-T2-B. Gamma activity from 
uranium-235 was also detected above background in sample CY10-M3-S1 but not in the 
duplicate sample CY10-M3-S1-0. Conversely, gamma activity from uranium-235 was detected 
above background in the duplicate sample CY10-PIT-1-D but not in sample CY10-PIT-1. 
Gamma activity resulting from cesium-137 was not detected above the 1.55 pCilg background 
limit in any of the samples collected. 

Explosives 

During oonlinnalory sampling al SWMU 10, a total of 50 soil samples, 12 split samples, and 
6 duplicate samples were collected from the soil mounds and analyzed for HE. Results of the 
analyses indicate that HE compounds were not detected in any of the samples. Table 3.4.4-3 
shows the detection limits used for HE analyses by both on- and off-site laboratories. 

3.4.4.4.2 Fragmentation Area-Grid Soil Sampling 

Tables 3.4.4-4 and 3.4.4-5 summarize the on- and off-site metals analysis and gamma 
spectroscopy analysis results, respectively, for the 17 soil samples and 1 duplicate sample 
collected from the radial grid pattern covering the fragmentation area during confirmatory 
sampling al SWMU 10. Table 3.4.4-3 lists the HE compounds analyzee for and their respective 
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Table 3.4.4-4 
Summary of SWMU 10 Confirmatory Soil Sampling Metal Analytical Aesults, Grid Sampling, April-August 1997 

"' .... , . ',m ... , 

:.=' ~~':~, 
s,,,,,,, D .... A.". .... m '~d ",- I I 

~ 
0.1 _1.0 .... 76 • "" .' D" . 9.2 

~ ::: 
0., 

CV10!S·" 0.5-0.0 1.7. .7. ,.". 024. 7.5 18 ... 
O.H' 1.'. 140. o.n 0." . 7.4 g ND '.042' ... 

"". , O.HO 110. 073. 0.26 • 5.3 6.7 ND ,'.043) 1.5 

"". O.H' 9O . 0.". 0.2. 7.5 ~ 

~~ "". 
~ 

H. 3.5 

~ ,,~ ". 0.'. 0.21 • , D (0.045) 

~L ,,,. , .." '2'. 5.3 7.1 

"". 0.5-1 .0 100 0.". 022. 17 , .• 
0"," 

r 
0.5-1.' 4.7 "" o.82J ","'1 12. ... 

~"" ,."" ., '.5 01. '.'5J ,0.", 13. 7.' ND(O.11 , ND ,D.75) 

~ 160 , ... , '26. ••• " " i1.2' 
D.HD 73 O.72B 02 1B 5.' 7 1 '10.2) 

"'56 D.HD 2.7 140 0.'" 026 B lD 10 " (1.4, 
06156 0.5-0.0 ' .66J ,>0, " '.73 B ',"B 7. ' 7.' ,. 
"'56 0.5-1.0 " "·n 83 0.71 ,." 72 '.7 OJ , ... , 
"'". 0.5-1 .0 1.4'1"" n, 0.71 022 ••• '.' " (1 . ., 

""56 O.HO O.76J ".', « D.91 '11." 
r 

'~- ,''" I¢' 
"'" I ~ ~ ~~ ~~ ", ,",' 

(EPA November 1986) used by on·site laboratory and EPA Methods 601(l(7000 (EPA November 1986) used by off-slte 
IabomtOlY. 
-Aoa~is request/chain of CU$tody record. 
;Values 10 bold exceed background soli eone&ntrallons. 
From ZarnorskI December 1997. 

a _ AssocilIted analyte was al$O observed in Ihe method blank. l¢ '" Microglllm(s) per Iher. 
CY " Canyon. ~ _ MiIllgram(s.) per kilogram. 
D _ Duplicate. NA = Not applicable. 

~ ... 
0.05 . ,0.1., . 

O.046 J ,O.ln . 

~ 
D.052 J 'O.18' • 

ND ,D."" 

" B 

ND (0.038' 

ND ,D.046, 

. , B 

ND'O . ..., 

0.17 

~ 

Ea '" Equipment blaok. NO ( ) • Not detected above !he MDL (showfl in parenthesis). 
EPA • u.s. Environmental Protection Agency. 5NUNM = Sanc:ia National Labo!lItories, New Mexico. 
ER = Environmental Restoration. 55 "SurfilCe soil sarT1IIe. 
ft • FOOl (feet). SWMU _ SOlid wa5le management unit. 
10 _ Identification. un. ., Upper tolerance limit. 
J () " The estimated velue reported is either above !he method detection limit (MDL) and IeM lhan Ihe practic:B1 quanliflCll.lion 

. IImlt (shoWn In parenlhesls) loron·site labomtory analyses or above the insllUmeot detection limit and less than the 
cootracl required detection IlmI1 (shown In parenthesis) lor off-s~e laboratory analyus. 
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Table 3.4.4-5 
Summary of SWMU 10 Confirmatory Soil Sampling Gamma Spectroscopy Analysis, Grid Sampling, April-August 1997 

Sample 
Doplh 

"

-Analysis requesVehain of custody record. 
wo standard deviations about the mean detected activity. 

"values In bold exceed background soil activity. 
~n::m Dinwiddie September 1997. 

Cy 
EB 
ER 

• 
10 
NA 
NO () 

- Canyon. 
"" Equipment blank. 
.. Envlronmeotal Restomtion. 
.. Foot (feet), 
"" Identification. 
.. t-Iol applicable. 
.. Not detected at or above the minimum detectable activity, shown In 

parentheses . 

,cvg 
pCIImL 
SNUNM 
SS 
SWMU 

.. Picoourie(s) per gmm. 

.. Picocorie(s) per milliliter, 
• Sandia National Laboratories, New MexiCo . 
.. Surface soil sample. 
.. Solid waste management unit. 
.. Error not calculated for nondeteetable results. 



MDls. This section summarizes the analytical results from the grid sampling in the 
fragmentation area. 

Metals 

Concentrations of arsenic, barium. cadmium. chromium. and selenium were not detected above 
background concentrations in any samples. Silver does not have a quantified background 
concentration. However, the maximum reported silver concentration is 0.61 mglkg. Mercury 
was not detected in any of the 18 samples analyzed. However, samples CY1Q-SS-S3 and 
CY10-SS-S3-0 were analyzed for mercury at the off-site laboratory, which used a detection 
limit of 0.11 mglkg which exceeded the 0.055 mglkg background limit. Lead concentration 
levels were elevated above the 18.9 mg/kg background limit in one sample (CY10-SS-E4). 
No other samples contained lead concentrations above background. Beryllium concentration 
levels were slightly elevated above the 0.75 mglkg background limit in 8 of the 18 samples 
collected. However, none of the samples containing elevated beryllium concentrations were 
above 1.0 mg/kg. 

Radionuclides 

Table 3.4.4-5 summarizes the on-site gamma spectroscopy results for the 17 soil samples 
collected during confirmatory sampling at SWMU 10. Annex 3-B contains complete results of 
the gamma spectroscopy analyses. Gamma activity from uranium-238 does not exceed the 
2.31 pCi/g background limit in any samples. However, the MDA used in the analysis of sample 
CY10-SS-S3 did exceed the background activity. 

Thorium-232 is a long-lived thorium series indicator for contamination (Miller June 1998). 
Gamma activity from thorlum-232 exceeded background limits in 12 samples. However, in 
each instance the background activity was exceeded only slightly. 

Gamma activity resulting from uranium-235 was not detected in any of the 17 samples that 
were collected; however, the detection limits used for 16 of those samples were above the 
0.16 pCilg background level. Because gamma activity from uranium-238 and thorium-234 
(Annex 3-B) were below background limits, it is reasonable to infer that uranium-235 also does 
not exceed background limits in these samples. In addition, the MDA for uranium-235 was still 
several orders of magnitude less than a projected preliminary remediation goal (PRG) for that 
isotope, so there is no human health or environmental concern. Gamma activity resulting from 
cesium-137 was not detected above the 1.55 pCilg background limit in any of the samples 
collected. 

Explosives 

During confirmatory sampling at SWMU 10, a total of 17 surface soil samples and 1 duplicate 
sample were collected from the radial grid pattern and analyzed for HE. Results of th'e 
analyses show that HE compounds were not detected in the samples. Table 3.4.4-3 shows the 
detection limits used for HE analyses by both on- and off-site laboratories. 
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3.4.4.4.3 Arroyo Sediment Sampling 

Tables 3.4.4-6 and 3.4.4-7 summarize the on- and off-site metals analysis and gamma 
spectroscopy analysis results, respectively. for the seven soil samples and one duplicate 
sample collected from the arroyo sediments during confirmatory sampling at SWMU 10. 
Table 3.4.4-3 summarizes the HE compounds analyzed for and their respective MDLs. A 
summary of the analytical results for all arroyo sediment samples are described below. 

Metals 

Concentrations 01 arsenic, barium, cadmium. lead, and selenium were not detected above 
background limits in any samples. Silver does not have a quantified background limit. 
However, the maximum reported silver concentration is 0.17 mglkg. Mercury was not detected 
in any of the eight samples analyzed. However, samples CY1Q-SS-ARY-2 and the duplicate 
for CY10-SS-ARY-2 were analyzed for mercury at the off-site laboratory, which used a 
detection limit of 0.11 mglkg, which exceeded the 0.055 mglkg background limit. It was 
estimated that beryllium was slightly above the 0.75 mglkg background limit in the sample 
duplicate for CY10-SS-ARY-2. No other samples contained beryllium above background. 

Concentrations of chromium were elevated above the 18.8 mglkg background limit in samples 
CY10-SS-ARY-2, the duplicate for CY10-SS-ARY-2, and CY10-SS-ARY-4. These sample 
locations arB immediately adjacent to the former vermiculite mound. This outcome is believed 
to be a result of the chemical composition of vermiculite, which was present in the sample 
matrices, rather than an indication of environmental contamination (see Annex 3-A). 

Aadionuclides 

Table 3.4.4-7 summarizes the on-site gamma spectroscopy results for the seven soil samples 
collected during confirmatory sampling at SWMU 10. Annex 3-8 contains complete results of 
the gamma spectroscopy analyses. Gamma activity from uranium-238 for sample 
CY10-SS-ARY-4 was 7.51 pCi/g which exceeded the 2 .31 pCVg background activity limit. In 
addition, the MDA used in the analysis of sample CY10-SS-ARY-2 exceeded the background 
activity limit. 

Thorlum-232 is a long-lived thorium series indicator for contamination (Miller June 1998). 
Gamma activity from thorium-232 exceeded background limits in five samples. However, in 
each Instance the background limits were exceeded only slightly. 

Gamma activity resulting from uranium-235 was not detected above the 0.16 pCilg background 
activity limit. However, the MDAs for six of the seven samples were above the background 
activity limit. Because gamma activity from uranium-238 was below background activity limits in 
six samples, it is reasonable to infer that uranium-235 also does not exceed background activity 
limits in those six samples. In addition, the MDA for uranium-235 was still several orders of 
magnitude less than a projected PRG for that isotope, so there is no human health or' 
environmental concern. Gamma activity resulting from cesium-137 was not detected above the 
1.55 pCi/g background limit in any of the samples collected. 
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Table 3.4.4-6 
Summary of SWMU 10 Confirmatory Soil Sampling Metal Analytical Results, Arroyos, April-August 1997 

6amPIe Al1ributes MetalS EPA MeItIods 60100'6020I70(0)" (fT9'Io 
R""~ ER SafTllle 10 sa~~I08plh Number" (FlQUre 3.4.4~3) Arsenic Barium Beryllium cadmium Chromium 
06158 CY1()'SS·AAY·' 0.5-1.0 O.76J (2 .6) " 0.61 0.18 J (O.l7) 5.5 

06567 (~Yl()'SS'AR~!v) 0.5-1.0 7.0 66. 0.72 J (0.99) 0.63 J (0.99) ... 
Off~e labofat 

06567 CYto.sS·ARY·2·D 
(On.site Ia~ro.y) 

0.5-1.0 5.' ... 0.76 J (0 .98) NO (0.39) .,. 

""" CYl0-s5-ARY-3 . 0.5-1 .0 O.93J (2.5) 55 0.65 0.21 7.' 

""" CYlO-SS·ARY-4 0.5-1.0 1.6 J (2.4) 59 0.7 0.3 30 

061,. CV1()'SS·AAY·S 0.5-1.0 0.9 J (2.7) 66B 0.56 9 0.19B ' .1 

""" CYlO-SS·AAY-6 0.5-1.0 0.82 J (2.3) 59B 0.569 0.186 8.' 

""56 CY1G-SS·ARY·1 0.5-1.0 NO (0.58) 30B 0.36 O.11JB(0_15) •• 
Quality As~rallCeIOuallty Control Salfllles (all in I'gII...) 

08158 I CY1()'ABF (Eal I NA NO (3.4) NO (3.9) NO(O.II) NO (0.22) NO (8.4) 

SNUNM CanY9l's Soil Background 95th UTl Of 95th Percentile ' .8 2<. 0.75 0." 18.8 
Concentration· 

"EPA Method 6020 (EPA November t986) used by on-site laboratory and EPA Methods 601017000 (EPA November 1986) u$ec1 by off·SiIO laboratory. 
~ AnaIy$I$ requ85llchaln 01 custody record. 
' V"l\Jes in bold e~eed background SOil concentrations. 
dFrom Zamorski December 1997. 

ARY 
B 
CY 
0 
EB 
EPA 
ER 
ft 
1O 

= Arroyo. 
• Associated analyle was also ol:lI!elVed in Ihe method blank. 

• Canyon. 
'" Duplicate. 
'" Equipment blank. 
= U.S. Environmental Protection Aoency. 
• Environmental Re51Oratlon. 
• Fool (!eel). 
= 1000tif.calion. 

.... , 
8.' 
13. 

,. 
4.' 

" 8' 
8.8 

5.5 

NO (1.1) 

18.9 

Me«;ury Selenium 
NO (0.043) O.34J(l.3) 

NOtO.tO) , .• 
NO (0.10) '0 

NO (0.042) O.12J(1.3) 

NO (0.04) O.83J(1.2) 

NO (0.04.5) O.48J(1.3) 

NO (0.008) O.38 J (U ) 

NO (0.038) 0.36J(12) 

NO (0.22) NO (1.7) 

0.055 3.0 

Silver 
NO (0.043) 

NO (0.40) 

NO (0.39) 

0.07 J (0. 17) 

0 .1 JIO.16) 

NO (0.045) 

NO (0.038) 

NO (0.038) 

NO (0.22) 

«>.5 

J() = "The estIm!\led ""I, ... rAJX>lTAd is Bitlu!r IIbnvfo thft mfIIhntI dltttw:tinn limit (MOL) and Io!:ss than !he ~ .... I quantiticBoo.. limil (shown in parenthesis) lor on-sile laboratory analyses or above Ihe Instrument 

..... 
""'" NA 
NO () 

SNUNM 
SS 
SWMU 
un. 

detection ~mit and tess than Ihe contract required detection limit (shown in parenlhesls) 101 off-site IaboralOry analyses. 
• Microgram(s) per lit&!'. 
• MiRigram(s) per kilogtllm. 
= NOI applicable. 
• Not detected at Of above Iha MOl., shown In parenthesis. 
= Sandia National Laboratories, New Meldco. 
= Sulface soil sarf1)Ie. 
.. Solid waste rnanagementunil 
= Upper tolerance ~. 



i 
i 

Table 3.4.4-7 
Summary of SWMU 10 Confirmatory Soil Sampling Gamma Spectroscopy Analysis, Arroyos, April-August 1997 

Record EA 
Number· 

• Analysis request/chain 01 custody record. 
'Two standard d9viIIIlions about the mean detected activity. 
\talues in bold exceed background soil activity. 
dFrom Dinwiddie September 1997. 

ARV 
CV 
EB 
ER 
ft 
10 
NA 
NO () 

""'" pCUmL 
SNLlNt.4 
SS 
SWMU 

" Anoyo 
" Canyon. 
= Equipment blank. 
" Environmental Restoration. 
" Foot (Ieel). 
" Identification. 
:: Not applicable. 
"Not detected at or above the minimum detectable activity. shown In parentheses. 
'=' Pkocurkt{s) per gram. 
'" Picocurte{s) per milRliter. 
_ Salda Natiooall..aborllltories, New MIiIU:;:o. 
_ Surface soil sampl8. 
~ Solid wasta management unit. 
" Error not calculated kif l'IOI'Idetectable resutta. 



Explosives . 

During confirmatory sampling at SWMU 10, a total of seven soil samples and one duplicate 
sample were collected from the arroyo sediments and analyzed for HE. Results of the analyses 
indicate that no HE compounds were detected in the samples. Table 3.4.4·3 shows the 
detection limits used for HE analyses by both on· and off~site laboratories. 

3.4.4.4.4 Quality Assurance/Quality Controt Results 

Data quality were assessed by reviewing the field oAloe resutts and validating the laboratory 
OAlOC results for all analyses. This section summarizes the data quality assessment. 

Metals 

Table 3.4.4-1 , Table 3.4.4-4, and Table 3.4.4-6 present results of the analysis of metals QA/QC 
samples collected during confirmatory sampling at SWMU 10. All QA/QC analyses were 
performed on sile. QA/QC samples consisted of six equipment blanks (CY10-RBA, CY10-RBC, 
CY1Q-RBD, CY10-RBE, CY10-RBF, and CY10-RBG). Resutts of the analyses indicate that no 
metals were detected in the eqUipment blanks. 

Eight duplicate samples (CY1Q-M3-S1-D, CY10-M4-S2-D, CY10-MS-T1-M-D, CY10-MS-T1-
M-D, CY1 Q-PIT-1 D, CY1 Q-M1 0-Tl-B-D, CY10-SS-S3-D, and CY1 0-SS-ARY-2-D) were 
collected during confirmatory sampling at SWMU 10 and were analyzed on site for metals. 
Variability in the concentration levels of metals in certain duplicate samples and the equivalent 
primary samples was observed. Results for sample CY10·M3·S1-0 indicated lower 
concentrations of barium, beryllium, cadmium, chromium, and lead than reported for the 
primary sample. However, similar variability resulted in the corresponding split samples for 
CY10-M3-S1 and CY10-M3-S1-D that were sent to the off-site laboratory. Resulls for samples 
CY10~M4-S2-0 and CY10-MS-T1-M-O indicated significantly lower concentrations of chromium 
than reported for the primary samples. This variability was not reproduced in the split samples 
for CY10-M4-S2 and CY10-M4-S2-D, and CY10-MS-T1-M and CY10-MS-T1-D that were sent to 
the off-site laboratory. The concentration levels of metals in all other duplicate samples were 
comparable to those detected in the equivalent primary samples. 

Twelve split samples (CY1Q-M2-T1-M, CY1Q-M4-S2, CY10-M4-S2-D, CY10-VM-l , CY1Q-MS­
T1-M, CY1Q-MS-T1-M-D, CY1Q-MS-T1-M, CY10-MS-T1-M-D, CY1Q-PIT-1, CY1Q-PIT-1D, 
CY1 0-M1Q-Tl-B, and CY1 0-M1 0-T1-6-D) were collected during confirmatory sampling at 
SWMU 10 and were verification analyzed off site for metals. Arsenic concentrations were 
substantially higher in all split samples. Chromium concentrations were also higher in several 
split samples, however, It is believed that this is caused by variations in the amount of 
vermiculite in the sample matrices (see Annex 3-A). Because of the higher MOL in the off-site 
analyses, metals such as cadmium, mercury, selenium, and silver were typically not detected in 
the off·site samples. 
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Relative percent differences (RPD) were calculated for metals detected in samples with an 
associated duplicate that were both analyzed by the same laboratory (Table 3.4.4-8). In 
general, the metals analyses had acceptable RPDs less than 25 percent. Arsenic RPDs were 
slightly above acceptable limits in two samples. Five of fourteen samples for barium and four of 
the fourteen samples for chromium exceeded the acceptable RPD. Three lead analyses 
exceeded 25 percent. However, the RPDs presented in Table 3.4.4-8 are typical of data for 
uncontaminated soil and are therefore acceptable. 

Radionyclides 

Tables 3.4.4-2, 3.4.4-5, and 3.4.4-7 present analytical results of radionuclides In OAlOC 
samples collected during confirmatory sampling at SWMU 10. All QA/OC analyses were 
performed on site. OAlOC samples consisted of six equipment blanks (CY10-RBA, CY10-RBC, 
CY10-RBD, CY10-RBE, CY10-RBF, and CY10-RBG). Results of the analyses indicate that no 
radionuclides were detected in the equipment blanks. 

Four duplicate soil samples (CY10-M3-S1-D, CY10-M4-S2-D, CY10-M9-T1-M-D, and 
CY10-PIT-1-D) were collected during confirmatory sampling at SWMU 10 and were analyzed 
on site for radionuclides using gamma spectroscopy. Activities of radionuclides in the duplicate 
samples were comparable to those detected in the equivalent primary samples. 

High Explosives 

Results of the analysis of HE in the OAlOC samples that were collected during 
confirmatory sampling at SWMU 10 are not presented. However, six eqUipment blanks 
(CY10-RBA, CY1O-RBC, CY10-RBD, CY10-RBE, CY10-RBF, and CY10-RBG) were included in 
the OAlOC samples. All OAlOC analyses were performed on site. Results of the analyses 
indicated that no HE were detected in the eqUipment blanks at MDLs ranging from 16 to 
72 ~gIL. 

Eight duplicate samples (CY1 O-M3-S1-D, CY10-M4-S2-D, CY10-M6-T1-M-D, 
CY10-M9-T1-M-D, CY10-PIT-1D, CY10-M10-T1-B-D, CY10-SS-S3-D, and CY10-SS-ARY-2-D) 
were collected during post-VCM confirmatory sampling at SWMU 10 and were analyzed on site 
for HE. Results of the analyses indicate that no HE were detected in the sample duplicates. 

Twelve split samples (CY10-M2-T1-M, CY10-M4-S2, CY10-M4-S2-D, CY10-VM-1, 
CY10-M6-T1-M, CY10-M6-T1-M-D, CY10-M9-T1-M, CY10-M9-T1-M-D, CY10-PfT-1, 
CY10-PIT-1D, CY10-M10-T1-8, and CY10-M10-T1-B-D) were collected during post-VCM 
confirmatory sampling at SWMU-10 and were verification analyzed off site for HE. Results of 
the analyses indicate that no HE were detected in the split samples. 

Data Validation 

SNUNM Department 7713 Radiation Protection Sample Diagnostics (RPSD) reviewed 
all gamma spectroscopy results according to "Laboratory Data Review Guidelines," 
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Table 3.4.4-8 
Summary of SWMU 10 Field-Duplicate Relative Percent Differences - . "".Iiv 

. ~"C"". 
E"_'D 

........, Bari\m Load Me<cuy SIlve< 
I Mound 

06157 NG' 46.7 Ne" 73 .• 40 .• 52.5 NG' Ne" Ne" 
CY1Q-M3-SI-O 

(On·,It" 
06543 CYlO-M4-S2 24.2 7 .• Ne" Ne- 2.' 13.3 Ne" Ne" Ne" 

06157 ~ NC- 42.7 22 .• NC- 47 .• 20.2 NG' Nc- NC-

06566 ~ CYlo-M6-T~~~~D 4.' 1 •. 1 NC- NC- 22.2 ••• Ne" NG' NC' 

, 
06008 3.6 ••• Ne" Ne" ••• 1.5 NG' Ne" Ne" 

CY1G.M6·Tl ·M·O 
; 

06566 5.1 ••• Ne" Ne" 10.8 15.4 NG' Ne" Ne" 
·M·D 

06008 ::. ':~-
NC- 26 .• NC- NC- 17.1 • • 7 Nc- 35.3 Nc-

06542 ~T" _ 1.2 ••• ••• NC- ••• 5.1 NC- NC- NC-

06159 C~~ ••• 4.3 • . 7 ••• 15.4 ••• Ne" • . 7 • •• 
(On·,It, ! 

06566 ::".' .:'. 10.5 20.3 Ne" NG' 24.0 10.2 Ne" Ne" NG' 

~ 06008 NC- 3'.S 35.1 Ne" 51.4 53.2 NC' Ne" Ne" 

(0;,-:;;;;, ·B-D 

Refer 10 loolnotes 81 end of table. 



Table 3.4.4-8 (Concluded) 
Summary of SWMU 10 Field-Quplicate Relative Percent Differences 

Srun". , 
.~"'?"'-

~ .0' 

; 

O65S7 CY1Q-SS-ARY·2 
CY1o-SS-ARY-2-0 

I 

~ 
CY1 Q-052698-GR-001-0U 

(Off-site laboratory) 

-Analysis requesllChaln of custody recotd. 

ARY . Arroyo 
CV :Ganyoo. 
o = 01,4)licale Analysis. 

Am,," 

29.3 

29.5 

1.' 

EPA '" U.S. Environmental Protection Agency. 
ER = Environmental Rest0t'8tion. 
10 = Identification. 
M = Mound 

BMum 

27.5 NC-

4.4 NC-

7.3 17.8 

NC· '" Not calculated, both original sample and duplicate were estimated values. 
NCb '" Not calculated, at least one of the original sample or duplicate were nondetects. 
NC· = Not calculated, associated anaIyte was also observed In the method blank. 
SWMU = Solid waste management unit 

; 

load 

NC- 8.0 21 .5 

NC- 52.1 28.1 

27.0 8.S 9.9 

S._ 
NC- NC- NC-

Net 38.7 Net 

NC- 13.7 NC-



Procedure No. RPSD-02-11. Issue No.2 (SNUNM July 1996). In addition, all off-site laboratory 
results were reviewed and verified/validated according to "Data VerificationNalidation Level 3-
DV-3" in Attachment C of the Technical Operating Procedure 94-03, Rev. 0 (SNUNM July 
1994b). Annex 3-C summarizes off-site data validation results. The verification/validation 
process confirmed that the data are acceptable for use in this NFA proposal for SWMU 10. 

3.4.5 

3.4.5.1 

Investigation #4 SNUNM ER Project Voluntary Corrective Action (Solid 
Waste Removal) and Confirmatory Sampling 

Nonsampling Data Collection 

No nonsampling data collection activities were associated with the VeA and the confirmatory 
sampling activities. 

3.4.5.2 Sampling Data Collection 

A VCAwas performed in May 1998 to remove the vermiculite mound from SWMU 10. 
Confirmatory sampling was conducted to confirm that no ReRA metals associated with 
vermiculite remained at the site at concentrations that might pose a level of risk under current 
and projected future land uses. 

3.4.5.2.1 Volunlary Corrective Action Activities 

A VCA (solid waste removal) was conducted in May 1998 to remove the vermiculite mound. 
Vermiculite, a naturally occurring mineral, has been shown to contain significant concentrations 
of chromium and barium (see Annex 3·A). Although toxicity characteristic leaching procedure 
analysis indicates that the chemical properties of vermiculite are such that the barium and 
chromium are not accessible to the environment (see Annex 3~A), it was determined that the 

material (60 cubic yards [yd' ]) should be removed from the site. The material excavated 
(Figure 3.4.5-1) was subsequently disposed of as RCRA Subtitle 0 solid waste using standard 
SNUNM·approved waste disposal protocols. 

3.4.5.2.2 Confirmatory Sampling 

On May 26. 1998, two soil samples (CY10-052698-GR-00l and CY10-052698-GR-002) were 
collected from beneath the former venniculite mound location. In addition, one duplicate soil 
sample was collected (CY10-052698-GR-Q01-DU). Figure 3.4.5-1 shows sample locations. 
SNUNM followed ARICOC and sample documentation procedures for all samples collected. 
The samples were analyzed for RCRA metals plus beryllium using EPA Method 6010A (EPA 
November 1986). Mercury was analyzed using EPA Melhod 7471 (EPA November 1986). All 
analyses were performed by General Engineering Laboratories in Charleston, South·Carolina. 
The laboratory results were reviewed and verified/validated according to "Data 
VerificationNalidation Level3-DV3 in Attachment C of the Technical Operating Procedure 
94-03, Rev. 0 (SNUNM July 1994b). All confirmalory sampling data are acceptable for use in 
this NFA propesal for SWMU 10. 
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3.4.5.3 Data Gaps 

There are no data gaps related to characterization of SWMU 10. 

3.4.5.4 Results and Conclusions 

All metals concentrations in the confirmatory soil samples were below the background limits 
(Table 3.4.4-1). The removal of 60 y~ of vermiculite and vermiculite/soil mixture successfully 
eliminated the primary source of vermiculite from SWMU 10. 

3.5 Site Conceptual Model 

This section describes the conceptual model for SWMU 10 and summarizes the nature and 
extent of contamination and the environmental fate of COGs. 

3.5.1 Nature and Extent of Contamination 

The COGs at SWMU 10 are metals and radionuclides associated primarily with accidental 
detonation of two mock weapons. Other tests conducted at the site may have contributed to 
contamination at SWMU 10 also, but the specific materials involved with those tests are 
unknown. Table 3.5.1-1 summarizes the GOGs for SWMU 10. 

Fifty-three environmental samples were collected from the soiVdebris mounds. In addition, 
17 environmental samples were collected from the fragmentation area (radial grid pattern), and 
seven environmental samples were collected from the arroyos. Whether any metal or 
radiological COC exceeded the background concentration limit in any sample was the 
determining factor in designating potential contaminants. In the case of nondetectable results, 
the MOL (for metals) or MOA (for radionuclides) was compared to the background 
concentration limit. As a result, metal COGs included barium, beryllium, cadmium, chromium, 
lead, mercury, selenium. and silver. Based on an extensive investigation into the chemical 
composition 01 natural vermiculite (see Annex 3-A), It is believed that significantly elevated 
barium and chromium concentrations are attributable to vermiculite present at the site prior to 
conducting the VCA. Therefore, no pre-VCA samples from the former vermiculite mound or 
viCinity were included to define the nature and extent of contamination. Radiological COCs 
included uranium-238. uranium-235, and thorium-232. Table 3.5.1-1 lists the COGs and the 
sample locations where the COCs exceed the maximum background concentration limits. 

Metal COCs that exceed background limits typically occur as isolated hot spots of one or two 
different COGs with no particular GOG associations or as areas that could be delineated as 
contaminated. However. sample location CY10-PIT-1 (the surface water accumulation area, 
see Section 3.4.4.2.2) did contain several metal COGs slightly above background concentration 
limits. Radionuclide COGs associated with OU (uranium-238) were detected above background 
limits where VCM activities were conducted at Mounds 3 and 6. All other occurrences of 
radionuclide GOGs above background concentration limits were sporadic. It is expected that no 
metal or radionuclide COGs are bgs at any location within SWMU 10, because the release 
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Table 3.5.1-1 
Summary of COCs for SWMU 10 

Maximum 
eoc, 

u~~~~=s· 
Maximum AVQf8g9 Sampling Locations 

Greater Concentration Conc:entration~ Wher& Backgroond 
Number of Than (mglkg exce~ (mglkgexc: (mglkg axe:! Concentration 

COCTV06 Sa.rl-."oIes Backaround where noted where nolad where noted Exceeded" 
Inorganic 76 en .... ironmental, Ba 246 260 109 CY1().PIT·l (split) 
nonradiological 6 duplicates, CYlo-PIT-l 0 

7 splits I CduOllcat9) 
B. 0.75 3.4 B 0.70 CYto.M3·S1 

CY10-M3-S2 
CYlO-M6-T3-M 
CYt!).M6-S2 
CY1Q.M8·TT-B 
CY1D-M9-Tl-M 
CYlO-M9-T2-B 
CYtO-M9-T3-M 
CYID-PIT-, (plus 
duplicate & split) 
CVID-MIO-T3-M 
CYtQ-SS-N2 
CYtQ..SS·N3 
GVID-55-NEt 
CYt ()'SS·SE3 
CYIo-S5-S3 
GYID-SS-54 
CYt O-SS-SW4 
CYtD-SS-NW4 
CY10-SS·ARY-2-0 

Cd 0.64 0.65 0.25 CYIO-PIT-tO 
e, 18.8 46 12.0 CYtQ-Ml-T2-M 

CYl().Ml -T2-B 
CY10-M2-Tl-M 
CY1Q.M2-Tl-M (split) 
CY10-M3-S2 
CYlO-M5-SI 
CYlO-M6-T2-M 
CYtQ.M7·T2-B 
CYlO-SS-ARY-2 
CYlo-SS-ARY-2-D 
CYl O-SS-ARY-4 

Pb lB.9 30 '.3 CYlo-PIT-l (plus 
duplicate & splits) 
CYlO-SS-E4 

Reier to footnotes at end 01 table. 
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Table 3.5.1-1 (Continued) 
Summary of COCs for SWMU 10 

COCs Background Maximum ."'-G ...... UmitlCanyons· Concentration 

~ Tho" 

~ I~ Hg 

A, u .• , u. 

U·238 2.31 pC" •. 41 pC" Not calculated-

Tn-= "''' P"" I NO. 

Locations 

",,!,re 

cv,=-
(plus spUt) 
CY1O-M6-Tl-M 
CY1O-M6-Tl-M-O 
CY10-M9-Tl-M 
CY10-M9-Tl-M·D 
CV-Mlo-n_s 
CY10-M 10-Tl-B-D 

CY10·PIT-, ~:fE~d duplicate and i 

~~*~ 
CY10-M3-S1 
CV10-M3-S1 -0 
CV1Q..M3-S2 
CV10-M3-S3 
CY10-M5-S2 
CY10-M6-S2 
CY10-M9-T2·U 

I~,"d 

I ~~:Ml'~~:~ 
CY10-Ml-T2-M 
CV10-Ml-T2-B 
CY10-M2-Tl·M 
CY10-M2-Tl-B 
CY10-M2-T2-M 
CY10-M2-T2-8 
CYlo..M2-T3-M 
CY10-M3-S, 
CY1Q-M3-S1-0 
CV1D-US-Sl 
CV10-M6-T3-M 
CY10-M6-S1 
CY10-M7-Tl-M 
CY10-M7-Tl-B 
CY10-M7·T2-M 
CY10-M7·T3-M 
CY10-M7-T3--B 
CY1O-M7-T3-M 
CY10-M8·T1-B 
CY10-M9-T1-M-D 
CY1D-M9-Tl+M 
CY1O-M9-n-G 
CY1D-M9-T2-U 
CY1Q-M9·T3-M 
CY10-PIT·' 
CY10-PIT, '·D 
CY10-Sfl9.2 
CV10-Ml0-Tl-8 
CY10-Ml0-T2-M 

I~=~plesh 
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Number 01 

Table 3.5.1-1 (Concluded) 
Summary of COCs for SWMU 10 

Maximum 

"From SNUNM December 1997 (metals) and Dinwiddie September 1997 (radionuclides). 
~ Average concentration Includes ell &amples, duplicates, and splits. For nondelectabte results, the detection limit Is used to 
calculate the averaga. 
cFor radionuclide COCs, sampling locations 81t! only reported where det8Cted activities exceed background. Nondetectable 
activities, where the minimum detectable activity exceeds background. are not listed. 
"The detection limits used in the off-site analyses for mercury Ylere above the background concentration limit. 
"An aV9fllge minimum detectable activity Is not calculated due to the variability In instrument oountlng error and the number at 
reported nondetectable activttles. 
'Eleven mean detected actIvilies for nondelect results from mound samples exceeded the maximum background limit. 
'One mean detected activity for nondelecl results from arroyo samples exceeded the maximum background limit. 

~:I~;:;=;::=:e~:c~~~~~:;~~X;~~~~~~~::R~:e Ea~Si." and NWI. 
JSlxteen mean detected acllvlUes lor nondetect flilSults from grid samples exceeded the maximum background limit. 
~Six mean detected activities for noodetect results from arroyo samples exceeded the maximum background limit. 
Thirty-two mean detected activities for nondetect results from mound samples exceeded the maxlmun background limit. 

e = Associate analyte was also obsefved In the method blank. 
COC '" Constituent 01 concern. 
NO (} 

m"", 
pCi/O 
SNL./NM 
SWMU 

'" Not detected at or above the method detecllon timit Of Uw minimum det8Ctabie IlGtIvlty, shown In parenthesis. 
• Mllllgram(s) per gram. 
'" Picocurie(s) per gram. 
'" Sandia National Laboratories/New Mexico. 
'" Solid waste management unit. 

ALn-98M'PISNL:R4400-3.DOC 3-64 301462. 183.03 09102196 10:19 AM 



mechanism at the site was primarily caused by dispersion from explosives and salvage 
operations that produced aboveground soil/debris mounds. 

3.5.2 Environmental Fate 

Primary sources of COCs for SWMU 10 were DU, HE, and metals associated with accidental 
detonation of two mock weapons (Figure 3.5.2-1). Other tests conducted at the site may have 
contributed to contamination at SWMU 10 also, but specific details regarding those tests are 
unknown. It is believed that the soiVdebris mounds were formed as the result of grading 
operations for site access, from construction of the SWMU 60 bunker, and from salvage 
operations conducted after the detonation of the mock weapons. Analytical results indicated 
that no residual HE compounds are present in the soil/debris mounds or surrounding surface 
soils (see Section 3.4.4.3). A radiological VCM was conducted in 1996 to remove radiological 
anomalies associated with the soil/debris mounds. A VCA was conducted in 1998 to remove 
the vermiculite mound. 

Table 3.5.1-1 lists potential COCs for SWMU 10. Based upon the nature and extent of 
contamination at the site (Section 3.5.1), metal COCs occur sporadically around the site at 
concentrations higher than the maximum background concentrations. Radionuclide COCs 
occur in the residual mounds at concentrations higher than the maximum background activities 
at several locations where remediation was conducted (specifically Mound 3 and 6). Sample 
location CY10-PIT -1 has been shown to contain both metal and radionuclide COCs consistently 
above background concentration limits. Excluding those areas specifically mentioned above, 
the majority of the potential COCs are present in concentrations just slightly exceeding the 
maximum background limits. All potential COCs were retained in the conceptual model and 
evaluated in the human health and ecological risk assessments. 

Since radiation anomalies were removed from the site, the secondary source of COCs is 
residual metals and radionuclides in the soiVdebris mounds and surface soil. No historical 
testing activities have been conducted at SWMU 10 that resulted in the presence of COCs 
below the surface soil. The secondary release mechanisms at SWMU 10 are, therefore, limited 
to suspension and/or dissolution of COCs in surface-water runoff and percolation to the vadose 
lone, direct contact with soil (radionuclides only), dust emissions, and uptake of COCs in the 
soil by biola (Figure 3.5.2-1). The deplh 10 groundwater atthe site (at approximately 180 feet 
bgs) precludes migration of COCs to the aquifer. The pathways to receptors are surface water, 
soil water, air, and soil (radionuclides). Biota are also a pathway through food chain transfers. 
Annex 3-D provides additional discussion of the fate and transport of COCs at SWMU 10. 

The current and future land use for SWMU 10 is industrial (DOE and USAF March 1996). 
However, because the site is close to private housing developments, a residential land use is 
also considered. For all applicable pathways, the exposure route for the receptor is dermal 
contact and ingestionlinhalation. In addition, the receptor could be exposed by external 
irradiation from radionuclides in soil. Only external irradiation and ingestion of soil are 
considered major exposure routes for the receptor. Potential biota receptors include tiara and 
fauna at the site. Similar to the human receptor, external irradiation and ingestion of soil are 
considered major exposure routes for biota. in addition to ingesting COCs through food chain 
transfers or indirect uptake. Annex 3-~ provides additional discussion of the exposure routes 
and receptors at SWMU 10. 
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Primary Primary Secondary Secondary Pathways Exrasure Potential 
Contaminant Contaminant Sources iO Release to ath Receptors 

Sources Release Mechanism Receptors 
Mechanism 

~~ -W~. - ~ 
Surface Al.l1·olf 

I Derma! Contact 0 0 
r-

Total Suspended Waler SoIidS/Total 
Ingestion b 0 0 Dissolved SOlids 

-<:; """.""" ~ Soil/ Debris to Vadose Zone 
Mounds created 
during PosHest 
Salv~e Activities 
and urface Soil 

Mock Bum Tests Contaminated 
Weapons ResuMing lrom Dispersion 

Comprised of in Detonation oITesl f-Depleted of Mock Weapons Materials Dust Dermal Conlact 0 0 
Uranium. I--- and Subsequent l Emissioos Air 

'" Be'd1lium, Dispersion Aadionuclides: 1~$HOn I • • 0 0> an High of De~eled Th·232,U·235, In lation 

"" Explosives Uranium U-Zl8 
and BeryiliLtn Metals: 

Barium, Beryllium, 
Cadmium, Chromium 
Lead, Mercury, 
Selenium, Silver 

Dermal Contact 0 0 

Direct 
Soil ~ Exlemal 

Irradiation • • 
Ingeslion • • • 

LEGENp Uplake by Biota I 
BiOIa ~ 0 • and Food Chain Ingestion/Uptake 

• Major Exposure • Radiol~lcal VCM was performed 00 Secoodary Transfers I 
o Minor Exposure Source eaving only resklual contamination 

~ For Flora, ingestion = uptake , Pllthway not applicable to human receptors 301462. UI3.Q3.CiOO{2Io A2 

Figure 3.5.2-1 

Conceptual Model Flow Diagram for SWMU 10, Burial Mounds 
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3.6 Site Assessments 

The site assessment process for SWMU 10 includes risk screening assessments and risk 
baseline assessments for both human health risk and ecological risk. This section briefly 
summarizes the site assessment results. Annex 3~D provides details of the site assessment. 

3.6.1 Summary 

The site assessment concludes that SWMU 10 does not have potential to affect human health 
under an industrial land-use scenario. After consideration of the uncertainties of related 
available data and modeling assumptions, ecological risks associated with SWMU 10 were 
found to be very low. Section 3.6.2 briefly describes and Annex 3-D provides detailed 
descriptions of the site assessments. 

3.6.2 Screening Assessments 

Risk screening assessments were performed for both human health risk and ecological risk for 
SWMU 10. The following discusses the results. 

3.6.2.1 Human Health 

SWMU 10 has been recommended for industrial land use; however, based upon 
recommendations from the Citizen's AdviSOry Board, a residential land use is also considered 
(DOE and USAF March 1996). Annex 3-0 provides a complete discussion of the risk 
assessment process, results, and uncertainties. Because COCs are present in concentrations 
or activities greater than background levels, it was necessary to perform a health risk 
assessment analysis for the site. Besides COC metals, this assessment included any volatile 
organic compounds or semivolatile organic compounds detected above their reporting limits 
and any radlonucllde compounds either detected above background levels and/or MOAs. The 
risk assessment process provides a quantitative evaluation of the potential adverse human 
health effects caused by constituents in the site's soil. The Risk Assessment Report calculated 
the hazard index (HI) and excess cancer risk for both an industrial land-use and residential 
land-use setting. The excess cancer risk from nonradiological COCs and the radiological COCs 
is not additive (EPA 1989). 

The HI calculated for SWMU 10 nonradiological GOGs is 0.01 for an industrial land-use setting, 
which is less than the numerical standard of 1.0 suggested by risk assessment guidance (EPA 
1989). Incremental risk is determined by subtracting risk associated with background from 
potential non radiological GOG risk. Since the background HI is 0.0 the incremental HI is also 
0.01. The total excess cancer risk for SWMU 10 nonradiological COCs is 1E-7 for an industrial 
land-use setting. Guidance from the NMED indicates that excess lifetime risk of developing 
cancer by an individual must be less than 1 E-6 for Glass A and B carcinogens and less than 
1E-5 for Class C carcinogens (NMED March 1998). The total excess cancer risk is driven by 
chromium, total. Chromium, total, is assumed to be chromium VI (most conservative) which is 
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a Class A carcinogen. Thus, the excess cancer risk for this site is below the suggested 
acceptable risk value of 1 E-S. The incremental excess cancer risk for SWMU 10 is 1 E-7. 

The incremental total effective dose equivalent (TEoE) for radionuclides for an industrial land­
use setting for SWMU 10 is 3.8 millirems per year (mrem/yr), which is well below the 
recommended dose limit of 15 mremlyr found in EPA's OSWER Directive No. 9200.4-18 and 
reflected in a document entitled ~Sandia National Laboratories/New Mexico Environmental 
Restoration Project-RESRAo Input Parameter Assumptions and Justification" (February 
1998). The incremental excess cancer risk for radionuclides is 5.5E-5 for an industrial land-use 
scenariO, which is much less than risk values calculated from naturally occurring radiation and 
from intakes considered background concentration values. 

The HI calculated for SWMU 10 nonradiological COCs Is 2 for a residential land-use setting, 
which is above the numerical standard of 1.0 suggested by risk assessment guidance (EPA 
1989). Incremental risk is determined by subtracting risk associated with background from 
potential nonradiological COC risk. The incremental HI is 0.15. The excess cancer risk for 
SWMU 10 nonradiological COCs is 2E-7 for a residential land-use setting. Guidance from the 
NMEo indicates that excess lifetime risk of developing cancer by an individual must be less 
than 1 E-6 for Class A and B carcinogens and less than 1 E-5 for Class C carcinogens (NMEo 
March 1998). Thus, the excess cancer risk for this site is below the suggested acceptable risk 
value of 1E-S. The incremental excess cancer risk for SWMU 10 is 2E-7. 

The incremental TEoE for radionuclides for a residential with loss of Institutional control, land­
use setting for SWMU 10 is S.8 mrem/y r, which is well below the recommended dose limit of 
75 mrem/yr found in "Sandia National Laboratories/New Mexico Environmental Restoration 
Project-RESRAD Input Parameter Assumptions and Justification" (February 1998). The 
incremental excess cancer risk for radionuclides is 1.1 E-4 for a residential land-use scenario, 
which is much less than risk values calculated from naturally occurring radiation and from 
intakes considered background concentration values. The report concludes that SWMU 10 
does not have potential to affect human health under either an industrial or a residential land­
use scenario. 

3.6.2.2 Ecological 

An ecological screening assessment that corresponds with the screening procedures in the 
EPA's Ecological Risk Assessment Guidance for Superfund (EPA 1997) was performed as set 
forth by the NMED RiSk-Based Decision Tree (NMED March 1998). An early step in the 
evaluation is to compare COC concentration levels and to identify potentially bioaccumulatlve 
constituents. This is presented in Annex 3-~, Sections III and VI and Sections VI1.2 and V11.3. 
This methodology requires developing a site conceptual model and food web model as well as 
selecting ecological receptors. Each of these items is presented in the "Predictive Ecological 
Risk Assessment Methodology for SNLlNM ER Program, Sandia National LaboratorieslNew 
Mexico" (IT July 1998) and will not be duplicated here. The screen also includes the estimation 
of exposure and ecological risk. 

Tables 14, 15, 16. and 17 of Annex 3-D present the results of the ecological risk assessment 
screen. Site-specific information was incorporated into the screening assessment when such 
data were available. Hazard quotients greater than unity were originally predicted; however. 
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closer examination of the exposure assumptions revealed an overestimation of risk primarily 
attributed to exposure concentration (maximum CDC concentration was used in the estimation 
of risk) and exposure setting (area use factors of one were assumed), background risk, quality 
of analytical data, and the use of detection limits as exposure concentrations. Based upon 
evaluation of these uncertainties, ecological risks associated with this site are expected to be 
very low. 

3.6.3 Baseline Risk Assessments 

This section discusses the baseline risk assessments for human health risk and ecological risk. 

3.6.3.1 Human Health 

Based upon the fact that human health results of the screening assessment summarized in 
Section 3.6.2.1 indicate that SWMU 10 does not have potential to. affect human health under an 
industrial or residential land-use scenario, a baseline human health risk assessment is not 
required for SWMU 10. 

3.6.3.2 Ecological 

Based upon the screening assessment summarized in Section 3.6.2.2, a baseline ecological 
risk assessment is not required for SWMU 10. 

3.6.4 Other Applicable Assessments 

No other applicable assessments have been performed at SWMU 10. 

3.7 No Further Action Proposal 

SWMU 10 is proposed for an NFA decision based upon all the supporting information in this 
chapter. The rationale and criterion for the NFA proposal is provided below. 

3.7.1 Rationale 

Based upon field investigation data and the human health risk assessment analysis, an NFA is 
being recommended for SWMU 10 for the following reason: No COCs (metals and 
radionuclides) were present in concentrations considered hazardous to human health for an 
industrial or a residential land-use scenario. 

Alfl·98JW'PISNl:R4400-3.00c 3-71 301462.183.03 09/02198 10:19 AM 



3.7.2 Criterion 

Based upon,the evidence provided above, SWMU 10 is proposed for an NFA decision in 
conformance with Criterion 5 (NMED March 1998). which states that "The SWMU/AOC has 
been characterized or remedied in accordance with current applicable state or federal 
regulations and that available data indicate that contaminants pose an acceptable level of risk 
under current and projected future land use." 
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ANNEX3-A 
Vermiculite Compo"Hlon and Source Evaluation 



Ms. Sharissa Young 
Environmental Restoration Project 
Department 6134 
Sandia National Laboratories 
P.O. Box 5800. MS 1147 
Albuquerque. NM 87185-5800 

February 18. 1998 
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505-262.oso.: 
Fax 5O~"C2.go5~ 

Project No. 301462.183.03 

Background Information on vermiculite Chemistry as Relating to 
Environmental Assessment Actiyities at ER Site 10 

Dear Ms. Young: 

A Voluntary Corrective Measure (VCM) was undenaken at Sandia National LaboratorieslNew Mexico 
(SNUNM) Environmental Restoration (ER) Site 10 between 1995 and 1996 to remove depleted uranium 
fragments that resulted from experiments conducted at the site in the late 19705. The VCM successfully 
removed depleted uranium contamination from ER Site 10 (SNUNM September 1997a). Confrrmatory 
sampling for RCRA-regulated metals identified several locations where barium and chromium 
concentrations in the soil were significantly elevated above background concentrations. This outcome 
was unexpected because neither barium or chromium were known to have been managed at the site. After 
further review the locations of the elevated barium and chromium concentrations were found to occur in 
the proximity of the Vermiculite Mound located at the site. The Vermiculite Mound (Figure I) appears to 
be the primary source of elevated barium and chromium concentrations in soil samples from ER Site 10. 
The remaining issue regarding the ER Site 10 vermiculite concerned whether the barium and chromium 
were being released to the surrounding environment from (I) the nawral vermiculite product or (2) from 
elevated metals potentially absorbed onto the vermiculite during ER Site 10 activities. To resolve this 
issue. IT was requested to obtain and compare virgin vermiculite product similar to the vermiculite found 
at ER Site 10. 

The origin of vermiculite product found at ER Site 10 is uncertain. Efforts to review historical records 
and interview former site workers were unsuccessful in determining the somce of venniculite used at 
Sandia National Laboratories in the late 1970s. Research into vermiculite production, which was 
primariJy domestic in the 19705. narrowed the possible sources to two mining regions: Libby. Montana. 
and South Carolina The Libby. Montana production accounted for approximately two-thirds (one-quarter 
million tons per year) of all domestic production. The South Carolina deposits accounted for 
approximately one-third of the annual production (Jercinovic. 1997). A vermiculite sample could not be 
obtained from Libby. Montana, as production from this location has terminated and no current stockpiles 
exist. However. published data on the Libby vcnniculite ore was obtained, reviewed, and is presented 
herein. A vermiculite sample from South Carolina was obtained and analyzed for total metals. This le~ter 
report describes the chemical composition of vermiculite and compares laboratory analyses performed on 
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venniculite sampies from ER Site 10 and South Carolina relative to the potential for environmental 
contamination at ER Site 1 O. ~ 

Introduction 

Venniculite is the mineralogical name applied to a group of hydrated trioctahedral ferromagnesian 
aluminosilicate ininerals that possess a platy or micaeous strucwre. The mineral in natural form has the 
size and shape of mica while possessing the ion exchange ptoperties of zeolites and some clays. 
Venniculite is an important industrial mineral that is commercially mined. 

Venniculite Production 

The production of commercial domestic venniculite began in 1915 from a mine near Hecla. Colorado. 
that proved to be unsuccessful. The venniculite mine started by the Zonolite Company at Libby Montana 
in 1921 was the fmt successful venture (Perry. 1948). The Libby deposit was the oldest and largest 
domestic mine producing venniculite during the period 1921 to 1990. It had been developed and enlarged 
for almost 70 y= until it was closed in 1990 due to the presence of asbestos in the remaining ore 
(Berg. 1997). Venniculite bas also been mined for shon periods of time in other staleS including 
Colorado. Nevada. Nonh Carolina. Wyoming. and Texas. Current production in the United States is 
restricted to mines in South Carolina, Virginia. and MODtana. Production of vermiculite outside of the 
United States is predominantly from Phalabowra. Republic of South Africa (potter. 1996; USGS. 1997) . ... 

I. _ • 

Properties 

An unusual and useful,property of venniculite is its ability to greatly expand when heated. Within the 
internal structure of vermiculite is a layer of loosely bound water molecules. which when rapidly heated. 
transform into steam causing the vermiculite particles to increase in volume. The expansion, or 
"exfoliation" occurs in a direction petpendicular to the cleavage. forming accordion-shaped grains. The 
worm-like appearance of the expanded grains is the origin of the name venniculite. which means "to breed 
worms." The increase in bulk volume is 8 to 12 times. but individual flakes may expand by a factor as 
high as 30. 

Additional properties of vcnniculite include low density. rot~resistance. nontoxic, nonflammable. 
cbemically inert. biologically inen. insoluble in water, bigb absorptive capacity for water. nonabrasive. 
odorless. noninitant, and low thermal conductivity. Commercial uses include thermal insulation. sound 
insulation. packing material. as an additive to cement and plaster. and as an additive to potting and 
greenhouse soil (Hindman. 1996). 

Mineralogy and Crvstal Chemisgy ofVermjculilC 

Vcnniculite. along with micas. chlorl .... and clay minerals. is a member of the phyllosilicate family. The 
prominent feature of the crystal structure of the phyllosilicate family is an indefinitely extended sheet of 
silica and alumina tetrahedra 1inked together in a two-dimensional hexagonal array. much 1ike a 
honeycomb (Berry and Mason. 1959). This tetrahedraliayer is bonded to a parallel octahedraliayer 
composed of hydroxyl ions (Olf) and divalent or trivalent oxides. commonly MgO or Al,o,. These 
tetrahedral and octahedraliayers. plus inter\ayers of cations andlor water molecules. form the basic 
building blocks of phyllosilicate minerals. 
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Conunercial deposits of vermiculite [(Mg.Ca)o~(Mg.Fe.Alh(Al,Si).OIO(OH) •• BH20) are fonned by the 
near-surface weathering of mafic igneous or metamorphic rocks containing a high content of large grams 
of biotite [KFe,(AlSi,O,o)(OHh) or iron-ricb phlogopite [K(Mg.Feh(AlSi,O,o)(OHh) micas. Typical 
major oxide compositions of various vermiculite samples from Libby. Montana. and Phalabowra, 
South Africa, are shown in Table 1. 

Maior Oxides 
SiC 
A,O 
TiO 
era 
FeO 
FeO 
NiO 
MnO 
MaO 
CaO 
StO 

BoO 
1Na.0 
1K0 
IH.O 

"Boettc:her. 19&6. 
"Perry, 1948. 
"M8nOovaI,1997. 

NA.Not~~. 

Table 1 
Major Oxide Analy ... of Vermiculite 

(In weight percentage) 

Commercial Venniculite Source 
Ubbv, Ml" UIlbY. Ml" Ubbv.Ml" 

35.57 35.43 41.0 
11 .47 11.30 lB.O 
1.06 0.91 NA 
0.18 0.2S NA 
7.49 B.B5 7.0 
0.34 0.27 NA 
0.02 0.01 NA 
0.06 0.05 NA 

22.57 23.56 21.0 
0.73 0.39 1.0 
0.01 om NA 
0.10 0.03 NA 
0.00 0.00 NA 
0.98 0.14 1.0 
19.12 20.73 11.0 

Phalabowra. SA' 
3B.0 10 49.0 
12.01017.5 

o to 1.5 
o to 0.5 

5.4 to 9.3 
o to 1.2 

NA 
0.1 to 0.3 

20.010 23.5 
0.710 1.5 

NA 
NA 

o to O.B 
5.2 to 7.9 

5.2 to 11.5 

The structure of biotite and phlogopite consists of tetrahedral-octahedral-tetrahedral sequences separated 
by a layer of potassium. When biotite or phlogopite is altered to vermiculite, the interlayer changes from 
potassium ions sitting on the surface of the silicate sheets, to hydrated units of calcium or magnesium ions 
surrounded by closely held water molecules. An example of a specific vermiculite formula would he 
Mg,(Al,Sil4(OH),.4.5H,O[X)QJ5 where [Xl Iepresents the exchangeable Ca or Mg ions in the interlayer. 

Numerous substitutions of ions at various sites within the structure can occur, yieldinjl a highly variable . 
cbemical composition. Trivalent cations such as Fe+3 and Cr+3 can substitute for AI+ in the t.ctrahedral 
layer; divalent cations such as Fe+1

, ea+2
, and Ba+2 can substitute for Mg+l in the octahedral layer; and 

monovalent anions such as F and cr can substitute for OH' in the octahedral layer. An even greater 
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number of substitution possibilities exists within the exchangeable cation layer. which gives vennicuJi[e 
its high cation exchange capacity (Hurlbut and Klein, 1977). 

The ability [0 exchange one ion for another ~ds on the bond strength. which varies for each type of 
structural site. For instance. an ion such as Cr 3 that is substimting for AI·3 in a tetrahedral site is not 
easily exchangeable. whereas an ion such as r in the interlayer site is much more easily exchangeable. 
This can be seen in Table 2. which provides the Cr203. BaO. K20 . and Na20 contents of some biotite and 
venniculite samples. An investigation of the origin of the Libby. Montana. venniculite deposit 

Table 2 
Chromium, Barium, Potasalum, and Sodium Contanta of Biotite and 

Vermiculite Samples from Ubby, Montana 
(From Boettcher, 1966) 

Crp~ SaO K,O Na,O 
Mineral Location (ppm) (ppm) (ppm) (ppm) 

S;otite Ubby, MT 2,300 4,500 100,000 2,600 

Biotite Ubby, MT 2,500 3,500 100,500 2,300 

Venniculite Ubby, MT 1,800 1,000 9,600 0 

Venniculite Ubby,MT 2,600 300 1,400 0 

(Boettcher, 1966) provided chemical analyses of both unaltered biotites as well as biotites altered to 
venniculite from the same biotite pyroxenite pluton. The Cr20:.l content remained roughly unchanged 
throughout the natural weathering process, indicating the stability of Cr in the teuabedral-octahedrallayer. 
The BaO content decreased by about a factor of four during the weathering process, suggesting that some 
of the Ba was located in the exchangeable sites. Potassium and sodium are known to preferentially 
occupy the exchangeable sites in biotite (Hurlbut and Klein, 1977). Potassium decreased in concentration 
by over an order of magnitude, and sodium was completely removed during the weathering process. 

Comparison of ER Si!C 10 SQil and Vermiculile Analyses 

A total of 96 confmnatory soil samples were obtained at ER Site 10. Attachment I of this letter report 
contalns a summary of laboratory results for the confIrmatory soil samples, as well as site maps depicting 
sample locations. Table 3 is a subset of Attachment I and presents laboratory results for selected 
ER Site 10 soil samples obtained near the Vermiculite Mound, which contained the highest Ba and 
Cr concentrations and exceeded the range of local background concentrations (Ba = 246 mg/kg, Cr = 19 
mg/kg). Table 3 also presents laboratory results for a relatively pure sample of vermiculite from the 
Vermiculite Mound (sample CYI(}.VermicuJite) and a virgin vermiculite product sample obuuned from 
Enoree. South Carolina. While the two venniculite samples contain significantly higher concentrations .9f 
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Table 3 i 
Comparlaon of Analytical Results for Vermiculite and Selected ER Site 10 Environmental Samples ~ 

~~~~~==~~==~~~~~~==~~==~~ 
t~~~~~~~:::;:~D!~:.,~~::~~~~~~~;~T~~~;_;~~~~r(~~::::::~:::::;::::~i I __,R (1t) ... - I....... C&<>nk.m av ..... = lead Mo""" ........ ..... ~ ...... 

08543 CYl0-M4-S2 o~,.o 3.7 590 NO (0.40) 350 NT 14. ND(O.11) HOIO.Bt) NO (0.40) g 
I-~OO~~~3~~CY~'a.M~~~~~~d-~~0.~~'.~0~2~.9~---+~~~~~NO~(0~.3=7)~--~~.-~--~ .. =-----~.-&.-----+----~---+--~---+---------1 g~ .-u ,~, NO (O.1f) O.9IJ(O.93) NO(O.37) ~ 

"'57 0 ... 1.0 I 00"(2.4} I .... 1 •. 14J(O.IO' 200. II.~. 
~ ~ 05-1.. 1'.IJ12.7I I..,. 200. I NOIO.O<" ~ 

oeses 0.5-1.0 3.S 410 NO (O.3S) 170 NT Z7. NOIO.H) 

05-' .0 I NO(O.02' 'OIl. 10.". 72 I NT 
05-'.0 1000J(2.0' I .... 10.2' ,.. I NT 
I.o-U I 07& J (2.&, I ,.. 10.I.J(O.'.' .. I NT 

I 10 
I 7.1 

I NO(O.O<" 

I NOlO .... ' 

'.0<" 
0"" .0 ~~='.;;-;;;;:-+--=--"-tl.!!!.'-----H;----+ 
0."".0 I 7.0 I ... I o.e3Jio ... , ... I - ~ 

~1....,~~~~~~~li=~L~'(O.39' i t; 1'0 t;(O'O' 
::' I ":';;.:"'" NA I NO (0.32, 1'700 I NIl (0.070' 1.00 INO (0. '0, 12.& 

. . 0-0. ="1'. =_ ::~=I;I21.:;:;-----t 

"EPA November 1986. 
"SNlJNM September 1997b. 

19.8 1 .. 8 0.84 10.8 INA pO.9 0 .... 

NO (0.70) NO (Q.35) 

1 2., 

1 2.0 

10.28 

~. 

.~ 

,., I NO (0.11) 

I NO (0.11' 

10 ....... (' .0) 10.0003J~ 
I 3.0 1 <0.5 

ARY • Arroyo. J ( ) • The estlmated value reported Is above the method detection Omit (MOL) and 
S • Associated Snalyte was also obsenfed In the method bfank. 
COC - ChaIn of custody record. 
CV _ c.tyon. 
E = The U$OCfated ccncemratlon was observed above the hlghesl calibration level . 
EPA • U.S. EnvtronmtntaI Protection Agency. 
ER ,. Environmental reslOration. 
10 ,. Identification 

less than the practical quantiAcalion limit shown In parenlhests. 
""""" · _I')pe<IdIog"",· 
mgI'L • MIIIguwn(s) per IhM. 
NA =NoI~. 
NO () • Not detecled above the MOL. shown In parentheses. 
NT .. Not tested. 
SS = Surtace soH Mmp/e. 
TeLP _ Toxicity characterlsKc leaching procedure. 
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both B. and Cr than the selected ER Site 10 soil samples. all samples were characterized with. ratio of 
barium to chromium of approximately 2 to 3. No other metals are elevatea relative to background 
concentrations. This result suppons the position that vermiculite is the primary source of elevated Ba. and 
Cr concentrations in soil samples from ER Site 10. Additionally. since the virgin vermiculite product is 
chemically identical to the venniculite contained at ER Site 10. we conclude that the vermiculite itself. 
and not any absorbed contaminants. is the source of barium and chromium in the surrounding 
environmenta1 samples. 

Figure 2 sbows • cross-plot of the concentrations ofBa (x-axis) and Cr (y-axis) from the 96 ER Site 10 
soil samples and sample CYI().. Vermiculite. A 1inear regression (i'= 0.93) of the data is plotted as a line 
that passes through the background values and the pure vemticulite sample. The close correlation 
between Ba and Cr suggests that samples with concentrations that exceed background bave some variable 
percentage of vermiculite present. 

Additional chentical testing of the ER Site !O vermiculite was performed to verify the state of the 
cbrontium and the potential for release of metals under more natural weathering conditions. The 
vermiculite sample from ER Site 10 (CYI()..Vermiculite) was also analyzed for hexavalent chrontium. 
which was not detected (<0.1 ppm) in the sample (Table 3). This result is expected because Cr is 
restricted to the trivalent state in vermiculite. A split of the same sample was also SUbjected to. TCLP 
test to deterntine tbe leachability of the Ba and Cr (Table 3). Cbrontium was a factor of78 below the EPA 
lintit of 5 mg/L. and Ba was a factor of 17 below the EPA limit of 100 mg/L. Tbese results indicate that 
th' and Cr are not leachable from the vernticulite matrix. and that the vermiculite present at the site 
k )t have a toxic characteristic as defmed by the EPA 

Jnclusions 

~rntiCulite can be the source of elevated Ba and Cr conceninwons in ER Site !O confirmatory soil 
samples only if the composition of those samples include some fraction of vermiculite within the matrix. 
Consequently. a reasonable explanation must exist for the presence of venniculitc at the locations of 
elevated Ba and Cr concentrations in confirmatory soil samples. A review of laboratory results for the 
conflnDatory soil samples (Attachment I) indicates the locations of elevated Ba and Cr concentrations 
occur in the immediate vicinity of the Vernticulite Mound. There are several likely causes for vernticulite 
to have become transported from the Vernticulite Mound to these nearby locations. The most probable 
scenario involves natural transport mechanisms such as wind and rain. In addition to natural transport 
mechanisms. environmental investigation activities conducted at the site may also have resulted in the 
spread of vernticulite. During these investigation activities access within the site frequently involved 
heavy equipment. vebicles. and site workers moving directly past the vermiculite mound. As. result. the 
presence of vermiculite in soils surrounding the Vermiculite Mound can be visually obServed at the site. 

Based on the information presented within this letter repan the following conclusions can be justified: 

• Venniculite has migrated from the vermiculite mound as a result of natural transport 
mechanisms (wind and rain) and environmental investigation activities conducted at the sile; 
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• Barium and chromium were not managed at ER Site 10 as a result of past experiments 
conducted at the site; 

• Vermiculite is the primary source of elevated barium and chromium concentrations in soil 
samples from ER Site 10; 

• Chromium is not present within the vermiculite matrix in the toxic hexavalent state; 

• Chromium and barium are not leachable from the vermiculite matrix; and 

• Vermiculite from ER Site 10 does not bave a toxic characteristic as defined by EPA. 
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Table 3-2 
SUmmary of ER Site 10 Confinnatory Soil Sampling Metal Analytical ReBults, Soil Mounds, April-August 1997 
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Table 3·2 (Conlinued) 
Summary 01 EA Site 10 Conllnnalory Soil Sampling Metal Analyffeal Aesulls, Soli Mounds, April-Augusl 1997 
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Table 3·2 (Concluded) 
Summary 01 ER Site 10 Conflnnatory Soil Sampling Metal Analytical Results. Soli Mounds. Aprll-Augusl1997 
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VERMICULITE 
By Michael J. Potter 

Vermiculite is • rnicalikc mineral that has the ion-cxcbmgc 
propcrucs of zeolites 1M. some clays. Beneficiation of 
vermiculite ore yields concentrate that is typically 90'/. 
vermiculite and 10% grit or rock. When a particle of 
vermiculite is heated rapidly to about 900 ·C. the n0tm3lly flat 
plOlIC cspruuis as much as twentyfold into an accordionlike, 
lightweight particle. This foims the b"asis fOf'" much of the 
commercial application of this mmen.1 (Hindman. 1996). 

Production 

The total of U.S. vermiculite concentrate sold and used was 
withheld to ,void disclosing company proprietmy data. The 
amount of exfoliated vermiculite sold and used was 135.(XX) 
metric tons compared with 130,000 tons in 1995. Domestic 
production data for venniculitc were derived by the U.S. 
Geological Swvey (USGS) from two separate voluntary 
surveys--one for domestic mine-mill operations and the other 
fer exfoliating planu. Of the four kDown mine-mill operations, 
dab were obtained for two opc:ratioas. representing a response 
rate of 50010. Production for the two oonrespondenu was 
estimated by the USGS based. an previous years' production 
levels:lfld estimates. Of lhe 19 known active exfoliating plllDtS. 
cbta ~ obaUned from 16 for a resp:mse rate of 84~1 . Output 
Jor the three non respondents was estirIwed. by the USGS by 
using previoU$ yem' production levels. 

Domestic produem of vermiculite: CODCentnlte were W.R 
Grace & Co. from its opemion at Encore. SC, Virginia 
Venniculite Ltd. with opel'2tiOll$ ne:IT Woodruff. SC, and in 
Louisn County . VA. and p~ Vermiculite Co. ne4T Enoree. 
sc. 

U.S. output of ccfolillCd venniculite from 15 Icnown 
companiescamefrom 19 plants in 11 SWcs. (SeetsbJe3). Of 
these plants. four in four States wen: opcnted by W.R GI'2CC. 
The 14Tgest producing States of exfoliated vc:rmiculite wert 

estimated to be, in descending order of output sold and used. 
South Carolina, Ohio. PamyIYllDia. Arizona, Winois, Arkansas, 
New Jersey. :mel AOIlda. 

Prices 

Ye:1tetld prices for U.S. vermiculite conccntr:lte, .:x-plant. 
bulk. convened to dollm per metric ton runged from $143 to 
$220. For South African material. crude, bulk. f.c .b. b<lrgt, 
Gulf Coast. convened to dollars per metric ton, prices r:mged 
from S t 21 to $209 (lndustri:J\ Minerals, 1996). 

It .S. GEOLOGICAl. SURVEY -MINERALS [NFORMA nON-I996 

World Review 

TabJe 5 lists approxim:ations of rated annu:a! C:1p3CI~" for 
vermiculite concentrate plants as of December 3!. Bec:1use 
ICW;Jj cap;lcity d:1~ were getlcn:llly not Avnii3bh:. c:lp3c1Iies (or 
most countries were considered to be equal to their hliJlest 
production levels during the past 5 yc.A~. 

In South AIri"- the dccre:lSC in output of vermiculite 
COOCClltrate:WlSn:portecUy because OfWlusuaUy high I'2wa11 in 
the f1lSt quancr. Anothcrfactor was the delay in commissioning 
the new fluidized bed drying furnaces nt PaJabor.1 Mining. Co. 
Ltd., the world's larJcst produ~ (paJabol1l. Mining Co. Ltd., 
1996). 

Dinidza Vermiculite Mining (Pvt.) Ltd. in Zimbabwe: 
continued with an expansion program to increase concentrate 
production to 1,000 tons per month by July 1996 (Hindman. 
1996). 

Oudook 

The ltrgc:st cnduse of venni.culite in recent yean has been in 
potting soils and other horticultural and fertilizer products. 
Vermiculite also i! used in building boards, such as plaster 
boan:1. s:unc: tipttweight wallboard. and various refractory board 
produc:ts. Potential new applications of vermiculite include 
detoxification of \ValeT and soil, nuclear waste conbinmCt1t and 
removal, lind mdusaial spill containment and cleanup. 

With the absence of luge particle-siz.cd vemUculilc 
production in the United Stales and the use of imponed 
aJnCClltrates to fill this void, there hIlS been substantial interest 
in developing new vermiculite sources in the Western United 
Stires (Hindman. 1996). 
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Abstract 
Talc production in Montana has expanded from a modest beginning in the early 19405 to around 

400,000 short tons 0/ annual production in recent vears, making Montona the leading taJc·producing 
state. Barretts Minerals, Jnc. (owned by Minerals Technologies, Inc.) and Luzenac America (owned 
by RTZ) are the current producers. Bentonite is mined in the exrreme southeastem comer of the stare 
by the American Colloid Company and pl'OUSH'd in their plant at Colony. Wyoming. In 1982. 
Continental Lime constructed their IndiQll Creek plant near Townsend and in 1991. expanded its 
copadty to 1000 short tons of lime per day wtth the addition oj a second /dIn . Basin Electric 
complered a lime plant at Frannie, "'Yoming tn 1993 that uses limestone from the Warren quany just 
across the border in Montana. In 1995. Comlnco American began mining almandine garnet for the 
abrasiue and filter bed markets from dredge railings along Alder Creek in southwestem Montena. 
Increased demand for decorative stone for local and out~f·stot.e markets has resulted in numerous 
independent operations providing stone ranging from Precambrian gneiss to field stone. Interest 
continues in the deuelopment of two vermiculite deposits in southwestern Manteno: one near Dillon 
and the other near Hamilton. C/inoptilo/ite, from the Grasshopper Creek zeolite deposit near Dillon. 
is being eooluated for oorioW' applications. American Gem has acquired many sapphire deposits in 
western Monrana with plans to produce heat·treated sapphires for mass markets and Gem River is 
developing a sapphire deposit in southwestem Montona. 

Introduction 
As with all industries, the industrial minerals indus· als with brief descriptions of the geologic settings of 

try in Montana is continually changing. The rate o f these depoSits. see Berg (1990). Because there are 
change of this industry in Montana has increased in the generally less than three producers of a specific min· 
last decade with changes in ownership , new mines and eral commodity in Montana, the U.S. Bureau of Mines 
plants. and closures. The purpose o f this paper is to has not released production figures (to protect indio 
document some of these changes for selected cem- vidual producers' confidentiality) for most ef these 
medlties before this information is lost For II more cemmodities mined In MentafUl. 
complete list ef Montana's deposits of industrial miner-

Mineral commodities with current production 
Garnet 

The newest industrial mineml operation in Mon­
tana is the rec:overy of almandine garnet from dredge ' 
tailings remaining from the placer mining e f geld in 
Alder Gulch. 50 miles (SO km) southeast of Bune (No.. 
1. Figure 1). Between 1899 and 1922. ever 2 million 
ounc:es of gold were mined from placer deposits aleng 

Alder Gulch (Dippold. 19961. The source of the .nu· 
vium in Alder Gulch is metamorphic rock of Archean 
age exposed in the surreunding meuntains. AmphibO'· 
Ute. hemblende gneiss. quartzofeldsp&thic gneiss. and 
less abundant schist have previded garnet to the allu­
Yial deposits. The dredge taUings in Alder Gulch. whic:h 
lire more than 36 feet (11 m) thiCk, are reponed to 
c:ontain 4.5% almandine garnet and 0 .03 gram/tonne 
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of gold (Austin, 19941. In the spring of 1995, Cominco 
AmericzlO, Inc. began construction of ZI facility to re­
cover garnet and gold. They will sell a product that 
consists of 90% almandine and In spedfic size fractions 
ranging from 6 mesh (3.4mm) down to 150 mesh (0.1 
mm) for the filter bed and abrasive markets, Including 
abrasive jet cutting. The construction phase of this 
development has been completed and production Is 
now beginning. Because of health concerns, the use of 
quartz in sandblasting Is now prohibited in some states 
which has caused an increase in the demand for garnet 
by this indUSlljl. 

Sweetwater Gamet. Inc. of Absolute Resources has 
announced plans to begin mining almandine gllimet 
from an alluvial deposit in the SweetwZlter basin 14 
miles 122 kml southeast of DOIon INo. 2, Figure 11. 
This deposit is reported to contain 8% garnet which 
was derived from erosion of Precambrian metamor­
phic rocks exposed in the Ruby Rzmge surrounding 
this basin. Sweetwater Gamet plans to construct a 
facUity lIit the deposit for initial processing to be fol­
lowed by further proc:essing at a plant sitwlted near 
Dillon. Gamet is also concen~ted in Rochester basin, 
25 miles 140 km) southeast of Butte (No. 3. Figure 11. 
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Within the last tWo years the sapphire industry in 
Montana has changed dtamaticalJy with the involve­
ment of t\.Vo new companies, American Gem, Inc. and 
Gem River. Montana M.S a long history of sZlpphire 
production beginning in about 1896 with mining of the 
famous blue stones from the Yogo deposit 45 miles 
(72 kml southwest of Lewistown in central Montana 
(No.4, Figure 1). Sapphires were. mined from a 
Iomprophyr. dike of Tertiary age until 1929 IZeihen. 
1987}. Since then seveml companies hllive either 
mined sapphires from the Yoga dike and Zlssodated 
placers, or investigated and promoted the develop­
ment of these deposits. Sapphire International Corpo­
ration began mining sapphires from this dike In about 
1970. Roncor Inc. Is currentJy recovering: sapphires 
from some of the previously mined materml. In 1984, 
Vortex Mining discovered a new occurrence of sap­
phires within a mUe of the now inactive American mine . 
in an altered lamprophyre dike simIlllJ to the Yoga 
dike. Vonex is now mining lIit another site less than 600 
feet (200 ml from the American mine. The Yogo 
deposit is tho only developed sapphire d.po5it in Mon· 
tana that produces a blue stone of consistent color. 
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In addition to the Yogo deposit there are three mitic siltstone. argillite. and a variety of voiClinic rocks 
other major sapphire deposits In Montana. all placer have been quamed in Montana. Howeve'!". the oni~' 
deposits and all Ulithout a recognized bedrock source. stone producer that has been in continuous operanor: 
Stones from these deposits differ in color from those is Livingston Marble and Granite who. conn-ary to 
mined from the Yoga deposit. these deposits generally their name. quarry and finish tr.wertine from thei:­
yield stones that are pale shades of blue to green; and quarries at Gardiner 40 miles (64 km ) south o i 
stones from each deposit show a variety of shades. Uvingston (No. S, Figure I l. This firm has been in 
Large concentrations of sapphires occur in the so- . continuous production for 40 years. LivingstOn Marbie 
called "bars- along the Missouri River. east of Helena and Granite quarries various colors of ttavertine. rans' 
(No. 5, Figure 1). Probably the largest ofthese depos- ing from white to ochre. from which they make tiles. 
its of terrace gravel is the Eldorado Bar. which was ashlar. and CUStom-fabricated pieces at their livingston 
extensively sampled by American Gem in 1994. plant There lire two other large deposits of travertine 
French Bar and Spokane Bar, also along the Missouri in Montana: one in the cen~ part of the state. about 
River. have been mined for sapphires. Fee digging 12 miles (20 km) north of Lewistown. and the other 
open to the public has been a major activity for these . along the Idaho-Montana border. 50 miles (SO kml 
deposits. Farther west 15 miles [24 kml north of southwest of Dillon (Nos. 9 and 10. respectively. Fig· 
Butte. sapphire deposits along DrY Cottonwood Creek ure 1). Neither deposit is now being quarried. but 
have received recent attention fNo. 6, Figure 1). In travertine has been quarried from' the deposit south· 
1995. American Gem. Inc. mined sapphires from their west of Dillon i>r fabrication of facing by an Idaho 
holdings along Dry Cottonwood Creek and Gem River producer. 

was involved in developing their property. also along in recent years there has been a substantial in. 
Dry Cottonwood Creek. crease in numbers of independent stone producers. 

Alluvial deposits of sapphire 'occur in seveRIl trlbu- Argillite In the Prichard Fonnation of the Proterozoic 
taries of Rock Creek in the Sapphire Range, 60 miles Belt Supergroup is quarried at numerous localities in 
(100 km I northwest of Butte, (No.7, Figure 1). For northwestern Montana. This tan-to· brown argillite am 
many years buckets of sapphire-bearing gravel from be.spUt Into thin slabs to proVide attractive stone for 
the Gem Mountain deposit were sold to the public.. In patios, floors, and facing. Much of this stone is mar-
1995. American Gem mined this deposit commer- keted outside Montana. Water-worn cobbles lind 
dally and in 1996 reported that they had mined 1.56 boulden. largely of metamorphic: rocks found in a1lu. 
million carats of sapphires from their Gem Mountain vial deposlts in western Montana and known in the 
and Dry Cottonwood Creek deposits. Sapphires market as river rock, are now in demand. Boulders. 
minee! from these deposits ~e heat treated to enhance some large enough to weigh 5 tons, are sold for land­
their color. In a study of more than 75,000 stones from scaping. Loose blocks of sandstone of Cretaceous age 
the Rock Creek deposit. It was bund that 65 to 70% of ffield stone) are collected in central MontalU!o lind sold 
the Stones were susceptible to heat treatment, chllng· for fadng. wchen-covered sandstone (moss rock) also 
ing to attractive blues and yellows from pale shl1des of is sold for facing. The current market is largely for stone 
blue and green (Emmett and Douthit, 1993). With the with natural-appearing or weathered surfaces. 
successful heat trel1tment of pale sapphires from the 
western Montana deposits. new markets have been 
developed for the commercial mining of these depos­
its. In addition to these deposits, there are five other 
alluvial occurrences of sapphires in western Montana 
(Zeihen, 1987). 

Stone 

Over 80 years ago. most Montana cities had a local 
stone qWlrty and quite possibly a brick plant using 
local ciays. Because of large capital costs and im· 
proved quality standards. these industries have largely 
vanished from the local level. The last brick plant to 
operate in the SUIte was Lovell Clay Products ' plant In 
Billings which was closed in the late 1970s. During the 
past 30 years sandstone. limestone. quartzite. dolo-

Bentonite 

Eentonite has been commercially mined from at 
least five localities in Montana. The most important 
locality for continuous production and also for total 
production is in the extreme southeastern comer of 
the state in Carter County. American Colloid mines 
bentonite (No. 11. Figure 1) that is processed at their 
plant near Colony, \Nyoming. These deposlts are at 
the western edge of the very important Black Hills 
bentonite district Bentonite is mined from beds in the 
Belle Fourche Shale. of Cretaceous age. Bentonite 
from these deposits has been used in pelletizing taco­
nite iron ore. bonding foundry molding sand. oil well 
drilling mud. per litter. lind engineering applications 
such as pond lining. 
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Bentonite also is mined by Wyo-Ben. Inc. from 
beds in the ThermopoUs Shale of Cretaceous age close 
to the Wyoming border 50 mil ... (80 Ian) south o( 
Billings (No. 12, Figurt 1). 

Most other bentonite deposits that have been 
mined in Montana are in the Be.arpaw Shale. 1II1so of 
Cretaceous age. This formation is exposed over llIIrge 
areas of eastern and cenl::r'Zll Montana. In 1966. Hallet 
Miner.tls Company began mining bentonite from the 
Vananda deposit Situllited 20 mUes (32 km) northwest 
of Forsyth (No. 13. figure 1), in an area well de· 
scribed by the names of the two local creeks, Froze-to. 
Death and Starved-to-Death Creeks. After partial dry­
ing in a rotary kiln. the bentonite was shipped to 
Minnesota for pelletizing taconite iron ore. Mining ben· 
tonlte from this deposit was discontinued in 1978. 

In the same year (1978) Americzm CoUoid began 
construction of a plant near Malta to process bentonite 
mined from beds in the Bearpaw Shale, south of Malta 
(No. 14. Figure 1). Bentonite mined from these beds 
was used in drilling mud and in pelletizing taconite iron 
ore. Production of bentonite by the Malta piant contin­
ued until 1986, when prodUction was discontinued 
because of diminishing markets and an unfavorable 
tax situation. 

In the late 1960s, an IS-mile (29.lanHong ",i!road 
spur was constructed from the Great Northern Rail. 
road main nne to the BrazU Creek bentonite deposit. 
18 miles (29 km) southwest of GI .. gow (No. IS, 
Figure 1). This bentonite deposit, also in the Bearpaw 
Shale, was initillilly developed by the Ashland Chemi­
cal Company, then Zlcquired by the Archer Daniels 
Midl~nd Company. and finally by Fed~l Bentonite. 
who closed this drying facility in 1980. The market for 
this bentonite was mainly the taconite pelletizing in· 
dustry. 

Lime 

In 1982, ContinentallJme began producing lime at 
their Indian Creek plant northwest of Townsend ap-­
proximately 30 miles (48 km) southeast of Helena 
(No. 16, figure II. limestone is quarried from the 
Mission Canyon Formation of the Madison Group of 
Mississippian age. Addition of a second kiln in 1991 
doubled the capadty of this piantto 1000 short tons of 
lime per day. Lime from this plant is used icr flue gas 
desulphurization, processing metalliferous ores, and in 
the production of precipitated calCium carbonete 
(PCe) for the paper industry. A lime hydrator was 
added In 1994 to hydrate lime for use in asphalt 
Continental l..ime is owned by G1i!ymont 

In 1993, Basin EJecnic Cooperative consrructed a 
lime plant Zit FRinnie. Wyoming. jwt across the Mon­
tana border. to supply lime for flue gas desuiphur. 
ization at the company's coa1·fired gene~tins plants. 
Umestone is quanied at Warren, Montana. 50 miles 
(SO kml south of Billings (No. 17, Figure 1l. Zlnd 
trucked 8 mUes (13 kml to their Frannie plant now 
o~ted by Dlikota Ume. a division of Basin Electric. 
The quany is in limestone of the Madison Group and 
also supplies limestone to Holly Sugar Corporation 's 
plants at Sidney. Montane and Torrington. Wyoming. 
and Western SU~T Company's Lovell, Wyoming and 
Scottsbluff. Nebtaska plents. The limestone is used to 
produce lime for the processing of sugar beets. 

Cement 

Montana has two cement plants supplying both 
local and out~of-state markets. Ash Grove Cement 
West, Inc. OperZlltes a cement plant at Montana City, 5 
miles (8 krn) southeast of Helene (No. 18. figure II. 
Limestone quarried from the Madison Group a few 
miles west is used at their plant This plant was initially 
constructed by Kaiser Cement In 1962 and was ac. 
quired In 1987 by Hanson Ltd when Hanson ac­
quired Kaiser Cement A few months later Hanson 
Ltd sold the plant to Ash Grove Cement West 

Holnam owns end operates a cement plant et Tri­
dent. where the Ge.Ue.tin, Madison, zmd Jefferson Riv. 
ers join to form the Missouri River, 55 miles (88 km) 
east of Butte (No. 19, Figure 1). This plant was con· 
structed in 1910 by 'Ideal Cement and acquired by 
Holnam in 1990. This facUlty probably has the longest 
record of production using a local mineral resource in 
Montana. Some cement from this plent is shipped to 
Spokane. Washington. where, because of its high uni. 
form quelity, it is used in the manufecture of concrete 
railroad ties. Gypsum, used by both cement produc. 
ers, is sh~pped from a source in northern \Vyoming. 
whereas 110n ore. elsa used in small qWlnUties in the 
manufacture of cement is mined near White Sulphur 
Sprtngs, in cennl Montana. 

Talc 

. In recent years, Montana has been the leading state 
In the United States in talc: production, as measured in 
volume or in value of talc produced, with annual 
production around 400.000 tons. Production in 1992 
was 390,765 metric tons (U.S. Bureau of Mines. 
1993). Montana talc producers hlilve been able 10 

compete effectively because of the high purity of talc in 
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these deposits and also because most deposits are of 
sufficient size to be mined efficiendy in open pit mines. 
The lack of tremolite or other amphiboles in Montana. 
talc has also been an important market conside~tion. 
Dolomitic marble of Archean age has been locally 
replaced by talc as a result of hydrothermaJ activity 
(Berg, 1991 ). Markets for talc mined in Montana. in­
d ude cosmetics, paint. plastics, Jl8per, rubber, and 
ceramics. The paper industry, where talc is wed for 
pitch control. condnues to be an important market i:)r 
Montana talc. Another important market is the cemmic 
substrate used in catalytic convertors. which Is made 
from a mixture of talc and clay. Essentially, all of 
substrates used In Japan, North America, and Western 
Europe incorpo~te talc mined from Montana deposits. 

The largest talc mine In Montana is the YeUowstone 
mine, situated 20 miles (32 kml south of Ennis (No. 
20, Figure ll. Sierra Talc began mining talc from what 
is now known as the Yellowstone mine (Figura 2 and 
3) in the 1940s with some early production of steatite 
talc used in the manufacture of insulators. Steatite tAlc 
occurs in the upper pan of the deposit ZIInd could be 
machined into shapes, which were then £ired to make 
ceramic insulators. Talc from this mine (Figure 4) is 
processed at two mills: the larger at Three Forks built in 
1960 (No. 21 , Figure II and a smaller mill at 
Sappington built in 1985 about 13 miles (21 kml 
southwest of Three Forks (No. 22, Figure 1). In 1964, 
S ierra Talc was acquired by Cyprus Industrial Minerals, 
which in tum was acquired by Luzenac Am2rica, Inc. 
in 1992. Cyprus Industrial Minerals installed a me­
chanical sorting device for the separatior: of talc from 
waste dolomite at their Yellowstone mine in 1987. 
Until the development of this mechanical soner, essen­
tially all talc produced in Montana was soned by hand 
on sorting belts. The mechanical sorter makes use of 
the difference in coefficient of friction between talc and 
dolomite. Crushed and sized ore that consists of talc 
and dolomite is fed onto a revolving disc where talc 
slides to the outer edge more rapidly than the less 
slippery dolomite. In December 1991, Cyprus Indw­
trial Minerals obtained a U.S. patent on this mechani­
cal sorter. 

Another company. Montana Talc, began construc­
tion of a milllt!t Sappington in 1985 and tn 1986 began 
stripping at their Johnny Gulch mine (No. 23. Figure 
1) adjacent to the Yellowstone mine. Montanlt! Talc 
was a joint venture between Nicor Mineral Ventures 
and Meridian Land and Minerals Company. In 1986. 
Nicor Mineral Ventures sold their share of ownership 
to CoStain Holdings. inc. owned by the Costain Group 
PLC of the United Kingdom. Westmont Mining Inc., a 
wholly owned subsidiary of Costain, became the sole 
owner of Montana Talc In 1989. Luzenac America, 

Figure 2. A dittam uiew 0/ the earliUt mining 0/ talc in the fall 
0/ 1941 or what is now the YelloWStone mine (Anderson. 
1942). The mine dump is the lig;u·colored a~a In the lower 
center 0/ the phOtOgraph. 

Jnc. purchased Montana Talc in May. 1994 and imme­
diately dosed Montana Talc's Johnny Gulch open pit 
mine, citing safety considerations. Montana Talc's 
Sappington mill. now owned by Luzenac, continues in 
production. During the last two years Luzenac 
America, lnc. , has spent $7 million on expansion and 
modernization of the Three Forks mUi which now has ZI 

capacity of 125,000 tons/year. The Sappington mUi 
has a capad1y of 110,000 tons/year. 

Luzenac America, Inc. also mines very high-quality 
talc at the Beaverhead mine in the Ruby Range 16 
mil .. 126 kIn) east of Dillon (No. 24, Figure 1). The 
Beaverhead mme was operated as an open pit until 
1986, when, because of the need for excessive .strip­
ping, the decision was made to mine this ore body 
underground. 

Talc mining in the Dillon Melt! began about the 
same time as that south of Ennis, with Trj Smw Miner­
als Company (a division of Southern California Miner­
als Company) beginning to mine talc in 1943. They 
constructed a crushing plant at Banetts, 7 mUes ( 11 
kml southwest of Dillon, in the same year (No. 25. 
Figure 1). This plant was expanded In 1954 with the 
addldon of equipment for pulverlzing talc. In the 
19605. Southern California Minerals Company was 
sold to Pfizer. Inc., whose Pigments and Metals Divi­
sion op~ted the talc mine and mill Talc Is mined 
from two adjacent ore bodies: the Treasure Chest and 
the Treasure Stzlte. at the Treasure mine on Stone 
Creek. 16 miles (26 kml elt!st of Dillon in the Ruby 
Range. In 1990. Pfizer constructed It! fully automated 
beneficiation plant that utilizes wet grinding and flota ~' 
tion at their Barretts milt to allow processing some of 
their less pure talc ore. This is the first flotation mill for 
talc to be constructed in Montana. In October 1992. a 
new company. Minerals Technologies. Inc., was formed 
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The open pi: Wi;iov.: 
Creek mme was opera tee by 
Resource Processors from 
1970 until 1979 when II wa.s 
closec. Talc mined irom thIS 
depos it. situated in t:,e 
Greenhorn Range appro>.:i­
malel~' 20 miies (32 km I 
southwest of cnnls INa. 2i . 
Figure 1). was hand sorted 
at the mine and then 
shipped directiy to proces­
sors. Cyprus Industrial Min· 
erlils bought the lease on this 
property from Resource Pro­
cessors and subsequently 
lost this lease in a coun deci· 
sian. The property was later 
leased to Conagra. and after 
that. to Southern Talc. In 
1986 and 1987 some devel­
opment work was completed 
on this property. and a small 
amount of talc was mined. 

Chlorite 

Figure 3. A close up uiew a/the Yellowstone tQ/c mme as it appea .... d.·" •••. ,." 
Anderson,1942J. 

The Antler mine, prob· 
ably the only chlorite mine in 
the United States, is situated 
near Silver Star, about 30 
miles (48 km) southeast of 
Butte (No. 28. Figure 11. 
Magnesian chlorite. formed 
by the repillcement of Pre· 
cambrian quartzofeldspathic 
gneiss, is used in some of the 
same applications as talc 
(Berg, 1983). Mining of this 
deposit was begun in 1977 

to operate what had been Pfizer's minerals business. 
In April 1993. Pfizer's remaining partial ownership of 
Minerals Technologies. Inc. was completely acquired 
by Minerals Technologies. The Treasure mine imd 
Barretts mill are now owned and operated by Barretts 
Minerals. a subsidiary of Specialty Minerals. Inc .. 
which is owned by Minerals Technologies, Inc. in 
1995. Barrens Minerals expanded their mill with the 
construction of a warehouse and new laboratory facili­
ties. Blirretts Minerals plans to mine talc in the near 
future from the Reglli mine. also an open pit mine in 
the Ruby Range. 

by Cyprus lndustrilll Miner· 
als: the property was subsequently acquired by 
Luzenac America, Inc .. when they acquired Cyprus' 
talc operations in 1992. Annual chlOrite production 
from this mine is about 15.000 short tons. 

Barite 

Because the major market for barite mined in Mon· 
tana is as a weighting agent in drilling fluids. barite 
production from Montana deposits has been largely 
controlled by oil and gas drilling activtty in the United 
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FIgure 4. 1995 Oblique oer.cl view 0/ the YeTiowstone mine in 199.5. Photograph provided by Luunoc America, Inc. 

States and Canada. An barite deposlts that have been 
mined in the state occur in slightly metamorphosed 
rocks of the Proterozoic Belt Supergroup exposed in 
the western pan of the state (Berg. 1988). The Finlen 
and Sheridan Company began mining barite from the 
Greenough mine on Elk Creek. 30 miles (48 km) east 
of Missoula (No. 29, Figure 1) in 1951, end in 1952 
they completed a mill for processing this barite. Both 
the mine and mill were sold to the Baroid Sales Divi­
sion of the National Lead Company in 1956. who 
closed the mill in 1966 because of a declining market. 
The mill was subsequently dismantled. With lin in­
crease in domestic drilling activity in 1976. the Mon­
tana Barire Company consrructed a mill in Missoula. 

, 
'. 

where they ground barite mined from the Greenough 
deposit (also known as the Elk Creek mine). and from 
t'.vo other bllrite deposits near this mine. They ,also 
shipped in some barite from a deposit near Northport. 
Washington. In 1983. the mUi and leases were sold to 
Nicor Mineral Venture. who sold It to Mounmin Miner· 
als several years later. Shortly after this sale the 
Missoula mill was dismantled. Mountain Minetals con­
tinued to mine a small amount of barite for specialty 
marKets from the underground Bk Creek mine for 
several years. but is now processing only a small 
amount of barite from the Coloma mine situated 3.5 
miles (5.6 km) southwest of the Elk Creek mine for the 
drilling fluid market 
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Mineral commodities with no current production 

Fluorspar 

Fluorspar was mined from the Crystzll MounUlin 
deposit 22 mUes (35 km) southeast of Hamilton (No. 
30. Figure 1) from 1952 until 1973. when mining was 
discontinued, but proceSSing of previously mined are 
at the heavy media mill at Darby continued into the 
19805. Mining of this deposit was begun by the 
Cumrnings·Roberts Company and later continued by 
Darby Spar, lnc. The principal market for flUOrspAr 
from this mine was the steel industry. F and 5 Mining 
Co. also mined fluorspar from the Snowbird deposit, 
situated along the Idaho--Montana border 36 miles (58 
kml southWeSt of Missoula INo. 3t: Figure 1). In 
1958. after two years of mining, the deposit was con· 
sidered mined' out (Sahinen, 1962). In 1980. a small 
amount of acid.grade fluorspar was mined from this 
deposit in an underground mine. 

Gypsum 

Undergound mining of gypsum at the Shoemaker 
mine. 9 miles (14 km) southeast of Lewistown (No. 
32, Figure 1) was begun in 1916, with the construe· 
tion of • mill in 1920 (Perry, 19491. In 1928, U.S. 
Gypsum bought the operation and in 1936 con· 
sO'Ucted a wallboard plant next to the mine. Gypsum 
mining for the wallboard pient continued until 1987. 
when the mine and plant were closed primarily be· 
cause o f the high cost of underground mining and 
prohibitive transponation costs for shipment of wall­
board to markets outside MontZlna. 

Phosphate 

The ~rm Springs mine, located in the Garrison 
Phosphate district 56 miles (90 km) southeast of 
Missoula (No. 33. Figure 1), was one of the longest 
operating mines in MontZlna and was reponed to be 
the only underground phosphate mine in the Western 
Hemisphere at the time of its closure in 1993. 
Cominco American . Inc. began mining phosphatlZ 
from the Phosphoria Formation of Pennian age in 
1929 and shipped the phosphate rock to their lead­
zinc smelters at Trail and Kimberly. British Colum­
bia. where sulfuriC acid. recovered in the smelting 
process. was used in the manufacr..Lre of fertilizer from 
the phosphate rock. This mine was dosed because of 
the higher cost of mining phosp~te underground. as 
compared to surface phosphate mines. Also. transpor· 
lation costs made It uneconomical to mine and ship 

this phosphate rock to Trail and Kimberly. British Co· 
lumbla. In Garrison, Rocky Mountain Phosphate op­
erated a facUity for roasting phosphBte rock for use as a 
feed supplement for Cattie. Initially using phosphate 
rock mined in the Garrison Phosphate district For a 
shon period of time. however. this roasting facility 
used phO$phate ieed mined in Rorida. This unusual 
example of almost unbelievable transpon of phos· 
philte rock was made possible by low freight rates 
resulting from back hauls. This plant w.as closed in 
1976 and has since been dismantled 

Phosphate was mined underground in the Melrose 
Phosphate district for production of elemental phos­
phorus at Stauffer ChemicaJ Company's plant at Silver 
Bow 23 miles (37 lanl southwest of Bune INo. 34, 
Figure IJ. In 1968. these underground mines were 
closed in favor of shipping phosphate rock by unit train 
from the Wooley VaUey mine, near Soda Springs, 
Idaho, 10 the SU.er Bow pl.nt In 1987. Rhone 
Poulenc purchased the phosphate pient at SUver Bow 
and in 1995, the plant was put on standby because the 
decision was made to provide customers with elemen. 
tal phosphorus made on contract at FMC's Pocatello. 
Idaho plant FMC', lafgerplanl can produce phospho. 
rus more economically than the Silver Bow plant 

Phosphate was mined at the Douglas Creek mine, 
22 miles (35 lanl northwest of Deer Lodge (No. 35, 
Figure 1) from 1963 until 1968. when the mine was 
closed Monmna Phosphate Products Company con­
structed a flotation plant near the mine for 
beneficiation of the ore prior to shipment to Kimberly 
and Trail. British Columbia for fertillzer manufacture. 

Vermiculite 

A major source of vermiculite in the United SUites 
for many years was the Zonolite mine, 8 miles U3 km) 
northeast of Ubby (No. 36, Figure 11. Mining of this 
large .enniculile deposit beg.n In 1925 lPerry, 19481 
and continued until 1990. Some stockpUed ore was 
processed after closure of the mine, 'but the mine has 
since been reclaimed and the mill dismanded. Declin­
ing demand by the insulation markets wes dted as the 
major reason for closing this mine, which had not been 
producing at caPllicity for seveRIl years. A contributing 
factor cited by some in the decision to close the mine is 
the occurrence of small concentrations of tremolite in 
the ore. Although removed from the vermiculite in 
processing, the presence of tremolite presented a Con. 
stant Concern. 
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A small amount of vennlcultte was mined 
from the Elk Creek deposit 13 miles (21 Ian) southeast 
of Dillon (No. 37, Figure 11. In 1990 a mill was 
constructed at this deposit and vermiculite was mined 
and processed during 1990 and 1991. This deposit 
has been extensively drilled and is being further evalu· 
ated. The Hamilton deposit, 13 miles (21 kml east of 
Hamilton (No. 38. Figure 1) has been permitted after 
much discussion and controversy. Another vermiculite 
deposit siruated on the northeastern flank of the To· 
bacco Root Mountains. 35 miles (56 kml southeast of 
Butte (No. 39, Figure 1) near the small town of Pony 
and usually referred to as the Pony deposit, has not 
been thoroughly evaluated. 

Zeolite 

A deposit of clinoptilolite is siruated a \ons Grass· 
hopper Creek 12 miles (20 kml southwest of Dillon 
(No. 40. Figure 1). The Montana Burellu of tvtines 
and Geology has been conducting research on rhe 

efiectiveness of cli!!,optilolite from this deposit and 
· from other deposits in removing metals from wate~. In 
1994 Montana Clino·Z mined a 100-ton sample from 
the Grasshopper Creek deposit lor evaluation. 

Conclusions 
As is genel'8l1y well recognized, transportation costs 

to large market areas, notably the West Coast and 
Midwest markets will continue to be a deterrent to the 
development of many deposits of Industrial minerals. 
It appears that those min~rals with relatively high val-

ues. such as some of the specialty minerals. will have 
the most suc.ces.s in competing in distant markets. Tne: 
minerals with low market values can generally only 
compete effectively for local markets, where freight 
cost is not a serious hindrance. 
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VERMICULITE, HYDROBIOTITE, AND BIOTITE 

IN THE RAINY CREEK IGNEOUS COMPLEX 
NEAR LIBBY, MONTANA 

A. L. BOETTCHER 

D~/HUI_tU 0/ Olophyliul .sc"*,u. U,,;v"sil, 0/ ChicGlO. 
J 101 £tut 51th S"III. Cl\kalO, Illilt4is. 606J7. U.s.A. . 

. "OSTR.ACT: VcnDiculi" &!ld h)'drobioc.iLC both aeeur U lliteralion products 
of biotirc pyroutlile ne&r Libby. Moatma-. Hydrotbennai and wcatberill& stUdies 
:md new cbemicaJ aGalysa by C. O. Inpmdb IU~ that the vcnniculile is a 
product of Icachio, of biotite by II'OUnd ntcn; the: hyclrobiotitc 11\1. )' be .1 hi,hcr 
tcmper.t.ture alteration pmduec.. 

Vermiculite aDd hydrobiotite' are both widely disuibuted UuouJhout a pluton 
of altered biotite clinopyroxwtc that is part of the &lb.li.Dc-ultIama.fic igneous 
complex near Libby. MOQta.DL Both of these mincals constitUte the material of 
~'Ommerci. l value ('vcrmiculite') that is mined at this locality. 

The ICResis of vermiculite and hydrobiotitc in the Rainy Creek: pluton and 
elsewhere has received considerable attention. Most investigators of 'vermiculite' 
deposits have coacluded that these minerals arc producu of reaction of biotite 
or ferruginous phlogopite with dilute aqueous solutions. but little agreement bas 
been reactled whether these solutions are of mapnatic or meteoric origin. For 
example, 'vermiculite' at the Day Brook dunite deposits in Nonh Carolioa (Kulp 
k Brobst. 1954) aod the 'vermiculite' at Tiacrville, South Carolina (Buie I: Stewart. 
1954) were believed by the investigators to be weathering products of biotite and 
phlogopite. 'Venniculite' Dear Gold Bunc. Nevada was believed by Leighton (1954) 
to be a prod.uct of the hydrothermal alteration of biotite which may have been 
contiDued by wcatbering. Deer. Howie. Zussman (1962. vol. 3) conclude that 
venWl:ulite ordinarily is a weatheriDg product whereas hyc1robiotite is tbe result 
of bydrothermal activity. At Rainy CreeL the origin is DO less enigmatic. l.arseD 
&:: Pardee (1929) ascribe the ' vermiculite' deposits to bydrothermal aiteration . 

. ~ Bassen (1959) believed that both the vermiculite aod hydrobiotite are supergeDC 

• H)"drobiotitt herein refers to il fqular I : I htttropolyrypic (miud·laytr) biocitC" :'Vermi· 
.:ulitc.. 
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mim:r.lls. in pan. this dilemcn:a may tcSWt irom poorly uctincd lermmul..,gy . , ­
particular. the name hydrobioc.itc bu been used in " variety of ways and shou l 
defined wherevcr wed. Deer el aL (1962. vol. 3) may bave compliQ.ted this iw ..... 
by incorrectly stating that bydrobiotite as originally defiocd by Gruner (l934 ) is 
a random mixture. Gruner used this tcnn to define regularly interstntiDed biotite 
and vermiculite-Do IWDC was proposed by bim for a heterogeneous arr.lllgement 
of layers. It is sugested that the miaer:1loJY of other 'vermiculite' deposits be 
re-checkcd before geacn.1i.zatioas arc made. 

In consequence: of thae contradictory tenets rqardiag the origin of 'vermiculite', 
new mineralOJic:a1 data were collected and expcrimernaJ hydrothermal and wc.ather­
ing investia:ttions were undertaken a.s a possible m~ of gaining insight into the 
natuI'( of these paragenetic sequences. 

GENERAL MINERALOGY 

Biotite. vermiculite. aDd hydrobiotite in the Rainy Creek pluton can be disti.D.­
guisbed from ooe another with the petrographic microscope if reasonable care is 
exerc~ed. a.s indicated in Table 1. Vermiculite . bydrobiotite. and biotite sho ..... 

T AJlU I. Ojnical properties or biotilC, hydrobiotilC, and vetmicu1i1C 

.. II~ - II)" .,- .. 2v, 
Sample ;0-(0) :to,(xu ., Pkoc:hroiscn 

Biotite ' ·569 ,<09 0_ 11' X< r • z. X - liltn 
RCB-12 b ........ r-z_.,.· 

.. inown 
Bioti1C 1·568 ,-"" 0'041 12' Samc&Sa~ 
llCSp-55 

Hydtobiolitc 1'''5 lJ' x< r-Z. X-licb-t 
RCSp-49 brown. r - Z - moder· 

.~ inown 
H~robiotitc 1·57) '" Same as above 
RCSa·]6 

Vermiculite 1·519 1·545 0-026 .' X< r- z. r-liaht 
RCSa·S9 bto\lt'D. r - Z - moder-

ate brown to rat browll 

Vermiculite j ·5 17 ,-,.. 0~7 7' Samc&S.~ 
RC-1~J 12 

successively hiJ,ber refractive iDdice.s and birefringCDcc. To obtain sufficient illumina­
tion for the measuremCDt of n... white light was necessary. and the values are 
thus accurate to only 0-003 compared to (H)()l for n., ud n.,.. which were measured 
in sodium light. The ran,e of values of n, obtainec1 for hydrobiotite elccedtd 0-003. 



y dclined ,crminolugy. In 
CI· '/3YS ancl lhouJd be 
lY, ,plitated tbis .wUc 
5:ned by GrWler (1934) ia 
:larly intersuati6cd biotite 
elerogeneou$ arnnletneut 
'vermiculite' deposits be 

the origin of 'vermiculite', 
ydrothermai and weather_ 
'f pining insight into tbe 

:k pluton can be din.i.a_ 
Jpe it reasonable care is 
iot ite, and biotite show 

lld vermiculite: 

Pleochroism 

x< r- Z,x "lilhl 
brown. y - Z - 1ftCn­
.. "rown 

as IboYe 

X< r - z.x _ 1i.aht 
brown. Y - Z - rnodeT­

"" bn>wn 
Same as a bove 

x< r-z. Y-liplI 
bro ... 'U. Y - Z - moder. 
lIe brown to ted btowa 
Slme as above 

>tam SutlicieDt llIumina­
'Y. and the values arc 
'. wbich were measured 
lbiotite e~ceeded 0-003, 

D 

'·,mlliculill!. hyJrobiulih.'. all.! l'iuli/~ ::S5 
:and, therefore. they :lfe d..isrcprded in Table I. Optic aD~les were measured 3;;ord· 
ina: to the procedure described by Bloss (1965). :Ind. as sugg:ested by him. aU angles 
arc ' recorded. as minimum vaJuca. Optic &nIles in the ycrmiculite are consistently 
tower tb&D. in the biotirc or bydrobiotite. but the difference is small and requires 
c::ucful obJcrva.tion. 

These layer silicates can be dutinluished read..ily by X·ray diltraction. Values 

i • 

'>I 

,., 

, 21 12 " 
FlO. 1. X-ray dit&actioa pattcrm or orie:Dccd ven:rUaWt&. Co} is UIltft:ated YCnDiculitc; 
(6). (c), IZI.d (d) are vmniculitc tnated bydrothennaUy at G, ~S, aDd S.5O" C, 

respectivel)' • 
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for dlOOI) "'( 10-1 , 25'5, and ~::s .~ A were MC:l.SUreU for biotite. h~drlJbl.:lut=. ant. 
vermiculite rc.spcc:tiveiy-thc: laUer tWO v:llues varying sligbtly \1.itb cb::lll.£:cs in rda­
humidhy. X·(1)' &nd djliereDtiaJ tbc:rtnJll analysis (d.t.a.) p:1tterns for the: \'crmicu. 
and hydrobiotite are snowt! in Fig.s. 1-3. The sharp peak: at 25-5 A and the hig. tt 
order of rutional b:ual pew obtainable in the X·ray ditfr.lction p3ucrns of the . 
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FlO, 2. X'faY di8'racdon pattcnI.J oC orieDled bydrobiotitc. (a) is UDnated h)'dro­
biotite; (6). (e), and (i) an bydtobiotite treated bydrothmnaDy at .cao, '10, and 

,.so- C. I'CSpectively. 



,tile, hydrobioute, aDa 
,,"'i" • ·-nges in relative 
:n :he vermiculite: 
t :D .... A aad the hip 
l ei ion patterns of the 

- " 
nuulec! hydro­
: 489. SIO, and 

' . 

ii· 

I 

h\.J[\)bioti~ :llt,,-st to Ihe rc!ulatity of suck ing.. Two du:miClI :uuIY~$ for cad:!. of 
the three minerals are presented in Table 2. Structural formulae .:appear in Table 3. 

HYDROTHERMAL STuDIES 

Puv;ow work 
The only previow investigation 'of the behaviour of vermiculite during hydro­

Ihertn31 treatment is that of Roy " Romo (I9S7), who used samples tram Chester 

,., 

,., 

'" 

, 
'" .. "" 

FlO. 3. Differential thermal &Da.I}'1is pallma or bycirabiocitc aacI wrmieuJjtc. (.) aDd 
(6) an: hydtobiotite treaeed bl'drothemWly at 560 &Dd ..,. Co ,tlpeclitdy: (e) is 

WlI~ bydrobiolitc: Cd') is Wlttcated 'ftm'iculjce. 
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C"unty. Penns:oh-:uU:. and o>nciudcd WI \'crmic.::ulitc U: wl$t~bic UOQc: h~;.! :- ,\ ­
tbenn.:ll conditioDS. To compare: Rainy Creek vermiculite with the ~plc ' 
Roy" Romo and to compare the bebaviour of vermiculite :md hydrobiotlte . 
present writer eumiDed these materials win. a modific::uioD. of Roy &: Romo's 
proc:td UfC. 

TAILll. ChcmicaI anaI~ of biotite, hydrobiotite. and vcnnicu1iu 

ACSa·j9 AC-l.c\'elll aCSa·16 aCSp-49 R.CB-I:: aCSp..H 
vamieulilol vmnicWit.e hydrobtotite hydtobiolile biotite bIOLU.e 

SiO I )S·j7 )H) )5060 )6·77 )1-6) )9·10 
Al,O. II'" 11-30 11 ·15 ,,-60 "..,. IHO 
roO, • <>6 0-.. 1-1) I 'O! 1'55 1·21 
errOl- 0 ·11 0·26 .~, 0 ·27 0·23 0 '! 5 
F<oO, H' ,." 10·lS 1-19 NO :H6 
f<O • • ).1 0·21 0·11 0-91 11·75 7·" 
NiO .'" 0·01 • -00 .~ . .'" 0~2 

MoO 0<>6 0-0, 0-00 0 ... O' I~ 0 '1 0 
Mao n·" 1]056 20·17 200()4 . ...... 21 ·55 
Cao 0-7) 0-39 .... ..... 0 ·18 0·12 
S«l" .~. 0-0. 0-00' o~. 0-00' 0-00' 
BaO' 0'10 .-03 0-17 0 ·19 ... , 0 ·)5 
Na,O 0-00 0-00 0' 16 0·12 0·16 0 ·2) 
,,"0 0,,, 0·14 H7 ,.., .0-00 10-05 
llb,0 0-00 0-00 0-0129 0-0158 0<>< 0-0' 
c.,0 0 ...... 0·00050 
H.O+t ,~. H7 70.56 "'. )'52 ) ·74 
H1O- ]a;11 1J.26 N. HI{, 0·)0 0<>6 
P,OI 0<>6 0-0' 0-07 0<>6 0 ... 0-00 
F 0·11 0·)0 0·)0 0')5 . .." "., 99·95 IOJ-26 
OF - 0<>9 -0·12 -0· 12 -0·18 

Total 99-70& "." 99-16 99-81 9901) IIXH18 

ADa}yst: C O. lapmclls . 

• SpecttOme:tric ua.I)'UI by N. H. Sm. 
t The Qter ~no:I .u H,O+ iI tbe total hydrolCD as H.O leu lou in wcilht at IW- C (wbicb 

is ~ncd as H,O -). Total bydrolCD was delcrtaiDcd by a modified Pca&:Id method (CruIt, 
IDpmeib 4; MU)'SIOZl. IHS). lpIition-loa deutmiDatiom yielded the foUowin, ..:1_: 19.()6 
(RCSa.59). lO·n (RC-Lcwll1). lHIO (RCSa-36), aDd 14·72 (RCSp-49). 

Sample pTepCUQl;On 

Samples of vermiculite and hydro biotite were obtained from clean. amale 
cleavage flakes wct ground in a Waring blendor. After grinding. the fiDes (<2 It) 
were separated wiD. normal sedimcntation tccbniquCl. To promo~ cquilibtation. 
only thesc fi.DCJ were used in subsequcnt cxperiments. Chemical analyses, d.t.a. 
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)8'6) J9'10 
13<" Ino 
l -jS 1-21 
0-23 O-::!, 
2-5(' 2-56 
8·75 7-23 
0·02 0." 
0'14 0-10 ..... 21-55 
0·18 0-12 
0·005 O<X)5 
0 .. , 0'35 
0-26 0-23 

""'" 10-05 
0<>4 1>0) 

l 
J'S2 J-74 
0·30 0·06 

""" O<lO 
!O 0-35 

99·95 100·26 
-0-12 -0'18 

99·113 IIX><)8 

• in weight at lOS" C (whicb 
led Penfield method (crutt, 

.•. 

the (oUowiDl valUCIS; 19-G6 . ­
""). 

:d from clean. single _;;,_ 
,ding. the lints (<2 .) • 
promote equilibration. -':;' 
emir:al aoalyscs. d.t.a. 

J ·(!rmint/ill.'. hydmhicltilt'_ (lI:d biow .. ' 

raL1t:rna. :and X-r.Jy dillt'.Jcti._>n pau.:rus illr W surting: m;U.:ri.JU t~mpk RC$.J.-5~ 
(tJr the venniculiLe and .sample RCSp-l9 fllt the bydrobiotiteJ 3p~r in T3bk :: 
:lnd Fip. 1-3. The X-ray pauerm show th:tt the vermiculite contains Sm:l.U p=r­
t:cntasa of hydrobiotilc and viee versa. Sucb contamination is. unfonunately_ 
unavoidable in the Rainy Creek samples which mus! be lar~ enough for bot.b 
.:hcmica.l analy.sis and aperimcnution. but the contamination is probably too small 
to,) affect the results of these studies. 

T .... u 3. Half-cell structW'lLl lormube fOf biotite. vermiculite. and hydrobiotJte 

(~) (ML-.Fc--.... Mn.-Fc--.u1a....Cr ... J (Si .. ,..A.I •• ,,) 0"'11 (OH,_ .. F_) (K. .. Na.....~ 
..... J. 

(b) (MI •.• Fc .. • ••• Mn...,Fc··-.uTi...,Ct..J (Si" .. Al •. ..) 0._ (OH, ... F_) (K.. .. 1'<Ia...u...... 
.... J. 

(.:1 (M .... IFc-_Fe~._ .. l ... Cr_ea....K....) CSi~ •.• J 0_ (OH)... Xl"3 H,O_ 

(d) fM ... nFc··_Fc··-•• ,T' ... Cr_Ca....tc-J <Si-Al,.u) 0 1". (OHh-.. X4-1l H,O. 

lc) (Ma.-.Fc"·_Fe···...a Ti.t-.tC&.. ........ K...Na...) CSi.-AI,,") 0._ (OH,J .... ) Xl-ol H,O_ 

(0 (Ma. .• Fc-_fe-... Ti.-Cr....ca.. ..... x....Na...) (Sl.."A1 .... ) <>- (OH, ... F-> Xl -$! 
H,o. 

1:1.) Biotite Rc.s.J2 and (b) biotite RCSp-55 caJaalIlCd by method or Fouer, Wcmcs '" Eupter 
(1963) !wed an H.O+ assumina (tctrahcdraI) _ .-00. (e) Vermiculite RC5a-j9. Cd) vcnniculil.e 
RC.LcvcII2, (e) hydtobiotile RC5a-l6. and CO hydrabiotite RCSp-49 cakulated rrom mocfi6catiDIIS 
at mctbod5 of Ross A: Hendridts (l94S) ad Mackau:ie: (1957) bucd 011 H,O+ usuminl (ICIn.­
hcdral) _ "-00, 0_ 10-00 and (OH, F) - 1-00. 

Proc~dure 

Small samples (about 30 mg) oC the minera.1s. together with 20 wcisht per cent 
H:O, were placed in welded SOld capsules and run for 3 days to 2 weeks at 
PH.O = 18.000 Ib/ins (1'2 kb) in Stellite steel. c:old • .scal. test-tube apparatus 
lTuttie. 1949) at temperature intervals of DO greater than 25° C. Several Ill11S were 
made using 0-18 g samples in larJer bambi so that d.LL curves of the materials 
could be obtained_ Additional runs at ~ _ 5 kb were kindly performed by 
John Cuman at the Pennsylvania State University, To detenninc the effects of /0, 
on the results. the oxygen-butler method. de:sc:ribcd by Eugstcr " Wones (1962) 
was employed. In all of the runs, water prcuure was maintained with an cxtenW 
pump before beating and during the air queoch. 

After runs were completed. the produc:u were plac:cd in the X·ray diJfrac:tioo 
units immediately after removal from the capsules. The most significant pans of 
the X·ray patterns were obtained in less tban 10 miDs after the capsules were removed 
from tbe bombs. 

R~slllts 

Yermiculite. In the venniculite nms at Px.o _ 1'2 kb. DO c:baDJC in the X·my 
pa.tlCm5 or the d.t.a. pattern could be observed up to about 3500 C. Above this 
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temp:r.lturc.:I. dc..:r~:1sc W3.$ n"'l~'d in th~ f"Jt jl,) ~' i the IIl len)1UI!) \' [ Inc IJ.l A II.J\.' : ' 
pc:a~ relati\e to that of lh~ ()().l . 006. and higher order ba.s.:ll p:3.~, 3.hhlluPt the bJ.! 
spacings remained COfUt.1.nt. This chao,~ is very gradu3.1 with increasing temper.l tu, . 
and may have OCX'urTCd undetected below 350" C. The progressive change IS 

iIIusuated in Fig. !, where (12) is the patlom fllr the starting m:uenal and (b ), lel. 
and (el) are the patterns for the vermiculite ucatcd at -100, 50S, 5.500 C. r~spcctive l ~ . 

Above 60()0 C. dehYdration lXt'urs, and only 3. 10 A phase remains at 650Q C. 
Therefore. th~ results of these runs are similar to those obtained by Roy &. Ramo 
and diller from them in ooly two minor POUlts. First. in their e~pcnmeots 3 change 
in the relaLive uuensiLies of the basal peaks was 'appreciable' at 3000 C and 
'detectable" as low as 2000 C Setoodly, they reponed mat the intensity of the 004 
peak increased to become nculy equal with that of 002. As. s!lown in the diffraction 
patterns for the pRSeRt ruos, the inteositiC$ of the high order peaks remain con. 
siderably less than that of 002 at 5500 C. 

Roy k Romo attributed the observe:d c:baoge:s to a migration of Mg ions. durin, 
'hydrothe:rmal ueatment. from octahedral sites to interlay~r positions. This miaration 
would tend to product an interlayer 'brucite:' structure that is characteristic of 
-chlorites. as compared to the 10-15% occupancy of the 'brucite' Mg positions 
in vermiculites reportec1 by Bradiey " 5erratosa (1960). Roy &. Romo (1951) pro· 
posed the same 'pseudCKhlorite' for the hydrothermaJ.1y treated \'C:miculites . 

Basseu (1959) suga;ted that. in Roy k Romo's e~periuH:nts. hydrolysis in 
the bomb substimtcd (OM) ions for H:Q molecules in the inltrlaycr positions. 
Although unmentioned by Bassett. oxidatioll of a variable·va.leac:c e1cmeDt to ma.iD. 
tain electricll neutrality would be required. by such an e:xchange. Therefore. to teSl 
the two hypothesis, runs were made at diffe:rent PH=". diffe:rent /0,. and cl.iffere.nt 
pH. If the: hypothesis of Roy Ie Romo is comet. none of these variables should 

,greatly effect the rc:sulu and perhaps would bave no aJleet at all AlteruativeJ ~ 
.diff~rcot fa, and pH sbould produce changC$ if oxidation and hydrolysis ar~ 
involved. 

The: IlUlS m:uie at 5500 C at PH.O P S kb produced the same results as the 
TllIl5 at 1'2 kb at the same temperature. Furthermore. no changes were detected 
when weal: HO solutions were used as a substitute: for H:O or When 10. 
was coouoll~d with the Fe:IO~-FC:!O, butler (the highe:st fa. at which mac. 
netile is stable) or the Fe,O~-Fe buffer (the: lowest fa. at which magnetite is 
stable). In the: runs without oxygen buffers. the resulting fo, was close: to that of 
the Ni-NiO bulle:r (Eupter • Wanes. 1962) or about midway between the /0 
values of the above·me:ntionc:d buffers in the temperature range: UDder consicleration. 
However. as Stated by Eugster &: Wones (1962). equilibrium at low /H. and low 
temperature probably was not atta..ined. so that the: runs with the Fc.Q4-FezO, 
buffer below 5000 C are of questionable: value. In acldition, runs em.ployiag the 
Fc,O.- Fe:O, buffe:r were: limited. to about 2S hr. after which time the F~o, was 
completely reduced to FeJO •. It is uncena.in whether equilibrium was establisbed 
within the: charp: during this du:ation. rcprdless of the cle:gree of approach toward 
equilibrium of the buffer or between buffer and charge. 
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~pilC these Iimit:nkms. it m:ly b: qU:llit.:lti\'cly Slated th:lt the ~h:lnges ",bjCl'\e!J 
during the hydrothermal treatment of vermiculite werc not noticeably effected by 
chan~ in fo, and therefore. did nOI involve an oxidation-reduction re.3ction. The: 
~Tiler therefore accepts the general CIlnclusions of Roy. Romo. The: apparent 
hi,hcr temper-Hure stability of the Rainy Creel.:: vermiculite rclati\'c to that from 
Chester County. Pennsylvania. may result from differences in the occupancy of the 
interl4ycr sites. On the otber bancS. the gK:lter ratio of the intensities of 002 : 004 
in the ditfraction patterns of the Rainy Creek. material may result from compositional 
differences. particularly in the rauo of Fe : MJ. 

N a final check. the treated vermiculites ('pseud~blorite.s·) and unUC:lted 
vermiculite were exposed to ethylene glycol vapour. In aU uials. the vermiculites 
which had been trQted ' hydrothermally above 350° C expanded up to as much 
as d{OOl) := 16·7 A whereas untreated vermiculite and vermiculite treated below 
this temperature showed linle or no change in d{OOI). It is of interest that Stephen 
& MacEwan (1951) repon 'swelling chloritcs' whicb expand up to 17'8 A with 
glycerol ucatment, aDd which may be, actording: to Vivaldi &: MacEwan (l960). 
memb:n. of a complete series extending from cblorite to vermiculite:. that is from 
complete interlayer 'brucite:' sheets to layers wilh only small amounts of interlamellar 
h)'clroxide impurity. 

Hydrobjotit~. No change in the X-ray diftrnctiOll pattern or the d.t.a. panern 
of the treated hydrobiotitc was observed until 4800 C at PH.o _ 1·2 kb. Above 
this temperature the 002 peak 00 the d.iBraCUOD pattan broadened and sbifted 
(rom about 12-4 to 11'5 A at 5500 C. and a broad peak developed at about 280 

28 (J .,- -'. These cba.o,es are illustrated in Fig. 2 in which (a) is the untreated 
hydrc . .. ~ and (b). (c). and (a) are the hydrobiotitcs treated at 485 . 510. ar 
550° C. r-"5pecUvely. In Fig. 3, d.u. curves of hydrobioute treated at PM,o _ 1·.::. 
I.:b a~ C (Q) and 4800 C (b) are compared with thc curves for UDtreal I 

hYdrc:: .... ;::: (c) and vermiculite: (d). T.'le curve for hydrobiotite n:5emi:. ~ 
that ' -for vermiculite, which is to be expecled as biotite shows no pro­
nounced deflections al this scale up to 10000 C. The exact positiom of the 
peaks (or any of these materi&1s is significantly affected by grain size and the degree 
of compaction of the sample in the holden.. but. in general . the eDdotbennic peaks 
for vermiculite occur at higher temperatures than the corresponding peaks for 
hydrobiotite. The d.t.a. pattern of hydrobiotite treated at 48()0 C resembles that 
of the untreated bydrobiotite within the reproducibility of different trials. but 
higher temperatures produce a significant difference. whicb agrees with the X·ray 
Studies. '!bat this change is not a simple: dehydration is shown by the inability of 
the altered bydrobiotite to rehydrate after prolooged treatment with HtO. Also • 
the CODVened hydrobiotite when. treated with ethylene glycol vapour aplDds from 
a d(OOI) of about 23-2 A to about 26-6 A. but little or no expansion was Doted 
in similarly treated hydrobiotite . 

As was found in the cxperimc:nts OD vermiculite. the temperature at which this 
change oc:curs in hydrobiotite ttmained unatrected by aD increase in PR,O to 5 kb. 
a change in fo, witb the oXYleD buffers described earlier. or the addition of HCl. 
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with the vermicuJites. 
The nature of the change that oc;eurs in byd.robiotite ~I\en he:ltcd h~·drothermall. 

above 4800 C rcU13ins unknown. but the fOrm:Ltion of interlayer biolitO:-'pseudo· 
chlorite' is one pos.sibility. If this bns ~. the sin!le 10w· temper3.lure endo, 
thermic: peak in the d,u.. pattern reaWns une;'l;pl3incd. Perhaps it is altribclable 
to the eApulsion of 'Unbound' HID' 

When considering the present work aD vermiculite 3lld hydrobiotitc:, the possi . 
bility mllSt be emeruLined that neither of tbese minerals has a P-T st:l.bility fidd. 
but may only represent highly mewtable phases. However, the worl.: of Iiyama 
de: Roy (1963) sugcsts that at least some beteropolytypic layer silicates may be: 
stable at high ·PH.o. 

WEATHERING STUDIES 

Prtvious "Work 
Previous Cl:pcrimenw studies (Barshad. 1948; Bassett. 1959: Wea ... er. 1958) 

have attempted to simulate the wcathcrio& of biotite. In these experiments, biotite 
was treated with wlute M, or Ca solutions at lo\\' temperatures (2.5-1000 C) in an 
attempt to provide evidence that vermiculite :m4Jor bydrobiotite are products of 
wcatherin& processes actin, on biotite or ferruginous phlogopite. All of these 
attempts were reported to be auccessful in produein.c vermic:ulite. apparently by 
simply replacing the interlaycr K ions of biotite with bydrated M, ions. On the 
other hanel, bydrobiotite. as defined in this paper. was not produc:ed in any of these 
trials. Because the euc:t nature of the stanin! materials used in the J:':-.. .. :ous studies 
remains unccna.in. the writer c:onciuetcd similar CJ.pcrimenu. sta.rtin~ with biotite 
(RCSp-SS aad RCB-12) and hydrobiotitcs (RCSa-l6 and RCSp-49) lor wbict 
c:hcmjca1 analyses arc liswl iII Table 2 . 

Procedure tlIId ruu/IJ 
All of the samples were treated. with 1 N MgCl: solutions at room temperature 

for periods up to 30 days. For an samples. a 14'4 A phase was oblaine:d. although 
frequent changes of the SOlutioDS were required to prevent the eoacenuation of 
K iODS in solution from exceeding. critical value as described by Bassett (1959). 
In agreement with Barshad (1948). the bydrobiotite. in all trials. invened to the 
14'4 A phase more rapidly than biotite of the same grain size. 

Despite the results of these and the previous weathering Cl:periments. it is sug· 
Jested that these proces.ses are dissimilar to those that have (ormed natural vcrmi· 
culite. bc:cause a comparison of the compositions of I1&tunJ vermiculites with those 
of biotitcs indicates differences other than the substitution of Ma: (or K. Roy ,& 

Romo (1951) ha"'e propolCd that the weathering of tll.tunJ biotites proceeds with 
the expulsion of the intcriayer K ions &Dd lite migration of Mg from the oc:tahcdRl 
to the intcrlayer positions concomitantly with the oxidation of oetabedral ferrous 
ions to maintain cbarge balance. In support of this idea. they note that no true 
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IIr~III.lrce, phlog¢pilC has been known Ll' alter to vermiculite . :lnu I:l ter . R .J~ ol; 

~Iumptcn (1958) illusttatcd tm.t :lD iroQ'P'Ot Io-.s~ Fe) phlolopite wcathcud to 
septcchlorite . not vermiculite. An inspcttion of the analyses o{ vermiculites JJ\d 
igneous biotites. il$ compiled by .Deer tl al. (1962. vol. 3) reveals Ih:at ali of the 
vermiculites have Fe~Ol> FeO. the reverse beini uue for.the biotite$. The analyses 
reported in tbe present ~pcr illustrate the same relationship. Theretore, if wy of 
the analysed vermiculites is a weathering product. the oxidation of iron was a 
ne\.'CSSaty part ot the process. It then. in the e3rlicr experiments.. hydrated Mg ions 
were simply substituted for K ions. the product may have been a j(-poor, Mg and 
H:O·rlcb ' biotite'. not vermiculite. and the rcsulu would hardly prove th3t this 
process opc.tates in nature. 

To te3t the hypothesis of Roy" Romo that Mg ntiyatCS to the interlayer 
positions with the coocomjtant oxidation of ferrow ions during the weathering of 
biotite and {CTTUginous phlogopilC, and to evaluate the applieability of previow 
studies. the writcrexposcd biodles RCSp.55 and RCB·12 to an oxidizinl environment 
without the Use o( foreign-ion solutions. Thirty milligrams of biotite (-100 mesh) 
were placed in a 500 m.l beater filled with specially distilled H,O through which 
0: ps was bubbled continuously. and the mixture was continuously agitated with 
:l ~gnctic stirrer. In hope of increasini the reductiOQ rate by reducing the I...'on· 
cenuation of K ions in solution. the H:O was fqllaced every 5 days. After 35 days. 
tbe X·n.y pattern showed that the biotite was convened entirely to a 14'4 A phase. 
This experiment and the high F~O. : FeO ratio ot natural vermiCUlites suggest 
that leaching o( K and and oxjd.atioa of (errous ioas. not merely the replacement 
of K with hydrated Mg, is more Dearly analOJOus to natural processes where a 
weatheriog origiD of venniculite is sugeslCCi. Such a mechanism also eliminates 
the necessity of large amounts of Me. the source of which has posed serious 
difficulty in some other localities where a weathering oriJin bas been proposed. 

Attempts to experimentally produce bydrobiotite from biotite by ion-excb.aDge 
or olber methods have thus tar proved tDUuccessful. Bassett (1959) bas produced 
a 'copper hydrobiotile' by immeniD& biotite in CUC~ solutions. but this product 
reponedly contains DH ions rather than H~O in the intcriaycr positions aDd. in 
this respect. would resemble chlorite more than vem:Uculite. Bulen also bas pro­
duced 'hydrobiotite' by ucatin! vermiculite with K-ricb solutions. but be states 
:ilat this material docs not torm a stable ratio as does natural hydro biotite. There­
fore. as byc1robiotite bas Dot been produced in the laboratory at low temperatures. 
no experimental evidence can be cited in suppon ot a weathering origin. 

ORIGIN OF VERMICULITE AND HYDROBIOTITE 

Because vermiculite and bydrobiotitc arc unstable at magmatic ccmperatures, this 
writer contends that pervasive dilute 8uids bavc altered the biotite pr)TOxenite. 
possibly in two $C:parate events. to (orm the vermieulitc and hydrobiotite at RaiDy 
Creek. 

Evidence for the Jachinl of biotite to vermiculite can be seeD in the chemical 
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armlyses In 10lblc .::. beina panicularly R've:lliag ..... hen c!')mparm£ !.he mU~lu r:::r. : 
{I)rmu~e in Ta.ble J. NOllO is absent jn both venniculitcs. McL:::r.ughim (1955) rep!.' 
that Na is readily removed durina: natur.t.llc.aching. Fe iu the vermiculites is nelt. 

all in the ferric state, altbouSb toLilI Fe is approximately the same as in the biotitcs. 
SiO; and AlJO~ arc not sjpificantly diffc:rent in biotite and vermiculite . The 
differences in the MgO contents oC vermiculite and biotite is 'small when both arc 
calculated H~O- and K:O-rree. Thus, the major dissimilarity between these I~ \) 
minerals is a lower content of alkali metals and a higher c:delation state in the 
vermiculite. which is in a.ecord with the results of the Ic:u:hing expc:r:imenu described 
earlier. 

The relationship between biotite and bydrobiOlitc is less apparent. Na:O in 
the hydrobiotites is bigher. relative to K:O. than in the biotites. and CaD is high 
relative to both vermiculite aDd biotite. The oxidalion state of Fe in hydrobiotite 
is greater than that of biotite. but Fe, Si02• Al:02• and M,O are not gre:uly different. 
In sbon. bydrobiotite does not appear to be an intermediate Stage in the leaching 
of biotite. 

Bassett (1959) bas suggested that. siven long pericds of time. H~O and Mg 
(or Cal from dilute: solutions would replace K ions in a single· layer biotite. rcsuhin& 
in a weaker bond in that layer and. a sUDnger bond in the adj~eent layers. Therefore. 
because of the inereal;ed bond strengths. replacement of K in ttie adjacent layers 
.would not occur, producina: a 1: 1 rqularly layered polytype. Such an explanation 
is unsatisfyiDg to this writer, because, althou!h the substitution of hydrated M, 
for K would reduce the bond suengths between adjaC'CDt tetnhcdral layers, the 
effects would Dot be transmitted. through the 'talc' unit to the next interlayer. 
EquaUy implausible is the possibility that the 1: I regular stackiDa: results from 
the migration of M, and. K to alternate interlayers in a parent of the same bulk 
composition. Therefore. this writer favours one of the foUowing two possibilities fo' 
the origin of the I : 1 stacking sequence in hydrobiotite : (1) the sequence represent:. 
the attaimDent of homogeneous equilibrium at the time of the alteratioD of the 
parent biotite. and (2) the sequence reflectS the nature of stackin, in the parent 
biotite, being controlled by kinetic factors rather t.ban by unemal equilibrium. 

RegardiD, the first aJtemative. experimental data on this problem .arc scarce, 
but the work of Iiyama " Roy (1963) suggests that rquJarity of stacking in hetero­
polyrypes is the result of high pressure and that these regularly stacked polytypes 
generally arc 'primary' not weathering. phases. 

Considering the secood alternative, the writer was first attract:!! by the poui· 
bility that the observed stacking in bydrcbiotite results from the alteration of a 
two-layer biotite arranged such that the c:rystal-cht:mical environment of the inter· 
layer K ions diffen $lightly in altm18te layen. However. Dr E·g Zen (personal 
communication) tind.ly pointed out that bcc;ausc of the tJuee.foJd symmetry of the 
basal oxygen ions in the tctrahedrallayen. the K ious in ~layer polytypeS have 
the same enviroomcnt from layer to layer. He further iDd.icated that a four. layer 
biotite. (or example. with a stackinJ sequence of 3030 (lee Ross. Takeda A Woncs, 
1966), could have the K ions in the same envirooment only in alternate layers. 
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, ·l·""it·ulit .. •. irydr()biulih'. unci bi()lilc' 
l ·~'IIS'-'"C..IUentJ)· , lh~ wru~r d~lCrmi~.l the p"lyl}p~m \If thre~ ~nlpi~) ~It me un· 
;lllered biotite (rom R.:liny Creek using the p~ceSJion method of R~ss et ~l . (I~()ol . 
All samples we~ determined to be the one·layer (lM[O» polytype. 3nd it is con· 
duded that the stack.ing scquellce in the hydrobiotite at R3iny Creek. u; n\ll 
controlled by th.3.t of the parent biotite. 

CONCLUSIONS 

Vermiculite and hydtobiotite both occW":u widely distributed alrer.lIion prcducu 
or biotite in a biotite pyroxcnite ncar Libby, Montan:l. Hydrotherm3J studies 
SU!gest that the maximum upper limit of stability of the vermiculite is about 3500 C 
from I to 5 kb Pa.o. LcachinS and ion--exchange experimcnts suggest that vermi· 
culite. likc phases caD be producec1 from biotite by the removal of a.i.k:Lli metals and 
the concomitant oxidation of ferrous ions or by the substitution of hydrated Mg 
ions for K ions. IlWImuch as chemical analyses show that the Yerm..iculitc c1ilfeI"S 
principally from the biotite by havinS a lower contcnt of alkali metals and a highcr 
ratio of Fe~O,: Fe(). it is concluded that vermiculite origina.ted by leaching of 
biotite by ground waters. 

On the othcr hand. the hydrothcrmal Studic$ suggest that the upper stability 
limit of hydrobiotite may be as bigh as 4800 C from I to 5 kb PH.D. A comparison 
of chemical aaaiyscs of the hydrobiotitc and biotite suggest no simple compositional 
relationship as might be expected if the hydrobiotite is .. simple weathering product 
Single-crystal studiea indicate that the rcaw stacking sequence exhibited by the 
hydrobiotite is not inherited from the parent biotite. ConsequentJy. the bydrobiotite 
is considered to be & bigh·temperature alteration product in which the 1: 1 Stacking 
seq uence reprcsenu the attainment of homogeneous equilibrium at the time of 
alteration. 

ACX.NOWLEDGMENTS 

The writer is ar.ue:fw 10 the Zonoute Division. W. L Crace It Co., for their 6..u.acW "'pport 
and unlimited C"OopcraDon fCDdctH durin, this inYCltiption. Dr L A. WriJht :lad Mr A. 
Piwinsk.U reviewed the: m:lnwcript. The work was conducted "'hile the writer was al the 
Pennsylvania. Sate Univenifl/. 

REFEIl.ENCES 

8.U.sfW) L (J948) Am. Mint!. 33. 6J-'. 
BASSETT W.A. (19'9) Am.. Mino . .... 212. 
Bloss F.D. (965) Am. Mintr. 51. 719. 
BWJln" W.F. &; SEUATOSA. 10M, (1960) Clays CUr, MiMr. 7. W. 
Btlt! B.F. iii STlWAAT O.F. (l9S4) BMiL ~ol. Soc. Am. f!. IlSI'i. 
CaUfT UN INGA.MEU.S C.O. iii MuvSSOH J. WII'iS) Chochim. ctnmtXhlm . .Add. 2t. sat. 
D!U W.A... HoWl!: LA. Ir. ZUSSlWf J. (l96l) Rod,·Ftm"illl M;n,udU. Vol. 3: Sltre' Siliclllu. 

W"uey. New York... 
EuoS"TD. H.P. I: WONU D.Jl. (l961) J. l'clrOl.3. 12. 



. .,.-_. ---­. - .. .. , 

. -.. : 

F,~ru ~t.D . Wusu D.R. ok EI,;~r,. H.P. IIYto.') I . P..,,<.1I . -' . h>';, 
Oatmtk I.W. (l9J.&) .<lm • . \li,.". n . H1. 
hTAMA I.T. " RoT JL ON)) CI.,I CI., !t4i1u, • • t. ". 
KULP J.L. " 8aauT D.A. (JU4) EcolL GHi . .e. 111. 
L\UEN E.S. A PoUDU I.T. (ItZ9) J. G~I. I". :19-
llfGH"T'Ofoi F.B. 0950') ,,Jt. "ol. Soc. Am. C . I:n. _ 
MACUHZI£ R.C. 0'S7l ,WiM,lIIo,. ,w.,. 31. 671. 
MCLAUGHLIN RJ.W. (l9$j) Grot"im. cosmodlim. ACId. I . 109. 
R.oss C.s. A. HENDRlCD s.a. 0"5) Prof. Pdp. CI~. ,col. SAl"'" 1'110. :0$·8. p. :3 
Ross l'IoI_ TAX.£04 H." WOfoIU D.l. (lN6) Seine". N.Y. 151. 191. 
ROT Lit Muwl'TDN F.A. (lUI) I. t;1ol. " . 1:%:-
ROT It.. " RONa L.A. (1957) J. ~col. e. 603. 
ST'UuN J. It'. MACEw~ D.M.e. (19'1) Cl., /JiM" 'wll. 1. In. 
Ttmu O.F. (949). 'flit. JCOI • .5«. Am.". 1'r-1. 
VIVALDI I.LM. Ii.. MACEWAN OoM.C. UNO) Cl .... MiN'. BAlIl . ... 173. 
WaAVU CE. (1'58) Am. MiMr • .0. 139. . 



· . 

STl~'l'E OF I4ONT~ 
BURE.".U OF I!INES lJ.'D GEOID:lY 
Frt.nCis ;... '!'hot:1SOn J Direct.or 

Memoir No. 27 

TALC, GR~PHITE 

V;; R II I C U L. I T E i. 1/ D :. S B EST O· S 

DEPOSITS IN 1I0NTi.N':' -

.:E)lsene S. Perr,y 

IIOI/TA.\':' SCHOOL OF IffiitS 
BtrrTE, MCN1'~ 

191.6 



i 
i 

1 

General Considerations. 

The vermiculite deposit near Libby, Montana, r.ecognized as s:.lch i.."!..1916, 
is the fir:st to be worked in the United States ~cccss!ully on a large com-­
mercial scalej and development of this deposit, beginning in 1923, :l2..rkec!. the 
initiation of a new industry not only ir. this state but" in the na:tior.. In 19u7 
this industry yielded over a million dollu5 from materi&l. Cline:'. Although 
the Libby deposit is the only one being operated in Mon\ana at present, othe~ 
deposits of this unusual mineral are knOTon in the state, and their !cture a.­
waits systematic exploration and development. 

Vermiculite 1s an unusual =ica-like material which receives its name from 
its peculiar property of expanding and opening out into worm-like forms when 
heated to red heat. (Latin-vermicular1, to breed worms). Good vermiculite 
should expand 12 to 1.5 times its original volume. The mineral occurs as flat 
tabular greenish to brownish crystals which can be separated into thin sheets, 
and it differs from tru.e mica in that the sheets when bent will not spring 
back to their original shape. Its hardness is about 1., and its specific 
gravity 2.3 to 2.L. The simplest test for vermiculite is to hea.t it and ob­
serve its expans1on--other types of micaceous minerals will not expancl. In 
composition ven:ti.culite is a hydrated silicate of magnesium, aluminum, and 
iron in "'hieh the chemically combined water amounts to about 20 per cent. Per-
centage of constituents may vary comsid.erably. , 

The principal use of vermiculite is in heat, cold, and sound insulation. 
It may be fabricated into blocks, briCks, or wall board rltp. the aid of a bind­
er; it may be used in plaster; and. it is used for many other purposes such as 
for packing, lubricants, rubber goods, and in paper, inks!i and paints. Its 
~~oa~tic proper~ie~ are notable. A very ·large quantity is used in loose form 
for heat and fire insulation in walls and ceilings.. It also is used as a 
light-~eight aggregate in concrete, and plaster, and this is now the largest 
use of this material. It has scme practical value in its natural state, 'cut 
moS't of the vermiculite is expanded prior to use. The expanded material rill 
float on water. Tyle~ in 1938 stated that "For expanded vermiculite the 
standard volume ratio is 6 pounds per cubic foot, 'but varieties that cannot 
meet this standard are likely to be used increasingly, although perhaps not at 
the same price per ton or even per bag." 

As an insulator vermiculite competes 1'iith mine:e.l c: rock wool, a manu­
factured product made by forming fine fibers from molten rock blown into .. 
stream of air or steam, and there are other competing materials I 

Vermiculite has been found and l':orked in several other states and in for­
eign countries. ileposits were discovered in :North Carolina as early as 1873 
and in Pennsylvania about the same til:!.e. Several deposits were discovered in 
Colorado about 1913, and in Wyoming in about 1938, and this natural resource 
occUrs in other states. Considerable vermiculite has been mined and shipped 
from Colorado and Wyoming. Vermiculite is being mined and expanded in South 
Carolina on a large scale, and these deposits are the source of supply for 
southeastern United States. Large deposits of vermiculite occur in Africa; 
some has been shipped to the Unit!d 5tates, and foreign producers are encroach­
ing on the American market. ;"S this i. .. 1.conspiCl.!ouS and seldom recogn~zed min­
eral becomes better known, it is probable tr~~ additional deposits will be 
discovered. 

Actually the term vermic-..:.lite includes a group of similar cinera.ls which" 
are essentially alteration croduc~s of biotite or chl0200ite (black and brown 
*Tyle~, P. ~., Minor nonmetils: ~ . S. bur. ~es, ~nerars Yearbook, 1930, 
p. 1311. 
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mic .. ,) or poaaibl:' hornblende. which are present as the ordinary cC:-oStitue:-':s 
of dark-colored intrusive igneous rocks IUch as peridotite. HoweTe:-, Ter=u­
culite is also observed in layered or me~orp~ic rocks such as micn schists C~ 
gneisses. The cau~e of the alter~t1on is uncertain. it is ~nerally assi&ne~ 
to hydrotr.ermo.l (hot wa.ter) &.etion. I.Dd bearing on this InCde of o:-igin is the 
regular association o! peg.g&t1te dikes with ~rmiculite dtP0sits. An ' alter­
native theory tor itl origin 11 by action "f weatnerin& e.nd surface waters; but 
it seeos probable ,to the writer that, even if we~thering has had a part in the 
alteration, it il sUbsequent to an earlier deep-seated chance in the original 
minerals, These cO!l.Sicieratioili have I. bearing on continua.tion of deposits with 
depth, in that it t.~e mat.rial has been developed b~ weather ins, deposit s would 
be expected to be relatiT81y shnUo ... , but if developed by hydrothermal solut ­
ioNS, deposits would be ex?ected to cor .. tinue to ' consider:l.ble depth. 

In 1!ontz.m. this mineral 'is mOlln to occur in several locnlities, chief o!' 
which are near Libby" Lincoln County; HN:11lton, RaTa.lli Cou."'1tYJ Pony, ltadison 
County; and in the Bearpaw £ount!Lina neu.r DOX Elder in !iill County. Other de­
posits of micaceous minerals similar to vercicu11te also are known, for example 
on Squaw Creek south of F.e:ernnn. Allot these occurrences, except nea.r Pony 
&n~ vici nity, are of direct i~neous origin, the mineral beine ' found in large 
i~tr~sive masses or dikes. The deposits near Pony And in the re&ion .ou~hwurd 
OCC~j i n pre-Cambria: biotite o:- ' ho~blende schists. Pegmatite dikes cut the 
Terr.U.culite deposita in tlOst ca~es, and they are always in the il:Imediate vicini­
ty 0:' t he Tertliculite. T'ile vert'.iculite in the large intrusive masses appears 
to occur as local concentrations where dark -(.terro-ma~neai&n) minerals -..rere or­
iginAlly more plentiful" or else where zonel :of alteration were ~r. intense; 
however, certa.in dike-like bodies .are ilmos~ all vermiculite. High trade vermi­
culite bodies are generally very irreftula.r and mor~ " l.JU-like in cha.ro.cter a.t 
Libby" and di.1c.e-like ,bodies are rarely seen.' Becatin of its mode of ori&in, 
vermict:.!ite is to be expected. onlY ,in the mounta.illous &reas in ).iontan&, as it 
i s o~y in these areas that conditions suitable for its fOr3&tion existed. 

Vermiculite ae'posits ne~ Libby 

The deposits of Te~culite near Libby are the' la.rgest yet worked, and I. 

~~serve for many years lUls been proved. They lie seVen ~les northeast of Lib­
ey, &nd aTe readily accessible by autocobile by tra.veling first for tour miles 
east alone State Hi~hway No. 37 whi ch follows the north side of Kootenai River, 
And t hence three miles northeast up Rainy Creek. The elevation ot Libby is 
2050, and of the ~rmiculite mines be~een 2,800 a..~d 4,200 feet. TopOGraphy 
may be considered mountainous, and slopes which rise abruptly ,l,ooO to 2,000 
taet a.bove the major draina.ge are foZ" the most part heavily timbered. 

Libby, whose population is about 3000 is on the main line ot the Gre&t 
Northern RaillJaY, and also on U. S. Ri ghm.y ,:0. 2. Le.rge lumber mills are a.t 
Libby, but grazing and IOI'le agriculture e.. .. ld me~l mining are carried on in the 
surrounding region. Annual precipitation ~y reach 50 inches, and snow is deep 
in Winter. 

The deposit$, discovered s.bcut 1~15, Wl!re soon irivestigated by lir. E. N. 
Alley Tlho, see,ing the comme:-cial possi~iliti~::; of the expanded ::m.teria.l, e,xperi .. 
me r.ted with the processing :l,.."d utilit:,.tioI:. of the voni.icalite" e.nd he devoted 
t i me to promotin& its development, a diffic~lt to.sk bec~use the ~terial was 10 
little k~own. novever, the ::onol ite COl:.?e::::: 'il .J.S eV$nt ur.lly formed., and cor.cer­
cial production on a small sca.le be,ll!:. ir. 1925 tro~ cateria.l taken trOll shallow 
op&n-cut work1n&s. The ve~iculite ~s exp~ded in a small expansion Dl~nt ~il ieh 
ha~ been erected at Libcy in abou"! 1922. -
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Two other companies, the Kicalite Co=pany and the Vermiculite &r.e Asbes!os 
Compan!'", were lubaequently tormed. in 1926. the former did. not tlll:l.ction l.ol'lbl 
but the la.tter sunk pits and. drove aditl on exposures of Ten:iculite lyins 
northwest ot the origin&! discovery. In 1931 the Dc::ninion Stucco Company ... cf 
~itobu &cquired an interest in the Zonolite Company. In 1934 the first con­
ceu<CTating plant W:1S erected near the cines. In 1939 the _ Zonolite Company ant! 
the Ve~culite.and Asbestos COQpany mer~ed to torm the Universal Zonolite 
Insulation Cocpany, le&ving but one ceoPI-1Y operatinc ill. ~he distric~. l~ !D4S 
thi s company changed its name to Zonol1te Compa...'"l.y, head office o!' whic::' is i~ 
Chicago, and the Zonolite Company DOW operates the mine, the nill, &:lC the 
car-keting of the product. The original concentra.tinG plant has eeen re!:\O~eled 
and enlarged from time to time between 1936 and 1947, and'the process of ccn­
centrntion changed as ~re improved met~ods were, developed. The preser.t cill 
(1948) uses approximately 1,000 tons cf feed per dAY which yields between 350 
and 400 tons of concentrate. The original expansion plant at Libby has been 
reconstructed. 

Production of crude and expanded vermiculite gradually increased as the 
product became better known frcm meager ' s~pments in 1925 to about 20,000 tons 
in 1940, and 75,000 too& in 1946. Tr~ value at the beg~ing of operations of 
the uneX?anded vermiculite at the mines -..as approximately $12 , per ton, but with 
-increasing volume of production, 'O"Uying market conditions, and demand for V3.T­

ious grades, prices have r~ed from $8 to e13.50 per ton at the mines. The 
value of expanded vermiculite (f.o.b. processing point) ranges from ;.70 t~ 
$1.25 per bag or four cubic teet weighing about 25 pounds, which is a rate 'or 
from $56 to GlOO per short ton. ,,' 

l!ining at Libby has been carried on m&inly by meana of open cut methods, 
the rock being du~ with power shovels Il1d hauled by halt-track truck and con­
veyor belt to t~e concentrating plar.t which is lOear the mines. Selective min­
ing is practioed. DimeJlsions of the pit are: ,length 1200 feet, width 700 
feet, maximum depth ,lOa feet. The concentrate is hauled by truck to Libby where 
it mal be expanded, or I.S is the ease Tlith most of the mnterial, shipped un­
expanded to a plant at Great Falls and to cities in other states, Canada, nne 
foreign countries. Several adits have been driven, and one adit 750 feet lOnG 
has been driven beneath the open cut so that it crosses the deposit ct a depth 
of 265 feet beneath t11e surface. The general chAracter of the vermiculite in 
this adit is not partic~larly different troa t~t near tb. surface. 

Ihe separation of ~ixed rock ~nerals and vermiculite hat proved difficult, 
and several methoes ha~ been trie~. "e~ processes· yielded s~tisfactory se~­
ration, but wns considered leas economical thAD other methods. Flotation is 
riot suita.ble tor concentrr.t1ng coarse material.. Va.r1oull applicl.tions of .. i!' 
suction, of air 11ft~ and of electrostatic separ3.tion were tried. At present 
concentration is accomplished essentially by sizing and screening in conjunct­
ion with differential crushin~, and a recovery of between 7: ~~d 60 per 'cent is 
achieved on run-of -mine material averaging fro;:. 40 to 50 per cent vermiculi ta.. 
A concentrate containin& 90 per cent vermiculite is obtained. Extensive stu~ 
ies on concentrRtion, processi,~, anc utilization are be1n~ continued. 

Weight of the unexpundcd Lib~y ve~culite conce~rate is Lbout 55 pounds 
per cubic foot, and the ~ight of the e~panded material 1s about 6 pounds per 
cubic foot. During the process of expansion a loss in weight of about 10 per 
cent occurs, due mainly to escape of cheaica1ly combined' water, although not 
all of the combined water is driven off, Ihe expansion of the crude ~ineral is 
achieved by heatinc quic~ly to a red hea~ (l600C ~o 20000 F in 5 to 10 seconds). 
The material is then cooled r&? idly, t~ rapid coolint resulting i~ better plia­
bili~y and. t:o\O.[hness to the rl1.ther !:::-ittle particles. Se'\'"era"l types of exfoli-
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&tcrl are 1n uae. one d1t!'iculty encountered. in exfoliation is that the pe.:-tl:r 
eXpLnded particles tend to insulate the~.lve. and thus prevent co~plete exfoli­
ation. lchen 'Vermiculite is .~anded in an oxid.i:.i.ng atmos~here, it yields & 

,olden-colored pro4uct. In & reducing at=osphere, the end product is lilver. 
colored. This characteristic il important when expanded verMiculite is used in 
paints, pigments, and inks. 

Geolol)' 

The general geology ot the area was first studied in detail by Pardee a~d 
Larsen., although other investigators and the writer also have studied the a:-ea. 
This part ot Kontana is underlain by quarttite and argillite (harr:1ened se.nr:1stone 
and. shale) and impure limestone of the Belt aeries ot uppermost pre-C~brian age, 

Figure 4.--Geola;1c map of Libby vermiculite deposit, Lincoln County. 
pCs, Spokane foI1Oltlt1oIlj p'11, He"land fOI"QUt1on; pGr, Ro.valli formation, 
sY. syenitej py, pyroxenite; v, biotite roek altered to ..,.e~cullte. 

totaling more than two miles in thickness. The general region&1 structure at 
Rl.iny Creek is • laree open syncline in which the Spoka.ne and Newland formations 
(subdivision3 of the Belt) lie in the center. Kinor folding and fa~lting are 
present, and dip ot strat. is co~only 30 to 50 degree&. At R&iny Creek io­
trusions of pyroxenite a.nd syenite, to~ether T:1.th aome pegmatite, intruded the 
Belt strl.ta. in l&~e Creta.ceous or possib1 early Tertiary time, &nd these rocks 
·Y&rQee, .., ~sen, ~. ~., uepos.~s 0 verm.cu .~e ana 0 ner m~oera s 
it: the Ra.iny Creek district near Libby, },!onta.na.t U. S. Geol. Survey, Bull. BOS 
-B, JP. 17-29, 1929. 
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ftOW torm a s~ock about tour miles lon~ and two ~lcs ~dc. Propo;tic~~:: t~e 
·pyroxenite and. syenite are about 'tWo-thirds and one-third rcspec":ively. (See 
m3.p, ri~e 4). The vcr:U.culite is ~ constituent c!' t:l.C~ pyroxenite. 

The pyroxenite, first in~rusive of this group, is & conrse-Grained. ~ark­
colored rock with a p-eenish tin,., so a.ltered that it cr.n be crushed by 
squeezing in the hands. In the shallow workinr,s holes tD~ bla:ti~& could be 
drilled With an auger if so desired, however excavr..ticn 1.5 euen~is.lly by po~ .. 
er shovels without blasting. ~r.l composition of this intrusive dirfe~s 
from ple.ce to place rro~ nearly pure pyroxene (diopside) to nearlj' pu:-e ~io­
tite. Alteration has produced vermic~lite and in some plaoes amphibole as­
bestos. Apatite ·(calcium phosph3~e) ccn~~inin£ ~ch tlucrine mny co~~~itate 
5 to 10 per cent of the rock, a= !.::lOmlt unusually hif;!':., Clei ti'te! 'te e.nc. ~'.g­

netite with ilmenite ~re loc~llr present up to 10 per cent. Felds?~~ is ?re­
ser.t in v~ryin; nmounts, ~encra11y less than 15 p~r cent. VanAdi~~ is a =ino~ 
constituent of some of th~ pyroxenite, althou~~ it is reported to b~ present up 
to four per cent in sct..'\ll concentr.:4tio:ls.** '!he ver:;.iculite-bear,in.; are!. has 
been described o.s lyinc .in a zone a.bout 2000 teet 17ide nr.d tvro :nile:!!! lon, strik­
ing norther1:.-. Hard, resistant vertica.l syenite di!ces 5 to 10 feet ~de lie 
pOorOollel a.nd forll "ribs" in the ver!l.iculi te zone. 

Specific ~rcvity of the pyroxenite is about 3.4. An &:lOolysis o~ a s:-.=!.ple 
of the pyroxenite shows the follovtin;. cot!stituentll calcula.ted in ter:os. e~ oxid­
es of metals, al~~ough of course pr.a.ctic&lly ~ll constituents BTe in the for~ 
of silic~te minerals. ~ . 

AnAlysis of pyroxenite froa Rainy Creek, ~nte.na.* : 
por cent. per cert 

Silica • • • • • • 37.47 Sodiu= and potassiua oxides. • 1.30 
AluminA. • • • • • 2.86 nater. • • • • • • • • • 1.00 
Ferric oxide • • 11.77 Titr:.::.iw: oxide • • • • • • l.07 
=errous oxide. • • 7.83 ?hospho:,us pent oxide • • • • 4.33 
llagnesium oxide. • 10.12 Va.nadiutl. oxide • • • • • 0.12 
Calcium. oxide. • • 21.68 Fluorine • • • • • • • • • • 0,,36 

. . 
The syenite is medium to eoa.rse grllinec. .. nearl:r v.'hite when fresh, bu~ iron­

$tained on wea~~red surfaces. l~ ~~d~~icn to the rn~ir. ~S3 ~e the · ma~v eikes 
whicn cut the pyroxenite, and it is suggested thAt the ·large body of sye~!te 
may actaa.lly be made up of several smaller separa~e intrusionz massed tocether. 
l~neral co~position is chiefly potash and so~ feldspars nith ~bout 15 per cent 
muscoVite locally, and accessar~' ciner::'ls are dar]c diopside ane. hornblende, 
fluori+.e, apatite, titanite, biotite, ~nd carnett The syenite differs both i~ 
texture and cOl:lpos1tion with loc.e.lit::r, e.nd at the south e:ld of the stock a 
!yenite dike conta1ni~ hepheline and albite is reported. 

Pegmatite dikes are rather com:non. Three different types he.ve been noted : 
(1 ) ma.t'ic, thll.t is, dark colored acd composed largely ot pjToxene; (2) sr-n1tic, 
th.1.t is, light color~d and oomposec. IIl8.inly of feldspa.r without qua..tz:; L"ld (3) 
gr~itic, that is, compo~ed ~i~ly or feldspar with qu~rtz~ This Qrder is also 
probably the age sequence. The ~ra.~itic types a.re snall and cost c~~r., they 
cut all rocks. of the district, anc t hey gra.de into glassy quM"tt 'ftins vr:-.icl: 
locally conto.in sma.ll a.'!lounts of copper, leac, Ilnd r:m.nganese r..l.nera.ls., The 
!l.enitic e tites aa.de alon~ thei:- strike i::,to ordinc.:-y syenite. and they 
··!..arsen, • • a.:l~ iiunt, ',." F ,. ~o vanadife~o\ls a.egi:'i'tes froI:: Li~b:,. , l:.:;::'t2.ne.: 
A.~. Jour. Sci., 4th ser., vol. 3€, no. 213, PP. 28~-29S, 1913. 
-Pardee, :. T. and Larsor., op, cit., P. 21. 
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appear to be aSlocb:ted with a wide.apread wan ot hydrothenu.l alteration whic:h 
&trected the pyroxenite, alterint pre.e%istin, ~rals to vermiculite, asbes­
tal, and .ericite mica. 

The nrm.icul1te has no natural exposures, but 10US in the outcrop are .. s 
show moa-like flakes, and haTe a yieldin" slippery reel under toot. Verai­
culite occur. disaeminated in the pyroxenite throughout it3 area at exposure, 
and in leTerl.l dike-like or irretular lens-shaped concentt':ltiotU the rock =ay 
be nearly pure nrmiculite. Loc:ally, cr~tal. (books) up to ten inches across 
»Y b. 1rreplar.ty massed tos;ether, but in the pyroxenite, crysta.ls are com­
monly 1e.s than one or two inches acrolS. The mergins or concen~rations gen­
erally ,rade into the pyroxenite, the &aount at pyroxene increaling until the 
amount at vermiculite may be less than 10 or even 5 per cent. The concentra.t­
ions have a nearly vertical trend, anel. may be I.. DIlch as 100 reet Wide and. 
1000 teet long, a.lthough their width is more commonly 20 to 40 teet. Slip 
plane. cutting the concentrations at vermiculite are common, but are apparent­
ly ~cb later and had q~ality at the vermiculite. 

The chemioal composition at the vermiculite, a. analysed by the Nation&l 
Bureau at Standards, it as tollowu , 

.Analysis of vermiculite trom. R .. iny 'Creek, Montana 

Per cont Per cent 
Silica • • • • '1.0 llAr;ne,' lUll' Dxide • • . .. ' . • 2I.O 
A.WIIina • • • • • 18.0 Sodium and pot&asi~ aziU.1 1.0 
Iron oxide • • • • 7.0 lloiature • • • • • • • • • 11.0 
Calc:i~ oxide. • • 1.0 

Information on reserTes or vermiculite is not &Tailable. but it is reported to 
be adequate tor e&:1y years to come. The grade OTBr a. period cf years has met 
&11 mr.rket require=entl, and there is no indication that grade will change 
~thin the known bodies of relerTe material. 

Vermlculite deposits near Eamilton. 

!h! ver:iculite Qeposits on Gi:~ C~eek aDo~t 11 ~ir-line miles ea.st of 
B&miltc~ (see fi~~re 5 ) have been opened only by shallow pits anel. ahort adits. 
Extensive tests on the grade of material (~unt of expansion, etc.) have not 
been made throughout all parts of the area. The deposit ot Termiculite-bear­
ing rock, about three miles long and one mile wide, .hows pro.tlin or being 
commcrcial~ a.nd T,ould .eem ~o warrant additional development work. 

, The deposit may be re&cheel. from Hamilton by automobile OTer about 6 miles 
of graded road and 12 miles ot mountain road the last halt of which has been 
cut by bull-dozer along a steep mountain slope on the north .id, ot Gird Creek 
drainage. The arel. is near the crest ot the south end ot the Sapphire Mount­
ains, a rugged.ranee thickly covered With timber and reaching altitudes ot 
over 8000 t •• t or about 5000 reet above Bitter Root River valley at Hamilton. 
State Highway 57, locally knoTln as the Sk~lKAho roa.d, crosses the range abc~t 
21 miles southeast of the deposit; but only trails extend from the deposit to 
this highway. Cre~s tlowin& east &nd west from the Sapphire Range pase ' 
through deep narrow canyon-like valleys =cstly in~c~e.sable by automobile. 
lW.ch 0: the ir.:nediate are .. of vermcuHte-bearin, rock hIlS heen the 'site of ' 'a 
tor...,'t tire, mc tallen timber causes difficulty in traveling. 

, H~lton. po?Ulation .. bout 2000, is the c:oun~y seat at Ravalli County. 
It 1$ on I. branch line of the Northern l'a.cifie Railway 48 miles south of 
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INTrRNAnONAL TECHNOLOGY COnPOnAnON 

ATTACHMENT 3 

TELEPHONE RECORDS WITH 
VERMICULITE CONSULTANTS 



1NTERNA11ONAL 
nCHNOLOGY W CORPORAl1ON 

RECORD OF TELECON 

Project Name: OUI333, ER She 10 NFA 

Project Number: 301462.18303000 

Date aad Time: December 7. 1997 

Can From: Devoa Jen:iaovic 

Subject: Vennicu1ite from Libby, MoIIWII 

SUDlmary oCDiscuuioD: 

CaD To: Dick Baa 
Moata ... Bu ..... u oCMia .. 
(406) 4'6-4172 

(I) J asked Dr. BOIi what information wu available reprding !be Libby venniculile mine (now 
closed) and if he knew who J could conw:t for possible sampl ... Dr. BOIi indicated thaI he 
himselfhad very sma1l amounts that he used for clusroom demonstrations (edoliation), but he 
could nol pan with any of it. He thought that published information on the chemistty of Libby 
venniculite was available and recommended J obtain an anicle in Clay Minerals by Art L. 
Boettcher. Boettcher had performed a Masters thesis on the Libby deposits and looked al all the 
chemical compositions. 
(2) J asked Dr. BOIl! about !be possible origins of vennicu1ite products in New Mexico in the late 
1 970s. He fell thaI given the western location and the marUt production of the Libby Mine, it 
was very likely that the vennicu1ite ore came from Libby. J confirmed that !be vennicutile at !be 
site was relatively small-gnUned and dark (u opposed to cumnt ·Strong-Lite" vennicu1ite now 
stored in most Sandia ficilitics). He indicated that in !be J97Os, South Carolina was the only 
other significant producer ofvenniculite. 
(3) Dr. Berg recommended that I COnw:t James Hindman, an indepencIent consultant in Montana, 
previously employed by W.R Grace at the Libby mine. Dr. Berg felt like Hindman was lhe 
venniculite expert in the area. 

Required Action: Contact Jam .. Biadman, DDIoD, Montana (406) 613-4365 

Prq>ared by (Signature) 

cx:: file 



I lEi I 
INTUNAllONAL 
~D'I'l 
.-an .. 

RECORD OF TELECON 

Project Name: OUl333, Site 10 NFA 

Project Number: 301462.18303000 

Date .. d Time: December 16, 1997 

e.n From: DevoD lerciDOVic 

SUbject: Vermiculite from Libby, Moatana 

Sum .... ry ofDilcuuloa: 

CaD To: I ..... HiadlD" 
(~ 1i13-436S 

Hindman staled that be is currently • private consu1tant to industty OD vermiculite aad associated 
mineral.. However, be was employed by W.R. Grace at tbe Libby Mine umil it doled. 

(I) I asked about comestic vermiculite production in tbe late 1970. u related to ore sources. He 
said that approximately 213 of aD domestic production came from Libby at that time 
(approximately 114 minion toDS/year). Tbe only other sigDificant producer was Enore, South 
Carolina at that time was accounted fur the other 113 domestic production. Hindman felt that it 
was likely that vermiculite shipped to New Mexico probably came from Libby. 

(2) I uIced about the availability of vermiculite samples from Libby that misht be archived or 
sittins in warehouses. Hindman indicated that while W.R. Grace may have some stockpiles, he 
doubted any would be re\eued for "oovironmenlal analyaes." He felt that the best soume might 
be the local exfoliaton. He recommended I caD Southwest Exfoliators in Albuquerque. 

(3) Hindman recommeadod that I consult hi. "vermiculite" website at www.mcn.netlvermiculite. 
He i, also tbe publisher oftbe Vermiculite T echnoiosy Newaietler. 

Required Action: Coatact Soutbweat Venniculite (505) 345-1633 ia Albuq.erque, New 
MeDco reprdl"l afoliatioa ofUbby, Moatana vermiculite. 

cc: file 

• 



1NTERNA11ONAL 
TECHNOLOGY WI CORPORA11ON 

RECORD OF TELECON 

Project Name: OUI333. Ell Site 10 NFA 

Project Number: 301462.18303000 

Date and Time: December 16. 1997 

Can From: Devon J .... iaov!c 

SUbject: Vermiculite from Libby. MoIItIIII 

Summary of DiscaaioD: 

CaD To: SteYe Rain .. 
Tlaormic JUrractori .. 
(217) 61701101 

I asked Mr. 1Wn .. is Thermic Refractories still had any Libby vermiculite ore in its possession 
and iflO. could I obtain. sample for testing. Mr. lWnes indicated that !be finn no longer 
possessed. stockpile of Libby vermiculite. He concluded by saying that even ifhe had any left, 
he would not have provided. sample for analytical testing due to legal implications. 

Required Action: None 

Prepared by (Signature) 

ce: file 



INTERNATIONAL 
TECHNOLOGY 1m CORPORATION 

RECORD OF TELECON 

Project Name: OUl333, ER Site 10 NFA 

Project Number: 301462.18303000 

Date aad Time: December 16,1991 

Can From: Devon Jercinovic . 

Subject: Vermiculite from Libby, MoIIIaDI 

Summary orDiJclIISioa: 

c.u To: Jobn Wript 
Soutbwest Vermiculite 
(50S) 345-1633 

Mr. Wright hal been tbe owner ofSC>UtiIwest Vermiculite since they opened in 1916. Southwest 
Vermiculite purchased large quantities ofubby, MOIIIaDI vermiculite aad Sandia wu a customer 
in tb. 1910's. The finn bad some Libby vermiculite orewarchoUJed UDtiIIast year. Mr. Wright 
tbought tbst tbey only two remoining sources of Libby vermiculite would be W.R. Grace 
tbem,eJves or Thermic Refractories, a finn in Girard, D1inois who bought up large quantities of 
!be Libby vermiculite when !be mine closed. 

Required Action: Contact nermic Rerractories 

Prepared by (Signature) 

cc: liIe 



INTEltNATIONAL 
TECHNOLOGY m CORPORATION 

RECORD OF TELECON 

Project Name: OUI333, ER SIIel0 NFA 

Project Number: 301462.18303000 

Date and Time: November 26, 1997 

Call From: Devon Jen:ioovit 

Subject: Vermiculite Products 

Summary ofDisCiluioa: 

CaD To: Tn DeJarnette 
StroBl-Ute Producu Corporation 
l-l00-2S5-'0S1 

I told Mr. DeJarnette that Sandia cwreIIIly stocked their Strong-Lite product and I was trying to 
get information to determine the source of the vermiculite since it looks much diffeJ ent than the 
vermiculite seen at ER Site 10. DeJarnette indicated that all their product comes almost 
exclusively form the Phalabowra Mine in South Africa now. It is ligbt colored and very coarse­
grained, ideal for adsorption. He said the small-grained, darlc color product I was describing was 
likely a domestic vermiculite. I indicated that the vermiculite was probably purchased in the 
19705. DeJarnette said there were only twO main sources of domestic: vermiculite in the 19705, 
Libby, Montana and South Carotina. He asreed to &end me a sample of South Carotina domeJtic 
vermiculite for analyses. 

Required Action: Send ill sample for aaalyJa pendin. receipt or .aterUol. 

Prepored by (Signature) 

co: file 
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ATTACHMENT 4 

VERMICULITE INFORMATION 
COLLECTED FROM THE INTERNET 



0" 

Welcome 

Wbatis 
vermiculite? 

Wbatis 
vermiculite used 
for? 

Looking for more 
information? 

http;,, _ .mcn.nct'-vernllalhtc.·lnQtx.fltm 

This should be the first stop for anyone searching for 
infonnation about venniculite. This website is intended 
to be not only. contact point for subscribers to the 
Vcnniculite Technology Newsletter, but as a source of 
basic infonnation on commercial vermiculite. It has 
been my experience that people new to the field of 
commercial venniculite do not have access to the basic 
technical data which is taken for granted by industry 
professionals. 

Although nwch of the infonnation contained in these 
pages can be found elJewhcre, a visit to the .. pages 
may save you a trip to the library. Infonnation will be 
updated or added to this site, so please stop by again! 

The term vermiculite is used interchangeably for both 
the naturaUy cecuring mineral and the thennally 
exfoliated product. In either form, vermiculite has a 
wide range of uses based on it's crysta\ structure, ion 
exchange capacity, panicle size, and thermal behavior. 
I've attached a shan overview of commercia] 
vemucuhte. 

It's hatd to imagine any other industrial mineral that 
can be used in such a wide variety of applications. 
Vcnniculite is used in both beneficiated concentrate 
and thermally exfoliated fonns. Click here for a shan 
liS! aCuses for vermiculite and here for links to related 
web pages, 

Information on commercial venniciuJite is not always 
easy to find. Sometimes the simplest question is the 
hardest to find an answer for. data is incomplete. 
Keeping in mind the usual cautions concerning 
accuracy and responsibility I've included. page for 
frequently asked Questions. 

Specific data concerning prices and availability of any 
vermiculite product is best obtained from the 
companies actively engaged in the mining, production, 
and manufacturing ofvcnniculite and vcnniculite based 
products. Click here for an abreviated listing of 
vermiculite mjni", companies and exfoliation plants, 

.. " .. ,.. .. ..... " .. 
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For those needing specialized assiJtance and technical information in the areas ofvenniculite mining, 
beneficiation. sales, and product development: click here for consulting services and tbe Vermiculite 
T ochnology NewileneL 

. 
Comments and suggestions are always welcome. You can roach me by .-mail at: drhindman@aol.com 
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Vermiculite as an Industrial Mineral 

by Jilma R. HiII_." 

Introduction 

Venniculite is the mineralogical name generally applied to a group of hydrated, trioctahedral 
ferromagnesian aluminum platty or micaceous silicate minerals. In microscopic panicles the mineral is 
differentiated from montmorillonite by a bigher Si:A1 ratio of approximately 3: I and a bigher layer 
charges and bigher cation exchange capacities. Commercial vermiculite, the vermiculite which is mined, 
beneficiated and discussed here, is an important industrial minera\ which is formed by the alteration of 
macroscopic particles of biotite and iron-bearing phJogopite. In natural form it has the size and shape of 
mica, wbile possessing the ion exchangeable properties of zeolites and some clays. 

Within the internal structure of vermiculite lie water molecules, which when rapidly heated to high 
temperature. transfonn into steam causing the vermiculite particles to increase in volume. This process of 
thermal exfoliation produces a lightweight product which finds use in various construction products, 
agriculture, horticulture, and other industrial applications. In exfoliated form it has the low density and 
biological inertness of expanded perlite, while maintaining a chemically active surface. Most of the uses of 
venniculite are for the thermally exfoliated material. Trade names such as Strong-Lite and Zonolite are 
sometimes used to denote thermally exfoliated venniculite and their related products. 

In addition, the cation exchange potential of vermiculite and its layer-silicate structure are properties 
which can be used as the basis for numerous products including intumescent coatings and gaskets, 
inorganic films, and the treatment of nuclear and other toxic waste. When chemically and physically 
modified, it possesses some properties common to organoclays and synthetic compounds. In high purity 
concentrates and manufactured' products, these properties can be altered and optimized in applications to 
produce superior performance. 

Basic Definitions 

A common shortcoming in a surprisingly large number of technical papers is the lack of definition for 
the ""mOcIllit. being discussed. I sometimes find that even after reading the entire paper, I carmot 
detennine if the work involves thermally exfoliated vermiculite or the raw concentrate produced at the 
minesite. Clearly, a simple and concise definition of vermiculite is needed. The original description given 
by Webb in 1824 gives the essential aspect of commercial vermiculite: "If subjected to the lIame ofa 
blowpipe, or that of a common lamp, it expands and shoots out into a variety of fanciful forms, 
resembling most generally small worms having the vermicular motion exact' . This definition is elegant in 
it's simplicity and lack oftechnobabble. However, it is not adequate for studies dealing with clays, soils 
and chemically modified materials. The identification and interpretation of vermiculite in these instances 
requires x-ray diffiaction analysis. In order to further contrast the interests of soil scientists and clay 
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requira x-ray dilI"raction onaIysis. In order 10 filnher contraSt the interests of soil .. !ent~su and clay 
mineralogists with industriolapplications of the mineral, the term commercial_IfIlCIII"e IS used to 
indicate the vermiculite of commerce. Commercial vermiculite is nonnaDy a beneficiated product 
composed of particles generally larger than one millimeter in size. 

The term eifO/U#ioll is used when the layers within the vermiculite struc!ture are separated from each 
other in a direction roughly perpendicular to the silicate sheeU. This term is used in preference to the 
nondirectional behavior described by expansion (such as with perlite). The physical thickness of the 
vermiculite particle. can be altered by both thermal exfoliation and chemical exfoliation. 

A term which should be avoided is hydrobiotite . This term, although widely used, is not applicable to 
commercial vermiculite. Hydrobiotite suggests that water molecules arc incorporated into the biotite 
structure during the initial growth of the crystal. Although this might be possible, the water molecules in 
vermiculite have been introduced as a result of the weathering and alteration of biotite. It is very likely 
that the original papers dcaling with hydrobiotite were &ctually dealing with mixtures of potassium, 
calcium, and magnesium vermiculites and not intentratified biotite and vermiculite. 

Although the confusion caused by these early studies has been resolved, the abuses resulting from the 
mining and marketing of vermiculite still exist. The common usage of the term vermiculite for the 
thermally exfoliated product is so entrenched with contractors and the general public that it would be 
easier to redefine the naturally occurring material. I restrict the term venniculite to refer to the untreated 
mineral and modify the term to indicate any modification of the original material. Terms commonly used 
include thermally erjolialed vermiculite (TEV), chemically erjoliated venn/cui It. (CEV), and ground 
vermiculite (CEV). 

Mining and Beneficiation 

The production of commercial vermiculite began in 1915 with the unsuccessful marketing of "Tung 
Ash", the name given to vermiculite mined near Hecla, Colorado. In lict, vermiculite was inadvertently 
mined in the 1800's as a major accessory mineral in the Jenks Mine, NC? conmdum deposit. The 
vermiculite mine started by the Zonolite Company at Libby, Montana in 1921 was the first successful 
venture in the vermiculite industry. 

The Libby deposit was the oldest and largest producing vermiculite mine. It had been developed and 
enlarged for almost 70 years until it was closed in 1990. Vermiculite had also been mined for short 
periods of time in other states including Colorado, Nevada, North Carolina, Wyoming and Texas. Current 
production in the United States is restricted to mines in South Carolina, Virginia and Montana. 
Production of vermiculite outside the United States is predominantly from Phalabowra, Republic of South 
Africa. Other countries currently producing vermiculite include Brazil, China, Egypt, India, Japan, and 
Russia. 

Commercial vermiculite is generally marketed as concentrates of sized particles, with an average grade 
(Le. purity) of90'lo by weight. Deposits of vermiculite ore may sometimes contain zones of ajmost pure 
vermiculite, but vermiculite ore is normally a mixutre of vermiculite and gangue minerals. Common 
gangue minerals include pyroxenes, magnetite, feldspar, and apatite. 

There are various techniques which can be employed to recover vermiculite concentrates from ore. 
These techniques include both dry and wet techniques such as froth flotation, gravity separations, 
winnowing, and electrostatic separation. No matter what techniques are used, the resulting concentrates 
are screened to sized particles to become the vermiculite of commerce. There are two widely used 
product classifications. The American system is the oldest and is based on the Tyler series of sieves (e.g. 



product c1a.sifications. The American system is the oldest and is bued on the Tyler .eries of .ieves (e.g. 
3 mesh, 6 mesh, 10 mesh, etc), while most foreign producers screen their concentrates to Metnc 
specifications (8mm, 4mm, 2mm, etc). 

The Structure .r Vermiculite 

The crystal structure and chemistry of vermiculite is well known, especially to those working with 
commercial vermiculite. A brief review of the structure and crystal chemistry of vermiculite seems 
appropriate to clarify the nomenclature used in this &rea. 

Commercial vermiculite (i.e. the material which is mined and beneficiated) is formed by the near surface 
weathering of rocks containing larse crystals of micas known as iron-bearing phlogopite and biotite. The 
difference between iron-bearing phlogopite and biotite is simply the amount of iron substituting for 
magnesium in the phlogopite structure. 

The basic structure of mica is shown below. The prominent feature of the structure are sheets of silica 
and alumina tetrahedra (i.e. a pyramid of with three oxygen atoms forming the base, one oxygen atom 
forming the apex, and. silicon or aluminum atom hidden in the center of the group) linked togetber in an 
bexagonal array, much like boneycomb. These sheets, called tetrahedral layers my mineralogists, are 
shown in edge--on views in the drawing. If one were to view them towards their flat base, one would see 
only oxygen atoms linked in a thick-walled honeycomb outline with six sided holes that are not quite 
large enough to contain a sodium ion. The other side of these sheets are made up of the fourth, or apical, 
oxygen of the tetrahedra. The silicon and aluminum atoms are tightly held in the center ofthe.e oxygen 
groupings and are not generally sbown in structure drawings because of their srnaII size. 

The resulting sandwich of tetrahedral and octahedral layers is the basic building block of the micas, 
chlorites, and vermiculites. This sandwich is composed of two tetrahedral layers bound together by one' 
octahedral layer and is often referenced in the literature by a term such as a 2: I phyUosilicate. (The term 
phyllosilicate means sheet or layer silicate, and is used to describe minerals such as mica, vermiculite, talc, 
kaolinite, bentonite, etc.). 

What is important to rememher in both the genesis and product development of vermiculite is that the 
tetrahedral layer is the basic building block of tbe structure, tbe octahedral layer tbe COMecting unit of tbe 
structure, and the interlayer is tbe tbe filler unit of tbe structure. When biotite is altered to vermiculite the 
interlayer changes from potassium ions sitting on the surface of the silicate sheets, to hydrated units of 
calcium or magnesium. ions surrounded by closely held water molecules. This structure is shown below: 
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Summary 

Vermiculite as an industrial mineral shares • number of useful propenies with other commodities. In 
natural fonn it has the size and shape of mica, while poasessing the ion exchangeable propenies of 
zeolites and some clays. In exfoliated form it has the low density and biological inertness of expanded 
perlite, while maintaining a chemically active surface. When chemically and physically modified, it 
possesses some properties common to organoclays and synthetic compounds. In high purity concentrates 
and manufactured products, these properties can be altered and optimized in applications to produce 
superior perfonnance. 

A number of usefUl products have been developed to take advantage of these propenies, and the 
commercial vermiculite industry has grown because of this. StiD, many interesting propenies of 
vermiculite have yet to be fully explored. The area of developing technologies oJfers the new area of 
growth in the vermiculite industry, and the promise of profitable new markets for vermiculite. 

Vmnicu1ite Tedlnolocies· FAa', "llKL" Supplien- Link' to ReI.ted 51. Venniculite Technology 

New·letter 



or2 

James R. Hindman, Ph.D. 

For some years now I have been an acknowledged expert (blush) in the field of vermiculite 
technologies. I started my career in the vermiculite industry at Libby, Montana (shown above). Althougb 
my activities will sometimes branch off into clays, diatomaceous eanh, micas, perlite, and natural zeolites; 
my primary interests lie in vermiculite exploration. mining, beneficiation, marketing and product 
development. 

My personal areas of research are directed towards using modified commercial vermiculite in product 
applications. Particular areas include (1) vermiculite synthesis, (2) extending the thermal range of 
vermiculite stability, (3) osmotic swelling of vermiculite for product beneficiation and particle 
delamination, (4) vermiculite dispersion, gel, and film technology, and (5) the preparation of 
organovernUculite compounds for use in toxin removal, plastic fillers, drilling mud and lost c;:irculation 
materials. Current research also includes the preparation of a text on the beneficiation, modification, and 
applications of conunercial venniculitc. 

I have been fortunate to have been able to provide consulting services to the following companies in the 
area of Mining aDd Beneficiation: Australian Vermiculite Ltd., Helix Resources N.L. (an Australian 
mining company), Ikerd-Bandy, Inc., Stansbury Holdings, UBM - Uniio Brasileira de Minera,io S.A. (a 
major Brazilian venniculite company), US Borax. and USMX. Inc. 

" ""'If"!O .. ... ... "" 
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In the area of Product Development and Process Applications: BNZ Materials, W.R. Grace and 
Company, Herculeslncorporated ICI Americas Inc., Mat .. Corporation, Minnesota Mining and 
Manufacturing Company, and Unifrax Corporation (fonnerly Carborundum). 

Finally, in the area ofVenniculite Trade: F8<S Alloys and Minerals Corporation, Nam Fong Trading 
Company and Southern Importers. 

In addition to the Vermiculite Toclmology Newsletter, I prepared the section on vermiculite for the 
Metals 8< Minerals Annual Review of the Mining Journal, London. I also authored the chapter on 
vermiculite for Industrial Minerals and Rocks, 6th Edition. (Society for Mining, Metallurgy, and 
Exploration, Inc., 1994, pages 1103-11). 

Bac~'9 the Venniodltc Tcchnolm NCW'1ettcr 



VERMICULITE 

(Data In thousand metric ......... _ otho ..... noted) 

Domestic Production ,nd Use: One company, with niring and processing facilities in South Carolina, remained the 
largest producer of verrniculte concentrate. Three other companies lach had an active operation for producing 
concentrate, two in South Caroin. and one in VagirUL Most of the vemicuite concentrate was shipped to 22 ex1o~ating 
p'ants in 15 States. The end uses for exfoliated vemiculite were estimated to be agriculture, 55%; insulation, 26%; and 
lightweight concrete aggregates (including concrete. plaster, and cement premixes) and other. 19%. 

illient 1II!:ilti~DllISIlIIlII: !In 
Production I 1110 
Imports for consumption- 40 
Exports- 8 
Consumption. apparent. concentrate 222 
Consumption, exfoliated 140 
Price. average value, concentrate, 

doUars per ton. f.o,b. nine W 
Stocks, producer, yearend NA 
Employment, mine .00 mi .... number 
Net import relance2 as 8 percent of 

230 

apparentcDnsu~on 14 

Ilecycling: Insignllcont 

Import SoW'Ce$ (1992~95):· South Africa. 99%; and other. 1%. 

Tarlll: Item -Mineral substances not sped.caDy 
provided for 2530.10.0000 

Exfoliated vermiculite as nixtures and 
artic6es of heat-insulating, sounrj.. 
insulating, orsound-absorbing materials 880620.0000 

pepletion Allowance: 14% (Domestic). 14% ·(Foreign). 

Government StockPile: None. 

1111 l!!! 1995 
190 180 170 
30 30 30 

7 7 6 
213 203 194 
140 130 130 

W w w 
NA NA NA 

230 230 230 

11 11 12 

___ IMFN) 

1%131116 

Froa 

2.9% ad val. 

Propared by Michael J. Potter. (703) &48·7723W .. : (703) 648-7722). 

.l.U£ 
W 
30 

5 
W 

130 

W 
NA 

230 

W 

Nan-MFN' 
1%131116 

Free. 

30% ad val. 
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VERMICULITE 

Eycnts. Trends. and Igyes: a_Ides the tnKIItiona' end UHI for vemicuite. possIbie new apptications include 
detoxification otwater and lOiI, nuc~.rwaste containnwnt and remc:rval, and IndUitria'lpill containment and dean--up. 

Prices for South African vermiculta exported to Europe we", reported to have Increased tn the Irst half of 1996 by 9% to 
13,., Th.IowHl grade materill,.ne. bulk, f.o.b, RallertSam.lncrellll8d to $180 pe(lon, High grade, large ftake 
fnlterill. f.D.b. Rotterdam, reached S2eO per ton. South AfriClin vemiculite imported into the United states was ~sted in 
lIIte 1996, bulk, t.o.b. barga, Gulf Coast, at $127 per ton for Ina mlteri., and $209 per ton for high-grade mIIterial. 

Wortd Mine Production. Rp'rtIS, .nd Reserve Base: 

United States 1 

Russle 
South Africa 
other countries' 

Wortd lotal 

Mine prodllction 
1m lIH: 

170 W 
40 40 

222 220 
.M ...GIl 
478 '320 

Reserves' 

25,000 

Reserve base~ 

100,000 
NA 

Wgrld Resources: Marglnlll t8Hrves ofvemicullta. OCQInil'lg In Colorado, Nevada, North Clrolna, Texas, and 
Wyoming. are estimated to be 2 to 3 mlion tans. RMOurces in ather countries 1M)' indude materi.1 that does not 
axfolia IS well as U.S. and South AfriClin vemiculite. Total wottd rnourt:eS .r. estimated to be up to thrH times the 
reserve amount. 

SubstibJtes: Expanded pertte is a substitute forvennculte in lightweight concrete and plaster. Other more dense but 
.... coaay materialsubstltutel in th ... applications are expanded day, aha~ ••• te, and slag. Alternate materials for 
lo ... nUlreprooftng Insulation Include.bergloss. per1lte, Ind oIog wool, In Igriculture. lubslltuteslndude pell, porlle, 
sawdust, bark and other plant rraterials, and synthetic soil conditioners. 

"EltirM*I. NA Not avIiabie. W\WhhekI to .vold~ compmy proprinry .... 
'Conc:ertrllte lOkI WId L.ed by pvducefL 

JOthd nlrnporta. aports + .cij~'" for Gowmmem.net inctuItry Itoc* cn.non. 
~SH App8ncIx B . 
• s.. App8ndOc c ror ........ 
'ExduOn the United statn (1 M) .nd co",*,,-IY YttIict'IImIm.tion • not ..,..tM. 
'ExdudH 1M UnII8d s.... 

u.s, GeoIogicol 5urYey, Minenol Commodity SUmmaries, Februory '"7 



us lei: (713) 4Q.I709I111IToIl'_ (VS ... ea..da) lei: IOO.a.I7-57A mil raalmlle, (713) 462-8707 
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Properties of Vermiculite 

Exofoliation or Expansion 
When heated quickly to an elevated temperature, particles of venniculite exfoliate by 
expanding at right angles 10 the cleavage, into worm-like pieces (the IWIlO venniculite 
is derived from the Latin 'venniculare', to breed worms). This characteristic of 
exfoliation, the basis for commercial use of the mineral, is the result of the mechanical 
separation of the layers by the rapid conversion of contained water to steam. The 
increase in bulk volume of commercial grades is 8 10 12 times, but individual flakes 
may exfoliate as many as 30 times. There is a color change during expansion thai is 
dependent upon the composition of the venniculite and furnace temperature. 

Typical Physical Properties Of Exfoliated Vermiculite 

Color: JUglu to dati: brown 

Sbape: Accordion-sh&POd granule 

Bulk density(a): 64-160 kglcu m 
, 4-10 lblcu ft 

Moisture loss @ 1lO"C (230'F): ~10'1o 
pH (in water): 6-9 
Combustibility: Non-combustible 

Sintering temperature: 1150-125O"C 
2100-228O'F 

FusioD poiDt: 1200-132O"C 
2200-2400'F 

Cation exchange 
SO-ISO me/IOOg capacity (b): 

0.84-1.08 kJlkgK 
SpecUlC beat: 0.20-0.26 kcaJ/kgK 

O.20.().26 BtuIIb"F 

Watuholding capacity (0): 200-325% by WI 
20·50'10 by vol 

Thermal conductivity at different bulk densities 

Bulk densities Tbermal conductivity values 

Kg/cu m lblcu ft Lambda WfmK Btu infsq f't h'F 

56-64 3.5-4.0 0.058 0.40 

80-96 5.0-6.0 0.064 0.44 



160-192 10-12 0.071 0.49 

Nota: 

(a) Bulk density and water bolding capacity vary with particle size. 

(b) Exchangeable ions are Mg ·2 and Ca • 2 sodium acetate saturation/ammonium 
acetate substitution method. . 

Typical Sieve Analysis 

Grading Cummulative Percent Retained 
u.s. Sieve No. 

3 112 5 · 7 14 2S 30 50 

Extra Coarse (I) 35-55 

Coarse (2) 
Medium (3) 
Fine (4) 

60-85 

5-20 
90-100 

30-65 75-95 90-100 
0-10 60-85 90-100 

10-35 60-85 90-100 

Sizes and densities of the standard grades are as fonows: 

Grade Size Density (1M!') 

Extra Coarse (1) 8mm 4.7 - 6.0 
Coarse (2) 4mm 5.0 - 6.5 
Medium (3) 2mm 5.3 - 7.0 
Fine (4) Imm 5.6 - 8.0 

Packaein:: Exfoliated 

Approximately 4 cu. ft. two ply paper bags. Weight range of 15 to 30 Ibs./bag. 

Asbestos Content 

A microscopical examination of vermiculite from the Palabora Mining Company 
Limited deposit bas shown that no asbestos is present in it. 

Free Silica Content 

A labcratory examination ofPalabora vermiculite gave a free silica content by chemical 
analysis of less than 1%. 

Typical Ran:e of Cbemical Analysis 
Si02 38.0 to 49.0 % 



MaO 20.01023.5% 

~~ 12.010 17.5% 

Fe,°l 5.4109.3% 
FeD 0101.2% 
~O 5.2.10 7.9"10 

N"20 0100.8% 
Cao 0.7101.5% 
TiOl 0101.5% 
Crl O3 0100.5% 
MnO 0.1100.3% 
CI 0100.5% 
COl 0100.6% 
S 0100.2% 
HlO 5.210 11.5% 

• Specific Heal 0.2 

• Specific Gravity 2.6 

• pH VII •• ' .0 bul due to Ibe pruence of usodated alkalla. 
impurities lb ...... elion is norma1ly alkaline 

• nenoal conductivity k - 0.43 • 0.45 Btu inII'tl h OF 

• Venniculite is incombustible 

• Venniculite is iDert to o'1anic solvents, and is" insoluble in 
water 

• Vermiculit. is dean to bandle, non·abrasive, ..eRective, rot 
pro.f, .d.r1 .... moldabl. and n.n-irritant 

Oft'sbore I Cqnmerciall Vmniculjte Products 
Ttbk oCCommts I Client Begues! Form 

f 
I 
. . 

,­. , 
:'" " , 

.. 
. ,~ ... 
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Welcome to the Homepage of 

The Vermiculite Association (TVA) is the international 
organization representing mining companies, manufacturers, 
suppliers of equipment or materials, and consultants to the 

vermiculite industry. 

It was founded in 1948, with a mission to promote the knowledge 
and use of vermiculite around the world. 

Headquarters 
Whitegate Acre 

Metheringham Fen 
Lincoln 

LN43AL 
UK 

Tel: +44 (0) 1526323990 
Fax: +44 (0) 1526 323181 

North American Office 
6478 Fiesta Drive 

Columbus 
OH43235 

U.SA 

Tel: 614 760 5430 
Fax: 614760 5431 

Vermiculite - Its Properties and Uses 

Upcoming Meetings 
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IB1 
E-mail : M@vermiculite.or. 

Thank you for calling. 
New pages and links will be added in due course so please check again soon. 

I!!] 
Visitors since 25 June 1997 

Page last updated: 22 January 1998 

Designed and maintained by Michael Carr 
Star-Lite Computing Services 
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Vermiculite - Its Properties and Uses 

Vermiculite is the mineralogical name given to hydrated laminar 
magnesimn-aluminum-ironsilicate which resembles mica in appearance. 

When subjected to heat, it has the unusual property of exfoliating or expanding, 
due to the generation of interlaminar steam. 

Vermiculite is found in various parts of the world. 

Locations of the predominant commercial mines are in North America, South America, and 
Africa. 

Other deposits in countries such as India, Japan, Kenya, Zimbabwe, China, 
the former Soviet Union and Australia are being developed. 

Vermiculite mines are surface operations where ore is separated from other 
minerals, and then screened or classified into several basic particle sizes. 

The bulk density of crude vermiculite or vermiculite concentrate 
is in the range of 640-1120 kg/cu m or 40-70 Ib/cu ft. 

EXFOLIATION OR EXPANSION 

When heated quickly to an elevated temperature, particles of vermiculite exfoliate by 
expanding at right angles to the cleavage, into worm-like pieces (the name vermiculite is 

derived from the Latin vermicuiare', to breed worms) . . 

This characteristic of exfoliation, the basis for commercial use of the mineral, is the result 
of 

the mechanical separation of the layers by the rapid conversion of contained water to 
steam. 

-., ,': 1001"" 0" 
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The increase in bulk volume of commercial grades is 8 to 12 times, 
but individual flakes may exfoliate as many as 30 times. 

There is a color change during expansion that is dependent upon the 
composition of the vermiculite and furnace temperature. 

TYPICAL CHEMICAL ANALYSIS 

Element Pcri:ent by We~ 

SiO, 38-46 

AL,O, 10-16 

MgO 16-35 

8fj 1-5 

1(,0 1-6 

Fe,O, 6-13 

TiO, 1-3 

H,0 8-16 

Other 0.2-1.2 

Chemical Formula: (Mg,Ca,K,Fell),(Si,AL,Felll).o..c0H),04H,0 

TYPICAL PHYSICAL PROPERTIES OF 
EXFOLIA TED VERMICULITE 

Colour: Light to dark brown Shape: Accordion-shaped granule 

Bulk density (a): 64-160 kg/cu m Moisture loss 
4-10 Iblcu ft @110'C(230'fj: 4-10% 

pH (in water): 6-9 Combustibility: Non-combustible 

Sintering Fusion point: 1200-1320'C 
temperature: 1150-1250'C 2200-2400'F 

2100-2280'F 
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Cation exchange 

Specific heat: 0.84-1.08 kJlkgK 

0.20-0.26 

kcallkgK 
0.20-0.26 Btullb 

F 
capacity (b): 50-150 me/l00g 

Waterholding capacity (a): 220-325% by wt 20-50% by vol 

Thermal conductivity at different bulk densities 

Bulk densities Thermal conductivity values 

kg/cum 
56-64 
80-96 

160-192 

Iblcu ft 
3.5-4.0 
5.0-6.0 

10-12 

LambdaW/mK 
0.058 
0.064 
0.071 

Btu inlsq ft h OF 
0.40 
0.44 
0.49 

Notes: (a) Bulk density and water holding capacity vary with particle size. 
(b) Exchangeable ions are Mg+' and Ca+'. sodium acetate 

saturation/ammonium 
acetate substitution method. 

EXFOLIATED VERMICULITE PARTICLE SIZES 

Size Densities Equivalent 

mm m m Iblcu ft B 

16 518 down 56-72 3.5-4.5 NA 
8 5/16 down I 64-85 4.0-5.0 1 

72-90 4.5-5.5 2 

wn 75-112 4.7-7.0 3 Fine 
wn 80-144 5.0-9.0 4 

0.8 90-160 5 

HOW VERMICULITE CAN BE USED 
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Vermiculite has been used in various industries for over 70 years. 

It is used in the construction, horticulluI1ll, agriculluI1ll, and industrial markets. 

Some examples of vermiculite uses inclade: 

CONSTRUCTION IHORTICULTpD. T AGRICULTURAL INDUSTRIAL 
Gypsum plaster Seed germination . 

feed Paints 
Air setting binder Sowing composts iPesticide Moulded 
Board Seedling wedgemix ~ertilizer products 
Loft insulation Blocking mixes Bulking agent Brake pads & 
Fire protection Rooting cuttings Seed encapsulant brake shoes 

(internal/external) Miero-propagation Anti-caking Fireproof safes 
Acoustic finishes Twin scaling bulbs material Filtration 
Floor & roof Potting mixes Soil conditioner Insulation -
screeds Hydroponics high & 
(lightweight low 
insulating temperature 

concrete) lnsulation 
Sound deadening blocks & 
compounds shapes 

Fmnaces 
Sealants 
!Fixation of 

hazardous 
~terial 
Castables 
Drilling muds 
Nuclear waste 
disposal 
lAb~orbent 
packing 
Perl'ume 
absorbent 
Molten metal 
nsulation 
Di~ions 

Below are some examples of typical binders and other materials which are often used 
in combination with venniculite: 

Portland cement Resins High alumina cement Sodium 



., 

silicate 
Plaster (gypsum) Clay 

Peat 
Potassium silicate 

Bark 

Consider vermiculite if you are looking for: 

Loosefill 
aggregates 

Soil conditioners 
modifiers 

Absorbents 
insulation 

Carriers 

Asbestos substitutes 

Fire protection 

Fertilizers 

Lightweight 

Density 

Industrial heat 

SAFETY, STORAGE AND HANDLING 

Information on safe handling, storage, personal protection, health, and environmental 
considerations 

has been gathered on this product and is available from the material suppliers upon 
request. 

It is recommended that all users and specifiers acquaint themselves with this information. 

We hope the information given here will be helpful. 

It is based on data and knowledge considered to be true and accurate and is 
offered for the user's consideration, investigation and verification 

but we do not warrant the results to be obtained. 

No statement, recommendation or suggestion is intended for any use which 
would infringe any patent or copyright. 

Return to TVA Homepage Return to Top of this Page 

Page last updated: 22 October 1997 
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Gamma Spectroscopy Results 



Dep' . 

'nt.m,1 LolL • ,.-~_ ANALYSIS REQUEST AND CHAIN OF CUSTODY PAG. L ·F ~ 
Betch No. -ICJO;)~/ ,...,,...,.,....,. -::: AR/coc-I01;!546 ___ I 

- :/('!:}~~' --c.;~~~' ~~~,~.~~~ _:.-'~ ,- _ liiI~~t ._\U 
- "ft'" lob - . ~ __ 0.!- ...._ 

..... "" 
I Tedt ....... - ci LOV at SMO) t .. 

i z ... " Con n., 

i ! I, .oom --
8wnpl, No . . FrKdon ~" D,tall ~ 15 D ... m.,. I u.... T-. - - ,~ 6 eon,eted I m __ ...·.. YIId..,. " 

\I-TI- /<'\ oS 10 't. ' ~-~ ." l~IL 11"'-1 M-
17 - /011 - -n -J 14-c6 

10 ",I-Tl-M 14-10 
II 'MI' T2-£ 14-" 

RMMA 

,,.., /;)" .0: C'" _ _ __ _ ___ _ _ _ _ __ ___ .,'.-

4 . R~by Ofg . . .. . __ .. _. __ . . .. . _-- _ . . 
I",,,: S. Rrinqullhed by Org . 

'~""/J'.i ._.""",,-, -- --- ---- - - ____ ~---- o.!c.. __ 
, nn. J s1'.:. IS. R-'ioqokhltd by OfO· - -

8 . R~b, ... -
SMO Su ... n .. Cop, PINK· F','d Cop, 

1 ""r. 
f-+' 

0.,. 
0.,. 
0.,. 
0.,. 

- . . . -D.,. 
D.,. 

'Imo , .... 
, .... 
, .... 
tlmo 

t .... 



ANALYSIS REQUEST AND CHAIN OF CUSTODY PAG' --.£OF~ 
.. _,....... AR/Coc-lo6'!>1-l> 

IJIfI7:. 1fP'700 ~ .2. 7 

brenDa. LOY lan.UaIt'. at aMO) 

eon ...... 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation protection Sample Diagnostics Program (SSl Laboratory ) • 
• 4-09-97 3:23:35 PH • 
•••••••• ***.*.*.**.*.***.****.************** ••• **.********** •• ****** ••••• 

• . ~ tJJ. · ~ . * Analyzed by: . /0 ,., Reviewed by: J • 
••••••••• ** •• *.. ****;i.* ••• **.*.** •• * ••• **... ***~1~Lq7 •• **.*** •• * 
Customer : P.SLAVIN/R.NAGEL (66B2/IT) 
CUstomer Sample 10 032958-002 
Lab Sample ID 70052701 

'-'11 0 -1'11-7/-101 
Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/ Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
B25.000 

4·0B·97 
4-09·97 

LABOl 
6000 / 

SOLm SAMPLE 
gram 
2:00:00 PM 
1:40:53 PM 

6003 seconds 

*.******** •• * ••••• * •• ****** •• **.*** •• * •••••• **********.**** •••••• ** ••• * •• 

Nuclide Activity 2-sigma MDA 
Name (pCi / gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U·23S 4.59B+00 3.91E+00 1. 74:8+00 
TH·234 4.78B+00 1.07E+OO 5 A6E· 01 
RA·226 2.B3E+00 L03E+00 6.0SE-Ol 
PB-214 9.B9E-Ol l. 74E-01 5.61E-02 
B1·214 B.5SE-Ol L57E-Ol 5.S4E-02 

TH·232 1.10B+00 5 A3E- 01 L B4E-Ol 
RA·22S l.161+00 2.B3E-Ol LB3E-Ol 
AC-22S 1.15E+00 2.66E-Ol L15E-Ol 
TH-22B l.22:8+00 5 . 1BE-Ol 5.12E-Ol 
RA-224 4.59E-Ol 1. 33E- 01 2.S7E-02 
PB-212 1.12E+00 1. 90E- 01 4.43E-02 
BI·212 6.91E-Ol 2 A1E- 01 2.14E-Ol 
TL-20S 3.B1E-Ol 7.09E-02 2.74E-02 

U-235 1.19E-Ol L 79B-Ol 2.4SE-Ol 
TH-231 Not Detected --------- 1.04E+01 
PA-231 Not Detected --------- 1.61E+00 
TH-227 Not Detected --------- 4.20E-Ol 
RA-223 Not Oetected --------- 1. 73E- 01 
RN-219 Not Detected --------- 4.50E-Ol 
PB-211 Not Detected --------- 1.03E+00 
TL·207 Not Detected --------- 1. 73E+Ol 

AM-241 Not Detected ---- ---- - 2.22E·Ol 

-?:r/I./r 
PU·239 Not Detected --------- 4 . 09E+02 j.'];. r.J! NP-237 7 , 91S 91 1. 69E 91 2. 54E- 01 AI,Jf; #/ 4.v 
PA·233 Not Detected --------- 6.33E-02 
TH-229 Not Detected ------ --- 2.35E-Ol 



****** •••••••••• *.*.****** ••••••• * ••• *** •••• ** •• * •••••••• *.* ••••••••••••• 
* Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program [881 Laboratory ] .. 
• 4-09-97 5:12 : 04 PM • 
•• *******.**** ••• * •••••• * ••••••• ***.*.**.* ••• * ••••••••••••••••••••••••••• · ?- ~A . • Analyzed by: '-lIb f . Reviewed by: . I ~, • ••••••••••••••• • ••••••• • ~ ••••• * ••• ** •••••••• ~*~l~lJ* .......... . 
Customer : P.SLAVIN/R.NAGBL (66B2/IT) 
Customer Sample ID 032959-002 
Lab Sample ID 70052702 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
769.000 

4-0B-97 
4-09-97 

LAB 0 1 
6000 / 

SOLID SAMPLE: 
gram 
2:05 : 00 PM 
3:27:01 PM 

6003 seconds 

C'/IU - MI-TI-6 

**.** •• *** ••• ** •• ** ••••••••• ********* •••• **.* •••• ***.**.*** •• *.******** •• 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U-23B 1.36E.00 ~.22E+OO 1.ssE.OO 
TH-234 1. 63E+OO 4.57E-0l s . 4sB-01 
RA-226 2.1BB+00 6.0sE-01 6.32B-01 
PB-214 B.89B-01 1.69E-0l S . 44E- 02 
BI-214 B.1sE-01 1 . 62B-01 s.s6E-02 

TH-232 1.OSE+OO s.02E-Ol 1.61E-Ol 
RA-22S 1.OSE+OO 3.62E-01 2 . 00E-01 
AC-22S 9.67E-Ol 2.33E-Ol 1 . OSE - Ol 
TH - 22S 9.0JE-01 6.7SE-Ol 4.81E-Ol 
RA-224 3.29B- Ol 2.7SE-0l 4.33E-02 
PB-212 1. 07E_00 3.9SE-Ol 4.22E-02 
BI - 212 Not Detected --------- 2.26E-01 
TL-20S 3.6SE-01 7.0SE - 02 2.99E - 02 

U-23S 2 . 3SE-01 1. 73E- 01 2.40E-01 
TH·231 Not Detected --------- 9.91E+OO 
PA-231 Not Detected --------- 1.s9E_OO 
TH-22? Not Detected --------- 4.2BE·01 

/'4 0
/

1: 

RA-223 Not Detected --------- 1. 67E-Ol ~ ,,01:;. .t;j 
RN-219 i.S3E 91 3 . 995 91 4 . S1E-01"''-- -
PB-211 Not Detected --- ----.- 1.OSE+00 
TL-207 Not Detected --------. ~ . 7SE+Ol 

AM-241 Not Detected --------- 2.1sE-Ol 
PU-239 Not Detected --------- 4 . 07E+02 ). ---~,/ 7 . NP-237 6 . :i 6E s· 1.76£ 91 2.25E-01.v.-r ,,-I,e../; ' "'-/'7. • PA-233 Not Detected -------- - 6.41E·02 
TH·229 NOt Detected --------- 2.2?E-Ol 



[Summary Report) - sample ID: : 70052702 

Nuclide 
Name 

AG-10Bm 
AG-J.10m 
BA-133 
BE-7 
CD-109 
CD-n5 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-5B 
CO-60 
CR-51 
CS-134 
CS-137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
1-131 
1R-192 
K-40 
MN-52 
MN-54 
MO-99 
NA-22 
NA-24 
NB-95 
ND-147 
N1-57 
PB-210 
RU-1 03 
RU-106 
SB-122 
SB-124 
SB-125 
SN-n3 
SR-B5 
TA-1B2 
TA-1B3 
TC-99m 
TL-201 
XE-133 
Y-BB 
ZN-65 
ZR-95 

Activity 
(pCi/gram) 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

4_43E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oet-ected 
Not Detected 

2_31E+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oetected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect-ed 
Not Oetected 
Not Oetected 
Not Detected 
Not Detected 
Not Oetected 
Not Detect.ed 
Not Detected 
Not Detect.ed 

2-sigma 
Error 

.......... 

2_1BE-02 

3_42E+00 

MOA 
(pCi/gram) 

5_14E-02 
4_2SE-02 
6_30E - 02 
2 _97E - 01 
L09E+00 
L06E-01 
2_94E-02 
5_17£-02 
2 _25E-01 
3_02E-02 
2_69£-02 
4_07E-02 
4_B2E-02 
2 _76E-01 
5_04E-02 
2_4BE-02 
B_HE-02 
2 _3BE-01 
9_49E-02 
9 _ 62E- 02 
9 A2E-02 
3_63E-02 
3_65E-02 
3_15E-02 
3_02£-01 
4.47E-02 
2_49E-02 
3_BJE-01 
5_61E - 02 
L33E-01 
2_20E - 01 
2_5BE-01 
1_04E-01 
S . 79E+DO 
3 _65E - 02 
3_47E-01 
6 _31E-02 
3_60E-02 
9_73E-02 
4_22E-02 
4_36E-02 
2_07£-01 
2 _11E-01 
5_23E-01 
L56E-01 
L52E-01 
3_65E-02 
1.39£-01 
7_30E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories t 

• Radiation Protection Sample Diagnostics Program [SSl Laboratory} t 

• 4-09-97 7:00:44 PM t 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• · q. 0J. . • Analyzed by: 'I, I" r-, . Reviewed by: 7 • •••••••••••••••• • •••••• ••••••••••••••••••••• ~.~jvj~ •••••••..... 
Customer : P.SLAVIN/R.NAGEL (6682/ITi 
Customer Sample In : 032960-002 
Lab Sample ID 70052703 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
772 . 000 

4·08·97 
4·09·97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2:10:00 PM 
5:15:06 PM 

6003 seconds 

cv 10- M (-,2- fv1 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Nuclide Activity 2-sigma MDA 

Name (pCi/grami Error (pCi/grami ------- ---------- ---------- ----------
U·238 Not Detected --------- l.llE+OO 
'I'H·234 1. 91E+OO 4.94E-01 5.49E-01 
RA-226 2.27£+00 6.25E-01 6 . 08E-01 
PB-214 1.04E+OO 2.71E - 01 5.37E-02 
BI-214 9.35E-01 1. 82E-01 5.76E-02 

'I'H-232 1.2SE+OO 5.90E·01 1. 82E- 01 
RA-228 1. 07E+OO 3.53E-01 1.99E-01 
AC-228 1.21E+OO 2.11E-01 1.10E- 01 
'I'H·228 5.82£-01 4.08£,01 5 . 44£-01 
RA-224 4.26£-01 1.23£-01 4.10£-02 
PB-212 1.1SE+OO 3.75E-01 4.59£-02 
BI-212 6.92£,01 4.12£-01 1.97E-Ol 
TL-20B 3.97£-01 3.83E-01 2.77£-02 

U-235 1 . 31E-'01 1. 79£-01 2.49E·01 
'I'H-231 Not Detected --------- 1.04E+Ol 
PA-231 Not Detected --------- 1.61E+OO TH-227 Not Detected ------ - -- 4.43£·01 
RA-223 Not Detected --------- 1. 74E- 01 
RN-219 Not Detected --------- 2.42E-01 
PB-211 Not Detected --------- 1.09E+OO 
TL-207 Not Detected --------- 1. 75E+Ol 

AM-241 Not Detected --------- 2.17E·01 ~ PU-239 Not Detected 4.1SE+02 "~" --------. 2.30£-011".-rj~·;;f 'if,"/5 7 NP·237 7. e 1: 81 l.S1BE 81 
PA·233 Not Detected --------- 6 . 56E·02 'I'H-229 Not Detected --------. 2.34E·01 



(SUlIIIIary Report] - sample ID : : 70052703 

Nuclide 
Name 

AG- 10Bm 
AG-~lOm 
BA-133 
BE-7 
CD-l09 
CD-Us 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-5B 
CO-60 
CR-5 1 
CS-134 
CS-137 
EU-152 
EU-154 
EU-155 
FE - 59 
GD-15l 
HG-20l 
1-131 
IR-192 
K-40 
MN-52 
MN - 54 
MO-99 
NA-22 
NA- 24 
NB-95 
ND-147 
NI-57 
PB-210 
RU-103 
RU-106 
S8-122 
SB-124 
SB-125 
SN-1l3 
SR-B5 
TA-1B2 
TA-1B3 
TC- 99m 
TL-201 
XE-l33 
Y-BB 
ZN-65 
ZR-95 

Activity 
(pCi/gnm) 

Not Detected 
Not Detected 
Not Detecead 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oetected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Deteceed 
Not Detected 

2_4BB+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-sigma 
Error 

3 _77E+00 

MeA 
(pCi/graml 

5 _3BE-02 
3_92E-02 
6 _71E-02 
3_0BE-0l 
7 _BOE-01 
1_1GE- 01 
3-llE-02 
S _4BE-02 
2_25E-Ol 
4_35E-02 
2 _B9E- 02 
3 _96E-02 
4-93E-02 
2_75E-01 
5 _3SE-02 
4 _70E-02 
B_63E-02 
2 _47E-01 
1.33E-01 
9 _90E-02 
9_65E-02 
3 _75E-02 
3 _91E-02 
3_23E-02 
3_20E-01 
4 _60E-02 
4 _6SE-02 
3_9BE-01 
5 _88E-02 
1. 43E-01 
2_31E-01 
2 _68E-01 
1 _03E - 01 
9_29E+00 
l _46E-02 
l_SBE-01 
6_64E - 02 
3 _75E-02 
1. 03E-01 
4 _S7E-02 
4 _52E - 02 
2 _12E-01 
2_15E-01 
6 _49E - 01 
1 _67E-01 
B_1BE-02 
3_BSE-02 
1.46E-01 
7_B2E-02 



• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
* Radiation Protection Sample Diagnostics program [881 Laboratory] • 
* 4~09·97 8:46:00 PM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

: Analyzed bY,::;:: 'fL 197 Reviewed by,,,-M.f"//I/CJ7 : ••••••••••••••••• * •••• *.~~~:.*.* .•• * ••••••• *.*~.;.v.~ •• * ••• * •• *.* •• 
Customer . , P.SLAVIN/R.NAGEL (6682/IT) 
Customer Sample ID 032961-002 
Lab Sample ID 70052704 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
825.000 

4-08·97 
4-09-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2,11,00 PM 
7,03,21 PM 

6003 seconds 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- --------- - ----------
U- 238 Not Detected ____ a_eo. 1.68E+00 
TH·234 1.67E+OO 4.57E-Ol 5.20E·Ol 
RA·226 2.06E+00 7.67E·Ol 6.70E-Ol 
PB·214 1. 04E+00 1.87E·Ol 5 . 44E·02 
BI·214 9.21E·Ol 1. 76E-Ol 5.94E·02 

TH-232 1.10E+00 5.23E-Ol 1. 63E- 01 
RA·228 1.09B+00 3.58E·Ol 1.97E-01 
AC·228 1. 08E.00 2.38E·Ol 1.13E-Ol 
TH-228 1.13E+00 7.65E-01 5.87E-Ol 
RA·224 4.14E-Ol 1.45E-Ol 2.53E·02 
PB-21.2 1. 09E+00 1. 76E-01 4.44E-02 
BI·212 5.98E-Ol 2.35E - 01 2.17E-Ol 
TL·208 3.33E-Ol 6.74E-02 3.07£-02 

U·235 Not Detected --------- 2.35E·Ol 
TH·231 Not Detected --------- 9.82E+00 
PA·231 Not Detected ---.----- 1.58E.00 
TH·227 Not Detected --------- 4.18E-Ol 
RA·223 Not Detected ------_ .. 1.68E-01 
RN·219 Not Detected --------- 4.65E-01 
PB·211 Not Detected --------- 1 07E.00 .1. -- ";J. A TL·207 = . tBE IIHI i.liEleS 7: 88E.00";..r <AU,I oj "It. n 
AM-241 Not Detected --------- 2.12E·Ol 
PU-239 Not Detected --------- 3.98E+02 
NP-237 Not .Detected --------- 2.38E-Ol 
PA-233 Not Detected --------- 6.40E-02 
TH·229 Not Detected ____ eo_e. 2.25E·Ol 



.. ' . - [swrmary ReponJ - Sample m, , 70052704 

Nuclide Activity 2-sigma MIlA 
Name IpCi/gram) Error IpCi/gram) 
-~~ ........ ................... .................... .... - - -_ ........ 
AG-108m' Not Detected ...... _ .... -:.. .. 5 . 07E-02 
AG .. l.l.Om Not Detected ...... __ .. _ .... 3.67E·02 
BA-133 Not Detected ............ --- 6.42E-02 ~~ 
BE-7 Not Detected .. _ .... _ .. .... - 2.90E-Ol,,;?lJ:T.:iJ:. 
CD-109 iI.lilii.99 6.3SE 81 8. 07E- 01 I{f'/~ 
CD-ll5 Not Detected .............. _ .. L10E-Ol 
CE-139 Not Detected _ .............. - 2.97E-02 
CE-141 Not Detected ................ - 5.27£-02 
CE -144 Not Detected ---_ .. _--- 2.17£-01 
CO-56 Not Detected _ .... ---_ .. - 4.34£-02 
CO·57 Not Detected -_ .... ----- 2.78£·02 
CO·58 Not Detected .. - .............. 4.13£-02 
CO-60 Not Detected _ .. .... ----- 4.81E-02 
CR·51 Not Detected -_ .. _----- 2.60£-01 
CS-134 Not Detected .... __ .. _ ...... 5.17E-02 
CS -137 Not Detected --_ .. _ .. _ .. - 4.41E-02 
EU·152 Not Detected .... --_ .. _-- 8.31E-02 
£0·154 Not Detected .... --_ .. _ .... 2.36E-Ol 
£0·155 Not Detected _ .... --_ ...... L30E-Ol 
FE-59 Not Detected _ .. ------- 9.43E - 02 
GD-153 Not Detected .. .. -----_ .. 9.15£-02 
HG-203 Not Detected _ .. _------ 3 . 55E - 02 
I·131 Not Detected _ .... --_ .. _- 3.78£-02 
IR·192 Not Detected _ ........ _ .... .. 3.07£-02 
K-40 2 . 70E+Ol 3.97E+OO 2.82E-Ol 
MN-52 Not Detected _ .. ------- 4.91E·02 
MN-54 Not Oetect-ed _ ................ 4.18£-02 
MO-99 Not Detected ------_ .... 4.22E-Ol 
NA-22 Not Detected ----- ---- 5.57E-02 
NA·24 Not Det-ected ........ __ ...... 1.62E-Ol 
NB-95 Not Oet-ected --~------ 2.21E-Ol 
ND-147 Not Oet-ected --""-"-"- 2.59E-Ol 
NI-57 Not Detected .. _ .. __ .. - .. - 1.12E-Ol 
PB-210 Not Detected _ .. _ .. _---- B.91E+OO 
RU-103 Not Detected .. _ .... --- .. - 3.38E-02 
RU-106 Not Detected -----_ .. -- 3.41£-01 
SB·122 Not Detected .. _ .... _ .. __ .. 6.52E-02 
SB·124 Not Detected --------- 3.43E-02 
SB-125 Not Detected -_ .............. 9.91E-02 
SN-ll3 Not Detected .. _ ...... _--- 4.48£·02 
SR-85 Not Detected --------- 4.31£-02 
TA·182 Not Deteceed -- .. _----- 2 . 09E -Ol 
TA·183 Not Detected --------- 2.12£·01 
TC-99m Not Detected ........ _ .. --- 7.72£-01 
TL-201 Not Detected --- .. -_ .. _- L58E-Ol 
XE-133 Not Detected --------- 1.56E-Ol 
Y·a8 Not Detected --------- 3.08E-02 
ZN·65 Not Detected -- .. .... _ .. _- 1.41E-Ol 
ZR-95 Not Detected -- --_ .. --- 7.59E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program [881 Laboratory ] • 
* 4-09-97 10:31:12 PM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acqui re Start Date/Time 
Detector Name 
Elapsed Live/Real T~e 

MARINELLI 
850.000 

4-08-97 
4-09-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 
2 : 17:00 PM 
8:48:27 PM 

6003 seconds 

0110 -M2-11- 8, 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Nuclide Activity 2-sigma MDA 

Name IpCi/gram) Error IpCi/gram) 
------ - -- -.------ ---------- ----------
U-238 Noe Detected .-------- 1. 69B+00 
TH-234 1.62E+00 4.37E-01 5.17E-01 
RA-226 2.15E+OO 8 . 66E-01 7.07£-01 
PB-214 9.57E-01 1 . 55£-01 5.29£-02 
BI-214 8 . 85E-01 1. 76E-01 5.63E-02 

TH-232 1..16S+00 1. 03B+00 1. 63E· 01 
RA·228 1 . 22E+00 l. . 93E+00 1. 87E- 01 
AC-228 1.22E+00 3.17E-01 1.06E-Ol 
TH-228 1.20E+00 7.878-01 5.38E-01 
RA-224 4.20E-01 1.27E-01 3.05E-02 
PB-212 l..17E+00 1.798-01 4.58E-02 
BI-212 7.40E-01 3.45E- 01 2.31E-01 
TL·208 3.95E-01 7.06E-02 2.68E-02 

U-235 Noe Detected --------- 2.39E-01 
TH-231 Noe Detected ----- .. _- 9 . 72B+00 
PA-231 Noe Detected --------- 1.S4E+00 
TH·227 Noe Detected --------- 4.18E-01 · );J;:. , ~ RA·223 Noe Detected --------- 1. 66E- 01 t-/;:f. ~1:~ RN·219 j.Bi'! S' 3.i'SE S1 • 4.64E-01 4/101 PB·211 Noe Detected --------- 1.05E+00 . 
TL·207 Noe Detected - - - ------ 1.65E+Ol 

AM-241 Noe Detected -------- - 2.05E-01 '?o PU-239 Noe Detected --------- 4.00E+02 . rI ' 
NP-237 8 . 45E 81 2.6:= S1 2. 58E- 01lllrl J.e."te..I-;{ 'f/r. /' ; 
PA·233 Noe Detected --------- 6.25E-02 
TH·229 Noe Detected -- - ------ 2.31E-01 



[summary Report] - sample m: : 70052705 

Nuclide 
Name 

AG-l08m 
AG-110m 
BA-133 
BE-7 
CD-l09 
CD-115 
CE-139 
CE-141 
CE·144 
CO-56 
CO-57 
CO-5B 
CO-60 
CR-51 
CS-134 
C5-137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
1 -131 
IR-192 
K-40 
MN-52 
MN-54 
MO-99 
NA-22 
NA-24 
NB - 95 
NO-147 
NI-57 
PB-210 
RU-l03 
RU-l06 
5B-122 
SB-124 
5B-125 
SN-113 
5R-B5 
TA-1B2 
TA-1B3 
TC-99m 
TL-201 
XE-133 
Y-BB 
ZN-65 
ZR-95 

Act.ivity 
(pCi/graml 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Noe Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oetected 

2 _45E+Ol 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not. Detected 
NOt Detected 
Not Detected 

2- sigma 
Error 

---------

3 _57E+ OO 

MeA 
(pCi/graml 

5_13E-02 
4 _21E-02 
6_31E-02 
2_93E-Ol 
1. . ll.E+OO 
l _HE -Ol 
2_9SE-02 
5 _34E-02 
2_18E-Ol 
4_32E-02 
2_70E-02 
4_24E-02 
4_B2E - 02 
2 _63E-Ol 
4_99E-02 
2_60E-02 
B_08E-02 
2_37E-Ol 
1_29E-Ol 
9_10E -02 
9_32E-02 
3_54E-02 
3 _65E-02 
3_0SE-02 
3 _00£-01 
4 _ 45E- 02 
2_58E-02 
4 _0BE-Ol 
5_26E-02 
1.B2E-01 
2 _24£-01 
2 _62£-01 
1. 08E- 01 
B_55E+00 
3 _29E-02 
3 _35E-Ol 
6_65E-02 
3_4SE-02 
9_94E-02 
4-2BE-02 
4-43E-02 
1. 97E- 01 
2_07E-Ol 
9_36E-Ol 
1. 60E- 01 
1. 60E- 01 
3 _36E-02 
1_35E-Ol 
7 _26E-02 



·.* .. _ ......................... _ ................................ tt •• _ ••• _ 

* Sandia National Laboratories .. 
• Radiation Protection Sample Diagnostics Program [881 Laboratory] • 
* 4-10-9712:16 : 35 AM .. 
•••••••••••••••••••••••••••• * •••••••••••••••• ** •••••••••••••••••••••••••• 

: An&lYZ'edhy:9- L{J'.:>/~7 . ReViewedbY:~1IIr/G7 : .......••...••.... ..* .•• '* .... ** ••• *.* ••••••• * •• ~~ •• ~~~ ••••••••••• 
Customer , P.SLAVIN/R.NAGEL (6682 / ITl 
CUstomer Sample ID 032964-002 
Lab Sample ID 70052706 

Sample Description 
Sample Quantity 
Sample Date/ Time 
Acquire Start Date/Time 
Detect-or Name 
Elapsed Live / Real Time 

Comments: 

MARINELLI 
826.000 

'-08-97 
'-09-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 
2,35 , 00 PM 

10,33 ,.6 PM 

6003 seconds 

••••• _ •••••••••• - ••••••••• _ •••••••••••••••••••••••••••••• ***** ••••••••••• 

Nuclide Activity 2-sigma !IDA 
Narne (pCi/graml Error (pCi/graml 
~------ ---------. ---------- -----_ .. ---
U·238 Not Detected _._------ 1.688.00 
TII·23. 1.41B+OO '.07E-01 4.868-01 
RA-226 1. 85E.OO 5 . 588-01 6.10E-01 
PB·21. 9.66E-01 1. 77E-01 5.08E-02 
B1-214 8 . 63E·01 1. 688-01 5.54E-02 

T11 - 232 1.10E+00 5.24E-01 1. 71E·01 
RA-228 1.01E+OO '.69E-01 1.8'E-01 
AC-228 1.10£+00 2.'8E-01 1.048-01 
T11-228 Not Detected ---- .. _--- 4 . 87E-01 
RA-22' 4.19E-Ol 1.'5E-01 3 . 03E-02 
PB-212 1.13E+OO 1.908-01 • ••• E-02 
BI - 212 7.14£-01 3.18E-01 2 . 23E-01 
TL-208 3 . 73E-01 1. 15E- 01 2 . 80E-02 

U-235 Not Detected --------- 2.30E·01 
TII · 231 Not Detected --------- S.14E+OO 
PA·231 Not Detected ---- -- --- 1. 56E.00 
TII·227 Not Detected ------ - -- '.15E·01 ). 1:Jl h RA-223 Not Detected -------- . 1.33E-01 ;r. ~-r:;,,1. ' RN · 219 i!,3&:S 81 3.78& 81 •. 57E-01"" 00 PB-211 Not Detected - - ------- 1 . 02E+OO ~ JI. 17 
TL-207 Not Detected --------- 1.69£+01 

AM·2.1 Not Detected ----- ---- 2 . 1'E-01 PU·239 Not Detected --------- 3 . 998.02 
NP-237 Not Oetected --------- 3 . 23E-01 
PA·2 33 Not Detected --------- 6 . 30E-02 
TIl· 229 Not Oetected -------- . 2.23E-01 



[Swmnary Report] - Sample m: . 70052706 . 
Nuclide Activity 2-8igma MIlA 

Name (pCi/gram) Error (pCi/gram) 
____ a __ ---------- ---------- ----------
AG-10Sm Not Deteceed --------- 5.11E-02 
AG-llOm Not Deteceed _ --------- 5.63E-02 

41> BA- 133 Not Detected -------- - 6.21E-02.J.. -
Detected 3.01E-Ol BE-7 Not .--------

S.36E-01JIIA, ~ CD-109 1.96]3.&9 5.69E 81 
CD-1l5 Not Detected --------- 1.14E-Ol 
CE-139 Not Detected ----- --.- 2.90E-02 
CE-~41 Not Detected --------- 5.19E-02 
CE-144 Not Detected --------- 2.11E-Ol 
CO-56 Not Detected --------- 4.3SE-02 
CO-57 Not Detected ____ a_ea. 2.69E-02 
CO-5S Not Detected --------- 3.S4E-02 
CO-60 Not Decected --------- 4.50E-02 
CR -51 Not Detected --------- 2 . 62E - Ol 
CS-134 Not Detected --------- 4. 93E- 02 
CS-137 2.60E-Ol 1. 06E-Ol 3 . 03E-02 
Et1-152 Not Detected .--- - ---- S.05E-02 
Etl-154 Not Detected --------- 2.38E-Ol 
Etl-155 Not Detected --------- 1.24E-Ol 
FE-59 Not Detected --------- 9 . 00E-02 
GD-153 Not Detected --_.----. 9.18E-02 
HG-203 Not Detected --------- 3.58E-02 
1-131 Not Deteetec:i ---.----- 3 . 58E-02 
1R-192 Not Detected --------- 3 . 00E-02 
K-40 2.15E+Ol 3.23E+00 2.S7E-Ol 
MIl-52 Not Detected ---- ----- 4.19E-02 
MIl-54 Not Detected --------- 2.22E-02 
MO-99 Not Detected --------- 3.95E-Ol 
NA-22 Not Detected --------- 5 . 04E-02 
NA-24 Not Detected ------ --- 1. 69E-Ol 
NB-95 Not Detected ---- ----- 2.24E-Ol 
ND - 147 Not Detected --._----- 2.59E-Ol 
N1-57 Not Detected --------- 1.07E-Ol 
PB-210 Not Detected --------- S . 56E+00 
Rt1-103 Not Detected --- ------ 3.48E-02 
RU-10G Not Detected -------.- 3.28E-Ol 
SB-122 Not Detected --------- 6.52E-02 
SB-124 Not Detected --------- 3 . 32:&:-02 
SB-125 Not Detected --------- 1. 04E- 01 
SN-1l3 Not Detected --- ------ 4.25E-02 
SR-S5 Not Detected -- --- ---- 4.44E-02 
TA-182 Not Detected --------- 1.95E-0l 
TA-1S3 Not Detected --------- 2.18E-Ol 
TC-99m Not Detected --------- 1.07S+00 
TL-201 Not Detected -- ---- --- 1.61E-Ol 
XE-133 Not Detected --------- 1.36E-Ol 
Y-SS Not Oetected --------- 3.46E-02 
ZN-65 Not Detected --------- 1.30E-Ol 
ZR-95 Not Detected --------- 6.94E-02 



...... _ .•••...•••••...•.••••...••..•••••..........•.•.................... 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program [S81 Laboratory ] • 
* 4-10-97 2:01:49 AM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• · :.;.:.. . "Analyzed by: . IJ/'Djf7 ' Reviewed by;\\.t;-1J r J /,/t;'i ,. 
••••••••••••••••• **.***~* • • * •• *.* ••• *.*.* •••• ~.~J~~*~* ..• **.* ••• 
CUstomer , P.SLAVIN/R.NAGEL (6682/IT) 
Customer Sample ID 032965-002 
Lab Sample ID 70052707 

C'IIO - (V\ 2.- .,. 2.- 6 
Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
849.000 

4-08-97 
4-10-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 
2,39,00 PM 

12,19,08 AM 

6003 seconds 

••••••••••••••••••••••••••••••••• _ •••••••••• ***************************** 

Nuclide Activity 2-sigma • MeA 
Name (pCi/gram) £rror (pCi/gram) 

------- ---------- ---------- ----------
U-238 Not Oetected --------- 1.68£+00 
TH-234 1.S9E+OO 4.33E-01 5.11E-01 
RA-226 1.7BE+OO 5 . 88E-01 6.07E-01 
PB-214 9.02E-01 1.48E-01 5.01E-02 
BI-214 B. 70E-01 2.03E-01 5.14E-02 

TH·232 1.11E+OO 5.28E-01 1.6SE-01 
RA-228 1. 12E+OO 1.06E+OO 1.91.E-01 
AC·228 1.05E+OO 2.59E-01 1. 03E- 01 
TH-228 1.lSE+00 1.46E+OO 4.47E-01 
RA-224 4.07E-01 1.29E-01 3.22E-02 
PB-212 1.10E+OO 1. 75E- 01 4.44E-02 
BI·212 6.92E-Ol 2.46E-01 2.21E-Ol 
TL-208 3.84E-01 7.06E-02 2 . 7SE-02 

U·235 Not Detected --------- 2.24E-01 
TH-231 Not Detected ---- ----- 9.47E+00 
PA-231 Not Detected --------- 1.51£+00 
TH-227 Not Detected --------- 4.07E-01 
RA-223 Not Detected --------- 1.63E-01 
RN-219 Not Detected --------- 4.3BS-Ol 
PB-211 Not Detected ------- - - 1.OlE+OO 
TL·207 Not Detected --------- 1.67E+Ol 

AM-241 Not Detected - - ------- 2.04E-01 
PU-239 Not Detected --------- 3.92E+02 
NP-237 Not Detected --------- 3.18E-Ol 
PA-233 Not Detected --------- 6.29E·02 
TH·229 Not Detected --------- 2 . 15E-01 



[Summary Report] - sample ID: 

Nuclide 
Name 

Activity 
(pCi/51ram) 

: 70052707 

!IDA 
(pCi/51ram) 

AG-10Sm Not Detected -------.-- 4.S8B-02 
AG-l10m Not Detected --------- 4.18E-02 
BA-133 Not Detected - - - - - - - - - 6 . 19B- 02 -/1 
BE - 7 . __ .:N=ot:..:;D~e:et~e&ct;je"d,-_-..;;-.... -'l--;;;--S---I-Ht-_~_--i!2 . 69 E - 01 a-j:r~ 
CD-lOg,.. i.99EdUiI 547GE 91 B.21.E-Dl)lA"'", C 

CD-llS Not Detected ------.-- 1.1.6E-Ol 
CE-139 Not Detected - ------ - - 2.84E-02 
CE-141 Not Detected .' -------- 5.05E-02 
CE-144 Not Detected --------- 2 . 07E-Ol 
CO-56 Not Detected --------- 2.54£-02 
CO-57 Not Detected --------- 2.65E-02 
CO-58 Not Detected --------- 3.95E-02 
CO-60 Not Detected -.------- 4.54£-02 
eR.Sl Not Detected --------- 2.59E-Ol 
eS-134 Not Detected .-------- 4.93£-02 
CS-137 S.S2E-02 2.49E-02 2.65E-02 
En-152 Not Detected --------- 7.95£-02 
EU-154 Not Detected --------- 2.27E-01 
EU-155 Not Detected --.------ 1.2SE-01 
FE-59 Not Detected --------- 9.12£-02 
GO-1S3 Not Detected --------- 8.96£-02 
HG-203 Not Detected --------- 3.50£-02 
I - 131 Not Detected --------- 3.49E-02 
IR-192 Not Detected --------- 3.02E-02 
K-40 2.35E+01 3 . 51E+00 3 . 07E-01 
MN-52 Not Detected --------- 4.19E-02 
MN- 54 Not Detected --------- 4.04E-02 
MO-99 Not Detected --- - ----- 4.02£-01 
NA-22 Not Detected --------- 5.06E-02 
NA-24 Not Detected --------- 2.00E-01 
NB-95 Not Detected --------- 2.22£-01 
ND-147 Not Detected --------- 2.52E-01 
NI-57 Not Detected --------- 1 . 20E-01 
PB-210 Not Detected --------- 8.31E+00 
RU·103 Not Detected --------- 3 . 43E·02 ~? 
RU-l06 Not Detected --------- 3.42£-01 ,-r-/"'-"';- .I / 
5B-122 2,SS; 8i J.:SE 82 ' 3.95E-02,..J,;ttYI'/k - "t/'-
SB-124 Not Detected --------- 3.49£-02 
5B-125 Not Detected --------- 9.60E-02 
5N-113 Not Detected --------- 4.18E-02 
SR-S5 Not Detected --------- 4 . 32E-02 
TA-1S2 Not Detected --------- 1.98E-01 
TA- 183 Not Detected ---- --- -- 2.10E -01 
TC-99m Not Detected - -------- 1 . 298+00 
TL-201 Not Detected ------- -- 1.63E-01 
XE-133 Not Detected --------- 1.61E-01 
y·se Not Oetected ___ A_a_A. 3 .31E-02 
ZN-65 Not Oetected --------- 1.32E-01 
ZR·9S Not Detected --------- 7 . 22£-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program reel Laboratory] • 
• 4-10-97 3:47:00 AM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

* ;2: AJ ::l&.. . * Analyiedby: 10 '$7 . Reviewed by: ,Q7 • •••••••••••••••• • •••• ~.. ••••••••••••••••••••• • •• 4Jj~t ••••••••••••• 
CUstomer : P.SLAVIN/R.NAGEL (6682/ITl 
CUstomer Sample ID 032966-002 
Lab Sample IO 70052708 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
969.000 

4-08-97 
4-10-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2:50:00 PM 
2:04:16 AM 

6004 seconds 

C'{ lu- 1Vt2.-T:,-M 

•••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••• 

Nuclide Activity 2-sigma !IDA 
Name (pCi/graml Error (pCi/graml 

------- ---------- -----.---- ----------
U·238 2.06E+00 1.31E+00 1.62E+OO 
TH-234 2.S1E+OO 6.19E-Ol 5 . 09E-Ol 
RA-226 2.39E+OD 9.87E-Ol 6.69E-Ol 
PB·214 9.88E-Ol L67E-01 S.04E-02 
B1·214 9.11S-01 1. 7SS-0l 4.8SS-02 

TH-232 1.221+00 s.67E-01 Ls4E-Ol 
RA-228 L24E+OO 3.s4E-01 L94E-01 
AC-228 1.18E+00 2.67S-01 L04E-01 
TH-228 1.32E+00 4.44S-01 4.20S-01 
RA-224 4.s7E-01 L30E-01 2 . 83E-02 
PB-212 1.21E+OO 1.91E-Ol 4.04E-02 
BI-2l2 7.03E-Ol 2.23E - Ol L98S-01 
TL-208 3.7SS-01 s.78E-02 2.6sE-02 

U·23S Not Detected --------- 2.21E-01 
TH·231 Not Detected --_._---- 9 . 49E+OO 
PA·231 Not Detected -_._---.- 1.47E+OO 
TH·227 Not Detected -------- - 3.99E-Ol 
RA·223 Not Detected --------- 1.62E-01 
RN-219 Not Detected ---_._--- 4.22E-Ol 
PB·211 Not Detected --------- 9.43E-Ol 
TL-20' Not Detected --------- 1. . 60E+01. 

AM-241 Not Detected --------- 2.0sE-Ol 
PU-239 Not Detected --------- 3.81E+02 
NP-237 Not Detected ---._---- 3.10E-01 
PA-233 Not Detected --------- 6.14E·02 
TH-229 Not Detected --------- 2.13E-Ol 



[SUlIINlry Report) • sample ID: : 7005270S 

Nuclide 
Name 

Activity 
(pCi/grall\) 

2-sigma 
Error ________ i._ 

MDA 
(pCi/gram) 

AG-l08m Not Oetected -------- - 4 . 80£-02 
AG-llOm Not Oetected ------- - - 3.54£-02 

:: ~33 :~~ g:~:~~:~ ::::::::: ~·~~~:gf -J;")~/Jat 
CD.109 ---=:':"-ii;';.~3",jB';' isis ---!S;" . ..ESlo4l .. Ei-<!B .. i--'---7 : SSE· 01 1"''''' '0(;. i. IU/ 
CO-115 Not Detected --------- 1 . J.4£-01 . 
CE - 139 Not Detected ----- - --- 2 . 79£-02 
CE-141 Not Detected --------- 4 . 94£-02 
CE-144 Not Detected . -------- 2 . 06E-01 
CO-56 Not Oetected . -------- 3.91E-02 
CO-57 Not Detected --------- 2.57£-02 
CO-5 9 Not Oetected --- - ----- 3 . 77£-02 
CO-6 0 Not Detected ------ - -- 4.43E - 02 
CR-Sl Not Detected .-------- 2 . 50E-01 
eS-134 Not Detected --------- 4.54E - 02 
eS-13? Not Detected --------- 4.07£-02 
EU-152 Not Dececced --------- 7.75E-02 
EU-1S4 Not oececced - - ------- 2.23E - 01 
£U-1S5 Not Detected -- - ------ 1 . 22£-01 
FE-59 Not Detected --------- 8 . 83E-02 
GO- 15) Not Detected --------- 8 . 90E·02 
HG-203 Not Detected ------- - - 3 . 36E-02 
1-13 1 Not Detected --------- 3 . 44E-02 
IR-192 Not Detected .••...••• 2.S5E·02 
K.'O 2.35E+01 3 . 43E+00 2 . 95E·01 
MN-52 Not Detected ------ - - - 4 . 29E-02 
MN-54 Not Detected --------- 4.16E-02 
MO-99 Not Oetected - -------- 4.01E-01 
NA-22 Not Detected --------- 4 . 92E-02 
NA-24 Not Detected - ------- - 1.98E-01 
NB-95 Not Detected -------.. 2.20£-01 
NO-14? Not Detected --------- 2.52E-01 
NI-5? Not Detecced ------_.- 1 . 13E-01 
PB-21 D Not Detected --------- 8.24E+00 
RU-lD3 Not Detected --- - ----- 3.28E-02 
RU-I06 Not Detected - - ------- 3.11£-01 
SB-122 Not Detected ----_ • • _. 6.26E-02 
SB-124 Not Detected ------- - - 3 . 03E-02 
SB-12S Not Detected -- - ------ 9.42E-02 
SN-1l3 Not Detected - -- - - - .-- 4.02E - 02 
SR-85 Not Detected -------- - 4.05£-02 
TA- 182 Not Oetected ------- - - 1 . SSE-01 
TA-183 Not Detected ------ - -- 2.13E-01 
TC-99m Not Detected -- -- ----- 1 . 53E+00 
TL-201 Not Oetected ------ - -- 1.60E-01 
XE - 133 Not Oetected ------ - - - 1.66E-01 
Y-86 Not Oetected ------ - - - 3 . 29E - 02 
ZN- 65 Not Oetec ted -- -- -- -- - 1 . 26E-01 
ZR-95 Not Oetected --------- 6.78£-02 



•••••••••••••••••••••••••••••••••••••••••• ** ••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program [S81 Laboratoryj • 
• 4 6 10.9'7 5:32:17 AM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

: Analyz'ed by : 7- U "t>~" Reviewed bY:"'- \...t /u 'j/1G7 : ••••••••••••••••••• * ••• *JJ*.~!* ••••• * ••••• ** •• *.~~J + •••••••••••• 
Customer , P.SLAVIN/R.NAG£L (6682/IT) 
Customer Sample : 032967-002 . 
Lab Sample ID 70052709 

CYID- ....... 2.-iS-6 
Sample Description 
Sample Quantity 
Sample Dace/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
832.000 

4-08-97 
4-10-97 

LAB 0 1 
6000 I 

SOLID SAMPLE 
gram 
2,58,00 PM 
3,49,30 AM 

6003 seconds 

•••••••••••• ** •••••••••• ** ••••••••••••••••••••••••• *** ••••••••••••••••••• 

Nuclide Activity 2-sigma MeA 
Name (pCi/gram) Error (pCi/grllJll) 

------- ---------- ---------- ----------U-238 Not Detected ----- ---- 1.74E+OO 
TH-234 2.31E+OO 5.63E-01 5.23£-01 
RA-226 3.91£-01 7.14E-Ol 6.26£-01 
PB-214 7.89£-01 1_32E-01 4_91£-02 
BI-214 8_65£-01 1. 68E-01 5.37£-02 

TH-232 9.41£-01 1_49E+OO 1 . 69£-01 
RA-228 1.02E+OO 2_09£-01 1.79£-01 
AC-228 L01E+00 2.33£-01 1.05E-01 
TH-228 8.07E-01 4.13E-01 4.98£-01 
RA-224 4.13E-01 1.69E-01 2.52E-02 
PB-212 L06E+00 1.61E-01 4.32E-02 
BI-212 6.91£-01 2.50£-01 2.09£-01 
TL-208 3_61E-01 6.89£-02 

3.06£-02 :Jt -;j~ 
U-235 '.S5S g~ •• ;i. .,. 1.52£-01,v.-rJ' L<:-¥' ,;;;, 
TH - 231 Not Detected --------- 9.49£+00 
PA-231 Not Detected --------- 1. 52£.00 

?.;,.;, TH-227 Not Detected --------- 4 . 05£-01 -rJJ~ RA-223 <.S'S 81 6 . 55£ ail l.27E-01 -
RN-219 Not Detected --- - ----- 4.38£-01 
PB-211 Not Detected --- --- --- 9.88£-01 
TL-207 Not Detected --------- 1.71E+01 

AM-241 Not Detected --------- 2.08£-01 . 
PU-239 Not Detected --- -- ---- 3.86£+02 1 ,..-~~;;, NP- 237 B. lSE S- 2.81£ 0: 2. 55E-01,v:...,.--" ,z.,lu.l· lt/~ 'I} z 
PA-233 Not Detected --------- 6 . 42£-02 TH-229 Not Detected --------. 2 . 18E-01 



"". " - [summary Repon] • sample ID: : 70052709 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MIlA 
(pCi/gram) _ a __ a ____ _ 

AG-10BIri Not Detected - - - - - - -"- - 5 . 02£ - 02 AG-llOm Not Detected _a_______ 3 . 69£-02 
BA-l3) Not Detected --------- 6.31£-02 
BE.7 Not Detected ••••••••• 2.61E·01 
CD-lOg Not Detected .-------- 1.09E+00 
CO-I1S Not Detected --------- 1.16E-Ol 
CE-l39 Not Detected --- -- ---- 2 . 84£-02 
CE-141 Not Detected --------- 5.12£-02 
CE-144 Not Detected --------- 2.11E-Ol 
CO-56 Not Detected -- - ------ 4 . 21£-02 
CO-57 Not Detected --------- 2.70E-02 
co-sa Not Detected ------- -- 3.72£-02 
CO-60 Not Detected -------- - 4 . 1B£-02 
CR-Sl Not Detected -------- - 2.60£-01 
CS -134 Not Detected --------- 4 . 85£-02 
CS·137 1.5SE·02 1.35E·02 2.53E·02 
EU-152 Not Detected --------- 8.11£-02 
EO-IS4 Not Detected --------- 2 . 34£-01 
£U- ISS Not Detected -- -- ----- 1.27£-01 FE-59 Not Detected __ a______ 9.22£-02 
GD-1S3 Not Detected --------- 8.95£-02 
HG -203 Not Detected --------- 3.48E-02 
1-131 Not Detected --------- 3 . 46E-02 
IR-192 Not Detected ---- - ---- 2 . 95£-02 
K-40 2.17B.01 -3.26E.00 2.76E·01 
MN-52 Not Detected --------- 4 . 60£-02 
MN-S4 Not Detected --------- 3 . 94£-02 
MO-99 Not Detected --------- 4 . 27£-01 
NA-22 Not Detected ---- ----.. 5 . 27£-02 ,.-./!~ 
NA· 24 ____ N_o_t--;D"'e-9t .. e~e-tee,di!_--._i.".,; .... ;;.-.~.~. ____ 2 . 25E· 01 ,_~~J ~,/ ! 
NB-95 3,93B S. 1.63E S. 1.03E·01 A/~ · '1/,,1 
ND-147 Not Detected - - - -- - --- 2 . 57£-01 
NI-S7 Not Detected - - - ------ 1.20£-01 
PB-210 Not Detected --------- 8 . 13£+00 
RU-I0) Not Detected --------- 3.44£-02 
RU'106 Not Detected --------- 3 . 39E-01 
SB-122 Not Detected --------- 6 . 73£-02 
SB-124 Not Detected --------- 3 .41£-02 
SB-12S Not Detected --------- 9 . 86£-02 
SN-Il) Not Detected - - ------ - 4.14£-02 
SR-SS Not Detected --------- 4.28£-02 
TA-182 Not Detected --------- 1.89E-Ol 
TA-la3 Not Detected ____ a _ po. 2.18E-01 
TC-99m Not Detected ____ a_po. 1 . 86£+00 
TL-201 Not Detected -. ------- 1.67£-01 
X£-133 Not Detected --------- 1.67£-01 
Y-SS Not Detected --------- 3 . 03£-02 
ZN-65 Not Detected --------- 1.29£-01 
ZR-95 Not Detected --.- - ---- 6.92E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics program [881 LabOratoryj • 
* 4-09-97 3 :44:29 PM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

: Analyzed bY,;;?'::' (t/I~/'7 ' Reviewed by, \..Cu..!"JI/Jq7 : ••••••••••••••••• • ••••••••••••••••••••••••••••• ~~.~.J ••••••••••..•• 
CUstomer , P.SLAVIN/R.NAG£L 16682 / IT) 
Customer Sample In 032970-002 
Lab Sample ID 70052710 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real T~e 

MARINELLI 
944 . 000 

4·08·97 
'·09-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 
2,53,00 PM 
1,58,17 PM 

6004 seconds 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Nuclide Activity 2-sigma MDA 
Name IpCi/gram) Error (pCi/gram) 
~------ ---_._. __ . . .. _- ... _. . ...... -_. 
U-238 7.43E+OO S.44E+DO 3.4SE+00 
TH·234 B .11E+00 2.27E+00 6.92£·01 
RA-226 Not Detected. .... - .. _- 5.88E-01 
PB·214 8.83E-01 1.52£·01 4.54E-02 
BI-214 8.06E·01 2.54E-Ol 1.91E-01 

TH·232 1 . 02E+OO 4.78£-01 1.47E-01 
RA·228 1.14E+00 2.46E·01 1.44E·01 
AC·228 1.12E+00 2 . 18£·01 7 . 60E-02 
TH·228 l. 02E+00 2.80E·01 4.36E·01 
RA·224 3 . 89E-01 1.07E-01 1.96E-02 
PB·212 1. OSE+OO 1. 82E- 01 4.24£-02 
BI·212 5.42E·01 1. 86£· 01 1.72£·01 
TL·208 3.30E·01 2.17E·01 2.32E-02 

U·235 2.25E-01 1. 15E· 01 1.59E·01 
TH·231 Not Detected. --------- 1.44E+01 
PA·231 Not Detected ------ ... 1.41E+00 
TH·227 Not Detected --------- 3.59E-01 
RA·223 · Not Detected --_ ... _-. 2.38£·01 
RN·219 Not Detected ------._- 3.77E·01 
PB·211 Not Detected --------- 8.46£- 01 
TL·207 Not Detected ------ ... 1.30E+01 

AM-241 Not Detected --------~ 5.16E-01 t;;.--;:{. 4/; PU·239 Not Detected --------- 4 . 64E+02 ~J.e- <-<-' .. NP·237 :.73£ 8: :.79E 9: 3.36£·01 . 
PA·233 Not Detected --------- 5.77E·02 
TH·229 Not Detected --------- 2.78£·01 



[swmnary Report] - Su>ple m: : 700527l.0 

Nuclide 
Name 

Activity 
(pCi/!lraml 

2-sigma 
Error 

MDA 
(pCi/graml 

AG-1Q8m Not Detected - ---- - --- 3_96E-02 
AG- ~~Om Not Detected --- - - - --- 3 . 18£-02 
BA-133 Not Detected --------- 6.46E-02 
BE - ? Not Detected .---- -- -- 2 . 49£-01 
CD-109 Not Detected --------- 1.14E+00 
CD-llS Not Detected - ---- --- - 8.91£-02 
CE - 139 Not Detected - -------- 3 . 06£ - 02 
CE-141 Not Detected .--- -- --- 5 . 58£ - 02 
CE-144 Not Detected ------ - - - 2.53£-01 
CO-56 Not Detected ------ - -- 1 . 94£-02 
CO-57 Not Detected .-------- 3.20E-02 
CO-58 Not Detected ------ - -- 3.11E-02 
CO-GO Not Detected --------- 3.45£-02 
eR-Sl Not Oetected ------ - -- 2.30£-01 
CS-134 Not Detected ----- - --- 4.76£-02 
CS-137 2.44E-02 1 . 93E-02 l. . 99E-02 
£0-152 Not Detected ------ - -- 9.64£ - 02 
£0-154 Not Detected ~-~~-~--- 1.82E-01 
EO-1ss Not Detected --------- 1.s8E-01 
FE-59 Not Detected -_._ - ---- 6.99E·02 
GO-1S3 Not Oetecte~ ._--_._.. 1.18E-01 
HG-203 Not Detected ____ a _ ea . 3 . 17E-02 
I-131 Not Detected .-------- 3 . 03E-D2 
IR-192 Not Detected --------- 2.69E-02 
K-40 2.27E+Ol 3 . 24E+OO 2 . 39E-01 
MN- s2 Not De~ected --------- 3.30E-02 
MN-s4 No t Detected --------- 1.85E-02 
MO-99 Not Detected ------ - -- 2.98E-01 
NA-22 Not Detected --------- 4 . 04£-02 
NA-24 Not Detected --------- 9.27E-02 
NB-9s Not Detecte~ --------- 1.99E-01 ( 
~I: 1547;_7 __ ....:.:N::.ot:::....:D~e;;t~e~c~t;ee,i!d~ __ - ... - -~-:;-.,-.. -.;-;;-;-___ 2

3 
•. °996EE-_ 0°12 ., -r-J.r~ . 

n ,- 'j' . i t: 62 4.lSE 62 r'r" po 

PB-2l0 Not Detected --------- 3.68E+01 
RU-1D) Not Detected --------- 2.80E-02 
RU-106 Not Detected --------- 2.75£-01 
SB-122 Not Detected --------- 4.85E - 02 
SB-124 Not Oetected --------- 2.95£-02 
SB-125 Not Detected --------- 7.97£·02 
SN-113 Not Detected --------- 3.72E-02 
SR-85 Not Detected ------ - -- 3.59£-02 
TA-182 Not Detected --------- 1 . 44E-01 
TA-1S3 Not Detected --------- 5.02E- Ol 
TC-99m Not Detected - ---- - --- 4.34E-Ol 
TL-20l Not Detected --------- 2.S3E-Ol 
X£-133 Not Detected - -------- 2.1BE-Ol 
Y- 88 Not Detected - - - - - .--- 2.50£-02 
ZN-6s Not Detected --------- 9.93£-02 
ZR-95 Not Detecte~ ---- - ---- 5.72£-02 



•••••••••••••• * •• ******** •• ****.****** •• ***.************** •••• ****.**.* •• 
'* Sandia National Laboratories • 
* Radiation Protection Sample Diagnostics Program r881 Laboratory ) * 
* 4-09-97 5:31:43 PM • 
************.*.*******.********************************************.*.*** 

Sample Des~ription 
Sample Quantity 
Sample Date/Time 
A~quire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
932 . 000 

4-08-97 
4-09-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram " 
3:00:00 PM 
3:47:35 PM 

6004 seconds 

Cornments: 
**********************.*************.************************************ 

Nu~lide A~tivity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- --------_. -- ... _---- ----------
U-238 2 . 63E+00 3.1SE+00 3_1SE+OO 
TH-234 4 . 07S+00 2. UE+OO 6.29B - 01 
RA - 226 6.37E-01 6 _62E-01 5.89E-01 
PB-214 7.70E-01 1-25E-01 4.46£-02 
B1-214 7.87E-01 L 83E-01 1-93E-01 

TH-232 9.66E-01 4.51E-01 1.40E-01 
RA-228 1.06&+00 2.84E-01 1.40£-01 
AC-228 9.75E-01 2.46E-01 8.06E-02 
TH-228 9.27E-01 2_61E-01 4.39£-01 
RA-224 3.81E-01 1- 10E- 01 1- 79£-02 
PB-212 9.46E-01 1.S1.E-01 3.86E-02 
B1-212 Not Dete~ted - ...... _- 1- 70E - 01 
TL-208 3.22E-01 5.64E-02 2.20E-02 

U-235 1-24E-01 1-23E-01 1.56E-01 
TH·231 Not Detected ----._- - . 1..30E+01 
PA·231 Not Detected --------- 1.37E+00 
TH-227 Not Detected --------- 3.43E-01 
RA-223 Not Detected ---- - ---- 2.16£-01 
RN·219 Not Detected ---_ .... - 3.54£-01 
PE-211 Not Detected --------- 8 . 22E-01 
TL-207 Not Detected --------- 1.30E+Ol 

AM-241 Not Detected - ... _---- 4.87E-01 
PU-239 Not Detected --. _ .. _-- 4.49E+02 
NP·237 Not Detected ----- .. -- 3.26E-01 
PA-233 Not Detected - - ------- 5.52E-02 TH-229 Not Detected _._------ 2.58£-01 



[Summary Report) - Sample ID, 70052711 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gr&J!l) 

~ ... - - - ------_.-- ---------- ----------
AG-108m Not Detected ------.,-- 3.91E-02 
AG-llOm Not Detected - - ------- 3.46E-02 
BA-l.33 Not Detectea --------- 6.1BE-02 ;f;;.;;:J. ~ 
8E-7 Not Detected --------- 2 . 42E-01 I"r),~",T" 
CD-109 i.i?S , QS 1 d13'S 19& 1.10£+00 0?~ 
CD-ll5 Not Detected -------- - B.94E-02 
CE - 139 Not Detected --------- 2.99E-02 
CE-l41 Not Detected - ------.- 5 . 41E-02 
CE-144 Not Detected ------._- 2.44E-01 
CO- 56 Not Detected --------- 3.29E-02 
CO-57 Not Deteceed --------- 3 . 04E-02 
CO-5B Not Detected --------- 3 . 20E-02 
CO-60 Not Detected ------ -- - 3. 26E-02 
CR·51 Not Detected --------- 2.32E-01 
CS-134 Not Detect.ed ___ A_A_A. 4.73E-02 
CS-137 6.04E-02 2.30E-02 2 . 09E-02 
EU-152 Not Detected --------- 9.15E-02 
EU-154 Not Detected -------.- l. B1E-01 
EU·155 Not Detect.ed ___ A_A_ A . 1.51E-01 
FE-59 Not Deteceed --------- 6 . 70E-02 
GO-153 Not Detected ------- -- 1.09E-01 
HG-203 Not Detected --------- 3 . 10E-02 
I-131 Not Detected ___ A_A_A. 2.93E-02 
IR-192 Not Detected ------ --- 2 . 66E-02 
K·40 2 . 33E+01 3.30£+00 2 . 49E-01 
MN-52 Not Detected -----_ ... 3.31E-02 
MN-54 Not Detected ... _ ... . . 3.2BE-02 
MO-99 Not Detected _ ........ 2.95E-01 
NA-22 Not Detected. ...... _.- 3 . 9BE-02 
NA-24 Not Detected .... _-_ . - 9.53E-02 
NB-95 Not Detected •.. _-_ . . - 1.92E-01 
NO-147 NOt Detected ._._-_ .. - 1.97E-01 
NI-S? Noe De~ected .... -_ ... 3 . 82E-02 
PB-2l0 Not Detected _ .. _--_ .. 3 . 48E+Ol 
RU·103 Not Detected ... _._ ... 2.B3E-02 
RU·106 Not Detected ._------- 2.BBE-01 
SB-122 Not Detected --------- 4.93E-02 
58-124 Not Detected .. _------ 2 . 96E-02 
58-125 Not Detected ---- -_._- 7.B1E-02 
SN-113 Not Detected _._-- _ ... 3 . 59E-02 
SR-B5 Not Detected ____ a_ea. 3 . 50E-02 
TA- 1B2 Not Detected - .. --- ... l.45E-01 
TA-1B3 Not Detected _ __ a_a_e. 4.77E-Ol 
TC-99m Not Detected ___ a_a_e. 5.06E-01 
TL-201 Not Detected. ._------- 2 . 40E-01 
XE-133 Not Detected ------ --- 2.03E-01 
Y-BB Not Detected ._------- 2 . 36E-02 
ZN·65 Not Detected. -.. ----.- 1 . 00E-01 
ZR·95 Not Detected _e __ e_e._ 5.60E - 02 



******* ••••• ** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
* Radiation Protection Sample Diagnostics Program (881 Laboratory] * 
'* 4-10-97 5:17:14 PM • 
•••••• ** ••• ** ••••••••••••• * ••••••••••••••••••••••••••••••••• **** ••••••••• 

: Analy~ed by: ~ ¥ ~, J ~7 . Reviewed by: ~ 'J:1A Wi,l J(J7 : 
.* ••••••••• **.*~.***.J,!~.** •••••••••• ***.*.* ••• ~.** *~* ••• * ••• ** ••• 
Customer , P.SLAVIN/R.NAGEL (6682/IT) 
CUstomer Sample ID 032957-002 
Lab Sample ID 70052712 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real· Time 

Comments: 

MARINELLI 
500.000 

4·08-97 
4-09-97 

LAB02 
6000 / 

LIQUID SAMPLE 
mL 
3,10,00 PM 
5,43,08 PM 

6001 seconds 

CYtO- R.6A 
(~"'f 6l<hY 

•••••• ***** •• **.**** ••••••••• ** ••• ** •••• *** •••••• ***********************. 

Nuclide Activity 2-sigma MDA 
Name (pCi/mL ) Error (pCi/mL 

---- - -- ---------- ---------- ----------
U·238 Not Detected --------- 1. 73E+OD 
TH·234 Not Detected --------- 3.97E-01 
RA·226 Not Detected --------- 5.25E-01 
PB·214 Not Detected --------- 5.62£-02 
BI·214 Not Detected --------- 6.30E-02 

TH-232 Not Detected --------- 1.56E-Ol 
RA-228 Not Detected --------- 1.45E-01 
AC-22B Not Detected --------- 8.50E-02 
TH-228 Not Detected --------- 5.11E-01 
RA-224 Not Detected --------- 4.54E-02 
PB-212 Not Detected. --------- 3.76E-02 
aI-2~2 Not Detected. --------- ~.92E-O~ 
TL-208 Not Detected --------- 2.35£-02 

U-235 Not Detected --------- 1. 60E- 01 
TH-23l Not Detected ____ a_ow. 6.67E+OO 
PA-231 Not Detected --------- 1.06E+00 
TH-227 Not Detected --------- 1 . 45E-Ol 
RA·223 Not Detected --------- 1.l1E-01 
RN-219 Not Detected ------- -- 2.79E-01 
PB-211 Not Detected --------- 6.33E-01 
TL-207 Not Detected --------- 9.B6E+OO 

AM-241 Not Detected --------- 2.SSE-01 
PU-239 Not Detected --------- 2.83E+02 
NP·237 Not Detected --------- 1. 89E- 01 
PA-233 Not Detected --------- 4.31E·02 
TH-229 Not Detected --------- 1. 61E-Ol 



[SWI1II1&ry Report] - Sample III: 70052712 

Nuclide Activity 2-sigma MIlA 
Name (pCi/mL ) Error (pCi/mL 

--_._- - ---------- ---------- ----------
AG-10Bm Not Detected ------.,-- 2.4BE-02 
AG-llOm Not Detected --------- 2.2BE-02 
SA-133 Not Detected . - ------- 3 .43E- 02 
BE-? Not Detected - - ------- l.B7E-Ol 
CD-l09 Not Detected --------- 6 . 43E-Ol 
CD-lls Not Detected ----. __ .- s . 46E-02 
CE-139 Not Detected --------- l.99E-02 
CE-·l" Not Detected --------- 3.46E-02 
CE-144 Not Detected --------- l. 62E- 01 
CO-56 Not Detected --------- 3.30E-02 
eO·s7 Not Detected - - ------- 2 . 01E-02 
eO·sB Not Detected --------- 2 . 4sE-02 
eO-60 Not Detected --------- 2.61E-02 
CR-sl Not Detected ---- - ---- 1 . 77E-Ol 
CS-134 Not Oetected - - ------- 2.B7E-02 
eS-137 Not Detected --------- 2 . 24E-02 
EU-ls2 Not Detected --------- 6.0sE-02 
EU-ls. Not Detected - - -- - ---- l.16E-Ol 
EU- 1ss Not Detected ----.---- 9.19E-02 
FE-59 Not Detected --------- 4.33E-02 
GD-1s3 Not Detected . -------- 6 . s6E-02 
HG-203 Not Detected ---- - ---- 2 . 34E- 02 
I-131 Not Detected --- ------ 2 . 27E-02 
IR-192 Not Detected. -- ------- 2.14E-02 
K-40 Not Detected - - ------ - 2 . 22E-Ol 
MN-s2 Not Detected --------- 2 . B6£-02 
MN-s4 Not Detected --- - - - --~ 2 . 33£-02 
MO-99 Not Detected ~- -- ----- 2 . 21£-01 
NA-22 Not Detected .---.---- 2.s9E-02 
NA·24 Not Detected -- - ----~- 9 . 17E-02 
NB-9s Not Detected ------ - -- B.22£-02 
NO- 147 Not Detected --- ------ l. 49E- 01 
NI-s7 Not Detected --------- s . 77E-02 
P9-210 Not Detected --------- 1.S2E+Ol 
RU-103 Not Detected --------- 2.40E-02 
RU-106 Not Detected - - ------- 2.47E-Ol 
59 - 122 Not Detected --_._---- 4.07E-02 
59-124 Not Detected --------- 2.68E-02 
59-125 Not Detected --------- s.90E-02 
SN-ll3 Not Detected .----- - -- 2.92E-02 
SR-Bs Not Detected --------- 3 . 21E-02 
TA-1B2 Not Detected . __ ._.-- - 7 . 4BE - 02 
TA·1B3 Not Detected - ----.- -- 2.s1E-Ol 
TC-99m Not Detected ----- ---- 4 . 24E-Ol 
TL·201 Not Detected --------- l.20E-Ol 
X£·133 Not Detected .-----~-- l. 09E- 01 
Y-BB Not Detected - ----- --. 2.71£-02 
ZN - 6s Not Detected --------- 4.74E-02 
ZR-9s Not Detected -- .... _-- 3.6sE-02 



~.* •••••• * •••• * •••••• * •••••••••••• * •••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories .. 
... Radiation Protection Sample Diagnostics Program [8Bl Labora~ory J .. 
* 4-09·97 9:12:00 PM .. 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

: Analyzed bY:~ J . ~I /'7 . Reviewed by:\ JAJ ul"lQi : ••••••• * •••••••• ~ ••• *l4~~ •••••••••••••••• * •••• ~ •• , • J*~ •••••• ++ •• 

Customer , P.SLAVIN/R .NAG£L (6682/IT) 
CUscomer Sample m 032975-002 
Lab Sample ID 70052713 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
890.000 

4-08-97 
4-09-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 
3,30,00 PM 
7:29:10 PM 

6004 seconds 

000- 1\I\4-SI 

••••••• **.**** •• ******.*** ••••••••••••••••••••••••••••••• ***** ••••••••••• 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

--... -- ---------- ---------- -----_.--. 
U-238 Not Detected --------- 3.45E+00 
TH-234 1.24E+00 6.39E-01 7.55E - 01 
RA-226 1.75E+00 6 . 49E-01 5.18£-01 
PB-214 8.18E-01 1. 42E- 01 4.66£-02 
BI-214 7.71E-01 1 . 82£-01 2.02E-01 

TH-232 9 . 25E-01 4.37E-01 1.57E-01 
RA-228 1.07E+00 2.92E-01 1.53E-01 
AC-228 1. 03E+00 2_15E-01 8.33E-02 
TH-228 9.21E-01 2.69E-01 4.79E-01 
RA-224 3.81E-01 1.l1E- 01 2.18E-02 
PB-212 9.77£-01 1. 67£- 01 3.94E-02 
BI-212 6.06E-01 ~ . 97E-01 1. 79E- 01 
TL -20 8 3.20E-01 1.53£-01 2.36£- .02 

U-235 Not Detected --------- 2.52£-01 
TH-231 Not Detected. --------- ~ . 34E+01 
PA-231 Not Detected --- ------ 1.43&+00 
TH-227 Not Detected --------- 3.55£-01 
RA-223 Not Detected --------- 2.23E-01 
RN-219 Not Detected -----_._- 3.65£-01 
PB-2~1 Not Detected ---.----- 8 . 56E-01 
TL-207 Not Detected --------- 1.39£+01 

AM-241 Not Detected --------- 4.92E-01 
PU-239 Not Detected -------- - 4 . 65£+02 
NP - 237 S.t7E 8- ... --- 81 3.16E-01 • L •• JD 
PA-233 Not Detected --------- 5.81E-02 
TH-229 Not Detected -----_._- 2.62E-01 



[summary Report] -......•. sample m: : 70052713 

Nuclide Ac:eiviey 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- .--------- ---------- ----------
AG-10Sm Not Detected ----_.--- 4.07£-02 
AG-l-l0m Not Oet-ected --------- 3.37£-02 
BA- 133 Not Detected --- ------ 6 . 57£-02 
B£-7 Not Oetected --- ------ 2.52£-01 
CD-109 Not Detected --------- 1. 07E+OO 
CD-US Not Oetected -- ------- 9.46£-02 
C£-139 Not Detected .-------- 3 . 00£-02 
C£-141 Not Deeected .------- - 5 . 61£-02 
CE-144 Not Detected --------- 2 . 55£-01 
CO-56 Not Detected .-- -- -- -- 2 . 37£ - 02 
CO·S7 Not Detected --------- 3.17£-02 
CO·S8 Not Detected --------- 3.29£-02 
CO- 60 Not Detected -- ------- 3 . 79£-02 
CR-S1 Not Detected --------- 2 . 40£-01 
CS-134 Not Detected ------_.- 4.S6£-02 
CS-137 2.69£-02 2.60£-02 2.16£-02 
£0-152 Not Detected ---- ----- 9.55£-02 
£U-1S4 Not Detected --------- l. 87£-01 
£0-155 Not Detected --------- 1.58£-01 
F£-S9 Not Detected .-------- 7.37£-02 
GD-153 Not Oeeected --------- l.09£-01 
HG-203 Not Oetected ----- ---- 3.22£-02 
I-131 Not Oetected --------- 3.13£-02 
IR·l92 Not Detected -------. - 2.77£-02 
K-40 2.SSE+Ol 3 . 63£+00 2 . 48£-01 
MN·S2 Not Detected --------- 3 . 08£-02 
MN·54 Not Oetected --------- l.94£-02 
MO·99 Not oeeected --------- 3.20£-01 
NA-22 Not Detected --------- 4.39£-02 
NA-24 Not Oetected --------- 1.19£-01 
NB·95 Not Detected --------- 2.04£-01 
NO-147 Not Detected --------- 2.17£-01 
NI · S7 Not Deteceed -- ------- 4.93E-02 
PB-210 Not Detected ------- - - 2_1.3E+Ol 
RU·103 Not Detected ---- ----- 2 . 81£· 02 
RU·106 Not Deeected --------- 3 . 02£-01 
SB · 122 Not Deeected --------- 5 . 33E-02 
SB·124 Not Detected ---- ----- 3.0SE-02 
SB-12S Not Detected --------- 8.17E-02 
SN·113 Not Detected --------- 3 . 72E-02 
SR - 85 Not Detected --------- 3.72£-02 
TA-1S2 Not Detected --------- l.53£ - 01 
TA-183 Not Detected --------- 4 . 93£-01 
TC-99m Not Deeected --------- 7.51£-01 
TL·201 Not Detected --------- 2 . 49£-01 
XE-133 Not Detected --------- 2.18£-01 
Y·88 Not Detected ------- -- 2 . 52£-02 
ZN·6S Not Detected --------- l.06E · 01 
ZR-95 Not Detected --------- 5.97E·02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia. National Laboratories .. 
• Radiation Protection Sample Diagnostics Program [e81 Laboratory J .. 
• 4-10-97 9:08:l1 AM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

: Analyzed bY,:';?::' if,;' J I, 7 ' Reviewed by, \. .J.U, "Jlj97 : w*............... . .. *.*~~J** •• ** ••••• *.*.* •••• ~~ ~ •• ** ••••••••• 
Customer , P.SLAVIN/R.NAGEL (6682/ITI 
CUstomer Sample ID 032979-002 
Lab Sample ID 70052714 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
942.000 

4-08-97 
4-10-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 
3,35,00 PM 
7,25,12 AM 

6004 seconds 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Nuclide Activity 2·sigma MDA 

Name (pCi/graml Error (pCi/graml -----_. _ .. _- ... _. ---------- ----- --_ .. 
U-238 Not Detected _.- ... _.- 3.33E+00 
T11-234 1. 66E+00 5.57E-0l 7.43E-01 
RA-226 1.94E+00 7 . 72E-01 5.35£-01 
PB-214 8 . 78£-01 1. 73£-01 4.65E-02 
BI-214 8.25E-01 1.86£-01 1. 91.E- 01 

T11-232 1..1.3£+00 5.31E·01 1.32E-01 
RA-228 1.19E+00 3 . 21£-01 1.43£-01 
AC-228 1.15£+00 2.32£-01 8.24£-02 
T11-228 1. 07E+OO 2.92£-01 4.81£ - 01 
RA-224 4.01E-01 1.14E·01 1. 648- 02 
PB-212 1.12E+00 1.74E-01 3.77E-02 
BI-212 6.93E-01 5 . 60£-01 1. 68E·01 
TL-208 3.63E-01 6.09£-02 2.218-02 

u -2 35 Not Detected - ..... _.- 2.45£-01 
T11 -231 Not Detected ..... __ .- 1. 31£+01 
PA-231 Not Detected ------._- 1.42E+OO 
TH-227 NOt Detected -- - -.---- 3 . 67E-01 
RA-223 Not Detected _ __ _ eo_e. 2.26E-01 
RN-219 Not Detected -----0 __ - 3.63£-01 
PB-211 Not Detected ------._- B.22E-01 
TL-207 Not Detected ---- - -.-- 1.38£+01 

AM -241 Not Detected ---- .. _-- 4 . 70E-01 ? PU-239 Not Detected --------- 4.52£+02 . ...,...-"'-:-
NP·237 7.23£ a1 2.aS: e: 3. 08E- Ol,v,.:rJV{o.-v/:{ i(,1/f7 
PA-233 Not Detected - .. ---- -- 5.65£-02 
TH-229 Not Detected --------- 2.60£-01 



{Summary Report] - Sample ID: 

Nuclide 
Name 

Activity 
(pCi/graml 

: 70052714 

MOA 
(pCi/graml 

AG-l0Bm Not Detected .-------- 4.01£-02 
AG-l10m Not Detected --------- 3.07£-02 
BA-133 Not Detected --------- 6.51£-02 
BE-7 Not Detected --------- 2.41E-01 
CO-109 Not Detected --------- 1.04E+00 
CD-llS Not Detected .-------- 1.10£-01 
CE-139 Not Detected --------- 3.03£-02 
CE-141 Not Oetected --------- 5.51£-02 
CE-144 Not Detected --------- 2 . 53£-01 
CO- 56 Not Detected --- ---- -- 2.51£-02 
CO-57 Not Detected --------- 3.12£-02 
CO-58 Not Detected --------- 3.20E-02 
CO-60 Not Detected ------- -- 3.52£-02 
CR-Sl Not Detected ---.----- 2.34£-01 
CS-134 Not Detected --------- 4.85£-02 
CS-137 Not Detected .--- ----- 3.30£-02 
EO-152 Not Detected --------- 9.37£-02 
EU-154 Not Detected --------- 1.85E-01 
£0-155 Not Detected -----.--- 1.51£·01 
FE-59 Not Detected ••••• ---- 7.37E-02 
GD-153 Not Detected --------- 1.08E-01 
HG-203 Not Detected --------- 3.21E-02 
1-131 Not Detected --------- 3.22£-02 
IR·192 Not Detected -----._-- 2.69E-02 
K-40 2_40E+01 3.39E+00 2_1S£-01 
MN - 52 ____ N_o_t-zDe-rit.3'c13-t .. e;;d1-__ -~-..,.-3'-3'-13---.. -;;-1---- 3 • 65E - 02 _" ,-r ~ I' 
MN-54 '.S38 S. i.SSS S. 1_6S£-02,v"'-tV' .... ('-"( 
MO'99 Not Detected --------- 3.44E-01 
NA-22 Not Detected --------- 4.14E-02 
NA-24 Not Detected --------- 1.90S-01 
NB-9s Not Detected --------- 2.32E-01 :lnr Not ~~mt:~ -i:~8S-8~ ~:~i~:g~I'"';r .. M~rut 
PB-210 Not Detected --------- 3.47E+01 
RU-l03 Not Detected --------- 2.85E-02 
RU-106 Not Detected --------- 2.88E-01 
SB - 122 Not Detected ------ --- 5.80E-02 
5B-124 Not Detected --------- 3.01E-02 
52-125 Not Detected - - ------- 7.93E-02 
SN-113 Not Detected ---- - • • -. 3.70E-02 
SR-Ss Not Detected ---.----- 3.51E-02 
TA-182 Not Detected --------- 1.51E-01 
TA-1S3 Not Detected ------ --- 5.03E-01 
TC-99m Not Detected --------- 2.8BE+00 
TL-201 Not Detected ---.-.--- 2.69E-01 
XE-133 Not Detected --------- 2.45E-01 
Y-8S Not Detected - - - . ----- 2.46E-02 
ZN-6s Not Detected --------- 1.03£-01 
ZR-95 Not Detected --. ------ 5.56E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia Naeional Laboratories • 
• Radiation Proteccion Sample Diagnostics program [8S1 Labora~o=y ] • 
* 4-10-97 1.0:54:15 AM • 

:·::~:::·:~~·::;c..·········*·:·~;f·;;····::::::::·:~~~:~~·I~~;;~······ .. ·: 
••••••••••••••••• **** •• ~,~ •••••••• *** •••••••• *.~*~.~~.** •• * ••• ** 
Cuseomer , P . SLAVIN/R.NAGEL (6682 / IT) 
Customer Sample ID 032980-002 
Lab Sample ID 70052715 

Sample Deseripcion 
sample Quantity 
Sample Date/ Time 
Acquire Start Dace/ Time 
Detector Name 
Elapsed Live/ Real Time 

Comments: 

MARINELLI 
945.000 

4-08-97 
4-10-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 
3,55,00 PM 
9:10:30 AM 

6004 seconds 

** ••• ** •• ** •••••••• **** •••••••••• *** •••••••••••••••••• * ••••• ****.*.**** •• 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi / gram) -----_. ---------- ---------- ----------

U-238 2 . 31E+00 1.94E+00 2.918+00 
TH-234 2 . 40E+OO 6.69B-01 6.428-01 
RA-226 2 . 23E+00 7.098-01 4.95E-01 
PB-214 7.77E-01 1. 498- 01 4.39£-02 
BI-214 7.60E-01 1.2l.E+00 1.908-01 

TH-232 9.378-01 4.668-01 1.42E-01 
RA-228 1. 0 7E+OO 2.64£-01 1.42E-01 
AC-228 1.04E+00 2 . 25£-01 7.968-02 
TH-228 9.488-01 2 . 608-01 4 . 848-01 
RA - 224 3 . 658-01 9.788-02 2.018-02 
PB-212 1.00£+00 2.698-01 4.008-02 
BI-212 5.65£-01 1. 86E-01 1.70£-01 
TL-208 3.50E-01 6.56E-02 2.21E-02 

U- 235 Nee Detected ---- - ---- 2 . 43E-01 
TH-231 Nee Detected --------- 1.32E+01 
PA- 231 Nee Detected --------- 1. 388+00 
TH-227 Nee Detected --- - ----- 3.508-01 
RA-223 Nee Detected ------- -- 2.218-01 
RN-219 Nee Detected - -------- 3.52E-01 
PB-211 Nee Detected --------- 8 . 07E-01 
TL-207 Nee Detected --------- 1.37£+01 

AM-241 Nee Detected --------- 4.808-01 
PU-239 Nee Detected --------- 4 . 45E+02 
NP-237 Nee Detected --------- 3.06E-01 
PA-233 Nee Detected ---- - ---- 5.75£-02 
TH - 229 Net Detected ---- - ---- 2.60£-01 



[summary Repere] - sample ID: : 700S271S 

Nuclide 
NaJlle 

Activity 
(pCi/graml 

2-sigma 
Error 

MIlA 
(pCi/graml 

AG-108m Not Detected ------~-. 3.96£-02 
AG-llQm Not Detected ---- - ---- 3.48£-02 
BA-133 Nee Deeeceed --------- 6.20E-02 ~ C .-;r,.,...t7 0. 
~: i09 __ ..:N::e::e~~.:;~~i~:5&e;;, :~~~----55~:~9"IEE---B8'-il--,----f: ~~tg~,......-..rvfuA ,-{' .;:?'.,/..f7 

CD-llS Not Detected --------- 1 . 08E-01 
CE.139 Not Detected --------- 2.89£-02 
CE-141 Not Detected --------- 5.43£-02 
CE-144 Not Detected -------.- 2.44£-01 
CO-56 Not Detected ----- - --- 2.30£-02 
CO-57 Not Detected --- - ----- 3.09E-02 
CO-58 Not Detected ------- -- 3 . 03£-02 
CO-60 Not Detected .-- -- --.- 3.56£-02 
CR-Sl Not Detected -------- - 2.34E-01 
CS-134 Not Detected ----- -- -- 4.62£-02 
CS-137 6 . 26E - 02 3.24E-02 2.23E-02 
£U-152 Not Detected --------- 9.28£-02 
EU-154 Not Detected --------- 1.81E-Ol 
EO-155 Not Detected --------- 7.17E-02 
FE - 59 Not Detected ------- - - 7.07E-02 
GO-1S3 Not Detected ------- -- 1.09E-Ol 
HG-203 Not Detectea --- --- --- 3.14E-02 
1-131 Not Detected --------- 3.23E-02 
IR-192 Not Detected --------- 2.67E-02 
k·40 2 . S4E+01 3 . S9E+OO 2.29E-01 
MN-S2 Not Detected -------- - 3.57E-02 
MN-S4 Not Detected -- ------- 1.97E-02 
MO-99 Not Detected --------- 3.66E-Ol 
NA-22 Not Detected --------- 4.10E-02 
NA-24 Not Detected --------- 2.10E-Ol ?w 
NB-9S Not Detected --------- 2.24E-01 ~ 
ND·147 Nee Deteceed - -------- 2 . 16E-01 . ~ I?~\. i;',I11 
NI·S7 1.2<£ B1 9 . 95E B2 s.aSE-02V'- .-«. I 
PB-210 Not Detected ---- - -- -- 3.52E+Ol 
RU-103 Not Detected - -------- 2 . 90E-02 I 
RU-106 Not Detected --------- 2 . 81E-01 ~~ 
SB-122 haSE B. ..HE B3 3 . 1aE-02,vTe , U> 

SB-124 Not Detected --------- 2 . 91E-02 
~/II/~ : 

SB-125 Not Detected --------- 7.87£-02 
SN-113 Not Detected --- - -- -- - 3.56£-02 
SR-8S Not Detected --------- 3.61E- 02 
TA-182 Not Det ected --------- 1.48£-01 
TA-183 Not Detected --------- S . 19£-01 
TC- 99m Not Detected --------- 3.42£+00 
TL-201 Not Detected - - - - - - -- - 2 . 71E-01 
XE-133 Not Detected --------- 2. 55E-01 
Y-88 Not Detected --------- 2.38E-02 
ZN-65 Not Detected --------- 1 . 01E-01 
ZR-9S Not Detected --------- 5.67E - 02 



• 
• • 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [8S1 Laborato=y l 

4-l0-97 12:58:36 PM 

• 
• 
• ...... -...•...••.......•.•..••...........••........... _ ................. . · ;c. /1 ~ . .. Analyzed by: - . '7 H '7 · Reviewed by: .. •••••••••••••••••• • ••••••••••••••• _ ••••••••••••• • * •• *~JU';Z.*** •• * ••• 

Customer , P . SLAVIN/R.NAGEL (6682/IT ) 
Customer Sample 1D 034327-002 
Lab Sample ID 70052716 

Sample Description 
Sample Ouantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
736.000 

4-07-97 
4·10·97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 
4;20:00 PM 

11:08:49 AM 

6003 seconds 

CY/o- 56'1-1 

--_._._._ .. __ .... _._ ..... __ ....... _ ..... -.. _ .. -..... _--.. __ ...•••...... -.. 
Nuclide Activity 2·sigma MDA 

Name (pel/gram) Error (pCi/gram) 
------- ---------- --------- - ----------
0·238 Not Detected --------- 3.70E+00 
TIl·234 1.47E+OO S.71E-01 8.34E·Ol 
RA·226 1. 61E+OO 9 . SDE-O! 5 . 69E·Ol 
PB-214 B.27E·Ol 1.44E·Ol 5.10E·02 
BI-214 7 . 13E·01 2.12E·01 2.44E·Ol 

TIl-232 1.OOE+QO 4 . 68E·01 1.44E-Ol 
RA·228 1.lSE+00 1. S9E+OO 1. 63E- 01 
AC·228 9.92E·Ol 2.l1E·01 8.75E·02 
TIl·228 1.12E+OO 3.32E-Ol 5 . 21E·Ol 
RA-224 3.BOE·Ol L05E·Ol 2.28E·02 
PB-212 9.nE·Ol 1. S6E- 01 4.19E·02 
BI-212 S.76E-Ol 2 . 73E·01 L92E·Ol 
TL·208 3.06E-01 7.07E·02 2.66E·02 

0 · 235 Not Detected ---- - ---- 2.69E·Ol 
TIl·231 Not Detected ____ eo_e . 1. 4lE+Ol 
PA·231 Not Detected --------- 1. 6lE+OO 
TH-227 Not Detected --------- 3.89E·Ol 
RA·223 Not Detected --------- 2 . 59E·Ol -;rj ~~ RN·219 3. !SE 8: 3.46E 81 4.l5E · OV.J. v '1/t1/51 PB-211 Not Detected --------- 9.49E-Ol 
TL·207 Not Detected, ------- -- l.SSE+Ol 

AM-241 Not Detected --------- 5.28E· Ol 
PO·239 Not Detected ____ eo_e. 4 . 92E+02 
NP-237 Not Detected --------- 2.80E·Ol 
PA·233 Not Detected --------- 6.32E · 02 
TH-229 Not Detected ----- ... - 2.77E-Ol 



.' ,.". " . ~ ~ ,', . 
' , ' ." . . " ~ , 

'.~ .,. ....... ': [sumnary Report] - Sample ID: : 70052716 

Nuclicle 
Name 

Activity 
(pCi/gramJ 

2-sigma 
Error 

MeA 
(pCi/gramJ 

AG-10Sm Not Detected --------- 4.42E-02 
AG-llOm Not Detected .-------- 4.57£-02 
BA-ll3 Not Detected --------- 7.16E-02 
~:i09 ____ ~N~o~t~~~~~~~~~i;7ei9~~ ___ -~6~;~i~l~E_-~i~~ ________ ~:~~~:gt~~~b7~i 
CD-llS Not Detected .-------- 1.72£-01 
CE-139 Not Detected --------- 3.31£-02 
CE-141 Not Detected --------- 6 . 15E-02 
CE-144 Not Detectecl --------- 2.71£-01 
CO-56 Not Detected .-------- 2.61E-02 
CO-57 Not Detected --------- 3.37£-02 
CO-58 Not Detected -------.- 3.65E-02 
CO-60 Not Detected --------- 4.21E-02 
CR-Sl Not Detected -----.- - - 2 . 73£-01 
CS-134 Not Detected --------- 5.24£-02 
CS-137 1.36E·Ol 4.13E-02 2 . 67E-02 
EU-1S2 Not Detected ---.---_. 1 . 01E-01 
EO-1S4 Not Detected --- -- --_. 2 . 04£-01 
EO-ISS Not Detected - ..•• --.- 1.68E-Ol 
FE-59 Not Detected -.- - ----- 8.67E - 02 
GD-IS3 Not Detected - .------ - 1.15E- 01 
HG-203 Not Detected --------- 3 . 65£-02 
1-131 Not Detected --.------ 3.86E-02 
IR-192 Not Detected .-------- 3.09£-02 
K-40 2.49E+01 3.84E+00 2.90£-01 
MN-S2 Not Oetected --------- 4.49£- 02 
MN-54 Not Detected --_.-- - .- 1.48E-02 
MO-99 Not Detected - -- - ----- 5.21E-01 
NA-22 Not Detected ---.----- 4 . 85£-02 
NA-24 Not Detected -----.-.- 8.18E-Ol 

::~~7 :g~ g;~:~~:~ ::::::::: ~ :m:gt -).;:r.:. t1: fl ~/ 
NI-57 :, .. E Ii 1.78£ eo '1.13E-01"',.;r; "/~ 'i1'1(5 
PB - 210 Not Detected --------- 3 . 91E+01 
RU-l03 Not Detected .---- - --- 3.26E-02 
RU-106 Not Detected -------- - 3.09£-01 
SB-122 Not Detected --------- 8 . 61E-02 
SB-124 Not Detected --------- 3.44£-02 
$B -125 Not Detected --- --- --- 9.02E-02 
SN-ll3 Not Detected --------- 4.17E-02 
SR-8S Not Detected _._------ 4.09£-02 
TA-182 Not Detected ---- --- -- 1.68E-Ol 
TA-183 Not Detected --------- 6 . 63E-01 
TC-99m Not Detected --------- 7.14E+01 
TL- 201 Not Detected - - - - - - - - - 3. 72E-01 
XE-l33 Not Detected -------- - 3.83£-01 
Y-S8 Not Detected --------- 2 . 71E - 02 
ZN-65 Not Detected --------- 1 . 13E-01 
ZR-9S Not Det ected --------- 6.49E-02 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Samp~e Diagnostics Program [881 Laboratory) 

4-10-97 3:26:50 PM 

• 
• 
• 

•• ***********************************************+*+***************+***** 

· :::;2:. / f ~ . .. Analyzed by: . 'I ~ 7' Reviewed by: l ... 
___ fr_ ••• _.fr_._... *+****~*** *frfr ••••••• ***.*.*... fr* **l1J~J*7*+******** 
CUstomer , P.SLAVIN/R.NAGEL (66B2/IT) 
Customer Sample ID 034328-002 
Lab Sample ID 70052717 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
BBs.OOO 

4-07-97 
4-10-97 

LAB02 
Bs01 / 

SOLID SAMPLE 
gram 
4:22:00 PM 
1:01:24 PM 

8506 seconds 

fr* •• * ••••••••• ** •• ***.** •••• *.***.* ••••••• *** •• * •••••• ******************* 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- -._-------
U·23B Not Det.ect.ed --------- 2 . BBE+OO 
TH·234 1.32E+OO 4.73E-Ol 6.B1E-01 
RA·226 1.99E+OO 1._29E+OO S.12E-Ol. 
PB-214 S. B2E-0l 1.34E-Ol. 3.7BE-02 
BI -214 B.2sE-01 6.s3E-01 2.01E-01 

TH-232 1.14E+OO s.6SE-01 1.24E-Ol 
RA-22B 1.20E+OO 3.97E-Ol 1.21E-01 
AC·22B 1.lSE+OO 2.14E-01 6 . 6BE-02 
TH-22B 1.14.E+OO 2.66S-01 3.99E-01 
RA - 224 4.1.3E-Ol 1..OSS-Ol 1.96E-02 
PB-212 1.13E+OO 2.23E-Ol 3.30E-02 
BI-21.2 7.4.0E-Ol 3.19E-01 1.47E-01 
TL-20B 3.B4E-Ol. 6.92E-02 1.7BE-02 ~ 
U·23S 5 . :-;;; 6: L ~e:; 9= 2.14E-01p,;r-,k;TJ..,f ,,/"/" 
TH·231 Not Detected --------- 1.13E+01 
PA·231 Not Detect.ed --------- 1. 21E+OO 
TH·227 Not Detected --------- 3.19E-O! 
RA-223 Not Detected --------- 2.0sE·01 
RN-219 Not Detected --------- 3.16E-01 
PB-211 Not Detected -------_. 7.24E-Ol 
TL-207 Not Detected --------- 1.1SE+Ol 

AM-241 Not Detected ---------
4.21E-01 r11~ PU-239 Not Detected --------- 3 . 93E+02 

NP-237 6.79E 81 1. 85E 81 2. 66E- Ol,vM JeJ;;..f." «/tt /17 
PA·233 Not Det.ected --------- 4.94E·02 
TH·229 Not Detected --------- 2.21E-Ol 



[Sumnary Report) - SaDlP1e ID: : 70052717 

Nuclide 
Name 

ACt.ivity 
(pCi/gnDlI 

2-sigma 
Error 

MeA 
(pCi/gnml 

AG-10Sm Not Detected -------.- 3.S7E-02 
AG-llOm Not Detected --------- 2.72E-02 
BA-133 Not Detected --------- 5.60E- 02 
BE-? Not Detected --------- 2.15£-01 
CD-lOg Not Detected .---- ---- 9.04E-01 
CO-llS Not Detected -------- - 1.41E-01 
CE-139 Not Detected --------- 2.58E-02 
CE-141 Not Detected --------- 4.85E-02 
CE-144 Not Detected --------- 2.16£-01 
CO-56 Not Detected -------- - 2.11E-02 
CO-57 Not Detected --------- 2.71£-02 
CO-58 Not Detected .-------- 2.74E-02 
CO-GO Not Detected - - ------- 3.00£-02 
CR-Sl Not Detected --------- 2.06E-01 
CS -134 Not Detected --- - --- -- 4.19E-02 
CS-l)7 Not Detected --------- 2.92E-02 
EU-1S2 Not Detected --------- 8 . 12£-02 
£0-154 Not Detected ------- -- 1.64£-01 
EO-1SS Not Detected ••• •• ---- 5.57£-02 
FE-59 Not Detected -------.- 6.27£-02 
GD-1S3 Not Detected •• ------- 9 . 34£-02 
HG-203 Not Detected -- ,------- 2. 83£-02 
1-131 Not Oe~ected ------- -- 3.07£-02 
IR-192 Not Detected -------.- 2.34E-02 
X-40 2.33£+01 3.26£+00 2.10£-01 
MN-52 Not Detected --------- 3.36£- 02 
MN-54 Not Detected ____ ow_ow 1.71£-02 
MO-99 Not Detected ---.-- --- 3 . 99E-01 
NA-22 Not Detected --------- 3.59£-02 
NA-24 Not Detected --------- 6.16B-01 
NB-95 Not Detected - • • ------ 2.54£-01 
ND-147 Not Detected --------- 2.05£-01 
NI -57 Not Detected --------- 8.69£-02 
PB-210 Not Detected - •• ------ 3.02£+01 
RU-103 Not Detected --------- 2.53E-02 j.~"''''-I'~ 
RU-106 Not Detected --------- 2 45E-01 _Lr-. ~"f ( 
SB - 122 ---:":'-i3!-;.~iiiB>iiS.:iBi!-i --~tt-..'-!S;;1,.E;-eB~i----3 : 89E-02~' , 'f/" ~} 
SB-124 Not oetected -- - ----- - 2.62E-02 
SB-125 Not Detected --------- 6 . 86£-02 
SN-113 Not Detected -------.. 3 . 17E-02 
SR-B5 Not Detected -- ••• - -_. 3.18£-02 
TA-182 Not Detected .- ------- 1.32£-01 
TA-183 Not Detected -- - ------ 5 . 27E - 01 
TC-99m Not Detected --------- 7.02E+01 
TL-201 Not Detected -- ••.. _-. 3.08£-01 
Xi - 133 Not Detected ••••• •• •• 3.10E-01 
Y-BB Not Detected --------- 2.15£-02 
ZN-65 ~ot Detected -- •• - -- -- 8.98£-02 
ZR-95 Not Detected .-------. 4.92£-02 



• ANALYSIS REQUEST AND CHAIN OF CUSTODY PAGE ..L. OF -1-
AR/coc-J --- 06544 - ' J 
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• 
• 
• 

sandia Nacional Laboratories 
Radiation Protection Sample Diagnostics Program [S81 Laboracory ; 

4-09-97 S:08 : S4 PM 

• 
• 
• 

.* ••• ************************************************* •••• * •••••••••••••• · r I' • Analyzed by : ¥.IO 17 ' Reviewed by: .' . . If! • 
••• ****** •• * •• * ••• * ******~~*********************~~~**********.*** 
CUstomer : P.SLAVIN/MAC (6682/SMO l 
Customer Sample D : 034325-002 . 
Lab Sample ID 700S3001 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
ElapseQ Live/Real Time 

Comments: 

MARINELLI 
S03.000 

4-07-97 
4 - 09-97 

LAB04 
6000 / 

FILLED WITH SOIL 
gram 
2:49:00 PM 
3:2S:08 PM 

6004 seconcls 

•• * ••• *.** •••• **.** ••• * ••• **.** •• * •• **-*_.*** •• *._* ••••• * ••••• * •••• * ••••• 
Nuclide Activity 2-sigma MIlA 

Name IpCi/gram) Error IpCi/gram) 
------- ---------- ---------- -.------ --
U-238 Not Detected ~-~~~~~~~ 3.1SE+00 
TH-234 3.44B+00 8.98E-01 6.87E-01 
RA-226 1.SSE+OO 1. 3SB+OO 8.24E-01 
PB-214 1. 70E+00 4. aOE- 01 6.S9E-02 
BI-214 1. SlE+OO S.47E-01 6.47E-02 

TH - 232 2.29E+OO 1.04E+00 2_17E~01 

RA-228 2.26E+00 4.9BE-01 2.0GE-01 
AC~228 2.43S ... 00 4.86E-01 1.11.E~01 
TH-228 2.17E+00 6. 62B- 01 6.70E-01 
RA~224 8.49E~01 2.20E-01 4.31E-02 
PB~212 2 . 3SE+00 3.S8E-01 S _60E-02 
BI~212 1. 37E+00 3.78E~Ol 2.45E·01 
TL-208 7.72E-01 1.23E-01 3.3SB-02 

U-235 1. 39E- 01 1. 30E- 01 2.03E~01 
TH·231 Not Detected ~~ ~ ~~~~-- 1. 52E+01 
PA-231 Not Detected -~~~~~~~- 2.1SE+00 
TH-227 Not Detected -~~~-.- .. 6 . 4lE-Ol 
RA-223 Not Detected ~~~~.- ... 2.83E-01 
RN-219 Not Detected .. _---- .. S.97E-01 
PB-2ll Not Detected ._--- . ... 1. 34E ... 00 
TL-207 Not Detected .. _._- ... 1. 86E+01 

AM - 24l Not Detected .. _ .. _--. 3.94E- 01 
PU-239 Not Detected ._-_ ... -. 5.65E+02 
NP-237 Not Detected. .... - . ... 3.30E-01 
PA- 233 Not Detected --------- 8.73E-02 
TH-229 Not Detected ... -. __ .. 3.l3E-01 



- - - [ SUlIlIIIary Report] Sample 10, 70053001 - , 
Nuclit:1e Activity 2-sigma MOA 

Name [pCi/graml Error (pCi/graml 
---- -- .. ---- ------ ---------- ------ ----
AG-108m Not Oeeected --------- 6_48E-02 
AG-llOm Not Det.ected --------- 7_00E-02 
SA-133 Not Deeected --------- 1.llE-01 

/if BE-7 Not Detected .-------- 3.83£-01 j.::r~( 
CO-109 S.l6iS,ee L2eElee 1.1.2E+OO /~ C4'. 

CO-115 Not Detected --------- 2.10E-01 
CE-139 Not Detected --------- 4.12E-02 
CE-141 Not Detected --------- 7.45E-02 
CE-144 Not oetected ___ A_a_A. 3.0sE-Ol 
CO-56 Not Detected ------ --- 4.33E-02 
CO-57 Not Detected --------- 3 . 89E-02 
CO-58 Not Detected --------- 4.30E-02 
CO-60 Not Detected --_.----- 4.36E-02 
CR-s1 Not Detected --------- 3.68E-01 
CS-134 Not Detected .-------- 8.14E-02 
CS-137 3.36E-01 7.47E-02 3.46E-02 
EO-152 Not Detected --""------ 1.17E-01 
EO-154 Not Detected --------- 3.00E-01 
EO·155 Not Detected ---- ----- 1.29E-01 
FE-59 Not Detected -- ------- 8.48E-02 
GO-153 Not Detected --------- 1.38E-01 
HG-203 Not Oetected --------- 4. 75E- 02 
1-131 Not Detected --------- 4. 81E- 02 
IR-192 Not Detected --------- 4.18E-02 
K-40 1.14£+01 1.83E+00 3.47E-01 
MN-52 Not Detected _ .... _ .. - 5 _61E-02 
MN-S4 Not Detected --------- 2.73E-02 
MO-99 Not Detected -_ ... _._- 5_8U-01 
NA-22 Not Detected ._-----.- 4 _86E-02 
NA-24 Not Detected --------- 4.20E-Or 
NB-95 Not Detected --------- 4.35E-01 
ND - 147 Not Detected _._------ 3.30E-01 
N:r-:7 Not Detected ---_._ .. - 1. 79B-01 
PS-210 Not Detected --------- 1.S7E+Ol 
RU-103 Not Oetected ------ - -- 4046E-02 
RU-106 Not Detect.ed -- ------- 4.nE-01 
SB-122 Not Detected ____ po_po 1. 02E- 01 
SB-124 Not Det.ected --------- 4.68E-02 
SB-125 Not Detected --------- 1.23E-01 
SN-1l3 Not Det.ected --------- 5.89E-02 
SR-65 Not Detected --------- 6.00E-02 
TA-182 Not Detected --------- 2_10E-01 
TA-183 Not Det.ected --------- 4.35E-01 
TC-99m Not Detectec1 ------- -- 1. 00E+01 
TL-201 Not Detected --------- 2.93E-Ol 
XE - 133 Not Detected --------- 3.68E-Ol 
Y-88 Not Oetected --------- 3.83E-02 
ZN-65 Not Detected ---- ----- 1.44E-Ol 
ZR-95 Not Detected --------- 8.25E-02 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Samole Diagnostics Program [Sel Labora~o=y ) 

4-09-97 5,33 ,41 PM 

• 
• 
• •••• **.** •••••••••••••••••••••••••••••••••••• * ••••••••••••••••••••••••••• 

: ADaly.-ed by,? ... {, 1,'7 · Reviewed by, fk ,,!tofft : .*............... ** ••• *I:.I**,* •••••••••• *** ••• *:~ ... ............. . 
Customer , P_S~VIN/MAC C6682/SMO) 
CUstomer Sample 0 , 034326-002 () 
Lab Sample 10 70053002 j) _ !lit' 

0r' 10- I ( I - \ -wo 
Sample Description MARINELLI SOLID SAMPLE 
Sample Quantity 524.000 gram 
Sample Date/T~e 4-07-97 2:49:00 PM 
Acquire seart. Date/Time 4-09-97 3 :49:09 PM 
Detector Name LAB03 
Elapsed Live/Real Time 6000 / 6004 seconds 

Comments: 
••••••••• **.*************.**** ••• ** •••••• * ••• *** •••• *.************** •• *** 

Nuclide Activity 2-sigma MIlA 
Name CpCi/gram) Error CpCi/gram) 

. ------ ---------- ---------- ---- - -----
U-238 Not Detected --------- 2_35E+00 
'I'H-234 3.80E+00 8_04E-01 7_02E-01 
RA-226 3.52£+00 1 . 04E+00 8_50E-01 
PB-214 L89E+00 2.96E-01 8 . 85E-02 
B1-214 1.87£+00 1 . 18£+00 7.84E-02 

'I'H-232 2.27£+00 1.06£+00 2_60E-01 
RA-22 8 2.51B+00 6 _ 59E- 01 2_58E-Ol 
AC-228 2_35E+00 4 . 35E-01 1_51E-01 
'I'H-228 1.90E+00 7_36E-01 8 . 8U-01 
RA-224 8 _66E-01 1. 42E+OO 2.28£+00 
PB-212 2 _ 39E+OO 4.74E-01 6_73E-02 
BI-212 1. 59£+00 6.15E-01 3 -49E- 01 
TL-208 7.82£-01 L54E-01 4.13E-02 

U-235 3.03£-01 2.38E-01 3 _31E-01 
'I'H-231 2.94£+00 3.19£+00 9.92E+00 
PA-231 Not Detected --------- 2.25E.00 
'I'H-227 Not Detected -- -- ----- 7_20E-01 
RA-223 Not Detected --------- 1 . 99E-01 
RN-219 Not Detected --------- 6 . 95E-01 
PB-211 Not Detected --------- L59E+OO 
TL - 207 Not Detected --------- 2.43£+01 

AM-241 Not Detected --------- 2 _69E-01 
PU-239 Not Detected ----- -- -- 6 - OBE+02 % jJ, 7J... ?:tit-In NP-237 i.SISISS J. 57: 8- 3 . 22E-01 k • PA- 233 Not Detected --------- 9 _87E-02 
'I'H-229 Not Detected --------- 3.15£-01 



[Sumnary Report] - Sample ID : 70053002 

Nuclide Activity 2-sigma MeA 
Name IpCi/gram) Error IpCi/gnm) 

~ .----- ---------- ----- ----- ------ ----
AG-l08111 Not Detected --------- 7_95£-02 
AG-~lOm Not Detected --------- 8.74£-02 
SA-133 Not Detected. --------- 1 . 12E-01 
B£-7 Not Detected -- ------- 4.61£-01 
CD-l09 Not Detect.ed -------- - 1 . 09E+00 
CD-115 Not Detected ------- -- 2.41£ - 01 
CE-139 Not Detected --------- 4 . 47£-02 

/;;"'1'7 CE-141 Not Detectecl --------- 7 . 38£-02 • . 
CE-144 Not Detected -- - ------ 3 . 22£-01 ~,;~~ 
CO-56 1 i iii lilii! 1.o9E -- 2. 49E- 02 JCA de 

CO-57 Not Detected. --------- 4 . 00E-02 
CO -58 Not Detected --------- 5 , 60E-02 
CO-60 Not Detected --------- 5.64£-02 
CR-5 1 Not Detecced ----- ---- 4.12E-01 
C5-13' Not Detected --------- 8.00E-02 
C5-137 Not Deteceed --------- 3 . 73£-02 
EtJ-152 Not Detec:eed -_.------ 1.20£-01 
EtJ- 154 Not Detected --------- 3 , 73E-Ol 
EtJ-155 Not Detected ---- ----- 1.83E-Ol 
FE-59 Not Detected --------- 1'. llE-Ol 
GO-153 Not Detected --------- 1 , 30£-01 
HG-203 Not Detected .-------- 5.36E-02 
1-131 Not Detected --------- 6.29E-02 
IR-192 Not Detected. --------- 4.68E-02 
K- 4 0 1.1BE+Ol 2.1BE+OO 4 . S1E - Ol 
MN - 52 Not Detected ---- - ---- 7.19E-02 
MN-54 Not Detected --------- 6 , 50E-02 
MO- 99 Not Detected --------- 7 . 31E-Ol 
NA-22 Not Detected --------- 6.50E-02 
NA-24 Not Detected --------- 5.14E-Ol 
NB-95 Not Detected --- - --_.- 4 . 58E-Ol 
ND-14 7 Not Detected --------- 3 , 89E-Ol 
NI- 57 Not Detected --------- 2.37E - 01 
PB-210 4.53E+OO 3.47E+OO 5.30E+OO 
Rl1 -103 Not Detected -- -- - ---. 5,27£-02 
Rl1-1 06 Not Detected - - - - ----- 5.51£-01 
58- 122 Not Detected --------- 1.15E-Ol 
5B- 12' Not Detected ---- ---- - 5.41E-02 
58-125 Not Detected --------- 1. 46E- 01 
SN-113 Not Detected --------- 7.14E-02 
5R-85 Not Detected --- ------ 7 , 28E-02 
TA-182 Not Detected ---.----- 2.82E-Ol 
TA-183 Not Detected ---_.---- 3.00E-Ol 
TC-99m Not Detected -- --. _--- 1. Q8E+Ol -

~./n TL-201 Not Detected --------- 2.3 8 E - 0 1 ;f e:r.;.:r;. t 
XE - 133 6.1SE 82 6 . S9E 82 2 , 07£- 01 /V.,:r.; U/ ,~ 
Y-88 Not Detected ---- ----- 5.41E-02 
ZN-65 Not Detected --------- 1.88E-Ol 
ZR -95 Not Detect ed --------- 1. 06E- 01 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [S8 1 Laboraeo=y ; 

4-09-97 6,57,35 PM 

• 
• 
• 

*.*.* ••• * ••• * ••• _.*_ ..... -..... * •••••••••••••••••••••• ******************* · +- ~}. ~~ b . • Analyzed by, l( '" 7 . Reviewed by ' . tf 0 l' . ***.............. . ..• ***. ** ••••••••••• *,...... *** L •••••••••• _ •• ** 
Customer : P.SLAVIN/MAC (6682/SMO) 
Customer Sample ID 032962 · 002 
Lab Sample ID 70053003 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments! 

MARINELLI 
774. 000 

4-08-97 
4-09-97 

LAS04 
6000 / 

FILLED WITH SOIL 
gram 
2:15 : 00 PM 
5:10 :10 PM 

6005 seconds 

*** •• * ••• ,., •• ,.",.,."""",.,.",." ••••• * •• ** •••••• **.*.,**.**,., ••• 

Nuclide Activity 2-sigma MOA 
Name IpCi/gram) Error IpCi/gram) 

------- ---------- ---------- ----------
U-238 Not Detected --------- 2.09E+00 
TH-234 1 . 69E+OO 4.33E-01 S.17E-01 
RA-226 2.32E+00 6.27E-Ol 5.96E-01 
PB-214 1.11E+OO 1.68E-Ol 4.41E-02 
B1-214 1.03E+OO 1_72E-01 4.22E-02 

TH-232 1.21.E+OO 5.57E-01 1. 51E- 01 
RA-228 1 . 37E+00 5 . 16E-01 1.45£-01 
AC-228 1. 22E+OO 2 . 45£-01 8.03£-02 
TH-228 1.10E+OO 2.47E-01 5.21E-01 
RA-224 4.58E-01 1.27E-01 2.75E-02 
PB-212 1.23E+00 1. 93E- 01 4.17E-02 
B1 - 212 7.'35E-01 2 . 47E-Ol 1_61E-01 
TL-208 4.19E-01 7 . 36E - 02 2 . 25E-02 

U-235 1.61E-01 1. 91E- 01 2 . 36E-01 
TH-231 5.14E+OO 2.8SE+00 8.72E+OO 
PA-231 Not Detected --------- 1 . 53E+00 
TH - 227 Not Detected --------- 3.95E-01 
RA·223 Not Detected --------- 1.41E-Ol 
RN-219 Not Detec:ted --------- 3.92E-01 
PB-211 Not Detected --------- 8.98E-01 
TL-207 Not Detected --------- 1.42E+Ol 

AM-241 Not Detected --------- 2 . 65E-01 
PU-239 Not Detected --------- 4 . 00E+02 
NP-237 Not Detected --------- 2.38£-01 
PA-233 Not Detected --------- 6.17E-02 
TH-229 Not Detected ____ PO_a. 2.29E-01 



[summary Report] - sample lJ): : 70053003 

Nuclide 
Name 

Activity 
IpCi/gram) 
------_.--

2-sigrna 
Error 

MIlA 
IpCi/gram) 

AG-108m Not Detected --------- 4.33E-02 
AG-IIOm Not Detected --------- 4.14£-02 
SA-l33 Not Detected -------- - 7.39£-02 
BE-7 Not Detec-ted --------- 2.7BE-O l J;t;.--;/ 
CD -109 __ ..:..:..:...~ • .;.. 9-9 8;B.~. Q~BI--"""~' ,;,.51iii-Bll;ll-----S . OSE - 0 1 P--'r: l uA 
CD-lIS Not Detected -----.--- 1.01E-01 
CE-139 Not Detected --------- 2.89£-02 
CE-141 Not Detected -------- - 5 . 16£-02 
CE-144 Not Detected ----.---- 2.17E - 01 
CO-56 Not Detected --------- 3.24E-02 
CO-57 Not Detected --------- 2 . 81E- 02 
CO-58 Not Detected . -------- 3.22£-02 
CO-60 Not Detected ---- - ---- 3 . 54E - 02 
CR-S1 Not Detected - - ------- 2.49£-01 
CS-134 Not Detected --- -.---- 5.47E-02 
CS-137 1.32E-Ol 6.72E-02 2.14E-02 
EU-152 Not Detected -.----- - - 8.45E-02 
EO-lS4 Not Detecte4 •••••••.. 1.99E·01 
EO·1SS Not Detected .•...... • 1 . 33£-01 
F£-59 Not Detected ••• --.... 6.71E·02 
GD-153 Not Detected --------. 9.56£-02 
HG-203 Not Detected ------ . .. 3.30E-02 
1-131 Not Detecte4 ------ --- 3.27E-02 
IR-192 Not Detected .-.------ 2.86£-02 
K-40 2.36E+01 3.42E+OO 2.11S - 01 
MN-52 Not Oetected ----- •• -. 3.77E-02 
MN·S4 Not Detected ---.---.- 1.82£-02 
MO-99 Not Detected ---.----- 3.251-01 
NA-22 Not Oetected - ... ----- 4.071 - 02 
NA-24 Not Detected .---- --.- 1.20E-Ol 
NB-95 Not Detected ----- -- -- 2.25£-01 '! -.... _/~ 
NO-H7 Not Detected ------ --- 2.27E-Ol :;rJ,)(:P 10//"1'1 
NI-57 9.18E B~ "OlE B. 4.45E-02l"-
PB-21 0 Not Detected • . . ------ 1.04£+01 
RU-103 Not Detected - •• -----. 3.06£-02 

~~:m Not ~~mt:g -~:~;E-8~ ~:m:~~v,A"..l.r.$.(~f'/17 
SB-124 Not Detected •. ----.-- 3.17£-02 ~ ~ 
SB-125 Not Detecte4 --- -----. 8.30E-02 
SN-113 Not Detected --------- 3.941- 02 
SR-85 Not Detected -----.-.- 3.89E-02 
TA-182 Not Detected --------- 1.59£-01 
TA-183 Not Detecte4 •• ------- 2.61£-01 
TC-99m Not Detected --------- 5.93£-01 -1-/7' I 
~:m Not ~~mt:~ -3:97£-92 t:m:~Lv....;(j.;r.::d,· ,,1,0'7 
Y-88 Not Detected - -------- 2.70£-02 
ZN-65 Not Detected ------- -. 1 . 09E-01 
ZR-95 Not Detected --.- ---- - 5.91£- 02 



••• ****************************.*****.**.************** ••• *.* •••••••••••• 
• 
• 
• 

Sandia National Laboratories 
Radiation Pro~ection Sample Diagnostics program [881 Laborato~ ; 

4-09-97 7:25:41 PM 

• 
• 
• 

.**.****.* •••••••••••• * ••••••••••••••••••• ***** ••• **.**.***** ••••••• * •••• 

: Analyzed bY::';;::' ~~.,/f7 . Reviewed by: ~ IIhoh:r : 
.**** ••••• ******. .* •••• ,~' •••• *.*.*.*.***.*** ••• ~.~~ •••• *** ••••••••• 
CUseomer : P.SLAVIN/MAC (66S2/SMO) 
CUstomer Sample In 032968·002 
Lab Sample ID 70053004 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
878.000 

4~08~97 
4-09~97 

LAB03 
6000 / 

SOLID SAMPLE 
goram 
2:30:00 PM 
5:32:45 PM 

6005 seconds 

.* ••••••••••• * •• * •••• * ••• **.***.******************* ••••••• * •••••••• * ••••• 

Nuclide Activity 2 - sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

- --~~-- -~--~---- - ----- - ---~ ------~---tJ·23S 8.41E+OO 2.22E+00 1.21B+00 
TH-234 8.29£+00 1.72£+00 5.10£-01 
RA-226 3.40E+00 5.50£·01 6.01£-01 
PB·214 1.04E+OO 1.64E·01 5.35E·02 
BI-214 1.01E+00 6.11E-Ol 5.45E-02 

TH-232 1.20B+OO ·S.76B-01 1. 72E-01 
RA-22S 1.14B+00 2.64E·01 1. 75£-01 
AC·22S 1.10E+00 2.63E-Ol 1. 01E-01 
TH·22S 9.5SE~01 4.50£-01 5 . 19£-01 
RA-224 Noe Detected --------- 1.36E+00 
PB-212 1.10E+OO 1.84E-01 4.29£-02 
BI·212 6.27E-Ol 2.95£-01 2.11£-01 
TL·20S 3.84E-Ol S.90E-02 3.21£-02 

tJ -235 2.91E-Ol 1. 66E-01 2.27E-01 
TH-231 Noe Detected -- ----._- 9.24E+00 
PA-231 Noe Oetected . __ .. _--- 1.46E+00 
TH-227 Noe Detected --------- 4.03E-01 
RA-223 Noe Detected ____ eo_e. 1. 61E- 01 
RN·219 . Noe Detected --------- 4.31E-Ol 
PB-211 Noe Detected -._----_. 9.92E-01 
TL-207 Noe Detected. --------- 1. 63B+01 

AM-241 Not Detected ~------.- 1. 92E- 01 
PtJ·239 Noe Detected -------_. 3 . 95E+02 
NP -237 Noe Detected ~-------. 2.36£-01 
PA-233 Noe Detected --~------ 6.2SE-02 
TH·229 Noe Detected -------- - 2.26E·01 



· . 
. . ..•. . . " ... ~.~~-

" ; . 
' , ", [Sumnary Report.) - Sample m, 70053004 

Nuclide Accivity 2-.igma MeA 
Name IpCi/graml Error IpCi/graml 

.-----. ---------- .--------- ---_.--_.-
AG-l.OBm Not Detected ------~-- 4.91E·02 
AG-llOm Not Detected --------- 3.96E·02 
SA-133 Not Det.ected -----.-.- 6.45£·02 • ~ 

Detected 2 81E-01 ~ BE-7 Not --------- B: OOE- 01!1,.:rj.:J:;~:I "/fUI' 7 CD-109 2.19:,S: t.Sir s: 
CD-1l5 Not Detected --------- 1. 06E- 01 
CE-139 Not Detected --------- 2.B9E-02 
CE-141 Not Petected - -------- 4.94£-02 
CE-144 Not Detected --------- 2 . 12E-Ol 
CO-56 Not Detected .-------- 3.75E-02 
CO-57 Not Detected --------- 2.72E-02 
CO-58 Not Detected .-------- 3.65E-02 
CO-60 Not Detected. .-------- 4.05E·02 
eR-s1 Not Detected --------- 2.64E-01 
CS·134 Not Detected --------- 4.70E-02 
CS-13? 2.6BE·02 1. ?5E- 02 2.21E-02 
EU-152 Not Detected --------- B.1?E·02 
EU-154 Not Deteceed .-------- 2.2?E·01 
EO-155 Not Detected --------- 1.26E·01 
FE-59 Not Detected --------- B.B?E·02 
GO-153 Not Detected --------- 9 . 43E-02 
HG-203 Not Detected --------- 3 . 29E-02 
I-131 Not Detected. ......... 3.41E-02 
IR·192 Not Detected .~.~~~~ .. 3.00E-02 
K-40 2.31E+Ol 3.45£+00 2.BOE-01 
MIl· 52 Not Detected. -.. ~~.~~. 4.44E-02 
MN-S4 Not Detected .. _---_ .. 4.21E-02 
MO·99 Not Detected ------_ .. 3.69E-01 
NA·22 Not Detected ._---_._. 5.05E-02 
NA·24 Not Oetected ... -- . . .. 1. 23E· 01 
NE-95 Not Detected --------- 2 . 1?E-01 
ND-147 Not Detected ... ------ 2.4BE-01 
NI·S7 Not Detected -_._-._.- 9.23E-02 
PB-210 Not Detected --------- 5.22E+00 
RU-103 Not Detected ... -._--- 3.31E-02 
RU-106 Not Detected .--_._--- 3.41E-Ol 
SB - 122 Not Detected _._----- . 5. ?9E-02 
SB-124 Not Detected --_._---- 3.35E-02 
SB-125 Not Detected _._---_.- B.91E·02 
SN-113 Not Detected ... ------ 4.25E-02 
SR-B5 Not Detected _. ------- 4.21E-02 
TA-1B2 Not Detected --------- 1.B?E-01 
TA-1B3 Not Detected · -.----.-- 1. BBE- 01 
TC·99m Not Detected .. _------ 5.B6E-01 
TL·201 Not Detected --------- 1.3?E-0l 
XE-133 Not Detected ------_ .. 1. 42E- 01 
Y-BB Not Detected --------- 3.19E-02 
ZN-65 Not Detected --------- 1.2?E·01 
ZR-95 Not Detected .-_._---- 6.B2E-02 



• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •• 

• Sandia Naeional Laboratories * 
.. Radiation Protection Sample Diagnostics Program [881 Laboraco:)" ; ., 
'* 4-09-97 8:35:50 PM ,.. 

:·=:::::·:;~·~·······*··:·J:o·/*:~·*·*::::::::*:;~··lji~i':'~4·;···****···: 
•••• ****.*.*.*.*** .****~t~* ~.*~** •• **** •• ** •• *~***t.~.~**********. 
Customer : P.SLAVIN/MAC (6682/SMO) 
CUstomer Sample IO ! 032969-002 
Lab Sample ID : 70053005 . 

Sample Description 
Sample Ouantit:y 
Sample Date/Time 
Acquire Start Dace/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
826.000 

4-08-97 
4-09-97 

LABO. 
6000 / 

FILLED WI'11I SOIL 
!1ram 
2:31:00 PM 
6:51:23 PM 

6005 seconds 

CYlo-M~-S\-b 

•• ********** •• ** •••• *****.***.****.******* •••• *************************** 

Nuclide Activity 2-sigma MIlA 
Name (pCi/!1ram) Error (pCi/!1ram) 

------- ---------- ---- - ----- ----------
U-238 5 . 92£+00 1.7GB+00 1.38B+00 
TH-234 5.94E+00 1. 39£+00 4 . 78£-01 
RA-226 9_96E-Ol 5_93E-Ol 4.98£-01 
PB-214 8.84E-01 1.37£-01 3_92E-02 
BI-214 8_06E-Ol 1.40£-01 4.40E-02 

'111-232 1. 05£+00 4.86E-Ol 1.37E-Ol 
RA-228 1. OOE+OO 2.57E-Ol l. 46B- 01 
AC-228 1.01E+00 2 . 13B-01 7 . 87E-02 
TH-228 8.41E-01 2.43E-01 4.68£-01 
RA-224 3 . 82E-01 1.14E-01 2.S3E-02 
PB - 212 1.04E+00 1.62E-01 3.61E-02 
BI-212 7 . 05E-01 2.08£-01 1.. 72B-01 
TL-208 3 . 56£-01 6.43E-02 2.31E-02 

U-235 4 . 93E-02 7 . 54E-02 1.31E-Ol 
TH-231 Not Detected _._._---- 1.02£+01 
PA-231 Not Detected --------- 1. 41E+OO 
TH<Z27 Not Detected --------- 3.S1E-Ol 
RA-223 Not Detected --------- 1.78E-Ol 
RN-219 · Not Detected --------- 3.S0E-Ol 
PB-211 Not Detected - -- ------ B.20E-Ol 
TL-207 Not Detected --------- 1.33E+01 

AM-241 Not Detected --------- 2.70E-Ol 
PU-239 Not Detected --------- 3.78E+02 
NP-237 Not Detected --------- 2 . 27E-Ol 
PA-233 Not Detected --------- S.BOE-02 
TH-229 Not Detected ._- - ----- 2.2SE-Ol 



· .. [SUDIINlry Report] - Sample :tIh 70053005 

Nuclide Act.ivity 2-sigma MeA 
Name IpCi/graml Error IpCi/graml 

.---_.- ----.----- ---------- ----------
AG-10811l Not Detected --------- 3.91E-02 
AG-llOm Not Detect.ed --------- 3 . 21E-02 
BA-l33 Not Oeteceed .-------- 6.54E-02 rI. 
BE-7 Not Detected --------- 2.45E-Ol fI/?/J;:rw£-
CD-109 iI.SUi as 3.89E 81 771E·01· ~. 
CD-1l5 Not Detected ._.------ 9:41E-02 1J,j;; 
CE-139 Not Detected --------- 2.78E-02 
CE-141 . Not Detected --------- 4.93E-02 
CE-144 Not Detected --------- 2.06E-Ol 
CO-56 Not Detected --- --- --- 3.11E-02 
CO-57 Not Detected --------- 2.69E-02 
CO-58 Not Detected ----- ---- 3.09£-02 
eO-60 Not Detected _.---_.-- 3.46E-02 
CR-Sl Not Detected -_.------ 2.37E-01 
e5-134 Not Detected --------- 4 . 76E-02 
e5-137 3.30E-02 1. 73E-02 1.97E-02 
E1l - 152 Not Detected -.------- 8.07E-02 
EU-1S4 Not Detected --------- 1.81E-Ol 
E1l-155 Not Detect.ed --------- 1.27E- 01 
FE-59 Not Detected --------- 6.92£-02 
GD-153 Not Deteceed --------- 9 . 72E-02 
HG-203 Not Detected --------- 2.98E-02 
1-131 Not Detected --'------- 3.01£-02 
IR-192 Not Detected --------- 2 . 75E-02 
K-40 2.Sl.E+01 3 . 60£+00 2 . 28E- 01 
MN-52 Not Deeected .... _--_. 3_27E-02 
MN-54 Not Detected ......... 3.41E-02 
MO-99 Not Detected ..... ---- 3.04E-01 
NA-22 Not Detected _ .... -- -- 4.10E-02 
NA-24 Not Detected ... - ..... 

1.14E-Ol '~ 
NB-95 Not Detected. ... __ ... - 2.02E-Ol. , 
ND·147 Not Detected -_ .... _-- 2 _ OlE - 0 1 ~ ).rur.J. ,,;, . 
NI·57 B ¥ BtE 93 S. 9BE 82 4 . 14E-02 
PB-210 Not Detected ---_ .. _-- 1 . 03E+01 
RU-103 Not Detected ... ------ 2 . 82E-02 
RU-106 Not Detected _ .. ---- - - 2.64£-01 
5B-122 Not Detected ---_._._- 5.00E-02 
58-124 Not Detected -----_.-- 2.93E-02 
SB-125 Not Detected _ ... ----- 7.72E-02 
SN-1l3 Not Detected -....... - 3_62E-02 
SR-85 Not Detected -- -_ .. --- 3.60E-02 
TA-182 Not Detected ---.---- - 1.44E-Ol 
TA-183 Not Detected -_.---- -- 2_62£-01 
TC-99m Not Detected. --_ ... -_. 6.62£-01 
TL-201 Not Detected -.------- 1. 63E- 01 
XE-133 Not Detect.ed -------.- 1. 80E- 01 
Y-88 Not Detected --------- 2.47£-02 
ZN-65 Not Detected --------- 9.83E-02 
ZR-95 Not Detected --------- 5.49E-02 



*************************************** •••• ********************~*~~~**~-* 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Laborato~] * 
- 4-09-97 8:58:39 PM • 
•••••••••••••• *;?;* * * * * * * * * ~* * *J.* ... * * •• * * * * * * * * •••• * * * *~* .... *~ •• *: ........... : 

aalyzed by: . r, [0 97 Reviewed by: . . 1 . 
**************** ***** ** *********************** * * lP)q******_***** 
Customer : P . SLAVIN/MAC (6682 / SMO) 
Customer Sample ID 032976-002 
Lab Sample ID 70 053006 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date / Time 
Detector Name 
Elapsed Live / Real Time 

: 

MARINELLI 
659.00 0 

4-08-97 
4-09-97 

LAS 0 3 
6000 / 

SOLID SAMPLE 
gram 
3:40:00 PM 
7:15:24 PM 

6003 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

------- -------- -- ---------- ----------
U-238 Not Detected --------- 1 . 53E+00 
TH-234 1. 38E+00 3.98E-01 4.80E-01 
RA-22G 2.12E+00 8.l3E-01 G .4GE-01 
PB-214 7.45E-0l 1.49E- 01 5 . 80E-02 
BI-214 G.54E-01 1.41E-01 5.77E-02 

TH-232 8.GOE-01 4.30E-01 1. 89E-0l . · 228 7.59E - 01 3.3GE-01 2.23E-01 
228 7 . 78E-01 2.S7E-01 1. 2lE-Ol 

___ -228 2 .12E- 01 2.03E-01 4.02E-01 
RA-224 Not Detected --------- 1 . 81E+00 
PB-212 8.78E-01 1.SlE-01 4.61E-02 
BI-212 S.12E-01 1. 82E- 01 2 . 2GE-01 
TL-208 2.94E-01 7.10E-02 3 . 20E-02 

U-23S Not Detected --------- 2.1GE-01 
TH-231 Not Detected --------- 8.S8E+00 
PA·231 Not Detected --------- 1.SSE+00 
TH-227 Not Detected --------- 4.1SE-Ol 
RA-223 Not Detected --------- 1.4GE-01 
RN-219 Not Detected --------- 4.7GE-01 
PB·211 Not Detected --------- 1. 07E+00 
TL·207 Not Detected --------- 1.91E+01 

AM-241 Not Detected --------- 1.78E-Ol v~ PU-239 Not Detected --------- 3 . 90E+02 ~.I~~ ~./r7 NP'237 5.78E 8: 1 . S2: 61 2 . 09E-01~ 
PA-233 Not Detected --------- G.93E-02 
TH-229 Not Detected --------- 2 . 11E-01 



[summary Repon] - Sample ID, , 70053006 

Nuclide 
Name 

AG-IOSm 
AG-IIOm 
BA-133 
BE-7 
CO-109 
CD-llS 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-58 
CO- 60 
CR-sl 
CS-134 
CS-137 
EU-ls2 
EU-1S4 
EU-lss 
FE-59 
GD-ls3 
HG-203 
1-131 
IR-192 
K- 40 
MN-52 
MN-54 
1'.0- 99 
NA-22 
NA-24 
NJ!-9s 
ND-147 
NI-57 
PB-2l0 
RU-103 
RU-I06 
SB-122 
SB-124 
SB-12s 
SN-113 
SR-8s 
TA-182 
TA-183 
TC-99m 
TL-20l 
XE-133 
Y- 8S 
ZN-6s 
ZR-9s 

Activiey 
IpCi/gr&lll) 

Not Deeecced. 
Not. Pet-ected 
Not Detecced 
Not Detected 
Not Detected 
Not Detected 
Not. Detected 
Not Detected 
Not Detected 
Not Detect-ed 
Not Detected 
Not Deteceed 
Not Detecced 
Not Detected 
Not Detected. 

2.04E - 01 
Not Detected 
Not Oeeected 
Not Detected 
Not Deteceed 
Not Detecced 
Not Detected 
Not Deteceed. 
Not Detected. 

2.63S+01 
Not Detected 
Not Detected 
Not Detected 
Not Oet-ected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-sigma 
Error 

6.93E-02 

3.98E+OO 

MOA 
IpCi/gr&lll) 

S.16E-02 
6_2sE-02 
6_62E-02 
3.20E-Ol 
7 . 09E-Ol 
1.12E-Ol 
2.86E-02 
4.87E-02 
2.14E-Ol 
4.44E -02 
2.S6E - 02 
4.s3E-02 
s _28E -02 
2.76E-Ol 
4_86E-02 
3.4SE-02 
7.70E-02 
2.39E-Ol 
1.23E-Ol 
9.42E-02 
8.63E-02 
3.47E-02 
3_99E-02 
3_25E-02 
3_S3E-Ol 
4.78E-02 
4 . 81E-02 
4_21E-Ol 
6 . 09E-02 
Ls7E-Ol 
2_2sE-Ol 
2 . 70E-Ol 
LOSE-Ol 
S.16E+OO 
3 _6 SE-02 
4.00E-Ol 
6.70E-02 
3.64E-02 
L03E-Ol 
4.76E-02 
4.73E-02 
2.l2E-Ol 
L 78E-Ol 
6_06E-Ol 
1.26E-Ol 
L3SE-Ol 
3.S3E-02 
L42E-Ol 
7.66E-02 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [881 Laboraeo:-yl 

4-10-97 8:55:20 AM 

• 
• 
• 

•••••• *** •• ** •• ;2... . .. *.********* •••••••••••• * •••• **.** •• **** •••••• *** 

· ~J. ~ b. • • Analyzed by: 't to;> Reviewed by: ' U 1 r . 
*.+********.***** **'*** ... *****'***,*.*.,*,".********* *~L* ••• ********_ 
Customer : P.SLAVIN/MAC (6682/SMO) 
Customer Samcle IO 032977-002 
Lab Sample ID 70053007 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
649.000 

4-08-97 
4-1.0-97 

LAB04 
6000 / 

FILLED WITH SOIL 
gram 
3:42:00 PM 
7:12:38 AM 

6004 seconds 

Cormnents: 
************************************************************************* 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pei/gram) 

- ------ ---.-----. ---------- ----------
U-238 Not Detected --------- 2.08E+00 
TH- 234 1.27E+OO 4.99E-01 4.91E-01 
RA-226 1.32E+OO 7.84E-01 5.80E-01 
PE-214 7.35E-01 1.39E-01 4.74£-02 
BI·214 7.05E'01 1. 36E-Ol 4.56E-02 

TH-232 7.80E-01 3_75E-01 1.54E-01 
RA-228 7:92E-01 2.67E-Ol 1.73E-01 
AC-228 7.50E-01 2.14E-01 9.41E-02 
TH-22B 8.79E-01 2.81E-01 5.21E-01 
RA·224 3.15E-01 1. 08E- 01 2.94£-02 
PE-212 8.60E-01 1. 40E- 01 4.23£-02 
BI-212 5.10E-01 2.02£-01 1. 87E- 01 
TL-208 2.81£-01 5.48£-02 2_43£-02 

U-235 1. 07E- 01 1.8SE-Ol 2.30E-01 
TH-231 Not Detected --------- 1.02E+Ol 
PA-231 Not Detected --------- 1.S6E+OO 
TH-227 Not Detected -------_. 

3.7lE-Ol Jle .--;-9- ) RA-223 Not Detected --------- 1 82E-01 ~ 
RN-219 a.SSE 91 3.33E 9: 4: 04E-01""..::r< V-;:;:J· «/. 7 7 
PE-211 Not Detected --------- 8 . 81£-01 . 
TL-207 Not Detected --------- 1.S3E+Ol 

AM-241 Not Detected ---.----- 2_57E-01 ~ PU-239 Not Detected -._--._--
3.92E+02 Jf)I<;f~ Ii'? NP-237 5.586 81 1. 51E 81 2.12E-01"'" '{" 

PA-233 Not Detected ._---- - _. 6.54E-02 
TH-229 Not Detected --------. 2.34E-01 



[Summary Report] - sample ID, , .70053007 

Nuclide 
Name 

AG-IOBm 
AG-IIOm 
SA-I)) 
BE-? 
CD-109 
CD-lIS 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-5S 
CO-60 
CR-51 
CS-134 
CS-137 
EU-152 
EO-IS4 
BU-lS5 
FE-59 
GO-lS3 
HG-203 
I-13l 
IR - 192 
K-40 
MN-S2 
MN-54 
MO-99 
NA-22 
NA-24 
NB-95 
NO-14? 
NI-5 7 
PB-210 
RU-I03 
RU-I06 
SB-122 
SB-124 
SB-125 
SN-113 
SR-S5 
TA-1B2 
TA-IS3 
TC-99m 
TL-201 
XE-133 
Y-SB 
ZN-65 
ZR-95 

Activity 
(pCi/gram) 

Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Ceteceed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2 . '9E-Ol 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oetected 
Not Detected 

2.96E+Ol 
Not Detect.ed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oeteeeee 
Not D~tec:ted 
Not Detected 
Not Deteceed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detectec1 
Not Detected 
Not. Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-sigma 
Error 

-------.--

s.12E-02 

6.37E+OO 

MeA 
(pCi/griUll) 

'.32E-02 
S.22E-02 
6 . B7E-02 
2 . BsE-Ol 
7.19E-Ol 
1.16£-01 
2.B6E-02 
5 . 11E-02 
2 . 14.E-01 
3.5sE-02 
2.76E-02 
3.35E-02 
4.14.£- 0 2 
2.54E-01 
5.14E-02 
2.3sE-02 
B.2BE-02 
1.99E-Ol 
l.33E-Ol 
B. 44E-02 
9.62E-02 
3.36E-02 
3.S2S-02 
3.00S-02 
2.92S-01 
3.79E-02 
3.6sE-02 
3.B7E-Ol 
'.6SE-02 
2.1BE-Ol 
2 . 34E-Ol 
2 . '9E-Ol 
1.12::- 0 1 
1.06E+01 
3 . 29E-02 
3.25E-Ol 
6.6sE-02 
3.30E-02 
B.BBE-02 
4.06E-02 
'.01E-02 
1. 66E- 01 
2.73E-Ol 
2.49E+OO 
1. B4E- Ol 
2.11E-Ol 
2.S0E-02 
1.14E-01 
6 . 07E-02 
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• sandia X&cioD&l Laboratories • 
• Radiation Protection Sample D1agnoseica: Progra:n [881 Laboraeory] ... 
• 4-11.-9'7 8:22:00 PH • ........•••....•..•...........••.••............ _ ••••.•.•.•••••........... 
· 9- dt. t· • Analyzed by: I 5· Reviewed by: I ~ • •••••••••••••••••• ••••• .~~*].*.* ••• *.*.* •• *.~~.~ ~1 •.• * ••••••• 
CUstomer : P.SLAVIN/S.YOUNG (6682) 
Customer Sample ID 032983-002 
Lab Sample ID 70054901 . 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/T~ 
Detector Name 
Elapsed Live/Real Time 

MU.INELLI 
684.000 

4-09-97 
4 - 11-97 

LABOl 
6000 / 

SOIL SAMPLE 
gram 
2:15:00 PM 
6:39:25 PM 

6002 seconds 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Nuclide Ac:t-ivit-y 2-sigma MIlA 

Name (pei/gram) Error IpC1/gram) ------- ---------- ---------- ----------0-23B Not Detect-ed --------- 1.78£+00 
TH-234 1.06£+00 3.69£-01 5.39E-01 
RA-226 1.85£+00 5.76£-01 6.04E-01 
PB-214 7.65£-01 1.38£-01 S.SSE·02 
BI·214 6.54E-Ol 1.44£-01 6.31£-02 

'I'H-232 9.79E-Ol 4.69E-Ol L83E-Ol 
RA-228 8.15£-01 3.59£-01 2.18£-01 
AC-22B 9.49£-01 2.69£-01 L19£-01 
'I'H-228 5.65E·01 4.78E-01 5.25£-01 
RA-224 8.53£-01 3.04£-01 1.19£-01 
PB-212 9.49£-01 1.62£-01 4.30E-02 
BI-212 6.72£-01 3.8S£-01 2.41E-Ol 
TL-208 7.63£-01 1.77£-01 8.51E-02 

0-23S Not Detected --------- 2.37£-01 
TH-231 Not Detected --------- 9.89£+00 
PA-231 Not Detected --------- 1.68£+00 
TH-227 Not Detected ___ a_a_a. 

4.25£-01 
RA-223 Not Deeeceed - ..... --- 1.79E·Ol 
RN-219 Not Detected -_._--- .. 4.66E-Ol 
PB·211 Not Detected .. _-----. 1.02E+00 
TL-207 Not Detected --------- L94E+Ol 

AM-241 Not Detected ._------- 2.12£-01 
PU-239 Not Detected ----._._- 4..07£+02 
NP-237 Not Detected ___ a_a_ a. 

2.53£-01 
PA-233 Not Detected ----_ .. _- 6.60£-02 
TH-229 Not Detected -...... _- 2.32£-01 



[SWIIII&ry Repon] - Sample ro: : 70054901 

Nuclide Activity 2-o1gma MeA 
NalIIe (pCi/gram) Error (pCi/gram) 

-- - ---- -------_ .. - --- .. - -- - - - ----- -----
AG-10Bm Not Detected _._------ S.S3E- 02 
AG-llOm Not Detected -.------- 3.7BE-02 

2/'7 BA-133 Not Detected . _------- 6.4BE-02 ., 
BE-7 Not Detected --------- 3 . 10E- Ol ~);rw'f;.j, 
CD-109 1. 79E I Be 6.18S 81 B.60E - Oll'9' 
CD - llS Not Detected ---_ .. _--- l.S7E- Ol 
CE-139 Not Detected --------- 3.0SE-02 
CE-141 Not Detect.ed ___ _ a _p ap S . 47E-02 
CE-l44 Not Detected ------ --- 2 . 20E-01 
CO-56 Not Detected ---_ .. ---- 4.71E-02 
CO-57 Not Detected --------- 2.B2E-02 
CO-5B Not Detected ------ --- 4.39E-02 
CO-60 Not Detected ------_.- 5 . 4SE-02 
CR-51 Not Detected ----_ .- -- 2.B4E-Ol 
C5-134 Not Detected - ---- - --- S . lSE - 02 
C5 -137 Not Detected .----- - -- 4 . 34E-02 
EU-1S2 Not Detected -- _ .. _.--- B.41E-02 
EU-154 Not Detected --------- 2.SSE-Ol 
EU·155 Not Detected --------- 1.2BE- Ol 
FE·59 Not Detected ----- -- -- 1.04E-Ol 
GD- 153 Not Deeected -- ---_ .. _- 9.32E-02 
HG-203 Not Detected - .. ----_ .. - 3.70E-02 
I-131 Not Detected ------ --- 4 . 0SE-02 
IR·192 Not Detected ---- .. ---- 3.19E- 02 
K-40 2.44E+01 3.67B+00 3.37E - 01 
loIN-52 Not Detected --------- 5.40E- 02 
loIN-54 Not Detected - .... ... . 4.61E-02 
MO-99 Not Detected ......... 5 . 50E-Ol 
NA-22 Not Detected .... ----- 6 . 23E-02 
NA-24 Not Detected ._ .. --- - - 5.llE-Ol 
NB - 95 Not Detected -.------ - 2.70E-Ol 
ND · 147 Not Detected -_ .. _ .. _. 2. 76E-Ol 
NI - 57 Not oetec: ed -_._.-._- 1.79E-01 
PB·210 Not Detec:ced -._-- --- - B. 66E+OO 
RU·103 Not Detected - . . . --- -- 3.67E-02 
RU · 106 Not Detected ..... - - -- 3 . 61E-01 
5B-122 Not Detected ---_ .. _-- 7.97E-02 
5B-124 Not Detect ed .. _. - .- - - 3.77E-02 
5B-125 Not Detected --------- 1 . 02E -01 
SN-1l3 Not Detected - - - - - ---. 4.42E- 02 
5R-B5 Not Detected -----_._- 4 . 60E- 02 
TA-1B2 Not Detected ------- - - 2.01E-Ol 
TA-1B3 Not Detected --_._---- 2.43E · 01 
TC-99m Not Detected -----_._- 1. l SE+Ol 
TL-201 Not Detected --_ .. _--- 2.02E-Ol 
XE-133 Not Detected ----- --- - 2.17E-Ol 
Y-B8 Not Detected -------.- 3.49£-02 
ZN-65 Not Detected - -------- 1 . 37E-Ol 
ZR - 95 Not Detected ---_._--- 7.B5£-02 



•••••••••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••• 
.. Sanciia National Laboratories .. 
• Radiation Protection Sample Diagnostics Program [881 Laborato=y] .. 
• 4-12-97 12:19:42 PH .. 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• · r 'i/. ~~. • Analyzed by, J'{ ~ 7 Reviewed by, I 07 • * .... * ............ . *....... ..L .•...... *.*...... . .. *'ii~ 11 ••••• * ..... .. 
Customer , P.SLAVIN/S. YOUNG (6682) 
Customer Sample : 032984-002 
Lab Sample ID 70054902 ' 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

w.RINELLI 
753.000 

4-09-97 
4-12-97 

LAB 0 1 
6000 / 

SOLID SAMPL£ 
gram 
2 : 18:00 PM 

10:36:55 AM 

6003 seconds 

...... * ••••••••••••• * •••••••••••• * ••••••••••••••••• *.** ••• * .............. .. 

Nuclide Activity 2-s1gma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- _._. __ ._--
U·238 1.55E+00 1. 08E+OO 1.49E+OO 
TH-234 2.248+00 5.90£·01 5.74£'01 
RA-226 6.91E-Ol 8.26£-01 6.S5E-01 
PB-214 B.68E-Ol 1.50£-01 5.51E-02 
BI-214 8.25E-01 2.065-01 6.26£-02 

TH-232 9.868-01 4.855-01 1 . 725-01 
RA- 228 9.948-01 3.55E-01 2.20£-01 
AC·228 1.03E+00 1.85£,01 1.18E-01 
TH-228 7.84£-01 3.93£-01 5.37£-01 
RA-224 1.138+00 3.67£-01 8.55£-02 
PB-212 1_13E+00 1. 82E- 01 4.45E-02 
BI-212 7.78£-01 3.10£-01 2.36"E-01 
Th-208 1.05E+00 2.25£,01 8.52£-02 

U-235 8.94£-02 9 . 61£-02 1.54E-01 
TH·231 Not Detected -- ------- 1. 03E+01 
PA-231 Not Detected --------- 1. 67E+OO 
TH-227 NOt Det.ected --------- 4.46E-01 
RA·223 Not Detected --------- 1. 95£- 01 
RN-219 Not Detected --- - ----- 4.90£-01 
PB-211 Not Detected --------- 1. 09E ... OO 
TL-207 Not Detected --------- I . BIE+01 

AM-241 Not Detected --------- 2.19£·01 

/;;;:./~ PU-239 Not Detected. -._------ 4.19£.02 ;r-,i~~1 NP-237 i.B6: 9: 1. SSE 81 2.33£-01 tv PA-233 Not Detected --------- 6.87E-02 
TH'229 Not Detected -----.--- 2.40£-01 



[SUDEII&ry Report] - sample m, , 70054902 

Nuclide 
Name 

AG·108m 
AG-ll.Om 
BA-133 
BE-? 
CD-109 
CD-llS 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-5S 
CO-60 
CR-51 
CS-134 
CS-137 
EU-152 
EO-ls4 
EO-ISS 
FE-59 
GD-1s3 
HG-203 
I-131 
IR-192 
K-40 
!IN-52 · 
MN-54 
MO-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-s7 
PB-210 
RU-103 
RU-106 
SB-122 
5B-124 
5B-125 
SN-1l3 
SR-S5 
TA-162 
TA-1S3 
TC-99m 
TL-20l 
XE-133 
Y- 88 
ZN-6s 
ZR-95 

Activity 
(pCi/gram) 

Not Detected. 
Not Detec:eecl 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Deeected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 

3_74E-02 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 

2 . 67B+Ol 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not. Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 

5_l7E-02 

3.96E+00 

MOA 
(pCi/gram) 

s_slE-02 
4_33E-02 
6.41E-02 
3.0n-Ol 
1. 15E+00 
1.92E-01 
3_09E-02 
5_60E-02 
2 _23E-01 
3 _13E-02 
2.97E-02 
4 _29E-02 
5 _lsE- 02 
2_89E-01 
5.1SE-02 
2_71E-02 
S _s7E-02 
2 _ssE-Ol 
1_34E-Ol 
L09E-Ol 
9 _77E-02 
3_S1E - 02 
4_40E-02 
3_28E-02 
2.71E-01 
6_0SE-02 
4.81E-02 
6 .78E-01 
5.66E-02 
1.02E+00 
3.22E-Ol 
2.92E-01 
2_3SE-01 
9 . 4l.E+OO 
3.S1E-02 
3.S3E-01 
1. 05E- 01 
3 _71E-02 
L06E-01 
4.S5E-02 
4_70E-02 
2.17E-01 
2.74E-Ol 
7.50E+0 1 
2_34E-Ol 
2_7sE-Ol 
3_s9E-02 
1.46E-01 
7 _71E-02 



-... - ._- ... ...• 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboracori.. • 
• Radiacion Proceccion Sample D1agnoacics Program (8Bl Laboratory] • 
• 4-12-97 2:05:14 PM .. 

:·::::::::·:;~·~··········~i,:·i;~~···::::::::·:;~:·l;:::L~~~:~ ................ : 
.................... . .... ~~ ........................ ~.~ ~~~~ ........... . 
CUstomer : P.SLAVIN/S . YOUNG (6682) 
CUstomer Sample ID 032985-002 
Lob Sample ID 70054903 

Sample Description 
Sample Ouant.ity 
Sample Date / Time 
Acquire St.art. Date/Time 
Detect.or Name 
Elapsed Live/Real Time 

MruUNELLI 
62B.000 

4-09-97 
4-12-97 

LABOl 
6000 / 

SOLID SAMPLE 
gr&lll 
2:14:00 PM 

12 :22:39 PM 

6002 seconds 

Comment.s: ........................................................................... 
Nuclide Act.ivity 2-sigma. MIlA 

Name (pC1/gram) Error (pC1/gram) 
------- ---------- ---------- -------_.-
U-238 Not Detected -------- - 1.79S+00 
TH-234 Not Detect.ed --------- 7.l.2E-Ol 
RA-226 l . 70E+OO 6.0SE-Ol 6_20E-Ol 
PB-214 6.7SE-0l. 1.4SE-01 S.70E-02 
BI-214 7.04E-Ol 3.0BS-Ol 6 _6BS - 02 

TH-232 8.JOE-Ol 9 . 92S-0l 1. 77E- 01 
RA-22B B.2BS-Ol 2.S7S-0l 2 . 1BS-Ol 
AC - 22B 9 . 24S-01 2.3SS-01 1..14.E-Ol 
TH- 228 6.22E-OI S.06E-01 S.12E-DI 
RA-224 B.93E-Ol 3 . 30E-Ol B. 16E-D2 
PB-212 B. 8SE-Ol 2.l1E-Ol 4.36S - 02 
BI - 212 4.20E-Ol 2.27S-01 2 . 4SE-Ol 
TL-20B 7.70E-Ol 1.41.E+OO 7.92S-02 

U-23S Not Detected --------- 2.39S-01 
TH- 23I Not Detected -------.- 1.02E+Ol 
PA-231 Not Detected ------._- 1. 66E+OO 
TH-227 Not Detected -----_._- 4 . 32S-0l 
RA-223 Not Detected -------.- 1.92S-01 
RN-2l9 Not Detect.ed ----._--- 4 . 79E-OI 
PB-211 Not Detected ------._- 1. OSE+OO 
TL-207 Not Det.ected -. _- ---.- 1. 86E+Ol 

»J-24l Not Detected ----._--- 2.2SE-Ol ::( 

jJ;;"/17 PU-239 Not Detected ----- -. _- 4.11S+02 ..-;~~ NP-237 3 i 16S 81 I.S2E 81 2.34S-0l ,.;. 
PA-233 Not Detect.ed -------.- 6.74S-02 TH-229 Not Det.ected --------- 2.27E-Ol 



(Sumn&ry Report.] - Sample ID : : 70054903 

Nuclide Activity 2-.igma MDA 
Name (pCi/gramJ Error (pCi/gramJ 

------- ------ ---- ---------- --- -- -----
AG-108m Not Det.ect.ed ----- - .. -- 5 . 24E-02 
AG-llOm Not Deeected -------- - 3.87E-02 
BA-1.33 Not Detec:eecl --------- 6 . 23E- 02 
BE-? Not Detect.ed ----- ---- 2 . 95E-Ol 
CD-lOg Not Detected --------- 1.1.2E.OO 
CD-115 Not Detected --------- 1.91E-01 
CE-139 Not Detected --------- 3.05E- 02 
CE-141 Not Det.ected --------- 5 . 64E-02 
CE - 144 Not Dete ct.ed . -------- 2 . 23E - Ol 
CO-56 Not Detecc,ed ------- -- 3.76E-02 
CO- 57 Not Detected --------- 2.82E-02 
CO-58 Not Deteceed .-------- 4.14E-02 
CO-60 Not Detected ----- ---- 4 . 80E-02 
CR-sl Not Detected - - ------- 2.87E-Ol 
CS-13 4 Not Detected ---- ----- 5 . 50E-02 
CS -137 Not Detected --------- 4.41E - 02 
EU-152 Not Detected ---_._--- 8.32E-02 
EtJ-154 Not Detected - - - ------ 2.46E-Ol 
EU·155 Not Detected --------- 1. 30E- OJ. 
FE·59 Not Detected --------- 1. 02E-Ol 
GD-153 Not Detected ------ --- 9.45E-02 
HG·203 Not Detected ____ po_e. 3 . 62E-02 
I-131 Not Detected --------- 4 . 51£- 02 
IR-192 Not Detected --------- 3.33E-02 
K-40 1. 83E+Ol 2 . 85£+00 3.35E-Ol 
MN-52 Not Detected -------- - 6.20E-02 
MN-S4 Not Det.ect.ed --------- 4.64E-02 
MO-99 Not Detect.ed --------- 6 . 47E-Ol 

?: NA-22 Not Detect.ed --------- 5.55£-02 r.i' 
NA·24 Not Detected - -------- 1 . 09E+00 ,:r) •. :r.;;/ 
NB-95 $ . 25E 8- 5.1:£ 82 1.31E-0v" 7 • NO-147 Not Detected --- ---- -- 2.98E-Ol 
NI-57 Not Detected --------- 2.43£-01 
PB-21 0 Not Detected ----- ---- 9.0lE+00 
RU-l03 Not Detected --------- 3.68E· 02 
RU-106 Not Detected --------- 3.s2E·Ol 
SB-122 Not Detected -------- - 1.03£-01 
SB-124 Not Detected --------- 3.91E-02 
SB-125 Not Detected ----- -- -- 1. OOE-Ol 
SN-113 Not Detected --------- 4.65E-02 
SR-85 Not Detected --------- 4.71E-02 
TA-1B2 Not Detect.ed --------- 2.05E·Ol 
TA-183 Not Detected --------- 2.84£-01 
TC-99m Not Detected ------ - - - 9.21E+01 
TL·201 Not Detected - --- - ---- 2 . 3sE·Ol 
XE·133 Not Detected - -------- 2.78£·01 
Y-88 Not Detected -- -- ----- 3.35E·02 
ZN-6s Not Detected. ------ --- 1.42E- Ol 
ZR-95 Not Detected -------- - 7.48E-02 



• •••••••• ****.** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories .. 
,. . Radiation Protection Sample Diagnostics Program [Se1 Labo::.-atoryJ .. 
'* 4~12·9'7 3:50:48 PM ... ••••••••••••••••••••••••••••• * ••••••••••••••••••••••••••••••••••••••••••• 

:+~;t!;~.~!*~ ... jI~~ti!.: ... ~;!!;:;~.~!~~Jl~l~l.+ .. ++ ••• : 

CUstomer '·r··· : P.SLAVIN/S. YOUNG (6682) 
CUstomer Sample ID 032986-002 . 
Lab Sample ID 70054904 

Sample Description 
Sample Quantity 
Sample nate/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
72B.OOO 

4-09-97 
4-12-97 

LABOl 
6000 / 

SOLm SAMPLE 
gram 
2:09:00 PM 
2:08 : 03 PM 

6003 seconds 

•••••••••••••••••••••••••••••••••••• ** •••••• *** ••• ** ••••••••••••••••••••• 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- . ~-- p -----
U-23B 1.11E+00 1. 74E+00 l. 56£+00 
TH-234 1.70E+OO 5.70E-01 5.77E-01 
RA-226 6.69E - 01 7.03E-01 6.S6E-Ol 
PB-214 1.02E+OO 1. 90E- 01 S.92E-02 
BI-214 9.36B-01 1. 82E- 01 6.28E-02 

TH-232 1.298+00 6 . 0SE-Ol 1. 79E-01 
RA-228 1.328+00 4 . 46E-01 2.2BE-Ol 
AC-228 1.20E+00 2.77E-Ol 1. 15E- 01 
TH-228 9.60E-Ol 9.54E-01 5.73E-01 
RA-224 1.23E ... 00 4.56E-01 l.01E-01 
PB - 212 1 . 32E+00 2.16E-01 4.778-02 
21-212 9.11E·01 2.96E-01 2.09E~01 
TL-20B 1.218+00 2.25E-01 9.0SE - 02 

U-235 1.20E·01 9.15E-02 1.57E-01 
TH-231 Not Detected --------- 1.09E+01 
PA-231 Not Detected ---._---- 1.72E+00 
TH-227 Not oetected -_._---- - 4.77E-01 
RA-223 Not Detected --------- 2.04E-01 
RN-219 Not Detected --------- 4.82E-01 
PB-21.1 Not Decected ----- ---- 1.10E ... 00 
TL-207 Not Detected --------- 1.95E ... 01 

»1-241 Not Detected --------- 2 . 31E- Ol 
PU-239 Not Detected -.... _--. 4.38E ... 02 
NP-237 Not Detected -------- - 3.59E-Ol 
PA-233 Not Detected --------- 7.34E-02 
TH·229 Not Detected -_._----- 2.45E-01 



[summary Report] - sample m: 70054904 

Nuclide Activity 2-oigma MIlA 
Name IpCi/gram) Error (pCi/gram) 

------- ---------- ---.------ ----------
AG-I08m Not Detected --------- 5.72E-02 
AG-IIOm Not Detected --------- 4.34£-02 
BA - l33 Not Detected --------- 6.8BE-02 

hhh BE-? Not Detected --- ------ 3.20E-Ol ;:rJ.:T..J..( 
CD-109 z.UE ISe 6 . S9E B· 9 . 57E-01lV • 
CD-lIS Not Detected -------- - 2.16E-Ol 
CE·139 Not Detected --------- 3.23E-02 
CE-l4l Not Detected --------- 5 . 91E-02 
CE-l44 Not Detected --------- 2.37£-01 
CO-56 Not Detected --------- 4.64£-02 
CO-57 Not Detected -.------- 2.99E-02 
CO-58 Not Detected ------- -- 4 . 58£-02 
CO- 60 Not Detect.ed --------- 5 . 04E-02 
CR-5 1 Not Detect.eel ------- - - 3 . 00E-Ol 
CS-l34 Not Detected ---- ----- 5.53E-02 
CS-l3? 3.16E-02 1 . 6BS·02 2.40B·02 
EU-152 Not Detected ---- ----- 8.93E-02 
EO-1S4 Not Detected. ---- ----- 2.65E-Ol 
EO-lSS Not Detected --------- 1.41E-Ol 
FE-59 Not Detected -- ----- -- 1 . 09E-Ol 
GD - lS3 Not Detected --- ------ 9.92E-02 
HG-2 03 Not Det.ected .... ----- 3.93E-02 
I-13l Not Detected --------- 4.64E-02 
IR-192 Not Detected. -----_._- 3.41E- 02 
K-4D 2.39E+Ol 3.59B+OO 3 . 10E-Ol 
MN-52 Not Detect.ed --------- 6 . S4S-02 
IIN· S4 Not Detected --------- 4.86E-02 
MO-99 Not Detected -- ------- 7 . 00E-Ol 
NA·22 Not Detected ------ --- 5 . B1B-02 
NA-2 4 Not Petected --------- 1.20E+OQ 
NB - 95 Not Detected --------- 3.55£-Ol 
NO-14? Not Detect.ed --------- 3.13£-Ol 
NI-57 Not Detected ._------- 2.74£-Ol 
PB-2l0 Not Detected -- - ------ 9.4SE+OO 
RU-lD) Not Detected ------ --- 3.BOE-02 
RU-I06 Not Detected ----- - --- 3.72E-Ol 
SB-122 Not Detect ed - - ---- - -- 1.1'E-Ol 
5B-124 Not Detected . _---.-- - 4.06E-02 
5B-125 Not Detect.ed --- ------ 1.09E-Ol 
SN - ll3 Not Detect.ed --------- 4.72£-02 
SR-SS NOt Detected ._-- --_ .. - 4.9BE-02 
TA-182 Not Detected ._-----.- 2.15E-Ol 
TA-IS) Not Detected --------- 2.95E-Ol 
TC-99m Not Detected . - ---- - -- 1. . 21E+02 
TL·201 Not Detected ----- _._. 2 . 62S - 01 
XE - 133 Not Detected ... -. -... 3.04B-Ol 
Y-S8 NOt Detected . . . -. -. -- 3.53S-02 
ZN·6S Not Detected -.. -. -. -- 1.47E·Ol 
ZR- 95 Not Detected . -. .. -. -. 7 . 72E-02 



. . 
.~ •••• ** ••• * ••••••• *.* ••••• ** •••••••••••• * ••••••••••••••••••••••••••••••• 
• Sandia National Laboratories .. 
• Radiation Protection Sample Diagnostics Program [881 Laboratory] • 
• 4-1:2-97 5;36:00 PM · .. 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ••• 

:.~:;~!:~.~¥~:-?-** ... *.~:,~~7 •.. *~:~!::;~.~r!~.~j!~i~]* .•.•.••. : 
Customer , P.SLAVIN/S. YOUNG (6682) 
CUstomer Sample : 0329 Si - 002 . 
Lab Sample In , 70054905 

Sample Description 
Sample Ouantity 
Sample Date / Time 
Acquire Start Date/T~e 
Detector Name 
El apsed Live/ Real Time 

MARINELLI 
854 . 000 

4-09-97 
4-12-97 

LABOl 
60 00 / 

SOLID SAMPLE 
gram 
2,06,00 PM 
3,53 , 19 PM 

6003 seconds 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *** ••• 

Nuclide Act.ivity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- --- ------ -U·238 1.46E.00 9.83E-0~ 1. 41E+00 
TH-234 1. 49E.00 4.17£-01 4.99£-01 
RA·226 Not Detected --------- 5.50E·Ol 
PB-214 7.83£-01 2 . 09E-01 4 . 85E-02 
BI-214 7.06E·01 1.43E-01 5.70E-02 

TH·232 8.808-01 4.34£-01 1.60E-01 
RA·228 9 . 318-01 3 . 31£·01 2.01£-01 
AC- 228 9.908-01 1.13E.00 1 . 15E-01 
TH·228 9.09E-01 4 . 38E-01 5 . 12E-01 
RA-224 1.01E.00 3.71E-01 9 . 378·02 
PB - 212 9 . 80E·01 1. 70E-01 4.24E-02 
BI-212 6.74E-01 3.59£-01 2 . 39E·01 
TL-208 Not Detected ---- - ---- 7.67E-02 

U-235 Not Detected --- -- --- - 1. 01E- 01 
TH - 231 Not Detected - -------- 9.21E+00 
PA-231 Not Detected --------- 1 . 47£+00 
TH-227 Not Detected ------ - -- 3.90E-01 
RA·223 Not Detected --- - ----- 1. 77E·01 
RN-219 Not Detected - - ------- 4.29E · 01 
PB-211 Not Detected --------- 9.61£-01 
TL·207 Not Detected --------- 1 . 68E.01 

AM-241 Not Detected --------- 1 . 97£-01 PU-239 Not Detected ------- - - 3.67£.02 NP-237 Not Detected --- -- ---- 3.06E·01 PA-233 Not Detected - - ------- 6.08E·02 TH-229 Not Detected --------- 2.12E-01 



[Summary Report] • Sample ID: , '0054905 

Nuclide 
N ..... 

ACtivity 
(pC1/graml 
._--------

2- sigma 
Error -_._--_ .. -

MIlA 
(pC1/graml 

AG.10Bzn Not Detected ---...... 4.74E-02 
AG.llOm Not Detected .----.--- 3.48£-02 
BA-133 Not Detected -----.--- 5.78£-02 ~ 
BE·' Not Detected ••••••••• 2.89E · Ol eIJ$'J .I! 
CD.109----~~.~,8~3~;~8i8----~5~,~5~1~;~Slr--------'.24E·Ol~ I ¥/'¥ 17 
CD-11S Not Detected --.-.---- 1.81E-01 
CE.139 Not Detected --- •• -. . . 2 . 82£-02 
CE-141 Not Detected. ---- . ... . 5.14£-02 
CE-144 Not Detected -- •• ----- 1.98£-01 
CO.56 Not Detected ---.----- 4.19E-02 
CO-57 Not Detected ---- •• --. 2.61E-02 
CO-58 Not Detected ---. - ---- 4.12E-02 
CO-60 Not Detected ---.----- 4.S0£·02 
CR-S1 Not Detected. .----.--- 2.59E-01 
eS-134 Not Detected -- •• ----- 4.73E-02 
CS-137 Not Detected --------- 4.05E-02 
£U-152 Not Detected -.--..... 7.73E-02 
EO-1S4 Not Detected ____ po_po 2.20E-Ol 
EU-15S Not Detectea --.------ 1.22E-01 
FE-59 Not Detected ---.----- 1.00£·01 
GD-153 Not Detected -.-----.. 8.63E-02 
HG-203 Not Detected -----.-.- 3.46E-02 
1-131 Not Detected ------.-- 3.97E-02 
IR-192 Not Detected --.--.-.- 2.94E-02 
K-40 2.56£+01 3.77E+00 2.73E-01 _11/0 
MN
MN:

S
S.2 Not Detected ..•...... 2S·.32,6EE:0022 ",:rl.:r...r..t · 't'tY/f 

1.91E e: 1.91£ a: IV' {I 
MO-99 Not Detected ---- . ---- 5.97E-Ol 
NA-22 Not Detected ---.----- 5 . 39E·02 
NA-24 Not Detected -----.-.. 1.24E+00 
NB-95 Not Detected. ---- •• --. 2.94E-01 
ND-147 Not Detecteel -.-.----- 2.80E-01 
NI-57 Not Detecteel --- •• --.. 2.29E-Ol 
PB-210 Not Detected --------- 8.07E+00 
RU-103 Not Detected --------- 3 . 38E-02 
RU - l06 Not Detected .--.---.- 3.24E-01 
SB-122 Not Detected - -------- 9.92£·02 
SB-124 Not Detected --- ------ 3.56E-02 
SB-125 Not Detected -------.. 9.39£-02 
SN·113 Not Detected -- .. ----- 4.07B-02 
SR-85 Not Detected --------- 4 . 2SE-02 
TA-182 Not Detected --------- 1.90E-Ol 
TA-183 Not Detected - - - - - - - -. 2. 54E-01 
TC - 99m Not Detected --- ---- -. 1 . 30E+02 
TL-201 Not Detected ------oO- 2 . 2SE-01 
XE-133 Not Detected --- -._ --- 2.63E-01 
Y-SS Not Detect.ed --------- 3.08£-02 
ZN-6S Not Detected --------- 1.30B-01 
ZR-95 Not Detected -- -- -- -. - 7.15E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••• ***.*******.*****----~ 
• Sandia National Laboratories ... 
• Radiation Protection Sample Diagnostics Program [BB1 Laborato=y) ... 
* 4-12-97 7:20:1.9 PM ... 
****.** •••• ****.**.***.*.****** ••• ** •••• *****.*.************************ ... · 7-: Jd. ~ ;;J • • Analyzed by: I f 7. Reviewed by: I t-
*****.* •• *******. *****.* * .**.* •• *.**.****** * **~ ~********~* 
CUstomer : P.SLAVIN/S.YOUNG (66S2) 
Customer Sample ID 032991·002 
Lab Sample ID 70054906 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

M1U!INELLI 
450.000 

4-09-97 
4-12-97 

LABOl 
6000 / 

LIO= SAMPLE 
mL 
1:55:00 PM 
5:38:26 PM 

6001 seconds 

Gy /0- f?f.x--

Comments: 
********.****.********************************************_*************t-

Nuclide Activity 2-sigma MDA 
Name (pCi/mL ) Error (pCi/mL 

------- -- ........ ---------. ..00-.----
U-238 Not Detected .. _ .... _- 9.6SE-Ol 
TH-234 Not Detected --------- 3.65E·Ol 
RA-226 Not Detected ... _----- 5.34E-Ol 
PB-214 4.77E-02 6.05E-02 4.92S-02 
BI-214 Not Detected --------- 8.00E-02 

TlI-232 Not Detected --------- 1. 79E-01 
RA-22S Not Detected ------ .. - 1.81E-01 
AC-228 Not Detected ----.0 .. - 1.02E-Ol 
TH-228 Not Detected ....... _- 5 . 40E-01 
RA-224 Not Detected ---- ----- 1.68E·01 
PB-212 S.S2E·03 l. 69E-02 2.76E-02 
BI-212 Not Detected --------- 2.36E·Ol 
TL·20S Not Detected ----._--- 8.08E-02 

U-235 Not Detected ----0 ___ - 1.53E·Ol 
TH-231 Not Detected 

____ a_po. 

5.32E+00 
PA-231 Not Detected -_ ... _--- 1.19E+00 
TH-227 Not Detected ..... _- .. 1. 75E-Ol 
RA-223 Not Detected --------- 9.98E-02 
RN·219 Not Detected --------- 3.34E-Ol 
PB-21l Not Detected ._._----- 7 . 05E-Ol 
TL-207 Not Detected -._------ 1.2:5E+01 

AM-241 Not Detected --------- 1.11E- 01 
PU-239 Not Detected ---- ----- 2.41E+02 
NP-237 Not Detected --------- 1.64E-01 
PA-233 Not Detected ---- .. _-- 4.64E-02 
TH-229 Not Detected . .. _----- 1.30E-01 



[Summary Report) - Sample ID: , 70054906 

Nuclide 
Name 

AG-IOBm 
AG-ll0m 
BA-133 
BE-7 
CD - 109 
CD-lls 
CE-139 
CE-14l 
CE-l44 
CO-56 
CO-57 
CO-58 
CO-60 
CR-51 
CS-l34 
CS-137 
EU-ls2 
EO-ls4 
EO-lss 
FE-59 
GD-153 
HG-203 
1-131 
IR-192 
K-40 
MN-52 
MN-54 
MO-99 
NA-22 
NA- 24 
NB-95 
ND-147 
NI-s7 
PB-210 
RU-103 
RU-106 
SB-122 
SB-124 
SB-l2s 
SN·l13 
SR-85 
TA-lS2 
TA-lS3 
TC-99m 
TL-201 
XE-l33 
Y-88 
ZN-65 
ZR-95 

Activity 
IpCi/mL I 
----------

Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Dececeed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Deteceed 
Not Detected 
Not Detected 
Not Deteceed 
Not Detected 
Noe Deteceeel 
Not Detected 
Not Deteceed 
Not Detected 
Not Detected 
Not Detected 
Not Deeected 
Not Deeected 
Not Deeected 
Not Detected 
Not Det.ected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not. Detected 
Not Deeected 
Not Det.ected 
Not Detected 
Not Detected 
Not Deteceed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Deteceed 

2-sigma 
Error 

---------

MDA 
IpCi/mL 

2_96E-02 
2 _68E-02 
3_72E-02 
2 _26£-01 
5_41£-01 
1.20E-Ol 
2_01E-02 
3.46E-02 
1.35E-Ol 
4.04E-02 
1. 85E-02 
2.78£-02 
3.15E-02 
2.18E-Ol 
3.41E-02 
3.15E-02 
5.55E-02 
1.37E-01 
7.32E-02 
6.41E-02 
5.66E-02 
2.62E-02 
3.53E-02 
2.40E-02 
4.28E-Ol 
4 . 89E-02 
3.17E-02 
4.95E-Ol 
3.38£-02 
1.26S+00 
1 . 47E-Ol 
2.16E-Ol 
2.18E-Ol 
4.32E+OO 
2.98E-02 
2_77E-Ol 
7.s4E-02 
3 . 08£-02 
7.86E-02 
3.36E-02 
3.93E-02 
1. OlE- 01 
1. 45E- 01 
1 . 21E+02 
1.28E-Ol 
1.61E-Ol 
3 . 34£-02 
6.87E-02 
5.42£ - 02 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program (881 Labora~c~ l 

4-12-97 9:05:20 PM 

• 
• 
• : .............. 9:. ........... cd. ... 0. ..................... ~ ...................... : 

• Analyzed by: l/, '1'/ n . Reviewed. by : . t: .. .... **........... ****** ** .*** •• * •• *.*.* •••••• * **;Lb~j~;z*********. 
CUstomer . P.SLAvrN/S.YOUNG (6682) 
CUstomer Sample ID 032992-002' 
Lab Sample ID 70054907 

Sample Description 
Sample Quancity 
Sample Date/Time 
Acauire Start Dace/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
709.000 

4-09-97 
4-12-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2:43:00 PM 
7:22:38 PM 

6003 seconds 

Cy ID-Ml-ii-l'1 

•••• *** ••• * ••••••••••••••••••••••••••• _ •••••••••••••••••• _*** ••• _** •••• _* 

Nuclide Activity 2-sigtra MDA 
Name IpCi/gram) Error IpCi/gram) . -.... - ------ ---- ____ eo_eo. ----_.----

U-238 Not Detected --------- 1.97E+OO 
TH-234 1. 63E+OO 4.71E-01 5.8lE-01 
RA-226 2.02E+00 8.59E-Ol 7.18£-01 
PB-214 1.11E+OO 1. 94E- 01 6.46E-02 
BI-214 9.15£-01 1.72£-01 6.18E-02 

TH-232 1.46E+00 7.25E-01 2 . 02E-01 
RA-228 1.36E+00 3.63£-01 2.19E-Ol 
AC-228 1.37£+00 1.46E+OO 1.29E-Ol 
TH-228 1.31E+00 8.29E-01 5.73E-01 
RA - 224 1.60E+00 5.13E-01 9_36E-02 
PB-21.2 1. 39E+OO 2.22E-01 4.75E-02 
BI-212 8.89E-01 3.12E-01 2.60E-Ol 
TL-208 1. 39E+00 3.15E-01 9.19E-02 

U-235 Not Detected --------- 2.71E-01 
TH-231 Not Detected --------- 1 . 12E+01 
PA- 231 Not Detected -------- - 1.79E+00 
TH-227 Not Detected --------- 4 . 96E-Ol 
RA-223 Not Detectea --------- 2.15E-01 
RN-219 Not Detected --------- 5.36E-Ol 
PB-21! Not Detected --------- 1.19E+00 
TL·207 Not Detected --------- 1.94E+01 

AM-241 Not Detected --------- 2.43E-01 
PU-239 Not Detected --------- 4.67E+02 1. --q A NP-237 G.6GB 91 :. 6:: S- 2.63E-Ol,v'" dUA. /i'I/f 7 " PA- 233 Not Detected. --------- 7.39E-02 It 
TH-229 Not Detected --------- 2.52E-01 



{Summary Report} - Sample ID: 

Nuclide 
N .... 

Activity 
(pCi/gram) 

2-.1_ 
Error 

70050907 

MIlA 
(pCi/gram) 

AG-I0sm ' Not Detected -------7- 6.13£-02 
AG-llOm Not Detected --------- 6.4.8£-02 
BA-133 Not Detected --------- 7.31E-02 
BE-7 Not Detected --------- 3.56£-01 
CD-l09 Not Detected --- -- ---- . . B.95£-01 
CD-ll5 Not Detected --------- 2.4.6E-Ol 
CE-139 Not Detected ____ eo_a. 3.38£-02 
CE-14.1 Not Detected --------- 6.20E-02 
CE-144 Not Detected - - - - - - - - - 2. 49E-01 
CO-56 Not Detected -- --- ---- 4.80E-02 
CO-57 Not Detected --.------ 3.16£-02 
CO-58 Not Detected --------- 4.48£-02 
CO-60 Not Detected --------- 4.37£-02 
CR-S1 Not Detected --------- 3.11£-01 
CS-134 Not Detected --------- 5.63£-02 
CS-137 2.99E-01 4.12£-01 3.21E-02 
EU-152 Not Detected --------- 9.35£-02 
EO-154 Not Detected --------- 2_85£-01 
EU-1ss Not Detected --------- 1_47£-01 
FE-59 Not Detected ____ eo_po 1.06E-01 
GD-lS3 Not Detected --------- 1.03£·01 
HG-203 Not Detected --------- 4.17£-02 
1-131 Not Detected --------- 4.91E-02 
IR-192 Not Detected --------- 3.59E-02 
K-40 2.35£ .. Ol 3.55E .. 00 3 . 50E-01 ~ 
MN·s2 Not Detected --------- 7.21E-02 -u~ . ~FI.J: 
MN-54 --":'':'':'~3,,; . .e8i8B~8Iii"---;3 .... ''VriEE-EBHOi,....--- 2. 77E-02A1v'1~<-f- 'fIdf 57 
MO-99 Not Detected --------- 7.47E-Ol 
NA-22 Not Detected --------- 5.80£-02 
NA-24 Not Detected --------- 1.57£ .. 00 
NB-95 Not Detected --------- 3_81E-01 
ND-14? Not Detected --------- 3.36£-01 
NI-S? Not Detected --------- 3.15E-01 
PB-210 Not Detected --------- 9.95£+00 
RU-103 Not Detected --------- 4.07£-02 
RU-106 Not Detected --.------ 3.98E-01 
5B-122 Not Detected --------- 1.26E-01 
58-124 Not Decected --------- 4.26E-02 
5B·l25 Not Detected .------ -- 1.11E-01 
SN-113 Not Detected --------- 5.27E~02 
5R-SS Not Detected ____ po_po s.27E-02 
TA-182 Not Detected. ---- .. --- 2.23£-01 
TA-lS3 Not Detected --------- 3.18£-01 
TC-99m Not Detected --------- 2.21E+02 
TL-201 Not Detected --------- 2.84E-01 
XE-133 Not Detected --------- 3.37£-01 
Y-8S Not Detected -------- - 3.63E-02 
ZN-6s Not Detected -----_ .. - 1.54£-01 
ZR·95 Not Detected --------- S.13E-02 



******** ••• *.* •••••• * •••••••• * ••••••••••••• * ••••••••••••••••••••••••••••• 
... Sand.ia National Laboratories • 
... Radiation Protection Sample Diagnostics program [SSl Labora:ory) • 
• 4-13-97 3:35:50 PM " ... 
•• * •••••••• **.*******.***** •• ********.*******.*.****** .... * ..... ** ............ ~ 

:.~:;~~;~.~r!.~.]!tfi~:.~.~ ••. !;:!;:;~.~~!~;,41~jLq7 ........ : 
CUstomer : P.SLAVIN/S . YOUNG (6682) 
CUstomer Sample ID 032993-002 
Lab Sample ID 70054908 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
728.000 

4-09-97 
4·13-97 

LABOl 
6000 / 

SOLID SAMPLE 
griUll 
2:40:00 PM 
1:53:07 PM 

6003 seconds 

....... **.* •••••••••••••••••••• * •••••••••• **** ••••••••••• * .................. . 

Nuclide Activity 2~sigma MIlA 
Name (pCi/gram) Error (pCi/gram) ------- --- ------- ---------- ----------U-238 Not Detected. --------- 1. 92E+00 

TH-234 9.91£-Ol 4 . 74E-01 6_l6B-Ol 
RA-226 5.61E-01 6.16£-Ol 7 . 07£-Ol 
P8·2l4 9.20£-01 1. 70E-Ol 5_B8E-02 
BI-214 8.00E-Ol 1.S6E-Ol 6.51E-02 

TH-232 1. 578+00 7.44E - 01 1.97E-Ol 
RA-228 1.628+00 4.65£-01 2.29B-Ol 
A(>228 1. 60E+00 5.60E-Ol 1.19B-Ol 
TH - 228 7.34£-01 7.29£-Ol 6 _41B-Ol 
RA-224 1.64£+00 5 _ 7BE-Ol 1.05£-Ol 
P8·212 1. 56E+00 3.83£-01 4.81£-02 
BI-212 1.02£+00 3 . 37£-01 2 _61E-Ol 
TL-208 1. 46E+00 3.35E-01 9.26E-02 

U-235 8.72£·02 1.02£-01 1.67£-01 
TH-231 Not Detected --------- 1.1.1.E+01 
PA-231 Not Detect.ed --------- 1.79£+00 
TH-227 Not Det.ected --_._---. 5_l4E-Ol ~ RA-223 Not Detected --------- 2.25£ - 01 _'7"""""' 
RN·2l9 3.3:;ii1iij 9ii: Lii:9: 83.. 5 _ 09E-011I.:rlvl"""J y/t'l'/h 
P8-2l1 Not Det.ecced --------- 1.14£+00 
TL-207 Not Detected --------- 2.00£+01 

AM-24l Not Detected --------- 2.38£-01 

A4f~ PU-239 Not Detected --------- 4 - 62E_02 At. z:;:7;;( NP-237 4.72£ e- 1.99£ e- 2 .58E-Olp_ ~,z.,e.~ ... 2 2 
PA-233 Not Detected ------._ . 7 . 11E-02 
TH-229 Not Detecced --- ------ 2.56£-01 



[summary Report] - Sample IO : : 70054908 

Nuclide 
Name 

Activity 
(pCi/!!ram) 

2-aigma 
Error 

MIlA 
(pCi/!!ram) 

AG-10Bm Not Detecced ••••• -._- 6.03£-02 
AG-llOm Not Detected --------- 4 . 84£-02 
BA-lll Not Det.ecea" ------ --- 6 . 91E-02 
BE-? Not Detected --- - ----- 3.43£-01 
CD-lOg Not Detected --------- 1.26£+00 
CO-llS Not Detected --------- 3.13£-01 
CE-139 Not Detected --------- 3.4.1£-02 
CE-141 Not Detected --------- 6.29£-02 
CE-144 Not Detected --------- 2.44£-01 
CO-56 Not Detected --------- 4.72£-02 
CO-57 Not Detected --------- 3.18£-02 
CO-58 Not Detect.ed --------- 4.54£-02 
CO-60 Not Detected --------- 4 . 95£-02 
CR-Sl Not Detected --- ------ 3 . 29£-01 
eS-134 Not Detected .-------- 5.37£-02 
CS-137 5.431-02 2 . 58E-02 2 . 88E-02 
EU-152 Not Detected. --------- 9.44£-02 
EU-1S4 Not Detected. --------- 2.82£-01 
Etl -1sS Not Detected. --- - -- -- - 1.48E-01 
FE-59 Not Det.ect.ed --------- 1.11E-Ol 
GD-IS3 Not Detect.ed. --------- 1.04E-Ol 
HG- 203 Not Detected ------ --- 4.34£-02 
I-131 Not Det.ected ~-------- 5.06E-02 
IR-192 Not Detected --------- 3.s0E-02 
K-40 2.57E+Ol 3 . 94E+00 3 . 31£-01 
MN-52 Not Detected --------- 6 .62£- 02 
MN-54 Not Detected ___ a_ a_a. 4.54£-02 
MO-99 Not Detected - - --- - --- 9.13£-01 
NA-22 Not Detected. - -------- 6.081-02 ~ 
NA·24 Not Detected --------- 4 . 011+00 vr;J;,r-u:J.;1 . 
NB-95---"':":~i';.~3~i&;';;9"1>---+B", 5;<6ftEH9>i!2---~' 1. 83E- 01"v, .{, ~/r 
ND -147 Not Detected --------- 3.SSS-01 
NI -57 Not Detected -- -- ----- 4.34£-01 
PB-210 Not Detected --------- 9.36E+00 
Rtl-103 Not Detected - - - - - - - - - ".16£- 02 
RU-106 Not Detected. --------- 3.90E-01 
SB - 122 Not Detected --------- 1.49£-01 
S5-124 Not Detected -------- - 4.09£-02 
SB-125 Not Detected --------- 1.06£-01 
SN-113 Not Detected --------- S . OS£-02 
SR-8S Not Detected --------- 5.18£-02 
TA-182 Not Detected --------- 2.23E-01 
TA-183 Not Detected. - - - - - - - - - 3 . 46E- 01 
TC-99m Not Detected ---.----- 1.83£+03 
TL-201 Not Oetected -- - ------ 3.40E-01 
XE-133 Not Detected --.------ 4.25E-Ol 
y- 88 Not Detected. - - -. - - - - - 3 . 63£-02 
ZN-65 lilot Detected ------ - -- 1.49E-01 
ZR-9S Not Detected --------- 8.19£-02 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [881 Labora:o=yj 

4 · 13-97 5 : 21:01 PM 

• 
• 
• 

•••• ********** •• ** •• ***.********* ••••••• **** ••• * •••••••• ***.**** ••••••••• · 9: 0:1. )¥#. j . • AnalY'ed by : .. If ,., . Reviewed by: U 7 • 
•••••• ******** •• * ***.t. *. **********.*.* •• **'*** ...... , 'lW.'L.** ........ .. 
Customer : P.SLAVIN/S . YOUNG (6682) 
CUstomer Sample ID 032994-002 
Lab Sample ID 70054909 

Sample Description 
Sample OUantity 
Sample Date / Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

COImlents: 

MARINELLI 
722.000 

4-09-97 
4-l3-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2:48 : 00 PM 
3:38:18 PM 

6003 seconds 

CYID-Mi-72.-M 

*********** ••••••••••• ** ••• ** •• ** ••••• ** •••••••••••••• *.*****.* •• * •••• *.* 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- -------- --
U-238 Not Detected --------- 1.31E+00 
TH-234 1.49E+00 4.4lE-Ol 5.55£-Ol 
RA-226 1. 98E+00 9.7lE-Ol 6.59E -Ol 
PB-214 9.38£-Ol l. 69E-Ol 6 . 6U- 02 
BI-214 8 . 76£-Ol l.72E-01 6 . 59E-02 

TH-232 1.21E+00 5.79£-Ol 2.04E-Ol 
RA-22a l.l6E+00 4.13E-Ol 2.25E-01 
AC-228 1.22E+00 3.04E-Ol l.l3£-01 
TH-228 1.16E+00 8.09E-Ol 5.84E-Ol 
RA-224 1.28E+OO 4.33£-Ol l. 06£ - Ol 
PB-212 1.20E+00 3.73£-Ol 4.90E-02 
Bl-212 7.77£-01 2.68£-Ol 2.37£-01 
TL-2Da 1.17E+00 2.48E-Ol 8 . 62E-02 

U-235 1.60E-01 l.88£-Ol 2.61E-01 
TH-231 Not Deteceed --------- 1. 06E+01 
PA-231 Not Detected. ----- ._-- 1.79E.00 
TH-227 Not Detected. -----._-- 4.68E-01 
RA-223 Not Detected -----_ .. - 2.l5£-Ol 
RN-219 Not Detecteo --------- 5.07£-01 
PB-211 Not Detected -- ----- -- 1.13E+OO 
TL-207 Not Detected -----._-- 1. 84E+01 

AM-241 Not Detected ---_ .. _-. 2.32£-Ol 
PU-239 Not Detected ---- .. _- - 4 .43E+02 
NP-237 Not Detected ---_._- .. 3.60E'01 
PA-233 Not Detected --------- 7.25£-02 
TH-229 Not Detected -------_. 2 .4 7E-01 



[swrmary Report] - Sample !D: 70054909 

Nuclide Activity 2-aigma MOA 
Name IpCi/gram) Error IpCi/gram) 

------- -- - -- - ---- ---------- -------- --
AG-108m" Not Detected --------- 5.63E-02 
AG-llOm Not Detected -_ .. ------ 7.78E-02 
BA-133 Not Detected --------- 7.08E-02,(. ~ 
BE-' Not Detected 3.28E-Ol ~ , .--------

9.28E-Ol,.;7" ~ -;:j '(1'''/f7 CD-l09 il i Z!3ii I 99 S.tBE 91 
CD-llS Not Detected -----_ .. - .. 3.02E-Ol 
CE-139 Not Detected .-------- 3.30E-02 
CE-141 Not Detected --------- 6.1SE - 02 
CE-144 Not Deteecad _ .. _ .. ----- 2.39£-01 
CO- 56 Not Detected ------- -- 3.39E-02 
CO-57 Not Detectee. --------- 3.08E-02 
CO-58 Not Detected . -----_.- 4.46E-02 
CO-60 Not Detected --------- 5.33£-02 
CR.-51 Not Detected -- ------- 3.17£-01 
CS-134 Not Detected --------- S . S2E-02 
CS-137 5 . 38E-Ol 9.4SE-02 3.08E-02 
EU·1S2 Not Detected --------- 9.15E-02 
EU-1S4 Not Detected ------- -- 2.60E-Ol 
EU-155 Not Detectec1 _. _------ 1.38E-Ol 
FE-59 Not Detected --------- l.11E-Ol 
GD-1S3 Not Detected --- ------ l.OlE-Ol 
HG- 203 Not Detected -- ---- --- 4 . 00£-02 
1-131 Not Detected --------- 5 . 16E-02 
IR-192 Not Detected - -------- 3.52E-02 
K-40 2 . 48E+Ol 3.77£+00 3.S1E- Ol 
MIl - 52 Not Detected --------- 7.11£-02 
MIl-54 Not Detected --------- 4.69E-02 
><0-99 Not Detected ---- ----- 9.20E-Ol 
NA-22 Not Detected --------- 5.87E-02 
NA-24 Not Detected ------- . - 3.82B+00 
NB-95 Not Detected -----_ . . - 4.24E-Ol 
ND-147 Not Detected --------- 3.42E-Ol 
Nl-57 Not Detected --------- 4.46E-Ol 
PB-210 Not Detected ------- -- 9 . 64£+00 
RU-l03 Not Detected --------- 4.21E-02 
RU-l06 Not Detected --------- 3.63E-Ol 
5B-122 Not Detected --------- 1.45£-01 
5B-124 Not Detected --------- 4.02E - 02 
SB·125 Not Detected - -- ------ 1.19E-Ol 
SN-ll3 Not Detected ---- ----- 5.00E-02 
SR-85 Not Detected --------- 5 . 03E-02 
TA-182 Not Detected -------- - 2 . 21E-Ol 
TA-183 Not Detected ----_._-- 3.42E - 01 
TC-99m Not Detected --------- 2.12£+03 
TL·201 Not Detected -------- - 3.29E-Ol 
XE·133 Not Detected --------- 1.68£-01 
Y-88 Not Detected --------- 3.78£-02 
ZN-65 Not Detected -- --- ---- 1 . 51E-Ol 
ZR-95 Not Detected --------- 8.64£-02 



• •••••• ** ••••• ** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* Sandia National Laboratori.. ... 
• Radiation Protection Sample Diagnostics Program [8S1 Laboratory ] • 
... 4-~3-97 1:06:07 PM ... 
* ••••• *.******* •• **************** ••••• *.* ••• **********.**** •••• *** •••••• * 

:*~~:r!:~.~r!*~**~"~~~.~.*!:~!;:;e.~r!~jlj!~tt7 .. *** ••• • : 
Customer ~~*.: P.SLA~N/S.YOUNG (6682) 
Customer Sample ID 032995-002 . 
Lab Sample ID 70054910 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
ElapseQ Live/Real Time 

Comments: 

MARINELLI 
816.000 

4-09-97 
4-13-97 

LAIlOl 
6000 / 

SOLID SAMPLE 
!1raDl 
2:52:00 PM 
5:23:29 PM 

6003 .eco:c.da 

*****.*****************.** •• ** •••• **.****** •••••• *** •• ***** •• ************ 

Nuclide Activity 2-si!1= MIlA 
Name (pCi/gram) Error (pCi/!1ram) ------- ---------- ---------- ----------1]-238 Not Detected --------- 1_61E+00 

TIl-234 1. 15E+00 3.65E-Ol 5 . BE-Ol 
RA· 226 1 .40£+00 5.52E-Ol 6.20E-01 
PB-214 6.93E-Ol 1.34E-01 5.29E-02 
8I-214 6.30E-01 1. 49E- 01 5 . 68E·02 

TH-232 9 . 40E·Ol 4.57E-01 1. 59E- 01 
RA·228 9.55E-01 3.64E-01 2.04E-Ol 
AC-228 9 .37E-01 1. 01E+00 1.03E·Ol 
TH-228 Not Detecced --------- 5 . 29£-01 
RA-224 9.70£-01 3.48£-01 1.13:8-01 
PB-212 8.92£-01 3.03£-01 4.33E-02 
BI-212 5.74E-01 2.30E-Ol 2.08£-01 
TL·208 Not Detected. --------- 7 . 69E-02 

U-235 Not Detected --------- 2.28E-01 
TH·231 Not Decected ---- -- --- 9 . 02E+OO 
PA-231 Not Detected --------- 1.52£+00 
TH-227 Not Detected --------- 3.83E·Ol 
RA-223 NOt Detected --------- 1.87E-Ol 
RN·219 Not Detected -------- - 4 . 36E·Ol 
PB·211 NOt Detected --------- 9.75E-01 
TL-207 Not Detected. -------_. 1. 77E+01 

AM · 241 Not Detected. --- ._- --- 1.94E-Ol ?-; P1] ·239 Not Detected 3 72E+02 I ,..-:--0 ,----------
2: 17E_Ol)/-.A".l.;l</./I..,( '1/,417 NP-237· S . c: S· 1.iBE B1 " PA-233 Not Detected --------- 6 . 33E-02 

TH·229 Not Detected --------- 2 . 07£-01 



. ; " 

[SUllmllrY Report1 - sample m, 70054910 

Nuclide Activity 2-sigma MOA 
Name (pCi/gram) Error (pC1/graml 

----_.- --_ .... . .. ........ -. _ ......... 
AG-~OBm Not Detected -_ ... - .... 4.73E-02 
AG-~lOm Not Detected -_.---_.- 4.29£-02 
SA-133 Not Detected . . -_.---- 5.81£-02 
BE-7 Not Detected --------- 2.90E-Ol 
CD- I09 Not Detected _._------ 1..03E+00 
CO-115 Not Det.ect.ed - -----_ .. 2.56E-Ol 
C£-139 Not Detect.ed --_._- . -- 2.82£-02 
CE - 141 Not Detect.ed ----_.- .. 5_35E-02 
CE-144 Not Detected ----- - --- 2.0BE-Ol 
CO-56 Not Detected --------- 2.86E-02 
CO-57 Not Detect.ed --------- 2.63£-02 
CO-sB Not Detect.ed ---_ . ---- 4.17E-02 
CO-60 Not Detect.eel ------_.- 4.63£-02 
CR-S1 Not Detecteel ----_ .. _- 2.75£-01 
CS-134 Not Detected ---_._-.- 4.60E - 02 
CS-137 6 . 37E-02 2.64£-02 2.56£-02 
£U-152 Not Detected --------- 7.83£-02 
EU-Is4 Not Detect.ed -_. _----- 2.19£-01 
EU-155 Not Detected _. __ .---- 1.24£-01 
F£-59 Not Detected --------- 1.05E-Ol 
GD-153 Not Detect.ed ----_. __ . 8.58E-02 
HG-203 Not Detected . ------ -- 3.48£-02 
I-13l Not Detected -_._--_.- 4.52E-02 
IR-192 Not Detected ___ a_a_a. 3.00£-02 
K-40 _ 2 . B4E+01 4 . 19E+OO 3.01£-01 
MN-52 Not Detectea -.---- - -- 6.61£-02 
MN-54 Not Detect.ed --------- 4.19£-02 
MO-99 Not Detect.ed -------_. 8.35£-01 
NA-22 Not Detected -_ ... _---- 5 . 79£-02 
NA-24 Not Detected --------- 4.04E+00 
NB-95 Not Detect ed --_.---.- 3.50£ · Ol 
NO-147 Not Deteceed -- ------- 2 . 90£-01 
NI-57 Not Oeeeceed --_.----- 3.89E-Ol 
PS-210 Not Detect.ed ---_.--- - 8.01£+00 
RU - 103 Not Detected 

________ a 3.49£-02 
RU-106 Not Detected. ------ --- 3.38E-Ol 
SB-l22 Not Detected -- -_. _--- 1.2BE-Ol 
SB-l24 Not Detected ----- ---- 3.55E-02 
SB-125 Not Detected --------- 9.62£-02 
SN-ll3 Not Detect ed ------- - - 4.21E-02 
SR-85 Not Detected -_._----- 4.18£-02 
TA-lB2 Not Detected --------- 1 . 99£-01 
TA-183 Not Detected --_.---- - 2.89E-01 
TC-99m Not Detected 

___ a _____ 

"2.29B+03 
TL-20l Not Detect.ed 

________ a 

2.86£-01 
XE - 133 Not Det.ected --- - -- - -- 3 . 65£-01 
Y-BB Not Det.ect.ed -. ------- 2.84£-02 
ZN-65 Not Detected -._------ 1.33£-01 
ZR - 95 Not Detected - - ------- 7 . 37£-02 



, 

••••••••• ****** ••••••••• **** •• * •••••••••••••••••••• *** •• ** •••• * ••••• *.*.* 
• Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics: Program [881 Laboratory] * 
* 4-13-97 8:51:19 PM • 
•••••••• ********** ••••••• ** ••••• ****** ••••• ** ••••••••• ****.******* •••••• * 

:.~;~;:~*~~!:*~.**rl~tf!*,*·**.!:~;;::~*~!!.~'ijJ~jq2****.* •• : 
CUstomer ~p'H; : P.SLAVIN/S . YOONG (6682) 
Customer Sample ID 032996-002 
Lab Sample IO 70054911 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
763 . 000 

4-09-97 
4-13-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2:35:00 PM 
7:08:30 PM 

6003 seconds: 

***************** ••• ********.*.**** ••• *********** •••••• **************.*** 

Nuclide Act.ivit.y 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U-238 Not Det.ected --------- 1 . 925+00 
TH-234 2.01E+00 5 _91E-01 5.67E-01 
RA-226 2.62S+00 7.17E-01 7 . 01.E-01 
PB-214 1.22E+00 2 . l5E-Ol 6.41E·02 
BI-2l4 1. 04E+00 2.07E-Ol 6.57E-02 

'I'H-232 l.43E+00 6.7lE-Ol LSSS-Ol 
RA-228 1..4SE+OO 3.4SE-01 2.l2E-01 
AC-228 1.55E+00 4.06E-01 1.19E-01 
TH·228 1.01E+00 4.93E-01 6.70E-Ol 
RA-224 1.41E+00 4.47E-01 8.90E-02 
PB-212 1.45E+00 2.295-01 4.79E-02 
BI-212 9.275-01 3.10E-01 2.23E-01 
TL-20S 1. 37E+00 2.B2E-01 9.48E-02 ;f.,-,-;;:I A; 
U-235 ;;"il913 Q! !.9Q= B: 2.64E_0l/t/;T;",'J...;r rh!l7 
TH-231 Not Detected. --------- 1.. D9E+01 
PA-231 Not Det.ected --------- 1.79E+OO 
TH-227 Not Detected ---- --_.- 4.88E-01 
RA-223 Not Detected ----_._-- 2.23£-01 
RN-2l9 Not Detected --------- 5.01E-01 
PB-211 Not Detected -------_. 1.. 15E+00 
TL-207 Not Deteeted -------_. 1.97E+01 

AM-241 Not Detected --------- 2.43E-Ol ~ PU-239 Not Detected 4.55E+02 ---_._--- 2.80E-01P~)-V~ti. '(/,vI" NP-237 i.BQE Ql 2 , :15 e: 
PA-233 Not Detected --------- 7.30E-02 
TH·229 Not Detected --------- 2.49E-Ol 



(summary Report] - Sample ID, , 70054911 

Nuclid.e 
N .... 

AG·~081l'1 
AG - IIOm 
BA- 133 
BE-7 
CD-109 
CD-llS 
CE - 139 
CE - 141 
CE-l44 
CO-56 
CO-57 
CO-58 
CO-60 
CR-Sl 
CS-134 
eS-l3? 
EU-152 
EO-1S4 
EO - ISS 
FE-59 
GD-153 
HG-2 03 
1- 131 
IR-192 
K-40 
MN-52 
MIl-54 
MO-99 
NA- 22 
NA-24 
NB- 95 
NO -14? 
NI-57 
PB - 210 
Rt} -103 
RU -I06 
S5-122 
55-124 
S5-125 
SN-113 
SR-85 
TA-182 
TA - 1 83 
TC-99m 
TL-20l 
XE - 133 
Y-S8 
ZN-65 
ZR - 95 

Activity 
(pCi/graml 

Not Detect.ed 
Not Detecteel 
Not. Detected. 
Not. Detected 
Not Det.ected 
Not Detect.ed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detecteel 
Not Detected. 
Not Petected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.SBE+Ol 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not. Detected 
Not Detect.ed. 
Not Det.ected 
Not Detected 
Not Deteceed 
Not Detect.ed 
Not Detected 
Not Detected 
Not Det.ect.ed 
Not Det.eceed 
Not Det.ect.ed 
Not Det.ected 
Not Detect.ed 
Not. Deteceed 
Not Detected 
Not Detected 
Noe Detected 
Not Detected 
Not. Detected 
Not. Detected 

2-sigma 
Error 

3.86E+OO 

HDA 
(pCi/graml 

5 _77£-02 
4-25£-02 
7.34E-02 
3 . 27E-Ol 
1 . 24E+OO 
3_23E-01 
3.30E-02 
6.21.E-02 
2 . 42E-Ol 
3.44£-02 
3.l2E-02 
4.44E-02 
5_21£-02 
3.l3E - Ol 
5.80£ - 02 
5 _05£-02 
9_30E-02 
2 _70E-01 
1.4SE-Ol 
1-07£-01 
1.02E-Ol 
4_16£-02 
5_23£-02 
3_39£-02 
3_59E-01 
7.58E-02 
2.90E-02 
9_48E-01 
6 _25£-02 
4 . 90B+OO 
4-53£-01 
3 . SSE-Ol 
4 _89£ - 01 
9 . 6SE+OO 
4 _12£-02 
3 _78£-01 
1.49£-01 
4.23E-02 
1.10E-Ol 
5 _08£-02 
5 . 05E-02 
2.31.E-Ol 
3_66£-01 
3 . 40E+Ol 
3 _52£-01 
4 . 48E-01 
3 . 61£-02 
1 . 54E-01 
7.99E-02 



• 
• 
• 

sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [Sal Labora~o~ l 

4-13-97 10:36:33 PM 

• 
• 
• 

•••••••••••• ************************ •• ** •••••• *********.**********.**~.*. 

• ~ /. \. .J-!) ~ • ... Analyz"ed by: . - I f7· Reviewed by: .;;¢1:J.' ... 
**.*.* ••• *****.*.* ******~~i, *************************~j~ ~7********** 
Customer : P.SLAVIN/S . YOUNG (6682) 
Customer Sample ID 032997-002 
Lab Sample ID 70054912 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MlIRINELLI 
901. 000 

4-09-97 
4-13-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2:45:00 PM 
8:53:49 PM 

6004 seconcls 

Comments: 
************************************************************************* 

Nuclide Activity 2-sigma MIlA 
Name (pCi/grami Error (pCi/grami ------- ---------- ---------- ----------U-238 Not Detecte.d -------- - 1.85E+OO 

TH-234 1.66E-+OO 4.34£-01 5.27E-01 
RA-226 Not Detected ___ a_a_a. 

5.99£-Ol 
PB-214 1. 04E+OO 1.76£-01 5_87E-02 
BI-214 9.29B-Ol 1.82E-01 5_99E-02 

TH-232 1. 47E+OO 7 . 01E-01 1. BOB- 01 
RA-228 1.45E+OO 4.01£-01 2.11E-01 
AC-22B 1.25E+OO 2.83£-01 1.17E-01 
TH-22S 9.48E-01 6.94£-01 5.49B-01 
RA-224 1.59E+00 4 . 88B-01 8 . 87E-02 
PB-2lZ 1.47B+OO 1.07£+00 5 .14E- 02 
BI-212 8_38E-Ol 2_79E-Ol 2_35£-01 
TL-208 1. 33£+00 2.54£-01 8_79E-02 ~ 
U-235 :.4913 8! L85: 8: 2_57E-Ol f./..rj<:;[~:1:'( 't/ty/r7 
TH-231 Not Detected --------- 1.06£+01 
PA-231 NOt Detected ------- .. 1. 64E+OO 
TH-22? Not Detected. ----_._-- 4.63£-01 
RA-223 Not Detect.ed 

__ 0 ____ -. 

1. 73E-Ol 
RN-219 Not Detected --------- 4 . 81E-Ol 
PB-2ll Not Detected ._------- 1.10£.00 
TL-207 Not Detected --------- 1. 91E+Ol 

AM-241 Not Detected' --------- 2_27E-Ol :f ? PU-239 Not Detected --------- '_29E+02 -.;rffJ Y;,~/'7 NP-237 9 . 26: 81 2.39: 31 ' 2_54E-Ol,</. 
PA-233 Not Detected --------- 6 _81E-02 
TH-229 Not Detected --------- 2.48E-Ol 



[S\lIIIII&ry Report) • Sample ID: : 70054912 

Nuclide 
Name 

AG·108111 
AG-IIOm 
EA·133 
BE-7 
CD·109 
CD·1l5 
CE·139 
CE - 141 
CE-144 
CO·56 
CO-57 
CO-58 
CO·60 
CR-51 
CS-134 
CS-137 
£U·152 
EO-IS4 
£0·155 
FE-59 
GD-IS3 
HG·203 
1-131 
IR·192 
K-40 
MN·52 
MN-S4 
MO-99 
NA·22 
NA - 24 
NB·95 
ND-147 
NI-57 
PB·210 
RU·103 
RU·106 
58-122 
58-124 
S8-125 
SN-113 
SR-85 
TA-182 
TA-IB3 
TC-99m 
TL-201 
XE·133 
Y-88 
ZN·65 
ZR·95 

Activity 
(pCl/gram) 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oeteceed 
Not Detect-ed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.79E+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Deteceed 
Noc Detect.ed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 
Not. Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2· sigma 
Error 

4.12E+OO 

MDA 
(pCi/gram) 

5.58E·02 
4.08E·02 
6.78E·02 
3 . 30£·01 
1.18E+00 
3.13E·01 
3.21£·02 
6.02E·02 
2.35E~01 
4.69E·02 
2.98£·02 
4.29£-02 
4:.76£·02 
3.24E·01 
5.29E·02 
4.75£·02 
8.90S·02 
2.61E·01 
1.41E·01 
1.03£-01 
1.00E·01 
3.94E·02 
5.17E·02 
3.42E·02 
2.93E·01 
7.48E-02 
4.73£·02 
9.22£·01 
5.85£·02 
4.99E+OO 
4.35£·01 
3.46£·01 
4.61£·01 
9.321:+00 
3.87£·02 
3.63E·Ol 
1.54.E-01 
3.89£·02 
1.07E~01 

4 . 72£-02 
4.80£·02 
2.15£·01 
3.4.5£-01 
3.92E+03 
3.38£·01 
1.82E-01 
3.64£·02 
1.4.6E-01 
7.96£·02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 
• 
• 

Sandia Naeional Laboratories • 
Radiacion Proceceion Sample Diagnoseics Program [881 Laboraco=y l 

4-~4-97 ~2:21:40 AM 
• 
• 

••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• ---, 
• Analyzed by: 
••••••••••••••••• 
Cuseomer 

w /,,j / f7 Reviewed by: : 
·······*f~·44~.* •••••••••••••••••••••••••••••••••••••• 

CUsComer Sample ID 
Lab Sample m 
Sample Description 
Sample Quaneicy 
Sample Daee/Time 
Acquire Scart Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

P.SLAVIN/S.YOUNG (6682) 
032998 - 002· 
70054913 

MARINELLI SOLID SAMPLE 
759.000 gram 

4-10-97 10:20:00 AM 
4-13-97 10:39:00 PM 

LABOl 
6000 / 6003 seconds 

.....•.•.•...................•.........•..••.•..••............. _ .•...•.•. 
Nuclide Activity 2-sigma. MDA 

Name (pCi/gr&lll) Error (pCi/gram) 
------ - ---------- ---------- ----------
U-238 8.40:&:-01 9.11E-01 1. 35E+OO 
TH-234 Not Detecced --------- 6.55E-Ol 
RA-226 2.01E+00 7.S5E-01 6.65E-01 
PB-214 7.89E-01 1.41E-01 5.60E-02 
BI-214 7.67E-Ol 1.58E-01 5.87E-02 

TH-232 9.67E-Ol 5.00E-Ol 1.82B-01 
RA-228 8.74:&:-01 3.57E-Ol 1.99E-Ol 
AC-228 9.07E-01 2.12E-01 1.08E-Ol 
TH·228 7.42E-Ol 4.0n-Ol 4.96E-Ol 
RA·224 9.53E-01 3.7U·Ol 8.81E-02 
PB-212 9.39E-Ol 1.66E-01 4.35E-02 
BI-212 4.99E-01 2.2BE-Ol 2.22E-Ol 
Th·208 8 . 80B-n 1 . 77E-01 7 . 93E - 02 -,t 1:. ":,( ?~<;"7 U-235 1.il6E e: i.65: S· 2.36E-0111t...:1. .,,,,,1 1 
TH·231 Not Detected --------- 9.88E+00 
PA·231 Not Detected --------- 1. 60E.OO 
TH·227 Not Detected. ------ - -- 4.03E-Ol ? RA - 223 Not Detected --------- !:m:git'..rJ.~ . '"I/tyji7 RN-219 i13E1E 83. :3 .57: e: 
PB-211 Not Detected -- ---- - -- 9.B4B- 01 
TL-20? Not Detected ------- . . 1. 68E.01 

AM-241 Not Detected --------- 2.04E-01 
PU·239 Not Detected -------- - 3 .81E+02 
NP-237 Not Deeected --- -- ---- 2.16E-01 
PA-233 Not Detected -- - ----- - 6.2BE·02 
TH-229 Not Detected - -------- 2.1SE-01 



[swmnary Report] - sample ID: : 70054.913 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ____ pee_e . ---------- ._----- ---
AG-108m Not Detected ------ .. -- 4.84£-02 
AG-llOm Not Detected ------_.- 3.51£-02 
BA-133 Not Detected --------- 6 . 16£-02 ~ 

/;;'-1/11 BE-7 Not Detected 2.97£- 01 . --------- ? 35£-01 #-" ..ttJ;;;t,. CD-l09 i . 6'&,99 6. l2E 91 
CD-llS Not Detected --------- 2.21£-01 
CE-139 Not Detected --------- 2 . 82£-02 
CE-141 Not Detected --------- 5 . 38£-02 
CE-144 Not Detected ------ --- 2.07E-Ol 
CO-56 Not Detected --------- 2 . 50£-02 
CO-57 Not Detected --------- 2.66£-02 
CO-S8 Not Detected -------.- 3.78£-02 
CO-60 Not Detected -.------- 4.90£-02 
CR-s1 Not Detected. --------- 2.85£-01 
CS-134 Not Detected. ---- -_. -- 4.95£-02 
CS-137 Not Detectec1 --------- 4.12£-02 
EU-152 Not Detected --------- 7.90£-02 
EU-154 Not Detected --------- 2.24£-01 
£U-155 Not Detected --------- 1 . 29£-01 
F£-59 Not Detected. ---- ----- 9.63£-02 
GD-1S) Not Detected --------- 8.96£-02 
HG-203 Not Detected. -- ------- 3 . 62£-02 
I-13l Not Detected -------- - 4 . 32E-02 
IR-192 Not Detected --------- 3.17E-02 
K- 40 2 .28E+Ol 3.43E+OO 2.55£-01 
MN-S2 Not Detected --------- 5.94£-02 
MN-54 Not Detected --------- 1. 85£-02 
MO-99 Not Detected ---- -- --- 7 . 32£-01 
NA-22 Not Detected --------- 5.57£-02 
NA-24 Not Detected --------- 2.05:&:+00 
NS - 95 Not Pet-ect.ed --------- 3 . 30£-01 
ND-14? Not Detected --------- 2.90E-Ol 
NI-5? Not Detected --------- 3.02£-01 
PB-2l0 Not Detected --- ------ B.S7E+00 
RU-l03 Not Detected --------- 3.60£-02 
RU-106 Not ·Detected --------- 3 . 465-01 
5B-122 Not Detected --------- l.18E- 01 
58-124 Not Detected -------- - 3.55£-02 
SB- 125 Not Detected -------- - 1 . 01£-01 
SN-113 Not Detected -- - ------ 4 . 46£-02 
SR- 8S Not Detected --------- 4.42£-02 
TA-182 Not Detected ----- ---- 2.10S-01 
TA-1B3 Not Detected --------- 2.80£-01 
TC-99m Not Detected --------- 4.6SE+02 
TL-20 1 Not Detect.ed ----- - --- 2.61E-01 
XE-133 Not Detected --------- 3.30£-01 
Y-8S Not Detected -- - - . ---- 3.29£- 02 
ZN - 65 Not Det.ected -- ------- 1.39£-01 
ZR-9S Not Detect.ed - - -- - ---- 7.32E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National La:boratories • 
• RadiaeioD ProcectioD Sample Diagno8tics Program (881 Laboraco=y J .. 
.. 4-12-97 2:26 : 42 PM ' .. 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

:.~:!r!:e.~r;.*~.:J/J.d!.1.·.*.~:~!:::~.~r;;&.'Iji'lf9.7.* ........ : 
Customer •• ~ •• : P.SLAVIN/S.YOUNG (6682 ) 
Customer Sample Ie 032999-002 
Lab Sample ID 70054914 

Sample Description 
Sample Ouantity 
Sample Date/T~e 
Acquire Start Date/T~e 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
924.000 

4-10-9'7 
4-12-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 

10,30,00 AM 
12:43:44 PM 

6005 seconQs 

•••••••••• * •••••••••••••••••••••••• * ••••• ** •••••••• * ••••••••• ** •••••••••• 

Nuclide Activity 2-sigma MIlA 
Name (pCi/graml Error (pCi/graml .... - -- ---------- ____ e o _eo. ----_.----

U-238 Not Detected -.------- 3.73£+00 
ni-2l4 1.35E+00 5.61E-01 7.S1E-01 
RA-226 2.94£+00 9.02E-01 6.57£-01 
PB - 2I4 1.39E+00 2.0sE-01 4.82E-02 
81-214 1.26E+00 2.35E-01 1.95E-01 

TH-232 1 . 13B+00 5.24E-01 1. 61E- 01 
RA·228 1.33£+00 2.65E-01 1.49B-01 
AC·228 1.25£+00 2.93E-01 8.62£-02 
TH-228 1.10E+00 2 . 8sE-01 5.34E-01 
RA-224 1.34E+OO 3.60E-01 6 . 71E-02 
PB-212 1 .26£+00 2 . 03E-01 4 . 31E-02 
BI-212 8.09E-OJ. 2.1sE-01 1 . 69£-01 
no-208 1. 20E+00 2 . 24E-01 6 . 99£-02 

U- 235 Not Detected --------- 2.72£-01 
TH-2l1 Not Detected ---- -- --- 1 . 44£+01 
PA-231 Not Detected --------- 1.54E+OO 
TH-22' Not Detected ____ eo_e . 3.92E-01 
RA·223 Not Detected ---- . _--- 2 . 55E-01 
RN-219 Not Detected --------- 4 . 08E-01 
PB·21l Not Detected --------- 9.32£-01 
TL-20' Not Detected --------- 1 . 46E+01 

AM-241 Not Detected --------- 5 . 27£-01 
PU·239 Not Detected --------- 5.04E+02 
NP-237 Not Deteeted --------- 3 . 37E·Ol 
PA-233 Not Det.ected .. _------ 6 . 29E - 02 
TH-229 Not Detected --------. 2.88E-01 



[Summary Report] - Sample ID: 

Nuclide 
Name 

Activity 
(pCi/gram) 

, 7005491' 

HIlA 
(pCi/gram) 

AG~ 108m Not Detected - - - - - - ,_. • 4. 43S- 02 
AG~110m Not Deteceed ---- .--- - 3.33£·02 
BA~133 Not Deeected. ---.----- 7.86£-02 ~ 
BE-7 Not Detected --------- 2.75E-Ol j~ I 
CD.l09 --.:.:.:.... .. 2;;, 2~3He;.;'~Q~Q~--' .... ' ........ ;;e>-&I .. 1----1.1.E+00....... 'tJ-I n 
CD-l15 Noe Deteceed. --------- 1.37£-01 
CE-139 Noe Detected --------- 3.32E-02 . 
CE~141 Noe Detected --------- 6.12E-02 
CE-144 Noe Deteceed. --------.. 2.76£-01 
CO-56 Noe Deteceed --- - ----- 3.67£-02 
CO-57 Not Deeeceed -.-.----- 3.38E-02 
CO-58 Not Deeected .... ------- 3 .49£·02 
CO-60 Not Detected - - - .. ----- 3.75£-02 
CR-51 Not Detected --- - .. ---- 2.61£-01 
CS-134 Not Detected .. ------... 5.68E·02 
CS-137 Not Detected --- ... ---. 3.60E-02 
EU-1S2 Nat Detected. .. ------_. 1.02S-01 
EU-154 Not Detected -.--- --_. 2.04E-01 
£0-155 Not Detected -------_. 1.70£-01 
FE-59 Not Detected --- .. ----. 7.72E-02 
GD-1S3 Not Detected. --- .. ----. 1.19E-01 
HG-203 Not Detected. -.-.----. 3_55£-02 
I -131 Not Detected -. - -. - -... 3. 46B- 02 
IR-192 Not Detected .. -------~ 2.9SE .. 02 
K-4D 2.57E+01 3.63£+00 2. 49E-Ol 
MN-s2 Not Deteceed -- --- -- -- 3.65£-02 
MN-s4 Not Detected •• - .. .... - .. - 3.69S-02 
MO-99 Not Det.ect.ed -------.... 4 . 29E-01 
NA·22 Not Detected .... - .. ---.... 4.58£ .. 02 
NA-24 Not. Detected -.--.- ... - 3.33E-01 
NB .. 95 Not. Deeected --------- 2.69E-Ol r--I 
NO-147 Not Detected - .. -- ... -.. 2.42E-01 Irr-:~ 
NI·57 2.815 e: ... 6E 11 7.82B-021"..r~-
PB-210 Not Detected ---- ...... -.. 3.83£+01 
RU-l03 Not Detected .. --- .... --.. 3.03£- 02 
RU-106 Not Detected - .. - .... -... 3.09E-Ol 
5B-122 Not Detected .. ... ---.-. 7 . 29E .. 02 
SB-124 Not Detected - ...... -.... .... 3.13S" 02 
SB-125 Not Detected .. --- ----- 9.03E-02 
SN-ll3 Not Detected --------- 4.02E-02 
SR-9S Not Det-ected -.- ... _-... 3.82E-02 
TA .. 182 Not. Detected .---......... 1.71E-01 
TA-183 Not Detect.ed .. ------... 5.95£·01 
TC- 99m Not Det-ected - - - -........ 1.05£+01 
TL-20l Not Deteceed -- ...... _.... 3.27£-01 
XE-133 Not Det-ected .-------- 3.10E" 01 
Y-S8 Not Detected -------.- 2.61£-02 
ZN-6s Not Detected --------- 1.17£-01 
ZR-95 Not Detect.ed -----.--. 6.08E"02 



******.*** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program f881 Laboratory ] • 
... 4-1.2-97 4:10:53 PM '* 
•••••••••• ** •••••••••••••••••••• ** ••• * ••••••••••••••••••••• *** •••• ******* 

:.~:;r:;~.~!.~ .. J~;t.L!;*.~* •• ~;!!;:;~*~~;~vjj~J~*1*.** •• .• : 
Customer '.~.*.': P.SLAVXN/S.YOUNG (6682) 
CUstomer Sample ID 033000-002 
Lab Sample ID 70054915 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
450.000 

4-10-97 
4-12-97 

LAl!02 
6000 / 

LIQUID SAMPLE 
mL 
2:10:00 PM 
2:28:54 PM 

6001 seconds 

._.****._._ .. _ .. _._ ... _. __ ._._.-.-.-••..•.... _._._._ ..•. _.** ...••..•• _ •• -
Nuclide Activity 2-sigma MDA 

Name ipCi/mL ) Error ipCi/mL --- ---- --------_. ---------- ----------U-238 Not Detected --------- 2.01E:+OO 
TH-234 Not Detected --------- 4.75E-Ol 
RA-226 Not Detected --------- 5.40E-Ol 
PB-214 Not Detected --------- 5.97E-02 
EI-214 Not Detected ---- ----- 6.64E-02 

TH-232 Not Detected --------- 1. 73E-Ol 
RA-22B Not Detected --------- 1.55E-Ol 
AC·229 Not Detected --------- 8.77E-02 
TH-22S Not Detected --------- S.S2E-Ol 
RA-224 Not Detected --------- 1.46E-Ol 
PE-212 Not Detected --------- 4.20E-02 
EI-212 Not Detected --------- 2.14E-Ol 
TL-20B Not Detected --------- 7.09E-02 

U-235 Not Detected --------- 1.77E-Ol 
TH-231 Not Detected --------- 7.77E+OO 
PA·231 Not Detected --------- 1.1SE+OO 
TH-227 Not Detected --------- 1.60E·Ol 
RA-223 Not Detected --------- l.36E-Ol 
RN-219 Not Detected ___ a_a_a. 

2.S3E-Ol 
PB-211 Not Detected --------- 6.27E-Ol 
TL-207 Not Detected ___ a_a_a. 

1.04E ... 01 

AM-241 Not Detected --------- 2.97E-Ol 
PU-239 Not Detected ----_._-- 2.93E+02 
NP-237 Not Detected --------- 2.14E-Ol 
PA·233 Not Detected ------- -- 4.9SE-02 
TH-229 Not Detected --------- 1.73E-Ol 



{Summary Report] - Sample ID, : 7005'915 

Nuclide 
Name 

AG-l08m 
AG-llOm 
BA-133 
BE·' 
CD-l09 
CD-115 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-58 
CO-60 
CR-51 
CS-134 
C5-137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
>IN-52 
MN-S4 
MO-99 
NA-n 
NA-24 
NB-95 
NO-14? 
NI-57 
PB-210 
RU-103 
RU-106 
SB-122 
5B-124 
SB-125 
SN-113 
SR-85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR-95 

Activity 
(pC1/mL ) 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Deteceed 
Not Detected 
Not Detected 
Not Detected 
Not. Detect-ad 
Not Det.ected 
Not Detected 
Not Detected 
Not. Detected 
Not Deteeced 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detecead 
Not Detected 
Not Detected 
Not. DetBeeee! 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detec'Ced 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Det.ected 
Not Detected 
Not Detecteel 
Not Det.ected 
Not Detected 
Not Detected 
NOt Detected 
Not Detected 
NOt Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-sigma 
Error 

MDA 
(pCi/mL 

2_62E-02 
2 _35E-02 
3.73E-02 
2_22E-Ol 
7.18E-Ol 
7.57E-02 
2 _2SE-02 
3 . 96E-02 
1. 76£-Ol 
3.S4E-02 
2.13E-02 
2.66E-02 
2.56E-02 
1_99E-Ol 
3_08E-02 
2_60E-02 
6_40E-02 
1.22E-01 
9.9SE-02 
4_73E-02 
7_1SE-02 
2.5~E-02 
3.00E-02 
2.40E-02 
3_36E-Ol 
3.48E-02 
2_57E-02 
3.22E-O~ 

· 2_78E-02 
2.53E-Ol 
1 . 08E-Ol 
1.84E-01 
8 . 72E-02 
1.62E+Ol 
2.59E-02 
2.S9E-Ol 
5 _S1E-02 
2.82E-02 
6.30E-02 
2.95E-02 
3.58E-02 
9.47E-02 
3_29E-Ol 
4.8SE+OO 
1.73£-01 
1.62E-Ol 
3.07£-02 
6 _33E-02 
4_31E-02 



************ •••• * ••• *** •••••••••••••••••••••••••• *.* ••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Proceccion Sample Diagnostics Program [881 Laborato~ J • 
.. 4-12-97 5:55:53 PM .. 

• 
• Analyzed by: .............. * ••••• 

·· .. ··*··6·· .. ·· .. ·············*··· .... ··· .... ·· .. ·· ...... · .. ·· • 
If ,'I ~ 7 . Reviewed by' I 0 • ....... ~. . ................... ~.11.~.7 ........... . 

Customer 
CUstomer Sample ro 
Lab Sample ro 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Scart Date/T~e 
Detector Name 
Elapsed Live/Real Time 

P.SLAVIN/S.YOUNG (6682) 
034311-002 . 
70054916 

MARINELLI 
923.000 

4-10 - 97 
4-12-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 

10:50:00 AM 
4:12 : 54 PM 

6004 seconds 

C,! ro - 1\.1"1 - T I- 6 

Comments : ................................................................................ 
Nuclide Activity 2 - sigma. MIlA 

Name (pCi/gram) Error (pCi/gram) 
------- ---------- --.-- --- -- ----------U-238 Not Detected --------- 3.51E+00 
TH·234 1.548+00 5.62E-01 7.54E-01 
RA · 226 2.09E+00 7.54E-01 5 . 74E·01 
PB-214 1.07E+00 3.19E-01 4.72E-02 
BI-214 9.56£-01 2 . 15£·01 1.96E-01 

TH-232 1.1SE+00 5.18E-01 1.62E-01 
RA· 228 1.30E+00 3.6SE-01 1.34E-01 
AC-228 1.228+00 2.448-01 8.91E-02 
TH-22B 9.82E-01 2.68E-01 4.88£-01 
RA-224 1. 14E+00 3.76E-01 6.70E-02 
PB-212 1.19E+00 1.958-01 4 . 09E-02 
BI-212 7.36E-01 2.14E-01 1.57E-01 
TL-208 1.04E+00 1. 80E-01 6.36£·02 ?< 
U-235 3::.3iE e. ..e •• e: 2.59£-01.<"T).r.£ . ~A;'7 
TH-231 Not Detected --------- 1.34E+01 
PA-231 Not Detected --------- 1. 48E+00 
TH-22? Not Detected --------- 3.76E-01 
RA - 223 Not Detected -------- - 2.37E-01 
RN-219 Not Detected --------- 3.83E-01 
PB-211 Not Detected --------- 8 . S8E-01 
TL-207 Not Detected --------- 1. 41E+01 

AM-241 Not Detected --------- 5.15£-01 
PU-239 Not Detecced --------- 4.778+02 
NP-23? Not Detected ---. _---. 3.08E-01 
PA-233 Not Detected -_._-_._- 5.85E-02 
TH-229 Not Detected .. ~------ 2 . 71E-01 



[summary Report] - Sample m , 70054916 

Nuclide ACt.ivity 2-sigma MDA 
Name IpCi/gram) Error IpCi/gram) 

. _----- ---------- ---------- ----------
AG-l08m Not Detected. --------- '.14E-02 
AG-llOm Not Deeeceed --------- 3.13E-02 ~ 
BA-133 Not Detected ______ a_. 7.07E-02 

2.S6E-Ol ~ BE-7 Not Detected ---------
, '.05E+00""',:;r~ t 't/t'ff ' CD-109 ;i39.d~B 6dH: 9-0 

CD-llS Not Detected --------- 1.39E-01 
CE-139 Not Detected. ------ --- 3.13E-02 
CE-141 Not Detected ._------- 5.87E-02 
CE-144 Not Detected ___ a_a_a. 2 . 60£-01 
CO - 56 Not Deteccad --------- 2 . 21E-02 
CO-57 Not Detected --------- 3.24£-02 
CO-58 Not Detected .-------- 3.31£-02 
CO-60 Not Detected ------_.'" 3.68E-02 
CR-51 Not Detected -------- - 2.50E-01 
CS-l34 Not Detected --------- 5.17E-02 
CS - 137 Not Detected -------- - 3.49E-02 
EU-152 Not Detected --------- 9 . 72E-02 
EU-1S' Not Detected --------- 1.91E- 01 
EO-iSS Not Detected .-------- 1. 60E-01 
FE-59 Not Detected ----- ---- 7.4 0E-02 
GD-153 Not Detected --------- l..l.2E-0l. 
HG-203 Not Detected -------- - 3.39£-02 
1-131 Not Oet.ected. --------- 3 . 40£-02 
IR-192 Not Detected. --------- 2 . 85£-02 
K·40 2.49E+01 3.53E+OO 2.58E-01 
MN-52 Not Detected ------- - - 3.72E-02 
Ml"-54 Not Detected. ------ --- 1. 82E-02 
MO-99 Not Detected. --- --- --- 4 . 17E - 01 
NA-22 Not Detected - -------- 4 . 33E - 02 
NA-24 Not Detected ---- ----- 3.76E-01 ~ 
NB-95 Not Detected --------- 2 . 65E-01 
NO-147 Not Detected --------- 2 . 31E-01 ~J;J;:07-( 'f/' ., I 
NI-57 1 . 8SE 8i 1. 38: Sl 8. 4olE - 02 tVr ., 
PB-2l.0 Not Detected - ---- ---- 3 . 62E+01 
RU-103 Not t>eteceed --------- 2.96E-02 
RU-106 Not Detected --------- 2.82E-01 
5B-122 Not Detected --------- 6.96E-02 
59-124 Not Detected -- ------- 3.11£-02 
SB-125 Not Detected --------- 8.17E-02 
SN-113 Not Detected --------- 3.76E-02 
SR-85 Not Detected --------- 3 . 72E-02 
TA-182 Not Detected ------- .. 1. 55£- 01 
TA-183 Not Detected --------- 5.97E-01 
TC-99m Not Detected -------- - l..44E+01 
TL-201 Not Detected --------- 3 . 20E-01 
XE-133 Not Detected --------- 3.07E-01 
Y-88 Not Detected -._-----. 2.50E-02 
ZN-65 Not Detected -- ----- - - l.OSE-01 
ZR-9S Not Detected --- - ----- 5.72E-02 



: .c. 
, . ,~ .. -" . 

,.~, -, . . , 
• ••••••••••• * ••• ** •• ***** •••••••••••• *.* • ••••• • • * ••••••••••• • •••••••••••• 
• Sandia National Laboratories • 
• Radiati on Protection Sample Diagnost ics Program [ B81 Labo=atoryl • 
• 4-13-97 3:27:52 PM' • 
••• *.* •• *** ••••••••••••••••••••••••••• * •••• *.* ••••• ** ••••••••• **._._* •••• 

:.~~;r~~.~~:.::: .. :I;:.ih.7 •••••• ~::;!;:;~.~r~W.L¥JS.7 ......... : 
CUst omer '*~.*: P.SLAVIN/S .YOUNG (6 682) 
CUstomer Sampl e ID 0343 12- 002 
Lab Sample m 70054917 

Sample Description 
Sample OUantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
891. 000 

4-10 - 97 
4 - 13-97 

LAB02 
6000 / 

SOLm SAMPLE 
gram 

11,00,00 AM 
1:44:53 PM 

6 004 seconds 

C'l /0- Mq - TI -I"'I 

**** ••••••••••••••••••••••••••••••••••••••••••••••••••••• *** ••••••• * ••••• 

Nuclide Activity 2 -sigma MDA 
Name (pCi/gram) Error (pCi/gram) ------- - ------ -- - ---------- ----------

U-238 Not Detected --------- 3.4SE+00 
TH-234 1. 12E+OO 4.93E - 01 7.56E-01 
RA-226 2.02E+OO 3.4SE-Ol 5.69E-01 
PB-214 9.41E-Ol 1.35E-01 4.51E-02 
81-214 8. 3 6E-01 1.89E-01 2 . 02E-01 

TH·232 1. 1 0E+00 5 . 86E - 01 1.52E- 01 
RA-228 1.19£+00 2.53E-01 1.37E-Ol 
AC · 228 1.lOE+OO 2.26E-Ol B. 46E-02 
TH·228 1.15E+OD 3.66E-01 4.9 IE -D1 
RA-224 l . 2~E+DO 3.27E-01 5.35E·02 
PB-212 1.13E+OO 1.99E-Ol 4.19E-02 
BI-212 6.8BE-0l 2 . 15E-01 1. 79E- Ol 
TL-208 1. 03E+00 1.97E-01 6.53E- 02 

U-235 Not Detect.ed --------- 2.51E-01 
TH-231 Not Dete:eted -- ------- 1.34E+01 
PA-231 Not Det.ected ----- - --. 1. 46E+00 
TH-227 Not Detect.ed -------- - 3.77E-Ol 
RA-223 Not Detected -_. _- - --- 2.50E-Ol 
RN-219 Not Detected - - - - ----- 3.80E-01 
PB-211 Not Detected - - -----.- 8.57E-Ol 
TL-207 Not Detected _._--._-- 1.43E+01 

AM-241 Not Detected - --- - -- - - 4.91E - Ol 
PU - 239 Not Detect.ed --- - --_.- 4 . 70£+02 
NP-237 Not Detected - -------- 3.11E-01 
PA-233 Not Detected ----- - --. 5.78E-02 
TH-229 Not Detected - ------ - - 2.74E-Ol 



[SUIIIIIlILry Report] - Sample ro: : 70054917 

Nuclide 
Name 

Activity 
(pCi / graml 

2-sigma 
Error 

MIlA 
(pCi/graml 

AG-I08m Not Detect.ed ------.-- 4.20£-02 
AG-I10m Not Detected ------- - - 3.42£-02 /, 

~:~33 :~~ g:~:~~:~ ::::::::: ~:~~~:gi );J • .,.,C( 
CD_109----;:~;';.~.~6E~,.*'~---6~.:H5"E~B~1---------1.06E+OO,v~ ¥;Cf/ 
CO-lIS Not Detected --------- 1.80E-01 
CE-l39 Not Detected --------- 3.10£-02 
CE-l41 Not. Det.ected --------- 5.77E-02 
CE-l44 Not Detected .-------- 2.s8E-01 · 
CO-56 Not Detected --------- 2.51E-02 
CO-57 Not Detected ____ po_po 3.21£-02 
CO-58 Not Detected ____ po_p o 3.41E-02 
CO-60 Not Detected --------- 3.65E-02 
CR-Sl Not Detected ---- - ---- 2.54E-01 
eS-l34 Not Detected --------- 4.98£-02 
eS- l.3' 2.65£-02 1.38E-02 1.91E-02 
EU-1S2 Not Detected --------- 9.61E-02 
EO-154 Not Detected --------- 1.93E-01 
EU-ISs Not Detected --------- 1.59E-01 
FE- 59 Not Detected - - - - - - - - - 7. SOE-02 
GO-1s3 Not Detected ------ - -- 1.14E-01 
HG-203 Not Detected ------ - -- 3.35E-02 
1-131 Not Detected --------- 3.77E-02 
IR-192 Not. Detect.ed --------- 2.77E-02 
K-40 2.54£+01 3 . s8E+0 0 2.46E-Ol 
MN-S2 Not Detected --------- 4.63E-02 
MN-S4 Not Detected --------- 2.03£-02 
MO-99 Not Detected - - ------- 5.07£-01 
NA-22 Not Detected --------- 4.27£-02 
NA-24 Not Detected -------- - 1.00£+00 
NB-9s Not Detected --------- 3.15£-01 
NO-147 Not Deteceed --------- 2.43£-01 
NI-57 Not Detected --------- 9.69£-02 
PB-210 Not Deteceed --------- 3.60£+01 
RU-I03 Not Detected -------- - 3 . 12£-02 
RU-I06 NOt .Detect.ed ------ - -- 2.93£-01 
SB - 122 Not Detected -- ----- -- 8.68£-02 
SB-124 Not Detected - - - - - - - - - 3.08£- 02 
SB-12s Not Detect.ed ____ po_po 8 . 15£-02 
SN-113 Not Detect.ed -- - ------ 3.88£-02 
SR-8s Not Detected --------- 3.78£-02 
'I"A-182 Not Detect.ed --------- 1.60E-01 
TA-1S 3 Not Detected --- - -- - -- 6 . 4S£-01 
Te- 99m Not Detected - - - - - - - - - 1.68£+02 
TL- 201 Not Detected - - - - - - - -. 3. 86E- 01 
XE-133 Not. Detected -- - -- ---- 4 . 00E-Ol 
Y-8S Not Detected - - -- - ---- 2.s6E - 02 
ZN-65 Not Detected --.------ 1.09E-Ol 
ZR-95 Not. Detected ------ -- - 5.91£-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* 
* 
* 

Sandia National Laboratories 
Radiation Protection sample Diagnostics program [881 Labora~o~l 

4 - 14-97 8 : 59 : 41 AM 

• 
• 
• 

* ? !.:i >.w..Jj' • Analy;:ed by : · 't I '(' 11. Reviewed by: L • .................... . ........................................................ .... f,!'1 ~2 .............. . 
CUstomer : P.SLAVIN/S.YOUNG (6682) 
CUstomer Sample : 034313-002 
La.b Sample ID 70054918 

Sample Description 
Sample Ouantity 
Sample Dace/Time 
Acquire Start Date/Time 
Det.ector Name 
El apsed Live / Real Time 

MlUUNELLI 
972.000 

4-1 0 - 97 
4-14-97 

LAB01 
6 000 / 

SOLID SAMPLE 
gram 

11:10:00 AM 
7:11:34 AM 

60 03 seconds 

C'IID-Mq -,2 - 6 

Comments: ....................................................................................................... 

Nuclide Activity 2-sigma MIlA 
Name IpCi/gram) Error IpCi/gram) -...... .._ ...... - - - _. _- -- - - ----------U-238 1 . 66E+00 9.5lE-01 1.4.2E+OO 

TH-234 1.55E+00 4.13E-01 4.69E-Ol 
RA-226 1 . 74E+OO S.BIE-Ol 5 . 39E-Ol 
PB - 214 8.26£-01 1.40E-Ol 4.54E-02 
BI-214 7 . 44.E-Ol 1.64E-Ol 5.08E-02 

TH-232 1 . 01E+00 1 . 10E+00 1 . 39S-01 
RA-228 1.01£+00 2 . 47E-01 1.81E - Ol 
AC-22S 1 . 01E+CO 2 . 37E-01 1.04E-01 
TH-228 4.16E-01 3.80E-01 4.82E-01 
RA-224 1. 03E+OO 3.49E-01 6.06E-02 
PB-212 9.40E-01 1.51E-01 3.89£-02 
BI-212 5.60E-01 3 . 29£-01 1.90£-01 
TL-20B 9.54E-01 1.31E+00 6.65E-02 

U-235 2 ... 34E-01 1. 53E- 01 2.11E-Ol 
TH -231 Not Detected ------ --- 8 . 60E+00 
PA-231 Not Detected --------- 1. 41B+00 
TH - 227 Not Detected --------- 3.61E-01 
RA-223 Not Detected ------- -- 1 . 72E-01 
RN-219 Not Detected --- - -.--- 4.07£-01 
PB-2 1 1 Not Oetected -- ------- 9.1.3E-Ol 
TL - 207 Not Detected ___ a_a_a . 1. 57E+Ol 

AM-241 Not Detected. --_._- - --
1.m- 01 )J:J';~ PU-239 Not Detected --------- 3.61£+02 ~ . . 

NP-237 6.16: S- 1.76£ 8_ 2.32S-01/.1.-" r}tv/n " PA-233 Not Detected -- -- . . . . - 5.72E·02 
TH-229 Not Detected -._---- -- 1.97£ - 01 



[summary Report] - Sample ID: ! 70054918 

Nuclide 
Name 

AG-l08m 
AG-llOm 
SA-l33 
BE-7 
CD-109 
CD-lls 
CE-139 
CE-141 
CE-l44 
CO-56 
CO-57 
CO-58 
CO-60 
CR-51 
CS-134 
CS-137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-1S3 
HG-203 
1-131 
IR-192 
K-40 
MN-S2 
MN-54 
MO-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-S7 
PB-210 
RU-103 
RU-106 
SB-122 
SB-124: 

. SB-125 
SN-113 
SR-85 
TA-182 
TA-18) 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR-95 

Activity 
IpCi/gram) 
.------_.-

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 

2_42E-02 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.46E+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not. Detected 
Not Detected 
Not Detected 
Not Detected 
Noe Detected 
Not Detected 
Not Detected 

2-oigma 
Error 

1 .47E-02 

3 . 63E+00 

MDA 
IpCi/gram) 
--------- -
4_43E-02 
3_45E-02 
5_52E-02 
2_63E-01 
9.80E-01 
2.17E-01 
2.59E-02 
4_85E-02 
1.93E-01 
3_78E-02 
2.48E-02 
3.42E-02 
4.22E-02 
2.46E-01 
4.23E-02 
1.85E-02 
7.43E-02 
2 . 04£-01 
1.13E·01 
8 _84E-02 
8_16E-02 
3_32E-02 
3.84E-02 
2_70.-02 
2_52E-01 
5.55.-02 
3.81E-02 
6.88E-01 
5_08E-02 
2.39E+00 
3.18E-01 
2.77E -01 
3 . 18E-Ol 
7.64E+OO 
3_26E-02 
2.91E-01 
1.09E-01 
3 . 09E-02 
8.80.-02 
3_83E-02 
3.78E-02 
1. 76E-Ol 
2.68E-01 
9.97E+02 
2.52E-Ol 
3 _2 2E-01 
2.88E-02 
1.20E-01 
6 . 92E-02 



••••••••••• ** •• * •••• * •••••••••••••••••••••••••••••••••••••••••••••••••••• 
.. Sandia National Laboratories .. 
.. Ra~i.tion Procection Sample Dlaguo. tics Program [881 Labora~ory l .. 
.. 4-14-97 8:59:08 AM .. 

:.:::~;:::.:;: •• ~* ···*:;;,i·~~·;·~···::::::::·:;~·~·~::L·~~'·~~7········: 
••••••••••••••••• • •••• ~" ,~ •••••• * •••••••••••• ~; •• t ']i ~ •••••••• 
Customer : P . SLAVIN/S. YOUNG (6682 ) 
Customer Sample ID 034314-002 · 
Lab Sample IO 70054919 

Sampl e Description 
Sample OUantity 
Sample Dace/Time 
Acquire Start Date / Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
957 . 000 

4-10-97 
4-14-97 

LAB02 
6000 / 

SOLm SAMPLE 
~ram 

11:20 : 00 AM 
7:16:17 AM 

6004 seconds 

••• **** •• *.******** ••• ************ •• ******* ••••••• ***.******* •••••••••••• 

Nuclide Activity 2-sigma MOA 
Name (pCi/~aml Error (pCi/~ram l ----- -- ---------- ---------- ----------

U-238 Not Detected ------- -- 3.43E+OO 
TH-234 1.61E+00 S_SOE-Ol 7.64E-01 
RA - 226 1. 968+00 8.258-01 5.97E-01 
PB - 214 9.15E-01 1. 82E- 01 4 _4SE-02 
BI-214 8_60E-Ol L90E-Ol 1. 898- 01 

TH-232 1.09E+00 5.17£-01 1.408-01 
RA-228 1.16£+00 2 .43E- 01 L49E-Ol 
AC-228 1.19E+00 2 . 44E-01 8.178-02 
TH-228 1.168+00 1. 54E+00 4 _7SE-Ol 
RA-224 1.188+00 3 . 20E-01 6 . 12E-02 
PB-212 1 . 12E+00 1 .76E-01 4_00E-02 
81-212 7 . 52£-01 2.778-01 1.52E-01 
TL- 208 1.10E+00 3_88E-Ol 6.51E-02 

U-235 Not Detected --------- 2.50E-01 
TH -2 31 Not Detected --------- 1. 368+01 
PA- 231 Not Detected ____ eo_e. 

1. 418+00 
TH-227 Not Detected ------ --- 3 _67E-Ol __ "~ RA - 223 NOt Detected --------- 2 . 67E-01 • ~A. I 

RN-219 2.53E 81 S.:.tSE e: 3 _ 75E - 01,.,vr).;.I ':f r/ty h 
PB - 211 Not Detected -------- - 8_39E-Ol 
TL- 207 Not Detected --------- 1 . 36E+01 

AM-241 Not Detected --------- 4.8sE-01 PU-239 Not Detected ---- ----- 4 . 678+02 NP-237 Not Detected --------- 3 _34E-Ol 
PA-233 Not Detected ------- -- 5.67E-02 TH-229 Not Detected ---- -- --- 2 _6SE-Ol 



[Summary Report] - Sample ID : 

NUclide 
Name 

Activity 
(pCi/gram) 

: 700549U 

MOA 
(pCi/gram) 

AG-10Bm Not Detected ------- -- 4.06E-02 
AG-llOm Not Detected --- ------ 3 . 06£-02 
BA-13) Not Detected -- - ------ 6 . 58£-02 (~ 
BE-? Not Detected --------- 2.58E-01 'rl~ ,/. j' 
CO-109---:":"~;:';:. +'~6Ee...., 9H9 .... -~6~. 8e:1~EH8"'~---1. HE.OO"< .. 11' 1 n 
CO-llS Not Detected --------- 2.17E- 01 
CE-139 Not Detected - -------- 3.08E-02 
CE-141 Not Detected -- ------- 5.895-02 
CE-144 Not Detected --------- 2.57E-01 
CO-56 Not Detected .-------- 3.30£-02 
CO- 57 Not Detected - - ------- 3.1.9£-02 
CO-58 Not Detected -- - ------ 3.28E-02 
CO-60 Not Detected - - ------- 3 . 50E-02 
eR- S1 Not Detected ------ --- 2.46E-01 
CS-134 Not Detected ----- --- - 4.87E-02 
CS-137 Not Detected - - ------- 3.31£-02 
EU-152 Not Detected - -- ------ 9 . 53£-02 
EO-1S4 Not Detected --------- 1.88E-Ol 
EO-155 Not Detected ---- ----- 1.57E-01 
FE-59 Not Detected --------- 7.50E-02 
GD-153 Not Detected ----- ---- 1 . 10E-01 
HG-203 Not Detected --------- 3.25E-02 
1-131 Not Detected -----.--- 3 . 86E-02 
IR-192 Not Detected -----.--- 2.71E-02 
K-40 2 . 51E+01 3 . 56E+00 2.25E-01 
MN-52 Not Detected -------- - 4 . 26E-02 
MN-S4 Not Detected ---- --- -- 2.02E-02 
MO-99 Not Detected -- - ------ 6.14.E-01 
NA-22 Not Detected -------- - 4.35E-02 
NA-24 Not Detected - - - - - - - - - 2. 22E+00 
NB-95 Not Detected --------- 3.52E-01 
NO-147 Not Detected --- --.--. 2.52£-01 
NI - 57 Noc Deteccec1 ____ po _a. 1..50£-01 
PB-210 Not Detected --- -- ---- 3 . 53E+Ol 
RU-10 3 Not Detected ------- -- 3 . 14£-02 
RU-106 Not Detected --------- 2.88E-01 
SB-122 Not Detected --------- 1..02E-01 
SB-124 Not Detected -- - ------ 2.98£-02 
SB-125 Not Detected --------- 8.11E-02 
SN-113 Not Detected --------- 3 . 73E-02 
SR-8S Not Detected - -- ------ 3.60E-02 
TA-1S2 Not Detected --------- 1..52E-01 
TA-183 Not Detected --------- 6 . 97E-01 
TC - 99m Not Detected --------- 1.21E+03 
TL- 201 Not Detected - - - - - - - - - 4. 52E- 01 
XE-133 Not Detected ____ po_a. 5 . 01E-01 
y-Sa Not Detected ___ _ p o_a. 2.40E-02 
ZN-65 NOt Detected - -- - -- --- 1..03E-01 
ZR-95 Not Detected ------- - - 5.80E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 
• 
• 

Sandia National Laboratories 
Raaiation Protection Sample Diagnostics Program [881 Laboratory] 

• 4-14-97 11:35:39 AM . 

• 
• 
• 

· 0.i *Z . • Analyzecl by : . /J. '7 . Reviewed by : . L /~- 97 • •••••••••••••• ~ ••• ~ ......................... .•••• ~ •• 7.'~ ••••••.... 
CUstomer "'p': P. SLAvm/s. YOtJNG (668:1) 
Customer Sample ID 034315-002 
Lab Sample ID 700549:10 

Sample Description 
Sample Quantity 
Sample Date/T~ 
Acquire Start Date/Time 
Detector Name 
El apsed Live / Real Time 

Comments: 

MlIRINELLI 
927.000 

4-10-97 
4-14-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 

11 : 30:00 AM 
9 : 52:41 AM 

6004 aeconds 

•••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••••••••••••• 

Nuclide ACtivity 2-sigma MeA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U-238 Not Detected --------- 3.39E ... OO 
TH-234 1. 76E ... 00 5.91£- 01 7 . 76E-01 
RA·226 2.03E+OO 3 . 56E+OO 5 . 68E-01 
PB-214 8.74E-01 1.42E-Ol 4.5:1£-0:1 
BI-214 8 . 06E-Ol 1. 84E-01 1. 94£· 01 

TH-:ln 9.90E-01 4.61E-01 1.43£-01 
RA·:l28 1.02£ ... 00 :1.28£-01 1.47E-01 
AC·228 1.03E+00 :1.:1:1£·01 B.31E-02 
TH-228 1.17E ... OO 3 . 01£-01 4.65E-01 
RA-224 1.10E+OO 3.02£- 01 5 . 12E-02 
PB-212 1.02£+00 1.62E -Ol 4.07£-02 
BI·21:1 6.51E-01 2.20£-01 1. 71E·01 
TL-208 9 . 17E-01 1.62E-Ol 6 . 30£·0:1 

U·235 Not Detected _._--- ... 2.45£ - 01 
TH-23l Not Detected ---._._-. 1 . 321+01 
PA-231 Not Detected --------- 1.40E+OO 
TH-227 NOt Detected --------- 3 . 57E- 01 
RA-223 Not Detl!cted --------- 2.57£-01 
RN·219 NOt Detected ------- -- 3.63E-01 
PB-211 Not Detected --- ------ 8.31E-01 
TL·207 Not Detected --------. 1.36E+01 

AM·241 Not Detected --------- 4.77£·01 
PU·239 Not Detected --------- 4 . 57E+02 NP ·237 Not Detected --------- 3.32E-Ol PA·233 Not Detected ____ eo_e. 5 . 68E·02 TH · 229 Not Detected _._------ 2 .57E· 01 



[Summary Report) - Sample ID: 

Nuclide 
Name 

Act.ivity 
(pCi/!framl 

70054920 

MIlA 
(pCi/!framl 

AG-108m Not Detected .-------- 4 . 05£-02 
AG-l10m Not Detected - - - - - - - - - 3. 37E- 02 
BA-133 Not Detected --------- 6 . 47E-02 • 

g: i09 ___ N=O:t..:ge~. i~:~i .. t;;;, :~~i----"6;,:,.;5;;i,,E;"--Ee .. i,--'"-- ~: ~~~:~~ #% J.~~:r:~t 
CD-llS Not Detected .-------. 2.25£-01 
CE-139 Not Det.ected ---.----- 3.09£-02 
CE-141 Not Det.eceed .-------- 5.76£-02 
CE-144 Not Detected --------- 2.49E-01 
CO-56 Not Detected --.-----. 2.05£-02 
CO-57 Not Det.ected .---- ---- 3.13E-02 
CO-58 Not Det.ected. -- ---- --- 3.31E-02 
CO-60 Not Detected -------- - 3.64E-02 
CR-S1 Not Detected --------- 2.56£-01 
CS-134 Not Detected .-------- 4.74E-01 
CS-137 2.20E-02 1. 72E-02 2 . 04E-02 
£U-152 Not Detected --------- 9.36£-02 
EU-154 Not Detected ~- -.---.. 1_88E-01 
EO-1SS Not Detect.ed. ----~---- 1.54£-01 
FE-59 Not Detected --------- 7 . 57E-02 
GD~153 Not Detected -- •• ----- 1.08E-01 
HG-203 Not Detected ------~-- 3.29E~02 
1-131 Not Detected ---~----- 3.96£-02 
IR-192 Not Detected --------- 2.7B£-02 
K-40 2 . 63£+01 3.70£+00 2.52E-01 
MN-52 Not Det.ected --------- 4.72£-02 
MN-54 Not Detected --------- 1.90£-02 
MO-99 Not Det·ected --------- 6 . 31£-01 
NA-22 Not Detected -~~------ 4.43£-02 
NA-24 Not Detected -- - --~-~- 2 . 43£+00 ? 
NB-95 NOt Detected -------- - 3 . 50£-01..--r' / 
NO-147 Not Detected --~------ 2.50£-01 ut t;;.:.rL#'''' 
NI-57 2.65S81 L.6S9l 1.62E-Ol,v.-:r: e-""' 'f/, " " 
PB-210 Not Detected --------- 3 . 52£+01 
RU-103 Not Detected ----- ---- 2.96£~02 
RU - 106 Not Detected --------- 2 . 80£-01 
SB-l22 Not Detected --~~--~-- 1.06£-01 
SB-124 Not Detecte(1 ---- -- --- 2.96E ~ 02 
SB-l25 Not Detected ------~-- 8.15E-02 
SN-ll3 Not Detected - - - - - - - - ~ 3. 77E- 02 
SR-SS Not Detected --------- 3.76£-02 
TA-lB2 Not Detect.ed - - ~- ---. - 1.56E-01 
TA-183 Not Detected ------ - -- 6.91E -01 
TC-99m Not Detected --~------ 1.56E+03 
TL-201 Not Detected --------- 4 . S6E-0! 
XE -133 Not Detected - - - - - - - - - 5 .11E - 01 
Y-88 Not Detected --------- 2.27E-02 
ZN-65 Not Detected - - ------. 1.05E-01 
ZR-95 Not Detect.ed --- - -- .-- 5 . 73E-02 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics program [881 Labo=a~ory ] 

4-14-97 11 : 36:46 AM 

• 
• 
• 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• · 9::/; 'Mttil' • Analyzed by: /r $'1 Reviewl!:d by 1)-97 .. ••••••••••••••••• • ••• ~.* ••••••••••••••••••••• • •• i .. ............ . 
CUstomer : P.SLAVIN/S.YOUNG (6682) 
CUstomer Sample ID 034316-002 
Lab Sample ID 70054921 

Sample Description 
Sample Quantity 
Sample Date / Time 
Acquire Start Dace/ Time 
De tector Name 
Elapsed Live/ Real Time 

COIlUTIencs : 

MARINELLI 
500.000 

4-10-97 
4-14-97 

LAB01 
6000 / 

LIQum SAMPLE 
mL 
2 : 35 : 00 PM 
9:53 : 57 AM 

6001 seconds 

••••••••••• *** •••••••••••••••••••••••••••••••••••••••••••• ** ••••••••••••• 

Nuclide Activity 2-sigma MDA 
Name (pCi/mL ) Error (pCi/mL 

------- . _-- --- --- ---- -- _ .. - ---.------
U- 238 Not Detected --------- 7.98£-01 
TII-234 Not Detected ------ --- 3 . 18E-01 
RA-226 Not Detected _. _- ----- 4 . 58E-01 
PB-214 Not Detected -- .. _-_ .. 5.358-02 
BI -214 Not Detected _ ..... _-- 5 . 938 - 02 

TII-232 Not Detected -.- ._--_. 1.588-01 
RA-228 Not Detected .. _._ .... 1.63E-01 
AC-228 Not Detected --_._---- 1.04E-01 
TH-228 Not Detected --------- 4.90E-01 
RA-224 Not Detected -------.- 1.35E-01 
PB-212 8.05£-03 8.958-03 2.71£-02 
B1-212 Not Detected --------- 2.03£-01 
TL-208 Not Detected --- --_._- 8 . 04£-02 

U- 2 35 Not Detected --------- 1 . 42£-01 
TH-231 Not Detected --------- 4 . 50E+00 
PA-231 Not Detected ------._ - 1.07£+00 
TH-227 Not Detected --------- 1.57E-01 
RA-223 Not Detected --- -- ---- 8 . 74E-02 
RN-219 Not Detected --------- 3.D1E-Dl 
PB-2l1 Not Detected --------- 6.56£-01 
TL-2D7 Not Detected ----_ . .. _- 1. 13E+01 

AM-241 Not Detected ----- ---- 9.80E-02 
PU- 239 Not Detected --------- 2 . 23E+02 
NP -237 Not Detected -------- - 1.36E- 01 
PA- 233 Not Detected . . _------ 4 . 29£-02 
TH-229 Not Detected --------- 1.20£-01 



(S\llIIM.ry Report) - Sample III, 7005492l 

Nuclide Activity 2-sigma MIlA 
Name IpCi / 1IlL ) Error IpCi/1IlL 

.. -.- ... .. ----_ .. _-- .. ---- ---- - -- ------- -
AG-l.OBm Not Detected --------- 2.66£·02 
AG-llOm Not Det.ected --------- 2.22£·02 
SA'133 Not Det.ected --------- 3 . 18E-02 
BE-' Not Detected .-------- 1.98E-01 
CO-109 Not Detected -- -- ----- 4.54E-01 
CD-l.1S Not Detected ----- - --- 1.20E-01 
CE-139 Not Deteceec1 .--- - -- - - 1 .73S-02 
CE-l41 Not Detected --------- 3.21S-02 
CE - 144 Not Detected .-------- 1.23E-Ol 
CO-56 Not Detected -- ------- 3.67£ - 02 
CO- 5 7 Not Oatectec:1 -----_ .. -. 1.57£-02 
CO-58 Not Detected .-------- 2.52E-02 
CO'60 Not Detected -- ------- 2.89E-02 
CR-51 Not Detected. --------- 1.89E-Ol 
eS-134 Not Detect-ad ----- ---- 2.47£-02 
CS-137 Not Detected --------- 2 . 52£-02 
£U-152 Not Detected --------- 4.73S-02 
EU-154 Not Detected .-------- 1.25E-01 
£0-155 Not Detected ------ --- 6.65E-02 
FE-59 Not Detected ----- ---- 4.72£-02 
GO-lS3 Not Detected .----- --- 5.01£-02 
HG-203 Not Det.ect.ed ---- -- --- 2.20£-02 
t·131 Not Det.ect.ed --------- 3.35£-02 
IR-192 Not Detected ----- ---- 1.99£-02 
K-4 0 Not Oetect.ed --------- 3.39S-01 
MIl-52 Not Detected --------- 5.33S-02 
loIN-54 Noe Detected ------ - -- 2.62S-02 
MO-99 Not Detected --_._---- 5.09E- 01 
NA-22 Not Detected ---- ----- 2.73£-02 
NA-24 Not Detected --------- 1.67E+00 
NB-95 Not Detected ---- --- -- 1.43£-01 
ND-147 Not oetect.ed -- ---- - -- 2.09E-01 
Nt -57 Not Detected --------. 2.32S-01 
PB-2l0 Not Detected -- ------- 3.82£+00 
RU-103 Not Detected -- .. _---- 2.55£-02 
RU-106 Not Detected _._--- --- 2.45£-01 
SB-122 Noe Detected. --------- 8 . 28E-02 
SB-124 NOt Detected -----_. _- 2.64E-02 
SB- 1 25 Not Detected. --------- 7 . 08E-02 
SN-113 Not Detected ---- - ---- 2 . 91E-02 
SR-85 Not Detected --------- 3.44£-02 
TA-182 Not Detected --------- 8.35£-02 
TA-183 Not DeteCted. --------- 1.39E- 01 
TC- 99m Not Detected. _._------ 6.51£+02 
TL-201 Not Detected ----_.--. 1.38E-01 
XE-133 Not Detected. --------- 1.66£-01 
Y-88 Not Detected --------- 3.36E-02 
ZN- E5 Not Detected - ---- _.-- 6.13£-02 
ZR-95 Not Detected . a_a . __ _ _ 5 . 09£-02 



. ~ .. _- .'. . . ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program [881 Laborato~) • 
• 4-14-97 1:39:18 PM + 
••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •• * •• * •• ****+* •• + · 9- vp,:i 'i' * Analyzed by: r f 7 Reviewed. by: \.. . I~- a ..-
••••••• *.......... ••••• ~. • ••••• *** •• *** •••• ~.~ •• ~,~ •••••••• 
Customer . : P . SLAVIN/S.YOONG (66B2) 
Customer Sample In : 034317-002. 
Lab Sample ID : 70054922 . 

Sample Description 
Sample Quantity 
Sample Date/T~e 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

lQRINELLI 
930.000 

4-10-97 
4-14-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 

11:42:00 AM 
11:51:26 AM 

6003 seconds 

•••••• ***.***** •••• ***** •• * ••••••••••• *** ••••••••••••• ** •••• *****.* •••••• 

Nuclide Activity 2-sigma. MIlA 
Name (pCi/gram) Error (pCi/gram) ------- ---------- --- ------- ----------U-23S 5.48E-01 6.39E-Ol 1.39E+00 

TH-234 6_53E-01 3.BOE-01 4.SBE-01 
RA·226 1. 12E+00 4.'lE-01 4.9BE-Ol 
PB-214 5.69£-01 1.12£-01 4.23£-02 
91-214 5.15E-01 1.llS-0l 4.B4E-02 

TH-232 6.6B£-01 3.26£-01 1.33£-01 
RA-228 6.26E-01 2.27E-01 1. 66E- 01 
AC'228 '.OlE-Ol 2.11£-01 B.86S-02 
TH·228 .5.44£-01 4.6BE-01 4.42£-01 
RA-224 6.70E-Ol 2.21E-01 7.S1E-02 
PB-212 6.6BE-01 1.55£-01 3.S0E-02 
BI-212 4.7BE-01 2.13£-01 1.B3£-01 
TL-208 6.29E-01 1.37£-01 7.24£-02 

U-235 Not Detected --._---.- 1. B9E-01 
TH-231 Not Detected --------- 7.90E+00 
PA-231 Not Detected --------- 1.27E+OO 
TH-227 Not Detected -------.- 3.l6E-Ol ? RA-223 Not Detected -----._-- 1.58£-01 .< r.-' . 
RN·219 :.99E 81 :.9713 S' 3 • 69E - Oug-,.{,:T"...;r.;{ 't/" -;. 7 = PS-211 Not Detected --------. 8.31E-01 
TL-207 Not Detected ---_._--- 1.S2E+01 

AM-241 Not Detected --------- 1.6aE-Ol ~ PU-239 Not Detected --------. 3 24E+02 ~ . 
NP-237 3. l6E 81 i.69Ei e: 1: 83E· Ol.,...r ,,(<--r.:;,.~ 'l/n/57 
PA-233 Not Detect.ed --_._---- 5.28E·02 
TH-229 Not Detected -------_. 1.S0E-01 



[summary Report] - Sample DO: : 70054922 

Nuclide 
Name 

AG-108m 
AG-l10m 
SA-133 
BE-? 
CD-lOg 
CD-115 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-58 
CO-SO 
CR-Sl 
CS-134 
eS-13? 
EU-152 
EU-1S4 
EU-155 
FE-59 
GD-153 
HG-203 
1-131 
IR-192 
K-4D 
MN-52 
MN - S4 
MO-99 
NA-22 
NA-24 
NB - 95 
ND-147 
NI-57 
PB-210 
RU-103 
RU-106 
55-122 
SB-124 
5B-125 
SN-ll) 
SR-SS 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR-95 

Activity 
(pCi/gram) 

Not Detected 
Not Det.ected 
Not Oet.eeeed 
Not Detected 
Not Det.ect.ed 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Det.ected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not. Detected 
Not Detected 
Not Det.ected. 

2.44B+01 
Not Detected 
Not Detect.ed 
Not Detected. 
Not Detected 
Not Detected 
Not Detected. 
Not Oeteceed. 
Not Detected 
Noe Deteceed 
Noe Det.eceed. 
Noe Det.eceed 
Noe Deeected 
Not Deeeceed 
Not Deeeceed. 
Not Det.ected 
Not Det.eceed. 
Not Detected 
Not Detected. 
Not Deteceed 
Not Detect.ed 
Not. Deteceed 
Not. Detect.ed 
Not Detected 
Not Detected 

2-sigma 
Error 

3.62E+OO 

MIlA 
(pCi/gram) 

4.1.9E-02 
3.14E-02 
4.84£-02 
2.45E·01 
8_60E-01 
2 _ 04£-01 
2_38E-02 
4_45E-02 
1. 76E- 01 
3_90£-02 
2.21E-02 
3.23E-02 
4.19E-02 
2_34E-01 
3.92E-02 
3.54E-02 
6.65E-02 
1.94£-01 
1_02£-01 
9_07E-02 
7.32E-02 
2_98E-02 
3.88£-02 
2.62£-02 
2_77E-01 
4.87£-02 
3.56E-02 
6.65E-01 
4_91£-02 
2.86E+00 
2.88E-01 
2.45£-01 
3.13E-01 
6.99S+00 
3_02E-02 
2.88£-01 
1.15E-Ol 
3.01E-02 
8.05E-02 
3.57E-02 
3.70E-02 
1. 80£-01 
2.46£-01 
1.44£+03 
2.44S-01 
3.0SS-0l 
2 _35£-02 
1.22£-01 
6 . 44E-02 



· .............................. -••••••....•••.•......•................... 
.. Sandia Na.tional Laborat.ori.. .. 
• Radiation Protection Sample Diagnostics Program [S81 Laboratory] • 
* 4-14-9'7 1:37:46 PM . .. .* ......•...•.....••••.........•..•......•.•.. ** •••••••••• * ••• _ •••••••••• 

:.~~r~;~*~l;.~* .. t4~~i!*~**.*!:~;;::~.er;~!1~/~~fl* ........ : 
Cuscomer "'*7*·· : P.SLAVIN/S.YOtJNG (6682) 
CUstomer Sample In 034320-002 
Lab Sample ID 70054923 

Sample Description 
sample Ouantity 
Sample Date/Time 
Acquire Start Date/Time 
Decector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
710.000 

4-10-97 
4-14-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 

11:48:00 AM 
11:54:55 AM 

6004 seconds 

..••.•..•....•.•. _-_ .... _ ....... _ .... _--._-_ .......... --_ .•.............. 
Nuclide Activity 2 - sigma MDA 

Name (pCi/gram) Error (pCi/gram) ------- ---------- ---------- ----------
U-238 Not Detected --------- 4.06E+OO 
TH-234 l.64E+OO 6 . 2lE-Ol 8_98E-0l 
RA-226 2.27E+OO 9.428-01 7.0lE-Ol 
PB-214 l.09E+00 1.90E-Ol 5.69E-02 
5I-214 9.28E-Ol 3.47E-Ol 2_54E-01 

TH-232 1. 34E+00 8.73E-Ol 1.73E-Ol 
l\A-228 1.4lE+OO 3. S7E-Ol 1. SSE- 01 
AC-22S 1.41E+00 1. 38E+00 8 _98E-02 
TH-228 1.42E+00 1. BBE+OO 5_538-01 
RA-224 1.42E+OO 3 . 86E-Ol 6.73B-02 
PB-212 1.33E+00 2 . 73E-Ol 4 _97B-02 
aI · 212 B.44E -O l 3.01E-Ol 2 . 09E-Ol 
TL-20B 1.19E+00 2.08E-Ol 7.44E-02 

,..,?I./'J:f;:( ?'fr/n ti-235 :.:;:8& 8. i.3i& Bi 2.98E-01 
'!"H-231 Not Detected ---- ._- -- l.S8E+Ol 
?A-231 Not Detected -------_ . l . 74E+OO 
7:-1-227 Not Detected --------- 4 . 52E-01 
i<.A-223 Not Detected --------- 3 .lSE-Ol 
P_~-219 Not Detected ---- -- --- 4_55E-01 
PS-211 Not Detected --------- 1 . 03E+OO 
71.-207 Not Detected --------- 1. 62E+Ol 

AM-241 Not Detected --------- 5.94E-Ol 
PU-239 Not Detected -------- - S . 40E-+02 
NP-237 Not Detected --- -- ---- 3 . 66E-Ol 
PA-233 Not Detected ------ --- 6.96E-02 
'!'H-229 Not Detected --------- 3.l0E-Ol 



(SUlftII&ry Report] • SUlPl. 

Nuclide Activiey 
NOllIe (pCi/graml _.-----_.-

ID, ,70050923 

2-sigma. 
Error 

MDA 
(pCi/graml 
-.--------

AG-IOBm Not Detected - - - - - - - - - 4 . 96E- 02 
AG-IIDm Not Detected. ---0----- 3.66E-02 
SA-133 Not Detected. ------- - - 8.10£-02 .. ~ 
BE·7 Noe Dee.ceed ......... 3.2lE.Ol ,-r.!.O;(: -; 
CD-I09--....::.:.:~3.;:. ~.~sa&;., 8e.B&--~5;..,.;.r.:,.;=;-;;e,.,,..-----1. 25E.0 O.v.-' .. b 1.10 J os 7 
CD-lIS Not Detect.ed -----0- -- 2 . 84E-01 d' 
CE-139 Not. Detected ---- - ---- 3.63£-02 
CE-l4l Not Detected --------- 6 . 91£-02 
CE-144 Not Detected --------- 2.96E-01 
CO- S6 Not Detected - - - - - - - - - 2 . B1E- 02 
CO- 57 Not. Detect.ed - - - - - - - - - 3. 68E- 02 
CO-58 Not Detected. - -------- 4.01E-02 
CO - 60 Not Detected. --------- 4.17E-02 
CR- 51 Not. Det.ected - - - - - - - - - 3. 06E- 01 
CS-134 Not Detected ----_.--- 5 . 93£-02 
CS-137 Not Detected ••• ------ 3.94E-02 
EU- 152 Not Detected --------- 1.10E-01 
EU-154 Not Detected --------- 2 . 2BE-01 
EU-J.55 Not Detected --------- 1 . 79E-01 
FE-59 Not Detected - - ------- 9.20E-02 
GD-153 Not Deteceed --------- 1.30E-01 
HG-203 Noe Detected --------- 4.03E-02 
1-131 Not Detected ------ - -- 4.92E-02 
IR-192 Not Detected -- - ------ 3 . 42E-02 
K-40 2.64E+01 3.BOE+00 2.9BE-01 
MN-52 Not Detected --------- 5.72E-02 
MN-54 Not Detected ---- -- --- 4 . 1BE-02 
MO-99 Not Detected --------- 7 . 49E-01 
NA-22 Not Detected --------- 5.01E-02 
NA-24 Not Detected --------- 3.0BE+00 
NB - 9S Not Detected -----.--- 4.4BE-01 
'~-l"'7 Not Detected --------- 3.07E-01 
NI-57 Not Detected --------- 2.35E-01 
PB-210 Not Detected ----_.--- 4.30E+01 
RU-103 Not Detected. --------- 3.56E-02 
RU-l06 Not Detected --------- 3.3BE-01 
SB-122 Not Detected - - ---- - -- 1.33S-01 
SB-124 Not Detected -- -- - --.- 3.73E-02 
SB-125 Not Detected --------- 9 . 68E-02 
SN-113 Not Detected ---._ - --- 4.44£-02 
SR·SS Not Detected --------- 4.66E-02 
TA-182 Not Detected - - - - -. - - - 1. 91E- 01 
TA·183 Not Detected ------- -- B. 69E-01 
TC-99m Not Detected --------- 2 . 30£+03 
TL-201 Not Detected --------- 5 . 53E-01 
XE-133 Not Detected --------- 6 . 19E-01 
Y-8S Not Detected --- - ---.- 3.12E-02 
ZN-6S NOt Detected --------- 1.30E-01 
ZR-95 Not Detected - - ------- 7.20E - 02 



• 
• 
• 

Sandia National Laboratories 
Radiation Protection Sample Diagnosti cs program [881 LabO=a~O~ ] 

4~14 - 97 4:22:00 PM 

• 
• 
• 

• ~·**:;i;~*~*~***::::::::*:::;::;:;:;~:::~~***+++*: 
******JI***~l.****************4Y~**J~*.I.~****.** ••• 

* Analyzed by: 
•• *** •••••• , •••• 
CUs tomer 
CUs t omer Sample ID 
Lab sample ID 

Sampl e Description 
sample Quantity 
Sample Date/Time 
Acquire Start Da te/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

P . SLAVIN/S . YOONG (6682 ) 
034321- 002 
7 0054924 

MARINELLI 
881.0 0 0 

4 -10-97 
4-1<4-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 

11:52:00 AM 
2:31:57 PM 

6004 seconds 

******************************************************.** ••• , •••••••• , ••• 

Nucl ide Act i vity 2-sigma MeA 
Name (pCi/gram) Error (pCi/gram) 

---- --- ---------- ---------- ------- ---
U-238 Not Detected --- ------ 3 . 38E+OO 
TH- 234 L36£+OO 5.37E-01 7.66£-01 
RA-226 L 76E+OO 1.53E+OO 5 .64E - Ol 
PB-2l4 7.77E - Ol 2.62E- Ol 4.57E - 02 
BI - 214 7 . 35£-01 2.07E- Ol 2.04E-Ol 

TII · 232 1. 02£ +00 4.78E-01 1.42E- 01 
RA.-228 1.02E+00 1 .45E+OO L32E- 01 
AC-228 1 . 02E+00 2.13E-01 8 . 31E-02 
TII · 228 9 . 10E-01 2.57E-01 4.47E-01 
RA-224 1.14E+OO 3.25E-01 5.B2E-02 
PB-212 1 . 01E+00 2 . 57E-01 4.12£·02 
EI-212 6 . 38E-01 2.34E-01 L 74E-01 
TL-208 9.49E · 01 L 70E-Ol 6.38E-02 

~/ . .:r ,I--;;;;T.;.(;;{j -; U- 23S 1. 1:3E e: 1. 9 ElE e' 2 . 44E-01 " y':/ J "7 TH-231 Not Detecteci -_ . _- ---- 1.28E+01 
PA-231 Not Detected -- --- ---- L 39E+00 
TH - 227 Not Detected ---- ----- 3.60E - 01 
RA - 223 Not Detected --- -- --- - 2.55E-01 
RN-219 Not Detected --- -- ---- 3 . 70E-01 
PB-211 Not Detected --------- 8.44E - 01 
TL-207 Not Detected ------ --- 1.34E+01 

AM-241 Not Detected -------- - 4.83E-01 
PU·239 Not De tect ed ----- --- - 4.52 E+02 
NP - 237 Not De tected --- --- _ .. 2.75E-Ol 
PA-233 NOt Detected. -- ------- 5.62E·02 
TH-229 Not Detected --------- 2 . 58E-01 



tsmrmary Report] • Sample ID: : 70054924 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-eigma 
Error 

MIlA 
(pCi/gr&l!l) 

AG-10Sm Not Detected ••••• - ... 4.14£-02 
AG.110Itl Not Detected ------ .. -- 2.96£-02 
EA-133 Not Detected ------.-- 6.39£-02 ~ 0 
g: i09 __ .:N::o.:t";~~~~~>5;i~;<7:~~;,,-_ .... - ,.,:,..;.;19';;£--e&;-~_---~ : m: g i ,...r ).f'-a y" '1/ ,h 
CD-llS Not Detected --------- 2.36E-01 
CE-139 Not Detected ---.-.--- 2.95£-02 
CE-141 Not Det.ected ____ po_po 5.69£-02 
C£-144 Not Detected ---.----- 2.47£-01 
CO-56 Not Detected --.------ 2.67£-02 
CO-57 Not Detect.eel ----.---- 3.06E-02 
CO-58 Not Detecteel ----- ••• - 3.14E-02 
CO-60 Not Detected ------.-- 3.69E-02 
CR-s1 Not Detected ---.-.... 2.57£-01 
C5-134 Not Detected .-.-.---- 4.72£-02 
eS-137 Not. Detected --------- 3.16E-02 
EU-ls2 Not Detected --------- 9.14E-02 
EO-1S4 Not. Detected -.-_ •• -.. 1.90E-Ol 
Ell-lss Not Detected .- ••• ---- 1.53£-01 
FE-59 Not Detected -----.... 7.58E · 02 
GD-153 Not Detected -----.... 1.09E·01 
HG-203 Not Detect.ed •• - ••• --. 3.25£·02 
I-131 Not Detected -.-- •• --. 3.95£·02 
IR-192 Not Detected --.------ 2.77£-02 
K-4D 2.26E+01 3 . 23£+00 2.62E·Ol ?;; 
MN-52 Not Detected -------- - 4.528-02 _J "'-r.:;1l ~ I 
MN-S4 1.78£ 92 1.56: 82 1.84E-02,v~ I{I/!f!..e "'f" t: 'It 'f7 
MO·99 Not Detected --.-- •• -- 6.55E-01 
NA-22 Not Detected ---- • • • -- 4.05E-02 
NA-24 Not Detected .- ••••• -. 2.94E+00 
NB-95 Not Detected ----.---- 3.65E-01 
ND-147 Not Detected ___ uuu 2.54E-Ol A ri '.. i!~ 
NI-57 3.25S Bi ,LE,E Si 1.80E-0lA';t-d('U£-'....-I~ i 
PB-210 Not. Oetected ------.-. 3.45E+01 I 
RU-l03 Not. Detect.ed -.------- 2.96£-02 
RU-106 Not. Detected --------- 2.87£-01 
5B-122 Not. Detected .- •• -.... 1.08E·01 
5B-124 Not Oetected ----.---. 2.90£-02 
58-125 Not Detected ••• -..... 7.99£-02 
SN-113 Not Detected .--.----- 3.68£-02 
SR-8S Not Detected ____ po_po 3.73£-02 
TA-182 Not Detected --------- 1.50£-01 
TA-1S3 Not Detected .--.----- 7.20E'01 
TC-99m Not Detected --------- 2.56E+03 
TL·20l Not Oetected --------- 4 . 6SE-01 
XE-l33 Not Detected ---...... 5.29E·Ol 
Y-S8 Not Detected •••• ----- 2 . 49£-02 
ZN-65 Not Detected --------- l.02E-01 
ZR-95 Not Detected --------- 5.57E-02 

I 
r 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection sample Diagnostics Program [8S1 Laborato~ l • 
.. 4-14-97 4:23:35 PM .. 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

:.~!~;;~.~~!.~ .. 'ljtdr.~ •.. * •• ~:~~:::~.~r!*-ijid1:' ........ : 
CUstomer .*;f' •• ~ : P.SLAVIN/S. YOUNG (6682) 
Customer Sample ID 034322-002 
Lab Sample ID 70054925 

Sample Description 
Sample Quant.ity 
Sample Date / Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/ Real Time 

Comments: 

MARINELLI 
825.000 

4-10-97 
4-14-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 

11:58:00 AM 
2,35,48 PM 

6003 seconds 

G\!!~ i l 

CY (i)-M /"U-T~-M 

........ -.•.•..••...•.........••..•••.•...•........................ __ .... 
Nuclide Activity 2-sigma MIlA 

N"",. (pCi/gram) Error (pCi/g-ram) -..... - ---_ .. _.-- ---------- ...... _---
U·238 Not Detected --------- 1. 61E+00 
TH·234 1.05E+00 4.798-01 5.138-01 
RA·226 1.84E+00 7.808-01 6.41E·01 
PB-214 8.21E-01 1.53£-01 4.838-02 
BI-214 7.26£-01 1.55£-01 5.49E-02 

TH-232 1.008+00 4 . 99£-01 1. 76B· 01 
RA-228 1 . 028+00 1.45£+00 1.96B-Ol 
AC-228 1. 06E+00 9.11£-01 9.638-02 
TH·228 8.52E-Ol 5.12E·Ol 5 . 238·01 
RA-224 1. 04£+00 3.58E-Ol 6 . 22E-02 
PB-212 1.01E+00 1. 88E-01 4.25E·02 
BI-212 7.55E-01 4.02E-Ol 2.228-01 
TL-208 9 . 57£-01 1. 81E-Ol 7.788-02 

/'/1,/0 U-235 i:.888 Si: i. Gil: 8i: 2.248 - 01~)<~~( 
TH-.231 Not Detected ------- .. 9.46E+00 
PA-231 Not Detected --------- 1. 48E+00 
TH - 227 Not Detected --------- 4.038-01 
RA-223 Not Detected ------ ... 1.918-01 ,f, "'""",..,-{? -j, RN·219 : .93E 91 3.GilE ai 4 . 4SE-01P?r: e;tL~je... «in ::7 
PB-211 Not Detected --._._--- 1. 00£+00 . 
TL·207 Not Detected ----_._-- 1. 75E+01 

AM-241 Not Detected --------- 1.96E-01 :? PU-239 Not Detected --------- 3.858_02 ,::r .,e;7;;r.) 'fir rip NP·237 :.96E s· t.liE 91 • 1.B6E-01"'" ~ -
PA-233 Not Detected ------- - - 6 . 008-02 
TH·229 Not Detected -- . _----- 2 . 10E-01 



[summary Report] - sample %D: : 70054925 

Nuclide 
Name 

AG-108m 
AG-llOm 
SA-133 
BE-7 
CD-lOg 
CD-1l5 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-SB 
CO-60 
CR-Sl 
eS-134 
eS-137 
£U-152 
EO-1S4 
EU-1SS 
FE-59 
GO-153 
HG-203 
I-131 
IR-192 
X-tO 
MN-52 
MN-54 
MO-99 
NA-22 
NA-24 
NB-95 
ND-U.7 
NI-57 
PB-210 
RU-103 
RU-106 
5B-122 
SB-124 
55-125 
SN-113 
SR-BS 
TA-1B2 
TA-1B3 
TC -99m 
TL-201 
XE-133 
Y-BB 
ZN-65 
ZR-9S 

Activity 
(pC1/graml 

Not. Detected 
Not Detected. 
Not Detected 
Not Oetected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected. 
Not Detected 
Not Detected. 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 

2.48E+01 
Not Detected 
Not Detected 
Not Deteceed. 
Not Detected 
Not Detectea 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detecteel 
Not netected 
Not Detected 
Not Detecteel 
Not Detecteel 
Not Detected. 
Not Detecteel 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-sigml. 
Error 

------ -"--

3.70£+00 

HCA 
(pC1/graml 

4_B1S-02 
3_S2E-02 
S_B3E-02 
2_94E-Ol 
1.02E+00 
2_67E-Ol 
2 _79E-02 
5_37S-02 
2_09S-01 
2_99S-02 
2_67E-02 _ 
3_B7E-02 
4.66E-02 
2.70E-01 
4 . 77E-02 
4.25£-02 
7_BBE-02 
2_2SE-01 
1.19£-01 
1. 03E- 01 
B_60E-02 
3_62E-02 
4_3BE-02 
2_97E-02 
2_74E-Ol 
S_94E-02 
4 _21E-02 
B_09E-01 
S_3SE-02 
3 . 66£+00 
3_69E-01 
2.95£-01 
3 _BBE-01 
8.22E+00 
3_37E-02 
3 _22E-01 
1-30E-01 
3.56£-02 
9 _79E-02 
4 _1BE-02 
4.34B-02 
1.92E-01 
2.92E-01 
2.23E+03 
2_97E-01 
3_77E-Ol 
3.14E-02 
1.30E-01 
7.10E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laborat.ories • 
• Ra~iat.ion Prot.ect.ion Sample Diagnost.ics program [881 Laboratory) • 
• 4-14-97 4:27 : 23 PM . • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

:.~!~!:~.~~! .. ~ .. ~~/;:lf.~ ... !:~!:::~.~~!~)tfi~~? ...... : 
Cust omer : P. SLAVIN/ S. YOUNG (6682) 
Cust.omer Sample ID 034323 - 002 
Lab Sample ID 70054926 

Sample Description 
Sampl e Quantity 
Sample Date / Time 
Acqui re Star t Date / Time 
Detect.or Name 
Elapsed ~ive/Real Time 

MARINELLI 
873.000 

4-10-97 
4-14-97 

LAB03 
6000 / 

SOLm SAMPLE 
·gram 

12:02:00 PM 
2 , 3,,50 PM 

6004 seconds 

eyro-MII) -7,:>-6 

Comments: 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) _. __ ._- . -....... - - ....... -- . . ...... . -

U-238 Not Detected ----_._.- 1.41E+OO 
TH-234 1.86E+00 4_90E-Ol 4.45E-Ol 
RA-226 1.81E+00 5 . 43E-Ol 5.53E·01 
PB-214 8 .95E-01 1. 59B· 01 5 . 28E-02 
BI · 214 7.71E·01 8 . 84E-01 5 . :2:2E-02 

TH-232 1.00E+00 4.72£-01 1 . 55E-Ol 
RA-:2:28 1.11B+00 3 . 69E-Ol 1. 86E- 01 
AC - 228 1. 15E+00 1. 86E+00 9 . 80E-02 
TH-:2:28 6.46E-01 :2.99E-Ol 5 . 74E-01 
RA-224 Not Detected ------_ . . 3.90B+00 
PB-212 1.11E+00 L 82E-Ol 4.02B-02 
BI-21:2 7.35E-01 5 . 54£-01 :2.18S-01 
TL - 208 1 . 03E+00 2.10E-01 7.45S-0:2 , ( ? 
U-235 S . SeE e- i. lBE 91 :2. 06E-Ol /J~ jv~r.;,. · '1/,;" L 

TH-231 Not Detected ._------- 7.86B.00 
PA-231 Not Detected -----_ .. - 1.40E+OO 
TH-227 Not Detected -_ .. _._-- 3.89E-01 

/¥/t,jr) RA-:223 Not Detected ---- ... _- L 63 E - 01 "'{'::r.;;c;/ RN-219 2. ??E e: J.J9E 91 4.18E·01Lyr. 
PB-211 Not Detected -_._---_. 9 . 32E-Ol 
TL-207 Not Detected ____ eo_e. 1.57E+01 

AM-241 Not Detected ----_._-- 1 . 64E-Ol 
PU-239 Not Detected ---- . .... 3.76E+02 
NP- 237 Not Detected . __ . . _--- 2.72E-Ol 
PA-233 Not Detected --------- 6.23E-02 
TH-229 Not Detected ------ - .- 1. 98E- 01 



. - [summary Report] - Sample Il), 70054926 

Nuclide Activity 2-sigma MDA 
Name (pCi/gr .... > Brror (pC1/gr .... 1 

.------ ---------- ------ .--. .--- - -----
AG-I08m Not Oetected --------- 4.69E-02 
AG-IIOm Not Detected. . -------- 3.70E-02 
BA-l33 Not Detected . ----- --- 6.50E-02 

'~'i1? BE-' Not Detected ___ a_a_a. 2. 82E-Ol 1V",;r)~r.;/ 
CD-lOg 2.67£:98 6.B76 rat 7.37E-Ol ~ 
CD-lIS Not Oeteceec1 -- -----_. 2.53E-Ol 
CE-139 Not Detected -- ------- 2.71E-02 
CE-l41 Not Detectec1 --------- 4.87E-02 
CE-l44 Not Detected .-------- 2.01E-Ol 
CO- 56 Not Detected .- ------- 3.68E-02 
CO-S7 Not Detected -----.--. 2.57E-02 
CO-S8 Not Detected .-------- 3.72E-02 
CO-60 Not Detected ------- -- 4.21E-02 
CR-Sl Not Detected . -------- 2.74E-Ol 
CS-134 Not Detect.ed .-------- 4.27E-02 
CS-137 Not Detected . ------ -- 3.89E-02 
EU-152 Not Detected --------- 7.65E-02 
EU-IS4 Not Detected ___ --0-.- 2.19E-Ol 
£U-155 Not Detected ----- ---- 1.1SE-Ol 
FE-59 Not Det.ected -.-----_. 9.47E-02 
GD-1S3 Not Detected .--- ----- 8.25E-02 
HG-203 Not Detected. --------- 3.34E-02 
I-131 Not Detected. .-------- 4.3S£-02 
IR-l92 Not Detected ----- ---- 3.00E-02 
K-40 2.41B+Ql 3.66E+OO 2.77S-0l 
MN-S2 Not Detected .-------- 6.00S-02 
MN-S4 Not Detected ____ eo_e. 3_84E-02 
MO-99 Not Detected --------- 7.73E-01 
NA-22 Not Detected -------- - S.lBE-02 
NA-24 Not Detected --------- 3.62E+OO 
NB-95 Not Detected --------- 3.64E-Ol 
ND-14? Not Detected - --.-- -- - 2.77E-01 
NI-57 Not Detectea .--- ---.- 3.S8E-Ol 
PB-2 10 Not Detected. --------- 2.06B+OO 
RU-l03 Not Detected -- --.- --- 3_23E-02 
RU-l06 Not Detected --------- 3.36E-Ol 
SB-122 Not Detected --- ------ 1.20E-01 
SB-124 Not Detected --------- 3.36E·-02 
SB-125 Not Detected ------ --- 8.89£-02 
SN-113 Not Detected .------.- 4.18S-02 
SR· 85 Not Detected -------- - 4.20E-02 
TA-1B2 Not Detected ------- -- 1. 74E-Ol 
TA-U3 Not Detected __ __ a_eo. 2.42E-Ol 
TC-99m Not Detected. ------- -- 2.08E+03 
TL-20l Not Detected --------- 2.34E-01 
XE-l33 Not Detected --------- 3.15£-01 
Y-88 Not Detected --------- 3.19£-02 
ZN-65 Not Detected --------. 1.19£-01 
ZR-9S Not Detected. _._-----. 6.69E-02 



. . : 
.**************************************************.*.*.* •••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program [881 Laborato~J t 

• 4.14.97 2:06:43 AM t 

•• **************.******.*********.**.****.* •• ********** ••••• **** ••••••••• 

: Analyzed by, ~ "J,.rJ~/. Reviewed by' ,v{,!. ,JI""tJ7 : 
*****.* ••••• ** •• ** .****~~.(+*.*** •••••• ***.* •• *~~.~ .• ~/:** ••••••••• 
Customer , P. SLAVIN/S. YOUNG 166 B2) 
CUstomer Sample ID 032972-002 
Lab Sample ID 70054927 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
760.000 

4·10-97 
4-14·97 

LABOl 
6000 / 

SOLID SAMPI£ 
!from 
2,30,00 PM 

12:24:04 AM 

6003 seconds 

C Y /D - M"l;>- S4 

••• **.* •••••••••• ***** •• ************************* •• ********* ••• ****.**.** 

Nuclide Activity 2-sigma MDA 
Name IpCi/!from) Error IpCi/!framl 

....... _ ...••• _.0 . --------- - - --------
U-23B Not Detected --------- 1.70E+OO 
TH-234 1.39£+00 4.03E-01 5.04E-Ol 
RA-226 1.52£+00 9.22E-01 5.92E-01 
P8-214 8.10E-Ol 1.57E-01 5.25E-02 
BI-214 7.69E-Ol 1. 7BE-Ol 5.53E-02 

TH-232 9.72.-01 4.92E-Ol 1. 73E-Ol 
RA-228 B.65'-01 2.58E-Ol 1.84E-Ol 
AC-22B 9.47E-Ol 2.33E-01 1.16E-01 
TH-228 8.03E-01 5_85E-Ol 5.27E-01 
RA-224 1.00E+00 3.59£-01 6.75E-02 
PB·212 9.86E-Ol 1. 73E-Ol 4.23E'02 
8I - 212 4.94E-Ol 3.67£-01 2.29E-01 
TL-208 9.84E-Ol 4.98E-01 7.87E-02 . '2 . ----.j 
U·235 1.76: 91 i.66: 91 2.31E-01"'..:r~u rjr/<) 
TH-231 Not Detected --------- 9.85E+00 
PA-231 Not Detected - - ------. 1.60£+00 
TH-227 Not Detected -- ....... 4.11E·Ol 
RA-223 Not Detected .... _---- 1. 89E-Ol 
RN-219 Not Detected --------- 4.48£-01 
PB·21l Not Detected --------- 1.02E+00 
TL-207 Not Detected --------. 1. 81E+Ol 

AM-241 Not Detected --------- 2.12£-01 
1'U-239 Not Detected --------. 3.93£+02 
NP-237 Not Det.ected -- ...... - 2.21E-Ol 
PA-233 Not Detected ----._--- 6.22E-02 
TH-229 Not Detected -------- - 2.22£-01 



[summary aeport] - Sample ID, 

Nuclide 
NlIlI\e 

Accivity 
(pCi/grllll\) 

2-&igma 
Error 

70054927 

MIlA 
(pCi/grllll\) 

AG-10em- Not Detected ------- - - S.16B-02 
AG-llOm Not Detected --------- 3 . 7SS-02 -J/2 
BA-133 Not DeUcted --------- 6 . 15E-02 _J -r-~ '" 
BE-7 __ -=N:.:o:..:t:....;D.:;:eg.tg.ecE-t .. e~d;..... __ - .. - ~--"-;11-.. -.. -.. -_---'-__ 2 . 92E- 01 jlp,.lM/''''' j -I" 
CD-109 1.9BE ree 5.57£ 81 7.S3E-Ol ~/J 
CD-llS Not Det.ected --------- 2.18£-Ol 
CE-139 Not Detected - - - - - - - - - .2. 93E- 02 
CE-141 Not Detected --------- 5.32£ - 02 
CE - 144 Not Decected --------- 2 . 16E-Ol 
CO-56 Not Detected --------- 4.29E-02 
CO-57 Not Deteccecl --------- 2.70£-02 
CO-58 Not Detected ------ - -- 4.19E-02 
CO-60 Not Oetected --------- 4 . 59E-02 
CR-Sl Not Detected -----.--- 2 . 74£-01 
CS-134 Noc Detecced --------- 4.93£-02 
CS-137 Not Detected -.-.----- 4.18£-02 
EU-152 Not Detected --------- 8.081-02 
EO·ls4 Not Detected --------- 2.381-01 
EO . lss Not Detected - - •• - - - - - 8 . S8E- 02 
FI-s9 Not Detected --------- 1.011-01 
GD.1S3 Not Detected - - - - - - - - - 9 .14E- 02 
HG-203 Not Detected --------- 3.67E-02 
1-131 Not Detected --------- 4.32E-02 
IR-192 Not Detected - - -- . ---- 3.06£-02 
K-40 2.42E+01 3.67E+00 3.64E-01 
MN-52 Not Detected ---._---- 5.93S-02 
loIN-54 Not Detect ed --------- 1.94S- 02 
MO-99 Not Detected --------- 6 _76E-01 
NA-22 Not Deteceed --------- 5.36E-02 
NA-24 Noe Detected --------- 1.941+00 
NB-95 Not Detected --------- 3 . 28E-01 
NO-147 Not Detected --------- 2.921-01 
NI-57 Not Detected .-------- 3.04E-Ol 
PB - 210 Not Detected --------- 9.53E+00 
RU-l03 Not Detected --------- 3.45E-02 ,/']. 

~¥:i~; Not ~~~~~t:~ -3:378-90 ~:m:g~JI/,.;rj;,r,» /" rJrl17 
SB-124 Not Detected -------.- 3.701-02 
SB-125 Not Detected --------- 1 . 02E-Ol 
SN-ll3 Not Detected --------- 4 . 27E-02 
SR-Ss Not Detected --------- 4.6BE-02 
TA-1B2 Not Detected --------- 2.05E-Ol 
TA-lB3 Not Detected - - ------- 2 . 87E-01 
TC-99m Not Detected -------.- 3.34E+02 
TL-20l Not Detected ---- -- - -- 2.61E-Ol 
XE-133 Not Detected - ---.-.-- 3.19E-01 
YeaS Not Detected --------- 3.50E-02 
ZN-65 Not Detected ____ A _ eo . 1.40E-01 
ZR-95 Not Detected ---.----- 7.51E - 02 



•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 9.99. 

• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program [881 Laborato~] • 
• 4-14 - 97 3:51:46 AM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 9 ••••• 

· :;?:: I: j • • Analyzed by: '( ", 17 . Reviewed by: \ . / 17 • ................. . ..... ........................ ~vj.~~ .. 9 ••••••• 

CUstomer : P.S~VIN/S.YOUNG (6682) 
CUstomer Sample IO 032988- 002· 
Lab sample ID 70054928 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

COIranents: 

MARINELLI 
819.000 

4-10-97 
4-14-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
2:00:00 PM 
2:09:03 AM 

6003 seconds 

•••••••••••••••••••••••••••• * •••• * •••• ** •••• * ••••••••••••• *** •• *** ••••••• 

Nuclide Activity 2-sigma MIlA 
Name IpCi/gram) Error (pCi/gram) ._----- --------- - ---------- ----------U-238 1.17E+OO 8.69E-Ol 1.41£+00 

TH-234 1.48E+00 4.17E-Ol 5.09£-01 
RA-226 1.93E+OO 1.10£+00 6.S2E-Ol 
PB-214 8.18£-01 2.59E-01 5.42£-02 
BI-214 8.42£-01 1.98E-Ol 5.51E-02 

TH-232 1.21£+00 5.70£-01 1.60E-01 
RA-228 1.02£+00 3.08E-01 2.04E-Ol 
AC-228 1.14£+00 2.40£-01 9.83E-02 
TH-22S 7.86£-01 4.19£-01 5.69E-01 
RA-224 1.03£+00 6.16£-01 1.17£- 01 
PB-212 1. 09£+00 1. 76£-01 4.36£-02 
BI-212 6.24£-01 2.44E-01 2.08E-01 
TL-208 1.09£+00 2.09E-01 7.68E-02 

U-235 Not Detected -------- - 2.32£-01 
TH-231 Not Detected --_._---- 9.60£+00 
PA-231 Not Detected --------- 1.59E+OO 
TH-227 Not Detected --------- 4.13£-01 
RA-223 Not Detected --------- lo92E-Ol 
RN-219 Not Detected ----- . --- 4.38£-01 
PB-211 Not Detected --------- 1.00£+00 
TL-207 Not Detected --------- 1.72£+01 

AM-241 Not Detected -----._-- 2.0SE-Ol 
PU-239 Not Detected --------- 4.05£+02 
NP-237 Not Detected --------- 3.22E-01 
PA-233 Not Detected --------- 6.09E-02 TH-229 Not Detected --------- 2.24£·01 



: '. ,-. . . ~. - . 
; .... : . .. . , . . . ' , . - '., .. , 

[SWIIII&%Y Report] - Sample m : 7005492B 

Nuclide Activity 2-liigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ------ ---- ---------- -- --------
AG-l0BI1\ Not Detected --------- 4 . B7E-02 
AG-110m Not Detect.ed --------- 3.9BE-02 
SA-133 Not Detect.ed --------- 6.02£·02 -.1~j;;; 
BE-7 Not Det.ect.ed -- ------- 2.95"£-01 . ~ 

CD-109 i.1SBISe iiylS 81 8 . 26E-0i!".-r. . y/tr/q 
CD-ll5 Not Detected --------- 2.29E-Ol 
CE-139 Not Det.ected --------- 3.04£-02 
CE-141 Not Detected --------- 5.44£-02 
CE-144 Not Detected ------ --- 2.14E-01 
CO-56 Not Detected --------- 4.24"£ .. 02 
CO-57 Not Detect.ed --------- 2 . 77E-02 
CO-58 Not Det.ected --------- 4.14E-02 
CO-60 Not Detect.ed --------- 4 . 60£·02 
CR-51 Not Detect.ed --------- 2 . 76E-Ol 
CS - 134 Not Detected --------- 4.89E-02 
CS-137 2.80£-02 2.12£-02 2.61£- 02 
EU-152 Not Detected --------- 8.24£-02 
EU-154 Not Detected -_._.---- 2.26E-Ol 
EU-155 Not Detected --------- 1.27E-01 
FE-59 Not Detected --------- 9.89E -02 
GD-153 Not Detected --------- 9.18£-02 
HG-203 Not Detected --------- 3.64£-02 
I-131 Not Detected --------- 4.22E-02 
IR-192 Not Detect.ed -------- - 2 . 95£ - 02 
K-40 2.37E+01 3 . 53E+00 3.02E-Ol 
MN - 52 Not Detected --------- 5.B2E-02 
MN-S4 Not Detected -- ---- --- 4 .47E-02 
1<0-99 Not Detected --------- 6.BBE-Ol 
NA-22 Not Detected -- ------- 5.54E-02 
NA-24 Not Detected --------- 2.05"£+00 
NB-95 Not Detected --------- 3.38E-01 
ND-147 Not Detected ---- ----- 2 . 94E-Ol 
NI-57 Not Detected --- .. --_ .. - 3.17E- Ol 
PB-210 Not Detected ------ --- 8.652+00 
RU-l03 Not Detected --------- 3.SBE-02 
RU-106 Not Detect.ed - .. _------ 3.39£-01 
55-122 Not Detected --------- 1.15£·01 
55-124 Not Det.ect.ed --------- 3.49E·02 
SB- 125 Not Detected --- ---_ ... 9.B9E·02 
SN-113 Not Detected --------- 4.23£·02 
SR-a5 Not Oetected .. _------- 4.57E-02 
TA-1B2 Not Detected _._--- _ .. - 1.95E-Ol 
TA-la3 Not Detected -------- - 2.B1E-01 
TC-99m Not Detected --------- 4.43E+02 
TL-201 Not Detected ---- --- -- 2.67E-Ol 
XE-133 Not Detected -- .. ---- .. - 3.16E-01 
Y-8B Not Det.ected --------- 3.01E- 02 
ZN-6S Not Detected --.------ 1.33E·Ol 
ZR - 95 Not Detect.ed --------- 7.09E·02 



· ... _ ......•••.•.....•.....•..••••....•••....••.•........................ 
'* Sandia National Laboratories '* 
'* Radiation Protection Sample Diagnostics Program [Bal Laboratory) • 
• 4-14-97 5:36:50 AM ' '* 
••••••••••••• *** ••••••••• ** •••••••••••••••• ***** •••• ** ••••••• _ ••••••••••• 

: Analyzed by: 9: L/l,l-~7 . Reviewed by:\..JMU/I~1l7 : .... **............ .***.~~*.I.~** •••• * ••• **.*.***.*~*J~~;(~ •• * •• *.* •••• 
Customer : P.SLAVIN/S.YOUNG (6682) 
Customer Sample ID 032989-002 
Lab Sample ID 70054929 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
660 . 000 

4-10-97 
4-14-97 

LABOl 
6000 / 

SOLm SAMPLE 
gram 
2,03,00 PM 
3,54,09 AM 

6002 seconds 

•••• *** •••••••••••••••••••••• _._ ••••••••••••••••••• _--•• _._-_._ •••• _._ ••• 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) ------- ---------- ---------- -.---------

U-238 2.92E+00 1.S3E+OO 1.. 68B+00 
TH-234 3.37E+00 8.84E-01 5.71E-01 
RA·226 1.04E+00 6.45E-01 6.44E-Ol 
PB·214 7.34E-0~ 1..43E-01 5_26E-02 
BI-214 7.56E-Ol 1. 70E-01 6 . 40E-02 

TH-232 9.58E-01 4.64E-Ol 1.76E-01 
RA-228 9.04E-01 2 _56E-Ol 2_17S-0l 
AC-22S 9.55E-01 2.54E-01 1.12E-01 
TH-22S 7.49£-01 4.42E-01 5.06B-01 
RA·224 1.00£+00 3.87E-01 8_98E-02 
PB-212 9.21E-01 1.53E-01 4.34E-02 
81-212 4.74E-01 3.72E-01 2.S4E-Ol 
TL-208 8.70E-01 1. 89E- 01 8.48E-02 

U-235 6.81E-02 7 . 25E-02 1.39E-01 
TH-231 Not Detected --------- 1.07E+01 
PA-231 Not Det.ected --------- 1. 60E+00 
TH·22? Not Detected --------- 4.32E-01 

A/I,ll) 
RA·223 Not Detected --------- 2_0SE-Ol ;/.T.'7:"( 
RN-219 2.3iE 81 2.87E 8- 4 _81E-01#;1; U II' > 
PB-211 Not Detected -------- - 1 . 06E+00 
TL-207 Not Detected --------- 1.92E+01 

AM-241 Not Detected --------- 2.27E-Ol 
PU-239 Not Detected --------- 4 . 10E+02 
Np·237 Not Detected --------- 3.44E-01 
PA-233 Not Detected ._------- 6. 80E- 02 
TH·229 Not Detected --------- 2.35E-01 



ANALYSIS REQUEST AND CHAIN OF CUSTODY PA.GE. ~ OF _1_ 

DIPI. NoM. Stop: 

Plolec:ttTl": M.,..-o": -!'~_y;;,~~A'''''''~_ 

l'-' Destln,,"'n: 
SMO ContKtlPhone: 

~ 
.!! .. 
a: 
w 

R.Cereace LOY 

eontaln., 

0.,_ 
__ D"'~/7(f1 limo 1m 

.. ~ .. ~ fiIi/f7'~ I~ 
011. Tim. 

;6:.:_ ';:_::::':":::.b'~ _____ . ____ . __ ~~'._.. 0.1. 
IS. R.llnqul$h.d by (kg. 0'1' 

limo 

limo 

Oil. li ..... 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program (881 Laboratory] • 
• 4~l.O ~ 97 5 :24 :24 PM • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••••• · ? 01. ~ . • Analyzed by : . II $ 7 Reviewed. by: /, • 
• *.***** ••••••••• . ••• ~ ........... ** •••• *****.. • •• vAii.7 ... ** ••••••• 
Customer , P. SLAVIN/MAC (6682/SMO) 
Customer Sample ID 032981-002 ("''11'' .". "T I .A 
Lab Sample ID 70054001 v U - ''<I/J -. -I'" 

·Sample Description 
Sample ouantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
698.000 

4-09-97 
4-10-97 

LAB 0 1 
6000 / 

SOLID SAMPLE 
gram 

12,28:00 PM 
3:40,18 PM 

6002 seconds 

•••••••••••••• *** •• ~ ••• *.* •••••• * •••• *.* ••• *************** •••••••• * •••••• 

Nuclide Activity 2 ... s igma MIlA 
Name (pCi/gram) Error (pCi/gram) 

- -- - --- ---------- ---------- --~~-----~ 
U- 238 Not Detected --------- 1.68E+00 
TH-234 Not Detected --------- 6 _38E-01 
RA-226 1. 36E+00 5 . 01E-01 5.62E-01 
PB-214 7.58E-01 1.69E-01 5.59E-02 
BI-214 6.66E ' 01 1.34E-01 5.39E-02 

TH-232 8.28E-01 4.01E-Ol 1. 45E- 01 
RA-228 7.86E-01 6.958-01 1.84E-01 
AC-228 7.56B-01 2 . 13E-Ol l. OBE- 01 
TH-228 4.94E-Ol 3.75E-01 S.22E-Ol 
RA-224 2.85£-01 1.27£- 01 3.858-02 
PB-212 8.54£-01 1.43£-01 4.29£ - 02 
BI-212 5.51E-01 3.35E-Ol 2.04£-01 
TL-208 2 . 82£- 01 5.85£-02 2.87E-02 ~~ 
U-235 i.IIE 81 1.61E e- 2.268- 01P,?r'),A';:. '1/1, If? • TH-231 Not Detected --------- 9 . 16E+00 
PA-231 Not Detected --------- 1.4BE+OO 
TH-227 Not Detected ____ po_po 3.978-01 
RA-223 Not Detected --------- 1.56E-01 
RN-219 Not Detected --------- 4.498-01 
PB - 211 Not Detected --------- 1.OSE+OO 
TL-207 Not Detected --------- 1. 7SE+Ol 

AM-241 Not Detected --------- 2.07E-Ol I ?';'/ PU-239 Not Detected --------- 3 . 81E+02 ",,)$,'1 ... 
NP-237 i i i']; 91 1. 7;aE e' 2 . 09E-01"'" / • PA-233 Not Detected --------- 6.158-02 
TH-229 Not Detected - -------- 2.108 - 01 



[summary Report] - Sample :rD: 70054001 

Nuclide Activity 2~lIigma MDA 
Name (pCi/graml Error (pCi/graml 

------- ._-------- ---------- ----------
AG-1OBm Not Detected --------- 5.06E-02 
AG-ll.Om Not Detected .-------- 3.46E-02 
BA-133 Not Detected --------- 6 . 23E-02 
BE-? Not Detected --------- 2.90E-01 
CD-109 Not Detected --------- 1. 03E.00 
CD-lIS Not Detected --------- 1.03E-01 
CE-139 Not Detected --------- 2.78E-02 
CE-141 Not Detected --------- 5.00E-02 
CE-144 Not Detected --------- 1.98E-01 
CO-56 Not Detected --------- 4.42E-02 
CO-57 Not Detected --------- 2.58E-02 
CO·58 Not Detected --------- 3.82E-02 
CO-60 Not Detected ---- --_.- 4.40E-02 
CR-51 Not Detected -- - ------ 2.61E-01 
C5·134 Not Detected -.-------- 4.96E-02 
C5-137 Not Detected ------_.- 4.01E-02 
BO-152 Not Detected ----- -_.- " 7.76E-02 
EU-154 Not Detected --------- 2.35E-01 
EU-lS5 Not Detected --- ------ 1.24E-01 
FE-59 Not Detected --------- 9.12E-02 
GD-153 Not Detected --------- 8.SSE-02 
HG-203 Not Detected --------- 3.36E-02 
1-131 Not Detected -----.--- 3.38B-02 -
IR-192 Not Detected ---- - ---- 2.93E-02 
K-40 l..73E+Ol 2 . 67E+OO 3.4SE-01 
MH-52 Not Detected --------- 4.9SE-02 
MH-54 Not Detected --------- 4 . 02B-02 
MO-99 Not Detected --------- 3.68E-01 
NA-22 Not Detected --------- S . 28B-02 
NA-24 Not Detected ,;,-------- 1.34£-01 
NB-95 Not Detected --- ------ 2.0SE-01 
ND - 147 Not Detected --------- 2.41E-01 
NI-S7 Not Detected --------- 9 . 88E-02 
PB-210 Not Detected --------- B. S4.E+OO 
RU-103 Not Detected --- ------ 3.44E-02 
RU-106 Not Detected --------- 3.21E-01 
5B-122 Not Detected -.------- 6.33E-02 
5B·124 Not Detected ._------- 3.53E-02 
5B-125 Not Pe1;ec~ed --------- 9.36E-02 
5N-1l3 Not Detected --------- 4.17E-02 
5R- 85 Not Detected -. __ .---- 4.39E-02 
TA-182 Not Detected 

______ a __ 

1.83E-01 
TA-183 Not Detected _ .. ------ 2.06E-01 
TC-99m Not Detected --------- 5.90£-01 · 
TL-201 Not Detected --------- 1. 48E- 01 
XE·133 Not Detected _._------ 1.45E-01 
Y-88 Not Detected --------- 3.12E-02 
ZN-65 Not Detected _a. ___ a a_ 1. 31E- 01 
ZR·95 Not Detected ___ a_a_a. 6.87E-02 



• ••••••••••••••••••••••••••••••••• **** •••• *.** •••••••• **~**************** 
* . ~Sandia National Laboratories * 
• Radiation Protection Sample Diagnostics Program [S81 Laboratory) * 
* 4-10-97 7:10:05 PM * 
**********.* •• *******.*****************.*****.***** ••• ******************* 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name . 
Elapsed Live/Real Time 

Comments; 

MARINELLI 
792.000 

4·09-97 
4-l0-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
l,03,00 PM 
5:27:18 PM 

6003 seconds 

************* •••• *.********* ••• ********************.********************* 

Nuclide Activity 2-sigma MIlA 
Name IpCi/gram) Error IpCi/gram) 

------- ---------- ---------- ----------
U-238 Not Detected --------- 1. 73E+OO 
TII-234 1 _35.2+00 4.23E-Ol 5.20E-Ol 
RA-226 1~·90B+OO 5.70E-Ol 6.27E-Ol 
PB-214 9.98E-01 1. 75E- 01 5.74E-02 
BI-214 9.l7E-Ol 1. 79E-Ol 6.02E-02 

TH-232 l.09B+OO 6.57E-Ol 1. 75E- 01 
RA-228 1.16E+OO 3.l8E·01 2.l6E-01 
AC-228 1.OSE+OO 2.44E-Ol 1.08E-Ol 
TH-228 1..OOE+OO 5.98E-01 5.04E·01 
RA-224 < . 28E-01 1.44E-Ol 3 . 58E-02 
PB-212 1.16.2+00 1.97E-Ol 4.44E-02 
BI-212 8.02E-01 3.01E· Ol 2.18E-01 ?,Mn TL-20a 3 . 91E-01 7.21E-02 2.72E-02 .f~~~ 
U-235 1.86B 81 1.77E 81 2.45E-01,-1M 
TH-231 Not Detected ------- .. 1.01E+Ol 
PA-231 Not Detected --------- 1.62E+OO 
TH·227 Not Detected --------- 4.34E-01 
RA-223 Not Detected --------- 1. 70£-01 
RN-2l9 Not Detected ---._---- 4.S6E-01 
PB-211 Not Detected --------- 1.07E+OO 
TL-207 Not Detected --------- 1. 77E+Ol 

AM·241 Not Detected ---- . _--- 2.07£-Ol ~ ?,M PU-239 Not Detec;:ted --------- 4 . 02E+02 .r-~~% NP-237 6.69E 81 i . SSE 81 2 .49E-Ol ~ 
PA-233 Not Detected --------- 6.70E-02 
TH-229 Not Detected --------- 2.26E-Ol 



[summary Report) - Sample ID: 70054002 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

~a •• _._ -- -------- ------- --- ------- ---
AG-108m Not Deteceed ------ --- s.40E-02 
AG-llOm Not Detected -------- - 3.91E-02 
SA-133 Not Detected --------- 6 . 57E-02 
BE-7 Not Detected --- - ----- 3 . 07£-01 
CD-109 Not Detected --------- 8.46£-01 
CD·lls No t Detected --- ------ 1 . 13£-01 
C£-139 Not Detected. --------- 3. 08£- 02 
C£-l41 Not Detected ------ --- 5.36£-02 
CE-144 Not Detected -- ----- -- 2.20E- Ol 
CO-56 Not Detected --------- 3 . 28E-02 
CO-57 Not Detected ------ -- - 2.7SE-02 
CO · S8 Not Detected -- ----- -- 4.23£-02 
CO·60 Not Detected --- - ---- - 4.93£-02 
CR-S1 Not Detected --------- 2.80£-01 
eS · 134 Not Detected -- ------- 5 . 39£ - 02 
eS-137 Not oetected --- -- ---- 4.51E-02 
EU-1S2 Not Detected --------- 8.22£- 02 
EU-ls4 Not Detected --------- 2 . 488- 01 
EU·1Ss Not Detected --------- 1 . 29E-Ol 
FE-59 No t Detected ---_ .. -- - - 9.75E-02 
GD · 1S3 Not Detected ------ --- 9 . 25£-02 
HG-203 Not Detected --------- 3.69£-02 
I-131 Not Detected --------- 3. 77£-02 
IR-192 Not Detected - - ---- --- 3.178-02 
K-40 2 . 47S+01 3.66E+OO 2.728-01 
MN-s2 Not Detected ----- -- -- 4 . 80£-02 
MN-s4 Not Detected ---- - ---- 2.55£-02 
MO-99 Not Detected ---- -- --- 4.llE-Ol 
NA-22 Not Detected. --------- 5.S6E- 02 
NA-24 Not Det ected -- - ------ 1 .588- 01 
NB-9s Not Detected --------- 2.298- 01 
NO-147 Not Detected ----- -- -- 2.64E- Ol 
NI-s7 Noe Detected -- ------- 1.12£- 01 
PB-210 Noe Detectec -- ------- 8.70E+OO 
RU-103 Noe Detected --------- 3.52E-02 
RU-106 Not Detected -------- - 3 . 58E- Ol 
SB-122 Noe Detected. ----- ---- 6.57£-02 
SB-124 Not Detectec --------- 3 . 63£-02 
SB-12s Not Detected --------- 1 . 04£ - 01 
SN-ll3 Not Detected --------- 4.438- 02 
SR-as Not Detected --------- 4.488- 02 
TA-182 Not Detected -- - ------ 2 . 0 68-01 
TA·183 Not Detected ----- -- -- 2.06£-01 
TC-99m No t Detected ------ - - - 7 . 44E-Ol 
TL-201 Not Detected ---- - ---- 1.62£- 01 
XE-133 Not Detected --------- 1.60E-01 
y. a8 Noe Detected --------- 3.76£-02 
ZN-6S Noe Detected ---_._._. 1.42£-01 
ZR-95 Not Detected --- ----.- 7.23£·02 



• 

.............................................. ** •••••• **.*.* •• ** •• ***.* .. * •• 
'* Sandia National Laboraeories '* 
* Radiation Protection Sample Diagcostics Program [881 Laboratory) '* 
* 4-10-97 8:55:23 PH • 
•••• **** ••••••• ** ••••••••••••••••••••••••••••••••••••• ******.******* •• **. 

: Analyzed by: ~ /J Itl L~ 7 Reviewed by: ~ U /JI 1117 : 
•• * ••••••••••••• ~.*.~J,* * ••••••• * ••• *.* •••••• ~.","~.*.** •• * •• *. 
Customer : P_ SI.AVIN/MAC (6682/SMO) 
Customer Sample ID 034318-002 ~ 

Lab Sample ID 70054003 C'I In-M IV - 'II'-V 
Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Corranents: 

MARINELLI 
906_000 

4-09-97 
4-10-97 

LAB 0 1 
6000 I 

SOLID SAMPLE 
!1r .... 

12:45:00 PM 
7:12:37 PM 

6003 secoods 

********* •• * •••• ** ••• *** •••••••••••••••••••••••••••••••••••• *.*********.* 

Nuclide Activity 2-si!!D'i MDA 
Name (pCi/!1rarn) Error (pCi/gram) 

---- - -- --------- - ---------- ----------
0-238 Not Detected --------- 1_59£+00 
TH-234 1.16£+00 3.41E-Ol 4_74£-01 
RA-226 1 ~ 69B+OO 5_18E-Ol 5_46E-01 
PB - 214 8.34E-Ol 2_90E-Ol 5.02E-02 
BI-214 7~S7E':'Ol 1_37£-01 4.78E-02 

TH-232 1.06E+00 4.998-01 1_54E-Ol 
RA-228 1.11B+OO 4.13E-Ol 1..84E-Ol 
AC-228 1.03E+00 1.70E+OO 9_798-02 
TH-228 5.17E-01 3.31.E-Ol 4.598-01 
i\.A-22'; 3.90£-01 1.25E-01. 2_91E-02 
PB-212 1.06E+OO 1. 70E- 01 3.96E-02 
BI-212 7_05E-Ol 2_47E-Ol 2_15E-01 
TL-208 3.71E-01 1 . 76E-Ol 2.44E-02 

0-235 Not Detected ___ A_A_A. 2_22E-Ol 
TH-231 Not Detected ._------. 9.13E+OO 
PA-231 Not Detected --------- 1.47E+OO 
TH-227 Not Detected --------- 3.8SE-Ol 
RA-223 Not Detected ---.-.'.- 1.55E-Ol 
RN-219 Not Detected _._------ 4 . 24E-Ol 
PB-211 Not Detected --------- 9 _47E-Ol 
TL-207 Not Detected ------._- 1.59E+Ol 

AM-241 Not Detected --._---.- 2_00E-Ol :t;;;!;;, PO-239 Not Detected ---_._--- 3 .72E+02 
NP-237 6.866 e- 2.BIE e- 2_25E-Ol M'f);;rJ- <flllff) " " PA-233 Not Detected --------- 5_79E-02 
TH-229 Not Detected '._------ 2 _10E-Ol 



[S1llIIII\&ry Report] - Sample m: 70054003 

Nuclide Activity 2-sigma MDA 

Name (pCi/gnml Error (pCi/graml _______ . ------- --- --- ------- .---------
AG-l08m Not Det-ected ------":-- 4.79E-02 
AG-llOm Not Detected --------- 3.41E-02 
BA- 133 Not Detected --------- 5.67E-02 
BE-7 Not Detected. --- ------ 2.71E-Ol 
CD-l09 Not Detected --------- 1.03E+00 
CD-1l5 Not Detected --------- 1. 04£-01 
CE-139 Not Detected --------- 2.76E-02 
CE-l41 Not Detected --------- 4.94£-02 
CE- 144 Not Detected _ _ _ _ pa p a . 1.98E- Ol 
CO·56 Not Detected --------- 2.69E-02 
CO-57 Not Detected --------- 2.58E-02 
CO·S8 Not Detected - ------- - 3.68£- 02 
CO-60 Not Detected --------- 3.89E-02 
CR- sl Not Detected . - ---- --- 2.52£ - 01 
CS-134 Not Detected --- ------ 4.60E-02 
CS-137 Not Detected --------- 4. 01E- 02 
EU-1S2 Not Detected ------ - -- 7.S1E-02 
EU-154 Not Oetected -- .. ------ 2.22S- 01 
EU-155 Not Detected --------- 1.20E- 01 
FE-59 Not Detected --------- S.78E-02 
GO - 1S3 Not Detected --------- 8.60E - 02 
00-203 Not Deeected -- ---- --- 3.22E-02 
I-131 Not Detected ----_. --- 3.47E-02 
IR-192 Not Detected ----- ---- 2.82E-02 
K-40 2.26£+01 3.31E+00 3.01E-Ol 
MN- 52 Not Detected .----- - -- 3.9SE- 02 
MN-54 Not Detected --------- 4 . 03E- 02 
HO-99 Not Detected --- .. ---- 3.62E-Ol 
NA-22 Not Detected --------- 5.12S-02 
NA-.24 Not Detected ---- ----- 1.46E- Ol 
NB-9s Not Detect.ed --------- 2.06E-Ol 
NO-147 Not Detected --------- 2.40E-Ol 
NI -57 Not Detected .---- ---- 9.7SE- 02 
PB-210 Not Detected --------- 8.07E+OD 
RU·l03 Not Detected -- -- ----- 3.27E- 02 
RU-106 Not Detected --------- 3. 13£- 01 
5B-122 Not Detected ------- -- 6.05E-02 
5B-124 Not Detected --------- 3.23E-02 
SB-125 Not Detected --------- 9.07E-02 
SN-113 Not Detect.ed --------- 4. 02E-02 
SR-S5 Not Detected . __ .----- 4. 00E-02 
TA-1S2 Not Detected --------- 1. SsE-Ol 
TA·1S3 Not Detected - -- - - ---- 2.0JE-Ol 
TC-99m Not Detected ____ po_e. S. 64E-Ol 
TL-201 Not Detected ---- - ---- 1. 54E- 01 
XE · 133 Not Detected ----- -- -- 1. 51E- 01 
Y- S8 Not Detected ----_.--- 2.99£-02 
ZN-65 Not Detected -._------ 1.29E-Ol 
ZR-95 Not Deteceed --------- 6.52E-02 



• •••• _ ••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••••••• 
• Sandi. National Laboratories • 
* Radiation Protection Sample Diagnostics Program (881 Laboratory] • 
* 4-10-97 10:41:06 PM * 
**** •••••••••••• ** ••• ** •••• ****** •••• **** ••••••••••••• ********* •• ******** 

: Analyzed by: 9:. ,,1,J.1' ReviewedbY:~I..J~I.//i'7 : ........... t...... *.**4t~ * •• * •• * ••••• * ••• * •••• ~~**l"J*'* •• * ••• *** 
CUstomer : P. SLAVIN/MAC (6682/SMO) 
Customer Sample ID 034329-002 
Lab Sample ID 70054004 

Sample Description 
Sample Quantit.y 
Sample Date/Time 
Acquire Start Date/T~e 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
907.000 

4-09-97 
4-10-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 

12:20:00 PM 
8:58:16 PM 

6004 seconds 

•.............••••...•••.•••••••••••••••..••••••••••.• _ .• _t*._ ...• _ .. *_._ 
Nuclide Activity 2-sigma MDA 

Name (pCi/gram) Error (pCi/gram) 
-- .. _.- ....•..... . ......... -._-----.-
U-238 1.1SE+00 9.23E-01 1.44E+00 
TH-234 1.89E+00 4.86E-01 S.31E-01 
RA-226 2_73E+00 6.S3E-01 6.11E-01 
PB-214 1.26E+00 2.07E-01 5.09E-02 
BI-214 1.10E+00 2.02E-01 5.80E-02 

TH·232 1.22B+00 5.75E-01 1 . 7SE-01 
RA-228 1.14E+00 2.70E-01 1.97E-01 
AC-22B 1.19E+00 2.91E-01 1.10E-01 
TH-228 1. 1.1.E+OO 4.09E-01 S.09E-01 
RA-224 4.89E-01 1. 75E-01 3.13E-02 
PB - 212 1.20E+00 1. 88E-01 4.30E-02 
BI·212 6 . 44E-01 2.38E-01 2.22E-01 
TL-20B 4.08E·01 2.39E-01 3.03E-02 

U·235 1. 04E' 01 1. 76E-01 2.43E-Ol 
TH-231 Not Detected --------- 9.92E+00 
PA-231 Not Detected ---.----- 1. 58E+00 
TH·227 Not Detected -----._--

4.24E-01 ), 0;;( ~ RA-223 Not Detected --------- 1.69E-01 ~ 
RN-219 .:9411 92: 3.696 9: 4.42E-01"""""-: ~ '(It';' 
PB-211 Not Detected --------- 9.95E-01 
TL·207 Not Detected ----- .. _- 1. 75E+01 

AM·241 Not Detected -0-000._- 2.11&-01 ~ 

;;;11/" PU-239 Not Detected --------- 4. 03E+02 """ "(Jul NP·237 8.1SE 81 '.86E 91 2.25E-01 
PA-233 Not Detected ··----0.- 6.43E-02 
TH-229 Not Detected --------- 2.28E-01 



[Summary Report] - Sample IP : : 70054004 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

AG-l08m. Not Detected -- - ------ 5.23S-02 AG-llQm Not Detected .________ 3 . 77£-02 
BA- ll3 Not Detected ---- --- -- 6 . 64E-02 
BE-' Not Det.cted ------- -- 2 . 87£-01 
CD-l09 Not Detected ------- - - 1 . 11E+00 
CO-liS Not Detected ---- - ---- 1.16B-Ol 
CE-139 Not Detected ------ - - - 2.96£-02 
CE-141 Not Oetected - --- - ---- 5.40E-02 
CE-144 Not Detected -------- - 2.17B-01 
CO-56 Not Detected - ------- - 2_97E-02 
CO-57 Not Detected --------- 2.81£-02 
CO- 58 Not Detected --------- 3.87£-02 
CO-60 Not Detected --------- 4.6SE-02 
eR-Sl Not Detected --------- 2 . 66E-01 
CS-134 Not Detected --------- 5.26E-02 
CS-137 Not Detected --------- 4.48E-02 
EU-152 Not Detected -----.--- 8.39£- 02 
EU-1s4 Not Detected --------- 2.421-01 
EU-1ss Not Detected - -------- 1.32E-01 
FE - 59 Not Detected -- ------- 9.41E-02 
GO-1s3 Not Detected ------- - - 9 . 38E - 02 
HG-203 Not Detected --------- 3.60E-02 
1-131 Not oetected --------- 3.681-02 
IR-192 Not Detected - ---- - --- 3_01E- 02 
K-40 2_S3E+01 3_74B+00 2_99E-01 
MN-s2 Not Detected --------- 4.822-02 
MN-S4 Not Detected --------- 4.23E-02 
MO-99 Not Detected ----- -- -- 4.2sE-01 
NA-22 Not Detected --------- s.30E-02 
NA-24 Not Detected --------- 1.831-01 
NB-9S Not Detected --------- 2.301 - 01 
ND-147 Not Detected ---- - ---- 2.SBE - 01 
N1-s7 Not Detected . - - - --- - - 1.22E- 01 
PB-210 Not Detected --------- 8.651+00 
RU - 103 Not Detected --------- 3.461-02 ?i. 
RU-106 Not Detected - ---- - --- 3_40E- 01 _,-r-n-d 
SB-122 ----;,3~. 11'7i'1£;.-&9a-. --;-3 ."';7>!!BIi£-9~2'-----4 _ 21E- 02 JWr..--'<-.( " I" ( P 
SB-124 Not Detected .________ 3.511-02 f/~ 

SB-12s Not Detected - - -.----- 9.95E - 02 
SN-113 Not Detected .- - ------ 4.35E-02 
SR-Ss Not Detected --------- 4.341-02 
TA-182 Not Detected - - ------- 1.972-01 
TA-183 Not Detected --------- 2.161-01 
TC-99m Not Detected --------- 1.22S+00 
TL-201 Not Detected -- ---- - -- 1.69S-01 
XE-133 Not Detected --------- 1.68E-01 
Y-88 Not Detected --------- 3 . 10E-02 
ZN-6s Not Detected .------.- 1.362-01 
ZR-95 Not Detected --------- 7.29E-02 

: • > 
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**?****-*******************.**************.*.********* ••• **** •••••••• * ••• 
'* Sandia National J...al)oratories .. 
• Radiation Protection Sample Diagnostics Program [B81 Laboratory) .. 
'* 4-17-97 6:08:18 PM .. 
• ** ••• ** •••••• ***.********.**.*******.***** •• ***** •••• * •••• *******.*.*.*. 

: Analyzed by, 9 Li~;' J f7 Reviewed by, I'W '{IISI,,!, : 
****** •• ' •••• *.**** •••• ", **J ••• **.****** •• ** •••••••• **** •• * * ••• * ...... ** .. 
Customer , .SLAVIN/C.STEFANOV (6682/SMO) 
Customer Sample : 033373-002 
Lab Sample ID 70060101 

Sample Description 
SamDle Quantity 
SamPle Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
79B . 000 

4-16-97 
4·17·97 

LAS03 
6000 / 

SOLID SAMPLE 
gram 
2,00,00 PM 
3,35,OB PM 

6004 seconds 

***********************.******.*.*.***************.*** •••• *.* ••• ********. 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U·238 3.47E+OO 1. OlE+OO 1.36E+OD 
TH·234 4.19E+DO 9.96E·Ol 5.06E·Ol 
RA · 226 2.SSE+OO B.95E·Ol 5.61E·Ol 
PB-214 9.40E-Ol 1.55E·Ol 5.54E·02 
BI-214 B. 95E-Ol 1. 75E·Ol 6.03E·02 

TH·232 1.OSB+OD 5.02E·Ol 1. 75E· 01 
RA-228 1.17B+OD 3.50E·Ol 1.B7E·Ol 
AC·22B 1.26B+DO 2.03E·Ol 1. 06E- 01 
TH·228 1. OlE+QO 3.02E·Ol 5.69E·Ol 
RA-224 1.26B+OO 3.90E·Ol 7.94E·02 
PB-212 1.22E+OO 2.02E-Ol 4.33E·02 
BI-212 6.69E·Ol 3.93E-Ol 2.53E·Ol 
TL·20B 1.14E+OO 2.09E-Ol 8.03E·02 

U·235 Not Detected --------- 2.25E-Ol p-;r):TJJ 9'1/17/17 TH-231 3.eSE,ee 3.10\£,98 8.89E+OO 
PA-231 Not Detected --------- 1. 49E+OO 
TH-227 Not Detected --------- 4.32E·Ol 
RA·223 Not Detected --------- 1.S4E-01 
RN·219 Not Detected --------- 4.57E·Ol 
PB-211 Not Detected --------- 1.04E+DO 
TL·207 Not Detected --------- 1.78E+Ol 

AM-241 Not Detected --------- 1.88E·Ol 
PU·239 Not Detected --------- 4.02E+02 
NP·237 Not Detected --------- 2.41E-Ol 
PA·233 Not Detected --------- 6.54E·02 
TH·229 Not Detected --------- 2.23E·Ol 



• 
(SUI11III&>:y Report] - Sample m: 70060101 

Nuclide Activity 2-sigw. HDA 

Name (pCi/gram) Error (pCi/gram) 
-.----- .--- - ----- --- ------- ----------
AG-108m Not Detecteo ------_ .... 5.26E-02 
AG-UOm Not Detected - -- - -_ .. _ .. 4. 07S -02 
BA·133 Not Det.ected --------- 6.76S-02 ~ 

Detected 3. 00E-Ol BE·7 Not -- - ----_ ... 
8.16S-01P,.rJ.:::rJJ yt7Jf CD-l09 2.71&:89 6.:7& 91 

CD· US Not Detected --------- 1. 08S-01 
CE- 139 Not Detected --------- 2.98S- 02 
CE-141 Not Detected ------- -- 4.99E-02 
CE-144. Not Detected --------- 2.14S-01 
CO-56 Not Detected --------- 3.99S-02 
CO-57 Not Detected - -------- 2. 80E-02 
eO·58 Not Detecte d --------- 4.23E - 02 
eO · 60 Not Detected --------- 4.77S-02 
CR·51 Not Detected --------- 2.738-01 
eS·134 Not Detected -------- - 4.708-02 
CS·137 Not Detec ted -- --- --- - 4.48E-02 
£0-152 Not Detected. .- ------- B.40S-02 
EU-154 Not Detected -------- - 2.43S-01 
£0-155 Not Detected --------- 1.26S- 01 
FE-59 Not Det ected ----- ---- 9 . 44E-02 
GD-153 Not Det ected -----_._ . 9 .3 0E-02 
HG-203 Not Detected ------- -- 3.44E-02 
I-131 Not Detected -_ .... _-_ .. .. 3.67E-02 
IR-192 Not Detected ------- - - 3 . 14E- 02 
K·40 2.57E+Ol 3.B3E+00 3.04E-Ol 
MIl-52 Not Detected. ------.-- 4.65E-02 
MIl-54 Not Detected -_._ -_._- 4.26S-02 
MO-99 Not Detected ---- --- _. 3.79S-01 
NA·22 Not Detected -------- - 5 . 63E - 02 
NA·24 Not Detected --- --_ ...... 1.3BS-Ol 
NB-95 Not Detected .... _---_ .. 2.29E-Ol 
ND-147 Not Detected ----- - --- 2.43S-01 
NI·57 Not Detected -- ------- 1.02E-Ol 
PB·210 Not D!!tected .. _--_ .. _ .... S.24E+OO 
RU-103 Not Detected ----_ .... -- 3.41S- 02 
RU·106 Not Detected. ------- .... 3.71E-Ol 
Sa-122 Not Det.ected --- - --- -- 6.16E-02 
S8 · 124 Not Detected -_ .. _ .. _ .. -- 3.4BS-02 
S5·125 Not Detected --------- 9.73E - 02 
SN · 1l3 Not Detected --------- 4 . 42E -02 
SR-B5 Not Detected --------- 4.55E-02 
TA·1B2 Not Detected _ .. ------- 1. 97S- 01 
TA-1B3 Not Detected _ .. ---_ .. -- 1.B4E-01 
TC-99m Not Detected --------- 4 . 97E-Ol 
TL·201 Not. Detected -----_ .. -- 1. 33S- 01 
XE·133 Not Detected. --------- 1.36E-Ol 
Y-SB Not Detected .. .... _ ...... _- 3.22E-02 
ZN · 65 Not Detected -_ .. _ ......... 1.33E-01 
ZR·95 Not Detected --------- 7.41E-02 
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*,*.*,*.*****************.**·*.****.",.~""* •• * ••• *~It.·*··* •••••••• ,.. ........... . 
'* Sandia National Laboratories .. 
.. Radiation Protection Sample Diagnostics Program (881 La.bQra~c::.-y ) ... 
... 4-17-97 5:56:36 PM ... 

:·::::;:::*:;~*9·***·*·***~~:l;*J::·*·**::::::::*~;~***~~~j:~~.'.** ... : 
*****.***.*.*.*.*. * •• *.~~*t~,.~****.*.*.* •• *.***~~J{1JJ*~*.**** ...... . 
CUstomer : P.SLAVIN/C.C. (6682/IT) 
Customer Sample : 034331-002 
Lab Sample ID 70060001 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Cormtents: 

MARINELLI 
895.000 

4-16-97 
4-17-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 

10,08,00 AM 
4 : 12:13 PM 

6003 seconds 

C. '110 - 5'::> _r-JZ-

*********************************************************** ••• * •••••••• ~* 

Nuclide Activity 2-sigma MDA 
Name IpCi/srraml Error IpCi/srraml 

------- ---------- ---------- ----------
0 - 238 1.16E+00 1.0IE+00 1 . 55E+00 
TH-234 1. 97E+00 5.07E-Ol 5.14E-Ol 
RA-226 2.08E+00 S.68E-01 6.08E-01 
PB-214 9.SSE-01 1.69E-01 5.04E-02 
BI-214 8 A8E-Ol 3.69E-01 S.4SE-02 

TH-232 1.07£+00 S.2SE-01 1. S5E- 01 
RA-228 1.14E+00 S.30E-01 1.86E-01 
AC-228 1.05E+00 2.66E-01 9.S3E-02 
TH-228 1.01E+00 4.23E-01 5.02E-01 
RA-224 1.19E+00 3.69E-01 7 . 93E-02 
PB-212 1. 17E+00 1.93E-01 4.2SE-02 
BI -212 7 . 45E-01 3.04E-01 2 . 13E- 01 
TL-20S 1. 03£+00 1. 89E- 01 7 . 89E-02 

U·235 Not Detected --------- 2.26E-01 
TH - 231 Not Detected --------- 9 . 29E+00 
PA-231 Not Detected --------- 1. 50E+00 
TH-227 Not Detected --- - ----- 4.12E-01 
RA-223 Not Deter:ted. --------- 1.60E-01 
RN-219 Not Detected --------- 4.40E-Ol 
PB-211 Not Detected -- ---- --- 9.76E-01 
TL - 207 Not Detected -.------- 1. 57:5+01 

AM-241 Not Detected --------- 2.04E-01 1. q~ PO-239 Not Detected --------- 3. 94E+02 ~ ';1;;";' ~ NP-237 7 . 90: s· E.: 1: -. = -- 2 . 44E-01 'tit 
PA-233 Not Detected --------- S.99E-02 II,; 
TH-229 Not Detected ---- - ---- 2.15E-01 



[summary Report] - SlJIIPle ID, : 70060001 

Nuc:lic1e 
Name 

AG-108m 
AG-IIOm­
BA-133 
BE-7 
CD-109 
CD-lIS 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-5 8 
CO-60 
CR-Sl 
CS-134 
CS-137 
EU-1S2 
EU-1S4 
EU-1SS 
FE-59 
GD-1S3 
HG-203 
1-131 
IR-192 
K-40 
MN-52 
MN-54 
MO-99 
NA-22 
NA-24 
NB-9S 
NO-147 
NI-57 
PB-210 
RU-I03 
RU-106 
SB-122 
SB-124 
SB-12S 
SN-113 
SR-85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN-6S 
ZR-95 

Activity 
(pCi/gram) 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.61.E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.39E .. Ol 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-sigma 
Error 

1. 89E- 02 

3.62E+OO 

MIlA 
(pCi/gram) 

S.03E-02 
3.69E- 02 
S.90E-02 
2.69E-01 
8.28E-01 
1.07E-01 
2.81E-02 
S.08E-02 
2.06E-01 
3.99E-02 
2.61E-02 
4.01E·02 
4 . 45E- 02 
2.S2E-01 
4 . 71E-02 
2 . 48E-02 
7.80E-02 
2.31E-01 
1.25E-Ol 
8_91E-02 
8.84E-02 
3.38E-02 
3 . 34E-02 
2.89E-02 
3.06E-01 
4.2SE -02 
2.26E-02 
4.04E-01 
5.03E -02 
lA8E-01 
2.1.9E-Ol 
2 .43E-01 
9.97E-02 
8.0BE+OO 
3.20E- 02 
3.31E-Ol 
6_00E-02 
3_24E-02 
9 AOE- 02 
4_20E-02 
4 . 18E-02 
1. 83E - 01 
2. 06E- 01 
8.S3E-01 
1. 52E-01 
1.S3E-01 
3.33E-02 
1.24E-Ol 
6.65E-02 



Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
899.000 

4-16 - 97 
4-17-97 

LABOl 
60 00 / 

SOLID SAMPLE 
gram 

10,15,00 AM 
5,59,21 PM 

6003 seconds 

Comments: 
-*************.********.*******.**********************************.** • • ** 

Nuclide Act ivity 2-sigma MDA 
Name (pCi/gr am) Error (pCi/gram) 

-- --.- - ---- ------ -_ .. --- - - - - ._-- _.-- -
U-238 Not Detected -- -- ----- 1..43£+00 
TH-234 1.52E+0 0 4.03E-Ol 4.96E-Ol 
RA-226 1. 93E+00 8.92E-Ol 5.76E-Ol 
PB-214 8.B3E-Ol 1.80E-Ol 5.19E - 02 
BI-214 8 .07E-Ol 2.14E - Ol 5.47E-02 

TH-232 1.20E+00 5.80E-Ol 1.69E-Ol 
RA - 22 8 1.13£+00 3.33E - Ol 2.03E-Ol 
AC-22B 1.06E+0 0 2.66E-Ol 1. OlE-Ol 
TH-228 B. 6BE-Ol 4.72E-Ol 4.68E-Ol 
RA-224 1.18£+0 0 3.72E - Ol 8.39E- 02 
PB-212 1.16£+0 0 1.84E-01 4.0U-02 
BI-Z12 7.S1E- 0 1 3.63E-O l 2.1BE- Ol 
TL-208 1.11.£+00 3.43E-01 7.36£-02 ~ ~!Jh U-235 i!. 13= 81 - -~;;;: 80 2 . 30E_01P/);rff _.$'_ 
TH-231 Not Detected - - .- - - --- 9.17£+00 
PA-231 Not Detecte d ---- -- - - - 1.4BB-+OO 
TH-227 Not De t ecte d - - -- -- --- <.OBE-Ol 
RA-223 Not De tected ._ .. _-_ .. 1. 59B- 01 
RN·219 Not Detected - -- ---- -- 4.31E-Ol 
PB-nl Not De tected ----- - - - - 9.50E - Ol 
Th - 207 Not Detect ed _ •• _e_e_e 1. 5BE+Ol 

AM-241 Not Detected -- - - - -- - - L96E - Ol ;?-v/(ytf} PU-239 Not Detected --------- 3 .77E+02 ;r J::r..:;;;A 
NP-237' 7.2:: 81 . --- e: -- --- 2 .43E - Ol ft/ 
PA-233 Not Detected ----- ... - 6.12E-02 
TH-229 Not Detected -------- - 2.15E-Ol 



[SUlmI1&ry Report] . Sample ID : . 70060002 . 
Nuclide Activity 2·sigma MOA 

• Name IpCi/gram) Error IpCi/gram) 
.. ----- ---------- ----_.---- ----------
AG·108m Not oetected --------- 4.91E·02 

AG-ll.Om Not Detected - --- - - . '.- 4.31E·0~ 

BA·133 Not Detected --------- 5.94E·02 

BE·7 Not Detected ------- .-- 2.79E·01 

CD·109 Not Detected --------- 1.04E+OO 

CD·1l5 Not Detected -- --- ---- 1.12E·01 
CE-139 Not Detected --------- 2 . 80E·02 
CE·141 Not Detected --------- 5.00E·02 
CE -144 Not Detected ------ -- - 2.08E·01 
CO·56 Not Detected ------ -- - 2.60E·02 
CO·57 Not Detected --------- 2.66E·02 
CO-58 Not Detected --------- 3.59E·02 
CO-60 Not Det.ected --------- 4.54E- 02 
CR·51 Not Detected --- - ----- 2.48E-01 
CS-134 Not Detected --------- 4.63E·02 
CS->37 9.10E·02 3.95E·02 2.84E·02 
EU-152 Not Detected. --------- 7.94E·02 
EU-154 Not Detected --------- 2 . 26E·01 
EU·155 Not Detected ------- -- 1.24E·01 
FE·59 Not Detected --------- 9.18E·02 
GD·153 Not Detected ------- -- 8.70E·02 
HG·203 Not Detected --------- 3.32£·02 
I-131 Not Detected ___ a_a_e. 3.50E·02 
IR·192 Not Detected --------- 2 . 89E·02 
K·40 2.38E+01 3 . 49E+00 2.71E·01 
MN-52 Not Detected --------- 4.15E·02 
MN·54 Not Detected ppppp- --- 2.17E·02 
00 · 99 Not Detected ___ e_e_ee 3.96E·01 
NA-22 Not Detected -- - -- - --- 5.23E·02 
NA·24 Not Detect.ed --------- 1. 66E · 01 
NB·95 Not Detect.ed 

______ e _ _ 2.19E· 01 
NO- 147 Not Detected --- ------ 2.49E·01 
NI·57 Not Detected --------- 1.01E· 01 
PB·210 Not Detected --------- 8.26E+OO 
RU -I 03 Not Detected -p------ - 3.23E·02 
RU-106 Not Detected - -------- 3.l4E-Ol 
5B·122 Not Detected --- --- --- 6.58E·02 
58·124 Not Detected --------- 3.28E·02 
58·125 Not Detected -----. --- 9.23E·02 
SN -ll3 Not Detected --------- 4.16E-02 
5R·85 Not Detected --------- 4.09E·02 
TA-182 Not Detected ---- ---- - 1. 88E· 01 
TA-183 Not Detected --------- 1. 99E· 01 
TC-99m. Not Detected __ ep __ , ___ 1.03E+OO 
TL·20 1 Not Detected -- ------ - 1.55E·01 
XE -13 3 Not Detected --------- 1. 52E- 01 
Y·88 Not Detected ------_.- 3.23E·02 
ZN· 6 5 Not Detected -.------- 1. 27E· 01 
ZR·95 Not Detected -- - ------ 6.75E·02 



Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
995.000 

4-16-97 
4-17-97 

LAB 0 1 
6000 / 

SOLID SAMPLE 
gram 

10:30:00 AM 
7:46:32 PM 

6004 seconds 

Comments: 
*****************y*************************************,*,*********"",* 

Nuclide Activity 2-sigma MDA 
Name IpCi/gram) Error IpCi /gram) 

------- ---------- ---------- ._._------
U·238 Not Detected _ ... _--_. 1.52E+00 
TH-234 1.lSE+00 3.45E-01 4.79E-01 
RA·226 1.97E+00 8.17E-01 S.82E·Ol 
FB-214 8.93E-01 2.S7E-Ol 4.68E-02 
EI-214 B.05E-01 1.48E-01 4.90E-02 

TH-232 9 .88E-Ol ·6. 63E- 01 1.52E-01 
RA-228 1.09E+00 3.53E-01 1. 74E-01 
AC-228 1.08E+00 2.S0E-Ol 9.12E-02 
TH-228 5.7SE-Ol 3.53E-Ol 4.40E-01 
RA-224 1.21E+00 4.01E-01 5.1SE-02 
PB-212 1.06E+00 1.73E-01 3.82E-02 
EI - 212 Not Detected --- - - ---- 2.02E·Ol 
TL-2 0B 9.78E-01 4.82E-01 6.75E-02 

U-235 Not Detected --------- 2.15E-01 
TH-231 Not Detected --------- 8.6BE+00 
PA-231 Not Detected --------- 1. 39E+OO 
TH-227 Not Detected ------- -- 3.73E-Ol 
RA-223 Not Detected - -------- 1.51E-01 
RN-219 Not Detected --------- 4.04E-01 
PB·211 Not Detected -------- - 9.02E-Ol 
TL·207 Not Detected --------- 1.55E+01 

AM·241 Not Detected --------- 1. 86E- 01 
PU-239 Not Detected --._----- 3.59E+02 
NP-237 Not Detected -------- - 2.90E-Ol 
PA-233 Not Detected -------- - 5.73E-02 TH-229 Not Detected --------- 2.00E-01 



[Summary Report] - Sample DO: : 70060003 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-oigma 
Error 

MIlA 
(pCi/gram) 

AG-10Bm Not Detected •• • ------ 4.51E-02 
AG-llOm Not Detected - - - - - - . ". - 3.31£-02 
BA-l)3 Not Detected --------- 5.57E-02 ~ 
BE-7 Not Detecte<l - -------- 2.49E-01 ~ ~ .I I. 
CD -1 09 --.::.::.:...:;:~. e*e~8~,.e:e.e:e --.;S~, -&5;;: :~e!'!1.----6 . 8 6E - 01 p.:r kA.... 1'7 't/', I' 7 
CD-llS Not Detected ---.---.- 1.03E-01 
CE-139 Not Detected -.--.--- - 2.68£-02 
CE-141 Not Detected --------- 4.74E-02 
CE-144 Not Detected --- - ----- 1.94E-01 
CO-56 Not Detected --------- 3.67E-02 
CO-57 Not Detected --------- 2.53E-02 
CO-58 Not Detected --------- 3.46£-02 
CO-60 Not Detected ------- -- 4.02E-02 
CR-Sl Not Detected --------- 2 . 33E-01 
eS-134 Not Detected -----.--- 4.45E-02 
eS-13? Not Detected --------- 3.S2E-02 
EU-152 Not Detected --------- 7 . 5BE-02 
EU-154 Not Detected - ••• -.--. 2.10E'01 
EU'155 Not Detected ------ •• - 1.17E-01 
FE-59 Not Detected ____ eo_e. B.17E-02 
GD-153 Not Detected - -_. ----- B.23E-02 
HG-203 Not Detected --_ •• -_.. 3.16E-02 
1.131 Not Detected --------- 3.23E-02 
IR-192 Not Detected ---. ----- 2.75£-02 
K-40 2.33E+Ol 3.43E+00 2.45E'01 
MN-52 Not Detected ---._-... 3.71E-02 
MN-s4 Not Detected --------- 2.04E-02 
MO-99 Not Detected -------.- 3.71E-Ol 
NA-22 Not Detected ----.---- 5.03E-02 
NA-24 Not Detected _ •••• -_.. 1.6BE·Ol 
NB-95 Not Detected ---.----- 2.03E-Ol 
NO-14? Not Detected --------- 2.30E-01 
NI-s7 Not Detected -- ••• ---- 1.05E-01 
PB-210 Not Detected --------- 7.63£+00 
RU-103 Not Detected ----.---- 3.11E·02 
RU-106 Not Detected ___ _ po_e. 3.01E-Ol 
S8-122 Not Detected •• - . -.--- 5.B8E-02 
SB-124 Not Detected --------- 3.01E- 02 
58-125 Not Detected ____ po_a. B.B2E'02 
SN-113 Not Detected ._ •• ----- 3.79E-02 
SR-Bs Not Detected --------- 3.77E-02 
TA-IB2 Not Detected ---- ---- - 1.73E-01 
TA-183 Not Detected -.--- ---- 1.91E-01 
Te- 99m Not Detected - _ •• -. - - - 1.16E+00 1) ~ 

~:m Not ~~mt~g -;:;;;'63 U~~:g~ fOl.r).:;Tp$.r ? y;/t/17 
Y-BS Not Detected -- •• ----- 2.90E-02 
ZN-65 Not Detected -- ••• -.-. 1.lsE-Ol 
ZR-9s Not Detected ._ • • ----- 6.66£-02 



************ ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories 7 

'* Radiation Protection Sample DiagnosticS Program [S81 Laborato::")-'~ :t 

... 4-17-97 11:17:45 PM '* 

:·::::::::·:::·9·········~·~:·i;:······::::::::·:;~··~~L:~""""': 
................ *" •• ** ** "".... • .... *;,'1 ~ '* ~ .... '* .......... * ... ** ... '* * .......... ~ ... lh.'1/Jj ... * ........ * .. '* ... '* '* 
Customer , P.SLAVIN/C.C. (6682/IT) 
CUstomer Sample ID : 034334-002 
Lab Sample ID 70060004 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Conunents: 

MARINELLI 
876.000 

4-16-97 
4-17-97 

LAB 0 1 
6000 / 

SOLID SAMPLE 
gram 

10:35:00 AM 
9,33,23 PM 

6003 seconds 

(y 10- s~,J~ 3 

•• ***.*******************************.***.******* •• ********************** 

Nuclide Activity :2-sigma. MDA 
Name (pCi/gram) Error (pCi/gram) ------- ---------- ---- ------ ----------

U-238 Not Detected --------- 1. 52E+00 
TH - 234 1.388+00 4.94E-01 4.65E-01 
RA·226 1.598+00 7.49E-01 S.63E-Ol 
PB-214 7.SSE-Ol 1.32E-01 4.62E-02 
BI-2l4 7.23E-01 1.. 43E- 01 S.40E·02 

TH·232 8.71E - Ol 4.18E-Ol 1.49E-01 
RA-228 9.0SE-Ol 2.71E-01 1.79E-01 
AC-228 8 .99E-Ol 2 .04E-Ol 8.47E-02 
TH-22S 5.0sB-01 3.38E-Ol 4.S3E-Ol 
RA-224 9.60E-01 3.22E-01 8.30E-0. 
PB-212 9.44£-01 3.23E-Ol 3.80E-02 
BI-212 6.44E - 01 3.27£-01 2.02E-0l. 
TL · 208 8.45E-01 1.13E+00 7.42£-02 

U-235 L So§5 83: 3:.:== ea 2 . 13 E - 01 ,.iT Ji:I;;:r.;( :;;:?; 1'/57 
TH-:231 Not Detected --------- 8. 79E+OO ~ 'I 
PA-231 Not Detected --_ .--._ - 1.43£+00 
TH-227 Not Detected --------- 3 . 73E-01 
RA-223 Not Detected --------- 1. 54E-01 
RN - 219 Not Detected -- ---- --- 4.04E-01 
PB-2ll Not Detected --------- 9.1SE-Ol 
TL-207 Not Detected --._----- 1. 52E+01 

AM- 24.1 Not Detected --------- 1. 90E- 01 
PU·239 Not Detected --------- 3.58E+02 
NP'237 Not Detected --------- 2.9U·Ol 
PA·233 Not Detected ------- .. S.74E-02 
TH-229 Not Detected -.-.----- 1.98E·Ol 



(Sumoary Report] - Sample m, , 70060004 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected --------- 4.61B-02 
AG-llOm Not Detected --------- 4.32E-02 

~:;33 :~~ g:~:~~:~ ::::::::: ~:~~~:g~ ~~~ 
CD -1 09--.:...:..:....L~-;., 9~.~i~'.e9.e9--..;;5;.,,"7.,:i;;....;eo;i~---7 . 15£ - 0 1 ,v~ 'f. ~" 4? 
CD-l1S Not Oetected .-------- 1.04E-01 (' /' 
CE-139 Not Oetected .-------- 2.62B-02 
CE-l4l" Not Detected --- - -- --- 4 . 70E-02 
CE-144 Not Detected .-------- 1.94E-01 
CO-56 Not Detected --------- 2.54£-02 
CO-57 Not Detected --------- 2.47£-02 
CO-58 Not Detected --------- 3.59£-02 
CO-60 Not Detected --------- 3 . 97£-02 
CR-Sl Not Detected --------- 2.39B-01 
CS-134 Not Oetected --------- 4.49£-02 
CS.137 1.28£- 01 5.72E-02 2.45£-02 
EU-152 Not Detected --------- 7.39E-02 
EU-154 Not Detected --------- 2 . 13E-01 
EU- IS5 Not Detected --------- 1.1SE-Ol 
FE-59 Not Detected --------- 8.49£-02 
GD-IS3 Not Detected --------- 8.17E-02 
HG-203 Not Detected --------- 3.18E-02 
1-131 Not Detected ---~----- 3.24E-02 
IR-192 Not Detected ____ eo_a. 2.66E-02 
K-40 1.99£+01 2.97£+00 2.79£-01 
MN-S2 Not Detected -- - --.---- 4.19E-02 
MN-54 Not Detected --------- 2_14£-02 
MO-99 Not Detected --------- 3.98E-01 
NA-22 Not Detected ------ --- 4.96£-02 
NA-24 Not Detected ___ a_a_a. 1.91E-Ol 
NB-95 Not Detected --------- 2.06E-Ol 
NO - 147 Not Detected --------- 2.31E-Ol 
NI-57 Not Detected --- - ----- 1.14E-01 
PB-210 Not Detected --------- 7.70£+00 
RU-103 Not Detected --------- 3.20E-02 
RU-I06 Not Detected --------- 2.96E-Ol 
SB-122 Not Detected --------- 6.05E-02 
SB-124 Not Detected ------- - - 3.20E-02 
SB-125 Not Detected - -------- 8.59E-02 
SN-113 Not Detected --------- 3.96E-02 
SR-85 Not Detected ------ .-- 3.89£-02 
TA-182 Not Detected --------- 1.77E-01 
TA-1S3 Not Detected -------- - 1 .97E-Ol 
TC-99m Not Detected ------- -- 1.37E+00 
TL- 201 Not Detected --------- 1.49E-01 
XE-133 Not Detected --------- 1.55E-01 
Y-BS Not Detected --------- 2.91E-02 
ZN-65 Not Detected --- - ---.- 1.19E-01 
ZR - 95 Not Detected --------- 6.1SE-02 



. .. ' 
': " ~; .:~ '. 

' .. . 
************* ••• **.* •• ****** ••• * ••••••••••••• * •• *********** •••••••••••••• 
• Sandia National Laboratories • 
- Radiation Protection sample Diagnostics Program ISSl Laborato=y) • 
'* 4-18-97 1:04:52 AM • 
* •••••••••• * ••• **** •• * •• ** ••••• ** ••• *.***.**.******-*.* •••••••••••••••••• 

:.~;r!;~.~r~~ .. 7f~!;(~? ..•.. ~;~;;=;~.~r~ .. ~~~¥t1 .......... : 
CUstomer '~", P.SLAVIN/C . C. (6682/IT) 
Customer Sample ID : 034335-002 
Lab Sampl e ID 70060005 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
S38 . 000 

4-16-97 
4-17-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
9,5B,00 AM 

11,20,25 PM 

6004 seconds 

ss- ~ 2. 

.*.***************************************.************ •• * •••• **.** ••• **. 

Nuclide Activity 2-sigma. MDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- --- - ------
U·238 Not Det.ect.ed --------- 1. 82E+00 
TH-234 1.98E+00 5.36E-Ol 5.54E-Ol 
RA-226 2.34E+00 9.15E-01 6.17E-01 
PB-214 1. 01E+OO 1. 78E-0l 5.34E-02 
BI-2 1 4 9.53E-Ol 3.45E-Ol 6 . 1SE-02 

TH-232 1 . 39E+OO 6.67E-Ol 1. 89E-Ol 
RA-228 1. 48E+00 5 . 00E-Ol 2.1BE-Ol 
AC-22B 1 . 43E+OO 1.45E+00 1.l0E-Ol 
TH-22B 1.42E+00 B.1SE - Ol 5 . 42E-Ol 
RA-224 1.64E+00 4.62£-01 7.14E-02 
PB-212 1. 48E+00 2.31E - 01 4.61E-02 
BI-2l2 9.43E-Ol 3 . 19E-Ol 2.33E-Ol 
TL-208 1.37E+00 2.70E-Ol 8.43E-02 

U-235 Not Detected - ---- - --- 2.45E-01 
TH-231 Not Detected --------- 1. 04E+01 
PA - 231 Not Detect.ed ------ --- 1.61E+00 
TH-227 Not Detected ------- - - 4.70E-01 
RA-223 Not Detected --------- 1. 83E-01 
RN-219 Not Detect.ed --- - ----- 4.80E-Ol 
PB-211 Not Detected -------- - 1.09E+00 
TL-2 07 Not Detected --------- 1.70E+01 

AM-241 Not Det.ected - - ------- 2.24E-Ol ? PU-239 Not Detected --------- 4. 22E+02 ~,r).;f}l;1 'f f!/'7 NP-237 9 . 21E 81 2 . Z!Z!E S- 2 . 72E-Ol 
PA-233 Not Detected --------- 6 . 67E-02 
TH-229 Not Detected ----- - --- 2.3SE-Ol 



'," 

... [Summary Report] - Sllll1P1e %D: : 70060005 

Nuclide 
Name 

Act.ivity 
IpCi/gram) 

2-sigma 
Error 

MeA 
IpCi/gram) 

AG~10em Not Detected --~--~--~ 5 .59£-02 
AG~110m Not Det.ected ---~-~--- 3.97£~02 
BA-133 Not Detect.d .-------~ 6.54E~02 
BE-7 Not Detected -------- - 3.09E-01 
CD~109 Not Detected ----~---- 1.17£+00 
CD-115 Not Detected ~~~-.~~-- 1.32£-01 
CE~139 Not Detected ~~~-~---. 3.10£-02 0 
~~:i:~ _____ N~o~t~~~;~ii:~~~te~i~~ ___ -~~h:~;~~~&~-~G~;--------i:1i~:g~}I;r-~~~ ~~r/~ 
CO-56 Not Detected ------.-. 4.17£-02 
CO-57 Not Detected -- -----~- 2.96E-02 
CO-58 Not Detected ~-----~-~ 4.23E-02 
CO-60 Not Detected ---.----- 4.49£-02 
CR-S1 Not Detected . -----_.- 2.86£-01 
CS-134 Not Detected .----~ ~-- 5.32£-02 
CS-137 2.B1E-02 3.7SE-02 2.97E-02 
EU -152 Not Detected ---~----- 8.81E-02 
EU-154 Not Detected -.------- 2.59£-01 
EU-155 Not Detected ~- -~---.~ 1.37£-01 
FE-59 Not Detected ~---~~--- 9.23£-02 
GD-1S3 Not Det.ect.ed -.-~---.- 9 . 58E-02 
HG-203 Not Detected -_.------ 3.76£-02 
I~131 Not Detected ~-------~ 3.82£~02 
IR-192 Not Detected ------.-- 3.21B-02 
K-40 2.41E+01 3.58£+00 3 .11E-01 
MN-S2 Not Detected - ------~- 4.89£-02 
MN-S4 Not Detected _.------ - 2.13E-02 
MO-99 Not Detected ~-------- 4.41E-01 
NA·22 Not Detected -~-----.~ 5.37£-02 
NA-24 Not Detected -------~- 2.32£-01 
NB-95 Net Detected -------.- 2.62£-01 
NO-14? Not Detected -------~- 2.85£-01 
NI-57 Not Detected ------~~~ 1.22£-01 
PB-210 Not Detected --~~~---- 8 . 85£+00 
RU-103 Not Detect.ed ----- •• -- 3.67£-02 
RU-106 Not Detected .---- •• -- 3.46£-01 
SB-122 Not Detected ----- - - - - 7.24E·02 
SB-124 Not Detected ----,---- 3.58£-02 
SB-125 Not Detected --------- 1.02£-01 
SN·llJ Not Detected ----.--.- 4 . 48E-02 
SR-85 Not Detected - -------- 4.52£-02 
TA-182 Not Detected -.-.-.--- 2.00£·01 
TA-183 Not Detected -------.- 2.35E- 01 
TC-99m Not Detected .-.-- - --- 2.19E+00 
TL-201 Not Detected ---.----- 1.82E-01 
XE-133 Not Detected --------- 1.85£-01 
Y·8e Not Detected -- .. -.- - , 3.33E·02 
ZN·65 Not Detected --.------ 1.3BE·Ol 
ZR-95 Not Detected --.---' .' 7.43E-02 



***** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboraeories • 
• Radiation Protection Sample Diagnostics Program (S8 1 Labcrato~ l • 
.. 4-18-97 2:50:10 AM • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

:.~;r~:~.~r~.~ ... ~!.I.~; ..... ~;~!;:;~.~r~ .. ~g~¥!1 ......... : 
CUstomer .~... : P.SLAVIN/ C.C. 166S./IT) 
Customer Sample ro 034336-002 
Lab Sample ID 70060006 

Sample Description 
Sample Quantity 
Sample Date/ Time 
Acquire Start Date/ Time 
Detector Name 
Elapsed Live/Real Time 

Conunents: 

MARINELLI 
7SS . 000 

4 - 16-97 
4'lS-9 7 

LABOl 
6000 I 

SOLID SAMPL£ 
gram 
9:55:00 AM 
1:07 : 32 AM 

6003 seconds 

••••••••••••••••••••••• __ •••••••••••••••••••••••••••••••••••••• ***** ••••• 

Nuclide Activ ity 2-sigma MIlA 
Name IpCi/gram) Error IpCi/gram) 

- - - - --- ---------- --_.------ ----------
U·23S Not Detected --------- 1.62E+OO 
TH- 234 Not Detected --------- 6 . 2lE - Ol 
RA·226 1. 48E+00 4.90£·Ol 5 . 20E-Ol 
PB·214 6.64£-Ol 1.21E-Ol 5.07£-02 
B1-214 6.63£-Ol 2 . 05E-Ol 5.76E-02 

TH - 232 S . 36E-Ol 4.07E·Ol l. 54£- Ol 
RA-.2S S.93E-Ol 3.77£-Ol 2 . 02£-Ol 
AC'22S 9.09£ - Ol 2.S2E-Ol 9.52£-02 
TH·22S S.36E-Ol 6.0l£ - Ol 4.S9E-Ol 
RA - 224 S . l3E-Ol 3 . 5SE-Ol 7.37£-02 
PB-212 S.96£-Ol l. 60£- Ol 4.37E-02 
B1-212 4.49£-Ol 2.26£-Ol 2 . 0l£-Ol 
TL-.OS S . 24£-Ol 1.0SE+OO 7.26£-02 

U·235 Not Detected ---- ---- - 2 . l9E-Ol 
TH-231 Not Detected --------- 9.13£+00 
PA-231 Not Detected -------- - 1.47E+OO 
TH-227 Not Detec-ced --------- 3.S5E-Ol 
!IA-.23 Not Detected ---- - ---- l.60£-0l 
RN-219 Not Detected --------- 4.lU·Ol 
PB-211 Not De-cected --------- 9 . 36E-Ol 
TL·207 Not Oetec-ced ------- - - 1 . 67£+01 

AM-241 Not Oe-cected --------- l. 97£- Ol 
PU- 239 Not Detected ------ - -- 3.70E+02 
NP-237 Not Oetected --------- 3 . 03E-Ol 
PA·233 Not Detected --------- 6.l0E·02 
TH·2.9 Not Detected ---- ---- - 2.05£ - Ol 



[sumnary Report] - Sample ID: : 70060006 

Nuclicle 
Name 

Activity 
(pCi/grom) 

2-oiglM 
Error 

MeA 
(pCi/gram) .-._._----

AG-10Bm Not Detected --------- 4.86£-02 
AG-llOm Not Detected --------- 3.62E-02 
BA-133 Not Detected --------- 5.81£-02 ~ 
B£-7 Not Detected --------- 2.76£-01 '-:-el.f4 
CD _ 109--..::.::.:....;:;:; .• t;8i!5;.;,:e8~e --.. 5-.. "e"'.;;He!;1,----,6 . 79 E -01 ,11.'-1 // t.1 J" 1.7 
CD-llS Not Detected --------- 1.16£-01 /~ Y' (' 
CE-139 Not Detected --------- 2.78£-02 
CE-141 Not Detected --------- 4.86£-02 
CE-144 Not Detected .--- -- --- 1.97E-01 
CO-56 Not Detected --------- 4.08£-02 
CO-57 Not Detected --------- 2.53£-02 
CO-58 Not Detected ------- - - 3.80£-02 
CO-60 Not Detected --------- 4.59£-02 
eR-Sl Not Detected .------.- 2.51£-01 
CS-134 Not Detected --------- 4.71E-02 
CS-137 Not Detected --------- 4.21£-02 
EU-152 Not Detected --------- 7.59£-02 
EU-154 Not Detected --------- 2.22£-01 
EO-155 Not Detected --------- 1.20£-01 
FE-59 Not Detected --------- 9.61£-02 
GD-153 Not Detected --------- 8.43£-02 
HG-203 Not Detected --------- 3.38£-02 
1-131 Not Detected --------- 3.6SE-02 
IR-192 Not Detected --------- 2.83£-02 
K-40 2.30£+01 3.41E+00 2.S8E-01 ~~~A 
MN - 52 Not Detected --------- 4.23£-02 ~ 
!<N-54 i.i:= 8E 1-agE BE 2.16E-02A1.r 
MO-99 Not Detected --------- 4.51£-01 
NA-22 Not Detected --------- 5.48E-02 
NA-24 Not Detected --------- 2 . 26E-Ol 
NB-95 Not Detected --------- 2.21S-01 
ND-147 Not Detected --------- 2.54£-01 
NI-57 Not Detected --------- 1.20E-01 
PB-210 Not Detected --------- B.12£+00 
RU-l03 Not Detected --------- 3.33£-02 
RU-l06 Not Detected --------- 3.27£-01 
SB-122 Not Detected --------- 6.74£-02 
SB-124 Not Detected --------- 3.35E-02 
SB-125 Not Detected --------- 9.15£ - 02 
SN-ll3 Not Detected --------- 3.99£-02 
SR-S5 Not Detected --------- 4.20£-02 
TA-1B2 Not Detected --------- 1 . 90£-01 
TA-l83 Not Detected --------- 2.09E-01 
TC-99m Not Detected --------- 2.36£+00 
TL-201 Not Detected --------- 1.60E-01 
XE-133 Not Detected - -------- 1.66E-01 
Y-aS Not Detected --------- 3.24E-02 
ZN-65 Not Detected --------- 1 .29E-Ol 
ZR-95 Not Detected - -------- 7.13£-02 



•• *** ••••••••••••••••••••••••••••••••••••••• *** •••••••••••••••••••••••••• 
'* Sandia National Laboratories ..-
'* Radiation Protection Sample Diagnostics Program [881 Laboratory ] t 

'* 4-18·97 4:35:21 AM ... 

:.::::;:::.:;~.~ ......... :;.;:J. .. ;: ..... ::::::::.:;~ .. ~~·:L~~l(··········: 
*** ••• ******.**** ••••• !4~ • •• ** •••••• * •••••••• *.~.~1VJ •••••• * •••• *. 
Customer , P.SLAVIN/C.C. (6682/IT) 
CUstomer Sample m . - 034337-002 
Lab Sample ID 70060007 

Sample Description 
Sample Quantity 
Sample nace/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Conunents: 

MARINELLI 
673.000 

4-16-97 
4-18-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 

10:53:00 AM 
2,52,37 AM 

6003 seconds 

•••• *********.*********************************************************** 

Nuclide Activity 4!-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

- - ----- ----- - ---- ---------- ----------
U·238 Not Detected --------- L2SE+00 
TH-234 2.01E+OO 5.21E-01 6.07E-01 
RA - 226 2.28E+00 1.10E+00 7.06E·01 
PB-214 L24E+00 2.03E-01 6.19E·02 
BI-214 1.04E+00 7.80E-01 7.37E·02 

TH-232 Not Detected --------- 2.17E-01 
RA-228 L25E+00 3.69E·01 2.27E-01 
AC·228 1.38E+00 3 . 36£·01 1.08E·01 
TH·228 1. 31E+00 5.88£-01 6.39E·01 
RA-224 1.26E+00 5 . 20E-01 1.14E-01 
PB-212 1. 32E+00 2.26E-01 5.65£·02 
B1-212 6.71E·01 2.84E-01 2 . 71E-01 
TL-208 1.14E+OO 5 . 01E-01 9.83E-02 

U-235 Not Detected --------- 2.75E·01 
TH-231 Not Detected --------- 1. 17E+01 
PA·231 Not Detected --------- 1 . 89E+00 
TH-227 Not Detected --------- 5 . 01E-01 ~ RA·223 Not Detected --------- 2. 02E· 01 ,.;1 du:;r.;J 
RN-219 i.iilE 01 1. ~OE 81 S.42E·01"" _ 
PB - 211 Not Detected --------- 1.19£+00 'l/r';'7 
TL·207 Not Detected --------- 2.06E+01 

AM- 241 Not Detected --------- 2 . S2E-01 
PU·239 Not Detected ---- - ---- 4 . 58£+02 
NP-237 Not Detected -- ------- 3.83E·01 
PA-233 Not Detected ------- - - 7.60E·02 
TH·229 Not Detected --------- 2.65E·01 



(Sumoary Report] - Sample ID: : 70060007 

Nuclide 
Name 

Activit.y 
(pCi/gram) 

2-sigma 
Error 

MIlA 
(pCi/gram) 

AG-10Bm Not Detected --------- 6.05E-02 
AG-IIOm Not Detected ------~-- 4.71£-02 

::~33 :~~ g:~:~~:~ ::::::::: ~·~~;:gi ;J~?~ 
CD _ ~O 9 --=.:....:3;.:.;ii~9;jjB.;' &.9 99--_.~. 909 ~iBH9>4l----:~ : 0 3E+00 ~...A 'i ~ I" I, 7 
CD-lIS Not Detected ________ _ 1 . 55£-01 (I /' 

CE-139 Not Detected --------- 3.43£-02 
CE-l41 Not Detected --------- 6.21£-02 
CE-l44 Not Detected --------- 2 . 48£-01 
CO-56 Not Detected ------- -- 5 . 09£-02 
CO-57 Not Detected ----- - --- 3.21£-02 
CO -58 Not Detected -----.--- 4 . 91£-02 
CO-60 Not Detected --------- 5.21£-02 
CR-S1 Not Detected .-------- 3.16E-01 
CS-134 Not Detected --------- 6 . 10£-02 
CS.~37 2.22E - 02 2 . 29E-02 3.~~E-02 
EU-152 Not Detected --------- 9.61E-02 
EU-1S4 Not Detected -- - -- - --- 2.78£-01 
tu-1S5 Not Detected --------- 1 . 52£-01 
FE-59 Not Detected ---- - ---- 1 . 11E-01 
GO-1S3 Not Detectea --------- 1.08E-Ol 
HG-203 Not Detected --------- 4.23£-02 
I-131 Not Detected -------- - 4.50£-02 
IR-192 Not Detected --------- 3.54E- 02 
K-40 2 . 76E+01 4 . 20E+00 3.63E-01 
MN-S2 Not Detected ------- - - 5.95£-02 · 
MN-54 Not Detected --------- 5.24E-02 
MO -9 9 Not Detected --------- 5 . 41E-01 
NA-22 Not Detected ----.---- 6 . 63£-02 
NA·24 Not Detected --------- 3 . 22E-01 
NB·95 Not Detected .-------- 2.e5E-Ol 
NO-147 Not Detected --------- 3 . 15£·01 
NI-57 Not Detected ----- - --- 1.66£-01 
PB-21 0 Not Detected --------- 1.00£+01 
RU-l03 Not Detected --------- 4.25E-02 
RU- 106 Not Detected --------- 4 .10E-Ol 
SB-122 Not Detected --------- 8.65£-02 
SB-124 Not Detected ----- - -- - 4 . 34E-02 
SB-125 Not Detected - - . ------ 1.20E-Ol 
SN-113 Not Detected --------- 5.29£-02 
SR-85 Not Detected --------- 5.27£-02 
TA-182 Not Detected -------- - 2.34£-01 
TA-183 Not Detected · --------- 2.68£-01 
TC-99m Not Detected --------- 3 . 18£+00 
TL-201 Not Detected --------- 2 . 05E - 01 
XE-133 Not Detected --------- 2.17E-Ol 
Y-88 Not Detected --------- 3.79£- 02 
ZN-65 Not Detected --------- 1.60£-01 
ZR-95 Not Detected ------- - - 9. 02E-02 



• ••••••••••••• ** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboracories .. 
.. Radiacion Protection Sample: Diagnostics Program {eSl La.borat.o~y ) .. 
'* 4.18.,97 6 : 20:30 AM .. 
** •••••••••••••••••••••••••••••••••••••••••••••••••••• ! ••••••• ***.** ••• ** 

: Analyzed by : or u /1 j I,., Reviewed by : ~"L14r : * * .. * .... _ '* • • •••• * '* •• *.",/.1 •• , ... ,. *._ '* '*................... '* W.u: .. * ..... * ........... ,., .. 
CUstomer : P.SLAVIN/ C. C. (6682 / IT) 
CUstomer sample : 034338-002 
Lab Sample ID 70060008 

Sample Description 
Sample Quantity 
Sample Date / Time 
Acquire Start Date/T~e 
Detector Name 
Elapsed Live/ Real Time 

COIYUTLents : . 

MARINELLI 
779.000 

4-16-97 
4-18-97 

LAB01 
6000 / 

SOLID SAMPL£ 
gram 

11:35:00 AM 
4:37:50 AM 

6003 seconds 

••• *** ••••••••••••••••••••••• ** ••••• *****.*** ••••••••• *.* •••• ***.******** 

Nuclide Activity 2-sigrna MDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U·238 Not Detected --------- 1 . 61E+00 
TH·234 1.42E+00 5.05S·01 5.59S·01 
RA·226 2 . 24E+00 7.63S-01 7 . 27£-01 
PB - 214 9.91£·01 2 . 57S · 01 5.73S·02 
BI · 214 9.28£·01 1.94£-01 5 . 59E-02 

TH·232 1.33E+00 6.19S·01 1. 8IE-Ol 
RA-228 1.44E+00 3.88£·01 2 . 05£- 01 
AC·228 1. 3SE+00 3.84£·01 1.19£· 01 
TH·228 8 . 62E-01 4.44E-Ol 5 . 80£-01 
RA-224 1.38E+00 7.00£-01 loll.E-01 
PE-212 1. 38E+00 2.19£·01 4 . 77S·02 
BI -212 7.79£·01 3 . 89S·01 2 . 62E·01 
TL·208 1.36E+OO 2.98E-01 9.10£·02 

U·235 Not Detected --------- 2.51£·01 
TH·231 Not Detected --------- 1 . 07E+01 
PA· 231 Not Detected --------- 1.66E+00 
TH-227 Not Detected --------- 4 . 72£·01 ~ RA·223 Not Detected --------- 1.88E-01 .-.- ,-j~ 
RN-219 iI.9715 Q. iI.95: .. 4. 91£·01j1.:1 -,J-vIu/f;J "f,r/n • cz 
PB.-211 Not Detected --------- 1. .13E+00 
TL-207 Not Detected --------- 1. 83E+01 

AM- 241 Not Detected --------- 2.24£-01 ? It PU·239 Not Detected --------- 4.35£+02 ~;J'A 'i Ir/~; NP-2 37 6i .rfeE ;1 i!.8SE 6: 2.71£·01 
PA·233 Not Detected --------- 7 . 07£·02 
TH·229 Not Detected --------- 2.46£·01 



[summary Report] - sample ID: 70060008 

Nuc:l.ic1e Activity 2-sigma MDA 

Name IpCi/graml Error IpCi/graml 
._.---- --- ------- ------ ---- --.-------
AG-I08m Not Detected --- - --_ .. 5.71£- 0 2 
AG-lIOl!! Not Detected .-------- 3.98£-02 

BA·l33 Not Detected --------- 6.85£ - 02 

B£·7 Not Detected ------':-- 3 . 10£-01 

CD·I09 Not Detected. -------- - 1.20E+OO 

CD-lIS Not Detected --------- 1.41£ - 01 
CE-139 Not Detected ----- ---- 3.12£-02 
CE-141 Not Detected .- - ------ 5.62£-02 
C£·144 Not Detected ------_.- 2.29E-01 
CO·56 Not Detected ------_.- 4.63E-02 
CO-57 Not Detected ------- -- 2.98E-02 
CO-58 Not Detected --------- 4.16£-02 
CO·60 Not Detected - - ------- 4.67E·02 
CR - 51 Not Detected. ---- -.--- 2.87E·Ol 
CS-134 Not Detected ---_ .. --- - 5.25£-02 
CS ·137 Not Detected --------- 4 . 73£-02 
EU · 152 Not Detected --------- 8 . 8 6E - 02 
EU·154 Not Detected -- ------- 2.62£-01 
EO·155 Not Detected --------- 1. 39£- 01 
FE·59 Not Detected --- ------ 1. 08£- 01 
GO - IS3 Not Deteceed --- ------ 9.93E-02 
HG-203 Not Oeteceed --------- 3.83E-02 
I - 131 Not Detected --------- 3.99E-02 
IR · 192 Not Detected -- - ------ 3.22£-02 
K-40 2.61£+01 3.82E+00 3.63E-Ol 
MN·52 Not Detected --- --- - -- 5 . 35£-02 
MN·54 Not Deteceed --------- 2.44E-02 
MO-99 Not Detected .-------- 5 . 06£-01 
NA-22 Not Detected --------- 5 . 77E-02 
NA-24 Not Detected --------- 3.10£-01 
NB-95 Not Defected ---- -- _.- 2.69E-Ol 
ND-147 Not Detected --------- 2.82E - Ol 
NI-57 Not Detected ---- - --- - 1. 5 0 E- 01 
PB-210 Not Detected _.------- 9 . 32E+00 
RU·I03 Not Detected --------- 3.87£-02 
RU-I06 Not Detected --------- 3.70£-01 
58-122 Not Detect.ed ----- -- -- 7.63E·02 
SB-124 Not Detected. -----.--- 3.76£-02 
SB-125 Not Deteceed ------.-- 1. 08E- 01 
SN-1l3 Not Detected ------ --- 4.61E-02 
SR-85 Not Detected ---- ----- 4.89E-02 
TA· 182 Not Detected --------- 2 . 15£-01 
TA·183 Not Detected -- ----- -- 2.40£·01 
TC·99m Not Detected ------_ .. 3.37E+OO 
TL·201 Not Detected ----.---- 1. 89E- 01 
KE·133 Not Detected ------- -- 1. 99E- 01 
Y·88 Not Detected ------ --- 3.42E-02 
ZN-65 Not Detected ---- ----- 1. 45E- 01 
ZR·95 Not Detected ______ _ e_ 7.78E - 02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••• w ••••••••• _._ •• __ • 

* Sandia National Laboratories * 
* Radiation Protection sample Diagnost.ics Program (881 Labo=a:.o:::-y ] • 
* 4-18.97 8:05:39 AM * 
w* •••••••••••••••••••••••••••••••••••••••••••••••••• _ ••• * •••• w ••••••••••• 

: Analyzed by: 7? .. J, 6/.17 Reviewed by: U. til)!l%' : 
•• _w ••• _. __ ••••••• *.*~~* **.**.* •• * •• *.***** •• *.~**~*************** 
Customer : P.SLAVIN/C.C. (6682/IT) 
CUst.omer Sample : 034339-002 
Lab Sample ID 70060009 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comment.s: 

MARINELLI 
1002.000 
4-16-97 
4-18-97 

LAB 0 1 
6000 / 

SOLID SAMPLE 
gram 

11:15:00 AM 
6:22:56 AM 

6003 seconds 

•• w.w •• * •••• __ • ____ • _______ • __ •••• *.*_. ___ • __ •• _._._ •. ******************* 

Nuclide Activity 2-sigma MDA 
Name (pCi/9'ram) Error (pCi/gram) 

------- ---- - ----- ---------- ----------
U·238 Not Detected ---_.---- 1. 47E+OO 
TH·234 8.97E-01 3.76E-01 4.58E·01 
RA·226 1.60E+OO 5.70E-01 S.30E-01 
PB-214 8.46E-01 1.39E-01 4 . 47E-02 
BI·214 7.S1E-Ol 1.52E-01 4.67E-02 

TH·232 1.0SB+OO 4.89B-01 1.44E·01 
RA· 228 7.83E-01 2.09E-01 1.78E-01 
AC·228 1.07E+00 2.55E-01 8.44E-02 
TH-228 9.07E-01 4.31E-01 4 .11E· 01 
RA-224 1.07E+00 3 .4.2E- Ol. 7.3SE-02 
PB- 212 1. 01E+OO 2.28E·01 3.74E-02 
BI - 212 6.46E-01 2.36E·01 1. 84E- 01 
TL-208 9.59E-01 4.96E-01 7.24E-02 ;j ~ 
U-235 3. • 3:3:8 93: 3:.:86 8: 2.09E_01Al;AJJ".ff 'f/rr~7 
?H-231 Not Detected --_._---- 8.55E+00 
PA·231 Not Detected --------- 1. 37E+00 
'!'H-227 Not Detected - ---- -- -- 3.64E-Ol 
RA·223 Not Detected - - --- - --- 1. 52E-01 
RN·219 Not Detected ---_._-- - 3.97E-Ol 
::'8-211 Not Detected --_ .. _--- 8.84E-01 
TL-207 Not Detected --------- 1. 53E+01 

AM-241 Not Detected --------- 1. 86E- 01 
PU-239 Not Detected --------- 3.46E+02 
XP-237 Not Detected ._._ . _._- 2 . 80E·01 
PA-233 Not Detected -_._-- . _- 5.62E-02 
TH·229 Not Detected --------- 1. 99E- 01 



(SlIImruu-y R.eport] - Sample ID: 

Nuclide 
Name 

Activity 
(pCi/gram) 

70060009 

MDA 
(pC1/gram) 

AG-108m Not Detected .-------. 4.40£-02 
AG-110m Not Detected ---.---.-. 3.33E-02 
SA-133 Not Detected --------- 5.48£-02 
BE-7 Not Detected --.-_.-_. 2.50E-Ol 
CD-I09 Not Detected -.- -----. 5.80E-01 
CO-I1S Not Detected _.--. ---- 1.17E-01 
CE-139 Not Detected ._-.----- 2.57E-02 
CE-141 Not Detected ----.---- 4.65£-02 
CE-144 Not Detected --------- 1.92E-Ol 
CO-56 Not Detected ._--.-_.- 3.55E-02 
CO -57 Not Detected --------- 2.43£-02 ~ 
CO-58 Not Detected -----0-0- 3.56£-02 -I 
CO- 6 0 ___ ::N.:O.:.t ..;Do.;e;.it>i.:jjc.:t.6ic!~ __ -ii-.,."e;-;!-;---e-~-____ 3 . 9 3E - 02 U,rl ):r..;;;. "~I /'7 
CR-Sl 7.91B 82 6.S:: 8i 9.35£-02'" . ,t 
C9-134 Not Detected --------- 4.31£-02 
CS-137 2.07E-02 1.33E-02 2.13£-02 
EU-152 Not Detected - ------- - 7.31£-02 
EO-154 Not Detected --------- 2.04£-01 
EU-1S5 Not Detected --------- 1.13£-01 
FE-59 Not Detected ---0----- 8.24E-02 
GD-1S3 Not Detected --------- 7.98£-02 
HG-203 Not Detected ----0---- 3.15£-02 
1-131 Not Detected ----0---- 3.26£-02 
IR-192 Not Detected --------- 2.59£-02 
K-40 2 . 19E+01 3.19E+00 2.60E-01 
MN-52 Not Detected ___ eO_eo. 4 . 34£-02 
MN-54 Not Detected --------- 1 . 73£-02 
MO-99 Not Detected --------- 3.97£-01 
NA-22 Not Detected ---.0---- 4.65£-02 
NA-24 Not Detected ---- . ---- 2.43E-01 
NB-95 Not Detected -- .-. ---. 2.14£-01 
NO-147 Not Detected ----.---- 2.27£-01 
NI-S7 Not Detected --------- 1.22£-01 
PB-210 Not Detected ____ eO_e. 7.62E+00 
RU-I03 Not Detected ---_.---- 3.06£-02 
RU-106 Not Detected ---- -- --- 2.80E-01 
9B-122 Not Detected ----0---- 6.17E-02 
9B-124 Not Detected ---.----- 3 . 21E-02 
S9-125 NOt Detected ---_.---- 8.47£-02 
SN-113 Not Detected ---- .. -- - 3.72E-02 
SR-SS Not Detected ----.---- 3.71E-02 
TA-IB2 Not Detected ---- - ---- 1.70£-01 
TA-183 Not Detected ---_.---- 2.01£-01 
TC-99rn Not Detected -_-.0-_-- 3.47£+00 
TL-201 Not Detected --------- 1.62£-01 
XE-133 Not Detected --------- 1.65£-01 
y-aS Not Detected _.0.0---. 2.B1E-02 
ZN·6S Not Detected - --- .---- 1.lSE-Ol 
ZR-9S Not Detected .• -.----- 6.16E-02 



................................................................................... 

... sandia National Laboratories ... 
... Radiation Protection Sample Diagnostics Program [S81 Laborato~ l ... 
... 4-18-97 3:1.9:29 PM ... 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• **.** •••••••• 

:.~:;r!;e.~r!.~ ... ~~.~t:~ ...... ~;~!;:;e.~r!.~.~?l(rft .......... : 
CUstomer '~~' , P.SLAVIN/C . C. (6682/IT) 
Customer Sample In 034342-002 
Lab Sample ID 70060010 

Sample Description 
Sample Quantity 
Sampl e Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
925.000 

4-16-97 
4-18-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 

11,20,00 AM 
8,23,25 AM 

6003 seconds 

•••• ** •• ** •••• *** •••• *** ••••• *********** •••••••••••• ******.**** ••••••• **. 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

---._.- -------._. -- - ------- ----------
U-238 2 . 12E+OO 1.66E+OO 1.72E+OO 
TH-234 1.47E+QQ 1.9SE+OO 4.84E-01 
RA-226 2.10E+QQ 7.47E - Ol 5.76E-Ol 
PB-214 9.4BE-01 1..32E-Ol 4.66E- 0 2 
BI-214 8.90E-Ol 1.42E-Ol 5.33E-02 

TH-232 1.lSE+QO S . S5E-01 1. 56E- 01 
RA-228 1.26E+OO 3.1SE-Ol 1. 66E - 01 
AC-228 1.OSE+OO 2.53E-Ol 1.07E-Ol 
TH-228 1. 06E+00 8 . 88E-Ol 4.65E-Ol 
RA-224 1.22E+OO S.26E-Ol 7.83E-02 
PB-212 1. 09E+QO 1 .73E-Ol 4.07E-02 
BI-212 7.17E-01 2.42E-Ol 1.96E-Ol 
TL-208 1.03E+OO 1. 89E- 01 7.30E-02 

U-235 Not Detected --------- 2. 20E- 01 ;;:r J;;T..-cO /'1/t¥/5 'TH-231' Z . iaJE : eC 2.55E : e8 9 . 2SE+OO,M 
PA-231 Not Detected -_._ .. __ . 1.43E+OO 
TH-227 Not Detected --------- 3.93E- Ol 
RA-223 Not Detected -------- - 1. 61E-Ol 
RN-219 Not Detected --------- 4.13E-Ol 
PB-211 Not Detected --------- 9.31E-Ol 
TL-207 Not Detected -.- .. - ... 1. S3E+Ol 

AM-241 Not Detected -------_. 1.93E-Ol 
PU-239 Not Detected --------- 3.7SE+02 
NP-237 Not Detected _ ... _._-- 3.04E-01 
PA-233 Not Detected . -. --.... 5.91E-02 
TH-229 Not Detected ._--_._ .. 2.12E-Ol 



[Summa>:y aepert] - Sample ro: : 70060010 

Nuclide 
Name 

AG-10Sm 
AG-llOm 
SA-133 
BE-' 
CD-109 
CD-1l5 
CE-139 
CE-141 
CE-144 
CO- 56 
CO-57 
CO-58 
CO-GO 
CR-51 
CS-134 
CS-137 
EU-152 
EtJ-154 
EtJ-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
MO-99 
NA-22 
NA-24 
NB-95 
NO-14? 
NI-57 
PB-210 
RU-103 
RU -106 
SB-122 
SB-124 
SB-125 
SN-113 
SR-85 
'I'A-182 
'I'A-183 
'I'C-99m 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR-95 

Activit.y 
(pCi/!jram) 

Not Detected 
Not Detected 
Not Deteceed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.07E+Ol 
Not Detected 
Not Oeeec:ted 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-8i9"'" 
Error 

3.07E+OO 

MDA 
(pCi/!jram) 

4 . 77E-02 
3.47E-02 
5.90E-02 
2.59E -01 
8.35£-01 
1.29E-01 
2 . 76£-02 
4.89E -02 
2.00E-Ol 
3 . 64E-02 
2.S2E- 02 
3.53£-02 
4.29£- 02 
2 . 48E-01 
4 . 72E-02 
4 _02E- 02 
7.S7E-02 
2.22E-O l 
l.2lE-01 
B.53E-02 
8.61E-02 
3 . 33E-02 
3.63E-02 
2_73E-02 
2.89E-Ol 
4.S1E-02 
4 . 02E-02 
4_S2E-01 
4 . 60E-02 
2.93E-Ol 
2.34£-01 
2 . 46E-01 
1.2GE-Ol 
7 . 86S+00 
3.21E-02 
3.01E-Ol 
6 . 99E-02 
3.28E-02 
9 . 16E-02 
3.89E-02 
4.05£-02 
1.80E-01 
2 . 12E-Ol 
4.66£+00 
1. 75E- Ol 
1.85£-01 
2.96E-02 
1.24£-01 
6.62£-02 



••• *** •••••••••••• **.*** •••• * •••• ** •••••• ** •••••••••••••••• * ••••••••••••• 
... Sandia Naeional Laboratories ... 
... Radiation Protection Sample Diagnostics Program r881 Labora~o=y] • 
... 4-18-97 11:51:33 AM ... 

:·::;:::*:;:·*r~·······:~·:·~;:·····::::::::·:~·Ji;:~i:;(;; ......... : 
............................... '*..... * •• ~/." /.: ••••. *"' •• "* * ...... ,. ............ *~* •• ~ .. *I.l ................. ,.,,., ...... .. 
Customer , P.SLAVIN/ C.C. 16682/IT) 
Customer Sample I : 034343-002 
Lab Sample ID , 70060011 . 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments : 

MARINELLI 
989.000 

4-16-97 
4-18-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 

11:10:00 AM 
10,08,48 AM 

6004 seconds 

C'IID- ss- s.wt 

••••• **** •••• ***.****.****.*****.************** •• *** •• *****.*.*********** 

Nuclide Activity 2-sigma MDA 
Name IpCi/gram) Error IpCi/gram) 

---- - - - - ---- .---- ---------- --. -- -----
U·2 38 Not Detected --------- 1. 54E+CO 
TH·234 7.96£-01 3 . 53£·01 4.72£-01 
RA-226 1. 99E+OO 6.24E-Ol 5 . 99£-01 
PB·214 8.27£-01 1. 35£-01 4 .69£-02 
BI-214 7.87£-01 1. 93£- 01 5.11£-02 

TH-232 1. OSE+OO 4.92E-01 1. 49E- 01 
RA· 228 1.09E+00 3.74£-01 1.55£-01 
AC·228 1. OB£+OO 7.52£-01 9 . 18£-02 
TH·228 7.80£-01 4 . 80£-01 4.31£-01 
?.A-22~ 1. 08E+OO 3.98E-01 6.75£-02 
Pi: - 2 :42 1.07E+00 1.69£-01 3 . 95£-02 
3:-212 5 . 94£-01 2.09£·01 1. 79£-01 
TL-208 9 . 29£-01 1. 79E- 01 7.18£-02 

U·235 Not Detected --------- 2.12£-01 
TH·231 Not Detected ------- - - 8.66£+0 0 
PA·231 Not Detected --------- 1. 39E+00 
TH-22? Not Detected --------- 3.75E-01 
RA·223 Not Detected --------- 1. 55£- 01 
RN-219 Not Detected ____ po_po 4.01E-01 
PB-2ll Not Detected ---- ---- - 9.11£-01 
TL-207 Not Detected ____ po_p o 1.53E+01 

AM-241 Not Detected --------- 1.82E-01 'J 
/r/tr/f7 

PU·239 Not Detected -------- - 3. 55£+02 j.I,~)tru:r;. 
NP-237 3. 62: 8· 2:..7\£ 6: 2.04£-01 '" " PA-233 Not Detecced --------- 5 . 70£-02 
TH ·229 Not Detected -- __ 0. _ _ - 2 . 03£·01 



[SlllDII&ry Report] - Sample ID: : 70060011 

Nuclide 
Name 

Activity 
[pCi/gram) 

2-aigma. 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected. --------- 4.61E-02 
AG-llQm Not Detected ------~ - . 4.12£-02 
BA-133 Not Oetected --------- 5.44£-02 
BE-' Not Deeected --------- 2.63E-01 
CD-109 Not Detected --------- 9.76£-01 
CD-llS Not Detected --------- 1.23E-01 
CE-139 Not Detect.ed --------- 2.65E - 02 
CE-141 Not Detected --------- 4.85E-02 
CE-144 Not Detect.ed --------- 1.90E-01 
CO-56 Not Detected --------- 3.66£-02 
CO-57 Not Detected ---- - ---- 2.53E-02 
CO-58 Not Detected ----- - --- 3.38E-02 
CO-60 Not Detected --------- 3.97£-02 
CR-S! Not Detected ---- - --.- 2.36E-01 
CS-134 Not Detected ------- - - 4.43E - 02 
CS-137 1.04E-Ol 1.98E-Ol 2 _30E-02 
£0-152 Not Detected --------- 7.57E-02 
EO-1s4 Not Detected --------- 2.1.2£-01. 
EU-1SS Not Detected --------- 1.1.5E - 01 
FE-59 Not Detected ---- - ---- 8.57£-02 
GD-153 Not Detected ----- - --- 9.35£-02 
HG-203 Not Detected --------- 3 . 13£-02 
I - ~31 Not Detected --------- 3.53£-02 
IR-192 Not Detected --------- 2.69£-02 
K-40 2 ; 32E+01 3.40E+00 2.80E-01 
MN-52 Not Detect.ed --------- 4.33E-02 
MN-54 Not Detected - -------- 2 . 61E-02 
MO-99 Not Detected --------- 4.29E-01 
NA-22 Not Detected --------- 4.75£-02 
NA-24 Not Detected --------- 3.25£-01 
NB-9S Not Detected ---- - ---- 2.28£-01 
ND-147 Not Detected --------- 2 . 32£-01 
NI-57 Not Detected - ------- - L38S-01 
PB-210 Not Detected --------- 7.57£+00 
RU-l03 Not Detected --------- 3.17E-02 
RtJ-l06 Not Detected --------- 3.0SE-Ol -I ""' ~!.? 0 /: 
SB -122------;2!--.,,;;2>!;5i;E--ee;.1---i2.,.,,6;;;6i;E_&i8 21----4 .16E - 02 ...,.::r o{.vI'...;;r....v .J I ¥ 11 
SB-~24 Not Detected ___ •• ____ 3.13£-02 7, 

SB-~25 Not Detected --------- 8.96E-02 
SN-113 Not Detected - -------- 3.77£-02 
SR- 85 Not Detected - - - - - - - - - 3. 80E· 02 
TA-182 Not Detected - - - - - - - - - 1. 80E-Ol 
TA-1S3 Not Detected ----- •• _- 2.02£-01 
TC-99m Not Detected .---_ •• -- 5.59£+00 
TL-201 Not Detected --------- L6SE-01 
XE-133 Not Detect.ed --- - ----. 1.78£-01 
Y-Sa Not Detect.ed --------- 3.00E-02 
ZN-6S Not Detected . -------- 1.21£-01 
ZR-9S Not Detected - - - - - . - - - 6.64£-02 



******************************.* •••••••• * •••••••••• *.**.* •••••••••••••••• 
• Sandia Nat.ional Laboratories • 
• Radiation Protection sample Diagnostics Program [881 Laboratory] • 
• 4.18-97 1:36:50 PM • ••••••••••••••••••• • ••••••••••••••• * ••••••••••••••••• *.**********.* ••••• 
• 
• Analyzed by: 
**.** .... *.***.* •• 

«/11/17 Reviewed by, ib--,i L I~ : ··*·*'/·~·*·_·***·****~**·*··*-···_*·1N..1l~C •••• *** ••••••• 
Customer 
Customer Sample ID 
Lab Sample ID 

Sample Description 
Sample Quantity 
Sample Date/T~e 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

, P.SLAVIN/C.C. (66B2/IT) 
034344·002 
70060012 

MARINELLI 
963.000 

4-16-97 
4·18 - 97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 

11:25:00 AM 
11:54:10 AM 

6003 seconds 

Comments: 
**.***************.*******************.**.*.***************************** 

Nuclide Activity 2-sigma. MIlA 
Name (pCi/gram) Error (pei/gram) --- -_.- ---------- ---------- ----------

U-238 Not Det.ected --------- 1. 49E+00 
TH-234 1. 01E+00 3.74E-01 4.43E-01 
RA-226 1. 41E+00 4.36E-01 4.72£-01 
PB-214 7.61E-01 1.27E-01 4.79E-02 
BI-214 6.47£-01 1. 36E- 01 4.76E-02 

TH-232 1.082+00 6.43E-01 1. 44E- 01 
RA-228 1.04E+OO 3 ABE- 01 1. 78E-01 
AC-228 1.08E+OO 2.45E-01 9.19E-02 
TH-228 2.09E-01 2.73E-01 3.64E-01 
RA-224 1. 08E+00 3.40E-01 7.95E-02 
PB-212 9.51E-01 1.52E-01 3.64E-02 
BI-212 4.71E-01 2.25E-01 1.90E-01 
TL-20B 9.61£-01 7.8SE-01 6.9BE·02 

U-235 Not Detected --------- 2.0LE-Ol 
TH-231 Not Detected --- ------ 8.42E+OO 
PA-231 Not Detected --------- 1.34E+00 
TH-227 Not Detected --------- 3.62E-01 
RA-223 Not Detected -- ------- 1.512-01 
RN-219 Not Detected --------- 3.98B-01 
PB-211 Not Detected --------- 8.98S-01 
TL-207 Not Detected --------- 1. 44E+01 

AM-241 Not" Detected --------- 1.79E-Ol 
PU-239 Not Detected --------- 3.51E+02 
NP-237 Not Detected --------- 2.78£-0l. 
PA-233 Not Detected --------- 5.56E-02 
TH·229 Not Detected _._---_ .. 1.99E-Ol 



[summary Repore] - Sample III: : 70060012 

Nuclide 
Nome 

Activity 
(pCi/gram) 

2-sigma 
Error 

MIlA 
(pCi/gram) 

AG-10Sm Not Detected --------- 4 . 29£-02 
AG-llOm Not Detected • ___ _ __ ._ 3.48E-02 
BA-133 Not Detected - - - - - - - - - 5.32£- 02 _/J? 
BcoE-_7100 __ .....:.N..:O..:C..:DeO";;Cij8;eC.;:Ce.8d&.-__ - ... -,.-!--~-.. -;...--&-~. ____ 27.· 4124EE: 0°11 .,,.r,lf....:w: "flo f In 

~ 1.91S.88 i.9SE 81 ~. 
CD-llS Not Detected --------- 1.27£-01 . 
CE-139 Not Detected -- -- ---- - 2 .56£-02 
CE-!41 Not Detected --------- 4.59£-02 
CE - 144 Not Detected --- ------ 1.84£-01 
CO-56 Not Detected --------- 3.52£-02 
CO-57 Not Detected --------- 2.39£-02 
CO-58 Not Detected --------- 3.30£-02 
CO-6 0 Not Detectea -- ------- 3.98£-02 
eR-Sl Not Detected --------- 2.32£-01 
CS-134 Not Detected --------- 4.08E-02 
CS.137 2.83£-02 1.78E-02 2.16£-02 
EO-1S2 Not Detected --------- 7.13£-02 
EU-154 Not Detected ------ - -. 1.98:£-01 
EU-155 Not Detected ----- ---- 1.14:£-01 
FE-59 Not Detected --------- 7.84E-02 
GD-153 Not Detected .-------- 7.99:£-02 
HG-203 Not Detected ------- - - 3.10E-02 
1-131 Not Detected --------- 3.36E-02 
IR-192 Not Detected - - - - - - - _ . 2. 67E- 02 
K-40 2.12:£+01 3.19E+00 3.05E-01 
MN-52 Not Detected .-- ------ 4 . 17:£-02 
MN-54 Not Detected -------- - 3 . 68:£-02 
MO - 99 Not Detected --------- 4 . 28£-01 
NA-22 Not Detected --------- 4.83:£-02 
NA-24 Not Detected ----.---- 3.42E-01 
NB-95 Not Detected ____ eo_e . 2 . 22E-01 
ND-147 Not Detected . -------- 2.30E-01 
NI-57 Not Detected --. - - ---. 1.44B-01 
PB-210 Not Detected - - - - - - - - - 7. 45E+00 
RU-103 Not Detected - - - - - - - - - 3.02:£-02 
RU-106 Not Detected --------- 2.96E-01 
5B-122 Not Detected -------- - 6.97E -02 
SB-124 Not Detected - - - - - - - - - 3. 01B- 02 
5B-125 Not Detected --------- 8.85:£-02 
SN-113 Not Detected --.- - ---- 3.78E-02 
SR-8S Not Detected - -------- 3.78£-02 
TA-182 Not Detected ---_.---- 1.68E-Ol 
TA-183 Not Detected - -------- 2.01£-01 
TC-99m Not Detected -------- - 6.33E+00 
TL - 201 Not Detected --------- 1.67£-01 
XE -133 Not Detected - - - - - - - - - 1 . 74£- 01 
Y - 88 Not Detected - - - - - - - - - 2 . BOE- 02 
ZN-6S Not Detected ---.--- -- 1.13£-01 
ZR-9S Not Detected --------- 6 . 38£-02 



. . .. . . - ~ 7-·"" ' • . • , ~ ~ - V .. .. 
•••••••••• ** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia Naeional Laboratories .. 
• Radiation Protection Sample Diagnostics Program [881 Laboratory ] • 
* 4-18-97 3:24:21 PM .. 

:·::::;:::*:;~*·9·········:;i;;·;;·:····::::::::·:;~··~~·~~i;~""""': 
•••••••••••••••••• • •••• ~.~.l~ ••••• **** •• * •• ** ••• ~~ ••• *** •• * •••• **.* 
Customer : P.SLAVlN/C.C. (6682/IT) 
CUstomer Sample : 034345-002 
Lab Sample ID 70060013 

Sample Description 
Sample Quantity 
Sample Date / Time 
Acquire Start Dace/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
955 . 000 

4-16-97 
4-16-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 

10:55:00 AM 
1,39,13 PM 

6004 seconds 

* ••• * ••• **.* •• *****.** ••••• *******~.~.**.* •• ******.*.*--*** •••••• _-_ •••• -

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U-238 1. 73E+00 1.01E+00 1.41E+OO 
TH-234 2 . 00E+OO 5.17£-01 4.56E-01 
RA-226 Not Detected --.------ 5 . 76E-01 
PB·214 8 . 64£-01 1.40£-01 4.39E-02 
BI·214 8.02£-01 1.57E-01 4.99£-02 

TH-232 1.07B+00 5.13£-01 1.54E- 01 
RA-228 1.018+00 1.87B+00 1.82£-01 
AC-228 1. 11E+00 2.68£-01 1.03£-01 
TH-228 1. OOE+OO 4.70E-01 4.60E-01 
RA-224 1.16E+00 3.63E-01 7.87E-02 
PB-212 1.08£+00 3.27E-01 4.24E-02 
81 -212 7.55E-01 7.59E-01 1.93E-01 ~. TL-208 1.00£+00 1. 60£-01 7.62£ -02 ~t? 

U-235 9.BBE 82 i.eiB 8- o 1.45E-01P.,5T)~· '(/t8/17 • TH-231 Not Detected --------- 9.21£+00 
PA - 231 Not Detected --------- 1. 40£+00 
TH-227 Not Det.ec-ced --------- 3.86£-01 ~ RA-223 Not Detect.ed --------- 1.64£-01 ~ 
RN-219 il.375 S- 3.39E 91 4.20E-01/./,,::rJ~ ti)T/17 • PB-211 Not Detected --------- 9.36£-01 
TL-207 Not Detected --------- 1.60£+01 

AM - 241 Not Detected -- - ------ 1.94E-01 
PU-239 Not Det.ected --------- 3.68£-+02 
Np·237 Not Det.ec-ced --- ------ 2.99E-01 
PA·233 Not Detected -------- - 5.78£-02 
TH-229 NOt Detected ---- ----- 2.11£ -01 



(Summary Repore] -Sample ID: : 70060013 

Nuclide 
Name 

ACt.ivit.y 
IpCi/gram) 

2-sigma 
Error 

MIlA 
IpCi/gram) 

AG-10Bm Not Detected --------- 4.84E-02 
AG-llOm Not Detected ----. - --- 3 . S9E-02 jA 
SA-133 Not Detected --------- S . S4E-02, ,-rr.- n . ;, 
BE- 7 __ ....:N::o::t..;D>:e;;ti.3e;Sc.:;:t&<ed;..... __ - 4--,.,--~-,"-!--e--~-____ 2. SSE - 01 . r-)t/' u/'....f 'f I ,;, 7 
CD-109 L73£lee 1.79£ 81 7. 91E-01Pl"'"' • . 
CD-115 Not Detected --------- 1.35E- Ol 
CE-139 Not Det.ected --------- 2.72E-02 
CE-141. Not Detected - - - - - - - - - 4. 93E- 02 
CE-144 Not Detected --------- 2.03E-Ol 
CO-56 Not Detected --------- 3 . S2E-02 
CO-57 Not Detected ------ - -- 2.SSE-02 
CO-58 Not Detected. .-------- 3.6SE-02 
CO-60 Not Detected ----_.--- 4.27E-02 
CR-Sl Not Detected .-------- 2 .42E-Ol 
CS-134 Not Detected --------- 4.4SE-02 
CS.137 3.33E-02 1.89E-02 2.30E-02 
EU-152 Not Detected -.-----.- 7.77E-02 
EU . 154 Not Detected --------- 2.24E-01 
EU - 155 Not Detected ----- - --- 1.19E-01 
FE-59 Not Detected --------- 8 _64E-02 
GD-153 Not Detected ------... 8.55E-02 
HG-203 Not Detected --------- 3.241-02 
1-131 Not Detected ----.---- 3.65E-02 
IR-192 Not Detected ------.- - 2.76E-02 P 
K-40 2.28E+01 3_38E+00 2_64E-01 ,;",,17 
MNMN:SS2. Not Detected --------- 42 •• 66 SSEE:0022 ~,:r).r...r..r '1/IJ;17 

i.9gB 92 :.93£ e3 
MO-99 Not Detected --------- 4.4SE-OI 
NA-22 Not Detected --------- 5 . 181-02 
NA-24 Not Detected --------- 3.8sE-Ol 
NB-95 Not Detected. --------- 2.425-01 
ND-147 Not Detected. -------.- 2.44£-01 
NI-57 Not Detected --------- 1 . 46B-01 
PB - 210 Not Detected - - - - - - - - - 7.911+00 
RU-I03 Not Detected --------- 3.15E-02 
RU-I06 Not Detected - ------- - 3.08E-01 
5B- 122 Not Detected - - ------- 7.27E-02 
58-124 Not Detected --------- 3.22E-02 
5B-125 Not Detected - - - - - - - - - e. 86E- 02 
SN-113 Not Detected -----.--- 3.86E-02 
SR-SS Not Detected --------- 3 .98E-02 
TA-182 Not Detected - - - _. - - - - 1. 77E· 01 
TA-1S3 Not Detected --------- 2.20E-Ol 
TC-99m Not Detected --------- 8.72E+00 
TL-201 Not Detec:.ed ---.----- 1.81E-Ol 
XE-133 Not Detected ------- -- 1.96E-01 
Y-S8 Not Detected --------- 3.01E-02 
ZN-65 Not Detected --------- 1.22E-Ol 
ZR-9S Not Detected --------- 6.78E-02 



••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories • 
• Radiation Protection Sample Diagnostics Program (B81 Laboratory) • 
* 4-1S-97 5:27:03 PM .. 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

•••••••••••••••••••• • ••• ~**';.*.* ••• * ••• * •••••• ~ ••••••• * •• * •••••••• : Analyzed by ' 9 . .1 ~ /;7 Reviewed by' )kl ~1)11~ : 
Customer , P.SLAVIN/C.C. (6682 / ITl 
CUstomer Sample : 034346-002 
La.b Sample 1D 70060014 

Sample Description 
Sample Quantity 
Sample Dace/ Time 
Acquire Start Dace/Time 
Det ector Name 
Elapsed Live/ Real Time 

Comments: 

MARINELLI 
934.000 

4-16-97 
4-18-97 

LAB01 
6000 / 

SOLID SAMPLE 
gram 

10 : 45 : 00 AM 
3.:43:12 PM 

6004 seconds 

••• *.*.*****.****.*.***************** •• ** •• ****** •• *** •••• ** ••••••••••••• 

Nuclide Activity 2-sigma . MDA 
Name (pCi/graml Error (pCi/graml 

-- - ---- ---------- ---------- ----- -----
U-238 Not Detected --------- 1.60£+00 
TH - 234 1.25£+00 3.66£-01 4 . 93£-01 
RA·226 1.99£ ... 00 7 . 41E-01 5.34£-01 
PB-214 9.44£-01 .. 1. 60£- 01 5.04E-02 
BI-2 14 8.48E-01 1 . 77E-01 5.12£-02 

TH·232 1 . 068+00 5 . 09£-01 l. 59£- 01 
RA-229 1.07£ ... 00 3 .-11E-Ol 1. 75£-01 
AC-229 1.11£ ... 00 9.53£-01 9.42£ · 02 
TH-228 9.428-01 5.40£-01 5 . 38£-01 
RA - 224 1 .09E ... 00 3 . 86£· 01 6 . 85£-02 
PB-212 1.10:8+0 0 2.92£- 01 4.13£-02 
BI - 212 7.55£-01 2.39£- 01 1. 81£ - 01 
TL -208 1 . 09£ ... 00 2.11£-01 7.01£ · 02 ~ 
U- 235 1.79£ e- . . 53: 21 2 . 26£-01P;rJ;;(;:l.::f. 't (';/s7 • 
TH·231 Not Detected - ----- -- - 9.14E ... OO 
PA-231 Not Detected --------- 1. 49£+00 
TH-227 Not Detected --------- 3.89£-01 
RA-223 Not Detected --------- 1 . 64£-01 
RN-219 Not Detected --------- 4.33£-01 
PB - 211 Not Detected --------- 9.72£·01 
TL-207 Not Detected ._ - -- -- -- 1. 54E+Ol 

AM- 241 Not Detected· - - -------
2.00£-01 ~~?r. PU·239 Not Detected ------ --- 3.72£ ... 02 

NP-237 9.0SE 81 : . 57: .. ~:m:g~JV..r 'u') rlr01 0_ 

PA·233 Not Detected ---- - --_ . 
TH·229 Not Detected --- -- --- - 2 . 08£-01 . 



[Summary Report) • Sample ID, , 70060014 

Nuclide 
Name 

Act.ivity 
(pCi/~ram) 

2-sigtna 
Error 

HOA 
(pCi/gram) 

AG-10Bm Not Detect.ed --- - ----- 4.7SE-02 
AG-llOm Not Detected --------- ' 4 . 24E-02 
BA-133 Not Detected ------ - -- . 5.80£-02 
BE-' Not Detected. --------- 2.76£-01 
CD-109 Not Detected --------- 1 . 02£+00 
CD-llS Not Detected .-- - ----- 1.40E-01 
CE-139 Not Detected --------- 2 . 74E-02 
CE-141 Not Detected .-------- 5.02E-02 
CE-144 Not Detected --------- 2.03£-01 
CO-56 Not Detected --------- 2.65£-02 
CO-57 Not Detected --------- 2.57£-0.2 
CO-58 Not Detected .-------- 3.60E-02 
CO-60 Not Detected --------- 4 . 36£-02 
eR-Sl Not Detected .-------- 2 . 52E-01 
CS-134 Not Detected - -- - ----- 4 . 54£- 02 
CS-'37 1 . '5E-Ol 7 . 55E-02 2_56E·02 
EU-152 Not Detected --------- 7.69£-02 
EU-154 Not Detected --------- 2.22E-Ol 
EU-155 Not Detected --------- 1.19£-01 
FE-59 Not Detected --------- 8.93E-02 
GD-153 Not Detected --------- 8 _63£-02 
HG-20J Not Detected --------- 3.43£-02 
1- 131 Not Detected - ----- - -- 3.64£-02 
IR-192 Not Detect.ed - -------- 2.87£-02 
K-40 2 . 30E+01 3.38E+00 2.48£-01 
MN-52 Not Detected --------- 4.79E-02 
MN-54 Not Detectee! --------- 3.93£ - 02 
MO-99 Not Detect.ed -------- - 4.85£-01 
NA-22 Not Detected --------- 4 . 86£-02 
NA·24 Not Detected --------- 4.54£-01 
NB-95 Not. Detected --------- 2.49£-01 
ND-147 Not Detectae! --------- 2 . 49E-01 
NI-57 Not oet.ect.ed --------- 1 . 62£-01 
PB-210 Not oetect.ed - - - - - - - - - 8.12E+OO 
RU-I03 Not Detected -------- - 3.28£-02 
RU-I06 Not Detected ___ _ p o _ p o 3.08E-01 II ,+-,-;-{Ja; 
SB· '22 ------;1"'."'."'8;;£ ... 8&;.,...--... :"'.,.8099;;£-8 .. £,...----4 . 2 6E· 02 ",.r.JU ~ ..( - / ~7 
SB-124 Not Detecteti ---- - - - -- · 3.27£-02 if/lSI 
SB-125 Not Detected --------- 9 . 17E-02 
SN-113 Not Detected ____ po_po 4 . 03E-02 
SR-SS Not Detected ---- - ---- 4.03£-02 
TA-182 Not Detected .-------- 1.81E-Ol 
TA·lS3 Not Detected --------- 2 . 30E-Ol 
TC-99m Not Detectee! -.-.----- 1. 17E+Ol 
TL-20l Not Detected --------- 1.82E-01 
XE-l33 Not Detected --------- 2.01E-01 
Y-88 Not Detected ---- . ---. 3 . 10E-02 
ZN-65 Not Detected ----- - - - - 1.24£-01 
ZR - 95 Not Detected ---0----- 6 . 88E-02 



. .,; ............................................................................... .. 

.. Sandia National Laboratories .. 

.. Radiation Protection Sample Diagnostics Program (881 Laboratory) .. 

.. 4-18-97 7:13:12 PM .. 

:·::::::::·::~·9*········*;·1;L··;;;····::::::::·::: .. ~·~L~i~·**·"·····: 
**................ . .... t4' . •.•• ~ •••••.••••••••. #.,.~.~~!~.*.* .... t ••• 

Customer : P.SLAVIN/C.C. (66B2/IT) 
Customer Sample . : 034347-002 
Lab Sample ID 70060015 

Sampl~ Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
[lapsed Live/Real Time 

Commenes: 

MARINELLI 
924.000 

4-16-97 
4-18-97 

LABOl 
6000 / 

SOLID SAMPL£ 
gram 

10:58:00 AM 
5:30:26 PM 

6004 seconds 

•••••••••••••••• ** •••••••••• ** ..................... *** ••• ** •••• ***.** ••••• ** 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gramJ 

------- ---------- ---------- ----------
U-238 Not Detected --- ------ 1.60E+00 
TH-234 1. B6E+00 4.B3E-01 4_87£-01 
RA-226 2.03E+00 7.42E-01 5.16£-01 
PB-214 9.44£-01 1. 69E-Ol 5_16£-02 
BI-214 8.27£':01 6_21£-01 5_62£-02 

TH-232 1.10B+00 5.17E - 01 1.65E-01 
RA-228 1. 32B+00 1. 91£+00 1_76£-01 
AC-228 1.18E+00 3_07£-01 9_45£-02 
TH-228 4.93E-01 1.43E-01 3_93£-01 
RA-224 1.25E+00 4.06£-01 7.9BE-02 
PB-212 1.21£+00 3.57£-01 4_12£-02 
BI-212 8_78£-01 2.89£-01 2.12E-01 
TL-20B 1.15E+OO 3.60E-01 7.17E-02 

U-235 Not Detected --------- 2.27E-01 
TH-231 Not Detected --------- 9.37£+00 
PA-231 Not Detected --------- 1.45£+00 
TH·227 Not Detected --------- 4_10£-01 
RA-223 Not Detected --------- 1.68£-01 
RN-219 Not Detected --------- 4.09E-01 
PB·211 Not Detected --------- 9.37£-01 
TL-207 Not Detected . __ . _ .... 1.55£+01 

AM - 241 Not Detected --------- 2_01£-01 ~ ~ PU-2 39 Not Detected --------- 3.84£+02 --
NP-237 : .24E 81 2.:7: 82 2_36£-01A/~ ~;{~;j} 
PA-233 NOt Detected --------- 5_92£-02 
TH-229 Not Detected --------- 2.14£-01 



[Summary Report] - Sample ID: 7006001S 

Nuclide Activity 2-.igw. MIlA 

Name (pCi/graml Error IpCi/graml 
------- ---------- ---------- ----------
AG-1OSm ·Not Detected ---- --- -- 4_8S£- 02 
AG-llOI1'l Not Detected --------- 3.98E-02 
BA-133 Not Detected --------- 6.10E-02 
B£ -7 Not Detected --------- 2.61£-01 
CD-l09 Not Detected --------- 1 .04E+OO 
CD-115 Not Detected .-------- 1.46£-01 
CE-139 Not Detected --------- 2 . 82E-02 
CE-14 1 Not Detected ----- ---- S.05E-02 
CE-144 Not Detected --- ------ 2 . 07E-Ol 
CO-56 Not Detected --------- 2.53E-02 
CO-57 Not Detected --------- 2 . 62£-02 
CO-58 Not Detected. --- -- ---- 3.62E-02 
CO- 60 Not Detected --------- 4.06E-02 
CR-51 Not Detected --------- 2.62E-Ol 
CS - 134 Not Detected ------- - - 4 . 71E - 02 
CS-137 5.19£-02 2.44E-02 2.28£- 02 
EU-152 Not Detected --------- 7.82E - 02 
EU-1S4 Not Detected --_. _-_. - 2.26£-01 
EU-1S5 Not Detected --------- 1. 23E-01 
F£-59 Not Detected ------ --- 8.50E-02 
GD-153 Not Detected --------- 8_67£- 02 
HG · 203 Not Detected. --------- 3.33£-02 
1-131 Not Detected ----- ---- 3.77£-02 
IR - 192 Not Detected --------- 2.90£-02 
K-40 2.1.9E+Ol 3_24E+OO 2.72E-01 
MN-S2 Not Detected -------- - 5.11E-02 
MN-54 Not Detected --------- 1.63£-02 
MO-99 Not Detected --------- 4 . 75E-Ol 
NA- 22 Not Det.ected ----- -- -- 5.07£-02 
NA-24 Not Detected ----_.--- 4.36E-01 
NB-95 Not Detect.ed ----- -- -- 2.64E-Ol 
ND-147 Not Detected ___ woo_a. 2.48£-01 
NI-S7 Not Detected _ _ __ a_ow . 1. 52£- 01 
PB -2 10 Not Det.ected __ a. ___ _ a B.14E+OO 
RU-103 Not Detected 

___ .. a _ _ __ 3.21£-02 
RU-106 Not Detected ________ a 3.09E-Ol 
SB-122 Not Detected 

__ a ______ 7 . 67E .. 02 
SB-124 Not Detected 

________ a 

3.24£-02 
SB-125 Not Detected -- -- - ---- 9.18E-02 
SN- 113 Not Detect.ed -----_ .... - 4.07E - 02 
SR-85 Not Detect.ed _ ..... _---- 4.12£- 02 
TA-1S2 Not Detected ---_.---- 1. 78£-01 
'!'A-1B3 Not Detected --------- 2.33£-01 
TC-99m Not Detected --------- 1.44E+Ol 
TL-201 Not Detected - - ----_ .. 1.91E-01 
XE - 133 Not Detected -------- - 2.09E-Ol 
Y·88 Not Detected --------- 3.11E·02 
ZN-65 Not Detected -_._---- . 1.19E .. 0 1 
ZR-95 Not Detected --------- 6.4SE-02 



• •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.• ~.* •• *** •• 
.. Sandia NationAl Laboratories ., 
• Radiatioo Protection Sample Diagnosti~s Program [8S1 Labo=ato=y] • 
'* 4-18-97 8:58:24 PM .. 
*.*.* •••• * ••• *.*****.*.********.******* ••••• ***.* ••••• ******.** •••• ****** 

: Analyzed by, 9- .. 1,1J.~7 Reviewed bY+:.· <lbi41 : 
*.****************. • •••• ,It: *********.*****... '* .J.*.C.************ 
CUstomer , P.SLAVIN/C.C. 166S2/IT) 
Customer Sample ID 034348-002 
Lab Sample ID 70060016 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
994 . 000 

4-16-97 
4-18-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 

10,50 , 00 AM 
7:15:45 PM 

6003 seconds 

Comments: 
.************************************************************************ 

Nuclide Activity 2-sigma MIlA 
Name IpCi/gram) Error IpCi/gram) 

------- ---------- ---------- .---------
U-238 Not Detected --------- 1.41E+00 
TH-234 9.77E-Ol 3.05E-01 4.36E-Ol 
RA-226 1.55E+OO 4.72E-01 S . 16E-Ol 
PB-214 6 . S3E·Ol . 1.22E-01 4.2SE-02 
BI-2l4 6.03S·0l 1.16E-01 4.51E-02 

TH·232 7.31£-01 3.72E-01 1.35E-01 
RA-228 9.22E-01 3.30£-01 1. 65E-01 
AC·22S S.S7E-Ol 2.00E-Ol 8.41E-02 
TR-22S 6.17E-01 4 . 29E-01 4.69E-01 
RA-224 1. 03E+00 3.SSE-Ol 6.23E-02 
PB-212 8.13E-01 1.59E-01 3.S0E-02 
BI-212 5.27E-01 3 . 16E-01 1.. 7lE- 01 
TL- 20a 8 . 22E-01 1.69E-01 6.SSE-02 

U-235 Not Detected --------- 1. 91.E-01 
TH-231 Not Detected --------- 8.15E+OO 
PA - 231 Not Detected --------- 1.28E+00 
TH-22? Not Detected ---- - ---- 3 . 31E-01 
RA-223 Not Detected --------- i:m:giMT.I~ /./$/ RN-219 2.99E 91 3 . e:: ,-
PB-2I! Not Detected --------- S. 44E-Ol 'f I . 
TL-207 Not Detected -._------ 1. 50E+01 

AM-241 Not Detected --------- 1. 6SE- 01 
PU-239 Not Detected ---------

3.27E+02 lJ.J;Q ?ti0 NP-237 Ll9E 91 1. 30E e-
o 2.03E-0})(/.:r; ~/~ f7 " PA-233 Not Detected -----_._- S.31E·02 

TH-229 Not Detected --------. 1. 83E- 01 



[SUIIIIII&ry Report) - Sample m , , 70060016 

Nuclide 
Name 

AG-108m 
AG-II0m 
BA-133 
BE-7 
CD-109 
CD-l1S 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-5S 
CO-60 
CR-51 
CS-134 
CS-13? 
Etl-152 
Etl-154 
Etl-155 
FE-59 
GD-153 
HG-203 
1-131 
IR-192 
K-40 
MN-52 
MN-54 
MO-99 
NA·22 
NA-24 
NB-95 
ND-14? 
NI-57 
PB-210 
Rtl-103 
RU-I06 
SB-122 
SB-124 
SB-125 
SN-1l3 
SR-SS 
TA·1S2 
TA·1S3 
TC-99m 
Tl-201 
XE-l31 
Y-SS 
ZN-6S 
ZR-95 

Activity 
(pCi/gram' 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 

4 . 44E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.21E+Ol 
Not Det.ected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 
Not Detect.ed 
Not Detected 
Not Detected 
Not Deeected 
Not Detected 
Not Detected 

2-oigmlL 
Error 

---------

2.67£-02 

3.31B+OO 

MOA 
(pCi/graml 

4.01E-02 
3.51£-02 
4 . 97E-02 
2 . 34E-01 
6.nE·01 
1.24E-01 
2.43£-02 
4.3SE-02 
1. 79E-01 
2.47E-02 
2.31E-02 
3 . 42E-02 
3.96£-02 
2.24E-01 
3.93£-02 
2.00£·02 
6.92E-02 
1.87E-01 
1.OSE-01 
S. SlE-02 
7 . 43E-02 
2.99E-02 
3.26E-02 
2.52E-02 
2 . 49E-01 
4.17E-02 
3.32E-02 
4.31E-01 
4 . 71E-02 
4 . 63E-Ol 
2.17E-01 
2.2SE-01 
1.50B-01 
7.0BE+OO 
2.93E-02 
2.79E-Ol 
6.S7£-02 
3 . 02E-02 
S.09E-02 
3.47E·02 
3.66E-02 
1.65E-01 
1. 97E - 01 
1 . SlE+01 
1.66E-01 
1.91E-01 
2.49E-02 
1 .13E -01 
6.1S£-02 



•••••••• ****************.****.** ••••• *** •••• * •• *******.************-***-* 
* Sand.ia National Laboratories 'r 

* Radiation Protection Sample Diagnostics Program (881 Laborato=y ) * 
'" 4-21-97 5:20:23 PM * 
:·············#.··~····h··?ffl···························· ..................... : 
" Analyzed by: Reviewed by: \. ' , C.., * 
********"*****. **.~ ** **********_* ••••• ****.****~;:I;;jja~'** •• *** •• *'r 
Customer : P.SLAVIN/C.C. (6682/rr) 
CUstomer Sample ID 034330-002 
Lab Sample In 70060024 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Corranents: 

MARINELLI 
500.000 

4-16-97 
4-21-97 

LAB 0 1 
6000 / 

WATER SAMPLE 
mL 

12:00:00 PM 
3:38:33 PM 

6001 seconds 

.... **.*.***** •• ** ••••••• * •••••• * •• **.*.*** •• ** •• * ••••• **.********* ..... ***.* 

Nuclide Activity 2-sigrna MIlA 
Name (pCi/mL ) Error (pCi/mL 

------- ---------- ---------- ----------
U-238 Not Detected --------- 8.96E-01 
TH-234 Not Detected --------- 3.21E-Ol 
RA-226 Not Detected --------- 4.12B-01 
PB-214 Not Detected --------- 5.72E-02 
81-214 Not Detected --------- 6 . 68E-02 

TH-232 Not Detected --------- 1.54E-01 
RA-228 Not Detected ---.----- 1.46B-Ol 
AC-228 Not Detected --------- 9.81E-02 
TH-228 Not Detected --------- S.21E-Ol 
RA-224 Not Detected --------- 1. 3SB- 01 
P8-212 Not Detected --------- 4.12E-02 
BI-212 Not Detected --------- 3.63E-01 
TL-20S Not Detected --------- 8.23E-02 

U-235 Not Detected --------- 1. 46E- 01 
TH-231 Not Detected --------- 4.91E+00 
PA·231 Not Detected --------- 1.10E+00 
TH-227 Not Detected --------- 1.59B-01 
RA-223 Not Detected --------- 1 . 06E-01 
RN-219 Not Detected --------- 3 . 13E-01 
PE·2ll Not Detected --------- 7.3GB-Ol 
TL-207 Not Detected --------- 1. 23E+Ol 

AM-24l Not Detected ------_.- 9.27E-02 
PU-239 Not Detected ---.----- 2.l6E+02 
NP-237 Not Detected --------- 1.41E-Ol 
PA-233 Not Detected ___ A_A_A. 

4.1SE-02 
TH-229 Not Detected ._-_ .. _- . 1.23E-Ol 



[Summary Report] - Sample 

Nuclide Activity 
Name IpC1/mL) 

AG - IOBm 
AG-llOm 
BA-133 
BE-? 
CD-lOg 
CD-llS 
CE-139 
CE-141. 
CE-144 
CO-56 
CO-57 
CO-58 
CO-60 
eR-Sl 
CS-134 
CS - 137 
EU-1S2 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
1-131 
IR-192 
K-40 
MIl-52 
MN-54 
MO -99 
NA-22 
NA-24 
NB-95 
ND-14? 
Nl-S7 
PB-210 
RU-lO) 
RU-I06 
SB-122 
SB-124 
SB-125 
SN-ll) 
SR-85 
TA-1B2 
TA-1S3 
TC-99m 
TL-20l 
XE-133 
Y-BB 
ZN-6S 
ZR-9S 

Not Detect.ed 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not. necected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Deteeted 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detectec1 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Det.ecteo 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected. 
Not Detecteo 
Not Detected 
Not Detected 
Not Detected 

ID : : 70060024 

2·sigJIl& 
Error 

MDA 
IpCi/mL 
.- ... _----

2_93E-02 
2_B2E-02 
3.44E-02 
2_02E-Ol 
4_S1E-Ol 
1- 77E- 01 
1_9SE-02 
3_S3E - 02 
1.28E-01 
3.70E-02 
1-61E-02 
2_67E-02 
2.79E-02 
2.1.3E-01 
2_9BE-02 
2_90E-02 
4_7SE-02 
1- 34E- 01 
7_44E-02 
4_B9E-02 
4_99E-02 
2_39E-02 
3_60E-02 
2_23E-02 
3_S9E-Ol 
S_22E-02 
2.74E-02 
6.26£-01 
3_~7E-02 

7.59E+OO 
1-92E-O~ 
2_39E-0~ 

4.42£-01 
3.75E+OO 
2_a3E-02 
2_S9E-Ol 
1-33E-Ol 
2_91E-02 
7.14E-02 
3_0SE-02 
3 _S7E-02 
9_20E-02 
1- SBE- 01 
2.66£+04 
L B4E-Ol 
2.72£-01 
4_00E-02 
6.28E-02 
4.75E-02 



Internal Leb 
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.........................................................• '!'~! ....... * ••••••••• \ 
• .. . . . Sandia National Laboratories • ' 
• Radiation Protection sample Diagnostic, Program [8S1 Laboratory) • 
• .. 4-10-97 5:37:15 PM • 
••••••••••• * ••••••••••• * •••••••••••••••••• * •••••••••••••••••••••••••••••• 

• Analyzed. by: I Reviewed by: ~ ?i ,.. • ~A . ............... 9... . ... ~'J.t2**.*.* •••••••••••• ~.'t ~ .. l.**.* •. * .... 
Cuseomer , , " ' : ' 1', SLAVJ:N/MAC (6682/SMO) 
CUstomer Sample ; 034340-002 
Lab Sample ID 70054101 

Sample Description 
Sample Quaneiey 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
847.000 

4·10-97 
4-10-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 
9:00:00 AM 
3:'4'9:21 PM 

6004 seconds 

Comments: ........................................................................... .. , . . 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

0'1ID-,::>":>- S~ -----. - ---------- ---------- ----------
0-238 Noe Detected --------- 3.66£+00 
TIl-234 1. 67E+00 5.91E-01 7.86E-01 
RA-226 1.91E+OO 6.37E-01 6.29E-01 
PB-214 1.04E+00 1. 70E-01 5.05E-02 
BI-214 9.12E-01 1.95E-01 2 . 12E-01 

TIl-232 1. 13E+00 5 . 26E-01 1.48E-01 
RA·228 1.20E+00 4.31E-01 1.44.-01 
AC-228 1.19E+00 2.53E-01 8.51E-02 
TIl-228 1. 33£+00 3.46E-01 5.38E-01 
RA·224 4.41E-01 1.18E-01 2.168-02 
PB-212 1.19S+00 2.18E-01 4.15E-02 
BI·212 7 , 57E-Ol 2.50E-Ol 1. 71E-01 
TL·208 4 . 23E-Ol 1. 13E-Ol 2.42E-02 A 
0·235 i: . i!!iB n i.SSE 8i 2.66E-01P::r).TJ.) '0/n TIl· 231 Noe Detected --------- 1.39£+01 ;.t, /1 
PA·231 Noe Detected --------- 1.54£+00 
TIl-227 Noe Detected --------- 3 . 99E-Ol 
RA·223 Noe Detected --------- 2.17E-01 
RN·219 Noe Detected --------- 4 . 00E-Ol -_ .. _----
PB-211 Noe Detected --------- 9,14E-Ol 
TL·207 Noe Detected --------- 1.41B+01 

AM·241 Noe Detected ------- . - 5.108-01 i~ PO'239 Noe Detected 4 93E+02 • ,-r , ---------
3: 18E-Ol ;t/./r .f£.-~ 'if/In NP'237 ' 6.836 91 i4.S:SE 81 

PA-233 Noe Detected -------.- 6,13£-02 
TIl·229 Noe Detected .-----._- 2.74E-Ol 



[S~ Report] - Sample ID: : 70054101 

Nuclide 
Name 

AG-108m 
AG·l.l0m 
BA-l33 . 
BE-7 
CD-109 
CD-llS 
CE - 139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-58 
CO-60 
CR-Sl 
C5 -134 
C5 - 137 
EU- 152 
EU-154 
EU-1SS 
FE-59 
GD-1S3 
HG-2 03 
I-131 
IR - 192 
K-40 
MN-52 
MN-54 
MO-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-57 
PB-2l0 
RU-103 
RU-106 
5B-122 
SB-124 
5B-12S 
5N-113 
5R-8S 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-l33 
Y-88 
ZN-65 
ZR-9S 

Activity 
(pCi/grami 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

3.S1E-02 
Not Deteceed 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 

2.38E+Ol 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2-8igma 
Error 

2.18E-02 

3 . 38E+00 

MDA 
(pCi/grami 

4.46E-02 
3 . 42E-02 
7.22E-02 
2 . 58E-Ol 
J. . OSE+OO 
7.80E-02 
3.19E-02 
5.67E-02 
2 . 67E-Ol 
2.40E-02 
3 . 35E-02 
3 . 48E-02 
3.76E-02 
2 . 45E-Ol 
5 . 32E - 02 
2.13E-02 
1. OlE - Ol 
2 . 0SE-Ol 
1. 65£- 01 
7.50E-02 
1 . 14E-Ol 
3.42E-02 
3.06E-02 
2.84E-02 
2.37E-Ol 
3.08£-02 
1.93E-02 
2.67E-01 
4.60E-02 
4.70E-02 
1 . 94E-Ol 
2.13E-Ol 
5 . 59E-02 
3.S0E+Ol 
3.10£-02 
3.03E-Ol 
4 . 40E-02 
3.26E-02 
8 . 57£-02 
3.91E-02 
3.82£-02 
1. 57£- 01 
4.S7E - Ol 
6.97E-02 
2 . 13E-Ol 
1.70E-Ol 
2.63E-02 
1. 08E- 01 
5.89£ - 02 
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....... ** •• ** '* '* ******* ••• ****.* .. * .......... *** .... '* ... *.*. '* '* •• ***-** '* ...... '* .. '* .............. 'It 

.. Sandia National Laboratories .. 
'* Radiation Protection Sample Diagnostics program (B81 Laboratory] 'It 

'* 4.18-97 10:43:36 PM '* 

:·::::;:::*:;~··~···*·**··~~:·i~*;*··*::::::::·:;:*~··;(~i~·*******··: 
***.**** •• **.*.... . .... Ii*.'** ••••••••• ** •• * ••• ~~***.*i* •• **.** ••• ** 
Customer : P.SLAVIN/C.C. (6682/ITl 
CUstomer Sample . : 034349·002 
Lab Sample ID : 70060017 

Sample Description 
Sample Quanei ty 
Sample DateJT~e 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
962.000 

4-16-97 
4-18-97 

LAB01 
6000 / 

SOLID SAMPL£ 
gram 
1:05:00 PM 
9:00:54 PM 

6003 seconds 

CY/D-SS,- M.y-\ 

***** •• ******** ••• ********* •• ** ••• *********** •••• * ••••••••••••••••• * ••••• 

Nuclide Activity 2~sigma !IDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- ---------- ----------
U-238 9.43E-01 1. 84E+00 1.26E+00 
TH-234 1. 31E+OO 3.70£-01 4.51E-01 
RA-226 1. 82£+00 7.74:£-01 5.67E-01 
PB - 214 8.41£-01 1. 46E- 01 4.74E-02 
BI-214 8.32£'01 1. 67E-01 5.21£-02 

TH-232 1.04£+00 5.02£-01 1. 50£-01 
RA-228 9.81£-01 2.608-01 1. 86£-01 
AC-228 1.03£+00 3.21£-01 9.65£-02 
TH-228 9.71£-01 4.65£-01 4.25£-01 
RA-224 1.04E+OO 3.50E-01 8.588-02 
PB-212 9.95£-01 1. 60£- 01 3.948-02 
B1-212 6.28E-01 3.21£-01 2.13E-01 
TL-20B 9.588-01 1.B2E-01 7.44£-02 

0-235 Not Detected --------- 2.17E-01 
TH-231 Not Detected --------- 4.38E+OO 
PA-231 Not Detect.ed --------- 1. 45E+OO 
TH-227 Not Detected --------- 3.73£-01 
RA-223 Not Detected --------- 7.81E-02 
RN-219 Not Detected --------- 4.10E-01 
PB-211 Not Detected --------- 9.16E-01 
TL-207 Not Detected --------- 1. 64E+01 

AM-241 Not Detected --------- 1.87£-01 gd ~ PU-239 Not Detected 3.66£+02 ---------
2 . 29£-0111;:;-J.;J;;.. :;;5/'> NP-237 i.9Ui s- :.89E 9: • PA-233 Not Detected --------- 5.66£-02 

TH-229 Not Detected --------- 2.01£-01 



[SUII1IIIO.ry Report] - Sample m, , 70060017 

Nuclide 
Nome 

AG-l.08m 
AG-uOm 
SA-B3 
BE-7 
CD-109 
CD-115 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO-58 
CO-60 
CR-51 
CS-134 
CS-137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-2 03 
I-B1 
IR-192 
K-40 
MIl-52 
MN-S4 
MO-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-57 
PB-210 
RU-103 
RU-106 
58-122 
SB-124 
5B-:"25 
5N-U3 
SR-85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR-95 

Act.ivit.y 
(pCi/gram) 

Not Detected 
Not Detected 
Not Det.ecced. 
Not. Detected. 
Not Detected 
Noc Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 

1 . 225-01 
Not Detected 
Not Petected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detect.ed 

2 . 26E+Ol 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected. 
Not Oetected 
Not Detected 
Not Detected. 
Not Detected 
Not netected 
Not Detected 
Not Detected 
Not Deteeted 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

---------

3.71E-02 

3.35£+00 

MIlA 
(pCi/gram) 

4.68E - 02 
4 . 45E-02 
5.66E-02 
2 . 71E-01 
9.82E-01 
1.38E-01 
2 . 73E-02 
4.89E-02 
2.00E-01 
3.68E-02 
2.54E-02 
3 . 54E-02 
4 . 28E-02 
2 . 44£-01 
4.65E-02 
2.66E-02 
7.60E-02 
2.17E-01 
1.16E- 01 
8.56E-02 
8 . llE-02 
3 . 25E-02 
3.56E-02 
2 . 86E-02 
2.57E - 01 
4.62E-02 
3.76E-02 
4 . 61E-Ol 
5.05E-02 
4.615-01 
2 . 46E-01 
2 . 42E-01 
1.66E-Ol 
7.57E+00 
3.24E-02 
3.12E-01 
7 . 71E-02 
3.28E-02 
9 . 12E-02 
3.73E-02 
3.86E-02 
1.81E-01 
2.18E-01 
1 . 61E+01 
1. 86E-01 
1. 00E-01 
2 . 60E-02 
1.25E-01 
6.62E-02 



- -~- ,.-

•••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••••••••••••• 
• Sandia Nationa..l Laboratories • 
• Radiation Protect.ion Sample Diagnostics Program [881 Laboratory] • 
• 4-19-9' 12:28:51 AM • 

:·::::;:::·:;~··7·········:;i·;;I.··;~··::::::::·:;~····~·~i;;'11~······: 
••••••••••••••••••• • ••• * •••• •• ** •••••••••••••••• ~:.J ........ * ••••• 
CUstomer , P. SLAViN/C. C. (66B2/IT) 
CUstomer Sample : 034.351-002 
Lab Sample ID · 70060018 · · .-

Sample Description 
Sample Quantit.y 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI SOLID SAMPL£ 
661.000 · gram 

4-16-97 1,OB,00 PM 
4-1B-97 10,46,09 PM 

LABOl 
6000 / 6003 seconds 

•••••••••••••••• * ••• * ••••• ** •••••• *** ••••••••••••••••••••• ***.**** ••••••• 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

------- -------.-- _ .. _----_. ----------
U-23B Not Detected -------_. 2.12B+OO 
TH-234 1.14E+00 5.17£-01 7.02£-01 
RA-226 Not Detected -_ . _----- 7.77£-01 
PB-214 1.31£+00 2.10£-01 6.33£-02 
BI-2104 1 . l8:8+00 2.19£-01 6.87£-02 

TH-232 1. 61£+00 7.4B£-01 2.23£-01 
RA-22B 1.64£+00 5.02£-01 2.52£-01 
AC-22S l . 62E+00 -3. BB£ =Ol 1.39£-01 
TH-22B 1.32B+00 S.OlE-Ol 6_10£-01 
RA-224 1. 66E+00 4.65£-Ol 1.30£-01 
PB-212 1_72E+00 2.Bl£-01 5.1S£-02 
BI-212 9.70£-01 3.35£- 01 2.58E-Ol 
TL-20S 1 . 62E+00 2.93E-Ol 9.77£-02 

U-235 Not Detected -----._-- 2.9B£-01 
TH-231 Not Detected ._------- 1.24£+01 
PA-231 Not Detected --------- 1.98E+00 
TH-227 Not Detected --------- 5.62£-01 ~ RA - 223 Not Detected --------- 2.25£-01 
RN-219 4.9Sa 81 l_62E S- • 5.75£- 01,v::r Jf....:r.:l -(/r~(f7 • PB-211 Not Detected --- - --.-- 1.27E+OO 
TL-207 Not Detected --------- 2.18£+01 

AM-241 Not Detected -----. __ . 
2.63£-01 r.~~ PU-239 Not Detected --------- 4.99£+02 rrr~c..J f}S/S NP-237 6 . l7S s- =-;;& 91 • 2.79£-01"; 

PA-233 Not Detected --------- B. 1S£-02 
TH-229 Not Detected ___ A_A_A. 2.BO£-01 

--- .. ~---



[SUIIIIIIUY Repert) - Sample m: 

Nuclide 
Name 

Activity 
(pCi/graJII) 

: 70060018 

MIlA 
(pCi/gram) 

AG-10Bm Not Detected --------- 6.S9E-02 
AG-llQm Not Detected ------ ,--- S.23E-02 
BA-13) Not Detected --------- 7.96E-02 
BE-' Not Detected --------- 3.79E-01 
CD-109 Not Detected --------- 9.48E-01 
CD-115 Not Detected --------- 2.09E-01 
CE-139 Not Detected --------- 3.61£-02 
CE-141 Not Detected --------- 3.10E-02 
CE-144 Not Detected -------- - 2.68E-01 
CO-56 Not Detected ----0---- 5.07E-02 
CO-57 Not Detected --------- 3.35E-02 
CO-58 Not Detected --------- 4.75E-02 
CO-60 Not Detected ----0---- 5.49£-02 
CR-Sl Not Detected --------- 3.40£-01 
CS-134 Not Detected --------- 6.29E-02 
CS.137 5.77E-02 3.32E-02 3.55E-02 
EU-152 Not Detected ----- -- -- 1.00E-Ol 
EU-154 Not Detected ____ pooP . 3.03E-01 
EU-155 Not Detected •••• --.-. 1.59E-01 
FE-59 Not Detected ---.----- 1.16E-01 
GD-1S3 Not Detected --.------ 1.15£-01 
HG-203 Not Detected --------- 4.47£-02 
1-131 Not Detected --.------ 5.02£-02 
IR-192 Not Detected --------- 3.93£-02 
K-4D 2.72E+01 4.03£+00 4.73E-Ol 
MN-52 Not Detected --- ------ 6.45E-02 
MN-S4 Not Detected ---.----- 3.29E-02 
MO-99 Not Detected --------- 7.03£-01 
NA-22 Not Detected - ------- - 6.53E-02 
NA-24 Not Detected --.------ 7.24£-01 
NB-95 Not Detected --------- 3.69£-01 
NO-147 Not Detected ---- - ---- 3.55£·01 
NI-57 Not Detected --------- 2.42E-01 
PB-210 Not Detected --------- 1 . 09E+01 ~~ 2 
RO-103 Not Detected --------- 4.45E-02 _ t7 r:-/ 
RtJ -106 .. ' ---.... 6;., ... 2. .. !~E .... S;;.!---S8-,,.,6;.;7 .. S_S ...... ---2 . 41£ - 0 1 j./,;r-~... <I.-{ l 
SB-122 Not Detected _. __ ._._- 1.13E-Ol ,,'tSr~ : 
5B-124 Not Detected --_ ______ 4.40E-02 ,I' 
5B-125 Not Oetected --------- 1.22E-01 
5N-113 Not Detected --.-- ---- 5.48£-02 
SR-8S Not Oetected --------- 5.71E- 02 
TA-1S2 Not Detected --- -- ---- 2 . 39E-01 
TA-183 Not Detected - - ------- 3.09E-01 
TC-99m Not Detected ------ --- 2.65E+Ol 
TL-201 Not Detected ---- - ---- 2.51E-01 
XE-133 Not Detected ------ - -- 1.19E-01 
y -sa Not Detected --------- 4.57E-02 
ZN-65 Not Detected --------- 1.68E-01 
ZR-95 Not Detected --------- 9.39E-02 



... . Sandia National Laboratories .-
" Radiation Protection Sample Diagnostics program [eel Laboratory] " 
... 4-19-9"1 2:14:13 AM .. 
............. ** ••••••••••••••••••••••••• ** ••••••••••••••••••••••••••••••••• 

: Analyzed by, 9- .., ~~ Jrl. Reviewed by, !l- u~I'\1 : 
* •• *.* •• ~.*.***.*. * •• *4~"~. * •• **.* •• ***.*.*~*J.*.t~** ••••••• *. 
Customer , P.SLAVIN/C.C. (6682/IT) 
Customer Sample 0 : 034353-002 
Lab Sample ID 70060019 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detect-or Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
984 . 000 

4-16-97 
4-19-97 

LAB01 
6000 / 

SOLID SAMPL£ 
gram 
1,10,00 PM 

12,31,25 AM 

6004 lIecond.s 

••• ** •••• ** ••••••• ** ••••••••••••• ****.*** ••••••• ****** •••••••••••• ** ••••• 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- -._------- _.-------- -------- --
U·238 7.S1E+00 1. 74E+00 1.40E+00 
TH-234 1. 76E+00 4 . 48S-01 S.12E-01 
RA·226 2.73E+00 6.44E-01 6.12£-01 
PB·214 1.30E+OO 1.96E-01 4.95£-02 
BI-214 1.22E+DO 2.03E-01 5.41E-02 

TH-232 1.24E+00 5.7BE-01 1. 65£- 01 
RA-228 1.SSE+OO 3.10E-01 1.59£-01 
AC-228 1.S3E+OO 9.22£-01 9.S1E-02 
TH-228 7.14E-01 3.63E-01 5.26£-01 
RA-224 1.53£+00 4.12E-01 8.72S-02 
PB-212 1.50E+00 2.23£-01 4.71S-02 
BI-212 8.29£-01 2.62E-Ol 1. 93E- 01 
TL-20B 1.41E+00 2.69E-01 

7.7SE-02 ~""'-c7 (~ 
U·235 :.656 a~ = .:rae Eli 2.39£-01,u.:r...,;,i.. 1, (7 
TH·231 Not Detecteo -------.- 9.B2E+OO 
PA-231 Not Detected -----_.- - 1. 52S.00 
TH-227 Not Detecteo --------- 4 . 33E-01 
RA-223 Not Detect.ed ----- ---- 1.81£-01 
RN-219 Not Detect.ed --------- 4.38E · 01 
PB-211 Not Detected --------- 1.01E+00 
TL-207 Not Detect.eo ----- -- -- 1. 52E+01 

AM - 241 Not Detecteo ---------
2.00E-01 ',;(.:.~~ ~ PU-239 Not Detected --------- 4.05£+02 -,:;f J. UJ '1/tf f7 NP-237 EI.6115 81 ."Si :n 2.26£-01,v, 

PA-233 Not Detected --------- 6.41£-02 
TH-229 Not Detected --------- 2 . 24£-01 



[Summary R.eport] - Sample m, 70060019 
_ .. ... .... 

Nuclide Activity 2-sigma MIlA 

Name (pCi/gram) Error (pCi/gram) 
---_._- ---_.----- --- ------- ----------
AG-108~ Not Detected -_. __ ._.- s.00E-02 
AG-110m Not Detected --------- 3.s0E-02 
SA-133 Not Detected --------- 6.42E·02 

BE·7 Not Detected -------.,.- 2.87E-Ol 
CD-l09 Not Detected .--_.---- 7.69E-Ol 

CD-lls Not Detected --------- 1. 61E-Ol 
CE-139 Not Detected --------- 2.94E-02 
CE-141 Not Detected --------- s.4sE-02 
CE-144 Not Detected --------- 2 . 20E-Ol 
CO-56 Not Detected ------- - - 3.88E-02 
CO·S7 Not Detected --------- 2.7SE-02 
CO-58 Not Oetected --------- 3.7SE-02 
CO-60 Not Detected --------- 4 . 30E-02 
CR-sl Not Detected --------- 2.63E-Ol 
CS-134 Not Detected -------_. s.17E-02 
C5-137 Not Detected --------- 4 . l3E-02 
EU-ls2 Not Detected --------- 8.22E-02 
EU-ls4 Not Detected. --------- 2.30E-Ol 
EU-lss Not Detected --------- L28B-Ol 
FE-59 Not Detected --------- 8.73E-02 
GD-ls3 Not Detected .-------- 9.36E-02 
HG-203 Not Detected --------- 3 . 62E-02 
1-131 Not Detected --------- 3.76E-02 
IR-192 Not Detected --------- 3.02E-02 
K-40 1 . S7E+Ol 2.91E+OO 3 . 03E-Ol 
MN-s2 Not Detected --------- s . 14E-02 
MN-s4 Not Detected --------- 2.62E-02 
MO-99 Not Detected --------- s.28E-Ol 
NA·22 Not Detected ---- ----- 4.96E-02 
NA·24 Not Detected --------- s . 84E-Ol 
NB-9s Not Detected -_._----- 2.89E-Ol 
ND-H7 Not Detected --------- 2 . 63E-Ol 
Nl-57 Not Detected --------- 1. 8sE-Ol 
PB-210 Not Detected --------- 8.61E+OO 
RU-l03 Not Detected 

_______ a_ 3.S1E-02 
RU-106 Not Detected --------- 3.1SE-Ol 
SB-122 Not Detected --------- 8.62E-02 
SB-124 Not Detected --------- 3.41E-02 
5B·12s Not Detected --._----- 9.s3E-02 
SN-113 Not Detected ----- - --- 4.29E-02 
SR- 85 Not Detected ----_.--- 4.28E-02 
TA-182 Not Detected --------- L90E-Ol 
TA-183 Not Detected --------- 2 . 38E-Ol 
TC-99m Not Detected --------- 2.56E+Ol 
TL-201 Not Detected ------- -- 2.0SE-Ol 
XE-133 Not Detected --------- 2.36E-O l 
y- 88 Not Detected. --------- 3 . 49E-02 
ZN-6s Not Detected 

_ _ a ______ 

1.21£-01 
ZR-9s Not Detected --------- 6.89E-02 



••• **~************.*******************.**********.**.*.******.** ••••••••• 
'* Sandia National Laboratories • 
'* Radiation Protection Sample Diagnostics program [881 Laboratory) + 

'* 4-21-97 10:11:15 AM .. 

:*::::::::·:;:·~~~~:::l·;·~········::::::::·:;~·~:·lj;;·· .......... : 
'* '* *. * **'* .... ** **~; * *'* ~c." '* '* .'*'** •• *** *** '* ** *** * ... • ~,Jr!lJ4J J. ** ............ '* .. '* .. 
Customer : P. SLAVIN/C. C. (6682/IT) 
Customer Sample ID 034354-002 
Lab Sample ID 70060020 

Sample Description 
Sample QuaIltity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI SOLID SAMPLE 
951- 000 gram 

4-16-97 1:15:00 PM 
4·21-97 8:22:31 AM 

LAB01 
6000 / 6004 seconds 

**********.****.************************* ••••••••••••• ** ••• ************** 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------- ---.------ --------- - ----------
U·238 Not Detected -----_ .. - ~.20E+OO 
TIl· 234 1.03E+OO 3.26E'Ol 4.S4E·01 
RA-226 l.83E+OO 7.90E·01 S.63E·01 
PB-2l4 9.70E·01 2.30E·01 5.09E·02 
BI-2l4 8.41E·01 1.S7E-01 5 .30E· 02 

TII·232 1.06E+OO 5.00E·01 1.54E-01 
RA·228 1. 12E+OO 3.41E-01 1. 74E-01 
AC·228 1.0SE+OO 2.60E·01 9.47E-02 
TII·228 4.7SE-Ol 8.42E-Ol 4.4l.E-Ol 
RA·224 l.lOE+OO 3.37E-01 8.18S·02 
PB·212 l..06E+OO l. 70E-Ol. 4.14E·02 
BI·212 6.82E-01 2.41E-01 2.05E-01 
TL·208 9.94E-Ol 1.92E·01 7.4SE-02 

U·235 Not Detected __ 0--_--- 2.16E·01 
TII·231 Not Det.ect.ed. --------- 9.29E+00 
PA-231 Not Detected ----_. __ . 1.47E+OO 
TH-227 Not Detected --------- 3.81E·01 
RA-223 Not Detect.ed --------- 1. 95E- 01 
RN·219 Not Detected --------- 4.15E-01 
PB-21l Not Det.ected --------- 9.44E-Ol 
TL·207 Not Detected --------- l..S4E+Ol 

AM-241 Not Detected ____ po_po 1.94E·01 
PU·239 Not Detected. --------- 3.6SE+02 
NP'237 Not Detected --------- 2.95E·01 
PA·233 Not Detected --------0 5.79E·02 
TH·229 Not Detected --------- 2.03E·01 



(Sumna:y Report] - Sample m: 700&0020 

Nuclide Activity 2-sigzna MDA 
Name (pC1/graml Error (pCi/graml 

------- ---------- ---------- ----------
AG-108m Noe Petected --------- 4.S0E-02 
AG-llOm Noe Detected. --- - ---.-- 4 . 42E-02 
BA-l)3 Noe Detected --------- 6.10E - 02 
BE-7 Noe Detected ---- ----- 2_77E-Ol 
CD-l09 1.. 41E+OO 4 . 69E-01 7 . S7E-Ol 
CD· 115 Noe Detected -- - ------ 3 _09E-01 
CE-139 Noe Detected --------- 2.76E-02 
CE·141 Noe Detected --------- S.lSE-02 
CE-144 Noe Detected --------- 1.96E-01 
CO-56 Noe Detected --------- 2.S&E-02 
CO·S7 Noe Detected .-- - ----- 2.SSE-02 
CO-58 Noe Detected ------.- - 3.79E-02 
CO-6 0 NOt Detected ------.-- 4.21E-02 
eR-Sl Noe Detected. --------- 2.67E-Ol 
CS -134 Noe Detected --------- 4 . 34E-02 
CS·137 1.12E-01 1. 06E-01 2.S7E-02 
EU-1S2 Noe Detected --------- 7.70E-02 
EU- 1S4 Noe Detected --------- 2.10E-01 
EU- 155 Noe Detected --------- 1.1SE- 01 
FE-59 Noe Detect.ed --- - ----- S.S9E-02 
GD-153 Noe Detected --------- S.39E-02 
HG-203 Noe Detected ------- -- 3.3SE-02 
1-131 Noe Detected -- ------- 4.49E-02 
IR-192 Noe Detected --------- 2 _SSE-02 
K-4 0 2 . 30B+01 3 . 39E+OO 2.S3E-01 
MN- 52 Noe Detected ~~~~~~~-~ 6 _37E-02 
MN-54 Noe Detected ~-~--~~-~ 3 . 93E-02 
MO-99 Noe Detected ~ - ~------ 9.34E-Ol 
NA-22 Noe Detected ____ a_ea . 4.79E-02 
NA- 24 Noe Detected --------- 7 _31E+OO 
NB-95 Noe Detected ---_._._- 3.97E-01 
ND-147 Noe Detected. -_ .. _-.-- 2.93E-01 
NI-57 Noe Detected _ .. -_ .. _. 5.3SE-01 
PB-210 Noe Detected ------- -- 7 . 62E+00 
RU-103 Noe Detected _.------- 3.32E-02 
RU-1 0 6 Noe Detected --------- 3.00E-01 
55-122 Noe Detected -- ~ -- .. -- 1.4SE-01 
55-124 Noe Detected --------- 3.30E-02 
SB-125 Noe Detected ~-.------ 9.1SE-02 
SN-1l3 Noe Detected --------- 4.23E-02 
SR·e5 Noe Detected --------- 4.10E-02 
TA-182 Noe Detected -~-.--.-- 1. 90E- 01 
TA-1S3 Noe Detected --------- 3.17E-01 
TC - 99m Noe Detected' --------- 1.49E+04 
TL - 201 Noe Detected --------- 3_30E-01 
XE- 1 3 3 Noe Detected ----_. __ . 4.SSE-01 
Y-8S Noe Detected --------- 2.S3E-02 
ZN-&5 Noe Detected --- - --- - - 1 . 26E-01 
ZR-9 5 Noe Detected --------- 6.&9E-02 



•••••••••••••••••••••••• ***** ••••••••••• * ••••••••••••••••••••• ** ••••••••• 
• Sandia Natioaal Laboratories .. 
• Radiation Protection Sample Diagnostic. program (881 Labo=atory] • 
* 4-21-97 12:03:14 PM * 

:·::::;:::·:;~··~*·*···:l·:J~***·**····::::::::·:;:~·~:::j·~L*:·;···*··: 
••••••• w.******* ** .~ ••••••••••••••••••••••• *~.~ •• 4 ••••••••• 
CUstomer , P . SLAVDI/C.C. (6682/I'I') 
Customer Sample ID 034355-002 
Lab Sample IO 70060021 

Sample Description 
Samole Quantity 
SamPle Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
969 . 000 

4·16·97 
4-21-97 

LABOl 
6000 / 

SOLID SAMPLE 
gram 
1:17 : 00 PM 

10:14:10 AM 

6004 seconds 

* ••• ** •• ** •••••••••••••••••••••••••••• ** •••••••••••••••• ** ••• *** •••••• *** 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

------. ---.~~ - . -- - ~. -.----- ----------
U-238 Not Det.ected --------- 1.53£+00 
TlI·234 1.19B+00 3 . 51£-01 4.69£-01 
RA-226 Not Detected --------- 5.26£-01 
PB-21.4 8.34£-01 1.36£-01 4.73£-02 
BI-:214 8 . 18E'01 2.54£-01 4.91E-02 

TlI·232 9.40£-01 4.49E-Ol 1.59£-01 
RA-228 1.01E+OO 2.91£-01 1.90£-01 
AC-228 1. 03E+00 2.22£·01 9 . 97£-02 
'1'H-228 5.03£-01 2.51£-01 3.46£-01 
RA-224 1.22E+OO 4 . 41£·01 7.74£·02 
PB-21.2 1.098+00 1.79£-01 4.14E-02 
BI-21.2 5 . 83£-01 2.19£-01 2.09£-01 
TL·208 9.70£-01 1. 76£·01 7.66£-02 

U·235 1.1.SE- 01 8 . 04E-02 1.98£-01 
TH-231 Not Detected --------- 8.94E+00 
PA-231. Not Detected --------- 1.45E+00 
TH-227 Not Detected -_._----- 3.77£-01 
RA-223 Not Detected --------- 1. 92£·01 t./I:1Wl!1I ~ '-I;' /9) RN-219 :. 4 .,. 01 • Oii 01 4.13E-Ol,.....: · Ql.;> 
PB·211 Not Detected -~~--- - -- 9.18£-01 
'I'L-207 Not Detected --------- 1. 60£+01 

AM-241 Not Detected --------- 1. 84£-01 
PU·239 Not Detected --------- 3.58£+02 
NP-237 Not Det.ecced --------- 2.92£·01 
PA-Z33 Not Detected --------- 5 . 84£-02 
TH-229 Not Detec~ed ---- ----- 2.10E-Ol 



[Summary ReponJ - Sample ID: 70060021 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

. ------ ------ ---- ---------- ----.-----
AG-1OSm Not Detecte d --------- 4.55£-02 
AG-II0m Not Detected --------- 4.03E-02 
BA·133 Not Detected --------- 5 . 79E-02 
BE-7 Not Detect.ed --- --- --- 2 . 78£- 01 
CD-109 1. 775+00 5 . 10£-01 7 . 60E-01 
CD-lIS Not Detected. --------- 3 . 12£-01 
CE· 1 39 Not Detec::eed _.------- 2 . 71E-02 
CE-141 Not Detected --------- 5 . 29E-02 
CE-144 Not Detected --------- 1.97£-01 
CO·56 Not Detected --- ------ 2 . 67E-02 
CO-57 Not Detected --------- 2.54E-02 
CO·5B Not Detected ------- -- 3.57E-02 
CO-6 0 Not Deteceed ----- - --- 4 . 54£·02 
CR - s1 Not Detected --------- 2 . 58£-01 
C5- 1 34 No t Detected --------- 4.39E·02 
eS-13? B.OBE-02 2 . 62E-02 2.45E-02 
EU·152 Not Detected --- --- --- 7.55E-02 
EU-154 Not Detected --------- 2.11E-Ol 
EU-155 Not Detected -------- - 1.16E·Ol 
FE-59 Not Detected --------- B.94E - 02 
GD·153 Not Detected ----- - --- B.56E-02 
HG-203 Not Detected ------.-- 3.34E-02 
1-131 Not Detected. -------- - 4.51E-02 
I R·192 Not Detected --------- 2.B7E-02 
K-40 2.SSE+Ol 3.92E+OO 2 . 56E-01 
MN · 52 Not Detected --------- 6 . 43E·02 
MN·54 Not Det.ected -_ . ------ 1.49E-02 
MO-99 Not Detected --------- 9 . 25E-Ol 
NA·22 Not Detected --- ------ S.14E-02 
NA-24 Not Detected -- - -_. - -- S.SlE+OO 
NB·95 Not Detected -- ---_.-- 3.97E-01 
ND-147 Not Det.ected -_.---- - - 2 . 91E-Ol 
NI·57 Not Detected --------- 5 . 46E-Ol 
PB-21 0 Not Det.ected -- -- ----- 7 . S0E+OO 
RU-l03 Not Detected --------- 3.46E-02 
RU · l 06 Not Detected -- ------- 3.19E-Ol 
SB-122 Not Detected ------- - - l. . 47S-01 
5B- 124 Not Detected --------- 3.32E-02 
SB-12S Not Detected ----- -- -- B. 95E-02 
SN- 113 Not Det ected - - - - - - --- 3 . 92E-02 
SR-B5 Not Detected --------- 4.22E-02 
TA-1B2 Not Detected -- ------- 1 . B4E-01 
TA-1B3 Not Detected --------- 3.03E-01 
TC - 99m Not Detected --------- 1.SOE+04 
TL·201 Not Detected -- - ------ 3.30E-Ol 
XE· 1 33 Not Detected --------- 4 . 57E-Ol 
Y-BB Not Detected _ .... ---- 2 . 41E-02 
ZN·65 Not Detected -- _. - -- .- 1.24E-01 
ZR·95 Not Detected --------- 6.95E-02 



*.*.*.*.*.* ••• ** •• * ••• *.****** ••• *** ••• ** •••• * ••• ********.**-***-*****-•• 
• Sandia National. La))oratori.. .. 
* Radiation Protection Sample Diagnostics Program [881 Labora~ory l .. 
* 4-21-97 1:50 : 38 PM • 
************ . ** •• *********** •• *.*.****.*.*.***********.** •••• ** •• * ....... .. .. .. 

:.~!;r!:~.~r; •• ~.cu,lft1r .......... ~;!;;:;~.~r;:~.;I.li!~j:17 .....•. : 
Customer : P.SLAVIN/C.C. (6682/IT) 
CUstomer Sample 10 034356-002 
LaD Sample ID 70060022 

CYlO- 55-MY-1 
Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Dete ctor Name 
Elapsed Live/ Real Time 

Comments : 

MARINELLI 
972.000 

4-16-9 7 
4-21-97 

LABOl 
6000 / 

SOLID SAMPL£ 
gram 
1:20:00 PH 

12:06 : 15 PM 

6003 seconds 

***********.*************.***.************.*******.*.* ••• *** •• *********** 

Nuclide Activity 2-sigma MIlA 
Name (pCi/gram) Error (pCi/gram) 

-- ----- - --------- ---------- ----------
U-2 38 Not Detected -- ._ ----- 1 . 44E+00 
TH · 234 1. 04E+00 3.61£-01 4.39£-01 
RA - 226 Not Detected --------- 5 . 58£-01 
PB-2104 7 . 56E-Ol 1.36£- 01 4 . 39£-02 
BI-2104 6.o47E-01 1.23E-01 4.77£-02 

TH- 232 8 . 56£-01 4 . 74.E- 01 1.47£-01 
RA- 228 9.58£'01 2.77£-01 1. 72£-01 
AC-228 8.66£-01 7.56£-01 9 . 76£-02 
TH - 228 7.21£-01 6 . 14E-01 4.55£-01 
RA- 224 8.78£-01 3 . 38£-01 7.517E-02 
PB·212 8.72E-01 1.40£-01 3 . 92£-02 
BI- 212 9 . 80E-01 5 . 86£-01 3 . 59£-01 
TL-208 7 . 93E-01 3.54E-01 7.06£ - 02 

U- 23 5 Not Detected ------ --- 2.02£ - 01 
TH-23 1 Not Detected ----- - -- - 8.47£+00 
PA- 231 Not Detected ____ eo_e . 1.33E+OO 
TH-227 Not Detected .-------- 3 . 50£-01 
RA-223 Not Detected -- ------ - 1.80E-Ol 
RN - 219 Not Detected ---_. __ .- 3 . 77E-01 
PB-211 Not Detected -- -- -- --- 8.80E-01 
TL-207 Not Detected ------ -- - 1. 53£+01 

AM·241 Not Detected -- -- ----- 1. 77£-0 1 
PU · 239 Not Detected --------- 3 . 50£+02 
NP-237 Not Detected .-_._ ---- 2 . 79£-01 
PA- 233 Not Detected ------- - - 5.27£-02 
TH- 229 Not Detected ---_._--- 1. 95£- 01 



[summary Report] - Sample ro: : 70060022 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MIlA 
(pCi/gram) 

AG-108m Not Detected --------- 4.51£-02 
AG-ll~ Not Detected --------- 3.43E-~2 
BA-133 Not Detected --------- 5.31£-02 
BE-7 Not Detected --------- 2 . 56£-01 
CO-l 09 ~"':"':"""';" 9-99'eE&'-<, e~el---l;5".';50!;I>E-gg;11---- 7. l6E - 01 
CD- llS Not Detected --------- 2.95£-01 
CE-139 Not Detected --------- 2.55£-02 
CE-l41 Not Detected ---- ----- 4.88£-02 
CE-l44 Not Detected -- - - ----- 1.91E-01 
CO-56 Not Detected ------.-- 3.72£-02 
CO-57 Not Detected --------- 2.40£-02 
CO-58 Not Detected --------- 3.56£- 02 
CO-60 Not Detected --------- 4.26£-02 
eR-Sl Not Detected . -------- 2.55£-01 
CS-134 Not Detected --------- 3.98£-02 
CS - 137 1.99E - 02 1.33E-02 2_l7E-02 
EU-1S2 Not Oetected --------- 7.13£-02 
EU-154 Not Detected --------- 2.10£-01 
EU-155 Not Detected --------- 1.12E-01 
FE-59 Not Detected --------- 9.05E-02 
GD-153 Not Detected -- - --- --- 7.89£-02 
HG-203 Not Detected --------- 3 . 19E-02 
1-131 Not Detected --------- 4.20E-02 
IR-192 Not Detected --- -- --- - 2.66£ - 02 
K-40 2.44E+01 3.54E+00 2.31£-01 
MN-52 Not Detected ---_.---- 5.91£-02 
MN-54 Not Detected --------- 3.68£-02 
MO-99 Not Detected --------- 9.36£-01 
NA-22 Not Detected --------- 4.80E-02 
NA-24 Not Detected --------- 8.38S+00 
NB - 95 Not Detected --------- 3.78£-01 
ND-147 Not Detected --------- 2.66£-01 
NI-57 Not Detected ----- -- - - 5.51£-01 
PB-210 Not Detected --------- 7.17E+00 
RU-103 Not Detected --------- 3.20E-02 
RU-106 Not Detected - ------- - 2.93E-01 
SB - 122--------p',~e~:~E~e~.----_+~~,e~lW;~g~.~----- 6.52£-02 
SB-124 Not Detected --------- 3.11E-02 
SB-125 Not Detected --------- 8.5~.::-02 
SN-113 Not Detected --------- 3.78E - 02 
SR-85 Not Detected --------- 3.82E-02 
TA- 182 Not Detected --------- 1 . 79E-01 
TA- 183 Not Detected -------- - 2.94E-01 
TC-99m Not Detected --------- 2.16£+04 
TL-201 Not Detected -- •• ----- 3.18E-01 
XE-133 NOt Detected -------.- 1.81E-01 
Y-88 Not Detected --------- 2.80E-02 
ZN-65 Not Detected --------- 1.21E-01 
ZR-95 Not Detected -------.- 6.46E-02 



••••• ** •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• Sandia National Laboratories .. 
• Ra~iation Protection Sample Diagno8tics Program [BS1 Laborato~l .. 
• 4-21-97 4:25:35 PH .. 

:·::::;:::·:~·~·:t·:J~·············::::::::·:;~~·~~;i:~J.~.; ......... : 
••••••• * •••• ~.~l~~ ••••••••••••.•. * •••••••• *.*~.1~ . ........... . 
Cu.eomer P.SLAVIN/C.C. (6682/IT) 
CUstomer Sample m 034324-002 
Lab Sample I~ 70060023 

Sample Description 
Sample Quantity 
Sample DaCe/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MAlUNELLI 
475.000 

4-16-97 
4·21·97 

LABOl 
6000 / 

WATER SAMPLE 
mL 
8,45,00 AM 
1 : 53:18 PM 

6001 seconcis 

C'/ /'u- f.-6F 

* ••••••• ***** ••••••• ** •••••••••••••••• + ••• ** •• ** •••••• ****.* •••• ********* 

Nuclide Activity 2-sigma MIlA 
Name (pCi/mL ) Error (pCi/mL 

------- ---------- ----_ ..... . . ... _ .... 
U·238 Noe Oeteceed .. _ ...... 8.86E·Ol 
TH·234 Noe Detected ......... 3.58E·Ol 
RA·226 Noe Detected ........ - 5 . 28E·Ol 
PB·214 Noe Detected .. . ...... 5.45E·02 
BI-214 Noe Detected .. _ ...... 6.35E·02 

TH.·232 Noe Detected .. _ ... _-. 1.67E·Ol 
RA·228 Noe Detected --- ... _ .. 1. 62E· 01 
AC·228 Noe Detected _.- ... _ .. 8.73E·02 
TH·228 Noe Detected ... _ ... _. 5.33£-01 
RA·224 Noe Detected --------- 1. 7BE-01 
PB-212 Noe Detected ..• -.- ... 3 . 17E·02 
BI-212 Noe Detected -- ... _ .. - 4.32£-01 
TL·208 Noe Detected - .. ------ 4.98E·02 

U·235 Noe Detected -----_._- 1.42E·Ol 
TH·231 Noe Detected -_ .. _--- . 5.04E+00 
PA·231 Noe Detected _._._ .... 1 . 14£+00 
TH·227 Noe Detected ---- ..... 1. 74E· 01 
RA·223 Noe Detected ._.- ... _- 1.14E· 01 
RN·219 Not Detected --_._--.- 3.06E·Ol 
PB-211 Noe Oetected ------ .. - 6.94E·Ol 
TL·207 Noe Detected --. __ ._-- 1.12£+01 

AM-241 Noe Detected _ .. - .... - 1. 02E· 01 
PU·239 Noe Detected ---_._--- 2.38£+02 
Np·237 Noe Detected ---._---- 1. 49B- 01 
PA·233 Noe Detected - _._----- 4.60E·02 
TH·229 Noe Detected ... _-- .. - 1.28E·Ol 



[Summary Report] - Sample m, , 70060023 

Nuclide 
Name 

AG·108m 
AG-llOm 
BA-133 
BE-7 
CD-l09 
CD-llS 
CE-139 
CE-141 
CE-144 
CO-56 
CO-57 
CO - 58 
CO-60 
CR-Sl 
CS-134 
CS-137 
EU-1S2 
EU- 1S4 
EU-1SS 
FE-59 
GD-1S3 
HG-203 
1-131 
IR-192 
K-40 
MN-S2 
MN-S4 
MO - 99 
NA-22 
NA-24 
NB-9S 
NO-147 
NI-S7 
PB - 210 
RU-103 
RU-106 
SB-122 
SB-124 
SB-12S 
SN- 1l3 
SR-85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN- 6S 
ZR-95 

Act.ivity 
(pCi/mL ) 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Oetected 
Not Detected 
Not Detected 
Not Detected 
Not Oetec::eed 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected. 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Oet.ected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

---------

MOA 
(pCi/mL 

2_96E-02 
2.30E-02 
3.26E-02 
2.29E-01 
4_91E-01 
2_07E-01 
1. 94E- 02 
3.5SE-02 
1.36E-Ol 
3.91E-02 
1. 69E- 02 
2.74E-02 
2_88E-02 
2_10E-01 
2 _98E-02 
2.67E-02 
4 . 84E-02 
1.40E-01 
7.29E-02 
6.01E-02 
S.26E-02 
2.50E-02 
3 _53E-02 
2_31E-02 
3.70E-01 
S.65E-02 
2_66E-02 
7.S9E-Ol 
2.S0E-02 
1.OSE+Ol 
2.0SE-Ol 
2.32E-Ol 
4_87E-01 
4.02E+OO 
2.82E-02 
2_60E-01 
1.42E-01 
3.17E-02 
7.14E-02 
3.39E-02 
3.76E-02 
9_99E-02 
1. 76E- 01 
3.26E+04 
2.00E-01 
2 . 87E-01 
3 .10E-02 
6.41E - 02 
S.36E-02 
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••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
... Sandia Nati.onal Laboratories .. 
* Radiation Protection Sample Diagnostics Program [8S1 Laboratory] * 
... 4-10-97 7:22:54 PM .. 
•••••••••••••••••••••••••••••••••••••••••••••••••• ** •••••• *.*.***** ••••• * 

: Analy~ed Dy: ~ "I jr.., . Reviewed by: ~;bI. '/;IJtZ : 
•• *.*****.** •••• *~ ••• *~l * •••••••• * ••••••• * •• ~*.**1I~,~* .**** ••• *.*. 
Customer : P. SLAVIN/MAC (6682/SMOJ 
CUstomer Sample ID 034350-002 
Lab Sample ID 70054102 

Sample Description 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

Comments: 

MARINELLI 
980.000 

4·10·97 
4-10-97 

LAB02 
6000 / 

SOLID SAMPLE 
gram 
9:15:00 AM 
5:39:50 PM 

6005 seconds 

•••• *******.****.** •••• ** ••••••••••••••••••••••••••••• * ••••• ** •••••• *** •• 

Nuclide Activity 2-sigma MDA 
Name (pCi/gramJ Error (pCi/gramJ 

---.-.- ----.-._.- ---------- ----_. __ .-
U·238 Not Detected --------- 3.82£+00 
TH·234 2.06E+OO 6.62E-01 8.11E·01 
RA·226 3.26E+OO 7.28E·01 6.49E·01 
PB-214 1.49E+00 2.18E·01 4.75E-02 
BI-214 1.37B+00 2.55E-01 1.85E·01 

TH·232 1.62E+00 7.51E·01 1.66E·01 
RA·228 1.73E+00 3.73E·01 1.48E-01 
AC·228 1. 76E+00 3.25E-01 8.02E·02 
TH·228 1.6SE+OO 7.64E·01 5.42E·01 
RA-224 6.94E·01 1. 74B-Ol 2.19E·02 
PB·212 1.67E+OO 3.17E-01 4 . 31E·02 
BI-212 8.85E·01 2.54E·01 1.99E-01 
TL·208 5.64E·01 1. OOE· 01 2.47E·02 

U·235 Not Detected --------- 2.81E-01 
TH·231 Not Detected ._------- 1.45E+01 
PA·231 Not Detected ------- .. 1. 59E+00 
TH·227 Not Detected --------- 4.33E-01 
RA·223 Not Detected --------- 2.33E·01 
RN·219 Not Detected ..... _--- 4.14E-01 
PB-211 Not Detected ._------- 9.47E-01 
TL·207 Not Detected --------- 1.33E+01 

AM·241 Not Oetected ---._---- 5.42E·01 
PU·239 Not Detected --._----- 5.24E+02 
NP-237 Not Detected -------.- 3 . 38E·01 
PA-233 Not Detected --------- 6 . 56E·02 
TH·229 Not Detected ------._- 2.93E·01 



[Summary R.pore] - Sample 

Nuclid.e 
NIUIIfl ---- -_.' 

Aceiviey 
(pCi/graml ____ ewe_a. 

%D. • 7005.;'0~ 

2-.igma 
Error 

MDA 
(pCi/gnml 
--- -------

AG-108m , Not Detected --------- 4.56£-02 
AG-11Om Not Det.ected --------- 4.15£-02 ~ 
BA 133 Not Detected --------- 7.94£-02 ~11 I 
BE:7 __ -=No::e:....3De~ee~c;.;e:e.id __ -.-.. --H-;;;->--e;--o--__ ....:2. 72E-01 .. T")~ 'f(iI n 
CD-l09 3.21.:&8 au"_ 91 1.14E+DOJUr"-
CO-US Noe Dee.cud --------- 8.548-02 lrr--rt?.If 
CE-139 6u?iE gil Ihga. gil l..79B-02..-w-r4'~~ ttl" r7 
Ci-141 Not Detected --------- 6.09£-02 
Ci-144 Not Detected --------- 2.83£-01 
CO-56 Not Detected --------- 2 . 45£-02 
CO-57 Not Det.ected --------- 3.56£-02 
CO-58 Not Detected --------- 3.21£-02 
CO-60 Not Detected --------- 3.51E-02 
CR-Sl Not Detected --------- 2.53E-Ol 
CS-134 Not Detected --------- 5.84£-02 
CS.'37 1.30E-Ol 1.10E-Ol 2 . 37S-02 
EO.IS2 Noe Deeected --------- 1 . 07S-01 
EO·1S4 Not Detected ------- -- 2.10S-01 
£0-155 Not Detected ---.----. 1.76E-Ol 
FE·59 Not Detected --------- 7.09S-02 
GO-ls3 Not Detected --------- 1.23S-0l. 
HG-203 Not Detected --------- 3.60£-02 
r-l]l Not Detected --------- 3.19£-02 
IR-192 Not Detected --------- 3 . 04£-02 
K-40 2.168+01 3.09E+00 2.S1B-01 
MN-52 Not Detected --------- 3.31£-02 
MH-S4 Not Detected ___ a_a_a. 2.13£-02 
MO-99 Not Detected --------- 2.78£-Ol 
NA-22 Not Detected --------- 4.331:-02 
NA-24 Not Detected -------"..- 4.74S-02 
NB-95 Not Detected --------- 2.13£-01 ':{ 0 
1<0-147 Not Detected --------- 2.17B-Ol .~ft:T'~ v;;r!f7 
NI-S7 ' _8&& 8. 1.95B 8. 3.77E-0~'" ~. 
PB-2l0 Not Detected --------- 3.95£+01 
RU-l.03 Not Detected --------- 3.11£-02 r-f"777 ~ 
~g:ig~ Not ~:mt:~ -i:iis-ai ~ : m:g~., . ..rJ'~"f' ,!/'tJ,/n 
SB-l24 Not Detected ---- •• --. 3.23S·02 
SB-125 Not Detected ---.----- 8 . 99£- 02 
SN-113 Not Detected --------- 4.17£-02 
SR-8S Not Det.ected --------- 3.99E-02 
TA-1B2 Not Detected --------- 1.66£-01 
TA-1S3 Not Detected --------. 4.8SE-Ol 
TC-99m Not Detected --------- 8.91E - 02 
TL-201 Not Detected --------- 2.2SE-Ol 
XE-133 Not Detected --------- 1.82E-Ol 
Y-88 Not Detected --------- 2.6l.i:-02 
ZN-65 Not Detected --------- l..l4E·Ol 
ZR.-95 Not Detected --------- 6.l0E-02 



» 
" " .. 
" 'f 
(") 



ANNEX3-C 
Data Validation Results 



Ms. Sharissa Young 
Sandia National LaboratorieslNew Mexico 
Depanment 6133 
P.O. Box 5800. MiS 1147 
Albuquerque. New Mexico 87185-1147 

March 3. 1998 

5301 c.n==A~ Nt--S\wo7OC 
~ New Mtoxlco 871()S.! 5:: 

SQS..202-&eO: 
Fait. 5Q5..21l2·8~ 

- Proje<:t No. 301462.183.03.000 

Pata YaIidation Results for ER SilC 10. ARCOCs 06542. 06543. 06566. and 06567 

Dear Ms. Young: 

Pata validation review of off-site laboratory analysis results for soil samples collected at ER Site 10 was 
completed by IT Corporation an February 27. 1998. The subject samples were colle<:ted duriog April 
1997 and recorded on the Analysis Request and Chain of Custody (ARCOC) farms listed above. This 
letler and the auached Pata Verification/Validation Level 3 PV-3 farms transmits the review results. 

Analytical results for Resource Conservation and Re<:overy Act (RCRA) list metals plus beryllium and 
explosives residue analyses were reported by LAS Labot31ories. Las Vegas. Nevada in the documents 
numbered L9168. L9 I 69. L9IBO. and L9182. 

Pata review and validation are documented in this 1= and on Data Verijication/Validation Level 3 -
DV3. forms which are auached. Pata validation followed Sandia procedures outlined in Verification and 
Validation of Chemical and Radiochemical Data. TOP 94'()3. rev.O. July 1994. 

RCM List Metals + Bcrylljum. Methods 6010 and 7471 

Pata validation qualifiers were not assigned to any metals analysis result during review. The analytical 
resuJts arc acceptable without qualification. 

The following occurrences were noted. however. An estimated low concentration of chromium reponed 
in the method. preparation blank was found not significant when compared to the chromium 
concentrations in the soil samples. No action was taken in regard to the chromium results. Positive bias 
was observed for arsenic and selenium in the Method 6010 interference check solution (ICS). solution A. 
However. the low microgram per liter (pan per billion) levels reported were not considered significant 
enough to qualify soil sample analysis results in the milligram per kilogram (pan per million) range. 
lnterfereoce check results for ICS solution AD were all acceptable. 



INTERNATIONAl. noINO~ CORIORJ.nON 

Ms. Sharissa Young 

Explosives Residues. Method 8339 

2 March 3. 1998 

Data ValidaliOD qualifiers were Dot assigoed to my explosives cotllpound aoalysis n:SulL The aoalytical 
n:sults showed all cotnpOunds as "Dot detected... Analysis n:sults an: acceptable without qualification. 
Positive bias was observed for some explosives compounds in the matrix sp~ or mmix spike duplicate 
results, which also resulted in precision measures exceeding acceptance limits. However. because none of 
the analyses showed positive results greater than the lower limit of detection. the positive biases were nOI 
a cause for result qualification. 

Thmk you for the opportunity to be of service iD this tnalter. Please CODtact tile by telephone at 262-8920 
with any questions. 

Respectfully submitted, 

IT CORPORATION 

Mark Lyon 
Project Chemist 

ML:dlr 
Attachments 

cc: D. Jercinovic, IT 
Project File 
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.'R'COC: hOO3/£- 0313 CbssirlCltion: A/"/I.~ic. 
S.,mple . I DV 

FlOIction No. Analysis Quahfiers (ommtnts 

-
. 

- 'ND riA-/;;- .~ LL,,-..I 
~ 

, 

. 

A7.~ • ~~ lAl "IJ' 

I _. 

/O( I- <t;;:.L.. d /1 

JA.< ,,-'" I .. jO-'. 

• I 

. . -

S:ilImple No.IFraction No. - This value is loc::au:don me Chain ofCusmdy in ~ ER Sample rd field. 

All2lysis - l:st \"3lid tc'Sl methods pro"ided below or if the resuh applies to an indhidual anal~le \\;min a test method. 
use the CAS nwnbcr from the analytical data sheet.. 

DV Qualifiers - The entry ,.,ill be: take:a. from tbe: list of \':llid qualifIerS and assoc:ialcd comments:. If other quaurtm 
not on the list are needed. contact T IDa Sancbcz to coordinae adding Ibem to the list. 

Comm~ts - This is only (0 be used if a comment associated with the qualifier is not appropriate. netds modification 
because of an unusual cin:wtlSWlce. or additional clarification is \\'3mllted. 

Test Methods - Anions_CE. EPA6010. EPA6020. EPA7470.'1. EPA80ISB. EPAS081. EPA8260. EPA8260-M3. 
EPA8~70. HACH_AlK. HACH_ N02. HACH_NOl. ~IEKC_HE. PCBRISC 

. 

. 



L.i.st of DaL2 Qualirten used in D:a1.2 Valid:ujon and Associated Commcftt.Rc:sponses 
Qualifi~ . . . Comment 

A 

AI 

A2 

8 

81 

82 

83 

J 

11 

n 

P 
'. 

PI . 
P2 

Q 

R 

U 

UI 

Ul 

Labota.lory accuracy and/or bias measuremenu for the associated Labonlltoty 
CoDU'Ol Sample (LCS) do not meet acceptance criteria.. 

Ubcntory ECUtaC)' and/or bias rneasURmCQlS fOC'the associ11cd SutfOIue 

Spike do not meer. aeceptanoc criteria. 
.' 

~ 1CC11nICY aDdIor bias IDCISUJ'CIDCIdS for the associ-ted M1bix Spike 
(0) do DOt ..... oa>cpIanCC criteria. 

AoaIytc pR$COt;" Iabontory method blaolc 

ADaIytc _;" trip bIaoIc. 

Analyte pn:sc:Dt ill equipment blank. 

'Ih< ossoeilfld val ... is an em_ .... quantity, ~ Ibis qaaIifi« may be us<d 
in coajuDctioo with _qualifiers f ..... A,J) 

The mc:cbod. RqUircmears for sample pn::sc:rvaIi~ were Dot met for 
tbcampleaD1lysis. The associated value is In esrimwd qumcity. 

The holding time was exceeded for the associared sample aaalysis. The 
associ"cd value is an cstimatccS quantity • 

• 
Labororor)i prccisioo .............. for the I.obono>cy Coatrol 
Sample aDd duplicate (LCSJLCSD) do not meet aa::cpcancc crilCria. 

Lab<ntcry poc:;s;oo .............. ts for the Maaix SpiI:c Sample~ -
1.S$OC'i1tcd duplicalc (MSIMSD) do DOt meet: acc:cptance aiteriL 

Iosufficicnt quality COIItroldala to _DC laboratory precision. 

Quaotitatioo limit rqx>rtod docs IK)( ..... Data Quality Objocti.e (DQO) 
rcquin:meots. 

The data are uoU$lblc for their intended purpose (Note: Analyte may or may not 
be1X=t) 

1be aoalyte is a common Labcntory conwainaDL Tbe associ-"'" resuJt is less 
thaa teD times the coacentration in any blank. 

Tho aIlytc was also deIectcd ill. blank. Tbe associated result is less than five 
times the coac:entration .in any blanlc. 

'Ihe an1lytc was analyzed for but was not deJtcted. The associ1ted value is an 
estim11e: 1Ild may be inacctnte or imprecise • 

• This is nO( a definitive list. Othcc qualifien are potentially available, see TOP 94-03. Notify TIna 
Sanchez to revise list. Updated:Marda 10, 1"8 

.. 



TOPs.c.·~ 
MV, O 
AI~d1mlnl C 
Pagl J5 01 115 
JtAy 19~ 

INORGANIC DATA ASSESSMENT.SUMMARY FORM 
(Data VerificalionNafodatioo Level3-0V3) 

Page- 1- of 16 

CASE NO. ?;U'i. 1300 SITE OR PROJECT · ~ z;- /0 
ANAL YneAL lABORATORY GEt, 
.lABORATORY REPORT , 9'8'tI5?U 
+ASIH:En)e~ dl.c.()c.#/= 6 ()().3/b 
NO. OF SAMPLES· ·3 . sp// 

SAMPlE IDS ________ _ 

C '110 - ()pI, '11-~ # - t)o I-SS" 
crt" -()fi;2I"-~ -OD/-I)&.( 

. ,"rIO -~n-: (J~ -()D.:2.." SS 

DATA ASSESSMENT SUMMARY 
. 

,. HOLDING TIMES 

2. CAliBRATIONS 

3. BLANKS 

4. ICS 

5. LCS 

O. OUPUCATI: ANALYSIS 

7. MATRIX S?IKE 

8. MS" 

9. S:RIAL DILUTION 

'0. SAMP!.E VERIFICATION 

11 . OTi-iER oc 
'2 . OVERALL ASSESSMENT 

./ (check mart<) - Acceptable 
Other - OuaIHied: J - Estimate 

ICP 
./ 
v 
./ 
'/ . 
j' 
7 

tbt 

./ 
./ 
./ 
,,/' 

W - Unde1ect!d. estimated 

AA MERCURY CYANIDE 
./ ", -

AId. d..t 
,/ 

,/ -" '. ' 

,/ .'. 

AlA-
• 

./ 
./ 
./ 

... 

KIt- rP~ A - Unusabfe (analyte mayor may not be present) · • 

;z.~;C~.ff3 ;t:#fi~~ ;. 
~~~;m;;§:4~,,:u~ 
REVIEWED BY:. _________ _ 

OAT: REVIEWEO: ________ _ 



T~ ~.()3 

FOrtI , O 
Al:aC'wl\eftt C 
Page 36 01 I IS 

.My '''' 

, 

Qc. 

INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Data VerificalionNaftdation Level 3-DV3) 

I'd e"" C' t fA' 

. . , . 

, 
< .. t'rtC 

.. . 

CD 

Page 2 of 10 

• ,....,.' 

ac. 

OVERAll. DATA OUALITY ASSESSMENT __________________ _ 

'. 

Reviewed By: Date: _t:z::.IL~I~&:2:..J!-;r' ___ --
. Al..'2·94WPISNl.:SOP;)(u.lC.fU 

.. 
. ' 



INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Data VerificationIVafldation LeveI3-OV3) 

TO? i4·OJ 
F. .. v . O 
S.t'~::I'Imet\1 C 

Pag~ 37 01 115 
July 19».1 

Page 3 of 16 

1.0 HOLDING TIMES 

Ust holding time criteria used to evaJuate samples, indicating which samples exceed the holding lime. Holding 
time begins with validated time of sample callection. 

Parameter 

Holding 
Tune 

Criteria SamplelD 

Days Holding 
Tame was 
Exceeded 

Action 

I I I /' 
I I I I ./ 
I I I I ./ 
I I · I I 7 
I I I i 7 

/ 
I, 

I I I !.lv7 
I I I ,iV/' II .I 

I I I '?7 i 
~ I I I /r.. /., ~tf" U 
1!~-----t-I---+I--------~I~/~~~./7·~,v~t~~r--------------,'tl 

I I I 77 : .. ~ 
I I 1./ 

Were the correct preservatives used? vesy No 0 

Ust below samples that were incorrrserved. 

Sample No. I /Type of Samples I 
/ 

./ . 
/ I 

/ I 
/ I 

/ I 
/ I 

V I 

Defic!ency 

Reviewed By: e:,;,,( z:.uL,,.. Date: ,'z/n. /'1 'i' 

• 
! 

Ac:tion 



TOP ioi.<J3 ...... 
A~mtntC 

Pa9l3801115 
.Nly lS~ 

... . . 

INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Data VerilicalionIVaiidalion Lev.1 3-0V3) 

2.0 INSTRUMENT CALlBRATlON 

2.1 Percent Recovery Crtteria 

Indicate %Aecovery (O/.R) criteria used to evaluate calibration stanci!rds: 

Metals: -------------------Merany: _______________ _ 

Cyanide: ________________ _ 

~r. ___ ~ ___ ~~ ______ _ 

Page 4 01 16 

Ust below the analytes which did not ~ %R criteria for initial arv.: continuing cafibration S:andard:s: 

ICVICCV I I I Analy$is Date • Analjle 'I'.R ktion _ Aftec:e:1 

I I 'mf, ,II I 
I I I I ,,'" • I 

I I -,.. ~I-<'" I 
I I'" I I 
I I I I I 

2.2 Analytical Sequence 

Did the laboratory use the proper number of standards tor calibration as described in the E?A m!thod? Yes 

B" No 0 

Have initial calibrations been pertonned at the begiMing at each ar.alysis and at the frequency indicated by the 

EPA method? Ves 13'" No 0 

Have continuing calibratiOn standards been analyzed at the beginning of sa/Tl)le analysis and)lt a minimum 

frequency indicated by the EPA method and at the end of the analysis sequence? Yes lir No 0 

If no for any of the above, oU1fine deviations and actions taken below: 

Reviewed By: 

N.lI·g.:.WPISNl.:SOP"",.ouC.Rl 

.' 



• 0 

INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Data verificationNaiidation Level3-DV3) 

TO" 54-03 
;;, v. o 
A~~mel'lIC 

hge39 011l S 
J:.;ty 1994 

Page 5 01 16 

Wera the correlation coefficients for the calibration aJfVes ier AA. Hg. eN. and o~r spectrophotometric 

methods ~.99S? (Check cafaJlations performed for calibr'3:ion curves.' Yes Gr No 0 
If no.list __________ ,.-_____________________ _ 

r . Date " Analyl. COOffici .... I Adion I 5 .. ;arected 

I A ,. I I 
K I I !'''C-:~T I 
I I 
~ - I I I 
, -- I I I I , 

Cha:k for transcription and calaJlation enors Wtvo~ callbrztion summary forms and raw ~a. Briefly 
s~mmarize errors and associated adions when data quality mig~ hzve ~en affected. 

3.0 BLANK ANALYSIS 

3.1 Initial and Comlnulng calibration Blanks 

Have Initial and Continuing Caflbration Blanks (ICB!CCB) been analy%ed at the treqoJency requited in the E?A 
method? Yes Q/ No 0 

" no, surrvnarize problems and resolutions in the narrative report. 

list analytes d!tecl:ed in IC8 and CeBs below: 

NOTE.: For soD samples, convert blank values to ~ using digestion weights and YOIu~s. 
o 

Requirttd 

II 

Aro2lysis Dale ICBiCca No. Analyte Co ... Dettdion limits Action L. amplas Aft.cad 

I . on I 
I I"~ ~ ..-. I 

. I '::;:;;; I . I . - I . . 
, .. 

Reviewed By: 

AL:2+! WP;S Nl:SOP3().WC.Rl 



FOev. O 
Ar.a="m." C 
Page 40 01 115 
July tg~ 

3.2 Method Blank 

INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Dala VerificalionNaiidalion Level3-0V3) 

Was one method blank anatyzed for. 

rage 6 of 16 

Each of 20 samples? Yes ~ No 0 
Each digestion batCh? Yes I;t No 0 
Each matriX type? Yes.e( No 0 
Botn AA and Ie? wnen both are used for tile same .n,lyIe? Ves 0 No 0 ~4f~p,;,c,."/e 
. or 

At tt'te frequency indicated in the EPA metho~ or OA?jP? Yes (d" No 0 

NOTE: Method blank is the same as the calibration blank tor mercury and for wet chemistry ar.ilysis. 

us: analytes detl::ted in method blank samples below. NOTE: For soil samples. be sure to ca;:ulate blank 
values using digestion weights and volumes. 

! rreparation Ar.aJyte Cone. Required Action Level 

~~ Date Oetedion 
Umits ./ 

1 1 1 1 J<~ ~ 1 
I I 1 ~ ~V~' t£.v 1 
1 I ~ ~V-- I 
1 I ND ~r./ 1 1 
I V I"" 1 I 
I ./ I 1 
1./ I 1 

I ./1 I 1 
i'/ 

, I 

..v..t .. : c....... ~ .. , .• z.;.., d." ~~ ",. 7'::~d~ ...t.-. RL 
,.:. d;.A 4f ,.... .. ~. ¥-- ............ .I.*.~ .. ~ PL, 

Reviewed By: ;:::...:... d.z;: ~ Date: _..!;o.:..o/'~/:.I!t.:..I/'-lf[ji"L. __ ....,. ___ _ 



INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Data VerificationNafidation level3-0V3) 

iCio' 9.: ·::3 
r.ty. O 
J..:-.aChmt'n1 C 
r:.i.~. 4101115 

J~ lSs.; 

Page 7 of 16 
3.3 FieldlRinselEquipment Blanks 

Was a field/equipment blank analyzed as requ~ed by the EPA method or QAPjP? Yes 0 No G3'" 
Us: below anafytes detected in the fiekt blanks. NOTE; For soil samples. catculate blank values using 
dig~stion weights and volumes. 

I 
Required 

~ Collaction Detection i amples 
Date Blank 10 Analyte Cooc . . Limits Action _ ~ Affected ; 

~ 
I I I I 

~vl 
, 

I I , ; 

I I ~~~r I . 
iI I I I 
I: I .J::-'" I I ; , 

]::.:/ I I ! I • , --- I I I I I I 

4.0 ICP INTERFERENCE CHECK SAMPLE ANALYSIS . 

. 

U 

! , 
c 
" 
II 

~ 
I 

~ 
Was an ICP inlerference check sample (leS) analyzed atJhe beginning and end of a run or at least twice every 

8 hours? (Not required tor C~. Mg, K, and Na) Yes rn' No 0 

Samples affected: __ -::" ________________________ _ 

Are the values of the les for solution AB withjn 80.120%0? Yes if No 0 

If no, is the concentration of AI. Ca, Fe. or Mg lower Ihan in ICS? Yes 0 No 0 #1'1 tl-lfA&'A-J/-c. 

Reviewed By: .t:;;.. d X-.L/-Data: ,;.' -.:!.,~£!.k.'-"'I'rl):;.~:2Sg:=~-_---
A1..'2.~Wp.SNL:SOP3OUC.RI 



TOP "'.oJ 
Rev. 0 
AnadunenlC 
Page'(201115 
July 19!:W 

... ... . .'. , .. 

INORGANIC DATA ASSESSMENT SUMMARY FORM 
{Data VerificalionNafidafion Level3-DV3j 

Page 8 of 16 

If no. list below aU anatytes which did not meet %R criteria and in which the concentration of At. Ca. Fe. or Mg 
is tugher than in the ICS: . N. t ,4-ff/iG".J/~ 

Date I Analyte ,-.R Action Samples Aft! 

I ---I 
I I I 
I I 

I I I 

Ate any r~sults > tDL for those analytes which are not present in the ICS solution A? Yes 0 No g/' 

If yes, results >2 (absolute value of the roLl indicate either a positive or negative interference and trUst be 
quafdied. 

S~~S~ed~: __________________________________________________ __ 

Check for transcription/calculation errors. Brielly summari%e·errors and associated actions when cata quality 
might have been afleaed. 

5.0 LABORATORY CONTROL SAMPLES (LCS) 

Was an LCS analyzed at required frequency? Yes 8' No 0 
Samp~S~ed~: __________________________________________________ __ 

Reviewed 8y: 

AL'2-941WP~Nl:SO;:>304tC.Fl1 



• 
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INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Data Verification/Vaftdation Level 3-0V3) 

Ust below any LCS recoveries not within limits. 

lOP ~.QJ 
ri.,,_ 0 
A:-.acnm~IC 
Fage"::3cI115 
July 19S4 

Page 9 of 16 

Preparation I 
Date Analyle I '!'.R I Action I Samples ~ 

I I I /"" , I ..........-r 
I I IJ .1 ~~ I 
I I . I' :.-.: . I 
I ~ I 
I /"" " I 

.J...--'" I I I 
~ I I I I 

6.0 LABORATORY DUPLICATE ANALYSIS 

Were laboratory dupUcates anatyzed at required frequency? Yes!;?" No 0 

U 

~ 
i 

Sam~esGffected: ____________________________________________________ ~ __ 

Was laboratory duplicate analysis performed on !ield or equipmern b!anks? Yes 0 No g/ 
Samples affected: ______________________________________________________ __ 

Is any value for sample duplicate pair <POL and the other value >10xPOL? Ves 0 No rn/ 
5~Saffect~: __________________________________________________ __ 

Reviewed By: L.A <:::':.;;'/"1 

AL7:-9-&.Wp:SNL-SO?~C.nl 
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INORGANIC DATA ASSESSMENT SUMMAR" FORM 
(Data VerificationNalidation Level 3-DV3) 

US! below concentrations of any analyte that oLd not meet crite~a for duplicate precision: 

Sample I Preparation I POL I RPD 10 Matrix Dill. Analyt. Action 

1 1 1 1 --1 1 

~ 1 1 1 1· . 1 
1 1 .;.-- 1 1 
1 1-- 1 1 1 1 
[.....--- 1 1 1 I 1 

I ............. I 1 I 1 I I 
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~ t-" ~eded 

1 
1 
1 
1 
1 
1 
I . 

Ch!d< tor transcriptionicalculal ion errors. Brieny summariz! errors and associated actions when data quarlty 
might have be~n atfeded. 

7.0 FIELD DUPLICATE SAMPLE ANALYSIS 

Were field duplcates coDed ed at the frequency incflcated in the EPA method or OAPjP? 
Yes G;( No 0 

II yes, quality data associated only with the field duplicate pair. Caleulate RPDs for each analyte in which both 
valu!s are greater than the IDL 

~ 

I 
I 

Is any value for sample duplicate < pl'3dical quarttitation limit (POL) and other value >10xPOL? Yes 0 No ~ 

Reviewed 8y: ?: A z: L/- Dale: rUt. by . 
AL.'2·~·WJ':SNl:SOP30.uc.R' 



INORGANIC DATA ASSESSMENT SUMMARY' FORM 
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Samples affected: ___________________________ _ 

Ust below the analytes that do not meet RPD or pal criteriL Use the same criteria as those used for 
laboratory dupficale analysis or criteria specified in E?A method or samping plan. 

Ii I I Collecion I RPD I Co,",,1 Umit I 
, 

Sam;>les I 
" SamplelD Matrix Dat~ Action ! •• 
" ,-

" , I I I I 
, , , , 

~ I I I 1 .:1 i 

I I I ~. ! , I I ....-r , 
, , I ...I--"" I I i ! 

" l ..-r- I I I I I 

L .... · ........ I I I I , , . 

Check lor transcription.'calculation errors. Sriefly summariZe errors an::f associated actions when data quality 
might have been affects. 

8.0 MATRIX SPIKE ANALYSIS 

NOTE: This matrix spice is a predigesUon/predistaJIaoon sp«e. 

e-

I 

~ 
I 

, , 0 :, J ADI'J,'c.Able 
Was a maim spike prepared and analyzed at 1he required frequency? Yes No 0 IV # r.n r I 

#d /Hs/~l>~ ................... ftfU.OC"':""P:. rJ... ~L~:.qW,.....r 
~ -r- '(J!!!.~ +-- L-_..-I:1G.. /f /ZCOG r--(" 

Reviewed By: L d >.;; L .r Date: T h, If i" 
~.~~~--~-------

AL.'2·;.4 ·wr.SNl.;$OP3044C.RI 



TOP 14-03 
"", 0 
A_C 
Page 46 01 115 
July l i~ 

-
INORGANIC DATA ASSESSMENT SUMMARY FORM 

(Data VerificationNafidation Level 3-OV3) 
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Page 12 of 16 

Were matrix spikes pel10nned at the concentrations specified by the EPA method'? Yes 0 No 0 M r~&",Jk 
Samples affeded: _____________________________ _ 

Was matrix: spike analysis performed on field or equipment blanks? Yes 0 No [i(' 

If equipment or field blanks are the only aqueous samples. matrix spike analysis may be pel'ionned: however, 
m;r.rix spike samples roost be present for the other matrices. 

S~es.ff~ed: _____________________________________________________ _ 

List below the % recoveries tor analytes that did not me!t ttl! criteria: 

II Sample I I ?reparation I I %~I I ID Matrtx: Date Analyt. Ac:ion 5. .ected 

I I I I I I ..A" .......-::-- I 
I I I I '.ptj. '(I I 
I I I JI r'lPJ IP- I 

I ::;.- I I 
I~ ~ I I I 

I ---- I I I I ......-- I I I 
Check for transaiptionlcalculation errors. Also check to ensure matrix spike concentrations are not affected by 
sample dautions per1ormed. "matrix spike concentrations are diluted below or close to IOL based on sample 
dilutions performed. use professional judgment in qualifying data Ensure that the laboratory performed sample 
dilutions only when necessary as indicated by Q,AJQC requirements. Briefly summartze errors and associated 
actions when data quality might have been aHeded. . 

.', 
, " 

Reviewed By: Date: -'r~ . .L/,L./~~J.;!:..!,:...c?L---_--
AL'2..g.:,Wp:SNr..:SOP~C .n.l 
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NOTE: If preparation blank spikes are analyzed. evalu~te recoveries. These recoveries can indicate whether 
excursions in matrix spike recovery are caused by sa~le m2trix effects or poor digestio'1 efficiencies andlor 
probl!ms witn matrix spike solution. For example. if matrix spike remvery for selenium is 0-1. and preparation 
blank spike recovery for selenium is 92%. thiS may indicate sample matrix effects. 

9.0 FURNACE ATOMIC ABSORI'TTON ANALYSIS 

Were duplicate injectklns present for each sample. including required OC ana "lSes (rot requi if MSA is 

done)? · Yes 0 No 0 

Sam~2saHed~: ______________________________________ ~~-----------------

W2re posHflQeSlion spiKes anal)oz!d for saf1l)les. including OC s- les? Yes 0 N::I 0 

Were postdigestion spikes analyzed at the required c:mce NoD 

Sam;lles aHected: -------------------7.L-----------------------------------

Was a dilution analyzed lor samples h postdigestion spike recovery <4O%? Yes 0 No 0 
Samples aHected: ____ -;''-______________________ _ 

thad of Siandard Additions)--..MSA is required when serial dilutions are not with:= 10%. Was 

or any sample but not performed? Yes 0 No 0 

A calculations outside the linear range of the calibration curve? Ves 0 No 0 

Reviewed By: 

AL.-;;:.5o(:W?'SNL-SOP~.RI 

.. 
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NOTE: Ensure the spiking concentrations used for MSA analysis were at 5~100'% and t50% 01 sa 

concenltation or absort>ance. N. f 41'/;"'-'/./C 
Saflllles affected: 

10.0 SERIAL CllllTlON ANALYSIS 

NOi'E.: Ser'.aJ dilution analysis (lep) is required only for initial Qn:emrations ~a11O or greater 11'''020 10xlCL 

H appiieatle. "las a serial dnution pertormed for. 

E>c:.~ 20 samples? Yes Gt No 0 
Each matrix type? Yes Gr' No 0 

samp~s~eded : __________________________ ~ ______________________ ~ 

List below results which did not meet crit~ria of ~.D <1~. tor analyte concentrations gfe;a;:er than 5CxlOL 
before dilution: 

Analysis 

I Sample 10 I ItOl I %0 
~ 

Dale Malyte Action pies Atleaed 

1 1 I 1 1 ---- 1 
1 1 Mofl ~ 

. 1 
1 ..J.:- -, . 1 
1 ---- IV 1 I I 
1......- I I .....- I . I 

Cheek for calculation errors and negative interferences. 

Reviewed 9y: .t::,,;. d . ¥ .. .t.r Date: _.z.l;-"a:£'!~"'.LI.£,. .... 'l(,--_~ __ __ 

.. 
. .. 

... 

.. 
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INORGANIC DATA ASSESSMENT SUMMARY FORM 
(Data VerificationNandation Level3-DV3) 

11.0 SAMPLE RESULT VERIACATION 

11.1 Vertflcation of Instrumental Parameters 
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Are instrument deledion firMs present and verified on a quarterly basis? Yes 0 No 0 /old Aff/,<,,6k 

Are lOts present for each analyte and· ~ach instrument used? Yes ~ No 0 

Is !he IOL greater than !he required deleotion firMs tor any analyte? Ves 0 No GY' 
(If IOL > required detection limits. flag values less than 5xIOL) 

Samp~affeded: ______________________________________________________ __ 

AIe Ie? Interelement Correction Factors established and verified aMUany? Yes 0 No 0 ~rAlI'bi:."Jle 

Are Ie? Unear Ranges e~ablished and verified quartedy? Yes 0 No 0 N,rr~'p hCA-tle 
II no for any of the above. review problems and resolutions in nar.awe report. ____________________ _ 

11.2 Reponing Requirements 

Were sBl'r1'ie results reported down to the pal? Yes r;v' No 0 . 
If no. indicate necessary corrections. ________________________________ _ 

Were sample results that were analyzed by Ie? for Se, 11. As, or Pb at least 5xlDl'? Yes ~N~ 0 

Were safTl)~ w~ghts, volumes, and dilutions taken into account when reporting sample results and detection 
limits,? Yes ur No 0 

. Reviewed By: 

AL.'2~.Wp.$Nl:SOP3044C .Rl 
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Page 16 of 16 

If no tor any of the above, sample results may be inaccurate. Note necessary changes and if errors are 
present, request resubmittal of laboratory package. 

Wert any sample results higher than the har ~e of calbra~n curye and not subsequ~mly reanalyzed al 

the appropriate diJulion? Yes 0 No 0 1.1, f tfr"A~k 
Samples a1fected: __________________________ _ 

'1.3 ·Samp .. Quanthatlon 

Check a minimum of 10% of positive satt;)I' results for transc:riptionocal::utation errors. S:.anmari!! n!Ce5$1ry 
corrections. If errors are Lirge. request resubminal of laboratory package. 

Comment.s~ 

... , 

Approved B~:' __________ _ 

Date: 

.,.askIProjed Leader is responsille tor approval of data set. 

Reviewed By: t;:,.;.,,;{.2;';. 1..:1- Date: _TL,.(.V,:L.Cl~~A..z.9'-'''i?''--------
. . . 

AL7+&JWP;SNl.:S~.Rl 
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SWMU 10; RISK SCREENING ASSESSMENT REPORT 

I. Site Description and History 

Solid Waste Management Unit (SWMU) 10 is associated with SWMU 60 and is located near the 
northeastern comer of Kirtland Air Force Base (KAFB). on federally owned land controlled by 
KAFB (SNUNM July 1994a). Access to the general area is by way of Coyote Springs Road to 
Pendulum Road and then continue approximately 1.5 miles north (Gaither Date JUnk): 
Oldewage May 1993). The site lies on approximately 2.9 acres at a mean elevation of 
6.1751eel above sea level (SNUNM April 1995). 

SWMU 10, Burial Mounds, inactive since the late 19705, consists of nine soiVdebris mounds, 
one former soil/debris mound removed in April 1996, and a former vermiculite mound removed 
in May 199B. The former soiVdebris mound was removed in conjunction with a radiological 
Voluntary Corrective Measure (VCM) (Section 3.4.4). The former vermiculite mound was 
removed as solid waste in a Voluntary Corrective Action (VeA) (Section 3.4.5). The site 
boundary is based upon the fragmentation radius of depleted uranium (DU) fragments found in 
the initial surface gamma radiation survey conducted in October 1993 (RUST Geotech Inc. 
December 1994). 

SWMU 10 lies on Tesajo~Millett stony sandy toams that are underlain by igneous and 
metamorphic Precambrian rocks (USDA June 1977). Immediate topographic relief around the 
site is approximately 50 feet. The nearest monitoring wells, the Greystone Manor and TSA~ 1 
wells, are located approximately 2.2 miles southwest and southeast of SWMU 10, respectively. 
Groundwater conditions at TSA-1 are probably more representative of conditions at SWMU 10, 
because SWMU 10 and TSA-l are east of the Coyote Fault on thin alluvium depOSits 
surrounded by Precambrian rocks (IT May 1994). At TSA-l well. semiconfined to confined 
groundwater is encountered in fractured Precambrian bedrock at a depth of 180 feet below 
ground surface (bgs) (IT May 1994). Local groundwater flow in the vicinity of SWMU 10 may 
be complicated because 01 abundant fractures and faults in the area. 

For a detailed discussion of the local setting and other information pertaining to SWMU 10, refer 
to the "ReRA [Resource Conservation and Recovery Act) Facility Investigation Work Plan for 
au 1333. Canyons Test Area" (SNUNM September 1995). 

II. Comparison of Results to Data Quality Objectives 

The confirmatory sampling conducted at SWMU 10 was designed to collect samples adequate 
to: 

• Determine whether hazardous waste or hazardous constituents have been released at 
the site 

• Characterize the nature and extent of any releases 

ALJ5-9&WP/SNL:RS44()().3.DOC 1 30146.2.185.08 Cl9ItI:W8 7:14 PM 
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• Verify that radiation anomalies have been removed 

• Provide sufficient Level 3 analytical data to support risk screening assessments. 

Table 1 summarizes the sample location design for SWMU 10. The source of potential 
contaminants of concern (COC) at SWMU 10 is high explosives (HE), OUt and metals used in a 
failed Torch·Activated Burn System (TABS) test conducted on two mock nuclear weapons. 
Other experiments conducted prior to the TABS test may also have contributed COCs at 
SWMU 1 D. but the specific materials used in those tests are unknown. Based upon salvage 
activities pertormed immediately after the failed TABS test. the radiological VCM conducted in 
1996, and the VeA removal of the vermiculite mound in 1998, only residual coes remain at the 
site. 

The number and location oUhe samples collected depended upon the completeness of 
historical information, results of previous radiological surveys performed at the site, and 
activities conducted during the VCM. In addition, samples were collected from areas where 
contamination could potentially migrate as a result of surface-water runoff, such as the nearby 
arroyos and topographically low areas (e.g .• the pn near Mound 9). 

Table 2 identifies the analytical methods and data quality requirements necessary to 
(1) characterize adequately hazardous waste or hazardous constituents associated with the 
HE. DU. and metals used in TABS test conducted at the sne; and (2) support risk screening 
assessments. 

A total of 76 locations were sampled at SWMU 10 and analyzed by Sandia National 
LaboratorieslNew Mexico (SNLJNM) on-site laboratories. Twenty percent of the samples were 
sent off site for verification analyses for both RCRA metals plus bsryllium and HE. The method 
detection limits (MOL) for both on-and off-site analyses were below the quantified background 
concentration limits for RCRA metals plus bsryllium. with only one exception. The MOL used 
by the off-site laboratory for analysis of some samples for mercury exceeded the 
0.055 milligrams per kilogram (mglkg) background concentration limn. Sliver does not have a 
quantified background concentration, thus comparison of the MOL to a background 
concentration could not be made. 

All gamma spectroscopy data were reviewed by SNUNM Department 7713 (Radiation 
Protection Sample Diagnostic Laboratory) according to "Laboratory Data Review Guidelines," 
Procedure No. RPSD-02-11 . Issue No: 02 (SNUNM July 1996). In addition. all off-site 
laboratory results were reviewed and verified/validated according to "Data 
VerificationiValidation Level 3-DV-3" in Attachment C of the Technical Operating Procedure 
94-03. Rev. 0 (SNUNM July 1994). The reviews confirmed that the data are acceptable for use 
in the no further action (NFA) proposal for SWMU 10. The data quality objectives for SWMU 10 
have been met. 

AlJ5.SI&WPISNL:RS44OI).3.00c 2 301462.185.08 09.'03198 7:1. PM 
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Table 1 
Summary of Sampling Performed to Meet Data Quality Objectives 

SWMU10 NumMrof 
Secondary Source Potential Sampling 

A .... COC locations 
Soil/debris Mounds Residual 

HE, DU, 
and metals 

Fragmentation Area Residual 
(surface soil) HE, DU, 

and metals 

Arroyo (sediments) Residual 

COC 
DU 
HE 
SWMU 
TABS 
VCA 
VCM 

HE, DU, 
and metals 

= Constituents 01 concern. 
=: Depleted uranium. 
=: High explosive. 
= Solid waste management unit. 
"" Torch·Activated Bum System. 
,. Voluntary Corrective Action 
=: Voluntary Corrective Measure. 

AU5-V6IWPISNL:RS4400-3.00c 

50 

2 

17 

7 

Sample 
cenillv Sampling Location Rationale 

Judgmental based upon Samples collected from middle and 
Mound 1: 4 samples bottom of trenches excavated during 
Mound 2: 6 samples VCM (Mounds 1, 2. 6, 7, B. and 10). 
Mound 3: 4 samples Samples collected at surface (0 to 
Mound ,,: 2 sampleS 12 Inches) where mounds 
Mound 5: 2 samples completely removed during VCM 
Mound 6: 8 samples (e.g., Mounds 3, 4, 5, and part 01 6). 
Mound 7: 6 samples Samples eollected from middle and 
Mound 8: 2 samples bottom of three trenches excavated 
Mound 9: 6 samples through Mound 9 (nol investigated 
Mound 10: 6 samples during VCM). Surface samples 
SoU Berm: 2 samples collected from soil berm and pI! near 
?tt : 1 sample Mound 9, and vermiculite mound. 
Vermiculite Mound: 
1 samole (Pre-VCAl 
Vermiculite Mound: Confirmation samples collected 
2 samples beneath fonner vermiculite mound 

I (Post-VCA) location, 
Random based upon Sample tocations distributed on the 
eight cardinal direction· basis ot expected radial distribution 
based spokes centered from original explosion during tailed 
on SWMU 60 bunker TABS test. Samples added to grid 
and concentric circles where mound sample coverage did 
at distances ot 25, 50, not exist, and samples eliminated 
100, and 200 feet where mound sample coverage 

overlaooed arid. 
Judgmental based upon Sample locations distributed 
15O·foot intervals upstream and downstream to 
starling 250 feet investigate possible COC migration 
upstream from SWMU from SWMU 10. 
10 to 250 feet 
downstream from 
SWMU 10. 
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Table 2 
Summary of Data Quality Requirements 

Radiation 
ER Chemistry Protection Sample 

Laboratory Disgnostics 
Dais Department Laboratory 

Analytical Quality 6133 Department n13 
Renulrement Level SNUNM SNUNM 

RCRA metals Level 3 72 samples Not applicable 
plus beryllium 
EPA Method 6 samples 

601017000· (internal 
duplicates) 

HE compounds Level 3 72 samples Not applicable 
EPA Method 
8330· 6 samples 

(internal 
duplicates) 

Gamma Level 2 Not applicable so samples 
Spectroscopy 

4 sampl~:\ (intemal 
duolicates 

' EPA November 1986. 
EPA "" U.S. Environmental Protection Agency. 
ER "" Environmental Restoration. 
HE "" High explosive. 
RCRA "" Resource Conservation and Recovery Act. 
SNUNM "" Sandia NationallaboratorieslNew Mexico. 

Lockheed 
Analytical 
Services 

LasVeg .. , 
Nevada 

2 samples 

7 samples {off· 
site duplicates) 

7 samples (off-
site internal 
duplicates) 
2 samples 

7 samples (off-
site duplicates) 

7 samples (off-
site internal 
dUDlicat~~1 
Not applicable 

III. Determination of Nature, Rate, and Extent of Contamination 

111.1 Introduction 

09/03/98 

-
General 

Engineering 
Laboratories, 
Cha ..... ton, 

South Carolina 
2 samples 

1 sample (off-
site internal 
duplicate) 

Not applicable 

Not applicable 

Determining the nature, rate, and extent of contamination at SWMU 10 was based upon an 
initial conceptual model validated by confirmatory sampling at the site. The initial conceptual 
model was developed from historical background information including site inspections, 
interviews, historical photographs, and radiological surveys. The data quality objectives in the 
Sampling and Analysis Plan (SNUNM March 1997) and Bullets of Understanding relating to the 
sampling (NMED DOE DB April 1997), identified the sample locations, sample denSity, sample 
depth, and analytical requirements. The sample data were used subsequently to develop the 
final conceptual model for SWMU 10, which is presented in Section 3.5 of the associated NFA 
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proposal. The quality of the data specifically used to determine the nature, rate. and extent of 
contamination are described below. 

111.2 Nature of Contamination 

The nature of contamination at SWMU 10 was detennined with analytical testing of soil media 
and the potential of relevant COCs to degrade (Section V). The analytical requirements 
included RCRA metals plus beryllium to characterize nonradiological inorganic constituents 
released at the site. Gamma spectroscopy was used to characterize residual DU 
concentrations remaining after the VCM activities were conducted at the site. HE analyses 
were periormed to characterize any potential explosive materials that may have not been 
consumed during the failed TABS test. These analytes and methods are appropriate to 
characterize the COCs and potential degradation products associated with the historical 
activities at SWMU 10. 

111.3 Rate of Contaminant Migration 

SWMU 10 is an inactive site, and therefore, all primary sources of COCs (test activities 
involving hazardous and radioactive materials) have been removed. In addition, post-test 
salvage operations and VCM and VCA activities conducted in 1996 and 1998, respectively, 
have reduced contamination at SWMU 10 to residual levels. As a result, only secondary 
sources of COCs in soil remain at the site. The rate of COC migration depends primarily upon 
site meteorological and surface hydrologic processes as described in Section V. Data available 
from the Site-Wide Hydrogeologic Characterization Project (published annually); numerous 
SNUNM air, surface water, and radiological monitoring programs; biological surveys; and other 
governmental atmospheric monitoring at the KAFB (i.e., National Oceanographic and 
Atmospheric Administration) are adequate to characterize the rate of COC migration at 
SWMU 10. 

111.4 Extent of Contamination 

Soil samples were collected from the existing and former soiVdebris mound locations and from 
surface soils within the fragmentation radius surrounding the SWMU 60 bunker where two mock 
weapons were detonated during the failed TABS test. In addition, samples were collected from 
the soil berm adjacent to Mound 9 and from areas where contamination could potentially 
migrate as a result of surface-water runoff, including nearby arroyos and topographically low 
areas (e.g., the pit near Mound 9). These sample locations are deemed appropriate to 
determine the lateral extent of cac migration. 

The sample density for soiVdebris mounds was based upon the size of the mounds and the 
number of trenches excavated through the mounds during VCM activities. The sample density 
for surface soil was based upon the expected radial distribution of materials resulting from the 
original explosion at the SWMU 60 bunker and the expected uniformity of coes at specific radii 
from the bunker. The sample density for the arroyos was based upon the extent of potential 
migration from surface water runoff in the vicinity of the site. The number of samples was 
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deemed sufficient to establish the presence of residual COGs at the site or in potential 
migration pathways near the site. 

09/03/98 

Because of the relatively low solubility of most metals and organic compounds, limited 
precipitation, and high evapotranspiration, the vertical rate of contamination migration is 
expected to be extremely low. Because the soil/debris mounds were constructed above grade, 
samples were collected from the middle of the trenches approximately 1-100t below ground 
surface (bgs) and from the bottom of the trenches approximately 2 to 3 feet bgs. Samples from 
the bottoms of the trenches were collected approximately 0.5 feet below the actual trench 
bottom to ensure undisturbed material was collected from below grade. Surface soil and arroyo 
sediment samples were collected within 0 to 12 inches of the ground surface, including samples 
collected from mounds that were removed completely during the VCM. There is no historical 
information to indicate that any subsurface disturbance, testing, or disposal ever occurred at the 
site that could mix surface soils beneath the 12-inch depth. with the exception of the former 
vermiculite mound, which was excavated and removed from the site. Therefore, the sample 
collection protocol used at SWMU 10 is representative of the media potentially impacted by site 
activities and is sufficient to determine the vertical extent of COC migration. 

In summary, the design of the confirmatory sampling was appropriate and adequate to 
determine the nature, rate, and extent of contamination. 

IV. Comparison of COCs to Background Screening Levels 

Site history and characterization activities are used to identify potential COCs. The 
identification of COCs and the sampling to determine the concentration levels of those COCs 
across the site are described in the SWMU 10 NFA proposal. Generally. COCs evaluated in 
this risk assessment include all detected organics and radiological contaminants and all 
inorganic COCs that were analyzed for. If the detection limit of an organic compound was too 
high (could possibly cause an adverse effect to human health or the environment), the 
compound was retained. Nondetect organics that were not included in this assessment were 
determined to have sufficiently low detection limits to ensure protection of human health and the 
environment. In order to provide conservatism in this risk assessment, the calculation uses 
only the maximum concentration value of each COC determined for the entire site. The 
SNUNM maximum background concentration (Dinwiddie September 1997; Zamorski December 
1997) was selected to provide the background screen in Tables 3 and 4. Human health 
nonradiological COCs were also compared to SNUNM proposed Subpart S action levels 
(Table t) (IT July 1994). 

Nonradiological inorganics such as iron, magnesium, calcium, potaSSium, and sodium that are 
essential nutrients were not included in this risk assessment (EPA 1989). Both radiological and 
nonradiological COCs are evaluated. The nonradiological COCs evaluated in this risk 
assessment includes only inorganics because all HE were reported as nondetect. 

Nonradiological COCs for Human Health and Ecological Risk Assessment at SWMU 10 are 
listed in Table 3. Radiological COCs are listed in Table 4. All tables show the associated 
approved SNUNM background concentration values (Dinwiddie September 1997, 
Zamorski December 1997). Discussion of Tables 3 and 4 is provided in Sections VI.4. VII .2. 
and VII.3. 
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Table 3 
Nonradlologlcal COCa for Human Heallh and Ecological Risk Assessmenlal SWMU 10 wllh Comparison 10 Ihe Assoclaled 

SNUNM Background Screening Value, BCF, Log K_ , and Subpart S Screening Value 

SNUNM 
.... Imum Background 

Concenlr1ltlon Concentration 

COCName 'mallco) 'mallco)' 
Arsenic B.7 9.B 

Barium 250 246 
Bervllium 3.4 " 0.75 
Cadmium 0.65 0.64 
Chromium, 4. 18.8 
tota'O 
Lead 30 18.9 
Mercury 0.075 J 0.055 

Selenium 3.1 3.0 
Silver 0.61 <0.5 

-From Zamorskf (December 1997) Canyon Areas. 

tilT (July 1994). 

cBCF andlor Log K. from Yanicak (March 1997). 

dSCF from Neumann (1976). 

Is Maximum CDC 
Concentration leas 
Than or Equal to the 
Applicable SNLJNM 

Background 
Screenlna Value? 

Vo. 
No 
No 
No 
No 

No 
No 
No 
No 

-Assumed 10 be chromium VI for Subpart S screenIng procedure. 

'BCF from Callahan et al. (1979). 
'From NMED (March 1998). 
B '" Constituent found in blank. 
BCF _ Bloconcentration lactor. 
CDC '" Constituent of concem. 
J '" Estimated concentration. 
K... .. Octanol-waler partition coelficient. 
log • logarithm (base 10). 
mglkg "" Mllligram(s) per kilogram. 
NA "" Not applicable. 
NMED _ New Mexico Environment Department. 
SNUNM", Sandia Nalionallaboralories/New Mexico. 
SWMU '" Solid wasle management unit. 

'" Inlonnatlon not available. 

I. 
Individual 
cae less 

"eF Bloaccumulalor' Subpart S Ihan 1110 of 
(maximum (BCF>40, Screening the Actfon 

aQuatic) LogK Log 1<.->4) Valu.- Level? 

.." NA Ve. 0.5 No 
170· NA Ve. 6000 Ves 
1.- NA No 0.2 No .. " NA Ves 80 Ves 
Ur NA No 400 No 

49" NA Vos -- --
5500" NA V .. 20 Vo, 
600' NA Ve. 400 V •• 
O.S" NA No 400 Vo. 

-o 
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Table 4 
Radiological COCs for Human Health and Ecological Risk Assessment at SWMU 10 with Comparison to the Associated 

SNUNM Background Screening Value, BCF, and Log K" 

Is Maximum COC 
Concentration 

Less Than or Equal 
to tho Applicable 

Maximum SNUNM 
Concentration SNUNM Background Background- BCF Bloaccumulator· 

COCName IpCVal Concenlrallon (pCVg)" SCreening Value? (maximum aQUallc) (BCF>40, log K .>4) 
Cs-137 0.54 1.55 Yes 3.000

c 
V .. 

Th-232 2.29 1.03 No 3 000" No 
U_234b 1.05 2.31 Yes 900" V •• 

U-235 0.30 0.16 No 900" Ve. 

U-236 8.41 2.31 No 900" V .. 

" From DinwiddIe (September 1997) Lower Canyons Area. 
tlU_234 values were calculated using the U-238 concentraUon and assuming that the U-238 to U-234 ratio was equal to that detected during waste 
characterization of depleted uranium-contaminated soils generated during the radiological voluntary corrective measures project, where U-234=U-
23618 (Miller June 1998). 
cSCF from Yanicak (March 1997). 
dFrom Baker and Soldat (1992). 
-Bloaccumulation designation from Yanlcak (March 1997). 
BCF = Bioconcentration factor. 
COC = Constituent of concern. 
DU = Depleled uranium. 
K... = Octaool-wster partition coeffICient. 
Log • Logarithm (base 10). 
pCi/g _ Picocuries per gram. 
SNUNM _ Sandia National LaboratoriesiNew Mexico. 
SWMU = Solid waste management unit. 

-o 
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v. Fate and Transport 

The primary release of COCs at SWMU 10 was to the surface soil. Wind. water, and biota are 
natural mechanisms of CDC transport from the primary release point. Excavation and remc:wal 
of the soil is a potential human-caused mechanism of transport. At the surface. the soil may be 
transported by wind and surface runoff. Because the site is situated between the Manzanita 
Mountains to the east and the mountains of Manzano Base to the west and is within woodland 
vegetation. it is protected from strong winds at the ground surface. Therefore. wind is probably 
not a significant transport mechanism for surface soils. 

Water at SWMU 10 is received as precipitation (rain or occasionally snow). Precipitation will 
either infiltrate or form runoff. Infiltration at the site is enhanced by the coarse textures of the 
canyon soils (Tes.je-Milielt stony sandy loam [USDA June 1977]), but the slopes at this site will 
produce runoff during intense rainfall events and during extended rainfall periods when soils Bre 
near saturation from previous rainfall. Surface runoff is to the ephemeral drainage adjacent to 
the west side of the site, which is a tributary to the Arroyo del Coyote. Runoff may carry soil 
particles with adsorbed COCs. The distance of transport will depend upon the size of the 
particle and the velocity of the water. 

Water that infittrates into the soil will continue to percolate through the soil until field capacity is 
reached. COCs desorbed from the soil particles Into the soil solution may be leached farther 
into the subsurface soli with this percolation. Runoff from the over1ying slopes and 
evapotranspiration from the soil will limit infiltration potential. making it unlikely to percolate to 
groundwater. Because none of the COCs at this site have a high potential for leaching in soil , 
they are highly unlikely to reach groundwater. 

Plant roots can take up COGs that are in the soil solution. These COCs may be transported to 
the above-ground tissues with the xylem stream and may then be consumed by herbivores or 
returned to the soil as litter. Above-ground litter is capable of transport by wind until consumed 
by decomposer organisms in the soil. Constituents in plant tissues that are consumed by 
herbivores may pass through the gut and returned to the soil (at the site or transported from the 
site in the herbivore) in feces, or may be absorbed and held in tissues, metabolized, or 
excreted. The herbivore may be eaten by a primary carnivore or scavenger and the constituent 
still held in the consumed tissues will repeat the sequence of absorption, metabolization. 
excretion, and consumption by higher predators, scavengers, and decomposers. The potential 
for transport of the constituents within the food chain is dependent upon the mobility of the 
species that comprise the food chain and the potential for the constituent to be transferred 
across the links in the food chain. Because the COCs at SWMU 10 are inorganics, degradation 
is negligible. Radiological decay will occur in the radionuclides; however, radiological COCs 
with long half·lives will persist in the environment. 

Table 5 summarizes the fate and transport processes that may occur at SWMU 10. COCs at 
this site are inorganics (metals and radionuclides) in surface and subsurface soil. Wind is not 
expected to be a signlficenl factor because of the topography and vegetation of the site. 
Surface runoff may be of moderate significance because of the moderate slopes on the site 
leading to a nearby ephemeral drainage. Because the COCs are primarily metals, significant 
leaching deeper into the subsurface soil is also unlikely, and leaching to the groundwater at this 
site is highly unlikely. Significant food chain transport is unlikely and degradation of the 
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nonradiological COGs will be insignificant. Decay of the radiological COCs will be slow because 
of the long half-lives of these isotopes. 

Table 5 
Summary of Fate and Transport at SWMU 10 

Tran8Dort and Fete Mechanlam 
Wind 

Existence at Site 
Ves Low 

Moderate 

Slgplficance 

Surface runoff Ves 
Mioration to aroundwater 
Food chain uotake 
Transformationldearadation 

Unlikely 
Ves 
Ves 

Very low 
Low 
Low 

SWMU "" Solid waste management unit. 

VI. Human HeaHh Risk Screening Assessmenl 

VI.1 Introduction 

Human health risk screening assessment of this site includes a number of steps that culminate 
in a quantitative evaluation of the potential adverse human health effects caused by 
constituents located at the site. The steps to be discussed include the following: 

Step 1. Site data are described that provide information on the potential COC, as well as 
the relevant phvsical characteristics and properties of the site. 

Step 2. Potential pathways are identified by which a representative population might be 
exposed to the COCs. 

Step 3. The potential intake of these COCs by the representative population is calculated 
using a tiered approach. The first component of the tiered approach includes two 
screening procedures. One screening procedure compares the maximum 
concentration of the COC to an SNUNM maximum background screening value. 
GOGs that are not eliminated during the first screening procedure are subjected 
to a second screening procedure that compares the maximum concentration of 
the COC to the SNUNM proposed Subpart S action level. 

Step 4. Toxicological parameters are identified and referenced for COCs that were not 
eliminated durinQ the screeninQ steps. 

Step 5. Potential toxicity effects (specified as a hazard index [HI]) and excess cancer risks 
are calculated for non radiological COCs and background. For radiological COCs, 
the incremental total effective dose equivalent (TEDE) and incremental estimated 
cancer risk are calculated by subtracting applicable background concentrations 
directly from maximum on~site contaminant values. This background subtraction 
only occurs when a radiological cac occurs as contamination and exists as a 
natural backcround radionuclide. 
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These values are compared with guidelines established by the U.S, Step 6. 
Environmental Protection Agency (EPA) and U.S. Department of Energy (DOE) 
to determine if further evaluation, and potential site clean-up, is required. 
Nonradiological COC risk values are also compared to background risk so that an 
incremental risk may be calculated. 

Steo 7. Uncertainties in each of the previous steps are discussed. 

VI.2 Step 1. Site Data 

The description and history for SWMU 10 is provided in Section I. Comparison of results to 
data quality objective (000) is presented in Section II. The detennination of the nature, rate 
and extent of contamination is described in Section III. 

VI.3 Step 2. Pathway Identification 

SWMU 10 has been designated a future land· use scenario of industrial although the Citizen's 
Advisory Board recommends using residential risk-based cleanup levels (DOE and USAF 
March 1996) (see Appendix 1 for default exposure pathways and parameters). Because of the 
location and the characteristics of the potential contaminants, the primary pathway for human 
exposure is considered to be soil ingestion for the nonradiological COCs and direct gamma 
exposure for the radiological COCs. The inhalation pathway for both nonradiological and 
radiological COCs is included because of the potential to inhale dust. Soil ingestion is included 
for the radiological COCs as well. No contamination at depth was determined, and therefore no 
water pathways to the groundwater are considered. Depth to groundwater at SWMU 10 is 
approximately 180 feet bgs. Because of the lack of perennial surface water or other significant 
mechanisms for dermal contact, the dermal exposure pathway is considered not to be 
significant. No intake routes through plant, meat, or milk ingestion are considered appropriate 
for the industrial land-use scenario. However, plant uptake is considered for the residential 
land-use scenario. 

Pathway Identification 

Chemical Constituents Radloloqlcal Constituents 
Soil ingestion Soil ingestion 
Inhalation dust) Inhalation (dust) 
Plant uptake residential only) Plant uptake residential only) 

Direct gamma 

VI.4 Step 3. CDC Screening Procedures 

Step 3 is discussed in this section. This step includes the discussion of two screening 
procedures. The first screening procedure is a comparison of the maximum COC concentration 
to the approved background screening level. The second screening procedure compares 
maximum CDC concentrations to SNUNM proposed Subpart S action levels. This second 
procedure is only applied to COCs that are not eliminated during the first screening procedure. 
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V1.4.1 Background Screening Procedure 

VI.4.1.1 Methodology 

Maximum concentrations of nonradiological COCs are compared to the SNUNM maximum 
screening level 19f this araa. SNUNM has been verbally informed by the New Mexico 
Environment Department (NMEO) that all the metals background values from the Canyons 
Study (Zamorski December 3, 1997), with the exception of selenium, will be approved (NMED 
May 1998). Samples have been collected to resolve the selenium background concentration. 
The SNLlNM maximum background concentration is selected to provide the background screen 
in Table 3 and used to calculate risk attributable to background in Table 9. Only the COCs that 
are above their respective SNUNM background screening level or do not have a quantifiable 
background screening level are considered in further risk assessment analyses. 

For radiological COCs that exceed the SNLJNM background screening levels, background 
values are subtracted from the individual maximum radionuclide concentrations. Those that do 
not exceed these background levels are carried no further in the risk assessment. This 
approach is consistent with DOE Order 5400.5, "Radiation Protection of the Public and the 
Environmenr (DOE 1993). Radiological COCs that do not have a background value and are 
detected above the analytical minimum detectable activity are carried through the risk 
assessment at their maximum levels. The resultant radiological COCs remaining after this step 
are referred to as background·adjusted radiological COCs. 

VI.4.1.2 Background Screening Procedure Results 

A comparison of SWMU 10 data to SNUNM maximum background values (Dinwiddie 
September 1997; Zamorski December 1997) for Human Health risk assessment is presented in 
Tables 3 and 4. For the nonradiological COCs, eight constituents have maximum measured 
values greater than their respective background screening levels. 

The maximum concentration value for lead is 30 mglkg. The EPA intentionally provides no 
human health toxicological data on lead. and therefore. no risk parameter values can be 
calculated. However, EPA Region 6 guidance for the screening value for lead for an industrial 
land-use scenario is 2,000 mglkg (EPA 1996a); for a residential land-use scenario, the EPA 
screening guidance value is 400 mg/kg (EPA July 1994). The maximum concentration value for 
lead at this site is less than both screening values, and therefore, lead is eliminated from further 
consideration in the human health risk assessment. 

For the radiological COCs, three constituents had maximum measured activities greater than 
their respective background (U-238, U-235, and Th-232). The constituents are attributable to 
the OU used at the site and the natural Th·232 decay series. 
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V1.4.2 Subpart S Screening Procedure 

VI.4.2.1 Methodotogy 

The maximum concentrations of nonradiological COCs not eliminated during the background 
screening process were compared with action levels (IT July 1994) calculated using methods 
and equations promulgated in the proposed RCRA Subpart S (EPA July 1990) and Risk 
Assessment Guidance for Superfund (RAGS) (EPA 1989). Aocordingly, all calculations were 
based upon the assumption that receptor doses from both toxic and potentially carcinogenic 
compounds result most significantly from ingestion of contaminated soil. Because the samples 
were all taken from the surface, this assumption is considered valid. If there were ten or fewer 
COGs and each had a maximum concentration less than 1/10 of the action level, then the site 
would be judged to pose no significant health hazard to humans. If there were more than ten 
COCs, the Subpart S screening procedure is not performed. 

VI.4.2.2 Results 

Table 3 shows the COCs and the associated proposed Subpart S action level. The table 
compares the maximum concentration values to 1/10 of the proposed Subpart S action level. 
This methodology was guidance given to SNUNM from the EPA (EPA 1996b). Two COCs that 
failed the background screen had concentrations that exceeded 1/10 of the proposed Subpart S 
action level. Because of these COCs, the site fails the Subpart S screening criteria, and a 
hazard quotient (HQ) and excess cancer risk value must be calculated for all the COCs. 

Radiological COCs have no predetermined action levels analogous to proposed Subpart S 
levels, and therefore this step in the screening process is not performed for radiological COCs. 

VI.S Step 4. Identification of Toxicological Parameters 

Tables 6 (nonradiological) and 7 (radiological) show the COCs retained in the risk assessment 
and the values for the available toxicological information. The toxicological values used in 
Table 6 are from the Integrated Risk Information System (IRIS) (EPA 1998), Health Effects 
Assessment Summary Tables (HEAST) (EPA 1997a), and EPA Region 9 (EPA 1996c) and 
Region 3 (EPA 1997b) databases. Dose conversion factors (DCF) used in detennining the 
excess TEDE values for the individual pathways were the default values provided in the 
RESRAD computer code (Yu et al. 1993a) as developed in the following documents: 

• DCFs for ingestion and inhalation are taken from "Federal Guidance Report No. 11, 
Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion 
Factors for Inhalation, Submersion, and Ingestion" (EPA 1988). 

• DCFs for surface contamination (contamination on the surface of the Site) were 
taken from DOElEH-0070, "External Dose-Rate Conversion Factors for Calculation 
of Dose to the Public" (DOE 1988). 
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Table 6 
Toxicological Parameter Value. for SWMU 10 Nonradlologlcal CDC. 

SFO SFlnh 
RlDo RlDinh (mg/kg- (mg/kg. Cane." 

eOCN.me 1m Confidence- 1m Confldllnc:e- ct.y)"' d~Yr' Class 

Barium 7E_2c 
M 1.4E-4d - - -

Beryllium 2E_3c 
Lto M 5.7E-6

c 
M - 8.4E+O

c 

Cadmium SE-4c 
H S.7E-Sd - .. 6.3E+O· 

Chromium III 1E+O· L 5.7E .,. - -
Chromium VI SE-3" L - - - 4.2E+1 

Mercury 3E-4
t .. B.6E-S

c 
M - -

Selenium 5E 3° H - - - -
Silver SE-3" L - .. - .. 
'Confidence associated with IRIS (EPA 1998a) database values. Confidence: L = low. M = medium. 
H = high. 
~EPA weight-of-evidence classification system for carcinogenicity (EPA 1989) taken from IRIS (EPA 
1998a): 

A - Human carcinogen. 
B1 - Probable human carcinogen. Limited human data are available. 
D - Not classifiable as 10 human carcinogenicity. 

~oxicological parameter values from IRIS electronic database (EPA 1998a). 

"'oxicological parameter values from EPA Region 9 electronic database (EPA 1996c). 

-roxicological parameter values from EPA Region 3 electronic database (EPA 1997b). 

Toxicological parameter values from HEAST database (EPA 1997a). 
COC = Constituent of concern. 
EPA = U.S. Environmental Protection Agency. 
HEAST = Health Effects Assessment Summary Tables. 
IRIS = Integrated Risk Information System. 
mg/kg-day = Milligram(s) per kilogram day. 
(mg/kg_day)'l = Per milligram per kilogram day. 

RfDo 

RfD", 
SFl'lh 
SF, 
SWMU 

= Oral chronic reference dose. 

= Inhalation chronic reference dose. 

= Inhalation slope factor. 

= Oral slope factor. 
= Solid waste management unit. 
= Information not available. 

-
81 
81 

-
A 
0 

0 

0 

• 
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Table 7 
Radiological Toxicological Parameter Values for SWMU 10 COCs Obtained from 

RESRAD Risk Coefficients' 

SFo S'lnh SF.v 

Yu at al. (1993a). 
DEPA weight-ol-evidence classification system for carcinogenicity (EPA 1989): A· human carcinogen. 
lIpCI = One per picocurie. 
coe • Constituent of concem. 
EPA '" U.S. Environmental Protection Agency. 
g/pCj-yr = Gram(s) per picocurie-year. 

SF.... = External volume exposure slope factor. 
SFiI/I • Inhalation slope factor. 
SF 0 = Oral (ingestion) slope factor 
SWMU • SOlid waste management unit. 

• DCFs for volume contamination (exposure to contamination deeper than the 
immediate surface of the Site) were calculated using the methods discussed in 
"Dose--Rate Conversion Factors for Extemal Exposure to Photon Emitters in Soir 
(Kocher 1983), and ANUEAIS-a, 'Data Collection Handbook to Support Modeling 
the Impacts of Radioactive Material in Soif (Yu et al. 1993b). 

VI.6 Step 5. Exposure Assessment and Risk Characterization 

Section V1.6.1 describes the exposure assessment for this risk assessment. Section V1.6.2 
provides the risk characterization, including the HI value and the excess cancer risk for both the 
potential nonradiological COCs and associated background for Industrial and residential land 
uses. The incremental TEDE and incremental estimated cancer risk are provided for the 
background·adjusted radiological COCs for both industrial and residential land uses. 

VI.S.l Exposure Assessment 

Appendix 1 shows the equations and parameter input values used in the calculation of intake 
values and the subsequent HI and excess cancer risk values for the individual exposure 
pathways. The appendix shows the parameters for both industrial and residentialland·use 
scenarios. The equations for nonradiological COCs are based upon RAGS (EPA 19a9). The 
parameters are basad upon information .rom RAGS (EPA 19a9) as well as other EPA guidance 
documents and reflect the reasonable maximum exposure (RME) approach advocated by 
RAGS (EPA 19a9). For radiological COCs, the coded equations provided in the RESRAD 
computer code were used to estimate the incremental TEDE and cancer risk for the individual 
exposure pathways. Further discussion of this process is provided in Manual for Implementing 
Residual Radioactive Material Guidelines Using RESRAD, Version 5.0 (Yu et al. 19938). 
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Although the land-use scenario is industrial for this site. the risk and TEDE values for a 
residential land-use scenario are presented as recommended by the Citizen's Advisory Board. 

V1.6.2 Risk Characterization 

Table 8 shows that for the SWMU 10 nonradiological COGs, the HI value is 0.01. and the 
excess cancer risk is 1 E-7 for the industrial land-use scenario. The numbers presented 
included exposure from soil ingestion and dust inhalation for the nonradiological COGs. Table 9 
shows that assuming the maximum background concentrations of the SWMU 10 associated 
background constituents, the HI is 0.00, and the excess cancer risk is 5E-1 0 for the industrial 
land-use scenario. 

For the radiological COCs, contribution from the direct gamma exposure pathway is included. 
For the industrial land-use scenario, the most limiting case TEDE was calculated for an 
individual who spends his workday on the site 50/50 indoors/outdoors on the site. This resulted 
in an incremental TEDE of 3.8 millirem per year (mrem/yr). In accordance with EPA guidance 
found in OSWER Directive No. 9200.4·18 (EPA 1997c), an incremental TEDE of 15 mremlyr is 
used for the probable land-use scenario (industrial in this case); the calculated dose value for 
SWMU 10 for the industrial land use is well below this guideline. The estimated excess cancer 
risk is 5.5E-5. 

For the residential land-use scenario nonradiological COC the HI value increases to 2, and the 
excess cancer risk is 2E·7 (Table 8). The numbers presented included exposure from soil 
ingestion, dust inhalation, and plant uptake. Although the EPA (1991) generally recommends 
that inhalation not be included in a residential land-use scenario, this pathway is included 
because of the potential for soil in Albuquerque, New Mexico, to be eroded and, subsequently, 
for dust to be present in predominantly residential areas. Because of the nature of the local 
soil, other exposure pathways are not considered (see Appendix 1). Table 9 shows that for the 
SWMU 10 associated background constituents, the HI is 2, and the excess cancer risk is 1 E-9. 

For the radiological COCs the incremental TEDE for the residential land-use scenario is 
6.8 mremlyr. The guideline being used is an excess TEDE of 75 mrem/yr (SNLJNM February 
1998) for a complete loss of institutional controls (residential land use in this case); the 
calculated dose value for SWMU 10 tor the residential land-use is well below this guideline. 
Consequently, SWMU 10 is eligible for unrestricted radiological release as the residential land­
use scenario resulted in an incremental TEDE to the on-site receptor of less than 75 mrem/yr. 
The estimated excess cancer risk is 1.1 E-4. The excess cancer risk from the nonradiological 
COCs and the radiological COCs is not additive, as noted in RAGS (EPA 1989). 

VI.7 Step 6. Comparison of Risk Values to Numerical Guidelines. 

The human health risk assessment analysis evaluated the potential for adverse health effects 
for both an industrial land-use scenario and a residential land· use scenario. 

For the industrialland·use scenario non radiological COCs, the HI calculated is 0.01 (much less 
than the numerical guideline of 1 suggested in RAGS [EPA 1989). Excess cancer risk is 
estimated at 1E-7. Guidance from the New Mexico Environment Department (NMED) indicates 
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Table 8 
Risk As •• ument Values for SWMU 10 Nonradlologlcal COCo 

cae Namo 

I, total' 

I 
I Silver 

' EPA (1989). 

Maximum 
Concentration 

3.46 
0.65 
46 

0.075 J 
3. 

0.61 

HI 
0.00 
0.00 
0.00 

0.00 

0.01 

__ ~=+---;Q.04 _~ Risk 

.. 

lE·7 

O. 
1.09 
0.03 

2 

. . 

.. 

°Chromium, total assumed to be chromium VI (most conservative). 
B = Constituent found In blank. 
coe "" Constituents of concern. 
EPA :;:: U.S. Environmental Protection Agency. 
HI = Hazard index. 
J = Estimated concentration. 
mg/kg = Milligram(s) per kilogram. 
SWMU = Solid waste management unit. 

= Infannalion not available. 
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Table 9 
Risk Assesament Value. for SWMU 10 Nonredlologlcal Background Constituents 

Background Industrtal Llnd- Use 
Concentration' Scenario" 

COC Name (mgll<g) HI Cencer Rl8k 
Barium 246 0.00 --
~lIium 0.75 0.00 3E-l0 
Cadmium 0.64 0.00 2E-l0 
Chromium, tatal

e 
18.8 0.00 --

Mercury 0.055 0.00 --
Selenium 3.0 0.00 --
Silver <0.5 -- --

TOTAL 0.00 5E-l0 

' From Zamorskl (December 1997. Lower Canyons Area). 

' EPA (1989) . 

cChromium, total assumed to be chromium III 
COC = Constituents of concern. 
EPA = U.S. Environmental Protection Agency. 
HI = Hazard index. 
SWMU = Solid waste management unit. 
mg/kg = Milligram(s) per kilogram. 

= Infannation not available. 

Residential Land- U .. 
Scenario'" 

HI cancer Risk 
D.O' --
0.00 6E-l0 
0.52 'E-l0 
0.01 --
0.09 --
1.06 --

-- --

2 lE-9 

that excess lifetime risk of developing cancer by an individual must be less than 1 E-6 for 
Class A and B carcinogens and less than 1 E-5 for Class C carcinogens (NMED March 1998). 
The excess cancer risk is driven by chromium, total. Chromium, total is assumed to be 
chromium VI (most conservative) which is a Class A carcinogen. Thus. the total excess cancer 
risk for this site is below the suggested acceptable risk value of 1 E-6. This assessment also 
determined risks considering background concentrations of the potential nonradiological COCs 
for both the industrial and residential land-use scenarios. For nonradio!ogical COCs, assuming 
the industrial land-use scenario. the HI is 0.00. The excess cancer risk is SE-10. Incremental 
risk is determined from subtracting risk associated with background from potential COC risk. 
These numbers are not rounded before the difference is determined and therefore may appear 
to be inconsistent with numbers presented in tables and within the text. The incremental HI is 
0.01 , and the incremental cancer risk is 1 E-7 for the industrial land-use scenario. These 
incremental risk calculations indicate risk below the proposed NMED guidelines considering an 
industrial land-use scenario. 

For radiological COCs of the industrial land-use scenario, incremental TEDE is 3.8 mrem/yr. 
which is significantly less than the EPA's numerical guideline of 15 mremlyr. Incremental 
estimated excess cancer risk is 5.5E-S. 

For the residential land-use scenario nonradiological COCs, the calculated HI is 2, which is 
above the numerical guidance. The excess cancer risk is estimated at 2E-7. The excess 
cancer risk is again driven by chromium, total (assumed to be chromium VI) which is a Class A 
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carcinogen. Therefore, the total excess cancer risk for this site is below the suggested 
acceptable risk value of 1 E-S. The HI for associated background for the residential land-use 
scenario is 2. The excess cancer risk is 1E-9. The incremental HI is 0.15, and the incremental 
cancer risk is 2E-7 for the residential land-use scenario. These incremental risk calculations 
indicate insignificant risk considering a residential land-use scenario. 

The incremental TEDE for a residential land-use scenario from the radiological components is 
6.8 mremlyr, which is significantly less than the numerical guideline of 75 mremlyr suggested in 
SNUNM RESRAO Input Parameter Assumptions and Justification (SNUNM February t 99B). 
The estimated excess cancer risk is 1.1 E-4. 

VI.S Step 7. Uncertainty Discussion 

The determination of the nature, rate. and extent of contamination at SWMU 10 was based 
upon an initial conceptual model validated with confirmatory sampling conducted at the site. 
The confirmatory sampling was implemented in accordance with the Sampling and Analysis 
Plan (SNUNM March 1997) and Bullets of Understanding relating to the sampling (NMEO DOE 
DB April 1997). The DaDs contained in the Sampling and Analysis Plan (SNUNM March 
1997) are appropriate for use in screening risk assessments. The data collected, based upon 
sample location. density. and depth, are representative of the site. The analytical requirements 
and results satisfy the 0005. Data quality were validated in accordance with SNUNM 
procedures (SNUNM July 1994). Therefore, there is no uncertainty associated with the data 
quality used to perform the screening risk assessment at SWMU 10. HE was not detected in 
any of the soil, sediment. and quality assurance and quality control samples analyzed. 

Because of the location, history of the site, future and recommended land-use scenarios (DOE 
and USAF March 1996), there is low uncertainty in the land-use scenario and the potentially 
affected populations that were considered in making the risk assessment analysis. Because 
the COCs are found in surface and near-surface soils and because of the location and physical 
characteristics of the site, there is little uncertainty in the exposure pathways relevant to the 
analysis. 

An RME approach was used to calculate the risk assessment values. This means that 
parameter values used in calculations were conservative and that the calculated intakes are 
likely overestimates. Maximum measured values of the concentrations of the coes were used 
to provide conservative results. 

Table 4 shows the uncertainties (confidence) in nonradiological toxicological parameter values. 
There is a mixture of estimated values and values from IRIS (EPA 1998), HEAST (EPA 1997a), 
EPA Region 9 (EPA 1996c) and EPA Region 3 (EPA 1997b) databases. Where values are not 
provided, information is not available from the HEAST (1997a), IRIS (EPA 199B), or the EPA 
regions (EPA 1996c, 1997b). Because of the conservalive nature of the RME approach, 
uncertainties in toxicological values are not expected to be of high enough concern to change 
the conclusion from the risk assessment analysis. 

The risk assessment values for the nonradiological COCs are within the human health 
acceptable range for the industrial land-use scenario compared to the established numerical 
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guidance. The incremental risk assessment values for the resldentialland·use scenario are 
also below the NMEO numerical guidance. 

For the radiological caes, the conclusion of the risk assessment is that potential effects on 
human heatth, for both industrial and residential land-use scenarios are within guidelines ana-­
are a small fraction of the estimated 360 mrem/yr received by the average U.S. population 
(NCRP 1987). 

The overall uncertainty in all of the steps in the risk assessment process is considered not 
significant with respect to the conclusion reached. 

VI.9 Summary 

SWMU 10 has identified COCs consisting of some inorganic and radiological compounds. 
Because of the location of the site, the use of both industrial and residential land-use scenarios, 
and the nature of contamination, potential exposure pathway. Identified for this site included 
soil ingestion and dust inhalation for nonradiological inorganic constituents and soil ingestion, 
dust inhalation, and direct gamma exposure for radiological exposure. Plant uptake was 
included as an exposure pathway for the residential land~use scenario. 

Using conservative assumptions and employing an RME approach to risk assessment, 
calculations for nonradiological COCs show that for the industrial land-use scenario the HI of 
0.01 is significantly Ie .. than the accepted numerical guidance from the EPA. The excess 
cancer risk of 1 E-7 is also below the acceptable risk value provided by the NMED for an 
industrial land-use (NMED March 1998). The incremental HI is 0.01 , and the incremental 
cancer risk is 1 E~7 for the industrial land-use scenario. Risk calculations indicate insignificant 
risk to human health considering an industrial land~use scenario. 

Incremental TEDE and corresponding estimated cancer risk from radiological COCs are much 
less than EPA guidance values; the estimated TEDE is 3.8 mrem/yr for the industrial land-use 
scenario. This value is much less than the numerical guidance of 15 mrem/yr in EPA guidance 
(EPA 1997c). The corresponding incremental estimated cancer risk value is S.SE-S for the 
industrial land-use scenario. 

Using conservative assumptions and employing an RME approach to the risk assessment, the 
calculations for the nonradiological COCs show that for the residential land-use scenario the HI 
at 2 is greater than the accepted numerical guidance from the EPA. The excess cancer risk of 
2E-7 is below the acceptable risk value provided by the NMED for a residential land-use (NMED 
March 1998). The incremental HI is 0.15, and the incremental cancer risk is 2E-7 for the 
residential land-use scenario. Incremental risk calculations indicate insignificant risk to human 
health for a residential land-use scenario. 

The incremental TEDE and corresponding estimated cancer risk from the radiological COCs 
are much less than EPA guidance values; the estimated TEDE is 6.8 mrem/yr for the residential 
land-use scenario. This value is much less than the numerical guidance of 75 mremlyr in 
SNLJNM RESRAD Input Parameter Assumptions and Justification (SNlJNM February 1998). 
The corresponding incremental estimated cancer risk value is 1.1 E-4 for the residential land­
use scenario. Therefore, SWMU 10 is eligible for unrestricted radiological release. 
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The uncertainties associated with the calculations are considered small relative to the 
conservativeness of the risk assessment analysis. It is, therefore, concluded that this site does 
not have potential to affect human heatth under an industrial land-use scenario. 

VII. Ecological Risk Screening Ass.ument 

VI1.1 Introduction 

This section addresses the ecological risks associated with exposure to constituents of potential 
ecological concern (COPEC) in soils al SWMU 10, (Burial Mounds). A component of the 
NMED Risk-Based Decision Tree is to conduct an ecological screening assessment that 
corresponds with that presented in the EPA's Ecological Risk Assessment Guidance for 
Superfund (EPA 1997d). The current methodology is tiered and contains an initial scoping 
assessment followed by a more detailed screening assessment. Initial components of NMED's 
decision tree (a discussion of DOOs, a data assessment, and evaluations of bioaccumulation 
and fate-and-transport potential) are addressed in the scoping assessment (Section VI1.2 of this 
report), with the exception of DOOs which are reviewed in Section II of this report. Following 
the completion of the scoping assessment, a determination is made as to whether a more 
detailed examination of potential ecological risk is necessary. If deemed necessary, the 
scoping assessment proceeds to a screening assessment whereby a more quantitative 
estimate of ecological risk is conducted. Although this assessment incorporates conservatisms 
in the estimation of ecological risks, ecological relevance and professional judgment are also 
used as recommended by the EPA (1998b) to ensure that predicted exposures of selected 
ecological receptors reflect those reasonably expected to occur at the srte. 

VI1.2 Scoping Assessment 

The seoping assessment focuses primarily on the likelihood of exposure of biota at or adjacent 
to the site to be exposed to constituents associated with site activities. Included in this section 
are an evaluation of existing data and a comparison of maximum detected concentrations to 
background concentrations, examination of bioaccumulation potential, and fate and transport 
potential. A Scoping Risk Management Decision will involve a summary of the scoping results 
and a determination as to whether further examination of potential ecological impacts is 
necessary. 

V11.2.1 Data Assessment 

As indicated in Section IV (Tables 3 and 4), constituents in soil within the O· to 5·foot·depth 
interval that exceeded background concentrations were as follows: 

• Barium 
• Beryllium 
• Cadmium 
• Chromium (Iotal) 
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• Lead 
• Mercury 

• Selenium 
• Silver 

• Th-232 
• U-235 
• U-236. 

No organic analytes were detected in soil. 

V11.2.2 Bioaccumulation 

Among the COPECs listed in Section VII.2.1, the following were considered to have 
bioaccumulation potential in aquatic environments (Section IV, Tables 3 and 4): 

• Barium 

• Cadmium 

• Lead 
• Mercury 
• Selenium 

• U-235 

• U-236. 

09/03/98 

It should be noted, however, that as directed by the NMED (NMED March 1996), 
bioaccumulatlon for inorganics is assessed exclusively based upon maximum reported 
bioconcentration factors (8GF) for aquatic species. Because only aquatic BCFs are used to 
evaluate the bioaccumulation potential for metals, bioaccumulation in terrestrial species is likely 
to be overpredicted. 

V11.2.3 Fate and Transport Potential 

The potential for the COPECs to move from the source of contamination to other media or biota 
is discussed in Section V. As noted in Table 3 (Section V), surfaca.water runoff is expected to 
be of moderate significance, while significant wind dispersion, transformation, and degradation 
are expected to be low. Food-chain uptake is expected to be of moderate to low significance. 
Migration to groundwater is not anticipated. 

VII .2.4 Scoping Risk Management Decision 

Based upon information gathered through the scoping assessment, it was concluded that 
complete ecological pathways may be associated with this SWMU and that COPECs also exist 
at the site. As a consequence, a screening assessment was deemed necessary to predict the 
potential level of ecological risk aSSOciated with the site. 
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VII.3 Screening Assessment 

As concluded in Section VII.2.4. complete ecological pathways and COPECs are associated 
with this SWMU. The screening assessment performed for the site involves a quantitative 
estimate of current ecological risks using exposure models in association with exposure 
parameters and toxicity information obtained from the literature. The estimation of potential 
ecological risks is conservative to ensure ecological riSks are not underpredicted. 

Components within the screening assessment include the following: 

• Problem Formulation-sets the stage for the evaluation of potential exposure and 
risk. 

• Exposure Estimation-provides a quantitative estimate of potential exposure. 

• Ecological Effects Evaluation-presents benchmarks used to gauge the toxicity of 
COPECs to specific receptors, 

• Risk Characterization-characterizes the ecological risk associated with exposure 
of the receptors to environmental media at the site. 

• Uncertainty Assessment-discusses uncertainties associated with the estimation of 
exposure and risk. 

• Risk Interpretation--evaluates ecological risk in terms of Has and ecological 
significance. 

• Screening Assessment Scientific/Management Decision Point-presents the 
decision to risk managers based upon the results of the screening assessment. 

VII,3.1 Problem Formulation 

Problem Formulation is the initial stage of the screening assessment that provides the 
introduction to the risk evaluation process. Components that are addressed in this section 
include a discussion of ecological pathways and the ecological setting, identification of 
COPECs, and selection of ecological receptors. The conceptual model. ecological food webs. 
and ecological endpOints (other components commonly addressed in a screening assessment) 
are presented in the "Predictive Ecological Risk Assessment Methodology for SNUNM EA 
[Environmental Restoration) Program" (IT July 1998) and are not duplicated here. 

VII.3.1.1 Ecological Pathways and Setting 

SWMU 10 is located about 1.8 miles north of the Coyote Springs between the Manzanita 
Mountains and the Four Hills (Manzano Base). The site occupies an area approximately 
400 feet in diameter and contains SWMU 60 within its boundary, The site was formerly 
comprised of soil mounds containing testing debris from the TABS test. Subsequent VCM 
activity at the site have removed all primary sources of COPECs. The site is located within 
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pinon-juniper woodland vegetation, with an understory dominated by blue grams (Boute/oua 
graciliS). The terrain is rolling. and the soil is coarse to rocky. The shallow subsurface geology 
is comprised of a thin layer of alluvial sediments overlying granitic bedrock, This area of 
SNLJNM is characterized by considerable structural complexity in the subsurface. Several 
major fault systems intersect the general area. Site-specific depth to groundwat~r is unknO~t 
but is considered to be approximately 180 feet bgs. The water table may occur In 
unconsolidated material but most likely occurs in fractured bedrock. The site is immediately 
adjacent to an arroyo that flows south, entering the Arroyo del Coyote below the Coyote 
Springs. There is no wetland or aquatic habitat on the site or along this arroyo. SWMU 10 was 
surveyed for sens~ive species on April 26 and May 24,1994 (IT February 1995). No sensitive 
species were found within the current boundaries of the site. 

Complete ecological pathways may exist at this site through the exposure of plants and wildlife 
to COPECs in surlace and subsurface soil. Direct uptake of COPECs from soH was assumed 
to be the major route of exposure for plants, with exposure of plants to wind-blown soil 
assumed to be minor. Exposure modeling for the wildlife receptors was limited to the food and 
soil ingestion pathways. Because of the lack of surface water at this site, exposure to COPECs 
through the ingestion of surface water was considered insignificant. Inhalation and dermal 
contact were also considered insignificant pathways with respect to ingestion (Sample and 
Suter 1994). Groundwater is not expected to be affected by COPECs at this Site. 

VI1.3.1.2 COPECs 

Historically, activ~ies at SWMU 10 included tests involving DU, beryllium, HE, and radioactive 
tracers (osmium and others). Based upon confirmatory sampling following the VCM activit ies. 
the COPECs at SWMU 10 include metals and DU. 

In order to provide conservatism in this ecological risk assessment, the assessment is based 
upon the ma)(imum Gail concentrations of the COPECs as measured in soil samples within the 
first 5 feet of soil. Both radiological and nonradiological COPECs are evaluated. The 
nonradiological COCs consist of inorganic analytes (i.e., metals). No organic analytes were 
detected in these soil samples. Inorganic analytes and radionuclides were screened against 
background concentrations, and those that exceeded the approved SNLlNM background 
screening levels (Dinwiddie September 1997; Zamorski December 1998) for the area were 
considered to be COPECs. Maximum COPEC concentrations are reported in Tables 3 and 4. 
Nonradiological inorganics that are essential nutrients such as iron, magnesium, calcium, 
potaSSium, and sodium were not included in this risk assessment as set forth by the EPA 
(1989). 

VII.3.1.3 Ecological Receptors 

A nonspeclfic perennial plant was selected as the receptor to represent plant species at the site 
(IT July 199B). Vascular plants are the principal primary producers at the site and are key to 
the diversity and productivity of the wildlife community associate with the site. A deer mouse 
(Peromyscus msniculatus) and burrowing owl (Speotyto cunicularia) were used to represent 
wildlife use. Because of its opportunistic food habits, the deer mouse was used to represent a 
mammalian herbivore, omnivore, and insectivore. The burrowing owl was selected as the top 
predator. The burrowing owl is present at SNUNM and is deSignated a species of management 
concem by the U.S. Fish and Wildlife Service in Region 2, which includes the state of New 
Mexico (USFWS September 1995). 
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VII.3.2 Exposure Estimation 

Direct uptake of COPECs from the soil was considered the only significant route of exposure for 
terrestrial plants. Exposure modeling for the wildlife receptors exposed to nonradioactive aAd· 
radioactive COPECs was limited to food and soil ingestion pathways' with external dose 
included for radiation exposure only (IT July 1998). Inhalation and dermal contact were 
considered insignificant pathways with respect to ingestion (Sample and Suter 1994). Drinking 
water was also considered an insignificant pathway because of the lack of surface water at this 
site. The deer mouse was modeled under three dietary regimes: as an herbivore (100 percent 
of its diet as plant material). as an omnivore (50 percent of its diet as plants and 50 percent as 
soil invertebrates). and as an insectivore (100 percent of its diet as soil invertebrates). The 
burrowing owl was modeled as a strict predator on small mammals (100 percent of its diet as 
deer mice). Because the exposure in the burrowing· owl from a diet consisting of equal parts of 
herbivorous. omnivorous. and insectivorous mice would be equivalent to the exposure 
consisting of only omnivorous mice. the diet of the burrowing owl was modeled with intake of 
omnivorous mice only. Both species were modeled with soil ingestion comprising 2 percent of 
the total dietary intake. Table 10 presents the species-specific factors used in modeling 
exposures in the wildlife receptors. Justification for use of the factors presented in this table is 
described in the ecological risk assessment methodology document (IT July 1998). 

Although home range is also included in this table, exposures for this risk assessment were 
modeled using an area use factor of 1. implying that all food items and soil ingested are from 
the site·being investigated. The maximum measured COPEC concentrations from surface soil 
samples were used to conservatively estimate potential exposures and risks to plants and 
wildlife at this site. 

For the radiological dose rate calculations. the deer mouse was modeled as an herbivore 
(100 percent of its diet as plants), and the burrowing owl was modeled as a strict predator on 
small mammals (100 percent of its diet as deer mice). Both were modeled with soil ingestion 
comprising 2 percent of the total dietary intake. Receptors are exposed to radiation both 
internally and externalty from U-235, U-238, and Th-232. Internal and external dose rates to 
the deer mouse and burrowing owl are approximated using modified dose rate models from the 
Hanford Site Risk Assessment Methodology (DOE 1995) as presented in the ecological risk 
assessment methodotogy document for the SNUNM ER Program (IT July 1998). Radionuclide­
dependent data for the dose rate calculations were obtained from Baker and Soldat (1992). 
The external dose rate model examines the total-body dose rate to a receptor residing in soil 
exposed to radionuclides. The soil surrounding the receptor is assumed to be an infinite 
medium uniformly contaminated with gamma-emitting radionuclides. The external dose rate 
model is the same for both the deer mouse and the burrowing owl. The internal total-body dose 
rate model assumes that a fraction of the radionuclide concentration ingested by a receptor is 
absorbed by the body and concentrated at the center of a spherical body shape. This provides 
for a conservative estimate for absorbed dose. This concentrated radiation source at the center 
of the body of the receptor is assumed to be a "poinr source. Radiation emitted from this point 
source is absorbed by the body tissues to contribute to the absorbed dose. Alpha and beta 
emitters are assumed to transfer 100 percent of their energy to the receptor as they pass 
through tissues. Gamma-emitling radionuclides only transfer a fraction of their energy to the 
tissues because gamma rays interact less with matter than do beta or alpha emitters. The 
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Table 10 
Exposure Factors for Ecological Receptors at SWMU 10 

Food Intake 
Trophic 80dyWeight Rate 

Receptor Specie. Class/Order Level (kg)' (kg/day)' Dlatary Composition 
, 

Deer Mouse Mammalia! Herbivore 2.39E-2
d 

3.72E-3 Plants: 100% 
(Peromyscus Rodentia (+ Soil at 2% of intake) 
maniculatus) 

Deer Mouse Mammalia! Omnivore 2.39E-2
d 

3.72E-3 Plants: 50% 
(Peromyscus Rodentia Invertebrates: 50% 
manku/slus) (+ Soil at 2% of intake) 

Deer Mouse Mammalia! Insectivore 2.39E-2° 3.72E-3 Invertebrates: 100% 
(Peromyscus Rodentia (+ Soil at 2% of intake) 
maniculatus) 

Burrowing owl Aves! Carnivore 1.55E-l' 1.73E-2 Rodents: 100% 
(Speotyto cunicularia) Strigiformes (+ Soil at 2% of intake) 

' Body weights are in kilograms wet weight. 

~Food intake rates are estimated from the allometric equations presented in Nagy (1987). Units are kilograms dry weight per day. 
CDietary compositions are generalized for modeling purposes. Default soil Intake value of 2% of food inlake. 
dFrom Silva and Downing (1995). 

-EPA (1993), based upon the average home range measured in semiarid shrubland in Idaho. 
IFrom Dunning (1993). 

9From Haug et al. (1993). 
EPA = U.S. Environmental Protection Agency. 
kg = Kilogram(s). 
kg/day = Kilogram(s) per day. 
SWMU = Solid waste management unit. 

Home Range 
(ocr •• ) 
2.7E-l 1 

2.7E-l· 

2.7E-l
1 

3.5E+l' 

-o 

~ -0 
.~ -'" 00 
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external and internal dose rate results are summed to calculate a total dose rate caused by 
exposure to radionuclides in soil. 

Table 11 presents the transfer factors used in modeling the concentrations of COPECs through 
the food chain. Table 12 presents maximum concentrations in soil and derived concentrati0R6 
in tissues of the various food..chain elements that are used to model dietary exposures for Bach 
of the wildlife receptors. 

V11.3.3 Ecological Effects Evaluation 

Benchmark toxicity values for the plant and wildlife receptors are presented in Table 13. For 
plants, the benchmark soil concentrations are based upon the lowest-observed-adverse-effect 
level (LOAEL). For wildlife. the toxictty benchmarks are based upon the no-observed-adverse· 
effect level (NOAEL) for chronic oral exposure in a taxonomically similar test species. 
Insufficient toxicity information was found to estimate the LOAELs or NOAELs for some 
COPECs for terrestrial plant Iffe and wildlffe receptors, respectively. 

The benchmark used for exposure of terrestrial receptors to radiation was 0.1 rad/day. This 
value has been recommended by the International Atomic Energy Agency (IAEA 1992) for the 
protection of terrestrial populations. Because plants and insects are less sensitive to radiation 
than vertebrates (Whicker and Schultz 1982), the dose of 0.1 rad per day should also offer 
sufficient protection to other components within the terrestrial habitat of SWMU 10. 

VI 1.3.4 Risk Characterization 

Maximum concentrations in soil and estimated dietary exposures were compared to plant and 
wildlife benchmark values. respectively. Results of these comparisons are presented in 
Table 14. HQs are used to quantify the comparison with benchmarks for plants and wildlife 
exposure. 

Analytes with HQs exceeding unity for plants were chromium (total) and selenium. Barium 
resulted in an HQ in excess of unity for the omnivorous and insectivorous deer mouse. 
Selenium resulted in an HQ greater than 1.0 for the insectivorous deer mouse. One analyte. 
mercury (organic), resulted in an HO greater than 1.0 for the burrowing owl, atthough HOs for 
the burrowing owl could not be determined for berytlium and silver. As directed by the NMED, 
His were calculated tor each of the receptors (the HI is the sum of chemical-specific HOs for all 
pathways for a given receptor). All receptors had His greater than unity, with a maximum HI of 
45 for plants. 

Tables 15 and 16 summarize the internal and external dose rate model resutts for the six 
radionuclides. The total radiation dose rate to the d.eer mouse was predicted to be 
5.4E-4 rad/day. Total dose rate to the burrowing owl was predicted to be 4.9E-4 rad/day. The 
external dose rate from exposure to these radionuclides for both receptors is the primary 
contributor to the total dose rate. The dose rates for the deer mouse and the burrowing owl are 
considerably less than the benchmark of 0.1 rad/day. 
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Table 11 
Transfer Factors Used in Exposure Models for 

Constituents of Potential Ecological Concem al SWMU 10 

Constituent 01 Potential SoU .. to-Plant Sol"'to-Invenebrate 
Ecological Concem 

Inorganic 

Barium 

Beryllium 

Cadmium 

Chromium (total) 

Lead 

Mercurv 

Selenium 

Silver 

' From Baes et a!. (1984). 
bDefault value. 
cNCRP (January 1989). 
dFrom Stafford 8t at. (1991). 
' From Ma (1982). 

Trana'.r Factor Tranafer Factor 
-

1.5E-1' 1.0E+O~ 
1.0E-2' 1.0E+o

D 

5.5E-1 ' 6.0E_1 d 

4.0E_2c 1.3E-1-

9.0E_2c 4.0E4' 
1.0E+O

c 1.0E+oD 

5.0E-1 c 1.0E+O' 

1.0E+O
c 

2.5E-1' 

SWMU = Solid waste management unit. 

Constituent of Potential 

Table 12 
Media Concentrations' for Constituents of 
Potential Ecological Concem at SWMU 10 

Soli Soli 

Food-to-Muscle-
Transfer Factor 

2.0E_4c 

1.0E-3' 

5.5E-4' 

3.0E_2
c 

8.0E-41' 

2.5E-1· 
1.0E_1c 

S.OE-3' 

Deer Mouse 
Ecological Concern (maximum) Plant Foliaget> Invertebratet> Tissues

c 

Inoraanic 

Barium 2.5E+2 3.BE+1 

Beryllium 3.4E+0 3.4E-2 

Cadmium B.SE-l 3.BE-1 
Chromium (total) 4.6E+1 1.BE+O 

Lead 3.0E+1 2.7E+O 

MercuN 0.07S J 7.SE-2 

Selenium 3.1E+O 1.6E+O 

Silver S.1E+1 B.1E-l 

l in milligrams per kilogmm. All are based upon dry weight of the media. 

t>Product of the soil concentration and the corresponding transfer factor. 

2.SE+2 9.3E-2 

3.4E+O S.6E·3 
3.9E-l B.7E-4 

B.OE+O 4.SE-l 

1.2E+0 B.OE-2 

7.SE-2 B.OE-2 

3.1E+O 7.SE-l 

I.SE-l B.2E-3 

cSased upon the deer mouse with an omnivorous diet. Product of the average concentration in food times 
the food-to-muscle transfer factor times the wet weight-dry weight conversion factor of 3.125 (from 
EPA 1993). 
SWMU = Solid waste management unit. 
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Table 13 
Toxicity Benchmarks lor Ecological Receptors at SWMU 10 

Constituent of Potential Plant 
Ecological Concern Benchmark· ... 

Inorganic 

Barium 

Beryllium 

Cadmium 

Chromium (total) 

Lead 

Mercurv (inoraanic) 

Mercury (organic) 
Selenium 

Silver 

I'n milligrams per kilogram soil. 
bFrom Will and Suter (1995). 

500 
10 

3 
1 

50 

0.3 
0.3 
1 

2 

Mammalian NOAELs 
Test 

Mammallan Species 
T •• t SpeclesC,d NOAELd 

.• 

Rat 5.1 
Rat 0.66 
Rat 1.0 
Rat 2.737 
Rat 8.0 

Mouse 13.2 
Rat 0.032 
Rat 0_20 

Rat 17.8 

Deer 
Mous. Avian 

NOAEL1
.
1 Test SpecJe.d 

10.5 Chicks 

1.29 '" 

1.9 Mallard 
5354 Black duck 
15.6 American 

kestrel 

14.0 Japanese Quail 
0.063 Mallard 

0.39 Screech owl 
34.8 ... 

Avian NOAEL. 
Burrowing 

Test Spec!" Owl 
NOAELcl.1 NOAEL1

•
1I 

20.8 20.8 
--- ... 

1.45 1.45 
1.0 1.0 

3.85 3.85 

0.45 0.45 
0.0064 0.0064 

0.44 0.44 
... -

caDdy weights (in kilograms) for the no-observed-adverse-effect level (NOAEL) conversion are as follows: lab mouse, 0.030; lab rat. 0.350 (except 
where noted). • • 

From Sample et at (1996) . except where noted. 

I'n milligrams per kilogram body weight per day. 
'Based upon NOAEL conversion methodology presented in Sample et at (1996). using a deer mouse body weight of 0.0239 kilogram and a 
mammalian scaling factor of 0.25. 
lIeased upon NOAEL conversion methodology presented in Sample et at (1996). The avian scaling factor of 0.0 was used, making the NOAEL 
Independent of body weight. 
hBody weight: 0.435 kilogram. 
' __ - designates insufficient toxicity data. 
IBody weight: 0.303 kilogram. 
SWMU = Solid waste management unit. 
NOAELs = No-obselVed-adverse-effect levels. 

-o 



Table 14 
Hazard Quotients for Ecological Receptors at SWMU 10 

Deer Mouse Deer Mouse OeerMouse 

Constituent 01 Potential HQ HQ HQ Burrowing Owl 
EcoloalcalConcenn Plant Hal (Herblvoroua)' {Omnivorous" (Insectivorous)' HQ' 

Inorganic 

Barium S.OE-l 6.3E-l 2.2E+O 3.8E+O 2.7E·2 

BelVllium 3.4E·l 1.2E-2 2.2E-l 4.2E-l ... 

Cadmium 2.2E-l 3.1E-2 3.2E-2 3.3E-2 1.1E-3 

Chromium (lotal) 4.6E+1 B.OE·S 1.4E·4 2.0E-4 1.SE-l 

Lead 6.0E·l 3.3E·2 2.SE-2 l.BE-2 1.BE·2 
MereulV (InorDanlc) 2.SE·l B.SE-4 B.SE-4 B.SE·4 1.SE-2 
Mercurv (orQanic) 2.SE-l 1.9E· l 1.9E-l 1.9E-l 1.1E .. O 
Selenium 3.1E+O 6.4E·l 9.SE·l 1.3E+O 2.1E·l 

Silver 3.1E-l 2.BE-3 1.BE-3 7.4E·4 ---

HI' 5.1E+l 1.5E+O 3.6E+O 5.8E+o 1.5E+O 

'Bold text indicates HQ or HI exceeds unity. 
;ne HI is the sum of individual Has using the value for organic mercury as a conservative estimate of the HI. 
HI = Hazard index. 
HQ = Hazard quotient. . 
SWMU = Sefid waste management unit. 
... designates Insufficient toxicity data available for risk estimation purposes. 
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Table 15 
Internal and External Dose Rates for 

Deer Mice Exposed to Radlonuclldes at SWMU 10 

Concentration Internal Dose Extemal Dose Total Dose 

I 

~ f.¥af ~ ~ 
o-;;o-~ 

6. ,+0 1.0E-4 
2. ;+( 

~ ~ -otal 

-"he U-235 value was calculated using the U-238 concentration and assuming that the U-238 to U-235 
ratio was equal to that detected during waste characterization of depleted uranium-contaminated soils 
generated during the radiological voluntary corrective measures project, where U-235=U-238173 (Miller 
June 199B). 
pCi/g = Picocurie(s) per gram. 
SWMU '" Solid waste management unit. 

Table 16 
Internal and External Dose Rates for 

Burrowing Owls Exposed to Radlonuclldes at SWMU 10 

Maximum 
Concentration Internal DOH External Dose 

Radlonucllde (pCUg) (radlday) (radlday) 

U-235- 3.0E-1 1.3E-li 4.9E-S 
U-236 B.4E+O 3.4E-5 1.7E-5 
Th-232 2.3E+0 1.3E-li 4.3E-4 
Total 3.7E-5 4.5E-4 

Total Dose 
(radlday) 

S.2E-li 
5.1 E-5 
4.3E-4 
4.9E-4 

--rhe U-235 value was calculated using the U-238 concentration and assuming that the U·238 to U·235 
ratio was eClualto that detected during waste characterization of depleted uranium·contaminated soils 
generated during the radiological vOluntary corrective measures project, where U·235:U·238173 (Miller 
June 1998). 
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V11.3.S Uncertainty Assessment 

Many uncertainties are associated with the characterization of ecological risks at SWMU 10. 
These uncertainties result from assumptions used In calculating risk that may overestimate QL 

underestimate true risk presented at a site. For this risk assessment. assumptions afe made 
that are more likely to overestimate exposures and risk rather than to underestimate them. 
These conservative assumptions are used to be more protective of the ecological resources 
potentially affected by the site. Conservatisms incorporated into this risk assessment include 
the use of maximum measured analyte concentrations in soil to evaluate risk. the use of wildlife 
toxicity benchmarks based upon NOAEL values, the incorporation of strict herbivorous and 
strict insectivorous diets for predicting the extreme HO values for the deer mouse, and the use 
of 1.0 as the area use factor for wildlne receptors regardless of seasonal use or home range 
size. Each of these uncertainties, which are consistent among each of the SWMU·specific 
ecological risk assessments, Is discussed in greater detail in the uncertainty section of the 
ecological risk assessment methodology document for the SNUNM ER Program (IT July 1998). 

Uncertainties associated with the estimation of risk to ecological receptors following exposure to 
U·235, U·238, and Th·232 are primarily related to those inherent in the radionuclide·specific 
data. Radionuclide·dependent data are measured values that have their associated errors, 
which are typically negligible. The dose rate models used for these calculations are based 
upon conservative estimates on receptor shape. radiation absorption by body tissues, and 
intake parameters. The goal is to provide a realistic but conservative estimate of a receptor's 
exposure to radionuclides in soil, both internally and externally. 

One large uncertainty associated with the prediction of ecological risks at this site is the use of 
the maximum measured concentrations in soil to evaluate risk. This results in a conservative 
exposure scenario that does not necessarily reflect actual Site conditions. This is also true with 
regard to the use of detection limits in the estimation of risk. The assumption of an area use 
factor of 1.0 is a source of uncertainty for the burrowing owl. Because SWMU 10 is less than 
3 acres in size, an area use factor of less than 0.1 would be justified for this receptor. This is 
sufficient to reduce the HC for mercury well below unity. 

Analytical data were examined more closely to assess variability within the data. Exclusion of 
these data results in maximum chromium and barium concentrations of 40 and 250 mgtkg, 
respectively. Utilization of 40 mglkg chromium concentration in the estimation of risks to plants 
results in an HO of 40. The average chromium within this data set, however, is only 12.0 mglkg, 
which is less than background. Consequently, risks to plant communities on site from exposure 
to chromium are not expected to be significant. Risk was also predicted for deer mice exposed 
to barium. Utilization of the average barium concentration of 109 mglkg results in an HO of 
greater than (1.6) for the insectivorous mouse alone. Risks to ecological receptors from 
exposure to chromium and barium on-site are, therefore, expected to be low. Selenium was 
also predicted to be potentially hazardous to plants and the insectivorous mice at the Site. 
Exposure of plants at this site to the average detected concentration would result in an HQ of 
1.1 for the plant and less lhan unity for the deer mouse. Mercury resulted in an HQ of greater 
than 1.0; however, it was detected in less than 7 percent of the samples. This only occurs if 
mercury is assumed to be entirely in the organic form. Consideration of the nondetected values 
would lower the HO to below 0 for plants at the site. Based upon this analysis, chromium, 
barium, selenium, and mercury are not expected to pose a signfficant risk to biota associated 
with the site. 
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In the estimation of ecological risk, background concentrations are included as a component of 
maximum on·site concentrations. Table 17 illustrates risk estimates associated with exposure 
of each 01 the receptors to background concentrations of the metal COPECs. With respect to 
the plant, an HQ greater than 1.0 was obtained for chromium~total) and selenium. Has greater 
than unity were also obtained for the omnivorous and insectivorous deer mouse exposed to 
barium. Selenium also resulted in an HQ greater than .1.0 for the insectivorous deer mouse. 
No Has greater than 1.0 were reported for the..burro.wing owl from background exposure. 
Although less than 50 percent of the maximum on-site total chromium soil concentration was 
associated with background, 97 percent of the maximum on-site total selenium concentration 
was associated with background. Likewise, 98 percent of the maximum on-site barium 
concentration and 73 of the maximum on-site mercury concentration were associated with 
background. Average on-site concentrations of barium, chromium, and selenium are within the 
range of background concentrations. Because of the uncertainties associated with exposure 
and toxicity, it is unlikely that selenium, chromium;-and barium, with exposure concentrations 
largely attributable to background, present significant ecologtcal-risk. 

Based upon this uncertainty analysis. ecological risks at SWMU 10 are expected to be very low. 
HOs greater than unity were initially predicted; however. closer examination of the exposure 
assumptions revealed an overestimation of risk primarily attributed to exposure concentration, 
background risk, quality of analytical data. and the assumption of mercury as entirely in the 
organic form. 

VII .3.6 Risk Interpretation 

Ecological risks associated with SWMU 10 were estimated through a screening assessment 
that incorporated site-specific information when available. Overall. ecological risks to plants are 
expected to be low because of the fact that predicted-risks associated with exposure to barium, 
chromium (total), selenium, and mercury are based upon calculations using maximum detected 
values. With respect to the deer mouse, risk is also expected to be low. In addition, average 
barium, chromium. and selenium concentrations at the site were within the range of background 
concentrations. Mercury was predicted to be hazardous to the burrowing owl. Potential risks 
associated with mercury for the burrowing owl were evaluated using maximum detected values. 
an assumption that the concentration was entirely in an organic form, and an area use factor of 
1.0, all of which can account for the HO exceeding unit. Based upon this final analysis, 
ecological risks associated with SWMU 10 are expected to be very low. 

VII .3.? Screening Assessment ScientniC/Management Decision Point 

Once potential ecological risks associated with the site have been assessed, a decision is made 
as whether the site should be recommended for NFA or additional data should be collected to 
more thoroughly assess actual ecological risk at the site. With respect to this site, ecological 
risks were predicted to be very low. The scientific/management decision is to recommend this 
site for NFA. 
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Tabie 17 
HQs for Ecological Receptors Exposed to Background Concentrations for SWMU 10 

Deer Mouse Deer Mouse Deer Mouse 
Constituent of Potential HQ HQ HQ 

Ecoloalcal Concern Plant Hal (Herbivorous)' (Omnivorous)· (lnsaetlvorou.)' 

Inorganic 

Barium 4.9E-l 6.2E-l 2.2E~ 3.7E+D 
Beryllium 7.SE-2 2.7E-3 4.8E·2 9.2E·2 
Cadmium 2.1E-l 3.0E·2 3.1E·2 3.3E·2 
Chromium (total) 1.9E+1 3.3E·S S.7E-S 8.2E-S 

Lead 3.8E-l 2.1E·2 1.6E·2 1.lE·2 

MereuI)' (inorganic) 1.8E-1 6.3E·4 6.3E-4 6.3E-4 
Mercurv (oraanic) 1.8E-1 HE-l l.4E-l 1.4E-l 

Selenium 3.0E.O 6.2E·l 9.2E-l l.2E.O 
Silver 1.3E-l 1.lE·3 7.2E-4 3.0E-4 

HI' 2.3E+1 1 .4E~ 3.4E~ 5.2E~ 

-Bold text indicates HQ or HI exceeds unity. 
b ___ deSignates insufficient toxicity data available for risk estimation purposes. 
'The HI is the sum of individual Has using the value for organic mercury as a conservative estimate of the HI. 
HI = Hazard index. . 
HQ = Hazard quotients. 

Burrowing Owl 
HQ' 

2.7E·2 , ---
1.0E-3 

6.3E-2 
1.1E-2 

1.1E·2 
7.8E·l 
2.0E-1 

--- -o 
1.lE.O 
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APPENDIX 1 
EXPOSURE PATHWAY DISCUSSION FOR CHEMICAL 

AND RADIONUCUDE CONTAMINATION 

09/03/98 

Sandia National Laboratories (SNUNM) proposes that a default set of exposure routes and 
associated default parameter values be developed for each future land-use designation being 
considered for SNUNM Environmental Restoration (ER) project sites. This default set of 
exposure scenarios and parameter values would be invoked for risk assessments unless site­
specific information suggested other parameter values. Because many SNlJNM solid waste 
management units (SWMU) have similar types of contamination and physical settings, SNUNM 
believes that the risk assessment analyses at these sites can be similar. A default set of 
exposure scenarios and parameter values will facilitate the risk assessments and subsequent 
review. 

The default exposure routes and parameter values suggested are those that SNUNM views as 
resulting in a Reasonable Maximum Exposure (RME) value. Subject to comments and 
recommendations by the U.S. Environmental Protection Agency (EPA) Region VI and New 

. Mexico Environment Department (NMED). SNUNM proposes that these default exposure 
routes and parameter values be used in future risk assessments. 

At SNUNM. all SWMUs exist within the boundaries of the Kirtland Air Force Base (KAFB). 
Approximately 157 potential waste and release sites have been identified where hazardous, 
radiological, or mixed materials may have been released to the environment. Evaluation and 
characterization activities have occurred at all of these sites to varying degrees. Among other 
documents, the SNUNM ER draft Environmental Assessment (DOE 1995) presents a summary 
of the hydrogeology of the sites, the biological resources present and proposed land-use 
scenarios for the SNUNM SWMUs. At this time, all SNUNM SWMUs have been tentatively 
designated for either industrial or recreational future land use. The NMED has also requested 
that risk calculations be perfonned based upon a residential land-use scenario. All three land­
use scenarios will be addressed in this document. 

The SNUNM ER project has screened the potential exposure routes and identified default 
parameter values to be used for calculating potential intake and subsequent Hazard index (HI). 
risk and dose values. The EPA (EPA 1989a) provides a summary of exposure routes that 
could potentially be of significance at a specific waste site. These potential exposure routes 
consist of: 

• Ingestion of contaminated drinking water 
• Ingestion of contaminated soil 
• Ingestion of contaminated fish and shell fish 
• Ingestion of contaminated fruits and vegetables 
• Ingestion of contaminated meat, eggs. and dairy products 
• Ingestion of contaminated surface water while swimming 
• Dermal contact with chemicals in water 
• Dermal contact with chemicals in soil 
• Inhalation of airborne compounds (vapor phase or particulate) 
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• External exposure to penetrating radiation (immersion in contaminated air; immersion 
in contaminated water and exposure from ground surlaces with photon-emitting 
radionuclides). 

Based upon the location of the SNUNM SWMUs and the characteristics of the surface and _ 
subsurtace at the sites, we have evaluated these potential exposure routes for different land­
use scenarios to determine which should be considered in risk assessment analyses (the last 
exposure route is pertinent to radionuclides only). At SNUNM SWMUs, there does not 
currently occur any consumption of fish, shell fish. fruits, vegetables, meat, eggs. or dairy 
products that originate on site. Additionally, no potential for swimming in surlace water is 
present due to the high-desert environmental conditions. As documented in the RESRAD 
computer code manual (ANL 1993), risks resulting from immersion in contaminated air or water 
are not significant compared to risks from other radiation exposure routes. 

For the industrial and recreational land-use scenarios, SNUNM ER has, therefore, excluded the 
following four potential exposure routes from further risk assessment evaluations at any 
SNUNMSWMU: 

• Ingestion of contaminated fish and shell fish 
• Ingestion of contaminated fruits and vegetables 
• Ingestion of contaminated meat, eggs. and dairy products 
• Ingestion of contaminated surface water while swimming. 

That part of the exposure pathway for radionuclides related to immersion in contaminated air or 
water is a/so eliminated. 

For the residential land-use scenario, we will include ingestion of contaminated fruits and 
vegetables because of the potential for residential gardening. 

Based upon this evaluation, for future risk assessments, the exposure routes that will be 
considered are shown in Table 1. Dermal contact is included as a potential exposure pathway 
in all land use scenarios. However, the potential for dermal exposure to inorganics is not 
considered significant and will not be included. In general, the dermal exposure pathway is 
generally considered to not be significant relative to water ingestion and soil ingestion pathways 
but will be considered for organic components. Because of the lack of toxicological parameter 
values for this pathway, the inclusion of this exposure pathway into risk assessment 
calculations may not be possible and may be part of the uncertainty analysis for a site where 
dermal contact is potentially applicable. 

Equations and Default parameter Values for Identified Exposure Routes 

In general, SNLJNM expects that ingestion of compounds in drinking water and soil will be the 
more significant exposure routes for chemicals; external exposure to radiation may also be 
significant for radionuclides. All of the above routes will, however, be considered for their 
appropriate land use scenarios. The general equations for calculating potential intakes via 
these routes are shown below. The equations are from the Risk Assessment Guidance for 
Supertund (RAGS): Volume 1 (EPA 1989a, 1991). These general equations also apply to 
calculating potential intakes for radionuclides. A more in-depth discussion of the equations 

AU5-98IINP/SNL:R$4.4(X).3.DOC 42 301462.185.0009l03I98 7 :1. PM 



RISK SCREENING ASSESSMENT FOR SWMU 10 09/03/98 

Table 1 
Exposure Pathways Conlldered for Various land Use Scenario& 

Industrial Recre.tlonal R .. ldential 
Ingestion of contaminated drinking Ingestion of comaminated Ingestion of contaminated -
water drinkina water drinkj~ water 
inQestion of contaminated soil In~estion at contaminated soil Ingestion of contaminated soil 
Inhalation of airborne compounds Inhalation of airborne Inhalation of airborne compounds 
(vapor phase or particulate) compounds (vapor phase or (vapor phase or particulate) 

I oarticulato) 
Dermal contact Dermal contact Oennal contact 
External exposure to penetrating External exposure to Ingestion of fruits and vegetables 
radiation from ground surfaces penetrating radiation from 

I around suriaces 
External exposure to penetrating 
radiation from ground surfaces 

used in performing radiological pathway analyses with the RESRAD code may be found in the 
RESRAD Manual (ANL 1993). Also shown are the default value. SNlJNM ER suggests for use 
in RME risk assessment calculations for industrial, recreational. and residential scenarios. 
based upon EPA and other governmental agency guidance. The pathways and values for 
chemical contaminants arB discussed first. followed by those for radionuclide contaminants. 
RESRAD input parameters that are left as the default values provided with the code are not 
discussed. Further information relating to these parameters may be found in the RESRAD 
Manual (ANL 1993). 

Generic Eguation for Calculation of Risk Parameter Values 

The equation used to calculate the risk parameter values (Le .• hazard quotients/hazard index 
[HI], excess cancer risk, or radiation total effective dose equivalent [dose)) is similar for all 
exposure pathways and is given by: 

Risk (or Dose) = Intake x Toxicity Effect (either carcinogenic, noncarcinogenic, or radiological) 

where 

= C x (CR x EFDIBW/AT) x Toxicity Effect 

C = contaminant concentration (site specific) 
CR = contact rate for the exposure pathway 
EFD= exposure frequency and duration 
BW .. body weight of average exposure individual 
AT • time over which exposure is averaged. 

The total riskldose (eijher cancer risk or HI) is the sum of the risks/doses for all of the site­
specific exposure pathways and contaminants. 

(1 ) 

The evaluation of the carcinogenic health hazard produces a quantitative estimate for excess 
cancer risk resulting from the constituents of concern (COC) present at the site. This estimate 
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is evaluated ·for determination of further action by comparison of the quantitative estimate with 

the potentially ,cceptable risk range of 10~ to 10-ti. The evaluation of the noncarcinogenic 
hea~h hazard produces a quantitative estimate (i.e. , the HI) for the toxicity resulting from the 
COCs present at the site. This estimate is evaluated for determination of further action by­
comparison of this quantitative estimate with the EPA standard HI of unity (1). The evaluat .... 
of the health hazard due to radioactive compounds produces a quantitative estimate of doses 
resulting from the COCs present at the site. 

The specific equations used for the individual exposure pathways can be found in RAGS (EPA 
1989a) and the RESRAD Manual (ANL 1993). Table 2 shows the defau~ parameter values 
suggested for used by SNUNM at SWMUs, based upon the selected land use scenario. 
References Bre given at the end of the table indicating the source for the chosen parameter 
values. The Intention of SNLJNM is to use default values that are consistent with regulatory 
guidance and consistent with the RME approach. Therefore, the values chosen will, in general, 
provide a conservative estimate of the actual risk parameter. These parameter values are 
suggested for use for the various exposure pathways based upon the assumption that a 
particular site has no unusual characteristics that contradict the default assumptions. For sites 
tor which the assumptions are not valid, the parameter values will be modified and documented. 

Summary 

SNUNM proposes the described default exposure routes and parameter values for use in risk 
assessments at sites that have an industrial, recreational or residential future land-use 
scenario. There are no current residential land-use designations at SNUNM ER sites, but this 
scenario has been requested to be considered by the NMED. For sites deSignated as industrial 
or recreational land-use, SNUNM will provide risk parameter values based upon a residential 
land-use scenario to indicate the effects of data uncertainty on risk value calculations or in order 
to potentially mitigate the need for institutional controls or restrictions on SNlJNM EA sites. The 
parameter values are based upon EPA guidance and supplemented by information from other 
government sources. The values are generally consistent with those proposed by Los Alamos 
National Laboratory, with a few minor variations. If these exposure routes and parameters are 
acceptable, SNUNM will use them in risk assessments for all sites where the assumptions are 
consistent with site-specific conditions. All deviations will be documented. 
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Table 2 
Default Parameter Values for Various Land Use Scenarios 

Parameter Industrial Recreatfonal Residential 
General Exposure Parameters 

Exposure freQuency (day/Yr) ••• • •• ... 
Exposure duration (yr) 30 .. b 30"c 30

u 

Body weight (kg) 70'" 5Su 70 adu!tl.c 
15 child 

Averaging Time (days) 
for carcinogenic compounds 25550· 25550" 25550· 
(= 70 Y x 365 day/v') 

for noncarcinogenic compounds 
(= ED x 365 daylv') 

10950 10950 10950 

SolllnJlestlon Pathway 

Incestion rate 100 mglday' 6.24 gty,' 114 mg-y,lkg-d.y' 

Inhalation Pathway 
Inhalation rate (m3tyr) 5000 .. D 

146
11 547SI

.
U 

Volatilization factor (m
3
/ko) chemical soecific chemical specific chemical specific 

PartiCUlate emission factor (m
3
/kg) 1.32E91 

1.32E9
1 1.32E91 

Water Ingestion Pathway 

Inaestion rate (Uday) - 2" 2··tI 21.b 

Food Ingestion Pathway 

Inoestion rate (kaNr) NA NA 13811,11 

Fraction inQ9sted NA NA 0.251).1) 

Dermal Pathway 

Surface area in water (m
2

) 2" 2"' 2" 
Surlace area in soil (m

2
) 0.5311 

•• 0.5311 
•• O.53~ 

Permeabilitv coefficient chemical soscific chemical soecific chemical soecific 

--"The exposure frequencies for the land use scenarios are often integrated into the overall contact rate 
for specific exposure pathways. When not included, the exposure frequency for the industrial land use 
scenario is 8 hr/day for 250 day/yr, for the recreational land use, a value of 2 hrlwk for 52 wklyr is used 
(EF'A 1989b); tor a residential land use, all contact rates Bre given per day for 350 day/yr. 
'RAGS, Vol 1, Part B (EPA 1991)_ 

bExposure Factors Handbook (EPA 1989b) 

cEPA Region VI guidance. 

lIFor radionuclides, RESRAO (ANL 1993) is used for human health risk calculations; default parameters 
are consistent with RESAAD guidance. 
-Dermal Exposure Assessment (EPA 1992). 
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Site-Speclfic Comments 

OU 1333 

ER Site 10, Burial Mounds 

ER Site 10 is appropriate for NF A, pending submittal of the below requested information. 

1. Page 3-7, Figure 3.2.2-1-- The site map showing the burial mounds at ER Site 10 Is 
labeled "draft". Please submit a rmal version of this map. 

Response: The draft label has been removed. See Attachment A 

2. Page 3-33, Figure 3.4.4-2 -- The site map showing confirmatory sampling locations 
at ER Site 10 is labeled "draft". Please submit a final version of this map. 

Response: The draft label has been removed. See Attachment A. 

3. Annex 3-A, Figure 1 -- The site map showing the burial mounds at ER Site 10 Is 
labeled "draft", Please submit a rmal version of this map. 

Response: The draft label has been removed. See Attachment A. 
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