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6.0 SCUD WASTE MANAGEMENT UNIT 108, FIRING SITE (BUILDING 9940) 

6.1 Summary 

Sandia National Laboratories/New Mexico (SNUNM) is proposing a risk-based no further action 
(NFA) decision for Solid Waste Management Unit (SWMU)108, Firing Site (Building 9940), 
Operable Unit 1335. SWMU 108 consists of a bunker and several supporting structures (sheds 
and office trailers) that were used for explosives testing and reactor safety experiments. Review 
and analysis of all relevant data for SWMU 108 indicate that concentrations of constituents of 
concern (COC) at this site are less than applicable risk assessment action levels. Thus, 
SWMU 108 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, per NFA 
Criterion 5, which states "The SWMU has been characterized and remediated in accordance 
with current and applicable state and federal regulations, and that available data indicate that 
the contaminants pose an acceptable level of risk under current and projected future land use" 
(NMED March 1998). 

6.2 Description and Operational History 

6.2.1 Site Description 

SWMU 108 is located in the Coyote Test Field Area east of Technical Area (TA) Ill 
(Figure 6.2.1-1 ). The site encompasses a bunker (Building 9940) and the Fully Instrumented 
Test System (FITS) building (Building 9940A, which is situated on top of the bunker), as well as 
miscellaneous storage sheds and office trailers (Figure 6.2.1-2). The site consists of soils on 
top of the bunker and surrounding the structures. Releases of radiological material and possible 
hazardous chemicals resulted from the fuel coolant interaction (FCI) experiments conducted at 
the site. The SWMU was originally a firing site where releases of high explosives (HE) may also 
have occurred. 

SWMU 108 is on land owned by the U.S. Air Force that is permitted to DOE and SNUNM and is 
located approximately 3,000 feet east of TA-111. It covers approximately 0.4 acre at an elevation 
of 5,530 feet above mean sea level (SNUNM March 1996a). Current and projected land use for 
SWMU 108 is industrial (DOE and USAF March 1996). 

SWMU 1081ies on the western margin of the Sandia Fault Zone. The geologic materials 
underlying the site consist of thick alluvial sediments that overlie deep bedrock. An alluvial fan 
and piedmont colluvium overly the Santa Fe Group Strata. The Santa Fe deposits are 
estimated to be approximately 3,000 feet thick beneath SWMU 108. Detailed descriptions of 
the regional geology are provided in the Site-Wide Hydrogeologic Characterization Project 
(SWHCP) 1994 Annual Report (SNUNM March 1995). 

SWHCP soil surveys and surficial mapping provide general soil characteristics for the area 
around SWMU 108. The dominant soil groups in the area include the Tome very fine sandy 

- loam and the Tijeras gravelly fine sandy loam. The estimated recharge rate for soils in the area 
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- range between 0.002 and 0.071 centimeters per year (anlyr), which yields downward seepage 
velocities ranging between 0.03 and 11.8 cmlyr (SNUNM October 1995). 

No perennial surface-water bodies are present in the immediate vicinity of SWMU 1 08. The 
nearest principal ephemeral surface drainage is the Arroyo del Coyote, which is about 1 mile 
north of the site. Drainage of the Arroyo del Coyote and an unnamed arroyo about 500 feet to 
the south of the site flows westward toward the Rio Grande. 

SWMU 1 08 lies in the HR-2 geohydrologic region described in the SWHCP report (SNUNM 
March 1995). This region is an intermediate geohydrologic zone between the HR-1 zone to the 
west and the HR-2 zone to the east. This region is an intermediate geohydrologic zone 
between the HR-1 zone to the west and the HR-2 zone to the east. The uppermost interval of 
groundwater saturation in HR-2 will be found as unconfined to semiconfined aquifers in the 
alluvial facies of the Santa Fe Group and Piedmont alluvium and as semiconfined to confined 
aquifers in the local bedrock units. Examples of these two aquifer models are found in two wells 
located near the site. Monitoring well AVN-1 (7,000 feet northwest of Building 9940) is . 
screened in the Santa Fe Group alluvial fan facies. Depth to groundwater in this well is 508 feet 
below ground surface (bgs). Monitoring well LMF-1 is 6,800 feet southeast of the site. Depth to 
groundwater in this well is 347 feet bgs. This well is screened in the Abo Sandstone (SNUNM 
March 1996b). 

For a detailed discussion regarding the local setting at SWMU 103, refer to the 'RCRA 
[Resource Conservation and Recovery Act] Facility Investigation Work Plan for Operable Unit 
1335, Southwest Test Area' (SNUNM March 1996a). 

6.2.2 Operational History 

The Building 9940 complex was originally built in the 1960s to serve as an explosive testing. 
complex and was originally owned by Organization 2510, the Explosives Components 
Organization. At that time, firing tests involved conventional explosives, but there are no 
records of the tests performed (Marshall August 1993). Outside the complex was a metal test 
chamber that was used for firing charges up to 2 pounds. The precise location of this chamber 
is unknown. The debris from these shots was placed in a dumpster (Martz October 1985). 

In the late 1970s and early 1980s experiments at the Building 9940 complex shifted toward 
reactor safety issues (primarily hydrogen combustion and FCis). From 1983 to 1988 FCI 
experiments were conducted, as were experiments with conventional HE. The various types of 
tests performed are described below. 

6.2.2.1 Conventional Explosives Tests 

Very little information is available regarding the HE tests performed at SWMU 108. Most of 
them were performed prior to 1978 before the current owners occupied the facility, and 
individuals involved with these tests could not be located. Based upon available information, 
except for the metal test chamber described above, the tests were conducted in the boom room, 
which is an underground tunnel inside Building 9940 complex that was specifically designed to 
contain these tests (Wrightson September 1994, February 1996a). The boom room is an active 
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facility. Because the boom room was designed to fully contain the explosives, it is believed that 
no release to the environment occurred as a result of the boom room tests. 

6.2.2.2 Hydrogen Combustion Experiments 

The purpose of the hydrogen combustion experiments was to test the flammability limits created 
by igniting a mixture of hydrogen, air, and steam. Other than hydrogen, no other hazardous 
material was used in these tests (Wrightson February 1996b). 

6.2.2.3 FCI Experiments 

The FCI experiments involved the reaction of depleted uranium (DU) and corium thermite, which 
is essentially a compound of stainless steel, zirconium, iron-oxide, nickel-oxide, chromium 
oxide, and molybdenum-oxide powder. The intent of the experiments was to simulate the 
reaction of molten core materials and water. 

Occasionally, a small detonator was used to trigger an explosion, but usually the interactions 
were not triggered in this fashion. The detonator typically had a charge of about 50 milligrams 
(mg) of explosives. The types of explosives used are unknown. 

Experiments involving corium !hermite at Building 9940 began in 1979 and continued until 1982. 
Most of the experiments conducted at the Building 9940 facility involved iron/alumina thermite 
melts. 

Two structures at SWMU 1 08 were critical to the tests using corium thermite: the FITS tank, 
housed in Building 9940A (Marshall August 1993) (Figure 6.2.1-2) and the EXO-FITS facility 
located south of Building 9940A. The FITS tank is a 5.6-cubic-meter vessel standing about 
5 meters tall and is approximately 1.5 meters in diameter. The EXO-FITS facility consisted of 
an angle-iron superstructure that suspended the thermite/melt crucible and a water chamber on 
a concrete pad. These structures were located on top of the bunker, Building 9940. 

Two series of experiments were conducted using corium !hermite: the Melt Development­
Corium (MDC) Series and the FITS-C Series. The purpose of the MDC Series was to refine the 
experimental techniques to ensure repeatability in the subsequent FCI experiment. The MDC 
experiments were conducted in the EXO-FITS facility. The FITS-C Series was the FCI test with 
corium thermite using melt delivery techniques developed in the MDC Series. 

COGs at the site include DU and chromium, which is derived from corium thermite used in the 
tests at the site (Marshall August 1993). The FCI tests were conducted on top of the bunker, 
Building 9940. According to personnel familiar with the experiments, chromium and DU would 
be co-located, and the fragments from the blast did not extend more than 50 to 100 feet from 
the test site (Marshall August 1993). Water used in the contained firing tests inside the FITS 
tank on top of the bunker was discharged onto the ground just outside the FITS building near 
the test pad (Marshall August 1993). The volume of water released was not documented. 
Other potential residues from the tests are nickel-oxide. 

Because of the reported explosives testing in the early history of the site, there is also the 
potential for residual HE. Therefore, HE is a contaminant of concem at this site. 
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6.3 Land Use 

6.3.1 Current 

Building 9940 is active. However, the area on top of the Building 9940 bunker where releases 
occurred, the FITS and EXO-FITS units, are inactive. 

6.3.2 Future/Proposed 

SWMU 108 has been recommended for industrial land use (DOE and USAF March 1996). 

6.4 Investigatory Activities 

6.4.1 Summary 

6.4.2 Investigation #1-Comprehensive Environmental Assessment and 
Response Program 

6.4.2.1 Nonsampling Data Collection 

The site was originally reported in the 1985 Comprehensive Environmental Assessment and 
Response Program (CEARP) interviews (DOE September 1987). Umited infonnation from 
these interviews alludes only to the primary metal container that was used for explosives tests 
outside Building 9940 as discussed in Section 6.2.2. Also, this report indicates that DU may 
have been used. 

6.4.2.2 Sampling Data Collection 

No samples were collected during the CEARP. 

6.4.2.3 Data Gaps 

No data were available to confinn whether hazardous materials or wastes were stored or 
released to the surrounding environment. 

6.4.2.4 Results and Conclusions 

Insufficient data were available to calculate a Hazard Ranking System Score for the SWMU. 
Subsequent to the CEARP inspection, the U.S. Environmental Protection Agency (EPA) 
conducted a RCRA Facility Assessment. SWMU 108 associated with Building 9940 was not 
identified in this report. 
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6.4.3 Investigation #2-8NLJNM ER Preliminary Investigations 

6.4.3.1 Nonsampling Data Collection 

6.4.3.1.1 Background Review 

A background review was conducted to collect available and relevant information regarding 
SWMU 108. Background information sources included interviews with SNLJNM staff and 
contractors familiar with site operational history and existing historical site records and reports. 
The study was completely documented and has provided traceable references that sustain the 
integrity of the NFA proposal. The following, presented in chronological order, lists these 
information sources that were used to assist in the evaluation of SWMU 108. 

• Photographs and field notes from site inspections conducted by SNLJNM staff 
(Wrightson July 22, 1997). 

• Miscellaneous information sources including SNLJNM personal correspondence 
(memorandums, letters, and notes regarding SWMU 108). 

• Four interviews with two facility personnel (current and retired) (Martz October 1985, 
Wrightson September 1994, February 1996a, February 1996b). 

Preliminary investigations and background reviews indicate that environmental releases may 
have occurred at the site. Corium !hermite (DU and metals) may have been released from the 
EXO-FITS facility as a result of the steam reactions from the FCI tests and from water 
discharged from the FITS tests conducted inside Building 9940-A (Figure 6.2.1-2). 

It is expected that contamination is present in the surface soils in these areas. Also, site history 
suggests that HE may be present in the soils, although specific locations of the reported tests 
are unknown. 

6.4.3.1.2 Unexploded Ordnance/HE Survey 

In September 1993, a 10Q-percent coverage unexploded ordnance survey was performed at 
SWMU 108 by SNLJNM Environmental Restoration (ER) personnel and Kirtland Air Force Base 
(KAFB) Explosive Ordnance Unit. The survey was conducted by visually inspecting the site for 
ordnance, HE, and ordnance debris. No ordnance material was found at SWMU 108 (Young 
and Byrd September 1994). 

6.4.3.1.3 Radiological Survey(s) 

A radiological survey was conducted at SWMU 108 in October 1993 by RUST Geotech Inc. 
(December 1994). A gamma scan survey was performed at 6-foot centers (100-percent 
coverage) over the surface of the site. Four point sources and eleven area sources of gamma 
activity 30 percent or greater than natural background levels were identified during this survey 
(RUST Geotech Inc. December 1994) (Figure 6.4.3-1). 
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- 6.4.3.1.4 Cultural-Resources Survey 

A cultural resources survey was perfonned at SWMU 108 in 1994. Findings from this survey 
indicate that no cultural resources were present on the site (Hoagland and Dello-Russo 
February 1995). 

6.4.3.1.5 Sensitive-Species Survey 

A sensitive species survey was performed at SWMU 108 in 1994. Findings from this survey 
indicate that no sensitive species are present on the site (DOE March 1996). 

6.4.3.1.6 Geophysical Survey(s) 

No geophysical surveys were performed at SWMU 108. 

6.4.3.2 Sampling Data Collection 

In July 1995, RUST Geotech Inc. conducted precleanup soil sampling for gamma spectroscopy 
analysis on 1 0 area sources to assess the need for remediation. In addition, the samples were 
analyzed for TAL metals using inductively coupled plasma methods (EPA Method 6010/7000) 
by Lockheed Analytical Services {LAS), SNUNM's contract off-site laboratory. 

- The soil sampling was implemented as part of the RUST Geotech Inc. survey conducted in 
1995. Sample locations were collected from radiological anomalies detected In the surface soils 
to determine if chromium was associated with the depleted uranium. The approach and 
methodology are described in the Final Report {SNL September 1997) (see Annex 6-A). The 
detection limits for these metals are shown on Table 6.4.3-1. 

-

The purpose of this seeping sampling effort was to obtain preliminary analytical data to 
determine if chromium was associated with the depleted uranium contamination. No quality 
assurance/quality control {QA/QC) samples were collected. 

6.4.3.3 Data Gaps 

6.4.3.4 Results and Conclusions 

When metals analyses were compared to the recommended background levels for metals in the 
Southwest Test Area (Dinwiddie September 24, 1997), results for arsenic (17.0 mg/kilogram [kg] 
maximum), barium {140 mg/kg maximum), cadmium {2.9 mg/kg maximum), chromium 
(48 mg/kg maximum), nickel {62 mg/kg maximum), and lead (97 mg/kg maximum) were above 
the approved SNUNM maximum background concentration levels. 
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Table 6.4.3-1 
Summary of Site 1 08-July 1995 Scoping Samples 

Inorganic Constituents (TAL Metals) and Project Reporting Umlts 

Parameter 
Aluminum 
Antimony 
Arsenic 
Barium 
Barvllium 
Cadmium 
Calcium 
Chromium 
Cobatt 
Copper 
Iron 
Lead 
Maanesium 
Man!lanese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

mg/kg = Milligram per kilogram. 
TAL =Target Analyte Ust. 

Method Detection Umtt 
Not reported 
Not reported 
Not reoorted 
Not repo_rted 
Not reported 
Not reoorted 
Not reported 
Not reported 
Not reported 
Not reoorted 
Not reported 
Not reported 
Not reported 
Not reported 
Not reported 
Not reported 
Not reported 
Not reported 
Not reported 
Not rePOrted 
Not reported 
Not reported 
Not reported 

Reportlna Umtt 
40 
12 
-2 
40 
1 
1 

1000 
2 
10 
5 

20 
0.58-0.60 

1000 
3 

0.091-0.10 
8 

1000 
0.97-0.99 

2 
1000 

1.9-2.0 
10 
4 

Units 
maiko 
mg/kg 
ma/1<!1 
maiko 
ma/1<!1 
rng/kg 
ma/1<!1 
m_Q/k_g 
ma/ka 
mg/kg 
ma/ka 
mg/kg 
ma/ka 
mg/kg 
ma/ka 
ma/1<!1 
mg/kg 
ma/ka 
mg/kg 
ma/ka 
ma/1<!1 
ma/ka 
ma/1<!1 
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6.4.4 

6.4.4.1 

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

Nonsampling Data Collection 

No nonsampling data collection was performed. 

6.4.4.2 Sampling Data Collection 

6.4.4.2.1 Voluntary Corrective Measure Activities 

A radiological voluntary corrective measure (VCM) was conducted to remove anomalies 
identified during the preliminary investigation activities. Point sources and small area sources 
were removed in September 1995, and large area sources were remediated in October 1995. 
The soils containing elevated metals that had been identified during the preliminary investigation 
activities were removed as part of the radiological VCM. Details of the VCM, induding areas 
remediated and soil volumes removed, are described in Annex 6-A, the exerpts from the VCM 
Report (SNUNM September 1997). 

6.4.4.2.2 Confirmatory Sampling 

On August 12, 1997, surface soil samples were collected at 25 locations at SWMU 108 
(Figure 6.4.4-1). The samples were collected in areas of known radiological contamination that 
had been excavated in the RUST Geotech Inc. VCM to verify clean-up levels and in areas 
outside the defined anomalies to determine whether any potential hazardous constituents are 
present outside the known radiological contaminated areas. The samples were collected 
according to the procedures described in the ER Site 108 sampling plan (SNUNM July 1997} 
using approved SNUNM field operating procedures. 

The samples at 21 of the locations were collected at depth intervals of 0 to 6 inches. The 
remaining samples at locations ER-108-GR-021, ER-108-GR-022, ER-108-GR-023, ER-108-
GR-024, and ER-108-GR-025 were sediment samples collected from a ditch along the road 
south of the site. Except for location ER-108-GR-023, these samples were also collected from 
soils at depth intervals of 1 to 2 feet in the bottom of the ditch to determine whether COCs were 
present. 

All soil samples were analyzed for metals using EPA Method 6010/7000, for HE using 
EPA Method 8330, and for radiological activity using gamma spectroscopy (Annex 6-B). All 
chemical samples were analyzed at SNUNM's off-site contract laboratory (LAS) at Level Ill data 
quality. Radiological samples were analyzed at SNUNM's on-site radiological laboratory. 
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6.4.4.3 Data Gaps 

Although radiological anomalies were defined as part of the radiological VCM conducted by 
RUST Geotech Inc., no confirmation samples were collected for chemical analyses for the 
COCs at SWMU 108. For this reason, chemical environmental samples were analyzed at 
SWMU 108 as part of the confirmatory sampling activities. Additional radiological analyses on 
soils were conducted to fully confirm cleanup of the radiological VCM. The nature and extent of 
metals, radionuclides, and HE in the soils was characterized for this site in order to develop 
human and environmental risk scenarios and to make an NFA determination. 

6.4.4.4 Results and Conclusions 

After the radiological VCM activities, 10 post cleanup samples were collected from areas 
exhibiting the highest residual gamma radiation readings (1 08E-001 A-SS, 1 08E-002C-SS, 
108E-002D-SS, 108E-002E-SS, 108E-OQ2F-SS, 108E-oo3A-SS, 108E-Q04A-SS, 
108E-005A-SS, 108E-010B-SS, and 108E-Q11A-SS). The maximum levels of residual 
radiological COCs in the soil are presented in Table 6.4.4-1 and Figure 6.4.3-1. Samples 
108E-006A-SS, 108E-006B-SS, 108E-006C-SS, 108E-Q07A-SFS, 108E-OQ8A-SS, and 
108E-009A-SS (shown in this table) were precleanup samples with radiological activities below 
cleanup levels. Complete results of gamma spectroscopy are contained in Annex 6-B. Results 
of confirmatory sampling are presented in Tables 6.4.4-2, 6.4.4-3, and 6.4.4-4. 

Metals 

Review and analyses of the relevant Level Ill chemical data for SWMU 108 surface soils 
indicate that the concentration levels of metals at this site are below the SNUNM and New 
Mexico Environment Department (NMED) agreed-upon sitewide levels at all locations with the 
exception of barium, cadmium, lead, and silver (Dinwiddie September 24, 1997). Mercury and 
selenium do not have quantified maximum background screening levels. Therefore, it is not 
known whether these constituents exceed background. However, neither pose significant risk 
to human health or the environment. 

Three barium samples were at greater than the agreed-upon values of 130 mglkg for surface 
soils at locations ER-108-GR-006-0.0-SS, ER-108-GR-o13-0.D-SS, and EA-108-GR-019-
0.0-SS. The maximum concentration level for barium in surface soils is 363 mg/kg. One 
cadmium sample at location ER-108-GR-017-0.0-SS (1.63 mglkg) was above the nonquantified 
background level of <1.0 mglkg. Three lead samples were above the background levels of 
21.4 mg/kg for surface soils: at locations ER-108-GR-ooa-o.o-ss (362 mg/kg), EA-108-GR-
017-o.o-ss (25.7 mglkg), and ER-108-GR-020-0.0-SS (23.4 mglkg). Finally, in one sample, 
silver was above the nonquantified background level of <1.0 mg/kg (at location ER-108-GR-
012-0.D-SS [5.56 mg/kg]). 

No subsurface soils samples showed metals above the agreed-upon background levels except 
tor barium at location ER-108-BH-021-1.0-SS (at the 1.0-foot depth) with a concentration of 
384 mg/kg over a background level of 214 mg/kg. 
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- · 1 UTL or gslh.~ 

°Chaln of custody rscor~. 
'Dfnwfddla September ~4. 1997. 

'Brown JanuafY 14, 1998. 

Semple 
Oepll1 

.-l!!L 
IH).$ 

o::rr 
o::rr 
o::rr 
-~ 

~ -:o:s 
45 

H1 
'Hi 
'Hi 
'Hi 
'Hi. 

G-0.5 
IH 

..2:! 

-· 

ER ~ Envlronmenllll ~toratloo. 
k • Foot (lftl). 
10 ~ ldanlllklatlon. 

Table 6.4.4-1 
Summary of SWMU lOS Posi·VCM Verification Soil Sampling 
Gamma Specfroscopy Analytical Results, July~r 1995 

-·- .. -.r-238 
4.071'.00 

Ts 

1.4 

~.14E+ 

f50E+ 

-<11 
0 (6.29E-OI) 
0 (4.05E-Q1) 
0 (5.73E-QJI 
o is.oli'-o1' 

NO !6. 71 E-G11 

1.4 

GAmma I 

Thotium-232 

[urE..Q1 I 4.5ClE-D1 

I4.01E-QI 
1 s.ooe-01 
I 562E-Q1 

1.01E:91 
J.~-o1 

kt8E-Q1_ 

1.01 

' 3.1141; .l!1. 
UII-Ql 
t<lae-4)1 
·-~-.!!!_ 

!-01 

6.7111'--01 

UuCV!Il 

. lho>dum-22- I 
I NO (1.37E.OO) • 
IJ,ea£-1>1 

~~..q 
"10 
i':i'iE-0 

I Ut!E.-=il 

I 3 !It 1'.::01 

1,01 

~ 1l_ 

Go !3.39E-ol 
10 (1.69E-Q1 
!!U!l!i!E-QI 
0 (1.74 
D 11.61 
0!1.67· 

L!&lj.91E-< 
1 o.1e 

NO ( ) ~Not delecled al or above the mltllmum det8C181lfe actlvily, shown In pa~. 
pCVg ~ Pltocuffee J11Jr gram. 
SNUNM • Sandia Nallonal Labatallllle8/N<rN Me,;lcQ. 
ss = surtaoe soU sample. 
SWMU " Solid waate management unit. 
SWT A • SOillhwesl lost Area 
UTl ~ Upper loler~r1041lmlt. 
VCM =Voluntary cllm!Ctive measure. 

~48E-G? 
; §_I 

8.131:-a 

N0!2 
1,43E-o:! I 

:NO 12,47E-o2) 

1 o.864 
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Refer to footnotes at end of !able. 
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Table 6.4.4-2 
Summary of SWMU 108 Confirmatory Soil Sampling Metals Analytical Results, August 1997 

(Off-Site Laboratory Only) 

) 
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Table 6.4.4-2 (Concluded) 
Summary of SWMU 108 Confirmatory Soil Sampling Metals Analytical Results, August1997 

(Off-Site Laboratory Only) 

'chain or custody record. 

bEPA November 1988. 

eDtnwldcte September 24, 1997. 
B • Detected in associated blank with a concentration greater than the practical quantltatlon limit. 
BH .. Borehole. 
EPA • U.S. Envtronmental Protection Agency. 
ER • Environmental Restoration. 
ft • Foot (feel). 
GR • Grab sample. 
ID .. tdenliflcatlon. 
J ( ) • The reponed value Is befow the reporting limit, shown In parenthesis, but equal to. or above lha effeclfya detection Hmlt. 
"91<11 • Millgnlms per kNog,.m. 
n91- • Mllllg,.ms per Bier. 
NA • Nol oppllc:able. 
NO ( ) .. Nol detected at or above the anecttve detection Hmlt, shown In parenthesis. 
SNLINM =Serda Na_l.abola_ Mexico. 
SS • Surtace soli sample. 
SSD • lltlpllcalo sulface soli oo""'e. 
SWMU • Sond waste management unH. 
SWTA • Southwest Test Area 
un .. Upper IOiarance lmlt. 
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Table 6.4.4-3 
Summary of SWMU 108 Confirmatory Soil Sampling HE Analytical Results, August 1997 

(Off-Site Laboratory Only) 

C"'.....Ua A.Hrih 

EA SampleiD 
{Ftgur~_6.4.4-1} 

Sample I 2,4,6-
0eplh 1111 • _2~-1 

1, Method 8330• {~g) 
2-Amtno, .. 4-AINno, • HMX 

) 

06346 

06346 
06346 
06346 
06346 

).0.~~ 0-:<J.S I NO _N_O \6.11 I N0(6.<1l I NO t5.45) NO (5.27) 
11.1 Jl75.0i 
348 

I= 06346 
06346 
06346 

I= rc 06346 "" "" 
_06346 

06346 
06348 

Hi­
~ 

06348 
06346 

-06346 

I U''""'\J.;J rfU ;J,Qf l'tU g, 

~~"\\.u-~~ 0-0.5 NO 5.87 NO 6. · 
• 

104
" "'0-SS o-o.s NO 5.67 NO 6: 

~SSO 1Hl.5 NO 5.87 NO 6. 
' ... ftt ....... , .. '7, ...... 1111. 

08346 en· IUCI·un"""'..,,.,.,...,..., _ :?:------
06346 ER·108-Gfi.02!HI.O.SSO - IHl.S NO 5.87 
06346 ER-108-BH.Q21-1.0.SS 1.Q-1.5 NO 5.87 
06346 ER·108-BH.Q22-1.0.SS 1.G-1.5 NO 5.87 I n.ITb. 

4230 
247 

' wn .l§:!Zl._ ...... 

06346 eR-1oa-BH-G24-1.a-ss 1.0-1.s No s. No a:.a -r ...>tb."tt ··u> ib.Bl 1 ...... ...... sl 1 ··- ..... 
06346 ER·108-BH.Q25-1.0.SS 1.G-1.5 NO 5.87 NO 8.18 NO 8.48 NIHil.&\ I Hjj/5,451 I NO 5.27 

QoaH1y Assurance/QuaH1y COn1rul Samole On •!Ill 
0634& 1 ~A·1.oa-GA~~.o.ss NA N0(.029) 1 N0(0.014l 1 N0(0.043) _ 1NO(o.o19l_ ~N0(0.02) 1 N0(0.048l 

Refer to footnotes at end of table. 
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Recold 
• Number 

06346 
08346 
08346 
06346 
06346 
06346 
06346 
06346 
06346 
06346 
06346 
06346 
06346 
06346 
06346 
08348 
06346 
06346 
06346 
06346 
06346 
08348 
06346 
06348 
06348 
06346 
06348 
06348 
06346 
06346 
06348 

Quolly Alsunt 
08346 

Table 6.4.4-3 (Continued) 
Summary of SWMU 1 08 Confirmatory Soil Sampling HE Analytical Results, August1997 

(Off-Site Laboratory Only) 

Sample Annbutes Ellploslves, Melhod 8330° (llalka) 

ER SampleiO Sample 
!Fiauro 8.4.4-1) Oooth (ft) Nitrobenzene ROX 

ER· 108-GR-001-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-G02-G.O-SS o--o.5 NO 5.21 NO 9.71 NO 7.55 
ER-108-GR-1103-G.O-SS o--o.5 NO 5.21 NO 9.71 NO 7.55 
ER-108-GR-G04-G.O-SS o--o.5 NO 5.21 NO 9.71 NO 
ER-108-GR-005-G.O-SS o--o.s NO 5.21 NO 9.71 NO .55 
ER-108-GR-006-G.O-SS o--o.s NO 5.21 NO 9.71 NO .55 
ER· 108-GR-007-G.O-SS o--o.s NO 5.21 NO 9.71 NO .55 
ER-108-GR-006-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER· 108-GR-G09-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-GIO-G.O-SS o--o.5 NO 5.21 NO 9.71 NO 7.55 
ER-I 08-GR-GI 0-G.O-SSO o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-QI I -G.O-SS o--o.s NO 5.21 NO 9.71 NO .55 
ER-108-GR-GI2-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-GI3-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-GI4-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER· 108-GR-GI5-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER· 108-GR-GI8-G.D-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-GI7-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-GI&-G.O-SS o--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-GIB-G.O-SS O--o.5 NO 5.21 NO .71 NO .55 
ER-108-GR-Cl20-0.0-SS O--o.5 NO 5.21 NO 9.71 NO .55 
ER-108-GR-Cl20-0.0-SSO o--o.5 NO 5.21 NO 9.71 NO .55 
ER· 108-GR-G21 .0.0-SS o--o.5 NO 5.21 NO 9.71 ND 7.55 
ER-108-GR-G22-G.O-SS O--o.5 ND 5.21 ND 9.71 ND .55 
ER-I~.o-ss O--o.5 ND 5.21 ND .71 ND r .511 
ER-108-GR-Q24-G.O-SS o--o.5 ND 5.21 NO 9.71 NO .55 
Ell-108-GR-o25-G.O-SSD o--o.5 ND 5.21 ND 9.71 NO .55 
ER·I08-IIH-G21·1.0-SS I.Q-1.5 NO 5.21 ND 9.71 ND .55 
ER-108-BH-o22· 1.0-SS I.Q-1.5 ND 5.21 ND 9.71 ND .55 
ER-108-BH-o24-I.O-SS 1.o-u ND 5.21 ND 9.71 ND .55 
ER-108-BH-o25-I.O-SS I.Q-1.5 NO 5.21 ND 9.71 NO .55 

ConbOISample lin l'llll-

~~=~-025~-0-SS NA ND (0.018) ND (0.019) ND(0.022) 
E I Blank 

Refer 10 footnotes al end of table. 
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Table 6.4.4-3 (Concluded) 
Summary of SWMU 108 Confirmatory Soil Sampling HE Analytical Results, August 1997 

(Off-Site Laboratory Only) 

Sample Anributes Explosives, Method 8330' (~g/kg) 
ER SampleiD Sample 

) 

Numberb (Figure 6.4.4·1} Depth (ft} 1,3-Dinitrobenzene 2-Nitrotoluene 3-Nitrololuene 4-Nitrotoluene 1,3,5-Trinltrobenzene 

06346 ER-108-GR-Q01-Q.O-SS 
06346 ER·106-GR-D02-o.o-ss 
06348 ER-1 08-GR-D03-o.o-ss 
06346 ER·108-GR-Q04-o.o-ss 
06348 ER-106-GR-oos-o.o-SS 
06348 ER-106-GR-ooe-o.O-SS 
06348 ER·106-GR-Q07-o.o-SS 
06346 ER-106-GR-Q06-Q.D-SS 
06346 ER-108·GR-Q09-Q.Q-SS 
06346 ER-106·GR.010.0.D-SS 
06348 ER-106-GR-o1o-o.o-sso 
06348 ER-106-GR-ott-o.O-SS 
06346 ER·108-GR.012-Q.o-SS 
06348 ER-108-GR-013-Q.O-SS 
06348 ER-1 06-GR.014-o.o-SS 
06346 ER-106-GR-015.0.0-55 
06348 ER-108-GR-016-o.o-SS 
06348 ER-108-GR-017-o.o-SS 
06346 ER-108·GR-o1a-o.o-ss 
06346 ER·106-GR.019-Q.O-SS 
06348 ER-108-GR-020.0.0-SS 
06346 ER-106-GR-020-Q.D-SSO 
06346 ER·108-GR-o21.0.0-SS 
06346 ER·106-GR-o22-Q.D-SS 
06348 ER-108-GR-o23.0.D-SS 
06348 ER-1 06-GR-o24-o.D-SS 
06348 ER·106-GR-o25-Q.O-SSO 
06348 ER·106-BH-o21·1.0-5S 
06348 ER-1 06·BH-o22·1.D-SS 
06348 ER-1 06-BH.024-1.0-SS 
06348 ER·108-BH-o25-1.0·SS 

Cuality Assurance/Quality Control Semple (in I'Oil' 
06346 ER-108-GR-o25-o.O-SS 

(Equipment Blank} 

'ePA November 1986. 
bChain of custody record. 
BH "' Borehole. 
EPA =U.S. Environmental Protection Agency. 
EA "' Environmental Restoration. 
ft = Foot (feet). 
GR = Grab sample. 
HE = High explosives. 
HMX = 1,3,5, 7-tetranitro-1 ,3,5,7 -tetrazacydooctane. 

1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
1Hl.5 
o--o.5 
1Hl.5 
o--o.5 
1Hl.5 

1.D-1.5 
1.D-1.5 
1.D-1.5 
1.0-1.5 

NA 

10 
J(} 

~glkg 
~WI. 
NA 
NO(} 

NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11. t NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11. t NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 
NO 4.05 NO 11.1 NO .83 
NO 4.05 NO 11.1 NO 7.83 

NO (0.02} NO (0.031} NO (0.024} 

= Identification. 
"' The reported value is below the reporting limit, 

shown in parentheses, but equal to or above the 
effective detection limit. 

= Mlcrogram(s) per kilogram. 
= Microgram(s) per liter. 
"" Not appflcable. 
"' Not detected at or above the effective detection 

limit, shown in parenthesis. 

NO 10.6 NO 6.62 
NO 10.6 NO 8.62 
NO 10.6 NO 6.62 
NO 10.6 NO 6.62 
NO 10.6 NO 6.62 
NO 10.6 NO 8.62 
NO 10.6 NO 6.62 
NO 10.6 NO 6.62 
NO 10.6 NO 6.62 
NO 10.6 NO 8.62 
NO 10.6 NO 6.62 
NO 10.6 NO 8. 
NO 10.6 NO 8.62 
NO 10.6 NO 6.62 
NO 10.6 NO 8.62 
NO 10.6 NO 6.82 
NO 10.6 NO 6.62 
NO 10.6 NO 8.62 
NO 10.6 NO 6.62 
NO 10.6 NO 8.82 
NO 10.6 NO 8.62 
NO 10.6 NO 8.62 
NO 10.8 NO 8.62 
NO 10.6 NO 6.62 
NO 10.6 NO 6.62 
NO 10.6 NO 6.62 
NO 10.6 NO 6.62 
NO 10.8 NO 8.62 
NO 10.6 NO 8.62 
NO 10.6 NO 8.62 
NO 1o.6 NO 6.62 

NO (0.034} NO (0.21} 

ROX "' f ,3,5-trinltro· f ,3,5-triazacydohexane. 
SS "' Surface soil sample. 
SSO "' Duplicate surface soil sample. 
SWMU "' Solkf waste management unit. 
TETAYL , 2,4,6-trinitrophenylmethylnitramine. 
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!49 
06347 

06347 
)6347 

06347 
06347 
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06347 

Table 6.4.4-4 
Summary of SWMU 1 08 Confirmatory Soil Sampling Gamma Spectroscopy Analytical Results, August 1997 

1-11 
1-11 

ERSamploiO 
.4.4-1) 

Sample 
Ooplh 

lftl 

Gamma~ f Activity (pCVg) 

Thorium-232 Radlum--228 
' I 0-0.5 4.15E+00 6.43E+OO 5.25E-01 5.52E-01 S.BSE-01 1.58E-01 

I o-o.5 NO 3.49E+OO 9.78E-01 7.09E-01 6.78E-01 8.07E-01 NOI2.57E-OO 2.56E.:oi 
Q-0.5 2.30E+00 1.98E+OO 8.25E-01 8.83E-01 S.OOE-01 NO (2.37E-01) 3.55E-02 
Q-0.5 6.05E+OO §113E+00 5.19E-01 &.SOE-01 8.05E-01 6.60E-02 1.~1E-02 

o-o.5 1.27E+OO 

i.66E+00 -·- ·-. 

I. 16e-01 -NO "2.25E-01 
5.28E-01 NO i2.50E-01l 

...,, I NO 18.13E 01 t.43E-01 
"' I ... ~-01 1.13E-01 

2.11E-

~ 
~0 (3.1 
I.StE-1 

-01 1.1=- ... ~ 

I v-v.;~ 4.67E+OO 6.37E+ 
I """'" NO 3.17E+00 1.27£+00 i 5.52E--o, I ;:,. 

-01 NO IC. 
NOI2.• 

!.18E+00 2.75E+00 _J.. 6.47E-0 4 
., 

0-0.5 ~R (~ 47F ... rvn ~ 44F!Q 

o-o.5 
o-o.5 NDI ... 
D-0.5 nu ..,,..,;;~~;•• 

G-0.5 NO 3.85E+I 
0-0.5 NO 1.37E+l 
~ I<!J_13.26E+< 

o-o.5 
~ I tiili3.27e+ooi 

~I o-o.5 I NOI 

~ 
~sso o-o.5 
)-SS G-0.5 NO 3.15E+00 

G-0.5 NO 2.61 E+OO 

~ 
~-

~ 
~sso 

,. , .O:SS 1.Q-1.5 NDf4.02E+ 
1~22-1.0.SS 1.D-1.5 NO (3.36E+ 
1.024-1.0-SS 1.Q-1.5 NO (3. 17E+ 

1.1)-SS I 1.Q-1.5 I NO (1. 79E+OO) 

NO( ) 
10 (7.92E-01) 

1.14E+ 

!.71E+O 

5.12E-01 

N0(7.11E-01) 

·-----
1.17E-01 1.37E-02 

6.15E-01 NO 2.51E-01 NO 3.82E-a2\ 
'-01 NO 2.38E-01 1.65E-02 

L33E--01 5.69E-01 8.47E-01 NO 2.68E--Q1 3.27E-02 
;.BQE-01 6.94E-01 NO 14.08E-01 NO 1.89E-01 1.60E-01 
1.89E-01 3.46E-01 3.19E-01 

5.69E-01 
NOl1.43E-01l 6.36E-OI NOl2.37E-Otll 3.55E_.., 

;.SOE-01 I 5.43E-01 7.32E-01 NO 12.26E-01) ...!. 4.44E-"" 

8.02E-01 
5.84E-01 

5.17E-01 5.17E-01 NOI2.65E-
5.15E-01 7.89E-01 NO (2.89E-=i 
8.74E-01 7.37E-=i 
5.29E-01 5.75E-01 

!.36E-01 
5.68E-01 5.35E-01 I NO 
5.88E-01 NO 

NO( ) 
NO (3.31E-02) 

-\Ill I 1.33E-02 
.... 8.04E~ 

Refer to footnotes al end of table. 
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Table 6.4.4-4 (Concluded) 
Summary of SWMU 1 08 Confirmatory Soil Sampling Gamma Spectroscopy Analytical Results, August 1997 

SarrOoAnri>utos 
Sample - ER Sample tO ~" Numbe<' (Figure 6.4.4·1) 

CuaUtv Assuranceltlualltv Control Sarroto (ln_I)(;Vml 
06347 ER-108-GR-025.0.0-SS NA 

IEquiJ>fnant Blank) 

SNUNM SWTA Surface Soli ~ckground un or 
95th PercenWe Concenlralfons 

SNUNM SWTA Subsurface Soli ~ckground UTL 
or 95th Percentile Concentrations 

• 
1
pt.atn of custody record. 
Dtnwlddle September 24, 1997. 

cBrown January 14, 199fl. 
BH = Borehole. 
ER .. Environmental Rastoratkm. 
h • FOOl (feel). 
OR • Grab sample 
10 • Jdentific:ation 
NA • Not appHcable. 

Uranlum-238 Thonum-234 

NO (1.66E+00) NO (4.3SE-ot) 

1.4 1.4 

1.4 1.4 

NO () .. Nol detected at or above lha minimum delectable activity, shown in parenthesis. 
pCUg • Pk:ccurle(s} per gram 
pCflnt. .. Plcocurtl(s) per miiiUiter. 
SS .. Surface soil sample. 
SSD • 0"1)1k:ale surface soli sample. 
SNlJNM • Sandia Nalional L.abolatorieSINew Mexico. 
SWTA • Southwest Test Area. 
un "' Upper tolerance limit. 

Gamma IIDCVal 

Thollum·232 Radlum-2.26 Thorium-228 Uranlum-235 Ceolum-137 

NO (1.66E-Q1) NO (1.48E-Q1) NO (5.33E-Q1) NO (1.66E-Q1) NO (2.311E-o2) 

1.01 1.01 1.01 0.18 0.884 

1.01 0.93 0.93 0.16 0.079 

) 



All explosives were below detectable limits in both surface and subsurface soils except for 
four samples from locations ER-1 08-GR-Q02-0.0-SS, ER-1 08-GR-Q03-D.O-SS, ER-1 08-GR-004-
0.0-SS, and ER-1 08-GR-005-0.0-SS, which yielded 1,3,5, 7 -tetranitro-1,3,5,7 -tetrazacyclooctane 
(HMX) concentration levels ranging from 71.7 micrograms (IJ.g)/kg to 4,230 IJ.g/kg. 

The chemical constituents for metals and HE have been evaluated for human health and 
ecological risk, as discussed in Section 6.6.3. 

Radionuclides 

Surface and subsurface soil radiological data for SWMU 108 have been compared to the 
SNUNM and NMED agreed-upon background levels for the Southwest Test Area for the 
primary radiological constituents, uranium-238, thorium-234, thorium-232, radium-228, 
uranium-235, and cesium-137. This includes the 16 post-VCM verification sampling results 
collected from July to October 1995 (Table 6.4.4-1) and the 32 confirmatory results collected in 
August 1997 (Table 6.4.4-4). Although the minimum detectable activity for gamma-emitting 
radionuclides was sometimes higher than the background level for that radionuclide, they were 
nevertheless orders of magnitude less than a risk-based preliminary remediation goal, which is 
based upon a 15-millirem-per-year (mremlyr) effective dose equivalent maximum dose limit 
found in EPA's OSWER Directive No. 9200.4-18, "Establishment of Cleanup Levels for 
CERCLA Sites with Radioactive3 Contamination" (EPA 1997). Therefore the analytical results 
are acceptable. All confirmatory radiological data for gamma activity are presented in 
Annex 6-B. For evaluation purposes, these constituents are representative of DU contamination 
or its daughter. Additionally, cesium-137 is reported because it has been detected at some 
SWMUs. The justification for evaluating these constituents is discussed in Brown (January 14, 
1998). Of these constituents, thorium-232, cesium-137, and radium-228 were not detected at 
above-background levels for surface or subsurface soils, although cesium-137 was detected 
slightly above background in one subsurface soil sample. Nineteen surface samples yielded 
above-background uranium-238 (maximum 5.4E+01 picocuries per gram [pCilg)), but no 
subsurface samples yielded elevated uranium-238. Nineteen surface samples and one 
subsurface sample yielded elevated thorium-234 (at maximum 6.44E+01 pCilg and maximum 
1.18E+OO pCilg, respectively). Uranium-235 was present above background levels in three 
surface samples, with maximum gamma activity of 8.93E-o1 pCilg. The elevated gamma 
activities for radiological constituents have been evaluated for human health and ecological risk, 
discussed in Section 6.6.3. 

QAIQC Results 

Three soil duplicates and an equipment blank were analyzed for metals and HE (Tables 6.4.4-2, 
and 6.4.4-3). No HE compounds were detected in either the duplicates or the field blanks. 
Barium (0.000417 J mg/liter (L)), chromium (0.00326 J mg/L), and lead (0.001 05 JB mg/L) were 
detected below the reporting limit in the equipment blanks. None of these metal concentration 
levels indicated potential problems with the soil data. 

Level Ill data validation was performed on all chemical data reported for confirmation analyses. 
Some of the soil sample results were influenced by matrix interference for cadmium, lead, 
selenium, and silver. However, data were determined to be acceptable and within quality 
control limits. 
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6.5 Site Conceptual Model 

6.5.1 Nature and Extent of Contamination 

Corium !hermite, the reaction product of the FCI tests at SWMU 108, is a metal alloy of depleted 
uranium and chromium-bearing stainless steel. The metals, chromium and nickel and organics, 
HE, possibly from earlier firing tests, are the only hazardous constituents along with depleted 
uranium and its daughter products that were known to have been used at Building 9940. 

HMX is confined to approximately a 90Q.square·foot area in the northeastern quadrant of the 
SWMU. HMX was detected in four samples (ER-108-GR-oo2-o.o-ss, ER-108-GR-003-0.Q-SS, 
ER·108-GR.Q04·0.0-SS, and ER-108-GR-005-0.Q-SS). All other explosives were less than 
detection limits. 

Elevated gamma activities occur across the site. Activities exceeding background were 
detected in the surface soils for uranium-238, thorium-234, and uranium-235. Radiological 
contamination areas were identified by the RUST Geotech Inc. radiation survey in conjunction 
with the post-VCM and SNUER confirmation sampling (Figure 6.4.4-1). These areas are 
confined to a 0.4-acre area within a 2.2-acre survey area identified by the Rad Survey Boundary 
line in Figure 6.4.3-1. 

One sample slightly exceeded background for cesium-137 for subsurface soil (Table 6.5.1-1 ). 
This sample was collected in the ditch on the southern side and downhill of the test area 
(Figure 6.4.4-1 ). Additionally, this was the only constituent collected from the ditch, both 
chemical and radiological, that was above background level. The fact that no contaminants 
were detected in the ditch downhill from the site indicates that contamination has not been 
transported off site by surface runoff. Because radiological contamination is confined to the 
0.4-acre area defined by the RUST Geotech Inc. radiation survey and does not appear to have 
migrated off site, the lateral extent of contamination has been defined. 

Because of the nature of the tests and the manner in which the contaminants were distributed, 
metals contamination would be co-located with radiological contamination at SWMU 1 08. The 
suspected metal COCs (chromium and nickel) were not present above background in the soils 
associated with the radiological anomalies. 

The elevated metals (barium, cadmium, lead, and silver) appear to occur sporadically in the 
surface soils across the site. Elevated barium concentrations occur at tour locations, and 
elevated lead concentrations occur at three locations (see Table 6.5.1-1 and Figure 6.4.4-1). 
While these metals concentrations are elevated above approved background levels in the soils, 
there is no evidence they were used at Building 9940. This variance is the result of natural 
variations of soil metal.concentrations, which should be expected in natural soil environments. 

All releases of COCs and surface discharges at SWMU 1 08 would have been to the surface 
soils. Because of the relative low solubility of the radionuclides and organic compounds 
occurring at SWMU 108, limited precipitation, and high evapotranspiration, the vertical rate 
of contamination is expected to be low. The vertical extent of contamination would, therefore, 

-. be expected to be insignificant. Based upon the premise that radiological contamination and 
HE contamination are confined to the areas identified by the RUST Geotech Inc. survey and 
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COCs 
Number of Graater than 

SWMU Samples Background 
108 48 Th·234 

Table 6.5.1-1 (Concluded) 
Summary of COCs for SWMU 108 

-um Bacl<grotmd Maximum Av~ b 

Umtt/SWTA" Concantratlon COIKMi&batiOii 
(mglkg .,.,. 
whel8noted 

(mglkg .,.,. 
whel8noted 

(mglkg exco::r 
where noted 

1.4 pCUg surtace 64.4pCVg Not Calculallld 
1.4 pCUg subsurface 

"No background for explosives since they ere not naturally occurring. 

Sampling Localions Where 
Background Concentration 

Umit Exceeded 
1 08E.Q02C-SS 
1 08E.Q02E·SS 
108E.Q02F-SS 
108E-Il03A-SS 
1 08E-004A·SS 
1 08E-oosA-SS 
108E-oosA.SS 
1 08E·011 A-SS 
GR-oD1-o.o-ss 
GR.Q03.0.D-SS 
GR-004-0.D-SS 
GR-oos-o.o-ss 
GR-ooe-o.o-ss 
GR-oo7-o.o-ss 
GR-oo6-o.D-SS 
GR.01D-O.D-SS 
GR-o11-o.o-ss 
GR-o17-o.o-ss 
GR-02Q-O.D-SS 
BH-o22-1.D-SS 

bAn average minimum detectable activity is not caJctJated due to the variability of the counting error-and the number of reported 
nondetectable activities. These nondetectabie activities are solely a function of instrument counting duration and not an indication of 
presence or absence of a specific radionLN:IIde in the environment. 
'Background levels for these constituents ere not quantified. 
'Includes postverification VCM verification soil sampling, July to October 1995 (see Table 6.4.4-1) and confirmation samples 
collected in August1997 (see Table 6.4.4-4). 
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the SNLJER confirmation sampling, the extent of contamination at SWMU 1 08 has been 
delineated. 

6.5.2 Environmental Fate 

The primary sources of COCs at SWMU 108 were primarily OU and metals from surface spills 
associated with the FCI tests. The explosives residues may have been generated from firing 
tests. Specific COCs detected above background include uranium-238, thorium-234, uranium-
235, and cesium-137. Specific metals detected above background include barium, cadmium, 
lead, and silver. HMX was the only explosive constituent detected at SWMU 108. 

Figure 6.5.2-1 diagrams the environmental fate for the constituents at SWMU 1 08. The current 
and future land use for SWMU 108 is industrial (DOE and USAF March 1996). The potential 
human receptor is the industrial worker. The primary pathways of the COCs to the industrial 
worker would be through dust emissions and direct exposure. Indirect pathways to the 
industrial worker are from surface runoff of total suspended solids and dissolved solids or by 
entry of the contaminants into the food chain by biota uptake. 

The contaminant pathways are surficial-primarily surface dust emissions, direct exposure, and 
potential uptake by biota and ingestion by animals. Samples collected from the drainage ditch 
downhill from the SWMU indicate there is no significant mobilization of the COCs by runoff. 

Several factors preclude a groundwater pathway as a potential exposure route. The infiltration 
rates have been determined to be on the order of 0.002 to 0.071 cm/yr, and seepage rates from 
0.03 to 11.8 cm/yr (see Section 6.2.1 ). Depth to groundwater has been estimated to be at 
depths ranging from 155 to 347 feet bgs. High partitioning coefficients and low mobility of these 
ions in the transporting medium would even further dilute the low concentrations of these 
constituents. For these reasons, groundwater was not evaluated as a contaminant migration 
pathway. Additional discussion of the exposure routes and receptors at SWMU 108 is provided 
in Annex 6-C. 

6.6 Site Assessments 

6.6.1 Summary 

The site assessment concludes that SWMU 108 has no significant potential to affect human 
health under an industrial land-use scenario. After consideration of the uncertainties associated 
with the available data and modeling assumptions, ecological risks associated with SWMU 108 
were found to be insignificant. Brief descriptions of the site assessments are provided below 
and detailed in Annex 6-C. 

6.6.2 Risk Screening Assessments 

SWMU 108 had minor impacts consisting of some radioactive material, metals, and HE. 
Because of the location of the site on KAFB, the designated industrial land-use scenario, and 
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the nature of contamination, the potential exposure pathways identified for this site included soil 
ingestion and dust inhalation for chemical constituents as well as dust inhalation and direct 
exposure for radionuclides. Plant uptake was included as an exposure pathway for the 
residential land-use scenario. This site is designated for industrial land use for human health 
evaluation (DOE and USAF March 1996); the residential land-use scenario is provided for 
perspective only. The results are summarized below, and the detailed assessment parameters 
and assumptions are presented in Annex 6-C. 

6.6.2.1 Human Health 

SWMU 1 08 has been recommended for industrial land use (DOE and USAF March 1996). A 
complete discussion of the risk assessment process, results, and uncertainties is provided in 
Annex 6-B. Due to the presence of several metals in concentration levels greater than 
background levels, the presence of organics (HMX), and the presence of radiological material at 
activities greater than background, it was necessary to perform a human health risk assessment 
analysis for the site. In addition to metals, any volatile or semivolatile organic compounds 
detected above their reporting limits and any radionuclide compounds either detected above 
background levels and/or minimum detectable activities were included in this assessment. 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 and excess cancer risk for both an industrial and residential land-use setting. 
The excess cancer risk from nonradioactive COCs and the radioactive COCs is not additive 
(EPA 1989). 

In summary, the Hazard Index calculated for SWMU 108 nonradiological COCs 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 nonradiological COC risk. The incremental Hazard 
Index is 0.01. The excess cancer risk for SWMU 108 nonradiological COCs is 5 x 10-'0 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 O"" for Class A and B carcinogens and 
less than 10 .. for Class C carcinogens (NMED March 1998). The excess cancer risk is driven 
by cadmium, which is a Class B1 carcinogen. Thus, the excess cancer risk for this site is below 
the suggested acceptable risk value (10-<;). The incremental excess cancer risk for SWMU 108 
is 5 x 10-'0• The incremental total effective dose equivalent for radionuclides for an industrial 
land-use setting is 1.5 millirems (mrem)/year (yr), which is well below the standard dose limit of 
15 mrem/yr (EPA 1997). The incremental excess cancer risk for radionuclides is 1.7 x 10 .. for 
industrial land-use scenario, which is much less than risk values calculated due to naturally 
occurring radiation and from intakes considered background concentration values. 

The residential land-use scenarios for this site are provided only for comparison in the risk 
assessment report (Annex 6-C). The report concludes that SWMU 108 does not have 
significant potential to affect human health under an industrial land-use scenario. 

6.6.2.2 Ecological 

As set forth by the NMED Risk-Based Decision Tree (NMED March 1998), an ecological 
screening assessment that corresponds with the screening procedures in the EPA's Ecological 
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Risk Assessment Guidance for Superfund (EPA 1997) was performed. An early step in the 
evaluation is comparison of COC concentrations and identification of potentially bioaccumulative 
constituents. This is presented in Annex 6-C. This methodology also requires the development 
of a site conceptual model and food web model, and selection of ecological receptors. Each of 
these items is presented in the "Predictive Ecological Risk Assessment Methodology for 
SNUNM ER Program, Sandia National Laboratories/New Mexico" (IT June 1998) and will not be 
duplicated here. The screen also includes the estimation of exposure and ecological risk. 

The results of the ecological risk assessment screen are presented in Tables 14, 15, 16, and 17 
of Annex 6-C. Site-specific information was incorporated into the screening assessment when 
such data were available. Hazard quotients greater than unity were originally predicted; 
however, closer examination of the exposure assumptions revealed an overestimation of risk 
primarily attributed to exposure concentration (maximum COC concentration was used in the 
estimation of risk), exposure setting (area use factors of one were assumed), background risk, 
quality of analy1ical data, and the use of detection limits as exposure concentrations. Based 
upon an evaluation of these uncertainties, ecological risks associated with this site are expected 
to be low. 

6.6.3 Baseline Risk Assessments 

6.6.3.1 Human Health 

Based upon the screening assessment summarized in Section 6.6.2.1, a baseline human health 
risk assessment is not required for SWMU 108. 

6.6.3.2 Ecological 

Based upon the screening assessment summarized in Section 6.6.2.2, a baseline ecological 
risk assessment is not required for SWMU 1 08. 

6.6.4 Other Applicable Assessments 

No other applicable assessments have been performed at SWMU 108. 

6.7 No Further Action Proposal 

6.7.1 Rationale 

Based upon historical and process knowledge, field investigation data, and human health and 
ecological risk assessments, an NFA decision is recommended for SWMU 108 for the following 
reasons: 

• All radiological anomalies detected at SWMU 1 08 are confirmed remediated 
following the VCM removal activities. 
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• No nonradiological or radiological COCs were present in soil at concentrations or 
activity levels considered hazardous to human health for an industrial land-use 
scenario. 

• Risk assessment for ecological receptors indicates that the ecological risks 
associated with SWMU 108 are insignificant. 

6.7.2 Criterion 

Based upon the evidence provided above, SWMU 108 is proposed for an NFA decision in 
conformance with Criterion 5 (NMED March 1998), which states that the SWMU has been fully 
characterized and remediated in accordance with current and 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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5.8.6. Building 9940- Firing Site (ER Site 108) 

Overview 

The Phase I survey at ER Site 108 was conducted during October 1993 and covered a total of 
2.2 acres of flat alluvial terrain encompassing Building 9940. A gamma scan survey was 
performed at 6-foot centers (I 00 percent coverage) over the surface of the site. Four point 
sources and eleven area sources of gamma activity 30 percent or greater than the natural 
background were identified during this survey. A detailed summary of the surface radiological 
survey and anomalies found at the site is presented in Section 5.8. 7 of the Surface Gamma 
Radiation Surveys Final Report (Geotech 1994b ). 

Figure 5.8.12 shows the site, surface radiological survey boundaries, and anomalies found during 
the Phase I survey. 

In July 1995, pre-cleanup soil sampling for gamma spectroscopy analysis was conducted on 
10 area sources to assess the need for remediation. VCM activities were conducted during 
September to October 1995 and required a total of 18.5 days. Point sources and small area 

.- sources were removed in September 1995. Large area sources were remediated in October 1995. 
Cleanup activities included radiation scanning to verify anomaly location, removal of fragment 
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and/or soil until readings were less than 1.3 times site-specific background levels, and post­
cleanup (verification) soil sampling for gamma spectroscopy analysis (see Section 3.1 ). 
Table 5.8.32 summarizes field activities during the VCM. 

Table 5.8.32 Summary of Field Activities at ER Site 108 
Removal Action Procedures 

Actual Duration of Verify Post- Pre-Cleanup 
Acreage Cleanup Anomaly Rad Cleanup Sampling 

Surveved (davs\ Location Removal• Samuline (area sources\ 

2.20 18.50 X X X X 

Comments 
Pre-cleanup sampling of 
original area sources 
adjacent to concrete and 
asphalt areas 

• Removal of fragment and/or sml unul readmgs are less than 1.3 umes sue-spec1fic background 

Findings and Observations 

Point and Area Source Status 

Before cleanup was initiated on the sources identified during the Phase I survey, pre-cleanup soil 
sampling for gamma spectroscopy analysis was performed on ten area sources to assess if 
remediation is required. Due to the dose proximity and similar appearance of two area sources 
(108EIO and 108Ell), only one area source (108EIO) was sampled. 

For six small area sources (108EI, 108E2, 108E3, 108E4, 108E5, and 108EIO), results of the 
gamma spectroscopy analysis from pre-cleanup samples indicated the elevated radiation was 
related to anthropogenic (man-made) material. During the initial cleanup, remediation was 
completed on four of these area sources and the four point sources identified during the Phase I 
survey. Remediation of two of these area sources (I 08E4 and I 08E5) showed them to be linked 
to one large area source. Cleanup was not completed on one area source (108E2) and will 
require additional remediation because radioactive contaminated soil extended under the concrete 
pad and exceeded the capabilities of manual cleanup procedures. The remediation of two area 
sources (108EIO and 108Ell) was completed during subsequent cleanup activities. 

The gamma spectroscopy results from pre-cleanup samples on four area sources ( 108E6, I 08E7, 
I 08E8, and I 08E9) showed the elevated radiation was related to "shine" (gamma interference) 
from adjacent buildings, and no remediation is required. No additional point or area sources 
were identified during this VCM. Table 5.8.33 shows the pre-cleanup samples collected from 
these sources, and Figure 5.8.13 shows VCM verification sampling locations (pre-cleanup and 
post-cleanup). 
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Table 5.8.33 Pre-Cleanup (Final Determination) Samples Collected at ER Site 108 
Area Source 

108E6ASS 
108E7ASS 

Sample Number 

108E6BSS 

108E8ASS 

108E6CSS 

108E9ASS 

Post-Cleanup (Verification) Sample Results 

After the removal of radiologically contaminated soils, ten post-cleanup (verification) samples 
were collected from areas exhibiting the highest residual gamma radiation readings. Gamma 
spectroscopy analysis was performed on the samples to verify that the residual radionuclide 
concentrations met risk-based action levels. The radiological COC was DU (U-238, U-235, and 
U-234). Table 5.8.34 summarizes the post-cleanup (verification) samples collected at the site, 
and the maximum level of residual radiological COC in soils is presented in Table 5.8.35. 

Table 5.8.34 Post-Cleanup (Verification) Samples Collected at ER Site 108 
Area Source 

108EIASS 

108E2ESS 
108E4ASS 
108EIIASS 

Sample Number 

108E2CSS 

108E2FSS 
108E5ASS 

108E2DSS 

108E3ASS 
108EIOBSS 

Table 5 8 35 Maximum Residual Radionuclide Levels in ER Site 108 Soils . . 
Radionuclide Maximum Activitv ( pCi/2 l BackEround Activitv ( pCiiE) 

U-238 54.0 1.4 
U-235 0.84 0.16 
U-234 6.75 1.6 

Risk Assessment Results 

A risk assessment, using the DOE computer code RESRAD, was performed on ER Site I 08 
assuming both an industrial and a residential (loss of active control measures) land-use scenario, 
consistent with Section 3.3.2. The RESRAD input parameters that were not site specific are 
provided for both land-use scenarios in Section 3.3.2. Site-specific input parameters were 
developed based on information provided by the Task Leader responsible for the site and were as 
follows: 
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Area of Contaminated Zone: I ,600 m' 
Thickness of contaminated zone: 0.15 m 
Length Parallel to Aquifer Flow: 60 m 
Density of Contaminated Zone: 1.85 g/cm' 
Contaminated Zone Total Porosity: 0.4 
Contaminated Zone Effective Porosity: 0.35 
Contaminated Zone Hydraulic Conductivity: 3,650 m/yr 
Contaminated Zone b Parameter: 4.9 (Silty Sand) 
Runoff Coefficient: 0.4 

Site-specific risk assessment resulted in the following TEDEs to the RME individual: 

• Industrial Land-Use: 2.1 mremlyr 
• Residential Land-Use: 5.8 mremlyr 

The calculated TEDEs for both scenarios are well below the proposed EPA guidance discussed 
in Section 2.2.2 of 15 mrem/yr maximum TEDE for industrial land-use and 75 mrem/yr for 
residential land-use. The average radiation exposure due to natural sources (radon, internal 
radiation, cosmic radiation, and terrestrial radiation) in the U.S. is approximately 295 mrem/yr 
TEDE (NCRP 1987). Given the above, the potential effects on human health due to exposure to 
radionuclides at the site are well within proposed standards when considering both an industrial 
land-use scenario and a residential land-use scenario. 

The uncertainties associated with this assessment are considered small because of the location 
and history of the site. There is low uncertainty in the future land-use and the potentially affected 
populations considered in making the risk assessment analysis. An RME approach was used to 
calculate the risk assessment values. As a result, the parameter values used in the calculations 
were conservative, and the calculated intakes are likely overestimates. Maximum measured 
concentrations of the COCs were used to provide conservative results. Because the COCs were 
found in the 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. 

Waste Management 

The cleanup activities produced soil and PPE wastes. No metal fragment waste was generated. 
All waste was containerized in 55-gallon drums. A total of 273 waste drums were generated 
during cleanup activities: 272 soil drums and I PPE drum. The number of waste drums 
produced at the site is shown in Table 5.8.36. 

Five composite soil samples were collected from the waste drums and analyzed for gamma 
emitters using standard laboratory gamma spectroscopy methods and for leachable RCRA metals 
using TCLP analytical procedures. Mercury was not identified as a COC and was not included in 
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Table 5.5.36 Summarv of Waste Drums for R ite 1 E S 08 
Soil Waste Metal Fragment PPEWaste 

Waste 
30 Gallon 55 Gallon 30 Gallon 55 Gallon 30 Gallon 55 Gallon TCLP/ Comments 

Drums Drums Drums Drums Drums Drums Gamma 
Spec: 

Samples 

0 272 0 0 0 I 6 Soil 

the TCLP analysis. All samples passed the TCLP tests, and all waste was characterized as 
"Radioactive-Low Level Only." A summary of radiological activity for the waste is presented in 
Appendix G. 

Disposal of regulated VCM waste was handled by SNIJNM Department 7577 (Waste 
Operations), which packaged and secured waste drums for transfer to Envirocare of Utah. 
l"onregulated waste was disposed of using standard SNIJNM-approved waste disposal methods. 

Conclusions 

All point and area sources of gamma activity 30 percent or greater than the natural background 
were removed from the site with the exceptions of five area sources. Four area sources were 
related to "shine" (gamma interference) from adjacent buildings, and one area source exceeded 
the capabilities of manual cleanup procedures (beneath concrete pad). A radiological risk 
assessment was performed assuming both an industrial and a residential (loss of active control 
measures) land-use scenario, and using site-specific input parameters. The risk assessment 
shows the potential effects on human health due to exposure to radionuclides at the site are 
within proposed standards when considering both land-use scenarios. 

Source removal is summarized in Table 5.8.37, and sources remaining after completion of the 
VCM are shown in Figure 5.8.14. 

Table 5.8.37 Summarv of Point and Area Source Removal at ER Site 108 
Anomalv Tvne Total Identified Total Removed Comments 
Point Sources 4 4 Cleanup complete and no further 

action is reauired. 
Area Sources 11 6 One source extends beneath 

concrete pad. Four sources are 
related to "shine " (gamma 
interference) from adjacent 
buildines. 
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No additional cleanup activities were performed during this VCM. The status of other possible 
COCs is not addressed in this report. 

All waste was characterized as "Radioactive-Low Level Only" and managed in accordance with 
SNLINM Department 7572 (Waste Management) procedures. 
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************************************************************************* 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Laboratory) * 
* 9·11-95 1:09:28 PM * 
***************************************************** ** **************** 
* . ( I ,.,---- * * Analyzed by: S".o."Vba~ '1 1'-- <rs Reviewed by: * 
************************************************* 

Customer 
Customer Sample ID 
Lab Sample ID 

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

SMITH ( 7714) 
108E3A-SS 
50075901 

SOLID MARINELLI 
Solid 
1SMAR 

813.000 gram 
9-10-95 7:30:00 AM 
9-11-95 12:35:19 PM 

LAB01 
1800 seconds 
1801 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2S Error MDA 
(pCi/gram) 

---------- ------------- ----------- -------------
U-238 1.48 1.07 1.64 
TH-234 2.14 7.55E-01 5.52E-01 
U-234 Not Detected -------- 8.17E-Ol 
RA-226· 1.21 5. 71E-01 8.15E-01 
PE-214 4.30E-01 9.98E-02 9.66E-02 
BI-214 4.10E-01 9.nE-o2 8.91E-02 
PE-::::.0 Not· Detected .-------- 1.26 

TH-232 4.36E-01 1.91E-01 2.58E-01 
RA-228 3.95E-01 1.86E·01 2.51E-01 
AC-228 5.69E-01 1.55E·01 l.SSE-01 
TH-228 6.06E-01 3.20E·01 6.67E-Ol 
RA-224 Not Detected -------- 1.40 
PB-212 5.56E-01 1.17E-01 5.54E-02 
BI-212 S.OOE-01 3.13E-01 4.50E-01 
TL-208 5.07E-01 1.23E-01 1.18E-01 

U-235 Not Detected -------- 3.36E-01 
TH-231 Not Detected -------- 6.55E-01 ,. 
PA-231 Not Detected -------- 2.17 
AC-227 Not Detected -------- 2.60 
TH-227 Not Detected ---- -- - - 5.14E-01 
RA-223 Not Detected -- ------ 2.27E-01 
RN-219 Not Detected -------- 6.72E·01 
PB-211 Not Detected -------- 9.35E-01 
TL-207 Not Detected -- ----- - 2.02E+01 

AM-241 Not Detected - - - ---- .. 2.59E-01 
PU-239 Not Detected - --- --- - 3.59E+02 
NP-237 Not Detected - - - - - -- - 2.6SE-01 
PA-233 Not Detected -------- 8.76E-02 
TH-229 Not Detected -------- 3.39E-01 



.. 
[Summary Report] - Sample ID: 50075901 

Nuclide Activity 
(pCi/gram) 

2S Error MDA 

............................. ------------- ----------- -------------
AG-llOm Not Detected ........................ 4.90E-02 
AR-41 Not Detected ........................ 3.9SE+03 
BA-133 Not Detected -------- 8.67E-02 
BA-140 Not Detected ........................ 1.64E-01 
CD-109 Not Detected -------- 9.12E-01 
CD-115 Not Detected -------- 1.36E-01 
CE-139 Not Detected -------- 4.52E-02 
CE-141 Not Detected -------- 7.80E-02 
CE-144 Not Detected -------- 3.18E-01 
C0-56 Not Detected -------- 4.87E-02 
C0-57 Not Detected -------- 4.02E-02 
C0-58 Not Detected -------- 4.66E-02 
C0-60 Not Detected ....................... 5.71E-02 
CR-51 Not Detected ....................... 3.63E-01 
CS-134 Not Detected -------- 7.01E-02 
CS-137 Not Detected ...................... 5.42E-02 
CU-64 Not Detected ...................... 5.19E+01 
EU-152 Not Detected -------- 3.39E-01 
EU-154 Not Detected -------- 2.70E-01 
EU-155 Not Detected -------- 1.65E-01 
FE-59 Not Detected -------- 1.02E-01 
GD-153 Not Detected -------- 1.51E~01 

HG-203 Not Detected -------- 4.48E-02 
I-131 Not Detected -------- 4.70E-02 
IN-115m Not Detected ........................ 8.76 
IR-192. · Not Detected -------- 4.23E-02 
K-40 1.31E+01 1.94 3.53E-01 
LA-140 Not Detected -------- 9.25E-02 
MN-54 . Not ·Detected -------- 4.88E-02 
MN-56 .,_,, ... ··Not··Detected .-------- 1.29E+02 
M0-99 Not Detected -------- 5.02E-01 
NA-22 Not Detected -------- 6.22E-02 
NA-24 Not Detected -------- 1.79E-01 
NB-95 Not Detected -------- 2.99E-01 
ND-147 Not Detected -------- 3.20E-01 
NI-57 Not Detected -------- l.OSE-01 
BE-7 Not Detected -------- 3.82E-01 
RU-103 Not Detected ........................ 4.11E-02 
RU-106 Not Detected -------- 4.21E-01 
SB-122 Not Detected -------- 8.56E-02 
SB-124 Not Detected -------- 5.01E-02 
SB-125 Not Detected - - ... ... ... -- ... 1.16E-01 ~-~ 

SC-46 Not Detected -------- 7.44E-02 
SR-85 Not Detected -------- 5.15E-02 
TA-182 Not Detected -------- 2.17E-01 
TA-183 Not Detected -- - - --- - 2.60E-01 
TE-132 Not Detected .. - ... ... - ... - .. 5.19E-02 
TL-201 Not Detected -------- 1. 77E-01 
V-48 Not Detected -------- 4.73E-02 
XE-133 Not Detected - -- ---- - 2.29E-01 
Y-88 Not Detected - ... - ... ... --- 3.14E-02 
ZN-65 Not Detected - -- - - --- 1.49E·01 
ZR-95 Not Detected - - ... - ... -- ... 8.07E-02 
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*****~··•••************************************************************** 
• Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Laboratory] * 
* 9-11-95 1:50:23 PM * 
***************************************************** 

: Analyzed by:5'6. ~oto-- C\/1~/qs- Reviewed by: 
************************************************** 

Customer 
Customer Sample ID 
Lab Sample ID 

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

SMITH (7714) 
108E1A-SS 
50075902 

SOLID MARINELLI 
Solid 
1SMAR 

851.000 
9-10-95 
9-11-95 

LAB01 

gram 
7:30:00 AM 
1:16:18 PM 

1800 seconds 
1801 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2S Error MDA 
(pCi/gram) 

---------- ------------- ----------- -------------
U-238 4.07 1.57 2.12 
TH-234 Not Detected -------- 7.98E-01 
U-234 Not Detected ---------. 8.12E-01 
RA-226 1.07 6 .33E."01. 9.51E-01 
PB-214 4.50E~01 l.02E-01 9.73E-02 
BI-214 3.94E~01 8.65E~02 7.76E-02 
PB-210 Not Detect:ed" ·' . -- .. ---~~--~·.;..·-;. "1.16 .. 

-.. 

TH-232 4.77E-01 1.67E-01 1.99E-01 
RA-228 4.50E-01 1.82E-01 1.71E-01 
AC-228 Not Detected -------- 2.74E-01 
TH-228 Not Detected -------- 1.37 
RA-224 6.92E~01 3.53E-01 4.95E-01 
PB-212 5.06E-01 1.27E-01 5.97E-02 
BI-212 Not Detected ................ 7.90E-01 
TL-208 4.42E-01 l.09E-01 1. 03E- 01 

U-235 Not Detected -------- 3.66E-01 
TH-231 Not .Detected -------- 7.31E-01 •' 
PA-231 Not Detected -------- 2.25 
AC-227 Not Detected --·----- 2.60 
TH-227 Not Detected ................. 4.94E-01 
RA-223 Not Detected -------- 2.51E-01 
RN-219 Not Detected -------- 6.84E-01 
PB-211 Not Detected ---- ---- 9.54E-01 
TL-207 Not Detected -------- l.93E+01 

AM-241 Not Detected -------- 3.02E-01 
PU-239 Not Detected -------- 3.71E+02 
NP-237 Not Detected -------- 4.70E-01 
PA-233 Not Detected -------- 9.03E-02 
TH-229 Not Detected 

______ .,._ 
4.07E-01 



[Summary Report) - Sample ID: 50075902 

Nuclide Activity 2S Error MDA 
(pCi/graml 

---------- ------------- ----------- -------------
AG·l.10m Not Detected ........................ 5.05E-02 
AR-41 Not Detected ........................ 5.00E+03 
BA-133 Not Detected ....................... 8.48E-02 
BA-140 Not Detected -------- l.. 68E- OJ. 
CD-109 Not Detected -------- 1.69 
CD·l.l.5 Not Detected -------- l..34E-Ol. 
CE-139 Not Detected -------- 4.42E-02 
CE-141 Not Detected -------- 8.47E-02 
CE-144 Not Detected ..................... 3.27E-Ol. 
C0-56 Not Detected -------- 4.93E-02 
C0-57 Not Detected -------- 4.36E-02 
C0-58 Not Detected ........................ 4.58E-02 
C0-60 Not Detected -------- 5.02E-02 
CR-51 Not Detected -------- 3.56E-Ol. 
CS-134 Not Detected -------- 6.69E-02 
CS-137 2.48E-02 2.l.SE·02 3.31E-02 
CU-64 Not Detected -------- 5.39E+01 
EU-152 Not Detected ----·--- 3.36E-Ol. 
EU-154 Not Detected ...................... 2.58E-Ol. 
EU-155 Not Detected -------- l.. 87E- OJ. 
FE-59 Not Detected -------- l.. 02E-Ol. 
GD-153 Not Detected ..................... l..87E:-"Ol. 
HG-203 Not Detected -------- 4.46E-02 
I-Dl. Not Detected -------- 4.81E-02 
IN: .. l.l5m Not Detected -------- 9.49 

·- IR.:.192 Not ·Detected -------- 4.25E-02 
-:. K-46 . l.. 40E+Ol. 2. 05 4.07E-Ol. 

LA~140 Not Detected -------- 8.60E-02 
,, .MN.-54 Not Detected -------- 4.47E-02 

.. , -MN;''56'. Not-. Det·e-cted -------- 1.57E+02 
___ MQ~_99 Not Detected ....................... 4.88E-Ol. 
· NA~.22 Not Detected -------- 6.07E-02 

NA-24 Not Detected ..................... l..57E-01 
NB-95 Not Detected -------- 2.90E-Ol. 
ND-147 Not Detected -------- 3.l.4E-Ol. 
NI-57 Not Detected -------- l..10E- OJ. 
BE-7 Not Detected -------- 3.67E-Ol. 
RU-103 Not Detected -------- 4.27E-02 
RU-106 Not Detected ......... -- .......... 4.30E-Ol. 
SB-122 Not Detected ..................... 8.41E-02 
SB-124 Not Detected -------- 4.75E-02 
SB-125 Not Detected -------- l..22E-Ol. 
SC-46 Not Detected -------- 6.92E-02 
SR-85 Not Detected -------- 5.32E-02 
TA-182 Not Detected -------- 2.06E-Ol. 
TA-183 Not Detected -------- 3.04E-Ol. 
TE-132 Not Detected -------- 5.33E-02 
TL-201 Not Detected - - - -- ... -- 2.0l.E-Ol. 
V-48 Not Detected -------- 4.87E-02 
XE-133 Not Detected -- ... --- - ... 2.52E-01 
Y-88 Not Detected -------- 3.80E-02 
ZN-65 Not Detected - - ... - ... - -- l.. 40E- OJ. 
ZR-95 Not Detected - - ... ... - .. ... - 8.73E-02 
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Dept. No./Mo;r Stop: '1511. S /II "I~ 

Pro;cctll ask Manager: C"'nort ... c..S~c,\ /H~~'t. M;+~~~hl~ 
P•oiect Name: S.r~ .. ~--Rf\0 __ 1/~1\ __ 

Recmd Cente• Code: E:Rjsf'.jfCA/IHS/1•1 jf)IIT 
loghook Rei No: _,V_A ·--· 

tJ!l 
Tech Area N /i 

tvA 

Sample No. · Fraction 

Sample 
Team 
Members 

lab Contact: .f!''.!'."-- .. ·------- ___ _ 
lahDoslinalion: __ tf.1'j _____ .. __ .. ---

SMO Contact/Phone: . _'( 'f '{_-,_76. { J _____ _ 

.t 

.5 

0 
z 

Reference LOV 

Container 

SMO 

Billlo: Sand• National 
S.wlia Services Oepa-tment 
P.O. Do• 5800 MS Ot54 
Atlu""""· NM 81!85-0t 

AR/COC-[ --0ll376 it ------------· 

Date Time 
~------=--------- -----.Date---- - --- Time 

'·~- '2f.:YY:5-J.t.=.-:... __ l·--------------··------·-·--------



--

-

-

************************************************************************* 
* Sandia National Laboratories * 
* Radiation ·Protection:·:sample Diagnostics Program [881 Laboratory! * 
* ··. 10-19-95 5:36:10 PM * 
************************************************************************* 

: Analyzed by:~ /c lz..,/1/ Reviewed by~ /o/2--t~jr,.-- : 
***************~**********'~~~*******************~******************** 
CUstomer : D.SCHWEITZER (7714) 
CUstomer Sample ID : 108E2C-SS 
Lab Sample __ ~D ;_ ... ·'·· :. 500.84101 .. 

Sample Description 
Sample Type 

MARINELLI SOIL SAMPLE 
Solid 

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

2SMAR 
1000.000 

10-17-95 
10-19-95 
LAB02 

gram 
3:00:00 
3:51:39 

6000 seconds 
· 6004 ·seconds 

PM 
PM 

Comments: 
************************************************************************* 

Nuclide Activity 2S Error MDA 
CpCi/gram) 

---------- -----------·- ----------- --------·----
U-238 2.15E+01 4.89 4.41 
TH-234 2.07E+01 5.73 7.29E-01 
U-234 Not Detected ....................... 4.70E-01 
RA-226 5.79 1.13 1.02 
PB-214 4.50E-01 7.81E-02 5.66E-02 
BI-214 3.77.8-01 6.66E-02 5.71E-02 
PB-210 Not Detected -------- 4.93E+02 

TH-232 5.52E-01 1.42E-01 1.55E-Ol 
RA-228 3.84E-01 1.36E-01 1.82E-01 
AC-228 5.27E-01 1.13E-01 1.12E-01 
TH-228 5.65E-01 2.02E-01 4.18E-01 
RA-224 Not Detected -------- 7.07E-01 
PB-212 4.84E-01 8.60E-02 3.41E-02 
BI-212 5.22E-01 1.78E-01 2.26E-01 
TL-208 4.15E-01 8.87E-02 9.32E-02 

U-235 2.54E-01 1.39E-01 2 .llE-01 
TH-231 Not Detected -------- 6.88E-01 . ~ PA-231 Not Detected ------- ... 1.15 { . ...$. . . 
AC-227 :.73E 81 s.:7s 81 9. 46E- 01 _,.r,...f' _r.;.. ~{ · . 
TH-227 Not Detected -------- 2.59E-01 t~fz.•/' 
RA-223 Not Detected -------- 2.41E-01 
RN-219 Not Detected - - -- - -:- .. 3.72E-01 
PB-211 Not Detected -------- 4.85E-01 
TL-207 Not Detected -------- 9.99 

AM-241 Not Detected -------- 5.96E-01 
PU-239 Not Detected -------- 2.69E+02 
NP-237 Not Detected -------- 4.06E-01 
PA-233 Not Detected -------- 4.82E-02 
TH-229 Not Detected --~----- 3.65E-Ol 

-----------·-"-"-----------



[Snmmary~Report] - Sample ID: 50084101 
.• 

Nuclic;ie . ..;;:.;;i:Actiirit:Y·· .-:.· ·. 2S E=or MDA 
. ~ ?'':_;:..:;c'.~ A·(pCi/gram) .. ,.· . 

. .. - . ----------------------- --- ----- ------- ----------· 
AG-llOm Not Detected -------- 2.65E-02 
AR-41· Not Detected --·----- 4.19E+06 
BA-133 ·NOt Detected ..................... 4.25E-02 
BA-140 Not Detected -------- 9.13E-02 
CD-109 Not Detected -------- 1.39 
CD-115 Not Detected -------- 9.02E-02 
CE-139 Not Detected ...................... 2.77E-02 
CE-141: . :; Not ·Detected · -------- 5.46E-02 
CE-144 Not Detected ........................ 2.34E-Ol 
C0-56 Not Detected -------- 2.59E-02 
C0-57 Not Detected -------- 3.23E-02 
C0-58 Not Detected -·------ 2.52E-02 
C0-60 Not Detected ................... 2.69E-02 
CR-51 Not Detected -------- l.92E-Ol 
CS-134 Not Detected .................... 3.43E-02 
CS-137 5.04E-02 l.94E-02 2.73E-02 
CU-64 Not Detected -------- 8.00E+Ol 
EU-152 Not Detected -------- l.89E-Ol 
EU-154 Not Detected -------- l.33E-Ol 
EU-155 Not Detected -------- l.48E-Ol 
FE-59 Not Detected ...................... 5.3lE-02 
GD-153 Not Detected ...................... l.54E-Ol 
HG-203 Not Detected ...................... 2.40E-02 
I-131 Not Detected -------- 2.68E-02 
IN-115m Not Detected ....................... l.03E+02 
IR-192 Not Detected ... ... ---- ... - 2.28E-02 
K-40 l.40E+Ol 1.91 2.87E-Ol 
LA-140 Not Detected- -------- 5.65E-02 
MN-54 Not Detected -------- 2.67E-02 
MN-56 Not Detected -------- J..61E+04 
M0-99 !~ot Detected ...................... 3. 75E- 01. 
NA-22 Not Detected -------- 3.00E-02 
NA-24 Not Detected -------- 2.41E-Ol 
NB-95 Not Detected ....................... l. 77E-Ol 
ND-147 Not Detected -------- l.81E-Ol 
NI-57 Not Detected -------- 9.18E-02 
BE-7 . Not Detected ........................ 2.01E-Ol 
RU-103 Not Detected -------- 2.20E-02 
RU-106 Not Detected -------- 2.23E-Ol 
SB-122 Not Detected -------- 5.52E-02 
SB-124 Not Detected -------- 2.45E-02 
SB-125 Not Detected ..................... 6.8J.E-02 
SC-46 Not Detected ...................... 3.66E-02 
SR-85 Not Detected -------- 2.73E-02 
TA-182 ·Not Detected -------- l.08E-Ol 
TA-183 Not Detected -------- 6.84E·Ol 
TE-132 Not Detected - ----_,_ - 3.66E-02 
TL-201 Not Detected -------- 2.75E-OJ. 
V-48 Not Detected -------- 2.77E-02 
XE-133 Not Detected -------- 2.82E-Ol 
Y-88 Not Detected -------- l. 79E- 02 
ZN-65 Not Detected ·-·-·--- 7.10E-02 
ZR-95 Not Detected -------- 4.59E-02 



.-

-

*********~·*:**.~**-. .. ~-... ~;***;;*~*****************'*'***'****************'********* * · Sandia National Laboratories .. 
* Radiation Protection Sample Diagnostics Program [881 Laboratory] .. 
.. . 10-19-95 7:27:03 PM .. 
************************************************************************* 
: Analyz·e~ -b;o.:··.: /6/"J-61.1,. Reviewed by~ /o /u I, r : 
************.*_*.**!*.~:*****"./,** ********************7*********'*.*** .......... .. 
CUstomer.· ....•. ,, ____ , ..... D.SCHWEITZER (7714) 
CUstomer Sainple · ID .:: .. 108E2D-SS 
Lab Sample ID : 50084102 

Sample Description 
Sample Type 
Sample Geometry 
Sample Quantity 
Sample Date/Time 
Acquire Start.Date 
Detector· Name·.-· · - · · 
Elapsed Live Time : 
Elapsed Real Time 

MARINELLI SOIL SAMPLE 
Solid 
2SMAR 

1034.000 
10-17-95 
10-19-95 
LAB02 

gram 
3:08:00 
5:42:45 

6000 seconds 
6003 seconds 

PM 
PM 

Comments: 
************~************************************************************ 

Nuclide Activity 2S Error MDA 
(pCi/gram) 

.............................. ------------· ... .............................. -----f i~~ ~: ~,.;,;~ JJ4{ 1: U-238 · ::<:·'Not -Detected --------
TH-234 1.25 S .: 1E e: 
U-234 Not Detected -------- 3. 76E-01 -;;f.....:fr 
RA-226 1.33 4.51E-01 6.13E-01 ' 
PB-214 4.60E·01 8.21E-02 6.59E-02 
BI-214 3.70E-01 6.03E-02 4.01E-02 
PB-210 Not Detected -------- 3.54E+02 

TH-232 5.27E-01 l.42E-01 l.63E-01 
RA-228 4.98E~01 1.32E-01 l.14E-01 
AC-228 5.7lE-01 l.10E-01 8.83E-02 
TH-228 4.95E-01 1.82E-01 3.77E-01 
RA-224 3.03E-01 l. 73E-01 3.62E-01 
PB-212 5.59E-01 9.85E-02 3.06E-02 
BI-212. 7.10E-01 2.06E-01 2.47E-01 
TL-208 5.21E-01 1-01E-01 9.46E-02 

U-235 Not Detected -------- l. 77E-01 
TH-231 Not Detected -------- 4.17E-01 
PA-231 Not Detected ------·-- 9.67E-01 
AC-227 Not Detected -------- 1.24 
TH-227 Not Detected -------- 2.49E-01 
RA-223 Not Detected -------- l. SOE- 01 
RN-219 Not Detected - - - - - -:- - 3.l9E·01 
PB-211 Not Detected -------- 4.32E-01 
TL-207 Not Detected -------- 9.44 

AM-241 Not Detected -------- 4.05E-01 
PU-239 Not Detected -------- 2.10E+02 
NP-237 ·Not Detected -------- 2.66E-01 
PA-233 Not Detected -------- 4.21E·02 
TH-229 Not Detected -------- 2.21E·01 



NUclide Activity 
(pCi/gram) 

---------- -------------AG-llOm Not Detected 
AR-41 Not Detected 
BA~133- Not Detected 
BA-140 Not Detected 
·CD-109·':.: ..... :·.Not·'Det!!Cted . 
CD-115 ·:.:- · Not ·Detected·· 
CE-139 Not Detected· 
CE-141 Not Detected 
CE-144 Not Detected 
C0-56 Not Detected 
C0-57 Not Detected 
C0-58 Not Detected 
C0-60 Not Detected 
CR-51 Not Detected 
CS-134 Not·Detected 
CS-137 1.74E-02 
CU-64 Not· Detected 
EU-152 Not Detected 
EU-154 Not Detected 
EU-155 ·-·· Not Detected 
FE-59 Not Detected 
GD-153 Not Detected 
HG-203. Not Detected 
I-131 Not Detected 
IN-115m Not Detected 
IR-192 Not Detected 
K-40 1.68E+Ol 
LA-140 Not Detected 
MN-54 Not Detected 
MN-56 · Not Detected 
M0-99 Not Detected 
NA-22 Not Detected 
NA-24 Not Detected 
NB-95 ... Not Detected 
ND-147 Not Detected 
NI-57 Not Detected 
BE-7 · Not Detected 
RU-103 Not Detected 
RU-106 Not Detected 
SB-122 Not Detected 
SB-124 Not Detected 
SB-125 Not Detected 
SC-46 Not Detected 
SR-85 Not Detected 
TA-182 Not Detected 
TA-183 Not Detected 
TE-132 Not Detected 
TL-201 Not Detected 
V-48 Not Detected 
XE-133 Not Detected 
Y-88 Not Detected 
ZN-65 Not Detected 
ZR-95 Not Detected 

2S Error MDA 

----------- -------------

- .. --- -·- .. 

1.41E-02 

2.27 

-- --- -~- -

2.38E-02 
9.00E+06 
4.03E-02 
8.19E-02 
9.00E-Ol 
8.79E-02 
2.17E-02 
4.16E-02 
l.SOE-01 
2.56E-02 
2.43E-02 
2.27E-02 
2.67E-02 
1.68E-01 
3.22E-02 
2.21E-02 
9.13E+01 
1.78E-Ol 
1.27E-01 
1.05E-Ol 
5.55E-02 
8.75E-02 
2.10E-02 
2.35E-02 
1.28E+02 
1.99E-02 
2.96E-Ol 
5.82E-02 
2.45E-02 
2.52E+04 
3.0:E-Ol. 
3.00E-02 
2.57E-01 
1. 72E-01 
1.53E-Ol 
8.89E-02 
1. 70E-Ol 
2.01E-02 
2.05E-01 
4.96E-02 
2.14E-02 
5.87E-02 
3.74E-02 
2.51E-02 
l.lOE-01 
4.69E-01 
3.09E·02 
1.83E-01 
2.78E-02 
1. SOE- 01 
1. 82E-02 
7.24E-02 
4.17E-02 



--

--

************************************************************************* 
* ... Sandia National Laboratories * 
: ~~{a~=~~-.;.:~~~~-tt~,~;L~:;jle 9 ~~;~~s~~cs Program [881 Laboratory] : 

*************2·*****"*****"************************************'**********'*** - ·. __ : ~~~:=::'.:.·::. • .;.·.":."t~·.: .".":;. .:.:.:_·..:...,:·~; ·-. ... 

: Analy;~d·~;-~/h- . -~~~z,~}rl" Reviewed by~ JD/z.o lo- * 
***************i"**********************************~**********'********* 
CUstomer ·· : D.SCHWEITZER (7714) 
CUstomer Sample ID 108E2E·SS 
Lab Sample ~D 50084103 

Sample Description 
Sample Type. · 
Sample Geometry 
Sample Quantity 
Sample Date/Time 
Acquire Start Date 
Detector Name 
Elapsed Live Time 
Elapsed-Real Time 

MARINELLI SOIL SAMPLE 
: Solid 

Comments: ··-=·-.'=·.> .. ~ 

: 2SMAR 

: 

943.000 
10-17-95 
10-19-95 
LAB02 

gram 
3:15:00 
7:33:45 

6000 seconds 
6003 seconds 

. ·':. : 

PM 
PM 

************************************************************************* 

Nuclide Activity 2S Error MDA 
(pCi/gram) 

---------- . ------------- ----------· -------------
U-238 6.61 2.38 3.16 
TH-234 3.47 1.12 9.15E-01 
U-234 Not Detected -------- 4.02E-01 
RA-226 1.89 4.68E-Ol 5.33E-01 
PB-214· 4.58E-01 8.23E-02 6 .62E-02 
BI-214 3.76E·01 6.44E-02 S.OOE-02 
PB-210 Not Detected -------- 3.67E+02 

TH-232 3.42E-01 1.32E-01 1. 81E·01: 
RA-228 4.40E·01 1.15E· 01 1.25E·01 
AC-228 4.45E-01 9.35E·02 8.36E-02 
TH-228 3.95E-01 1.54E·Ol 3.59E-01 
RA-224 Not Detected -------- 7.10E-01 
PB-212 4.58E·01 8.15E·02 2.97E-02 
BI-212'< ·_ 5.16E-01 2.24E·01 3.17E-01 
TL-208 4.30E-01 7.68E·02 5.41E-02 

U-235 Not Detected -------- 1. 78E- 01 
TH-231 Not Detected -------- 4.45E·01 
PA-231 Not Detected -- - - - -·- - 9.77E-01 
AC-227 Not Detected -------- 1.27 
TH-227 Not Detected -------- 2.41E-01 
RA-223 Not Detected -------- 1.63E-01 
RN-219 Not Detected - - -- - -.•- - 3.26E·01 
PB-211 Not Detected -------- 4.40E-01 
TL-207 Not Detected -------- 9. 31 

AM·241 Not Detected -------- 4.26E·01 
PU-239 Not Detected -------- 2.07E+02 
NP-237 Not Detected -------- 2.80E-01 
PA-233 Not Detected -------- 4.12E·02 
TH-229 Not Detected -------- 2.24E-01 

-----------····-·· 



I ~ ' • ' •' 

[Su.mmacy· Report} ·- Sample ID: 50084103 

Nuclide··" Activity 2S Error MDA 
_, . (pCi/gram) 

.............. ~·- ... "":;,.,.~: ... ·.Y"":~~~~ .... ~~··-;. ;.f~'- ._ ..... -:-:. ----------- -------------
AG-110m Not Detected -------- 2.57E-02 
AR-41 Not Detected -------- 1.63E+07 
BA-133 Not Detected -------- 4.12E-02 
BA-140 .Not Detected -------- 8.31E-02 
CD-109 .. Not ·Detected -------- 9.46E-01 
CD-115 

.. 
Not Detected 8.65E-02 --------

.·. CE.::..~39. _ ...... Not .Detected -------- 2.20E-02 
CE-141 · .... Not Detected -------- 4.17E-02 
CE-144 Not Detected -------- l. 76E-01 
C0-56 · " Not· Detected -------- 2.52E-02 
C0-57 Not Detected ................... 2 .45E-02 
C0-58 Not Detected ...................... 2.22E-02 
C0-60 Not Detected -------- 2.64E-02 
CR-51 Not Detected -------- l.69E-Ol 
CS-134 ·Not Detected -------- 3.36E-02 
CS-137 4.21E-02 l.57E-02 1.73E-02 
cu,64 - Not Detected ...................... 9.82E+01 
EU-152 

.. ~-·-· Not Detected 1.69E-01 ...................... 
EU-154 _ _ Not Detected ....................... 1.26E-01 
EU-155 · Not Detected ...................... 1.07E-01 
FE-59 Not Detected ...................... 5.07E-02 
GD-153 Not Detected ..................... S.SBE-02 
HG-203 Not Detected -------- 2.07E-02 
I-131 Not Detected ...................... 2.25E-02 
IN-115m Not Detected .................... 1. 61E+02 
IR-192 Not Detected -------- 1.96E-02 
K-40 1.35E+01 1.84 2.40E-01 
LA-140 Not Detected ................... 6.26E-02 
MN-54. . Not Detected ... .................. 2.42E-02 
MN-56 Not Detected -------- 3.95E+04 
M0-99 Not Detectec -------- 3.30E-01 
NA-22 Not Detected ..................... 3. OBE- 02· 
NA-24. Not Detected -------- 2.77E-01 
NB-95 Not Detected ........ -- ... - ... l.69E-01 
ND-147 Not Detected -------- l.60E-01 
NI-57 Not Detected -------- 9.06E-02 
BE-7 · Not Detected ................... l.75E-01 
RU-103 Not Detected -------- 2.05E-02 
RU-106 Not Detected ....................... 2.09E-01 
SB-122 Not Detected ...................... 4.8BE-02 
SB-124 Not Detected ...................... 2.27E-02 
SB-125 Not Detected -------- 6.12E-02 
SC-46· Not Detected .. -- - ... -·- - 3.86E-02 
SR-85 Not Detected -------- 2.64E-02 
TA-182 Not Detected ........................ l.l3E-Ol 
TA-U3 Not Detected ....................... 4.9BE-01 
TE-132 Not Detected ------.-- 3.17E-02 
TL-201 Not Detected ..................... l. 97E- 01 
V-48 ·Not Detected ...................... 2.68E-02 
XE-133 Not Detected -------- 1.9BE-01 
Y-88 Not Detected ·------- 1.68E-02 
ZN-65 Not Detected -------- 7.38E·02 
ZR-95 Not Detected -------- 4.37E-02 



-

-

-

************************************************************************* 
+ ~ :!.... Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Laboratory) * 
* .uo....~-- :_.. .... :. ·- 10-20-95 3:47:22 PM * 
************************************************************************* 

: ~i;~~ii~"?';:~;;.: · ·'-"~~;co:~~~~fii· lr I Reviewed by: ...-y,. /o /'-6 I f) : ................................................ ... .................................... ~~ ...................................................... ;f .............................. l ........................ ... 
Customer 
Customer Sample ID 
Lab Sample ID 

Sample. Description 
Sample Type 
Sample Geometry: 
Sample Quantity 
Sample Date/Time 
Acquire Start Date 
Detector Name 
Elapsed Live Time 
Elapsed Real Time 

: D.SCHWEITZER 
: 108E2F-SS 

50084104 

(7714) 

: MARINELLI SOIL SAMPLE 
: Solid 
:- -2SMAR 

885.000 
10-17-95 
10-19-95 
LAB02 

gram 
1:40:00 
9:24:35 

6000 seconds 
6005 seconds 

PM 
PM 

Comments: 
************************************************************************* . . ... 

Nuclide Activity 
(pCi/gram) 

2S Error MDA 
______ .,. ___ ____________ .. 

----------- -------------U-238 5.40E+01 1.08E+01 7.09 
TH-234 6.44E+01 1.76E+01 2 .ll 
U-234 1.29 5.09E·01 7 .31E-01 
RA-226 1. 72E+01 2.87 6.62E-01 
PB-214 5.06E-01 l.06E-01 l.12E-01 
BI-214 4.30E-01 7.31E-02 5.67E·02 
PB-210 .. ' Not" Detected -------- 7.20E+02 

TH-232 4.26E-01 l. 36E- 01 l. 72E-Oi 
RA-228 4.50E-01 l. 31E- 01 l.27E-01 
AC-228 4.99E·01 1.07E-01 l.02E·01 
TH-228 5.37E-01 2 .43E-01 6.38E·01 
RA-224 4.99E-01 2.22E-01 4.12E-01 
PB-212 4.96E·01 9.06E-02 4.42E·02 
BI-212 6.69E·01 3.33E-01 4.93E·01 
TL-208 4.48E·Ol 9.69E·02 l.03E·01 

U-235 8.43E-01 2.85E-01 3.98E·01 
TH-231 Not Detected -------- 9.29E-01 
PA-231 Not Detected -------- 1.52 
AC-227 - Not Detected -------- 2.34 
TH-227 Not Detected -------- 3.09E·01 
RA-223 Not Detected -------- 3.94E-01 
RN-219 Not Detected -------- 4.88E·01 
PB-211 Not Detected -------- 6.42E-01 
TL-207 Not Detected -------- l.15E+01 

AM-241 Not Detected -------- 8.98E·Ol 
PU-239 Not Detected -------- 3.94E+02 
NP-237 Not Detected -------- 6.61E·01 
PA-233 Not Detected -------- 6.36E-02 
TH-229 Not Detected -------- 5.53E-01 

-----·---------



.· . -· 
[Summary Report] - Sample.ID: 50084104 

Nuclide Activity 25 Error MDA 
6- •• (pCi/gram) 

---------- ------------- ----------- -------------
AG.;.l.lOm.,...,, .• Not .·Detected . -------- 3.20E-02 
AR~4l ·---···· Not Detected -------- 6.50E+07 
BA-133 Not Detected -------- 5.11E-02 
BA-140. ·Not ·Detected-·- -------- l.24E-01 
CD-109 Not Detected -------- 2.21 
CD-115 Not Detected -------- l.24E-01 
CE-139 Not Detected -------- 4.07E-02 
CE-141 Not Detected -------- 8 .22E- 02 
CE-144 Not Detected -------- 3.45E-01 
C0-56 Not Detected -------- 3.25E-02 
C0-57 Not Detected -------- 4.73E-02 
C0-58 Not Detected ........................ 3.17E-02 
C0-60 Not Detected -------- 3.03E-02 
CR-51 Not Detected ........................ 2.59E-Ol 
CS-134 Not Detected -------- 4.12E-02 
c~-137 2.30E-02 l.41E-02 2.23E-02 
CU-64. Not Detected ........................ l.30E+02 
EU-152 Not Detected ........................ 2.22E-Ol 
EU-154 Not Detected ........................ l.67E-Ol 
EU-155 Not Detected -------- 2.25E-Ol 
FE-59 Not Detected -------- 5.60E-02 
GD-153 Not Detected -------- 2.34E-.01 
HG-203 Not Detected -------- 3.l6E-02 
I-131 Not Detected -------- 3.60E-02 
IN-115m Not Detected ....................... 3.75E+02 
IR-192 Not Detected -------- 3.00E-02 
K-40 l.36E+01 l. 87 3.28E-01 
LA-140 Not Detected -------- 7.94E-02 
MN-54 Not Detected ........................ 3.20E-02 
MN-56 Not Detected ....................... 1.28E+05 
M0-99 Not Detected -------- 5.68E-OL 
NA-22 Not Detected ...................... 3.29E-02 
NA-24 Not Detected ...................... 3.44E-01 
NB-95 Not Detected -------- 2.24E-01 
ND-147 Not Detected -------- 2.30E-01 
NI-57. Not Detected ------- ... l.llE-01 
BE-7 Not Detected -------- 2.57E-01 
RU-103 Not Detected -------- 3.01E-02 
RU-106 Not Detected -------- 2.85E·01 
SB-L22 Not Detected -------- 7.69E-02 
SB-124 Not Detected -------- 3.07E-02 
SB-1,25 Not Detected -------- 8.61E-02 
SC-46 · Not_ Detected -------- 4.01E-02 
SR-85 Not Detected -------- 3.4BE-02 
TA-182 Not Detected -------- l.l8E-01 
TA-183 Not Detected ------.-- 1.07 
TE-132 Not Detected -------- 5.27E-02 
TL-201 Not Detected -------- 4.51E-01 
V-48 Not Detected -------- 3.40E-02 
XE-133 Not Detected -------- 4.94E-01 
Y-88 Not Detected -------- 2.34E-02 
ZN-65. Not Detected -------- 7.61E-02 
ZR-95 -· Not Detected -------- 6.0SE-02 



-

-

-

-··.:-:-:-~~:~ .. ~ .· ..;_.. . . .. .- .. 

************************************************************************* 
,.. . _ ...... ,.~-::Sandia . National Laboratories .. 
,.. . :;Radiat;.~-··-,. Q~~-ron:>Sample Diagnostics Program (881 Laboratory] .. 
* --·---·~---~......,~~·"''·-~ 10•20·95 9:58:52 AM .. 
*******************~***************************************************** 

:Anal;~~~ b~:-~ .h),_.ljr Reviewed by:~ t~>lu. /~:- : 
...................... "!:*.'!i~;:~~:·fJI'~'!!!*:'*.'!'._*~~t*t'l .......................................................... ;r .............................. ~ .............. .. 
CUstomer : D.SCHWEITZER (7714) 
CUstomer Sample ID : 108E6C-SS 
Lab SampleJD. . · .:.,50084110.~ ...... 

-. ··:~ ·-·<: •.•. 
Sample Descri'pt:i.on : MARINELLI SOIL SAMPLE 
Sample Type : Solid 
Sample Geometry : 2SMAR. 
Sample Quantity . : .1034. 000 
Sample Date/Time':',-._,:·.:·10'-17-'95 ·.· 
Acquire Start Date : 10-20~95 
Detector Name : LAB02 

gram 
4:10:00 
8:16:15 

Elapsed Live Time : 6000 seconds 
Elapsed ·Real-·Time---·:·---···6003 seconds 

·:_-· . .. ':..:r~ ~ ~\; - , . 

Comments: 

PM 
AM 

************************************************************************* . ·: - . ;_:..:::~ ~ . - ·. 

Nuclide_=..'•·~-Activity . __ · 2S Error 
'·'="::::~~.:;:~;::.;:(pCi/gram) '"'' ~·:, 

---------- --------------
U-238 Not Detected 
TH-234 Not Detected 
U-234 ·.:·Not Detected 
RA-226·'"'~·~;: .. -· 9. SSE- 01 
PB-214 4.79E-01 
BI-214 _..__,~. - 4 .30E-01 
PB-210 .. · Not Detected 

. ··. ···-...:·· -.~~--~-.:..-.-~....:.:~:.: -----~ 
TH-232 =~·F..?:?·,:;;;;-·3. 64:E~ oi'..:=-
RA-228 :::: 4.03E-01· 
AC-228 4.83E-01 
TH-228 4.89E-01 
RA-224;. '~ :Not Detected 
PB- 2I2 '"'"'"":''·'· . 5. 2 OE- 01 
BI-212 4.66E-01 
TL;208 <::><.::.--- 4.67E-01 

U-235·~,:1i.::::.:Not .Detected.,.· 
TH-231"'"'- Not Detected--
PA-231 Not Detected 
AC-227 Not Detected 
TH-227 Not Detected 
RA-223. :·,:~::-.Not Detected 
RN-219 Not Detected 
PB-211 Not Detected 
TL-207·~·-" ·Not Detected 

AM-241--~~';:i.Not'-Detected -;; 
PU-239. ".::··. Not Detected 
NP-237 Not Detected 
PA-233 Not Detected 
TH-229 Not Detected 

.... 

·-·.:--~----. ., --·-- . - . ..:... 

3.34E-01 
7.92E-02 
7.33E-02 

1. 37E- 01 
l.12E-01 
l.03E-01 
l.64E-01 

9.88E-02 
2.22E-01 
8.36E-02 

MDA 

2.44 
6.29E-01 
3.74E-01 
4.48E-01 
4.75E-02 
5.98E-02 
3.50E+02 

l.87E-Ol 
l.31E-01 
9.84E-02 
3 .35E-Ol 
6.75E-01 
2.92E-02 
3.23E-01 
6.37E-02 

l.69E-01 
4.01E-01 
9.54E-01 
1.23 
2.39E-01 
l. 48E- 01 
3.20E-01 
4.26E-01 
9.02 

3.87E-Ol 
2.04E+02 
2.56E-01 
4.12E-02 
2.09E-01 



[Summary_ Report]-:-· Sample m: 
-.;; NJ~£i~2e:t~ty~;.·.=. 

· -~ .... (pCi/gram) 

--iG?iiii;·- · -N~~-x;;~;~~;d 
. AR -4~ ~-..,.:,•.,; ·-.Not. Detected . 

BA-133:.;:;:•:;.;:-::Not::Detected ->. 
BA-140 :: .. ·· Not :Detected · 
CD-109 Not Detected 
CD-115 Not·Detected 
CE:i39 • .. ; Ncit"':".Detected 

· CE-t4l-':=,r;~:.>.-Not"l:letected 
CE-144 Not Detected 
C0-56 Not Detected 
C0-57 Not Detected 
co-sa .. ;'·<·:·;.--.Not ·Detected . 
CO· 60: .:-::~-:.;·"Not' Detected 
CR-51 · · Not Detected 
CS-134 Not Detected 
CS--137 · · · .. l.35E·01 
CU-64-~:~,Not Detected 
EU -152 "JFO":.: .. '"Not Detected 
EU-154 Not Detected 
EU·'l.55 • .. _ · Not Detected 
FE-59 Not Detected 
GD-153·>:--.=: ;... Not ..:Detected ,_ 
HG-203 ~-~.:::"Not:~Detected · 
I ·131 · Not Detected 
IN-115m Not Detected 
IR--19:?. . : .. Not- Detected 
K 40 ... ;·•· _,. '. ... . , 4SE 01 

: -. -~ ~-~-&:~: ~~-!' ·•• ·~·\:•• + 
LA-140 -- Not Detected 
MN~54 _ Not_Detected 
MN;~56 .:•-;:.' Not· Detected 
M0-99 · . Not Detected 
NA ..:·22j~"0';4;NotG)lete.Cted -~; 
NA-24 ·::·~--·Not Detected 
NB-95 Not Detected 
ND-147 Not Detected 
NI-57 · Not Detected 
BE-7 · ... ::.:_Not Detected 
RU-103 Not Detected 
RU.;.l06. _ .· __ Not .Detected 
SB-122··-- - Not Detected 
ss~-12~ ~ .... $~os,..,ne~;~cted ..:._. 
SB-l2S,-$:-..:'Not:j:tletected ·1 
s C- 4 6 -- ···· · · Not ·Detected 
SR-85 Not Detected 
TA-182 Not Detected 
TA-183 Not Detected 
TE-132 Not Detected 
TL-201 Not Detected 
V-48 Not Detected 
XE-133 Not Detected 
Y-SS ~-- _Not Detected 
ZN-65 ·:..- · Not Detected 
ZR-95 Not Detected 

• I • • 

r ·~·-=·-:.0 ·• -· ;.• •- ·~.. . .• . • 

....... - ... -. ... • ·c- "' •. ·--:.·-·-·· • 

50084110 

2.4SE-02 

2.02 

MDA 

-------------3.12E-02 
l.35E+09 
4.01E·02 
S.35E-02 
S.73E·01 
l.02E-01 
2.1SE·02 
4.02E-02 
l. 74E·01 
2.42E·02 
2.3SE-02 
2.21E·02 
2.63E-02 
l.69E-Ol 
3.37E-02 
2.llE-02 
1.S1E+02 
1.67E-01 
1.23E-01 
l.02E-01 
S.l2E·02 
S.21E-02 
2.llE-02 
2.37E-02 
1.01E+03 
l.97E-02 
3.00E-01 
6.S4E-02 
2.37E-02 
9.00E+05 
3.52E·01 
3.06E·02' 
4.51E-01 
1.S5E-Ol 
1.60E·01 
l.llE-01 
l. S7E· 01 
2.03E-02 
2.01E-01 
5.66E-02 
2.14E-02 
5.92E-02 
3.79E-02 
2.59E-02 
1.12E-01 
4.S4E-01 
3.41E-02 
2.09E-01 
2.75E-02 
2 .OlE-01 
l. 63E- 02 
7.21E-02 
4.09E-02 



-

-

-

... ...: .:;_ ~-<:t~.~~~:~ .. ~:.~-- _:.~.:-:.~: ·;:;: ":. .·. 
**************'************************'*********************************** '* · ~ · Sandia National Laboratories ,. 
'* ···~-Radiation.,'>::Erotection' Diagnostics Program [881 Laboratory] ,. 
.. ·'"• ~-·· ,.,.,~·..-.:o-;C··:·-·O 10- :11:40 AM . ,. 
** *************************************** 

:.: · ~ .... ~:!!::;e .. ~r~ .... !:A:e::: ...... : 
CUst_omer,.:-:·::~· ''•?? -;.;. ·.:.,, ::•::_D~ SCHWEITZER ( 7714) 
customer ··sampl·e···ro '·: ··l.08E7A"SS 
Lab Sampl~ ID . :.50084109 

.. '.:-:~:or,·:;( .. ~·::-.·~-:--.·'"'.''!·--· .• :-·· . 
Sample Description : MARINELLI SOIL SAMPLE 

-"' 1 ........... ·•il' ··--~···-.;;.;.·=·a-.,-~ ... ·"·-··.: ..... ~-· ~amp ~·.r.t:'e.-.- .. ;,· . .>•-···.· ·.· ~-=.. ..• ·· .. .-· .. - . Sample Geometry•·-.. -: .. 2SMAR ..... · · · 
Sample Quantity : 913.000 ·gram 
Sample Date/Time : 10-17-95 3:48:00 PM 
Acquire Start Date : 10-20-95 6:28:55 AM 
Detector. Name- ·c.-.::.··'-: -,LAB02· . ' 
Elapsed Live' Time · 6000. seconds 
Elapsed Real.rime 6003· seconds 

. ··;;:z~. Jt :··::.~ --··--=--··- . . 

Comments: ... ·. . . . , ... 
* * * * * ****"*"*~.*:*'*"'*"*"**'*"*'"*·*"******"*** * ** * * * * * * * * * * * * *** * * * * * * * * * * * * * * * * * * *"* * * * -.. -.... .-..:.~ ........ ~-.6. ~_,.~----..:.---.. ..:.--~---- . 

.- .. ·--. 
Nuclide Activity 

(pCi/graml 
~~-------- -------------~- .......... ~. -~ . 

U-238 :· :;c~ .• t:·Not ·Detected 
TH- 234 - .. · Not Detected 

..•. u.~~;>.~--.::=........-~.l'o.t .. Detected 
RA~226····· · .. 8.65E-01 

--- ~~~~i~:~f.>.:-,t~}:.~~~;g-}~~~--· 
PB-210·-·· ·Not ·Detected.·· 

TH-232 3.70E-01 
RA-228 . . ... 4.98E-Ol 
AC-228 . 4.49E-01 
TH-228 3.07E-Ol 
RA~224 ,.;;;.~;---Not Detected 
PB-212 4.02E-01 

-. BI~.2J.2;.~:;.,.;."-'l"•:4~08.E:,01.-";:. 
TL:.2o9;a, ~•,.,::•'"'"'-"'··3'.-'20B:.:Ol.' ;.,• . . --=....:...-.· . 

U-235 Not Detected 
TH-231 Not Detected 
PA-231-_.;_.: .. ~; Not ·Detected 
AC-227 ··. ' Not Detected 
TH-227 Not Detected 

· · RA=·223 ,.,:;;:--Not Detected 
RN-219 Not Detected 
PB-2ll•'.,:,-~-:"Not Detected 7 · 
TL-207 .· . ..: · ·Not· Detected 

AM-241 . Not Detected 
PU-239 Not Detected 
NP-237 ";, ~ Not Detected 
PA-233 - · Not Detected 
TH~229 . Not Detected 

•• ' .. ·-.-~-.-.• ·":1'~_.:;..-:-:::.;;.-=-·~ • - . 

2S Error MDA 

3.69E-01 
6.30E-02 
5.54E-02 

l.OSE-01 
l.63E-Ol 
9.89E-02 
l.43E·01 

7.76E-02 
1.71E-01 
6.83E-02 

2.27 
4.05E-Ol 
3.84E-01 
5.31E-01 
3.97E-02 
3.66E-02 
3.35E+02 

l.29E-01. 
2.15E-01 
9.60E-02 
3.34E-Ol 
6.63E-Ol 
3.03E-02 
2.33E-01 
6. 73E-02 

l.63E-Ol 
3.84E-01 
9.42E-Ol 
1.17 
2.29E-Ol 
l.44E-01 
3.15E-Ol 
4.21E-Ol 
9. 63 

·3.80E-01 
l.96E+02 
2.38E-01 
3.89E-02 
2.03E-01 



·. =!:fi(!h-:-#~~=;;t:~~~;,~!f'?'.;~ 
.• -:;....:;::.:'!.t:..-l''<-7:··. ·:_: :·.·:~. :-~-. -~~~-/~• .; 

··· '·- ·. . · ,... s~le ·m: 50084109 

2S E=or 

. ~ ~. ~-~~~:.b·---:::::::: 
AR-41'"'" . .;.,·"':.:.-·Not .·!J :~~::ci;~~~r 
BA-13:3 ·:::~· "Not Detected : 
BA-140 : · .: ... , Not. Detected 
CD~l09 · Not Detected 
CD-115 . · ·.Not Detected 

.· .cE"U9~~{ti_~~Not:;.De~ected. 
··cE-l4l>::!':·;~.Not ··Detected· 
CE-144 Not Detected 

...... : ... co;;s6:;.~z. . .;,~,i-:'Not ·Detected· 
co-57·· · .•. Not Detected .. 

... '·C0"'58t•.·:i·:.::·•:'rNof:;netect"ed::t.: : .. 
· .. co- 60::··.:.2:-y.:=:·: ·Not· Det·ected :,·, .. · 

CR-51 Not Detected 
CS-134 Not Detected 

· .... cS-137 ., --~:..Not-Detected ..... 
·._ cu- 64 .. ;,~;i;; Not , Detected . ·. 

EU;152., · "'Not ·Detected 
EU:l54 . . Not Detected 

.. ~·= BU ~'155 t;;~-~·Not:~.Detected·· ... 
FE-59 .. : ~ .- Not .. Detected ·.~. · 
·GD~?l.53~~)'9.~~,tected-jl.,-:. 
HG-203 ""'=·'·Not Detected · 
I-131 · ·' · · Not Detected 
IN-115m -Not Detected 
IR-192. ,_·;:.:.Not ·Detected 

. X-40 ;.;_.·c~~,,~i':"1';;'41E+Ol 
LA-140 · ·-Not ·Detected 
MN:::.5.4 .:-:• ~·'"'Not Detected 
MN=56 ·.-,..,~_. .... Not Detected 
M0-99.-r-·•·.--Not .Detected .. 
NA--22·.::;,-"= .. ~~:No.t-i'Dete· "cted _.,_. 

... _ •• ,... ·--- 1' 

NA-24· ---·· Not Detected 
NB-95 · Not Detected 
ND-147 . .Not Detected 
NI- 57.:.:.:~ .;;•-.Not-"Detected -- ...;.. ·.~ &-·- ".&." • • • 

·. BE-"7 :.o¥,~_;;f:::Not~·Detected 
RU-103 ··Not Detected 

.. RU,..,t06~"-~·Not Detected 
SB-·122'""'"·' -Not "Detected 
SB-124,..,..:;-~;,_.Not,.;D~t~ct~d -: 
SB-·125 -~~: ,;:"''NCit"Detected · · · · 
SC-46 · ·.- ,· Not Detected-
SR-85 Not Detected 
TA-182 . Not Detected 
TA-183 .. ,,.;.-:,_. Not Detected 
TE-132 ·,, ..:::.' .Not Detected 
TL-201 Not Detected 
V-48 "'~··"''·~;,-:-"Not Detected 
XE-133 Not Detected 
Y- 88-=~~~:::::..:,;;.)'lQt.,l)etected · 

· ZN-65•:.;..-~:-.•"Not"'Detected ··• 
ZR-95 .... Not ·Detected 

. . . . . ~- . . ·~ -~.--. ·-"' ~ ........ . 

1.93 

MDA 

--------------
2.14E-02 
8.32E+08 
3.82E-02 
8.04E-02 
8.12E-01 
9.59E-02 
2.03E-02 
3.87E-02 
l. 72E-01 
2.50E-02 
2.29E-02 
2.25E-02 
2.78E-02 
l.60E-Ol 
3.16E-02 
2.45E-02 
l..62E+02 
1. 77E-01 
1.21E-01 
9.50E-02 
5.34E-02 
8.01E-02 
2.06E-02 
2.36E-02 
7.76E+02 
l.87E-02 
2.25E-01 
7.51E-02 
2.45E-02 
6.35E+05 
3. 44E- 01. 
3.05E-02 
4.46E-01 
1. 75E- 01 
1.56E-01 
1.16E-01 
1.69E-01 
1.90E-02 
1. 99E- 01 
5.40E-02 
2.17E-02 
5.60E-02 
3.73E-02 
2.58E-02 
1.09E-01 
4.71E-01 
3.29E-02 
1.88E-01 
2.79E-02 
1.94E-01 
l..69E-02 
7.24E-02 
4.16E-02 



-

..-. 

~"!"';·=---·!"-- ........ ;--:----<::;· ;,: ... , ..• :. ,· ... 

* . 
* 

:;~~~~~!~~·~****************************************: 

* 
***********************+******+************ 

~~'ri},J!;~->,J.>" Reviewed by:~ I" zo ~r : ¥~ •• ,..,,.,. **********************~*****~*~~******* 
Customer . :. D.SCHWEITZER (7714) 
Cus t omei;'::'~amp:J,_~:;,:tn.?.i-~;:J: 0 8BiiA" SS.. . · · 
Lab Sample· .ID ;·.' · .... :,. 50084107 -· 

Sample Description : MARINELLI SOIL SAMPLE 
Sample Type .·,. . · ... : Solid. 
Sample ··Geometry .. ~~;.-.:: .=·::. :2SMAR. ···· .. -.-:: 
Sample Quantity · 786.000 gram 
Sample pate/Time 10-17-95 3:47:00 PM 
Acquire Start Date : 10-20-·95 2:52:20 AM 
Detector .. .Name ... · ·· .. _. :'"' LAB02 :: ·_ :- .. 
Elapsed· Live· __ TimEfc:":.":·, ·.:'6000' 'seconds 
Elapsed Real-Time : ·- 6002 . seconds 

Comments: 
************************************************************************* 

: -~ -:· ::;._; .:.---:-~-~ ~-·-:-: ·. ;: . :: ";;,:- .: . ·-. . : ·-
Nuclide 

.. ·--~~~---- ... ··-·' 

Activity 
(pCi/graml 

- .. - .. -------. ---. 
U-238-: --~""·,:-Not Detected ··. 
·TH-234':-~; ... , .. ·::· e .. us·'e1:·· 
·u-234 ·' ·· ' Not Detected 
RA-226 7.16E-01 
PB-214 3.84E-01 
BI-214 3;26E·01 

·PB-210 - Not Detected 

TH-.232 •. 3. 01E-.01 
RA-228 4 .19E- 01 
AC-228.;·:,.-:__,-:-:.·-:,, .3 .91E~_01 ·: 
TH-228···>-:·· 3.05E·01. 
RA-224 5.07E-01 
PB-212 3.76E·01 
BI-212 5.14E-01 
TL-208- .:,. ... : 3 .34B·01 . . - -.- .. :-: ~. 

U-235 Not Detected 
TH-"231_. . ...,.,. ·Not Detected 
PA-231 Not Detected . 
AC-227·-;'.;,<'.;:; Not-. Detected c 
TH-227 · Not Detected 
RA-223 Not Detected 
RN-219 Not Detected 
PB-211 Not Detected 
TL-207 .· Not Detected 

AM-241 Not Detected 
· PU-=239' ·c~· Not Detected 
NP-237 Not Detected 
PA-233 '"~--.. ·:.Not· Detected--~· 
TH-229 · ·· Not Detected 

· .. ~ 

2S Error 

i.31E 8:l 

3.49E-01 
7.llE·02 
5.82E-02 

9.67E-02 
2.15E-01 
9.25E-02 
l. 55E-01 
2.87E-01 
7.08E-02 
2.21E-01 
7.07E-02 

- - - - - -·- -

MDA 

-----~:~~~~:~~-_,-~~-~ 
~:i~~=~i ;:/-•/ 
5.75E·02 
4.55E-02 
3.56E+02 

l.17E· 01 
1.14E-01 
9.31E-02 
3.64E·Ol 
3.76E-01 
2.97E·02 
3.06E·Ol 
6.66E·02 

l. 74E·Ol 
4.09E-01 
1.01 
1.25 
2.44E·Ol 
l.52E·01 
3.45E·Ol 
4.58E·Ol 
1.06E+Ol 

4.12E·Ol 
1.99E+02 
2.62E-01 
4.31E-02 
2.10E-Ol 

----------· ···-· 



....... .. 
.:.. ·-· 

--- ._- -.---- .. , . ~-- ---- ... ~----
AG- ~~Om · '··· Not Detected 
AR-4~ Not Detected 
BA-~33 Not Detected 

·~ BA,-_~40 . ··'·' · .. :Not .Detected 
CD- ~09 •·· :.•:··'' · Not" Detected 

50084~07 

... 2S Error 

CD~~~5 ......... .Not .Detected ... · 
CE --~39.~;:-E.f:_:!;·.Not'i.Detected:~;;,::: . 

,,. -~ ·- cE :-141 :-:- Not iletected--
CE-~44 Not Detected 
C0-56 ·Not Detected 
C0-57 Not Detected 
C0-58 ·Not·Detected 
C0-60 Not Detected 
CR-5~ Not Detected 
CS-~34 Not Detected 

·· ·CS-~37- ..... ,, -- .·-·L43E-02-,-:-· 
:. -- CU-64 ·-&2:;.; Not.',Detected:.;;,:. 

EU-~52 ........ ·Not Detected 
EU-~54 Not Detected 
EU-~55 Not Detected 
FE-59 · ·. ·. ·Not Detected 
GD-~53 · ··Not Detected 
HG-203 Not Detected 
I- ~3 ~ . . ·. · : · Not Detected 
IN-~~5m Not Detected 
IR"~92 · .: .. :.Not.:Detected 
K-40 ·. ~:.. ___ .:· .. :-:1 .• 37E+Ol. 
LA-~40 Not Detected 
MN-54 Not Detected 
MN-56· Not .Detected 
MO-S9 · ·:··'. Not Detected 
NA-22 · · · Not Detected 
NA-24 Not Detected 

· NB!95 · ' ·.· .. :Not Detected 
ND-~47 Not Detected 

· NI-57-:::;:'':'.Not Detected 
BE-7 .. ''0": ~.29E·O~ 
RU-~03 Not Detected 
RU-~06 Not Detected 
SB-~22 Not Detected 
SB-~24 ·Not Detected 
SB-~25 Not Detected 

. SC:46 Not Detected 
SR- 8 5 · · Not Detected 
TA-~82 ... Not. Detected 
TA-~83 ::-~-;·.· Not.Det!!Cted ,~· 
TE-~32 · Not Detected 
TL-201 Not Detected 
V-48 Not Detected 
XE-~33 Not Detected 
Y-88 Not Detected 
ZN-65 Not Detected 
ZR·95 . Not Detected 

-::::·--·-_ .. ·- .;: ::·~~-"-----=~.-..::-:· -· 

l.~SE-02 
.. --------

1. sa 

1.19E-01 

-- ... - ... -·--

MDA 

-------------2.46E-02 
2.28E+08 
4.22E-02 
8.68E-02 
S.SSE-01 
9.54E-02 
2.23E-02 
4.~6E-02 
~.74E-01 
2 .68E-02 
2.42E-02 
2.35E-02 
2.85E-02 
~.74E·O~ 
3.43E-02 
1.83E-02 
~.52E+02 
~.SSE-01 
~.32E-O~ 
~.02E-01 
5.7lE-02 
8.25E-02 
2 .~9E-02 
2.5~E-02 
4.64E+02 
2.05E-02 
3.47E-01 
7.40E-02 
2.69E-02 
2.59E+05 
3.60E-Ol 
3.30E-02 
4.23E-01 
l.S~E-01 
1.62E-01 
1.~9E-01 
1.86E-01 
2.~5E-02 
2.~6E-01 
5.64E-02 
2.37E-02 
6.05E-02 
3.98E-02 
2.8~E-02 
1.~6E-01 
5.02E-01 
3 .43E-02 
2.03E-01 
2.96E-02 
1.98E-01 
1. 78E- 02 
7.64E-02 
4.29E-02 



-

-

-

*'* * ** * ** * *****~·.t.~t.*1t:.*1r**•'!~···* ** * * * ** * * * * * * * * ** * * * * * * * * * * * * * ... * * ... * * * * * '* '* * ~;,~<?I.," .... ,-;,, ·sandia ·National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Laboratory) * 
* . 10-20-95 12:57:55 AM * 
***********·*·~*.1t'.***************************************************'*****'*'* 
: Ana{;~~t~i~:=':·i;:~~~"')rr Reviewed by:~ E"/l~jfr : 
******.*.!.;':,~!~ .. ~-~-/***.******.**'**********************~******************* 
CUstomer .. , ... ·- . . :. D. SCHWEITZER (7714) 
CUstomer::sairiplji"'.IIiii~::':J.08ESA-SS '. 
Lab Sample ID ·. . 50084105 

Sample Description MARINELLI SOIL SAMPLE 
Sample Type . . Solid 
Sample Geometry 2SMAR 
Sample Quantity 890.000 
Sample Date/Time 10-17-95 
Acquire Start Date 10-19-95 

gram 
3:45:00 

11:14:29 
Detector Name ......... : LAB02 
Elapsed Live .Time··.-'·:·'· 6.000 ·seconds 
Elapsed Real Time : 6002 seconds 

PM 
PM 

Comments: 
**************~*******~~·************************************************ 

Nuclide Activity 
(pCi/gramJ 

2S Error MDA 

~ ~ ~ ~ 4-;_<.,..:.·:·_·· ·_-.. _N .... o_t..,~B-~:-'i~;z.:;;~~;..t-a:.:,~....;...---4(,.,-~-e-S+;EE---1-Sir.~:----t ~ ~E- 0 1.tf.T ,tz;o ~~- ,/ 
1 

U-234 Not Detected -------- 3.88E-01 /,:Jr 
RA-226 8.63E-01 3.36E-01 4.70E-01 
PB-214 3.62E-01 6.74E-02 5.60E-02 
BI-214._. 2.85E-01 5.98E-02 6.33E-02 
PB-210 · Not Detected -------- 3.32E+02 

::-::-232- 3.75E-01 1.10E-01 1.29E-01· 
RA-228 2.61E·01 1.11E-01 1.55E-01 
AC-228· : . .: ·. 4.47E•01 1.10E·01 1.23E-01 
TH-228 3.51E-01 1.49E-01 3.21E-01 
RA-224 Not Detected -------- 6.69E-01 
PB-212 3.46E-01 6.48E-02 2.81E-02 
BI-212 3.19E-01 2.38E-01 3.69E-01 
TL-208 · 3.01E-01 6.36E-02 6.00E-02 

U-235 
TH-231 
PA-231 
AC-227. 
TH-227 
RA-223 
RN-219 
PB-211 
TL-207 

AM-241 
PU-239. 
NP-237 _ . 
PA-233 
TH-229 

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 

- - --- -.. - -

1.61E-01 
3.83E-01 
9.58E-01 
1.16 
2.23E-01 
1. 37E- 01 
3.29E-01 
4.22E-01 
9. 71 

3.64E-01 
1.87E+02 
2.44E·01 
4.01E-02 
2.00E-01 



.. ··-'--- -·--------
AG-~~Om Not Detected 
AR-4~ Not Detected 
BA-~33 Not Detected 
BA-~40 .. ·,"·'' ·.·Not: Detected 
CD-~09 Not Detected 

·· CD-~~5. i.-;-;;,:;.~·Not;,Detected.:: .· · 
· . c ~- .CE ,~39·· ,_,, ... '··:Not:~Detected .:.: . 

CE-~41 Not Detected 
CE-~44 Not Detected 
C0-56· . Not Detected 
C0-57 -Not Detected 
co~58 Not Detected 
C0-60 Not Detected 

· CR-5~ ·· · Not Detected 
CS-~34 Not Detected 

··-······CS-137-_:..-:.::..-.Not-·Detected ·····­
CU-64 .;.:.::.. .. ·. Not Detected 
EU-~52 Not Detected 
EU-154 Not Detected 
EU-155 Not Detected 
FE-59 ·.'Not Detected 
GD-153 Not Detected 
HG-203 . Not Detected 
I-13~ · ·. '· Not Detected 
IN- ~15m . . Not Detected 
IR-~92 ""-·::-·•·Not...-Detected 
K-40 . - . . ~ .38E+O~ 
LA-140 Not Detected 
MN-54 Not Detected 
MN-56 Not Detected 
M0-99 Not Detected 
NA-22 Not Detected 
NA-24 Not Detected . : . . 
NB-95 Not Detected 
ND-~47 ·'~· •• Not. _Detected 
NI-57' --··Not Detected 
BE-7 · Not ·Detected 
RU-103 Not Detected 
RU-106 Not Detected 
SB-122 Not Detected 
SB-124 Not Detected 
SB-125 Not Detected 
SC-46 Not Detected 
SR-85 Not Detected 
TA-~82 .. ~ .. ., Not Detected ~­
TA-183 · · · ·Not· Detected · 
TE-132 Not Detected 
TL-201 Not Detected 
V-48 . Not Detected 
XE-~33 Not Detected 
Y·88 Not Detected 
ZN-65 Not Detected 
ZR-95 Not Detected 

. 50084~05 

2S Error MDA 

1. 88 

------.--

-------------
2.~5E-02 
5.70E+07 
3.70E-02 
8.01E-02 
8.26E·O~ 
8.52E-02 
2.00E-02 
3.80E-02 
L62E·O~ 
2.43E-02 
2.27E-02 
2.17E-02 
2.78E-02 
~.59E-Ol 
3.15E-02 
2.47E-02 
~-21E+02 
1.69E·O~ 
1.21E-Ol 
9.52E-02 
5.25E-02 
7.88E-02 
2.00E-02 
2.26E-02 
2.49E+02 
1. 89E-02 
2.73E-01 
6.23E-02 
2.36E-02 
8.95E+04 
3.27E-01 
3 .14E- 02: 
3.16E-01 
1.61E-01 
1.53E·Ol 
9.58E-02 
1.73E-01 
1.90E-02 
1.9SE-01 
4.88E-02 
2.19E-02 
S.SSE-02 
3.68E-02 
2.53E-02 
1.08E-Ol 
4.33E-01 
3.02E·02 
1. 77E- 01 
2.8SE-02 
1. 70E- 01 
1.57E·02 
7.12E·02 
3.87E-02 



-

-

-

************************************************************************* 
* ~-, ·.::-'~"{~~~;j~;~:Sahdia'~·National Laboratories .. 
* Radiation"'Protection Sample Diagnostics Program [881 Laboratory] .. 
* .. ,··:.-..:.;, ··~~.;;..,: ''"·'~.;• J.0-20_-95 2:46:34 AM .. 

:*~i~~~~:~;~~~:~;~~~9~;;;::****::::::::*:;::::::Z**::·::·*i,;:****: 
**************** ***********~;*******************~*****'~ .. ~~ ............ .. 
CUstomer ·· : D.SCHWEITZER (7714) 
CUstomer·sampl~ ID :. 108E10B-SS 
Lab Sample ID _., :;·· ·.: · 50084106 

Sample· _Descrip~:j.on :· MARINELLI SOIL SAMPLE 
Sample Type ·· · ··· : Solid 
Sample Geomet:ryo ;_,_:, .. : 2SMAR - ~ · 
Sample Quantity·· · . : :: "983. 000 
Sample Date/Time : 10-17-95 
Acquire Start Date : 10-20-95 
Detector Name : LAB02 

gram 
3:48:00 
1:03:25 

Elapsed Live.Time : 6000 seconds 
Elapsed Real ·Time··· : · 6003 seconds 

PM 
AM 

Coxmnents :· · · . · .. ·~· · · · · 
************************************************************************* 

:~:·:-:·. -'.:· ::~: -.. -~.--.:: .. :r;~- .· . ··. 
Nuclide Activity' ' .,. 2S Error MDA 

(pCi/gram) 
---------- ------------- ............................... ....................................... 

U-238 · Not Detected ........................ 2.34 
TH-234 - ··Not Detected -------- 6.71E-01 
U-234 Not Detected -------- 3.81E-01 
RA-226 1.05 4.09E-01 5.79E-01 
PB-214 .·. ~ 4.14E-01 6.93E-02 4.11E-02 
BI-214 3.57E-01 5.70E-02 3.27E-02 
PB-210~:··· ,_. Not ·Detfi!cted>. · -------- 3.47E+02 

TH-232 4.18E-01 l.13E-01 l.25E-01 
RA-228 2.99E-01 l.10E-01 l. 47E- 01 
AC-228 4.76E-01 7.73E-02 7.20E-02 
TH-228. ·: 6.06E-01 l.86E-01 3.23E-01 
RA-224 Not Detected -------- 6.90E-01 
PB-21.2 4.79E-01 8.46E-02 2.84E-02 
BI-212 .. 

... - . 
5.14E-01 2.17E-01 3.05E-01 

TL-208 4.20E-01 7.69E-02 5.92E-02 
; · .. .. . . --- -· ... - . -

U-235 Not Detected -------- l.67E-01 
TH-231 Not Detected -------- 3.99E-01 
PA-231 Not Detected -------- 9.59E-01 
AC-227. Not Detected -------- 1.21 
TH-227 Not Detected -------- 2.40E•01 
RA-223 Not Detected ----·--- 1.44E-01 
RN-219 Not Detected -- - - - -·- - 3.28E-01 
PB-211 Not Detected -------- 4.39E-01 
TL-207,_ . Not Detected -------- 9.99 

.;..:i-" ~·· .· ·'- ~ . .: .·.- .. · .. 
AM-241 Not Detected -------- 3.83E-01 
PU-239 Not Detected -------- l. 99E+02 
NP-237 Not Detected -------- 3.14E-01 
PA-233 Not Detected -------- 4.1SE·02 
TH-229 Not Detected -------- 2.09E·01 

- -! .... :_·. _-:::,: ---- ~~i_;. ...... -.:--..,. . 



... Nuclide.-:::.:':=-: ~cti vity . 
· :-:;,., ;:;:;p,,;.~~;.~~·<P!=i/ gram) -·---..;.-- ~~- .,;.·~·~~:.·----.:.--- ~---

.. :::;.:...AG..o..l.l.~~--tNot .-Detected· ... · 
.-,.· "~AR'::41.,. "'Ncit~Det·ected·" .. 

BA-133 Not Detected 
.... · BA-1405.;~·-~-.-: Not:.-Detected '•. · . 

· CD-109.:-,:.-~:~···Not Detected' 
CD-115 Not Detected 

·cE-139 Not Detected 
.... _CE~.141:;.,;;,.;.~;.': Not Detected . 

.... ·.-:.::cE-·144 · .. : .. · Not.:·Detected .·. · 
C0-56 · Not Detected 

· C0~.57 · ...... Not Detected· 
co-·s8 , ........ , ··.Not Detected 

· ·CO- 60 .... ,: .. Not Detected._._ 
· CR-sf:~:·, :::.~-·"Not:·Detected ·-' • 
CS-134 · Not Detected 
CS-137 1.84E-01 
CU-64. . . Not Detected 
EU"l.52 ·. ~=. Not Detected 

-- EU-'J.54:-",.._- Not· Detected · 
EU-155 Not Detected 

···PE'"59-.-;~.:.;., .. Not· Detected 
GD-153. - Not Detected 
HG-203,;;:::J':·Not Detected'· 
r -131 =.::.« ·''",.:Not~· Detected ~. 
IN-115ni"' Not Detected 
IR-192 Not Detected 
K-40 . 1.53E+01 
LA-140 .. .-.· ... Not Detected 
MN-54 ·: ·· 'Not Detected 
MN-56 Not Detected 
~9 • ·""'·~,.Not Detected 
NA-22 Not Detected 

· NA-24::~-., .. :·.:· .. :Not ;Detected • 
NB-9s-_..... Ncit .. Detected · 
ND-147 Not Detected 
NI-57 Not Detected 
BE-7 · Not Detected 
RU-103 .· . Not .Detected 
RU-106 Not Detected 
SB-122 Not Detected 
ss-~124 •· ··.·Not Detected 
SB~125 . __ Not Detected 
SC-46'='~ .. : .. :;' ~-=.Not ··Detected · · 
· SR- 8 5 · ... Not Detected· 
TA-182 Not Detected 
TA-183 Not Detected 
TE-132 Not Detected 
TL-201 Not Detected 
V-48 Not Detected 
XE-133 Not Detected 
Y-88 · Not Detected 
ZN-65.,. Not Detected 
ZR-95 Not Detected 

.·· :· ..... · 

2S Error 

3.24E-02 

2.08 

.... -- ... -·--

MDA 

-------------3.49E-02 
1.01E+08 
3.98E-02 
8.08E-02 
1.08 
8.89E-02 
2.10E-02 
3.94E-02 
1.69E-01 
2.43E-02 
2.34E-02 
2.31E-02 
2.66E-02 
1.66E-01 
3.19E-02 
2.68E-02 
l.22E+02 
1.69E-01 
1.23E-01 
9.90E-02 
5.19E-02 
8.28E-02 
2.01E-02 
2.29E-02 
3.34E+02 
1.97E-02 
2.26E-01 
6.38E-02 
2.44E-02 
1.44E+05 
3 .27E-01. 
3. 06E- 02· 
3.40E-01 
l. 75E-01 
1.53E-01 
l.03E-01 
1.76E-01 
l.99E-02 
l.96E-01 
5.19E-02 
2.15E-02 
5.97E-02 
3.69E-02 
2.57E-02 
l.07E-01 
4.60E-01 
3.19E-02 
l. 87E- 01 
2.79E-02 
l. 87E- 01 
1.77E·02 
7.17E-02 
4.01E-02 



-

-

-

************~************************************************************ 
* Sandia National Lal:loratories * 
* -~~c;_;l,~~i9.n_d?ro~ection Sample Diagnostics Program [881 Laboratory] * 
* -., '·"'".o;4 - ------ · --"10-20-95 6:24:18 AM . * 

****.'*' **'*************************************** 
· . _· .. Reviewed by:~ 14 Jz,. )1 J _: 
********************~******;(;*'********* 

CUstomer .. ·· ·.: :.~··. : .:. :: D.SCHWEITZER 
CUstome'I'"Sampl.tE.ID ·: '108E11A-SS 
Lab Sample ID : 50084108 

( 7714) 

S~pi~'·ij~~~iipt.:i.on.: -MARINELLI SOIL SAMPLE 
sample""l'ype··_ .• · .: ___ -."~· Sol-id""'.-~.--
sample Geometry.·· ~-··:·~2SMAR · · 
Sample Quantity : 939.000 
Sample Date/Time 10-17-95 

gram 
3:55:00 
4:41:33 Acquire Start Date : 10-20-95 

Detector Name :;: · .:: .LAB02 . 
Elapsed Live· Time ... _ .. : 6000 seconds 
Elapsed Real Time 6003 seconds 

. ~~ .... ~:r·: .. ·!. ·, ·••••·•· 

COIIlmen ts : · . 

PM 
AM 

****'**~~~~;~~:.~:a~:t!~,-~~tt~'!~'~***~*********************************** - . . . - . 
Nuclide Activity · 

(pCi/gram) 

U-23S- ~:<.· .., 4.26 
TH-234 4.10 
U-234 Not Detected 

·. RA::·22"6" •• " . . 2. 3 6 
PB-214 5.35E-01 
BI~-2147 :.-:·:.c:-·::~,·:": 5 "'l4E~Of"-'•~ 
PB-21o"';;-~-Not. D~tected~'" · 

TH-232 5.38E-01 
RA-228 5.51E-01 
AC-228 - 5.06E-01 
TH-228 5.94E-01 
.RA~224... 5.74E-01 
PB-212 -- -·· 5.16E-01 

... BI.-.212 ~~!l::'~ '.:...-.-.. 4 .•. 72E~ Ol -:­
TL-208 :._.,;;--._.;-o·c.:.· ... 5:19E-01 • ... , 

U-235 Not Detected 
TH-231 Not Detected 
PA-231 . : Not Detected 
AC-227. · · · Not Detected 
TH-227 Not Detected 
RA-223 · Not Detected 
RN-219 Not Detected 
PB-211 . -. · Not Detected­
TL-207 '~--.-~Not Detected · 

AM-241 Not Detected 
PU-239 Not Detected 
NP-237 ·: -~ Not Detected 
PA-233 ·' · " Not Detected 
TH-229 Not Detected 

... ·' .. 

. .. 

2S Error MDA 

2.56 
1.21 

6.78E-01 
8.72E-02 
8.00E-02 

1.53E-01 
l.39E-01 
l.08E-01 
l.96E-01 
2.06E-01 
9.95E-02 
2.07E-01 
9.29E-02 

3.86 
5.22E-01 
4.45E-01 
8.69E-01 
4.77E-02 
4.75E-02 
4.04E+02 

1.81E-Ol' 
1.08E-01 
1.02E-01 
3.88E-01 
3.43E-01 
3.30E·02 
2.92E-01 
7.07E-02 

l. 91E- 01 
4.94E-01 
l. 07 
1.41 
2.60E·01 
1.81E-01 
3.49E-01 
4.69E-01 
l. 06E+01 

4.5SE·Ol 
2.29E+02 
2.56E-01 
4.38E·02 
2.SSE-01 

-------------------· 



~:--~ ~;!::~~~~~~~ .. ~~~~~~~-·~-~ ~-
·: t: · .. :~:. :·~ :::· ..: ... -. ~ .: .... . 

'Nc 
.............. > · ..• , Not Detec:te1d 
BA-133 . · · Not Detected 
BA-140 , .. ·-··Not Detected. 
CD-109 .. · .. Not Detected 
CD-115 . . Not Detected 

·.:· :CE-139_;,, •. :~·;Not Detected .. 
· .·;·c:E-14i ·~.;;,;.."'..:-:Not Detected 

CE-144 .. Not .. Detected 
.. · .... C0~56 .. .-~-. '·'"~Not Detected 

C0~-57 ....... ,_ Not Detected 
.... co-sa·:-::._. .. <>·Not .Detected ..... 

·· · co~·6o'':'·"";._,.:_: ·Not' De.tected ·•· 
CR·51 :. Not Detected 
CS-134 Not Detected 
CS-137 ........ Not Detected 
cu-64 •·''"·-~-- Not -Detected 

·· EU~152-~Not ·Detected 
EU-154 Not Detected 
Eth-"US>ii!!~E- Not· Detected 
FE-59· Not Detected 
GD-:'153·:~"-,:.::..Not: •Detected ~,-_. 
HG-2o3·~ ... !-~.- Not· Detected·· 
I-131 Not Detected 
IN-115m Not Detected 
IR-192 Not Detected 
K~40. ·:- 1•51E+01 
LA-140 Not Detected 
MN-54 Not Detected 
MN.;56 -•·! ;-·>:Not 'Detected 
M0-99 Not Detected 
NA-22~--:~ ~-;:::: Not:'.D.etected .::-: 
NA-24~:""':· Not Detected · 
NB-95 · · Not Detected· 
ND-147 Not Detected 
NI-57.· .Not Detected 

. BE-7 ·,,:.' •. j;~:~;,· .Not :Detected 
RU-103 ·Not Detected 
RU-106 Not Detected 
SB;i22 · ' ' Not Detected 
SB-124 Not Detected 
SB -12 5 :": .. : .. ~-. Not Detected ·. 
SC-46 : Not Detected 
SR-85 Not Detected 
TA-182 Not Detected 
TA-183 .... Not Detected 
TE-132·.:; ·h•Not Detected 
TL-201 Not Detected 
V -48 .. ,; ... , ... Not Detected 
XE-133. · Not Detected 
Y • s s .•. :;-.-- ;.,-.. Not. Det~cted .. , 
ZN- 65 · ~--·~ 'Not Detected· · 
ZR-95 Not Detected 

50084108 

2S Error MDA 

2.06 

- - - - - -=- -

-------------2.47E-02 
4.29E+08 
4.47E-02 
S.7SE-02 
8.83E·01 
1.04E-01 
2.46E·02 
4.53E-02 
2.03E-01 
2.63E-02 
2. 72E-02 
2.47E-02 
2.79E-02 
l.SOE-01 
3.79E-02 
2.84E-02 
l.66E+02 
l.S3E-01 
l.3SE-01 
1.1SE-01 
5.37E·02 
1.02E-01 
2.29E-02 
2.61E-02 
6.40E+02 
2.07E-02 
2.33E-01 
7.46E-02 
2.55E-02 
4.00E+05 
3.99E-01 
3 .1SE-02' 
4.46E-01 
l.95E-01 
l.60E-01 
l.24E-01 
l.S5E-01 
2.06E-02 
2.10E-01 
5.60E-02 
2.36E-02 
6.44E-02 
4.18E-02 
2.84E-02 
l.22E-01 
S.SSE-01 
3.65E-02 
2.29E-Ol 
2.92E-02 
2.42E-Ol 
l.77E-02 
8.03E-02 
4.40E·02 



) 
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ANALYSIS REQUEST AND 
CHAIN OF CUSTODY RECORD 

) 

I AR/COC- 01310. I 
PAGE 

Department No.: / 2/T ;:> ·-"::r.r-:·,::;;,_' Bill to: Sandia National Laboratories 

Supplier Services Department ProjecVTask Manager. C.,,..,/,;. c P t.ref' 
Project Namo: .4c:f1.~C:-~~ P-_ __ ':':".~. ~-­

SampteTeamMembers .;'?. ,CL/£1(;, &· 4<-.:~r 
41'. .fdr<.-1'1:-?-"< I SMO Contact/Phone:J~ 

SCL or logbook Rei. No.: 

Sample 
Number 

• Fraction 

'ossible Hazard Identification 

Sample 
Matrix 

0 Non-hazard 0 Flammable 0 Skin Irritant 0 Polson B 

Report Date 

~logical 
"Reference aUached 

contact 

P.O. Box 5800 MS 0154 

Albuquerque, NM 87185·0154 

Contract No.: --,:;-;-:;-=;.-r-::-c::----­
CaseNo.: 3C./ 7. foO 

SMO AuUtorization: 

screening for 

ol tvl:;_r .k ·./1-v~ <# Vc /'1 5 ~71?1'<" F 5 
·· C';Jt~l...-1 



-

-

* 
• 
* 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [881 Laboratory] 

9-13-95 1:44:53 PM 

• 
• 
• 

************************************************************************* 
* ./ I 0 • * Analyzed by: [IV(fl- Reviewed by: P/rf ,.J- • **************~**~**************************~***** ************ 

Customer 
Customer Sample ID 
Lab Sample ID 

Sample Description 
Sample Type 
Sample Geometry 
Sample Quantity 
Sample Date/Time 
Acauire Start Date 
Detector Name 
Elaosed Live Time 
2lapsed Real Time 

G.COULTER (7714) 
108E5A-SS 
50077001 

MARINELLI SOIL SAMPLE 
Solid 
2SMAR 

802.000 
9-12-95 
9-13-95 

LAB02 

gram 
8:00:00 
1:12:02 

1800 seconds 
1801 seconds 

AM 
PM 

Comments: 
**********************************************************TTTTT+++++++T++ 

Nucl:.de .l!.cdvity 2S Error ~l) 
~ ....,_-

(pCi/gram) 
---------- - --------- - - - ----------- -------------

U-238 6.87 3.79 - -~ ::.::.J 
T:~-234 6.65 2.09 1 . .;~ 
U-234 Not Detected -------- 9.31E:-O: 
Rk-226 2.26 7.92E-01 1.03 
PB-214 4.58E-01 l.OOE-01 8.62~-02 
E!-214 3.92E-01 8.96E-02 8.1.5:£-0~ 
PB-210 Not Detected -------- 9.75£-01 

T:~-232 5.00E-01 2.03E-01 2.€5E-Ol 
R.!t-228 3 .96E-01 2 .12E-01· 2.963-02. 
AC-228 Not Detected -------- 2.52E-Ol 
T:~-228 7.12E-01 3.38E-01 6.56E-Ol 
R.l!.-224 Not Detected -------- 1.45 
P:S-212 5.40E-01 1. 17E-01 5.57E-02 
E!-212 7.97E-01 3.45E-01 4.27E-01 
TL-208 5.08E-01 1.17E-01 9.47E-02 

U-235 Not Detected -------- 3.83E-01 
TH-231 Not Detected -----·-- 9.26E-01 
P.ll.-231 Not Detected -------- 2.02 
AC-227 Not Detected -------- 2.65 
TH-227 Not Detected -------- S.OEE-01 
R.ll.-223 Not Detected -------- 3.20E-01 
RN-219 Not Detected -------- 7.l1E-01 
P3-211 Not Detected -------- 9.60~-01 
TL-207 Not Detected -------- 2.062+0:!. 

JI.M-241 Not Detected -------- 9.1.::::-ol Pu- 239 Not Detected -------- .;.23E+02 
N~ -2 3 7 Not Detected -------- 5.062-0:!. P.ll.-233 Not Detected -------- S.922-C2 
T:~-229 Not Detected -- - - - - - - 4.?::-E-01 



[Summary Report] - Sample ID: 50077001 

Nuclide Activity 
(pCi/gram) 

AG-110m Not Detected 
AR-41 Not Detected 
BA-133 Not Detected 
BA-140 Not Detected 
CD-109 Not Detected 
CD-115 Not Detected 
CE-139 Not Detected 
CE-141 Not Detected 
CE-144 Not Detected 
C0-56 Not Detected 
C0-57 Not Detected 
C0-58 Not Detected 
C0-60 Not Detected 
CR-51 Not Detected 
CS-134 Not Detected 
CS-137 8.13E-02 
CU-64 Not Detected 
EU-152 Not Detected 
EU-154 Not Detected 
EU-155 Not Detected 
:E-59 Not Detected 
GD-153 Not Detected 
~G-203 Not Detected 
:-131 Not Detected 
IN-115m Not Detected 

2S Error 

3.14E-02 

MDA 

... --... ... ... ... - ... -... ... ... 
5.83E-02 
4.61E+03 
8.59E-02 
1.58E-01 
2.02 
L40E-01 
4.52E-02 
8.98E-02 
3.64E-01 
5.63E-02 
5.09E-02 
5.11E-02 
6.06E-02 
3.64E-01 
7.09E-02 
3.92E-02 
5.65E+Ol 
3.62E-O: 
2.65E-O: 
2.24E-C: 
l.OSE-C: 
2.oo:s,o: 
4 .13=:·- C2 
4.74E-02 
c -­.., • .!..~ 

IR-192 Not Detected -------- 4.32E-C~ 
l.-40 1.46E+01 2.:a 4.25E-Cl 
r.r~.-140 Not Detected - ·------ 7. 82E- C~ -/ ": ·7: 1 
MN - 5 ~------..;.~.....;.~:.-;;--.;.~ ;;,.~ -----=--..,...:;:.-:;,· -;:--;,--:------:- -~- c·- "'""' c(l.·t~ ... -· ·-- -- -·==.:.· -~ 
MN-56 Not Detected -------- L54E+02 /)-... / .. 
M0-99 Not Detected -------- 5. 77E-C: / $(,{,; > 
NA-22 Not Detected -------- 6.04E-C2 
NA-24 Not Detected -------- 2.08E-C: 
N3-95 Not Detected -------- 2.97E-O: 
~~-147 Not Detected -------- 3.05E-O: 
NI-57 Not Detected --··---- l.lSE-01 

RU-103 
RU-106 
s:a-122 
s:a-124 
s:a-125 
SC-46 
SR-85 
TA-182 
T.!\.-183 
TE-132 
TL-201 
V-48 
XE-133 
Y-88 
ZN-55 
ZR-95 

Not Detected -------- 3.76E-O: 
Not Detected -------- 3.94E-02 
Not Detected -------- 4.39E-O: 
Not Detected -------- 8.11E-02 
Not Detected -------- 4.78E-02 
Not Detected -------- 1.25E-Cl 
Not Detected -------- 7.67E-02 
Not Detected -------- 5.53E-02 
Not Detected -------- 2.22E-O: 
Not Detected -------- 9.37E-O: 
Not Detected -------- 5.33E-02 
Not Detected -------- 3.36E-C: 
Not Detected -------- 5.52E-02 
Not Detected -------- 2.99E-C: 
Not Detected -------- 3.5~E-C2 
Not Detected -------- 1.51E-C: 
Not Detected -------- S.59E-C: 



-

-

************************************************************************* 
.. Sandia National Laboratories .. 
.. Radiation Protection Sample Diagnostics Program [Bel Laboratory] .. 
.. ·9-13-95 2:21:52 PM .. 
************************************************************************* 

: Analyzed by:~ 'ft-t('Sr- . Reviewed by:./"']- f~{ (r r : 
***************-?**********************************~*:****************** 
Customer 
Customer Sample ID 
Lab Sample ID 

Sample Description 
Sample Type 
Sample Geometry 
Sample Quantity 
Sample Date/Time 
Acauire Start Date 
Detector Name 
Elapsed Live Time 
2lapsed Real Time 

G.COULTER (7714) 
108E4A-SS 
50077002 

MARINELLI SOIL SAMPLE 
Solid 
2SMAR 

845.000 
9-12-95 
9-13-95 

LAB02 

gram 
8:00:00 
1:49:22 

1800 seconds 
1801 seconds 

AM 
PM 

Comme!lts: 
~*************************************************+++++YT++++++++++++++++ 

Nuclide Activi;:y 2S Error :•8.lt 
(pCi/graml 

---------- ------------- ----------- -------------
tT- 23 8 1.53E+01 ::.07 :. ,:_ 

T:-{-234 1. 502+01 ~.:::!. :. 7':.· 
U-234 Not De;:ected -------- S.63E-:: 
PJI.- 22 6 4.00 1.06 :.22 
PE-214 5 .llE-01 1.15E-Ol :.::..2::. :: 
BI-214 3.93E-01 ;; .sn-02 - 2-- ·-:. ::>.:.· • ..; 
P3·210 Not Detected -------- :.23 

T".ti-232 4.01E-01 1. BOE- 01 - ~ -- .. 
,G .... ..c:..:.~ --

R.Z\.-228 4.03E-01 l.SSE:-01 2.4SE-::. 
AC-225 5.77E-01 1.62E·Ol :.652-:: 
TH-228 3.50E·01 2.67E-01 6.22E-:~ 
RA-224 Not Detected -------- :.42 
PB-212 5.08E-01 1.12E-01 5.80E-02 
BI-212 4.57E-01 3.10E-01 4. SlE··:·l 
TL-208 4.47E-01 1.25E-01 :.402-:::. 

U-235 Not Detected -------- 4..16E-Cl 
TH-231 Not Detected -------- :!..12 
PA-231 Not Detected -------- ~.16 
AC-227 Not Detected -------- 2.95 
TH-227 Not Detected -------- 5.ll.E-G~ 
RA-223 Not Detected -------- 3.88::-:: 
R.l\1- 219 Not Detected -------- -E.98E-:: 
!?3-211 Not Detected -------- ?.73E-:: 
TL-207 Not Detected -------- - .... -- ----~.:1.:.- __ 

.!L"'l-241 No;: Detected -------- - so- ·· :-. =----!?U-239 Not. Detected -------- ~.91E-:: 
NP-237 No;: Detected -------- - --
PA-233 

I ' - ..... --Not Decectsd -------- · oo- --:. =----TH-229 No;: Detected -------- :.782-:: 



(Summary Report] - Sample ID: 50077002 

Nuclide Activity 2S Error MDA 
(pCi/graml 

---------- .................................. .......................... ... - ... ... .. ... - -.. -.. - ... 

AG-110m Not Detected ....................... 5.02E-02 
AR~41 Not Detected .................... 4.52E+03 
EA-133 Not Detected ..................... S.59E-02 
EA-140 Not Detected ................... L62E-01 
CD-109 Not Detected .................. 2.40 
CD-115 Not Detected .................. L35E-01 
CE-139 Not Detected ................... 4.95E-02 
CE-141 Not Detected -------- 9.43E-02 
CE-144 Not Detected ................... 4.18E-01 
C0-56 Not Detected ... - ... ... ---... 5.35E-02 
C0-57 Not Detected -------- 5.75E-02 
C0-58 Not Detected -------- 4.85E-02 
C0-60 Not Detected ................... 5.52E-02 
CR-51 Not Detected -------- 3.46E-01 
CS-134 Not Detected --.. -- .. - ... 7.32E-02 
CS-137 Not Detected ................... 5.81E-02 
CU-64 Not Detected ................... 5.50E+01 
EU-152 Not Detected ................... 3.74E-01 
EU-154 Not Detected -------- 2.61E-01 
EU-155 N01: Detected .................. 2.63E-01 
'j:"'C' .. C::""' 
·- -::1 No1: Detected -------- :..08E-Ol 
GD-153 Noc Detected ................... 2.39E~01 
n:G-203 NO'i: Detected -------- 4.50E-02 
I-131 Not Detected -------- 4.44E-02 
IN-115~. r·~ot ~stected -------- :.65 
IR-192 No1: Detected -------- 4.12E-02 
K-40 l.37E+01 2.06 5.60E-Ol 
L.~-140 Kot Detected .................. 9.36E-02 
MN-54 Not Detected ................... 4.85E-02 
~-56 Not Detected .................. 1.73E+02 
M0-99 No1: Detected -------- 5.59E-Ol 
NA-22 Not Detected - ... ... - ... - ... - 6.14E-02 
NA-24 Not Detected .................. 1.88E-01 
NB-95 Not Detected -------- 3.02E-Ol 
ND-147 Not Detected .................... 3.19E-Ol 
NI-57 Not Detected -------- 1.18E-01 
EE-7 Not Detected -------- 3.42E-01 
RU-103 Not Detected ................. 3.86E-02 
RU-106 Not Detected --- ... ---- 4.60E-01 
SE-122 Not Detected -------- 8.73E-02 
SB-124 Not Detected ---.. -- - - 4. 91E-02 
SE-125 Not Detected ................ 1. 32E- 01 
SC-46 Not Detected -------- 7.53E-02 
SR-85 Not Detected -------- 5.44E-02 
TA-182 Not Detected -------- 2.22E-01 
TA-183 Not Detected -------- l. 01 
TE-132 Not: Detected --- .......... 5.79E-02 
TL-201 No1: Detected -------- 3.94E-0:!. 
V-48 N---~ Dstected .................. :.58E-02 
XE-133 N .... ---~ Detected -------- 3.68E-O:!. 
Y-88 N..,~ . -- De1:ect:ed .................. 3.75E-02 
ZN-£.3 N-~ Dececced -------- l. 44E- 01 
ZR-95 N..,--- Dsc:c-c:d -------- ;.22E-02 



) 
) 

) 

·- ·: ·" 
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.. :. ~-;· 

Internal lab ANALYSIS REQUEST AND CHAIN OF CUSTODY PAGE _J_ OF _L· I 
BthN /'I' ' 0431·9·. ,;;· .. 

.... __ ,,., ...... ac o. • ~RfCOC-1 :_··: 
. " ...... __, 

Dept. No.IMoHStop:?~~i-'-'-·--· Datos.mplea•Bhlpped: ConlroctNo.: t.J/4' · Parameter & Method Requested .••. ..:;t, 
Prolecr/Tesk Monog•: C~h -~WU\11 canteriWaybiiiHo.: . toseN~· • Ji 

ProjecrNeme: P.;;/3,!;5 ~ LobContact: ~ SMOA,.horl""""l'+.\f~,l r. 
Record Center Code:~~h . . ~. . Lob Deolinotlon: .17J5. . . Billlo: S.,hNotloirrll ... M.rits .U · ' 

Logbook Rei No: J-)1'} ..., SMO Conroci/Phone: bt4~ G::ott:z$:s. Slwller Senlm D .. t"""' llli 
.C/ -rr 'tl\l (Lv.t I - ~.o. 811 5100 MS 0154 0: 

Service Order No.: CFolOo Send Report to SMO Vo.1:"\. ~ "-\~..,. ~-AI ........... NM 11115fl54 V 
Location I Tech Aru ' , Reference LOV favaUable at SMOJ · ~ 
~ S'n- JOK ~ Container ~ 

Bufldin Room •• .­..,. 
S I N F d ER Samt>le.ID or olum \ ~ 

amp • o. · r~c on Sample tbcedon Detail ~ 

I % h?br-Y. 
bi2.JC,Itl~hl-loi/J;do&~l.~7 1 o lorr--1 .. ,,~~~\ h~u.d~..tl~~r~~l:x .. 
bl-z.I"'II.;IBi-lol·d~:t~E~$ I o 11oM :1 .. ift~V;~il I ~~~~.~VuM~rG~~S_. __ 
hlkl '-111~1'\J "''PIt! tror>~~-_ J o llce'l 11 .JI~\~ I~:I.I K:b~r ISowiiV\0~1 c.il2j\.l~. -
ln2ttill ~ol-lolt!~o~~-:7? I 0 -lk$1 t1 ltworn'•l I~W!IiicbttAI~~..l ~ ~A-I)t .. -~ 
lolzl&l114lll-lol Liilo8e2t?~ La Jllt.rll . h~~'1l 11t\..11~ l~,.lr'7~1)( 

p..:-
: 

r u'L 
·&amp 
•..• lD 

-·~~, ........ 
.._.£{& 

_ ___ .. :l~~~..;_: 

~ti~~~~~:tl:t'E 1g ~IJ~~ ~llli IIIII tJ I 
,-., 0 ~lnpli'Tjll~ldng · ·. , ,: · l!P~clal lnstructlons/QC Requirements 

RMMA DD Yes No__._ Ref. No. ::'ilf,;;~e Enieriicl(nirivddfYvl · lt-ft%;e. ~Ji'L..f£. ~ ~ 
Sample Dispo~al ~Sa' !•turn tq·Ciient 0 Disposal by lab Enteledbv: ,. . . ·. . f12oM ~ :it Vlm ~ 
Turnaround Time 0Normal q Rush Required Report Date -loclillta. -1'2-1C}I;-1. ~~ 

I Name llnlt · ~ ~Y C::O~ 
Sample J( ......n-.. ~~ - L<:z, I~.L I~4JCOc:4" D32A4 
Team •. ~ 
Members 

Org. !· ~~~~~~~~~~~-l~!J~. --~• ~7..82 Tl~~~ ... ~:_~~!~~uloh~~ .. b..! ... __ ~ _ ... 

1. Roc~~vod~y \ . Ll__ ~. _ ~~Ji.r.. JJ.I) -~~~jJ_J~j_~-L~'!" ... ~·-~~~~~·~~~ .... . 
2. Relinquished by Org. Dote Time 5. Ronnqulshed by 

Org . . . . .. -.. . . ... 
Or g. 

Date 
..... 

Date 

Date 
····--·-· -·· ·- .. -··----·-· --------- ······----------------------------·--···· -------- -·-······ .. -····-
2. Received bv "'" n -·- •· 

Abnormal 
Conditione on 
Receipt 

-·· ,: .. 
Time 

. ----
Time 

Time 



************************************************************************* 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Laboratory] * 
* .. ·; ,.:... · 9-13-95 3:56:49::.PM * 
************************************************************************* 

: Analyzed by~ ?~Y.~r ~~~iewed by: /'").. '/t•,,/rl : 
***************~********'~'~**********************~*******'~********* 
CUstomer C.BYRD/D.McLAUGHLIN (7585/SMO) 
CUstomer Sample ID 026136-01 
Lab Sample ID : 50076701 

Sample Description 
Sample Type 
Sample Geometry 
Sample Quantity 
Sample Date/Time 
~cquire Start Date 
:>etector Name 
glapsed Live Time 
~lapsed Real Time 

MARINELLI SOIL SAMPLE 
Solid 
1SMAR 

885.000 gram 
7-13-95 2:30:00 PM 
9-13-95 3:21:40 PM 

LAB01 
: 1800 seconds 
: 1801 seconds 

:=omments :. ., . ··'. 
--****·***·***************************************************************** 

Nuclide Activity 2S Error MDA. 
(pCi/gram) -- -·.------ .. ------------- ----------- -------------U-238 1.12 1.35 2.16 

TH-234 9.61E-01 4.06E-01 5.23E-01 
U-234 Not Detected -------- 7.28E-01 
RA-226 1.37 6.97E-01 1.03 
PB-214 5.87E-01 l.29E-01 l.25E-01 
BI-214 4.70E-01 9.82E-02 8.69E-02 
PB-2J:O Not Detected -" . -------- 1.17 

T"rl-232 5.36E-01 l.94E-Ol 2.42E-01 
RA-228 3.80E-01 5.56E-01 1.97E-01 
AC-228 5.17E-01 l.43E-01 l.44E-01 
TH-228 4.18E-01 3.08E-01 7.7lE-01 
RA-224 2 .68E-01 2.87E-01 4.61E-01 
PB-212 6.23E-01 l.27E-01 5.89E-02 
BI-212 5.74E-01 3.50E-01 5.06E-01 
TL-208 5.81E-01 . l.34E-01 l.23E-01 

U-235 Not Detected ------- .. 3.39E-01 
TH-231 Not Detected -------- 6.16E-01 
PA-231 Not Detected ..................... 2.36 
AC-227 Not Detected ....................... 2. 63 
TH-227 Not Detected -------- 4.99E-01 
RA-223 Not Detected -------- 8.46 
RN-219 Not Detected -------- 7.30E-01 
PB-211 Not Detected -------- 1.04 
TL-207 Not Detected ....................... l. 86E+01 

AM-241 Not Detected -------- 2.32E-01 
PU-239 Not Detected -- ... - ... ... ... ... 3.56E+02 
NP-237 Not Detected -------- 2.44E-01 
PA-233 Not Detected - - ------ 8.62E-02 TH-229 Not Detected -------- 3.35E-01 -



' . 
····~·O"·"l, •' ··.;.,•.•r _,,.>:0 ,:..;,.~ 

, [SUDllll&ry Report] -. Sample .J:D: · 50076701. · 

Nuclide 
" ·,: 

Activity 
(pCi/gram) 

:;.--... 
2S Error 

. _. .... ,: ' . MDA 

-------------- -------------. 
·,. ,_AG~l10m_ 

- · · . AR-41· -- -
. BA-133 

____ ,,_,._ 0_BA~140 
;;usto.CD=109::~.· ;·, 
!...-d, t;.CD.;:115;:r' 

CB-139 
:;;;:;,:; CE~141.-_" • ' 

.. ;. CE~·144 
. "" .. C0-56 

. . -_ -C0~ 57. 
.· ·-· C0-58 
, . · C0-60 

~,,: ,:.:: CR-51 
. _____ CS-134 
"'·"· .,, cs -13 7 

- CU-64 
c._.,, · EU-152 
"" EU-154 

EU-155 
FE~59 .-~ 
GD-153 

. ,HG-203 
I-131 
IN-.l.l.5m 
·J:R;~192 
K-40 
LA-140 
MN-54: 
MN-56 
M0-99 
NA-22 
NA-24 
NB-95 
ND-147 
NJ:-57 
BE-7 
RU-103 
RU-106 
SB-122 
SB~l24 
SB-125 
SC-46~ 
SR-·a5·· 
TA-182 

. TA-183 
TE-132 
TL-201 

'V-48 
XE-133 
Y-88 
ZN-65 
ZR-95 

· No·t Detected- -- *'--.- ---- _ 
· Not Detected -· ·-~:------- • • 
Not Detected ---- "----
Not. Detected.; :-;·~L~•(I~~~-:.-!:?::!"V-5/:-. ~­
Not· Detected·. · --------- -! · . -~- . . . : ,:: -".·~ ·, - . 
Not Detected- ---:-•.---
Not Detected· -- -·~ ~---
Not Detected. ~- .Y: . -A--~·~-i-=-~~-

'Not Detected --------
Not Detected --------
Not Detected --------

. Not Detected -- - - - - • - -
Not Detected - -·--- ---
Not Detected --------
Not Detected. --------

4.30E-01_·· 7.39E-02" 
Not Detected --------
No~ Detected --------
Not Detected = --·-··-'----
Not Detected --------
Not. Detected .<:. -:~:-·, ... ---
Not Detected --------
Not Detected · ... - .-...:;;..;.., .• ---

:~~ :~=~~~ ·_ -. -;::~~t ::~: _·:r 
Not Detected ---~----

·1. 49B+01 ·2.:Ji6.i. ~-,_ 
Not Detected ::-.-~r-'~--":-
Not Detected -- --~::----
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Deeected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected -- --------
Not Detect.ed --------... '-"",T. ••· 
Not Detected ---~----
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------
Not Detected --------

·l.07E·01 
l.OOE+26 
9.3iE-02 
4.50 
9.21E-01 
2.24E+07 
6.10E-02 
2.88E-01 
3.74E-01 
8.66E-02 
4.71E-02 
8.39E-02 
S.48E-02 
1.63 
7.68E-02 
4.4SE-02 
l.OOE+26 
3.56E-01 

· 2.SOE-01 
1.71E-01 
2:64E-01 
1.66E-Ol 
1.16E-01 
9.27 
·1.00E+26 
7.28E-02 
3.18E-01 
6.87E+09 
5.63E-02 
1. OOE+26 
2.20E+06 
.6.49E-02 
1.00E+26 
3.43E+04 
1.4SE+01 
.2.36E+11 
8.43E-01 
1.26E-01 
4.69E-01 
4.71E+05 
l.OSE-01 
1.38E-01 
1.21E-01 
1.01E-01 
3.00E-01 
9.07E+02 
:!.lSE+C4 
1.81E+05 
6.94E-01 
4.94E+07 
5.17E-02 
1. 71E-01 
1.65E-01 

,o 
,;/. .... 

~S-?35 P;,._. ')C - ~""' , 
~ 1o'f pc:.. ,c. a.?,.,o -:. 
~lo lc'lo" 



-

-

.• 
************************************************************************* 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [88~ Laboratory] * 
* . 9-~4-95 ~0:10:24 AM * 
************************************************************************* 

: Analyzed by:./']_ 9./fl//11 Reviewed by:/'P.- "~/tv/r/' : 
****************~'*****'~·'************************~*~****************** 
Customer : C.BYRD/D.McLAUGHLIN 

026140-0~ 
(7585/SMO) 

Customer Sample ID 
Lab Sample ID : 50076705 

Sample Descript~on : MARINELLI SOIL SAMPLE 
Sample: Type . Solid.-.. 
Sample. Geometry:... 1SMAR. -
Sample·Quantity · 924.000 
Sample·Date/Time : 7-13-95 
Acquire Start Date 9-12-95 
Detector Name LAB01 

gram-"·· 
1:50·:00 PM 
8:25-: 10- PM 

. Elapsed Live Time 1800 seconds 
Elapsed Real Time : 1801 seconds 

Comments: . 
************************************************************************* 

Nuclide Activity 2S Error MDA 
(pCi/gramJ 

---------- ------------- ----------· -------------U-238 5.00 2.14 3.03 
TH-234 5.64 1. 75 6.77E-O~ 
U-234 Not Detected -------- 7.91E-01 

· RA-226 2.58 6.78E-01 7.54E-01 
PB-214 5.92E-01 1.18E-01 9.56E-02 

·BI-214 5.09E-01 1.02E-O~ 8.52E-02 
PB-!ao Not Detected -------- 1.02 

TH-232 5.62E-01 .1.90E-O~ 2.29E-Ol 
RA-228 5.70E-01 2.08E-01 1.74E-01 
AC-228 6.66E-01 1.61E-O~ 1.45E-01 
TH-228 Not Detected· -------- 1.48 
RA-224 6 .3"5E-01 3.48E-01 -6.13E-01 
PB-2~2 6.49E-01 1.31E-01 5.99E-02 
BI-212 7.42E-01 3.43E·O~ 4.56E-01 
TL-208 5.89E-01 1.32E-Ol 1.19E-01 

U-235 Not Detected -------- 3.62E·O~ 
TH-231 Not Detected -------- 7.33E-01 
PA-23~ Not Detected -------- 2.22 
AC-227 Not Detected -------- 2.74 
TH-227 Not Detected -------- 5.08E-Ol 
RA-223 Not Detected -------- 9.58 
RN-219 Not Detected -------- 7.63E-01 
PB-211 Not Detected -·------ 1.03 
,TL-207 Not Detected -------- 2.02E+01 

AM-24~ Not Detected -------- 2.97E-01 
PU-239 Not Detected -------- 3.82E+02 
NP-237 Not Detected -------· 2.79E·O~ 
PA-233 Not Detected -------- 9.l7E-02 
TH-229 Not Detected -------- 3.88E·O~ 



[Summary Report] - Sample ID: 50076705 
' . ":··· •'"!t~- ... ~ ... .. 

Nuclide Activity 2s·Error MDA 
(pCi/graml 

---------- ------------- ----------- -------------
AG·l.l.Om Not Detected -------- 6.94E-02 
AR-4l. Not Detected -------- l..OOE+26 
BA-l.33 ·Not Detected -------- 9.07E-02 
BA-l.40 Not Detected -------- 4.74 
CD-l.09 Not Detected -------- l..OS 
CD-l.l.S Not Detected ................ l..77E+07 
CE-l.39 Not Detected ................... 6.37E-02 
CE-l.4l. Not Detected -------- 3.0l.E-Ol. 
CE-l.44 ~ot Detected -------- 3.9l.E-Ol. 
C0-56 Not Detected -------- 8.97E-02 
C0-57 Not Detected -------- 4.96E-02 
C0-58 Not Detected -------- 8 .27E-02 
C0-60 Not Detected -------- 5.3l.E-02-
CR-Sl. Not Detected -------- l..62 
CS-l.34 Not Detected -------- 7.66E-02 
CS-l.37 8.94E·02 3.6SE·02 4.96E·02 
CU-64 Not .Detected -------- l.. OOE+26 
EU-l.S2 Not .,Detected -------- 3.52E·Ol. 

. EU-l.S4 Not Detected -------- 2.62E·Ol. 
EU-l.SS Not Detected -------- l..94E·Ol. 
FE-59 Not Detected -------- 2.S6E-Ol. 
GD·l.53 Not Detected -------- 2.l.6E-Ol 
HG-203 Not Detected -------- l..l.4E-Ol 
I-131 Not Detected -------- 8.20 
IN-llSm Not Detected -------- 1.00E+26 
IR-192 Not Detected -------- 7.64E-02 
K-40 1.50E+Ol 2.18 4.11E-Ol 
LA-140 Not Detected -------- 4.57E+09 
MN-54 Not Detected -------- S.64E-02 
MN-5'6 Not Detected .-------- l..OOE+26 
M0-99 Not Detected -------- l:91E+06 
NA-22 Not Detected --------. 6.12E-02 
NA-24 Not Detected -------- 1.00E+26. 
NB-95 Not Detected- -------- 3.01E+04 
ND-147 Not Detected -------- 1.4SE+Ol 
NI-57 Not Det·ected -------- -1.85E+11 
BE-7 Not Detected -------- 8.40E-Ol 
RU-103 Not Detected -------- l.24E-01 
RU-106 Not Detected -------- 4.54E-01 
SB-122 Not Detected .................... 3.97E+05 
SB-124 Not Detected -------- 9.94E-02 
SB-125 Not Detected -------- l.31E-Ol 
SC-46 Not Detected -------- 1.28E-Ol 
SR-85 Not Detected -------- l.06E-Ol 
TA-182 Not Detected -------- 3.30E-Ol 
TA-183 Not Detected -------- l..05E+03 
TE-132 Not Detected -------- l.86E+04 
TL-201 Not Detected ...................... l..80E+05 

. V-48 Not Detected -------- 6.64E-Ol. 
XE-133 Not Detected -------· 4.52E+07 
Y-88 Not Detected -------- 5.84E-02 
ZN-65 Not Detected -------- l.. 78E-Ol 
ZR-95 Not Detected -------- l.69E-Ol 

.. \.fl .. ( \0 ... "" , 
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* .. .. 
Sandia National Laboratories 

Radiation Protection Sample Diagnostics Program [881 Labora:o~·j 
8-13-97 4:01:22 PM 

****************************************************~*************YYTTTT 

* Analyzed by: /? I K f 7 Reviewed by: ~"( • 
****************** ............ ii .. ********************** .. JJ~l ....................... .. * ?:. !. . .. 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole ID 032483-002 
Lab Sample ID 7014160l 

Samole Descriotion 
Sample Quantity 
Sfu~ole Date/Time 
Acquire Start Date/Time 
Detectcr Name 
Elapsec Live/Real Time 

MARINELLI 
757.000 

8-12-97 
8-13-97 

LAB02 
6000 I 

SOLID SAMPLE 
gram 
8:53:00 AM 
2:18:37 PM 

6003 seconds 

Comments: 
******************************************************************+T+++T* 

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

·------ - - - - - -- - - - ---------- - - ----- ---
U-238 4.15E+00 2.73E+00 2.73E+OO 
TE-234 6.43E+00 2.97E+00 7.30E-01 
Rl\.- 226 Not Detected --------- 5.47E-01 
PE-214 5.39E-01 1.10E-01 6.40E-02 
EI-214 5.00E-01 5.3SE-01 4. 75E.- 02 

TE-232 5.25E-01 2.69E-01 1.45E-01 
RA-228 5.52E-01 1.91E-01 l.33E-01 
J.I.C-228 5.58E-01 3.19E-01 8.13E-02 
TH-228 S.SSE-01 2.14E-01 4.52E-01 
R..ZI.- 224 6.90E-01 2.37:::-01 5.95E-02 
PS-212 5.67E-Ol l.l!.E-0:. 3.72E-02 
BI- 212 6.l3E-Ol S.OcE-01 3.17E-01 
TL-208 5.07E-01 l.l2E-01 5.90E-02 

U-235 l.SSE-01 l.S9E-01 l.68E-01 
T~-231 Not Detected --------- 1.37E+01 
P.~.-231 Not Detected --------- 1.41E+00 
TE-227 Not Detected --------- 3.09E-01 

;?.; RA-223 Not Detected --------- 2.30E-01 ;v.-:rJf~ 
P...:'ll- 219 - --- "- - -.- "--· ..... - -- -.... --- -- 3.63E-01 • 
P2-2ll Not Detected --------- 8.23E-01 
TL-207 Not Detected --------- 1.28E+01 

M'1- 241 Not Detected - - - -- - --- 4.86E-01 
PU-239 Not Detected --------- 4.48E+02 
NP-237 Not Detected - -- - - - - - - 3.08E-01 
Pi>.-233 Not Detected --------- 5.57E-02 
TE-229 Not Detected --------- 2.83E-01 



[Summary Report] - Sample ID: : 70141601 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/graml 

AG-108m Not Detected --------- 3.66E-02 
AG-110m Not Detected --------- 3.07E-02 
BA-133 Not Detected --------- 5.99E-02 
BE-7 Not Detected --------- 2.5.0E-01 .fJA- -r-1! 
CD- 10 9 ----.,;_...,._ -:_~J :'~-e-~ ::=---.r,.,-.:;-:;-:;.:::;-,::,.,::~--- 1 . 0 4E + 0 0 ~ ~ ef iJ <-<-1 <-d:' 
CD-115 Not Detected --------- 8.57E-02 
CE-139 Not Detected --------- 3.01E-02 
CE-141 Not Detected --------- 5.50E-02 
CE-144 Not Detected --------- 2.46E-01 
C0-56 Not Detected ----·---- 3.43E-02 
C0-57 Not Detected --------- 3.07E-02 
C0-58 Not Detected --------- 3.14E-02 
C0-60 Not Detected --------- 3.24E-02 
CR-51 Not Detected --------- 2.27E-01 
CS-134 Not Detected --------- 4.52E-02 
CS-137 1.82E-02 1.25E-02 1.82E-02 
EU-152 Not Detected --------- 9.24E-02 
EU-154 Not Detected --------- 1.70E-01 
EU-155 Not Detected --------- 1.54E-01 
FE-59 Not Detected --------- 7.00E-02 
GD-153 Not Detected --------- 1.25E-01 
HG-203 Not Detected --------- 3.01E-02 
I-131 Not Detected --------- 3.09E-02 
IR-192 Not Detected --------- 2 ~ 61E.- 02 
K-40 1.59E+01 2.36E+00 2.16E·-01 
MN-52 Not Detected --------- 3.00E-02 
MN-54 Not Detected --------- 3.27E-02 
M0-99 Not Detected --------- 3.26E-Ol 
NA-22 Not Detected --------- 3.94E-02 
NA-24 Not Detected --------- 1.24E-01 
NS-95 Not Detected ·····---- :.80E-01 
ND-14 7 Not Detected -- · · ·- · ·- 2. 05E· 01 _I) ...,-,.-;-/ 
NI-57 :.::: :: :.::: :: .. SSE-02 ,u • .:7c(.vf_g...--_;p_ 
PB-210 Not Detected --------- 3.51E+01 
RU-103 Not Detected --------- 2.79E-02 
RU-106 Not Detected ---··---- 2.82E-01 
SE-122 Not Detected ----·---- 5.13E-02 
SB-124. Not Detected --------- 2.94E-02 
SB-125 Not Detected --------- 7.58E-02 
SN-113 Not Detected --------- 3.53E-02 
SR-85 Not Detected --------- 3.35E-02 
TA-182 Not Detected --------- 1.34E-01 
TA-183 Not Detected --------- 4.90E-01 
TC-99m Not Detected --------- 8.78E-01 
TL-201 Not Detected --------- 2.51E-01 
XE-133 Not Detected --------- 2.23E-01 
Y-88 Not Detected --------- 2.43E-02 
ZN-65 Not Detected --------- 9.00E-02 
ZR-95 Not Detected --------- 5.l2E-02 



-

-

-

T77TTTTTTTTT+TT+TTYYTT+YT++TTT+++T++++++++++++++++++++++YTT+TTT+T+TTTTTT~ 

* Sandia National Laboratories ~ 
* Radiation Protection Sample Diagnostics Program [881 Labcrat::::;:-·: ~ 
~ 8-13-97 5:46:12 PM * 
T+T+++++++++++++++++++++++++++++++++++++++++++++++++++++++++YT+T++TTTTT~~ .. 9- /;/ ~ft. .. * Analyzed by: ,f ) t ~7 Reviewed by: ~ ~E f * 
***************** +++++++ ++++++++++++++++++++++++ ***~* ++++++++T+TTT 

Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole ID 032484-002 
Lab Sample ID 70141602 

Sample Description 
.Sample Quantity 
.Sa.rnole Date/Time 
AcqUire Start Date/Time 
Detector Name 
~lapsed Live/Real Time 

MARINELLI 
582.000 

8-12-97 
8-:!.3-97 

LAB02 
6ooo I 

SOLID SA!<f..PLE 
gram 
9:00:00 AJ."l 
4:03:30 PM 

6002 seconds 

Comments: 
***********************************************************+++++++++++TT+ 

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

·-·---- - - - - --- --- -- - - --- --- --- ---- ---
U-238 Not Detected --------- 3.49E+00 
Tii-234 9.78E-01 5.25E-01 7.44E-01 
RA-226 1. 07E+00 6.46E-01 5.15E-01 
PB-214 5.33E-01 3.85E-01 7.73E-02 
BI-214 4.66E-01 1.76E-01 5. 37E_-02 

Tii-232 7.09E-01 3.51E-01 1.52E-01 
RA-228 6.78E-01 3 .27E-01 1.84E-01 
AC-228 6.38E-01 1.96E-01 8.9:;E-02 
TH-228 8.07E-01 2.90E-Ol 5.12E-01 
RA-224 5.76E-01 2.10~-01 8.82E-02 
PB-212 6.15E-01 ._ '76:=:- 0 l 4.37E-02 
::!I-212 6.45:;- ~ -~==>01 3.19E-01 
TL-208 5.59E-Ol 1.26E-01 7.27E-02 

U-235 Not Detected --·------ 2.57E-01 
':'F.-231 Not Detected --------- 1.33E+01 
?Jl.-231 Not Detected --------- 1.51E+00 
TF.-227 Not Detected --------- 3.60E-01 
RA-223 Not Detected --------- 2.25E-01 
? .. '1-219 Not Detected --------- 3.97E-01 
?B-2ll Not Detected --------- 8.80E-01 
TL-207 Not Detected --------- l.47E+01 

·'"-'"~- 2 41 Not Detected -- - -- - - - - 5.00E-01 
PU-239 Not Detected --------- 4.68E+02 
N?-237 - --- -. . --- -- 3.22E-01 -.. -- --?A-233 Not Detected --------- 6.39E-02 
':'E-229 Not Detected --------- 2.68E-01 

--------------------------



[Summary Report] - Sample ID: : 70141602 

Nuclide 
Name 

AG-108m 
AG-110m 
BA-133 
BE-7 
CD-109 
CD-US 
CE-139 
CE-141 
CE-144 
C0-56 
C0-57 
C0-58 
C0-60 
CR-51 
CS-134 
cs -137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-57 
PB-210 
RU-103 
RU-106 
SB-122 
SB-124 
SB-125 
SN-113 
SR- 85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR- 95 

Activity 
(pCi/graml 

Not Detected 
Not Detected 
Not Detected 

2.90E-01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

2.56E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

l.61E+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 

l.46E-01 

l.95E-02 

2.46E+00 

MDA 
(pCi/graml 

4.29E-02 
3.61E-02 
6.81E-02 
l.S6E-01 
l. 09E+00 
l.OSE-01 
3.10E-02 
5.60E-02 
2.57E-01 
l.28E-01 
3.23E-02 
3.42E-02 
3.65E-02 
2.63E-01 
S.OOE-02 
2.3SE-02 
9.7lE-02 
l.96E-01 
1. 56E- 01 
7.87E-02 
l.12E- 01 
3.34E-02 
3.52E-02 
3. 07E_- 02 
2.87E-01 
4.07E-02 
3.77E-02 
3.60E-01 
4.55E-02 
l.54E-01 
2.l2E-01 
2.35E-Cl 
9.44E-02 
3.74E-'-01 
3.24E-02 
3.07E-01 
6.23E-02 
3.42E-02 
8.76E-02 
4.13E-02 
3.98E-02 
l.58E-01 
5.UE-01 
1.UE+00 
2.64E-01 
2.23E-01 
2.92E-02 
:!.. 07E- 01 
6.40E-02 



* 
* 
* 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program (881 Labora~o~] 

8-13-97 7:31:02 PM 

* .. .. 
******************** **************************************************~* 

.- : Analyzed by: J' 1 t/ 'l7 Reviewed by: /,/~ f,g f.t(~ . : 
****************** ******t!************************~p*~*~************** 

-

-

Customer B.GALLOWAY/MAC (6682/SMO) 
Customer Samole 032485-002 
Lab Sample ID 70141603 

Samole Descriotion 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
::Jetector Name 
~laosed Live/Real Time 

MARINELLI 
702.000 

8-12-97 
8-13-97 

LAB02 
6ooo I 

SOLID SAMPLE 
gram 
9:09:00 AM 
5:48:16 PM 

5003 seconds 

Cormnents: 
************************************************************************* 

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

------- - - - -- - - - -- ---------- - -------- -
U-238 2.30E+00 1. 56E+00 2.18E+00 
TH-234 1. 98E+00 7.90E-01 6 .92E-01 
RA-226 1.95E+OO 8.07E-01 5.72E-01 
PB-214 5.38E-01 l.SlE-01 6.80E-02 
BI-214 4.96E-01 1.03E-01 4.93E-02 

TH-232 6.25E-01 3.19E-01 1.38E-Ol 
RA-228 6.83E-Ol 2.61E-01 1.38E-01 
!\.C-228 5 .22E-01 2.01E-01 8.06E-02 
TH-228 8.00E-01 2.49E-01 4.49E-01 
R..l\.- 224 6.58E-Ol 2.15E-01 7.74E-02 
PB-212 :::.08E-01 2.54E-01 3.99E-02 
3!- 212 7 .~7:::-o:.. 5.2GE:-G::.. 2 .91E-01 
TL-208 5.69E-Ol 1.27E-01 6.17E-02 

U·235 Not Detected --------- 2.37E-Ol 
TE-231 Not Detected --------- 1.26E+Ol 
?.Z\.- 231 Not Detected --------- 1.42E+OO 
TE-227 Not Detected --------- 3.26E-01 
RA-223 Not Detected --------- 2.08E-01 
R.N-219 Not Detected --------- 3.49E-01 
PB-211 Not Detected - -- -- - - - - 7.88E-01 
TL-207 Not Detected - - - - -- - - - 1.35E+01 

AM-241 Not Detected --------- 4.68E-01 
PU-239 Not Detected --------- 4.25E+02 
NP-237 Not Detected --------- 3.78E-01 
PP..-233 Not Detected --------- 5.58E-02 
'!'E-229 Not Detected - - - - -- - - - 2.48E-01 



[Summary Report] - Sample ID: : 70141603 

Nuclide 
Name 

Activity 
(pCi/graml 

2-SiO'l!la 
Error 

MDA 
(pCi/graml 

AG-108m Not Detected --------- 3.79E-02 
AG-110m Not Detected --------- 3.33E-02 
BA-133 Not Detected --------- 6.15E-02 ~ 
BE-7 Not Detected --------- 2.57E-01 . /J,.-1-~ :,..J ,/_ 
CD- 10 9 -----:;::-:-. -:::.,;..:;:.:.,... 8-6 .e-a ---4!-.:-i::-;.:;.,::;-;;cr-::_,..----- 9 . 6 7E- 0 1 fl ?7 t4.-1LV' ,__. !( tlj f) 
CD-115 Not Detected --------- 9.41E-02 
CE-139 Not Detected --------- 2.89E-02 
CE-141 Not Detected -----·--- 5.22E-02 
CE·144 Not Detected --------- 2.31E-01 
C0-56 Not Detected --------- 3.45E-02 
C0-57 Not Detected -------·- 2.93E-02 
C0-58 Not Detected --------- 3.02E-02 
C0-60 Not Detected --------- 3.56E-02 
CR-51 Not Detected --------- 2.27E-01 
CS-134 Not Detected --------- 4.55E-02 
CS-137 3.55E-02 2.95E-02 2.15E-02 
EU-152 Not Detected --------- 8.52E-02 
EU-154 Not Detected --------- 1.74E-01 
EU-155 Not Detected --------- 1.52E-01 
FE-59 Not Detected --------- 7.09E-02 
GD-153 Not Detected --------- 1.06E-01 
HG-203 Not Detected --------- 3.13E-02 
I-131 Not Detected --------- 3.10E-02 
IR-192 Not Detected --------- 2.61E-02 
K-40 1.59E+01 2.40E+OO 2.54~-01 
MN-52 Not Detected --------- 3.51E-02 
MN-54 Not Detected --------- 3.36E-02 
M0-99 Not Detected --------- 3.27E-01 
NA-22 Not Detected --------- 4.21E-02 
NA-24 Not Detected --------- 1.36E-01 
NE-95 Not Detected --------- 1.94E-01 ~) 
~~-147 Not Detected --------- 2 '7~-01 -~~ 

~~=~io Not 6~~;~t;~ _:::::_:: j:~~~~~~r/r~~ · ~jy;f~7 
RU·103 Not Detected --------- 2.SOE-02 
RU·106 Not Detected --------- 2.84E-01 
SB-122 Not Detected ----·---- 5.5SE-02 
SB-124 Not Detected --------- 2.99E-02 
SB-125 Not Detected --------- 7.86E-02 
SN-113 Not Detected --------- 3.67E-02 
SR-85 Not Detected --------- 3.59E-02 
TA-182 Not Detected· --------- 1.41E-01 
TA-183 Not Detected --------- 4.S7E-01 
TC-99m Not Detected --------- 1.22E+00 
TL-201 Not Detected --------- 2.45E-01 
XE-133 Not Detected --------- 2.20E-01 
Y-88 Not Detected --------- 2.21E-02 
ZN-65 Not Detected --------- 9.50E-02 
ZR-95 Not Detected --------- 5.4SE-02 



-

--

-

**********************************************************************~~· 
T Sandia National Laboratories y 

T Radiation Protection Sample Diagnostics Pro~~am [881 Labo~a~==Yl T 

T 8 -13 - 9 7 9 : 15 :59 PM * 
****************************************************************~~~****** 

: Analyzed by: 9 J/ttf')$1 Reviewed by: J!<Tg~B/1f : 
****************** ****************~**************~:~~*************** 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole .i.D : 032486-002 
~ab Sample ID 70141604 

Samole Descriotion 
Sa.tnple Quantity 
Samole Date/Time 
Accruire Start Date/Time 
:letectar Name 
~lapsed Live/Real Time 

MARINELLI 
646.000 

8-12-97 
8-13-97 

LAB02 
6000 I 

SOLID S.ll.I1PLE 
gram 
9:15:00 AM 
7:33:14 PM 

6002 seconds 

Comments: 
**********************************************************************~** 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/qram) 
~------ ---------- - - -- - - - - -- - - -- - - ----
U-238 6.05E+OO 3.48E+OO 3.17E+00 
TH-234 5.83E+00 1.37E+00 7.30E-01 
RA-226 1.23E+00 6.85E-01 5.01E-01 
PB-214 4.72E-01 1.10E-01 6.91E-02 
BI-214 4.59E-01 7.42E-02 4.82E-02 

TH-232 5.19E-01 3.38E-01 1.38E-01 
RA-228 6.50E-01 2.66E-01 1. 41E- 01 
AC-228 5.99E-01 2.63E-01 7.48E-02 
':'E- 22 8 8.05E-01 2.80E-01 4.49E-01 
RA-224 6.37E-01 2.23E-01 8.13~-02 
?3·212 5.61E-01 1.84E-01 3.84E-02 
3!-212 4.74E-Ol 2.692-01 2.96E-01 
TL-208 4.80E-01 1.26E-Ol 6.62E-02 

U-235 6.60E-02 7.7SE-02 J.. 44oE-01 
TE-231 Not Detected - - - - - - - - - 1.41E+Ol 
?.Z\.-231 Nat Detected - - - - -- -- - 1.43E+00 
TH-227 Not Detected - - - - - - - - - 3.2SE-01 
R..l\.-223 Not Detected - - - - -- - - - 2.3SE-01 
2.!.'1- 219 Not Detected -- - - - -- - - 3.8SE-01 
PS- 211 Not Detected - - - - - -- - - 8.78E-01 
TL-207 Not Detected - - - - - -- - - l.36E+Ol 

AM-241 Not Detected - - - - -- - -- 5.14E-01 
?U- 239 Not Detected - - - - - - - - - 4.47E+02 
NP-237 Not Detected - - - - - -- - - 2.97E-01 
?.ll.-233 Not Detected - - - - - - - - - 5.93E·02 
TE-229 No~ Detected - - - - - -- - - 2.71E-01 

-------------



[Sununa.ry Report] - Sample ID: : 70141604 

Nuclide Activity 2-siama MDA 
Name (pCi/grarnl Error (pCi/graml 

------- ---- ------ --- ------ - -----··---
AG-108m Not Detected -- -- - ---- 3.95E-02 
AG-llOm Not Detected - ---- ----. 3.29E-02 
BA-133 Not Detected - -- - ---- - 6.05E-02 ~ 

()') I BE-7 Not Detected ------ --- 2.66E-01 -~._1 
CD-109 . --- -· 1.01E+OO;!/,r' ,::::rj; I )'/57 -. ---. "''"' -.--- --CD-ll5 Not Detected --- - - - - - - 9.76E-02 
CE-139 Not Detected - -- - - - --- 2.99E-02 
CE-141 Not Detected ---- - - - -- 5.52E-02 
CE-144 Not Detected -- - - -- - -- 2.43E-01 
C0-56 Not Detected ----- - --- 1.15E-01 
C0-57 Not Detected --------- 3.24E-02 
co- sa Not Detected - - ----- -- 3.25E-02 
C0-60 Not Detected - -- - - - --- 3.37E-02 
CR-51 Not Detected ---- - - - -- 2.41E-01 
cs ·134 Not Detected ---- - ---- 4.49E-02 
CS-137 1.61E-02 1. 64E-02 2.22E-02 
EU-152 Not Detected - -- - - ---- 9.73E-02 
EU-154 Not Detected -- - - - -- - - l.83E-01 
EU-155 Not Detected - -- - - ---- 1.58E-01 
FE-59 Not Detected --------- 7.39E-02 
GD-153 Not Detected - - - ------ 1.18E-01 
HG-203 Not Detected -- -- -- --- 3.13E-02 
I-131 Not Detected -- - -- ---- 3.33E-02 
IR-192 Not Detected - - - -- - -... - 2.82E-02 
K-40 l.46E+01 2.37E+OO 2.61£:-01 
MN-52 Not Detected - --- --- - - 3.62E-02 
MN-54 Not Detected - ---- - - - - 3.44E-02 
M0-99 Not Detected ------ - - - 3.29E-01 
NA-22 Not Detected - - -- - - - -- 4.36E-02 
NA-24 Not Detected - - - -- - - - - 1.46E-01 
NB-95 Not Detected --------- 1.98E-01 
N!l-147 Noc: Detected - - - - - - - - - 2.17::::·01 
NI-57 Not Detected - -- - ---- - 8.97E-02 
PB-210 Not Detected - - - - ----- 3.64E+01 
RU-103 Not Detected -- - - - - - - - 2.92E-02 
RU-106 Not Detected -- - - - - - - - 2.92E-01 
SB·122 Not Detected --------- 5.69E-02 
53-124 Not Detected --------- 3.04E-02 
SB-125 Not Detected --------- 8.23E-02 
SN-113 Not Detected --------- 3.76E-02 
SR-85 Not Detected - -- -- - - - - 3.75E-02 
TA-182 Not Detected· - ----- - - - 1.48E-01 
TA-183 Not Detected --------- 5.31E-01 
TC-99m Not Detected --------- 1.58E+OO 
TL-201 Not Detected - - -- - - -- - 2.70E-01 
XE-133 Not Detected --------- 2.53E-01 
Y-88 Not Detected -- - --- - - - 2.77E-02 
ZN-65 Not Detected --------- 9.79E-02 
ZR-95 Not Detected --------- 5.81E-02 



-

-

-

************************************************************************* 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics P=ogram [881 Latorato~·J • 
• 8-13-97 11:01:00 PM * 
************************************************************************* 

* :;2 d i k j/'av • * Analyzed by: · i 1! >7 Reviewed bv: g rB '1 1 * 
***************** ****** ** ********************** ** **************** 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole ID 032488-002 
Lab Sample ID 70141605 

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

MARINELLI SOLID SAMPLE 
687.000 gram 

8-12-97 9:32:00 k~ 
8-13-97 9:18:10 PM 

LAB02 
6000 I 6003 seconds 

Comments: 
************************************************************************* 

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

------- - - --- - - - - - - - - ----- - - -- ---- - ---
U-238 2.24E+00 1.71E+OO 2.27E+00 
TH-234 2.02E+OO 6.73E-01 6.58E-01 
RA-226 Not Detected -- - - - - - - - 5.69E-01 
PB-214 7.62E-01 1.43E-01 6.94E-02 
BI-214 6.98E-01 1.36E-01 5.17E.-02 

TH-232 5.99E-01 3.4.3E-01 1.4.2E-01 
RA-228 6.45E-01 2.28E-Ol l.36E·01 
AC-228 5.85E-01 1.44E-Ol 8.17E-02 
TH-228 5.28E-01 2.14E·01 4~82E .. Ql 
RA-224 5.06E-01 2.l5E·Ol 7.63E-02 
P.S-212 6.29E-01 l.Of::::-Cl 3.86E-02 
BI-212 7.05E-01 l.16E.;.OO 3.1SE-Ol 
TL-208 5.16E-01 l.l6E-01 6.14E-02 

U-235 Not Detected - -- - - - - - - 2.SOE·01 
TH-23:!. Not Detected - -- - - - - - - 1.3:!.£.;.01 
P.~-231 Not Detected - - - -- - - - - l.45E+OO 
TE-227 Not Detected - - -- - - - -- 3.33E-01 
RA-223 Not Detected - - - - - - - - - 2.24E-01 
RN-219 Not Detected - - -- - - - - - 3.77E-01 
P.S-211 Not Detected --------- 8.46E-01 
TL-207 Not Detected· --------- l.28E+01 

AM-241. Not Detected - - - - - - -- - 4.87E-01 
PU-239 Not Detected - -- - -- - - - 4.58E+02 
NP-237 Not Detected -- - - - - - - - 2.52E-Ol 
P.ll.-233 Not Detected - - - - - - - - - 5.84E-02 
TE-229 Not Detected - - - - - - - - - 2.53E·Ol 



[Summary Report] • Sample ID: : 70141605 

Nuclide 
Name 

AG·l08m 
AG-llOm 
BA-133 
EE-7 
CD-109 
CD-115 
CE-:!.39 
CE-141 
CE-144 
C0-56 
C0-57 
C0-58 
C0-60 
CR-51 
CS-134 
CS-137 
:W-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-57 
!'E-210 
RU-103 
?,U-106 
SB-122 
SB-124 
SE-125 
SN-113 
S?,- 8 5 
TA-182 
TA-163 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN- 65 
ZR-95 

Activity 
(pCi/graml 

Not Detected 
Not Detected 
Not Detected 

5.48E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

. Not Detected 
Not Detected 

2.44E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

1.40E+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 

6.22E-02 

l.76E-02 

2.18£+00 

MDA 
(pCi/gram) 

3.88E-02 
3.33E-02 
7.03E-02 
9.98E-02 
B.SSE-01 
1. OlE- 01 
3.02E-02 
S.S4E·02 
2.50E-Ol 
3.69E-02 
3.09E-02 
3.15E-02 
3.67E·02 
2.43E·Ol 
5.07E·02 
1.90E-02 
9.29E-02 
l.79E-Ol 
1.49E·Ol 
7.18E·02 
l.OSE-01 
3.1SE·02 
3.30E-02 
2.76E.-02 
2. SlE- Ol 
3.56E-02 
3.51E-02 
3.47E-Ol 
4.06E-02 
1.66E-Ol 
2.04E-Ol 
2.25E-Ol 
4.76E-02 
3.57E+Ol 
2.91E·02 
2.88E-Ol 
5. 71E-02 
3.14E-02 
S.OlE-02 
3.71E-02 
3.70E-02 
1.54E-Ol 
S.lOE-01 
1.84E+00 
2.62E-Ol 
2.36E-Ol 
2.63E-02 
1.04E-Ol 
5.72E-02 



-

-

-

+++*******************************************************************~** 
+ Sandia National Laboratories * 
+ Radiation Protection Sample Diagnostics Program [881 Labora~c=y} * 
* S-14-97 12:45:57 AM ~ 
************************************************************************* 

: Analyzed by: 9 ,f ~~ )>7 Reviewed by: ¥/:.-8J'Bif1 : 
* * ... * ......... * * * * * * * * "*' ... * * * ** ... * ... £ ~*t ~ ... * * **-* * ... * ... * ... * * * '*-'*' ... * m ~'.If* ... * ... * ... * ... * ... '*' ................ * 
Customer : B.GALLOWAY/~AC (6682/SMO) 
Customer S~~ole : 032489-002 
Lab Sample ID 70141606 

Sarnole Description 
Samole Quantity 
Sarnole Date/Time 
Accruire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
642.000 

8-12-:?7 
8-13-?7 

LAB02 
sooo I 

SOLID SA.J.'1PLE 
gram 
9:40:00 AM 

11:03:15 PM 

6002 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2-sigma MDA 
N~~e (pCi/gram) Error (pCi/gram) 

------- - - -- - ----- - -- --- - - - - - --- - - ----
U-238 6.66E+00 3.48E+00 2.94E+00 
TE-234 6.04E+00 1.36E+00 7.14E-01 
RA-226 2.67E+00 7.98E-01 5 .91E-01 
PB-214 5.20E-01 2.97E-01 7.18E-02 
BI-214 4.85E-01 1.24E-01 5 .14E.-02 

TH-232 5.36E-01 2.77E-01 1.59E-01 
RA-228 6.64E-01 2.06E-01 1.47E-01 
AC-228 6.41E-01 4.23E-01 S.04E-02 
TE-228 Not Detected --------- 8.13E-01 
R.l\- 224 6.41E-01 2.35:::-o1 7.66E-02 
PB- 212 6.06E-01 2.33:::-01 4.31E-02 
s:-2::.2 6.C3~-0l 3.0::::-0l 3.03E-0:!. 
TL-208 5.57E-Ol 1.32E-Ol 6.82E-02 

U-235 l.43:S-Ol 2.0lE-01 2.59E-01 
TH-23l Not Detected - - - - -- - - - 1.44E+01 
PA- 23l Not Detected --------- 1.46E+00 
TH-227 Not Detected - -- - -- - - - 3.42E-01 
RA-223 Not Detected - - - - -- - - - 2.47E-01 
RN-219 Not Detected --------- 3.83E-01 
PB-211 Not Detected --------- 8.76E-01 
TL-207 Not Detected --------- 1.39E+01 

AM-241 Not Detected --------- 5.21E-01 
PU-239 Not Detected --------- 4.59E+02 
NP-237 Not Detected --------- 2.94E-01 
PA-233 Not Detected - - - -- -- - - 5. 77E-02 
TR-229 Not Det:cted --------- 2.83E-Ol 

------------··-·-- -··--··--------



[Summary Report] - Sample ID: : 70141606 

Nuclide 
Name 

Activity 
(pCi/grarn) 

2-sigma 
Error 

MDA 
(pCi/grarn) 

AG-108m Not Detected --------- 4.06E-02 
AG-110m Not Detected --------- 3.37E-02 
SA-133 Not Detected --------- 6.42E-02 ~~ /?; 
EE-7 Not Detected --------- 2.78E-01 }J....::fZv .J 
CD- 1 0 9 -----,.:s-.,..;:;-::;-:::-,:":-;::----s:-:-. -::-: -::-: :~::-;::------1 . 0 0 E + 0 0 r-' ,:rc r /tft > 7 
CD-115 Not Detected --------- 1.07E-01 
CE-139 Not Detected --------- 3.09E-02 
CE-141 Not Detected --------- 5.68E-02 
CE-144 Not Detected --------- 2.57E-01 
C0-56 Not Detected --------- 1.16E-01 
C0-57 Not Detected --------- 3.27E-02 
co-sa Not Detected --------- 3.49E-02 
C0-60 Not Detected --------- 3.48E-02 
CR-51 Not Detected --------- 2.46E-01 
CS-134 Not Detected --------- 4.59E-02 
CS-137 Not Detected --------- 3.61E-02 
EU-152 Not Detected --------- 9.83E-02 
EU-154 Not Detected --------- 1.87E-01 
EU-155 Not Detected --------- 1.58E-01 
FE-59 Not Detected --------- 7.18E-02 
GD-153 Not Detected --------- 1.22E-01 
EG-203 Not Detected --------- 3.33E-02 
I-131 Not Detected --------- 3.44E-02 
IR-192 Not Detected --------- 2.83E.-02 
K-40 1.56E+01 2.40E+00 2.32&-01 
MN-52 Not Detected --------- 3.42E-02 
MN-54 Not Detected --------- 3.41E-02 
M0-99 Not Detected --------- 3.69E-01 
NA-22 Not Detected --------- 4.17E-02 
NA-24 Not Detected --------- 1.80E-01 
NB-95 Not Detected --------- 2.12E-01 ~ ?, 
ND-147 ~ot: Detected --------- 2 27E-01 ~-;;} I 
NI-57 ... :: :: :.:-:-: :: 5:35E-02_,v.;r r/rl'j)} 
?B-210 Not Detected --------- 3.80E+Ol 
RU-103 Not Detected --------- 3.14E-02 
RU-106 Not Detected --------- 3.00E-01 
SE-:22 Not Detected --------- 6.02E-02 
SE-124 Not Detected --------- 3.24E-02 
SB-125 Not Detected --------- 8.46E-02 
SN-113 Not Detected --------- 3.73E-02 
SR-85 Not Detected --------- 3.92E-02 
TA-182 Not Detected --------- 1.46E-01 
TA-183 Not Detected --------- 5.57E-01 

TL-201 Not Detected --------- 2.89E-01 f, ~fl 
TC-99m Not Detected --------- 2.29E+00 ! ~ 

~:~~33 ____ N_o_t-=~-=-~~~~~~~~t~~~~------~:-=-~~:~:~~--~:=:--------~:~i~~g~;r-~~~~ f/t~)?~ 
ZN-65 Not Detected --------- 9.86E-02 
ZR-95 Not Detected --------- 5.95E-02 



-

-

***********************************************************************~* 
* Sandia National Laboratories T 

* Radiation Protection Sample Diagnostics Program [881 Laboratc~J T 

* 8-13-97 3:29:25 PM ~ 
*********************************************************************~~*~ 

T :.;;?:~~ kfrl T * Analyzed by: t tf 1 Reviewed by: g /8[!1 T 

****************** ***~*** ~******TTTTTTTTTYTTT TTYlTTTTTTTTTYYYTTYT 
Customer : E.GALLOWAY/MAC (6682/SMO) 
Customer Sam-ole .!..D : 032490-002 
Lab Sample ID 70141607 

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

MARINELLI 
706.000 

8- 12-!? 7 
8-13-97 

LAB02 
6ooo I 

SOLID SJl.NPLE 
gram 
9:49:00 ll.J."! 

11:00:52 AN 

6003 seconds 

Comments: 
**********************************************************************~*T 

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

------- - -- - - --- -- ---------- --- - - - - ---
U-238 4.67E+00 3.30E+00 3.23E+00 
TH-234 6 .37E+00 1. 66E+00 7.36E-01 
RA-226 2.51E+00 6.23E-01 5.57E-01 
PB-214 7.49E-01 1.45£-01 6.61E-02 
BI-214 7.10E-01 1.36E-01 4.54E-02 

TH-232 5.30E-01 2. 72E-01 1. 51E- 01 
RA-228 4.55E-01 1.56E-01 1.20E-01 
AC-228 4.76E-01 1.26£-01 8.03E-02 
TH-228 4.59£-01 2.00E-01 5.19E-01 
R.r..-224 5.50£-01 2.03E-01 6.33E-02 
PB-212 5.42E-01 1. OSE-01 3.9:E-02 
EI-212 ... or_, --:: .... oc-v_ .;.~7:::-0l 3.06E-01 
TL-208 4.26£-01 1. 05E-01 6.29E-02 

U-235 1.13£-01 1.94E-01 2.50E-01 
TH-231 Not Detected - -- - - - --- 1.40£+01 
PA-231 Not Detected - - - - - - - - - 1.45E+00 
TE-227 Not Detected -- - -- - - -- 3.12£-01 
RA-223 Not Detected - - - - - ---- 2.32£-01 
RJ.'l- 219 Not Detected - - -- - - - -- 3.60£-01 
PB-211 Not Detected - - - - - - - - - 8.40E-01 
TL-207 Not Detected - --- -- --- 1.29E+01 

AN-241 Not Detected -- - - - - - - - 5.19£-01 
PU-239 Not Detected - - - - - - --- 4.52E+02 
NP-237 Not Detected -- -- - - - - - 4.27E-01 
PA-233 Not Detected - - - - - - - -- 5.68E-02 
TH-229 Not i:etected - - - - -- - - - 2.80E-01 

-------------------



[Summary Report] - Sample ID: : 70~4~607 

Nuclide 
Name 

Activity 
(pCi/gra.m) 

2-sicma 
Erro:': 

MDA 
(pCi/gra.ml 

AG-108m Not Detected --------- 3.76E-02 
AG-110m Not Detected --------- 3.13E-02 

5CDE~7109 _____ N __ o_t_D=e~te~c~te~d&------~=~-~:~:~:_-~:~: _________ 2.57~~01 -~~~~~ 
SA-133 Not Detected --------- 6.87E-02 _ 0 ~ 

:.: 1:.98 - ·--- -- 1.15e-OO /II .J ) 
CD-115 Not Detected --------- 8 .40E- 02 · Ott f- 0 
CE-139 Not Detected --------- 2.97E-02 
CE-141 Not Detected --------- 5.48E-02 
CE-144 Not Detected --------- 2.48E-01 
C0-56 Not Detected --------- 1.05E-01 
C0-57 Not Det'ected --------- 3.10E-02 
C0-58 Not Detected --------- 3.11E-02 
C0-60 Not Detected --------- 3.20E-02 
CR-51 Not Detected --------- 2.48E-01 
CS-134 Not Detected --------- 5.16E-02 
CS-137 1.51E-02 1.12~-02 1.82E-02 
~U-152 Not Detected --------- 9.32E-02 
EU-154 Not Detected --------- 1.73E-01 
EU-155 Not Detected --------- ~.55E-0~ 
FE-59 Not Detected --------- 6.76E-02 
GD-~53 Not Detected --------- ~.22E·O~ 
EG-203 Not Detected --------- 3.09E-02 
I-131 Not Detected --------- 3.08E-02 
IR-192 Not Detected --------- 2.77E-02 
K-40 1.41E+0~ 2.19E+OO 2.51R-01 
MN-52 Not Detected --------- 3.28E-02 
MN-54 Not Detected --------- 3.48E-02 
M0-99 Net Detected --------- 3.14E-01 
NA-22 Not Detected --------- 3.92E-02 
NA-24 Not Detected --------- 9.56E-02 /3: 
NB-95 Not Detected --------- 1.76E-01 
ND-147 Not Detected --------- 2 04E-01 - IJ~rll 
NI-57 :.::: 82 ::.11:: :: 3:81E-02f/7dv~~ .1 J 
?B-210 Not Detected --------- 3. 71E+01 <~'tt4 i) 
~U-103 Not Detected --------- 2.94E-02 
RU-106 Not Detected --------- 2.85E-01 
sa-122 Not Detected --------- 4.91E-02 
53-124 Not Detected --------- 3.08E-02 
53-125 Not Detected --------- 7.92E-02 
SN-113 Not Detected --------- 3.61E-02 
SR-85 Not Detected --------- 3.68E-02 
7A·l82 Not Detected --------- 1.46E-01 
TA-183 Not Detected --------- 5.14E-01 
TC-99m Not Detected --------- 5.37E-01 
TL-201 Not Detected --------- 2.41E-01 
X~-133 Not Detected --------- 2.15E-01 
Y-88 Not Detected --------- 2.41E-02 
ZN-65 Not Detected --------- 1.02E-01 
ZR-95 Not Detected --------- 5.20E-02 



-

.-

-

************************************************************************~ 
T Sandia National Laboratories ~ 
~ Radiation Protection Sample Diagnostics Program (881 Labora:oryJ * 
7 8-14-97 2:30:48 AJ."! ~ 

************************************************************************* 

: Analyzed by: 9 ?1 f / P Reviewed by: k1£ z;lt~lfr : 
******************* *****'~*~*******************~**c*t************** 
Customer : B.GALLOWAY/MAC (6682/SMO) 
customer Samnle ID 032491-002 
Lab Sample ID 70141608 

S~~nle Descrintion 
s~~ple Quantity 
Sa..'tmle Date/Time 
AccUire Start Date/Time 
Detector Name 
~lapsed Live/Real Time 

MARINELLI 
750.000 

8-12-97 
8-14-97 

LAB02 
6ooo I 

SOLID SAL"'PLE 
gram 
9:54:00 AL'-1 

12:48:04 AL'-1 

6002 seconds 

Cormnents: 
************************************************************************* 

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

------- ---------- - --- - - - - - - -- -- - -----
U-238 Not Detected - - - - -- - - - 3.17E+00 
TH-234 1.27E+OO 6.02E-01 6.17E-01 
RA-226 1. 43E+00 5.52E-01 4.84E-01 
PB-214 4.67E-01 1. 21E- 01 6.18E-02 
EI-214 4.72E-01 1.87E-01 4. 04E.-02 

TH-232 5.52E-01 2.75E-01 1.24E-01 
RA-228 5.75E-01 1.92E-01 1.24E-01 
AC-228 4.72E-01 7.82E-02 6.51E-02 
'!':-{-228 6.80E-01 2.22£-01 4.24E-01 
?_r..- 224 5.64E-01 l.92E-01 5.96E-02 
?!3-212 5.54E-01 l.12E-01 3.66E-02 
?.I-212 4.25E-01 2.30E-01 2.54E-01 
":"L-208 5.08E-Ol l.30E-01 5.86E-02 

l.I-235 1.57E-01 l.18E-01 2.17E-01 
TH-231 Not Detected - - -- - - - -- 1.14E+Ol 
?.~.-231 Not Detect:ed - --- - --- - l.29E+00 
:-:;::-227 Not Detected ---- - - - - - 3.04£-01 
?..A- 223 Not Detect:ed - -- - - --- - 1.95E-Ol 
"-"'- 219 Not Detected - - - -- - - - - 3.22E-01 
:?!3- 211 Not Detected - - - - -- -- - 7.41£-01 
':'L-207 Not Detected - - - - - - - - - l.15E+01 

~..c"!-241 Not Detected - - - - - - - - - 4.43£-01 
?U-239 Not Detected - - - - - -- - - 3.98E+02 
NP-237 Not Detect:ed - - - - - - - - - 2.442-01 
:?J\.-233 Not Detected - - - - - - - - - 5.32E-02 
7:1-229 Not Detected - - - - - - - - - 2.31E-01 



[Summary Report] - Sample ID: : 70141608 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/graml 

AG-108m Not Detected --------- 3.46E-02 
AG-110m Not Detected --------- 3.20E-02 
BA-133 Not Detected --------- 5.57E-02 2 
BE-7 1.02E-01 8.29E-02 1.15E-01 --~~~~ 
CD- 1 o 9 -----=:-:-. 6'6 -:;:.,. ==-<c..:::----&:""· :~::""==--::..::,------se . 2 s E- o V 1 <""" e r It J )r , 
CD-115 Not Detected --------- 9.44E-02 
CE-139 Not Detected --------- 2.66E-02 
CE-141 Not Detected --------- 4.84E-02 
CE-144 Not Detected --------- 2.18E-01 
C0-56 Not Detected --------- 9.91E-02 
C0-57 Not Detected --------- 2.70E-02 
C0-58 Not Detected --------- 2.92E-02 
C0-60 Not Detected --------- 3.15E-02 
CR-51 Not Detected --------- 2.11E-01 
CS-134 Not Detected --------- 4.28E-02 
CS-137 3.12E-02 1.83E-02 2.10E-02 
EU-152 Not Detected --------- 8.11E-02 
EU-154 Not Detected --------- 1.59E-01 
EU-155 Not Detected --------- 1.35E-01 
FE-59 Not Detected --------- 6.45E-02 
GD-153 Not Detected --------- 9.57E-02 
HG-203 Not Detected --------- 2.73E-02 
I-131 Not Detected --------- 2.92E-02 
IR-192 Not Detected --------- 2.SOK-02 
K-40 1.47E+01 2.18E+OO 2.18&-01 
MN-52 Not Detected --------- 3.16E-02 
MN-54 Not Detected --------- 2.92E-02 
M0-99 Not Detected --------- 3.26E-01 
NA-22 Not Detected --------- 3.81E-02 
NA-24 Not Detected --------- 1.87E-01 
NB-95 Not Detected --------- 1.9~E-Ol 
18-147 Not Detected --------- 1.94£-01 
NI-57 Not Detected --------- 9.25E-02 
PE-210 Noc Detected --------- 3.20E+Ol 
~U-103 Not Detected --------- 2.61£-02 
~U-106 Not Detected --------- 2.53E-Ol 
SB-122 Not Detected --------- 5.36E-02 
SB-124 Not Detected --------- 2.75E-02 
SB-125 Not Detected --------- 7.19E-02 
SN-113 Not Detected --------- 3.31E-02 
SR-85 Not Detected --------- 3.33E-02 
TA-182 Not Detected --------- 1.30E-01 
TA-183 Not Detected -----·--- 4.71E-01 
TC-99m Not Detected --------- 1.23E+00 
TL-201 Not Detected --------- 2.3SE-01 
XE-133 Not Detected --------- 2.16E-01 
!·88 Not Detected ------·-- 2.1SE-02 
ZN-65 Not Detected -----·--- 8.95E-02 
ZR-95 Not Detected --------- 5.3CE-02 



-

-

-

*********************************************************************~~·~ 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Labcra:o=yj T 

* 8 · 14 · 9 7 4 : 15 : 42 AM • 
************************************************************************~ 

:Analyzed by: 9· ,f~tf/f7 Reviewed by: lJaeft~hf : 
******************* ****~~**********************~:**~!***************** 
Customer : E.GALLOWAY/MAC (6682/SMO) 
Customer Samnle I : 032493-002 
~ab Sample ID 70141609 

Samnle Descriocion 
Sample Quantity 
Samnle Date/Time 
Acquire Start Date/Time 
Detector Name 
-1 . L. ;- 1 T' ~ apsea ~ve Kea_ ~me 

MARINELLI SOLID SAMPLE 
719.000 gram 

8-12-97 10:03:00 k~ 
8-14-97 2:33:00 AM 

LAB02 
6000 I 6003 seconds 

Comments: 
************************************************************************* 

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

------- ---------- -- - -- - - - -- ---- - - --- -
U-238 Not Detected - - -- - - -- - 3.47E+00 
TH-234 3.44E+00 9.09E-01 7 .4U-01 
RA-226 1.75E+00 7;53E-01 5.43E-01 
PE-214 5.12E-01 1.20E-01 6.34E-02 
BI-214 4.41E-01 9.21E-02 4. 86E.- 02 

TH-232 6.00E-01 3.04E-01 1.42E-01 
RA-228 6.39E-01 2.58E-01 1.36E-01 
AC-228 6.21E-01 2.80E-01 7.52E-02 
TH-228 7 .24E·01 2.52E-01 4.69E-01 
RA-224 6.49E-Ol 2.18E-01 7.22E-02 
PB-212 6.16E-01 l..llE-01 3.96E-02 
BI-212 7.03E-Ol 2.97E-01 2.80E-01 
TL-208 5.73E-01 1.32E-01 6.11E-02 

U-235 Not Detected --------- 2.40E-01 
7:1-231 Not: Dec:ected - - - - - - - - - 1.29E+01 
PA-231 Not: Detected - - - -- - - - - ,.42E•OO ~ TH-227 Not Detecced --------- 3.23E-01 
RA-223 Not Detected --------- 2 23E-01 - __.r,J) 
RN-219 - --- -- 3:58E-o'i 1v',r1-j_e/lu-l · r/rf';; ........ __ 

" ........ '- o-

PB-211 Not Detected --------- 8.12E-01 
TL-207 Not Detected - - - - -- - - - 1.29E+01 

li.M- 241 Not Detected --------- 4.98E-01 
PU-239 Not Detected --------- 4.39E+02 
NP-237 Not Detecced - - --- - - -- 2.77E-01 
P.l\.-233 Not Detected - - - - -- - - - 5.68E-02 
TE-229 Not Det:cted - - -- - -- - - 2.61E-01 



[Summary Report] - Sample ID: : 70141609 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected --------- 3.78E-02 
AG-110m Not Detected --------- 3.76E-02 
BA-133 Not Detected --------- 5.92E-02 

~ = i o 9~---.::;6..,.: ~~ 5:;:;:=---;~;.;=:------:-~ .,..: ~::-;~=:~::---;~:-:::----- ~ : ~ 6 ~ = g i ;/ ?r Je;(;c-M 
CD-115 Not Detected --------- 1.03E-01 
CE-139 Not Detected --------- 2.93E-02 
CE-141 Not Detected --------- 5.39E-02 
CE-144 Not Detected --------- 2.42E-01 
C0-56 Not Detected --------- 1.04E-01 
C0-57 Not Detected --------- 2.90E-02 
C0-58 Not Detected --------- 3.09E-02 
C0-60 Not Detected --------- 3.45E-02 
CR-51 Not Detected --------- 2.36E-01 
CS-134 Not Detected --------- 4.44E-02 
CS-137 7.31E-02 3.16E-02 2.18E-02 
EU-152 Not Detected --------- 8.71E-02 
EU-154 Not Detected --------- 1.74E-01 
EU-155 Not Detected --------- 1.53E-01 
FE-59 Not Detected --------- 7.19E-02 
GD-153 Not Detected --------- 1.11E-01 
HG-203 Not Detected --------- 3.02E-02 
I-131 Not Detected --------- 3.09E-02 
IR-192 Not Detected --------- 2.74E-02 
K-40 1.60E+01 2.37E+00 2.44E-01 
MN-52 Not Detected --------- 3.56E-02 
MN-54 Not Detected --------- 3.34E-02 
M0-99 Not Detected --------- 3.46E-01 
NA-22 Not Detected --------- 3.96E-02 
NA-24 Not Detected --------- 2.06E-01 
NB-95 Not Detected --------- 2.05E-01 
ND-147 Not Detected --------- 2.14E-01 .n~~~ 
NI-57 :.::::: 4.93E-02J1f,T~v1~--u· 
PB-210 Not Detected --------- 3.40E+01 
RU-103 Not Detected --------- 2.83E-02 
RU-106 Not Detected --------- 2.71E-01 
SB-122 Not Detected --------- 5.83E-02 
SB-124 Not Detected --------- 2.89E-02 
SB-125 Not Detected --------- 7.88E-02 
SN-113 Not Detected --------- 3.62E-02 
SR-85 Not Detected --··------ 3.53E-02 
TA-182 Not Detected· --------- 1.42E-01 
TA-183 Not Detected --------- 5.36E-01 
TC-99m Not Detected --------- 3.08E+00 
TL-201 Not Detected --------- 2.66E-01 
XE-133 Not Detected --------- 2.47E-01 
Y-88 Not Detected --------- 2.44E-02 
ZN-65 Not Detected --------- 9.63E-02 
ZR-95 Not Detected --------- 5.58E-02 



-

************************************************************************* 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [881 Laboratory] T 

* 8-14-97 6:00:36 AM T 

***********************************************************************T~ • 

: Analyzed by: ~ ,f )If I j ' Reviewed by: ;l4;r ~ 1tB h r : **TTTTTTT*TTTTTTTT~*****'~************TTTTTTTTTTTT~~*~************T*TT 
Customer · B.GALLOWAY/~AC (6682/SMO) 
Customer Samole ID 032494-002 
~ab Sample ID 70141610 

Sample Description 
Sample Quantity 
Samole Date/Time 
Acquire Start Date/Time 
Detector Name 
~lapsed Live/Real Time 

MARINELLI 
687.000 

8-12-97 
8-14-97 

LAB02 
6ooo I 

SOLID SAMPLE 
;ram 

10:09:00 AM 
4:17:53 AM 

6003 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error {pCi/gram) 
~------ - - - - - - - --- ---------- - -------- -
U-238 1.89E+OO 1. 67E+OO 2.45E+00 
TE-234 2.39E+00 6.88E-01 7.21E-01 
RA-226 Not Detected - ---- - - -- 5.37E-01 
PB-214 Not Detected - - ---- --- 6.64E-02 
BI-214 4.45E-01 9 .31E-02 4. 91E.- 02 

TE-232 6.71E-01 3.43E-01 1.39E-01 
RA-228 4.86E-01 1.90E-01 1. 71E-01 
AC-228 6.61E-01 8.08E-01 8.40E-02 
TE-228 6.70E-01 2.48E-Ol 4.52E-01 
RA-224 6.09E-01 2.41E-01 9.00E-02 
PB-212 6.48E-Ol l.29E-01 3.81E-02 
BI-212 7 .36E-Ol 3.12E-O:!. 2.66E-01 
TL-208 5.88E-01 4.98E-01 6.07E-02 

U-235 l.17E-01 9.E5E-02 1.40E-01 
TE-231 Not Detected - - - ------ J...31E+01 
P.<l.-231 Not Detected --------- 1.44E+00 
TE-227 Not Detected --------- 3.35E-01 
R..ll.- 223 Not Detected --------- 2.28E-01 
RN- 219 Not Detected --------- 3.58E-01 
!?B- 211 Not Detected - - - - -- - - - 8.15E-01 
TL-207 Not Detected --------- 1.35E+01 

AM-241 Not Detected --------- 4.75E-01 
PU-239 Not Detected --------- 4.39E+02 
N!?-237 Not Detected --------- 3.98E-01 
!?.'".- 233 Not Detected - - - - -- -- - 5.60E-02 
TE-229 Not Detected --------- 2.56E-01 



[Summary Report] - Sample ID: : 70141610 

Nuclide 
Name 

Activity 
(pCi/graml 

2-sigma 
Error 

MDA 
(pCi/graml 

AG·108m Not Detected --------- 3.95E-02 
AG-llOm Not Detected --------- 3.15E-02 . ~ 
EA-133 Not Detected --------- 6.02E-02 ~c / 
~~= {o9 ___ N_o_t-=~-=-~::,~~,.,i=-t,... ~;..:~:------~;-=-'>:;:..; :..,_::-----::,_,~,...-----~: ~~~~~~ #:?r)J~r /i- )t t) 7 
CD-115 Not Detected --------- 1.08E-01 
CE-139 Not Detected --------- 2.90E-02 
CE-141 Not Detected --------- 5.30E-02 
CE-144 Not Detected --------- 2.43E-01 
C0-56 Not Detected --------- 3.56E-02 
C0-57 Not Detected --------- 3.02E-02 
C0-58 Not Detected --------- 3.21E-02 
C0-60 Not Detected --------- 3.40E-02 
CR-51 Not Detected --------- 2.30E·01 
CS-134 Not Detected --------- 4.59E-02 
CS-137 1.37E-02 5.47E-03 1.84E-02 
EU-152 Not Detected --------- 9.08E-02 
EU-154 Not Detected --------- 1.81E-01 
EU-155 Not Detected --------- 1.50E-01 
FE-59 Not Detected --------- 7.17E-02 
GD-153 Not Detected --------- 1.08E-01 
HG-203 Not Detected --------- 3.27E-02 
I-131 Not Detected --------- 3.31E-02 
IR-192 Not Detected --------- 2.61E-02 
K-40 1.69E+01 2.52E+00 2.72K-01 
MN-52 Not Detected --------- 3.56E-02 
MN-54 Not Detected --------- 3.33E-02 
M0-99 Not Detected --------- 3.82E-01 
NA-22 Not Detected --------- 3.92E-02 
NA-24 Not Detected --------- 2.11E-01 
NE-95 Not Detected --------- 2.16E-01 
ND-147 Not Detected --------- 2.21E-01 
NI-57 Not Detected --------- 1.03E-01 
PE-210 Not Detected --------- 3.54E+01 
RU-103 Not Detected --------- 2.86E-02 
RU-106 Not Detected --------- 2.82E-01 
SE-l22 Not Detected --------- 5.84E-02 
SE-124 Not Detected --------- 3.18E-02 
SE-125 Not Detected --------- 7.92E-02 
SN-113 Not Detected --------- 3.66E-02 
SR-85 Not Detected --------- 3.70E-02 
TA-182 Not Detected --------- 1.46E-01 
TA-183 Not Detected --------- 5.14E-01 
TC-99m Not Detected --------- 3.74E+00 
TL-201 Not Detected --------- 2.70E-01 
XE-133 Not Detected ·-------- 2.55E-01 
Y-88 Not Detected --------- 2.68E-02 
ZN-65 Not Detected --------- 1.0lE-01 
ZR-95 Not Detected --------- 5.63E-02 



-

-

-

TTTT++++TTT+T+++++++++++++++******************************************+T+ 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [88~ Labc=ato~·: • 
T 8-~4-97 9:~6:52 AM T 

*************************************~***************~*************••••* 

:*~:;r;;~*~r~*~::;?* ****~~*~J;*:***T~;~!;~;~*~r~**~Jiu~J**********·: 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole : 032495·002 
Lab Sample ID 70~4~611 

Samole Desc=iotion 
Samole Quantity 
samole Date/Time 
Acquire Start Date/Time 
Decector Name 
2lapsed Live/Real Time 

MARINELLI 
608.000 

8-12·97 
8·14-97 

LAB02 
6000 I 

SOIL SAMPLE 
gram 

10:41:00 AM 
7:34:0S AM 

6002 seconds 

Comments: 
**********************************************************************TT+ 

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

------- - - - - - -- - -- ---------- ----------
U·238 Not Detected --------- 3.S6E+00 
TE-234 Not Detected --------- 7.25E-01 
RA-226 1.54E+OO 6 .SlE-01 S.~OE-01 
PB-214 5.14E-01 1.1SE-01 7.50E-02 
EI-2H 4.76E-O~ lASE-D~ S. SSE.- 02 

TH-232 7.23E-01 4.0SE-0~ 1.47E-O~ 
R.r.-228 S.62E-O~ 1.84E-01 l.S6E-O~ 
AC-228 S.99E-01 1.83E-01 8.22E-02 
TH-228 6.~5E-0~ 2.S4E-01 S.02E-O~ 
R.ll.- 224 S.6SE-01 2. 3 7E- 01 7.83E-02 
PB-212 6.~0E-01 1.07E-01 4.2SE-02 
EI-212 7.22E-0~ 3.S9E-Ol 3 .llE-01 
TL-208 S.6SE-01 1.27E-01 7.09E-02 

U-23S Not Detected --------- 2.S1E-01 
TH-231 Not Detected --------- 1.36E+D~ 
P.r.-231 Not Detected --------- l.SSE+DO 
TE-227 Not Detected --------- 3.SOE-01 
R.ll.-223 Not Detected --------- 2.37E-01 
RN-219 Not Detected --------- 4.~2E-01 
PE-211 Not Detected --------- 9.~7E-01 
TL-207 Not Detected --------- ~.S~E+O~ 

11.111-241 Not Detected --------- S.O~E-01 
PU-239 Not Detected --------- 4.70E+02 
NP-237 Not Detected --------- 3.44E-0~ 
PA-233 Not Detected --------- 6.10E-02 
TE-229 Not Detected --------- 2.62E-O~ 



[Summary Report] - Sample ID: : 70141611 

Nuclide 
Name 

AG-108m 
AG-110m 
EA-133 
EE-7 
CD-109 
CD-115 
CE-139 
CE-141 
CE-144 
C0-56 
C0-57 
co-sa 
C0-60 
C!'.-51 
cs -134 
cs -137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
liG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
m'.-22 
NJ>.- 24 
~"3-95 
ND-147 
NI-57 
PS-210 
Ru-103 
R'J-106 
S3-122 
SB-124 
S!:-125 
SN-113 
SR-85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
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 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

l. 51E+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
No.t 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 

2.32E+00 

MDA 
{pCi/gram) 

4.21E-02 
3.44E-02 
6.62E-02 
2.67E-01 
l.17E+00 
l. 24E- 01 
3.1SE-02 
5.7SE-02 
2.58E-01 
l.23E-01 
3.21E-02 
3.42E-02 
3.68E-02 
2.47E-01 
4.94E-02 
3.82E-02 
9.64E-02 
l.95E-01 
l.54E-01 
7.3SE-02 
l.11E-01 
3.40E-02 
3.49E-02 
2. 82E.- 02 
2. 79E-- 01 
3. 96E-02 
3. 72E-02 
3.99E-01 
4.54E-02 
2.4SE-01 
2.30E-01 
2.28E-01 
5.47E-02 
3.72E+01 
3.12E-02 
3.15E-01 
6.43E-02 
3.37E-02 
8.16E-02 
4.0:!.E-02 
4.09E-02 
l.52E-01 
5.52E-01 
5.25E+00 
2.97E-01 
2.74E-01 
3.01E-02 
1.07E-01 
S.SSE-02 



-

-

-

.. .. .. 
Sandia Naci~l Laboratories 

Ra.dia::ion Proteccion Sample Diagnostics Progra.Jn (SBl Labora::cryl 
B-14-97 11:01:33 AM 

• 
• 
• 

: .................. *****9***********d****L*********************~*** .... ~ .... l ........................... : 
* Analyzed by: !i If J'7 Reviewed by: ·· ~ l~ ~~ * 
******************* ***** ** ********~************ **T ***************** 
Customer : B.GALLOWAY/~AC (6682/SMO) 
Customer Sample ID 032496-002 
Lab Sample ID 70141612 

Sample Description 
Sample Quantity 
Sample Date/Time 
Accruire Start Date/Time 
Deiector Name 
~lapsed Live/Real Time 

MARINELLI 
612.000 

8-12-97 
8-14-97 

LAB02 
6000 I 

SOIL SAMPLE 
gram 

10:45:00 AM 
9:19:00 AM 

6002 seconds 

Comments: 
*********************************7*************************************** 

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

------- ---------- ------- ....... ----------
U-238 Not Detected --------- 3.35E+00 
TH-234 Not Detected --------- 7.92E-01 
RA-226 1.18E+00 5.89E-01 5.91E·Ol 
PB-214 4.67E-01 l.l6E-01 7.29E-02 
BI-214 4.60E-01 l.OOE-01 5 .14E.- 02 

TE-232 5.41E·Ol 3.05E-Ol 1.57E-01 
R.ll..-228 S.SOE-01 1.98E·01 1.41E-01 
.ll.C-228 Not Detected --------- 1.89E-Ol 
TE-228 <;.21E·01 2.05E-Ol 4.68E-Ol 
R..1l..- 224 5. 71E-Ol 2.88E-Ol 8.25E-02 
PB-212 5.92E-Ol l.03E-01 4.04E-02 
BI-212 4.58E-Ol 4.71E-Ol 2.83E-Ol 
'?L-208 S.34E-01 3.3lE-01 6.60E-02 

U-235 Not Detected --------- 2.39E-01 
TE-231 Not Detected ----·---- l..2.6E~OJ.. 
PA-231 Not Detected --------- l.43E+00 
'!"r!- 227 Not Detected --------- 3.36E-Ol 
R..l\.- 223 Not Detected 

____ ,... ____ 
2.16E-Ol 

RN-219 Not Detected --------- 3.62E-Ol 
!?B-211 Not: Detected --------- 8 .19E-Ol 
TL-20? Not Detected --------- 1. 35E+01 

~"!- 241 Not Detected --------- 4.67E-01 ~ ?0-2:!9 Not Detec::ed ---·----- 4- 4~£;.02 .::ref ,;;r-u:J;J NP-237 - . -- -- - ~-- ---. _.,._ -- -- ....... _ -- 2.3-E-Dl;t/ tf-/(J'j PA-233 Not Detected --------- 5.9EiE-02 T;{-229 Not Detected --------- 2.SOE-01 



[Summary Report] - Sample ID: : 70141612 

Nuclide 
Name 

AG-lOBrn 
AG-llOrn 
BA-133 
BE-7 
CD-109 
CD-115 
CE-139 
CE-141 
CE-144 
C0-56 
C0-57 
C0-58 
C0-60 
CR-51 
CS-134 
CS-137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-57 
PB-210 
RU-103 
RU-106 
SB-122 
SB-124 
SB-125 
SN-113 
SR- 85 
TA-182 
TA-183 
TC-99rn 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR-95 

Activity 
(pCi/gramJ 

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 

1.65E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

l. 45E+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Det:ect:ed 
Not Detected 
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 

2-sigma 
Error 

2.2SE-02 

2.27E+OO 

MDA 
(pCi/gramJ 

3.82E-02 
3.49E-02 
6.25E-02 
2.47E-01 
7.99E-01 
l.20E-01 
3.02E-02 
5.47E-02 
2.39E-Ol 
1.22E-01 
3.04E-02 
3.27E-02 
3.63E-02 
2.42E-01 
4.78E-02 
l. SBE-02 
9.14E-02 
1. 74E-01 
1.54E-01 
7.50E-02 
l. OSE- 01 
3.26E-02 
3.34E-02 
2.76E-02 
2.71&-01 
4.01E-02 
3.74E-02 
3.82E-01 
4.21E-02 
2.98E-Ol 
2 .. 2~:::-01 
2.30E-01 
l.22E-01 
3.58E+01 
3.15E-02 
3.03E-01 
6.66E-02 
3.17E-02 
8.37E-02 
3.86E-02 
4.00E-02 
1.38E-01 
5.24E-01 
6.23E+OO 
2.84E-Ol 
2.67E-01 
3.04E-02 
9.47E-02 
5.79E-02 



-

--

-

~T~~~T*T~*************~*-~****YW·W~;;y~W************************~*T**~~~~ 

* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [861 Laboratory] * 
* 8-14-97 ~2:46:12 PM * 
•**~**************T*Y+~*******************************~********y~******** 

; Analyzed by::::;.:: t'lu/s? Reviewed by: V..i('z.\!3k) : 
****************** *****'!*************r**********~****ii************* 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole ID 033949-002 
Lab Sample ID 70141613 

Sample Description 
Sample Quantity 
Samole Date/Time 
AcaUire Start Date/Time 
Detector Name 
Elapsed Live/Real ~ime 

MARINELLI 
552.000 

8-12-97 
8-14-97 

LAB02 
6ooo I 

SOIL SAMPLE 
gram 

10:49:00 AM 
11:03:37 AM 

6002 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2-sioma MDA 
Name (pCi/gram) Error (pCi/gram) __ ,.. ____ ....................... ............................ ... ......................... 

U-238 Not Detected --------- 3.85E+00 
TH-234 9.09E-01 4.73E·01 7.68E-01 
RA-226 1.56E+00 9.97E-01 5.97E-Ol 
PB-214 5. 72E-01 1. 27E- 01 8.20E-02 
EI-214 5.13E-Ol 2.55E·Ol 5. 9 7E.- 02 

TH-232 6.33E·01 3.SOE·O~ 1.63E-Ol 
~.-228 5.69E-Ol 2.31E-01 1. 6BE-Ol 
P..C- 228 6. 9~E- 01 2.08E·O~ 7.91E-02 
T"t::-228 6 .47E·Ol 2.60E-01 5.39E·Ol 
RA-224 6.40E-Ol 3.11.E-01 7.94E-02 
PB-212 6.48E-Ol 1.98E-Ol 4.63E-02 
BI-212 7.24E-Ol 4.1..3E-Ol. 3 . .:0E-01 
TL-208 5.44E-Ol 1.29E-01 7.51E-02 

U-235 Not Detected --------- 2.68E·O~ 
TE-231 Not Detected --------- 1. 39E+Ol 
PA-231 Not Detected --------- 1.62E+00 
'!'H-227 Not Detected --------- 3.BOE-01 
RA-223 Not Detected --------- 2.42E-01 
RN-219 Not Detected --------- 4.37E-01 
PB- 211 Not Detected --------- 1. OOE+OO 
TL-207 Not Detected --------- 1.54E+Ol 

AM-241 Not Detected --------- 5.33E-Ol 
PU-239 Not Detected --------- 4.9BE+02 
NP-237 Not Detected --------- 4 .21E·01 
PA-233 Not Detected --------- 6 .47E-02 
TH-229 Not Detected --------- 2.80E-01 

------------- - ··- --·---------



[Summary Reporc] - Sample m: : 70l.4l.6l.3 

Nuclide Accivicy 2-sigma MDA 
Name (pCi/graml Error (pCi/graml 

------- ---------- - - -- ------ ----------
AG-108m Noc Dececced --------- 4.47E-02 
AG-110m Not Decected -------- ... 3.89E-02 
BA-133 Not Detected --------- 7 .28E-02 -;). -:;) 

~if~/7; BE-7 Not Detected - - --- ---- 2.81E-01 ---
CD-109 :.:J:,c: - -.- -· l.14E+OOP.,.:T,; ~. ..... --- ~-

CD-115 Not Detected --------- l.35E-01 
CE-139 Not Detected - ------ - ... 3.24E-02 
CE-141 Not Detected --------- 6.00E-02 
CE-144 Not Detected ---- - - --- 2.71E-01 
C0-56 Not Detected ---- - - --- 4.39E·02 
C0-57 Not Detected - - - - - ---- 3.30E-02 
C0-58 Not Detected - - --- ---- 3.65E-02 
C0-60 Not Detected - -- ------ 3.93E-02 
CR·51 Not Detected ---·----- 2.74E-01 
CS-134 Not Detected --------- 5.41E·02 
CS-137 3.27E-02 l.93E·02 2.14E-02 
EU-152 Not Detected ---- - - - - - 9.90E·02 
EU-154 Not Detected --- - ---- - 2.06E-01 
EU-155 Not Detected -- --- - --- l. 63E- 01 
FE-59 Not Detected - - --- - - -- 8.23E·02 
GD-153 Not Detected -- ------- l.19E-01 
HG-203 Not Detected ---- -- - - - 3-57E-02 
I-131 Not Detected - ---- -- -- 3.73E-02 
IR-192 Not Detected -- --- ---- 3.09E-02 
K-40 1.74E+01 2.6SE+OO 3 .06E:-01 
MN-52 Not Detected --------- 4.58E-02 
MN-54 Not Detected - - - - - ---- 3.99E·02 
M0-99 Not Detected - - --- -- -- 4.42E-01 
NA-22 Not Dete::ted --------- 4.8SE-02 
NA-24 Not De:ected - - --- ---- 3.70E·01 
L'T9- 95 !-; 'J t ::;:.:£::~£~ ------- - 2.57E-C:!. 
ND-147 Not Detected --- - - - - - - 2.63E-01 
NI-57 Not Detected ------ -- - l.45E-01 
PB-210 Not Detected -- - - - - - - - 3.94E+01 
RU-103 Not Detected - -- - - ---- 3.2SE·02 
RU-106 Not Detected - - - - - - --- 3.30E-01 
SB-122 Not Detected --- -- --- - 7.40E-02 
SB-124 Not Detected --- -- - - -- 3.7SE-02 
SB-125 Not Detected --- - - - - - - 9.10E-02 
SN-113 Not Detected -- -- - - - - - 4.27E-02 
SR·SS Not Detected --------- 4.44E-02 
TA·182 Not Detected - - - - - --- - l.69E-01 
TA-183 Not Detected - - - - - - --- 6.05E-01 
TC-99m Not Detected --- - - - --- 8.26E+00 
TL-201 Not Detected ---- - - - - - 3.17E-01 
XE-133 Not Detected ------~-- 2.96E-01 
Y·88 Not Detected -- ~ - ----- 2.93E-02 
ZN-65 Not Detected --- - - - - - - l.16E- 01 
ZR-95 Not Detected -------~~ 6.58E-02 



-

-

-

TTTTT+T++TTT+++++++++++++++++++++++++++++++++++++++++++++++++++TTTTTTTTTT 

* Sandia National Laboratories ~ 
* Radiation Protection Sample Diagnostics Program [881 Labo~ato=y] ~ 
* 8-14-97 2:30:46 PM ~ 
**********************************************************************~** 

:*~:;r;;~*~r~*r*** ****;/aL~?*****~;!~;~;~*~r~~JipJft**~*~""""~*~: 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole I. : 033951-002 
Lab Sample ID 70141614 

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

MARINELLI 
641.000 

8-12-97 
8-14-97 

LAB02 
6ooo I 

SOIL SAMPLE 
gram 

11:04:00 AI."! 
12:48:16 PM 

6002 seconds 

Comments: 
************************************************************************* 

Nuclide Jl.ctivity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) 

------- ---------- - - - ---- - - - ---- - - - - - -
U-238 Not Detected - - - - - -- - - 3.26E+00 
TH-234 6.30E-01 4.57E-01 6.46E-01 
RA-226 1. 06E+00 6.17E-01 S.SSE-01 
PB-214 3.63E-01 1.08E-01 7.16E-02 
BI-214 3.35E-01 9.95E-02 5.01E-02 

TH-232 3.89E-01 2.43E-01 l.EOE-01 
RA-228 3.46E-01 1. 47E- 01 1.45E-01 
AC-228 Not: Detected - - -- - - - -- 1.68E-01 
TH-228 3.19E-01 1.90E-01 4.62E-01 
RA-224 4.42E-01 1. 81E-01 7.00E-02 
P3-212 4.l7E-Ol LO/S-01 3.60E-02 
EI- 212 s.1r=.-:1 3.31E-Ol 2.46E-01 
TL-208 3.63E-Ol 1. 24E- 01 6.05E-02 

U-235 Not Detected - -- - -- - - - 2.30E-01 
TE-231 Not Detected -- - -- -- - - 1.18E+01 
PA-231 Not Detected --------- 1.43E+OO 
TH-227 Noc Detected - - - - -- - - - 2.96E-01 
RA-223 Noc Detect:ed - - - - - - - -- 2.12E-01 
RN-219 Not Detected - - - . . - - - . 3.49E-01 
PB-211 Not Detected . - - . - - - - - 7.98E-01 
TL-207 Not Detected - - - . -- . - - 1.27E+Ol 

AM-241 Not Detected - - . . - - - - . 4.51E-01 
PU-239 Not Detect:ed --------- 4.24E+02 
NP-237 Not Detected -----·-·- 3.57E-01 
PA-233 Not Detected --------- S.SSE-02 
TF.-229 Not Detected --------- 2.45E-01 



[Summary Report] - Sample ID: : 70141614 

Nuclide 
Name 

AG-108m 
AG-llOm 
BA-133 
BE-7 
CD-109 
CD-115 
CE-139 
CE-141 
CE-144 
C0-56 
C0-57 
C0-58 
C0-60 
CR-51 
CS-134 
cs -13 7 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
!R-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
Nf..- 24 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

Not Detected --------- 3.71E-02 
Not Detected --------- 3.15E-02 
Not Detected --------- 5.68E-02 

2.38E+00 7.40E-01 1.66E-01 
Not Detected --------- 1.16E+OO 
No~ Detected --------- 1.14E-01 
No~ Detected --------- 2.83E-02 
Not Detected --------- 5.17E-02 
Not Detected --------- 2.36E-01 
Not Detected --------- 3.77E-02 
Not Detected --------- 2.90E-02 
Not Detected --------- 2.96E-02 
Not Detected --------- 3.52E-02 
Not Detected --------- 2.43E-01 
No~ Detected --------- 4.34E-02 

2.04E-02 3.32E-02 2.01E-02 
Not Detected --------- 8.72E-02 
No~ Detected --------- 1.72E-01 
Not Detected --------- 1.41E-01 
Not Detected --------- 7.24E-02 
No~ Detected --------- 1.03E-01 
No~ Detected --------- 3.13E-02 
No~ Detected --------- 3.22E-02 
Not Detected --------- 2.79&-02 

1.66E+01 2.49E+00 2.39£-01 
Not Detected --------- 3.30E-02 
Not Detected --------- 3.35E-02 
Net ~etected --------- 3.78E-01 
Not Detected --------- 4.27E-02 
Not Detected --------- 3.17E-01 

~~!~ 7------~--~-~~~~·~~~~~~~-~~~~g ____ :~~~~~~~.~~~~:~~~~~-------~:~!i~~~~~~ef~~~~/(r~~ 
PB-210 Not Detected --------- 3.33E~01 ~~ 
~U-103 Not Detected --------- 2.80E-02 
RU-106 Not Detected --------- 2.76E-01 
SB-122 Not Detected --------- 6.27E-02 
SE-124 Not Detected --------- 3.15E-02 
SE-125 Not Detected --------- 7.87E-02 
SN-113 Not Detected --------- 3.50E-02 
SR-85 Not Detected --------- 3.48E-02 
TA-182 Not Detected --------- 1.36E·01 
TA-183 Not Detected --------- 5.05E-01 
TC-99m Not Detected --------- 8.67E+00 
TL-201 Not Detected --------- 2.65E-01 
XE-133 Not Detected --------- 2.53E-01 
Y-88 No~ Detected --------- 2.61E-02 
ZN-65 Not Detected ------·-- 8.79E-02 
ZR-95 Not Detected --------- 5.48E-02 



-

-

-

.. .. .. 
Sandia National Laboratories 

Radiation Protection Sample Diagnostics Program [881 Labora~cry; 
8-16-97 9:13:04 PM 

• 

********************************************************************~~*** 

: Analyzed by: q. i ~ J In Reviewed by: ..4--8\18(~-:y : 
******************* ******t;************************r***l*r************** 
Customer : B.GALLOWAY/~AC (6682/SMO) 
customer Samnle ID 033952-002 
Lab Sample ID 70141627 

Sample Description 
Samnle Quantity 
Samole Date/Time 
Accrtiire Start Date/Time 
Detector Name 
~lapsed Live/Real Time 

MARINELLI 
742.000 

8-12-97 
8-16-97 

LAB02 
6000 I 

SOLID S.ll.J."!PLE 
gram 

11 : 12 : 0 0 Jl.i"! 
7:30:20 PM 

6003 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) ____ ,. __ ---------- - -- - - -- --- ----------

U-238 2.05E+00 1.58£.;.00 2.31E+OO 
TH-234 2.40E+00 8.99E-01 6.85E-01 
RA-226 1. 41E+00 5.29E-01 5.65E-01 
PB-214 5.22E-01 1.18E-01 6.67E-02 
BI- 214 5.26E-01 1.12£-01 4.50E-02 

TH-232 5.33E-01 3 .. 12E-Ol. 1. 27E- 01 
RA-228 6.53E-01 2.69E-01 1.4o7E-01 
AC-228 5.S3E-01 1. 79E-01 7.73E-02 
TH-228 S.S9E-01 2. 37E- 01 4.8SE-01 
RA-224 6.11E-01 1.99~-01 7.19E-02 
PB-212 5.S2E-01 5.76E-01 3.70E-02 
BI-212 8.32E-01 4.442-01 3.08E-01 
TL-208 5.45E-01 1. OSE.;.QQ 6.04E-02 

U-235 Not Detected - -- - -- - - - 2.30E-01 
TH-231 Not Detected - - - - -- --- 1.23E~Ol 
?A-231 Not Detected --------- l.35E+OO 
TH-227 Net Detected - - - -- -- - - 3.15E-01 
RA-223 Not Detected - - - - - - - -- 2.44E-Ol 
:::rn-219 Not Decected - - - - - --- - 3.64E-01 
PB- 211 Not Detected - -·------ - 8.29E-01 
TL-207 Not Detected --------- 1.34E+Ol 

Jl.M- 2 4l Not Det.ected ---------
!:~~~:~~ jf.~~~ ~/rj/5 PU-239 Not Detected - - - - --- - -

NP-237 - --- "- . "- ". -.- ... _ ~- -. --- -- 2 . 6 7E- 0 1 r/• ., 
PA-233 Not Detected - - - - - - - -- 5.63E-02 
TH-229 Not Detected - - - -- - - - - 2.49E-0:!. 



[Sununary Report] - Sample ID: : 70141627 

Nuclide 
Name 

Acdvity 
(pCi/gram) 

AG-108rn Not Detected 
AG-110rn Not Detected 
BA-133 Not Detected 
BE-7 Not Detected 
CD-109 Not Detected 
CD-115 Not Detected 
CE-139 Not Detected 
CE-141 Not Detected 
CE-144 Not Detected 
C0-55 Not Detected 
C0-57 Not Detected 
C0-58 Not Detected 
C0-60 Not Detected 
CR-51 Not Detected 
CS-134 Not Detected 
CS-137 2.11E-01 
EU-152 Not Detected 
EU-154 Not Detected 
EU-155 Not Detected 
?E-59 Not Detected 
GD-153 Not Detected 
HG-203 Not Detected 
I-131 Not Detected 
IR-192 Not Detected 
K-40 1.72E+01 
MN-52 Not Detected 
MN-54 Not Detected 
M0-99 Not Detected 
NA-22 Not Detected 
NA-24 Not Detected 
NE-95 Not Detected 
ND·l47 N-- :;=ec~ed 

2-sigma 
Error 

9.46E-02 

2.55E+00 

MDA 
(pCi/gram) 

3.80E-02 
4.7lE-02 
5.98E-02 
2.65E-01 
9.10E-01 
2.33E-01 
2.85E-02 
5.44E-02 
2.34E-01 
3.60E-02 
2.96E-02 
3.09E-02 
3.30E-02 
2.43E-01 
4.32E-02 
2.09E-02 
8.84E-02 
1.77E-01 
1.43E-01 
7.26E-02 
1.04E-01 
3.12E-02 
3.98E-02 
2. 70E.- 02 
2.41E·-01 
4.90E-02 
3.23E-02 
6.62E-01 
3.95E-02 
3. 57:::.;.00 
3.33E-C1 
2. • .SOE-01 

NI-57 Not Detected --------- 3.24E-01 
?B-210 Not Detected --------- 3.45E+01 
RU-103 Not Detected --------- 3.01E-02 ,...,... 1 
RU-106 Not Detected --------- 2.86E-01 ~--fi ~A:;? 
SB-122--------~=~-~:~:~:~:~:----~-7.~-~--~-~-~-------6.08E-02,v< ~~~ 
SB-124 Not Detected --------- 3.01E-02 
SB-125 Not Detected --------- 7.80E-02 
SN-113 Not Detected --------- 3.55E-02 
SR-85 Not Detected --------- 3.59E-02 
TA-182 Not Detected --------- 1.40E-01 
TA-183 Not Detected --------- 7.04E-01 
TC-99rn Not Detected --------- 4.71E+03 
TL-201 Not Detected --------- 4.69E-01 
XE-133 Not Detected --------- 5.42E-01 
Y-88 Not Detected --------· 2.08E-02 
ZN-65 Not Detected --------- 9.60E-02 
ZR-95 Not Detected --------- 5.77E-02 



.. .. 
* 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [881 Laboratory] 

8-14-97 4:42:41 PM 

.. .. 
TT+++++T++++T++++++++++++++T+++++T++++T+T+TT+++++++T+++++++++++T++T+TTT~* 

- : .. ~~;~;;~ .. ~~~ .. :::?: .... !L!..ILZ ........ **~;~~;~;~ .. ~~~ .. t~li~kt ...... ** ...... TTT: 
Customer **~*' : B.GALLOWAY/MAC (6662/SMO) 
Customer Sample ID 033953-002 
Lab Sample ID 70141615 

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

MARINELLI 
708.000 

8-12-97 
8-14-97 

LAB02 
6000 I 

SOLID SAL'1PLE 
gram 

11:33:00 jl_ll.j 

3:00:02 PM 

6003 seconds 

Comments: 
+++++~++++++++++++++++++++++++++*************************************TTT+ 

Nuclide Activity 2-sigma MDA 
Name ( pCi I gram) Error (pCilgram) 
~------ - ---- - -- -- -- - ---- - - - ----------
U-238 Not Detected - - - -- --- - 3.27E+00 
TH-234 9.69E-01 5.43E-01 6.53E-01 
RA-226 1. 35E+00 7.51E-01 5. 7lE-01 
PB-214 5.73E-01 l.lSE-01 6.65E-02 
BI-214 5.04E-Ol 9.93E-02 5. 02E.- 02 

TH-232 6.22E-01 3.20E-01 1.53E-01 
RA-228 Not Detected --------- 1.43E-01 
AC-228 6.04E-01 1.59E-Ol 7.65E-02 
TH-228 6.36E-01 9.96E-02 4.82E-01 
RJ\.- 224 6.63E-01 2. 12E- Ol S.07E-02 
?B- 212 6.01E-01 :...362-01 3.73E-02 
BI-212 7.61E-01 3.86E-Ol 3.11E-01 
TL-208 5.66E-01 1.33E-01 6.50E-02 

U-235 Not Detected --------- 2.37E-01 
TH-231 Not Detected --------- 1. 26E+Ol 
PA-231 Not Detected --------- 1.41E+OO 
TH-227 Not Detected -- - - - -- - - 3.25E-01 
P~"--223 Not Detected --------- 2.24E-Ol 
R.."J- 219 Not Detected --------- 3.64E-01 
PB-211 Not Detected. - - - - - - - -- 8.20E-01 
TL-207 Not Detected --------- 1. 29E+01 

AM-241 Not Detected --------- 4.81E-01 
PU-239 Not Detected - -- --- -- - 4.40E+02 
NP-237 Not Detected --------- 2.90E-Ol 
PA-233 Not Detected - - - - - -- - - 5.56E-02 
TH-229 Not Detected --------- 2.41E-01 



[Summary Report] - Sample ID: : 70141615 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sicma 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected --------- 3.88E-02 
AG-110m Not Detected --------- 3.45E-02 
BA-133 Not Detected --------- 6.31E-02 ~ 
BE-7 Not Detected --------- 2.72E-01 .,.--//0/J 
CD-109--------~:~.~:~:~:~e~:-----=:~.~:.~-:~.:~:~-------9.87E-01fll~eJ~~~~ ;j; 
CD-115 Not Detected --------- 1.23E-01 , ;P 
CE-139 Not Detected --------- 2.87E-02 
CE-141 Not Detected --------- 5.27E-02 
CE-144 Not Detected --------- 2.34E-Ol 
C0-56 Not Detected --------- 3.61E-02 
C0-57 Not Detected --------- 2.98E-02 
C0-58 Not Detected --------- 3.21E-02 
C0-60 Not Detected --------- 3.82E-02 
CR-51 Not Detected --------- 2.37E-01 
CS-134 Not Detected --------- 4.60E-02 
CS-137 3.55E-02 2.01E-02 2.06E-02 
EU-152 Not Detected --------- 8.94E-02 
EU-154 Not Detected --------- 1.77E-01 
EU-155 Not Detected --------- 1.45E-01 
FE-59 Not Detected --------- 7.35E-02 
GD-153 Not Detected --------- 1.05E-01 
HG-203 Not Detected --------- 3.14E-02 
I-131 Not Detected --------- 3.30E-02 
IR-192 Not Detected --------- 2.75E-02 
K-40 1.84E+01 2.70E+00 2.34B-01 
MN-52 Not Detected --------- 3.61E-02 
MN-54 Not Detected --------- 3.63E-02 
M0-99 Not Detected --------- 4.01E-01 
NA-22 Not Detected --------- 4.32E-02 
NA-24 Not Detected --------- 3.37E-01 
NB-95 Not Detected --------- 2.26E-01 
ND-147 Not Detected --------- 2.22£-01 
NI-57 Not Detected --------- 1.32E-01 
PB-210 Not Detected --------- 3.36E+Ol 
RU-103 Not Detected --------- 2.89E-02 
RU-106 Not Detected --------- 2.95E-01 
SB-122 Not Detected --------- 6.56E-02 
SB-124 Not Detected --------- 3.05E-02 
SB-125 Not Detected --------- 8.21E-02 
SN-113 Not Detected --------- 3.69E-02 
SR-85 Not Detected. --------- 3.63E-02 
TA-182 Not Detected --------- 1.43E-01 
TA-183 Not Detected --------- 5.52E-01 
TC-99m Not Detected --------- 1.08E+01 
TL-201 Not Detected --------- 2.94E-01 
XE-133 Not Detected --------- 2.82E-01 
Y-88 Not Detected --------- 2.59E-02 
ZN-65 Not Detected --------- 9.99E-02 
ZR-95 Not Detected --------- 5.66E-02 



-

.-

-

,. 
,. 
,. 

Sandia National Laboratories 
Radiation Protection Sample Diagnostics Program (881 Laboratc~J 

8-14-97 6:27:25 PM 

,. 
.. 

**********************************************************************~** 

:Analyzed by:# fJ,r/r-; Reviewed by: Jkgfttl~{ : ,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,.,. ,. ,.,.,.,.,.~,_,.,.,. .... ,.,. .. ,..,.,.,.,.,.,.,.,.,.,.,.,.,.~,.,.!,.~ ...... ,. .................. .. 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Sarnole ID 033954-002 
Lab Sample ID 70141616 

Sample Description 
Sa.'nple Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
685.000 

8-12-97 
8-14-97 

LAB02 
6ooo I 

SOLID SAMPLE 
gram 

11:29:00 AM 
4:4.4:46 PM 

6002 seconds 

Comments: 
************************************************************************* 

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

------- - - - ------- - --- - - - - - - ----------
U-238 Not Detected - - --- - - -- 3.20E+OO 
TH-234 l. 23E+OO 5.20E-01 6.48E-01 
«.A-226 l. 46E+OO 6.01E-01 5.46E-01 
PB-214 4.53E-01 l.10E-01 6.65E-02 
BI-214 4.21E-Ol 7.90E-01 4.57E-02 

TF.-232 5.50E-01 3.11E-01 l. 51E- 01 
:t.l\.-228 5.43E-01 2.00E-01 l.31E-01 
.l\.C-228 5.12E-01 l. 87E-01 7.66E-02 
TF.-228 7.32E-01 2.42E-01 4.49E-01 
RA-22'1. 6.34E-Ol 2.84E-01 9 .13E-02 
PB- 212 S.SSE-01 l. 01E-01 3.87E-02 
BI-212 5.46E-01 2.6:::-:::-o: 2.82:::-01 
TL-208 4.S3E-01 l.:.OE-01 o.25E-G2 

u-235 Not Detected ------ ....... - 2.26E-Ol 
TF.-231 Not Detected - - -- - - - - - l. 20E+01 
::Jl.-231 Not Detected -- - - - -- - - l. 38E.;.00 
TF.-227 Not Detected - --- -- - - - 3.17E-01 
:t.l\.-223 Not Detected - - -- - - - - - 2 .llE-01 
R.i.'!- 219 Not Detected - ---- - - - - 3.67E-01 
?3-211 Not: Det:ected - - - - - -- -- 7.95E-01 
TL-207 Not Detect:ed - - - - - - - - - 1.32E+01 

Al.'1- 241 Not Detected - - - - - - - - - 4.65E-Ol 
?U-239 Not Detect:ed - -- -- - - - - 4.28E+02 
NP-237 Not Detected - - - - - - - - - 2.69E-01 
?A-233 Not Detect:ed - - - - -- -- - 5.53E-02 
T!:!-229 Not Detected - - - - - - - - - 2.41E-01 

------------ -~·~·····-------



[Summary Report] - Sample ID: : 70141616 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected --------- 3.92E-02 
AG-110m Not Detected --------- 3.48E-02 
EA-133 Not Detected --------- S.SSE-02 
BE-7 Not Detected ----·---- 1.72E-01 
CD-109--------~:~.~7~:::~:·~--~-~-~:~:~:~:~:~-------9.14E-01 
CD-115 Not Detected -------·- 1.23E·01 
CE-139 Not Detected --------- 2.91E-02 
CE-141 Not Detected --------- 5.14E-02 
CE-144 Not Detected --------- 2.37E-01 
C0-56 Not Detected --------- 1.09E-01 
C0-57 Not Detected --------- 2.88E-02 
co-sa Not Detected --------- 3.13E-02 
C0-60 Not Detected --------- 3.47E-02 
CR-51 Not Detected --------- 2.37E-01 
CS-134 Not Detected --------- 4.33E-02 
CS-137 4.44E-02 2.05E-02 1.99E-02 
EU-152 Not Detected --------- 8.64E-02 
EU-154 Not Detected --------- 1.80E-01 
EU-155 Not Detected --------- 1.40E-01 
FE-59 Not Detected --------- 7.71E-02 
GD-153 Not Detected --------- 1.02E-01 
HG-203 Not Detected --------- 3.04E-02 
I-131 Not Detected --------- 3.41E-02 
IR-192 Not Detected --------- 2.73E-02 
K-40 1.70E+01 2.58E+00 2.59E-01 
MN-52 Not Detected --------- 3.52E-02 
MN-54 Not Detected --------- 3.49E-02 
M0-99 Not Detected --------- 4.10E-01 
NA-22 Not Detected --------- 4.18E-02 
NA·24 Not Detected --------- 3.60E-01 
NE-95 Not Detected --------- 2.23E-Ol 
:D-:47 ~oc Detect~i --------- 2.17E-C: 
NI-57----------~:~.~7~·~.:~:~:~----~~-~-~-~-~--------6.92E-02 
PB-210 Not Detected --------- 3.35E+01 
~U-103 Not Detected --------- 2.85E-02 
~U-106 Not Detected --------- 2.85E-01 
53-122 Not Detected -~------- 6.32E-02 
53-124 Not Detected --------- 3.06E-02 
53-125 Not Detected --------- 7.92E-02 
SN-113 Not Detected -----·--- 3.55E-02 
SR-85 Not Detected --------- 3.61E-02 
~A-182 Not Detected --------- 1.44E-Ol 
TA-183 Not Detected --------- 5.36E-01 
TC-99rn Not Detected --------- 1.2SE+01 
TL-201 Not Detected --------- 2.86E-Ol 
XE-133 Not Detected --------- 2.71E-Ol 
Y-88 Not Detected --------- 2.47E-02 
ZN-65 Not Detected --------- 9.79E-02 
ZR-95 Not Detected --------- 5.60E-02 



-

-

************************************************************************* 
* Sandia National Laboratories * 
* Radiation Protection Sample Diagnostics Program [SSl Laboracc~: * 
* 8-14-97 8:12:10 PM * 
**************************************************************~********** 

:Analyzed by:/).~ t/;t/>7 Reviewed by: ~Elt8!qf : 
***************** ********************************~~* *J*************** 
Customer : B.GALLOWAY/MAC (6682/SMO) 
customer Sample ID 033956-002 
Lab Sample ID 70141617 

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

MARINELLI 
575.000 

8-12-97 
8-14-97 

LAB02 
6000 I 

SOLID SAMPLE 
gram 

11:37:00 AM 
6:29:33 PM 

6002 seconds 

Comments: 
************************************************************************* 

Nuclide ActivitY 2-siama MDA 
Name (pCi/graml Error (pCi/gram) 

------- - - ---- - -- - ----- - - - - - - ----- -- --
U-238 Not Detected - ---- --- - 3.69E+00 
TH-234 2.71E+00 7.86E-01 7.28E-01 
RA-226 l.58E+OO 8.54E-01 6.58E-01 
PB-214 5.18E-01 l.13E-01 7.89E-02 
BI-214 Not Detected ----- - --- 5.60E-02 

TE-232 5.76E-01 2.95E-01 l. SlE- 01 
RA-228 5.15E-01 l.96E-01 l.74E-01 
AC-228 5.89E-01 2.56E-01 8.63E-02 
TH-228 7.69E-01 2.83E-Ol 5.28E-01 
RA-224 5.90E-01 2.15E-01 7.70E-02 
:?E-212 5.41E-01 l.52E-01 3.91E-02 
EI-212 5.99E-Ol 3 .os:::-o1 3.24E-Ol 
TL-208 5.05E-01 l.20E-01 7 .31E-02 

U-235 Not Detected - -- --- - - - 2.69E-01 
TF.-231 Not Detected --------- l.39E+01 
PA-231 Not Detected --------- 1.53E+00 
TE-227 Nee Detected - - - - - - - - - 3.46E-01 
RA-223 Not Detected --------- 2.49E-01 
RN-219 Not Detected --------- 4.03E-01 
PE-211 Not Detected --------- 9.36E-01 
TL-207 Not Detected - - - --- - - - l.45E+01 

AM-241 Not Detected --------- 5.36E-01 
PU-239 Not Detected - --- - - --- 4.82E+02 
NP-237 Not Detected --- - - - - - - 4.17E-Ol 
?A-233 Not Detected ----- - - -- 6.35E-02 
TE-229 Not Detected --------- 2.85E-Ol 



[Summary Report] - Sample ID: : 70141617 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma. 
Error 

MilA 
(pCi/graml 

AG-108m Not Detected --------- 4.33E-02 
AG-110m Not Detected --------- 4.05E-02 
BA-133 Not Detected --------- 6.80E-02 _f 
BE-7 1.06E·01 1.27E-01 1.78E-01 ~ ~~ 
CD-109---------::~.=:~7=:~.&:&:-----+.~.~:&:-=-~:=:---------9.97E-01~~ 6{~ 
CD-115 Not Detected --------- 1.37E-01 
CE-139 Not Detected --------- 3.22E-02 
CE-141 Not Detected --------- 6.05E-02 
CE-144 Not Detected --------- 2.59E-01 
C0-56 Not Detected --------- 4.23E-02 
C0-57 Not Detected --------- 3.42E-02 
C0-58 Not Detected --------- 3.65E-02 
C0-60 Not Detected --------- 3.96E-02 
CR-51 Not Detected --------- 2.60E-01 
CS-134 Not Detected --------- 4.97E-02 
CS-137 6.24E-02 3.58E-02 2.58E-02 
EU-152 Not Detected --------- 1.03E-01 
EU-154 Not Detected --------- 1.99E-01 
EU-155 Not Detected --------- 1.58E-01 
FE-59 Not Detected --------- 8.33E-02 
GD-153 Not Detected --------- 1.19E-01 
HG-203 Not Detected --------- 3.54E-02 
I-131 Not Detected --------- 3.78E-02 
IR-192 Not Detected --------- 2.96&-02 
K-40 1.77E+01 2.72E+00 2.78S-01 
MN-52 Not Detected --------- 4.48E-02 
MN-54 Not Detected --------- 3.92E-02 
M0-99 Not Detected --------- 4.59E-01 
NA-22 Not Detected ---··---- 4.68E-02 
NA-24 Not Detected ---·----- 4.11E-01 
NB-95 Not Detected ·---·---- 2.47E-01 
ND-147 Not De:ected --------- 2.51E-01 
NI-57 Not Detected ----·---- 1.52E-Ol 
PB-210 Not Detected ----··--- 3.74E+01 
RU-103 Not Detected -·--·---- 3.22E-02 
RU-106 Not Detected --------- 3.31E-01 
SB-122 Not Detected ---···--- 7.57E-02 
SB-124 Not Detected --·-·---- 3.43E-02 
SB-125 Not Detected ----··--- 9.08E-02 
SN-113 Not Detected ----··--- 4.01E-02 
SR-85 Not Detected -----·--- 4.25E-02 
TA-182 Not Detected ---·----- 1.54E-01 
TA-183 Not Detected ---·----- 6.24E-01 
TC-99m Not Detected ---·----- 1.77E+01 
TL-201 Not Detected ·--·-·--- 3.30E-01 
XE-133 Not Detected ----··--- 3.26E-Ol 
Y-88 Not Detected ---··---- 2.65E-02 
ZN-65 Not Detected ----·---- 1.07E-Ol 
ZR-95 Not Detected ---···--· 6.22E-02 



-

-

.. .. .. 
Sandia National Laboratories 

Radiation Protection Sample Diagnostics Program [881 Laboratory} 
8-14-97 9:57:07 PM 

.. .. .. 
********************************************************************~*~** 

: Analyzed by:~ t'/t I J 17 Reviewed by:~~~\8)q1 : 
*"***********"***~********"**"***""**"*................ ..J{t .. ~ ............................ .. 
Customer : B.GALLOWAY/~AC (6662/SMO 
Customer Samole ID 033957-002 
Lab Sample ID 70141618 

Sample Description 
Sample Quantity 
Samole Dace/Time 
AcqUire Start: Date/Time 
Detector Name 
~laosed Live/Real Time 

MARINELLI 
835.000 

8-12-97 
8-14-97 

LAB02 
6ooo I 

SOLID SAJ."!PLE 
gram 

11:57:00 .il.J."l 
8:14:15 PM 

6003 seconds 

Comments: 
************************************************************************* 

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

------- ---------- ---------- - ----- ----
U-238 Not Detected - - - - - ---- 3.15E+00 
TH-234 8.34E-01 4.36E-01 6.25E-01 
RA-226 1.52E+OO 7.36E-01 5-85E-01 
PB-214 7.22E-01 1. 37E- 01 6.01E-02 
BI-214 6.58E-01 1.33E-01 4.71E-02 

TH-232 7.55E-01 3.95E-01 1. 43E- 01 
RA-228 8.74E-01 2.18E-01 1.26E-01 
AC-228 8.S6E-01 1.94E-01 7.87E-02 
TH-228 7.37E-01 2.42E-01 4.63E-01 
R.l\.-224 S.47E-01 2.73E-01 6.26E-02 
P:S-212 S.15E-01 1.33E-01 3.76E-02 
BI-212 9.37E-01 4.93'2-Ql 2.7C::E-01 
TL-208 8.07E-01 :.70E-01 =.95E-02 

U-235 Not Detected - - - -- - -- - 2.38E-01 
TE-23l Noc Detected --------- 1. 22E+01 
PA-231 Net: Detected --------- 1.37E+OO 
TE-227 Net Detected --------- 3.32E-01 
RJI.- 223 Not: Detected - - - -- - - - - 2.15E-01 
RN-219 Not Detected - - - - - - - - - 3.63E-01 
PB-211 Not: Detected - -- - - - - - - 8.14E-01 
TL-207 Not: Detected· --------- 1.26E+01 

AM-241 Not: Detected - - - - - -- - - 4.61E-01 
PU-239 Not: Detected --------- 4.26E+02 
NP-237 Not: Detected --------- 2.59E-01 
PA-233 Not: Detected - ---- - - - - S.SOE-02 
T!-1-229 Not: Det:ec::ed - - - - - -- - - 2.47E-01 

----------· ---~-----~-------



[Summary Report] - Sample ID: : 70141618 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/graml 

AG-108m Not Detected --------- 3.86E-02 
AG-110m Not Detected --------- 2.96E-02 
BA-133 Not Detected --------- 6.32E-02 _ ~ , 
BE-7 3 .09E-01 2 .23E-01 1. 72E-01 t"'Jo(d~: 
CD-109--------~:~.~:~;~=~·~e~e--~-c~·~.:~:~=~:~:~-------8.82E-01,~1~ 
CD-115 Not Detected ------·-- 1.29E-Ol ? / 
CE-139 Not Detected --------- 2.88E-02 0 /rJ' J7 
CE-l41 Not Detected ------·-- 5.36E-02 
CE-144 Not Detected --------- 2.33E-01 
C0-56 Not Detected --------- 9.04E-02 
C0-57 Not Detected --------- 2.93E-02 
C0·58 Not Detected --------- 3.19E-02 
C0-60 Not Detected --------- 3.33E-02 
CR-5l Not Detected --------- 2.33E-01 
CS-134 Not Detected --------- 4.45E-02 
CS-137 Not Detected --------- 3.26E-02 
EU-l52 Not Detected ------·-- 8.80E-02 
EU-154 Not Detected --------- 1.78E-01 
EU-155 Not Detected --------- J...46E-01 
FE-59 Not Detected --------- 6.97E-02 
GD-153 Not Detected ----·---- 1.04E-01 
HG-203 Not Detected --------- 3.10E-02 
I-131 Not Detected --------- 3.30E-02 
IR-192 Not Detected ------·-- 2.66E-02 
K-40 J...86E+01 2.85!+00 2.39E~Ol 
MN-52 Not Detected --------- 3.66E-02 
MN-54 Not Detected --------· 1.70E-02 
M0-99 Not Detected --------- 4.00E-Ol 
NA-22 Not Detected --------- 3.99E-02 
NA-24 Not Detected ---····-- 3.86E-01 
NB-95 Not Detected --------· 2.40E-Ol 
ND-147 Not Detected -----·--· 2.10E-01 
NI-57 Not Detected ---·----· 7.09E-02 
PB-210 Not Detected --------- 3.34E+Ol 
RU-103 Not Detected --------- 2.72E-02 
RU-106 Not Detected -----·--- 2.76E-01 
SB-122 Not Detected --------- 6.59E-02 
SB-124 Not Detected --------· 2.81E-02 
SB-125 Not Detected -----·--- 7.88E-02 
SN-113 Not Detected ------·-- 3.51E-02 
SR-85 Not Detected -----·--· 3.532-02 
TA-182 Not Detected --------- 1.48E-01 
TA-183 Not Detected -----·--- 5.43E-01 
TC-99m Not Detected ---··--·- 1.88E+01 
TL·201 Not Detected -----·-·- 3.01E-01 
XE·133 Not Detected --··--··- 2.87!-01 
Y-88 Not Detected -----·--- 2.54E-02 
ZN-65 Not Detected -----·-·· 1.01E-01 
ZR-95 Not Detected --------- 5.48E-02 



-

-

.. .. Sandia National Laboratories 
Radiation Protection Sample Dia~ostics Program [881 Laboratc:::y] 

8-14-97 11:41:58 PM 

.. .. 
* 

T++++++++T++++++++++++++++++++++++++Y++++++++++++++++++++++++++++~++++~+~ 

: Analyzed by: 9 $/IJ')r( Reviewed by: i0 .... ali~Mr : 
****************** *****~~*************************~** ************** 
Customer : B.GALLOWAY/~AC (6682/SMO) 
customer Samole ID 033958·002 
Lab Sample ID 70141619 

Sample Description 
Sample Quantity 
Samole Date/Time 
AcqUire Start Date/Time 
::Jetecto:: Name 
~lapsed Live/Real Time 

MARINELLI 
864.000 

8-12-97 
8-14-97 

LAB02 
6ooo I 

SOLID SAMPLE 
g:::am 

12:00:00 PM 
9:59:25 PM 

6003 seconds 

Comments: 
*********************************************************************~*** 

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

·------ ---- -- -- -- ---------- -- - -------
U-238 Not Detected - - -- --- - - 2.61E+00 
TH·234 5.44E-01 4.17E-Ol 5.30E-01 
RA-226 9.63E-01 7.00E-01 4.28E-01 
!?B-214 4.39E-01 1.02E-Ol 5.58E-02 
BI-214 3.89E-01 8.14E-02 4.04E-02 

TF.-232 5.15E-01 2.54E-Ol 1.17E-01 
R.ll.-228 5.29E-01 2.43E-Ol 1.20E-01 
.ll.C- 22 8 5.43E-01 1. 71E-Ol 6.84E-02 
TH-228 5.75E-01 1.95E-Ol 3.98E-01 
RA·224 4.97E-01 1. 77E-01 7.45E-02 
PB-212 5.24E-01 1.58E-Ol 3.26E-02 
EI·212 4.76E-01 3.68E-Ol 2.64E·Ol 
TL-208 4.44E-01 9.76E-C2 5.30E-02 

U-235 Not Detected --------- 2.03E·01 
TE-23: Not Detected - - - - -- - -- 1. 06E•Ol 
P.ll.-231 Not Detected --------- 1.16E+00 
TE-227 Not Detected - - - - - - - - - 2.75E-01 
RA-223 Not Detected - - - --- - - - 1. 89E-01 
RN·219 Not Detected --------- 3.02E-01 
PE-211 Not Detected --------- 6.69E-01 
TL·207 Not Detected -- - - - - - - - 1.19E+01 

A.i.'-1- 2 41 Not Detected -- - - - - - - - 3.79E·Ol 
PU-239 Not Detected - -- - - - - - - 3.67E+02 
NP-237 Not Detected - - - - -- - - - 3.08E-01 
!?.Z\.-233 Not Detected - - - -- - - - - 4.90E-02 
TE·229 Not Detected - - - -- - - - - 2.09E·Ol 



[Summary Report] - Sample ID: : 70141619 

Nuclide 
Name 

AG-108rn 
AG-110rn 
SA-133 
BE-7 
CD-109 
CD-115 
CE-139 
CE-141 
CE-144 
C0-56 
C0-57 
co- 58 
C0-60 
CR-51 
cs -134 
cs -13 7 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
N./1.-24 
NB-95 
ND-147 
NI-57 
PB-210 
RU-103 
RU-106 
SB -122 
SB-124 
SB-125 
SN -113 
SR-85 
7Jt-182 
TA-183 
TC-99rn 
TL-201 
XE·133 
Y-88 
ZN-65 
ZR-95 

Activity 
(pCi/gram) 

Not Detected 
Not Detected 
Not Detected 

1.07E-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 

1.93E+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not: Detected 
Not Dececced 
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 
Noc Detected 
Not Detected 

2-sigrna 
Error 

8.45E-02 

2.81E+G0 

MDA 
(pCi/gram) 

3.18E-02 
2.64E-02 
S.OSE-02 
1.10E-01 
1.02E+00 
1.09E-01 
2.41E-02 
4.60E-02 
2.01E-01 
3.00E-02 
2.55E-02 
2.89E-02 
3.03E-02 
2.04E-01 
3.68E-02 
2.87E-02 
7.66E-02 
1.47E-01 
1. 22E- 01 
6.45E-02 
8.63E-02 
2.60E-02 
2.87E-02 
2.33E-02 
1.90&-01 
3.49E-02 
2.92E-02 
3.49E-01 
3.70E-02 
3.97E-01 
2.01E-01 
1.88E-01 
l.22E-01 
2.86E+01 
2.50E-02 
2.49E-01 
5.84E-02 
2.SOE-02 
6.82E-02 
3 .llE-02 
3.00E-02 
l.26E-01 
4.52E-01 
1. 94E+01 
2.62E-01 
2.56E-01 
1.83E-02 
8.82E-02 
5.12E-02 



**********************************************************************~~* 
* Sandia National Laboratories ~ 
* Radiation Protection Sample Diagnostics Program [881 Labora~ory; .. 
.. 8-15-97 1:26:41 AM T 

: .. :::::::: .. ::~**9**********;*;~*i;:****:::::::: .. :::***~:i~*~ .................. : 
******************* *****i~*'*********************~*~~~*Jl1+++++~TTTT 
Customer : B.GALLOWAY/~~-C (6682/SMO) 
Customer Sample I : 033836-002 
Lab Sample ID 70141620 

Sample Description 
Sample Quantity 
Samole Date/Time 
AccUire Start Date/Time 
!:letector Name 
~lapsed Live/Real Time 

MARINELLI 
690.000 

8-12-97 
8-14-97 

LAB02 
60oo I 

SOLID S~.PLE 
c-ram 

12:04:00 PM 
11:44:02 PM 

6002 seconds 

Comments: 
************************************************************************* 

Nuclide 
Name 

U-238 
TH-234 
RA-226 
PB-214 
B!-214 

TE-232 
RA-228 
AC-228 
TE-228 
R.r;-224 
PB-2:'..2 
BI- 2l2 
TL-208 

Activity 
(pCi/gram) 

Not Detected 
5.12E-01 
8.05E-01 
3.76£-01 
3.73£-01 

4.03£-01 
4.56E-01 
5 .16E-Ol 
6.81E-Ol 
5. 71E- Ol 
4.79E-Ol 
S.SSE-01 
3.97E-01 

2-sigma 
Error 

4.49£-01 
4.06E-01 
8.39E-02 
l.OOE-01 

2.90E-Ol 
1.74£-01 
1.76E-Ol 
2.30E-Ol 
1.95E-Ol 
9.l3E-02 
s.sc:=.-01 
l. 07E-01 

MDA 
(pCi/gram) 

2.98£+00 
6.19E-01 
4.77E-01 
6.57£-02 
4.71E-02 

1. 51E- 01 
1. 31E- 01 
7.53£-02 
3.95E-Ol 
7.63£-02 
3.92E-C2 
2.90£-01 
6.67£-02 

U-235 Not Detected --------- 2.20E-01 
TE-231 Not Detected --------- l.13E+01 
?A-23l Not Detected --------- 1.3SE+OO 
TH-227 Not Detected --------- 3.01E-01 
RA-223 Not Detected --------- 1.99£-01 

?B-211 Not Detected --------- 7. 79E-01 r 'I • . j 
~-22.s Not Detected --------- 3.39E-o1 -j;TutPA 
TL- 2 0 7 ------::·:-:-. -&: :-:: ::;..,.-<::-&:---:-:~ . .:-:: -;:.;, :;.,.-:-:-e-: ---- 5 . 61E + 0 0 p,7d ,UI! • , j /t fj f; 
.li.M-24l 
PU-239 
NP-237 
PA-233 
TE-229 

Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

4.19E-01 
4.09E+02 
3.34£-01 
5.33E-02 
2.28E-01 



[Summary Report] - Sample ID: : 70141620 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected --------- 3.65E-02 
AG-110m Not Detected --------- 3.16E-02 
BA-133 Not Detected --------- 5.55E-02 
BE-7 4.06E-01 1.72E-01 1.68E-01 
CD-109 Not Detected --------- 1.11E+00 
CD-115 Not Detected --------- 1.28E-01 
CE-139 Not Detected --------- 2.66E-02 
CE-141 Not Detected --------- 4.99E-02 
CE-144 Not Detected --------- 2.24E-01 
C0-56 Not Detected --------- 3.57E-02 
C0-57 Not Detected --------- 2.79E-02 
C0-58 Not Detected --------- 3.05E-02 
C0-60 Not Detected --------- 3.38E-02 
CR-51 Not Detected --------- 2.29E-01 
CS-134 Not Detected --------- 4:20E-02 
CS-137 2.42E-02 3.28E-02 1.78E-02 
EU-152 Not Detected --------- 8.37E-02 
EU-154 Not Detected ------~-- 1.68E-01 
EU-155 Not Detected --------- 1.37E-01 
FE-59 Not Detected --------- 7.01E-02 
GD-153 Not Detected --------- 9.76E-02 
HG-203 Not Detected --------- 2.96E-02 
I-131 Not Detected --------- 3.32E-02 
IR-192 Not Detected --------- 2. 52 E.- 02 
K-40 1.72E+01 2.62E+OO 2.459-01 
MN-52 Not Detected --------- 3.69E-02 
MN-54 Not Detected --------- 3.23E-02 
M0-99 Not Detected --------- 4.20E-01 
NA-22 Not Detected --------- 4.08E-02 
NA-24 Not Detected --------- 4.93E-01 
~~-95 Not Detected --------- 2.23E-01 
ND-147 Not ;:;,;~;.:te:' --------- 2.11::.- . .:. 
NI-57 Not Detected --------- 1.36E-01 
PS-210 Not Detected --------- 3.14E+01 
RU-103 Not Detected --------- 2.73E-02 i · 
RU-106 Not Detected --------- 2.79E-01 -~ r?Juf /7_ · 
~~ : g ~ ___ N_o_t---::6'"'~,...~~~'-E~:-t-e~"E~----+~ .,..: -=-~ :=-:_ :=-_....;:;.;~:----- ~ : ~ ~ ~: ~ ~ ,J tYI e/f J (::/iJ o}n 
SE-125 Not Detected --------- 7.37E-02 
SN-113 Not Detected --------- 3.40E-02 
SR-85 Not Detected --------- 3.51£-02 
TA-182 Not Detected --------- 1.42E-01 
TA-183 Not Detected --------- 5.01£-01 
TC-99m Not Detected --------- 2.61E+01 
TL-201 Not Detected --------- 2.82E-01 
XE-133 Not Detected --------- 2.83E-01 
Y-88 Not Detected --------- 2.40£-02 
ZN-65 Not Detected --------- 9.82E-02 
ZR-95 Not Detected --------- 5.56E-02 



sandia National Laboratories 
Radiation Protection Sample Diagnostics Program [881 Labora:o=Y] 

8-15-97 3:11:19 AM 
***************************************************************~~T++++++T 

~· :*~:;r;;~*~r;~**!~1!~!?*******~;~~;~;~*~r;*~*~lt~Ift***********: 
Customer **~'" : B.GALLOWAY/MAC (6682/SMO) 

-

-

Customer Samole ID 033837-002 
~ab Sample ID \ 70141621 

Sample Description 
Sample Quancicy 
Sample Date/Time 
Accruire Start Date/Time 
Jeteccor Name 
~lapsed Live/Real Time 

Comments: 

MARINELLI 
547.000 

8-12-97 
8-15-97 

LAB02 
6ooo I 

SOLID SAl'1PLE 
gram 

12:17:00 PM 
1:28:46 AM 

6002 .seconds 

T+*************************************************************T********* 

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

------- --- ----- - - ---- - - - --- - - - - -- - -- -
U-238 Not Detected - --- - -- - - 3.59E+00 
TH-234 Not Detected - - - - - - - - - 8.70E-01 
RA-226 1.20E+OO 4.64E-01 4.99E-01 
PB-214 5.55E-01 1.29E-01 8.21£-02 
BI-214 4.87E-01 1.10E-01 5. 52£.-02 

TH-232 4.93E-01 3.12E-01 1.60E-01 
RA-228 5.84E-01 2.16E-01 1.76£-01 
.l\.C-228 Noc Detected - - - -- -- - - 2.10E-01 
TH-228 5.02E-01 2.36E-01 5.19E-01 
P.A-224 5.4SE-01 2.50E-01 1.05E-01 
PB-212 5.86E-01 3.21E-01 4.56E-02 
.ai-212 6.28E-01 3.38E-01 3.34E-01 
TL-208 5.83E-01 :..353-Gl 7.00E-02 

U-235 Not Del:ecced ---- - - - - - 2.60E-01 
:'H-231 Not Detecced - - - - - - - - - 1.29E+Ol 
p_n.-231 Not Detecced --- - -- - - - 1. 57E+OO 
TF.-227 Noc Detected - - - -- - - - - 3.67E-01 
R..l\.-223 Not Detected - - - -- - - - - 2.39E-01 
R.l\1- 219 Not Detected - - - -- - - - - 3.89E-01 
PB-211 Not Detected - - - - - - - -- 9.17E-01 
TL-207 Not Detected -- - - - - - - - 1.46E+01 

AJ."'-241 Not Detected - -- - - - -- - 5.07:::-01 
PU-239 Noc Detected -- - - - - - - - 4.77E+02 
NP-237 Nee Detected - - - - - - --- 4.16E-01 
PA-233 Not Detected - - - - - - - - - 6.47E-02 
7H-229 Not Detected - -- - - - - -- 2.64E-01 



[Summary Report] - Sample ID: : 70~4162~ 

Nuclide 
Name 

AG-~08m 
AG-~~Om 
BA-~33 
BE-7 
CD-~09 
CD-115 
CE-~39 
CE-~4~ 
CE-~44 
C0-56 
C0-57 
C0-58 
C0-60 
CR-51 
CS-l34 
cs- ~3 7 
EU-~52 

:m-~54 
EU-~55 
FE-59 
GD-~53 
HG-203 
I-~3~ 
IR-B2 
K-40 
MN-52 
MN-54 
M0-99 
NJ>.-22 
NA-24 
NB-95 
ND-147 
NI-57 
PB-2~0 
RU-103 
:W-106 
SB-122 
SB-~24 
SB-125 
SN-113 
SR-85 
TA-182 
TA-~83 
TC-99m 
TL-201 
XE-133 
Y-88 
ZN-65 
ZR· 95 

Activity 
(pCi/graml 

Not Detected 
Not Detected 
Not Detected 

4.52E-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 

1.42E+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 

2.01E-01 

3.92E+00 

MDA 
(pCi/graml 

4.38E-02 
3.70E-02 
6.98E-02 
l.89E-01 
l. 39E+00 
l.50E-01 
3.~8E-02 
5.82E-02 
2.HE-01 
l. 38E-O~ 
3.32E-02 
3.56E-02 
3.78E-02 
2.73E-O~ 
5.25E-02 
4.02E-02 
9.97E-02 
2.02E-01 
l. 57E- 0~ 
8.26E-02 
l.~2E·O~ 
3.49E-02 
3.93E-02 
3. 02E-02 
3 .4~E.·01 
4.3SE-02 
3.85E-02 
5.02E-01 
4.57E-02 
5.9SE-01 
2.75E·O~ 
2.50E-O~ 
l. 73E-O~ 
3.89E+0~ 
3.~5E-02 
3.28E-01 
7.87E-02 
3.51E-02 
9.26E-02 
4.05E-02 
4.15E-02 
l.52E-O~ 
6.~2E-O~ 
3.60E+O~ 
3.5~E-O~ 
3.28E-O~ 
2.67E-02 
l.04E-0~ 
6.25E-02 



-

-

-

+++++++++++++++++++++++++++++++T+++++++T+++TY++T+++++++++++TTTTTTTTYTTYT~ 

T Sandia National Laboratories * 
T Radiation Protection Sample Diagnostics Program [881 Labora:o:::y] T 

* 8-15-97 4:56:00 k~ * 
************************************************************************* 

: Analyzed by: + t! ~ i) 77 Reviewed by: Vt/B(,BI~{' : 
****************** *****~*********************~***~**~*~************* 
Customer : E.GALLOWAY/MAC (6682/SMO) 
Customer Sample ID 033839-002 
Lab Sample ID 70141622 

Sarnole Descriotion 
Sample Quantity 
Sample Date/Time 
Acquire Start Date/Time 
Detector Name 
Slapsed Live/Real Time 

1-'.ARINELL! 
589.COO 

8-12-97 
8-15-97 

IJ>...B02 
6000 I 

SOLID SAL"!PLE 
gram 

12:22:00 PM 
3:13:23 AL~ 

6002 seconds 

Comments: 
************************************************************************* 

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

------- - - -- --- --- ---------- -- - -- - - -- -
U-238 Not Detected - - - - - - --- 3.28E+00 
TH-234 Not Detected --------- 8.03E-01 
RA-226 1.30E+00 7.322-01 5.33E-01 
PB-214 5.27E-01 1.14E-01 7.59E-02 
BI-214 4.52E-01 2.34E-01 5 .39E_-02 

TH-232 5.55E-01 3.042-01 1.67E-01 
RA-228 7.16E-01 2.652-01 1.35E-01 
AC-228 6.54E-01 1. 742-01 8.74E-02 
TH-228 5.09E-01 2.702-01 5.24E-01 
R..l;.-224 5.64E-01 2.552-01 S .48E-02 
PB-212 5.90E-01 2.23E-01 4.00E-02 
B!-212 s.8s:=:-o1 3.4:9E-01 3.36E-01 
TL-208 Not Detected - - - - - - - - - 6.96E-02 

U-235 Not Detected - - - -- . - - . 2.4SE-01 
TH-231 Not Detected --------- 1.28E+01 
PA-231 Not Detected - - - --- - - - 1.52E+00 
TH-227 Not Detected --------- 3 .49E-01 
RA-223 Not Detected -- - - - - - - - 2.36E-01 
RN-219 Not Detected --------- 3.81E-01 
PB-211 Not Detected - - - - - -- - - 8.67E-01 
TL-207 Not Detected - . - - - - - . - 1.46E+01 

.li.M- 2~1 Not Detected ---------
<.B2E·Ol (l ~ PU-239 Not Detected . - - - - - - - - 4.~8E+02 

NP-237· - --- -- . -- -. 2. 39E- 011-'~ 't{;J;1! t/rJ/' -.--- -- -. --- --PA-233 Not Detected - -- - - - - - - 6.09E-02 
TH-229 Not Detected - - - - - - - . - 2.53E-01 . 



(Summary Report] - Sample ID: : 70141622 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected --------- 4.24E-02 
AG-110m Not Detected --------- 3.64E-02 
EA-133 Not Detected --------- 6.56E-02 
EE-7 5.83E-01 2.29E-01 1.71E-Ol 
CD-109 Not Detected --------- 8.13E-Ol 
CD-115 Not Detected --------- 1.50E-01 
CE-l39 Not Detected --------- 3.00E-02 
CE-141 Not Decected --------- S.SSE-02 
CE-144 Noc Decected --------- 2.45E-Ol 
C0-56 Noc Detected --------- 3.96E-02 
C0-57 Not Detected --------- 3.10E-02 
co-sa Not Decected --------- 3.30E-02 
C0-60 Not Detected --------- 3.51E-02 
CR-51 Not Detected --------- 2.63E-01 
CS-134 Not Detected --------- 5.06E-02 
CS-137 4.19E-02 2.05E-02 1.93E-02 
EU-l52 Not Detected --------- 9.30E-02 
EU-154 Not Detected --------- l.93E-Ol 
EU-155 Not Detected --------- 1.52E-01 
FE-59 Not Detected --------- 7.56E-02 
GD-153 Not Detected --------- 1.07E-01 
HG-203 Not Detected --------- 3.45E-02 
I-131 Not Detected --------- 3.68E-02 
IR-192 Not Detected --------- 3.00E-02 
K-40 1.48E+01 2.33E+00 2.74E-01 -l;C·~ 
MN-52 Not Detected --------- 4.32E-02 ~ 
MN- 54-----;.:..,..;,::;,:=---::~:,__-......:.:.,.... _;,-:;,:a---::~:,__ ___ 2 . 3 0 E- 0 2N .,:;r. <-<-{ w · 
M0-99 Not Detected --------- 4.74E-Ol t!/r-/57 
:-L~.-22 Not Detected --------- 4.42E-02 
NA-24 Not Decected --------- 6.l8E-01 
N~-95 Not Detected --------- 2.65E-01 
~~-147 Not Detectec --------- 2.37E-01 
NI-57 Not Detected --------- 1.65E-01 
PE-210 Not Detected --------- 3.67E+01 
RU-103 Not Detected --------- 3.13E-02 
RU-l06 Not Decected --------- 3.l3E-Ol 
SE-122 Not Detected --------- 8.19E-02 
SE-124 Not Decected --------- 3.45E-02 
SE-125 Not Detected --------- 8.79E-02 
SN-113 Not Detected --------- 3.84E-02 
SR-85 Not Detected --------- 3.98E-02 
TA-182 Not Detected --------- l.54E-Ol 
TA-183 Not Detected --------- 5.93E-01 
TC-99m Not Detected --------- 4.11E+Ol 
TL-201 Not Detected --------- 3.34E-01 
XE-133 Not Detected --------- 3.32E-Ol 
Y-88 Not Detected --------- 2.69E-02 
ZN-65 Not Detected --------- 1.09E-01 
ZR-95 Net Detected --------- 6.11E-02 



-

-

-

,. 
,. Sandia National Laboratories 

Radiation Protection Sample Diagnostics Program [881 Labc=a~o~] 
B-15-97 1:16:23 PM 

.. .. .. ,. 9 ~~ v._ j b ... * Analyzed by: J I); f'7 Reviewed by: ~ 8 .· 11' * 
******************* *** ** *****************************w ~ +w++++w+~+ 
Customer : E.GALLOWAY/MAC (6682/SMO) 
Customer Samole I : 033840-003 
~ab Sample ID 70141623 

Samole Description 
Sample Quantity 
Samole Date/Time 
AcqUire Start Date/Time 
Detector Name 
~lapsed Live/Real Time 

MARINELLI 
450.000 

8-12-97 
8 -15-9 7 

LAB02 
6000 I 

LIQUID SAMPLE 
mL 
1:30:00 PM 

11: 3 2 : 12 AL"l 

6001 seconds 

Comments: 
************************************************************************* 

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

------- ---- - - ---- ---------- ----------
U-238 Not Detected - ---- - - - - 1. 86E+00 
TH-234 Not Detected --------- 4.35E-01 
RA-226 Not Detected --------- 4.89E-01 
PB-214 Not Detected --------- 5.37E-02 
BI-214 Not Detected --------- 6 .18E.- 02 

TE-232 Not Detected --------- l.66E-01 
RA-228 Not Detected --------- 1.48E-01 
AC-228 Not Detected --------- 8. 77E-02 
TH-228 Not Detected - - --- - - - - 5.33E-Ol 
RA-224 Not Detected --------- 1.17E-Ol 
PB-212 Not Detected --------- 4.01E-02 
EI-212 Not Detected --------- 3.63E-Ol 
TL-208 Not Detected --------- 7.25E-02 

u--"" ""-- Not Detected --------- 1.66E-Ol 
TE-231 Not Detected --------- 6.82E+00 
PA·23l Not Detected --------- 1.17E+00 
TH-227 Not Detected --------- 1.60E-Ol 
!<..ll.- 223 Not Detected - - - - - -- - - 1.28E-Ol 
RN-219 Not Detected --------- 2.87E-Ol 
PB-211 Not Detected --------- 6.52E-01 
TL-207 Not Detected --------- 1.03E+Ol 

.2\M- 241 Not Detected - - - -- - - - - 2.66E-01 
PU-239 Not Detected --------- 2.87E+02 
NP-237 Not Detected --------- 2.05E-01 
PA-233 Not Detected - - - - --- -- 4.72E-02 
TE:-229 Not Detected - - - - -- - -- l.58E-Ol 

-----------~-~~~---------·---



[Summary Report] - Sample ID: : 70141623 

Nuclide 
Name 

AG-108m 
AG-110m 
EA-133 
3E-7 
CD-109 
CD-115 
CE-139 
CE-141 
CE-144 
C0-56 
C0-57 
C0-58 
C0-60 
CR-51 
cs -134 
cs -137 
EU-152 
EU-154 
EU-155 
E'E-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
NJl.- 24 
NB-95 
ND-147 
NI-57 
PB-210 
:m-103 
:<.U-106 
33-122 
SE-124 
SB-125 
SN-113 
SR- 85 
Tll.-182 
TA-183 
TC-99m 
'!':::.-201 
XE-133 
Y-88 
ZN-65 
ZR-95 

Activity 
(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 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 
Net Detected 
Not Detected 
Not Detected 
Not Detected 
Not Det:ected 
Not Detected 
Not Detected 
Not: Detect:ed 
Not Detect:ed 
Not Detect:ed 
Not Detected 
Not Detect:ed 

2-sigma 
Error 

MDA 
(pCi/mL 

2.69E-02 
2.46E-02 
3.37E-02 
2.02E-01 
6.95E-01 
1. OlE- 01 
2.14E-02 
3.68E-02 
1.67E-01 
3.34E-02 
2.14E-02 
2.56E-02 
3.03E-02 
1.94E-01 
2.97E-02 
2.38E-02 
6.40E-02 
1.25E-01 
9.62E-02 
5.23E-02 
6.55E-02 
2.49E-02 
3.06E-02 
2.15E-02 
3.67E--01 
3.90E-02 
2.61E-02 
3.96E-01 
2.44E-02 
6.69E-01 
1. 29E- 01 
1.79E-01 
1. 41E- 01 
1.62E+01 
2.63E-02 
2.45E-01 
6.75E-02 
2.92E-02 
6.41E-02 
3.03E-02 
3.53E-02 
7. 72E-02 
3.45E-01 
6.85E+01 
1.89E-01 
1.97E-01 
3.38E-02 
4.87E-02 
4:.31E-02 



-

-

****************************************************************+Y++w**** 
* Sandia National Laboracories ~ 
* Radiacion Procection Sample Diagnostics Program [88~ Labcracc~·j ~ 
* 8-~5-97 3:54:05 PM ~ 
*****************************************************************~******* 

: Analyzed by: 72 .f 1; J J, 7 Reviewed by: t.r-- ~~~ lt.jY : 
****************** ******~~*'i*********************~*~~*r~~*********** 
Customer : B.GALLOWAY/~AC (6622/SMO) 
Customer Samole ID 033842-002 
Lab Sample ID 70~41624 

Samole Desc=iotion 
Sample Quancicy 
Samole Date/Time 
AcqUire Start Date/Time 
Detector Name 
Slapsed Live/Real Time 

MARINELLI 
477.000 

8-12-97 
8-15-97 

LAB02 
6ooo I 

SOLID S.il.MPLE 
gram 

12:34:00 PM 
2:10:52 PM 

6002 seconds 

Comments: 
************************************************************************* 

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

------- ---------- - - - - - - - - - - -- - - -- ----
U-238 Not Detected - - -- - - - -- 4.02E+OO 
TE-234 Noc Detected - - - -- - - - - 9.63E-01 
RA-226 1. 69E+OO 8.72E-01 7.16E-01 
PB-214 6.09E-01 1.63E-01 9.19E-02 
BI-214 5.09E-01 l.28E-01 6.68E.-02 

TH-232 6.48E-01 3.33E-01 1.86E-0~ 
RA-228 5.33E-01 2.28E-O~ 1.94E-01 
AC-228 7.~0E-0~ 6.75E-01 l.OlE-01 
TE-228 7.06E-01 2.89E-Ol 6.31.2-0~ 
R..r..- 224 6.85E-0~ 2.03E-01 1.05E-01 
PB-212 6.17E-01 l.19E-01 5.32E-02 
BI- 212 7.~2E-0~ 3.92E-Ol 3.63E-01 
TL-208 5.19E-Ol 1.25E-0~ 7.6~E-02 

U-235 Not Detected - - - - - - - - - 3 .o:r::-0~ 
TE-231 Noc Detect:ed - - - - -- - - - 1.51E+Ol 
PA-231 Not Detect:ed - - - - - - - - - 1. 67E+OO 
T~-227 Noc Detected - - - -- - - -- 4.08E-01 
R..r..-223 Noc Detected - - - - - - - - - 2.80E-O~ 
RN-2~9 Not: Detected - - - - -- - - - 4.66E-O~ 
PB-211 Not Detected - - -- - - - -- ~.04E+OO 
TL-207 Not Detect:ed - - - - - - - -- 1.73E+O~ 

Ai"'-241 Not Detected -- - - - - - - - 5.70E-O~ ~~ PU-239 Not Detected - - - - - - - - - 5 .36E+02 NP-237 - .... -- -- - .... -- -- USE- ou;.,;r ~~ PA-233 Not Detected - - - - -- - - - 7.~9E-02 TH-229 Not Detected - - - - -- - - - 3.06E-01 o/!5)/7 



[Summary Report) - Sample ID: : 70141624 

Nuclide 
Name 

AG-108m 
AG-llOm 
EA-133 
BE-7 
CD-109 
CD-115 
CE~l39 

CE-141 
CE-144 
C0-56 
co- 57 
C0-58 
C0-60 
CR-51 
CS-134 
cs -13 7 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
EG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
NA-24 
NB-95 
N'D-147 
NI-57 
P:S-210 
::W-103 
:<U-106 
SE-122 
SB-124 
S3-125 
SN-113 
S:t-85 
TA-182 
TA-183 
TC-99rn 
'!'~-201 
XE-133 
Y-88 
ZN- 55 
z~-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 Decected 
Not Detected 
Not Detected 
Not: Detected 
Not Detected 
Not Detected 
Not Decected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

1o74E+01 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not De":cced 
Not Detected 
Not Detected 
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 Det:ec::ed 
Not Detecced 

2-sigma 
Error 

2o67E+00 

MilA 
(pCi/gram) 

So10E-02 
3o89E-02 
8o13E-02 
3o29E-01 
1o08E+OO 
2o05E-01 
3o66E-02 
6o87E-02 
2o97E-01 
l. 59E- 01 
3o75E-02 
4o29E-02 
4o74E-02 
3o17E-01 
5o96E-02 
4o22E-02 
1.12E-01 
2o36E-01 
1.77E-01 
9o55E-02 
1.30E-01 
4o05E-02 
4o82E-02 
3 0 54 E.- 02 
2 o 99B- 01 
5o80E-02 
4o32E-02 
6o45E-01 
So21E-02 
l.19E+00 
3o38E-01 
2o91E-01 
2o34E-01 
4o32E+01 
3o96E-02 
3o63E-01 
l.l3E-Ol 
4o32E-02 
1.04E-01 
4o73E-02 
4o91E-02 
l.90E-01 
7o36E-01 
1o75E+02 
4o36E-01 
4o39E-01 
3o29E-02 
1o28E-Ol 
7.48E-02 



-

-

-

.. Sandia National Laboratories .. Radiation Protection Sample Diagnostics Program [881 Labo=a~o=:·j 
8·16-97 5:43:35 PM : ............................ 9-...................... ~ ...... '.i .............................................. * ........ ~ ...... r .... ~ .................... : 

* Analyzed by: l (J 7? Reviewed by: tJ (£ ~~ .. 
******************* ***** ** ********************* *** ·** ************* 
Customer : E.GALLOWAY/K~C (6682/SMO) 
Customer Samole ID 033843-002 
Lab Sample ID 70141625 

Sarnole Descriotion 
Sample Quantity 
Sarnole Date/Time 
Acquire Start Date/Time 
Detector Name 
2lapsed Live/Real Time 

MARINELLI 
628.000 

8-12-9 7 
8-16-97 

LAE02 
6000 I 

SOLID SM-1.PLE 
gram 

12:40:00 PM 
4:00:56 PM 

6002 seconds 

Comments: 
**************************************************************~*~***~**~* 

Nuclide Activity 2-sisna. MDA 
Name (pCi/grarn) Erro= (pCi/gram) 

------- ---------- - --- - - - - .. - --- --- - - - -
U-238 Not Detected --------- 3.36E+00 
TE-234 1.18E+00 1.02£.;.00 7.81E-01 
RA-226 1.04E+00 5.26E-01 5.77E-01 
PE-214 4.74E-01 LllE-01 7.16E-02 
SI-214 4.89E-01 1.12£-01 5 .46E.-02 

TE-232 6 .42E- 01 3.19E-01 L40E-01 
RA-228 5.36E-01 2.38E-Ol 1.53E-01 
AC-228 6.55E-Ol 4.432-01 8.19E-02 
TH-228 5.64E-01 2 .3:!.2-01 5.19E-01 
RA-224 6.09E-01 2.52E-Ol 8.36E-02 
PS-212 5.802-01 1.78i::-Ol 3.87E-02 
- . 

- ..,.., .., :;.::._E-01 3.47E-01 2.8:~-01 
TL-208 5.73E-01 1.65i::-01 7.06E-02 

u- 235 Not Detected - - - - - -- - - 2.47£-01 
TH-231 Not Det:ect:ed - -- - - -- - - 1.26E+01 
P.l'<-231 Not Detected --------- 1.45E+00 
TB-227 Not Detected - -- - -- - -- 3.37E-01 
RA-223 Not Detected --------- 2.53E-01 
RN-219 Not Detected --------- 3.92E-01 
PS-211 Not Detected --------- 8.72E-01 
TL-207 Not Detected --------- 1.49E+Ol 

AJ."!-241 Not Detected - - -- -- - - - 4.81E-01 
PU-239 Not Detected --------- 4.53E+02 
NP-237 Not Detected --------- 3.88E-01 
P.l\.-233 Not Detected --------- 6.03E-02 
TH-229 Not DetecteC. --------- 2.61E-01 

-------------·---- ·----· 



[Summary Report] - Sample ID: : 70141625 

Nuclide 
Name 

Activity 
(pCi/gram) 

2-sigma 
Error 

MDA 
(pCi/gram) 

AG-108m Not Detected --------- 4.21E-02 
AG-110m Not Detected --------- 2.98E-02 
BA-133 Not Detected ·-------- 6.32E-02 rP? 
BE·7 6.37E-02 9.73E-02 1.20E-01 -t~~ 
~ = i ~~---N-o-t -;6:-e:-i. ~:;.:~,.;~:..,t-:~ff:~"----_-::.,..:.,;.:.,:.::~ .... ~ e-: e-: ---- ~ : ~~ ~ ~ ~ ~ ;V ..Q' .w-v-t ~ . ,r /u / 5 7 
CE-139 Not Detected --------- 2.98E-02 
CE-141 Not Detected --------- 5.72E-02 
CE-144 Not Detected --------- 2.48E-01 
C0-56 Not Detected --------- 3.79E-02 
C0-57 Not Detected --------- 3.15E-02 
C0-58 Not Detected --------- 3.60E-02 
C0-60 Not Detected --------- 3.69E-02 
CR-51 Not Detected --------- 2.64E-01 
CS-134 Not Detected --------- 4.87E-02 
CS-137 Not Detected --------- 3.31E-02 
EU-152 Not Detected --------- 9.40E-02 
EU-154 Not Detected --------- 1.94E-01 
EU-155 Not Detected --------- 1.49E-01 
FE-59 Not Detected --------- 7.97E-02 
GD-153 Not Detected --------- 1.08E-01 
HG-203 Not Detected --------- 3.32E-02 
I-131 Not Detected --------- 4.17E-02 
IR-192 Not Detected --------- 3.00E-02 
K-40 1.76E+01 2.66E+OO 2.75E-01 
MN-52 Not Detected --------- 5.06E-02 
MN-54 Not Detected --------- 2.13E-02 
M0-99 Not Detected --------- 6.89E-01 
NA-22 Not Detected· --------- 4.44E-02 
NA-24 Not Detected --------- 3.34E+00 
NB-95 Not Detected --------- 3.43E-01 ~ 

~=~~7 ~;~: ~e::~~=~~ -~~=~~-=~ f:~~~=~i,v..r&.-Z:~ ( ~,?,}) 
PB-210 Not Detected --------- 3.59E+01 ~df~ 
RU-103 Not Detected --------- 3.22E-02 
RU-106 Not Detected --------- 2.97E-01 
~B-122 Not Detected --------- 1.15E-01 
SB-124 Not Detected --------- 3.48E-02 ~ 
SB-125 Not Detected --------- S.SOE-02 ~~~~ . j 
SN-113 ::.::: :: :.:::: :- l.63E-02_.LI•....r ~· ..-."f ' J}f/11 
SR-85 Not Detected --------- 4.03E-02 
TA-182 Not Detected· --------- 1.61E-01 
TA-183 Not Detected --------- 7.18E-01 
TC-99m Not Detected ·--------- 2.79E+03 
TL-201 Not Detected --------- 4.71E-01 
XE-133 Not Detected --------- 5.35E-01 
Y-88 Not Detected --------- 2.79E-02 
ZN-65 Not Detected --------- 1.08E-01 
ZR-95 Not Detected --------- 6.15E-02 



-

-

.. .. .. 
Sandia National Laboratories 

Radiation Protection Sample Diagnostics Program (881 Labo~atory] 
8-16-97 7:28:16 PM 

.. .. .. 
:***************************************************~********c{t*********Y: 

r Analyzed by: /-J~ f/t Jll7 Reviewed by: fJ\!1( * 
****************** ****************************** ********************* 
Customer : B.GALLOWAY/~AC (6682/SMO) 
Customer Samole ID 033844-002 
Lab Sample Ib 70141626 

Sample Description 
Sample Quantity 
Sample Date/TL~e 
Acauire Start Date/T~~ 
Detector Name 
~lapsed Live/Real Time 

MARINELLI 
655.000 

8-12-97 
8-16-97 

LAB02 
6000 I 

SOLID SAMPLE 
gram 

12:55:00 PM 
5:45:39 PM 

6003 seconds 

Comments: 
************************************************************************* 

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

·------ ---------- - - -- -- --- - ------ - - - -
U-238 Not Detected --------- 3.17E+00 
TH-234 6.77E-01 4.65E-01 6.64E-01 
RA-226 l. 51E+00 6.18E-01 6.05E-01 
PB-214 6.14E-01 l.17E-01 7.19E-02 
3I-214 Not Detected - -- ------ 5 .08E.-02 

TH-232 6.02E-01 7.16E-01 l.54E-01 
RA-228 5.68E-01 2.09E-01 l.57E-01 
AC-228 5.95E-01 l.51E-01 8.43E-02 
TH-228 5.35E-01 2.19S-01 4.81E-01 
RA-224 5.55E-Ol 2.09E-01 9.07E-02 
PB-212 5.35E-01 4.30E-01 3 .91E-02 
3I-212 7.61E-O: 3.97E-Ol 3.25E-01 
TL-208 5.79E-01 2.15E-01 6.95E-02 

U-235 Not Detected --------- 2.45E-01 
TH-231 No c. Detected --------- l.27E+Ol 
?.l\.-231 Nee. Detected --------- 1. 49E+00 
':'H-227 No c. Detected --------- 3.42E-01 
RA-223 Not Detected --------- 2.50E-01 
!lli-219 Not Detecc.ed --------- 3.85E-01 
?B-211 Not Detecc.ed --------- 8.66E-01 
TL-207 Not Detected --------- 1.44E+01 

AM-241 Not Detecc.ed --------- 4.70E-01 
?U-239 Not Detected --------- 4.58E+02 
NP-237 Not Detected - -- - -- - - - 2.38E-Ol 
?A-233 Not Detected - - -- - -- - - 5.94E-02 
TE-229 Not Detecc.ed --------- 2.63E-01 

-----··----·-·------



[Summary Report] - Sample ID: : 70141626 

Nuclide 
Name 

AG-108m 
AG-110m 
BA-133 
BE-7 
CD-109 
CD-115 
CE-139 
CE-141 
CE-144 
C0-56 
C0-57 
co-sa 
C0-60 
CR-51 
cs -134 
cs -13 7 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
M0-99 
NA-22 
NA-24 
NB-95 
ND-147 
NI-57 
PB-210 
RU-103 
::W-106 
SB-122 
SB-124 
SB-125 
SN-113 
SR- 85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
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 

1.33E-02 
Not: Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not: Detected 
Not Detected 
Not Detected 

1.91E+01 
Not: Detected 
Not Detected 
Not Detected 
Not: Detected 
Not: Detected 
Not Detected 
Not ;cecc;d 
Not Detected 
Not: Detected 
Not Detecced 
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 

1.26E-02 

2.79E+OO 

MDA 
(pCi/gram) 
----------
4.24E-02 
3.33E-02 
6.7SE-02 
2.63E-01 
8.12E-01 
2.42E-01 
3.08E-02 
5.82E-02 
2.52E-01 
3.97E-02 
3.13E-02 
3.47E-02 
3.95E-02 
2.70E-01 
4.90E-02 
1. 7SE-02 
9.35E-02 
1.95E-01 
1.58E-01 
8.30E-02 
1.10E-01 
3.46E-02 
4.25E-02 
2. 94E.- 02 
2. 43E·- 01 
S.llE-02 
3.56E-02 
7.34E-01 
4.43E-02 
3.52E+00 
3.52E-01 
2.61E-01 
3.59E-01 
3.58E+01 
3.29E-02 
2.99E-01 
1.20E-01 
3.36E-02 
8.69E-02 
3.97E-02 
3.90E-02 
l.SSE-01 
7.17E-01 
3.25E+03 
4.83E-01 
5.39E-01 
2.38E-02 
l.OSE-01 
5.67E-02 
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·················•******************************************************* 
* Sandia National Laboratories y 

* Radiation Protection Sample Diagnostics Program [881 Laboratory] y 

* 8-13-97 1:36:41 PM y 

************************************************************************* 

: Analyzed by: 9 .J-ftY/r7 Reviewed by: JL.-..6/t~'f;r' : 
+++++++++++++++++++ +++++T++++++++++++++++++++++++~******************* 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Sample : 032487-002 
Lab Sample ID 70141501 

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

MARINELLI 
579.000 

8-12-97 
8-13-97 

LAB01 
6ooo I 

SOLID SAMPLE 
gram 
9:22:00 AM 

10:59:12 AM 

6002 seconds 

Comments: 
************************************************************************* 

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

------- - - ------ -- ---------- ----------
U-238 l.27E+OO l. 39E+OO 2.19E+OO 
TH-234 1.89E+OO 5.46E-01 5.14E-01 
RA-226 1.23E+OO 8.36E-01 5.78E-01 
PB-214 5.27E-01 l.35E-01 5.35E-02 
BI-214 4.50E-01 l.96E-01 5.74E-02 

TH-232 5.02E-01 2.93E-01 2.46E-01 
RA-228 5.75E-01 l.12E-01 l. 72E-01 
AC-228 5.67E-01 ·2 .22E-01 l.17E-01 
TE-228 6.16E-01 2.59E-01 5.43E-Ol 
RA-224 5.33E-01 2.75E-01 1.09E-01 
PB- 212 S.B~E-01 ~l.OEE-0:.. :..44E-02 
;.;...;,.-"'~..:: 5.71E-01 4.43E-01 3.65E-01 
TL-208 5.26E-Ol l. 57E- 01 8.50E-02 

U-235 Not Detected --------- 2.25E-01 
TH-231 Not Detected ---- -- --- 9.58E+00 
PA-231 Not Detected ------- -- 1.55E+00 
TH-227 Not Detected --------- 3.70E-01 
RA-223 Not Detected --------- l.62E-Ol 
RN-219 Not Detected -- --- --- - 4.63E-01 
PB-211 Not Detected -- --- - --- 1.l0E+00 
TL-207 Not Detected --------- l.75E+Ol 

AM-241 Not Detected --------- 2.06E-01 
PU-239 Not Detected --------- 3.77E+02 
NP-237 Not Detected --- ... -- --- 3.06E-Ol 
PA-233 Not Detected -- - -- ---- 6.5lE-02 
TH-229 Not Detected --------- 2.26E-01 



[Suxmuary Report] - Sample m: : 70Hl50l 

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

.................... ---------- ---------- ----------
AG-lOBm Not Detected --------- 4.89E-02 
AG-llOm Not Detected ......................... 3.97E-02 
BA-133 Not Detected --------- 6.44E-02 
BE-7 Not Detected --------- 3.03E-Ol 1 - ( 

·?;),'i/7, BI-207 Not Detected --------- 3. 73E- 02 (-./ -/J.e"J;;.-1~ 
CD-109 :. 37E I QQ 4.1:: ~- 8.32E-01# · . ·-CD-115 Not Detected --------- 9.74E-02 
CE-139 Not Detected --------- 2.87E-02 
CE-141 Not Detected -- ... --- - -- 4.98E-02 
CE-144 Not Detected -- ... ---- ... ... 2.06E-01 
C0-56 Not Detected --------- 3.09E-02 
C0-57 Not Detected --------- 2.5SE-02 
C0-58 Not Detected ----- ... ... -- 3.99E-02 
C0-60 Not Detected -- -- ----- 4.58E-02 
CR-51 Not Detected ... - -- ----- 2.76E-01 
CS-134 Not Detected -- -- ----- 4.62E-02 
CS-137 2.11E-02 l.82E-02 2.81E-02 
EU-152 Not Detected ----- ... -- ... 7.62E-02 
EU-154 Not Detected ......................... 2.2SE-01 
EU-155 Not Detected --------- 1.14E-Ol 
FE-59 Not Detected - ... ... - - --- ... 1. OlE- 01 
GD-153 Not Detected -- ... ... - ... ... -- 8.91E-02 
HG-203 Not Detected .......................... 3.50E-02 
I-131 Not Detected ------... -- 3.56E-02 
IR-192 Not Detected ........................... 3.17E-02 
K-40 1.60E+01 2.62E+00 3.94E-01 
MN-52 Not Detected ... -------- 4.12E-02 
MN-54 Not Detected "'·"'------- 4.14E-02 
M0-99 Not Detected --------- 4.02E-Ol 
NA-22 Not Detected - --- -- - -- 5.34E-02 
NA-24 Not Detected ~ - --- - --- 1.37E-Ol 
NB-95 Not Detected ------ 1.s6:::-v~ 
ND-147 Not Detected -- -- --- ... - 2.50E-01 
NI-57 Not Detected ... ----- - -- 9.59E-02 
PB-210 Not Detected -- ---- --- 8.79E+00 
RU-103 Not Detected --------- 3.31E-02 
RU-106 Not Detected --------- 3.38E-Ol 
SB-122 Not Detected ... ----- ... -- 6.57E-02 
SB-124 Not Detected - --- --- - - 3.73E-02 
SB-125 Not Detected - - -- -- --- 1.01E-01 
SN-113 Not Detected -- -- - -- - - 4.32E-02 
SR-85 Not Detected -- ... - ----- 4.65E-02 
TA-182 Not Detected --------- 1. 86E- 01 
TA-183 Not Detected ----- -- - - 2.02E-Ol 
TC-99m Not Detected ... -- -- ... - -- 5.0BE-Ol 
TL-201 Not Detected - ... - --- - - - l.49E-01 
XE-133 Not Detected --------- l.46E-Ol 
Y-88 Not Detected . ---- - - -- 3.59E-02 
ZN-65 Not Detected ---- - - - -- 1.29E-01 
ZR-95 Not Detected -- ---- -- - 6.86E-02 



-

-

************************************************************************* 
w Sandia National Laboratories * 
w Radiation Protection Sample Diagnostics Program [881 Laboratc~l * 
w 8-13-97 2:49:56 PM * 
************************************************************************~ 

: Analyzed by: 9 8~'-1 /n Reviewed by: iJ....-~/I~Iq'} : 
******************* ••••• ~:************************~~~*~************** 
Customer : B.GALLOWAY/MAC (6682/SMO) 
Customer Samole : 032492-002 
Lab Sample ID 70141502 

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

MARINELLI 
593.000 

8-12-97 
8-13-97 

LAB01 
6ooo I 

SOLID SAMPLE 
gram 

10:03:00 AM 
1:07:19 PM 

6002 seconds 

Comments: 
************************************************************************* 

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

------- ---------- ---------- ---·-----· 
U-238 2.18E+00 3.62E+00 2.07E+00 
TH-234 2.75E+00 7.18E-01 5.25E-Ol 
RA-226 1.90E+00 6.17E-01 6.68E-Ol 
PB-214 5.56E-01 1.llE-01 5.68E-02 
BI-214 4.79E-01 L24E-01 6.36E-02 

TH-232 6.47E-01 3.68E-01 2.50E-01 
RA-228 7.55E-01 4.23E-01 2.12E-01 
AC-228 6. 71E-01 ·2.05E-01 L OlE- 01 
TH-228 5.30E-01 3.97E-01 5.87E-01 
RA-224 6.85E-01 3.57E-01 L10E-01 
PB-212 6.29E-01 :L70E·01 4.70E-02 
BI-212 Not Detected - ---- - - - - 4.71E-01 
TL-208 6.22E-01 L 68E-01 8.95E-02 

U-235 Not Detected --------- 2.26E-01 
TH-231 Not Detected ------- - - 9.82E+00 
PA-231 Not Detected ------- - - 1.54E+00 
TH-227 Not Detected - ----- - - - 3.81E-01 
RA-223 Not Detected --------- 1.69E-01 
RN-219 Not Detected - --- - - - - - 4.60E-01 
PB-211 Not Detected ------- - - 1.05E+00 
TL-207 Not Detected - - -- --- -- L 72E+01 

AM-241 Not Detected -- ------- 2.0BE-Ol 
PU-239 Not Detected ----- -- - - 3.84E+02 
NP-237 Not Detected ------- - - 3.26E-01 PA-233 Not Detected ----- - -- - 6.47E-02 TH-229 Not Detected - --- - - - - - 2.29E-01 



[Summary Report] - Sample m: : 70141502 

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

AG-108m Not Detected --------- 4.92E-02 
AG-110m Not Detected --------- 4.48E-02 
BA-133 Not Detected ...................... 6.68E-02 
BE-7 7.93E-01 3.52E-01 2.05E-Ol . ?¥if; BI-207 Not Detected --- ------ 3.61E-02 i -;--.( 
CD-109 :..29Et98 4.26: C- 8.87E-01Jli.:-1. e.-1<-<-/."" 
CD-115 Not Detected -.. ---- --- l.OSE-01 
CE-139 Not Detected ------- ... - 2.85E-02 
CE-141 Not Detected -- - .. - - - -- 5.11E-02 
CE-144 Not Detected .. - ... - .. -... -- 2.10E-01 
C0-56 Not Detected --------- 4.47E-02 
C0-57 Not Detected --------- 2.70E-02 
C0-58 Not Detected - .. ------- 3.59E-02 
C0-60 Not Detected --------- 4.85E-02 
CR-51 Not Detected ..................... 2.73E-01 
CS-134 Not Detected --------- 4.53E-02 
CS-137 6.4l.E-02 3.52E-02 2.93E-02 
EU-152 Not Detected ..................... S.OOE-02 
EU-154 Not Detected ....................... 2.30E-01 
EU-155 Not Detected ...................... 1.26E-01 
FE-59 Not Detected --------- 8.86E-02 
GD-153 Not Detected --------- 9.25E-02 
HG-203 Not Detected ........................ 3.38E-02 
I-131 Not Detected ........................ 3.64E-02 
IR-192 Not Detected ....................... 3.19E-02 
K-40 1.56E+01 2.54E+00 4.02E-01 
MN-52 Not Detected --------- 4.54E-02 
MN-54 Not Detected --------- 4.37E-02 
M0-99 Not Detected --------- 4.17E-01 
NA-22 Not Detected ..................... 5.42E-02 
NA-24 Not Detected - ... ... .. - .. .. ... - 1.49E-01 
NB-95 Not Detected ......................... 1.92E-01 
ND-147 Not Detected - - .. ------ 2.49E-01 
NI-57 Not Detected - ---.. - --- 9.35E-02 
PB-210 Not Detected .. ---.. --- ... 9 .11E+00 
RU-103 Not Detected ..................... 3.55E-02 
RU-106 Not Detected --------- 3.42E-01 
SB-122 Not Detected ---- - ---- 6.35E-02 
SB-124 Not Detected - --- --- ... ... 3.66E-02 
SB-125 Not Detected - - ------- 9.76E-02 
SN-113 Not Detected ........................ 4.24E-02 
SR-85 Not Detected ... -------- 4.47E-02 
TA-182 Not Detected --------- 1. 84E-01 
TA-183 Not Detected --------- 2.06E-01 
TC-99m Not Detected --------- 6.14E-01 
TL-201 Not Detected ----- - -- ... 1.54E-01 
XE-133 Not Detected --------- 1.56E-01 
Y-88 Not Detected ... - - --- - ... - 3.79E-02 
ZN-65 Not Detected ----- - --- 1.23E-01 
ZR-95 Not Detected - - --- ---- 7.07E-02 



-

-

-

************************************************************************* 
• Sandia Naeional Laboraeories T 

• Radiaeion Proeeceion Sample Diagnoseics Program [881 Laboratoryj T 

• 8-13-97 4:34:58 PM T 

************************************************************************* 

:Analyzed by: 9 j~Lf/17 Reviewed by: ']_BiN/q:r : 
****************** ******'~.~~********************~~**!************** 
Cuseomer : B.GALLOWAY/MAC (6682/SMO) 
Cuseomer Samnle ID 033950-002 
Lab Sample ID 70141503 

Sample Description 
Sample Quaneity 
Sample Date/Time 
Accruire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
808.000 

8-12-97 
8-13-97 

LAB01 
60oo I 

SOLID SAMPLE 
gram 

11:01:00 AM 
2:52:21 PM 

6002 seconds 

Commenes: 
************************************************************************* 

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

------- ---------- ---·------ ----------
U-238 Not Detected --------· 1.37E+00 
TH-234 1.14E+OO 3.38E-01 4.44E-01 
RA-226 8.20E-01 3. 7lE-01 4. 61E-Ol 
PB-214 5.08E-01 l. 07E- 01 4. 72E-02 
BI-214 4.68E-01 l.38E-01 4.83E-02 

TH-232 5.60E-01 2.99E-01 2.08E-01 
RA-228 6.94E-01 2.10E-01 1.51E-01 
AC-228 6.17E-01 l.96E-01 9.22E-02 
TH-228 Not Detected - - ---- -- - 4.08E-01 
RA-224 5.48E-01 2.53E-01 9.36E-02 
PB-212 5.79E-Cl · l. DOE- 01 3.92E-02 
BI-212 4.95E-01 ·2.54E-01 2.61E-01 
TL-208 5.56E-01 1.62E-01 6.92E-02 

U-235 Not Detected - - --- - - -- 1.89E-01 
TH-231 Not Detected ------ -- - 7.74E+OO 
PA-231 Not Detected - - - - --- -- l.27E+OO 
TH-227 Not Detected ----- ---- 3.20E-01 
RA-223 Not Detected - - - - -- --- 1.29E-01 
RN-219 Not Detected --------- 3.77E-01 
PB-211 Noe Detected - ---- ---- 8.76E-01 
TL-207 Not Deeected - ----- - -- 1.46E+01 

AM-241 Not Deeected --- ------ l.72E-01 
PU-239 Not Detected ------- -- 3.16E+02 
NP-237 Not Detected ------ --- 2.54E-01 
PA-233 Not Detected ------ - - - 5.13E-02 
TH-229 Not Deteceed -- ---- --- 1. 81E- 01 



[Suxmna.ry Report] - Sample m: : 70141503 

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

..................... ---------- ---------- ----------
AG-108m Not Detected .......................... 3.84E-02 
AG-110m Not Detected ........................... 4.45E-02 
BA·133 Not Detected --------- 5.34E-02 
BE-7 Not Detected ... - -- ... - - - - 2.48E-01 

?·if,y/S 1 

BI·207 Not Detected - ... ... - ... ... -- - 1. 95E- 02 i-;- -r"( 
CD-109 :.:::.e: z.. a:: -. 6. 97E- 01,U,.:;r...(e,l.;."''""' --
CD·llS Not Detected .......................... 8.54E-02 
CE·139 Not Detected ......................... 2.34E-02 
CE-141 Not Detected ......................... 4.19E-02 
CE·144 Not Detected ... ... --- -- ... ... 1.75E-01 
C0·56 Not Detected ... -- ... - - ... - - 3.60E-02 
C0·57 Not Detect:ed - ... - ... ----- 2.17E-02 
CO·SB Not: Detected -- ... - ... - ... - ... 3.23E-02 
C0-60 Not: Detected -- ... ... - ... -- ... 3.82E·02 
CR-51 Not Detected --------- 2.24E·01 
CS·134 Not Detected - ... ... - ... ... -- ... 3.70E-02 
CS·137 1.80E-01 S.llE-02 2.22E-02 
EU·152 Not Detected --------- 6.46E-02 
EU·154 Not Detected --------- 1.78E-01 
EU·155 Not Detected ........................... l.02E-01 
FE-59 Not Detect:ed ......................... 8.36E-02 
GD·153 Not Detect:ed ........................... 7. 25E- 02 
HG·203 Not Detected ........................... 2.81E-02 
I·l31 Not Detected .......................... 3.04E-02 
IR-192 Not Detected ---- ... -- ... ... 2.52E-02 
K-40 1.64E+01 2.62E+00 3.09E-01 
MN-52 Not Detected ... - ... - ... ... --- 3.74E-02 
MN·54 Not Detected ....... - ... --- -- 3.35E-02 
M0-99 Not Detect:ed ... ... - - - ... ... - ... 3.36E-01 
NA-22 Not Detected --------- 4.72E-02 
NA·24 Not Detected -- ... -- ... -- - 1.12E-01 
NB·95 Not: Detected ... - ... - - --- - 1. 63E- 01 
ND-147 Not: Det:ected - ... ... - ... --- - 2.11E-01 
NI·57 Not: Detected ---- ... --- - 8.02E-02 
PB-210 Not Detected - ... -- -- - ... - 7.08E+00 
RU-103 Not Detect:ed - --- ... - - - - 2.95E-02 
RU-106 Not. Detected - ... -- - ... - -- 2.77E-Ol 
SB-122 Not: Detected ... ---- ... - - - 4.95E-02 
SB-124 Not Detected - --- ... - ... - ... 2.94E-02 
SB-125 Not Detected ----- ... -- - 8.79E-02 
SN-113 Not Detected -- ... - ... - - - - 3.47E-02 
SR-85 Not Detected ... --- ... ... -- - 3.54E-02 
TA-182 Not Detected - - ... - ... - - -- 1. 63E- 01 
TA-183 Not Detect:ed ... ... -- ... ... -- - 1. 72E-01 
TC-99m Not Detected -- ... ... ... ---- S.SSE-01 
TL-201 Not Det:ected ... ... ----- - ... 1.23E-01 
XE-133 Not Detect:ed --------- 1.27E-01 
Y-88 Not Detected ... ... ----- - - 2.90E-02 
ZN-65 Not Det:ected --- - ---- - 1.10E-Ol 
ZR·95 Not Detected - --- -- - - - 5.92E-02 



-

--

-

***************•***********************************+++++++++++++++++Y~++Y 

T Sandia National Laboratories T 

T Radiation Protection Sample Diagnostics Program [881 Labo~ato=Yl T 

T 8-13-97 6:19:51 PM T 

************************************************************************* 

: Analyzed by: g. S' l,'f /s-, Reviewed by: ~1·N{'1r : 
****************** *****'************************~~ *********++TTYTTT 
CUstomer : B.GALLOWAY/MAC (6682/SMO) 
CUstomer Samole : 033955-002 
Lab Sample ID 70141504 

Samole Desc~iption 
Sample Quantity 
Samole Date/Time 
Accruire Start Date/Time 
Detector Name 
Elapsed Live/Real Time 

MARINELLI 
516.000 

B-12-97 
8-13-97 

LAB01 
6ooo I 

SOLID SAMPLE 
gram 

11:37:00 AM 
4:37:26 PM 

6002 seconds 

Comments: 
************************************************************************* 

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

------- - - -------- --- --- -- - - ----------
U-238 2.92E+OO 3.23E+00 2.29E+00 
TH-234 3.58E+OO 9.04E-01 5.59E-01 
RA-226 1.93E+00 4.78E-01 6.21E-01 
PB-214 4.90E-01 1.16E-01 6.19E-02 
BI-214 Not Detected ---- - ---- 1.39E-01 

TH-232 S.OOE-01 3.82E-01 2.93E-01 
RA-228 5.17E-01 2.38E-01 2.16E-01 
AC-228 Not Detected -·-------- 2.43E-Ol 
TH-228 5.17E-01 3.86E-01 S.OlE-01 
RA-224 5.26E-01 3.45E-01 9.75E-02 
PB-212 5.74E-01 : 1. OBE- 01 5.23E-02 
BI- 2:.2 B.llE-01 7.26E-01 4.63~-Cl 
TL-208 4.88E-01 2.89E-01 8.72E-02 ~ 
U-235 - '"'::IX:: ~. :.so: e: 2. SSE- 01 ,v.;:T ~fe':£/:J t/,r/5 -. 0-- "-TH-231 Not Detected ---- ---- - 1.07E+01 . 
PA-231 Not Detected - - - - - - - -- 1. 76E+00 
TH-227 Not Detected -- - - - - -- - 4.08E-01 
RA-223 Not Detected ---- - ---- 1.83E-01 
RN-219 Not Detected --- - -- --- 4.76E-01 
PB-211 Not Detected --- - -- - - - 1.09E+00 
TL-207 Not Detected ----- - -- - 1.89E+Ol 

AM-241 Not Detected - - - - -- - - - 2.35E-01 
PU-239 Not Detected - - - - - - -- - 4.04E+02 NP-237 Not Detected - -- - - --- - 3.46E-01 
PA-233 Not Detected --- - -- - -- 6.80E-02 TH-229 Not Detected --- - - - --- 2.48E-01 



[Summary Report] - Sample :!D: : 70~4~504 

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

AG-~OSm Not Detected --------- s.nE-02 
AG·~~Om Not Detected --------- 4.75E·02 
BA-133 Not Detected ........................ 6.97E·02 
BE-7 Not Detected --------- 3.22E-01 Ari/n BI-207 Not Detected -- -- ----- 2.61E·02 'bJ:f 
CD-109 1.2:EJ99 1.39: a: 8.55E·01;v'T,,:l..:. r:.-c- c..· 
CD-115 Not Detected ------·-- 1.13E·01 
CE-139 Not Detected --- -- - ... .. - 3.13E·02 
CE-141 Not Detected --------- 5.44E·02 
CE-144 Not Detected --- ------ 2.24E·01 
C0-56 Not Detected ... ---- ... --- 4.97E·02 
C0-57 Not Detected --------- 2.88E·02 
co-sa Not Detected ......................... 4.13E·02 
C0-60 Not Detected --------- S.30E·02 
CR-51 Not Detected ........................ 3.0~E-O~ 
CS-134 Not Detected - ... -----.. ... 4.88E·02 
CS-137 5.80E·02 4.65E·02 3.32E·02 
EU-152 Not Detected .......................... 8.73E·02 
EU-154 Not Detected --------- 2.48E-01 
EU-155 Not Detected --------- 1.33E·01 
FE-59 Not Detected ...................... 9.78E·02 
GD-153 Not Detected ....................... 1.05E·O~ 
HG-203 Not Detected --------- 3.84E·02 
I-131 Not Detected --- ----... - 3. 81E-02 
IR-~92 Not Detected --------- 3.28E·02 
K-40 1. 66E+01 2. S~E+OO 4.75E-0~ 
MN-52 Not Detected ........................ 5.10E·02 
MN-54 Not Detected ---------- 4.50E·02 
M0-99 Not Detected -- -- --- .. ... 4.65E·01 
NA-22 Not Detected ... .. ------- 6.00E-02 
NA-24 Not Detected -·------- 1. 70E· 01 
NB-95 Not Detected - ... ------ - 2.12E·01 
ND-147 Not Detected --------- 2.88E·O~ 
NI-57 Not Detected - ... ------ ... 1.14E· 01 
PB-210 Not Detected ...................... 1.00E+01 
RU-103 Not Detected - .. .. .. .. ... ... .. - 3.85E·02 
RU-106 Not Detected - ... - .. -- --- 3.78E·01 
SB-122 Not Detected --------- 7 .13E·02 
SB-124 Not Detected --------- 4.21E·02 
SB-125 Not Detected --------- 1.13E·01 
SN-113 Not Detected ........................ 4.62E·02 
SR-85 Not Detected .. ... - - - ... -- - 4.98E·02 
TA-182 Not Detected - ... - ----- - 2.11E·01 
TA-183 Not Detected ......................... 2.35E·01 
TC·99m Not Detected --------- 8.61E·01 
TL-201 Not Detected ----- ... ... - - 1. 68E· 01 
XE-133 Not Detected --- ---- - - 1.75E·01 
Y-88 Not Detected ......................... 4.03E-02 
ZN-65 Not Detected --------- 1. 40E· 01 
ZR·95 Not Detected -- ... ----- - 8.07E·02 



-

-

-

************************************************************************* 
* Sandia National Laboratories ~ 
* Radiation Protection Sample Diagnostics Program (881 Laborato~l ~ 
* 8-13-97 8:04:S1 PM ~ 

:·::::::::·:::·~_:··:·;·t·,::*****::::::::·:::···~;~;i:j**********: 
******************~****'* *********************~f>~~L·····~·~**** Customer : E.GALLOWAY/MAC (6682/SMO) 
Customer Samole ID 033838-002 
Lab Sample ID 70141SOS 

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

MARINELLI 
S37.000 

8-12-97 
8-13-97 

LAE01 
6000 I 

SOLID SAMPLE 
gram 

12:22:00 PM 
6:22:1S PM 

6002 seconds 

Comments: 
************************************************************************* 

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

------- ---·------ ..................... --- -------
U-238 Not Detected ----·---- 2.28E+OO 
TH-234 8.28E-01 S.64E-01 S.47E-01 
RA-226 9.67E-01 7.80E-01 6.18E-01 
PB-214 S.43E-01 l.13E-01 6.29E-02 
BI-214 S.39E-01 l. SSE- 01 6.44E-02 

TH-232 6.67E-01 3.6SE-01 2.75E-01 
RA-228 5.85E-01 2.33E-01 l. 93E- 01 
AC-228 7.17E-01 2.44E-01 l.20E-01 
TH-228 Not Detected --------- S.17E-01 
RA-224 6.34E-01 _3.41E-01 l. 08E- 01 
PB-212 6.59E-01 · l.20E-01 4.60E-02 
BI-212 5.59E-01 4.22E-01 4.16E-01 
TL-208 6.SOE-01 1.87E-01 8.35E-02 

U-235 Not Detected ---- - - -- - 2.3SE-01 
TH-231 Not Detected - -- ------ 9.50E+00 
PA-231 Not Detected --- ---- - - 1.62E+OO 
TH-227 Not Detected - ----- - - - 4.08E-01 
RA-223 Not Detected ----- - -- - l. 60E- 01 
RN-219 Not Detected -- --- -- - - 5.07E-01 
PB-211 Not Detected --- ----- - l.12E+00 
TL-207 Not Detected --- -- --- - 1.7SE+01 

AM-241 Not Detected - --- - ---- 2.06E-01 
PU-239 Not Detected --------- 3.96E+02 NP-237 Not Detected ----- - - - - 3.19E-01 PA-233 Not Detected - - - - -- --- 7.00E-02 TH-229 Not Detected --------- 2.24E-01 



[Summary Report] - Sample ID: : 70141505 

Nuclide 
Name 

Activity 
(pCi/graml 

2-sigma. 
Error 

MDA 
(pCi/graml 

AG-l.08m Not Detected --------- 5.29E-02 
AG-l.l.Om Not Detected --------- 4.39E-02 
BA-1.33 Not Detected --------- 6.86E-02 
BE-7 6.63E-Ol. 2.52E-Ol. 2.09E-Ol. /-
BCDI-_210079 Not: Det:ect:ed --------- 3

8 
.. 71 60~=0021 ,v,:::ric.·f-;::.A;.( ·) ~5 --------~:~.~e~e::~:~e~e-----ee~.~e~:::-ee~:--------- ~ r ¥ 7 

CD-1.1.5 Not Det:ected --------- l..l.3E- 01. ' 
CE-1.39 Not Detected --------- 2.92E-02 
CE-1.41. Not Detected --------- 5.30E-02 
CE-1.44 Not Detected --------- 2.1.6E-Ol. 
C0-56 Not Detected --------- 4.77E-02 
C0-57 Not Detected --------- 2.74E-02 
C0-58 Not Detected --------- 4.l.l.E-02 
C0-60 Not Detected --------- 4.8l.E-02 
CR-51. Not Detected --------- 2.84E-Ol 
CS-1.34 Not Detected --------- 4.73E-02 
CS-1.37 2.9lE-02 l..9l.E-02 2.68E-02 
EU-1.52 Not Detected --------- 8.1.8E-02 
EU-1.54 Not Detected --------- 2.45E-Ol 
EU-1.55 Not Detected --------- l..26E-Ol 
FE-59 Not Detected --------- 9.55E-02 
GD-1.53 Not Detected --------- 9.22E-02 
HG-203 Not Detected --------- 3.63E-02 
I-1.31. Not Detected --------- 3.87E-02 
IR-1.92 Not Detected --------- 3.23E-02 
K-40 l..42E+Ol. 2.35E+00 4.57E-Ol. 
MN-52 Not Detected --------- 5.36E-02 
MN-54 Not Detected ---------- 4.3l.E-02 
M0-99 Not Detected --------- 4.48E-Ol. 
NA-22 Not Detected --------- 5.76E-02 
NA-24 Not Detected --------- l.78E-Ol. 
NB-95 Not Detected --------- 2.l5E-Ol. 
ND-1.47 Not Detected --------- 2.62E-Ol 
NI-57 Not Detected --------- l..23E·Ol 
PB-21.0 Not Detected --------- 8.69E+OO 
RU-1.03 Not Detected --------- 3.7l.E-02 
RU-1.06 Not Detected --------- 3.7lE-Ol 
SB-1.22 Not Detected --------- 6.48E-02 
SB-1.24 Not Detected --------- 3.84E-02 
SB-1.25 Not Detected --------- l.06E-Ol. 
SN-1.1.3 Not Detected --------- 4.4l.E-02 
SR-85 Not Detected --------- 4.90E-02 
TA-1.82 Not Detected --------- l.94E-Ol. 
TA-1.83 Not Detected --------- 2.08E-Ol. 
TC-99m Not Detected --------- 9.05E-Ol 
TL-201. Not Detected --------- l.6l.E-Ol 
XE-1.33 Not Detected --------- l.53E-Ol 
Y-88 Not Detected --------- 3.74E-02 
ZN-65 Not Detected --------- l.28E·Ol 
ZR-95 Not Detected --------- 7.0l.E-02 



-

-

************************************************************************* 
• Sandia National Laboratories ~ 
• Radiation Protection Sample Diagnostics Program [881 Laboratory] ~ 
• 8-13-97 9:49:45 PM ~ 
************************************************************************* 

: Analyzed by: ~ r j, y fq Reviewed by: _/...,.. ~ ~~~~~ : 
***************** ********~************************~***************** 
CUstomer : B.GALLOWAY/MAC (6682/SMO) 
CUstomer Sample ID 033845-002 
Lab Sample ID 70141506 

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

MARINELLI 
522.000 

8-12-97 
9-13-97 

LAB01 
6ooo I 

SOLID SAMPLE 
gram 

12:59:00 PM 
9:07:15 PM 

6002 seconds 

Comments: 
************************************************************************* 

Nuclide Activity 2-sigma MDA 
Name (pCi/gram) Error (pCi/gram) ------- ---------- ---------- ----------U-239 Not Detected -.... - ... - ...... - 1.79E+00 

TH-234 Not Detected .................... 7.11E-01 
RA-226 l.llE+OO 5.19E-Ol 6.04E-Ol 
PB-214 5.72E-01 l.29E-Ol 6.08E-02 
BI-214 5.04E-01 1.49E-01 6.97E-02 

TH-232 5.94E-01 3.51E-01 2.93E-Ol 
RA-229 5.88E-01 2.38E-01 1.95E-01 
AC-228 Not Detected - - - ----- - 2.70E-01 
TH-229 7.67E-01 4.62E-01 5.55E-01 
RA-224 6.95E-01 _2.89E-01 1. HE- 01 
PB-212 6.57E-01 · l. 25E- 01 4.99E-02 
3I-212 8.16E-01 5.69E-01 4.34E-01 
s:'L-208 5.13E-Ol 1.91E-01 9.37E-02 

U-235 Not Detected - - --- - - -- 2.33E-01 TH-231 Not Detected - - - - - --- - 9.75E+00 
PA-231 Not Detected - - - - -- - - - 1. 72E+00 
TH-227 Not Detected - --- - - - - - 4.15E-01 
RA-223 Not Detected - - -- - - - - - 1. 7lE-01 RN-219 Not Detected - - - -- - - - - 4.BOE-01 PB-211 Not Detected -- - - - - - - - l.OlE+OO TL-207 Not Detected - - - - - - - - - 1.93E+01 
AM-241 Not Detected - - - - -- - -- 2.12E-Ol 

~J.vA 
PU-239 Not Detected ----- ---- 4. 02E+02 ~ -- -;j NP-237 :.ae:: 6: :. a:= ~· 2 . 3 7E- 0 l/Vprd:.<-1t..G1 "-PA-233 Not Detected - - --- - - - - 6.83E-02 TH-229 Not Detected - --- - - -- - 2.33E-Ol 



{Summary Report] - Sample ID: : 70141506 

Nuclide 
Name 

AG-108m 
AG-110m 
BA-133 
BE-7 
BI-207 
CD-109 
CD-n5 
CE-139 
CE-141 
CE-H4 
C0-56 
C0-57 
C0-58 
C0-60 
CR-51 
CS-134 
CS-137 
EU-152 
EU-154 
EU-155 
FE-59 
GD-153 
HG-203 
I-131 
IR-192 
K-40 
MN-52 
MN-54 
: '0- 99 
N.:.-22 
NA-24 
NE-95 
ND-147 
NI-57 
PB-210 
RU-103 
RU-106 
SB-122 
SB-124 
SB-125 
SN-113 
SR-85 
TA-182 
TA-183 
TC-99m 
TL-201 
XE-133 
Y-88 
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 
Not Detected 

8.04E-02 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

l.56E+01 
Not Detected 
Not Detected 
Not Detec:::i 
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 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 
Not Detected 

3.20E-02 

2.74E+00 

MDA 
(pCi/gram) 

S.S2E-02 
4.70E-02 
6.89E-02 
3.27E-01 
2.34E-02 
1.11E+00 
1.l9E-01 
2.99E-02 
5.1SE-02 
2.2SE-01 
3.08E-02 
2.82E-02 
4.30E-02 
4.97E-02 
2.82E-01 
4.93E-02 
2.97E-02 
8.51E-02 
2.58E-01 
l.29E-Ol 
1.03E-01 
9.44E-02 
3.66E-02 
3.80E-02 
3.20E-02 
4.01E-Ol 
5.62E-02 
4.62E-02 
4.17.::-01 
5.84E-02 
1.86E-01 
2.18E-01 
2.84E-01 
l.11E-01 
9.59E+00 
3.68E-02 
3.83E-01 
7.14E-02 
3.87E-02 
l.10E-01 
4.96E-02 
4.87E-02 
2.00E-Ol 
2.lSE-01 
1.02E+00 
l.69E-01 
l.62E-01 
4.12E-02 
l.36E-01 
8.22E-02 
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RISK SCREENING ASSESSMENT FOR SWMU 108 06/24/98 

SWMU 108: RISK SCREENING ASSESSMENT 

I. Site Description and History 

Sandia National Laboratories/New Mexico (SNUNM) Solid Waste Management Unit (SWMU) 
1 08, the Firing Site (Building 9940), is located approximately 1.1 miles north of Magazine 
Road and 0.8 mile east of Technical Area (TA) Ill. The total size of the site is approximately 
0.4 acre. This site is on Kirtland Air Force Base (KAFB) land permitted to the U.S. Department 
of Energy (DOE). Building 9940 is an active site managed by Organization 6423, the Reactor 
Safety Experiments Department. However, the area on top of the bunker where releases 
occurred, the Fully Instrumented Test System (FITS) and EXO-FITS units, are inactive. The 
terrain is generally flat with a gentle slope to the west. Vegetation is primarily desert grasses. 

The Building 9940 complex was built in the 1960s as an explosive testing complex and was 
originally owned by Organization 2510, an explosive components organization. Firing tests at 
this time involved conventional explosives, but no records exist of the tests performed. In the 
1970s and 1980s, tests were performed to investigate reactor safety designs. Two types of 
tests from these experiments were hydrogen combustion tests and fuel coolant interactions 
(FCI). The hydrogen combustion tests were conducted to test flammability limits of a mixture of 
hydrogen/air and steam. Other than hydrogen, no other hazardous material was used in these 
tests. 

- The FCI experiments involved the reaction of depleted uranium and corium !hermite, which is 
essentially a compound of stainless steel, zirconium, iron oxide, nickel-oxide, chromium-oxide, 
and molybdenum-oxide powder. The intent of the experiments was to simulate the rea.ction of 
molten core materials and water. Experiments involving corium !hermite at Building 9940 
began in 1979 and continued until 1982. 

-

Two structures at SWMU 1 08 were critical to the tests using corium !hermite; the EXO-FITS 
facility located to the south of Building 9940A, and the FITS tank housed in Building 9940A. 
The FITS tank is a 5.6-meter vessel standing about 5 meters tall and is approximately 
1.5 meters in diameter. The EXO-FITS facility consisted of an angle-iron superstructure that 
suspended the !hermite/melt crucible and a water chamber on a concrete pad. 

The constituents of concern (COGs) at the site include depleted uranium and chromium. These 
materials were probably released from disposal onto the ground from the FITS tank and from 
the release of contaminated steam in the !hermite/steam reaction of the EXO-FITS unit. 

Because of reported explosives testing in the early history of the site, there is also the potential 
for residual high explosives (HE). Therefore, HE is a contaminant of concern at this site. 

A radiological survey was conducted at SWMU 108 in October 1993 by RUST-Geotech. Four 
point sources and eleven area sources of gamma activity 30 percent or greater than natural 
background were identified during this survey. Point sources and small area sources were 
removed in September 1995, and large area sources were remediated in October 1995. 

AU4~981WP/SNL:RS4300-6.00C 1 301462.185.05 06124198 3:17PM 



RISK SCREENING ASSESSMENT FOR SWMU 108 06/24/98 

After the radiological voluntary corrective measures (VCM) activities, 1 0 post-cleanup samples 
were collected from areas exhibiting the highest residual gamma readings. The maximum 
level of residual radiological COCs are 54.0 picocuries per gram (pCilg) for uranium (U)-238, 
0.84 pCi/g for U-235, 6.75 pCi/g for U-234, and 64.4 pCilg for thorium (Th)-234. 

II. Comparison of Results to Data Quality Objectives 

The confirmatory sampling conducted at SWMU 108 was designed to collect adequate samples 
to: 

• Determine whether hazardous waste or hazardous constituents have been released 
at the site 

• Characterize the nature and extent of any releases 
• Provide sufficient Level 3 analytical data to support risk screening assessments. 

Table 1 summarizes the sample location design for SWMU 108. The source of potential COCs 
at SWMU 108 was from spills and discharges from FCI tests. 

Table 1 
Summary of Sampling Performed to Meet Data Quality Objectives 

Number of Sampling 
Potential Area of Site Sampling Sample Density Location 

SWMU COCSource (acres) Locations (samples/acre) Rationale 
108 Spills and 0.4 25chemical 62 chemical To confirm 

discharges 41 radiological• 1 02 radiological GeotechVCM 
from FCI tests and assure no 

chemical 
constituents were 
present at these 
locations 

• Includes RUST -Geotech VCM Samples 

Surface soils were collected from areas of known releases as determined from background 
investigations, and known radiation anomalies as determined by the RUST-Geotech Radiation 
survey in 1994 and the radiological VCM activities performed by RUST-Geotech in 1995. 

Because the nonradiological COCs are considered to be co-located with the radiological COCs 
by the nature of the composition of HE selenium !hermite, the number and locations of the 
samples depended upon the location and aerial extent of the radiation anomalies. Some 
sample locations were selected outside the anomalous areas to further define these 
boundaries. Sediments and subsurface soils were collected from a ditch downhill from, the site 
to investigate the potential for offsite migration. 

Table 2 summarizes the analytical and data quality requirements necessary to 1) adequately 
characterize hazardous waste or hazardous constituents associated with the releases from the 
FCI tests, and 2) support risk screening assessments. 
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Table2 
Summary of Data Quality Requirements 

Radiation Protection 
General Sample Diagnostics 

Engineering Laboratory 
Analytical Oats Quality Laboratory, Department 713 

Requirement Level Charleston SC SNUNM 

RCRAmetals Level3 27 Samples Not Applicable 
plus Be, Hg, and including 
Ni, EPA Method 2 Duplicates 

Explosives Level3 27 Samples Not Applicable 
EPA Method including 

8330 2 Duplicates 

Gamma Level2 Not Applicable 27 Samples including 
Spectroscopy 2 Duplicates 

A total of 251ocations were sampled at SWMU 108 and analyzed for RCRA metals induding 
nickel, beryllium and mercury, and explosives by General Engineering Laboratory (GEL) 
Charleston South Carolina. No gross contamination of metals was present in the soils at SWMU 
1 08. Concentrations above background were present in one barium sample and three lead 
samples in the surface soil. In the subsurface soil, barium was present above background in 
one sample. All other metals were below approved maximum background levels, including the 
suspected COG, chromium, from the corium !hermite tests. 

Residual explosives in four surface soil samples (octahydro-1,3,5, 7 -tetranitro-1,3,5, 7-
tetrazocine [HMX]) appeared to be confined to one area in the northeast portion of the site. No 
explosives were present at the four borehole locations in the ditch downhill from the site. 

Radiological constituents with activities greater than background appear to be confined to the 
immediate test area, although, not necessarily to the anomalous areas. No radiological 
activities greater than background were detected downslope from the site on the southern 
SWMU boundary. 

The SNUNM Sample Management Office conducted a Level 3 Data Validation review in 
accordance with Technical Operating Procedure 94-03. Rev.) (SNUNM July 1994). This review 
has confirmed that the data are acceptable for use in the no further action (NFA) proposal for 
Site 108. The data quality objectives for SWMU 108 have been met. 

Ill. Determination of Nature, Rate, and Extent of Contamination 

111.1 Introduction 

The determination of the nature, rate, and extent of contamination at SWMU 108 was based 
upon an initial conceptual model validated by confirmatory sampling at the site. The initial 
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conceptual model was developed from historical background information including numerous 
site inspections, personal interviews, historical photographs, geophysical and radiological 
surveys. The data quality objectives contained in the OU 1335 RFI Work Plan (SNUNM March 
1996) which was modified in the Confirmatory Sampling Plan, July 1997. The data quality 
objectives contained in the Confirmatory Sampling Plan (SNUNM, July 1997) identified the 
sample locations, sample density, sample depth, and analytical requirements. The sample 
data used to characterize SWMU 108 were collected in accordance with the rationale and 
procedures described in the Confirmatory Sampling Plan (SNUNM July 1997). The data were 
subsequently used to develop the final conceptual model for SWMU 1 08, which is presented in 
Section 6.5 of the associated No Further Action (NFA) 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 1 08 was determined with analytical testing of soil and 
media and the potential for degradation of relevant COCs (Section V). The analytical 
requirements include RCRA metals, plus beryllium, mercury and nickel (EPA Method 
6010nOOO) to characterize metal contamination in the soil, particularly chromium associated 
with the corium !hermite tests. Also, analyses for explosives were performed to determine if 
residual explosives from aboveground testing could be located (EPA Method 8330). Gamma 
spectrometry was used to identify any residual radiological contamination from the FCI tests. 

111.3 Rate of Contaminant Migration 

The rate of COC migration is dependent predominantly on site meteorological and surface 
hydrologic processes as describe in Section V. Data available from the Site-Wide 
Hydrogeologic Characterization Project (published annually), numerous SNUNM air, surface 
water, radiological monitoring programs, biological surveys, and other governmental 
atmospheric monitoring at the Kirtland Air Force Base (i.e., National Oceanographic and 
Atmospheric Administration) are adequate to characterize the rate of COCs migration at 
SWMU 108. 

111.4 Extent of Contamination 

The compound HMX is confined to a 900-square-foot area in the northeastern portion of the 
site, and the extent of radiological contamination has been defined by the RUST Geotech 
survey (RUST Geotech Inc. December 1994). Corium !hermite, the reaction product of the FCI 
tests at SWMU 1 08, is a metal alloy of depleted uranium and chromium- and nickel-bearing 
stainless steel. Because of the nature of the tests, metals contamination would be co-located 
with radiological contamination at SWMU 1 08. Therefore, soil samples were collected in both 
the known areas of radiological contamination at SWMU 108, and downslope of the site to 
verify the extent of contamination determined by the RUST-Geotech radiation survey and VCM. 
Chromium and nickel, the suspected COCs, were not found in the soils above approved 
background levels. Therefore, the lateral extent of contamination appears to be defined. 
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The sample density is a function of the size of the anomalous areas in SWMU 108, and the 
direction and distance of potential offsite migration. The sample number was deemed sufficient 
to establish the presence of contaminants in the soil generated from the operations at 
SWMU 108. The sample density was 12-samples/ acre for chemical analyses and 
18 samples/acre for radiological analyses. This sample density is consistent with comparable 
U.S. Environmental Protection Agency (EPA) RCRA investigations/feasibility studies 
(Selman et al., 1994). 

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. Therefore, samples were collected from the ground surface to a 
depth of 6-inches bgs, except in the ditch downslope from the test area. At this area, samples 
were collected from sediments in the ditch from the surface to a depth of 1-foot, and in the 
in-situ soil, at the original bottom of the ditch at a depth interval from one to two feet. Any 
former release of metals and radionuclides from the soils and surface discharges at SWMU 1 08 
would have been to the surface soils. There is no historical information that any subsurface 
disturbance, testing, or disposal ever occurred at the site, which would mix surface soils 
beneath the six-inch depth. Therefore, the six-inch surface sample depth and the two-foot 
depth for subsurface samples are representative of the media potentially impacted by site 
activities and is sufficient to determine the vertical extent of COGs 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 COGs. The 
identification of COGs and the sampling to determine the concentration levels of those COGs 
across the site are described in the SWMU 108 No Further Action (NFA) proposal. Generally, 
COGs evaluated in this risk assessment include all detected organics and relevant radiological 
contaminants and all inorganic COGs 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 low enough 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 COG determined for the 
entire site. The approved SNUNM maximum background concentration (Dinwiddie 
September 24, 1997) was selected to provide the background screen in Tables 3 and 4. 
Human health nonradiological COGs were also compared to SNUNM proposed Subpart S 
action levels (Table 1) (IT 1994). 

Nonradiological inorganics that are essential nutrients such as iron, magnesium, calcium, 
potassium, and sodium are not included in this risk assessment (EPA 1989). Both radiological 
and nonradiological COGs are evaluated. The nonradiological COGs evaluated in this risk 
assessment include high explosives and inorganics. 

Nonradiological COGs for human health and ecological risk assessment at SWMU 1 08 are 
listed in Table 3. Radiological COGs are listed in Table 4. All tables show the associated 
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Table 3 
Nonradiological COCs for Ecological Risk Assessment at SWMU 108 with Comparison to the Associated 

SNUNM Background Screening Value, Bioconcentration Factor, and Log K,. 

Maximum 
Concentration 

COCName !m!llkal 
Arsenic 3.09 
Barium 384 
Bervllium 0.403 
Cadmium 1.63 
Chromium, total' 9.47 
Lead 362 
Mercurv 0.0574 
Nickel 9.99 
Selenium 0.941 
Silver 5.56 
HMX 4.23 

'IT (1997), Southwest Test Area. 
'IT (1994). 

Is Maximum COC 
Concentration Less 

SNUNM Than or Equal to the 
Background Applicable SNUNM 

Concentration Background 
lm!llkal' Screenlna Value? 

4.4 Yes 

130 No 
0.65 Yes 
<1 No 

15.9 Yes 
11.8 No 
<0.1 Unknown 
11.5 Yes 
<1 Unknown 

<1 No 
NA NA 

'Bioconcentration factor and/or Log K_ from Yanicak (March 1997). 
'Bioconcentration factor from Neumann (1976). 
'Assumed to be chromium VI for SubpartS screening procedure. 
'Bioconcentration factor from Callahan et al. (1979). 
'Log K_ from Maxwell and Opresko (1996). 
'NMED (March 1998) 
-- Information not available. 
K. = Octanol-water coefficient 
Log =Logarithm (base 10). 
mglkg = Milligrams per kilogram. 

Bloconcentratlon 
Factor (BCF) 
(maximum 
aquatic) 

44' 
170' 
19' 
64' 
16' 
49' 

5500' 
4T 
BOO' 
0.5' 

NA = Not applicable (organic COCs do not have accepted background concentrations). 

LogK. 
(for Bloaccumulator?' SubpartS 

organic (BCF>40, log Screening 
COCs) 1<_>4) Value' 

Yes 0.5 
Yes 6000 
No 0.2 
Vas 80 
No 400 
Yes -
Yes 20 
Yes 2000 
Yes 400 
No 400 

0.21;' - No .. 
- ----

Is 
Individual 
COCiess 

than 1NOof 
the Action 

Level? 
No 
Yes 
No 
Yes 
Yes 
.. 

Yes 
Yes 
Yes 
Yes 
.. 

~ 
~ 

i 
~ 
~ 

~ 
25 
~ 

~ -ail 

~ 
00 
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Table 4 
Nonradlologlcal COCs for Ecological Risk at SWMU 108 with Comparison to the Associated 

SNUNM Background Screening Value, Bioconcentration Factor, and Log K .. 

Is Maximum COC 
Concentration Less 

SNLJNM Than or Equal to the Bloconcentratlon 
Maximum Background Applicable SNLJNM Factor (BCF) Bloaccumulator? 
Activities Activities Background" (maximum (BCF>40, log 

COCName (pCUg) (pCUg)" Screening Value? aquatic) K _>4) 
Cs-137 0.43 0.664 Yes 3000' Yes 
Ra-228 0.87 1.01 Yes 30,000' No" 
Th-234 64.4 1.4 No --- No" 
U-235 0.84 0.16 No 900' Yes 
U-234' 6.75 1.6 No 900' Yes 
U-238 54.0 1.4 No 900' Yes 

"Dinwiddie (September 24, 1997), Southwest Test Area . 
'U-234 values were calculated using the U-238 concentration 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-238/8 (Brown January 1998). 
'Bioconcentration factor from Yanicak (March 1997). 
'Baker and Soldat 1992 
"Not considered a bioaccumulator (Yanicak March 1997). 

Log = Logarithm (base 1 0). 
pCVg = Picocuries per gram. 

= Insufficient data. 
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approved SNUNM maximum background concentration values (Dinwiddie September 24, 
1997). Discussion of Tables 3 and 4 is provided in Section Vl.4 and Sections Vl1.2 and Vll.3. 
Since background levels for mercury, selenium, and silver are not quantifiable, the maximum 
concentration of these analytes are considered for Risk Screening Assessment even though 
they may be below the nonquantified background level. 

v. Fate and Transport 

The primary release of COCs at SWMU 108 was to the surface soil. Wind, water, and biota are 
natural mechanisms of COC transport from the primary release point. Excavation and removal 
of soil are potential human-caused mechanisms of transport. Winds can be strong in the open 
grassland environment at SWMU 1 08. Moderate winds can transport soil particles with 
adsorbed COCs (or COCs in particulate form) as suspended dust, capable of dry or wet 
deposition. Strong winds may move larger (sand-sized) particles by saltation. Wind erosion is 
reduced if the soil surface is moist or if it is protected by vegetation or other cover; however, 
most of SWMU 108 is either sparsely vegetated or bare soil. 

Water at SWMU 108 is received as precipitation (rain or occasionally snow). The average 
annual precipitation in this area is about 8 inches (NOAA 1990), and the evapotranspiration 
value is 95 percent of the total rainfall (Thomson and Smith 1985). Precipitation will either 
infiltrate or form runoff. Infiltration at the site is enhanced by the sandy nature of the soil (the 
soil in the area of the site is primarily Wink fine sandy loam [USDA 1977]) and the nearly flat 
(leveled) relief over portions of the site; however, the natural surface has a gentle slope to the 
west, and site development has created sloping surfaces in the site that will tend to shed water 
rather than allow it to infiltrate. Runoff from the site to adjacent areas is probably significant 
only during intense rainfall events and during extended rainfall periods when soils are near 
saturation from previous rainfall. Surface runoff in the area of SWMU 1 08 is to the west, toward 
an internal drainage basin, but no major surface drainage features occur on the site. Runoff 
may carry soil particles with adsorbed COCs. The distance of transport will depend on the size 
of the particle and the velocity of the water (generally be low due to the low slope of the local 
terrain). 

Water that infiltrates 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 into the 
subsurface soil with this percolation. The effective rooting depths of the soil at SWMU 108 is 
about 60 inches (USDA 1977), indicating the depth of the system's transient water cycling zone 
defined by the dynamic balance between percolation/infiltration and evapotranspiration. 
Because groundwater at this site is approximately 347 feet bgs, the potential for COCs to reach 
groundwater through the unsaturated zone above the water table is very small. As water from 
the surface evaporates, the direction of COC movement may be reversed with capillary rise of 
the soil water. Vegetation increases the rate of water loss from the soil through transpiration. 

Plant roots can take up COCs that are in the soil solution. This may be a passive process, but 
active (i.e., requiring energy expenditure on the part of the plant) uptake or exclusion of some 
constituents in the soil solution may also take place. COCs taken up by the roots may be 
transported to the aboveground tissues with the xylem stream. Aboveground tissues can also 
take up constituents directly from the air by contact with dust particles. Organic constituents in 
plant tissues may be metabolized or released through volatilization. That which remains in the 
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tissue may be consumed by herbivores or eventually returned to the soil as litter. Aboveground 
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 be 
returned to the soil in feces (at the site or transported from the site in the herbivore) or 
absorbed to be 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. 

Degradation of COCs at SWMU 108 may result from biotic or abiotic processes. Most COCs at 
SWMU 108 are inorganic and elemental in form and are, therefore, not considered to be 
degradable. Radiological COCs, however, undergo decay to stable isotopes or radioactive 
daughter elements. Other transformations of inorganics may include changes in valence 
(oxidation/reduction reactions) or incorporation into organic forms (e.g., the conversion of 
selenite or selenate from soil to selena-amino acids in plants). Degradation processes for 
organic COCs may include photolysis, hydrolysis, and biotransformation. Photolysis requires 
light and therefore takes place in the air, at the ground surface, or in surface water. Hydrolysis 
includes chemical transformations in water and may occur in the soil solution. 
Biotransformation is the metabolization of COCs in biota, including microorganisms, plants, and 
animals. 

Table 5 summarizes the fate and transport processes that may occur at SWMU 108. COCs at 
this site are primarily inorganics (metals and depleted uranium) in surface soil. Because this 
site is disturbed, vegetative cover is low. Therefore, the potential for transport of COCs by wind 
is possible at this site. Transport by surface-water runoff is moderated by the low slope and 
high infiltration of the soil. Significant leaching into the subsurface soil is unlikely for most 
inorganics, and leaching to the groundwater is highly unlikely. Degradation of the inorganic 
COCs is insignificant, and methylation of selenium is unlikely due to low biological activity. 
HMX (a HE) is the only organic COC detected at this site. Degradation of HMX in soil is 
expected to be low and it may leach into the soil with percolation; however, uptake and 
bioconcentration of this compound by biota is low (Maxwell and Opresko 1996). The potential 
for food-chain uptake of COCs at this site is low due to the degree of disturbance and the 
consequent lack of significant contact with ecological receptors. 

Table 5 
Summary of Fate and Transport at SWMU 108 

Transport and Fate Mechanism Existence at Site Significance 
Wind Yes Moderate 
Surface runoff Yes Cto local internal basin) Low 
Migration to groundwater No None 
Food chain uotake Yes Low 
Transformation/dearadation Yes Low 
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VI. Human Health Risk Screening Assessment 

Vl.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: 

Step 1. Site data are described that provide information on the potential COCs, as well as the 
relevant physical characteristics and properties of the site. 

Step 2. Potential pathways are identified by which a representative population might be 
exposed to the COCs are identified. 

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 approved SNUNM maximum background screening 
value. COCs 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. 

Step4. Toxicological parameters are identified and referenced for COCs that were not 
eliminated during the screening steps. 

Step 5. Potential toxicity effects (specified as a Hazard Index [HI]) and excess cancer risks are 
calculated for nonradiological 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 COC occurs as contamination and exists as a natural background 
radionuclide. 

Step 6. These values are compared with guidelines established by the U.S. Environmental 
Protection Agency (EPA) and DOE to determine if further evaluation, and potential site 
cleanup, is required. Nonradiological COC risk values are also compared to 
background risk so that an incremental risk may be calculated. 

Step 7. Uncertainties in the previous steps are discussed. 

Vl.2 Step 1. Site Data 

The description and history for SWMU 108 is provided in Section I. Comparison of results to 
DQOs is presented in Section II. The determination of the nature, rate, and extent of 
contamination is described in Section Ill. 

Vl.3 Step 2. Pathway Identification 

SWMU 108 has been designated with a future land-use scenario of industrial (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 
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exposure for the radiological COCs. The inhalation pathway for both nonradiological and 
radiological COCs is included because of the potential to inhale dust and volatiles. Soil 
ingestion is also included for the radiological COCs. No contamination at depth was 
determined, and therefore no water pathways to the groundwater are considered. Depth to 
groundwater at SWMU 108 is approximately 347 feet below ground surface. Because of the 
lack of 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 
Nonradloloalcal Constituents Radloloalcal Constituents 

Soil inoestion Soil inaestion 
lnhalationfdust and volatileS\ Inhalation ldustl 
Plant Uotake (residential onlvl Plant Uotake I residential onlv\ 

Direct oamma 

Vl.4 Step 3. COC .Screening Procedures 

Step 3 is discussed in this section and includes 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 COC concentrations to 
SNUNM proposed Subpart S action levels. This second procedure is applied only to COCs 
that are not eliminated during the first screening procedure. 

Vl.4.1 Background Screening Procedure 

V/.4.1.1 Methodology 

Maximum concentrations of COCs are compared to the approved SNUNM maximum screening 
level for this area (Dinwiddie September 24, 1997). The approved SNUNM 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 maximum 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 SNUNM background screening levels, background 
values are subtracted from the individual maximum radionuclide concentrations. Those that do 
not exceed these background levels are not carried any 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. 

AU4·981WP/SNL:RS4300-6.DOC 11 301462.185.05 06124198 3:17PM 



RISK SCREENING ASSESSMENT FOR SWMU 108 06/24/98 

V/.4.1.2 Results 

A Comparison of SWMU 108 maximum COC concentrations to approved SNUNM maximum 
background values (Dinwiddie September 24, 1997) for human health risk assessment is 
presented in Table 3. For the nonradiological COCs, four constituents have maximum 
measured values greater than their respective background screening levels. Two 
nonradiological COCs do not have a quantifiable background concentration, so it is unknown if 
those COCs exceed background. One of the COCs is an organic compound and does not have 
a background screening level. 

The maximum concentration value for lead is 362 milligrams per kilogram (mg/kg). 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 mglkg (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, four constituents had maximum measured activities greater than 
their respective background (U-234, U-235, U-238, and Th-234). The constituents are 
representative of the depleted uranium used at the site. The Th-234 is the short-lived daughter 
of U-238 whose health and safety effects are accounted for in U-238 calculations. 

Vl.4.2 Subpart S Screening Procedure 

V/.4.2.1 Methodology 

The maximum concentrations of nonradiological COCs not eliminated during the background 
screening process were compared with action levels calculated using methods and equations 
promulgated in the proposed Resource Conservation and Recovery Act (RCRA) Subpart S 
(Federal Register, Vol. 55, Title 40 Part 264, 265,270, and 271 [EPA 1990]) and Risk 
Assessment Guidance for Superfund (RAGS) (EPA 1989). Accordingly, 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 
are all taken from the surface, this assumption is considered valid. If there were 10 or fewer 
COCs and each has a maximum concentration less than one-tenth of the action level, then the 
site would be judged to pose no significant health hazard to humans. If there were more than 
1 0 COCs, the Subpart S screening procedure was not performed. 

V/.4.2.2 Results 

Table 3 shows the COCs and the associated proposed SubpartS action level. The table 
compares the maximum concentration values to 1110 of the proposed SubpartS action level. 
This methodology was guidance given to SNUNM from the EPA (EPA 1996b). One COC does 
not have a proposed Subpart S action level. Because of this COC, 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. 
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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. 

V1.5 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 for 
nonradiological COCs in Table 6 are from the Integrated Risk Information System (IRIS) (EPA 
1998), Health Effects Assessment Summary Tables (HEAsn (EPA 1997a), and EPA Region 9 
(EPA 1996c) databases. Dose conversion factors (DCF) used in determining the excess 
TEDE values for radiological COCs for the individual pathways were the default values provided 
in the RESRAD computer code (Yu et al. 1993b) 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 DOEIEH-0070, External Dose-Rate Conversion Factors for Calculation of 
Dose to the Public (DOE 1988). 

• 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 External Exposure to Photon Emitters in Soil 
(Health Physics 28:193-205 [Kocher 1983]) and ANUEAIS-8, Data Collection 
Handbook to Support Modeling the Impacts of Radioactive Material in Soil (Yu et al. 
1993b). 

Vl.6 Step 5. Exposure Assessment and Risk Characterization 

Section Vl.6.1 describes the exposure assessment for this risk assessment. Section Vl.62 
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. 
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Table 6 
Toxicological Parameter Values for SWMU 108 Nonradlologlcal COCs 

SF0 Sflnh 
coc Rf00 RfDinh (mg/kg· (mglkg- Cancer 
Name (mglkg-d) Confidence• (mglkg-d) Confidence• day);, davr; Class' 

Barium 7E-2• M 1.4E-4' .. .. .. -
Cadmium SE-4• H 5.7E-5" .. .. 6.3E+O• 81 
Mercury 3E-4" .. 8.6E-5" M .. ·- D 
Selenium SE-3• H ·- ·- -· -- D 
Silver SE-3• L ·- ·- ·- -- D 
HMX SE-2• L SE-2" -- ·- .. D 

"Confidence associated with IRIS (EPA 1998) database values (L =low, M =medium, H =high). 
'EPA weight-of-evidence classHication system for carcinogenicity (EPA 1989) taken from IRIS (EPA 
1998): 

B2 - Probable human carcinogen. Indicates sufficient evidence in animals and inadequate or no 
evidence in humans. 
D- Dot classifiable as to human carcinogenicity. 

'Toxicological parameter values from IRIS electronic database (EPA 1998). 
'Toxicological parameter values from EPA Region 9 electronic database (EPA 1996c). 
"Toxicological parameter values from HEAST database (EPA 1997a). 
COC = Consmuent of Concern. 
EPA =U.S. Environmental Protection Agency. 
HEAST =Health Effects Assessment Summary Tables. 
IRIS =Integrated Risk Information System. 
RID. = Oral chronic reference dose. 
RID., = Inhalation chronic reference dose. 
SF. =Oral slope factor. 
SF., = Inhalation slope factor. 

mg/kg-day 
(mg/kg-day)"' 

= Information not available. 
= Milligram per kilogram day. 
= Per milligram per kilogram day. 
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Table7 
Radiological Toxicological Parameter Values for SWMU 108 COCs Obtained from 

RESRAD Risk Coefficients' 

SF0 SfJnh SFev 
COCName t1/oCil (1/p_CJ) la/oCI-vr) Cancer Class' 

U-238' 6.20E 11 1.20E-Q8 6.60E-oe A 
U-235 4.70E-11 1.30E-o8 2.70E-o7 A 
U-234 4.40E-11 1.40E-o8 2.10E-11 A 

'Yu et. al. 1993a. 
'EPA weight-of-evidence classification system for carcinogenicity (EPA 1989): A- human carcinogen. 
'U-238 also accounts for Th-234 contribution, since Th-234 is short-lived U-238 progeny. 

COC = Constituents of concern. 
EPA = U.S. Environmental Protection Agency 
SF. =Oral (ingestion) slope factor. 
SF,. = Inhalation slope factor. 
SF w = External volume exposure slope factor. 
SWMU = Solid waste management unit. 
1/pCi = One per picocurie. 
g/pCi-yr= Gram per picocurie-year. 

Vl.6.1 Exposure Assessment 

Appendix 1 shows the equations and parameter input values used in calculating intake values 
and subsequent HI and excess cancer risk values for the individual exposure pathways. The 
appendix shows parameters for both industrial and residential land-use scenarios. The 
equations for nonradiological COGs are based upon RAGS (EPA 1989). Parameters are based 
upon information from the RAGS (EPA 1989) and other EPA guidance documents and reflect 
the reasonable maximum exposure (RME) approach advocated by the RAGS (EPA 1989). For 
radiological COGs, the coded equations provided in RESRAD computer code were used to 
estimate the incremental TEDE and cancer risk for individual exposure pathways. Further 
discussion of this process is provided in the Manual for Implementing Residual Radioactive 
Material Guidelines Using RESRAD, Version 5.0 (Yu et al. 1993b). 

Although the designated land-use scenario is industrial for this site, risk and TEDE values for a 
residential land-use scenario are also presented. These residential risk and TEDE values are 
presented only to provide perspective of potential risk to human health under the more 
restrictive land-use scenario. 

Vl.6.2 Risk Characterization 

Table 8 shows an HI value of 0.01 for the SWMU 108 nonradiological COGs and an excess 
cancer risk is 5 x 1 o·1o for the designated industrial land-use scenario. The numbers 
presented include exposure from soil ingestion and dust and volatile inhalation for 
nonradiological COGs. Table 9 shows that assuming the maximum background concentrations 
of the SWMU 108 associated background constituents, the HI is 0.00, and there is no excess 
cancer risk for the designated industrial land-use scenario. 
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TableS 
Risk Assessment Values for SWMU 108 Nonradiological COCs 

Industrial Land-Use Residential Land-Use 
Maximum Scenario' Scenario' 

Concentration Hazard Cancer Hazard Cancer 
COCName fmalkal Index Risk Index Risk 

Barium 384 O.Q1 - 0.06 --
Cadmium 1.63 0.00 5E-10 1.33 9E-10 
Mercury 0.0574 0.00 -- 0.10 --
Selenium 0.941 0.00 -- 0.33 --
Silver 5.56 0.00 -- 0.23 --
HMX 4.23 0.00 -- 0.00 --

Total 0.01 SE-10 2 9E-10 

'EPA (1989). 

COC = Constituent of concern. 
EPA = U.S. Environmental Protection Agency. 
SWMU = Solid waste management unit. 
mg/kg = milligram(s) per kilogram. 

= Information not available .. 

Table9 
Risk Assessment Values for SWMU 108 Nonradiological Background Constituents 

Background 
Concentration' 

COCName 
Barium 
Cadmium 
Mercury 
Selenium 
Silver 

Total 

'IT (1997), Canyons Area. 
'EPA (1989). 

(mafkal 
130 
<1 

<0.1 
<1 
<1 

COC = Constituent of concern. 
EPA =U.S. Environmental Protection Agency. 
SWMU = Solid waste management unit. 
mglkg = milligram(s) per kilogram. 

= Information not available. 

AU4·98/WP/SNL:RS430<HI.DOC 

Industrial Land- Use Residential Land- Use 
Scenario' Scenario' 

Hazard Cancer Hazard Cancer 
Index Risk Index Risk 
0.00 -- 0.02 --

-- -- -- --
-- -- -- --
-- -- -- --
-- -- -- --

0.00 - 0.02 -
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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 tor an 
individual who spends his workday 50/50 indoors/outdoors on the site. This resulted in an 
incremental TEDE of 1.5 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 mrem/yr is used 
for the probable land-use scenario (industrial in this case); the calculated dose value tor 
SWMU 108 for the industrial land use is wen below this guideline. The estimated excess cancer 
risk is 1.7 x 10-s. 

For the residential land-use scenario nonradiological COCs, the HI value increases to 2, and 
the excess cancer risk is 9 x 1 o-to (Table 8). The numbers presented included exposure from 
soil ingestion, dust and volatile 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 1 08 associated background constituents, the HI is 0.02, and there is no 
excess cancer risk. 

For the radiological COCs, the incremental TEDE tor the residential land-use scenario is 
4.4 mrem/yr. The guideline being utilized is an excess TEDE of 75 mrem/yr (SNUNM 1998) for 
a complete loss of institutional controls (residential land use in this case); the calculated dose 
value for SWMU 108for the residential land-use is well below this guideline. Consequently, 
SWMU 108 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 5.5 x to-s. The excess cancer risk from the nonradiological COCs and 
the radiological COGs is not additive, as noted in RAGS (EPA 1989). 

V1.7 Step 6. Comparison of Risk Values to Numerical Guidelines. 

The human health risk assessment analysis evaluated the evaluation of the potential for 
adverse health effects for both an industrial land-use scenario (the designated land-use 
scenario for this site) and a residential land-use scenario. For the industrial land-use scenario 
nonradiological COGs, 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 5 x to-to. Guidance from 
the New Mexico Environment Department (NMED) indicates that excess lifetime risk of 
developing cancer by an individual must be less than 1 o-s for Class A and B carcinogens and 
less than 10·5 for Class C carcinogens (NMED 1998). The excess cancer risk is driven by 
cadmium, which is a Class 81 carcinogen. Thus, the excess cancer risk for this site is below 
the suggested acceptable risk value (10-ll). 

This risk assessment also determined risks considering background concentrations of the 
potential nonradiological COGs for both the industrial and residential land-use scenarios. For 
nonradiological COCs, assuming the industrial land-use scenario, the HI is 0.00. There is no 
quantifiable excess cancer risk. Incremental risk is determined by subtracting risk associated 

.- with background from potential COG risk. These numbers are not rounded before the 
difference is determined and therefore may appear inconsistent with numbers presented in 
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tables and within the text. The incremental HI is 0.01, and the incremental cancer risk is 
5 x 1 o-1o for the industrial land-use scenario. Incremental risk calculations indicate insignificant 
risk to human health from nonradiological COCs considering an industrial land-use scenario. 

For radiological COCs of the industrial land-use scenario, incremental TEDE is 1.5 mrem/yr, 
which is significantly less than EPA's numerical guideline of 15 mrem/yr. Incremental estimated 
excess cancer risk is 1.7 x 10-5. 

The calculated HI 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 9 x 10-10. 
The excess cancer risk is again driven by cadmium, which is a Class B1 carcinogen. 
Therefore, the excess cancer risk for this site is below the suggested acceptable risk value 
(1 o-s). The HI for associated background for the residential land-use scenario is 0.02. There is 
no quantifiable excess cancer risk. The incremental HI is 2.03, and the incremental cancer risk 
is 9 x 1 o-10 for the residential land-use scenario. These incremental risk calculations indicate 
potentially significant contribution to human health risk from the COCs considering a residential 
land-use scenario. 

The incremental TEDE for a residential land-use scenario from the radiological components is 
4.4 mrem/yr, which is significantly less than the numerical guideline of 75 mrem/yr suggested in 
the SNUNM RESRAD Input Parameter Assumptions and Justification (SNUNM February 
1998). The estimated excess cancer risk is 5.5 x 10-5. 

Vl.8 Step 7. Uncertainty Discussion 

The determination of the nature, rate and extent of contamination at SWMU 108 was based 
upon an initial conceptual model validated with confinmatory sampling at the site. The 
confirmatory sampling was implemented in accordance with the Sampling and Analysis Plan 
(SNUNM July 1997), which was reviewed by NMED OB. The DQOs contained in the Sampling 
and Analysis Plan (SNUNM July 1997) are appropriate for use in risk screening assessments. 
The data collected, based upon sample location, density, and depth, are representative of the 
site. The analytical requirements and results satisfy the DQOs. 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 risk screening assessment at SWMU 108. 

Because of the location, history of the site, and future land-use (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 the calculations are conservative and that calculated intakes are 
probably overestimates. Maximum measured values of the COC concentrations are used to 
provide conservative results. 

Table 6 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) 
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and EPA Region 9 (EPA 1996c) databases. Where values are not provided, information is not 
available from the HEAST (EPA 1997a), IRIS (EPA 1998), or the EPA regions (EPA 1996c, 
1997b). Because of the conservative nature of the RME approach, uncertainties in toxicological 
values are not expected to be sufficiently high to change the conclusion from the risk 
assessment analysis. 

Risk assessment values for nonradiological COGs are within the human health acceptable 
range for the industrial land-use scenario compared to established numerical guidance. 

For radiological COGs, the conclusion of the risk assessment is that potential effects on human 
health for both industrial and residential land-use scenarios are within guidelines and 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. 

Vl.9 Summary 

SWMU 1 08 has identified COGs consisting of some inorganic, organic, and radiological 
compounds. Because of the location of the site, the designated industrial land-use scenario, 
and the nature of contamination, the potential exposure pathways identified for this site included 
soil ingestion and dust and volatile inhalation for chemical 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 COGs show that for the industrial land-use scenario the HI 
(0.01) is significantly less than the accepted numerical guidance from the EPA. The excess 
cancer risk (5 x 10·10) 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 5 x 10-10 for the industrial land-use scenario. Incremental risk calculations 
indicate insignificant risk to human health for a industrial land-use scenario. 

Incremental TEDE and corresponding estimated cancer risk from radiological COGs are much 
less than EPA guidance values; the estimated TEDE is 1.5 mrem/yr for the industrial land-use 
scenario. This value is much less than tne numerical guidance of 15 mrern/yr in EPA guidance 
(EPA 1997c). The corresponding incremental estimated cancer risk value is 1.7 x 1o·s for the 
industrial land-use scenario. Furthermore, the incremental TEDE for the residential land-use 
scenario that results from a complete loss of institutional control, is only 4.4 mrem/yr. The 
guideline for this scenario is 75 mrem/year (SNUNM February 1998). Therefore, SWMU 108 is 
eligible for unrestricted radiological release. 

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 health under an industrial land-use scenario. 
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VII. Ecological Risk Screening Assessment 

Vll.1 Introduction 

This section addresses the ecological risks associated with exposure to constituents of potential 
ecological concern (COPEC) in soils at SWMU 108 (the Firing Site, Building 9940). 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 
seeping 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 seeping assessment 
(Section V11.2), with the exception of DQOs, which are reviewed in Section II of this report. 
Following the completion of the seeping 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 
utilized as recommended by the EPA (EPA 1996d) to ensure that predicted exposures of 
selected ecological receptors reasonably reflect those reasonably expected to occur at the site. 

Vll.2 Seeping Assessment 

The scoping 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 Seeping Risk Management Decision will involve a summary of the seeping results 
and a determination as to whether further examination of potential ecological impacts is 
necessary. 

Vll.2.1 Data Assessment 

As indicated in Section IV (Tables 3 and 4), constituents within the 0- to 5-foot-depth interval 
that exceeded background concentrations were: 

• Barium 

• Cadmium 

• Lead 
• Mercury 

• Selenium 

• Silver 

• Th-234 

• U-234 

• U-235 

• U-238 . 
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In addition, HMX was also detected in soil at the site. 

Vll.2.2 Bioaccumualtion 

Among the COPECs listed in Section Vll.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-234 

• U-235 

• U-238 . 

06/24/98 

It should be noted, however, that as directed by the NMED (NMED 1998), bioaccumulation is 
exclusively assessed based upon maximum reported bioconcentration factors (BCF) 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. 

Vll.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 5 (Section V), moderate fate and transport 
potential exists due to wind dispersion. Surface-water runoff is expected to be of low 
significance. Transformation, degradation. and food-chain uptake are also expected to be of 
low significance. Migration to groundwater is not anticipated. 

Vl1.2.4 Scoping Risk Management Decision 

Based on 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. 

Vll.3 Screening Assessment 

As concluded in Section Vll.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 pqtential 
ecological risks is conservative to ensure ecological risks are not under-predicted. 
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Components within the screening assessment include: 

• 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 HQs and ecological 
significance 

• Screening Assessment Scientific/Management Decision Point-presents the 
decision to risk managers based on the results of the screening assessment 

Vll.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 
ER Program" (IT June 1998) and are not duplicated here. 

V/1.3.1.1 Ecological Pathways and Setting 

SWMU 1 08 is located approximately 1.1 miles north of Magazine Road and 0.8 mile east of 
TA-111. The total size of the site is approximately 2.2 acres. The terrain is generally flat with a 
gentle slope to the west. The primary vegetation within this area is desert grassland. This area 
was previously surveyed for sensitive species on March 20, 1992 (IT June 1992). No sensitive 
species were found during this survey, and none are expected to occur due to the lack of 
suitable habitat. Complete ecological pathways may exist at this site through the exposure of 
plants and wildlife to COPECs in surface and subsurface soil. Direct uptake of COPECs from 
soil 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 wildlife receptors was limited to the 
food and soil ingestion pathways. Because of a 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). Depth to groundwater (at approximately 347 feet below ground surface) is not 
expected to be affected by COGs at this site. 
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V/1.3.1.2 COPECs 

Screening the COPECs at this site include depleted uranium, chromium, and HE. This 
assessment is based upon the maximum soil concentrations of the COPECs as measured in 
surface and near-surface soil samples. Both radioactive and nonradioactive COPECs are 
evaluated (Section IV, Tables 3 and 4). The nonradioactive chemicals include both HE 
compounds and metals. Inorganic analytes were screened against background concentrations. 
Those that exceeded the approved SNUNM background screening levels (Dinwiddie 
September 24, 1997) for the area were considered COPECs. Most HE constituents were not 
detected during sampling. The exception to this was HMX, which was detected. In order to 
provide conservatism in this ecological risk assessment, the exposure models use only the 
maximum concentration value of each COPEC determined for the entire site. Nonradiological 
inorganics that are essential nutrients such as iron, magnesium, calcium, potassium, and 
sodium were not included in this risk assessment per the EPA (1989). Maximum 
concentrations of the COPECs used in the exposure models are presented in Tables 3 and 4. 

Vl/.3.1.3 Ecological Receptors 

As described in detail in IT (June 1998), a nonspecific perennial plant was selected as the 
receptor to represent plant species at the site. 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 maniculatus} and burrowing owl (Speotyto 
cunicu/aria) 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. It is present at SNUNM and is designated as a 
species of management concern by the U.S. Fish and Wildlife Service in Region 2, which 
includes the state of New Mexico (USFWS September 1995). 

Vl1.3.2 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 was limited to the food and soil 
ingestion pathways. 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 (1 00 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 (1 00 percent of its diet as soil invertebrates). The burrowing owl was 
modeled as a strict predator on small mammals (tOO 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 

AU4·9fWIPISNL,~.OOC 23 301462.18S.05 06124198 3:17PM 

------------ ·-·-··-···· 



RISK SCREENING ASSESSMENT FOR SWMU 108 06/24/98 

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 June 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 and 
near 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 externally from U-234, U-235, U-238, and Th-234. Internal and external dose 
rates to the deer mouse and burrowing owl are approximated using dose rate models from the 
Hanford Site Risk Assessment Methodology (DOE 1995). 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 emitting radionuclides only transfer a 
fraction of their energy to the tissues because gamma rays interact less with matter than beta 
or alpha emitters. The external and internal dose rate results are summed to calculate a total 
dose rate due to exposure to the radionuclides in soil. 

Table 11 presents the transfer factors used in modeling the concentrations of COPECs through 
the food chain. Table 12 presents maximum soil concentrations and derived tissue 
concentrations in various food-chain elements that are used to model dietary exposures for 
each of the wildlife receptors. 

Vll.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 toxicity benchmarks are based upon the no-observed-!idverse­
effect-level (NOAEL) for chronic oral exposure in a taxonomically similar test species. 
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Table 10 
Exposure Factors for Ecological Receptors at SWMU 108 

Food Intake 
Trophic Body Weight Rate 

Receptor Species Class/Order Level (kjj)' (kg/da}'}" Oletal}' Composition' 
Deer Mouse Mammalia/ Herbivore 2.39E-2' 3.72E-3 Plants: 1 00% 
(Peromyscus maniculatus)_ Rodentia . {+Soil at2% of intake) 

Deer Mouse Mammalia/ Omnivore 2.39E-2' 3.72E-3 Plants: 50% 

( Peromyscus maniculatus) Rodentia Invertebrates: 50% 

{+Soil at 2% of intake) 

Deer Mouse Mammalia/ Insectivore 2.39E-2' 3.72E-3 Invertebrates: 100% 

jPeromyscus manicu/atus) Rodentia (+Soil at 2% of intake) 

Burrowing owl Aves/ Carnivore 1.55E-1' 1.73E-2 Rodents: 100% 

~otyt_o cunicularia) Strigiformes (+Soil at2% 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. 
'Dietary compositions are generalized for modeling purposes. Default soil intake value of 2% of food intake. 
'From Silva and Downing (1995). 
'From EPA (1993), based upon the average home range measured in semiarid shrubland in Idaho. 
'From Dunning (1993). 
'From Haug et al. (1993). 
kg = Kilogram(s). 
dg/da = Kilogram(s) per day. 
SWMU = Solid waste management untt. 
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Table 11 
Transfer Factors Used In Exposure Models for 

Constituents of Potential Ecological Concern at SWMU 108 

Constituent of Potential 
Ecological Concern 

Inorganic 

Barium 

Cadmium 

Lead 

Mercury 

Selenium 

Silver 

Onaanic 

HMX 

'From Baas et al. (1984). 
'Defau~ value. 
'From NCRP (January 1989). 
'From Stafford et al. (1991). 

Soli-to-Plant 
Transfer Factor 

1.5E-1' 

S.SE-1' 

9.0E-2' 

1.0E+O' 

S.OE-1' 

1.0E+0' 

2.7E+1' 

'From equation developed in Travis and Arms (1988). 
'From equation developed in Connell and Markwell (1990). 
SWMU =Solid waste management unit. 

All4-98/WP/SNL:RS4300-6.00C 26 

Soli-to-Invertebrate Food-to-Muscle 
Transfer Factor Transfer Factor 

1.0E+O' 2.0E-4' 

S.OE-1' S.SE-4' 

4.0E-2' 8.0E-4' 

1.0E+O' 2.5E-1' 

1.0E+O' 1.0E-1' 

2.5E-1' S.OE-3' 

1.4E+1' 3.4E-8' 
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ConstHuent of Potential 
Ecological Concern 

Inorganic 

Barium 

Cadmium 

Lead 

Mercury 

Selenium 

Silver 

Organic 

HMX 

Table 12 
Media Concentrations' for Constituents of 
Potential Ecological Concern at SWMU 108 

Soli Plant Soli 
{maximum\ Follaae• Invertebrate• 

3.8E+2 5.BE+1 3.BE+2 

1.6E+0 9.0E-1 9.BE-1 

3.6E+2 3.3E+1 1.5E+1 

5.7E-2 5.7E-2 5.7E-2 

9.4E-1 4.7E-1 9.4E-1 

5.6E+0 5.6E+0 1.4E+O 

4.2E+0 1.2E+2 5.7E+1 

'In milligrams per kilogram. All are based upon dry weight of the media. 
'Product of the soil concentration and the corresponding transfer factor. 

06/24/98 

Deer Mouse 
Tissues• 

1.4E-1 

1.7E-3 

7.7E-2 

4.6E-2 

2.3E-1 

5.6E-2 

9.3E-6 

'Based 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 for Ecological Receptors at SWMU 108 

Mammalian NOAELs Avian NOAELs 
Test Deer 

Constituent of Potential Plant Mammalian Species Mouse Avian Test Species Burrowing 
Ecological Concern Benchmark'·' Test Species'·' NOAEL'·' NOAEL'·' Test Species' NOAEL"" OwiNOAEL' 

Inorganic 

Barium 500 Rat" 5.1 10.5 Chicks 20.8 20.8 

Cadmium 3 Rat' 1.0 1.89 Mallard 1.45 1.45 

Lead 50 Rat 8.0 15.6 American kestrel 3.85 3.85 

Mercury (inorganic) 0.3 Mouse 13.2 14.0 Japanese quail 0.45 0.45 

Mercury (orQanic) 0.3 Rat 0.032 0.06 Mallard 0.0064 0.006 

Selenium 1 Rat 0.20 0.39 Screech owl 0.44 0.44 

Silver 2 Rat 17.8 34.8 I --- --- ---
Organic 

HMX I --- Mouse' I 3' I 3 --- I --- ---
'In milligrams per kilogram soil. 
'From Will and Suter (1995), except where noted. 
'Body 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 al. (1996), except where noted. 
'In milligrams per kilogram body weight per day. 
'Based upon NOAEL conversion methodology presented in Sample et al. (1996), using a deer mouse body weight of 0.0239 kilogram and a 
mammalian scaling factor of 0.25. 
'Based upon NOAEL conversion methodology presented in Sample et al. (1996). The avian scaling factor of 0.0 was used, making the NOAEL 
independent of body weight. 
"Body weight: 0.435 kilogram. 
'Body weight: 0.303 kilogram. 
1--- designates insufficient toxicity data. 
'From Maxwell and Opresko (1996); body weight 0.023 kg. 
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RISK SCREENING ASSESSMENT FOR SWMU 108 

Insufficient toxicity information was found to estimate the LOAELs or NOAELs for some 
COPECs for terrestrial plant life and wildlife receptors, respectively. 

06/24/98 

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/day should also offer 
sufficient protection to other components within the terrestrial habitat of SWMU 108. 

Vll.3.4 Risk Characterization 

Maximum soil concentrations 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 lead and silver. Barium and HMX resulted in 
HQs greater than 1.0 for the omnivorous and insectivorous mouse. Only HMX resulted in an 
HQ greater than unity for the herbivorous mouse. No analytes resulted in an HQ greater than 
1.0 for the burrowing owl, although HQs for the burrowing owl could not be determined for HMX 
and silver. As directed by the NMED, His were calculated for each of the receptors. The HI is 
the sum of chemical-specific HQs for all pathways for a given receptor. All receptors were 
found to have His greater than one. 

Tables 15 and 16 summarize the internal and external dose rate model results for the four 
radionuclides. The total radiation dose rate to the deer mouse was predicted to be 
8.9E-3 rad/day. Total dose rate to the burrowing owl was predicted to be 8.5E-3 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. 

Vl1.3.5 Uncertainty Assessment 

Many uncertainties are associated with the characterization of ecological risks at SWMU 1 08. 
These uncertainties result from assumptions used in calculating risk that may overestimate or 
underestimate true risk presented at a site. For this risk assessment, assumptions are 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 the maximum measured soil concentrations to evaluate risk, the use of wildlife 
toxicity benchmarks based upon NOAEL values, the use of earthworm-based transfer factors 
for modeling COPECs into soil invertebrates in the absence of insect data, the incorporation of 
strict herbivorous and strict insectivorous diets for predicting the extreme HQ values for the 
deer mouse, and the use of 1.0 as the area use factor for wildlife receptors regardless of 
seasonal use or home range size. Furthermore, the maximum measured soil concentration 
may have been from depths that are not accessible to ecological receptors. 
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Table 14 
Hazard Quotients for Ecological Receptors at SWMU 108 

Deer Mouse Deer Mouse Deer Mouse 
Constituent of Potential Plant Hazard Hazard Quotient Hazard Quotient Hazard Quotient 

Ecological Concern Quotient' (Herbivorous)' (Omnivorous)' (Insectivorous)' 

Inorganic 

Barium 7.7E-1 9.6E-1 3.4E+O 5.8E+O 

Cadmium 5.4E-1 7.7E·2 B.OE·2 8.3E-2 

Lead 7.2E+0 4.0E-1 3.1E-1 2.2E-1 

Mercury (inorganic) 1.9E-1 6.5E-4 6.5E-4 6.5E-4 

Mercury (organic) 1.9E-1 1.5E-1 1.5E-1 1.5E-1 

Selenium 9.4E-1 2.0E-1 2.9E-1 3.8E-1 

Silver 2.8E+0 2.6E-2 1.6E-2 6.8E-3 

Organic 

HMX --- 6.1E+0 4.5E+0 3.0E+0 

Hazard Index' 1.2E+1 7.9E+O 8.7E+O 9.6E+0 

'Bold tex1 indicates HQ exceeds unity. 
'---designates insufficient toxicity data available for risk estimation purposes. 
'The HI is the sum of individual hazard quotients using the value for organic mercury as a conservative estimate of the HI. 
SWMU = Solid waste management unH. 
HI . = Hazard index. 
HQ = Hazard quotient. 
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Burrowing Owl 
Hazard Quotient i 

4.2E-2 

2.6E-3 

2.1E-1 

1.2E-2 
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8.2E-1 

6.2E-2 
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Table 15 
Internal and External Dose Rates for 

Deer Mice Exposed to Radlonuclldes at SWMU 108 

Maximum 
Concentration Internal Dose External Dose Total Dose 

Radlonucllde IPCUal (radldayl_ jradldayl_ (radldavl 
U-234 6.8E+0 7.5E-5 7.6E-7 
U-235 8.4E-1 8.8E-6 1.4E-5 
U-238 5.4E+1 5.3E-4 8.2E-3 
Th-234+0' 6.6E+1 6.7E-8 1.0E-4 
Total 6.1E-4 8.3E-3 . . 
'The dose rate calculation for Th-234 1ncludes rts rad1oact1ve daughter, protactmlum-234m . 
pCilg = Picocurie(s) per gram. 
SWMU = Solid waste management unit. 

Table 16 
Internal and External Dose Rates for 

Burrowing Owls Exposed to Radionuclides at SWMU 108 

Maximum 

7.6E-5 
2.3E-5 
8.7E-3 
1.0E-4 
8.9E-3 

Concentration Internal Dose External Dose Total Dose 
Radlonuclide (pCUal lradldavl _iradlday}_ 

U-234 6.8E+0 2.6E-5 7.6E-7 
U-235 8.4E-1 3.1E-6 1.4E-5 
U-238 5.4E+1 1.9E-4 8.2E-3 
Th·234+D' 6.6E+1 4.6E-8 1.0E-4 
Total 2.2E-4 8.3E-3 

'The dose rate calculation for Th-234 includes its radioactive daughter, protactinium-234m. 
pCilg = Picocurie(s) per gram. 

lradld~ 
2.7E-5 
1.7E-5 
8.4E-3 
1.0E-4 
8.5E-3 
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Uncertainties associated with the estimation of risk to ecological receptors following exposure to 
U-234, U-235, U-238, and Th-234 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 
maximum measured soil concentrations to evaluate risk. This "worse-case scenario" does not 
necessarily reflect actual conditions and likely results in an over-prediction of risk. Analytical 
data were examined more closely to assess variability within the data. With regard to the 
maximum HMX concentration of 4.23 mglkg, this concentration is based upon a total of 
32 surface soil samples. Of the 32 samples analyzed for HMX, only 4 were found to have 
detectable concentrations of the compound. Detected concentrations ranged from 7.2E-2 to 
4.23 mg/kg, with an average detected concentration of 1.23 mg/kg. Inclusion of all detected 
and nondetected HMX data into the estimation of an average exposure concentration would 
result in a finding of no ecological risk. The average barium concentration measured in surface 
soil at the site was 1.1 E+2 mg/kg, with a range of 4.1 E+ 1 to 3.6E+2 mg/kg. This concentration 
is less than the background concentration used for barium. Consequently, risks to plant 
communities on-site are not expected to be significant. Lead concentrations measured in 
surface soils from SWMU 108 ranged from 3.5E+O to 3.6E+2 mg/kg, with an average 
concentration of 1.94E+ 1 mg/kg. Exposure of plants at the site to this average concentration 
would not result in an HQ greater than unity. Silver was detected in 15 of the 32 surface soil 
samples. Detected concentrations ranged from 8.3E-2 to 5.6E+0 mglkg, with an average 
detected concentration of 5.6E-1 mg/kg. This average detected concentration would not result 
in risk to on-site vegetation. 

Background concentrations are included as components of maximum on-site concentrations. 
Table 17 illustrates risk estimates associated with exposure of each receptor to background 
concentrations of metal COPECs. An assumption that mercury in soil and prey is exclusively in 
an organic form resulted in HQs in excess of unity for the plant, deer mouse, and burrowing 
owl. Another confounding factor associated with the background concentration for mercury is 
that it is based upon a detection limit where one-half of the detection limit was used to estimate 
risk. Background barium concentrations were also predicted to be hazardous to the 
omnivorous and insectivorous mouse. Background constitutes approximately 34 percent of the 
maximum barium concentration used in the estimation of risk. No other background 
concentrations contributed significantly to predicted ecological risks associated with 
SWMU 108. 

As illustrated above, consideration of site-specific exposure conditions results in a more realistic 
estimation of risk. Based upon the home range size of 35 acres for the burrowing owl and the 
size of SWMU 108 (approximately 2.2 acres, an area use factor of approximately 6.3E-2 could 
be applied to the HQ for this species. This would result in an even less potential for aqverse 
risk to the owl from exposure to COPECs at SWMU 108. 

Based upon this uncertainty analysis, ecological risks at SWMU 108 are expected to be low. 
No HQ was found to exceed a value of 7.2. Over-estimations of risks predicted through the 
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Table 17 
Hazard Quotients for Ecological Receptors Exposed to Background Concentrations for SWMU 108 

Deer Mouse Deer Mouse Deer Mouse 
Constituent of Potential Plant HQ' HQ HQ HQ Burrowing Owl 

Ecological Concern (Herbivorous)' (Omnivorous)' (Insectivorous)' HQ 

Inorganic 

Barium 2.6E-1 3.3E-1 1.1E+O 2.0E+0 1.4E-2 

Cadmium 1.7E-1 2.4E-2 2.5E-2 2.6E-2 8.1E-4 

Lead 2.4E-1 1.3E-2 1.0E-2 7.0E-3 6.9E-3 

Mercury (inorganic) 1.7E+O 5.7E-3 5.7E-3 5.7E-3 1.0E-1 

Mercu_ry (organic) 1.7E+O 1.3E+0 1.3E+O 1.3E+0 7.1E+0 

Selenium 3.0E-1 1.0E-1 1.5E-1 2.0E-1 3.3E-2 

Silver 2.5E-1 2.3E-3 1.4E-3 6.0E-4 
b 

Hazard Index' 2.9E+O 1.8E+O 2.6E+0 3.5E+O 7.2E+O 
- --

'Bold text indicates HO exceeds unity. 
'---designates insufficient toxicity data available for risk estimation purposes. 
'The HI is the sum of individual HOs using the value for organic mercury as a conservative estimate of the HI. 
HI = Hazard index. 
HQ = Hazard quotient. 
SWMU = Solid waste management unit. 
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calculation of HQ were attributed to use of maximum exposure concentrations, contributions 
from background, conservative toxicity characteristics, and maximum area use factors. 

Vll.3.6 Risk Interpretation 

Ecological risks associated with SWMU 108 were estimated through a screening assessment 
that incorporated site-specific information when available. Ecological risks were predicted for 
plants exposed to lead and silver; and to deer mice exposed to barium and HMX. No risk was 
predicted for burrowing owl. Closer examination of the uncertainties associated with the 
estimation of risk indicated that over-estimations of predicted risks were attributed to use of 
maximum exposure concentrations, contributions from background, and conservative toxicity 
characteristics. Use of average exposure concentrations result in a more realistic exposure 
pattern for the plants and mice with a substantial reduction in predicted risk. Based upon this 
final analysis, ecological risks associated with SWMU 108 are expected to be low. 

Vll.3.7 Screening Assessment Scientific/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 collected to more 
thoroughly assess actual ecological risk at the site. With respect to this site, ecological risks 
were predicted to be low. The scientific/management decision is to recommend this site for 
NFA. 
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Background 

Appendix 1 
EXPOSURE PATHWAY DISCUSSION FOR CHEMICAL 

AND RADIONUCLIDE CONTAMINATION 

06/24/98 

Sandia National Laboratories (SNL) 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 SNUNM SWMUs have 
similar types of contamination and physical settings, SNL 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 SNL views as 
resulting in a Reasonable Maximum Exposure (RME) value. Subject to comments and 
recommendations by the USEPA Region VI and NMED, SNL proposes that these default 
exposure routes and parameter values be used in future risk assessments. 

At SNUNM, all Environmental Restoration sites exist within the boundaries of the Kirtland AFB. 
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 SNUER draft Environmental Assessment (DOE 1996) 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 performed 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, risk 
and dose values. 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), and; 
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• External exposure to penetrating radiation (immersion in contaminated air; 
immersion in contaminated water and exposure from ground surfaces with photon­
emitting radionuclides). 

Based upon the location of the SNL SWMUs and the characteristics of the surface and 
subsurface 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 SNLINM SWMUs, there does not 
presently occur any consumption of fish, shellfish, fruits, vegetables, meat, eggs, or dairy 
products that originate on-site. Additionally, no potential for swimming in surface 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; and 
• Ingestion of contaminated surface water while swimming. 

That part of the exposure pathway for radionuclides related to immersion in contaminated air or 
water is also 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. 
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Table 1 
Exposure Pathways Considered for Various Land Use Scenarios 

Industrial Recreational Residential 

Ingestion of contaminated drinking Ingestion of contaminated Ingestion of contaminated 
water drinkino water drinkin!l water 
lnnestion of contaminated soil lnaestion of contaminated soil lnaestion of contaminated soil 
Inhalation of airborne compounds Inhalation of airborne Inhalation of airborne 
(vapor phase or particulate) compounds (vapor phase or compounds (vapor phase or 

oarticulate l oarticulatel 
Dermal contact Dermal contact Dermal contact 
External exposure to penetrating External exposure to Ingestion of fruits and vegetables 
radiation from ground surfaces penetrating radiation from 

around surfaces 
External exposure to penetrating 
radiation from around surfaces 

Equations and Default Parameter Values for Identified Exposure Routes 

In general, SNUNM 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 
Superfund (RAGS): Volume 1 (EPA 1989a and 1991 ). These general equations also apply to 
calculating potential intakes for radionuclides. A more in-depth discussion of the equations 
used in performing radiological pathway analyses with the RESRAD code may be found in the 
RESRAD Manual (ANL 1993). Also shown are the default values SNUNM ER suggests for use 
in Reasonable Maximum Exposure (RME) risk assessment calculations tor industrial, 
recreational, and residential scenarios, based upon EPA and other governmental agency 
guidance. The pathways and values for chemical contaminants are 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 Equation for Calculation of Risk Parameter Values 

The equation used to calculate the risk parameter values (i.e., Hazard QuotienVIndex, 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) 

= C x (CR x EFD/BW/AT) x Toxicity Effect (1) 
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where 
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. 

06/24/98 

The total risk/dose (either cancer risk or hazard index) is the sum of the risks/doses for all of the 
site-specific exposure pathways and contaminants. 

The evaluation of the carcinogenic health hazard produces a quantitative estimate for excess 
cancer risk resulting from the COCs present at the site. This estimate is evaluated for 
determination of further action by comparison of the quantitative estimate with the potentially 
acceptable risk range of 1 O"" to 1 o·e. The evaluation of the noncarcinogenic health hazard 
produces a quantitative estimate (i.e., the Hazard Index) 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 Hazard Index of unity (1 ). The evaluation 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 default parameter values 
suggested for used by SNL at SWMUs, based upon the selected land use scenario. 
References are given at the end of the table indicating the source for the chosen parameter 
values. The intention of SNL 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 
for which the assumptions are not valid, the parameter values will be modified and documented. 

Summarv 

SNL 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 SNL SWMUs, but this 
scenario has been requested to be considered by the NMED. For sites designated as industrial 
or recreational land-use, SNL 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 Sandia SWMUs. 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, SNL 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 Recreational Residential 
General Ex_posure Parameters 
Exposure freQuencv (d/y) ••• ••• ... 
Exposure duration (y) 30"-' 30*"' 30" 
Body weight (kg) 70'. 56"' 70 adult'' 

15 child 
Averaging T1me (days) 

for carcinogenic compounds 25550" 25550' 25550" 
(=70 y X 365 d/y) 

for noncarcinogenic compounds 10950 10950 10950 
_(=ED X 365 d/y) 

Soli Ingestion Pathway 
Ingestion rate 100 maid' 6.24 aN' 114 mo-v/ko-d" 

Inhalation Pathway 
Inhalation rate (m'tyr) 5000" 146' 5475"·"' 
Volatilization factor im'/kg}_ chemical specific chemical Sjll!C_ific chemical specific 
Particulate emission factor (m'!ko\ 1.32E9' 1.32E9' 1.32E9' 

Water Ingestion Pathway 
Ingestion rate (Ud) 2" 2'"' 2'"' 

Food Ingestion Pathway 
Ingestion rate (kg/yr) NA NA 138'·' 
Fraction ingested NA NA 0.25'·' 

Dermal Pathway 
Surface area in water (m') 2b .• 2b.• 2'' 
Surface area in soil (m') 0.53''" 0.53'·· 0.53'·" 
Permeabili_ty_ coefficient chemical specific chemical specific chemical specific 

••• 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 h/d for 250 d/y; for the recreational land use, a value of 2 hr/wk for 52 wk/y is used (EPA 
1989b); for a residential land use, all contact rates are given per day for 350 d/y. 
'RAGS, Vol. 1, Part B (EPA 1991 ). 
'Exposure Factors Handbook (EPA 1989b) 
'EPA Region VI guidance. 
'For radionuclides, RESRAD (ANL 1993) is used for human health risk calculations; default parameters 
are consistent with RESRAD guidance. 
'Dermal Exposure Assessment (EPA 1992). 
'EPA 1996. 
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