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Amchitka Island Environmental Analysis at Idaho National Laboratory

EXECUTIVE SUMMARY

The Idaho National Laboratory (INL) provided support to Consortium for Risk -
Evaluation with Stakeholder Participation (CRESP) in their activities which is supported
by the Department of Energy (DOE) to assess the impact of past nuclear testing at
Amchitka Island on the ecosystem of the island and surrounding ocean. INL participated
in this project in three phases, Phase 1, Phase 2 and Phase 3.

The roles of the INL in phase 1 A were to provide a method manual which explains the
methods and measurement procedures to analyze alpha, beta, and gamma emitting
radioisotopes in the environmental samples collected at Amchitka Island, a quality
assurance plan that details how samples will be handled, data reporting requirements,
calibrations, blank analysis, and setup of a performance demonstration program using
blind samples. '

In Phase I B, a common set of measurement methods and quality assurance plan were

. identified. In order to validate the methods identified with the identified sample matrices,
INL did some method development work. Under this task, INL purchased samples
similar to Amchitka samples from the local stores. These samples included fish (like
salmon and halibut), crab, lobsters etc. The INL also purchased some kelp to test the
methods. Samples were divided into three categories. (a) Flesh or tissue samples, (b)
bone, and (c) kelp. All samples were ground to smaller pieces to make them
homogeneous. The analytical scheme for each type of samples is shown in the following

_ flowchart.
Samples
l \ l
tissue bone kelp
, Cs-137 aXd other :
I-129,TC-99,CS-137 and gamma emitters’ I-129,TC-99,CS-137 and
other gamma emitters, Pu,U,Am, Sr-90 other gamma emitters,
- Sr-90 Pu,U,Am, Sr-90
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Sample size needed for each analysis to meet the customer detection limit with accuracy
and precision in the analysis were tested in Phase 1. A trade off between detection limit,
accuracy and precision was needed in terms of availability of the samples from the
customer for some analysis. Gamma and '*I systems were calibrated with 100 g samples
of each type with specific geometry. Test results in the method development phase,
phase 1, were verified to choose the appropriate amounts of samples for radiochemistry
(actinides- Pu, U, Am, and *Sr) and *Tc. As a result, 100 g tissue samples for *°Sr, 15 g
tissue and kelp samples for T, 12 g kelp samples for actinides and *°Sr, and 2 g bone
samples for actinides and *°Sr analyses were identified. Gamma spectroscopy was used
to measure °’Cs, *?Eu, and %)Co or any additional isotopes detected. Low Energy
Photon Spectrometer (LEPS) was used for I'*® analysis. Samples underwent sample
pretreatment, digestions and separations for actinides (Plutonium (Pu), Uranium (U), and
Americium isotopes), Strontium-90 (9°Sr), and Technetium-99 (99Tc), and alpha
spectrometry, gas flow proportional counter, and Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) measured the respective activities of the separated analytes. The
Radiological and Environmental Sciences Laboratory (RESL) prepared simulated
samples for the project. The developed and tested methods were applied to blind quality
control samples from RESL for external quality control or performance audits purposes.

In Phase 2, the screening tests, six batches of samples were shipped from Rutgers
University. INL analyzed samples shipped from Rutgers collected for the Amchitka
project and QC samples were included in the sample batches. These samples comprised
tissues and bones of different species of fish; tissues of other types of marine biota,
tissues and bones of a few species of birds, and different species of kelps, analogous to
the species identified in the Amchitka Science Plan'. INL used the validated methods
- modified and developed for this project in Phase I B, and analyzed the samples for the
“-requested analyses and reported the results to the customer. INL also provided the -
completed quality assurance plan®, PLN-1719, Quality Assurance Project Plan for the
Analysis of Amchitka Island Samples, a supplement to PLN-1533, Quality Assurance
Project Plan for Analytical Laboratories Department Radioanalytical Activities.

In Phase 3, the customer sent three batches of samples including kelp and bone for
actinide analyses using alpha spectrometry.

The details of sample results, QC results, and other related quality assurance documents
are included in appropriate sections.
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Amchitka Island Environmenta] Analysis at Idaho National
Laboratory

1. INTRODUCTION

The Idaho National Laboratory (INL) operated by Battelle Energy Alliance (BEA) was
tasked by Consortium for Risk Evaluation with Stakeholder Participation (CRESP) via
CRESP/Department of Energy Idaho Operations Office (DOE-ID) interagency
agreements to perform several radioisotope measurements to assess the impact of past
nuclear testing at Amchitka Island on the ecosystem of the island and surrounding ocean.

At INL, the Science and Technology organization has the gamma, alpha, and Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) capabilities available to measure the
activity of these radioisotopes. The target list for INL consists of *°Co, *Cs, 2By, or
any other gamma emitting nuclides detected with gamma spectroscopy, 1-129, Sr-90,
Am-241, Pu-238, Pu239/240, U-234, U235, U236 and U238, and Tc-99. Gamma
spectroscopy analyzes %°Co, *’Cs, 2Ry, or any other gamma emitting nuclides, low
energy photon measurements with LEPS measures 1-129, gas flow proportional counter
measures the beta activity in Sr-90, alpha spectroscopy is used for counting actinides and
ICP-MS is used for measuring Tc-99 activity.

INL provided a method manual®, which consists of procedures modified and developed
for this project, and a quality assurance plan® to CRESP. The project was done in three
phases, Phase 1, Phase 2, and Phase 3. In Phase 1, some new methods were developed,
some existing methods were modified, and these methods were evaluated by simulated
samples provided by an independent laboratory- Department of Energy Radiological and
“‘Environmental Sciences Laboratory (RESL). In Phase 2, and Phase 3, samples from
Amchitka were analyzed for target radioisotopes using the different measurement
systems following the procedures described in the manual. The data collected for these
radioisotopes in different biological matrices (soft tissue, bone, and kelp) from Amchitka
and the internal and external QC information are documented in this report.

2. EXPERIMENTAL

The procedures and documents utilized for the 5proj ect are in the method manual®. For
gamma and I-129 measurements, ACLP-10.10°, ACLP-10.3 16, ACLP-10.417, and
ACMM 3606® were used. In radiochemistry, the analytes in samples were separated by
complete ashing and dissolution of the samples using procedures ACMM-3815°, and
ACMM-3816'. A new procedure, ACMM-3705“, developed for T¢c-99, was used for
Tc-99 analysis. ' :

3. RESULTS AND DISCUSSION

There are three sections in this report. Details of the analyses, data package for the
batches, quality assurance/quality control summary (Internal and External QA/QC



documentation) are found in each section. The data package for the batches is found in
Appendix A (Appendix A-1: Gamma and I-129 analysis, Appendix A-2:
Radiochemistry - Alpha and Strontium-90 analysis, and Appendix A-3: Tc-99 Analysis).

The results of the performance Evaluation (PE) standards and the blind QC samples
evaluated for this project are in Appendix B. The internal and external quality control
(QC) results are also included in this report. Documented in Appendix C (C-1 for
gamma, and C-2 for radiochemistry) are the internal QC checks for the detectors used to
count these samples. Results show that all relevant parameters were "in control” during
the sample counting time frame. Results from the external QC intercomparison program
are documented in Appendix D (D-1 for gamma, and D-2 for radiochemistry).

All QA/QC checks were performed in accordance with the QA plan®*? and the RML
QA/QC Manual'?. A copy of these documents is available from the RML Data Analysis
Section upon request. '

3.1. Gamma and I-129 Analysis

Five batches of samples were analyzed for gamma and three batches of samples were
analyzed for I-129 from Phase 2. The standard geometry was defined as 125 ml
polyethylene bottle. This geometry was used for both gamma and iodine measurement.
A mixed National Institute of Standards and Technologies (NIST) traceable gamma
emitting solution was purchased and prepared with homogeneous wet soft tissue, kelp,
and bone. Two samples of each material were prepared, one full and one half full in the
125 ml containers of material and frozen. Efficiency curves were generated of each
sample type. A similar procedure was followed for iodine except only soft tissue and

- kelp samples were prepared using a NIST traceable iodine standard. Efficiency curves
were prepared for each sample type and geometry.

Performance Evaluation (PE) samples were obtained from RESL, and counted. The
results are shown in Appendix B. Some of the activities of the PE samples were well
below the minimum detection limit of the detector. Also, the detection of low energy
photons of iodine can be interfered with from photons of the same energy from europium
and cesium as well as many other isotopes. This effect results in large uncertainties in
the quantitative results of some iodine measurements.

3.1.1. COUNTING AND ANALYSIS INFORMATION

Included in this report are recount measurements identified by the addition of a
"D" to the recounted sample ID. All samples plus the recount measurements were
counted in standardized and calibrated geometry for eight hours. The detector counting
systems employed were B4 for I-129 measurements and A4, A6 and D4 for regular
gamma-ray measurement counting. A4, A6, and D4 are counting systems, which are
designed so the detector axis is orthogonal (90°) with respect to the sample axis. Each
sample measurement of the aforementioned counting systems were rotated on a turntable
in front of the detector during counting duration to help negate the effects of potential
inhomogeneity.



Sample spectra were analyzed by the PCGAP"? computer program
PCGAP/BATCH_GNUL for Windows using the ENVLIB’ decay data library for
radionuclide identification with the required radionuclide list of the ENVLIM' library.
The ENVLIM' library is a required gamma-ray energy library used to direct the
photopeak fitting to the radionuclides of interest. The interference library utilized is
ENVINTLIB', which is used to correct for specific photopeak interferences that may
occur. A common radionuclide target list from the Plan? for the Analysis of Amchitka
Island Samples was utilized. This list contains 3 gamma-emitting radionuclides that are
reported on the computer-generated gamma-ray analysis summary. The minimum
detectable activity level (MDL) is listed for all results.

Instrumental background spectra were accumulated on the appropriate detector
system. A weighted average of four instrumental background spectra for the detector was
used in the analysis. Background ID numbers are listed in the sample information section
of the Gamma-Ray Analysis Summary.

Data observed in this report are defensible for the samples as analyzed but do not
reflect field-sampling uncertainties, representativeness, or survey completeness.
Collaboration with RML personnel in data interpretation for end-use is encouraged.

3.1.2. SUMMARY OF TARGET RADIONUCLIDE RESULTS

The data report summary in the batches shows gamma-ray measured activities of
3 radionuclides, %°Co, '*’Cs, '52Euy, and low energy photon measurements for I-129.

The activities have been decay-corrected to the sample count time and date. The
" uncertainties shown on the summary pages are for the statistics associated with counting,
backgrounds, and photopeak fitting, and estimated uncertainties in the detector efficiency
and the sample geometry. Uncertainties are propagated in quadrature and are expressed
as one estimated standard deviation.

The computer flags (+) results on the gamma analysis as true positive when the
measured activity is greater than two times the measured standard deviation. The plus
sign on the outside of the parenthesis around a result indicates the value as true positive
where the measured radioactivity is a least two times the measured standard deviation.
Either a plus (+) or a minus (-) value within the parenthesis indicates that the net counts
in the spectral analysis were either positive or negative with respect to the photopeak
fitting or instrument backgrounds. Flagged results determined by the analyst to be true
positive and "real" are listed in Analyst’s Results of Manmade Gamma-Emitting
Radionuclides. The flagged results considered false positive is listed in Analyst’s Results
of Rejected Gamma-Emitting Radionuclides. Evaluation of these results was done in
accordance with the criteria in RML procedure ACLP 10.31°,

Naturally occurring radionuclides with expected or normal concentrations are
usually not reported on the Gamma-Ray Analysis Summary unless the concentrations are
* abnormally high.



3.1.3. ANALYST’S RESULTS OF MANMADE GAMMA-EMITTING RADIONUCLIDES

The results that were flagged (+) by the computer as true positive and satisfied the
standard selection criteria of the RML or the analyst are reported on Analyst’s Results of
Manmade Gamma-Emitting Radionuclides summary. These true-positive and "real"
results are reported as follows: '

(1) Activity (S): The activity with the statistical uncertainty. This uncertainty
includes the statistics associated with counting, backgrounds, and photopeak
fitting. .

(2) Activity (T): The activity with the total uncertainty. This uncertainty
includes the statistical uncertainty, plus the estimated uncertainty in the sample
geometry and the detector efficiency (Analyst’s Results of Manmade Gamma-
Emitting Radionuclides). These uncertainties have been propagated in quadrature
and are expressed as one estimated standard deviation.

3.1.4. ANALYST’S RESULTS OF REJECTED GAMMA-EMITTING RADIONUCLIDES

The summary of the “Analyst’s Results of Rejected Gamma-Emitting
Radionuclides,” lists the radionuclides that were determined to be false positive. These
are the results flagged (+) by the computer as true-positive but did not satisfy standard
selection criteria of the RML or the analyst(s). Rejection criteria codes are assigned to
each false-positive radionuclide and a key code description is also listed.

3.1.5. RML GAMMA SPECTROSCOPY RESULTS AND QA/QC DATA

- The gamma and I-129 results (data package) are in Appendix A-1. Included also in this
report are the internal and external quality control (QC) results. Documented in
Appendix C-1 are the internal QC checks for the detectors used to count these samples.
Results show that all relevant parameters were "in control” during the sample counting
time frame. Results from the external QC intercomparison program are documented in
Appendix D-1.

3.2. Radiochemistry
Alpha and Sr-90 analysis

During this project, there were six batches of samples for radiochemical analysis from
Phase 2 and three batches of samples from Phase 3A. The samples were analyzed for Sr-
90, Am-241, Pu-238, Pu239/240, U-234, U235, U236 and U238. Complete ashing and
dissolution of the samples were achieved and no unusual steps were taken in performing
the alpha analyses. The results in this report are the same results that were reported as
preliminary results that were sent to CRESP during the period of January 2005 - June
2005. A list of samples with activities > 2 sigma, with uncertainty @ one sigma, are also
included with each batch’s results.



The actinide procedure for small solid sample sizes in ACMM-3816' is used for alpha
analysis. ACMM-3815° and ACMM 3816'® were used for Strontium-90 analysis. For
small biological samples, the strontium sulfate precipitation with 10% Li,SO, with pH
adjustment is recommended twice to reduce calcium interference (Step 7.9.7 to 7.9.8).
Batch 4 and Batch 5 had 15 g bone samples. These samples were considered as large
samples.  The large amount of calcium and other interference like phosphate in bone
samples required several clean-up steps to separate strontium. In batch 4, B-L-150-B, B-
L-151-B, both 15g, and B-M-140-B, which was 2.5 g, , produced relatively low yields of
strontium because of the complexity of the samples. Batch 2 had some dense soft tissue
samples (S-U-76, S-U-77, 8-U-90, and S-U-96). These samples also had some "
interference, causing difficult strontium separation, and some of them had relatively low
chemical yield. These soft tissue samples also caused some damage in the platinum
dishes, that were used to process these samples. In batch 7, two kelp samples, K-AA-
210-A, and K-AA-202-A, combusted in the drying process and part of these samples
were lost. These samples also produced low actinide yields. The results for the external
QC samples or PE samples from RESL from phase 1 and blind QC sample results from
phase 2 and phase 3 are included in Appendix B.

Included in this report are results (data package) and the internal and external quality
control (QC) results. Appendix A-2 shows the results of each batch. Documented in
Appendix C-2 are the internal QC checks for the detectors used to count these samples.
Results show that all relevant parameters were "in control" during the sample counting
time frame. Results from the external QC intercomparison program are documented in -
Appendix D-2. '

3.3. Technetinum-99 (Tc-99) Analysis

A method to determine **Tc at environmental levels in plant tissues, animal tissues and
related samples using inductively coupled plasma mass spectrometry (ICPMS) was
developed and implemented for this program (ACMM-3705)"". The method is based
upon several similar methods found in the literature'>'®. Briefly, samples (5-25g) were
weighed into preweighed crucibles. The samples were spiked with 100 pL of a 200
ng/mL Re solution used as a recovery standard (i.e. yield tracer). One sample in every
batch (20 samples) was also spiked with 100 pL of a 377 dpm/mL solution of **Tc (ie.
10 ng/mL). All samples were then treated with 10 mL of ammonia solution (~20%) in a
fume hood to make the samples basic and stabilize the Tc and Re. The samples were
then dried for at least 24 hr in an oven or on a hot plate at <75°C. The cooled, dried
samples were reweighed to determine the dry weight and placed in a furnace at ~75°C
and the temperature ramped to 550°C and held for 3 hrs. The ashed samples were
removed from the furnace, cooled and reweighed to determine the ash content. The Tc
and Re in the ashed samples was oxidized and “leached” from the ash using 10 mL of 8N
HNO; and ~2 mL of H;0,. The “leach” solution containing the *T¢ and Re was
decanted from the ash, combined with at least two deionized water rinsates of the ash and
diluted to >200 mL to dilute the HNOs in content to <0.5 N. To eliminate interferences
and reconcentrate the analytes of interest, the diluted samples were run through 2 mL
TEVA® cartridges or columns that had been preconditioned with 5 mL of 8 N HNO; to



assure that there was no residual analytes of interest on the column and then with 10 mlL
of 0.1N HNOs to readjust the column acidity to assure no loss of the analytes of interest.
The columns with the trapped analytes were washed with 20 mL 1 N HNO; to assure
removal of interferences (Ru in particular) and the analytes subsequently eluted into a
clean beaker with 5 mL of 8 N HNO;. The volume of the eluted sample was evaproated
to near dryness on a hot plate at <75°C, spiked with 100 uL of a 100 ng In/mL solution,
and diluted to 10 mL with 0.1N HNO;. Samples were then analyzed with an inductively
coupled plasma mass spectrometer (ICPMS) that had been standardized with series of
standard solutions containing at most 15 dpm/mL *°Re.

The most probable interferences in the mass spectrometric analysis of **T¢ for are
molybdenum hydride (*®Mo'H) and Ruthenium (Ru) at m/z 99. The relative abundances
for Ru at m/z 99 and m/z 101 are 12.6% and 17%, respectively. The Ru interference was
corrected for by estimating the contribution of Ru at m/z 99 from the Ru response at m/z
101 and subtracting it from the m/z 99 response-(i.e. Intensity at m/z 99 — 0.741 *
Intensity at m/z 101 = Intensity of **Tc). The actual correction factor for Ru was
determined from a commercial Ru standard and determined to be 0.725. The probability
of a significant interference by MoH is not likely the possible possibility of having this
interference was determined by monitoring Mo at m/z 95 and/or Mo at m/z 98. No
significant Mo was noted.

When natural abundance rhenium was used as the recovery standard, the Re
concentration was simply determined at m/z 185. When a '®*Re enriched standard was
{used as the recovery standard, natural Re was subtracted by simply using an interelement
correction for Re using '*’Re. The correction factor was determined to be 0.589 from
natural abundance Re standards (i.e. Intensity at m/z 185 — 0.589 * Intensity at m/z 187 =

_ Intensity of '*°Re). Since tungsten hydrides (***W'H and 18W'H) and '*"0Os may
‘interfere with the Re measurements, W at m/z 182 was monitored to assess the
Proba'bility of a significant WH interference and an interelement correction for Os for

%’Re was made using the Os response at m/z 189 (i.e. Intensity at m/z 185 — 0.589 *

Intensity at m/z 187 = Intensity of '®°Re). ’

~ Final *Tc¢ concentrations were determined by subtracting the mean blank value
determined from multiple blank analyses during the course of the run for each sample set.
The blank corrected concentrations were further corrected for the Re recovery. Errors
were propagated for each calculation step. Additional errors were added to propagation
of errors to accommodate the variability of the calibration checks during the run and the
overall spiked sample recovery for all runs and batches. Detection limits were
determined for each sample using the propagated error and a single-sided Student-t value
at p=0.01 (i.e. 1s the concentration greater the range of values expected over a
concentration of 0 at p=0.01). The Student-t value was selected at the appropriate
degrees of freedom represented by the propagated error. The degrees of freedom for the
propagated error was determined using Satterwaite’s formula.
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Table 3-1 represents the mean recovery of Tc of all of the spiked samples either
submitted for analysis or spiked internal to the laboratory. Low recoveries on the initial
performance evaluation samples and the laboratory spikes associated with the analysis of
that batch are suspect to have been due to the availability of oxidation during the ashing
step. While no quantitative information has been acquired in a controlled fashion, it was
noted that allowing some air to enter the furnace always resulted in low **Tc recoveries
while the Re recoveries were either not affected or only slightly diminished. Keeping the
furnace closed tightly during the ashing step consistently resulted in higher *Tc
recoveries. While no explanation exists for a 10% lower Tc recovery relative to Re in the
literature®®, oxygen availability during ashing could certainly be a contributing factor.

Actual data transmitted to CRESP for the four batches analyzed for *Tc are given in
Appendix A-3.

Table 3-1 Mean Recovery of Tc-99

Expected
Range
t at

- Tc-99 % Standard p=0.01,
1Spike Type Recovery Deviation n 2-sided Min Max RSD
.’|Lab Spikes
| Fish Flesh 91.5% 9.2% 12 311 629% 120.1% 10.1%

Kelp . 96.3% 0.9% 5 460 923% 100.2% 0.9%
1 All : 92.9% 8.0% 17 292 69.7% 116.2% 8.6%

Performance Evaluation

Fish Flesh .86.1% 52% 3 992 343% 138.0% 6.1%
Kelp 90.3% 2.5% 3 992 653% 1153% 2.8% |
1Al 88.2% 4.3% 6 403 70.8% 1056% 4.9%
Overall :
J Fish Flesh 90.5% 8.7% 15 298 ©646% 116.3% 9.6%
| Kelp 94.0% 3.4% 8 3.50 82.0% 106.1% 3.7%
All 91.7% 7.4% 23 282 70.8% 112.6% 8.1%

3.3.1. Case Narrative Batch 1 (soft tissue) - Tc Analysis

* The spreadsheet file with the results from the first batch of Amchitka samples is
found in Appendix A-3. Overall all, the analyses appeared to have gone rather
smoothly. The following are items are notes and explanations from the analysis.



e The calibration 99Tc standards were prepared from the 20.2 ng/mL stock that has
been in the laboratory and originated from Isotope Product Laboratories. Three
calibration verification solutions were prepared from this standard or from a second
standard from Isotope Product Laboratories (Source# 1052-73). Re in the calibration.
standards and three verification standards were from commercial stocks (VHG Lot#
PREN32/02 or QCD Analysts lot# 040875WBS6114Q). Calibration verification

- standards were run a total of 10 times during the course of the analysis with 99Tc
and Re being recovered at 99.4+2.0% and 101.9:£0.8%, respectively. Yesterday, we

received a 99Tc¢ standard directly from NIST, which we will be using as a calibration
verification standard for future analyses.
* One of the calibration verification standards also had 200 pg RwmL to check for the

magnitude of effects on the interelement correction for 99Tc. Another simply had
200 pg Ru/mL. The net effect is that Ru at 200 pg/mL could create a negative bias of
~-2 pg/mL. No samples had more than ~1.5 pg RwmL so any residual effects from
Ru are an absolute minimum.

* Five calibration verification blanks were also run during the course of the analysis

and the 99Tc was determined to be 0.158+0.066 pg/mL in these blanks. This value
was subtracted from all sample results. Errors were propagated and the degrees-of-
freedom of the propagated error determined using Satterwaite's formula.

* Additional errors from the Re correction and the precision of the calibration
verification checks were also propagated and the final degrees of freedom
determined with Satterwaite's formula. The propagated errors were multiplied by the
1-sided Student t value at p=0.01 to estimate instrument detection limits for each
sample.

* Samples of species types "G" and a couple of species type "L" had significant over
recoveries of Re indicating the potential for the natural presence of Re in the
samples. When Re recovery was over 100% no Re corrections were made. We

finally received our 185Re standard and will be doing Re by isotope dilution in the
future to eliminate these types of problems. :

* Recoveries for species types "O" and "P" had consistently low Re recoveries
indicating a possible matrix effect. '

* The laboratory spiked blank recovered only 75.8%. This is slightly out of the range
of 80-102% we have been seeing in the performance evaluation samples and in the
laboratory spikes. In short, it appears that the procedure is more variable for flesh
than for kelp. When evaluating the actual sample results one must keep in mind that
the standard deviations presented only represent the deviations from the instrumental
analysis and do not include any sample-to-sample or sample preparation variability.
As we progress, an error representing sample-to-sample and sample preparation
variability will be included into the propagation of errors. This should have little
effect on the samples near and below the detection limit but will cause all samples

with significant concentrations of 99Tc to have a total error of ~+10%. All
' positive samples in this batch (i.e. the spike and the blind spike) should be assumed
to have a total error of ~£10%. It also appears that there may be an average of a



~10% negative bias for 99Tc. This is not unexpected based upon the available
literature for methods employing Re as a recovery standard.

3.3.2. Case Narrative Batch 2 (soft tissue) - **Tc Analysis

Following is the second set of Tc99 analyses. Notes are:

o We used 185Re as the recovery standard. To avoid the lengthy isotope dilution

calculation then subtracting the intensity contributions and recalculating the 185Re
concentration from the corrected intensity, we simply used an interelement correction

calculating the 185Re natural intensity from the 187Re intensity. This subtracts all

natural Re contributions from the 185Re peak as well as some 185Re in the enriched ‘
standards because the Re standard is only 93.6% enriched, i.e. in effect we are
subtracting any enriched Re remaining in the standard from the enrichment process or

about an additional 4% of the 185Re peak. It should be noted that in the few analyses
we have done where we can measure the actual isotopic ratio on the standard and of a
natural Re standard, the enrichment appears to be more like 94.38%:+0.05% for the
185Re. In the natural Re standard, the 185Re was measured at 37.2%+0.2% in this
run vs the expect 37.4%. Overall, this has no bearing on the analysis other than to
demonstrate that the interelement correction is being performed as expected and that

- determining the natural Re from the 187Re residual in the enriched Re standard will

be biased somewhat (i.e. 10-20%). A small error in the isotopic ratio of the enriched

standard will have only a small effect on the determination of the natural Re. Indeed,

the isotope dilution determination of the natural Re on a standard containing natural
and enriched Re was ~95% while the determination by the standard calibration curve

using the 187Re remaining in the enriched standard was ~114%. We will mvestigate
this further to verify the actual enrichment so that the determination of the natural Re
can be optimized. This is probably not that important, however, tissues and species

. that accumulate Re will probably also accumulate Tc.

The liquid like samples (jellyfish?) and the bird eggs (mushy samples) had high
natural Re concentrations. Having the 185Re enriched standard was a definite plus.

Tc recovery in the laboratory spike was once again lower than expected at 71.4%.

3.3.3. Case Narrative Batch 3 (kelp and soft tissue) - **Tc Analysis

Following is the third set of Tc99 analyses. Notes are

We used 185Re as the recovery standard. To avoid the lengthy isotope dilution

calculation then subtracting the intensity contributions and recalculating the 185Re
concentration from the corrected intensity, we simply used an interelement correction

calculating the 185Re natural intensity from the 187Re intensity. This subtracts all

natural Re contributions from the 185Re peak as well as some 185Re in the enriched
standards because the Re standard is only 93.6% enriched, i.e. in effect we are



subtracting any "natural" Re remaining in the standard from the enrichment process

or about an additional 4% of the 185Re peak. It should be noted that in the few
analyses we have done where we can measure the actual isotopic ratio on the standard

and of a natural Re standard, the enrichment of the 185Re standard appears to be
more like 94.45%+0.06% this time vs the 94.38%+0.05% we determined in the last
set of analyses. Since in the last set of samples we noted that the use of the remaining
187Re in the 185Re enriched standard to calculate the natural Re content led to an
overestimation, this time, we corrected the 187Re and 185Re concentrations to the

enrichment factor we have been measuring (i.e. the 185Re at 94.4% not 93.6% as
stated by the supplier). This seems to have corrected the problems with using the
187Re for determining natural Re. Once again, this has no bearing on the Tc analysis
and only serves to make the natural Re concentrations better. This is still probably
not that important, however, tissues and species that accumulate Re will probably also
accumulate Tc.

- Indeed, some of the samples in this batch, particularly, the kelp had very significant
natural Re concentrations. In some cases, the natural Re was as much as 15x the
185Re added for tracking the procedure. Since we cannot be sure of the exact
1sotopic composition of the Re in these samples, there may be some added error in the
Re determinations. In fact, for most of the very high Re containing samples, the:
spiked 185Re was over recovered slightly and no corrections were made to the Tc
concentrations. We don't really have any good data at this time with regards to how
the natural Re really affects the analysis due subtraction error or due to variations in
the natural Re isotopic ratio. We have not investigated the possibility that
geographical variations in the Re isotope ratio exist as they do for other elements. At
this time we don't think this is causing a major problem. However, if it can be
determined that this is a major problem, we may have to increase the 185Re spike
level to attempt to swamp this effect out, provided there is no effect on column
capacity, Tc recovery, etc.

Tc recovery in the laboratory spikes for fish flesh and kelp were good at 92% and

- 95%, respectively. We are speculating that with more careful study we will find that
the low recoveries for Tc can be tied to the quantity of available oxygen during the
combustion/charring step.

Since this batch had both kelp and fish, the overall relative standard deviation of all
laboratory spiked samples of fish flesh and kelp has been added to the total
uncertainty calculation (8.9).

Note also that there was one sample with marginally detectable Tc at a very low
concentration (1.5x10-4 + 0.3x10-4 Bq/g = 0.0040 + 0.0007 pCi/g). This

- concentration is well below the required detection limits, only about 2x the estimated
DL and in a sample that, interestingly enough, our lab technician speculates may be
the blank control sample. '
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3.3.4. Case Narrative Batch 6 (soft tissue) - *Te Analysis

Following is the fourth set of Tc99 analyses. Notes are

* There were only 8 samples, two of which appear to have been QA samples.

e Weused 185Re as the recovery standard. To avoid the lengthy isotope dilution

calculation then subtracting the intensity contributions and recalculating the 185Re
concentration from the corrected intensity, we simply used an interelement correction

calculating the 185Re_ natural intensity from the 187Re intensity. This subtracts all

natural Re contributions from the 185Re peak as well as some 185Re in the enriched
standards because the Re standard is only 93.6% enriched, i.e. in effect we are

- subtracting any enriched Re remaining in the standard from the enrichment process or
about an additional 4% of the 185Re peak. It should be noted that in the few analyses

- we have done where we can measure the actual isotopic ratio on the standard and of a
natural Re standard, the enrichment appears to be more like 94.33%+0.02% this time
vs 94.45%+0.06% for set three and 94.38%+0.05% for set two. Since in the sample
set two we noted that the use of the remaining 187Re in the 185Re enriched standard
to calculate the natural Re content led to an overestimation, in sample sets three and

four, we corrected the 187Re and 185Re concentrations to the enrichment factor we
have been measuring (i.e. the 185Re at 94.4% not 93.6%). This seems to have

- corrected the problems with using the 187Re for determining natural Re. Once again,
this has no bearing on the analysis other than to make the natural Re concentrations
-better. This is still probably not that important, however, tissues and species that

accumulate Re will probably also accumulate Tc.

* Natural Re was as expected in the samples.

* Tcrecovery in the laboratory spikes for fish flesh 93.0%. Since this batch had only
flesh, the overall relative standard deviation of all spiked samples of fish flesh was
added to the total uncertainty calculation (9.6%).
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BATCH 1
GAMMA AND I1-129
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Appendix A-2

Radiochemistry
Alpha and Sr-90 Analysis



BATCH 1
Sr-90



Page 1 of 3
COVER PAGE 05/26/2005
RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Sr-90 Analysis for Amchitka Island (Batch 1)
Lab Name: RTC Case No: NA
Report No.: AmchitBatchF1 Method Type: A/B
Approved SAP No.: NA ' SDGNo..  S-G-50-A
SAMPLE NUMBERS
Customer Lab Sample
Sample ID ID

S-B-54-A 02EQ-05-A

S-B-55-A 02EQ-06-A

S-B-56-A 02EQ-07-A

S-G-50-A 02EQ-01-A

S-G-51-A 02EQ-02-A

S-G-52-A 02EQ-03-A

S-G-53-A 02EQ-04-A

S-K-70-A 02EQ-15-A

S-K-75-A 02EQ-20-A

S-L-57-A 02EQ-08-A

S-L-58-A 02EQ-09-A

S-L-59-A 02EQ-10-A

S-0-71°A 02EQ-16-A

S-0-73-A 02EQ-18-A

S-0-74-A 02EQ-19-A

S-P-67-A 02EQ-12-A

S-P-68-A 02EQ-13-A

S-P-69-A 02EQ-14-A

Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

Signature: % W/Q Name: J. G. Eisenmenger

Technical Leader Date: 05/26/2005

Title:
o
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Project:

Laboratory:
Report #:

SDG#:

Sr-90 Analysis for Amchitka Island (Batch 1)

RTC

AmchitBatchF1

S-G-50-A

Summary of 2 and 3 sigma activities

Below are the results for Sr-90 for Batch 1 from the Amchitka Island Project that had a

result/uncertainty ratio of 2 or more (uncertainty @ one sigma).

Result Uncertainty Result/
Customer ID Lab ID Isotope Ba/g Ba/g Uncertainty
S-K-75-A 02EQ-20-A | SR90 2.56E-02 1.17E-03 21.9

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be

warranted.

As with any good science no single data point is used in important decisions (results need

to be reproducible).




BATCH 2
Sr-90



Project Title:

Lab Name:

Report No.:
Approved SAP No.:

Page 1 0of 3
COVER PAGE 05/26/2005
RADIOANALYTICAL ANALYSES DATA PACKAGE

Sr-90 Analysis for Amchitka Island (Batch 2-1)

RTC Case No: NA
AmchitBatchF2-1 ~ Method Type: B
NA SDG No.: S-U-76-C

SAMPLE NUMBERS

Customer Lab Sample
Sample ID ID
S-U-76-C 02FX-01-A
S-U-77-C 02FX-02-A
S-U-90-C 02FX-03-A
S-U-96-C 02FX-04-A
Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

(
Signature: %/\ QM\’\,MA Name: J. G. Eisenmenger

Iitle: Technical Leader Date: 05/26/2005
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Project: Sr-90 Analysis for Amchitka Island (Batch 2-1)
Laboratory: RTC

Report #: AmchitBatchF2- 1

SDG#: S-U-76-C

Summary of 2 and 3 sigma activities

There were no results for Sr-90 for Batch 2-1 from the Amchitka Island Project that had zi
result/uncertainty ratio of 2 or more (uncertainty @ one sigma).

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted.

As with any good science no single data point is used in important decisions (results need
to be reproducible).



Page 1 0of 3
COVER PAGE 05/26/2005
RADIOANALYTICAL ANALYSES DATA PACKAGE - ’

Project Title: Sr-90 Analysis for Amchitka Island (Batch 2-2)

Lab Name: RTC Case No: NA
Report No.: AmchitBatchF2-2 Method Type: A/B
Approved SAP No.: NA SDG No.: S-K-60-A

- SAMPLE NUMBERS

Customer Lab Sample
Sample ID iD
S-K-60-A 02FP-09-A
S-K-61-A ~ 02FP-10-A
- S-K-63-A 02FP-11-A
S-K-88-A 02FP-12-A
S-K-89-A ' 02FP-13-A
S-M-80-A 02FP-01-A
S-M-81-A 02FP-02-A
S-M-82-A 02FP-03-A
S-M-83-A 02FP-04-A
S-M-84-A 02FP-05-A
S-M-85-A 02FP-06-A
S-M-86-A 02FP-07-A
S-M-87-A 02FP-08-A
S-U-76-A 02FP-14-A
S-U-77-A 02FP-15-A
S-U-90-A 02FP-16-A
S-U-96-A 02FP-17-A
S-VN-102-A 02FP-18-A
S-VN-103-A 02FP-19-A
S-VN-104-A © Q2FP-20-A
Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

Signature: % W Name: J. G. Eisenmenger

l'itle: Technical Leader Date: 05/26/2005
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Project:

- Laboratory:
Report #:
SDG##:

Sr-90 Analysis for Amchitka Island (Batch 2-2)

RTC

AmchitBatchF2-2

S-K-60-A

Summary of 2 and 3 sigma activities

Below are the results for Sr-90 for Batch 2-2 from the Amchitka Island Project that had a

result/uncertainty ratio of 2 or more (uncertainty @ one sigma).

. Result Uncertainty Result/
Customer ID Lab ID Isotope Ba/g Ba/g Uncertainty
S-K-89-A 02FP-13-A SR90 2.33E-02 6.99E-04 33.3

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio

is more than 3, we have a degree of confidence that the result is positive (i.e. the result is }
statistically different than zero). A result with the result/uncertainty ratio between 2 and

3 is the first indication that an isotope may be present and further investigation may be

warranted.

As with any good science no single data point is used in important decisions (results need

to be reproducible).




BATCH 3
ALPHA AND Sr-90



Page 1 of 9
COVER PAGE 05/26/2005

RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Alpha and Sr-90 Analysis for Amchitka Island (Batch 3)

Lab Name: RTC Case No: NA

Report No.: AmchitBatchF3 Method Type: A/B
Approved SAP No.: NA SDG No.: K-AA-105-C

SAMPLE NUMBERS

Customer Lab Sample

Sample ID iD
K-AA-105-C 02G0-05-A
K-AA-106-C 02G0-06-A
K-AA-111-C 02GO-11-A
K-AA-112-C 02G0-12-A
K-BB-107-C 02G0-07-A
K-BB-108-C 02G0-08-A
K-BB-109-C 02G0-09-A
K-BB-110-C 02G0-10-A
K-CC-113-C 02G0-13-A
K-CC-114-C 02G0O-14-A
K-CC-115-C 02GO-01-A
K-CC-130-C 02GO-02-A
K-CC-132-C 02G0-03-A
K-CC-133-C 02G0-04-A
S-R-117-C 02G0O-15-A
S-R-119-C 02GO-16-A
S-R-121-C 02GO-17-A

Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

Signature; //ﬂw W,/(/ Name: J. G. Eisenmenger
X L < d
;me: Technical Leader Date: 05/26/2005
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Project: Alpha and Sr-90 Analysis for Amchitka Island (Batch 3)
Laboratory: RTC

Report #: AmchitBatchF3

SDG#: K-AA-105-C

Summary of 2 and 3 sigma activities

Below are the results for Sro0, U234, U235, U236, U238, Pu238, Pu239/240, and Am241
for Batch 3 from the Amchitka Island Project that had a result/uncertainty ratio of 2 or
more (uncertainty @ one sigma).

Resuit Uncertainty Result/

Customer ID Lab ID Isotope Ba/g Ba/g Uncertainty
K-AA-105-C 02G0O-05-A | U234 6.55E-04 1.57E-04 4.2
K-AA-105-C 02G0O-05-A | U238 6.17E-04 1.58E-04 3.9
K-AA-106-C 02GO-06-A" | U234 8.10E-04 1.73E-04 4.7
K-AA-106-C 02G0-06-A | U238 7.30E-04 1.70E-04 4.3
K-AA-111-C 02GO-11-A | U234 1.31E-03 2.47E-04 5.3
K-AA-111-C 02GO-11-A | U238 1.19E-03 2.47E-04 4.8
K-AA-112-C 02G0O-12-A | U234 7.34E-04 1.66E-04 4.4
K-AA-112-C 02G0O-12-A | U238 5.51E-04 | 1.46E-04 3.8
K-BB-107-C 02GO-07-A | U234 2.20E-04 9.51E-05 2.3
i K-BB-107-C 02G0O-07-A | U238 1.92E-04 8.72E-05 2.2
K-BB-108-C 02G0O-08-A | U234 2.91E-04 | 1.04E-04 2.8
K-BB-108-C 02G0-08-A | U238 3.96E-04 1.20E-04 3.3
K-BB-109-C 02G0-09-A | PU239/240 2.07E-04 5.85E-05 3.5
K-BB-109-C 02G0O-09-A | U234 7.03E-04 1.62E-04 4.3
K-BB-109-C 02G0O-09-A | U238 7.47E-04 1.77E-04 4.2
K-BB-110-C 02G0O-10-A | U234 6.87E-04 1.65E-04 42
K-BB-110-C 02GO-10-A | U238 7.98E-04 1.89E-04 4.2
K-CC-113-C 02GO-13-A | U234 3.46E-03 5.04E-04 6.9
K-CC-113-C 02G0O-13-A | U235 1.74E-04 6.16E-05 2.8
K-CC-113-C 02G0O-13-A | U238 3.03E-03 5.01E-04 6.0
K-CC-114-C 02G0O-14-A | U234 2.06E-03 3.35E-04 6.1
K-CC-114-C 02GO-14-A | U235 9.59E-05 4 79E-05 2.0
K-CC-114-C 02G0O-14-A | U238 1.91E-03 3.46E-04 5.5




Alpha and Sr-90 Analysis for Amchitka Island (Batch 3)
Summary of 2 and 3 sigma activities

Page 2
Result Uncertainty Result/

Customer ID Lab ID Isotope Bqg/g Bqg/g Uncertainty
K-CC-115-C 02G0O-01-A | U234 4.35E-03 6.06E-04 7.2
K-CC-115-C 02G0-01-A | U235 2.27E-04 7.14E-05 3.2
K-CC-115-C 02GO-01-A | U238 3.57E-03 5.73E-04 6.2
K-CC-130-C 02G0-02-A | U234 2.29E-03 3.68E-04 6.2
K-CC-130-C 02G0O-02-A | U235 1.16E-04 5.35E-05 22
K-CC-130-C 02G0O-02-A | U238 2.11E-03 3.78E-04 5.6
K-CC-132-C 02GO-03-A | AM241 7.80E-03 6.34E-04 12.3
K-CC-132-C 02G0-03-A | PU238 5.16E-03 5.85E-04 8.8
K-CC-132-C 02G0-03-A | SR90 3.41E-02 1.70E-03 20.1
K-CC-132-C 02GO-03-A | U234 8.18E-04 1.81E-04 45
K-CC-132-C 02G0O-03-A | U238 7.39E-04 1.77E-04 4.2
K-CC-133-C 02G0-04-A | AM241 2.33E-03 2.56E-04 9.1
K-CC-133-C 02G0-04-A | PU239/240 3.35E-03 4.10E-04 8.2
K-CC-133-C 02G0-04-A - | SR90 9.13E-03 7.21E-04 12.7
K-CC-133-C 02G0O-04-A | U234 8.90E-04 1.90E-04 47
K-CC-133-C 02G0O-04-A | U238 7.41E-04 1.77E-04 4.2
1. 8-R-117-C 02G0O-15-A | PU239/240 3.42E-05 1.71E-05 2.0
S-R-117-C 02GO-15-A | U234 5.13E-04 1.07E-04 4.8
S-R-117-C 02GO-15-A | U238 4.17E-04 9.90E-05 42
S-R-119-C 02GO-16-A | U234 4 57E-04 1.00E-04 46
S-R-119-C 02G0O-16-A | U238 4.40E-04 | 1.03E-04 43
S-R-121-C 02GO-17-A | U234 5.05E-04 1.06E-04 4.8
S-R-121-C 02G0O-17-A | U238 4.47E-04 1.03E-04 43

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted.

As with any good science no single data point is used in important decisions (results need
to be reproducible).
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COVER PAGE 05/26/2005
RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Alpha and Sr-90 Analysis for Amchitka Island (Batch 4)

Lab Name: RTC Case No: NA
Report No.: ~ AmchitBatchF4 Method Type: A/B -
Approved SAP No.: NA SDG No.: B-L-150-B

SAMPLE NUMBERS

Customer Lab Sample

Sample ID ID
B-K-152-B 02IK-17-A
B-L-150-B 02IK-01-A
B-L-151-B 021K-16-A
B-M-138-B 02IK-12-A
B-M-139-B 02IK-10-A
B-M-140-B 02IK-06-A
B-M-141-B 02IK-11-A
B-M-142-B 021K-03-A
B-M-143-B 02IK-15-A
B-M-144-B 02IK-14-A
B-M-145-B 02IK-13-A
B-O-146-B 02IK-07-A
B-O-147:B : 02IK-08-A
B-O-148-B 02iK-05-A
B-P-135-8 ‘ 02iK-04-A
B-P-136-B 02IK-09-A
B-P-137-8  02IK-02-A

Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by tike following signature:

/)
. g
Signature: (/%\ %WW)Z/( Name: J. G. Eisenmenger
.//

;Eitle: Technical Leader Date: 05/26/2005
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Alpha and Sr-90 Analysis for Amchitka Island (Batch 4)

Project:

Laboratory: RTC

Report #: AmchitBatchF4
SDG#: B-L-150-B

Summary of 2 and 3 sigma activities

Below are the results for Sr90, U234, U235, U236, U238, Pu238, Pu239/240, and Am241
for Batch 4 from the Amchitka Island Project that had a result/uncertainty ratio of 2 or
more (uncertainty @ one sigma).

Result Uncertainty Resuit/

Customer ID Lab ID Isotope Ba/g Ba/g Uncertainty
B-K-152-B 02IK-17-A | AM241 2.44E-02 2.27E-03 10.7
B-K-152-B 021K-17-A | PU238 4,18E-02 4,73E-03 8.8
B-K-152-B 02IK-17-A | PU239/240 | 4.65E-02 5.22E-03 8.9
B-K-152-B 02IK-17-A | SR90 2.73E-02 4.34E-03 6.3
B-L-150-B 02IK-01-A | U234 5.67E-04 1.36E-04 4.2
B-L-150-B 021K-01-A | U238 4.71E-04 1.22E-04 3.9
B-L-151-B | 02IK-16-A | U234 4.83E-04 1.27E-04 3.8
B-L-151-B 02IK-16-A | U238 6.07E-04 1.46E-04 4.2
B-M-139-B 02IK-10-A | SR80 8.81E-03 3.54E-03 2.5
. B-M-142-B 02IK-03-A | SR90 5.34E-03 2.71E-03 2.0

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted.

As with any good science no single data point is used in important decisions (results need
to be reproducible). ’ '
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Page 1 of 6
COVER PAGE 05/26/2005
RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Alpha and Sr-90 Analysis for Amchitka Island (Batch 5)
Lab Name: RTC | Case No: NA
Report No.: AmchitBatchF5 Method Type: A/B
Approved SAP No.: NA_ SDG No.: B-A-163-B
SAMPLE NUMBERS
Customer Lab Sample
Sample ID ID
B-A-163-B ) 02JJ-03-A
B-B-154-B 02JJ-01-A
B8-C-162-B 02JJ-02-A
B-C-174-B : 02JJ-08-A
B-J-167-B 02JJ-05-A
B8-K-171-B 02JJ-06-A
B-K-172-B 02JJ-07-A
B-L-164-B 02JJ-04-A

Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified hy the following signature:

Signature: %/\W Name: J. G. Eisenmenger
4

'_;I"itle: Technical Leader Date: 05/26/2005
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Project: Alpha and Sr-90 Analysis for Amchitka Island (Batch 5)
Laboratory: RTC

Report #: AmchitBatchF5

SDG#: B-A-163-B

Summary of 2 and 3 sigma activities

Below are the results for Sr90, U234, U235, U236, U238, Pu238, Pu239/240, and Am241
for Batch 5 from the Amchitka Island Project that had a result/uncertainty ratio of 2 or
more (uncertainty @ one sigma).

) Resuit Uncertainty Result/
Customer 1D Lab ID Isotope Bag/g - Ba/g Uncertainty |
B-A-163-B | 02JJ-03-A | U234 9.63E-04 | = 1.74E-04 5.5
B-A-163-B 02JJ-03-A | U235 6.53E-05 3.07E-05 2.1
B-A-163-B 02JJ-03-A | U238 9.40E-04 1.78E-04 5.3
B-B-154-B 02JJ-01-A | U234 2.18E-03 3.17E-04 6.9
B-B-154-B 02JJ-01-A | U235 1.16E-04 4.04E-05 2.9
B-B-154-B 02JJ-01-A | U238 -1.83E-03 3.01E-04 6.1
1 B-C-162-B 02JJ-02-A | U234 8.57E-04 1.57E-04 55
B-C-162-B 02JJ-02-A | U235 5.30E-05 2.50E-05 2.1
B-C-162-B 02JJ-02-A | U238 7.79E-04 1.50E-04 5.2
"1B-C-174-B 02JJ-08-A | SR90 1.1 0E-O3 4 .85E-04 2.3
B-C-174-B 02JJ-08-A | U234 4.24E-04 1.03E-04 4.1
B-C-174-B 02JJ-08-A | U238 4.90E-04 1.07E-04 4.6
| B-J-167-B 02JJ-05-A | U234 6.55E-04 1.30E-04 5.0
B-J-167-B | 02JJ-05-A | U238 6.54E-04 1.31E-04 5.0
B-K-171-B 02JJ-06-A | U234 2.31E-02 3.19E-03 7.2
B-K-171-B 02JJ-06-A | U235 1.40E-03 3.92E-04 3.6
B-K-171-B 02JJ-06-A | U238 2.56E-02 3.86E-03 6.6
B-K-172-B 02JJ-07-A | AM241 2.68E-02 2.53E-03 10.6
B-K-172-B 02JJ-07-A | PU238 4.08E-02 4.78E-03 8.5
B-K-172-B 02JJ-07-A | PU239/240 2.25E-02 2.91E-03 7.7
B-K-172-B 02JJ-07-A | SR90 3.56E-02 4.37E-03 8.1
B-L-164-B 02JJ-04-A | U234 3.67E-04 9.43E-05 3.9
B-L-164-B 02J4-04-A | U238 3.29E-04 8.12E-05 4.1




Alpha and Sr-90 Analysis for Amchitka Island (Batch 5)
Summary of 2 and 3 sigma activities
Page 2

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted.

As with any good science no single data point is used in important decisions (results need
to be reproducible).



BATCH 6
Sr-90



Project Title:

Lab Name:
| Report No.:
Approved SAP No.:

Page 1 of 3
COVER PAGE 05/26/2005
RADIOANALYTICAL ANALYSES DATA PACKAGE ’

Sr-90 Analysis for Amchitka Island (Batch 6)

RTC ' Case No: NA
AmchitBatchF136 Method Type: A/B
NA SDG No.: S-A-175-A

SAMPLE NUMBERS

Customer Lab Sample

Sample ID ID
S-A-175-A 02JK-03-A
S-A-178-A - 02JK-06-A
S-B-66-A 02EQ-11-A
S-C-170-A 02JK-02-A
S-C-176-A 02JK-04-A
S-J-169-A 02JK-01-A
S-J-177-A 02JK-05-A
S-K-116-A 02GM-12-A
S-K-118-A 02GM-14-A
S-K-180-A 02JK-07-A
S-K-181-A 02JK-08-A
S-L-72-A 02EQ-17-A

Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

. /
Signature:\ M g/, o A A Name: J. G. Eisenmenger
Jitle: Technical Leader Date: 05/26/2005
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Project: Sr-90 Analysis for Amchitka Island (Batch 6)
Laboratory: RTC

Report #: AmchitBatchF136

SDG##: S-A-175-A

Summary of 2 and 3 sigma activities
There were no results for Sr-90 for Batch 6 from the Amchitka Island Project that had a
result/uncertainty ratio of 2 or more (uncertainty @ one sigma).

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted.

As with any good science no single data point is used in important decisions (results need
to be reproducible). -



Batch 7
ALPHA



COVER PAGE
RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Alpha Analysis for Amchitka (Batch 7)
Lab Name: RTC Case No: NA
Report No.: AmchitBatchF7 Method Type: A/B
Approved SAP No.: NA : SDG No.: K-AA-198-A
SAMPLE NUMBERS
Customer Lab Sample
Sample ID ID
. K-AA-198-A 02MN-06-A
K-AA-200-A 02MN-08-A
K-AA-202-A 02MN-10-A
K-AA-204-A 02MN-12-A
K-AA-207-A 02MN-15-A
K-AA-209-A 02MN-17-A
K-AA-210-A 02MN-18-A
K-AA-211-A 02MN-19-A
K-CC-193-A - 02MN-01-A
K-CC-194-A 02MN-02-A
K-CC-195-A 02MN-03-A
K-CC-196-A 02MN-04-A
K-CC-197-A 02MN-05-A
K-CC-199-A 02MN-07-A
K-CC-201-A 02MN-09-A
K-CC-203-A 02MN-11-A
K-CC-205-A 02MN-13-A
K-CC-206-A 02MN-14-A
K-CC-208-A 02MN-16-A
K-CC-212-A 02MN-20-A
Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the

Page 1 of 9
05/26/2005

manager's designee, as verified by the following signature:

Signature: M @M\/W{/b Name: J. G. Eisenmenger
v 7

;Ifitle:

Technical Leader : Date: 05/26/2005
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Project: Alpha Analysis for Amchitka Island (Batch 7)
Laboratory: RTC

Report #: AmchitBatchF7

SDG#:

K-AA-198-A

Summary of 2 and 3 sigma activities

Below are the results for U234, U235, U236, U238, Pu238, Pu239/240, and Am241 for
Batch 7 from the Amchitka Island Project that had a result/uncertainty ratio of 2 or more
(uncertainty @ one sigma).

Result Unbertainty Resutt/
Customer D Lab ID Isotope Bq/g Ba/g Uncertainty

K-AA-198-A 02MN-06-A U234 1.83E-04 7.70E-05 2.4
K-AA-198-A 02MN-06-A U238 1.71E-04 7.72E-05 2.2
K-AA-200-A 02MN-08-A PU239/240 4.11E-05 1.88E-05 2.2
K-AA-200-A 02MN-08-A - U234 7.50E-04 1.56E-04 4.8
K-AA-200-A 02MN-08-A U238 6.33E-04 1.50E-04 4.2
K-AA-202-A 02MN-10-A U234 1.02E-03 2.21E-04 4.6
K-AA-202-A 02MN-10-A U235 8.23E-05 4.13E-05 2.0

| K-AA-202-A 02MN-10-A U238 7.57E-04 1.92E-04 3.9
K-AA-204-A 02MN-12-A U234 9.69E-04 1.87E-04 5.2
K-AA-204-A 02MN-12-A U238 9.45E-04 1.99E-04 4.7
K-AA-207-A 02MN-15-A PU239/240 4.29E-05 1.76E-05 24

o | K-AA-207-A 02MN-15-A U234 2.82E-04 9.29E-05 3.0
1 K-AA-207-A 02MN-15-A U238 2.55E-04 | 9.24E-05 2.8
| K-AA-209-A 02MN-17-A PU239/240 3.55E-05 1.72E-05 2.1
“K-AA-209-A 02MN-17-A U234 6.91E-04 1.43E-04 438

| K-AA-209-A 02MN-17-A U238 5.57E-04 1.35E-04 4.1
1 K-AA-210-A 02MN-18-A U234 1.07E-03 3.18E-04 3.4
K-AA-210-A 02MN-18-A U238 1.06E-03 3.26E-04 3.3
K-AA-211-A 02MN-19-A U234 8.02E-04 1.65E-04 49

| K-AA-211-A 02MN-19-A U238 6.85E-04 1.59E-04 4.3
K-CC-193-A 02MN-01-A PU239/240 4.73E-05 2.12E-05 2.2
K-CC-193-A 02MN-01-A U234 4.82E-03 | 6.53E-04 7.4

| K-CC-193-A 02MN-01-A U235 1.98E-04 6.01E-05 3.3
K-CC-193-A 02MN-01-A U238 4.37E-03 6.76E-04 6.5




Alpha Analysis for Amchitka Island (Batch 7)
Summary of 2 and 3 sigma activities

page 2
Result | Uncertainty Result/
Customer ID Lab ID Isotope Ba/g Bqg/g Uncertainty

K-CC-194-A 02MN-02-A PU239/240 5.68E-05 | 2.44E-05 2.3
K-CC-194-A 02MN-02-A U234 3.92E-03 | 5.50E-04 7.1
K-CC-194-A 02MN-02-A U235 1.86E-04 | 5.79E-05 3.2
K-CC-194-A 02MN-02-A U238 3.73E-03 | 5.91E-04 6.3
K-CC-195-A 02MN-03-A PU239/240 4.38E-05 | 2.04E-05 2.1
K-CC-195-A 02MN-03-A U234 3.27E-03 | 4.69E-04 7.0
K-CC-195-A 02MN-03-A U235 1.34E-04 | 4.58E-05 2.9
K-CC-195-A 02MN-03-A U238 2.82E-03 | 4.63E-04 6.1
K-CC-196-A 02MN-04-A U234 1.88E-03 | 3.03E-04 6.2
K-CC-196-A 02MN-04-A U235 1.07E-04 | 4.16E-05 2.6
K-CC-196-A 02MN-04-A U238 1.71E-03 | 3.09E-04 55
K-CC-197-A 02MN-05-A U234 1.84E-03 | 3.11E-04 5.9
K-CC-197-A 02MN-05-A U235 9.23E-05 | 3.92E-05 2.4
K-CC-197-A 02MN-05-A U238 1.78€E-03 | 3.33E-04 5.3
K-CC-199-A 02MN-07-A U234 5.10E-03 | 7.00E-04 7.3
K-CC-189-A 02MN-07-A U235 2.54E-04 | 7.20E-05 3.5.
K-CC-199-A 02MN-07-A U238 4.47E-03 | 7.00E-04 6.4

| K-CC-201-A 02MN-09-A U234 _2.90E-03 | 4.26E-04 6.8
K-CC-201-A 02MN-09-A U235 1.18E-04 | 4.34E-05 2.7
K-CC-201-A 02MN-09-A U238 2.33E-03 | 3.96E-04 5.9
K-CC-203-A 02MN-11-A U234 2.72E-03 | 4.02E-04 6.8
K-CC-203-A 02MN-11-A U235 9.73E-05 | 3.82E-05 2.5
K-CC-203-A 02MN-11-A U238 2.22E-03 | 3.78E-04 5.9
K-CC-205-A 02MN-13-A AM241 2.68E-03 | 3.03E-04 8.8
K-CC-205-A 02MN-13-A PU238 4.01E-03 | 4.58E-04 8.8
K-CC-205-A 02MN-13-A PU239/240 4.71E-03 | 5.24E-04 9.0
K-CC-205-A 02MN-13-A U234 9.03E-04 | 1.86E-04 49
K-CC-205-A 02MN-13-A U238 7.22E-04 | 1.74E-04 4.1
K-CC-206-A 02MN-14-A AM241 5.90E-03 | 5.08E-04 11.6
K-CC-206-A 02MN-14-A PU238 7.51E-03 | 7.66E-04 9.8
K-CC-206-A 02MN-14-A PU239/240 4.71E-03 | 5.14E-04 9.2
K-CC-206-A 02MN-14-A U234 7.68E-04 | 1.68E-04 46
K-CC-206-A 02MN-14-A U238 7.41E-04 | 1.76E-04 4.2




Alpha Analysis for Amchitka Island (Batch 7)
Summary of 2 and 3 sigma activities

page 3
_ Result | Uncertainty Result/
Customer ID Lab iD Isotope Ba/g Bag/g Uncertainty
K-CC-208-A 02MN-16-A U234 ' 3.04E-03 4 40E-04 6.9
K-CC-208-A 02MN-16-A U235 1.36E-04 4.63E-05 2.9
K-CC-208-A 02MN-16-A U238 2.41E-03 4.02E-04 6.0
K-CC-212-A 02MN-20-A PU239/240 5.24E-05 2.13E-05 2.5
K-CC-212-A 02MN-20-A U234 2.08E-03 3.23E-04 6.4
K-CC-212-A 02MN-20-A U235 1.23E-04 4.30E-05 2.9
K-CC-212-A 02MN-20-A U238 1.86E-03 3.28E-04 5.7

All known sources of uncertainty are included in the uncertainty term. There may be

unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio

is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be

‘warranted.

As with any good science no single data point is used in important decisions (results need

to be reproducible).
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Project: Alpha Analysis for Amchitka Island (Batch 8A)

Laboratory: RTC
Report #: AmchitBatchF8A
SDG#: B-K-215

Summary of 2 and 3 sigma activities
Below are the results for U234, U235, U236, U238, Pu238, Pu239/240, and Am241 for

Batch 8A from the Amchitka Island Project that had a result/uncertainty ratio of 2 or
more (uncertainty @ one sigma).

Result Uncertainty Resuit/
Customer ID Lab ID Isotope Ba/g Ba/g Uncertainty
B-K-221 02N6-07-A U234 - | 2.00E-04 8.16E-05 2.5
B-K-221 02N6-07-A U238 2.25E-04 8.19E-05 2.7
B-K-223 02N6-09-A U234 1.81E-04 7.62E-05 2.4
B-K-223 02N6-09-A U238 1.53E-04 6.70E-05 2.3
B-K-225  02N6-10-A AM?241 ‘ 1.43E-02 1.34E-03 10.7
B-K-225 02N6-10-A PU238 1.94E-02 2.28E-03 8.5
B-K-225 02N6-10-A PU239/240 1.28E-02 1.62E-03 7.9

All known sources of uncertainty are included in the uncertainty term. There may be
~-unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted.

As with any good science no single data point is used in important decisions (results need
to be reproducible).
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COVER PAGE 06/15/2005
RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Alpha Analysis for Amchitka (Batch 8B)
Lab Name: RTC Case No: NA
Report No.: AmchitBatchF8B Method Type: A/B
Approved SAP No.: NA : SDG No.: B-H-224
SAMPLE NUMBERS
Customer Lab Sample
Sample ID ID
B-H-224 02NE-01-A
B-H-226 02NE-02-A
B-H-230 02NE-06-A
B-H-234 02NE-10-A
B-K-227 02NE-03-A
B-K-228 ' 02NE-04-A
B-K-229 02NE-05-A
B-K-231 02NE-07-A
B-K-232 02NE-08-A
B-K-233 ¢ 02NE-09-A

Comments: A// /dei‘cj ﬁﬂf/‘zweai é;/! 3(%@;)4-’ 6/77,/2005

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

Signature: %/\_ % P Name: J. G. Eisenmenger
Z 7

e

Title: Technical Leader Date: 06/15/2005
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Project: Alpha Analysis for Amchitka Island (Batch 8B)
Laboratory: RTC

‘Report #: AmchitBatchF8B

SDG#: B-K-215

Summary of 2 and 3 sigma activities

Below are the results for U234, U235, U236, U238, Pu238, Pu239/240, and Am241 for
Batch 8B from the Amchitka Island Project that had a result/uncertainty ratio of 2 or
more (uncertainty @ one sigma).

Result Uncertainty Result/
Customer ID Lab ID Isotope Ba/g Bg/g Uncertainty
B-H-230 02NE-06-A U234 2.39E-04 | - 1.04E-04 2.3
B-K-228 02NE-04-A AM241 2.66E-02 2.67E-03 10.0
B-K-228 02NE-04-A PU238 3.68E-02 4.25E-03 8.7
B-K-228 02NE-04-A PU239/240 4.61E-02 5.21E-03 8.8
B-K-231 02NE-07-A U238 2.00E-04 7.86E-05 2.5

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
-statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted. -

As with any good science no single data point is used in important decisions (results need
to be reproducible).
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Appendix A-3

Tc-99 Analysis



BATCH 1
Tc-99
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Results of Blind QC Samples
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Appendix C-1

Gamma Spectroscopy Internal QA/QC Program Results



RADIATION MEASUREMENTS LABORATORY
Supporting QA/QC Date
AMCHITKA ISLAND ENVIRONMENTAL ANALYSIS
For: RML Ge Detector System: A4, Model No. CAN-4
INTERNAL QC CHECKS:

Gamma-ray energy calibration (Daily or prior to detector use, pulsar equivalents are
determined weekly for pulsar based detector systems).

Monthly instrument background check.
Monthly Eu-152 calibration source check.

EXTERNAL QC CHECKS (when applicable):
Mixed Analyte Performance Evaluation Program (MAPEP)

SEE RESULTS FOR RML EXTERNAL QC CHECKS IN APPENDIX D

Analyzed by: Date:
Approved by: Date:
COMMENTS:

All applicable QA/QC checks demonstrate the RML was “in control” during the time
frame the samples were counted and analyzed.
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RADIATION MEASUREMENTS LABORATORY
Supporting QA/QC Date
AMCHITKA ISLAND ENVIRONMENTAL ANALYSIS
For: RML Ge Detector System: A6, Model No. PG-13
INTERNAL QC CHECKS:

Gamma-ray energy calibration (Daily or prior to detector use, pulsar equivalents are
determined weekly for pulsar based detector systems).

Monthly instrument background check.
Monthly Eu-152 calibration source check.

EXTERNAL QC CHECKS (when applicable):

Mixed Analyte Performance Evaluation Program (MAPEP)

SEE RESULTS FOR RML EXTERNAL QC CHECKS IN APPENDIX D

Analyzed by: Date:
Approved by: Date:
COMMENTS:

All applicable QA/QC checks demonstrate the RML was “in control” during the time -
frame the samples were counted and analyzed.



COUNTS / SECOND

*-COUNTS / SECOND

COUNTS / SECOND

RADIATION MEASUREMENTS LABORATORY
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A6 (PG-13) CS-137 AMBIENT BACKGROUND
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6.0E-0+4 . . —~ r .

1 1 a3 T s T 7 T & 17T T wm T 5 71 15 T .

2 4 8 10 12 14 16 18
MONTH (starting Jan. 2004
a  Csa3y ©  +3 STD DEV & -3 STD DEV
A6 (PG-13) NATURAL ACTIVITY BACKGROUND
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€°06S¢C
8°686¢
£°06S¢C
0°065¢2
6°6852Z
T°065¢
OFdH

€£°99¢C €
6°£92 [
1°%92 S
T°%92 9-
0°%92 €
1°%92 9
0341 o

¥v80

00+¥L20L"T 29€°0 20°0 8 8°1 00+30L°T L-L 8 9°L 00+399°'T 0°S y0%00T
00+38269°T 29€°0 LO'0 8 0°'¢ 00+30L°T 6°L 8 £°S 00+32L°T §°S 0080 v08260
00+ELP89°T 29€°0 T0°0 8 (A4 00+3L9°T L°L 8 8°9 00+3TL T €°6 9180 ¥01¢60
00+38569°T Z9€°0 $2°0 8 1 00+389°T 9°¢L 8 S'9 00+33L°T 9°9 6SL0 ¥OPT60
00+3ZETL T 29€°0 02°0 8 L't 00+3TL°T 8°L 8 S'6 00+d6S°T ¥°S 0080 H0TEBO
00+d96TL°T 29€°0 1T°0 8 [An 00+32L°T 6°L S°pP192 6 0°9 00+368°T 9°S L*029T S€80 ¥OPZ80O
ATHNDN LIAN NIVD OWdZ OSYIJd WYA% SITHAON HIAIM AOWINT OVId  ¥¥dE%§  SEAINAON HIAIM ADY¥IANE JWIL dIv¥d
00+38L°T L% 8 L0 00+369°T 0'¥% 0T €°0 00+3TL°T €°¢ ¥¥80 v0OPOOT
00+3TL"T ¥v°% 8 970 00+399°T L°g 0t S°0 00+3TL°T 8°2 0080 %08260
00+30L°T G'¥ 8 8°0 00+44L9°T L'E 0t 6°0 00+3TL"T 8°C 9180 v0TZ60
00+3SL°T o°¥ 8 T°1 00+389°T L'g 0T 870 00+32L°T 8°2 6SL0 FOPT60
00+3SL°T %% 8 6°0 00+369°1 8°¢ ot ¥°0 00+32L°T 8°2 0080 »0TEBO
00+3dSL'T Z°v 9°098 8 S°T 00+389°T L°€ ¢ €8S 429 8°0 00+d€L°T 672 9°8¢€¢ S€80 v0FZ8O
SEI¥NIN HIAIM AOYANI O9SVId Y¥¥d$ SITENDA HIAIM  AONIANT O¥Id ¥¥d$ SIAITYNON HIAIM  ADYANT 3IWIL IIvd
SEATHING ITId ALITYND
6S55EG56°8 =INTYA O¥1Id XILITYN0 peEBELE"C =INTIYA INTAND
) © Z0-3L6TLY86'Y =AHA AIS bZsLes-e =dNTYA IDOWTIIAY
LNIWITYOY NI ION SI NOILIVYADE HIAIM 4O .Y.
£°0 00+ZE0L"T
8'1 00+3L69°T 8 ‘0seL 05°%19¢ LL b6 LZ2L
9°L 00+3LS9°T 8 "Ly L8°0291 0°s 9L7 08V
(AR 00+36LL"T 8 ‘vELZ L5°098 L'y 26°8LE2Z
' 00+dT%9°1T 8 ‘88EY ZETLZL 13 09°010¢
L0 00+3989°1 8 “¥8Ss2 81°€8% 0% LT°2191
1 00+3089 "1 0T "LZ6L 86°0%¢C €°¢ 827999
€°0 00+960L°T 0T ‘ooeLs €9 °8€2 E°€ LL" 659
Jouudy SEITIUAD0IIIN IIN p-(oxce: (o] SITIUNI0UIIN SOVTA Yadv AD¥ANT HLAIM  dIOYINID
L dJ¥N0S WAIYOHL °SISATYNY NVAd 3O SITIASIH
0€°0652 0E£°%92 :satbxsus jusTeatnbs 1esTng
SS°L ST0°0 81s°p192 €ES FT9C 92Z6°LTZL
I1°s SS1°0- 06870291 SELT029T 83L°08%F
S9°%- 01070~ 7LS°098 7957098 V26 8LEZ
907 % 900°0 S81°¢8S 161°€85 96172191
“CE'E €£00°0- SE9 "8EC 2€9°8EC €8L°659
HIJIM ONI-a ONZ "TH AD¥IANG TANNYHD

- (X)70-38000°9 +¥L6°Z =HIQIM

Z»»(X)60~-30800€ "6-+(X) 08T9E°0 +L8L0°0- =AOMINT

€810°0

9¥ ‘WILSAS ¥YOL2ALIQ
€7 :80 F0~1D0-%0 NOILVMEITYD 8ZZ-YL

=0432Z



870652
§°065¢
970662
9°066¢
0°265¢
£€°065¢2
03dH

©Qw@woomn

oe

00+3T669°T €9€°0 0F'1- 8 9°'1 00+389°T. G°L 8 8 L 00+3ES'T €°§ ZEBO ¥OZTOT
00+3680L°T €9€°0 16°T- 8 8°T 00+389°1T ¥%°L 8 S'S 00+36L°T T1°9 %91 ¥0T1T01
00+3V6L9°T €9€°0 €9°1- 6 L'9 00+3LS'T 8°L 8 6°G 00+389°T LS ¢SET voLOOT
00+39699°T €9€°0 29°1- 8 9'1 00+359°T 9°L 8 6°§S 00+385°T G°S PEET vOLOOT
00+35689°T 29€°0 00°0 8 Pt 00+3L9°T GS°L 6 L9 00+369°1T L°§ ¢0TT ¥0S0QT
00+3LZOL"T 29E°0 20°0. 8 8'1 00+30L°T L L S°p19Z 8 9L 00+399°T 0°S L0291 ®¥80 vOFPOOT
414000 LEN NIVD O¥WEZ O9¥Id WW¥$ SIIYADIN HIGIM ADYANT O¥Id ¥Y¥3$ SITINON HIAIM XODYWANT HEWIL HIvd
00+d2L"T1 Z°% 8 [ 00+369°T L°€ 0t 9°0 00+3TL"T L°2 Z€80 v0Z101
00+dEL"T €% 8 St 00+389°T 9°¢ 0t L0 00+432L°T L°¢ 1¥9T vOTIOT
00+3L9°T o°¥ 8 [ 00+d99°T 8°¢ 0Tt 8°0 00+369°T 6°C ZSe1 p0LOOT
00+3SL°T €% 8 |2 00+d99°T 8°¢ 0t 8°0 00+4389°T 6°C PEET v0LOOT
00+dL9°T Z°¥ 8 0°'1 00+3L9°T L°€E 0T 2’1 00+3FEL'T 6°2 ZO0TT v0S00T
00+38L°T L'® 97098 8 L0 00+d69°T 0°¥ 2°€86G 01 €°0 00+3TL'T €°¢ 9°8€2 ¥¥80 ¥0V00T
SEINNDN  HIQIM ASHENI OSYId ¥y¥A$ SII¥AON HIAIM  AOWINA OV¥Td dYd% SHAIYNDN HIAIM A9Y¥INT JWIL II¥d
SHI¥INT ITIZ AIITUAD
S°0 00+3669 "1
9°1 00+3199°1 8 ‘TEOL ¢s5b192 S°L €9°102L
8L 00+3d0ES° T 8 TPEY $8°0291 £€°S 06" ¥99¥%
0°€ 00+3bPZL" T 8 ‘6€92 LS5°098 (44 Te-tLee
6°T 00+d8%L°1 0t "vS9p ve“LzL 6°€ PE V002
Z°1 00+3889°1 8 ‘L6VST 61°€89 L€ v L091T
[ 00+3ETL"T 01 "8E08 66°0%2 Lz 917599
9°0 00+3STL T ot "STITL8 €3°8¢¢C L'z 99859
409dds SITHENI0YOIN LAN HOYHd S SEITNAAD0YIIN SOYI1d et AD¥aANIT HLAIM QIOYINAD

L 33¥0N0S WOIYOHL "SISATYNY MVEd J0 SIINSHA

18°0652 €1°%92 :saTbisue jusTeatnbe 1ssing

csL 110°0 ezsTv19e
€E°S ETT 0- 8v8°0291
|28 £€00°0- L95°098
L9 E ¥00°0 LBT €8S
€L°2 100°0- £€9°8€2
HLAIM ONI-a ONZ “T¥D

€ES PT9Z
SEL Q29T

957098
T61°€8G
Ze9"gee

AOYIANT

0€9°102L
006" p9p¥
€12 1LET
80% L09T
ZL9°889

TINNYHO

(X)v0-3TSTO L +0TH 7 =HIAIM

Z+x (X)60-FTHZEB 8-+ (X)6TEIE 0 +88L0° 0~ =AOWANT

186€° " T1- =093z

9Y ‘WILSAS dYOIDILIA
ZE:80 P0O-IJ30-2T NOIIVMEITYD 8ZZ-UlL




0°16S¢
1°16S¢
T1°16SC
71662
¢ 166¢
8°065C
03dH

T°pv9e
1°v9¢
2°v9¢
£°p9¢
18 2°24
T°%9¢
03d1

W oO®W®DO®

Ov1d

£€9€°0 ST°1-

L0 00+36E€L9°T 8 8°T 00+389°'1T L°L 8 6°S 00+3EL"T ¥°9 6VL0 POITTT
9°0 00+3L00L"T €9€°0 62 1~ 8 [ 00+3ZL°T 9°L 8 S°L 00+3TL'T 8°§G €280 ¥06011
S0 00+366L9°T €9€°0 92°T1- 8 LT 00+d99°T 8°L 8 S°8 00+32S°'T 6°§ 8080 ¥020TT
L0 00+3BEOL"T €9€°0 LE"T- 8 9'1 00+3TL°T L°L 6 8°6 00+39%°T 9°S LT80 ¥0920T
L0 00+32S89°T €9€°0 1€ 1~ 8 0°¢ 00+399°1T L°L 8 09 00+3¥8°T 97§ 92L0 v06T01
S0 00+31669°1T €9€°0 0V"T- 8 9°1T 00+359°T S°L S'bT79C 8 8°L 00+3ES°T €°§ L°0¢9T <2€£80 POZTIOT
Ydd%  I1¥000 AN NIVD O¥dZ 9YId  ¥¥E% SATYADN HIAQIM ADYANZ OVTd dgd%  SIAIENON HIAIM ADYINT 3FWIL HAL¥A
9°¢ 00+369°T €% 8 €T 00+3P9°T 9°¢ 0T T 00+369°1T 8°Z 6%L0 ¥O9TTT
12 00+3TL"T Z2°% 8 .8°0 00+389°'T 9°¢ 0t 0°1 00+32L°T L2 €280 v060TT
T°C .00+30L°'T €°°% 8 0'T 00+399°'T 9°¢ 0T 9°0 00+369°T LT 8080 ¥0COTT
(A4 00+369°T €°¥ 8 c'1 00+389°1 L€ 0T 6°0 00+32L°T L°Z LT80 v039201
0°z 00+308°T GS°% 8 [A 00+3L9°T 9°¢ 0t T°1 00+3TL"'T 8°2 92L0 P06TOT
0°€ 00+d2L°T 2'v 97098 8 ¢l 00+369°T L€ ¢ €8S 0t 9°0 00+3TL"T L°C 9°8¢€C ¢e80 vo0c10t
¥¥d$  SITENON HIGIM ADYANI OVId WWEY SATYADN HIAIM AOMENT O¥TId  ¥¥d% SEIMNON HIAIM XD¥MIANT IWIL JIYad
SITUINA ITIA ALITYAD :
L0 00+4¥%L9°1T
8°1 00+dLL9°T 8 “YETL 2SS v19¢ LL 6%°002L
6°S 00+3%EL"T 8 ‘267 0870291 v°9 b6 €9FY
92z 00+3589 1 8 ‘6LSC pS°098 £V 19°0LEC
9°'1 00+d799°1 8 244 ZETLZL e 08°€£00¢
€°1 00+3EF9 " T 8 ‘L18%C 617€8S 9°€ 6679091
L€ 00+3TTL T 0t AN L 66°0vZ 8°¢ 987799
It 00+d%69°1 0T "£6098 £9°8EZ 8°2 LE8SS
Houud s SEIYIND0MIIN LIN youud g SATYIND0YDIN SOv1d YIUY AOYANT HLAIM QIOYLNAD

L FOYNOS WATMOHI SISATUNY A¥3d 40 SIINSIN

95°L

¢0°16S2

800°0
680°0-
020°0
T00°0
100°0-
ON3I-a

90°%¥9¢

:gotbaous justeatnbs resTng

SZ5°v19¢
¥28°0291
PpS 098
061°€8S
£€9°8€2
ONI “TYD

EESTHT9C
SEL 09T
7957098
161°€86S
Ze9°8ee
A0¥ANT

0TS 002t
LTO P9VP
609°0LEC
986 °909T
08£°859

TINNVHD

(X)p0-E8P9P "L +LZF° 2 =HIAIM

T++ (X)80-IVBLTO T-+(X)GZEIE 0 +500T°0- =AOWINI
L6VT "1~ =093z

9¥Y ‘WILSXS HOLIOILIQ
67:L0 PO-AON-9T NOILVYEITYD 82Z-UlL



1°165¢
670652
670652
870652
8°06S¢C
0°16S¢
03dH-

S'0 00+3%269°T £9€°0 LO"T- 8 8°1 00+3L9°T 9°L 6 VoL 00+389°t 9°§ T€L0 voLICT
9°0 00+39P0L'T €9€°0 SO°'T- 8 €72 00+389°T 8°L 8 S°L 00+489°T 0°9 9vL0 bO0TZT
v'o 00+3TLVL T €9€°0 ¥6°0- 8 £°C 00+3SL°T L°L 8 £°S 00+3LL°T V76§ 8180 v080ZT
9°0 O0+3ETIL T €9€°0 B8T"T1- 8 9°T 00+3EL"T 8°L 8 v°s 00+3€8°T G°9 0080 POOETT
S°0 00+35889°'T €9¢€°0 ¥Z°1- 8 [AN¢ 00+3S9°T S°L 8 9L 00+deL"T 1T°9 ¢E80 bOEZTT
L0 00+36EL9°T £9€°0 ST°1- 8 8°1 00+389°T L°L S°p19Z 8 6°G 00+3EL"T ¥°9 L°029T 6FLO POITTT
‘YIS FIM0ON L3N NIWD OYEZ OSVTd ¥¥E% SEIVAON HIAIM X9YENI OSvId u¥ds SIIUNON HIGIM ADY3ANZ FWIL JLYd
£ 00+3SL°T 1'% 8 8’0 00+389°T 9°¢ 01 9°0 00+3TL"T L°C TELO pOLTIZT
0°¢ 00+39L°T €% 8 0"t 00+369°T 9°¢ 0t 6°0 00+dZL°1T L2 9vL0 FOOTZT
0°¢ 00+d8L°T €% 8 80 00+32L°T 9°¢ 0ot S°0 00+¥9L°T L°¢C 8180 v080CT
e 00+369°T €°¥% 8 0°T 00+389°T 9°¢ 0T 6°0 00+dEL"T L°T 0080 VOOETT
0'z 00+dEL'T €°% 8 870 00+369°T 9°€ 0T 0°1 00+32L°T L' ZEBQO vOEZTT
9°2 00+369°T €°¢ 9°098 8 £°1 00+3%9°T 9°¢€ 2°€8S ot 1 00+369°T 8°¢ 9°8€2 6¥L0 $O9TTT
H4d% SITHADN HIGIM ADYINT OYTd Y¥ds SIIENON HIGIM ASYANIT OSWI3 ¥uES SIIEOON HIGIM XOHEANT FWIL  Alvd
SIIYINA JTId ALITYNO N
S°0 00+3269°1
8'1 00+3699°T 8 "860L €5°¥19C 9L 80°102L
VoL 00+3¥89° 1 6 ‘8LY TL°0z9t 9°s S0°v9VP
£°€ 00+3LPL"T 8 "L 967098 % 18°0LET
S'T 00+3T69°1 8 "00sv EE°LZL 8¢ £6°€00C
8°0 00+3LL9 " T 8 "6TEST 61°€8S 9°¢ ¥0°L091
£°¢ 00+30%9 "1 01 "869L 00°T¥ve L'e ¥8° %99
9°0 00+360L" T 01 ‘08898 £9°8€C L'z £€°889
JouHI SIATHEND0YIIN IIN Jouyg s SATENI0EIIN $Ov1d Ty AOMENT HLAIM  QIOYINID
L F0¥N0S WAIMOHL “SISATYNY M¥dd JO SIINSIY
90°16%Z 0£°H92 :so1brous judateatnbs 19sTng
[A: A Lo0°0 92S°p19¢ €E€S°PTI92 €80°102¢L
6%°S 0LO 0~ $08°029T SELT029T ETE V9P P
) 4 00070 957098 957098 608°0LEC
“6G8°E 200°0 681°€£85 T61°€8S _¥v0°LO9T
bL'e 10070~ £e9°8€2 2e9°8¢e¢ £€€°859
HLAIM INI-a ONd "1I¥D AO¥3ANT TANNYHO

(X) ¥0-dE€ZZE L +12€°C =HIAIM

Z+»(X)60-39L958 " 8~+(X)0ZEIE 0 +ZEBO 0~ =AOYANI

PTILO T~ =04Y3Z

9¥ ‘WILSAS ¥OLIILIA
T€:L0 v0-030-LT NOILWEEIIYD 82Z-YlL



171652 €°%9¢ L0 00+3720L"T €9€°C 22 1~ 8 6°1 00+369°1T L°L 6 9°9 00+3EL"T L°S 8TLO S0ZZ10
L0652 Z2°v92 L0 00+3ZV69°T €9€°0 #Z 1~ 8 (A4 00+369°T ¥°L 6 6°9 00+3€9°T 6°G STI0T S080T0
0°165¢C ¥"¥9¢ S°0 00+dET69°T €9€°0 80' 1~ 8 17 00+d69°T GS°L 8 £°8 00+399°1 179 9v80 SOE0TQ
1°1652C €£°¥92 $°0 00+3£00L°T €9€°0 ST°1- 8 9°1 00+389°1 &°L 8 [ 00+38L°T 9°S €080 v00ECT
6°065¢C Z2°%9¢ S°0 00+3TPOL'T €9£°0 60°1- 8 12 00+dL9°T 9°L 8 [ 00+30L°T L°S 0v80 vOtTCCT
1°T6S¢C €°%92 S0 00+3¥Z69°T €9€°0 LO"T- 8 8°1 00+3L9°T 9°¢L S°p192 6 oL 00+389°T 9°§ L0291 1eL0 vOLTCT
03dH 03a1 ¥¥d$  AIT¥AOA JIN NIVS O¥EZ Ov¥Id W¥I$ SEIYAON HIAIM ADHWIANI 9¥Id ¥¥I$ SHEI¥NIA HIAIM XD¥3INIT  EWIL 3L¥d
8 0z 00+dVL"T CT'¥ 8 €°1 00+389°T 9°€ 0T Tt 00+dZL T L°2 81L0 S0ZZ10
8 °¢ 00+399°T €°¥% 8 [AS 00+389°T 9°¢ 0T Tt 00+dTL"T L°C ST0T S0807T0
8 T°¢ 00+3L9°T ¥°¥® 8 1 00+399°T 9°¢ 0t L0 00+dTL"T L°¢C 9¥80 S0E010
'8 02 00+3LL"T €°¥ 8 [N 00+3L9°T 9°¢ ot 9°0 00+3TL'T L'T €080 v00€ZCT
8 T°e 00+dEL"T €°F 8 1 00+369°T 9°¢ 0t L0 00+32L°T L°C 0v¥80 v0OTeCT
8 £°€ 00+dSL"'T T°¥ 97098 8 8°0 00+389°1 9°¢ 2°€8S 0T 9°0 00+3TL"T L°C 98¢ TeL0 pOLTCT
OYTd  ¥¥ds SATENON HIAIM A9¥ANT 9SHYTI ¥WYds SITEAON HIAIM AOWINT OYId  ¥W¥dy SITUADN HIAIM KADHEANI IWIL dIVd

SHIYINT FTIJ XALITYND

L0 00+320L°1
6°1 00+3S69°1 8 ‘TZZL IS P19¢C LL 89 °10¢CL
979 00+d92L° 1T 6 ‘06¢b 6870291 LS T10°69¢%Y
0°¢ 00+36€L"T 8 ‘€99¢ 857098 . A4 LT 1LEl
0°¢ 00+3S5L9°1 g ‘09bv cerLeL 6°€ 6T1°v002
€T 00+36L9°1 8 TZSEST 81°€£8S 9°'¢ L2 L09T
L€ 00+3L2L T 0T ‘6018 66°0FZ 8¢ L6 V99
T oo+ageL "t 01 "TISPL8 €982 L'z Ly 859

Lo}tk ] SAIYEAJI0YIIN LIAN :10)-¢:¢ck ] SETYINI0YIIN - SOV v3av AO¥aNd HLAIM JIOYINID

L IDYN0S WAIMOHI “SISATYNY N¥Ad JO SLINSIH

0T 1662 IE£ 592 :sathaaua justeatnbs 13sTnd

91070 LTS p192 £E€S P19 269°102L
29170~ £68°0291 SELT029T LEO S9DP
8100~ z85°098 ¥95°098 S9T TLEZ
e e e L e o i e e 800’0 . €81'€85 I6T €8S _892°L03T .
20070~ v€9°8EZ. ZE9BEZ. -  ¥8¥ 8G9
ONI-G ONZ “T¥D . R9¥aNd TANNYHD

(X)p0-d9€9F L +00F 2 =HLAIM
Zxx (X)60-3700 Y L-+(X) LTEIE 0 +ELS0 0~ =ADUANI
€222 1- =043z

9¥ :WILSAS ¥OLDILIA
81:L0 SO-NYL-ZZ NOILWMHITIWOD 8ZZ-UlL



0°16S¢
¥ 06S¢C
G°066¢C
8°064¢C
¢°165¢C
171662
03dH

Z°¥9¢ 9
6°€9¢ L
0°%92 S
1°v92 9
€°v92 12
€°¥9¢ L
Oza1t ¥

@ W W W oo

Ov¥1d

00+E0EL9°T £€9€°0 OT°1- 8 LT 00+d€9°T 7L 8 §°S 00+d€9°T 2°§ ZELO S0G220
00+d990L°T €9€°0 ¢T1°1- 8 0°¢ 00+32L°T L°L 8 s 00+36L°T 09 €960 S0LTZO
00+35689°T €9€°0 SO'1- 8 0°¢ 00+3L9°T 9°L 8 |20} 00+36L°T 6°S 2080 $06020
00+4PTOL'T €9€°0 ST 1~ 8 Ve 00+d89°T G°L 8 Z°S 00+36L°T S°S 8T1L0 S0G0¢0
00+3G69(9°T €9¢°0 €2°1- 8 9°1 00+389°T L°L 8 LS 00+d€9°T 279 €2L0 S06CT0
00+dPC0L T €9€°0 22 1~ 8 6°1 00+369°T L°L S'F19¢ 6 9°'9 00+3€L°T L°S L°029T 8TL0 S02210
IIYA0N LAN NIVD OWdZ OS¥Id yyd$ SITYNON HIAIM ADWEANT 9VIJ ¥¥dy  SATYNON HIGIM XO¥ANI  IWIL - 349d
00+3EL"T E°F 8 0'1 00+d99°'T 9°€ 0Tt T 00+30L°T L°Z Z2€L0 . 506220
00+32L'T ¥V 8 T 00+369°T 9°¢ 01 1 00+dTL°T L°¢ €960 SOLTCO
00+30L°T €°¥ 8 8°0 00+399°T 9°¢€ 0T 970 00+dTL"T L°C 2080 506020
00+dIL"'T €°% 8 0°1 00+dL9°T 9°¢€ 0T 6°0 00+3EL"T 8°C 8TL0 $05020
00+3EL"T €°% 8 870 00+3%P9°T 9°¢ 0t S°0 00+369°T L°Z €2L0 506210
00+3%L°T TV 97098 8 €°1 00+389°T 9°¢ z°€8S§ 0t 1 00+32L°T L°C 9°8EC 81L0 S0ZZT0
$ATININ HIAIM ADWANI OSVTId ¥y¥d$ SATYNON HIAIM ADYENT OVIJ ¥¥d% SIINAON HIGIM AD¥ANI IWIL 3L¥d
SATYING ITId ALITYAD
9'0 00+3EL9°T
LT 00+d2€9°1 8 ‘¥S69 £6°¥192 Pl pL"10ZL
S'S 00+3S29°1 8 “e9v LL 029t ¢'S S9 V9PV
L4 00+d82L°1 8 1414 967098 £°v £0°1LET
S°1 00+dS0L° 1 8 TERSYH ge"LeL 6°¢ ST %002
0t 00+3T99°1 8 “9605¢ 61°€8S 9t €2°L09T
8¢ oo+3zeL't 01 '9808 66°0F2 L'e ¢6° 799
Tt 00+3p0L" 1T Ot ‘9€£998 £9°8¢¢C L'z 2% 859
Jouud s SATYIND0MDIN LAN Joddd$ SITHIAI0YDIN SOYId YIAY A99aANd HLAIM GIOYLNID

L A2¥YN0S WNAIYMOHL "SISATUYNY NYId J0 SLTINSHE

vhL
ST'S
vE b
29°¢
(A
HIQIM

€0°166C 81°9¥9¢

£00°0 0£$° 192 £€6°9192  0bL TOZL
8£0°0- ELL°0Z9T SELT0Z9T SH9 9V
600°0 $55°098 ¥95°098 LTOTLEZ
00070 161°£8% T61°€8S  522:L09T
00070 ZE9 BET ZE€9 8L T 9Zv 859
oNa-a ONT YD XD¥EANT TANNYHO

:sa1biaua justeatnbs xasyugd

(X)$0-32028°9 +8Z%°C =HIAIM

Zxx (X)60-FPETOL 8-+ (X) LTEYE 0 +P980°0- =ADYENI

08601~ =0¥dZ

9¥ :WILSAS ¥0LOILIA

Z€:L0 S0-934-G¢ NOILWHMEITYD 8Z22-ULl




6°065¢C
8°065¢
L706S52
870662
T1°165¢
0°1652
O3dH

1°992
T°voc
0°v9¢
1°%92
£°v92
2°¥92

ekt

© oo

O¥Td

9°0 00+36T69°T £€9€°0 8Z 1- 8 6°1 00+399°T 9°¢L 8 S°S 00+369°T 9°S €180 S062€0
9°'0 00+32L89°1 €9€°0 9T1°1- 8 0°z 00+359°T ¥°L 8 LS 00+@bL"T ¥°S 5080 $02Z2¢0
[A0] 00+¥ET69°T €9€°0 BT 'I- 8 6°1 00+d89°T G°L 8 £°G 00+39L°T 8°§ yvL0 SOZTEO
€°0 00+39T89°T €9€°0 LTI I~ 8 9z 00+399°T L°L 8 8°S 00+38S°T 6°S 6E£L0 SOFOEO
S0 00+30€89°T €9€°0 IT°T- 8 L't 00+30L°'T GS°L 8 |2 00+3TL"T S§°§ SSL0 09220
9°0 00+30€L9"T €9€°0 0T'I- 8 LT 00+3E9°T ¥°L S'%19C 8 S'S 00+d€9°T 2°S L°029T Z£LO S0S220
¥¥d%  FIM0ON LIN NIVD O¥IZ OSYII ¥yF SEIYNON HIAIM XOYIANT OSYId ¥¥E$ SITYNON HIAIM XD¥INE IWIL dJI¥d
4 00+dPL'T €°F 8 0t 00+383°T 9°¢ 0t o't go+3ZL T L°Z €180 S062¢€0
1€ 00+3SL°T b°v 8 0t 00+3L9°T 9°E 0T 8°0 00+3ZL"T L°Z $080 s022€0
1 00+389°'T Z°% 8 VT 00+389°T 9°€ 01 [ AR 00+d0L°T L°2 PPLO SOCTIED
€°2 00+359°T Z°% 8 L0 00+dL9°T 9°€ 01 £°0 00+369°1T L°C 6€L0 S0V0ED
| 4 00+3S9°'T Z°% 8 L0 00+d99°1T 9°€ 01 8°0 00+30L°T 8°¢ SSL0 S09220
12 00+3EL'T €°% 9°098 8 0'T 00+d99°T 9°¢ z2°€8S 0t 1 00+30L'T L°T 9°8¢€¢ ZELO S08Z20
YYE$ STIYAON HIAIM XD9¥EANIT 9HYTI ¥yd$ SHAI¥AON HIAIM ADYENI 9VTI ¥¥EY SITYAON HIAIM XSYEANT HWIL JIvd
SHIYING ITId ALITYNO
9°0 00+3269 "1
6°1 00+3859°1 8 "6G0L (A DN A%-T4 9L ZE102L
S°S 00+3889°1 8 6LV $8°0291 9°§ 89°v9v¥v
4 00+3EVL"T 8 ‘0L9Z 85°098 13 4 80°1LEC
1°c 00+3689°T 8 ‘00s% veTLZL 6°¢€ LT°v00Z
0°1 00+3d8L9 "1 8 TZLEST 6T7°€85 9°¢€ ¥2°L09T
S°¢€ 00+302L° T 0t ‘5808 86°0%2C Lz 869799
0°1 00+302L"T 01 "S0SL8 £9°8€7 L'z 057859
(-t SITHUAD0UIIN LAN gouu IS SATIENDOUIIN SOYTA fct-d 4 AOYIANT HIAIM  JIOMINID

L d09N0S WAIYOHI "SISATYNY MY3d A0 SILINSAY

9§°L
09°¢s
0E" ¥

“€9°E

e
HIAIM

06°0652 80°v9Z :sa9T1basus juairaTnbs a9sIing

1100 225°v19¢ EESTPTIOC €Z€°102L
ETT°0~ 8¥8°0291 SELT0Z9T 983°¥9bP
91070~ 085°098 7957098 8L0°TLET
S00°0 G81°£8S 16T7°€8S 0bZ L0091
10070~ £€9°8¢€2C ¢E9 "BET £€15°8%9

ONI-a ONI °T¥D Ao¥aNd TINNYHO

(X) 70-3091TZ°L +80¥%°C =HIAIM

Txx (X)60-FEVGB9 " L-+(X)6TEIE 0 +9€90°0— =ADYANA

66LC T- =04dZ

9Y¥ :WALSAS YO.LOILIA
€1:80 SO0-¥YYW-6Z NOILVHHITVD 82Z-Ul




AJA AlS €~ v AJA ALS g+ o dIuNSvyaw o
(F0OZ Ayenuer mcfsmy HINOW
z 9 3 b 2 2 Ol 8 9

‘i [E1s

Z\$O7~VMTT_____FJ_+_.LFP______Fmﬁ_..r%/ﬂu\vﬂ____hﬂ___

lﬁUD AW & Vo O P < S

&

FIl
-1 Sl

-1 91l

=1 LU
— 8IIL
—1 6l
—1 0cl
- Il
— ¢cl
— €<C1

—1 S<l
— 9<l
- LZ1
-1 8¢l
-1 6Cl
—1 0¢€I
— 1€l
-1 ¢¢tl
-1 €€1
— ¥€l

(6¥-d-81c+ LSIN) 2S1-Nd

AOTHO dOHNOS NOILVYHAI'TVD (E1-Dd)

g€l

9V

— ¥l

(Spuesnoy | )
STIYIANODAd




RADIATION MEASUREMENTS LABORATORY
Supporting QA/QC Date
AMCHITKA ISLAND ENVIRONMENTAL ANALYSIS
For: RML Ge Detector System: D4, Mddel No. PG-30
INTERNAL QC CHECKS:

Gamma-ray energy calibration (Daily or prior to detector use, pulsar equivalents are
determined weekly for pulsar based detector systems).

Monthly instrument background check.
Monthly Eu-152 calibration source check.

EXTERNAL QC CHECKS (when applicable):

Mixed Analyte Performance Evaluation Program (MAPEP)

SEE RESULTS FOR RML EXTERNAL QC CHECKS IN APPENDIX D

Analyzed by: Date:
Approved by: Date:
COMMENTS:

All applicable QA/QC checks demonstrate the RML was “in control” during the time
frame the samples were counted and analyzed.
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RADIATION MEASUREMENTS LABORATORY
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RADIATION MEASUREMENTS LABORATORY
Supporting QA/QC Date
AMCHITKA ISLAND ENVIRONMENTAL ANALYSIS
For: RML LEGe (leps) Detector System: B4,7Model No. CAN-41
INTERNAL QC CHECKS:

Gamma-ray energy calibration (Daily or prior to detector use, pulsar equivalents are
determined weekly for pulsar based detector systems).

Monthly instrument background check.
Monthly 1-129 calibration source check.

EXTERNAL QC CHECKS (when applicable):
Mixed Analyte Performance Evaluation Program (MAPEP)

SEE RESULTS FOR RML EXTERNAL QC CHECKS IN APPENDIX D

Analyzed by: ) Date:
Approved by: Date:
COMMENTS:

All applicable QA/QC checks demonstrate the RML was “in control” during the time
frame the samples were counted and analyzed.
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Appendix C-2



Appendix C-2

Alpha Spectroscopy and Sr-90 Internal QA/QC Program Results
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Tennelec 118 Det A-1 Beta Background
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Tennelec 118 Det A-2 Beta Background
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Gamma Spectroscopy External QA/QC Program Results
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Appendix D-2



Appendix D-2

Alpha Spectroscopy and Sr-90 External QA/QC Program Results



Mixed Analyte Pefforman ce Evaluation Program

Laboratory Results , , _
LOCKO3 RADIATION MEASUREMENTS LABORATORY/AEDL . Sample ID:  MAPEP-05-MaW13
INEEL
Idaho Falls D 83415-7111

Ref Flag Bias Acceptance Unc :
Analyte Result Value Flag 7oyt (%) Range Value Flag .Units
‘Barium NR 263 1.84 - 3.42
Beryllium NR 0.417 0.29 - 0.54
Cadmium NR 0.303 .0.21 - 039
Chromium NR 1.67 1.17 - 217
Copper NR 1.92 1.34 - 250
Lead NR 1.21 0.85 - 1.57
Mercury . NR 0.102 0.07 - 0.13
Nickel NR 0.968 068 - 1.26
Selenium NR 0.362 0.25 - 047
Uranium-238 NR 0.268 o
Vanadium NR 3.67 2.57 - 4.77
Zinc NR 1.33 0.93 - 1.73
Americium-241 1.50 172 A -12.8 120 - 224 10 (BaiL)
Cesium-134 18- 127 A .71 88.90 - 165.10 9 (Ba/L)
Cesium-137 318 332 A -4.2 23240 - 43160 23 (BalL)
Cobalt-57 224 227 A -1.3  158.90 - 29510 16 (Ba/L)
Cabalt-60 250 251 A -0.4 17570 - 326.30 18 (Bg/l)
Hydrogen-3 320 280 A 143 196.00 - 364.00 50 (8qL)
lon-55 81.3 759 A 71 5313 - 9867 49 (Bg/L)
Manganese-54 323 331 A 2.4  231.70 - 43030 23 (Bg/L)
Nickel-63 4.4 90 A 17 ' 1.7 (Bg/L)
Plutonium-238 0.011 0.018 A 17 0.015 {Ba/L)
Plutonium-239/240 "2.36 24 A 1.7 168 - 3.12 .18 (BaiL)
Slrontium-éo -2 A 4 . (Bg/L)
Technetium-99 NR 42.9 30.03 - 55.77
Uranium-234/233 3.23 324 A 0.3 227 - 421 23 (Bg/L)
Uranium-238 3.33 333 A 0.0 233 - 433 23 (BqiL)
Zinc-65 509 496 A 2.6 347.20 - 644.80 37

(Bqll)



Mixed Analyte Performance Evaluation Program
Laboratory Results

Sample ID:  MAPEP-05-GrW13
LOCKO3 RADIATION MEASUREMENTS LABBRATORY/AEDL

INEEL
Idaho Fails . D 83415-7111 .

_ : Ref Bias Acceptance Unc Unec.
Analyte Result Value Flag (%) Range Value Flag Units
Gross alpha .038 0525 A -92.8 0.000 . 1.050 .006 (Bq/L)
Gross beta 1.53 1.67 A -8.4 ) 0.835 . 2.505 06 (Bq/L)

. Gross Alpha Flags:

: A = Resuit acceptabie, Bias <= +/- 100% with a statistically positive resuit at two standard deviations
(Result/Uncertainty > 2, i.e., the range encompassing the result, plus or minus the total uncertainty at two standard
deviations, does not include zero).

N = Result not acceptable, Bias > +/- 100% or the reported resuit is not statisticaily posiﬁve at two standard
| deviations (Result/Uncertainty <= 2, i.e., the range encompassing the result, plus or minus the total uncertainty at
two standard deviations, includes zero). .

Gross Beta Flags:
A = Result acceptable, Bias <= +/- 50% with a statistically positive result at two standard deviations
(Result/Uncertainty > 2, i.e., the range encompassing the result, plus or minus the total uncertainty at two standard
deviations, does not include zero).

N = Result not acceptable, Bias > +/- 50% or the reported result is not statistically pgsilive at two standard deviations
(Result/Uncertainty <= 2, i.e., the range encompassing the result, plus or minus the total uncertainty at two standard’
deviations, includes zero). [

Flags: L = Uncertainty potentially too low (for infomation purposes only)
H = Uncertainty potentially too high (for information purposes only)

FP = False Positive
FN = False Negative
NR = Not Reported



Mixed Analyte Performance Evaluation Program

Laboratory Results ,
LOCKO3 RADIATION MEASUREMENTS LABORATORY/AEDL Sample ID:  MAPEP-05-MaS13
INEEL ' ' '
Idaho Fails D 83415-7111
Ref Flag Bias Acceptance

Analyte Result Value Fiag Text (%) Range Value Flag Units
Antimony NR 30.9 ' 21.63 - 40.17
Arsenic NR 51.9 36.33 - 6747
Barium - NR 792 554,40 - 1029.60
Beryifium NR 10.3 721 - 13.39
Cadmium " NR 13.2 9.24 - 17.16
Chromium NR 57.2 40.04 - 74.36
Lead NR 69.0 . 48.30 - 89.70
Mercury NR 0.437 0.31 - 0.57
Nickel NR 144 100.80 - 187.20
Silver NR 434 30.17 - 56.03
Thallium NR 61.8 43.26 - 80.34
Uranium-238 NR 200 14.00 - 26.00
Vanadium NR 92.7 64.89 - 120.51
Zing NR 200 140.00 - 260.00
Americium-241 NR 109 76.30 - 141.70
Cesium-134 NR 759 531.30 - 986.70
Cesium-137 NR 315 220.50 - 409.50
Cobalt-57 NR 242 169.40 - 314.60
Cobalt-60 NR 212 148.40 - 275.60
Iron-55 NR 1200 " 840.00 - 1560.00
Manganese-54 NR 485 339.50 - 630.50
Nickel-63 NR 1220 854.00 - 1586.00
Plutdnium-239/240 NR 89.5 62.65 - 116.35
Strontium-90 609 640 A -48 448.00 - 832.00 28 (Bg/kg)
Technelium-99 NR 190" 133.00 - 247.00
Uranium-234/233 NR 62.5 43.75 - 81.25
Uranium-238 NR 249 . 174.30 - 323.70
Zinc-65 NR 810 '567.00 - 1053.00

Flags: A = Result acceptable Bias <= 20% Flag Text ; : E:::: :nggfe

W = Resuit acceptable with warning 20% < Bias <= 30%

N = Resuit not acceptable
L = Uncertainty potentially too low

H = Uncertainty potentially too high
Q = Particapant should evaluate reported value

QL = Quantitation Limit
RW = Report Warning
NR = Not Reported -

Bias > 30%

4 - Sensitivity Evaluation

5 - Total Metal

6 - Not Evaluated
7 - DL > CLP Limit
9-Check QL .
10 - Check Isomer

11 - False Positive Test, Value Not Reported

14 - Solubility Issue
15 - Refractory

16 - Reported zero uncertainty

17 - NOT DETECTED, reported a statistical zerc

result

18 - Sensitivily evaluation, value not reported

.



M ixed Analyte Performance Evaluation Program

L = Uncertainty potentially too low (for infomation purposes only)
H = Uncertainty patentially too high (for information purpaoses anly)

Q = Particapant should evaluate reported value

QL = Quantitation Limnit
RW = Report Warning
NR = Not Reported

NOTE 1: Faise Positive Test, Value Not Reported

Laboratory Results
RADIATION MEASUREMENTS LABORATORY/AEDL Sample ID:  MAPEP-03-W11
LOCKO3  egL
idaho Falls D 83415
Ref Sias  Acceptancs Unc  Unc.
Anaiyte Resuit Value Flag (%) Range -. Value Flag Units
Antimony NR - 0.1296 0.09 - 0.17 ‘
Arsenic NR 0.0537 0.04 - 0.07
Barium NR 0.541 0.38 - 0.70
"Beryllium NR 0.0985 0.07 - 0.13
Cadmium NR 0.0798 0.06 - 0.10
Copper NR 0.803 0.56 - 1.04
Lead NR 0.894 0.63 - 1.16
Nickel NR 0.495 0.35 - 0.64
Selenium NR 0.06981 0.05 - 0.09
Thallium NR 2.088 1.46 - 2.71
Uranium-Tatal NR 0.1968 0.14 - 0.26
Uranium-235 NR 0.001417
Uranium-238 NR 0.1954 0.14 - 0.25
Vanadium NR 12 0.84 - 1.58
Zinc NR 1.037 0.73 - 135
Americium-241 NR )
Cesium-134 310 322 A -3.7 225.40 - 41860 20 (Bg/L)
Cesium-137 122 124 A -1.6 86.80 - 16120 9 (Ba/L)
Cabait-57 170 173 A -1.7 12110 - 22490 12 (BalL) -
Cobait-60 1285 121.8 A 2.6 85.26 - 158.34 9 (Bg/L)
Hydrogen-3 NR are 265.30 - 492,70 '
fron-55 123 131 A 6.1 91.70 - 170.30 6 {Ba/L)
Manganese-54 154 155 A 0.6 108.50 - 201.50 12 (Ba/L)
Nickel-63 81.3 73.7 A 103 51.59 - 95.81° 47 (Bg/L)
Plutonium—238 1.28 1497 A -14.1 1.04 - 194 11 (Ba/L)
Plutonium-239/240 2.26 239 A -5.4 1.67 - 311 0.09 B
Strontium-80 15.4 17.7 A -13.0 12.39 - 23.01 0.7 (Ba/L)
Technetium-99 NR 28.8 - 20.16 - 37.44
Uranium-234/233 2.39 2.35 A 17 1.64 - 3.05 0.12 (Ba/L)
Uranium-238 2.35 2.43 A -3.3 1.70 - 3.16 12 ) (Ba/L)
Zinc-85 330 320 A 3.1 224.00 - 416.00 30 (Bg/L)
Flags: A = Result acceptable . Bias <= 20%
W = Result acceptable with warning 20% < Bias <= 30%
N = Result not acceptable Bias > 30%



RADIATION MEASUREMENTS LABORATORY/AEDL
LOCKO3 g,

D 8dis

'

Sample ID:  MAPEP-03-S10 |

Mixed Analyte Performance Evaluation Pro gram
‘ Laboratory Results )

Flags:

W = Result acceptable with waming 20% < Bias <=30%

N = Result not acceptable

Bias > 30%

L = Uncertainty potentiaity too low (for infomation purposes only)

H = Uncertainty potenti

ally too high (for information purposes only)

Q = Reported detection limit in question

“QL = Quantitation Limit
RW = Report Warning

NR = Not Reparted

) idaho Falls
" Ref ‘ Flag Bias Acceptance Unc Upc.. .

Analyte Resuit Value Flag Text (%) Range Value Flag Units -
Antimony NR 19.9 ) 13.93 - 2587 '

Arsenic NR 74 5.8 - 962-

Barium NR- 448 - 313.60 - 582.40

Berytlium NR 436 305 - 567

Cadmium NR 214 120 - 2.78°

Chromium ‘NR 27 18.90 - 35.10

Lead NR 14.4 10.08 - 1872 .

Nicke! NR 109 7630 - 141.70.

Selenium NR 1.69 1.18 - 220

Silver . NR 1.7 A - 8.19 - 15.21
. Vanadium NR o2 64.40 - 119.60

Zinc NR 142 99.40 - 184.60

Americium-241 03" A _ os (Bakg)
Cesium-134- 252 2 A 59 166.60 - A4 20 (Bakg)
Cesium-137 920 832 A 106 582.40 - 1081.60 70 (Ba/kg)
Cobalt-57 630 530 A 189 371.00 - 8900 50 (Ba/kg)
Cobait-60 480" 20 A 143 29400 - 54600 20 (Bgkg)
lron-S5 NR 1020 71400 - 132600

Manganese-54 151 137 A 102 9590 - 17810 13 (BaAg)
Nickel-63 NR 770 539.00 - 1001.00 :
Plutonium-238 . 623 669 A 69 4683 - 8697 39 (Bakg)
Plutonium-239/240 50.3 527 A 46 3689 - 6851 32 (Bakg)
Potassium-40 < 700 82 A 7.4 45640 - 84760 &0 . (Baskg)
Strontium-90 706 714 A . 1.1 49980 - @820 27 (Ba/kg). .
Uranium-234/233 87.8 88 A 1.3 6230 - 11570 63 (Ba/kg)
Uranium-238 388 21 A -78 29470 - 54730 26 (Baskg)
Zinc-65 560 0 A 143 34300 - 63700 40 (Ba/kg)

A = Result acceptable Bias <= 20%



Mixed Analyte Performance E valuation PrOgrdm |
' Laboratory Results | '

Sample ID: ~ MAPEP-02-W10

RADIATION MEASUREMENTS LABORATORY/AEDL

LOCKO3  peg;

* L = Uncertainty potentially too low (for in
H = Uncertainty potentiall

QL = Quantitation Limit

NR = Not Reported

NOTE 1: Faise Positive Test, Value Not Reported

fomation purposes only)
¥ too high (for information purposes only)

daho Falis ID 83415 '

: Ret Flag Bias Acceptance Unc  Unc.
Analyte Resuit’ Value Flag Text (%) Range Value Flag Units
Antimony NR 0.241 0.17 - 0.31
Arsenic NR .

Barium NR 0.756 0.53 - 0.98
Beryilium NR 0.802 0.56 - 1.04
Chromium NR 2.51: 1.76 - 3.26
Copper NR 1.95 1.37 - 254 -
Lead NR an 2,18 - 4.04
Nickel NR 2.16 1.51 2.81
Selenium NR 0.652 0.46 0.85
Sliver NR ’ : :
Thailium NR 1.4 0.98 1.82
Uranium-Total NR 0.13
Uranium-235 NR 0.000919
Uranium-2338 NR 0.129
Zinc NR 2.46 1.72 - 3.20
Americium-241 054 0578 A 66 040 - 075 0.04 (BqL)
Cesium-134 390 421 A 74 29470 - 54730 30 (Bg/L)
Cesium-137 327 29 A -0.6  230.30 - 427.70 30 (Bq/L)
Cobait-57 58.3 57 A 2.3 39.90 - 7410 4.0 (Ba/L)
Cobatt-60 39.3 382 - A 2.9 26.74 - 49.66 3.0 (Bg/L)
Iron-55 97.3 9% A 14 67.20 - 124.80 6.1 (Bq)
Manganese-54 34 329 A 3.3 23.03 - 4277 3 (Ba/L)
Nicket-63 = 152 1365 A 114 9555 - 17745 12 (Bq/L)
Plutonium-238 . 0.85 0.828 A 27 058 - 1.08 0.0§ (BaiL)
Plutonium-239/240 ' -0.001 A © 0.004 (Bg/L)
Strontium-90 12.4 1231 A 0.7 8562- 1600 0.7 (BanL)
Technetium-99 NR 132 9240 - 17160 :
Uranium-234/233 1.51 154 A -1.9 1.08 - 200 Q.11 -(Bai)
Uranium-235 0.073 _ L 0.017 (Bo/L)
Uranium-238 1.49 16 A -6.9 112 - 2,08 0.083 {BaL)
Zinc-65 560 516 A 8.5 361.20 670.80 40 (Ba/L.)
Flags: A = Result acceptable Bias <= 20%
W = Result acceptable with wamning 20% < Bias <= 30% )
N = Result not acceptable Bias > 30% 4



Mixed Analyte Perfarmancé E valuation Program

Sample ID: MAPEP-02-S9

LOCKO3

RADIATION MEASUREMENTS LABORATORY/AEDL

Laboratory Results

L = Uncertainty potentially too low (for infomation purposes only)
H = Uncertainty potentially too high (for information purposes only)

QL = Detection Limit
RW = Report Warning
NR = Not Reported

INEEL
ldaho Falls. ID 83415 _
Ref Flag Bias Acceptance Unc  Une.
Analyte Resuit Value Flag. . 7oyt (%) Range Value Filag Units
Antimany NR 185 " 12.95 - 24.05
Arsenic NR 70 49.00 - 91.00
Barium NR 300 210.00 - 390.00
. Beryllium NR 0.95 0.67 - 1.24
Cadmium NR 17.3 C 1211 - 2249
Chromium NR 76 53.20 - 98.80
Lead NR 38.1 26.67 - 49.53
Nickel NR 24 . 16.80 - 3t1.20.
Selenium NR 18.5 12.95 - 24.05
Silver NR 85.5 38.85 - 72.15
Thalium NR 46.3 32.41 - 60.19
Uranium-Total NR 18.5 12.95 - 24.05
Uranium-235 NR 0.13 0.08 - 0.17
Uranium-238 NR 18.4 12.88 - 23.92
Vanadium ~ NR 5§3.9 37.73 - 70.07
Zinc NR 74.5 . 52.15 - 96.85
Americium-241 44,1 435 A 14 3045 - 5655 2.7 (Barkg) |
Cesium-134 859 862 A -0.3  603.40 - 1120.60 61 (Ba/kg)
Cesium-137 113 111 A 1.8 77.70 - 14430 8 (Bakg)
Cobait-57 244 246 A 0.8 17220 - 319.80 17 (Ba/kg)
Cobait-60 97 875 A 109  61.25 - 11375 7 (Ba/kg)
lron-55 NR 1870 1309.00 - 2431.00 ’
Manganese-54 5§92 546 A 8.4 38220 - 709.80 42 (éq/kg)
Nickel-63 NR 1180 826.00 - 1534.00
Plutonium-238 328 333 A 1.5 23.31 - 4329 1.9 (Bakg)
Plutonium-239/240 69.6 729 A -45 51,03 - 9477 4.0 (Ba/kg)
Potassium-40 639 652 A~ -2.0 456.40 - 847.60 50 (Ba/kg)
Strontium-90 -1.3 A 4.2 (Baska)
. Uranium-234/233 214 229 A -6.6  160.30 - 297.70 11 - (Bg/kg)
Uranium-235 14 ] 1 (Ba/kg)
Uranium-238 222 220 A .09 154,00 - 286.00 11 (Ba/kg)
Zinc-85 . 900 i 809 A 11.2  566.30 - 1051.70 64 (Ba'kg)
Flags: A = Result acceptable Bias <=20%
W = Result acceptable with warning 20% < Bias <= 30%
N = Result not acceptable Bias > 30%



QAP 0303 ' ‘ EML-621
: o ' June 2003
QAP 58 Results by Laboratory
Lab: EG INEEL TRA Radioanalytical Laboratory, Scoville

No. Reported  Reported EML EML Reported QAP 56
Test  Radionuclide Value Error Valne Error EML Evaluation Evaluation

Matrix: Al Air Filter Bq/ filter

-1 AM241 0.282 0.017 0.340 0.040 . 0.829 w A
1 CO60 38.000 1.000 33.500 0.870 1.134 A A
1 "CSi37 118.000 7.000 99.700 T2300 1.184 w A
1 MNs54 53.000 1.000 43.800 1.130 1210 w A
I PU238 0.536 - 0.027 0.520 0.010 1.031 ‘A w
1 PU23Y 0.345 0.018 0.330 0.010 1.045 A A
1 U234 o 0.221 0.014 0.240 0.003 0.921 A A
b U238 0.224 0.014 0.240 0.010 0.933 A A
Matrix: SO Seil Bq/kg
1 AC228 68.000 7.000 57.600 © 2.500 1.181 A w
1 BI2i2 99.000 9.000 60.600 4.000 1.634 N A
1 BI2I4 77.000 5.000 67.000 2.300 1.149 A A
1 CS137 1672.000 11.000 1450.000 73.000 1.153 A A
I K40 638.000 - 48.000 636.000 33.000 1.082 A A
1 PBR212 §1.000 5.000 57.900 2.900 1.399 N A
1 PB214 83.000 5.000 71.100 2.300 1167 A A
1 TH234 224.000 20.000 - 127.000 . 7.100 1.764 W A
Matrix: VE Vegetation Bq/kg
.. 1 COo60 10.500 3.000 12000 (.700 0.868 A w
© 1 CSi37 435.000 8.000 444.000 22.000 0.980 A A
1 K40 £160.000 80.000 1120.000 60.000 1.036 A A
Matrix: WA Water Bq/L
1 AM24} 2.260 0.120 2.130 0.150 L.061 A A
1 CO60 240.000 30.000 234.000 8.400 1.026 A A
1 CSi34 30.000 £.000 30.500 1.090 0.984 A A
1 CSt37 64.000 2.000 63.800 3.400 £.003 A A
1 Gross Alpha 247.000 20.000 377.500 10.000 0.654 W A
1 Gross Beta 784.000 55.000 627.500 10.000 1.249 A A
1 PU238 3870 0200 3.330 0.300 £.162 W w
1 PU239 4.570 0.230 3.920 0.360 1.166 W W
1 U234 ' 2.050 0.110 2.050 0.190 £.000 A A
1 U238 2.040 0.150 2.160 0.210 0.944 A A
Values for elemental uranium are reported in pg/filter, g, or mL. pCi/g or mL=Bq x 0.027

Evatuation: A=Acceptable, W=Acceptable with Warning, N=Not Acceptable
if the evaluation system is not appropriate for the types of analyses performed in your lab, apply a site specific evaluation.
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U238

3.120

QAP 0209 EML-618
' - ‘December 2002
QAP 57 Results by Laboratory

Lab: EG INEEL TRA Radioanalytical Laboratory, Scoville

No. Reported  Reported EmML EML Reported QAP 56

Test  Radionuclide Value Error Value Error EML  Evaluation Evaluation

Matrix: AI Air Filter Bq/ filter
1 AM241 0.195 0.014 0.191 0.004 1.023 A A
1 CO60 25.000 2.000 23.000 0.059 1.087 A A
1 Csi37 36.000 3.000 32.500 0.777 1.108 A A
I MNS54 60.000 5.000 52200 1.170 1.149 A A
I PU238 0.097 0.005 0.119 0.003 0.817 W A
I PU239 0.183 0.009 0.206 0.002 0.889 A A
1 SR90 5.740 0.290 5.561 0.119 1.032 A A
I U234 0.218 0.009 0228 0.006 0.958 A A
I U238 0.215 0.009 0.230 0.006 0.935 A A

Matrix: SO Soil Bq/kg
1 AC228 36.000 7.000 42300 1.560 0.851 w A
1 AM24i 6.870 0.690 6.767 0.301 L.015 A A
1 BI212 47.000 20.000 45.930 4.510 1.023 A A
1 BI214 31.000 4.000 33.630 1.560 0.922 A N
1 Csi37 755.000 60.000 829.330 41.580 0.910 A A
1 K40 600.000 41.000 637.670 34.260 0.941 A N
I PB212 42.000 4.000 43.430 2.710 0.967 A w
1 PB2l4 34.000 4.000 35.200 1510 . 0.966 A A
I PU238 18.400 1.400 19203 0.855 0.958 A
I PU239 13.400 0.700 12.903 0:465 1.038 A w
1 TH234 51.000 22.000 48:400 4.830 1.054 A A

1 U234 47.900 2.900 42.320 3.100 1.132 W A

1 U238 48.100 2.400 44.890 3.200 1.072 A A

Matrix: VE Vegetation Bq/kg
1 CO60 12.000 3.000 9.660 0.630 1242 w w
1 Cs137 295.000 23.000 300.670 15.250 0.981 CA A
1 K40 1346.000 140.000  1480.000 77.800 0.909 A w

. Matrix: WA Water Bq/L

1 AM24] 3.090 0.220 3.043 0.082 1.015 A A
1 CO60 263.000 20.000 268.670 9.710 0.979 A A
1 CSi34 57.000 4.000 60.200 1.860 0.947 A W
1 Cs137 77.000 6.000 . 81.430 4.280 0.946 A A
1 Gross Alpha 221.000 28.000 210.000 21.000 1.052 A A
1 Gross Beta 509.000 91.000 900.000 90.000 .010 A A
1 PU238 3.710 0.170 4331 0.117 0.857 W A
1 PU239 1.840 0.080 2.070 0.074 0.88% w A
1 SRY0 7.900 0.600 8.690 0.420 0.909 A A
1 U234 3.050 0.150 3.323 0.114 0918 A A
1 0.140 3370 0.140 0.926 A A

Values for elemental uranium are reported in pg/filter, g, or mL.

Evaluation: A=Acceptable, W=Accebtable with Warning, N=Not Acceptable

If the evaluation system is not appropriate for the types of analyses performed in your lab, apply a site specific evaluation.

pCi/g or mL=Bq x 0.027
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QAP 0203 | EML-617
: ' June 2002
QAP 56 Results by Laboratory
Lab: EG INEEL TRA Radioanalytical Laboratory, Scoville

No. Reported = Reported EML - EML Reported QAPSS

Test  Radionuclide Value Error - Yalue Error EML, Evaluation . Evaluation

Matrix: Al Air Filter Bq/ filter

1 AM24 0.092 0.007 0.088 0.005 1.042 A
I CO60 33.300 2.000 30520 - . 0.652 1.091 A A
1 CSi37 31.000 2.000 28.230 - 0.701 1.098 A A
I MN54 43.700 3.000 38.530 0.867 1.134 A A
I PU238 0.063 0.005 0.057 0.001 1.097 A
I PuU239 0.208 0.013 0.187 (.003 Li10 A
I SR9%0 4.080 0.130 4.832 0.184 0.844 A
1 U234 0.289 - 0.020 - 0297 0.004 0.972 A
I U238 : 0.294 0.020 0.298 0.004 0.986 A
Matrix: SO Soil Bq/kg
I AC228 58.000 10.000 51167 1.941 [.134 A w
1 AM24] 11.400 -0.900 10.927 0373 1.043 A
I Bl212 61.000 24.000 53430 5.215 1142 A A
1 Bl2i4 39.000 7.000 . . 53933 . 2249 0.723 N A
I CSi137 1370.000 100.000 1326.670 66.510 1.033 A A
b K40 490.000 80.000 621.670 33.860 0.788 N A
I PR212 62.000 6.000 51100 2.753 1.213- w A
1 PBR214 - 65.000 8.000 54367 2.249 {.196 A w
1 PU239 22.400 1.900 19.098 0.706 1173 w
I SR90O 51.800 2.800 33.756 1.446 0.964 A
1 TH234 . 124.000 26.000 89.300 6.837 . 1.389 A A
I U234 84.200 5.300 93.885 7.767 0.897 A :
1 U238 86.900 5.600 96.778 8.410 0.898 A
Matrix: VE Vegetation Bq/kg
1 AM24i 2.400 0.180 . 2228 0.216 1.077 A
1 CM244 1.300 0.110 1.320 0.164 0.985 A
1 C060 9.100 1.900 11.230 0.677 0.810 -W- W
I CSi37 317.000 25.000 313.667 15910 1011 A A
1 K40 740.000 100.000 864.330 47.220 0.856 w A
1 PU238 0.250 0.040 0.257 0.046 0.974 A
1 PU23Y 3.540 0.250 3.543 0377 0.999 A
1 SRY 520.000 17.000 586.280 11,140 0.887 A
Matrix: WA Water Bq/ L
1 AM24i 1.570 0.100 1474 0.021 1.065 A A
1  CO60 360.000 30.000 347.330 12.400 1.036 A A
1 CSi34 3.000 0.400 3357 0.200 0.894 W
I CSi37 57.000 4.000 56.067 -~2.929 £.017 A A
1 GROSS ALPHA 360.000 29.000 375.000 37.500 0.960 A A
1 -GROSS BETA 1080.000 58.000 1030.000 103.000 1.049 A A
1 PU238 0.480 0.037 0.490 0.032 0.979 A A
Values for elemental uranium are reported in pg/filter, g, or mL. pCi/g or mL=Bq x 0.027

Evaluation: A=Acceptable; W=Accebtable with Warning, N=Not Acceptable
If the evaluation system is not appropriate for the types of analyses performed in your lab, apply a site specific evaluation.
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QAP 0203 o : ' EML-617.

_ _ June 2002
-~ QAP 56 Results by Laboratory

Lab: EG INEEL TRA Radioanalytical Laboratory, Scoville
No. Reported  Reported EVIL EML Reported QAP S5
Test  Radionuclide Yalue Error Valne Error EVMILL  Evaloation Evaluation
Matrix: WA Water Bq/L

I PU239 4490 - 0270 4219 0.172 1.064 A A

I SR90 6.520 0.280 7.579 .. 0.176 0.860 A

I U234 1.270 0.070 1.402 0.056 0.906 A w

I U238 1.300 0.070 1.381 0.079 0.941 A A

. Values for elemental uranium are reported in pg/filter, g, or mL. pCi/g or mL=Bq x 0.027

Evaluation: A=Acceptable, V ’=Accépmble with Warning, N=Not Acceptable
If the evaluation system is not appropriate for the types of analyses performed in your lab, apply a site specific evaluation.
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National Institute of Standards and Technology :
Galthersburg, MD

REPORT OF TRACEABlLiTY

Bechtel BWXT Idaho, LLC -

Test Identification
~ Matrix Description-
Test Activity Range

Reference Time

Idaho Falis, Idaho

 NRIP02-5S
N 2"Am, mPu me, %3, B 5 in Soil!

30mBq-sample to 300mBq-sampIe"

12 00 EST Apnl I,

2002 -

. Measurement Results

Difference’

Nuclide - NIST Value > Reported Value* :
Massic Activity { Relative Expanded | Massic Activity | Relative Expanded
Bgeg’ “Uncertainty (%, k2) ~Bgeg™. Uncertainty (%, k-z) (%)
wt 2.127 ' 0.67 212 . 108 04
- Bipy ©1.893 1.14 . L65 164 . -13
Z0Th 3.187 " 0.61 'NR | - " NA - NA
By 8.012° 0.63 - - 7.82 v 114 - 2.4
- S - 8.428 0.74 746 13.1 -11
NA= Not Applicable ' NR= Not Reported
Measurement Method ) S
PR NIST® : ' Reporting Laboratory’ -
Activity Measurements Alpha- and Beta-Spectrometry Alpha- and Beta-Spectrometry.
= Mass Spectrometry ' g

Samples Distributed -
- Reporting Data Received August 19, 2002

Evaluanon (per ANSI N42 22)

Nuehde N42.22%
ANSIN42.22 | Traceability
Traceable - Limit
(xPercent)
aAm . Yes 16 °
Pipy Yes 22
2OTh "NA NA
By Yes 17
*Sr Yes 17
‘May 17, 2002 For the Director

B

(continued)

@7
- Bert Coursey, Acting/f.eader
Radioactivity Gro .

. Physics Laboratory
"' 29 August 2002
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v em [ a U.S. DEPARTMENT OF COMMERCE
< & National Institute of Standards and Technology
% & * Gaithersburg, MD
"Tarss of ¥ 4
REPORT OF TRACEABILITY
Lockheed Martin Idaho Technologies Company
Idaho Falls, Idaho
Test Identification NRIP02-GF
Matrix Description ! Am, Z%py, ®Sr, 2%, Z°Th on Glass-Fiber Filters!
Test Activity Range 30mBgesample™ to 300mBqesample’
Reference Time 12:00 EST, April 1, 2002
" Measurement Results
Nuclide . NIST Value & Reported Value® Difference’
Massic Activity Relative Expanded | Massic Activity Relative Expanded o
~ Bageg™ Uncertainty (%, 2s) Bgeg _Uncertainty (%, 2s) | (+% Bias)
“Am 2.437 ' 0.67 2.40 ' 10.6 -1.5
Bipy 2.168 1.14 2.00 10.6 .8
=y 9.527 0.63 9.26- 10.8 2.8
*Sr 9.653 0.77- 10.01 10.8 437
20Th 3.650 0.61 3.66 12.2 +0.3
NA= Not Applicable NR= Not Reported
Methods
o . NIST® , Reporting Laboratory’
Activity Measurements Alpha- and Beta-Spectrometry Alpha- and Beta-Spectrometry
Mass Spectrometry o :

Nuclide N42.22°
ANSI N42.22 Traceability
Traceable Limit
(+Percent)
*Am Yes 16
Bpy Yes 15
=y Yes 16
*Sr Yes 17
B0Th Yes 18
Samples Distributed 8 March 2002 For the Director
Reporting Data Received 16 May 2002 , IL
- Bt M. (s

Evaluation (per ANSI N42.22)

Bert M.Coursey, Agng Ieader

Radioactivity Group
Physics Laboratory
19 June 2002
(continued)
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ADDENDUM - August 2005

This report is an addendum to INL/EXT-05-00361, Amchitka Island Environmental Analysis at
Idaho National Laboratory, June 2005.

Included in this report are the radiochemical analysis results of two batches (batch 9 and 10) of
samples from phase 3B analyzed in June and July 2005, and the **°Pu/ ***Pu speciation results of
selected samples from phase 2 and phase 3. Batch 9 was analyzed for actinides (Pu, U, and Am
isotopes) and batch 10 for actinides and Sr-90. The results in this report are the same results that
were reported as preliminary results that were sent to CRESP in June-July 2005. In the
preliminary results, batch 10 was reported as batch 11.

Because of the difficulties associated with high concentrations of calcium associated with the 15
gram bone samples, an additional step was used in the strontium (Sr) procedure. Eichrom’s Sr
resin has a much larger separation factor for Sr over other interfering altkali and alkaline earth
metals. Steps 7.9.7-7.9-8 in ACMM-3815° were changed to more efficiently separate the high
amount of calcium from strontium in the 15 g bone samples. In short, the load solution from the
TRU and TEVA columns (step 7.5.8 in ACMM-3816') was loaded onto a column containing
3.6 g of Sr(100-150 p) resin, which had first been conditioned with 4 M HNO;. Enough
concentrated HNO; was added to the load solution to adjust the molarity to between 4 and 8§
where the separation of strontium over calcium is_ maximized. The strontium was eluted with
0.05 M HNO; and the strontium analysis as described in ACMM-3815’ was continued as normal
(Section 7.7 and 7.9). Recovery of the ®*Sr isotope dilution standard were >80% indicating that
the changes to the method were quite effective.

Determination of Plutonium Ratios by Inductively Coupled Plasma Mass Spectrometry
(ICPMS)

Samples for plutonium ratio determinations were the prepared samples that had been precipitated
onto the counting membrane filters using ACMM-3816"°. The membrane filters were prepared
by first removing the identification labels with ethanol. The filters were than placed in a tube
with clean forceps, 5 mL of 8N HNO; was added and the tube was spiked with 10 pLL of a 10
ng/mL solution of In. The tubes were closed and placed on a rotating tube mixer overnight. The
samples were transferred to 10 mL Teflon beakers and evaporated to near dryness on a hot plate,
1 mL of 0.3N HNO; added and the samples transferred to 2 mL snap top poly vials. A total of 6
reagent blank, 6 reagent control, and 21 samples were prepared. Several of the 21 samples were
selected as they were believed to be “blind” spikes and blanks.

Samples were introduced to the ICPMS using a CETAC Aridus™ desolvating microconcentric
nebulizer system under self-aspirating conditions at ~60 ul./min. The ICPMS was setup to do a
survey scan consisting of 10 sweeps from m/z 239.5 to m/z 247.5 with a dwell time of 10 msec
for a total acquisition time of 18 seconds. This was followed with a peak jump analysis
consisting of three replicate measurements at m/z 115 (In) and m/z 230 thru m/z 243 where each
measurement consisted of 100 sweeps with a dwell time of 40 msec for a total acquisition time
of 63 seconds per replicate.

Isotope ratios were determined after subtracting the mean reagent blank counts-per-second (cps)
at each m/z of interest. Because the reagent blank contained #2py, the mean reagent blank cps



for this isotope was estimated to be the mean value from m/z 239 and m/z 240 since acid blanks
were shown to be comparable at all three masses. The 29py242py, 2%Pu2*pPu, and 240py/2%py
ratios were determined. Errors were propagated and the appropriate degrees of freedom assigned
using Satterwaite’s formula. Concentrations in Bg/sample were determined using 242py as the
isotope dilution standard and assuming the activities of 2.30e-3, 8.40e-3 and 1.46e-4 Bg/g for
29py 240py, and ***Pu, respectively. Once again, the proper number of degrees of freedom were
determined by Satterwaite’s formula.

Results from the analyses are given in the attached table. Numbers in bold type represent those
where the mean value was greater than the standard deviation times the Student t value at p=0.01
for a 1-sided test, i.e. is the result was greater than 0. Analyses were run on two separate days
with some samples being analyzed two or more times. All results are listed in the attached result
table.

Weapons grade Pu has a m/z 239/240 ratio of at least 13 and more typically 15-20. The ratio for
Pu fallout is on average 5.55-6 (239/240). The table below gives an estimate of the total

239+240py activity per sample that would be necessary to have the chance to determine isotobié
ratios for 2>°Pu and ***Pu by ICPMS assuming that detection limits of 0.2 pg/mL for 24Py and <1
pg/mL 2**Pu can be achieved. Additionally, the assumptions that 100% if the Pu on the filter can
be extracted to the final 1 mL volume and that large quantities of 281, which may effect the
precision on the m/z 239 measurement, are not present. The term “Marginal” as used in the table
implies that the isotopes of interest are at the detection limit and “Preferred”’ assumes 5x the
detection limit. The table below implies that for most of the identified samples identified for
analysis, the ability to determine a ratio was marginal, at best.

Comment [wfb1]: Cooper, L. W., 1.
L. Larsen, T. M. Beasley, S. S. Dolvin, J.
M. Grebmeier, J. M. Kelley, M. Scott and
A. Johnson-Pyrtle (1998). "The
distribution of radiocesium and
plutonium in sea ice-entrained Arctic
sediments in relation to potential sources
and sinks." Journal Of Environmental
Radioactivity 39(3): 279-303.

Eisenbud, M and T. Gesell, 1997,
Environmental Radioactivity from
Natural, Industrial and Military Sources,
4th ed., San Diego, CA: Academic Press.

TPy total alpha activity levels required to determine ratios by ICPMS
239/240 Atom Marginal but May Marginal but May
Ratios Be Possible (pCi) Preferred (pCi) Be Possible (Bq) Preferred (Bq)

5 0.11 0.54 0.0040 0.0199
10 0.17 0.85 0.0063 0.0314
15 - 0.23 1.16 0.0086 0.0429
20 0.29 1.47 0.0109 0.0544
30 0.42 2.09 0.0155 0.0773

Indium was added to the process in an attempt to track the overall efficiency of the technique and
for possible use as an internal standard. Ideally, the 51n cps would have a linear relationship
with the 2Pu within the bounds of the >*’Pu recovery determined by alpha spectroscopy. In
general, the indium intensity tracked that of the 242py, however, there were a few samples where
the In and 2*?Pu did not track as well. Possible explanations for the samples that did not track
well may be that the original 242py, recovery was low and/or that the process of removing the
label with ethanol caused a loss of Pu. Low intensities of In and Pu may be partially due to the
original Pu recovery, however, it is suspected that losses to the filter, which remained behind in
tact, is the major issue. Interestingly, low In and Pu recoveries were seen more often from
reagent blanks and reagent controls.
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The log-log plot below shows that for the unknown samples, including the suspected blind spike
samples, the *°Pu does not trend with the alzpha spectroscopy results. There is a good correlation
with the Reagent Control samples to which “py was spiked. This indicates that little, if any,
detectable >*°Pu was found by ICPMS.
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The log-log plot below shows that for the unknown samples, including the suspected blind spike
samples, the 2°Pu may trend with the alpha spectroscopy results for a couple of the samples.
This is primarily noted for the suspected blind spike samples. The results would indicate that the
blind spikes were spiked primarily with 29py because there is a very good correlation alpha
spectroscopy result. Most of the remainder of the sample results would be considered non-
detect, however, one or two do appear to correlate with the alpha spectroscopy result. Because
the 2°Pu/***Pu ratio is expected to generally be greater than 5 and because of the higher activity
of 2°Pu, 2*°Pu would be the analyte most likely to be detected by ICPMS when low activity is
detected by alpha spectroscopy.
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The %*°Pu recovery for the reagent control samples as determined by ICPMS is shown in the
figure below plotted against the 242py activity. Not surprisingly, it shows that the lower the 2py
concentration, the larger the error in the spike determination. By alpha spectroscopy, the %
recovery of 2*°Pu was 103%+5%. The mean recovery by ICPMS was112%+13%, however, as
the >*’Pu intensity gets larger, it appears that the recovery is closer to ~105-110%.
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RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Alpha Analysis for Amchitka (Batch 9) -
Lab Name: RTC Case No: NA
Report No.: AmchitBatchF9 Method Type: A/B

Approved SAP No.: NA

SDG No.: K-AA-235

SAMPLE NUMBERS

Customer Lab Sample

Sample ID ID
K-AA-235 020D-01-A
K-AA-236 020D-02-A
K-BB-249 020D-15-A
K-BB-250 020D-16-A
K-BB-251 020D-17-A
K-BB-252 020D-18-A
K-BB-253 020D-19-A
K-BB-254 020D-20-A
K-DD-237 020D-03-A
K-DD-238 020D-04-A
K-DD-239 020D-05-A
K-DD-240 020D-06-A
K-DD-241 020D-07-A
K-DD-242 020D-08-A
K-DD-243 020D-09-A
K-DD-244 020D-10-A
K-DD-245 020D-11-A
K-DD-246 020D-12-A
K-DD-247 020D-13-A
K-DD-248 020D-14-A

Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

Signature: MWJM Name: J. G. Eisenmenger
7

Title:

Technical Leader Date:

08/08/2005
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Project: Alpha Analysis for Amchitka Island (Batch 9)
Laboratory: RTC

Report #: AmchitBatchF9

SDG#: K-AA-235

Summary of 2 and 3 sigma activities

Below are the results for U234, U235, U236, U238, Pu238, Pu239/240, and Am241 for
Batch 9 from the Amchitka Island Project that had a result/uncertainty ratio of 2 or more
(uncertainty @ one sigma).

Customer Result | Uncertainty Result/

ID Lab iD Isotope Ba/g Ba/g Uncertainty
K-AA-235 020D-01-A | AM241 4.50E-03 3.86E-04 11.7
K-AA-235 020D-01-A | PU238 3.20E-03 3.94E-04 8.1
K-AA-235 020D-01-A | U234 8.56E-04 1.70E-04 5.0
K-AA-235 020D-01-A | U235 7.75E-05 3.34E-05 2.3
K-AA-235 020D-01-A | U238 6.57E-04 1.66E-04 4.0
K-AA-236 020D-02-A | U234 4.01E-03 5.69E-04 7.0
K-AA-236 020D-02-A | U235 2.24E-04 6.61E-05 3.4
K-AA-236 020D-02-A | U238 3.82E-03 6.21E-04 6.2
K-DD-237 | 020D-03-A | U234 2.10E-04 7.65E-05 2.7
K-DD-238 | 020D-04-A | U234 4.36E-04 1.10E-04 4.0
K-DD-238 | 020D-04-A | U238 3.88E-04 1.19E-04 3.3
K-DD-239 | 020D-05-A | U234 1.95E-04 7.60E-05 2.6
K-DD-240 | 020D-06-A | U234 2.46E-04 8.24E-05 3.0
K-DD-241 020D-07-A | U234 1.57E-04 6.92E-05 2.3
K-DD-242 | 020D-08-A | U234 3.57E-04 1.00E-04 3.6
K-DD-242 | 020D-08-A | U238 3.30E-04 1.11E-04 3.0
K-DD-243 | 020D-09-A | U234 3.80E-04 1.00E-04 3.8
K-DD-243 | 020D-09-A | U238 4.05E-04 1.20E-04 3.4
K-DD-244 | 020D-10-A | U234 2.64E-04 8.72E-05 3.0
K-DD-244 | 020D-10-A | U238 2.25E-04 9.56E-05 24
K-DD-245 | 020D-11-A | U234 5.78E-04 1.28E-04 4.5
K-DD-245 | 020D-11-A | U238 4.71E-04 1.31E-04 3.6




Customer Result | Uncertainty Result/

ID Lab ID Isotope Ba/g Ba/g Uncertainty
K-DD-246 | 020D-12-A | U234 3.05E-04 9.01E-05 3.4
K-DD-246 | 020D-12-A | U238 2.80E-04 1.02E-04 2.7
K-DD-247 | 020D-13-A | U234 2.57E-04 8.54E-05 3.0
K-DD-248 | 020D-14-A | PU238 1.23E-04 3.57E-05 3.4
K-DD-248 | 020D-14-A | U234 4.21E-04 1.07E-04 3.9
K-DD-248 | 020D-14-A | U238 3.02E-04 1.05E-04 2.9
K-BB-249 020D-15-A | U234 9.29E-04 1.71E-04 5.4
K-BB-249 020D-15-A | U235 4.91E-05 2.46E-05 2.0
K-BB-249 020D-15-A | U238 7.30E-04 1.67E-04 4.4
K-BB-250 020D-16-A | U234 6.56E-04 1.41E-04 4.7
K-BB-250 020D-16-A | U238 5.48E-04 1.44E-04 3.8
K-BB-251 020D-17-A | U234 1.95E-03 4.21E-04 4.6
K-BB-251 020D-17-A | U238 1.47E-03 3.71E-04 4.0
K-BB-252 020D-18-A | U234 1.87E-03 2.91E-04 6.4
K-BB-252 020D-18-A | U235 9.78E-05 3.81E-05 2.6
K-BB-252 020D-18-A | U238 1.37E-03 2.60E-04 5.3
K-BB-253 020D-19-A | PU239/240 | 1.31E-04 6.50E-05 2.0
K-BB-253 020D-19-A | U234 1.75E-03 2.79E-04 6.3
K-BB-253 020D-19-A | U235 5.22E-05 2.60E-05 2.0
K-BB-253 020D-19-A | U238 1.62E-03 2.96E-04 5.5
K-BB-254 020D-20-A | U234 9.49E-04 1.78E-04 5.3
K-BB-254 020D-20-A | U238 6.92E-04 1.64E-04 4.2

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be

warranted.

As with any good science no single data point is used in important decisions (results need

to be reproducible).
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RADIOANALYTICAL ANALYSES DATA PACKAGE

Project Title: Alpha and Sr-90 Analysis for Amchitka Island (Batch 10)

Lab Name: RTC Case No: NA
Report No.: AmchitBatchF10 Method Type: A/B
Approved SAP No.: NA SDG No.: B-K-255

SAMPLE NUMBERS

Customer Lab Sample

Sample ID ID
B-H-262 02RB-08-A
B-H-263 02RB-09-A
B-H-264 02RB-10-A
B-K-255 02RB-01-A
B-K-256 02RB-02-A
B-K-257 02RB-03-A
B-K-258 02RB-04-A
B-K-259 02RB-05-A
B-K-260 02RB-06-A
B-K-261 02RB-07-A

Comments:

Release of the data contained in this data package has been authorized by the laboratory manager or the
manager's designee, as verified by the following signature:

Signature: M«\ W Name: J. G. Eisenmenger

Title: Technical Leader Date: 08/08/2005
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Project: Alpha and Sr-90 Analysis for Amchitka Island (Batch 10)

Laboratory: RTC
Report #: AmchitBatchF10
SDG#: B-K-255

Summary of 2 and 3 sigma activities

Below are the results for Sr90, U234, U235, U236, U238, Pu238, Pu239/240, and Am241
for Batch 10 from the Amchitka Island Project that had a result/uncertainty ratio of 2 or
more (uncertainty @ one sigma).

Customer
iD Lab ID Isotope Result Uncertainty | Result/Unc
B-H-262 02RB-08-A U234 1.20E-03 | 2.91E-04 4.1
B-H-262 02RB-08-A U238 9.00E-04 | 2.59E-04 3.5
B-K-257 02RB-03-A Sr90 1.81E-03 | 4.88E-04 3.7
B-K-260 02RB-06-A U234 2.90E-04 | 1.30E-04 2.2
B-K-261 02RB-07-A U238 2.57E-04 | 1.31E-04 2.0

All known sources of uncertainty are included in the uncertainty term. There may be
unknown sources of uncertainty that are not accounted for. If the result/uncertainty ratio
is more than 3, we have a degree of confidence that the result is positive (i.e. the result is
statistically different than zero). A result with the result/uncertainty ratio between 2 and
3 is the first indication that an isotope may be present and further investigation may be
warranted.

As with any good science no single data point is used in important decisions (results need
to be reproducible).
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Tennelec 118 Det A-1 Beta Efficiency check
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Tennelec 118 Det A-2 Beta Efficiency check
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Tennelec 118 Det A-3 Beta Efficiency check
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Tennelec 118 Det A-4 Beta Efficiency check
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Tennelec 118 Det B-1 Beta Efficiency check

9612

+3 sigma

94901

+2 sigma

9249

LT/'\-—/!\'\

%

[t

N §

e A

\.-\

9008

-2 sigma

i

\

8887

=3 signmma

- 7/14/2005

r 5/19/2005

r 3/21/2005

r 10/19/2004

r 7/31/2003

- 6/12/2003

- 3/19/2003

r 10/1/2002

I 8/5/2002

r 2/25/2002

r 6/20/2001

r 2/27/2001

11/30/2000

- 10/2/2000

- 7/12/2000

r 12/2/1999

r 9/16/1999

F 7/12/1999

r 6/7/1999

- 5/17/1999

r 2/25/1999
- 1/6/1999

r 11/23/1998

- 8/31/1998

8/3/1998

9800

9600 +

9400

9200 +

9000 +

wdo

8800 +

8600 +

8400 +

6/22/1998

8200 +—

date



Tennelec 118 Det B-2 Beta Efficiency check
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Tennelec 118 Det B-3 Beta Efficiency check
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Tennelec 118 Det B-4 Beta Efficiency check
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Tennelec 118 Det A-2 Beta Background
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r 6/23/1 999

- 6/8/1999

5/22/1999

r 4/7/1999

r 2/26/1999

r 2/17/1999

r 2/5/1999

1/25/1999

190 %
1.80

240 —
2.30 +
220 +
210 +
2.00 +
1.70 +
1.60 +
1.50 +
1.40 +
1.30 +
1.20 +
110 +
1.00 +
0.90 +
0.80

o

1/5/1999

date



1.98
1.87
1.65
1.44
1.33

Ar L

+3 sigma
N clama

Tennelec 118 Det A-4 Beta Background
-3 sigma

r 8/2/2005

r 5/2/2005

- 4/5/2005

- 3/9/2005

r 6/2/2005

r 4/5/2005

r 3/9/2005

I 11/8/2004

- 9/10/2004

10/19/2004

r 8/28/2000

r 7/24/2000

I 5/22/2000

I 4/10/2000

r 2/21/2000

1/24/2000

r 1/11/2000

r 12/13/1999

F 11/22/1999

- 10/25/1999

T

10/11/1999

- 9/2/1999

r 8/23/1999

r 7/26/1999

r 7/12/1999

r 6/23/1999

- 6/8/1999

r 5/22/1999

r 4/7/1999

- 2/26/1999
r 2/17/1999

- 2/56/1999

r 1/25/1999

2.40 T
2.30 +
2.20 +
210 +
2.00
1.50 +
1.40 +
1.30
1.20 +
1.10 +
1.00 +
0.90 +
0.80

1/5/1999

date



Tennelec 118 Det B-1 Beta Background

2.10

+3 sigma

1.98

1.74

\

1.50

D cinma
~

1.38

r 8/2/2005
: 5/2/2005
r 4/5/2005
- 3/9/2005
- 5/2/20056
- 4/5/2005
r 3/9/2005
r 11/8/2004
- 9/10/2004
r 10/19/2004
I 8/28/2000
 7/24/2000
r 5/22/2000

- 4/10/2000

2/21/2000

1/24/2000

1/11/2000

r 12/13/1999

- 11/22/1999

-3 sigma

- 10/25/1999

r 10/11/1999

r 9/2/1999

r 8/23/1999

r 7/26/1999

r 7/12/1999

r 6/23/1999

r 6/8/1999

r 5/22/1999

r 4/7/1999

- 2/26/1999

r 2/17/1999

r 2/5/1999

r 1/25/1999

240 +

2.30

2.20 +
2.10
2.00

1/5/1999

1.40 —
1.30 +
1.20 +
1.10 +
1.00 +
0.90 +
0.80

date



2.07
1.94

Tennelec 118 Det B-2 Beta Background
=3 eigmn
+$sigma

LY

VV\/

1.67
1.41

k%ﬁ/vﬂ
\l "

L

Aol
J

b

1.27

-3 sigma

r 8/2/2005
: 5/2/2005
r 4/5/2005
- 3/9/2005

- 5/2/2005

4/5/2005

r 3/9/2005

- 11/8/2004
r 9/10/2004
r 10/19/2004
r 8/28/2000
r 7/24/2000

r 5/22/2000

- 4/10/2000
- 2/21/2000
- 1/24/2000
- 1/11/2000
r 12/13/1999
r 11/22/1999
- 10/25/1999
- 10/11/1999
- 9/2/1999

- 8/23/1999
r 7/26/1999
F 7/12/1999

r 6/23/1999
r 6/8/1999

r 5/22/1999

I 4/7/1999

: 2/26/1999
I 2/17/1999

F 2/5/1999

r 1/25/1999

2.40 v
2.30 +
220 +
210 +
2.00 +
1.90

1.80 -+

1.70 —
1.60 +
1.50 +

wdo

1.40 +
1.30 -+
1.20 +
1.10 4
1.00 +
0.90 +
0.80

1/5/1999

date



Tennelec 118 Det B-3 Beta Background

2.05

+3 sigma

+2 Qinmﬂ

1.91

t

1.64
1.38
1.24

 8/2/2006

r 5/2/2005
r 4/5/2005
 3/9/2005

- 5/2/2005

- 4/5/2005
- 3/9/2005
r 11/8/2004

r 9/10/2004
r 10/19/2004
- 8/28/2000
r 7/24/2000
r 5/22/2000

r 4/10/2000

l!\-\ - 2/21/2000

1 r 1/24/2000
r 1/11/2000

r 12/13/1999

11/22/1999

-2 sigma_
-3 sigma

r 10/25/1999
r 10/11/1999
r 9/2/1999

- 8/23/1999
r 7/26/1999

r 7/12/1999

r 6/23/1999

r 6/8/1999

r 5/22/1999

I< L 471999

r 2/26/1999

r 2/17/1999

r 2/5/1999

1/25/1999

240 1

2.30 +

2.20 +

210 +

2.00 +

1.90 ¥

1/5/1999

1.80 +
1.70 +
1.60 j
1.50 +
1.40 +
1.30 +
1.20 +
1.10 +
1.00 +
0.90 +
0.80

wdo



Tennelec 118 Det B-4 Beta Background

2.12

1.97
1.67

+3 sigma

+2 sigma

Y.

1.38

-2 sigma

1.23

-3 sigma

r 8/2/2005
r 5/2/2005

I 4/5/2005

- 3/9/2005

r 5/2/2005

r 4/5/2005

: 3/9/2005

r 11/8/2004
r 9/10/2004
- 10/19/2004
r 8/28/2000

r 7/24/2000

r 5/22/2000

r 4/10/2000

r 2/21/2000

r 1/24/2000

- 1/11/2000
i 12/13/1999
r 11/22/1999
I 10/25/1999
r 10/11/1999
r 9/2/1999

- 8/23/1999
r 7/26/1999
r 7/12/1999
r 6/23/1999
- 6/8/1999

r 5/22/1999
r 4/7/1999

I 2/26/1999

r 2/17/1999

r 2/5/1999

r 1/25/1999

240 +

2.30 +

2.20 +

210 +

T

2.00
1.90
1.80
1.70 +
1.60 +

wdo

1.50 +

1.40 |

1.30 +

1.20 +

1.10 +

1.00 +

0.90 +
0.80

1/5/1999
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