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Executive Summary

The Waste Receiving and Processing (WRAP) facility, located on the Hanford Site in southeast
Washington, is a key link in the certification of transuranic (TRU) waste for shipment to the Waste
Isolation Pilot Plant (WIPP). Waste characterization is one of the vital functions performed at WRAP,
and nondestructive assay (NDA) measurements of TRU waste containers is one of two required
methods used for waste characterization. The Waste Acceptance Criteria for the Waste Isolation Pilot
Plant, DOE/WIPP-069 (WIPP-WAC) delineates the quality assurance objectives which have been
established for NDA measurement systems. Sites must demonstrate that the quality assurance
objectives can be achieved for each radioassay system over the applicable ranges of measurement.

This report summarizes the validation of the WRAP NDA systems against the radioassay quality

assurance objectives or QAQs. A brief description of the each test and significant conclusions are
included. Variables that may have affected test outcomes and system response are also addressed.

ii
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Introduction

The WRAP facility has four primary NDA systems: two imaging passive/active neutron (IPAN)
systems and two gamma energy assay (GEA) systems. The two IPAN units are identical, as are the
GEA units, thus the systems are designated as follows: IPAN A, IPAN B, GEA A, and GEA B. This
report documents the conformance of GEA-A to the precision and accuracy radioassay QAOs, and
reports the minimum detectable concentration (MDC). The QAOs were demonstrated for 55-galion
(208 L) waste containers only. A separate documnent, HNF-4050 addresses the total measurement
uncertainty (TMU) for the GEA system while HNF-5148 addresses system calibration.

WIPP sets forth four nominal testing points for NDA which are in alpha curies and grams of weapons
grade (WG) Pu.  Due to the nature of available sources, WRAP used the nominal WG Pu gram
quantities for testing. This report documents testing of the GEA-A system atthe 0.1 g,1.0¢g, 10 g,
and 160 g levels for the QAOs with system calibration established in December of 1999, and a
supplemental transmission calibration in March of 2000.

‘The MDC was determined as a function of waste density and Pu-239 transitions of particular interest.
Five drums containing non-interfering matrix material covering a density range of 0.046 to 1.56 kg/L
were assayed. The MDC reflects the best sensitivity for a particular assay system and specific assay
conditions (i.e. count time, sample configuration) when no added radioactivity is present. As such, no
radioactive sources were required for the MDC determination. As with the accuracy and precision
QAOs, the MDC is valid for 55-gallon waste containers only. The assay data for the MDC
calculations was obtained from December 1999 into early January 2000. The instrument response and
the documented results are applicable to the current waste stream undergoing analysis at WRAP.

Precision and Accuracy

To comply with QAQ requirements, facilities must determine precision and accuracy values obtained
for 15 replicate measurements of appropriate-size mock waste containers containing nominal test
quantities of TRU isotopes distributed in a non-interfering matrix. This must be done for each system
which is to be certified. The equations used to determine these values, tabulated later in this report,
are listed below.

Equation 1 calculates precision as the percent relative standard deviation (%RSD) of the distribution
of 15 replicate measurements:

5

% RSD= =*100
Y
where
%RSD = percent relative standard deviation;
s = standard deviation;
y = mean of the replicate measurements.

Equation 2 determines the standard deviation:
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& vy )
£ ; n-1I
where
3 standard deviation;
yi = the measured value of the i replicate measurement;
y = the mean of the replicate measurements;
n = the number of replicate measurements.

Equation 3 determines the accuracy as percent recovery for replicate measurements:

% R = Em %100
where
%R = percentrecovery;
Cn = average result of 15 replicate determinations;
C = known value for the isotope standard used in the replicate measurements.

Minimum Deteciable Concentration

The WIPP-WAC defines the MDC as that radioactivity concentration which, if present, yields a
measured value greater than the critical level with 95% probability, where the critical level is defined
as that value which measurements of the background will exceed with 5% probability. No value is
specified for the MDC. TRU waste destined for WIPP must have a TRU alpha activity concentration
greater than 100 nCi/g. The MDC for the waste stream and the assay conditions must be less than the
TRU alpha concentration determined in the waste container. Instruments performing TRU/low-level
waste discrimination measurements must effectively have an MDC of 100 nCi/g or less. This sets an
effective ‘minimum’ MDC of 100 nCi/g.

Equation 4 gives the base expression used for determining the MDC:

MDC =K {(2.71+4.65*s, )

where

K, = proportionality constant relating the detector response (counts) to activity
concentration. K, incorporates factors such as the detection efficiency and
branching ratio for the gamma ray under consideration, the collection live
time, waste weight and conversion factors. The magnitude of K; is expected
to change depending on the characteristics of the waste matrix (e.g. density) as
this affects detection efficiency.

S = the standard deviation or uncertainty of the background.

With respect to equation 4, the standard deviation of the background is determined as
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Sy = Jeounts = \/CR*TC

where
counts = the total counts acquired in the region of interest for a photon of energy E;
CR = count rate in the region of interest for a photon of energy E (cps);
Te = count time (real time) for the assay (second).

Substituting terms appropriate for gamma spectroscopy (GEA) into K yields a final equation
(Equation 5) for representing the MDC for the GEA system:

2.71+4.65,/CR(EY)T,
pe . R71+465CRENT)
S(ENI(EY)(M)T37
where
CR(E) = count rate in the region of interest for a photon of energy E (cps);
Te = count time for the assay (second),
eE) = the detection efficiency for the photon of energy E (counts/photon);
I(E) = yield or intensity for the photon of energy E(photon/second);
M = mass of the drum waste matrix (g);
37 = conversion factor relating decays per second to nCi (dps/nCi).

While equation 5 is the base equation for MDC calculations, it was not explicitly evaluated in
determining the assay MDC values. The GEA system software suite (Canberra Genie PC) calculates
and reports a minimum detectable activity (MDA) for nuclides listed in the analysis library, but not
identified in the sample spectrum. If a specified peak exceeds the decision level inherent in equation
5, the software reports the nuclide, otherwise the MDA for the nuclide is reported. The system
operating manual (Genie-PC Volume Two, Algorithms Appendix B} describes the analysis algorithm.
The MDA value reported is determined from expressions identical to equation 4 and 5.) As
configured at WRAP, the software report provides an MDA (in nCi) for all *undetected’ radionuclides
listed in the search library. The system reported MDA can be converted to a MDC by use of the
appropriate waste matrix mass and conversion factor as shown in equation 6:

MDAC(E, )*1000
MDC(E, )=
! M *1000
where:
MDC(E,) = minimum detectable concentration for a specific nuclide based upon emission

of a photon of energy E (nCi/g);
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MDA(E,) = system reported minimum detectable activity for the specified nuclide photon

of energy E (uCi);

M = mass of the waste matrix (kg);

1000/1000 = conversion factor relating nCi to uCi and kg to grams -1000 nCi/uCi; 1000 g
per kg (nCi kg/uCi g).

Description of Tests

Precision and Accuracy

For testing of the NDA systems against the WIPP QAQ requirements, the PDP “empty”™ matrix drum
was loaded with sources to approximate the nominal test points. The previous QAO demonstration
(HNF-4051 REV 2 and REV 3) utilized the PDP “combustibles” matrix drum. The table below shows
the specific sources used in each test configuration and their arrangement within the drum. The test
arrangement number (e.g., QAO-A1) is shown in the next section where individual test results are

tabulated.
Source PuMass | QAO-A1 | QAO-A2 | QAO-A3 | QAO-A4
1D (8) I
WRAP100MGPU 0.10 T1,P10
WRAP-1/500MGPU 0.50 T1,P6
WRAP-2/300MGPU 0.50 T1,P15
WRAP-1/5GPU 5.00 T1,P6
WRAP-2/5GPU 5.00 T1,P15 T3,P19
WRAP-3/5GPU 5.00 T2,P10
WRAP10GPU 10.00 T3,P10
WRAP20GPU 20.00 T1,P19
WRAP30GPU 30.00 T2,P19
WRAP40GPU 40.00 T3.P1
WRAPS0GPU 50.00 TLP10
Pu Totals (g) 0.10 1.00 10.00 160.00

Table 1. QAO sample configuration for January and Marech 2000 tests.

The “T” and “P” references are to tube number and pin height, respectively. Tube 1 is centered in the
drum, while tube 2 is located about halfway between the center and the outer wall of the drum. Tube
3 1s located near the outer wall of the drum, opposite tube 2. The pin numbers refer to height (in
inches) above the bottom of the drum at which the source is placed. The sources are composed of Pu
dispersed in diatomaceous earth, doubly enclosed in concentric stainless steel cylinders. They are nine
inches long and about two inches in diameter. The nominal Pu-239 content is 94% for all sources. All
the sources were “WRAP’ sources, purchased by WRAP for NDA (GEA and IPAN) operations.

The sources were not part of the PDP cycle. All assays were performed using the WRAP GEA

4
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operating procedure (WRP1-OP-0906). Two QAO tests were performed. QAOQ testing was
conducted Jaunary 5 — 12 following calibration of the GEA-A unit. The second QAQ evaluation was
performed March 6 - 9 as a result of the transmission source recalibration of GEA-A. The same test
configurations were used in both tests, with the March configurations designated with an ‘A’ suffix
(i.e. QAO-A2A). Only three nominal QAOQ points were assayed. The 0.1 g WP Pu point (QAC-Al}
was not reevaluated as the transmission calibration was not expected to impact system performance or
the systemn results at this point.

MDC

The GEA system MDC was determined from replicate measurements of drums over a matrix density
of 0.046 to 1.56 kg/L (g/cm’). The drum matrix was uniform and contained no distributed radioactive
sources or interfering components. Additionally, no radioactive sources were added to the drums.
Data was acquired for 15 replicate assays at three different drum densities using a nominal (5 minute)
counting time. Additionally, two 60-minute assays were performed on the same set of drums. The
system reported MDA values (uCi) were converted to MDC values through equation 6 and the
appropriate drum mass. As above, all assays conducted for the MDC determination were performed
in accordance with the WRAP GEA operating procedure (WRP1-OP-0906).

QAO Results

Results for the GEA-A system are presented in surmmary tables for the precision and accuracy QAOs,
followed by the MDC determinations. Table 2 gives the precision and accuracy QAO results from the
January tests while Table 3 contains the resuits from early March. The same samples were used in
both evaluations. Results are given for the ‘Sum Segments’ and ‘Combine All’ algorithms for each
of the nominal evaluation points using the 414 keV (Pu-239B) and 129 keV (Pu-239A) emissions of
Pu-239. The January results appear first, followed by the March evaluations. Finally, data for the
160 g WG Pu sample includes results with and without the detector shields (collimator per
manufacturer’s terminology) in place. Data for the 15 replicates runs for each of the QAO assays is
contained in Appendix A.
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Summary of January GEA A Tests — Accuracy and Precision

Nominal Point
(g WG Pu)

Pu Mass

Range (g) Emission

0.1

10

160
(No attenuator)

160
(Aftenuator)

Sum Segments

Combine All

Precision Accuracy
% RSD %R

Precision Accuracy
% RSD %R

All listed data are the average from 15 replicate assays

Table 2. GEA-A QAO results for January 2004,

Summary of March GEA A Tests — Accuracy and Precision

Nominal Point

Pu Mass

(g WG Pu) Range (g) Emission

0.1 0-0.25
1 0.25-2.5
10 25-25
160 >25
(No attenuator)

160 >25

{Attenuator} Pu-239A

Sum Segments Combine All
Precision Accuracy | Precision Accuracy
% RSD %R % RSD %R

pan

il B

2.70

6.27

All listed data are the average from 15 replicate assays. A 0.1 gram evaluation
was not conducted. Results from the January tests are applicable.
Table 3. GEA-A QAO results for March 2000,
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Summary of GEA A Tests — Minimum Detectable Concentration

Figure 1 shows MDC determinations as a function of a non-interfering matrix density for Pu-239B
(414 keV) and Pu-239A (129 keV). Each data point represents the average, software ‘sum segments’
MDA value for 15 replicate measurements, adjusted per equation 6 to yield an MDC. The smooth
curves are power function fits of the data points. The MDC determined using the lightest matrix

¢ Pu-239B (414 keV) B Pu-239A (129 keV)

125 |-} ——— " MDC = 15.84(density)***- ~MDC = 5.74(density) > -
R? = 0.99 R? = 0.98

Minimum Detectable Concentration

0 ; e : : . ‘
\ 0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60

Drum matrix density (kg/L)

| Figure 1. Minimum Detectable Concentration (MDC) as a function of drum

| matrix density based on Pu-239A (129 keV) and Pu-239B (414 keV) peaks.
' Data is the average sum segment from 15 replicate measurements at a

\ nominal count time of five minutes.

{0.046 kg/L — first data point) is 40 nCi/g for the 129 keV peak of Pu (Pu-239A) and 130 nCi/g for the
414 keV Pu-239 emission (Pu-239B). It is worth noting that the MDC determined from the 129 keV
data is in excellent agreement with the 39 + 2 nCi/g value reported in revision 2 of this document.

The 100 nCi/g effective lower limit for the MDC would c¢learly be met for all waste densities for assay
results based upon the 129 keV Pu-239 emission. For the 414 keV peak, the data indicates that the
100 nCi/g minimum MDC would be met for all but the lightest density waste. Based upon the
displayed regression, a waste density of 0.068 or ~ 0.07 kg/L yields a 100 nCi/g, TRU-low level waste
MDC cutoff criteria. Based upon a review of over 100 waste stream drums assayed at WRAP, the
average waste density is 0.24 kg/L, with a minimum observed density of 0.094 kg/L.. More than 95%
of the waste drums assayed to date had waste densities greater than 0.10 kg/L.




HNF-4051 REV 4

Using the actual waste densities and the power function determined in Figure 1, the expected MDCs
for the current waste stream utilizing the Pu-239B and Pu-239A lines (414 and 129 keV respectively)
can be determined. Figure 2 shows this data. The largest MDC of 80 nCi/g would occur at an
observed waste density of 0.094 kg/L.. For 98% of the waste drums assayed at WRAP to date, the
maximum MDC would be 66 and 21 nCi/g as determined from the 414 keV and 129 keV Pu-239
lines respectively.

150

125 | o R PU-23QB (414 keV)

MDC = 15.84(Density) "
@ Pu-239A (129 keV line)

100 [ ——-

75 MDC = 5.74(Density) 5

50

Minimum Detectable
Concentration MDC (nCi/g)

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Measured Drum Waste Density {kg/L)

Figure 2. Minimum detectable concentrations for Pu-239B (414 keV) & Pu-239A
(129 keV) calculated for processed waste densities using the derived MDC
function for 5 minute assays. ‘
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Discussion of Results

The following table, taken from Table E-1 of HNF-2600, Hanford Site Transuranic Waste
Certification Plan, gives the precision and accuracy QAQ validation requirements.

Nominal Parameter
compliance
Range of waste Point Precision® Accuracy®
activity in a-Curies® (%RSD) (%R)
a-Curies? (g WG Pu)°
010 0.02 0.008 <20 70-130
(0.1)
>0.02t0 0.2 0.08 <15 70-130
(1.0)
>0.2102.0 0.8 <10 70-130
(10)
>2.0 12.8 <5 70-130
(160}

? Applicable range of TRU activity in a 208-L (55-gal.) waste container to which the QAOs apply, units are
Curies of alpha-emitting TRU isotopes with half-lives greater than 20 years.

The nominal activity (or weight of Pu) used to demonstrate that QAOs can be achieved for the corresponding
range in column 1. Values in parentheses are the appropriate equivalent weights of weapons grade
plutorium (WG Pu) 15 years after purification; for purposes of demonstrating QAQOs, "nominal” means within
+50 percent, except for the highest range, where "nominal” means +25 percent.

° x One standard deviation based on 15 replicate measurements of a noninterfering matrix. The calculated
standard deviation is compared with the mean measured value of the QAQ source to obtain the %RSD.

Percent recovery(%R) determined from the ratic of measured to known values based on the average of 15
replicate measurements of a noninterfering matrix.

It should be noted that a noninterfering matrix is a virtual impossibility. For this QAO test, the empty
PDP drum was used. While the interference of this matrix is non existent, the test sources
themselves provide interference, particularly for the 129 keV gamma of Pu-239. The two walls of
stainless steel surrounding the Pu source material does attenuate gamma flux. The primary energy
line used for gamma detection of Pu-239 is 414 keV, but at extremely low mass levels (such as 0.1g)
the yield fraction of the 414 keV gamma is too low to be consistently detectable. At these mass
values, the primary energy line becomes 129 keV, since it has a significantly higher yield fraction than
the 414 keV line. This relatively low (129 keV) energy line can be easily attenuated by the
encapsulating steel walls of the source.

Precision and Accuracy

Table 4. provides a comparison of the January QAO resuits with the required performance. As

before (HNF-4051 Rev 3) the GEA-A system satisfied the 1 g and 10 g test points for the ‘Combine
All’ and ‘Sum Segment’ results using either the 129 keV or 414 keV Pu-239 transition. Neither the
Sum Segments nor Combine All results satisfy the QAQO requirements at the 0.1 gram nominal point
using the 414 keV emission., however both algorithms satisfy the requirements utilizing the 129 keV
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peak. As mentioned above, this is a direct result of the high vield fraction for the 129 keV transition.
The affect of the stainless steel encapsulation is evident in the lower percent recovery determined from
the 129 keV emission in comparison to the recovery determined using the 414 keV emission.

The QAO requirements can not be satisfied at the 160 gram point utilizing the 129 keV emission for
either ‘Sum Segments’ or ‘Combine All’. The QAQ is satisfied, however, if the 414 keV gamma is
used in either the Combine All or Sum Segments algorithms at this mass. Use of the sum segments
algorithm at the 160 gram point requires assaying with the collimator (detector shield) in place for best
performance.

Sum Segments Combine All
Nominal Point Pu Mass Precision %  Accuracy |[Precision % Accuracy
(g WG Pu) Range (g) Emission RSD %R RSD %R
0.1 0-0.25
1 0.25-25
10 2.5-25
160 >25
(No attenuator)
160 >25 ;
(Attenuator) Pu-239A

Table 4. GEA-A QAO results for January 2000,

The QAO tests performed in March were a direct result of system maintenance and establishing a new
system transmission calibration. The transmission information is used in the Combine All algorithm.
Table 5 gives the QAO results for the 1.0, 10 and 160 gram nominal points which were identical to the
Janvary QAQOs. The 0.1 nominal Pu mass QAO was not reassayed.

The March results are very similar to those obtained in January, though some points are worth
mentioning. For the 10 gram point, the ‘Sum Segment’ results obtained from the 129 keV emission
fail the accuracy QAOQO. Table 3 shows a recovery of 71% from the January evaluation and 67% for

Nominal Point
{g WG Pu)

Pu Mass
Range (g)

Emission

Sum Segments

Combine All

Precision %  Accuracy
RSD %R

Precision %
RSD

Accuracy
%R

0.1

0-0.25

10

160
(No attenuator)

160
(Attenuator)

Pu-23

Pu-239B

Table 5. GEA-A QAQ results for March 2000,

e e ke AL iAo B3 s et
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the same sample in March.

Overall, the January and March 2000 QAO test results agree with the previous reported QAO results
(HNF-4051 Rev 3). The GEA ‘Combine All’ results failed at the 0.1 g level for both the empty and
combustible PDP drum. For GEA A, the ‘Combine All Results’ algorithm is preferred at the lower
gram levels; at approximately 5.0 g Pu the *‘Combine All’ algorithm is preferred.

All testing was performed using the WRAP GEA operating procedure (WRP1-OP-0906). The
standard operating software for the system was used to acquire data and report results. Testing was
performed for 55-gallon (208 liter) waste drum configurations only and the QAO results, are
therefore, only valid for 55-gallon (208 liter) waste packages.

For these results to be valid, full independence of source materials must be maintained. The QAQ
tests were performed using plutonium sources, each with its own pedigree and documentation. GEA
calibration utilized mixed sources containing Co-60. Ba-133, Cs-137, and Am-241. No sources used
in calibration were or are used in QAQ validation. Appendix B contains the certificates for the
sources used in the January and March QAO validation.

Minimum Detectable Concentration

The MDC curves presented in Figure 1 and Figure 2 demonstrate the effect of matrix density on the
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Figure 3. Minimum Detectable Activity (MDA) and MDC as a function of

waste density for the 414 keV Pu-239 emission.
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minimum detectable concentration (equation 5 and 6). Figure 3 shows minimum detectable activity
(MDA — determined and reported directly by the system software) and calculated MDC data for Pu-
239B (414 keV) as determined from the ‘sum spectrum’ or ‘sum segments’ algorithm. The three data
points and power function trend line (MDC - S minute count) are the data points from Figure 1. The
additional data are a result of 60-minute assays conducted on the three *original’ drums (Figure 1) and
two additional drums. The two additional density points at 0.43 and 0.65 kg/L were assayed to better
cover the factor of 20 “gap” in the 0.046 to 0.86 kg/L. density interval. The data points are the average
value from two, [-hour assays. The additional points re-enforce the previously developed power
function trend line.

The curves in figure 3 are consistent with the expected instrument response and equations 5-6 for
MDC and MDA. Plotting the MDA (uCi) values along with the MDC for the one-hour assays
illustrates several important factors. From the MDC plot, one might conclude that assay sensitivity
increases with increasing matrix density. The MDA plot in Figure 4 demonstrates the true response.
As drum density increases, the magnitude of the measured MDA increases; which is equivalent to a
decrease in assay sensitivity. This is consistent with the factors contributing to MDC and MDA. The
first is the drop in detector efficiency with increased matrix density. Efficiency appears in the
denominator of equation 5. The detection efficiency drops as a result of increased attenuation by the
sample matrix necessitating an increase in the MDA, In other words, more activity is required for the
true signal to be reliably recognized as a true signal.

The increase in waste density also contributes to a loss in assay sensitivity as result of increased
background. Sources of background at WRAP include the natural radiation in the building materials,
including the detector, and materials around the facility. Radiation from manmade radionuclides
originating from adjacent waste drums may also contribute to this background. The increase in matrix
density does not change the background radiation flux at the detector. Rather, having a more dense
matrix increases the probability of these emissions interacting with the matrix and being detected as
either discrete lines or contributing to the detector continuum.

The combined effect of increased interactions of the background radiation and the decreased
efficiency associated with a more dense matrix, results in the loss of measurement sensitivity. This is
illustrated by the increase in MDA values with density. Yet, the MDC decreases with matrix density.
This 1s a direct result of the MDC being defined as a concentration, having mass (grams) as its basis.
Waste mass is directly proportional to waste density, with the net effect being the decrease in the
MDC with increasing waste mass despite the loss of assay sensitivity. The power function regressions
in figure 1 help illustrate the effect. If the MDC were solely a function of sample density (i.e detection
efficiency and background were independent of density) the regression formulae would show an x™ or

kg/L™! [1/(kg/L)] dependence.

One final comment on MDC for the GEA systems is prudent. It must be remember that the minimum
detectable concentration value is an a priori estimate of the minimum activity that would result in a
net signal that could be reliably quantified by the GEA system. It is dependent on both the samples
being analyzed, and the parameters of the assay (e.g. count time), and ts thus specific for the particular
assay condition.
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GEA A QAO-A1

0.1g WG Pu in Empty Matrix

Pu-239A
Summed Segments 12%keV Combine All Results 129keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass {g) Mass Activity (uCi) Mass (g) Mass
Run 1 4.31E+03 6.85E-02 73.05 4.77E+03 7.58E-02 80,85
Run 2 4.20E+03 6.68E-02 71.19 4.31E+03 6.85E-02 73.05
Run 3 4. 70E+03 7.47E-(2 79.66 5.36E+03 8.52E-02 90.85
Run 4 4.54E+03 7.22E-02 76.95 3.83F+03 6.09E-02 64.92
Run 5 5.00E+03 7.95E-02 84.75 5.46E+03 8.68E-02 92.54
Rum 6 4.82E+03 7.66E-02 81.69 4.50E+03 7.15E-02 76.27
Run 7 4.56E+03 7.25E-02 77.29 4. 42E+03 7.03E-02 74.92
Run 8 4.49E+03 7.14E-02 76,10 4.53E+03 7.20E-02 76.78
Run 9 4. 94E+03 7.85E-02 83.73 3.92E+03 6.23E-02 66.44
Run 10 5.40E+03 8.59E-02 91.53 5.10E+03 8.11E-02 86.44
Run 11 4.80E+03 7.63E-02 81.36 4.37E+03 6.95E-02 74,07
Ram 12 4.24E+03 6.74E-02 71.86 4.75E+03 7.55E-02 80.51
Run 13 4 89E+03 7.77E-02 82 88 4.94E+03 7.85E-02 83.73
Run 14 5.14E+03 8.17E-02 87.12 4. 80E+03 7.63E-02 81.36
Run 15 4. 531E+03 7.17E-02 76.44 4 91E+03 7.81E-02 83.22
Average 4. 70EH3 7.48E-02 7.97EH)1 4.66E+H)3 7.42E-02 7.91E+01
standard 5.43E-03 standard 7.42E-03
deviation deviation
Precision %RSD = 7.26 {Pass) %RSD = 10.00 (Pass)
Accuracy %R = 79.71 (Pass) %R = 79.06 (Puass)
Total Bias (%) 71.19 to 9153 6492 to 9254
GEA A QAO-Al 0.1g WG Pu Empty Matrix (129keV)
120
110
100
]
g 90
=
% 80
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=60
50
40
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Run #
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GEA A QAO-A1 0.1 WG Pu in Empty Matrix

Pu-239B
Summed Segments 414keV Combine All Results 414keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Astivity (uCi) Mass (g) Mass
Run 1 4 92E+03 7.82E-02 83.39 1.32E+03 2.10E-02 2237
Run 2 6.32E+03 1.00E-01 107.12 6.32E+03 1.00E-01 107.12
Run 3 3.78E+03 6.01E-02 64.07 4 .01E+03 6.38E-02 67.97
Run 4 5.25E+03 8.35E-02 88.98 5.25E4+03 8.35E-02 88.98
Run 5 6.00E+03 9.54E-02 101.69 4 72E+03 7.50E-02 80.00
Run 6 5.08E+03 8.08E-02 86.10 5.08E+03 3.08E-02 86.10
Run 7 3.78E+03 6.01E-02 64.07 3.78E+03 6.01E-02 64.07
Run 8 4.97E+03 7.90E-02 84.24 1.09E4+03 1.73E-02 18.47
Run 9 4 30E+03 6.84E-02 72.88 1.65E+03 2.62E-02 27.97
Run 10 5.07E+03 8.06E-02 85.93 2.93E+03 4 66E-02 49 66
Run 11 6.65E+03 1.06E-01 112,71 3.64E+03 5.79E-02 61.69
Run 12 3.33E+03 5.29E-02 56.44 3.33E+03 5.29E-02 56.44
Run 13 1.10E+04 1.75E-01 186.44 1. 10E+04 1.75E-01 186.44
Run 14 5.30E+03 8.43E-02 89.83 5.30E+03 8.43E-02 89.83
Run 15 4. 74E+03 7.54E-02 80.34 1.86E+03 2.96E-02 31.53
Average 5.37EH3 8.53E-02 9.09EHM 4.09E+03 6.49E-02 6.92E+)1
standard ) 88E-02 sanderd - 3.96E-02
Precision %RSD = 33.76 (Fail) %RSD = 60.93 (Fail)
Accuracy %R 90.95 {Pass) %R = 69.24 (Fail)
Total Bias (%0) 56.44 to 186.44 18.47 to 18644
GEA A QAO-A1  0.1g WG Pu Empty Matrix (414keV)
200
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GEA A QAO-A2 1.0g WG Pu in Empty Matrix

HNF-4051 Revision 4

Pu-239A
Sumined Segments 129keV Combine All Results 129keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 4.47E+04 7.11E-01 75.776 6.26E+04 9.95E-01 106,10
Run 2 4 38E+04 6.96E-01 74.24 6.04E+04 9.60E-01 102,37
Run 3 4 29E+04 6.82E-01 72.71 5.96E+04 9.48E-01 101.02
Run 4 4.38E+04 6.96E-01 74,24 6.23E+04 9.90E-01 105.59
Run 5 4.56E+04 7.25E-01 77.29 6.08E+04 9.67E-01 103.05
Run 6 4 33E+04 6.88E-01 73.39 6.07E+04 9.65E-01 102,88
Run 7 4.36E+04 6.93E-01 73,90 6.03E+04 9.59E-01 102,20
Run § 4.39E+04 6.98E-01 74.41 5.98E+04 9.51E-01 101.36
Run 9 4 27E+04 6.79E-01 72.37 5.84E+04 9.28E-0t 98.98
Run 10 4 37E+04 6.95E-01 74.07 6.08E+04 9.67E-01 103.05
Run 11 4.25E+04 6.76E-01 72.03 5.91E+04 9.40E-01 100.17
Run 12 4 38E+04 6.96E-01 74.24 5.96E+04 9 48E-01 101.02
Run 13 4 41E+04 7.01E-01 74.75 6.14E+04 9.76E-01 104.07
Run 14 4.33E+04 6.88E-01 73.39 6.21E+04 9.87E-01 105.25
Run 15 4. 30E+04 6.84E-01 72.88 6.12E+04 9.73E-01 103.73
Average 4.36E+H)4 6.94E-01 7.40EHM 6.06E+04 9.64E-01 1.03E+H02
standard standard
deviation 1.25E-02 deviation 1.90E-02
Precision %RSD = 1.81 (Pass) %RSD = 1.98 (Pass)
Accuracy %R = 7398 (Pass) %R = 102.72  (Pasy)
Total Bias (%) 72.03__to__ 77.29 98.98 to_ 106.10
GEA A QAO-A2  1.0g WG Pu Empty Matrix (129keV)
120
100
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=
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GEA A QAO0-A2 1.0g WG Pu in Empty Matrix

HNF-4051 Revision 4

Pu-239B
Summed Segments 414keV Combine All Results 414keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 5.33E+04 8.47E-01 90.34 6.41E+04 1.02E+00 108.64
Run 2 5.68E+04 9.03E-01 96.27 6.85E+04 1.09E+00 il6.10
Run 3 5.74E+04 9.13E-01 97.29 6.76E+04 1.07E+00 114.58
Run 4 5.69E+04 9.05E-01 96.44 6.95E+04 1.10E+00 117.80
Run 5 5.93E+04 9.43E-01 100,51 7.26E+04 1.15E+00 123.05
Run 6 5.60E+04 8.90E-01 94,91 6.78E+04 1.08E+00 114.91
Run 7 5.27E+H04 8.38E-01 89.32 6.32E+04 1.04E+00 110.51
Run 8 5. 77E+04 9.17E-01 97.80 6.63E+04 1.05E+00 112.37
Run 9 5.54E+04 8.81E-01 93.90 6.75E+04 1.07E+00 114.41
Run 10 5.64E+04 8.97E-01 95.59 T.07E+04 1.12E+00 119.83
Run 11 5. 72E+04 9.09E-01 96.95 7.12E+04 1.13E+00 120.68
Run 12 6.26E+04 9.95E-01 106.10 7.50E+04 1.19E+00 127.12
Run 13 5.95E+04 0.46E-01 100.85 7.00E+04 1.11E+00 118.64
Run 14 5.64E+04 8.97E-01 95.59 6.453E+04 1.03E+00 109,32
Run 15 5.62E+04 8.93E-01 95.25 6.71E+04 1.07E+00 11373
Average_ 5.69E+H4 9,05E-01 9.65E+01 6.85EHM4 1.09E+00 1.16E+H02
standard = _ 5 g7E.02 standard g g4F.02
deviation deviation
Precision %RSD = 4.22 {Pass} %RSD = 4.44 {Pass)
Accuracy %R = 96.47 (Puss) %R 116.11 (Pass)
Total Bias (%) 89.32 to 106,10 108.64 to 127.12
GEA A QAO-A2 1.0g WG Pu Empty Matrix (414keV)
140
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GEA A QAO-A3 10.0g WG Pu in Empty Matrix

Pu-239A
Summed Segments 129keV Combine All Results 129keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 4 22E+05 6.71E+00 71.53 5.39E+05 8.57E+00 91.36
Run 2 4 21E+05 6.69E+00 71.36 5.38E+05 8.35E+00 91.19
Run 3 4.19E+05 6.66E-+00 71.02 5.30E+H05 8 43E+00 89.83
Run 4 4.19E+05 6.66E+00 71.02 5.31E+05 8.44E+00 90.00
Run 5 4.23E+05 6.72E+00 71.69 5.30E+05 8 43E+00 89.83
Run 6 4 20E+05 6.68E+00 71.19 5.27E+05 8.38E+00 89.32
Run 7 4.19E+05 6.66E+00 71.02 5.22E+05 8.30E+00 88.47
Run 8§ 4 21E+05 6.69E+00 71.36 5.51E+05 8. 76E+00 93.39
Run 9 4 19E+05 6.66E+00 71.02 5.38E+05 8.55E+00 91.19
Run 10 4. 17E+035 6.63E+00 70.68 5.39E+05 8.57E+00 91.36
Run 11 4.15E+05 6.60E+00 70.34 5.23E+05 8.31E+00 88.64
Run 12 4.19E+05 6.66E+00 71.02 5.42E+05 8.62E+00 91.86
Run 13 4 23E+05 6.72E+00 71.69 5.49E+05 8.73E+00 93.05
Run 14 4.17B+05 6.63E+00 70.68 5.42E+05 8.62E+00 91.86
Run 15 4. 19E+05 6 _66E+00 71.02 5.42E+05 8.62E+00 91.86
Average 4.20EHI5 6.67E+00 7.11E+H)}1 5.36EH)S 8.52E+0  9.09E+H)1
standard - _ 5 55F 02 standard =y 39p 01
deviation deviation
Precision %RSD = 0.53 {Pass) %RSD = 1.63 {Puss)
Accuracy %R = 71.11 (Pass) %R 90.88 (Pass)
Total Bias (%) 7034 to  71.69 8847 to 9339
GEA A QAO-A3  10.0g WG Pu Empty Matrix (129keV)
100
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GEA A QAO-A3 10.0g WG Pu in Empty Matrix

Pu-239B
Summed Segments 414keV Combine All Results 414keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass {g) Mass
Run 1 5.68E+05 9.03E+00 96.27 6.72E+05 1.07E+01 113.90
Run 2 5.66E+05 9.00E+00 95.93 6.71E+05 1.07E+01 113.73
Run 3 5.71E+05 9.08E+00 96.78 6.69E+05 1.06E+01 113.39
Run 4 5.83E+05 9.27E+00 98.81 6.83E+05 1.09E+01 115.76
Run 5 5.69E+05 9 05E+00 96.44 6.66E+05 1.06E+01 112.88
Run 6 5.76E+05 9 16E+00 97.63 6.69E+05 1.06E+01 113.39
Run 7 5.79E+05 9 21E+00 98.14 6.74E+05 1.07E+01 114.24
Run 8 5.76E+05 9. 16E+00 97.63 6.90E+05 1.10E+01 116.95
Run 9 5.75E+05 9 14E+00 97.46 6.78E+05 1.08E+01 114.91
Run 10 5.74E+05 9. 13E+00 97.29 6. 75E+05 1.07E+01 114.41
Run 11 5.89E+05 9.36E+00 99 83 6.86E+05 1.09E+01 116.27
Run 12 5.78E+05 9. 19E+00 97.97 6.88E+05 1.09E+01 116.61
Run 13 5.68E+05 9.03E+00 96.27 6.78E+05 1.08E+01 114.91
Run 14 5.72E405 9.09E+00 96.95 6. 71E+05 1.08E+01 114.75
Run 15 5.73E+05 9 11E4+00 97.12 6.78E+05 1.08E+01 114.91
Average 5.74EH05 9.13E+0 9.74E+H01 6.77TE+0S 1.08EH1 1.15E+02
standard standard
deviation - 9.76E-02 deviation = LISE-0]
Precision %RSD = 1.07 (Puss) % RSD = 1.07 (Pass)
Accuracy %R = 97.37 (Pass) % R = 114.73 (Puass)
Total Bias (%) 9593 to 99.83 11288 to 11695
GEA A QAO-A3  10.0g WG Pu Empty Matrix (414keV)
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GEA A QAO-A4 160.0g WG Pu in Empty Matrix — Unattenuated

HNF-4051 Revision 4

Pu-239A
Summed Segments 129keV Combine All Results 129keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 3.90E+06 6.20E+01 41.31 4 94E+06 7.85E+01 52.33
Run 2 3.89E+06 6.18E+01 41.21 4.93E+006 7.84E+01 52.22
Rumn 3 3.88E+06 6.17E+01 41.10 4 85E+06 7.71E+01 51.38
Run 4 9.64E+08 1.53E+04 | 10211.83 4 91E+06 7.81E+01 52.01
Run 5 9.66E+08 1.54E+04 | 10233.02 5.08E+06 8.08E+01 53.81
Rum 6 3.90E+06 6.20E+01 41.31 4 85E+06 7.71E+01 51.38
Run 7 3.91E+06 6.22E+01 41.42 4 74E+06 7.54E+01 50.21
Run § 9.39E+08 1.49E+04 | 9947.00 4 79E+06 7.62E+01 50.74
Run 9 3.91E+06 6.22E+01 41,42 4 85E+06 7.71E+01 51.38
Run 10 3.90E+06 6.20E+01 41.31 4. 78E+06 7.60E+01 50.64
Run 11 3.89E+06 6.18E+01 41.21 4.86E+06 7.73E+01 51.48
Run 12 3.82E+06 6.07E+01 40.47 4 88E+06 7.76E+01 51.69
Run 13 3.90E+06 6.20E+01 41.31 4.85E+06 7.71E+01 51.38
Run 14 3.90E+06 6.20E+01 41.31 4 94E+06 7.85E+01 52.33
Run 15 3.89E+06 6.18E+01 41.21 4 84E+06 7.69E+01 51.27
Average 1.94EH8  3.09E+03 2.06E+03 |  4.8TE+06  7.75E+01 5.16E+01
standard standard
deviation 6.27E+03 deviation 1.30E+00
Precision %RSD = 20290 (Fail) %RSD = 1.67 (Pass)
Accuracy %R = 2059.10 (Fail) %R = 5162 (Fail)
Total Bias (%) _ 40.47__to_10233.02 5021 to_ 53.81
GEA A QAO-A4  160.0g WG Pu Empty Matrix (129keV)
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GEA A QAO-A4 160.0g WG Pu in Empty Matrix — Unattenuated

HNF-4051 Revision 4

Pu-239B
Summed Segments 414keV Combine All Results 414keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass

Run 1 8.46E+06 1.34E+02 89.62 1.01E+07 1.61E+02 | 106.99
Run 2 8.51E+06 1.35E+02 90.15 1.00E+07 1.59E+02 105.93
Run 3 8.48E+06 1.35E+02 89.83 9.84E+06 1.56E+02 104.24
Run 4 2.10E+09 3.34E+04 | 2224569 9. 95E+06 1.58E+02 105.40
Run 5 2. 10E+09 3.34E+04 | 2224569 1.02E+07 1.62E+02 108.05
Run 6 8.46E+06 1.34E+02 89.62 9.80E+06 1.56E+02 103.81
Run 7 8.44FE+06 1.34E+02 89.41 92.63E+06 1.53E+02 102.01
Run 8 2.09E+09 3.32E+04 | 22139.76 9.80E+06 1.56E+02 103.81
Run 9 8 48E+06 1.35E+02 89.83 9 88E+H06 1.57E+02 104,66
Run 10 8.46E+06 1.34E+02 89.62 9.68E+6 1.54E+02 102.54
Run 11 8.30E+06 1.35E+02 90.04 9.84E+06 1.56E+02 104,24
Run 12 8.46E+06 1.34E+02 89.62 9.89E+06 1.57E+02 104,77
Run 13 8.43E+06 1.34E+02 89.30 9. 79E+H)6 1.56E+02 103.71
Run 14 8.46E+06 1.34E+02 89.62 9.97E+06 1.59E+02 105.61
Run 15 8.45E+06 1.34E+02 89.51 9 84E+06 1.56E+02 104.24
Average 4.26EH)8 6.77EH)3  4.51E+H03 9.88EH6 1.57TEH2  1.05EH)2

sndud o 137E+04 shaderd - 2 35E+00
Precision %RSD 202.91 (Fail) %RSD = 1.50 (Pass)
Accuracy %R = 451382 (Fail) %R = 10467 (Pass)
Total Bias (%) 8930 to 2224569 10201 to 108.05

GEA A QAO-Ad  160.0g WG Pu Empty Matrix (414keV)

% Actual Mass

0 2 4 6 8 10 12 14 16

Run #
- - # - -Sum Segments ———Combine All
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GEA A QAO-A4 160.0g WG Pu in Empty Matrix -- Attenuated

Pu-239A
Summed Segments 12%keV Combine All Results 129keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass

Run 1 6.77EH05 1.08E+01 717 1.97E+06 3.13E+01 20.87
Run 2 7.27E+05 1.16E+01 7,70 2.04E+06 3.24E+01 21.61
Run 3 7.08E+03 1.13E+01 7.50 1.71E+06 2. 72E+01 18.11
Run 4 7.67EH03 1.22E+01 8.12 1.89E+06 3.060E+01 20.02
Run 5 6.86E+05 1.09E~+01 7.27 1.82E+036 2.89E+01 19.28
Run 6 7.14E+05 1.14E+01 7.56 1.92E+06 3.05E+01 20.34
Run 7 T.12E+H05 L.13E+01 7.54 1.72E+06 2. 73E+01 18.22
Run 8 T46E+H)5 1.19E+01 7.90 1.67E+(06 2.66E+01 17.69
Run 9 7T.10E+05 1.13E+01 7.52 2.06E+06 3.28E+01 21.82
Run 10 6.69E+H05 1L.O06E+01 7.09 1.89E+(6 3.60E+01 20,02
Runli T.24E+H05 1.15E+01 7.67 1.86E+06 2.96E+01 19.70
Run 12 6. 76E+05 1.07E+01 7.16 1.89E+06 3.00E+01 20.02
Run 13 7.22E+H05 1.15E+01 7.65 1.90E+06 3.02E+01 20.13
Run 14 7.03E+05 1.12E+01 7.45 1.93E+06 3.07E+01 20.44
Run 15 T.26E+05 1.15E+01 7.69 1.80E+06 2.86E+01 19.07
Average T11EHS 1.13E+01 7.53EH00 1.87EH06 2.98E+01 1.98E+H01

sanderd  _ 425B01 S 180E+00
Precision %RSD = 3.76 (Pass) %RSD = 6.04 (Fail)
Accuracy %R = 7.53 (Fail) %R = 19.82 (Fail)
Total Bias (%) 7.09 to 8.12 1769 1o 2182

GEA A QAO-A4  160.0g WG Pu Empty Matrix (129keV)

% Actual Mass

Run #

- - 4 - -Sum Segments =@ Combine All
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HNF-4051 Revision 4

GEA A QAO-A4 160.0g WG Pu in Empty Matrix -- Attenuated

Pu-2398B
Summed Segments 414keV Combine All Results 414keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi} Mass (g) Mass

Run 1 8.36E+06 1.33E+02 88.56 1.08E+07 1.72E+02 | 114.41
Run 2 8.37E+06 1.33E+02 88.66 1.12E+07 1.78E+02 | 118.64
Run 3 8.37E+06 1.33E+02 88.66 9.81E+06 1.56E+02 | 103.92
Run 4 8.36E+06 1.33E+02 88.56 1.03E+07 1.64E+02 | 10911
Run § 8.33E+06 1.32E+02 88.24 1.04E+07 1.65E+02 | 110.17
Run 6 8.35E+06 1.33E+02 88.45 1.05E+07 1.67E+02 | 111.23
Run 7 8.34E+06 1.33E+02 88.35 9.84E+06 1.56E+02 | 104.24
Run 8 8.40E+06 1.34E+02 88.98 9.75E+06 1.55E+02 | 103,28
Run 9 8.41E+06 1.34E+02 89.09 1.11E+07 1.76E+02 | 117.58
Run 10 8.32E+06 1.32E+02 88.14 1.06E+07 1.69E+02 | 112.29
Run 11 8.38E+06 1,33E+02 88.77 1.04E+07 1.65E+02 | 110.17
Run 12 8.38E+06 1.33E+02 88.77 1.07E+07 1.70E+02 | 113.35
Run 13 8.39E+06 1.33E+02 88.88 1L.O2E+H)7 1.62E+02 | 108.05
Run 14 8.32E+06 1.32E+02 88.14 1.10E+H)7 1.75B402 | 116,33
Run 15 8 33E+06 1.32E+02 88.24 1.01E+07 1.61E+02 | 106,99
Average 8.36E+H06 1.33EH)2 B.86E+H)1 1.04EH7 1.66E+H02 1,11E+H)2

sondard 45601 sanderd - 7.34E+00
Precision %RSD = 0.34 (Pass) %RSD = 4.42 (Pass)
Accuracy %R = 88.57 (Pass) %R = 110.66 (Pass)
Total Bias (%) 88.14 to 89.09 10328 o0 118.64

GEA A QAO-A4  160.0g WG Pu Empty Matrix (414keV)

% Actual Mass
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HNF-4051 Revision 4

GEA A QAO-A2A 1.9g WG Pu in Empty Matrix

Pu-239B

Summed Segments 414keV Combine All Results 414keV

Detected Detected | %6 Actual Detected Detected | % Actual

Activity (uCi} Mass {(g) Mass Activity (uCi) Mass (g} Mass

Run 1 5.65E+04 8.98E-01| 95.76 6.566+04| |1.04E+00] 111.19
Run 2 5.27E+04 8.38E-01| 89.32 6.63E+04 1.OSE+00| 112.37
Run 3 5. 74E+04 9.13E-01| 97.29 6.90E+04 1.10E+00| 116.95
Run 4 5.95E+04 9.46E-01| 100.85 T7.26E+04| |1.15E+00| 123.05
Run 5 5.81E+04 9.24E-01| 98.47 6.86E+04 L.OSEAQ0| 116.27
Run 6 5.44E+04 8.65E-01| 92.20 6.28E+04 9 98E-01| 106.44
Run 7 5.94E+04 9.44E-01| 100.68 6.92E+04 1.10E4+00| 117.29
Run 8 5.82E+04 9.25E-01| 98.64 7.06E+04 1.12E+00| 119.66
Run 9 3.75E+04 9.14E01} 97.46 6.74E+04 1.07E+00| 114.24
Run 10 5.60E+04 8.90E-01] 94.91 6.52E+04 1.04E+00] 110.51
Run 11 5.72E+04 9.09E-01} 96.95 6.48E+04 1.03E+00| 109.83
Run 12 5.42E+04 8.62E-01{ 91.86 6.59E+04 1.05E+00| 111.69
Run 13 5.60E+04 8.90E-01]| 94.91 6.90E+04 1.10E+00| 116,95
Run 14 5.61E+04 8.92E-01| 95.08 6.89E+04 1.10E+00| 116.78
Run 15 5.26E+04 3.36E-01| 89.15 6.64E+04 1.06E+00| 112.54
Average 5.64E+H04 8.96E-01 9.56E+01| 6.75E+H04  1.07EH0 1.14E+H)2

standard standard

deviation 3.43E-02 deviation 4.02E-02
Precision %RSD = 382 (Pass) %RSD = 375 {Pass)
Accuracy %R = 9557 (Pass) % R = 11438 {Pass}
Total Bias { 89.15 to 100.85 106,44 1o 12305

GEA A QAO-AZA 1.0g WG Pu Empty Matrix (414keV)
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HNF-4051 Revision 4

GEA A QAO0-A2A 1.0g WG Pu in Empty Matrix

Pu-239A

Summed Segments 129keV Combine All Results 129keV

Detected Detected | % Actual Detected Detected | %40 Actual

Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass

Run 1 4.37E+04| |6.95E-01| 74.07 6.27E+04 9.97E-01{ 106.27
Run 2 4.39E+04| |6.98E-01] 74.41 6.10E+04 9.70E-01| 103.39
Run 3 4.62E+04| |7.34E-01| 78.30 6.34E+04| [1.01E+00] 107.46
Run 4 4 27TE+04| |6.79E-01} 72.37 5.86E+04 9.32E-01]| 99.32
Run 5 4.61E+04 7.33E-01 78.14 6.28E+04 9.98E-01| 106.44
Run 6 4 31E+04 6.85E-01| 73.05 5. 79E+04 9.21E-01| 98.14
Run 7 4 38E+04] |6.96E-01| 74.24 6.13E+04 9.75E-01| 103.90
Run 8 4.27E+04 6.79E-01| 72.37 6.03E+04 9.59E-01| 102.20
Run 9 4 28E+04| |6.80E-01| 72.54 5.92E+04 941E-01]| 100.34
Run 10 439E+04| |6.98E-01| 74.41 6.28E+04 9.98E-01} 106.44
Run 11 4.29E+04| |6.82E-01{ 72.71 5.85E+04 9.30E-01} 99.15
Run 12 4 46E+04| (7.09E-01| 75.59 6.14E+04 9.76E-01| 104.07
Run 13 4.30E+04| |6.84E-01] 72.88 5.79E+04 9.21E-01( 98.14
Run 14 4.56E+04 7.25E-01| 77.29 6.11E+04 9.71E-01| 103.56
Run 15 4 35E+04 6.92E-01| 73.73 5.95E+04 9.46E-01| 100.85

Average 4.39EH4  6,98E-01 7.44EH01| 6.06EH)4  9.63E-01 1.03E+)2

standard - 1.91E-02 sadr - 3.00E-02
Precision “RSD = 274 {Pass) %RSD = 311 (Pass)
Accuracy %R = 7441 (Pass) %R = 10264 (Pass)
Total Bias{ 7237 to 78.30 98.14 to 107.46

GEA A QAO-AZA 1.0 WG Pu Empty Matrix (129keV)
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HNF-4051 Revision 4

GEA A QAO-A3A 10.0g WG Pu in Empty Matrix

Pu-239B
Summed Segments 414keV Combine All Results 414keV
Detected Detected | % Actual Detected Detected | % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 5.39E4+05] |8.57E+00[ 91.36 6.96E+03| |1.11E+01] 117.97
Run 2 5.48E+05]| |8.71E+00| 92.88 6.86E+05| [1.09E+01{ 116.27
Run 3 5.50E+05] [8.74E+00[ 93.22 6.95E+05| |1.10E+01| 117.80
Run 4 5.49E+05]| |8.73E+00| 93.05 7.05E+05( }1.12E+01{ 119.49
Run 5 5.48E+05]| |8.71E+00| 92.88 6.92E+05| [1.10E+01]| 117.29
Run 6 5.52E+05] [8.78EH00[ 93.56 7.04E+05| |1.12E+01] 119.32
Run 7 5.53E+05] [8.79E+00| 93.73 60.98E+05 1.11E+01] 118.30
Run 8 5.48E+05]| [8.71E+00| 9288 T.01E+05 1.11E+01] 118.81
Run 9 5.45E+05] |8.66E+00( 9237 7.06E+05| |1.12E+01] 119.66
Run 10 5.45E+05] [8.66E+00| 9237 6.94E+05 1.10E+01] 117.63
Run 11 5.48E+05] [8.71E+00| 92 88 0.94E+05 1.10E+01] 117.63
Run 12 5.56E+05] |[8.84E+00( 94.24 6. 96E+05 1.11E+01| 117.97
Run 13 5.44E+05] [8.65E+00( 9220 6.86E+05 1.09E+01| 116.27
Run 14 5.48E+05| |8.71E+00| 92.88 6.98E+05 1.11E+01] 118.30
Run 15 5.51E+05] |8.76E+00[ 93.39 6.96E+05| |1.}FIE+01] 117.97
Average S.48E+05  8.72E+00 9.29EH01| 6.96E+05  1.11EH01 1.18E+02
standard standard
deviation 6.48E-02 deviation 9.530E-02
Precision %RSD = 074 {Pass) %RSD = 0386 (Pass)
Accuracy %R = 9293 {Pass) %R = 118.04 (Pass)
Taotal Bias ( 9136 to 94.24 116.27 to 119.66

GEA A QAO.A3A  10.0g WG Pu Empty Matrix (414keV)
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HNF-4051 Revision 4

GEA A QAO-A3A 10.0g WG Pu in Empty Matrix

Pu-239A

Summed Segments 129keV Combine All Results 129keV

Detected Detected | % Actual Detected Detected | % Actual

Activity (wCi) Mass (g) Mass Activity (uCi) Mass (g) Mass

Run 1 3 97E+05| |6.31E+00| 67.29 5.83E+05| |9.27E+00| 98.81
Run 2 3.99E+05] |6.34E+00| 67.63 5.70E+05| [9.06E+00] 96.61
Run 3 3.93E+05| |6.25E+H00| 66.61 5.60E+05| |8.90E+00] 94,91
Run 4 4 00E+05| |6.36E+00| 67.80 574E+05] [9.13E+00| 97.29
Run 5 3.93E+05| |[6.25E+00] 66.61 551E+05]| |8.76E+00} 93.39
Run 6 3.94E+05] |6.26E+00| 66.78 5.58E+05| |8.87E+00) 94.58
Run 7 3.98E+05] |6.33E+00] 67.46 5.60E+05] |8.90E+00|] 9491
Run 8 3.96E+05| |6.30E+00{ 67.12 5.60E+05] |8.90E+00] 94.91
Run 9 3.94E+05] |6,26E+00{ 66.78 5.74E+05] [9.13E+00f 97.29
Run 10 3.93E+05| |6.25E+00] 66.61 5.62E+05] |8.93E+00| 95.25
Run 11 3.96E+05} |6.30E+00] 67.12 5.66E+05] |9.00E+00| 95,93
Run 12 3.94E+05] [6.26E+00] 66.78 5.48E+05) |8 71E+00| 92.88
Run 13 3.92E4H05| |6.23E+00] 66.44 5.50E+05] [8.74E+H00 9322
Run 14 3.97E+05] [6.31E+00] 67.29 5.67E+05] |9.01E+00| 96.10
Run 15 3.89E+035| |6.18E+00] 65.93 5.58E+05] [8.87E+00{ 94.58

Average 3.95E+05  6.28EHM 6.69E+01] 5.63E+)S  8.95E+00 9.54E+H)1

stendard . 4.65E-02 ndar 1.55E-01
Precision %RSD = 074 (Pass) %R8D = 173 {Pass)
Accuracy %R = 6695 (Fail) %R = 9538 {Pass)
Total Bias( 6593 to 6780 9288 1o 9881

GEA A QAQ-A3A  10.0g WG Pu Empty Matrix (129keV)

% Actual Mass

Run #

{- - 4 - -Sum Segments ———— Combine All
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GEA A QAO-A4A 160.0g WG Pu in Empty Matrix -- Unattenuated

HNF-4051 Revision 4

Pu-239B
Summed Segments 414keV Combine All Resulés 414keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass

Run 1 8.43E+06 1.34E+02 89.51 1.00E+07 1,59E+02 105,93
Run 2 8.49E+06 1.35E+02 89.94 1.01E+07 1.61E+02 106,99
Run 3 8.54E+06 1.36E+02 90.47 1.04E+07 1.65E+02 110.17
Run 4 8 47E+06 1.35E+02 89.72 1.02E+07 1.62E+02 108.05
Run 35 8.52E+06 1.35E+02 90.25 1.06E+07 1.69E+02 112.29
Run 6 8.42E+06 1.34E+02 89.19 1.02E+07 1.62E+02 108.05
Run 7 8. 47E+06 1.35E+02 89.72 1.01E+07 1.61E+02 106.99
Run 8 2 08E+09 3.31E+04 | 22033.82 1.03E+07 1.64E+02 109.11
Run 9 8. 41E+06 1.34E+02 89.09 1.02E+07 1.62E+02 108.05
Run 10 8 47E+H06 1.35E+02 89,72 1.03E+07 1.64E+02 109.11
Run 11 8.43E+06 1.34E+02 89.30 1.03E+07 1.64E+02 109.11
Run 12 8.53E+06 1.36E+02 90.36 1.03E+07 1.64E+02 109.11
Run 13 8.49E+06 1.35E+02 89.94 1.01E+07 1.61E+02 106.99
Run 14 8.48E+06 1.35E+02 89.83 1.04E+07 1.65E+02 110.17
Run 15 8.52E+H06 1.35E+02 90.25 1.02E+07 1.62E+(2 108.05
Average 1.47EH)8 2.33EH03  1.55EH)3 1.02E+H7 1.63E+02 1.09E+H02

standerd - g 50E+03 Sl 239E+00
Precision %RSD = 36490 (Fail) %eRSD = 1.47 (Puass)
Accuracy %R = 155274 (Fail) %R = 108.54 (Puass)
Total Bias (%) 89.09 to 2203382 10593 to 112.29
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GEA A QAOD-AdA 160.0g WG Pu in Empty Matrix -- Unattenuated

HNF-4051 Revision 4

Pu-239A
Summed Segments 129keV Combine All Results 129keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 3.90E+06 6.20E+01 4131 4 97E+06 7.90E+01 52.65
Run 2 3. 91E+06 6.22E+01 4142 5.03E+06 8.00E+01 53.28
Run 3 3.91E+06 6.22E+01 4142 5.21E+06 8.28E+01 55.19
Run 4 3.90E+06 6.20E+H)1 4131 5.12E+06 8.14E+01 54.24
Run 5 3.88E+06 6.17E+01 41.10 5.28E+06 8.39E+01 55.93
Run 6 3.90E+06 6.20E+01 41.31 5.17E+06 8.22E+01 54.77
Run 7 3.90E+06 6.20E+01 41.31 5.03E+06 8.00E+01 53,28
Run 8 9.58E+08 1.52E+04 | 10148.27 5.14E+06 8.17E+01 54.45
Run 9 3.91E+06 6.22E+01 41.42 5.15E+06 8.19E+01 54.55
Run 10 3.89E+06 6.18E+01 4121 5.14E+06 8.17E+01 54.45
Run 11 3.81E+06 6.06E+01 40.36 5.15E+06 8.19E+01 54.55
Run 12 3.90E+06 6.20E+01 4131 5.14E+06 8.17E+01 54.45
Run 13 3.89E+06 6.18E+01 41.21 5.05E+06 8.03E+01 53.50
Run 14 3.92E+06 6.23E+01 41.53 5.19E+06 8.25E+01 54 98
Run 15 3.91E+06 6.22E+01 4142 5.05E+06 8.03E+01 53.50
Average 6.75EH)7 1.07EH)3  7.15EH)2 5.12EH06 8.14E+01 5.43E+H01
sadard 3928403 = 129E+00
Precision %RSD = 36495 (Fail) %RSD = 1.59 {Pass)
Accuracy %R = 71506 (Fail) %R = 5425 (Fail)
Total Bias (%0) 4036  to 10148.27 5265 to 55.93
GEA A QAO-A4A  160.0g WG Pu Empty Matrix (129%eV)
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HNF-4051 Revision 4

GEA A QAO-A4A 160.0g WG Pu in Empty Matrix - Attenuated

Pu-239B
Summed Segments 414keV Combine All Resukts 414keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 8.41E+06 1.34E+02 89.09 1.05E+07 1.67E+02 111.23
Run 2 8.46E+06 1.34E+02 89.62 1.07E+07 1.70E+02 113.35
Run 3 8.43E+H06 1.34E+02 89.30 1.04E+07 1.65E+02 110.17
Run 4 8.44E+06 1.34E+02 89.41 1.04E+07 1.65E+02 110.17
Run 5 8.43E+06 1.34E+02 89.30 1.07E+07 1.70E+02 113.35
Run 6 8.33E+H06 1.32E+02 88.24 1.02E+07 1.62E+02 108.05
Run 7 8.34E1+06 1.33E+02 88.35 1.04E+07 1.65E+02 110.17
Run 8 8.38E+06 1.33E+02 88.77 1.08E+07 1.72E+02 114.41
Run 9 8 44E+06 1.34E+02 89.41 1.08E+07 1.72E+02 114 .41
Run 10 8.37E+06 1.33E+02 88.66 1.06E+07 1.69E+02 112.29
Run 11 8.44E+006 1.34E+02 89.41 1.18E+07 1.88E+02 125.00
Run 12 8.40E+06 1.34E+02 88.98 1.10E+07 1.75E+02 116.53
Run 13 8.34E+06 1.33E+02 88.35 1.09E+07 1.73E+02 115.47
Run 14 8.45E+06 1.34E402 89.51 1.07E+07 1.70E+02 113.35
Run 15 8.39E+06 1.33E4+02 88.88 1.07E+07 1.70E+02 113.35
Average 8.40EH)6 1.34E+02 8.90E+01 1.07E+H07 1.70E+H02 1.13EH)2
standard ¢ g77.01 standard 5 90E+00
deviation deviation
Precision %RSD = 0.51 (Pass) %RSD = 3.47 (Pass)
Accuracy %R 89.02 (Pass) %R = 11342 (Pass)
Total Bias (%) 88.24 to  89.62 10805 to 125.00
GEA A QAO-A4A  160.0g WG Pu Empty Matrix (414keV)
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HNF-4051 Revision 4

GEA A QAO-A4A 160.0g WG Pu in Empty Matrix - Attenuated

Pu-239A
Summed Segments 129keV Combine All Results 129keV
Detected Detected % Actual Detected Detected % Actual
Activity (uCi) Mass (g) Mass Activity (uCi) Mass (g) Mass
Run 1 7.21E+05 1.15E+01 7.64 1.83E+06 2.91E+01 19.39
Ruyn 2 6.99E+03 1.11E+01 7.40 1.85E+06 2.94E+01 19.60
Run 3 6.88E+05 1.09E+01 7.29 1.73E+06 2.75E+01 18.33
Run 4 7.52E+G5 1.20E+01 7.97 1.76E+06 2.80E+01 18.64
Run 5 7.17E+05 1.14E+01 7.60 1.94E+06 3.08E+01 20.55
Run 6 T.12E+05 1.13E+01 7.54 1.82E+06 2.89E+01 19.28
Run 7 7.23E+05 1.15E+01 7.66 1.88E+06 2.99E+01 19.92
Run 8 7.04E+05 1.12E+01 7.46 1.94E+06 3.08E+01 20.55
Run 9 6.95E+05 1.10E+01 7.36 1.89E+06 3.00E+01 20.02
Run 10 T.23E+H05 1.15E+01 7.66 1.88E+06 2.99E+01 19.92
Run 11 7.38E+05 1.17E+01 7.82 2.24E+06 3.56E+01 2373
Run 12 7.04E+05 1.12E+01 7.46 1.95E+06 3.10E+01 20.66
Run 13 6.81E+05 1.08E+01 7.21 2.00E+06 3.18E+01 21.19
Run 14 7.27E+05 1.16E+01 7.70 1.88E+06 2.99E+01 19.92
Run 15 6.98E+05 1.11E+01 7.39 1.97E+06 3.13E+01 20.87
Average 7.12EH)5 1.13E+01 7.54EH)0 1.90EH6 3.03E+01 2.02EH+01
srandard 3.05E-01 e~ 1.90E+00

Precision %RSD = 270 (Pass) %RSD = 627 (Fail)
Accuracy %R = 754 (Fail) %R = 2017 (Fail)
Total Bias (%) 7.21 to 7.97 1833 to 23.73

% Actual Mass

GEA A QAQ-A4A  160.0g WG Pu Empty Matrix (129keV)
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HNF-4051 Rev 4

Los Alamos National Laboratory
Certificate of Content and Traceability

PuQO,-Diatomaceous Earth Standard WRAP100MGPU

This NDA standard contains high purity p!utomum dioxide dlspersed in diatomaceous earth. Quantitative
information and uncertainties on the nuclear content of this WRM are listed below. Complete information
regarding the Pu and Am content, Pu_isotopic ratios, chemical composition, elemental impurities,
containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group.

NUCLEAR MATERIAL CONTENT,

The nuclear material content and total alpha activity for this standard are listed below. Also listed are overall
uncertainty estimates at 95% confidence intervals (CI) for each component.

Component | Q uantity or Value : 95 % CI
PuO, In standard 0.11064 grams A + 0.00005 grams 7
Pu Assay : 87.761 % of PuOy* +0.081-% &
" Puin standard o 0.0971C grams . - £0.00011 grams
*Am Assay - 1128.9 pg/g PuO,* £ 0.3 pglg @
* M Am in standard 0.110 mg* L  0.001 mg

Isotopic Weight Fraction™

2Py . 0.00014 & 0,000005 @

Bpy | 0.93809 ' & 0,000015 ©

#opy : 0.05939 +0,000007 ©

Mipy 0.00185  £0.000009©

#2py | 0.00054 - +0.000003 ©
Total Alpha Activity in standard 6,635 mCi** +0.017 mCi @
' 2.455E+08 Bq + 6E+05 Bg @

*Decay corrected value on 1/21/99  ** Effective 1/21/99

M/ ANt

cKerley, Gr Leader _ Robert S. Marshall, Project Mar@her
CMR Analytical Chemlstry NDA WRM Production
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HNF-4051 Rev 4

MEASUREMENT METHOD AND TRACEABILITY

The nuclear contents of this standard-were characterized and guantified using the following methods with

traceability to the National Institute of Standards and Technology (NIST) or New Brunswick Laboratery
(NBL) standards.

Measurement Measurement Methed - Reference Material
Weighing 5§ place analytical balance NIST traceable weights
Pu Assay. : Coatrolied Potential Coulometry NBL CRM # 126
Am Assay Isotope Dilution Mass Spectrometry NBIL. CRM # 128
Pu Isotopic ‘Total Evaporation Mass Spectrgmetry NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu t;, 83 stated for NIST SRM946
. isotope alpha specific activities listed below. Am t1 as stated for NIST
SRM43228

The stated Alpha Actmty was calculated using the following isotope haif fives (in years) pu: 87.74; Pu:
24, 119 Pu 6,560; Pu 14, 34, “pu: 387,000, and Am 432.2. '

NOTES

Random and systematic error terms were combined and reported as 95% confidence intervals. Error terms
include estimates of the following:

(a) Balance precision, buoyancy, standard weight bias, and transfer loss.

- (b) Long and short term precision, control check bias, weighing precision and bias.

{c) Above weighing and assay terms, and transfer Joss.

(@) Long and short term precision, and bias,

{e) Above weighing terms, Am assay terms, and trausfer loss.

(f) Long and short term precision, and bias.

{(g) Based on propagated uncertainties on the Pu mass, ' Am mass and Pu isotopic uncertainties listed
above. No haif-ife uncertainty componpents are included and it is recommended that all facilitics

participating in the NDA PDP program use the halflives listed above to preclude facility-to-facility
error terms introduced by using different half life values. ‘
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HINF-4051 Rev 4

Los Alamos National Laboratory
Certifitate of Content and Traceability

PuO,-Diatomaceous Earth Standard WRAP-I 500MGPU

This NDA standard contains high pur:ty plutonlum dioxide dispersed in diatomaceous earth. Quantltatwe
information and uncertainties on the nuclear content of this WRM are listed below. Complete information
regarding the Pu and Am content, Pu isotopic ratios, chemical composition, elemental impurities,

containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR .
Analytical Chemistry Group. -

NUCLEAR MATERIAL CONTENT

The nuclear material content and totsl alpha activity for this standard are listed below. Also listed are overall
uncertainty estimates at 95% confidence intervals (CI) for each component.

Component Quantity or Value ' . 95% €I
PuQ; in standard - 0.57920 grams # 0.00008 grams @
Pu Assay 87.761 % of PuQ,* %0081 % ®
- Puin standard ' 0.50831 grams ' ~ +0.00051 grams
#Am Assay 1128.9 pg/g PuO,* =03 pg/ig®
*'Am in standard | 0.574 mg* B +0,004mg " -

Isotopic Weight Fraction®

Bep,  0.00014 : £ 0.000005 ©

py 0.93809 + 0.000015 ©
Hopy | 0.05939 + 0.000007®
Mpy 0.00185 £ 0.000009
Mpy 0.00054 , + 0,000003 &
Total Alpha Activity in standard 34,73 mCi** +0.09 mCi ®
' 1.285E+09 Bq + 3E+06 Bq ¥

*Decay corrected value on 1/21/99  ** Effective 1/21/99

A/

J.\I\}cherley, Grﬁ? Leader : Robcrt S. Marshall, Project Manag
CMR Analytical Chenristry NDA WRM Production
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HNE-4051 Rev 4

MEASUREMENT METHOD AND TRACEABILITY

The nuclear contents of this standard-were characterized and guantified uwsing the following methods with

traceability to the National Institute of Standards and Technology (NIST) or New Bruaswick Laboratory
(NBL) standards.

Measurement ‘Measurement Methed : Reference Material
Yeighing 5 place analytical balance INIST trateable weights
Pu Assay - - Controlled Potential Coulometry NBL CRM # 126
Am Assay Isotope Dilution Mass Spectrometry NBL CRM # 128
Pu Isotopic Total Evaporation Mass Specirometry NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu 1, as stated for NIST SRM946
. isotope alpha specific activities listed below. Am t1; as stated for NIST
' SRM4322B

The stated Alpha Attlﬂt}' was calculated using the fo]lomug isotope half lives (in years) pur 87.74; Pu:
24, 119; *“pu; 6,560; *Pu: 14. 34 “Pu: 387,000; and * Am 432.2, ‘

NOTES

Random and systematic error terms were combled and reported as 95% confidence intervals. Error terms
include estimates of the following:

{a) Balance precision, buoyancy, standard weight bias, and trapsfer loss.

- {b) Loug and short term precision, control check bias, weighing precision aud bias.

(c) Above weighing and assay terms, and transfer loss.

(d) Long and short ferm precision, and bias.

(¢) Above weighing terms, Am assay terms, and transfer loss.

(f) Long and short term precision, and bias.

(g) Based oo propagated uncertaintics on the Pu mass, *'Am mass and Pu isatopic uncertsinties listed
above. No half-life uncertainty components are included and it is recommended that all facilities
participating in the NDA PDP program use the half-lives listed above to prectude facility-to-facility
crrvor terms introduced by using different half Life values. .
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HNF-4051 Rev 4

Los Alamos National Laboratory
Cettificate of Content and Traceability

Pu0Q,-Diatomaceous Earth Standard WRAP-2 S00MGPU

This NDA standard contains high purity plutonium disxide dispersed in diatomaceous earth. Quantitative
information and uncertainties on the nuclear content of this WRM are listed below. Complete information
regarding the Pu and Am content, Pu isotopic ratics, chemical composition, elemental impurities,
containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group.

NUCLEAR MATERIAL CONTENT

The nuclear material content and total alpha activity for this standard are listed below. Also listed are overall .
uncertainty estimates at 95% confidence intervals (CI) for each’'component.

Component . Quantity or Value ' 95 % CI

PuO, in standard 0.58708 grams + 0,00006 grams &
~ PuAssay 87.761 % of PuQ,* ‘ £ 0.081 % ®
Pu in standard : 0.51522 grams S " %0.00051 grams ©
1 Am Assay _ © 1128.9 pglg PuO,* | £ 0.3 ug/g @
241

Am in standard 0.582 mg*  0.004 mg

- Isotopic Weight Fraction™®

28py, 0.00014 2 0.000005 ©
pu 0.93809 £0.000015 0

Hpy : . 0.05939 & 0.000007

Hpy 0.00185 + 0.000009

Mpy 0.00054 £ 0.000003 ©

Total Alpha Activity in standard l 35.21 mCi** *0.09 mCi ®
1.303E+09 Bq + 3E-+06 Bq ®

*Decay corrected value on 1/21/99  ** Effective 1/21/99

S L L

?iz'fl\d'._ﬁlcl{erley, Ghoup Leader Robert 8. Marshall, Project Manage
MR Analytical Chemistry . NDA WRM Production

Appendix B



HINF-405) Rev 4

MEASUREMENT METHOD AND TRACEABILITY

The nuclear ¢ontents of this standard were characterized and quantified using the following methods with

traceability to the National Institute of Standards and Technology (NIST) or New Brunswick Laberatory
(NBL) standards.

Measurement ‘Measvrement Method : Reference Material
Weighing ' 5 place analyfical balance NIST traceable weights
Pu Assay - . Controlled Potential Coulometry ' NBL CRM # 126
Am Assay Ysotope Dilution Mass Spectmmetr:y NBL CHM # 128
Pu Isotopic Total Evaporation Mass Spectrometry NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu ty; 2s stated for NIST SRM946
, isotope alpha specific activities listed below. Am ty, as stated for NIST

SRM4322B

The stated Alpha Actmty was calculated using the follomng isotope half hves (in years) Py 87, '74 Pu
24, 119 “Pu: 6,560; Pu 14, 34 “Ppu; 387,000 and " Am: 432.2.

NOTES

Random and systematic error terms were combined and reported as 95% confidence intervals. Error terms
tnclude estimates of the following:

{a) Balance precision, bugyancy, standard weight bias, and transfer loss.

. (b} Long and short term precision, control check bias, weighing precision and bias.

{c) Above weighing and assay terms, and traunsfer loss.

{d) Long and short term precision, and bias,

{e) Above weighing terms, Am assay terms, and transi'er loss,

{f) Long and short term precision, and bias,

(g) Based on propagated uncertainties on the Pu mass, *'Am mass and Pu isatapic uncertainties listed
abave. No half-life uncertainty components are incladed and it is recommended that all facilities
participating in the NDA PDP program use the half-lives listed above to preclude facility-to-facility
error terms introduced by using different half life values.
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IINF-405] Rev 4

Los Alamos National Laboratory
Certificate of Content and Trareability

Pu0,-Diatomaceous Earth Standard WRAP-1 5.0GPU

‘This NDA standard contains high purity plutonium dioxide disperscd fn diatomaceous earth. Quantitative
information and uncertainties on the nuclear content of this WRM are listed below. Complete information
regarding the Pu and Am content, Pu isotopic ratios, chemical composition, elemental impurities,

containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group.

NUCLEAR MATERIAL CONTENT

The nuclear material content and total alpha activity for this standard are listed below. Also Ilsted are overall
uncertainty estlmates at 95% confidence intervals (CI) for each component

- Component Quantity or Value » 95 % CI
PuO, in standard 574627 grams + 0.00020 grams
Pu Assay 87.761 % of PuO,* +0.081 % ®
Pu in standard _ . 5.04298 grams _ +0.00474 gr.ams ©
21am Assay 11289 pg/lg PuO,* , 0.3 pg/g @
*Am in standard - : 5.69 mg* % 0.04 mg ©

Iso;opic Weight Fraction®

Ppy o _ 0.00014 - £0.000005®
g 2" 0.93809 + 0,000015 @
240y 0.05939 4 0.000007 ©
Hipy o 0.00185 - %0.000009
Hpy 0.00054 . + 0.000003 ©
Total Alpha Activity in standard 344.6 mCi** £ 0.9 mCi &
1.275E+10 Bq + 3E+07 Bq ¥

*Decay corrected value on 1/21/99  ** Effective 1/21/99

S A

m‘:ﬂ{erlc}', Grotp Leader Robert S. Marshall, Project Manager
nalytical Chémistry NDA WRM Production
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JINE-4051 Rev 4

MEASUREMENT METHOD AND TRACEABILITY

The nuclear coutents of this standard-were characterized and quantified using the following methods with

traceability to the National Institute of Standards aud Technology (NIST} or New Brunswick Laboratory
(NBL) standards. .

Measurement ‘Measurement Mcthod . Reference Material
Weighing 5 place analytical balance NIST traceable weights
Pu Assay. : Controlled Potential Cowlometry NBL CRM # 126
Am Assay Isotape Dijlution Mass Spectrometr_; NBRL CRM # 128
Pu Isotopic Total Evaporation Mass Spectrometry NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu t,, as stated for NIST SRM946
. isotope-slpha specific activities listed below. Am ty as stated for NIST

SRM4322B

. ; 32
The stated Alpha Activity was calculated using the following isotope half lives (in years): Pu; 87.14; pu:
40 4 242 B 4 . : .
24,119; *“Pu: 6,560; > Pu: 14.34; *“Pu: 387,000; and " Am: 432.2.

NOTE

Random and systematic exror terms were combined and reported as 5% confdence infervals. Error terms
include estimates of the following: :

{a) Balance precision, buoyancy, standard weight bias, and transfer loss.

-{b)} Longand short term precision, control check bias, weighing precision aud bias,

{c) Above weighing and assay terms, and transfer loss.

{d) Long and short term precision, and bias.

() Above weighing terms, Am assay terms, and transfer loss.

() Long and short term precision, and bias. ’

(2) Based oo propagated uncertainties on the Pu masgs, ' Am mass and Pu isetopic uncertainties listed
above, No half-life uncertainty components are included and it is recommended that all facilities
participating in the NDA PDP program use the half-lives listed above to preclude facility-to-facility
error terms introduced by vsing different half life values.
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HNF-4051 Rev 4

LOS Alamos National Laboratory
Q’Eﬁttlﬂt&te nf Content anb @tateab ility

PuOi—Diato_l:uacequs Farth Standard WRAP-2 5.0GPU

Thls NDA standard contains high purity plutenium diexide dispersed in diatomeceous earth, Quantit.alive ,

information and uncertainties on the nuclear content of this WRM are listed below. Complete information
regarding the Pu and Am content, Pu Isotopic ratios, chemical composition, elemental impurities,

containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group.

NUCLEAR MATERIAL CONTENT

The nuclear material content and total alpha activity for this standard are listed below, Also listed are overall
uncertainty estimates at 95% confidence intervals (CI) for each component.”

Component Quantity or Value _ 95 % CI
Pu0,; in standard 571060 grams * 0.00021 grams
Pu Assay © . 87.761 %ol PO, 20,081 % ®
Puin standard 501168 grams - # 0.00472 grams ¢
HlAm Assay _ 1128.9 jiglg PuO,* , . x03 pglg @
*Am in standard . 566mg*  20.04mg®

Ysotopic Weight Fraction*

BIpy 0.00014 : £ 0,000005 ¢

PPy 0.93809 £0,000015 %

“°Pu. ' 0.05939 . - £ 0.000007 ©

Hpy | 0.00185 0000009 %

*py 0.00054 0.000003 1

Total Alpha Activity in standard  342.5mCir 09 mCi®@
: ' 1.267E+10 Bg £3E+07 Bg @

*Decay corrected value on 1/21/99  ** Effective 1/21/99

ot C s L Pt

I\- Kerley, Grodp Deader : Robert 8. Marsha]! PrmactManager
C IRAnalyhcalChe istry NDA WRM Preduction
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HNF-4051 Rev 4

MEASUREMENT METHOD AND TRACEAB[LITY

The nuclear conteats of this standard were characterized and quantified using the followiog methods with

traceability to the Nationat Institute of Staudards and Technolegy (NIST) or New Bruaswick Labomtory
(NBL) standards.

Measurement - Measurement Method , Refereuce Maferial

Weighing S place analytical balznce ' ; NIST traceable weights

Pu Assay Controlled Potential Coulometry NBL CRM # 126

Am Assay ' " Isotope Dilution Mass Spectromctrj ' NBL CRM # 128

‘Pu Isotopic Total Evaporation Mass Specifometry NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu ty; as stated for NIST SRIM946 |
isotope alpha specific activities listed below. Am t;p as stated for NIST
) - SRM4322B

139
The stated Alpha Actmty was calculated using the follomng isotope half lives (m years) Pu: 87.74; Pu:
24,119, “pu; 6 560, "Pu: 14, 34; “Pu: 387,000; and > Am: 432.2,

NOTES

Random and systematic error terms were comblned and reportcd as 5% confidence intervals. Error terms
include estimates of the following: ‘ .

(a) Balance precision, buoyancy, standard weight bias, and transfer loss,

(b) Long and short term precision, control check bias, weighing precision and bias.

(¢) Above weighing and 23say terms, and transfer loss.

(d) Long and short term precision, and bias.

(e) Above weighing terms, Am assay terms, and transfer loss.

{f} Leong and short term precision, and bias.

(2) Based on propagated unccrtaintics on the Pu mass, **'Am mass and Pu isotopic uncertainties listed
above, No half-life uncertainty compooents are included and it is recommended that all facilities
participating in the NDA PDP program use the half-lives listed above to preclude facility-to-facility
crror terrms introduced by using different balf Life valdes,
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HNF-4051 Rev 4

‘Los Alamos National Laboratory
Certificate of Content and Trareability

PuO,-Diatomaceous Earth Standard WRAP-3 5.0GPU

- This NDA standard contains high iaurity plutonium dioxide dispersed In diatomaceous earth. Quantitative
[nformation and uncertainties on the nuclear ¢ontent of this WRM are listed below, C.o'mplele information

. regarding the Pu and Am content, Pu isotopic ratios, chemleal composition, elemental impurities, .
-containment, and fabrication procedures arc retained In files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group. '

NUCLEAR MATERIAL CO_NTENT

The nuclear material content and total alpha activity for this standard are listed below. Also listed are overall
uncertainty estimates at 95% confidence intervals (CT) for each component. o

Component - Quantity or Value 85 % C1
Pu0, in standard 5.69429 grams " 0.00031 grams
Pu Assay 87.761 % of PuO;> = 0,081 % @
Pu in standard 4.99736 grams £ 0.00476 grams
HlAm Assay 1128.9 pg/g PuO* 203 pglg ™
1 Am in standard _ 5.64 mg* T #0.04mg®
Ysotopic Weight Fraction™ |
22py 0.00014 - 20.000005 ©
Bpy - " 0.93809 £0.000015 ©
opu : - 0.05939 - = 0.000007
29pn 0.00185 © =0.000009¢
Hpy , : 0.00054 - +0,0000030
Total Alpha Activity in standard 341.5 mCi** 209 mCi (g:a]
1.263E+10 Bg : =3E+07 Bg ™

*Decay corrected value on 1/21/99  ** Effective 1/21/99

obert 8. Marshall, Project Manager

NDA WRM Production )

CMR Analytical Chemistr,
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HNF-4051 Rev 4

MEASUREMENT METHOD AND TRACEABILITY

The nuclear contents of this standard were characterized and quantified using the following methods with
traceability to the National Institute of Standards and Technology (NIST) or New Brunswick Laboratory
{NBL) standards.

Measurement Measurement Method - Reference Material
Weighing 5 place analytical balance - NIST traceable weights
Pu Assay - Controlled Potential Coulometry \ NBL CRM # 126
Am Assay ' Isotope Dilution Mass Specrromct.rji ‘ NBL CRM # 128
Pu Isotopic Tolal Evaporation Mass Specffqmettj'r NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu ti a3 stated for NIST SRM946
- isotope alpha specific activities listed below. Am t, as stated for NIST

SRMd4322B

. 238 139
The stated Alpha-Activity was calculated using the following isotope half lives (in years): = Pu: 87.74; *Pu:
40, 1 :
24,119; “Pu: 6,560; > Pu: 14.34; *Pu: 387,000; and **' Am: 432.2.

NOTES

Random and systematic error terms were comblned and réportcd as 95% confidence intervals, Error terms
include estimates of the following: :

(a) Balance precision, buoyaocy, standard weight bias, and transfer loss.

(b} Long and short term precision, control check bias, weighing precision and bias.

{¢) Above weighing and assay terms, and transfer loss,

(d) Long and short term precision, and bias.

{e) Above weighing terms, Am assay terms, 2nd transfer loss.

(f) Long and short term precision, and bias.

(g) Based oo propagated unccrtaintics on the Pu mass, *Am mass and Pu isotopic uncertainties listed
above. No half-life uncertainty components are incladed and it is recommended that all facilities
participating in the NDA PDP program use the half-lives listed above to preclude facility-to-facility
error tecms introduced by using different half life valdes,
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HNF-4051 Rev 4

Los Alamos Natlonal Laboratory
Qﬂemhtate nf Qﬁnntent any @r&reaﬁxhtp

Pqu—Di_atomaceous Earth Standard \VRAPIOGPU

- This NDA standard contalns high purity p}utomum dioxide dispersed in d:alom’aceous enrth Quanutatwu
"information and uncertainties on the nuclear cantent of thls WRM are listed below, Completc information
regarding the Pu and Am content, Pu isotopic ratios, chemical .compositian, eleinental impurities,
containment, and fabrication procedures are retained if- ﬁles by the Los Alamos National Laboratory CMR

Analytmal Chemlstry Group.

v NUCLEAR MATERIAL CONTENT

The nuclear material content and total alpha activity for this standard are Jisted below. Also 1|sted are overal!

uncertainty estimates at 95% conf"dencc intervals (C[) for each camponent.

Componcnt
Pu0, in standard

. Pu Assay
Puinstandard
Mam Assay
M Amin standard

IJSPU
‘mPu
0p,
Mp,

.
py

- Isotopic_\VeightFrabtion”"’

Total Alpha Activity in standard

_ Quantity or Value

11.40156 grams
87.761 % of PuO,*
10.00612-grams
1128.9 pg/g PuQ,*
11.30 mg*

0.00014
0.93809
0.05939
0.00185
0.00054

683.7 mCi**
2.530E+10 Bg

95%CL

x 0.00049 grams *

£0,081 %®
£0.00945 grams

£009mg

+0.000005
+0.000015 ¢
+ 0,000007 1
= 0.000009 ¢
0000003

218mCi®
£ 7E+07 Bq @

*Decay corrected value on 1/21/99

B

Mcl{érley, Gr@lﬁader

MR Analytical Chemistry

#4 Toffective 1/21/99

By Yy

RobertS Marshall, PmJectManﬂ’r
NDA YYRM Production
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HNF-4051 Rev 4

MEASUREMENT METHQD AND TRACEABILITY

The nuclear contents of this standard were characterized and quantified using the following methods with

traceability to the National Institute of Standards and Technology (NIST} or New Brunswick Laboratory
(NBL) standards.

Measurement : Measurcmcnl Method ‘ ) Reference Matér'ml

Weighing 5 place analytical balance | : NIST traceable weights

Pu Assay Coatrolled Potential Coulometry NBL CRM # 126

Am Assay " Isotope Dilution Mass Spectrometry ' NBL CRM # 128

Pu Isotopic Total Evaporation Mass Specirometry NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu ti; as stated for NIST SRIM946 |
isotope alpha gpecific activities listed below. Am t, as stated for NIST
: : ' SRM4322B

2
The stated Alpha Actmty was caIculated using the fol[omng isotope half lives (m years) *pu: 87.74; PP

24119 “pu; 6,560; *pu: 14. 34; “pu: 387,000; and " Am: 432.2,

NOTES

Random and systematic error terms were combined and reportcd as 95% confidence intervals. Error terms
include estimates of the following: -

{a) Balance precision, buoyancy, standard weight bias, and transfer loss,

(b) Long and short term precision, control check bias, weighiog precision and bias.

(¢) Above weighing and assay terms, and transfer loss.

(d) Long and short term precision, and bias.

{e) Above weighing terms, Am assay terms, and transfer loss.

() Long aund short term precision, and bias.

(g) Based oo propagated uncertaintics on the Pu mass, Am mass and Pu isotopic uncertainties listed
above. No half-life uncertainty compooents are included and it is recommended that all facilities
participating in the NDA PDP program use the half-lives listed above to preclude facility-to-facility
crror terms introduced by using different half life values.
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HNF-4051 Rev 4

Los Alamos National Laboratory

Certificate of Content and Traceahility

Pu0,-Diatomaceous Earth Standard WRAPZOGPU

This NDA standard contains high purity plutonium dioxide dispersed In diatomaceous edrih. Quantitative
information and .uncertainties on the nuclear content of-this WRM are listed below, Complete information

regarding the Pu and Am content,

Pu fsotopic ratios, chemical composition, elemental impurities,

contalnment, and fabrication proccdures are retained #n files by the Los Alamos National Laboratory CMR

Analytical Chemistry Group.

NUCLEAR MATERIAL CONTENT

The nuclear material content and total alpha activity for this standard are l:sted be]ow Also listed are overall

uncertainty estimates at 95% cont‘dence intervals (CI) for each component.

Component
PuQ,; in standard

Pu Assay
Pu in standard .
HAm Assay
A in standard

Jsotopic Weight Fraction™

Ppyy
PWpy
240p, .
Mip,,

32
*pu

Total Alpha Activity in standard

‘Quantity or Value
22.79925 grams
87.761 % of PuDy*
2000884 grams

1128.9 pg/g PuO;*

2259 mig*

0.00014
0.93809
0.05939
0.00185
0.00054

1367 mCi**
5.059E+10 Bg

& 0.00062 grams
%0.081 %

* 0 01875 grams ¢

+ 0.3 uglg @
+0.17 mg ©

=0.000005 @
2 0.000015
& 0,000007
- 0.000009 ©
& 0.000003 ©

+4mCi®
% JE+08 Bq ©®

*Decay corrected value on 1/21/99

Bi#LL_bHKerley, Gro@eader

CMR Analytical Chemistiy

#** Effeclive 1/21/99

Robert §. Marshall, Project Ma

NDA YWRM Production
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HNF-4051 Rev 4

' MEASUREMENT METHOD AND TRACEABILITY

The nuclear coutcats of this standard were characterized and quantified using the following methods with

traceability to the National Institute of Standards and Technology (NIST) or New Brunswick Labeoratory
(INBL) standards. ' '

Measurement Measyrement Method _ Reference Materia}
Weighing 5 place apalytical balance ' NIST traceable weights
Pu Assay : Coantrolied Patential Coulometry : NBL CRM # 126
Am Assay Isotope Dilution Mass Spect-rometr;;( NBL CRM # 128
‘Pu Isotopic Total Evaporation Mass Specir'qmetrjr NBL CRM # 128
Alpka Activity Calculated from Pu and Am mass, and Pu t) a3 stated for NIST SRIM946
isotope alpha specific activities listed below. Ax ty, as stated for NIST

SRM4322B

- s X . S FLT) 17}
The statetﬂl Alpha Activity was calculated using the following isotope half lives (in years):  Pu: 87.74; Pw:
241 2 4
24,119, " Pu: 6,560, Pu: 1434; " Pu: 387,000, and " Am: 432.2.

NOTES

Racdom and systematic error terms were combined and réportcd as 95% confideuce intervals. Error terms
include estimates of the following: -

(a) Balance precision, buoyaucy, standard weight bias, and transfer loss.

{b) Long and short term precision, control check bias, weighing precision and bias.

(c) Above weighing and assay terms, and transfer loss.

{d) Long and short term precision, and bias.

{e) Above weighing terms, Am assay terms, and transfer loss.

{f) Long and short term precision, and bias.

(g) Based on propagated unccrtaintics on the Pu mass, *Am mass and Pu isotopic uncertzinties listed
above. No halflife uncertainty components are incladed and it is recommended that all facilities
participating in thc NDA PDP program use the half-lives listed above to preclude facility-to-facility
error terms introduced by using different half life valdes.
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HNF-4051 Rev 4

Los Alamos National Laboratory
Certificate of Content and Traceability

PuQ,-Diatomateous Earth Standard WRAP30GPU

This NDA standard contains high purity plutonium dioxide dispersed in diatomaceous earth. Quantitative
information and uncertainties on the nuclear content of this WRM are listed below. Cemplete information
regarding the Pu and Am content, Pu isotopic . ratios, chemical composition, elemental impurities,
containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group. :

NUCLEAR MATERIAL CONTENT

The nuclear material content and total alpha activity for this standard ave listed below. Also listed are overall
uncertalnty estimates at 95% conﬁdence Intervals {CI) for each campouent

Compounent _ Quantiw or Value ' 95 % CI
Pu0, in standard 34.19337 grams +0.00101 grams @
. Pu Assay o 87.761 % of PuQ;* o 20081% ™
Pu in standerd 30.00842 grams ' +(.02815 grams @
*Am Assay 11289 pglg PuO,* _ +0.3 p.g/g_fd’
¥ Am in standard 3388 mg* +0.26 mg @

Isotopic Weight Fraction™

Bpy 0.00014 + 0.000005 ¥
PPy 0.93809 . _ %0.000015
Hpy 0.05939 * 0.000007 ©
Hipy 0.00185 * 0.000009 ©
Hlpy 0.00054 +0.000003 ©
Total Alpha Activity in standard 2051 mCi** %5mCi
7.587E+10 Bq & 2E+08 Bg @

*Decay corrected valae on 1/21/99  ** Effective 1/21/99

S LML vy

BH). MoKerley, Groué)mader “Robert S. Marshall, Project Manéger
MR Analyttcal Chemistry ' . NDA WRM Production
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MEA MENT METHOD AND TRACEAB{LITY

The nuclear coutents of this standard were characterized and quantified using the following methods with

traceability to the National Institute of Standards and Technolegy (NIST) or New Brunswick Laboratory
{NBL) standards.

Measurement - Measurement Method ) ‘ Reference Mat.erial

Weighing 5 place analytical balance ' : NIST traceable weights

Pu Assay Coatrotled Potential Coulometry NBL CRM # 126

Am Assay * Isotope Dilution Mass Spectrometry ‘ NBL CRM # 128

Pu Isotopic Tota! Evaporation Mass Specirometry NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu t;, as stated for NIST SRMI46 .
isotape alpha specific activities listed below. Am t; as stated for NIST
. ' SRM4322B

239,
The stated Alpha Actmty was calculated using the followmg isotope half lives (m ycars) pu: 8§7.74;  Pu:
24,119, Pu 6,560; Pu 14.34; Pu 387,000; and Am 432.2.

NOTES

Random and systematic error terms were combined and reported as 95% confidence intervals. Error terms
include estimates of the following: : :

(a) Balance precision, buoyancy, standard weight bias, and transfer loss,

(b} Long and short term precision, control check bias, weighing precisica and bias.

(c) Above weighing and assay terms, and transfer loss.

(d) Long and short term precision, and bias.

(e} Above weighing terms, Am assay terms, and transfer loss.

{f) Long and short term precision, and bias.

{(g) Based on propagated uncertaintics on the Pu mass, WAm mass and Pu isotopic uncertainties listed
above. No half-life uncertainty components are incladed and it is recommended that all facilities
participating in thc NDA PDP program usc the hali-lives listed above to preclude facility-to-facility
error terms intreduced by using different half life valies.
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Los Alamos National Laboratory
- Cettificate of Content and Traceability

PuO,-Diatomaceous Earth Standard WRAP40GPU

This NDA standard contains high purity plutonium dioxide dispersed in diatomaceous earth. Quantitative
information and uncertainties on the nuclear content of this WRM are listed below, Complete information
regarding the Pu and Am content, Pu isotopic ratios, chemical composition, elemental impurities,
containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group. ' ‘

NUCLEAR MATERIAL CONTENT

The nuclear material content and total alpha activity for this standard are listed below. Also listed are overall
uncertainty estimates at 95% confidence intervals (CI) for each component. .

*Decay corrected value on 1/21/99  ** Effective 1/21/99

1IN McKerley, Gioup Leader
MR Analytical Chemistry

Component Quantity or Value 95 9% CI
PuQ, i standard ~ 45.58093 grams ' +0.00111 grams @
Pu Assay 87.761 % of PuO,* +0.081 % ®
Pu in standard. 40.00226 grams +0.03740 grams ©
*am Assay 1128.9 pglg PuO,* = 0.3 ug/g @
M Am in standard 45,16 mg* + 0,35 mg «
Isotopic Weight Fraction®
2py 0.00014 £ 0.000005 ©
py 0.93809 +0.000015 ©
- Hpy 0.05939 + 0.000007 ¥
Hipy 0.00185 # 0.000009
Mpy 0.00054 +0.000003 ©
Total Alpha Activity in standard 2733 mCi** +7mCi®
' 1.011E+11 Bg + 3E+08 Bg ¥

ULyt

C%E:rt S. Marshall, Project Manag

NDA WRM Production
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' MEASUREMENT METHOD AND TRACEABILITY

The nuclear contents of this standard were characterized and quantified using the following methods with

traceability to the National Institute of Standards and Technology (NIST) or New Brunswick Laboratory
(INBL) standards.

Measurement Measurement Method ) Reference Material
Weighing 5 place analytical balance ‘ : NIST traceable weights
Pu Assay Controlied Potential Coulometry - NBL CRM # 126
Am Assay Isotope Dilution Mass Spectromctr} NBL CRM # 128
Pu Isotopic Total Evaporation Mass Spec-ir‘q'metri' NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu ty,; as stated for NIST SRIM946
- isotope alpha specific activities listed below. Am ty, as stated for NIST

SRM4322B

. ' 234 233
The statef;! Alpha Activity was calculated using the following isotope half lives (in years): Pu: 87.74;  Pu:
2 24 2
24,119; " Pu: 6,560;  Pu: 14.34; - Pu: 387,000; and ' Am: 432.2.

NOQTES

Random and systematic error terms were combloed and réportcd as 95% confidence intervals. Errbr terms
taclude estimates of the following:

(a) Balance precision, buoyancy, standard weight bias, and transfer loss,

(b) Long and short term preciston, control check bias, weighing precision and bias.

(¢) Above weighing and assay terms, and trausfer loss.

(d) Long and short term precision, and bias,

(e) Above weighing terms, Am assay terms, and transfer loss.

(I} Long and short term precision, apd bias.

(g) Based on propagated uncertaintics on the Pu mass, **Am mass and Pu isotopic uncertainties listed
above. No half-life uncertainty components are included and it is recommended that all facilities
participa'ting in the NDA PDP program use the balf-lives listed above to preclude facility-to-facility
crror terms introduced by using different half Life valdes.
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Los Alamos National Laboratory
Certificate of Content and Traceability

Pu0,-Diatomaceous Earth Standard WRAPS0GPU

-This NDA standard contains high purity plutonium dioxide dispersed in diatomaceous earth. Quantitative
information and uncertainties on the nuclear content of this WRM are listed below. Complete information
regarding the Pu and Am content, Pu isotopic ratios, chemical composition, elemental impurities,
containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR
Analytical Chemistry Group. :

NUCLEAR MATERJAL CONTENT

The nuclear material content and total alpha activity for this standard are listed below. Also listed are overall
uncertainty estimates at 95% conﬁdence intervals (CI) for each component.

Component ' . Quantity or Value 95 % CI
PuO; in standard - 56.99360 grams ' £0,00112 grams
Pu Assay ' 87.761 % of PuO,* £0.081 % ®

Puin standard _ 50.01813 grams * 0.0466:_1'grams l
A m Assay 11289 pg/g PuOy £03pg/g @
241

Am in standard , 5647 mg* £0.43mg®

Isotopic Weight Fraction™

By 0.00014 _ + 0.000005 ©
Wpy, 0.93809 = 0.000015
Hopy ©0.05939 ' +0.000007 @
Mpy 0.00185 .- 4 0.000009 ©
Hpy 0.00054 +0.000003 ©
vty i i+ £9mCi®
Total Alpha Activity io standard 3418 mCi
1.265E+11 Bq +3E+08 Bq @

*Decay corrected vﬁtue on 1/21/99 *# Effective [/21/99

L ML L,

“Robert S. Marshall, Project Managﬁ‘t‘
CMR Analytical Chemlstry "NDA WRM Production
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MEASUREMENT METHOD AND TRACEABILITY

The nuclear coanteats of this staudard were characterized and guantified using the following methods with

traceability to the Nationa!l Institute of Standards and Techpology (NIST) or New Brunswick Laboratory
(NBL) standards.

Measurement - Measurement Method ‘ a Reference Material

Weighing 5 place analytical balance | ’ NIST traceable weights

Pu Assay Controlled Potential Coulometry NBL CRM # 126

Am Assay ~ Isotope Dilution Mass Spectrometry ' NBL CRM # 128

Pu Isotopic Total Evaporation Mass Specirometey NBL CRM # 128
Alpha Activity Calculated from Pu and Am mass, and Pu ti; as stated for NIST SRMS46 .
isbtope alpha specific activities listed below. Am t,» as stated for NIST
- : ' SRIVM4322B

23
The sta.ted Alpha Actmty was calculated using the fotlowmg isotope half lives (m years) *pu: 87.74; "Pu:

24,119; Pu' 6,560; Pu 14.34; Pu 387,000, and “ Am: 4322,

NOTES

Random and systematic error terms were combined and reportcd as 95% confidence {atervals. Error terms
include estimates of the following: -

{a) Balampce precision, buoyancy, standard weight bias, and transfer loss.

(b) Long and short term precision, control check bias, weighing precision and bias.

{c) Above weighing and assay terms, and transfer loss, '

(d) Long and short term precision, and bias.

{e) Above weighing terms, Am assay terms, and transfer loss.

() Long and short term precision, and bias.

(2) Based oa propagated uncertaintics on the Pu mass, *'Am mass and Pu isotopic uncertainties listed
above. No half-life uncertainty cowponeats are included and it is recommended that all facilities
participating in the NDA PDP program use the half-lives listed above to preclude facility-to-facility
error terms introduced by using different half Life valdes, :
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