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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 (TRW 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, DOEMPP-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. 

Thls report summarizes the validation of the WRAP NDA systems against the radioassay quality 
assurance objectives or QAOs. 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. 
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Introduction 

The WRAP facility has four primary NDA systems: two imaging passivdactive 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-gallon 
(208 L) waste containers only. A separate document, HNF-4050 addresses the total measurement 
uncertainty (TMU) for the GEA system while HNF-5148 addresses system calibration. 

WPP 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 at the 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. 

‘lhe MDC was determined as a h c t i o n  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 (is. 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 QAO 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: 

S 
% RSD= = *  100 

Y 

where 

%RSD = percent relative standard deviation; 
s = standard deviation; 
y = mean of the replicate measurements. 
- 

Equation 2 determines the standard deviation: 

I 

- ... . ... 
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where 
s = standarddeviation; 
- 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 = -  c," * 100 
C ,  

where 

%R = percent recovery; 
C, = average result of 15 replicate determinations; 
C, = known value for the isotope standard used in the replicate measurements 

Minimum Detectable 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 TRUAow-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*s6) 

where 

KI = proportionality constant relating the detector response (counts) to activity 
concentration. KI 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 KI is expected 
to change depending on the characteristics of the waste matrix (e.g. density) as 
this affects detection efficiency. 

Sb = the standard deviation or uncertainty of the background. 

With respect to equation 4, the standard deviation of the background is determined as 

2 



HNF-405 1 REV 4 

where 

counts 
CR 
Tc = count time (real time) for the assay (second). 

= the total counts acquired in the region of interest for a photon of energy E; 
= count rate in the region of interest for a photon of energy E (cps); 

Substituting terms appropriate for gamma spectroscopy (GEA) into K1 yields a final equation 
(Equation 5) for representing the MDC for the GEA system: 

where 

CR(E.,) = 

Tc 
e(&) = 

I(%) = 
M =  
37 = 

count rate in the region of interest for a photon of energy E (cps); 
count time for the assay (second); 
the detection efficiency for the photon of energy E (counts/photon); 
yield or intensity for the photon of energy Efjhotodsecond); 
mass of the drum waste matrix (g); 
conversion factor relating decays per second to nCi (dpshci). 

- - 

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 pCi) 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:  

MDA(E,)*1000 
M * 1000 

MDC(E, ) = 

where: 

MDC(EJ = minimum detectable concentration for a specific nuclide based upon emission 
of a photon of energy E (nCi/g); 

3 
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MDAK) = 

- - M 
1000/1000 = 

system reported minimum detectable activity for the specified nuclide photon 
of energy E (pCi); 
mass of the waste matrix (kg); 
conversion factor relating nCi to pCi and kg to grams -1000 nCi/pCi; 1000 g 
per kg (nCi kg/pCi g). 

Description of Tests 

Precision and Accuracy 

For testing of the NDA systems against the WIPP QAO 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-AI) is shown in the next section where individual test results are 
tabulated. 

Table 1. QAO sample configuration for January and March 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 is 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 (W1-OP-0906). Two QAO tests were performed. QAO testing was 
conducted Jaunary 5 - 12 following calibration of the GEA-A unit. The second QAO 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’ sufiix 
(Le. QAO-MA). Only three nominal QAO points were assayed. The 0.1 g WP Pu point (QAO-AI) 
was not reevaluated as the transmission calibration was not expected to impact system performance or 
the system results at this point. 

The GEA system MDC was determined from replicate measurements of drums over a matrix density 
of 0.046 to 1.56 k g L  (g/cm3). 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 ($i) 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). 

OAO Results 

Results for the GEA-A system are presented in summary 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 results from early March. The same samples were used in 
both evaluations. Results are given for the ‘Sum Segments’ and ‘Combine All’ algorithms for each 
ofthe nominal evaluation points usingthe 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. 

5 
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Summarv of Januarv GEA A Tests - Accuracv and Precision 

I Nominal Point Pu Mass 
Sum Segments I Combine All 

Precision Accuracy I Precision Accuracy 

... . I (Attenuator) I IPu-239A I 3.76 7.53 I 6.04 19.82 
All listed data are the average from 15 replicate assays 

Table 2. GEA-A QAO results for January 2000. 

Summarv of March GEA A Tests - Accuracv and Precision 

Nominal Point Pu Mass 

was not conducted. Results from the January tests are applicable. 
Table 3. GEA-A QAO results for March 2000. 

6 
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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 

~~~ 

0.00 0.20 0.40 0.60 0.80 1 .oo 1.20 1.40 1.60 1 
Drum matrix density (kglL) 

I 
I 

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. 

I 
I 

(0.046 kg/L -first data point) is 40 nCilg for the 129 keV peak of Pu (Pu-239A) and 130 nCilg 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 f 2 nCgg value reported in revision 2 of this document. 
The 100 nCi/g effective lower limit for the MDC would clearly 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 nCiig 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 k&. More than 95% 
of the waste drums assayed to date had waste densities greater than 0.10 kg/L. 



HNF-405 I REV 4 

Using the actual waste densities and the power function determined in Figure I ,  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 nCiig would occw at an 
observed waste density of 0.094 k g 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. 

I 0 0  
MDC = 15.84(Den~ity)'~~' 

Pu-239A (129 keV line) 

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 

Measured Drum Waste Density (kg/L) 
I 

i 

Figure 2. Minimum detectable concentrations for Pu-2396 (414 keV) & Pu-239A 
(129 keV) calculated for processed waste densities using the derived MDC 
function for 5 minute assays. 

8 
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Discussion of Results 

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

Nominal Parameter 
compliance 

Range of waste Point Precision' Accuracy" 
activity in a-Curiesa (%RSD) (%R) 
a-Curiesa (g WG Pu)~ 
0 to 0.02 0.008 - <20 70-130 

(0.1) 

(1 .O) 

(1 0) 

(160) 

>0.02 to 0.2 0.08 - c15 70-130 

>0.2 to 2.0 0.8 - <IO 70-1 30 

>2.0 12.8 - c5 70-1 30 

a 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 
plutonium (WG Pu) 15 years afier purification; for purposes of demonstrating QAOs, "nominal" means within 
*50 percent, except for the highest range, where "nominal" means f25 percent. 

f One standard deviation based on 15 replicate measurements of a noninterfenng matrix. The calculated 
standard deviation is compared with the mean measured value of the QAO source to obtain the %RSD. 

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

b 

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 flu. The primary energy 
line used for gamma detection of Pu-239 is 414 keV, but at extremely low mass levels (such as 0.lg) 
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 results with the required performance. As 
before (HNF-405 1 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 QAO requirements at the 0.1 gram nominal point 
using the 414 keV emission., however both algorithms satisfy the requirements utilizing the 129 keV 

9 
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peak. As mentioned above, this is a direct result of the high yield 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 QAO is satisfied, however, ifthe 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. 

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 .O, 10 and 160 gram nominal points which were identical to the 
January QAOs. 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 fiomthe 129 keV emission 
fail the accuracy QAO. Table 3 shows a recovery of 71 YO from the January evaluation and 67% for 

Nominal Point Pu Mass 
Sum Segments 1 Combine All 

Precision % Accuracy I Precision % Accuracy 
(g WG Pu) Range (9) Emission 

Table 5. GEA-A QAO results for March 2000. 

IO 

RSD % R RSD % R 
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the same sample in March. 

Overall, the J a n w  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 (WRPl-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 QAO 
tests were performed using plutonium sources, each with its own pedigree and documentation. GEA 
calibration utilizedmixed sources containing Co-60. Ba-133, (3-137, and Am-241. No sources used 
in calibration were or are used in QAO 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 

I 
+ MDC (nCiIg) - 5 minute count (routine) t 

\ /’ /’ 

0.00 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 

Drum Matrix Density (kg/L) 

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 - 5 minute count) are the data points from Figure 1. The 
additional data are a result of 60-minute assays conducted on the three ‘original’ chums (Figure 1 j and 
two additional drums. The two additional density points at 0.43 and 0.65 kgiL 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, 1-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 (@) 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 is 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 t  detection 
efficiency and background were independent of density) the regression formulae would show an x‘’ or 
k g L ’  [l/(kgiL)] dependence. 

One final comment on MDC for the GEA systems is prudent. It must be remember that the minimum 
detectable concentration value is an apriori 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 is thus specific for the particular 
assay condition. 
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Precision 
Accuracy 

GEA A QAO-A3 1 0 . 0 ~  WG eU in Empty Matrix 
Pu-239B 

I Summed Semnents 414keV I Combine All Results 414keV I 

standard 
deviation = 1.15E-01 = 9.76E-02 standard 

deviation 

%RSD = 1.07 (Pass) %RSD = 1.07 (P-4 
% R  = 97.37 (Pass) % R  = 114.13 (Pass) 
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Summed Segments 120keV 
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Summed Segments 414keV 

Activity (uCi) Mass (6) Mass 
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Combine All Results 414keV 
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Total Bias (%) 89.30 to 22245.69 102.01 to 108.05 

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

I l(1 

I no 

90 

80 

70 

60 

0 2 4 6 8 i n  12 14 16 

Run # 

1 -  - + - -Sum Segments +Combine All 1 

Appendix A 



HNF-4051 Revision 4 

GEA A QAO-A4 160.0g WG Pu in Empty Matrix -- Attenuated 
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Summed Segments 414keV 

Activity (uCi) Mass (6) MUS 

Detected Detected % Achlal 

Combine All Results 414keV 
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Summed Segments 414keV 
Detected Detected %Actual 

Activity (uCi) Mass (9)  M a s  

HNF-4051 Revision 4 

Combine All Results 414keV 
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Summed Segments 12YkeV 
Detected Detected %Actual 

Activity (UCi) Mass (8 )  Mass 

GEA A QAO-MA 1.Og WG Pu in Empty Matrix 
Pm-239A 

Combine All Results 12YkeV 
Detected Dete&d % A d d  

Activity (uCi) Mass (8 )  Mass 

I I standard . -. I s  

I 

Average I 4.3!JE+ll4 6.Y8E-01 7.41EHlll 6.1I6EHM Y.63E-01 1.03E-42 
standard 
deviation = 1.91E-02 

Precision I %RSD = 2.74 (Pass) 
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= 3.00E-02 deviation 
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Precision I %RSD = 0.74 (Pass) 
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Summed Segments 12YkeV 
Detected Detected %Actual 

Activity ("Ci) Mass (9 )  Mass 

Combine All Results 12YkeV 
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standard 
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Precision I %RSD = 364.90 (Fail) 
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Summed Segments 129keV 

Activity (uCi) Mass (9) Mass 

Detected Detected % Actual 

Combine All Results 129keV 

Activity (uCi) Mass (9) Mass 

Deteded Detected %Actual 

Average 
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standard 
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Precision 
Accuracy 

GEA A QAO-A4A 160.0g WG Pu in Empty Matrix - Attenuated 
Pu-239B 

Summed Segments 414keV Combine All Results 414keV 
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deviation 

%RSD = 3.47 

= 6.87E-01 standard 
deviation 

(Pass) %RSD = 0.51 ( P 4  
% R  = 89.02 (Pass) % R  = 113.42 (Pass) 
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IMF-405 1 Rev 4 

Los Alamos National Laboratory 
Certificate of Content anb QikateaWtp 

Pu02-Diatomaceous Earth Standard WRAPlOOMGPU 

This NDA standard contains high purity plutonium dioxide dispersed io diatomaceous earth. Quantitative 
information and uncertainties on the nuclear content of this WRM are listed below. Complete information 
regarding the Pu and Am content, P u .  isotopic ratios, chemical composition, elemental impurities, 
containment, and fabrication procedures a r e  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 a t  95% confidence intervals (CI) for each component. 

. .  

Component Quantity or Value 95 % CI 
P u Q  In standard 0.11064 grams i O.OOOOS grams ('1 

Pu in standard 0.09710 grams i O.OOO~I grams ('1 

Am Assay 1128.9 pglg PuO1* * 0:3 pg/g (dl  

"'Am in standard 0.110 mg* * 0.001 mg") 

P u  Assay 87.761 % of PuO1* * 0.081.% ') 

'241 

Isotopic Weight,Fraction* 

0.00014 

0.93809 

0.05939 

0.00185 

0.00054 

rt 0.000005 (' 

h 0.000015 (' 

f 0.000007 (0 

h 0.000009 (0 

f 0.000003 (O 

Total Alpha Activity in standard 6.635 mCi** 
2.4553+08 Bq 

I- 0.017 mCi (e) 

i 6E+05 Bq @) 

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

A 

&,J2 
Robert S. Marshall, Proiect Ma@& . -  
NDA WRM Production 
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MEASUREMENT METHOD AND TRACEABJLm 

The nucleaf contents of this standard were characterized and qnantified using the following methods with 
traceability to the National h t i t u t e  of Standards and Technology OyIST) or New Brunswick Laboratory 
(NBL) standards. 

Measurement Measurement Method Reference Material 

Weighing 5 place analytical balance NISI traceable weights 
PU Assay Controlled Potential Coulometry 
Am Assay Isotope Dilution Mass Spectrometry 

NBL (SRM # 126 

NBL CRM # 128 

P u  Isotopic Total Evaporation Mars Spectrometry NBLCRM# 128 
Alpha Activity Calculated fromPu and Am mas,  and 

isotope alpha specific activities listed below. 
Pu tIn as stated for NLST SRM946 

Am tm as stated for  NLST 
SRM4322B . 

Y O  139 
The stated Alpha Activity was calculated using the following isotope half lives (in years): 
24,119; ""Pu: 6,560; PU. 14.34; Pu: 387,000; and Am: 432.2. 

Pu: 87.74; PU: 
241 2.n 1 4 1  

Random and systematic e r ror  terms were combined and reported as 95% confidence internalp. E r r o r  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 loss 
(d) Long and short term precision, and bias. 
(e) Ahove weighing terms, Am assay terms, and transfer loss. 
(0 Long and short term prcrision, and blas. 
(g) Based on propagated uncertainties on the Pu mass, '"Am mass and Pu isotopic uncertainties listed 

above. No half-life uncertainty components are  inclnded and it is recommended that all facilities 
participating in  the NDA PDP program USE the bnlf-lives listed above to preclude bcL!.ity-t*ficility 
error terms introduced by using different half life values. 
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Los Alamos National Laboratory 
aetrtifitate of Content anb Z!LrateabiIitp 

PuOZ-Diatomaceous Earth Standard WRAP-1 SOOMGPU 

This NDA standard contains high purity plutonium dioxide dispersed in diatomaceous earth. Quantitative 
information a n d  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 impurlties, 
containment, and fabrication procedures are retained in files by the Los Alamos National Laboratory CMR 
Analytical Chemistry Group. 

PUCLEAR MATERIAL CONTENT 

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

Component 
PuOl in standard 

P u  Assay 
. Pu in standard 

'"Am Assay 
'"Am in standard 

Isotopic Weight Fraction* 

=8Pu 

'39Pu 

l"oPu 

'"PU 

'r'Pu 

Quantitv or  Value 
0.57920 grams 

0.50831 grams 
1128.9 p u g  PuOt* 

0.574 mg* 

87.761 Yo of PuOl* 

0.00014 

0.93809 

0.05939 

0.00185 

0.00054 

Total Alpha Activity in standard 34.73 mCi** 
1.285E+09 Bo 

*Decay corrected value on ll21199 * *  Effective 1/21/99 

95 % CI 
* O . O O O O ~  grams ('1 

zt 0.081 % (b) 

* 0.00051 grams (') 
* 0.3 pglg (a) 

f 0.004 mg 

* 0.000005 (O 

* 0.000015 (' 
* 0.000007 (' 
* 0.000009 VI 

* 0.000003 (' 

rt 0.09 mCi (E' 
It 3E+06 Bq 

q o b e r t  LL,/*,JY S. Marshall, Project Manag 

NDA WRM Production 
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MEASUREMENT METHOD AND TRACEABILITY 

The nuclear C O d t e d t S  of this standard were characterized an4 quantified wing the following methods with 
traceability to the National Institute of Standards and Technology (NET) or New BNoswick Laboratory 
W L )  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 Spectrometry NBL CRM # 128 

Pu Isotopic Total Evaporation Mass SpectrQrnetry NBL CRM # 128 
Alpha Activity Calculated fromPu and Am mass, and 

isotope alpha specific activities listed below. 
Pu tm as stated for NLST SW946 

Am tm as stated for NIST 
SRM4322B . 

218 
The stated Alpha Activity was calculated using the following isotope half lives (in years): 
24,119; Pu: 6,560; "'?hr: 14.34; Pu: 387,000; and Am: 432.2. 

PU: 87.74; "'Pu: 
a40 141 341 

Random and systematic e r ror  terms were comblned and reported as 95% confidence intervals. E r ro r  terms 
ioclude estimates of the following: 

(a) Balance precision, buoyancy, standard wcight bias, and transfer loss. 
(b) Long and short term precbion, control check Vis, 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. 
(0 Long and short term precision, and bias. 
(g) Based on propagated uncertainties on the Pu mass, "'Am mass and Pu isotopic uoeertninties listed 

above. No half-life uncertainty components are  included and it is recommended that all facilities 
participating in  the ND.4 PDP program use the half-lives listed above to preclude facllity-to-facility 
cfror terms introduced by using different half life values. 
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Los Alamos National Laboratory 
amtifitate of aCotrtetrt atrb QJrateabilitp 

PuOZ-Diatomaceous Earth Standard WRAP-2 500MGPU 

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 a r e  retained in files by the Los Alamos National Laboratbry CMR 
Analytical Chemistry Group. 

NUCLEAR MATERIAL CONTENT 

The nuclear material content and total alpha activity for this standard are listed below. Also listed a r e  overall 
uncertalnty estimates a t  95% confidence intervals (CT) for each component 

Cornvonent Quantitv o r  Value 95 Yo C I  
PuO, in standard 0.58708 grams * 0.00006 grams ('I 

P u  Assay 87.761 Yo ofPuO,* * 0.081 % @) 

P u  in standard 0.51522 grams i 0.00051 grams (') 
"'Am Assay ll28.9 pglgPu02* i 0.3 pglg (dl 

Am in standard 0.582 mg* i 0.004 mg W 111 

Isotopic Weight Fraction* 

P u  ua 

U9Pu 

2roPu 

"'Pu 

"2Pu 

0.00014 

0.93809 

0.05939 

0.00185 

0.00054 

i 0.000005 Io 

-I 0.000015 lo 

i 0.000007 lo 

* 0.000009 
& 0.000003 

Total Alpha Activity in standard 35.21 mCi'* 
1.303Et09 Bq i 3E+06 Bq 

j: 0.09 m c i  (0) 

*Decay corrected value on 1/21/99 ** Effective 1121199 

t 

~ 

Robert S. Marshall. Project M a n a w  d 
&IR Analytical Chemistry 

. .  . 
NDA WRbl Production 
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b E A W R E M E N T  METHOD ANDTRACEABILITY 

The nuclear C O r t t c d k  of this standard were characterized and quantified wing the following methods with 
traceability to the National Institute of Standards and Tcchnology (MST) or New Brunswick Laboratory 
0yI)L) standards. 

Measurement Measurement Method Reference Material 

Weighing 5 place analytical balance NISI traceable weights 
Pu Assay Controlled Potential Coulometry 
Am Assay Isotope Dilution Mass Spectrometry 

NBL CRM # 126 

NBL CRM # 128 

Pu Isotopic Total Evaporation Mass Spectrqmetry NBL CRM # 128 
Alpha Activity Calculated nom Pu and Am mas, and 

isotope alpha specific activities listed below. 
Pu tln as stated for NIST SRM946 

Am tm as stated for NET 
SRM4322B . 

a38 339 
The stated Alpha Activity was calculated using the following isotope half lives (in years): 
24,119; Pu: 6,560; "'PIX 14.34; Pu: 387,000; and Am: 432.2. 

Pu: 87.74; PU: 
140 141 141 

Random and systematic error  t e r m  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 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 uncertainties on the PU mass, "'Am mass and Pu isotopic uncertainties listed 

above. No half-life uncertainty components a re  inclnded and it is recommended that all facilities 
participating in  the NDA PDP program w the half-lives listed above to preclude fncility-to-facility 
error t e r m  introduced by using different half life values. 
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Los Alamos National Laboratory 
Certifitate of Content anb aratea'biritp 

PuOz-Diatomaceous Earth Standard WRAP-I 5.OGPU 

This NDA standard contains high purity plutonlum di0xid.e 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, chemica) composition, elemental impurities, 
containment, and fabrication procedures are  retained in files by the Los Alamos National Laboratory CMR 
Analytical Chemistry Group. 

NUCLEAR MATERIAL CONTENT 

Thenuclear material content and total alpha activity for this standard are listed below. A k a  listed a r e  overall 
uncertainty estimates a t  95% confidence intervals (CI) for each component. 

Comuonent 
PuO, in  standard 

Pu Assay 
Pu in standard 

"'Am Assay 
'"Am in standard 

Isotopic Weight Fraction* 

2J8Pu 

u 9 p U  

Z4OPU 

'"Pu 
'4'PU 

Quantitv o r  Value 
5.74627 grams 

. 5.04298 grams 
1128.9 pg/g Pu02* 

5.69 mgf 

87.761 % of PuO," 

0.00014 

0.93809 

0.05939 

0.00185 

0.00054 

95 Yo CI 
f O.OOO~O grams 

* 0.081 % 
f 0.00474 grams (') 

* 0.3 pg/g (dl 

f 0.04 mg 

' =t 0.000005 VI 

f 0.000015 (0 

f 0.000007 (O 

f 0.000009 (O 

f 0.000003 (O 

Total Alpha Activity in standard 344.6 mCi** 
1.275E+10 Bq f 3E+07 Bq 

f 0.9 mCi (e) 

*Decay corrected value on 1/21/99 **  Effective 1/21/99 
/7 

/4%L422 d e  
Kobert S. Marshall, Project Manager a- 
NDA WRM Production 
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MEASCJRF.MJINT METHODANDTRACEABIJATY 

The nucleat contents c this standard were chracterized and quantzed wiog the ,Ilowing methods with 
traceability to the National bst i fute  of Stsndards and Technology (NIST) or New Brunvwick Laboratoly 
(NBL) standards. 

Measurement Measurement Methcd Reference Materisl  

Weighing 5 place analytical balance MST traceable weights 
Pu Assay Controlled Potential Coulometry NBL CRM # 126 
Am Assay Isotope Dilution Mass Spectrometry NBL CRM # 128 
Pu lsotopic Total Evaporation Mass Spectrometry hBL CRM # 128 

Alpha Activity Calculated f romPu and Am ma%, and 
isotope alpha specific activities listed below. 

Pu tln a8 stated for NIST SRM946 
Am tm as slated for NIST 

SRM4322B . 

Y 8  139 
The stated Alpha Activity was calculated using the following isotope half lives (in years): 
24,119; "'Pu: 6,560; PU. 14.34; Pu: 387,000; and Am: 432.2. 

Pu: 87.74; PIX 
141 142 141 

Random and systematic error terms were combhed and reported as 95% confidence intervah. 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 we igh ig  and assay terms, and transfer lass  
(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 uncertainties on the Pu mass, "'Am mass and Pu isotopic unce r t ab t i a  listed 

above. No half-life uncertainty components a re  included and it is recommended that all facilities 
participating in the NDA PDP program use tbe half-lives listed above to preclude fncU@-iwfacaD' 
crror terms introduced by using different half life values. 
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HNF-405 i Rev 4 

%os Marnos National Laboratory 

- .  PuOz-Diatomaceous Earth Standard '1yRAp-2 5.OFPU 
, .  

.This NDA s tandard  contains high puri ty  plutonium dioxide dispersed in diatomaceous ear th .  Quantiiative 
information and uncertainties on the huclear content of this %'A are listed below. Co'mpiete Information 
regarding the  P u  a n d  A m  content, Pu isotopic ratios, chcmical composition, elkmental Impurities, 
containment, a n d  fabrication procedures are retained& files by the Los Alamos National Laboratory CbGR 
Analytical Chemistry Group.  

NUCLEAR M A T E R ~ A L  CONTENT 

The nuclear material  content a n d  total alpha aclivity for thisstandard are  listed below. Also listed areoverali 
uncertainty estimates a t  95% conQdence intervals (CI) for each component. 

Cornponenl g u a a r i t v  or  Value 95 % CI 
PuO, i n  s t a n d a r d  5.71060 grams * O . O O O ~ I  grams (') 

Pu,in s t a n d a r d  5.01168 grams rt 0.00372 grams(" 
Pu Assay . ' 87.761 %'ofPuOl* t 0.081 % 

l4'Arn Assay . . 1128.9 jlg/gpuo,* i 0.3 pg/g (d) 

'"Am i n  s tandard  5.66 mg* , i 0.04 mg+) 

Isotopic Weight Fraction" 

'lsPu 0.00014 .10.000005(o 

"sPu 0.93809 t0 .000015(o 

0.05939 t 0.000007(q ""u 
J4IPu 0.00185 z t  0.000009 (0 

""pu 0:00051 & 0.000003 (' 

iO.9 rnCi'I' Total Alpha Activity in s tandard  342.5 rnCih* 
' 1.267E-PlO Bq 13E+07 Bq'" 

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

Robert S. Marshall, Project M a n a g e r  
P;DA lVRM Production 
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MNF-4051 Rcv 4 

MEASUREMENT METHOD AND TRACEABILITY 

The nucleat contents of t h h  standard were characterized and quantified m h g  the following methods with 
t h c e a b a t y  to the National Institute of Standards and Technology (EnsT) or New Bnrnswick Laboratory 
(NBL) standards. 

Measurement Measurement Method Reference Material 

Wcighing 5 place analytical balance '. MST traceable weights 
NBL CRM # 126 Pu &say Controlled Potential Coulometry 

AmArsay Isotope Dilution M a s  Spectrometry NBL CRM # 128 
Pu Isotopic Total Evaporation Mass Spedi$rnett$ NBLCRM#128 

. .  

Alpha Activity Calculated from Pu and Am mas, and 
isotope alpha specific activities listed below. 

Pu tln as stated for NJST SRM946 
Am tin as stated for NIST 

SRM4322B 

ud 139 
The stated Alpha Activity was calculated using the following isotope half lives (in years): 
24,119; Pu: 6,560; PU: 14.34; Pu: 387,000; and"'Am: 432.2. 

PU: 87.74; Pu: 
310 241 143 

m S  

Random and systematic error  terms were combined and reported as 95% confideoce intervalr. Er ror  terms 
include estimates of the following: 

(a) Balance precision, buoyancy, standard wcight bias, sod transfer loss. 
(b) Long and short t e rm prec'uion, control check bias, weighing precision and bias. 
(c) Above weighing a n d  assay terms, and transfer loss. 
(d) Long and short t e rm precision, and bias. 
(e) Above weighing terms, Am assay terms, and transfer loss. 
(0 Lone and short t e rm precision, and bias. 
(s) Based on propagated uncertaintics on the Pu mass, "'Am mass and Pu isatopic uncertainties listed 

above. No half-life uncertainty components a r e  included and it is recommended tha t  all facilities 
participating in tbc ND.4 PDP p r e r a m  use the half-lives listed above t o  preclude ficW'-to-fac~tY 
error t c r m  introduced by using different half Life vallies. 
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HNF-4051 Rev4 

Lss Marnos National. Laboratory 

Pu02-Diatomaceous Earth Standard WRAP-3 5.OGPU 

This N D A  standard contains high purity plutonlum dioxide dispersed In diatomaceous earth. Quantitative 
information and  uncertainties on the nuclear content or thls WRM a re  listed below. qdmplele information 
regarding the  P u  and Am content, Pu isotopic ratios, chemical composition, clemental impurities, , 
containment, and  fabrication procedures are retainedih files by the Los Alamos Nalional Laboratory CMR 
Analytical Chemistry Group. 

NUCLEAR hlATERIAL CONTENT 

The nuclear mathrial content and total alpha activily for this standard a r e  listed below. Also listed a re  overall 
uncertainty estimates a t  95% confidence intervals (CI) for each component. 

Component Quantity or Value 95 O h  CI 
PuO, i n  standard 5.69429.grams * 0.00031 grams (*) 

P u  Assay 87.761 % ofPuQ,* i: 0.081 % (b)  

Pu in standard ' 4.99736 grams + 0.00476 grams ('I 

"'Am Assay . 1128.9 pg/g PuOl*' t 0.3 pg!g 
"'Am in standard 5.64 mg* -L 0.04 mg 

Isotopic Weight Fraction* 

~'JPU 0.00014 

PU 0.93809 a w  

'%I 0.05939 ' 

Y U  0.00185 

Z'ZPU 0.00054 

-L 0.000005 

6z 0.000015 

t 0.000007 " 

-L 0 . 0 0 0 0 0 9 ' ( ~  

i 0.000003 (' 

Total Alpha Activity i n  standard 311.5 mCi** 50.9 mCi (') 
I I 1.263E+10 Bq i: 3Et07 Bq 

'Decay cor'rccled value on 1121199 **Effective 1/21/99 

obert S. 
NDA WRM Production 
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MEASZTREMENT METHOD AND TRACEABILITY 

Thc nucleic contents of this standard were characterized nnd quantified wing the followin,o methods with 
traceability to the National h t i t u t e  of Standards and Technology (NIST) or New Brunswick Laboratory 
W L )  standards. 

Measurement yeasurement  Method Reference Material 

Weighing 5 place analytical balance NISI traceable weights 
Pu Assay Controlled Patential Coulometry 

A m b Y  Isotope Dilution M a s  Spectrometry 
NBLCRM#126 
NBL CRM # 128 

Pu Lsotopic Total Evaporation Mass Spedroinetry NBL CRM # 128 
Alpha Activity Calculated from Pu and Am mass, and 

isotope alpha specific aetivities listed below. 
Pu t l n  as stated for h7ST SRM946 

Am tm as stated for NLST 
SRM4322B 

ud aa) 
The stated Alpha Activity was calculated using the following isotope half lives (in years): 
24,119; Pu: 6,560; PU: 14.34; "bu: 387,000; and Am: 432.2. 

Pu: 87.74; PIX 
140 Y1 1 4 1  

NOTES 

Random and systematic error t e r m  were combloed and reported as 95% confidence interval$. Error  terms 
include estimates of the following: 

(a) Balance precision, buoyancy, standard weight bias, and transfer Icss. 
(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 precbion, and bias. 
(e) Above weighmg terms, Am assay terms, and transfer loss. 
(r) Long and short term precision, and bias. 
(9, Based on propagated unccrtaintics on thc Pu mass, "'Am mass and Pu Atopic uncertainties listed 

above. No balf-life uncertainty components a r e  idcladed and it is recommended that  all facilities 
participating in tbc ND.4 PDP program use the half-lives listed above to preclude facility-twfacility 
error terms introduced by using different half life vallies. 
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Los ABamos National Laboratory 

PuOZ-Diatomaceous Earth Standard WRAPlOGPU 

This NDA standard contains high purity plutonium dioxide disperscd in diatomaceous ealth. Quantitativc 
'information a n d  uncertainties on the nuclear content of thls W i I  a re  listed below. Cohpletc information 
regarding the  Pu a n d  Am content, Pu isotopic ratios, chemical composition, elekental impurities, 
containment, and  fabrication procedures a t e  retained i j  files by the Los Alamos National Laboratory CMR 
Analytical Chemistry Group. 

a ' NUCLEAR MATERIAL CONTENT 

The  nuclear material content a n d  total alpha activity for  this standard a re  listed below. Also listed a r e  overall 
uncertainty estimates a t  95% confidence intervals (CI) for each component. 

Componcnt 
PuO, in standard 

Pu Assay 
P u  i n  standard 

"'Am Assay 
,2''Am'in standard 

Isotopic Weight Fraction" 

l J a P U  

='PU 
lroPu 

"'PU 
14?pu 

Quantitv or  Valuc 
11.40156 grams 

10.00612.grarns 
1128.9 pg/gPuOl* 

11.30 mg" 

87.761 % of PuO>* 

0.00014 

0.93803 

0.05939 

0.00165 

0.00054 

-L-o.ooooo~ (0 

10.000015 (O 

:t 0.000007 

j: 0.000009 

i 0.000003 

Total Alpha Activity i n  standard 
2.530E-1-10 Bq 5 7Ei07 Bq 

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

N D A  WYRM Production 
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HNF-4051 Rev 4 

MXASUREMENI METHOD ANDTRACEABILITY 

The nuclear contcn.ts of thb standard were characterized and quantilied ming the following methods with 
traceability to the National Institute of Standard3 and  Techpology (MST) or New Bnrnswick Labon to ry  
(NBL) standards. 

Measurement Measurement Method Reference Material 

Weighing 5 place analytical balance '. NIST traceable weights 
NBLCRM#126 Pu h s a y  Controlled Potential Coulometry 

Am A G y  Isotope Dilution M a s  Spectrometry NBL CRM # 128 
. .  

Pu Isotopic Total Evaporation Mass Spedro ine tG NBL CBM #/ 128 
Alpha Activity Calculated from Pu and Am mas, and 

isotope alpha specific activities listed below. 
Pu tln as stated for  NLST SRM946 . 

Am tm as stated for NIST 
SRii4322B 

m 239 
The stated Alpha Activity was calculated using the fallowing isotope half lives (in years): 
24,119; 140Pu: 6,560; Pu: 14.34; Pu: 387,000; and "'Am: 432.2. 

Pu: 87.74; PU: 
MI 14). 

Random and systematic error  t e r m  were comblned and reported as 95% contidence intervah Error  terms 
include estimates of the following: 

(a) Balance preckion, buoyancy, standard wcight bias, and tran3fer loss. 
(b) Long and short  t e rm preckion, control check bias, weighing precision and bias 
(c) Above weigbing and  assay terms, and  transfer loss 
(d) Long and short term precision, and bias. 
(e) Above wcigbing t e r m ,  Am assay t e r m ,  and transfer loss. 
(0 Long and short term preckion, and bias. 
(s) Based on propagated uncertainties on the Pu m a s ,  "'Am mass and Pu Atopic uncertainties listed 

above. No balf-life uncertainty components a re  included and it is recommended that  all facilitiM 
participating in the ND.4 PDP program w the half-lives Lirted above to preclude facZW-tO-hCaQ' 
crror t e r m  introduced by using different half Life vallies. 
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Los Allamos National Laboratory 

Pu02-Diatomaceous Earth Standard WRAP20GPU 

This NDA standard contains hlgh purity plutonium dioxide dispersed In diatomaceous ehrth. Quantitaiive 
Information and.unccrtaintis~ on thenuclear content or.this WRM are  listed below. Cdmplete information 
regarding the  Pu and Am contcnt, Pu isotopic ratios, chemical composition, . c l k n t a l  impurities, 
containment, and fabrication procedures a te  retained Jn files by the Las Alamos National Laboratory CMR 
Analytical Chemistry Group. 

NUCLEAR MATERIAL CONTENT 

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

Cornponeot 
Puo, in  standard . 

P u  Assay 

'"Am Assay 
"tAm in standard 

Pu lns t anda td  . . 

Isotopic Weight Fraction* 

l IJp ,  ' . 

a " P u  
1ropu 

'%I 

'J?pu 

Total Alpha Activity i n  standard 

Quantity or Value 
22.79925 grams 

87.761 % ofPuO,* 
20.00884 grams 

1128.9 pz/g PuOlx 
22.59 mg* 

0.00014 

0.93809 

0.05939 

0.00185 

0.00054 

1361 mCi*' 

rt 0.00062 grams ('I 
t 0.081 % 0) 

I0.01875 grams ('I 
t 0.3 pg/g (d) 

t 0:17 mg (4 

5 059EilO Bq j: 1Et08 Bq (') 

*Decay corrcctcd value on 1R1199 * *  Effective 1121199 

n 

NDx WRM Production 
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IlNf?-4051 Rev 4 

MEASLmEMEKT METHOD AND TRACEABLLITY 

The nuclear contcnb of thh  standard were characterized and quantified using the following methods with 
traceability to the National Incititute of Standards and  Technology (NLSr) or New Bruoswick Labontory 
(NJilL) standards. 

Measurement Measurement Method Reference Material 

Weighing 5 place analytical balance NIST traceable weights 
Pu Assay Controlled Potential Coulometry NBLCRM#126 
A m b Y  Isotope Dilution Maw Spechometry NBL CRM # 128 

Pu Isotopic Total Evaporation Mass Spedio'metty NBLcRM#128 
Alpha Activity Calculated from Pu and Am mas, and 

isotope alpha specific activities listed below. 
Pu t ln a9 stated for NIST SRM946 

Am tul as stated for NIST 
SRM4322B 

J a  119 
The stated Alpha Activity wag calcula!ed using the following isotope balf lives (in years): 
24,119; Pu: 6,560; PU: 14.31; "'Pu: 387,000; and"'Am: 432.2. 

Pu: 87.74; Pu: 
140 241 

Rnndom and systematic crror  terms were combined and reported as 95% confidence intervals. Error  terms 
include e s tha t e s  of the following: 

(a) Balance prcckion, buoyancy, standard weight bias, and  transfer loss. 
(b) Long and short term precision, control check bias, weighing precision and bias. 
(c) Above weigbing and  assay terms, and  transfer loss. 
(d) Long and short term precision, and bias. 
(e) Above weigbing terms, Am assay terms, and transfer loss. 
(Q Long and short term precision, and bias. 
(g, Based on propagated uncertainties on thc PU mass, "'Am mass and PU isotopic uncertninties listed 

above, No half-life uncertainty components a r e  included and it is recommended that  all tacilitiea 
participating in the ND.4 PDP program use the half-lives listed above to preclude f ic f iWtO-fEC~V 
crror t erm introduced by usiag different half life vatues. 
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Los Alamos National Laboratory 
Qertifitate of VContent anb llCrarteabiIitp 

Pu02-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 WFW a r e  listed below. Complete information 
regardlng the Pu, a n d  Am content, Pu isotopic . ratios, chemical composition, elemental impurities, 
containmenf and fabrication procedures are retained & files by the JAS Alamos National Laboratory CMR 
Analytical Chemistry Group. 

NUCLEAR MATERIAL CONTJZNT 

The nuclear material content and total alpha activity for this standard a r e  listed below. Also listed are  overall 
uncertainty estimates a t  95% conpdence Intervals (CI) for each component. 

Comuonent guantity or Value 95 Yo CI 
PuO, in standard 34.19337 grams * 0.~0101 grams (*) 

Pu Assay 87.761 Yo oIPuO~' * 0.081 % (b) 
Pu in standard 30.00842 grams * 0 . 0 ~ 8 1 ~  grams ('1 

'"Am Assay 1128.9 pglg P u O ~ *  * 03 pg/g (d) 

"'Am in standard 33.88 mg* A 0.26 mg 

Isotopic Weight Fraction* I 
0.00014 

0.93809 

0.05939 

0.00185 

0.00054 

* 0.000005 It) 

t 0.000015 " 

& 0.000007 

i 0.000009 (O 

* 0.000003 (' 

Total Alpha Activity in standard 2051 mCi'* * 5 mCi '0  
7.587E+10 Bq * 2E+08 Bq 

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

n 

NDA WRM Production 

Appendix B 
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ITNF-4051 Rev 1 

MEASLmE MEW METHOD AND TRACZABILW 

The nuclear contcnL4 of thi, standard were characterucd and quantXed wing the following methods with 
traceability to the National Institute of Standards and Techqology (MST) or New Brunswick Laboratory 
OyBL) standards. 

Measurement Measurement Method Reference Material 

Weighing 5 place analytical balance NIST traceable wei$ts 
PU Assay Controlled Potential Coulometry NBL CRM # 126 
A m h Y  Isotope Dilution Mass Spectrometry NBL CRM # 128 
Pu Isotopic Total Evaporation Mass Speciioinet& MlLcILM#128 

Alpha Activity Calculated from Pu and Am mass, and 
isatape alpha specific activities listed below. 

Pu tln as stated for NJST SRM946 
Am tm as stated for NIST 

SRM4322B 

aM 1a9 
The stated Alpha Activity was calculated using the following isotope half lives (io years): 
24,119; pu: 6.,560; PU: 14.34; Pu: 387,000; and ’“Am: 432.2. 

Pu: 87.74; PIX 
140 a41 14’ 

Random and systematic error  t e r m  wcre combhed and reported as 95% contidence interval% Er ro r  terms 
include estimates of the following: 

(a) Balance precision, buoyancy, standard weight bias, end transfer loss. 
(h) Long and short term prechion, control check bias, weighing precision and bias 
(c) Above weighing and  assay terms, and transfer loss 
(d) Long and short t e rm precision, and bias. 
(e) Above wcigbiag terms, Am assay terms, and transfer loss. 
(I) Long and short term precision, and  bias. 
@ Based on propagated uncertainties on the Pu m a s ,  ’“Am mass and Pu isotopic uncertainties listed 

above. No half-life uncertainty components are  inclnded and i t  is recommended that  all hcilities 
participating i n  the ND.4 PDP program use the half-lives listed above t o  preclude h c ~ V - t w f i C x V  
errar  tcrms introduced by using different half Life values. 
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Los Alamos National Laboratory 
Certificate of UContent anb '(2CrateabiIitp 

Pu02-Diatomaceous Earth Standard WRAP40GPU 

Thls NDA standard contalns high purity plutonium dioxide dispersed i n  diatomaceous earth. Quantitative 
information and uncertainties on the nuclear content o f t h i s  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 .hi files by the Los Alamor 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 a r e  overall 
uncertainty estimates a t  95% confidence intervals (CQ for each component. 

Component Quantitv or Value 95 % CI 
PuO, instandard 45.58093 grams i0.00111 grams(') 

Pu in standard. 40.00226 grams i 0.03740 grams (4 
Pu Assay 87.761 % of PuOl' i 0.081 % (b) 

"'Am Assay 1128.9 pg/g PUOI* I 0.3 vg/g (d) 

"'Am in standard 45.16 mg* I 0.35 mg 

Isotopic Weight Fraction* 

0.00014 

0.93809 

0.05939 

0.00185 

0.00054 

i O.OOOOO5 

& 0.000015 (' 

* 0.000007 (' 

I 0.000009 

i 0.000003 (' 

Total Alpha Activity in standard 2733 rnCi'* I 7 mCi W .  
I .OlIE+ll  Bq I 3Et08  Bq 

*Decay corrected value on 1/21/99 ** Effective 1121199 

€ $ l U  cKerley, G&dp Leader 
kMR Analytical Chemistry 

Appendix B 
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HNP-405 1 Rev 4 

MEASUREMENT METHOD AND TRACEABILITY 

The nuclear ContcnLS of thh standard were characterized and quanthied using the following methods with 
traceability to the National h t i t u t e  of Standards and  Technology (NET) or New BNoswick Laboratory 
(NFJL) standards. 

Measurement Measurement Method Reference Material 

Weighing 5 place analytical balance MST traceable weights 
Pu Assay Controlled Potential Coulometry NBLCRM#126 
A m h Y  Isotope Dilution Mass Spectrometry NBL CRM # 128 

Pu Isotopic Total Evaporation Mass Spectrometry NBL CRM # 128 
Alpha Activiry Calculated from Pu and Am mu, and 

isotope alpha specific activities listed below. 
Pu tln as stated for NIST SRM946 

Am tn as stated for NIST 
SRM4322B 

yd 2J4 
The stated Alpha Activity was calculated using the following isotope half lives (in years): 
24,119; Pu: 6,560; PU: 14.34; '"Pu: 387,000; andl"Am: 432.2. 

Pu: 87.74; PU: 
140 241 

Random and systematic crror t e r m  were comblned and reported as 9.5% confidence intervak. Error terms 
include estimates of the following: 

(a) Balance precision, buoyancy, standard weight bias, and transfer loss. 
(b) Long and short t e rm precuion, control check bias, weighing precision and bias 
(c) Above weighingand assay terms, and  transfer loss. 
(d) Long and short term precision, and bias. 
(e) Above wcigbing terms, Am assay terms, and transfer loss. 
( f )  Long and short term preckion, and  bias. 
(9, Based 00 propagated uncertaintics on the Pu mass, '"Am m s s  and Pu htopic  uncerfainties listed 

above. No half-lie uncertain;y components a re  included and it is recommended tha t  all (acilities 
participating in tbe ND.4 PDP program use the half-lives Listed above to  preclude facfitS;-to-faC~tY 
crror tcrms introduced by wing different half Life vallies. 
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Los Alamos National Laboratory 
Certifitate of QContelrt anb IEraceabiIitp 

PuOZ-Diatomaceous Earth Standard WRAPSOGPU 

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

NUCLEAR MATERTAL CONTENT 

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

Componeot 
Pu02 in standard 

Pu Assay 
Pu in standard 

'"Am Assay 
"'Am in standard 

Quantity or Value 

56.99360 grams 
87.761 % Of PuOI* 

50.01813 grams I 0.04661 grams 

56.47 mg* -L 0.43 mg 

95 % CI 
i 0.001 12 grams ('1 

IO.081 % @) 

1128.9 pg/g PUOl* .L 0.3 pg/g (d) 

Isotopic Weight Fraction* 

='PU 

'39Pu 

""PU 

'''Pu 

"1PU 

Total Alpha Activity in  standard 

0.00014 

0.93809 

0.05939 

0.00 i 85 

0.0 0 0 5 4 

3418 mCi" 

i 0.000005 

-L 0.000015(0 

& 0.000007 (' 

.L 0.000009 (0 

-I 0.000003 (' 

t 9 mCi 

I 
1.265EilI  Bq rc. 3Ec08 Bq" 

'Decay corrected value on 1RI199 +*  Effective 1/21/99 

Bi .b& Kerley, C r o a e a d e r  
C k  Analytical Chemistry NDA WRM Production 
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MEASURE MEW METHOD AND TRACEABKLm 

The nuclear con'tcn.ts of tbh standard were characterized and  quantified Oshg the following methods with 
traceability to the National h t i t u t c  of Standards and Tcchpology (NIST) or New Brunswick Laboratory 
(NBL) standards. 

Measurement Measurement Method Reference Material 

Weighing 5 p b c e  analytical balance NIST traceable wei$ts 
Pu h a y  Controlled Potential Coulometry NFJLCRM#126 
b h Y  Isotope Dilution M a s  Spectrometry 
Pu Isotopic Total Evaporation Mass Speciroinetry 

NBL CRM # 128 

NBL CRM # 128 

Alpha Activity Calculated from Pu and Am mass, and 
isbtope alpha specific activities listed below. 

h tln as stated for NlST SRM946 . 
Am tm as stated for NIST 

SRM4322B 

m 139 
The stated Alpba Activity was calculated using the following isotope half lives (in years): 
24,119; Pu: 6,560; 14.34; Pu: 387,000; and"'Am: 432.2. 

PU: 87.74; PU: 
140 I,> 

NOTES 

Random and systematic error  terms wcre comblned and reportcd as 95% confidence interval% Error t e r m  
include estimates of the following: 

(a) Balance prccbion, buoyancy, standard wcight bias, and transfer loss. 
(b) Lo% and short  term precision, control check bias, weighing precision and bias. 
(c) Above weighing a n d  assay terms, and transfer loss. 
(d) Long and short te rm precision, and bias. 
(e) Above wcigbing terms, Am assay terms, and transfer loss. 
( f )  Long and short te rm precision, and bias. 
@ Based on propagated uncertainties on the Pu m a s ,  '"Am mass and Pu isotopic uncertaintics listed 

above. No half-life uncertainty components are  included and i t  is recommended tha t  all facilities 
participating i n  the  ND.4 PDP program we the half-lives listed above to  preclude facility-t*fiCxQ' 
crror tcrms introduced by using different half Life valiies. 
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