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Purpose of Development

e To reduce costs for inventory verification

e To improve timeliness of verification results

e To reduce waste generation

e To reduce DA reference material requirements
e To provide QC information
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ENMC Function

(Epi-thermal Neutron Multiplicity Counter)

e Measure Pu-240 mass of separated Pu (iIsotopics via
DA)

— Oxides (impure)

— Oxalates (Impure)

— Liquids (nitrates, etc.)
« Variable size sample cavity (62-68% efficiency)
* Opens for larger samples (split-halves)

« Detector ring ratios provides contamination
Information for Be, B, and F
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INVS and ENMC Type Neutron Counters
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Mini-ENMC
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Mini-ENMC
Opened with
Simulated sample
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JNC ENMC Vertical Profile Using Cf-9
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Mini-ENMC Radial Efficiency Profile
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Neutron Analysis Methods

 Measured doubles versus Pu-240e mass (“passive calibration
curve”)

— Small samples (low multiplication)
— Variable singles background

o “Known-Alpha” multiplication correction
— Pure material
— Isotopic ratios used to get alpha
— Best precision

o Multiplicity Mode
— Used for impure samples
— Focus for this talk
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Calibration Curve Method
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Known Alpha

7000 Use singles and doubles to
deduce a “multiplication”
6000 + correction that linearizes
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Statistical Uncertainty Versus Analyses Methods

Table 1 Uncertainty from Counting Statistics on small Pu mass

measurement (1 hour)
Singles Doubles

Cps cps
Mean 2084 414
value
Rel 0.06 0.14%
error %
%
/W
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Multiplicatio
n Corrected
Doubles cps

404

0.07%

Triples Passive Known Multiplicit
cps Calibratio alpha y Mass
n Curve mass () Q)
Mass (g)
82.3 4.39 4.28 4.27
0.41% 0.14% 0.07 0.12%
%
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Changes in Moisture or Density

Table 2 Uncertainty from Counting Statistics on small Pu mass measurement (1 hour)

Singles Doubles Multiplication Triples Passive Known Multiplicity
Cps cps Corrected cps Calibratio alpha Mass
Doubles cps n Curve mass (9)

Mass (g) (9)

Chang 9.25% 0.72% 3.23% 1.33% 0.59% 3.23 0.29%

e with %

5%

moist

ure

Ch?‘t”hg 0.23% 1.45% -0.02% 4.5% 1.44% -0.02% -0.20%
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Mini-ENMC Top Half
Tube Ring Ratio 4/1

He-3 tube positions
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Ratio Ring4/Ringl
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summary

e The ENMC provides a measurement time reduction of a
factor of ~ 5 versus an INVS

* Pu-240e Is measured and the isotopic ratios come from
mass spectrometry

e DA standards with uncertainty of < 0.1% required
 |dentical containers for standards and unknowns

« Random statistical counting error reduced to ~ 0.12%
e Counting electronic stability better than 0.01%

e Most systematic errors removed by having well matched
standards for calibration

 TMU goal 0.2% for Pu-240

« Goal of significant reduction in DA analysis, but
A calibration standards from DA
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