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source ionization chamber, the energy of the neutron is 
determined from the measured time it takes to travel the 
known distance between the source and detector using the 
non-relativistic kinetic energy equation - a neutron time- 
of-flight (TOF) measurement. Gamma rays that are 
directly transmitted travel the same speed regardless of 
energy, thus their arrival at the detector after fission is 
based solely on the separation between the source and 
detector. Particles that arc scattered arrive later in time 
than those that are directly transmitted, in essence 
providing a collimated source without having to heavily 
shield the detector, i.c.. colliination by timing rather than 
lead. The method can be applied in high background 
radiation areas, since any background radiation is 
uncorrelated in time with the source. The time correlated 
signature is equivalent to the right half of the cross­
correlation function between the source and detector and 
is essentially a randomly pulsed neutron measurement.4

As IJ();1'; hydrates, the material density changes 
due to the displacement of the dense uranium component 
by the relatively light hydrogen. The uranium density in 
water moderated mixtures of UOjF - nll2() can be 
estimated from liq.'s (1) and (2)
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the hydrogen is much greater than the uranium and these 
two competing effects offset each other, leading to the 
relatively flat total interaction cross-section. As shown in 
Figure 3. the high energy cross-sections are only weakly 
affected by perturbations of the incident neutron energy 
which is ideal in a TOF measurement. Since the total 
interaction cross-section is approximately constant and 
can be calculated for any hydration (density), the deposit 
thickness can be determined from the high energy neutron 
transmission data.
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Figure 3. Total macroscopic neutron cross-sections as 
a function of hydration for varying energies.

where V is the molar volume of the compound and m is 
the molecular weight of uranium at the given enrichment. 
There is a discontinuity in the density at an I I/U of 4 due 
to the change in w'ater addition by the formation of 
hydrates to that of a volume-additive addition.5

The material density can change by about a factor of 
four over the full range of hydration, making a normal 
transmission measurement determination of the material 
properties impossible since neither the density or 
thickness of the deposit is known. The 252Cf provides a 
timed source of neutrons and gamma's yielding two 
simultaneous measurements.

In the first measurement high energy neutrons ( > 6 
MeV) are used to measure the deposit thickness and 
construct a profile of the deposit distribution. This is 
possible because the neutron total interaction cross-section 
above 6 MeV is essentially fiat with hydration, varying by 
less than 10 percent. Above 1.5 MeV the hydrogen cross- 
section rolls off sharply leaving the 235U and 238U cross- 
sections to dominate. However, the relative abundance of

The second measurement uses the gamma ray 
emission spectrum from 252Cf to determine the deposit 
hydration, which is related to the material density. The 
gamma ray cross-sections arc highly Z-dependent. making 
the measurement well suited for this application. Due to 
the fast timing resolution of the NWIS system (1 nsec), 
gamma's that are scattered or interact arrive later in lime 
than those that arc directly transmitted, in essence 
providing a perfectly collimated source used to measure 
the material mass attenuation coefficient. However, 
because all transmission gamma rays arrive at the detector 
at the same time regardless of energy it is necessary to use 
a spectrum-weighted approach to determine the material 
properties as shown in Eq. 3
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