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and Robert D. Busch 
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Abstract 

The prompt removal lifetime algorithm used in the latest version of MCNP' (Le., version 
MCNP4B, Feb. 1997) was modified to conform with the neutron-balance definitions described by 
Spriggs et al? In accordance with the neutron-balance theory, the non-adjoint-weighted removal 
lifetime is given by 

J v  - zr - V0dQdrdE-k jXaOdQdrdE ' 

where 0 is the angular neutron flux, v is the neutron velocity, Ea is the macroscopic absorption 
cross section, E is neutron energy, Q is angle, and r is a spatial vector. The numerator in this 
expression represents the total neutron population in the system, N, and the denominator repre- 
sents the total loss rate due to leakage and absorption. 

MCNP4B uses three different estimators3 to calculate the non-adjoint-weighted removal 
lifetime: 1) a collision estimator, 2) an absorption estimator, and 3) a track-length estimator. 

The collision estimate of the prompt removal lifetime for any active cycle is the average 
time required for a fission source neutron to be removed from the system by either escape, capture 
[Le., (n,On) reactions], or fission: 

where Te and T, are the times from the birth of the neutron until escape or collision. We is the 
weight lost at each escape. W, + W,is the weight lost to (n,On) and fission at each collision, 
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where Wi is the weight of the neutron entering the collision,& is the atomic fraction for nuclide k, 
oC is the microscopic capture cross section, of is microscopic fission cross section, and O, is 
microscopic total cross section for nuclide k. 

The absorption estimate of the prompt removal lifetime, T:, for any active cycle for 
implicit capture differs from the collision estimator in that, 

wc+ Wf = wi (Oc, k Oj k) 

Ot, k 

For analog capture, T: is estimated from 

(4) 

The absorption estimate differs from the collision estimate in that the collision estimate is 
based on the expected value at each collision, while the absorption estimate is based on the events 
actually sampled at a collision. Thus, all collisions will contribute to the collision estimate of the 
lifetime by the probability of fission (or capture for 7:) in the composite material. Contributions 
to the absorption estimator will only occur if an actual fission (or capture for z:) event occurs for 
the sampled nuclide in the case of analog capture. For implicit capture, the contribution to the 
absorption estimate will only be made for the nuclide sampled. 

The track-length estimate for the prompt removal lifetime for each cycle is accumulated 
every time the neutron traverses a distance din any material in any cell: 

d W.- +-,  ' V  

ws 

where W, is the source weight summed over all histories in the cycle and v is the neutron velocity. 
The combined collision/absorption/track-length estimator used in MCNP4B has been 

compared to deterministic solutions [i.e., Eq. (I)] obtained from the S, code, DANTSYS? Two 
different types of systems were analyzed-a bare uranium sphere, and a uranium sphere sur- 
rounded by a graphite reflector. The atom densities used in these comparisons correspond to 
0.0452, 0.0024, and 0.105 atomsh-cm for the 235U, usU, and C, respectively. To make the com- 
parison as meaningful as possible, MCNP was run in the multigroup mode using the same set of 
cross sections used in DANTSYS (Le., the original 16-group Hansen-Roach cross sections5). The 
results are presented in Table 1 and Fig. 1. 

' 
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As can be seen from Table 1 , the MCNP and DANTSY S removal lifetimes compare favor- 
ably for the bare systems. However, in the reflected systems, the removal lifetime predicted by 
MCNP begins to deviate somewhat from the DANTSYS result as the reflector becomes thicker. 
This deviation has not yet been explained. 
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E 

13 

14 

15 

16 

17 

7 .  30 1.1815 1.1805 148,000 107,000 

7 40 1.2022 1.2043 407,000 290,000 

7 80 1.2290 1.2270 2,090,000 1,480,000 

7 150 1.2341 1.2379 4,630,000 3,250,000 

7 200 1.2343 1.2380 5,560,000 3,900,000 

a. Uncertainty = 0.001 for Cases 1-14 and 0.003 for Cases 15-17. 
b. Calculated using the k-eigenfunctions. 
c. Using 16-group Hansen-Roach. Uncertainty of lifetimes is less than 0.1%. ’ 
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Fig. 1. Comparison of non-adjoint-weighted removal lifetime predicted by MCNP and 
DANTSYS. 
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