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Abstract-We propose a boron-coated straw (BCS) based 
fission counter that incorporates a 3 x 20 array of individually 
sealed BCS detectors, each 4.43 mm in diameter and 48 cm 
long. The straws are embedded inside a hi�h-density polyethylene 
block with dimensions 48.3 x 38.1 x 5.08 cm (H x W x D), matching 
the outer dimensions of a commercially available fission counter 
(Ortec Fission Meter). The latter consists of two folding panels, 
each comprised of a single row of 3He tubes in front of a 
48.3x38.1x2.54 cm3 (HxWxD) moderator slab. The 3He tubes, 
15 in each panel, are 2.54 cm (1 inch) in diameter, 48.3 cm long, 
and pressurized to 7.5 atm. The total volume of 3He contained 
in the system is 55 liters. The response of the two systems -
two BCS panels, and Ortec FM - was measured with a 252Cf 
source at various distances. The source was configured either 
with no moderation, or with a 2.5-inch thick moderator around 
it. Measurements were repeated both indoors, in a laboratory 
area, and outdoors, in an open space. The two BCS panels 
were placed adjacent to one another, with the source centered 
between them, 91 cm above the ground. The FM was p,0sitioned 
in a similar manner, with its two panels unfolded ( He tubes 
facing the source). The results show that the two systems have 
similar response to the unmoderated source when the source is 
near. As the source moves further away, the ratio BCS-to-3He 
drops to about 0.4. This is due to the fact that the Ortec FM 
is more sensitive to lower energy neutrons that have scattered 
in the ground and eventually reach the detector. For the same 
reason, the straw-based system response to the moderated source 
is about 30% that of the FM response. Here, neither the location 
(outdoors/indoors), nor the distance, play a significant role, since 
a sufficient fraction of neutrons are moderated at the source, 
thus minimizing the effect of reflections. Pointing to further 
applications, a modeling study of a high performance multiplicity 
detection instrument is also presented. Through use of high straw 
density, a detection efficiency of 48% can be reached with a rapid 
die-away time of 50 /J-S' 

I. INTRODUCTION 

N
EUTRONS emitted by spontaneous fission are grouped 
in multiples, i.e. more than one neutron is emitted by a 

single fission. These neutrons, if thermalized and detected, will 
exhibit a die-away time distribution, and will form coincidence 
pairs or triples. An accounting of the singles, doubles and 
triples generated by the source can reveal the composition of 
the fissile material. 

Neutron detectors used in the characterization of fissile 
materials through coincidence or multiplicity counting em-
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ploy large volumes of 3He, a rare gas whose inventory has 
become critically low, while future production plans are still 
uncertain. Boron-coated straw (BCS) detectors can be easily 
and economically manufactured in large volumes, to replace 
3He-based fission counters. We have previously published on 
the BCS detection capabilities, fabrication, and development 
of prototypes for various applications [1], [2], [3]. 

II. DETECTOR DESIGN & METHODS 

We propose a portable fission counter that incorporates a 
3x20 array of individually sealed BCS detectors, each 4.43 
mm in diameter and 48 cm long. The straws are embedded 
inside a high-density polyethylene (HDPE) block, as shown in 
Fig. 1. Fig. 2 shows the proposed moderator during assembly, 
and a fully operational panel. 

The HDPE block dimensions of 48.3x38.1x5.08 cm3 
(HxWxD) match the outer dimensions of a commercially 
available fission counter (Ortec Fission Meter). The latter 
consists of two folding panels, each comprised of a single row 
of 3He tubes in front of a 48.3x38.1x2.54 cm3 (HxWxD) 
moderator slab, as shown in Fig. 3. The 3He tubes, 15 in 
each panel, are 2.54 cm (1 inch) in diameter, 48.3 cm long, 
and pressurized to 7.5 atm. The specified weight, including 
electronics components is 57 lbs. The total volume of 3He 
contained in the system is 55 liters. 

3x20 boron-coated straws 
4 mm dia. x 48 em 
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Fig. l. Cross-sectional drawing of BCS-based fission counter. 
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The response of the two systems - two BCS panels, and 
Ortec FM - was measured with a 252Cf source at various dis
tances. The source was configured either with no moderation, 
or with a 2.5-inch thick moderator around it. Measurements 
were repeated both indoors, in a laboratory area, and outdoors, 
in an open space. The two BCS panels were placed adjacent 
to one another, as shown in Fig. 4(a), with the source centered 
between them, 91 cm above the ground. The FM was posi
tioned in a similar manner, with its two panels unfolded eHe 
tubes facing the source), as shown in Fig. 4(b). 
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(a) (b) 

Fig. 2. (a) High-density polyethylene moderator with channels to accommo
date straw detectors. (b) A fully assembled BCS-based portable counter. 

2x15 3He tubes @ 7.5 atm 
2.54 em dia. x 48 em 

polyethylene panel, 
48.3x38.1 x2 .54 cm3 

Fig. 3. Cross-sectional drawing of Ortec Fission Meter. 

III. RESULT S & DISCUSSION 

anel 1 

panel 2 

The singles count rates measured in the two systems out
doors are plotted in Fig. 5, as a function of the source distance. 
The indoor rates are plotted in Fig. 6. The ratio of the response 
of the two systems is plotted in Fig. 7. 

The results show that the two systems have similar response 
(ratio ::::::0.9) to the unmoderated source when the source is 
near. As the source moves further away, the ratio drops to 
about 0.4 (outdoors). This is due to the fact that the FM is more 
sensitive to lower energy neutrons that have scattered in the 
ground and eventually reach the detector. This effect is more 
pronounced in the indoor measurements, since more scattering 
materials are located near the detector. For the same reason, 
the straw-based system response to the moderated source is 
about 30% that of the FM response. Here, neither the location 
(outdoors/indoors), nor the distance, play a significant role, 

(a) (b) 

Fig. 4. (a) BCS-based fission counter panels during outdoors testing. For 
some tests, a 252Cf source was centered between the panels. using the stand 
shown on the left. (b) The Ortec Fission Meter. with the two panels unfolded. 
during outdoors testing. 

since a sufficient fraction of neutrons are moderated at the 
source, thus minimizing the effect of reflections. 
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Fig. 5. Count rates (per nanogram of 252Cf) measured in the 3 He-based 
(Ortec) and straw-based fission counters outdoors. as a function of distance 
from the source. 
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Fig. 6. Count rates (per nanogram of 252Cf) measured in the 3 He-based 
(Ortec) and straw-based fission counters indoors. as a function of distance 
from the source. 

Based on the equivalency of neutron absorption cross
sections, and accounting for the wall-escape efficiency of the 
lOB(n,o:) reaction products, the 55 liters of 3He gas contained 
in the Ortec FM would require 1900 m of straw detectors. 
However, the results show that the BCS-based design with 
only 58 m of straw can achieve similar neutron sensitivity, 
when reflected neutrons are excluded. This impressive 33-fold 
saving is partly due to an imbalance between the amounts of 
moderator and detection medium present in the Ortec design, 
but it is also due to the small diameter of the BCS, which 
allows for the detection medium (boron) to be efficiently 
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Fig. 7. Ratio of straw-based counter response to the Ortec FM response. 
The points corresponding to 0 m were collected with the source directly in 
front of one of the two panels making up the detector. All other points (at 
0.5, 1, 2, 5 and 10 m) were collected with the source centered between the 
two panels. 

dispersed throughout the moderator, dramatically increasing 
the probability that neutrons are captured in the detector, rather 
than escape. 

IV. LARGE SCALE MULTIPLICITY COUNTER 

In addition to portable designs like the one presented above, 
BCS detectors can potentially replace 3He tubes in large 
multiplicity counters commonly employed in safeguards. We 
present a Monte Carlo simulation study of a BCS-based design 
that replicates the dimensions of the Los Alamos In-Plant 
multiplicity counter [4]. The design is a HDPE annulus with 
BCS detectors distributed as shown in Fig. 8(a). Fig. 8(b) 
shows a close up view of the 4.43 mm straw detectors 
embedded in HDPE. The center-to-center distance shown is 
7.8 mm, for a total number of 4500 straws. The fraction of 
volume occupied by HDPE is 46%. 

(a) (b) 

Fig. 8. (a) Horizontal cross-section of a BCS-based multiplicity counter, 
modeled after the Los Alamos In-Plant (Pyrochemical) counter design [4]. 
(b) Close-up view of 4.43 mm diameter straw detectors embedded in HDPE. 
Straws are shown inside aluminum tubes (0.394 mm wall), used for gas 
sealing, and HDPE sleeves (0.381 mm wall). 

The sample cavity has a diameter of 24 cm and a height 
of 38 cm, and it is lined with Cd. On the top and bottom 
of the cavity there are graphite plugs, as shown in Fig. 9, 
to reflect neutrons back inside. The straw-populated volume 
has an outside diameter of 60 cm and height of 71 cm. All 
around and on top there is an additional 10.2 cm thick HDPE. 
The simulation was setup in MCNP5 and assumed a concrete 
ground below the counter . 

• HDPE 
• Graphite 
• Concrete 

Boron-coated 
straws 

Cadmium 
liner 

Fig. 9. Vertical cross-section of BCS-based multiplicity counter. 

Fig. 10 shows the absolute detection efficiency of the 
counter for a bare 252Cf source located in the center of the 
sample cavity. The results are shown as a function of the straw 
density, and for different thicknesses of the lOB4C layer. A 
maximum efficiency of about 48% can be achieved with 4500 
straws (4.43 mm diameter), and for a 0.9 J..Lm thick coating. 
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Fig. 10. MCNP-predicted detection efficiency of BCS-based counter design 
of Figs. 8 and 9, as function of the number of straw detectors. Different curves 
correspond to different straw diameters and IOB4C coating thicknesses, as 
indicated. 

The simulation also kept track of the time it took each 
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neutron to scatter inside the HDPE, until it absorbed in lOB. 
For the 4500-straw case, the so called die-away time was 
50 I-"s. By comparison, the Los Alamos counter has a 57% 
efficiency and a 47-l-"s die-away time [5]. 

v. CONCLUSION 

BCS detectors offer distinct advantages over other 3He-free 
detection technologies, such as lOB-coated rigid tubes and 
scintillators, including a very high intrinsic detection efficiency 
for thermal neutrons, provided sufficient layers of straws are 
present. A high detection efficiency is a critical requirement for 
fission counters, to allow for an accurate counting of doubles 
and triples. 
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