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This paper summarizes resent measurements of delayed neutron emission from minor

actinide isotopes using the Triga Reactor at the Texas A&M University (TAMU) Nuclear

Science Center (NSC). Operating the Nuclear Science Center Reactor (NSCR) in a pulsed

mode, a complete set of delayed neutron parameters were obtained for Np-237 and Am-243.

Delayed neutron energy spectra following neutron induced fission were measured for U-235

and Np-237. These spectra were compared to those calculated using individual precursor Pn

values, yields, and spectra from the ENDF/B-VI file.

1. Introduction

Texas A&M University (TAMU), in collaboration with Oak Ridge National Laboratory

and Japan Atomic Energy Research Institute, has been actively studying the delayed neutron

emission characteristics of the minor actinide isotopes using the Triga Reactor at the TAMU

Nuclear Science Center (NSC).[ll2>31

Due to a transfer time from core-to-detector of -0.5 seconds, the previous experiments

have been unable to measure the shortest-lived delayed neutron groups. The existing
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experimental system has been modified to allow for pulsed experiments. One special feature

of the NSCR is its ability to be operated in a pulsed mode. This feature allows the generation

of extremely high neutron fluxes for very brief time periods. Thus, using the pulsing

capabilities of the reactor, an irradiation could be performed that would accentuate the

shorter-lived delayed neutron groups, allowing for a measurement of the complete the delayed

neutron emission parameters. The "seven-group" structure141 was used throughout the

measurements.

Recently, a proton recoil detector system was designed, built, and characterized for use in

measuring delayed neutron energy spectra following neutron induced fission. The system has

been used to measure aggregate delayed neutron energy spectra from neutron induced fission

ofU-235andNp-237.

2. Experimental Procedure

A. Actinide Samples

Two U-235 and Np-237 samples and three Am-243 samples (fabricated by Isotopes

Products Laboratory in California) were used during the irradiations. The samples consisted

of an inner pellet 4.88 mm in diameter and 0.92 mm thick. The pellet was composed of a

matrix of aluminum powder and actinide oxide. The aluminum and actinide were mixed

together and pressed under high pressure to form the disc-shaped pellets. The pellets were

encapsulated in a thin (0.05 mm) titanium cover.

B. Measurement System

The TAMU delayed neutron measurement system is composed of several integrated

components (a pneumatic transfer system, a detector array, a storage container, and sensors)

controlled by a computer with an internal I/O card. The sample to be irradiated is transferred

to the core, to the detector array, and to a remote storage box via a pneumatic transfer system.
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A series of sensors transfer data to the computer relaying various information including

sample position, permit control, and reactor pulse power. In a pulsing operation, the computer

control system (CCS) can immediately return the sample following a pulse.

The sample to be irradiated is transferred to and from the core using a pneumatic system

consisting of pressurized CO2 gas, polyethylene tubing, a series of Swagelok Unions, and

associated electronics and pneumatics. This pneumatic system connects all the individual

components of the measurement system and provides a safe means of transporting the

potentially radioactive samples to the detector array and to a remote storage location.

In the measurement of delayed neutron emission parameters, a BF3 detector array is used.

The detector array consists of three BR, proportional counters (N. Wood Model G-20-5)

embedded in a block of paraffin. A lead sheath surrounds the sample tube to decrease the

gamma-ray build-up in the detectors. Also, a thin cadmium sheet surrounds the detector array

to eliminate any background sources of neutrons. The individual signals from the three

detectors are combined using a dual-sum inverting amplifier. The signal then passes to the

CCS computer that allocates the pulses to various time bins. The detector efficiency for

delayed neutrons was estimated 2.17% using a Cf-252 source.

In the measurement of delayed neutron spectra, a proton recoil detector array consisting of

three high-pressure proton recoil detectors (LND Model 28305) is used. The array consists of

the detectors, a sample tube with a lead sheath and outer lead shielding. The array was

characterized using several neutron and gamma-ray sources to check for efficiency, gamma-

ray response, and reliability of the unfolding techniques. Resultant measured proton recoil

distributions were unfolded using a modified version of the spectrum unfolding code PSNS

(the new code was renamed SAC). SAC used response functions calculated using MCNP 4A.

C. Measurement of Delayed Neutron

Several measurements have been performed to determine the short-lived delayed neutron
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group yields and half-lives for Np-237 and Am-243. The samples were irradiated in the NSCR

core at 300 W for approximately 10 seconds; then, the reactor was pulsed by adding $1.50

reactivity. The pulses last for approximately 60 milliseconds. The CCS reads the power from

the reactor console and removes the sample at the peak of the pulse. The sample is then

transferred to the BF, detector array where the delayed neutrons versus time are counted. Due

to the larger fission of U-235 by the pulsed irradiation, the U-235 samples could not be

measured. It was estimated that the detector dead time would have been unacceptably high

and disrupted the accuracy of the results.

A high-purity germanium detector was used to determine the total number of fissions in

the sample by measuring the buildup of certain fission products (specifically Ba-140, La-140,

Ru-103,1-131, Mo-99, Zr-97, Sr-91, Te-132,1-132, and 1-135). The number of fissions were

typically on the order of 109. In the fission rate determination, the yield data for the fission

products was taken from the ENDF/B-VI file.

U-235 samples were irradiated in the NSC reactor at a power of 1 MW for 200 seconds.

The delayed neutron spectrum was then acquired for up to 600 seconds. The resultant spectra

were then unfolded using the SAC unfolding code. A similar technique was used to measure

the delayed neutron spectra following a 200 second irradiation of a Np-237 sample; however,

due to the lower fission rate in the Np-237 sample, multiple irradiations were required to

generate sufficient statistics for unfolding. Within a period of 4 hours, two Np-237 samples

were irradiated up to eight times each. The counts from each sample were added together to

generate a composite spectrum.

The Am-243 samples contained Pu-239 0.19% as an impurity. Since Pu-239 has the

extremely larger fission cross section than Am-243, there is a large contribution of Pu-239 to

the Am-243 spectrum. To overcome the deficiency, a new sample of Am-243 with much

higher purity should be used.

- 2 4 -



JAERI-Conf 99-007

3. Results and Analysis

Parameters (yields and decay constants) for all seven groups of the alternate "seven-

group" structure141 were acquired from the measured emission rates using a graphical stripping

procedure. The delayed neutron curves were fit using the following relation:

where C(t) is the measured (dead-time corrected) delayed neutron count rates, Nf is the

measured total number of fissions during the irradiation, e is the detector efficiency, Y; is the

delayed neutron yield for group i, A., is the delayed neutron decay constant for group i, and t is

the time after the end-of-irradiation. The pulsing technique was unable to produce enough

counts to allow for accurate measurement of the group 1 and 2a values. Thus, the results

determined previously"21 for group 1 were used to allow for a complete "seven-group" set.

The group parameters determined in the experiments are presented in Table 1.

Table 1

Group

Delayed

(sec •'

neutron yields and decay

Np-237

) (n/100 fissions)

constants for

(sec'

the

')

pulsing experiments

Am-243

Y,
(n/100 fissions)

1

2a

2b

3

4

5

6

0.0124

0.0283

0.0411

0.155

0.397

0.845

2.55

± 0.0003

±0.0007

± 0.0008

± 0.002

± 0.006

±0.03

±0.03

0.035 ±0.002 0.0124 ±0.0004 0.014 ±0.004

0.183 ±0.012 0.0283 ± 0.0009 0.192 ±0.009

0.095 ± 0.005 0.0415 ± 0.0009 0.075 ± 0.005

0.325±0.018 0.151 ±0.002 0.175±0.009

0.368 ±0.015 0.392 ±0.006 0.285 ± 0.009

0.100 ±0.011 0.895 ±0.04 0.075 ±0.008

0.037 ±0.009 2.45 ±0.04 0.035 ±0.007

total 1.14 ±0.07 0.85 ±0.05

Figures 1 and 2 contain plots of the aggregate delayed neutron spectra from neutron

induced fission of U-235 and Np-237, respectively. The figures also show the results from a
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summation calculation involving the 18 most predominant precursors using Pn values, yields,

and individual precursor spectra from ENDF/B-VI. The uncertainty on the measured data is

generally within 5%. As can be seen, the measured and calculated spectra show reasonable

agreement even though the summation calculation included only 18 of the 271 identified

precursors (-87% of the total delayed neutrons emitted). It is expected that better agreement

will be found when more precursors are added to this calculation. Because this measurement

was simply an aggregate spectrum measurement, it is difficult to compare the result to the few

previous measurements.

4. Conclusions

The recent research activities on the measurement of the delayed neutron data of the

minor actinide isotopes conducted at Texas A&M University were summarized.

The measurements of the delayed neutron emission parameters were carried out using the

Triga Reactor at the TAMU NSC with the pulsed operation. The data of the shortest-lived

delayed neutron groups were obtained for Np-237 and Am-243. Experiments are planned to

extend the above investigations to include other actinide isotopes (e.g., Pu-239, U-238, Am-

241, etc.). Investigations to increase the number of detectors (and hence the detector array

efficiency) are undergoing.

A series of the delayed neutron energy spectra measurements were made using the Np-237

and U-235 samples. These measurements showed agreement with ENDF/B-VI summation

calculations. Experiments to measure time-dependent spectra are going to be performed in

the future which will allow comparison to other results.

All the measured data and the results of the analysis described in this paper were offered

by the research group at the TAMU.
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Fig. 1 Measured and calculated aggregate delayed neutron emission spectra for U-235
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Fig. 2 Measured and calculated aggregate delayed neutron emission spectra for Np-237
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