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superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This test method covers procedures for measuring reac-
tion rates by the activation reaction63Cu(n,a)60Co. The cross
section for60Co produced in this reaction increases rapidly
with neutrons having energies greater than about 5 MeV.60Co
decays with a half-life of 5.271 years2 and emits two gamma
rays having energies of 1.1732 and 1.3325 MeV2. The isotopic
content of natural copper is 69.17 %63Cu and 30.83 %65Cu.3

The neutron reaction,63Cu(n,g)64Cu, produces a radioactive
product that emits gamma rays which might interfere with the
counting of the60Co gamma rays.

1.2 With suitable techniques, fission-neutron fluence rates
above 109 cm−2·s−1 can be determined. The63Cu(n,a)60Co
reaction can be used to determine fast-neutron fluences for
irradiation times up to about 15 years (for longer irradiations,
see Practice E 261).

1.3 Detailed procedures for other fast-neutron detectors are
referenced in Practice E 261.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
E 170 Terminology Relating to Radiation Measurements

and Dosimetry4

E 181 Test Methods for Detector Calibration and Analysis
of Radionuclides4

E 261 Practice for Determining Neutron Fluence Rate, Flu-
ence, and Spectra by Radioactivation Techniques4

E 262 Test Method for Determining Thermal Neutron Re-
action and Fluence Rates by Radioactivation Techniques4

E 844 Guide for Sensor Set Design and Irradiation for

Reactor Surveillance, E706 (IIC)4

E 944 Guide for Application of Neutron Spectrum Adjust-
ment Methods in Reactor Surveillance, (IIA)4

E 1005 Test Method for Application and Analysis of Radio-
metric Monitors for Reactor Vessel Surveillance, E706
(IIIA) 4

E 1018 Guide for Application of ASTM Evaluated Cross
Section Data File, Matrix E 706 (IIB)4

3. Terminology

3.1 Definitions:
3.1.1 Refer to Terminology E 170.

4. Summary of Test Method

4.1 High-purity copper (<1 ppm cobalt) is irradiated in a
neutron field, thereby producing radioactive60Co from the
63Cu(n,a)60Co reaction.

4.2 The gamma rays emitted by the radioactive decay of
60Co are counted in accordance with Test Methods E 181 and
the reaction rate, as defined by Practice E 261, is calculated
from the decay rate and irradiation conditions.

4.3 The neutron fluence rate above about 5 MeV can then be
calculated from the spectral-weighted neutron activation cross
section as defined by Practice E 261.

5. Significance and Use

5.1 Refer to Guide E 844 for the selection, irradiation, and
quality control of neutron dosimeters.

5.2 Refer to Practice E 261 for a general discussion of the
measurement of fast neutron fluence rate with threshold
detectors. The general shape of the63Cu(n,a)60Co cross section
is also shown in Fig. 1.5 This figure is for illustrative purposes
only to indicate the range of response of the63Cu(n,a) reaction.
Refer to Guide E 1018 for descriptions of recommended
tabulated dosimetry cross sections.

5.3 The chief advantages of copper for measuring fast-
neutron fluence rate are that it has good strength, is easily
fabricated, has excellent corrosion resistance, has a melting
temperature of 1083°C, and can be obtained pure. The half-life
of 60Co is long and its decay scheme is simple and well known.

5.4 The disadvantages of copper for measuring fast neutron
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