
UNCLASSIFIED

3 MHSb 0350113 7

ORNL-2068
Physics

7'
CBNTBALa

DOCT

y

ABSOLUTE DETERMINATION OF POWER

PRODUCED IN A NOMINALLY

ZERO POWER REACTOR

Stuart Snyder

COL ECTIQX

CENTRAL RESEARCH LIBRARY

DOCUMENT COLLECTION

LIBRARY LOAN COPY

DO NOT TRANSFER TO ANOTHER PERSON

If you wish someone else to see this document,
send in name with document and the library will
arrange a loan.

OAK RIDGE NATIONAL LABORATORY
OPERATED BY

UNION CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation

POST OFFICE BOX P • OAK RIDGE, TENNESSEE



Printed in USA. Prlea If) r.nt.. Avoilobla from tha

Offlca of Taehnleal Sarvlcoa

U. S. Dapartmant of Commarca

Washington 25, D. C.

LEGAL NOTICE-

ThU report woo praporad aa an account of Govarnmant apontorad work. Nalthar tha Unltad Stotas,

nor tha Commlaalon, nor any paroon acting on bahalf of tha Commission!

A. Mokes any warranty or representation, axpraaa or Implied, with raapaet to tha accuracy,

completeness, or usefulness of tha Information contalnod In thla report, or that tha use of
any Information, apparatus, mathod, or procass dlaclosad In this raport may not Infringe

prlvotoly ewnad rights; or

B. Aaaumaa any llabllltlas with raapaat to tha uaa of, or for damagaa rasultlng from tha uee of

any Information, apparatus, mathod, or procass dlaclosad In thla raport,
Aa uaad In tha obova, "parson acting on bahalf of tha Commission" Ineludaa any amployaa or
contractor of tha Commlaalon to tha axtant that such amployaa or eentraator proparaa, handlaa

or dlstrlbutas, or provldoa aeeaaa to, any Information pursuant ta his amploymant or contract

with tha Commlaalon.



UNCLASSIFIED

ORNL-2068

TID-U500 (11th ed.)

Contract No. W-7^05-eng-26

APPLIED NUCLEAR PHYSICS DIVISION

ABSOLUTE DETERMINATION OF POVJER PRODUCED IN A

NOMINALLY ZERO POWER REACTOR

Stuart Snyder*

DATE ISSUED

MAY 15 1956

*Pratt and Whitnay Aircraft

OAK RIDGE NATIONAL LABORATORY
Operated by

UNION CARBIDE NUCLEAR COMPANY

A Division of Union Carbide and Carbon Corporation
Post Office Box P

Oak Ridge, Tennessee

UNCLASSIFIED





UNCLASSIFIED -iii- 0RNL-2068
Physics

TID-U500 (11th ed.)

INTERNAL DISTRIBUTION

1. C E. Center 50

2. Biology Library 51

fc^ I' Health Physics Library 52

hf$- Central Research Library 53
m. Reactor Experimental 54

Engineering Library 55

7-26. Laboratory Records Department 56
27. Laboratory Records, ORNL R.C 57

26. A. M. Weinberg 58

29. L. B. Emlet (K-25) 59
30 J. P. Murray (Y-12) 60

31. J. A. Swartout 61

32. E. H. Taylor 62

33. E. D. Shipley 63
34. A. H. Snell 64

35- F.. C. VonderLage 65
36. W. H. Jordan 66

37- S. J. Cromer 61
30. G. E. Boyd 68

39- R. A. Charpie 69
4o. S C. Lind 70

41. F. L. Culler 71
42. A. Hollaender 72

^3. J. H. Frye, Jr. 73
44. M. T. Kelley 74

45- G. H. Clevett 75
46. R. S. Livingston 76

47. K. r7 _ Morgan 77-80
48. T. A. Lincoln 81

49. A. S. Householder

EXTERNAL DISTRIBUTION

C. P. Keim

C. S. Harrill

C. E. Winters

D. S. Billington
D. W. Cardwell

E. M. King
E. 0. Wollan

A. J. Miller

E. P. Blizard

D. D. Cowen

W. M. Breazeale (consultant)
M. J. Skinner

R. B. Murray

R. R. Dickison

A. Simon

A. D. Callihan

J. T. Thomas

R. Gwin

D. W. Magnuson

E. R. Rohrer

Dunlap Scott

J. J. Lynn

W, Fader

E. Demski

D. F. Cronin

J. K. Fox

L. W. Gilley
E. J. Murphy
ORNL - Y-12 Technical Library,
Document Reference Section

82. R. F. Bacher, California Institute of Technology
83. W. G. Kennedy, Pratt & Whitney Aircraft (Fox Project)

84-85. Stuart Snyder, Pratt & Whitney Aircraft (Fox Project)
86. Division of Research and Development, AEC, 0R0

87-788. Given distribution as shown in TID-4500 under Physics category
(300 copies - OTS)

DISTRIBUTION PAGE TO BE REMOVED IF REPORT IS GIVEN PUBLIC DISTRIBUTION

MARTIN MARIETTA ENERGY SYSTEMS LIBRARIES

UNCLASSIFIED

3 Mi45b D350113 7





ABSOLUTE DETERMINATION OF POWER PRODUCED IN A

NOMINALLY ZERO POWER REACTOR

Abstract

A method has been developed whereby the power produced
in a low power reactor can be determined„ Use is made of
gamma-ray analysis of a sample of the fuel. The rate of
decay of a fission product, as measured "by the intensity of
one of the gamma-rays produced during its decay, was used
to determine the production rate of the fission product at
the point in the reactor where the fuel element piece was
located,, This is related to the fission rate by the fission
product abundance. Using catcher foils one obtains relative
power traverses. From these the relative power distribution
and the average relative power can be determined. The ratio
of average relative power to relative power yields absolute
power when normalized to the absolute fission rate at the
measured position.

The measurement of power production in high power reactors is more
or less easily accomplished by calorimetric means or by chemical assay
of fission product production. For obvious reasons these techniques
cannot be used to measure power production in a nominally zero power
reactor. Reactors of the latter type are most commonly found in
critical experiment facilities where fission rate distributions and
power levels provide useful information in experimental reactor studies.
In the method described below gamma-ray analysis is substituted for the
less sensitive chemical analysis.

Using information about the nuclear properties of U-235 fission
products,1 it was decided that the fission product Ba1^0 and its daughter
La11*"0 would provide excellent indices of the fission rate. Ba1^0 has a
relative abundance in fission products of 6.3$. It has a half-life of
12.80 days, and the daughter product Lall+0 has a half-life of 40.2 hr.
In addition, the 1.6-Mev gamma-ray emitted during the decay of La^0 is
isolated and is more intense than any higher energy gamma-ray produced
by fission products with half-lives comparable to or greater than that
of Ba1^0.

After a decay time of several days have elapsed, the only higher
energy gamma-ray produced in quantity occurs at 2.5 Mev and is also
produced during the La1^0 decay. The 2„5-Mev gamma-ray is one-tenth
as intense as the 1.6-Mev gamma-ray. However, the peak efficiency for

1. J. 0. Blomeke, "Nuclear Properties of U-235 Fission Products,"
ORNL-I783 (Oct. 1955).



a 3 x 3 in. Nal(Tl) crystal decreases sufficiently with energy so that
the apparent intensity ratio is 30 to 1. Thus .the -1.6 M©v gamma-ray is.
sufficiently isolated to give an accurate measure of the decay rate
of La1*0.

During exposure there is a constant rate of production, k, of
the parent per gram of fuel:

k = oC/^Zftu) 0 (r,u) du dr (l)

where °c is the relative abundance of the fission product.

The relation between daughter concentration, exposure time, and
time elapsed between the end of an exposure and the middle of the
counting period is given by

where

(2)

(3)

N2 = k

+

J^ (1-e- *lte) (e-^-e-fc*)
1 ., 1 e- A2te _ 1 „-*Lte .-*2t
hZ fak*?.-^) /^-^l

N2 = c(t/te)k

Ng = daughter concentration,
te = exposure time,
t = time elapsed between the end of exposure and counting.

The decay rate of the daughter, AgNg?can be determined experimentally
provided the concentration, Ng, does not change appreciably during the
counting period. It can be shown that for short exposures the concen
tration of the daughter reaches a maximum 82 hr after the end of exposure.
This is a broad maximum and the concentration varies less than 1$ during
an interval of a day about the maximum. Furthermore, the small decay
constant of the parent makes the concentration a slowly varying function
of time. Thus long counting times can be tolerated where power levels
are quite low.

From Eq. (3)

/\2W2 =^{t, te)k (4)

where A2N2 is obtained experimentally. Solving Eq* (4) for k we can then
obtain the fission rate and thus the power production rate.



In the reactor studied, the fuel elements were 4-mil-thick metallic
sheets of uranium in which the U-235 isotopic content was about 90$.
A 3/8-in.-dia piece of one of these elements was selected for study.
The element, which had no previous exposure, was placed at one of the
more reactive fuel positions, and the power level was increased with a
constant period to some arbitrary final level which was maintained
during an effective exposure time of 4.2 hr.2 In future runs the foil
diameter can be increased to 3/4 in. and the exposure time standardized
to 1 hr.

After 175 hr had elapsed, the gamma-ray spectrum from the 3/8-in.-
dia. foil was measured with a 3 x 3 in. Nal(Tl) crystal and a 20-channel
analyzer. The differential pulse height distribution is shown in Fig. 1.
At an elapsed time of 178,67 hr, the pulse height distribution, due to
the 1.6-Mev gamma-ray, was examined on an expanded scale.

The area under the peak is proportional to the number of disinte
grations which occurred during the counting period. The area is de
termined after background counts and counts due to Compton-scattered
gamma-rays have been subtracted from the curve. The curve must have the
form of the Gaussian error function

y=y0 e-h2*2 (5)

Taking the log of both sides of Eq. (5) one obtains h2 and yQ as
shown in Fig. 2. But

;i2H2 oC A= / ydx = y0 / e"h x dx (6)
~ 00

Thus A = yp"* rt (7)
h

The fission rate is obtained by adjusting the peak efficiency of

the crystal for 1.6-Mev gamma-rays, the solid angle subtended by the
crystal, attenuation in the polystyrene absorber, the relative intensity
of the 1.6-Mev gamma-ray in La^O decay, the relative abundance of
Ba1 ''O in the fission products, and the weight of the section of the fuel
element. The fission rate for this experiment was 5-8 x .10? fissions
per second per gram of fuel element at the point where the section was
located. The ratio of average relative power to relative power at the
point under consideration was O.265 and the average fission rate was
1.54 x 10' fissions per gram of fuel; hence, the power level during the
4.2-hr exposure was I0.6 watts.

In addition to this low power run with a solid fuel reactor, a
sample of fuel which had been exposed at a high power level for an

2. E. L. Zimmerman, "A Graphite Moderated Critical Assembly," Y-88l
Appendix A (Dec. 7, 1952).
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Fig.1. Gamma-Ray Pulse Height Spectrum from Exposed Fuel Element Section
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indeterminate period was taken from a homogeneous aqueous fuel reactor.
Since time-integrated power was high it was possible to perform a
chemical analysis for fission products as well as a gamma-ray analysis.
The result in fissions per milliliter from a chemical analysis of Ba-^O
was 2.6 x lO^2 while the result from gamma-ray analysis was 2.8 x 10^2
fissions per milliliter.
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