IW-55540
NOT UCNI (CLASSIFICATION 255
HANFQHQ RTIP kgswn BERIES AND COPY NO,
ik g —
HANFORD ATOMIC PRODUCTS OPERATION - RICHLAND, WASHINGTON Morch 21, 1958
. )

TITLE

CALIBRATED NEUTRON S8OURCES FOR THE
234-5 BUILDING

AUTHOR v

J. De Pangher

W&%&g& %r
Hanford Leboratorig¢s
AR 4 1958

RETUKRN 10

TITLE 18, U, S,
MISSION OR REVE
TO AN UNAUTHORIZE

SECS. 793 AND 794,
1ON OF WHICH IN ANY MANNER
FRBON I8 PROHIBITED BY

Q LAW. INFORMATION FILES

1

v THIS DOCUMENT MUST NOT BE T UNATTENDED OR WHE AN UNAUTHORIZED PERSON MAY HAVE ACCESSA
TO 1T, N EN NOT IN UsE, IT Mus STORED IN AN APPRO LOCKED REPOSITO WITHIN AN APPROVED

HAVE OBTAINED A
ITS CONTENTS WIT
TO. AND STORAG

GUARDED
CLASSIFIED
THIS PROJECT AN

« WHILE IT IS YOUR BESSION AND UNTIL Y
8, IT I8 YOUR RESP BILITY TO KEEP IT A
OM ANY UNAUTHORIZE ERSON, (T8 TRANSMI

NED RECEIPT FROM
THE LIMITS OF
T YOUR PLAGE

OF RESIDENCE IS P BITED. 1T IS NOT T E OUPLICATED. IF ITIONAL COpPIES REQUIRED,

OBTAIN THEM FROM T ELATED 188 L B, ING 8 DOCUMENT ARE QUESBTED
-— TO S1GN IN THE SPACE PRO D BELOD

X 8 ROUTE
t ROUTE TO) PAYROL.L NO, Lo TION s ] SIGNATUREl AND DATE
o . ) J/ . . — . e
—v?‘a*.l_'_vzijﬁ"""“(.;(ﬂk—”\\ - Z e had
.
o
v“fl s -
oI
.
. *.\‘ .
ﬁcﬁ , indefinite Retention Disposal Date —
v -
9. Hh Aut i A
Authority e :
THIS DOCUMENT IS
PUBLICLY AVAILABLE

_A"

C~16816~D8 (7 — 55) ALC.3.L-RICHLAND, WASH.

DECLASSIFIE

(CL.ASBIFICATION)



|

Reviewed by: RW RODDY Datc: 4'? 77

DOCUMENT DOES NOT CONTAIN ECI

LU 1973
B L PQ/\N?@ f% %g;@ Hanford Atomic Products Operation
LA

This Docutmen® consist
Pages No.

CALIBRATED NEUTRON SOURCES FOR THE 234-5 BULLDING

By

J. De Pangher

Redioclogical Physics
Physics and Instruments Research and Development
HANFORD LABORATORIES OPERATION

March 21, 1958

g3 dofined
i tal

or the disclosure o

s il any mann
an unauthorized person is

jted,
NOT UCNt

Riehland, Washington

DECLASSIFEED

EA 2R S

‘ﬁ“— Sauely Wy qy

)
P&CL&— b 2919 | “




— )

DISTRIBUTION LISTS

o~

Copy ¥o. 1. WC Roesch
2. LV Zverner
3. . NT Hildreth
4, TFH Sanders
5. BRW Meiginger
6. RG Clark
7. LJ Defferding
8, DE Wood
9. ML Smith
10. WV Baumgariner
11. JH. Soehnleéin
12. GE Backman
13. RE Slater
1k, HA Moulthrop
15. WG Spear
16. RA Harvey
17, PF Gast
18. PR Kelly
19. RD Dierks
P 20, WG Westover
21. HV Larson
22. RC McCall
23. F. Swanberg
2k, EC Watson
25. J. De Panghe?
26.~ 27 Classified Files

DECLASSFED e



- USSR
———— -3

HW-55540
o~
ABSTRACT
The neutron-~emission rates for a fission-neutron source and for a PuFy

neutron source were measured. Arguments for accepting a new neutron spectrum

for PuF), are presented.
/‘\
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CALIBRATED NEUTRON SOURCES FOR THE 2345 BUILDING

To facilitate measurements on neutrons from Pu metal and PuF), powder in the
234-5 Building, two neutron sources made from these materials were borrowed from
that building during November L4 - 8, 1957, for calibration in the 3745-B Building.
With the aid of the double moderator neutron detector,2 and & long counter3, the
calibration was done in the low-flux room of the positive ion accelerstor to
minimize the effect of room scattered neutrons on the results and to take advan-
tage of stabilized counting equipment and low background not generally available
under field conditions. For example, the background counting rates of the long
counter and double moderator were only 0.17 and 1.9 count/min during the measurements
which lasted over a period of several days.

— The long counter like the double moderator detects fast neutroms by slowing
them down in paraffln to a speed where they are readlly captured in a BF3 propor-
tional counter. The long counter measures neutron flux density, approximately
independent of neutron energy, over the energy range 0.025-9.0 Mev and was used
originally to calibrate the double moderator with monoergic neutrons from the
positive ion accelerator. During the present experiment, it served as a check on
the double moderator which was exposed to the two neutron sources, having neutrons
with extended energy ranges.

The double moderator measures flux density, dose and average neutron energy
over a falrly wide range of neutron energies. The core of this instrument consisting
of a sensitive‘BF3 proportional counter enclosed by a cylindrical paraffin shell
constitutes a fluxmeter while the addition of a second enclosing shell of paraffin

converts it into a dosimeter., The ratio of counts

-~ - g JECLASSFIED
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is a measure, within certain festrictions, of the average neutron energy to
which the grrangement is exposed.

All measurements were perfo;med at a distance of about 100 em from each of
the two sources.

The first neutron source was a button of plutonium metal weighing 1285.3 grams,
The neutrons are produced primarily by the spontaneous fission of the Pu2k0 igotope
contained in the source and have the same energy spectrum, presumably, as the energy
spectrumﬁ of the neutrons from the fission of B35, The absolute neutron activity
of the source was computed by assuming isotropic emission of neutrons from the sam-
ple and by using the data obtained with the long counter. Measurements made at
two angles partially verified the assumption of isotropic emission. The absolute
yield of the button was 1.2k x 10° neutrons/sec or 9% neutrons/sec/gram. The
average energy obtained with the double moderator was 1.4t Mev. It is to be compared
with the average of 1.9 Mev calculated for the 23 frission spectrum appearing in
Fig. 1..

The second neutrom source was 166.5 grams of PuFy powder which wag placed in
en aluminum tube with wall thickness 1/16 in., I.D. 1-1/16 in. and length B-1/2
in. One end was closed by an alumimm cap 1/16 in, thick, the other by a rubber
stopper. The rubber stopper 5/8 in. long penetrated into the tube 1/2 in. and
apparently left no alr space between it and the powder. The assembly was placed
in a light plastic bag and sealed in it to prevent possible contemination during
handling.

The absolute yleld of the fluoride sample was measured to be 1.13 x 106
neutrons/sec or 6800 neutrons/sec/gram. This number was obtained by integrating
the yield measured at various angles of emission. The yield was shown to élosely
obey cylindrical symmetry. Table I lists the flux and dose rate at 100 em from

the source as a function of the angle of emission., The experimental arrangement
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FISSION NEUTRON SPECTRUM

N ol H O O ~N @®

N

I 2 3 4 5 6 7 8 9
E = NEUTRON ENERGY (MEV)

Fig. 1. Energy spectrum of neutrons produced in the fission of e3d,
The curve is a plot of Cranberg's equation

O
O

10 I

N(E) = const. x gl/2 exp (~0.775E).
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is shown in Fig. 2.
TABLE T
Neutrons/sec/cme mrad/hr
2] at 100 em at 100 em
0° 6.4 .060
10° T4 069
20° 8-1 0075
30° 8.6 .080
Loe 8.9 .083
50° 9.1 .085
60° 9.2 .086
70° 9.3 .086
80° 9.3 .086
90° 9.3 .086

Flumeter

PuF),
Source

Fig. 2. Experimental arrangement for measuring the
angular yield of the PuFl neutron source.

In a previous reports, HW-20785, the calculated neutron spectrum of PoF was
shown which gives an average energy of 0.7 Mev.
By performing the integration?

R = [S1(E) N(E) 4E
J32(%) W(E) aE

~ DECLASSIFIED
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for the double moderator over the neutron energy distribution N(E), we obtain

R = 0,462 and E = E(R) = 0,71 Mev., We should expect that the neutron energy
spectra from PuF), and PoF to be similar, However, the experimental result for
PuF), with the double moderastor gives R = 0.636 and E = E(R) = 1.1 Mev in obvious
disagreement with what was expected.  We conclude tl;at either the two spectra are
dissimilar or the spectrum for PoF in HW-20785 is incorrect.

Recently Hess® in UCRL-~3839 calculated the PoF neutron spectrum from the
assumption of isotropic emission of neutrons in the center~of-mass system and from
the yield of the F19(y,n)reaction. This spectrum along with the one obtained from
HW-20785 are plotted in Fig. 3.

The calculated value of R based on Hess' spectrum for PoF neutrons turns out
to be R = 0.641 in excellent agreement with the experimental \;alue for PuFL neutrons.

This is one argument for demonstrating the validity of Hess' spectrum. The average

e

computed for Hess' spectrum is E = 1.4 Mev.

energy

It appears that the neubron spectrum presented in HEW-20785 was based on
cloud chamber d.a‘ba7 containing only 163 tracks., The method of calculation
is unknowm,

A further, but perhaps, less convincing argument for accepting the spectrum
in UCRI~3839 rather than the one presented in HW-20785 can be demonstrated by
referring to Fig. k. It turns out that if neutrons with an energy distribution
N(E) are directed into any hydrogeneous detector, like the high-pressure |
hydrogen~-filled cloud chamber used by Bonner and Mott Smith, they produce a

proton~recoil spectrum described by N(Ep) which 1s proportiocrpal to the expression8

ELASSED
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N(E) O(E) &E
Ep E

The integrand contains the neutron-energy distribution function N(E), the

total cross section for elastic n-p scattering (¢ (E) and the lower limit of the
integration is Ep the proton energy. A further step converts the proton~energy
distribution into a proton-range distribution.

Bonner and Mott Smith investigated the proton-recoil spectrum obtained from
neutrons generated in CaFy by bombardment of alpha particles from polonivm. The
experimental points on the range distribution of protons is shown in Fig. k.,

Calculations of N(Ep) were made from the curves displayed in Fig. 3. The
results normalized to the cloud~chamber data are presented in Fig. 4. It is
seen that Hess' data gives the best fit and thus is to be favored over the data
presented in HW-20785.

The present knowledge of the PuF) neutron energy spectrum leaves something
to be desired. Detailed energy measurements by a low-energy neutron spectrometer
would be desirable.

Table IT lists some constants of the fission neutron source and the Pufy

neutron source

TABLE II
mrad/hr
Source Average Energy neutron/cm?/sec
Fission 1.9.Mev .0101
PuF), 1.k Mev .0093

calculated from Fig. 1 and from Hess' curve in Fig. 3 and by uslng the results
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It is hoped that these two calibrated sources, or secondary standards derived
from them, will help serve as checks on future neutron radiation measurements made
in the 234-5 Building.

Acknowledgement is due R. E. Slater for his cooperation in obtaining the

two neutron sources for callibration.

Author .
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