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LT_ODUC_ON ' :.

Neutron activation analysis provides the extremely high sensitivity necessary for
the measurement of many trace elements. Activation techniques are presently _.Lng

used to measure the concentrations of various undesirable parent isotopes in
reactor process tubing, slug Jackets and their corrosion film, and in process
water and water treatment chemicals. _he interpretation of res_tlts from activation f

analysis are sometimes complicated by the fact that a given rad/olsotope may be
produced by fission neutrons (threshold. reactlons) from other elements a8 well as

by the more conunon thermal neutron (n, ._')reactions. Shielding the sample with i

cadmium prior to irradiation or irradiating in the graphite reflector will !
minimize _he contributions from thermal or fission neutrons, respectively.

be purpose of this study has been to measure the ratios and magnitudes of the

thermal and fission fluxes in process tubing and to compare these with values at
locations where neutron activations can be performed. Also, it was of interest _o

measure the ratios and ma6nitudes of the thermal and fission fluxes from a point !
in the lattice to a point well into the graphite reflector, and to determine if

the fission neutron spectrum, as measured by two threshold reactions, changes

appreciably over this region. These data _ill aid in selecting the most favorable
available positions For activations with thermal neutron reactions or with thres-
hold reactions.

The ratio of the thermal to fission neutron fluxes at various points in the lattice,

at the ou_er edge of the graphite reflector, and in the aluminum process tubing ',

was of primary interest in this study, whereas, their precise magnitude, which
depends on e_evhat uncertain cross sectio_ values, was of secondary interest.

_hq thermal _utron flux was usually based on either the Fe58 (n_ k' ) Fe 59 or the
Cu63tn _ v _Cu reaction. _he fission fl measurements were based on the threshold

.. .,. __ . u_

reaction,, Jtl2'T(n,_ )Na 2 or FeSg(n,p)Ya_5.g.g _]_e flesionto _heraml _r_tios were ....
based on either .the fon_lon rate of )_5 _d Fe59 from Fe5 and Fe5 or the

formation of Na2_ and Cu from A127 and Cu 3zdrespectiyely'4 _e ratio ofdthe
reaction r_tes for the threshold reactions F_ (n,p)Mn5 and A1 7(n,_)Na2 was "
used 1.0 detect, emy significant change in the shape of the fission spectrum which
would affec_ threshold reactions.

.i

Flux measurements similaz' to the F reactor Quickie facility (E test hole ) measure-

meute considered here _eFe performed at a lower power level in the precursor to
this facility in 1953t(1) using a different set of flux detectors. Also, a

recent measurement of the thermal flux in the Quickie facility has been reported. (2)

SOMMARY AND CONCLUSIONS
, .... ..

The thermal and fission neutron fluxes have been measured in aluminum process i.

tubing, in an empty process tube and in several pockets of the E test hole facility_ _ " -
with the stringer ex_end/ng approximately 5" further into the reflector than in its _ :i • :

normal position. In the E hole facility, an increase in the thermal to fission • .,,ii -. i

neutron flux ratio of about 20 was observed when the detector was moved from a :,T"i,.,_.,'
poin_ ii inches inside the lattice to a point 25 inches outside (2 inches from the .--_i..,,.-.:•

energy threshold reactions, did not change significantly over this re,on. 6_ " _'_";'_Q

Measure_nts of _he production rates of Fe59 and Ms5 frc_ iron or Na and Cu =L,_. '.,._
from A1 7 and Cu 3 were found to be suitable methods of determining the thermal [IL'"/

•_ ...,. _

tO fission flux ratios a_ various locations in the reactor. ._,_],,.,::.

• .
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Several of the neutron activated radioisotopes which are formed in the corrosicn I
film of aluminum process tubing and slug Jackets and are subsequently released to

the effluent water are formed by two or more reactions. For example p32 (lk.7 day)is formed by:

P31(n,

( )n, - p32

In the use of activation analysis for measuring the concentrations of the trace ..
qu_ntitles of parent isotopes in material of interest, it is often desirable to
irradiate, as nearly as possible, with either thermal or fission neutrons so

that the production of the daughter may be limited to n, _ or threshold reactions.

It is also desirable to know the fission to thermal flux ratio at the positions
of activation and at the corrosion film surface, since measurements at test
positions must be extrapolated to the corrosion film surfaces.

Isotopes of iron can be conveniently used to measure the thermal and fissionneutron fluxes.

o- (rob) •

FeSO(n, _ )Fe59 980 Cthermal) _"
Fe54(n, p )H_5_ " 89 ± 9 Cflsslon)

_e Fe 59 production serves as an indicator for the thermal flux (plus resonance,
which contributes about six percent or less) and the Mn54 as an _fission flux. indicator for the :. _ _:

..:

In aluminum process tubing, the production of Na24 from aluminum and Cu6k from
the trace copper present permits a very p_cise measurement of t2e thermal andfission neutron fluxes.

0.6o(S)
Cu63(n,_")Cu64 4.3 x 103

Since the half-llves of Na2_ and Cu64 are short, 15.0 hours and 12.8 hours.

respectively, radloequillbrium is attained in a week or less of reactor oper_tlon. ._ ++
_e fission flux is calculated directly from the l_.k concentration in a seTple _"
of alu.m_,nun tubln_. _he thermal flux calculation re ulres amea _ "
_ne Cu_ and the inert copper concentrations in the _umlnum. surement of both i "

_. ,_a •

• . s



be conventional thermal neutron flux can be calculated frum the rate of formation
of a radioisotope by the equation

P (1)F = 0"---_

B = Number of parent nuclei.

O-- Activation cross section for thermal neutrons.

P - Product nuclei formed per second.

_he contribution fr_ resonance neutrons can be determined and corrected for by
c_vering the sample with a 30 mil cadmium liner and measuring the n,_ reactionrate.

be conventional thermal flux is the product of neutron density and thermal

velocity (2200 meters per second) and can be obtained from activation of a 1/v
absorber. A general discussion Of reactor cross sections, flux measurements
and experimental methods is given in reference 3.

be fission spectrum flu_4_an be calculated by use of the _effectlve cross sections"for threshold reactions.£ }

P

F - _----T" (_')

F - Total flux density of fission neutrons of all energies whether
or not they contribute to the reaction.

O's " Effect cross section. •
-'.

N - Number of target nuclei. ,'_

P - Number of product nuclei formed per unlt time.

In using a sin61e threshold reaction to measure the fission neutron flux, it Is ' :
assumed that the energy distribution in that part of the fission neutron spectrum

which contributes to threshold reactions does not change appreclabJy with sample ,i_,
location in _he reactor. _Is assumption is reasonable, since the effect of "i.'i_,!,

moderated neutrons on the fisslo94_pectrum in the threshold reaction region (.above ."
2 Mew) can usually be neglected._ ] Any significant change in the spectrum could ,:

be observed by measuring the ratio of the reaction rate. (cross sections) of two "_ J
or more threshold reactiomwhich vary considerably in threshold energies. -_;
Experiments of this type have been performed in the BEPO reactor at Harvell. (5) ii_'
Several threshold cross sections were measured in a hollow uranium baz. and a_
various locations in _he reactor, and no significant differences in cross section ,_
were observed. -- ._- -.-_--,_
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In the work considered here, the cross sections for the reactions Fe5k(n,p)Mn 5k
and A127(n,o_)Na24were compared in the test position of interest. The measured
threshold for the A127._eaction is about 6.5 Mev.(6) The calculated threshold

for the Fe54 reactlon(3) is Q - -0.16 Mcv; however, because of the.potential
harrier for particle emission, the actual threshold is positive. (7) In an actual

comparison of the relative reaction rates for these reactions at positions

extending fr_a the outer edge of the graphite reflector into the lattice, no
significant change was observed.

EXPERIMENTAL

The E test hole facility (Quickie facility at F reactor) was used for the measuu.e-

sent of the thermal and fission fluxes at locations between the outer edge of the
graphite reflector and the second and third rows of process tubes. The KE reactor

"_ickie facility" was used for making flux measurements near the outer edge of
the graphite and in the central flux zone of the reactor. The thermal and fission

flu_es in these facilities were determined from the production rates of Fe59 and

Mn54 in iron specimens. The thermal and fission fluxes in a poison column
(process tube containing no fuel elements) were dete._nined from the reaction rates

of Ns23(n,_' )Na2_ and A127(n,o_)Na24, respectively. The thermal and fission

fluxes in aluminum process tubing samples were calculated from their Na2k, Cu64
and inert copper concentrations.

Measurements in the E Test Hole of F Res_tor

The general layout of the X test hole f_cility is shown in Figure i. This
facility is similar to its precursor, (I) but it is water-cooled and it can be

positioned approximately Ii inches further into the reactor. The position used

for the measurements considered here is shown in Figure I. An additional single
measurement was made with pocket 18 moved out to two inches from the thermal

shield. _ • ;
• i

_ne thermal flux was measure_ using the reaction ye58(n,y)Fe59 (0- - 0.98 barns) (6) ._ _ '
as the thermal neutron detector. The contribution from epithermal neutrons was ....

observed to be six percent in pocket No. i. Since this is _d_l, and would be
expected to drop at about the same rate as the fission flux, it has not been
corrected for in these measurements. ,. -

_e fission flux was determlned usi the 27 24 5A_ 5k

reaction_._ _he effective cross section for the AI2, reaction was taken as

, relative to the AI , reaction . i'
and found to he 89 _ 9 rob. "Specpure"* aluminum and iron samples were used for _.

the irradiation to reduce interference from impurities. The irradiated specimens ",< ;
were dissolved in acid and aliquots _aken for the measurements. _a_ and Fe_9 i

were measured from the _ Mev add/tion peak and the 1 32 M_v photopeak, respectively. ' "• ,.!

using a gamma ray spectrometer equipped with a five-inch diameter by flve-incn
thick well crystal which had been calibrated with _rr standardized sources. The ._
MnS_ wa_ chemAcally separated and its counting rate compared on a ga--na-ray " ',
spectrometer with a standard MnS_ source which was calibrated bY X-ray--_-ray _,
coincidence counting. " ..-

• Johnson, Matthey, and Co., Ltd., 73/83 Hatton Garden, London, E.C.I.



_e thermal and fission flLu_esand the thermal to fission fl_x ratios are plotted

in Fiag_TS 2 and _, respectively. The ratio of the fission fluxes as measured
with A1 7 and Fe5 detectors arc listed in TabJ.eI.

TAN_£
_n

RELATIVE FORMATION RATES OF TWO RADI01S_ BY TH_W__HOLD REACTIONS

Sanrple Position (lnches_* Cross Section MnS_/Na24_*

lO.75 o.91

9 0.99

5.5 1.o3

2 1.02

m 1.5 1.19

- 5 0.93

- 8.9 . o.ge

- 12 1.12

- 15.5 ,. l.O6

_ L

e Relative to outside rows of fuel elements.

Average of the Dine values normalized to unity.

Since the ratio l| constant within experimental error, the shape of the fission

spectrum am measured by these two threshold reactions does not change significantlyover these locations. "

Similar flux measurements were made in the KE reactor Quickie facility. The

observed fluxes at two positions in this facility are included with a st.mna_y of
other flux measurements in Table If.

Flux Measurements in the Poison Col_,m_

_herwe_ and fission neutron fluxes were measured in a poison col_nn at DR reactor

(a process tube which contained aluminum dun_ies rather than the normal fuel load). '
_LIS measurement en_ailec_the irradiation of a sodium standard and an al_u_In_un
specimen in the "central _9_e" of a reactor and a calculation of the thex_nal and
fission fluxes fr_ the Ra2_ produced in the two samples.
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The thermal and fission fluxes at this location were 1.0 x 1014 and 3.1 x 1012.

The thermal to fission flux ratio was _hus _2. _ey are compared with other
test locations in Table _.

SU_04ARY CLr FLUX _ASURE_NT8 IN _I_RON ACTI_ATION TEST LCCATIONS

Ratio

Test .racilit_and Position Thermal F!u_ _i=,oslonflux _hermal/Fission

I Reactor _Mickie Facil_ _01_ ..Pocze__. I° %.0 x 9.0 a _0:1_ ._

Zn reflector abou_ 2m
from thermal shield. 2.5 • _,OI_ 3.2 a _09 _ '

EE Quickie F_cility
Pocketis. 2 _.6a _oI_ _._ = %o_ _?.? •

,a

Tn reflector abou_ 2m

£r-----+_.Wer,_-a!"_'_"_i= _ _ " an_- z._-_ = I0_0 _-. ' _.

Poison Colu:nn .. .::",;

Rear cente_ of reac_ore le0 _ _0_ _._ II _0_r_?" 32 :" :_'• ":_ , _

S _ '""":"':'.'.::"

• See position frcm Figure i. .:,, .

Flux Measurements in Aluminum Process Tubing

The thermal and fissio_lneut_n fluxes in process tubi_ were calculated from ....
_asttrements of the Ra_, Cu_ and inert copper present in samples of aluminum

tubin_ frc_ B ant C reactors. The samples were taken from near the center of .....
the process tubes. The observed fission and thermal fluxes and their ratios .......
are listed in Table llI. " '

TAN_ III

THERMALANDFISSIONI_ 11_PROC_ _'_ M_AL "'..:_._

Tube No. Reactor Thermal Flux Fission Flux Thermal/Fission .i :..@

376_ B L.'.9_x 101.3 1.13x 1013 l,.39 .:_

Unknown C 3._i x 1013 8.28 x 1012. _,,ii :''""_...... ;_._;

M

i
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_e _
be Cu6_ "_a8 measured as described in the section "Measurements in the E Test Hole."

was measured by a standard electropiatlng r ocedure with iner_ copper added .....
as a carrier. _e inert copper in a sample of the aluminum tubing was measured after
th_hin',tial Cu had decayed jby a neutron activation and subsequent analysis of theCu_ . /

DISCI_SIOR

_hese studies were designed to determine _be approxlm_te ftsslon and thermal fluxes
and their ratios at the varicus neutron activation test locations and also in
aluminum process tubing. Samples of aluminum (from process tubing) with its

associated copper impurity served as detectors for the precise ._surement of
fission,and thermal fluxes in process tubi--. Sinc_ hot_ _- =-_ t........

-_ - ,, _,,= _= _ug_er o_ A127)
and Cu_ (dau@hter of Cub3) have short half-lives, 15 hours and 12.8 hours,
respectively, radloequilbrium i8 attained in a few days of reactor operation. The

precision of the flux measurement is thus independent of past reactor o_eratlon.

_he lattice spacing in KE reactoz.Is 7.5 inches :c_pared with 8.375 inches in the +
old reactors. _is accounts for _he lower thermal to fission flux ratio in the
KE reactor test facility than in _he F reactor facility (see Table II).

In performing an activation analysis;where the daughter radlolsotapes can be formed
from both (n, _ ) and threshold reactions> the location for minimum interference
from the threshold reaction_, would be near the edge of the reflector of F reactor
(,see Tt..hle IX). On the other hand, interference from _n n, F" reaction would be a

minimu_ in the control zone of KE reactor. (A cadmium absorber would probably be
used to remove thermal neutrons in any cas_.. ) ....

..

_e n_/ contribution from resonance neutrons .has been neglected in all of the

flux measurements. _he cadmium ratio in pocket 1 of the F reactor _uickle facility ... ++
was 16 £or the Fe58(n_ _ )Fe59 reaction, indicating about a six percent contribution
from resonance neutrons. _3_e contribution a_ the sample 18 moved into the _raphlte
reflector would drop off at about the same rate as the fission flux, thus beccmir,_
extremely small. By the same.reasonln_, the resonance contribution in the KE + "
reactor lattice would ]_e larger than that observed at F reactor.
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