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Introdustion and Swmary

The purpose of this memorandum is to clarify the nature of the sources of
neutrons and gamua rays which are of interest to the Health Instrument
Divisions in the 234-5 building, It is shown that the chief source of
neutrons is the alpha-neutron resction in fluorine, The chief sources of
photon radisiions are x rays assoclated with the alpha decays and the pas-
sage of the alphas through material, gamma rays from product, and inelastic
scattering of alpha particles by fluorine,

......

An examination of the sources of neutrons to be expected in the 234-5
processes indicates only two important possibilities. One would expect
occasional fissions from coside rays and possibly spontaneous fissiona.
The only cther probable muclear reaction resulting in neatron emission is
the slpha bombardmert of the compounds aesoclated with the product, A

search of the nteiature 1) concerning this type of reaction reveals only
one of interest, F19 (alpha,n) Na22,
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Verificotion of the prasemte of these sources of meutyons oan be found in
meagurements mrde by H. I. Operations porsconel and the H.I. Phyaics
Group. These surveys show scme neutrons, all along the procoss line but
in especially groat mabers at that stnge where the product is combined
with fluorine. Jn especially striking proof of the presence of this re-
action is provided by mm! with A recoil proton counter at hood
#10 during the reduction procoss.%) The product is here initdally
combined with fluorine orly; the neutron intensity is quite hMgh., When
reduction is complete the product {s in the form of pure metals and the
neutron intensity has dropped to nearly sore. The relatively fow neutrons
found elsewhere along the line cn be attriduted to random fission and to
scattered neutrons origineting in the fluoride scurces.

The neutrons from the P (alpha, n ) reaction are the most mumerous. An
important point regarding these ncutrons 1s that their epergy spectrun
is different from that of the sources used in oalibrating noutron instru-
menta, Flg. 1 shows approximate spaotya of Po-B and Po-F, which should
be quite similar to that of Pu-P. The spoctrum of Ra-Be or Po-Be extends
to much higher energles,

Gesma _Rnys

An examination of the sources of genma reys (or X rays) to be expected
in the 23i 5 processes cates ssveral possibilities. (1) One

expects uranitm L X- rays 3) produced by plutonium atoms which have just
undergone decay and bsen left in an excited electronic state. These

X rays will bave cnergies in the renge 12 to 21 Kev. (2) L X-rays of
plotonium are expected from alpha particle exeitation of pb.\ganiu atoms &)y
these L X-rays will be simdlar to those above. Apparently 4) very few

X rays of plutonium from this method of exsitation are to be expected,

X rays excited in other atoms than plutonivm would be expected at various
parts of the proces. but will be of too low an energy to be of interesti.
(3) Plutoniud emits gasma rays in some of its disintegrations. Energles
of 200 420 Zev have becn reportsd in one case and 50 and 300 Kev in
another 5), (4) Alpha bombardment of some of the atoms associated with
the plutonium can ba expected to lead to cases of inelastic alpha
scattering with acoompanyilng gamma smission; such reaotions are denofed
(alpha; alpha, gamma). Such a reastion has been reported for fluorine 6)
as giving several gamma :ays of encrgies 0.5 Mev and higher,

To determine which of these nossible gamma rays are actually present in
234 5 we mmde s series of absorstion measurcments at various placee along
the line, A ggunm 1B85 goigur tube was used. This tube has a’umimm
walls 30 ngm/ca’ thisk and 1s £illad to 10 om with argon and quenor gas,
It was operated with a cathode followar at the tuba; an I.D.L. #161-G
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scaler was used as power supply and scaler. The absorbers wers thin
oyiinders of polysthylene, aluminum, and copper which fit smgly

around the geiger tube, Such absorption meagurements can be expected

to give valid results for the materials used, from about 10 to 100 Kevj |
consequently thicknesses of abgorber sufficient tc determine energles in
this range were used, 3

Figure 2 shows the absorption curvas made at the entrance to Hood 8
through the lucite window, No sources other than contamination of -
the hood interior were present; this oontamination should not contain
any fluoride, Energy ooxponents of 17 Kev, 4O Kev, and about 200 Kev
or higher can be identifiedy our equipment was not designed to actually
moagurs energies of the lattor value, The 17 Kev component 1s an
avsrage of the L X rays of ursnium and plutonium., The 40 Kev camponent
1s probably the low epergy plutonium gumma ray., we belleve that the
high energy oamponent is due io plutonium gamss rays since it seems to
be too high an emergy for K X-rays ~nd no gamma from the fluorine reac-
tion is to be expected. '

Pigure 3 shows the curvea for the exit end of 'lood 8 taken through the
lucite. Several sources of fluorinated produst were present. The same
energy oomponents as above can be identified. The high energy somponent
is about six times as intense ag it was above. This increass van be
attributed to the (alpha; alphal gemms) resction. During the reductien
process in hood 10 the fluorine is rcmoved to leave pure metal;. this
process is monitored with a geiger counter and the counting rate, due to

high energy component only, drops by a faotor of six when the redustion
is oomplete,

Figure 4 shows curves taken at the two above positions but through the

stae) walla of the hoods, These walls are-quite effective in removing

the low energy compoment., What remaing of it in these measurements may
very well be scattered radiation that has passed through the luoite,

Figure 5 shows curves taken through the luoite at hood 22 both with and
withoct a shape in the hood, The same snergy components as those
encountered previously are present. It will be noticed that the relative
mmber of counts with and without the ghape present i not the same for

the different energy ocomponents. This is dus to the faot that for the

low energy compounent doth the shape and the contamination are thick .sources
while this 1s not tiae for the higher energies. As the thickness of a
source 1s inoreesed, the gasme intensity will increase until the mource

i» about owe mean free path thick after which the increase in gamms
intensity for that emergy will be small.
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Figure é shows curves tak'n through the lucite window from a shape wrapped
in 2 surgicsl glove at hood #27. No low energy components are visible.

At this point in the procuss the shapes have been plated with nickel. The
thickness of nickel 1s sufficient to stop all of the lower energy componenta.

In early 1950 one of us ("CW) prepared soue step wedges of different
meterials to be used with X ray film 0 determine the energles present dy
the absorvtion method, These were exposed by H. I. Operations persormel
and interpreted by us. Confusion resulted and the dest use was not made

of the method., Thesa data hrve been re examined and found to agree roughly
with the counter data reported above., The following table summarires the
energy determinations made from those films:

B R I e T R Ll >ty

Energy Measursments at 23)-3 Using Film

A e man - & W -

Energy  Hood 8 Hoed 8 Hood 9 Hood 22 Shape
Component  Through Throagh Through Through
eiie.. lucite  Stesl Luoite Igcite
Low 22 Kev 18 Kev N U Indioated
Medium 80 130 80- 100 100% Xeov 75120 Xev L0 ? Kev
High 230 ) —— 180 20

N not detected
v wodges of improper thiciness for deteotion
* density too low for relisble meamirement

MEE e s LW AAN S e e e w ARG BB, e 4 e BT S Wil o SR -~

Reference 5 gives two possibilites for the low enorgy gamms ray of
plutonium, Kev and 50 Kev. The former was determined by sbsorption
measurements with load; the latter, by the sams umethod ueing lead and
aluminum, The discrepancy s posaibly due to the faot that cne ia very
cloge to the K absorption limit in lead for tiis gamma ray and aocurate
interpretation of results is difficult. Waere alumimum was used this
difficulty is avolded; this gave the 50 Kev result. Our measurementa of
this component with the counter were tascd on copper absorption which
should also eliminate the difficulty; our result was 4O Key, The film

measurcments were made with lead and gold and enoounter the same
wcertsinty.
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Conelusion

Hanford grmma measuring devioces are calibrated at much higher energles
than the 17 Kev of considerabla interest here, We are proceeding with
a check of the ~alibration at this energy.
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