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1. CAVITY DESIGN

S W. Kitchen 
UCRL

As reported in the previous quarterly report (UCRL-1903) a final drift tube 
table for A-12 was prepared. (UCRL-1859. ) This table contained the geometry 
specifications for a tenth-scale model with the exception of the first twenty drift 
tubes. Since then each half cell of this group has been individually modeled for 
resonance. In Fig. 1, the diameter of the drift tube in each cell obtained in this 
way is plotted as a function of the tenth-scale axial position of the electrical 
center line of the drift tube. The diameters chosen for the model are those on . 
the smooth curve. It will be noted from Fig Z that the diameters of drift tubes 
14 - 20, when gap splitters are inserted in gaps 15 - 20, are well below the 
average A-12 drift tube diameter of 100 inches. The reason this happens is that 
the additional capacity introduced by the gap splitters required compensation 
through reduction in area of the face of the drift tubes.

J

In view of the uncertainties introduced by half-cell modeling, it was con­
sidered advisable to check the overall characteristics of this group of drift tubes 
in a small model ~1/30 scale). where indicated corrections to the dimensions 
could readily be made This model has been designed and is in the process of 
construction.

The basis on which the decision to change the majority of the A-12 drift 
tubes from thick cylinders to thin cylinders was the gain in shunt impedance at 
the high s end. This gain was determined from measurements in the vicinity of 
the design parameters. In order to provide data for more comprehensive cal­
culations. extensive shunt impedance measurements over more parameters have 
been made on the thin cylinder geometry. The data thus far indicates that, in 
addition to significantly higher shunt impedance at high P’s, in this region the 
shunt impedance of the thin cylinders is almost independent of D/d. This be­
havior contrasts with that of the thick cylinders where the shunt impedance falls 
off badly with D/d.

The theoretical investigations of the A-12 bear behavior previously de- 
scribed became the full r esponsibl ity of CROC early in this period, and will no 
longer be reported here.

The group during this period consisted of S. A. Colgate, M. L,. Good, 
B. V. Hill. S. W Kitchen, and A. O Schelberg.

SECRET
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2. 200 MC SPARKING AMD X-RAYS IN A 
MERCURY PUMPEDVACUUM STSTEM

w. D. Kilpatrick 
UCRL

The follo 
th* sparking of

| table is an addition to the list of characteristics concerning 
• root metal electrodee at 200 Me as reported io the prootow

M. T. A. Quarterly Report UCRL-1903.

Material
Inherent initial spark 

Rate
Initial X-ray

Intensity
Rh 300 139 0:05

oil-on-RH 0.17 27, 000• 1.0

Pt 0. 24 30.000 2.000 2. 9

0 3$

The data listed ar* for 2. 3 Mv across a gap of 3.3 in.. except for th* 
case of oil-on-Rh which is for 1.0 Mt* because of th* high sparking rat* which 
apparently could not be diminished because of th* presence of oil. Th* Rh 
nample was Rh plate 0. • mil thick. as compared with previously reported 0.1 mil 
thickness. Th* Pt sample was mad* with the use of a hydrogen furnace, and 
hydrogen impregnation probably accounts for. the poor resuite. Previous ex- 
perience with hydrogen furnace technique on copper shows a simnilar effect.

Th* conclusions drawn from th* expe riment a ar*:

1)

2)

3)

Th* Rh sample of 0.8 mil Rh plat* gave the same resulte as 0.1 anil 
plate previously reported.

Th* oh-on-Rh experiment was a satisfactory test for distinguishing 
the oil effect. Th* thr*shold gradient for oil is low (170 kv/cm); 
and if sparking clean-up exists with oil present. ih* clean-up is 
extremely slow with a large number of sparks.

Pt la probably as good as Rh, but the presence of hydrogen induces 
sparking and excludes any definite conclusions concerning the 
sparking characteristics of th* base metal ,

On August 1. 1992. th* test cavity in which these experiments were mad* 
was disassembled for shipment to CRD in Livermore. California. Th* transfer 
was completed August 14, 1992. and the equipment is now in th* custody of 
W. Salisbury and T. Karuth.

.2 O
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J HIGH VOLTAGE BREAKDOWN FOR UNOUTGASSED METALS

H G. Hoard and E J. Lauer. 
UCRL

Breakdown Voltage Coefficient

During this quarter measurementa of the breakdown voltage coefficient 
were extended to those metals which have pre-spark drains in excess of that 
which can normally be supplied by the existing 100 kv power supply. The now 
data are shown in relation to other materials in Table I

To get sparking voltage data for these metals a 0. 5 pfd. condenser charged 
to 100 kv was connected to the gap as shown in Fig. 1. Each diecharge of the 
0. 5 ud condenser would charge the 0 015 pd condenser up to the vacuum gap 
sparking voltage ten times or so The gap voltage would rise according to a 
l/e voltage in 0.03* second between sparks and fall very rapidly when a spark 
occurred. The gap voltage ve time was displayed on an oscilloscope and re- 
corded photographically. The sparking voltage distributions were taken from 
the photographs

This technique was compared to the method formerly used by measuring 
the most probable eparking voltage by both methods for a given sample The 
test with Hastalloy B showed that for a given spacing the most probable sparking 
voltage was SO kv as compared to 60 kv obtained by the former method.

The observed reduction in breakdown voltage to accounted to the'rate at 
which sparking occurs- With the technique diecussed above 10 or more sparks 
can occur per second whereas the former method only allowed approximately 
10 to 20 per minute It -as generally obeerved that the first spark in the series 
occurred at a higher voltage. One may infer from these data that breakdown 
voltage is a decreasing function of increasing sparking rate.

TestofCranberg Hypothesis of Initiation

Knowing that much experimental data on vacuum sparking fits the relation
where: V • electrode voltage 

d - electrode spacing
(1)

Cranberg has proposed* that particles removed from the surface of the electrodes 
by the electric field will initiate a vacuum spark if they deliver a critical energy 
per unit area to the target electrode. That la the voltage-gradient product is a 
constant of the electrode material which for parallel-plane geometry can be 
derived from (1). If all the hypothetical particles with binding energies less than 
or equal to a value corresponding to the gradienz predicted by V~d172 can be 
removed without a spark than no sparks should occur until the field exceede this 
value .

..,-74(952).
L. Cranberg. J. A. P. , Vo. 23, P-518. (19521

JO $4. -
Cm :
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A test has been performed in which the electrodes have been conditioned 
as mentioned above by the following technique:

(1)

(2)

(3)

(4)

»

At a distance d| apply a voltage Vj at least once without 
getting a spark. V1 is the most probable sparking voltage 
for the electrode spacing d- This procedure removes 
all particles whose binding energy corresponds to the 
field V/d,.

Turn off the voltage and enlarge the gap to the maximum 
value available. Turn on the full supply voltage.

Turn oU the voltage and reduce the spacing to

Turn on the voltage and raise it until the flrat spark 
occurs .

According to Cranberg’s hypothesis a spark will not occur until the 
gradient reaches a value corresponding to or exceeding the value applied in 
the special conditioning of the electrodes. That is E2 must be equal to or 
greater than Ej which specifies that

If however the spark mechanism dependa upon the relation v~ d1/2 a 
spark will occur at

* ""1 • "2 • "1 
2

or V2 • fn

Since in four trials with carbon electrodes the data agree better with a 
ratio of root u rather than between V2 and V,; results of the experimemt are re- 
garded as evidence against Cranberg’s theory. It the first spark had occurred 
at V2 • nV and further sparks had occurred at V2 • f Vj the test could be re- 
garded as extremely strong evidence for the theory. The fact that the observed 
data do not subetantiate Cranbers’e theory cannot be regarded as absolute proof 
that the theory is incorrect since particles could conceivably get onto the 
electrodes between stope (1) and (3).

loltiotioi of Vocoom Byartf

z • Mechanical . For mom time now it has been postulated without proof that 
dust particles can cause high vacuum sparks. It has been found that vacuum 
sparks can be initiated over a wide range of d-c voltages gap spacinge and 
electrode geometries if particles which are presumed to be dust are dislodged 
from the inner surface of the vacuum system by a mechanical blow

. « E
• - - • e s • •

a 55. • • e
: : - • • •• :

• e = - -ae

. I
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To show that sparks were initiated by particles rather than a mechanical 
shock causing gap variations, the vacuum syatem was a gulpped with a long vertical | 
Pipe having a door near the base. An oscilloscope sweep was triggered when the 
pipe was struck a ks romer-blow near the top. The time after the me chondral shock , J 
until the first epark was measured by the sweep length which occurred up to 
the spark signal. The statistics for sparks initiated with the door open and closed 
rpyen} a peak in time for sparks initiated by particles with a free fall time of 
1/2 st:- The results of this experiment indicate that at least some sparks can 

.be initiated by particles removed from a surface inside the high-acuum casing. 
‘It muggests that all vcuum sparks may be caused by particles which are similar 
in nature to those derived from mechanical shocks.,

Electrcal. High voltage breakdown between electrodes has been t striated 
by applying a very fast pulse to electrodes which are biased by a fined d-c vol} 
age. The stop function pulse. which rises to approximately 10 kvia 2.S a 10-9 
waa generated by shorting a charged ma vis l it ne. To eltntnate atray capacity 
effects the transmission line was made as integral part of the supp n rt of the high 
voltage electrode.

nec, •

A delay exista between application of the pulse and initiation of breakdown. 
This delay, which is a function of gap spacing and total d-c voltage, varies 
from 5 to 50 x 10’ sec. for the range investigated.

Breakdown could not be initiated unless the ratio of pulse to d-c gap volt- 
qse was large. For a given applied voltage the fast pulse would not initiate break- 
down until the gap was narrowed to’ a critical value. Thia ia interpreted as 
specifying that particles which initiate breakdown must come from the electrodes 
and not from dust particles removed from the vacuum liner, etc.

Each of Um triggered sparks was followed by a flurry of « parks which 
pppear aa a secondary event. Sparks were triggered during the quiescent period 
following those Hurries. A bake-in effect was noted for the triggered sparks in 
he larger gaps.

Siace this work wae utill in early stages at this writing descriptions and 
conclusions will be deferred to a later report.

w *< > ' 
" . or 4,-
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TABLE I

BREAKDOWNCOEFFICIENTS 1X3R SPARK CONDITIONED
METAUS IN MERCUMY PUMPED SYSTEM AT LOW PRESSURE 

V - Ad1/2

-

BREAKDOWN

AA

f

8 (
1

METALS

Invar

Stainless Steel 
(non -magnetic)

Manganese Ste
GP 720

Hardened Steel 
Rc - 60-65

Chrome Plated Copper 
(qtgassed at red heat 

in vacuum)

Inconel

Hastalloy B

Nickel

0. 01 inch Chrome Plated 
on Copper tunoutgassed)

•{•) • • w
NUMBEROFSPARKS
AT WHICH DATA

>

197

179

172
161

159

143

134

126

•9. 5

• 9.4

25,000

56,000

27,000
1 9,000

12,500

5,000

12,000

25,000

1 3,000

40,000

ALlQXCQMPQSITIQN
63.85Fe, 366Ml. 0.2«C

71.8$Fe, 8$Ni, iMCr,
29 Mn, 0.2$C

86% Fe, 136 Ma. 16C
60$ Cu, 20%Ni, 26%

Pack-carburised • hrs.
• 1700° F. water quench 
from 1450° F. temper.* 
350° F.

73$ Ni, 17.5%Co, 6. MF«.
2. 5% Ti, 0. 2%

$

h 
।

• a

4 .i

A
C



TABLE I (cont. )

METACS

BREAKDOWN NVMBKR QF SPARKS
COEFFICIENT AT *HICH DATA
K1 COVQLTS/()1/2 WAS TAKEN ALLOY COMPOSITION

Hot-rolled Steel •9 62, 400 99 Fe, KC

E. T. P. Copper1 74 22.500

Ra 
e
R
i

Cupalloy1

Tantalum3

Aluminum

Lead

Vacuum Fused Copper1

C-15 Anodic Carbon

Spectrographic Carbon4

Silver

71

71

57

54

54

36

36

27

1 Data extrapolated from value at 0. 2 mm.

2 Data extrapolated from value at 0. 5 mm

11, 000

20.000

8. 700

12.500

24.000

10.000

1 4,000

14.000

3 Current supplied by discharging 0. 5 pfd condenser charged to 100 kv.

4 National Carbon Company, Lot No. 542. Sample 2
Traces of impurities detected spectrographically a relative intensity 3-copper

2 -magne sium
1 -iron

barely visable: boron, silver, sodium
absent: aluminum, calcium. lead, manganese, 

potassium. silicon, tin. titanium, 
vanadium.

C 
n 

F
F 
2 -
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KRK DAMAGE AMD HIGH VOLTAGE 
WNOF METALS AT 14 MEGACTCLES

W. Chupp and H. Q. Heard 
UCRL

A detailed research report on this subject wau written and iseued during 
the quarter under the number UCRL-1962. An aketract of this report follows.

Spark damage and breakdown voltage measurements have been made om 
Inconel, E. T. P. copper, D. H. P. copper, tantalum, molybdemum, nickel, 
C-18 carbon, K-Monel, stainless steel a ad satin chrome -plated copper. These 
tests were conducted in the oil pomp ad XC -cyclotron cavity. Measurements were 
extended to approximately 1000 kv and a peak enersy etorage of approximately 
10 Joules: Breakdown voltages are quoted for tests made in the preeence of a 
15,000 gauss magnetic field.

■

. . ma 4
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5. IO PUMP DEVELOPMeENT

UCRL

The work during the quarter is covered 
of which are given below.

two research reports abstract*

A HIGH VACUUM HIGH SPEED ION PUMP

John s. Fonter Jr., E. O. Lawrence and E. J. Lofgren

A vacuum pump based oa the properties of a magnetically collimated 
electric discharge is deecribed. U has a speed La the range 3000 to 7000 liters 
a second and a base pressure in the order of 10-6 mm.

This is aa abstract of UCRL-1930.

DESIGN or RADLATION HEATED CATHODES FOR ION PUMPS

William E. Bush

The ion pump requires cathodes of unus al durability to withstand the
positive ion bombardment associated with tbs high intensity arcs. Design and
operation of radiantly heated tungsten and tantalum cathodes is discussed.

This is an abstract of UCRL-1929.
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6. MARK I HIGH FREQUENCY PROGRAM

William R. Baker 
UCRL

Per plan. the responsibility for the oscillator system has been gradually 
shifted from UCRL to CROC personnel. It is now believed that little.- if nay. 
further help will be needed and that the CRDC organisation is fully capable im 
the operation and maintenance of the equipment. However, until each time as 
the L-2 test facility has been completed, the B-1 system at Berkeley must be 
relied upon for tube testing and related work.

In line with this. tests were made recently on four new tubes of the
2332 variety. These included one of the longer of the molybdenum powder coated 
grid idea that had been offered as a possible solution to the thermal grid 
emission problem. Unfortunately. these tubed did not perform any better than 
the earlier modelehn this grid problem continues to be the limiting feature of 
the tubes. RCA in continuing reeearch on this, and there is an optimistic 
feeling that an answer will be found soon.

.g * ;• s i• •• e
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7. DYNAMIC BEHAVIOR OF MARK 1

John F. Waddoll
UCRL

The experimental work on this problem has been compieted, save forlinal 
data to be taken oe the Mark I system itself. A complete technical report is im 
process of preparation, and will be published within a few weeks.

Engineering work on the application of the research done by this group to 
the rf regulator system for Mark I io nearly complete. The amplifier units 
will be re -installed shortly at Livermore.

Experiments have shown that with a proper combination of phase-lead and
e-lag correction in the system. ability may be achieved with system re- 
se-time of approximately 1 x 10-3 seconds, i.e. . the system can be madespone

to have soarly as great a epeed with time -quantization (samplimg) as it could 
have were there no quantization of time. Moreover, there are indicatione that 
a subetantial increase is loop gain can be made permitting closer regulation of 
rf level la the cavity than the minimum required. The reader is referred to 
report UCRL-1774 for discusmion of the factors involved.

On the night of 5 -6 June 1952 an experment was conducted upon Mark I 
itself. Data taken at this time showed conclusively the similarity between the 
Mark I mnachine, the Laboratory -scale model (using the wins vat cavity), and the 
equivalent network model based upon the early research of this urqup into the 
dynamic behavior of a self-excited oscillator with resonant load.0)

The remearch originally contemplated on the Mark □ project will not be 
undertaken by thi group, hence completion of Um Mark 1 will terminate this 
problem .

The group participatina in this work includee. La additiom to the writer, 
Harold D. Morris. Walter H Neleon, and Margaret M so dosh r 11.

(Preliminary ConsideratomsR
Closed-loop eystem, UCRL-15

a r Jiai Hl* bi l i t y of Mark I as a 
. Nov. 1, 1951. A more detailed

mccount of this work will toe included in the pending fl eel report.

J •7.-/6
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M.T.A. MECHANICAL DESIGN

W. M. Brobeck
UCRL

Dstributiom of Activities

During thia period approxmately 20 members, compared M H ia the 
last quarter, of the Mechanical Emgimeering and Drafting sectiom were emplyed 

. om the MT A project. Their effort wee distribated as folows: 9 per a on a om 
the Mark I program; 7 pereoms aa A-12; « pereoms aa J-16.

Marte I Accelerator ram(LvermoreLAnac)
Desjun. Testa by other groupe have indicated that imcomel will probabiy 

be a aaU efactory refractory facing for drif to be surfaces to i abaca eparkimg 
damage la the 0-1 gap. As a result, the followimg egwipmea* wee deeigned:

1.

1.

1.

Inconel facings to be installed over the existing drift 
tube surfaces at each end of the 0- gap. These facinge 
conmist of 12 pie -shaped sectore per drift tube of 1/16 
inconel sheet formed to the drift robe roatonr and extendimg 
from inside the bore to a 4 toot diameter. The eurfaces 
between the inconei and the existing copper shell will be 
chemically blackened to increase the transfer of heat from 
the inconel .

A new No. 1 drift tube with a protrudent none, adjacent to 
the bore, and a thinner shell to concentrate the region of 
high field. Thin drift tube will have an outside diameter 
of 58 inches compared to US inches for the existimg drift 
tube, an inconel ehell, a new magnet deeigned for the protom 
voltage gradion*. and will be connected to the existina etom. 
A new manifold will be used at the Kop of the atom

A recontoured No. 0 drift tube with a wm protruding from a 
concave ebell. The nose will be made of inconel ebeet and
the rest of the shell will be made of copper sheet .

Item l ia intended to be installed if the ran mo la progress ie not suzcessful 
la holding proton gradient. Home 2 and 3 are intended to be used together U 
I id not a mufficient improvement .

Design was also completed on an improved centering adjustment for the 
cavity discharge probe.

• The end face of the liner is referred to as the mero drift tube.

+--+*-*-*-*+--**--*
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Fabricatiom (w.C,‘Tuitchell). The omiy major work Am progress dmrimg this qartereerabridatomorarepacement drik tube No. 1 for Mark I. 
This new drift —Be la emaller la Ola —etor (MT approx- ) and ia made from 4 
la—eel ay—age (2 shelle and 2 bore tubes} The meck of che drift tube is a 
eto aye 4 copper piece . A ae— magmet la beins l—a tret—4 tee fit the a—all er 
e—It—.

The job was started — July amd By the emd of Amgust, 1042. most of the 
critical materiai was — to—4 and the fabricatiom orders had too— placed or
the major comp ts. The use of Imcomel with cepper has presemted some

TU» drif —Be la chdmled for ce eaglet! — im O—Bar. 1952.

KC Mageof, This —ogee* ia being uned By research groupe for sparking 
tests. Designortest electrodes and their attachmemua han Bo— dome for the 
experimemtal group ta r—■ rtl ee with sparkimg tests for Mark X. Do alga work

—[ tea a —c —ry pumped ol tr— 
eye refill e—Mtieae .

has aleo heem dome om meame or c—re;
eystem to more mearly ayyrn wire ate Marte

A-12 Progra— (Fell Scale LAaac)

Mechamical desigm was completed — the followimg Ite—e.

1. A mass spectrograph for analysing the comstttuemta of the 
arc of Lom Pump SB

t. A 1/2 -wave tramsmissiom line (0-1/4 la. O. D. a 40 ft. long) 
which will too comnected to the B-1 cavity.

3. The 0 03 ecale ri model of the low e— ray end (first 20 drift 
tubes) of the A-12 Accelerator to check the 41—eaaioae arrived 
at by calculatiom.

Comstruction was compieted om item 1 and la im pros rese on iteme 2 and 3.

Target The joimt UCRL-CRDC design sroup, iaitla—4 — OctoBor 1. 
1951, wae reorganimed imto a CRDC target design and developmnemt group on 
July 1. 1002. CRL engineers and dratsmem mere assigned other dties. 
Participatiom toy UCRL mechamical design persomne l in MTA target development 
la — w limited to consultatiom.

J-16 ram(GloverleafCyclotrom)
Electrom MedelNo. (300 model). Mo me chazmical demigm was re- 
la~ tide y—rter. ""Title m actol— Baa —— disassembied and the parts 

will too used for other purposes.

U IL-
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Electron Modnl No 3 (350 Mrr nxxtel). Magnetic field mapping has 
been completed, and Final aaewmbly of thuw mirkia* is proceeding- Very 
little engineering work was required in this quarter.

ZO-iacA Cyclotron. No mechanical design was required la thio quarter- 
This machine hasbeenrebuilt and is being used for other than M TA. research 
work.
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‘ 9. MARK I TARGET

G. S. Windle. G. B. Rosenblatt. Jr. » G. M. Kibler.
O. J. Elgert, D. E. Lord, and L. W. Roberts

CROC Q—

4

Solid Target Fabrication

A vimit was made to Bohn1* Adrian. Michigan plant to witness and test 
target backing plate extrusions. Initial extrusions were not successful be- 
cause of failure of the die while in the press. It was later determined that the 
failure reeulted from faulty heat treatment of the outer die. A second die 
failure subeequently occurred and Bohn is now fabricating a die of radically 
altered construction in their own shops. However, three samples of extruded 
target backing sections have been received and, although they do not meet 
tolerances, may be satisfactory for anticipated immersed pilot casting 
experiments.

While at Adrian, completed extrusions sixteen inches wide were observed, 
and Bohn has been asked to quote on a sixteen inch extrusion in addition to the 
present eight inch section which they have contracted to fabricate. The use of 
mixteen inch wide extrusions would simplify target fabrication and handling pro-
cedurws at Livermore and also reduce et costs mlightly.

A laboratory seal* immersed cheting unit was deeigned and constructed.
It will not be used however, due to te cessation of the project.

Approval has been received, however. to complete the pilot immersed 
casting experiment on at least one section, for which equipment had already 
been delivered. Installation was therefore carried out on the preheat oven, 
hydraulic press assembly, press frame, melting tank, pressure and cover 
backing platee and electrical controls'and panels. Equipment already fabri­
cated prior to August IS, and installed shortly thereafter include quench tank, 
brush drive speed reducer andzhe complete crane assembly including truss 
supports.

Welding of Solid Target Cover Plate

Alcoa Laboratories at New Kensington, Penneyvania, were visited to 
discuss possible cover plate welding procedures. In addition to a cold-welded 
method which was demonstrated by Alcoa personnel. It was confirmed that 
welding problems would not be difficult to overcome. Further investigation, 
however, has been abandoned.
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A laboratory scale target section was fabricated, using the Mullard 
ultrasonic soidering iron. A sampe w shown by ultrasonic testina to he gzite 
satisfactory. Had full ecalemmiget fabrication continued, this method of bedding 
bismuth to ahmrnum would have received more intensive investigatiom, mince 
commercial sime transducers are now available.

UltrasomicInspection
Accuracy of ultrasonic inspection improved during the quarter. Ultra-

' sonic prediction of flaw locations in several specimens were later proven 
accurate by metallographic examination. included among the tests was the 
radiant boat target specimen discussed blow.

Preliminary inspections of sirconium clad uranium and copper clad stain­
less steel were also mads.

A scanner - recorder electronic unit was placed in operation u accessery 
equipment. However, some modification and development work will be 
necessary at such time as ultrasonic inspection is applied to other than the 
Mark I Target Program. CRD-Tr1-129 (LWS-24513) entitled "Mark I Solid 
Target Inspection by Ultrasonics*' was issued contsiaing infatmatiom obtained 
during development work on Mark I Solid Target.

Mechanical Stress Cycling

The vibrating of bismuth-cdated aluminum bars was continued durine the 
quarter. In addition to uncovered bars, an equal number of bars with aluminm 
cover plates were vibrated. The tents included ultrasonic inspectiom prior to 
and following the vibrating tests. No serious changes in bond flaws nor biemmafh
cracks were observed in covered and vered bars.

Thermal Cycling by Kadiant Heating

Metallographic examination of the sectioned mockup target plate together 
with ultrasonic inspection before and after thermal cycling failed to indicate 
any cause for concern regarding target failure through 10’ thermal cycles 
simulating spark-down conditions in the accelerator.

CorrosionStudieeinSystemSteel Bismuth
Measurement of corrosion depth of Sicromo-5S eteel test strip using 

hydrogen as a reducing agent showed a rate below 1,000 mils per year which 
represnts no significant reduction below that for 5 percent chrome steel. Com- 
firming data on the use of additives (Ti and Mg) are being obtained to eubetantiate 
previous indications on the effectiveness of these materials. A report on the 
entire subject has been prepared (CRD-T1-74) and will be presented mt the 
Liquid Metals Conference in Schenectady. October • and 9.
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Deuterom Fate
A 1180 microamp hour dentsres bombardmemt was completed om the -fate" 

in the cyclotron at Berkeley: Following sufficiemt decay time for safe 
the sampe was anal yea d ultrasomicaly. after which it ws sectiomed 

for metallographic one mi mti on. The results of this see end bemberdmant appear 
to confirm those obtained on a previous cample. both. ultrasonically and from 
vieual inspection in that the micro structure of the alumimum is definitely altered 
in the vicinity of the range end. A report will be Leaned as soon as metallographic 
examination is completed.

Induced Gemma Activities La zhe Solid Target

Radiation of an actual target section was equivalemtiy repeated by
R. E. Batsel on the UCRL " I dear** for approximately 1.3 microamp hours at 
30 Mev. The data eb obtained were reported in detail in CRD-T1-16 issued 
September 23, 1952. gee al to of thio experiment indicate that hendling of an 
irradiated solid target, both at Livermore and at the_processing plant. weald 
be entirely practical from the health hasard vlewpoint..

AevleLoe^a to Target Oosign

Using the procedure developed by R. L. McKisson target design calcula- 
tions for spiral smeeping have been made for a peak to average beam imtensity 
of 10 to 1. With a beam diameter of 2. 5 foot at the lastdrift tube and using 
spiral sweeping: the mimimum setback is 44 feet and the inimum target di - 
ameter le 17 foot for a peak heat fux of 414.000 Btu/hr/ft2. Thia la omly a 
small reductiot from the 13 to 1 case which has a setback of 44 foot and a target 
diameter of 10 feet with spiral smeeping. However, any farther reduction in 
peak to average beam intensity should reduce the target also to a greater degree.

In order to maintain the cyclic A T at the back bond to loo* than 40° F 
with spiral sweeping, a factor precession rate must be need than can bo ob- 
taimed with the present magmet. The minimum precessiom rate for the 10 to 1 
eaae in 93 r.p.e. and 127 r.p. a. for the 33 to 1 case An economic study would 
be required to determine the demirability of using spiral sweeping versus esing 
the present magnet with a mimimum setback possible with circular precessiom.

Metallography
I® order to improve polishing and etching procedmres investigation has 

•Lown that electro-poliehing and etching La an electrolytic solution of suiphuric 
acid, orthophosphonc mcid and dextrose, combined with careful mechanical 
polishing, produced aa improved eerfaco on samplee, revealina flaws pre- 
viouniy shown by ultrasonic inspection. The correlation between rhe two 
methode of inspection has ther elore been considerably improved.
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Gene ral

the Mark I Target Reeea ia being expedited in
termination of 
r to provide

essential data for reports now in preparation. Remaining activities are being 
confined to those iteme which are substantially complete and merely await 
final experimentation for equipment operability and/or confirmative data.
A comprehensive report of this termination was outlined in Lws-24517, dated 
August •. 1952, which waa paraphrased in a letter from Mr. Fred Powell to 
Mr J. A. Derry (LWS -12595) dated Septembe r 3. 1952.
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10. A-12 TARGET. AND LATTICE PHYSICS PROGRAM

Introduction

C M. Van Atta 
UCRL

During the period covered by this report the trent of the MTA target and 
lattice research program ha* been increas ingly toward fundamental problems 
as constrastic with specific design questions. In line with this policy the de­
tailed measurement of flux distributions in the small scale water lattice was 
concluded, and the results obtained to date are reported below.

Th* inelastic cross sections for deuterons up to 190 Mev and proton* up 
to 340 Mev in a variety of target materials have been determined. These re­
sults together with other cross sections previously measured mostly at UCRL 
and of importance in MTA target processes are compiled and discussed in 
this report.

Th* high energy processes of the target have been studied theoretically 
in some detail. By a Monte Carlo method the spectrum of neutrons expected 
at 50 and 100 Mev nuclear excitation for the uranium nucleus has been calcu­
lated. Also a detailed theory of the high energy cascade processes of the 
target has been set up and the neutron yield calculated at several energies for 
both protons and deuterons. The computed results are compared with experi­
mental values, and neutron yields to be expected for deuterons up to 700 Mev 
are given.

Th* effort of the experimental group i 
use of etripped deuterons from 510 Mev He3

concentrated on the

cyclotron. A continuous-flow, closed 
which permits recirculation of the He

s now being
particles from the 184-inch

ication system has been eonstructed.
sample epeated through the cyclotron.

in preliminary tests with a two liter sample of helium operation of the cyclo* 
tron for a period of 12 hours resulted in no detectable loss of helium. It is 
expected that in the next few weeks a beam of about 320 Mev deuterons of 
sufficient intensity to measure neutron yields will be available.

Join Ise
UCRL

With the recent change in emphasis of the MTA target program from data 
immediately necessary for engineering design to more funds mental research, 
the UCRL water lattice was retired from active use, at least for the near 
future. Prior to this ceesation of water lattice runs, however, several experi- 
meets were performed on the effect of thin water between the beam

.. : --w "-p
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hole wall and the eur
the flux emoothing pre ds c s d

the effect of graphite reflectors, and emlattice.
eeparating the primary and

is Figs. 1 and 2 are showm a eeries of flux distributions (measured with
bare gold foils, and therefore responding primarily to thermal meutrons) in 
the horimontal plena of the besm. at various depthi
of the water tank, and along a line parallel to 
labelled according to the depth into the side tank in inches.

• Fig- 
refle

a laterally into the side wing
The curves are

The curves in
1 were obtained with a collimating tunnel of graphite, acting as a neutron 
ctor, 24 in. Long. • ft. by • ft. cross section and with 12 in. thick walls, 

position of the uranium primary and 
Hage. Fig. 2 shows the same distri- 

butions without the graphite. The effect of the graphite in raising the flux 
near the entrance end of the tank is obvious from Fig. 1. A similar, the smaller.

placed just in front of the tank, and the 
secondary is blocked in at the topef the

effect is noticeable in Fig. 2, this being presumably due to reflectiom by the 
concrete shielding blocks in the cyclotron cart.

An experiment was also carried out to determine the effect of pl sci ng 
the Be primary at various distances from the uranfum secondary, with re­
gard to smoothing the total flax and pork dp ■ maximizing production. To 
this end, three runs were made using a 12 in. a 12 in. x 9 in. uranium sei itndary 
placed with the front face 28 in. from the front face of the tank and an axially 
eymmetric 8 in. x * in. x 4 in. beryllium primary placed in three different
positions — in immediate contact with the secondary. separated from the

3 are shown the beamsecondary by 12 in. , and separated by 22 la. In Fig. 
hole traverses (just inside the water tank side wing) parallel to the beam in 
each of these cases, along with the corresponding distribution for the solid 
uranium primary and eecondary. In addition to the smoothing effect there is 
a considerable decrease in total fux which increases with separation of the
beryllium and uranium targets. This is reasonable in view of the angular spread 
of stripped neutrons from the beryllium primary, the lack of complete lateral 
coverage of the beam hole by the beryllium, and the fact that for complete re­
flection (albedo of 1. 00) beryllium thicknesses of about 9 in. (Instead of 4 in. 
available with the present supply of beryllium) are necessary. It may perhaps 
be desirable to repeat these experiments at some later data, when larger 
amounts of beryllium are available.

Effect of Water Blanket

The studies of production throughout the Lattice as a function of the 
initial water blanket thickness have been continued. and in Figs. 4 and 5 the 
production is low for blanket thicknesses of 1/8 Ln. and 1-1/* in. Ths pre-- 
dieted loss in production (integrated over the lattice) is about 25 percent oh so 
the blanket thickness is increased from 1/8 in. to 1-1/8 in. Comparison of 
Figs. 4 and 5 does not show this loss very conclusively, although the Q-metal
foil activities ao low that the uncertainties in the experimental pointe really
preclude a very accurate determination of the difference between these two 
curves. Gola foil activities were also obtained throughout the Lattice and in­
side the uranium bars, and are being presently compared with the Q-meta
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toll curves in an attempt to determine the productiom lose, if amy. moro 
accurately.

Inelastic Crose Sectioms ter D

w. E. Crandell and a. P. Millburm
UCRL

A. V. Sheltom
CRDC

Neutroms oro produced in a target bombarded by emersetic parti c lee by 
tranefer ring the bimatie energy of the particle to aeelttr emcitation leadina to 
epallation, evaporatiom, fissiom and atripp a f meutroms. Im competitiom with 
the primary proceeses of traneferring binotic enersy to the mucleus is the 
loss of enersy, through electromagnetic imteractiom, to the sea of electrome 
in the target. Analytcally we can express the yield as an imtegral

- Z g,(), car
• Sr) (1)

where
Y(Tb) - average number of neutrons pt o in a thick target by a

bombarding particie of kinetic energy Tb-

O(T) • imelastic croes section tor * particie of kimetic energy T.

draKT) " atomic etopping power of target tor * particie of kimetic

n (T) • average nemher of meutrons resuiting from the interaction of 
a particle of hi antic energy T with nucleus .

The energy dependence of ~(T) im complicated since it involves not omly 
the neutrons resulting from the primary excitation of the mucleus by the bom-
barding particie but also the meutrons resulting from dary imteractions
Ultimately we would hope to determine this topee Jen ce through a knowiedge 
of the energy dependence of all the other parameters in our integral expression.

The atomic stopping of ttriou targeta is well kmowm and therefore need 
nbt be investigated. Tito inelastic cross we Hitare im moet cases only 
roughly known as a function of ooorpy and, therefore, a series of experiments 
is mow in progrese to obtain better values of the pa rt i ■ ■ 1 cross eectiome which, 
in conjunction with neutron yield measurements, make it possible to under- 
stand better the areata tranepiring in the target.

<
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The simplest method of measuring the inelastic cross section consists 
in measuring the tranmission of the bombarding particles through an 
attenuator composed of the desired target nuclei. In such an experiment it 
is important to differentiate between the bombarding particles that ar* 
elastically scattered, charged particles emitted from excited nuclei, and ia 
the case of deuterons the protons resulting from deuteron stripping. The 
elastically scattered particles are measured by having the detector subtend 
a sufficiently large solid angle behind the attenuator. The secondary particles 
a* well a* the stripped protons are more troublesome and will be considered 
separately in the section on the analysis of the data

rlnrxnUl Satay and Proc«dnr«

The high energy beam of particles from the cyclotron pass through an 
ionization chamber A (Fig. 6) which serves as a beam monitor. These 
particies then impinge on an attenuator B, of thicknese N, placed at a dis- 
tance L from a faraday Cap C. which measures the humber of charges particles 
transmitted by the attenuator.

The current Io from the ionimation chamber is amplifier by aa electrom- 
eter D, whose output current through a bleeder resistor E is proportional to 
the ionizatiom chamber current Similarly the current I from the faraday cup 
produces an output current ia a bleeder resistor F proportional to 1. The 
ratio of the current, R • I/Io. is measured by a null method with a Leed’e 
and Northrup recorder Q.

The experimental procedure consista La measuring R(N.L) or varioms 
thicknesses N and for several positions L. Fige. 7 and • are a plot of the 
experimental data for proto* bombardmemt of beryllium and uramium, while 
Figo 9 and 10 re the corresponding curves for deuteron bombardmemt The 
extrapolatiom of * to L - 0 measures the attemuatiom due to inelastic evemte 
and Figs. 11 through 14 ehow these extrapolated carrot

la additiom to the complete attenuntion curves, the ratio of the attemua - 
tion for Ba, Al. Cu, Mo, Ta. and U for thickmesses equal to one -qua rte a of 
the range of 190 Mev deuterome. backed la every case by uranium equal to 
one-haif the range, were measured, aad also the cor responding ratio* for 
proton bomberdmemt. By this technique the ratio of the imelastic cross 
sectioms, free from secondary comta minatiom can ho measured as expiaimed

La the Boat section.

Analysisof the Data
The experimemtmi tramezminniom ratio R is related to the attemuator thick- 

mess by
1 ♦ ZN (2)

•ee tE 
z • s..

.3 14.- •2 7



-29- UCRL-2043

whe re
g ■ average inelastic croes section

ZN e fractiom of current due to secondary charged particles.

The number of secomdary charged particies war ayiag from the target ia 
extremely sensitive to the fractiom of the bombardina enersy tranamitted to 
the secondary. For exampie if wo are measuring the tranamiasion through 
an attenuator whose thickness. N. ia *0 percent of the range of the incident 
particie. No, and if we assume thathe range ia related to the kinetic enerzy 
of the particle, T, toy

(3)

them, if a particle has aa Amelamtic event at the poimt a ia the attenuntor, 
only eecondary varticles carrying off the following fractiom of the bombardins 
ene rgy,

pec- •
Ancid

N-x
N,- (4)

will escape from the attemuator (Fig. 15).

Since at high energies, muitipie emissiom of particles predominates it 
imextremely uniikely that the comtributiome from eecomdaries La the cass of 
attemuator approaching a range im thickmese can be very large, In particular, 
for uranium attemuatore, the coulomb barrier mill suppress the emissiom of 
charged particles mear the emd of the range, while the mime of the mucieum la 
relatiom to the meam free ya tn of awcleoaa la nuclear matter will tend to lead 
to multiple mission of particlee ia the case of melastic ere at a at higher 
emergies and therefore the mmeasured attenuation mhould too almost entirely 
due to imelastic evemta with very little secondary comtributiom.

For lighter elememte, perticularly beryilium, the comtr ibutiom from 
knock-om evemta shouid be mech more merious. If we meh use attemuators of 
thicknees N,. backed by uramium of thickness N2 then the measured current 
ratio will be

„ I (5)
where

EN, • fupetien of *conderiee. “rieima Erom tranmuttnd " Karaday

2 • fractiom of secomdariee, arieimg from N,. tree emitted tofraday 
cup

ii"ii2• ». *- s.. :: .
2,.
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ve the same incrememt of omery 
Um thicknees of uramiuz As held

redmctiom 
cometamt 4

to amy two attemmators will be

+ (6)

and la independemt of aba etlect of the uraniuzm ba rbl ag. N2-

Zx, amd

,F; (7)

where
N2 • thickness of mramium backimg umed, amd

M2" B thickness of mramium backimg to end of range of bombardima 
particle would comtribute to the mensured curremt. The ratios of the in- 
elastic croes sectiom •x tor energy incrememts defined by the thicknese 
where the criteriom lor an inelastic evemt is sovermed by the relatiom (7)• 
can eamily ba calculated. Simce the abeolute cross section la most eamily 
obtaimed for heavy elememts, this technique is a simple and accurate mmeme 
ot measuring the croes eectiom ot lighter elemente. :

For the case ot deuteron bombarment Uba aacna^ary particlesare 
primarily stripped protoms. The current memsured by the faraday cup la 
them

l. I.. "N .
W -n

"~za -e-°®* yam (8)

where *-
Lo • incident deuterom beam

01 • average imelastic cross mectiom for deuteroma

0z • eMective etripping croes eectiom for deuterons

03 • awerage inelastic Croat sectiom for protome

N • attenuntor thicknese

a • maximumn depch la target from "hich stripped partticles cam 
escape ,

• • •
---- -------- ;----
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om the average half the deuterem
them

-
meM for • «N «N

where
M

The expressiom for the transmitted curremt can ensily ba incesated28 5Y. 
least equares fitting the valuee ofe. 02. amd 63 determined- In.partcu.-. 
0, ia determined directly by the imitial curremt nd the attemmated currem •• 
the end of the range, since the imtegral in our ezpressipm approaches aara a* 
both these limite.

I

A mummary of the cross sections is given in Table I where
also included related cross sections by other experimentere. Fh: 1b eho"e 
the inelastic croes sections piotted agaimst the mass number A. while 
Fig. 17 shows the inelastic cross sectioms for protome and mutrons plotted 
against the kimnetic enersy of bombarding particle.

-*

-
/it . ■ .m.



Table I

Crose Sections

Deuterons Proton* Neutro ne

•== «

lement
Enersy 
la Mev

Inelastic

HU.
Stripping

(1U-O
Inelastic Lnelastic

Be

JU

Cu
Mo

0. 45

0. 96

1.59
2. 20

0. 40

(2) (2) (2)
150-200 200-270 270-340

(3) 
310-340

(4) (5)
90 270

0. 173

0. 205

0. 405

0. 732

0.1 69 0.1 52 0.131 0.1 9 0. 12

0. 203 0. 1 57 0. 24 0. 145

0. 353 0. 345 0. 31 2 0. 45 0. 25

0. 660 0. 606 0. 605

0. 530

0. S3 0. 60

Ta • 3. 10
2

• • •
Pb 1.51 1.44

3. 45 1.0-1.4 1.76 1.95 1,55

1.56 1.77 1.45

U 1.91 1.60 1.56

U) Present paper.
(2) Kirshbaum (to bo published) -- Inelastic event defined as one in which primary particle 

loet 10 percent nr more of ite initial energy.
(3) Present paper -• Ine la a tic event defined a* one in which primary particle loot 40 percent 

or more of its initial energy
(4) De Jaron and Knable (Phye. Hot. 77, 606-14 (1950)--measured total and lower limit of 

inelastic /total
Cook. McMillan, Sewell and Peterson (Phy*. Rev. 72. 1264-5 (1947)--measured total

(5) DeJuren (Phys. Rev. 40, 27-30 (1950) -- measured total and lower limit of 
inelastic/total a 

0

s*

<
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High Energy Nuclear Processes

Warren Hoc hr otto 
UCRL

1. Knarry 5 etc tram of Particles Boiled off from the Urutlnffn Heders with a 
Gdven Exsitation Enexzx

The energy spectrum of particles boiled off from an excited nucleus can be 
determined by a Monte Carlo type calculation. For excitation energies up to 
about 100 Mev, it is possible to neglect the charged particle eminsion, which 
greatly simplifies the problem. The energy spectrum and associated data has been 
determined for excitation energies of 50 to 100 Mbv. The energy spectrum for 
50 and 100 Mev is given in Fig. 10. The mean neutron energy and the number of 
evaporated particles is given below.

* • 105

mean neutron
energy
number of evapo- 
ration neutrons

2. OS 3.04

5.7 *0.5 10.0 .0. 7

The role played by fission has not been considered in the above. Fission will 
have the effect of modifying the ditributions as given for neutron energies to 
the left of the energy of the peak. For higher neutron energies the distribution 
should not be materially affected.

For higher nuclear excitation energies it is necessary to take account of 
the charged particle emission. The principal stumbling block here is the 
determination of nuclear binding energies for nuclei which are far from the 
region of stability. The best one can do here is make moreror less intelligent 
extrapolatioms from the known binding energies; this is being does.

2. try of High B—rgy M»cl>oe B—ctiom* wttM HwcA«i

The theory of the interaction of a high energy nucleon with a nucleus has 
been studied. It is expected that one can obtain theoretically the energy and 
angular distribution of high energy particles which are knocked out of the nucleus 
by the incident particle. The theory itself has boon we rksd out by various authors 
and several applications have ba an made. There has been, however, no dear 
cut agreement with experiment encode in several limited cases. I has boon 
hoped that some idea of the validity of the theory could be obtained beyond that 
already realised before embarking on extended sppll cottons of the theory. At 
this time this has not been arromyliabod. since such queetioms seem to be as 
involved as carrying through the actual calculatiome and checking against 
experimemtal data.

t ’ I

s
J
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3. j^******11* Cr»— •octhea for Home rose

rW tri meme l resulta m the strippimg Crete eectiem of dmuteroms yieia a 
value neveral times larger thee that givem theoretically. This cam bo umdereteed 
qumtatively on the has ia of the treat pa reef nori ear model. That ia, evem if 
bot ncleome of the feme r to etrike within the muciemr area there if a fimise 
probability that they emerge without having imrsmi directiy with any micieem 
in the mucleue. Rough ooHmame left rate that this eMect will accoumt for the 
large stripping crest section as measured. Hewever, the the a rati ml calculatiem 
0 the efect, while si eagle in primcipie, has proved to be rather for ml table. and 
has *•* an yet boon carried thromgh

EmrapoLatiaat at Total Nowtree Tielfa to D 

v. L.. t talmas. F. ML Molmquiae sat J.

Emergies

UCRL

In order to estimate total neutrem yhelde at higher emergiee, we have at- 
tempted to up as detailed a motel of the interactiom of high emersy deuteros 
with uranium as can be readily calculated. la carrying em the comgotatiea. 
experimemtal fata is imcorporated what tier possible.

The model used will be ft a ewe e of and preliminary resulta will be yreta 
here. However, a more fetal lof report will be ma fe ia the future.

Fig- If is a diagrammatic repreeemtatiom of the model. When a deuterom 
etrikee • nucleue, om or more of the following evemts will take place: .

(a) Either the proton (S P. in Fig. If) or the meutrom (E. N. ) mmy be separatud 
from its partner without colliding with any of the mucleons of the mucleus. Fer 
the purpose of simplifying the compmatloo. all such stripped particlee are aseumed 
to have half the emersy of the interacting deuterom. Thisassumptiom ia comsistemt 
with the spectrum obeerved by Hadley and York, and correspomds, La tact, to 
taking the average enersy of the stripped particle;

(b) Ooe of the incident nucleons may collide with a mucleon ia the ■■daw, 
cuming ome or more mucleom to be ejected from the nucleus at high velocity. 
The relative numbers of such knocked-om protoms (E. P. ) or meutrons (K. N. ) are 
taken *• the relative aembor a of protons aa4 neutrons in the uranium om Isos 
(5:8): for mimplicity. the enersy of a knockec -oa nucleon is taken to be half the 
energy of the incident nucleon or K D/4. This assumption ia cons is tom with the 
results of collisiom of free nucleons.

(c) Dm to the various interactions, the residual nucleus may be excited, 
and low energy neutrons (a) and protoms will be evaporated. The protons die by 
ionimation, but the neutrons are emitted with a mean energy above the fissiom 
threshold of u238.
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The high enezsy meutrome amd yratwee from (a) nd (h> comtinme m and 
—Ui he with ether uremium mmclei, raweiag additionel processes (b) and (c). Once 
agaim, the particles from (h) amd eubeeqeemt collMoms, aww of emersy Ep/8 or 
lees, wiu comtimue to ia—ract. as ia Tig- 19. until the —orgy of the particles 
ejected ha co—or — low at la ba imdistingui shabie fre— the tail of the evaporation 
epectrum. A mumerical i—eg rati— over the range co orgy curve ia regwirefl in 
order to arrive at the membere of owayor ati — Westre— y re fare f. Partly ia 
erher to avoid a doubie mmmerical tat egret!—. ezperimemtal data ia used to

y.
, as indi-

AU the e—go rati — meutroms prodmced im these various
processee are yflltU •* mmltipy as im the wr«— ry fast efect 1* uranium.

(a) Aa effective strippins croes sectiom has be — assumed. Two points 
(190 Mev and 700 Mow) wore c—y—i using experimemtal data aa aadaar trana- 
parency and calculated data for Serber and electric stripping. The curve weed 
ia these prelimimary caiculations ia — the omly reee—obie relationship, and, 
ia fact, a more realistic curve through these poimte will lead to lower numbere 
at low emergies and higher predictioms at higher emergies.

$

(to) The mumber of evaporatiom meutroms was eetimated from experimental 
data, making allowances for those meutroms produced from fission. here is 
eome reason to believe that the data ia too low at Lew energies, toot this will too 
investigated.

(c) The mumber of knock-out mucleone was cal related toy oaergy conserva- 
tion.

(d) The use of a mean emersy Ep/2 for the stripped prticles appeare to 
be fairly satisfactory, alt how gh the correct distribution mey later be taken into 
account. However, the choice of Hinc/2 for the mean energy of the knoc ked -out 
mucleona ia lese satisfactory - For exampie, at low energies, the emission of 
low emersy nucleoma ia probably wow i what imhibited. On the other hand, the 
effect of multiple collisions inside the uranium nucleus wiu toe to give a larger 
somber of Lower emersy prticles.

al. 2.. nmndged “
Furthermore, at low energies, proton emission will too reduced toy the coulomb

t I,The msuumed foot effect will ho modified toy more recent measuremente 
on the U" fisnion cross sectiom and on the energy epectrum of the evaporation 
neutrons.

Preliminary results of Um calculation are shown to Fig. 20, along with the 
experimental data. The agreement with the measured values ia excellent. Ao

■

22 a
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additional check is provided by * similar calculation for 3 SO Mev protons. In 
this case the experimental value is 12.8; the calculated ia 12.4.

Previous attempts to extrapolate the internal yielde have been discussed 
in UCRL-951 and UCRL-1389, and a suggestion for extrapolating the total yield 
appeared aa CRD-T 4A-126 (L wS -24442). In none of these, however, were all 
the processes which take place included. It should be noted that the prelimknary 
extrapolated neutron yields reported here are significantly lower than those of 
CRD-t4A-126.
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11. A-12 TARGET THEORETICAL AND ENGINEERING PHYSICS

D. H Imhoff
W. H Harker. C. C. Old, J. R. Doaldson, M E. Nather.
J. V. Flora, R. H Graham. K. Bernstein. S H Fitch.

Farnham, F. K Bjorkund, W 
CROC

E^x^a^latioa of Neetron TioKa from High Energy Charged Particle Bombardmoat

Recent studies involving extrapolatiom of neutron yields from deuteron and 
proton bombardment of solid uranium targets have indicated the increasing im­
portance of secondary reactions with increasing energy. As a result, the pre- 
vious extrapolations (UCRL-1164, UCRL-1389) predict yields too low at the higher 
energies. In this report an extrapolation with energy has been ms de by two dif­
ferent approaches.

The following processes contribute to the meutron yield in a solid uranium 
primary and secondary target. 1

1. Deuteron induced fission or spallation reactioms La the primary target. 
The latest estimates of the cross sections involved indicate that of the total 
deuteron inelastic events, approximately 50 percoat result La fission and the 
. e matador ia epallation evenes. Neutrons produced ia the above reactions are 
of two general types, evaporated neutrons with aa average eaergy of approxi - 
mately 2-3 Mev aad knock on and stripped neutrons with average energies con- 
aider ably greater than the evaporated neutrons and with a wide spread ia energy.

2. Secondary high enersy reactions yildins both evaporated apd knock on 
meutrons by fast fissions and spallation ia the primary target. These reactione 
are caused by stripped protons and neutrons and knock on meutrons and protoms 
of high enersy.

1. Evaporated meutrom induced fast fissions La uranium. The energy spec- 
trum of evaporated neutrome baa been measured experimentally at 140 Mev and 
found to be of average enersy considerably above thermal fission neutron enersy. 
The neutrom production per fissiom should be mimmilar to that of thermal fission 
and corresponde to what is termed the "ast effect” La reactor technolosy.

4. Stripped or exchange neutron induced fissions and spallatiom in the 
secondary target.

1. Evaporated or knock as neutron induced fast fissions in the second ary 
target.

la general the neutrom yielde obtained by charged particle bomberdremt 
can be attributed to two factors. In the first place, it is reasonable to assume

it
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that the mumber of meutrons produced from the foregoing reactioms will be pro- 
portional to the mumber of neutronms a^4 ■. It undergo an imelaetic nuclear event 
before suffering an iomisatiom death. The second factor in related to the fraction
of deuteron enersy which 
amount of enersy that im <

#oe8 into, a 
Mective in

esses. U one aseumes that the
__ .___ .____ - meutroms is proportiomal to the 

average deuteron enersy on collisiom and that the mumber W 
resulting fror all processes is imdependemt ef deuterom energy, the followims 
extrapolation results:

t.rw Mev

Initial Deuterom
EnergyMev

Ratio of Newtrom 
Productiom

1 90
350
500
700

1.0
4. 4
9. 4

14. 7

It is apparent that the weakest assumptiom io the second. In order to be 
conservative the following energy extrapolation has been empoyed. The method 
reprenenta a refinement of the eztrapolatiom presemted in -1164 and
UCRL-1389- The mssumption is made for the purpose of producing neutroma, 
a deuteron can he considered as two protons each of half the energy. Thia appears 
to he a conservative approach since a high energy neutron cascading from an 
initial impact io more effective in prodcing farther neutrons then a proton since 
it does not suffer ionization losses. Thia assumption, however. allowe the one 
of the 540 Mev experimental data Bince we are assumina that the number of 
neutrons produced hy a proton to one-half the mumber produced hy a deuterom of 
twice the energy.

If the theoretical curve thus obtained is mormalined to the 100 Mev exper- 
mental point, the 340 Mev point is about 60 percent of the experimental value. 
In an attempt to use this concept to correlate the proton data, an effective dif- 
ferential cross section was derived which presumably includes eecondary evemts 
and which was fitted to the experimental data at 140 and 340 Mev. If then a 
deuteron can he thought of aa two protome each of half the energy an effective 
differential cross section for deuterons up to 680 Mev may he prepared from the 
empirical proton curve. This can then he employed to obtain an extrapolated 
yield which is 40 percent (at 700 Mev) of that obtained hy the constant efficiency 
approach. Both extrapolations are given in Fig. 1. the second one as the solid 
curve.

It is felt that the second extrapolation is a more conservative one. since 
it appears to underestimate the effectiveness of the deateroe Fumhermore,
thin method giveo resulte which are in agreement with the moot recent UCRL 
work. Until further experimental and theoretical studies are made. it io be- 
lieved that the second method gives a reasonable estimate of neutron yields at 
the higher energies.

*
i3a------ 4 4.. 4
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A two medium two emera 
ca** target has beem complete

group meutrem diffusiom etudy of to* ***41*1*4 to*** 
Briefy. to* reeults 1*41 rat* that per incidemt 

deuteron 8. 7 atoms of plutomium ar* formed within to* target, 9.1 meutrons 
escape from to* target, and 2,6 to* r—al fissions occur.

Primary Target

Plates -0. 045* U clad with ) Contained im two

Coolant Ch ils
0.010" Zr om each side) rows of bayonet

1 00* water ) tubes

Secondary Target
0. 200" U core plate separated toy 0.150* water (9 rows) and
0. 320" U core plate eeparated by 0. 100* water (12 rows) 
All plates clad with 0. 010" Zr on each *14*.

Defining medium a to to* one deuteron range and medium to t* to* all re- 
maining material, the folio aria* nuclear parameter valies were determined.

Medium a Medium to
2f • 0.703 

p - 0.743 
E • 1. 029 
n • 0. 093 
k - 0. 943

*1 
n a

• 6.61
• 42.1
- >. 04
• 0. 709
- 0. 598

t - 0. 471 
p - 0. 559 
K <■ 1.079 
a - 0.097
It > 0. 497

L2 - 4.03
T • 92. 4

>». - 2.24 
p3 • 0.409 
A • 0.940

Based on primary and eecondary target efficiencies of 75 percent and 
85 percent respectively. 12. 0 neutroms per deuteron ar* created to primary 
eventa to too combined target. Fig. 2 shows to* calculated fast and thermal 
flux profiles, atoll* Table 1 summarined to* results per deuteron incident on 
to* target.
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Table I

Quality
Primary 

(I d—t raago)

Socoatlary
(all materials 
beyond oaa raaga)

Total
Target

Pu Prod, in Resonance Region 
Pu Prod. In Thermal Region 
Total Pu Production
Fast Neutrons Escaping 
Thermal Neutrons Escaping 
Total Neutrons Escaping
Thermal Fissions

1 -36 
1 .87 
1. 25
1. SO 
O. 72 
4.60 
1.11

Thermal Fission Heat Load(Mev) 210

3 14 
2. >7
S.S1 
0. 47 
0. 05 
0. 52
1.52 
290

4. 50
4. 24
0. 74
4. 55
0. 77
5. 1 2
2. 63 
500

Lattice Studies

Split JLattico

As a method of reducing lattice inventory and decreasing the peak to 
average ratio of the radial beat diet ributi on. a split lattice has been investigated. 
In this lattice the first few centimeters in the radial direction consist of a 
closely packed lattice which serves to re dace the etreaming of neutrons inks the 
cavity. The remainder of the lattice is chosem to have m optimum reproduction 
factor.

In the study a total lattice thickness of 30 cm was chosen. This is backed 
up by an infinite graphite reflector. The lattice fs made up of 5 la. diameter 
uranium rode clad with 0. 025 in. of aluminum. Table 2 below giee a compari- 
son of the optimised split lattice as compared with the bass case lattice.

Tabi* 2

Split Lattic* Base Case Lattice
Rod Diameter (U ♦ A)
Aluminum Cladding
Lattice Thickness

Internal Sectiom
External Sectiom

Center to Center Rod Spacing 
internal Section 
external Sectiom

Infinite Reflector Material
Total Number of Pu Atome PmOnced

Per Neutrom Mei 4 ent OnLmttice-
Peak to Average Radial Heat Load 
Relative Metal Inventory

1"
0.025*

1" 
0.025**

10 cm
20 can

30 cm

1.
1. 375* 
Graphite

1. 217
1.55
0.a91

•e

1. 25"

Graphite

1.220 
1. 75 
1:000
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As io seen from the table, Um peak to average radial heat load caa bere- 
duced by 4.6 percemt -hile Um La a— ■ i y ie reduced by 11 ger coat with no re- 
multant loot of productiom.

Figure 1 shows a. Um Utt and thermal nux dsrributioms for thio type at 
lattice.

Pro4»cU<m b» • Wilt Tyy

Since eome at the handling difficulties La the MTA lattice might be overcome 
by the use at foal spheres rather than rods or slabe, some at the properties at 
such a lattice have been investigated.

Plutonium production and fissions per meutrom Laci float on the lattice have 
been calculated as functioms of the fuel sphere radius and porosity at the bod. 
The zesuite at these calculatione are “hoxR in Tig". 4 aa4 1.

TIM lattice* comeidered uenranium/depl 
The cladding io aluminum aod the nao Mrator io tions were
carried out for lattices with 27 percemt, 38 percent, and 47.5percent vol4o which 
correspond to tightest, random, and looseet packing respectively.

Standard two group methode were msed in the calculations.

To obtain the thermal utilisatiom for use in the two group equations a set of 
diffusion equations with the usual boumdary conditions were eolved for clad spheres 
usng the following approximations:

l. The moderator may be treated ao a spherical shell.
1. Thermal neutrons are produced uniformly throughout 

the moderator and are not produced La either the fool 
or cladding.

For thin cladding these equations giro

1 T,V [i+Da X2R2(R2-R.] "%j--V2k,"s,
o"o

d • > 1X1*1 Cott X,
i *4*1 <

F f

-6O
=e. ♦ *•
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pcax. MM

"4.The eubecripts •. 1, 2 refer to hoof modermtor. amd

the fudl
are the radii ef the fuel sphere, umis cell, amd clad

re • yoett y.

I of the modes 
ming.

The remmaiming Aaem

Graphs of • ve Xo Ro and Kast eMeot E we To Ro are pr 
and 7. ht ays ctlaa of Fig. 4 wl abiaw that to abbot a mood yw*

A faa Higs. • 
wich a rem-

somable phere mise a lee ae ya etna I lattice muet ba meed. Calcmlatieme •wo 
carried eat lor spheres with thicker claddimg which wonld give a oMaJter feral ba 
mmoderator ratio. These caicalati aeo total ratal that prodmctiom Ar ayao < wich tab* 
creased classing thickness. It la poesible that oomo type of chammelime such ne • 
a set of rods m which the fool epheres root may be used to attaim ooilerM lepee 
packims and high prodctiom. If this La dome a correctiom wll bare to be mmade to 
sec a eat for abaorytlea im the st re etar al materialm msed amd the r a sol Hay pzedneth 
will bo somewhat lower tham that showm La Fig. 4

Produc Level Vari ati ae is A Pellet Latzice

A lattice fueled with epherical fusi at ft• ofezs the adwamtage ef a mene 
umiform product Loral tham the rod lattices comceived at presemt. Thia mmoreu- 
form product distributiom might be achieved by r a mis rlog the lattice charge, mmindms 
it and then replacing it severml tiznes daring the total ir raM atlee period.

This process raises two questione: how wy passes are Mceaaary to izeure 
a given degree of yr abort level uniformly and what is the probahility that a epheze 
wikl reach a product level high enough to make r»yfr< of the elememt prohahieT 
These questions can be answered by troortag the symtem etatistically as a mumber 
of cells into which the bells are thrown at random, each ball remhering ite ya at 
hietory.

Some results are given in Table $ below; the fraction of pheres whose 1 
duct level liee within thrity percemnt of the average is tabulated as a fumctiom • 
the nurnber of times the spheres are removed, mixed, amnd replaced im a Highe 
water moderated lattice with a graphite reflector.

Table 3

Mumber of Passes

3

5
6

Percent of Total Murmber of Sphere 
Whose g/t Leve Lem Wirhm
M> Farcoet of A re rage g/t LjOret

75
•7. 5
93. •
96. •
96. 9
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Clad Slab X

clad slab Latzice has beem

claddimg to 25 mil alaaaiaaS

studied to determime the -
qqf such a lattice to givem to Fig- •. 
Ma used to the piates. and the 
alfa to showm to Fig- 9.

The problem was approached using two gromp 41 Oto ala a 4as ry tor roanaaaro 
and thermal energies to a fimite lattice. Losses from too raaaaaara sroup were 
takem as O. 09 meuts/imcidemt meut, and fro* too toarwaal group •. 30 meute/incidmt 
meut.

A maximum productiom waa determined by optimiming too elab thickness 
and water to slab volume ratio. Tito prodactioms amd fissioms koto per tod toot 
meutrom tor a thickmess of 5/8" and a volume ratio of • . 87 are givem to Table 4. 
The base case rod lattice productioms are also sivem fer

Table 4

Resomance f^ratorti—
Thermal Productiom
Total Production
Fissions

0. 4X4? m}im m 
• 4001 
1 >040
0. 4320 f/im a

Rode
• . 6650 m/in a
•. 5910
1 . 2560
o' 3530 f/in n

• tor ModeratedLatices
The high ratio of fuel to moderator required tor optimum production to

the MTA lattice will produce deviations from the trom distribution predicted
by diffusiom theory. A series of corrections are betag developed to take toto 
ac cooat tola close spacing ef fool elements. The correctioms comsideredto tot a 
aro those tor raaaaaaca escape probability and those for toot effect. -999

Maaaaaace aacapa probabiltee to the raaaaaara raglaa two typo a of abaory. 
tiom occur. Flrat volume abeorptiom of neutrons which are weakly abeorbed and 
secondly surface abeorptiom of those meutrons which emergies eoincide with the 
raaaaaaca energies of the fuel. To obtain aa abeorption croes section which will 
effectively take into accoumt both types of abeorptiom, the following t~ - -|— i - to 
usually used. •

.M.Rea. "9 -25 1 + „2.5 dL I ♦
Where M and S are the mass and surace area respectively of the fuel elements.

:: 2.: H 
ee= a se= a a .2 • F.-
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If tbs feel ele moat a are closely specs 4 they tend to shield each nthor and 
load to a gpectrum depleted of reeonance energy meutrons thereby reducing re- 

onance absorption -To Account for this the ft lit—'

’.a a.. ■ • (“ 2‘Suy) . .

Where C is the ratio of the number of meutroms which res ch lias eurace of 
the feel element without collision in Iks actual lattice to the nwmber which weald 
reach the surface without collision if a single fuel element were embedded la an 
i afint to body of moderator.

For an array of infimite plates this expressiom is

(#)
where

a • thickness of the moderator layer P

A m scattering mean free pa th tor resomance meutrons to the moderator

5

The correction C • 1-F tor two infinite rail of Radius
separation 4 is derived by

They obtain F "z

Dzco1 #72 Gineburs la CP

‘i-* K.6)
R with a castar to cemter 
-2157.

where P is the distance between two surface elememts, ewe on each rod. • amd g 
are the angles from the line comnecting the rod centers to the radius of each 
rod passing through the surface stem sat under comsideration

X - d coo g - p [1 ♦ coo (• ♦ 0)]

and
X‘= 4 ces • - P

K,, 3(=) • f 4=

[1 ♦ cos (. j(• * $7

dxK.(0

This imtegral wait be evaluated by vummerical methoda.

Ba a ifora array the correction is 1-4 F and la a triangular array the 
correctiom is 1 - 6 F.

C for a slate lattice boa boon ees looted as a fuamctiem ef (a/a ) and 
evaluation of C tor rod lattices is in progrees.

• I

— e « -e =e a •=e e » ee e" : I
i.~ i. --- U- ::

_3 If 43 6 -P
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Fast Effect
f

in a tightly packed water moderated lattice there is a large probability that 
a neutron will have its first collision in a fuel element other than the one in 
which it was born. This leads to a considerable increase in the fast effect. The 
usual expression for E is

1 - P +“i P

P

1-p‘‘c+“n Fr

1

where P * the probability that a neutron will make its first collision with the fuel 
material of the lattice and the remaining symbols have the usual meaning.

int ♦ Pext where Pint is the probability that the first collision will take 
place in the fuel element in which the neutron is born and 
Pex is the probability that the neutron will make its first 
collision in an external fuel element.

The expression for Pext derived for plates !•:

— 25.... * E, - 21, [^Jl L

where d ■ thickness of moderator layers 
a ■ thickness of plates
Ae first collision mean free path for fission neutrons.

To obtain P^^ for cylinders a double integral must be evaluated by numeri­
cal methods.

A romps ri son for some typical results obtained with the new parameters to 
those obtained with the pncorrected parameters is given in Table 5.

Table 5

Old Parameters Mod.Parametere ^^^ange

Thermal Utilisation 
Resonance escape prob. 
Fast fission effect 
Neutroma/fuel abeorptiom 
R - fPEN
Production in infinite lattice

0. 91 5 
0. 630
1. 028 
0 .853
O. 505

■ 1 . 444

0.900 
0.63?
1.005 
0.053 
0.536
1 . 529

-0.55
+1 .11
♦5. 54

06.14
05. 09

—
.7o (<-3- 6 $
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Natural Uramium Lattice

* A preliminary survey of water me 4a rata 4 Lattices loaded with aa—ral
fool ra 4a has beea performed, aseuming too base case lattice gaoanotry. T 
effecte of both rod diameter and rod a perlag wore toveatlgata*. The rhe ra a 
tice of the mawtaaena pre 4ertl am nataral uramiuz lattice are compared to Ta 
with those of the optimised base case lattice below.

Table 6

Qa—tity

Percent u235
Rod diameter (Tarhar)
Aluminum Partition (nchee)
Coolant Annulus (nchee)
Procees Taba (Al) (nches)
End Cap Thickness (Al) (Inches)
Slug Length (Tarboa)
Center to Center Spacing (Inches)
Coll Arrangement
Reproduction Factor (k)
Thermal Utilization (f)
Resonance Eecape Probability (P)
Pu Produced (atoms /incidemt neut) 
Fissions For Incident Neutron
Pu Production (moles/operating day) 
Total Lattice Heat Load (MW)

Natural Uramium

•.nu
•. 75
•. 025 
o. 0*4 
e. 058
0.10
4. 8
1.25
Triangular 
o. 942 
0.852 
0.813 
3. 79
>.14

1 2. 8
2520

de~42e
1 .00 
0.025

mome

1.25 
Triangular 
•. 506 
0.910 
0.631
1.2b
• . 36
3.62

275

*

The above table indicates that, although the lattice 
factor of four. the lattice heat load increases by a
to discourage the use of natural uranium to the MTA assemhly.

mactiom imcreases by a 
r of mime, which tende

Evaluation ofIcrea oo4 Bam Kaorgy aM/ar tocreaoe* Baao Carre—p

The new neutron yield energy extrapolntiom reported to CRD-T4A-126 A- 
dicates a greater neutrom yield at high emergies than the previome ett.r a pa l — too. _ 

Frhis fact points oat the desirability of etudying prodmctiom machimee "ging hisher 
energy deuterons than the base case. The performancend a ezlarsed bmee raaa 
type target using 500 Mev deuterons was studied with two emers g ■' a ap memtrom 
diffusion theory. The effect of increasimg too beam carroot to ome ammpere woo 
also studied. rm egnificmmt resulte ere aoporto* to Tehle 3 ...

OK

.2043- 64
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Table 7
►

Of Hty BaseCase
Revined

Base Ca— i a

Deateroe Energy Moe
Beam Current MA

- Lattice
Production mol/day

I- Production kg/yr
I Processing Level gm/tom

Heat Load MW

350
500

a. 75
204 '
520
210

350
500

3.62 
268 
700 
175

500
500

5.85
* 430
- 700

440

1M 500
1000 IMO

7.24 11-7
516 060
700 700
5M 550

Production mol/day
Productiom kg/yr
Processing Level g/t ------
Heat Load MW

a. 25
147
520
275

1 . 94 
144 
700
>1 5

4. 35
320
700
500

1. 88
288
700
610

0. 7 
640 
700

1000

Wl
Production Molo/day
Production kg/yr 
Processing Level g/t 
Heat Load MW

1. 50
96 

520 
150

115
55 

700 
160

210
700

. 390

2. 10 
170 
700 
120

5.6
420
700
700

Total Production mol/day
Total Production kg/yr

6. 5 
467

6. 71
477

13,0 
960

11.42 26.0
994 1 920

Total Heat Load MW 665 750 1330 1 500 2660

TU Tr»a«yort of Nxirvai i* Cylindrical

The MTA target assembly ie a hollow cylinder surzoumded by the lattice 
and reflector.

The variation of neutron flan inside title tube in the axial direction matt 
be known in order that the leakage of neutrons out the beam bole can be calculated 
and the axial variation of production and boat loads la the lattice determined.

To accomplish this a mathematical description of the transport of neutrone 
la cylindrical cavities tree formulated.

The physical model chosn io a cylindrical cavity of length L and diameter 
D imbedded in a semi infinite moderating elab extending from - • to L. A piame 
neutron source io placed at the back of the cavity ao shown in Fig. •
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The following equatione were obtained using two energy group difusiom 
theory.

v”g(r.-)-K;,(.*)+3,5- $,(.*)- ~(*.*)
v2g,(r.=) - K;*,(r.a) ♦ 3 $ #r. s)=0.

4

Where the subecript I refers to the fast group and J to the thermal group and. 
q(r,2) is a flrat collision density la the moderator of meutrons orisinatin« la the 
piano source at the back of the cavity

A ia the firat colliaion meanree path for nontrona coming from the 
aource .

K, and K 3 are the reciprocale of the fast and thermal diffusion lengt 
and the other eymbols have the usual diffusion theory moaning

Ordinary diffusion theory leads to the following equatiom for J, (a), the 
currant from moderator to casity.

-[P" • i 205;" reR:
The current from cavity to moderator J. (a) will be the fraction of the total 

number of neutrons leaving the cavity walla which trike the element under con- 
mide ration. Definng the probability that a neutron entering the cavity at a’ 121 
trika the element at a as K(-K'i), then the number of neutrons leavine,"" Chat 

enter at a 4a J,(s‘)K(Ia-s‘N)de‘ so that the total number entering at a ie the in- 
tegral of the contributions of this type over the entire emitting aarfaco of the
cavity-

Thue J.M - K(Ia-m")J,(w")ds‘. 
uriece at cavity

*

The exact boundary conditions which apply are, 
^.(B.a)- , J.(R.-‘)K(Is--"as* 

3,_(*.a) - £ .(.a)*--' da' 

Hme.-) - o

Hr. G<r.a> . •
a 0

• 0

)
■ « a" Soe

■ :.2. 2 --- ’
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Two boundary conditions are needed at a • 0. The condition* 1

90*5. • 0
- 0

■ 0 
s • 0

are taken for convenience since the interest is primarily in the regions around the 
cavity. A more exact picture would be obtained by using albedo boundary condi - 
tions at the back of the cavity.

A solution han been obtained for this set of equations . Work is being done at 
present to break this eolution down to a form that is amenable to calculations.

An approximate solution has been obtained using the following assumptions:

1. The transport of neutrons through the medium is primarily 
through the cavity and secondarily through the diffusion medium.

2. the body is non multilpying
3. the cavity's length is short enough so that the angle of incidence 

of the source neutrons will not vary greatly along the tube length.

Fig. 10 shows the epi-cadrium flux measured in cavity for a point source 
as compared to a theoretical curve obtained under the approximations given 
above.

The treatment of multiplying media is considered in CRD-T4A-140. To 
date no work has been done to obtain a solution of the resulting equations .

Study o< Two Orowy Neutron FIwk Calculation* Water Using * First Colli*ion 
Soarca

Introduction. Neutron fluxes from a physical point source in water have been 
measured experimentally in order to verify the validity of two group flux calcu­
lations in water and to investigate the accuracy of a first collision source assump- 
tion. Flux traverses were made for neutrons having the indium resonance energy 
(1. 44 ev) as representative of the fast group, and for thermal neutrons having 
energies below the absorption region of cadmium (which begins at about 0.4 ev).

- , X
Experiment. A polonium-beryllium neutron source, having an emissivity «‘ 

of 1. 2 sKoTneutrons per second as measured by Mound laboratory on April 14, 7
1042, was used in all experimental runs. In order to create an apparent first 
collision point source. the physical source was suspended at the center of as 
air-filled incite sphere. which was immersed completely in a water tank. Thus 
the neutrons entered the crater moderator in a direction normal to the cavity 
moderator interface.
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The source, a right circular 
in height was supported, with its a_____________________  
wax fve inchox in inn sr diameter. The o up port ex a rioted of a thin -walled almsminum 
obeli, which area in turn supported by an aluminum wire attached to a lucite tamgims 
bar sliding in a incite eleeve. (Bee Fig. 11.) Thia bar and sleeve combination 
allowed the eource to bo retracted from the sphere. While the source wne Am pinna, 
the incite tamping bar and aloe ve matched the neutron characteristics of the watez 
in which the entire assembly area immereed. w .

The water tank wax a steel cylinder 3 feet. 4 inches in diameter by four feet 
in height. The ephere assembly area oriented in the center of the wesel 
aluminum bracket across the top pupporting the incite sleeve and tan 
Water temperatures were constant at 22.0 *1.0 degrees centigrade. ymn-*v"

Neutron flex distributions were measured at 1.44 er and thermal emersies 
by conventional indiem foil techniques. All foils were in the form of circular 
sheets one-half inch in diameter and 0. 005 inchee in thickness mounted on incite 
discs one inch in diameter. Foil a were calibrated by ir radiati on. and activities 
were normalised to a standard foil. Resonance measurempmte were made by 
shielding the indiem foil with a cadmium box O. 020 inrhea thick. Folia were 
supported normal to a radian of the sphere by a incite bracket extending from the 
outer face of the sphere to the tank wall (see Fig. 12).

Beta activity wao counted in standard end window G - M tubes and saturated 
activity calculated from the appropriate data. The counting procedures worn the 
same ao those described in the section of this report dealing with neutrom flax 
measuremente in and around cavities. The preci e ion of the measurememts ia 
given aa a 0. 5 percent. .

Theory. If a fir at collision source of neutrons ia assumed, the feet flux 
external to the sphere obeys the equation

where:

(v2 -K2»,------39 1,e-r/a ()

kA
ia the fast flux

Qa

or fast to thermal slowing down area
ia the transport mean free path for che 
foot group
is the eource term
is the fl ret collision mean free path
io the distance from the center of the ephere
io the radius of the caity surrounding the 
physical source; i.e. the inner radiue of the 
incite ephere, oince as explained before, the 
Incite posseeses the same neutron character- 
istica ao does water.

«

. C >
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write o^waHoa Q1) as 

(f* -xps, (2)

30 •" ■ 8——

*. -ay -
written

01 ♦ Ar) ~~ + B<r)

then
A(r) . - [(L.5)+4]

where Ei indicates one of a family of functions defined M.

En(X) - u-h do

a being =1in thie cane
L io the sum 1 + Kj

a io a constant of integration, 
tions om Py.

_ . __ - —ri
be determned by the boundary condi -

t

Aleo ■<’»-/St

where -S is the diff ore nco X - K|

p is a constant analogous to a.

The fast flux io then

%" 2k, {[E(L=) ' - E,(Sr)+8 $, (3)

Wo know that at r ■ 0o . has a finite bound, •• that a " • and

h"zR . E(Sr)+ 8 $,

1r
©5

3
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The equation for the thermal flux uses the feat flux a* a source term:

(v2-K®,*- 9% (4)

where 03 is th* thermal flux

K2 m3
2,

3

is the reciprocal of L2. the thermal tosero energy slowing 
down area.
is the average crose section for removal from the fast 
group to the thermal group
i* the transport mean free path for the thermal group.

The eolution to (4) is found by the same method used to obtain the faet flux, and 
th* result is

qk2 - kpr K1

where

- K3 . [(L=] •K1>} (5)

• ._921_ Q
*1*1 *3* > = Constant

S,”-

— " a * *»
and where dina constant which, lke is determined by the initial conditioms.

In order to determine p and S . the same condition is impneed on both faet 
and thermal fluxes. The moderator i* aware of the neutrons only after they 
have been "created,'* ao to apeak, by their first collision in the moderator it- 
aelf. It ia not aware of a neutron source within the spherical cavity, eince the 
neutrons make no collisions in the void, nor for the same reason does it nee any 
thermalination in the cavity. Thus the boundary condition on both fast and thermal 
fluxes i* that the same number of neutron* must enter the cavity aa leave it. 
Mathematically thia may be formulated in terms of the current* J* and J” acme* 
th* cavity-moderator interface:

X J‘<„ -E’ + i 31 , . .
-,)-=21-4 3...

■ current entering cavity

■ current leaving cavity
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Here E,(x) belongs to eame family of functions as E,(*). defined previounly- 
Similarly, solving

9- • 0 for S,

1 >e--- 37
6 " K3*1/a L

- s,E,(S,*) ♦ K

♦ s,=,(S-)> ♦ K,

[—3Fo(L3*) - QK3 -a) F(-34) 

.0K3-K•- {=,(5,-) +pa,+2, 

L „(K, ♦ K13- <ok, -2 E,(-)

Calculatione.
ue _5. 7 cm, a 
Ce48cm

d 6. 5 cm).

- LEo(La) - *!(•>•>

Curves for th* fast and thermal duxes have bee* calculated 
(48 cm* and 50 cm2) and thro* values of A (5. • cm.

The best fit to th* experimental points wm obtained withwas obtained with
and i a 5.0 cm. This fit 1* shown ia Fig. IS.

_L ming d boundary source is above for th* last 
T and E and normalised for th* sare total fbax.

For compatison, a
two group calculation u 
th* ***** values of 
taken a* s. 117 cm2 for all three earvaa.

Dx, eslag 
L- emo

Conclusione. The agreememt obtaimed between theory and experimemt 
demonstrates chewelidity of two group flux calculatioms for neutrons la water, 
provided that a flrot collieiom source to asamed. The migmificance of thia 
assumption with relatiom to the A-12 1* that for meutroms leavins the cavity mear 
the target (where th* direction of entry into th* lattice io approzimately normal 
to the cavity-lattice interface) th* lattice flea will have a first collision source. 
Th* fux at the interface will be very meth Los* the* for a comparable boundary 
source, and the predicted neutrom losses to the cavity will comseqmemtly be re- 
daced aa appreciable tanwi.

aroundac
A rather thorongh mapping ef the Qum hoch imside nmd

leal cavity maa co
form aa imterestins picture, as the

keted gar lag th* qarter. The flea comtoure 
aa falls of more slowly aloma th* cavity thee

»T. 3ii
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* . s
la the —lor, and is very Dat across the cavizy. This werk emo dome to the prats* 
type tank.

Data wore taboo with the po ecotype Mah hooted to abeut 60"C. to cemgere 
resulte with those mormally obtaimed at about 20°C. The change ia both thermml 
aad reoewaare Du woe easily ebeerved. The emperimemt wes umdertakem to 
determime how carefully the tamk temperature met bo root re ll aS* the comcimmiem 
was that pius or mi are 5°C we Md camse aa detectable charge ia Dm.

ge leader are

In the large tank, a determimatiom of the migratiom area was completed. 
The work, done with a large polomium -beryilium ■■trer epurce. recalled la a 
memsured age to fadtwm rec owe are of $6.6 cm2, amd a total migratiom area ef 
65.7 cm?.

The cavity and retail c< pi are source to be wood ia the largo taah were cem- 
etructed dring thio period, aad will be weed darlag the read marter.

la Zm65 activity la a oeppor plate Bombarded with protoms by the Accelerates 
Divisiom wee counted, aad the beam profile determmed. The targets bad boor la 
m long wader diferent conditioms that the activity woo greatly ome a rod owt. aad 
the experimemtal work useful ealy as a de volepee eat of the method.

Mig ratlew Area of Poloriem BeryUiwm Howtroao be Water

la the initial phases of aa experimemt de etdy the variatiom of meutrom Aums 
in cavities surrounded by mode rating amd abeorbina media, radial distribmtiems 
of neutrons from a polomium heryilium source were studied La water. Cadmium 
covered indium retwiire amd bare indium detectors were employed.

From these data it wee possible to calculate the "age" of meutrems fros 
birth ia the polonium alpha beryilium reactiom to capture at the 1.44 ev roeeae 
of indium aad the total mgratiom area to capture atthermal emergies. The 
geometry of the experimemt approximated a pei at source la aa immite sea ef 
moderator.

Neytrom age to indium resomance with the wr te ompl o yd ore w 
56. 6 cm- and the mmigration area to total indium acti vatiom ae b». ? ci

mred me

ExperimemtalProcedure
Nime mickel plated mluminum capeules, each comtaiming 27.47 curies ed 

polonium and O IS grame of beryilium were employed at meutron eources: The 
average individaal source emissivity was 6. 46 a 0‘meutrone per secom measured 
May 8, 1952 by Mowed I, aberatory These sources were rat in? r with cemters or 
the circumerence of a circle 1. It imches ir diameter to eimmulate a poimt souree 
(eee Mg. it). They were held la a lucite cylindee.

4-

Li
- 73
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> • The experimemta were nehrtsi to a 2000 pH- dstilled water tank els 
toot. ola ia Aos ia dlameter amd also feet to height (ooe Fig. 15). Comdctivity 
of the dstilled water averaged approzimately L0,000 ohpms per real motor 
da Hag the experimemt. The po tat source restate er was less road imto a vortical 
guide tube oa too central axie of too tank. This tebe . two toshes imside dameter 
and having a quarter inch wall, was drilled threugh its walls at frequemt later vale 
to allow water to fill too vela me mot occupied toy too poimt source reatotasr. E 

. was also "gun "horefte mmmimmise clearance bet w ea toe source comtmimer and 
its inmer wall. Thia clearance was 0.008 to. diameter.

■■

The source comtainer was held forty-two inches below too top surface of the 
water by loci to locking pins which allowed the source to be lowered to the bottom 
of the tabs while foils were being positiemed.

A lucite toll support bracket was supported (see Tig- 12) radially from the 
source support tube to the tank wall. Lmdi vidal toils were supported to lucite 
disca, owe inch to diameter by ome -eizteemth lack thick. These diecs were 
supported vertically by too support bracket, and the brathet loaded with toile 
wee slipped imto emd holders which held the toils to lias with the active coater of 
the eource.

The irradiation procedure was as followe: The eource was lowered to the 
base of the tahb. the loaded foil e apport bracket was slipped late the end holders, 
then the eource was rabsed to tell ievel. The toils were removed by etrings 
attached to individual toil support dlscs, those close ia to toe source beieg re- 
moved first.

The source was raised to foils level in less thaa five so coatis which was 
emall compared to the miniruzn irradiation time of nfteem aiaalta Folia were 
separated at least ome tach to ml at mi so mutual imteractiom.

The foils themselves were half inch discs of I add am metal 0. 005 inches 
thick. These to be used bare were cemented directy to the lucite support discs 
with dilute Duco camel Those to be used as reseaaaro detectors were en- 
closed to circurr cadmium be was with a 0:020 imch wall. * The hoses were thee 
cememted to the lucite discs. Bare toils wore cwtii as exposed with the 
support discs acting as pi esc beta. Covered foils wore re ms ve f from the cad- 
mium bases and counted on similar lucite piaarhots.

Srandard end window GM takes and scalars were used for beta coy art ag.

Data and Calculations
Variatiom of saturated co 

ia Fig. 16: The producte Aar 
cadmium cove roe indlum tote .

with distamce from the source is shown 
were plotted agaimst r for both bare and

Thesreas umder the curves to Um outer limit
of the data were imtegrated by plaai meter. Exponential decrease without limit
was assumed beyond the data
fifteen centim 
tion The A-

rs of the Asr 
curve did Mt

approximating expomential to

pith the average slope determined from the last
* curve and this area calculated by formal imtegra- 
appear as a true expomemtial, so the slope of the 

imfinity was calculated from the outermoet data.
The area beyond the data accommted for less than 4 percemt the total.
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The curve betweem the mource cemter and imnermoet mensuremepe wam •p- 
proximated by assumdmg the parabolic relatiomahip between r and Asr".

A correction for the large physical sime of the group of sources was made 
by choosing am arbitrary positiom along the tail traverse line and calculatins 
from geometrical considerations, the comtribution of each of the mime imdividul 
sourcs on a fail at that point. This showd am *44* raat center 4.14 em closer 
to ehe foils than the geometric center.

The mean equares of the distance to activatiom were calculmted from:

Zar
amd the correspomdimg migratiom areas from 

„2

The migratiom area for thermal meutrema waa calculated as 65. 7 cm- 
to imdium resomance, which ia the age (tim) *• imdium raaaaaara ms 56.6 ca

This shows close agreememt with the data of other imvestigatore mimce

M2 - t, - t,. _2
From this emperimmemt: C An-th

From other 4ft imvth

♦ L2 • 65.7 - 56.6 - 9.1 cm”

412-1.0+8.1-9.1 cam2

Dtaa4hr<a<a<a Factor

Am investigatiom wes begum te study meutrom Alumes im fmel rode surromnded 
by mmoderator. Ta check amalytical methode, am aheorbing rather titaa a mmlti- 
pying mmedium was riant far the rod. Thie structure was simmulated by lucise 

a tubes surrounded by water amd filled with a* aqueeme solutiom of cadmiuim mul- 
phate. By va ryimg the comcemtratiom of Cd 804. the ratio of the ■>■ r>41 — aa 
total cross sectiom (a} of the r»4 media cam be varied from 4 to 4. 75.

The firet detector at 
trically acroes the rod. A 
the etrip through a collimma 
and fux depressiom by the

red was a strip of imdimm metal mmoumted dlame- 
i depressiom wi observed by commtims prtieme ef 
biock. De to ya—aaa pemetratiem of the beck

Ateel, the dlemd ■

Qal4 wiree d ■ ■tally are mow a— 41 a 4 as detectore.

i F i: i
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Neutron Flux In and Around Cayitiw
2

* Neutron flue measurements were made using a lucite cavity mounted in 
a 250 gallea tank, 40 ia. in diameter and 40 ia. ia height (Fig. 17). Tap water 
was continuously circulated through the tank and adjusted to the proper height. 
The cavity, a 24 in. long cylindrical tabs of Incite 4-3/4 in. inside diameter, 
with a 1/8 la. wall, was supported ia the conf r of the tank by an aluminum bar. 
It was immersed to a depth of 23-1/4 in. to give a length to diameter ratio (L/D) 
of five for the cavity. During irradiation periods a 25 curio polonium-beryllium 
source was located coaxially with the cylinder with its ceaf r at the bottom 

. boundary of the cavity. \

Indium foils, 1/2 ia. In diameter and 5 mile thick bars for the detection of 
resonance plus thermal neutrons, and cadmium covered for the detection of 
resonance neutrons alone, were used in the experiment. The thermal nlux was 
obtained by oubtr action of the cadmium covered foil data from the bare foil data 
The foils were mounted on discs for ease of handling and for identification pur - 
poses. Lacite discs 1/16 in. thick and I in. in diameter were used for bare foil 
measurements in water. Flux perturbation by this amount of lucite is negligible. 
Aluminum discs 12 mile thick and 1 in. In diameter were used for bare toil 
measuremenrs in air, since aluminum gives very little flux perturbation. The 
foils for see la cadmium covers wers mounted on 1/2 in. diameter thin aluminum 
discs which wers then placed inside cadmium boxes already mounted os lucite 
or aluminim l la. disce for expoeure la water or air. Foils were supported ia 
the tank by a ho ri sent el traverse rod made of incite which was in turn supprted 
at the cavity and tank wall in several positions at different elevations. In addi­
tion to these multiple horimontal traverses a vertical traverse was mode which 
allowed data to be taken very close to the cylinder wall. The supporting material 
for foils in tbs cavity was ms do of aluminum and consisted of vertical bars slotted 
to accept the aluminum mounting diecs. These vertical bars were adjusted to 
various poeitions to obtain data in the form of multiple vertical traverses.

The irradiation of folio in the tank was accomplished as follows. The source 
was removed to a safe distance while the foils were placed. The irradiatiom was 
begun by positioning the source and ended after suffi ciemt exposure by removing 
the pource. The foils were thee retrieved. The so ge once was somewhat-dif­
ferent for the foils in the cavity since the source was inacceesible in this case. 
The irradiation was accomplished by simply inserting the holder assembly into 
the cavity with the source already ia position. The assembly was them removed 
after a sufficient exposure time, and the fella recovered.

b

The radioactive foils were washed with carbee tetrachloride, and counted 
with end window geiser tube detectors connected to atomic multi scalers. The 
fella wars placed during coumting time on alumimum shelves inserted into the

the tubes and mounted ineide of aiuminum limed leadlucite aseembliee s
0,000 count st was obtained for an experjmemt point for a 

rcemt etatstical error. Meet folia, hews ver, were counted mere than this.P raw “ata was corrected for background, f be dead-timme and source decay.

The fof are coklected in the form of bare and cadmium covered indium 
horisental and vertical traverees. Emample are included (Fise. 18 and 19) for

b
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the case of bare tadtwm folle yielaing romatre plme thermal meutrem fux. * id 
possible to derive a erose eectiem of neutrom flux from theee traverses ia Me term 
of a profile or reatoor mmap of ieoflux limee (ig. 20) Ttee prefile gives a phyel- 
cal picture of ttee effect of a cavity oa the meutrom flux. Ttee graft eat mp the 
cavity ia about half that La water amd m causes the ieollux limee to be dsterted 
upward in the vic laity ef the cavity. The dower to the cavity the greater La the 
distortiom, resultimg im rather a eteep elope at the boumdary of the cavity. The 
discomtinuity of elope la the isofux curvee at the bbumdary to the result ef the 
steep gradiemt oa the water side of the boundary and the Hat flux si vimg ao grediems 
inside the cavity.

Marti l Prefile

The Accelerator Dvisiom tea a beem e earereed wich the detersimatibm ef the
profile and gemeral characterietice ef the Marte l
of measurement, the Emgineering Phyeics Group
a radioactive copper plate which was e ay ait te the accelerater beam.

umertakem the cemmtims ef

Protoms oa copper give 
enersy of 2.14 Mev. The Zn"
the activity 
tee obtained

er umit area over the murface of the 
rom these measuremente aseuming

is proportional te the mumber of protons imcidemt om the area.

a. The tee am profile may 
the activity per umit area

The copper plate was cwt imt 1 ia. etripe marked off twee l im. equares. 
Seven -eighte inch diece were them punched from the cemter of these quares. 
The coumne of equares were labeled with lettere A-Z, AA-JJ and the re wa 
' abeled witte mumbers 1-36,0 that each diec was idemtified by a letter a ad a • 
number.

The diece were coumted with a thallium activated eodium iodide ecimtilla-
tion crystal to cenjumctiom with a 5817 ph tiplier take The puleee, ampli-
fied by a preamplifier were semt iato a muclear ecaler. Correctione made for 
all data include coincidemce correction, tearahg rowf correctiom, and daily eemei- 
tivity correction. The backaround was determined every might aa 4 the seneitivity 
variatiom determined by countina a standard diec (▼ - 18) at leaet once a dmy.

The identity of the active isotope was established by measur ememt of the
energy of the emitted gamma rays. Thie was done using two independ 
a gamma-ray pectrometer. and aa abeorptiom curve through lead.

thode.

The da are presemted in the ferae of horisontal and vertical profilee 
(Figs. 21 and 11) and in a contour map (Fig. 23) derived from the profiles. The 
contours are given im measured counts per minute aa taken from the origimal 
data Analysis of the data shows epread out, irregular curvee imdicating that 
the beam wandered during operation. The irresularity im additiom to the Lack 
of knowledge ‘of constancy or homogeneity of beam enersy precluded the yea ei - 
bility of any reliable estimate of beam energy. Without aa accurate knowledge a* 
beammpersy it igAmpossible to determime the integrated beam curremt, since 
the C65 (p.n) Zn65 reaction cross -section ie strongly energy depemdent.

-2 o
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12. NUCLEAR CMEMIBTRT .

K. Street 
CRDC

Fission and Capture ia A-12 Targets

R. E. Batsel, O. H. Coleman, w. V. Crews. R. S. Gilbert
H. O. Hick, W.M. gbstnbls. had Q. M. Iddinge

CRDC
P. C. Sts vs ns so

UCRL ~

Studies of the fission and capture evente prefaced by 190 Moe deuteron 
irradiation of uranium blocks with beryilium and uranium primaries were coo. 
tinned. The studies included measurementa for irradtatieae of unmoderated blocks 
12 inches x 12 inches perpendicular to the beta and bombardmemts of a 3 foot x 
3 foot moderated block arrangement. A mri accurate measurement of the coumtims 
yield of Np-j” was meds; this giving a better value for the mumber of capture 
events included in the various target comfiguratioms.

ModeratedBiockStudy
A moderated uranium block (3 foot x 3 foot * 9 inches thick to uranium) woo 

bombarded with 190 Mev deuterons and the distribution of fission and captyre 
events studied. The first portion of the target was made up of sixteen 1/16 inch 
x 3 foot x 3 foot sections of urarium alternated with 3/32 inch polythylene to ap: 
proximate the effect of water cooling in an A-12 primary target. The secomd and 
third portions of the target were made up of 1/2 inch x 1/2 inch by 12 in. uranium bare 
interspersed laterally and along the centerlime with 3/32 inch polyethylene strips 
and sheets. • .

Samples of uraniur were placed radially from the center of the target at 
various depths in the configuration. and the number of flee tea and capture evente 
per gram of uranium was measured. By integrating the number of fission and 
capture events radially sad in depth, it was possible to calculate the total number 
of fissions and captures occurring in the tar gst arrangement. The results are 
shown in Fige. 1 and 2 and are eummarimed as follows:

Finsione
Primary (1st 9/16 la. of Uranium)
Secondary
TOTAL AISSIONS

Primary (1st 9/16 in. of Uranium) 
Secondary
TOTAL CAPTURES

0. 29 fissions/deuteron
0.80fissions/deuteronI.05fsslons/deuteron

0. 20 captures/deuteron 
0.90captures/deuteron 

1 . 1 o captures/deuterom

---
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Unmoderated BlockStudies
The measurementa of the total number of fissiom and capture evemta induced

by 199 Mar do—area irwadiations of sume de rated uramium bla rhe with be 
and uranium primaries are now re—plate for the blue he 12 iarhee a 12 la 
pendicular to the beam and of varying depth. The resulte are summarined la 
Table 1 for the measurementa e—ride the water tank, ad these resulta can be

Mum 
a per-

compared with values given ia che quarterly report, December 1951. January and 
February 1992, for the earne comfigaratioms measured imside the water tank. As 
wwill be discussed la the following section, the capture mumhere reported previous 

‘ by multiplyina by a factor 
of the counting yield of N

to this tfrt should be corrected 
1. 29 due to a better determination

r ad approwimotely 
p-37. Ezamples of

the fission and capture distribations of a uranium primary uranium secomdary out- 
cide the water tank are shown la Higs, 3 and 4.

t

TABLE 1
Total Fissions and Captures la '
12 Inch a 12 Inch Unmoderated

Targets Outside Water Tank

r Configuration Total Captures
Per Deuteron

Total Fissione/Deuteron
Primary Total

5-9/0 in. Uraniur Secondary 
(Uranidr Primary)

0. 35 0. 99

11-1/4 la. Uranium Secondary 
(Uranium Primary)

0.09 0. 29 0. 60

9-9/0 la. Uranium Secondary 
(Beryllium Primary)

0.39 0. 49

• . 29

10-1/9 la. Uranium Secondary
(Beryllium Primary)

1
0. 70 0. 45

—otermiaatioa of Countlag Tiold of

Because of the importane of the counting yiela of Np239 la determining 
proper capture numbers within the target confgurations. it was desded to re- 
measure the an—be r of disintegrations per obeerved count for Np239. A 
sarle of deple~9 uranium was irradiated la the Oak Ridge Pile to produce 
Np3‘. The Np was separated chemically. standar4elutions mde up. and 
aligygte taken to determine the namber of counts of Np239 present. After the 
Npt ‘ had decayed for neveral half -11 re e, the Pu239 which is the decay product
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By counting the Pu239 alph, particles, 
ertine ehee--ed counta of Mw*** f ta

was detectable by ita alpha radioactivity
it was possible to got a number for convertina obeerved cgugta of Np 
the standard counting arrangements to actual atoms of Pu239 which uwhich would be
present on decay. This could tee interpreted in terms of disintegrations of 
Np239 per obeerved count, "rhe new vhlue lo ~l. 25 (average for the counting 
arrangements) times higher than the old value. Thus, the number of captures 
per deuteron given for configurations previous to this report should be corrected 
by a factor of 1. 25.

Isotopic Composition in Primary and Secondary Targets

W. W. T. Crane. G. McX4dnge , and R. L. Tollefson

The shipment of Np237 requested from the General Electric Company at
RichlandRichiand, Washington was received. The group proceesed some 10 liters of 
solution in which the Np237 was contained, and separated 1. 4 grama of Np237
From considerations as to the amount of material expected, the 1.4 grams was 
recovered without loss.

The Np237 is to be used in studying its capture cross section as co mpare 
to the capture croee section of U238 L 
Np;37(n,y)Np238 reaction leads to Pu 
Pu239 produced in an MTA type target.

n the various target configurations . The 
238 which is aa undesirable coataminent ia

A one gram sample of Th230
Ridge National Laboratory, and 0 7 gram of the mate 
aged for irradiation in the MTR at Arco. The Th230 
following reaction:

02 requested has been received from the Oak 
purifie.nd pack- 
ce Pa231 by the

rial was
will produce Pa

ra230 (n,v) Th231 P-, Pa231

The Pa231 is to be used to study the ratio of its capture cro
Th232 in the * *........................... ~ _ _

leads to U23
various thorium block configu 

2 which is undesirable ia 233
rations. The Pa

es section to that of 
23(n, v)Pa32 reaction

la or de r to check the validity at the extrapolatiom ot the
and U23°(d.2pnP-)U237 reactione from 190 Mev to higher deuterom energies, 

। ezsitation functions for the (4, 2pn-). (d,2np) 
U238 have beea completed ia the high saargy re

the 
on
cross sections versus energy is shown la Fig- l.

g (2,2n). and (p,pm) reactions 
•gon. A plot of these reaction

Aa caa tee seen la Fig. 5, all of the reactiom cross seetioms appear to be 
comparable to the eaergy regiom around 90 Mev where the reaction fa prob 

le nucleon -nucleon collisions or knock on reactions. The shape 
reactiom excitatiom function ahows the extrapolation of the (d.2pmP-)

due to sing 
the (p, pn)

robably
of

reaction cross mection to higher emergies is reasonably good. (d, 2np)

: : : J• ♦ •
. 2 . 1* 2-
•• • oo* • «
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Fission ProductDistributiom at High EnergiesforUrantumand Thorium
kt. Linder and R N. Osborne 

ctoc

Three reports have been completed since the Loot quarterly report. These

1.
2.

GRD-T1-148 "
CRD-T1-139 •

Cross Section For The Reactiom Al27 (a, e 2pn)Na24" 
Energy-Depdene of Cross -Section For Um Reaction

3.
(a. * n)C-r

CRD-T1-150 "Neutron -Deficient Isotopes of Cesium and Barium"
C

A fourth report. entitled "Some Studies Of The Producta Of The High- 
Energy Fission Process," has been completed o*4 is being submitted as a 
CRD-T report. This treatment ipcluded study, of Um ross sectins for forma­
tion, at various energies, of Nibb. Ba131. Ba-39. Agi. and Zr7‘ from alpha- 
particle. proton, and deuteron bombardments of uranium and thorium. The 
resulta have been interpreted on Um basis of the Goeckhermann -Perlman model 
of high -enersy fission.

Ba12s has been definitely established as a product of fission of uranium 
bombardment with 340 Mev protons. The cross section of 0.2 mb le consistent 
with the interpretation of formation of neutron -4a fl cleat fission products discussed 
above .

Aa extensive program for the study of the products of spallation of uranium 
end thorium has been undertakem. Serious difficulties have been encountered in 
working out matisfactor y chemical separations for such pr o4acta *• protactinium, 
thorium, actinium a*4 radium to the carrier -free state. This ie mecessary be- 
cause of Um importance of pulse -amalysis of alpha -particle groupe la identification 
of various isotopes.

AkeolaUt Beta ■C—atiag

P. C.\ Stevenson

S. Gilbert, M. O. Hi
Ct

and w. H. Mutchin

Work om the problem of abeolute koto coumbing has potato 4 out the following 
eMecta: aiz and counter window abeorption of radtatom, Horkoraf Ttag of the 
sample mnoot. abeorptiom of radiatiom by Um aample material (eelf-aborption). 
scattering of radiation by the sample material. The first two of these efecta 
have been measured a*4 coreelated, the other three effecte are as yet incompletely 
determined. A more complete 41e cuss ioo of this problem has been prepared for 
distribution as a CRD-T report.

-s*se
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F. C. Stevemmom 
UCRL

A. O. Gilbert, A. O. Hicks, amd W. K. Aatrbin 
C«DC

la order to extend Um high emersy etudies of fiseiom and epallatom reactiems 
n uramium and thorium, it baa beem mecessary to perfect mew methods of zade- 
chemical purificatiom of various elememta. .Of particular Imterest ia the separatiem 
of tantalum and niobium by differential extractiom Late disopropyi hetome from 
mineral acid-hydrofmoric acid aqueous solutioms.

About OM milligram of inactive tamtalum of miobium alons with the tracer 
(Ta1** or Nb95) was added to Um aqueous phase comtaiming kan ra r manta of 
acids, and the volume adjusted to 1 ml. Aa equal volume of diisopropyl keteme 
was added to tba tube, and Um mixture stirre for one mimute. The phaaae were
centrifuged, and equal aliquots of each phase placed into machined tafloa cupe 

talum and miobiym were measured 
and M»95 to a single chammel polar

for counting. Distributiom coafficifota of 
by counting the gamma radiation from Ta1
analymer using a thallium-activate4 sodium-iodide crystal.

Ratios of distribution coefficients of tamtalum and nlobium were mmensured 
(Table 2) and the extractiom behavior of tantalum studied in some Oota 11 (Hige. 4. 
7 and 8)

TABLE 2

Relative Extractabilities of Tantalum 
And Niobium Into Disopropyl Ketone

Acid
Concentrations Elerent

Extraction
Coefficient

Ratio of Extraction
Coefficients, TaMb

HCL 
KT
HNO3
HF 
H2S04 
HF
HC1O4
KT

3. 70M 
0 40ST 
3. 921 
0 40W 
4. 501 
0 40% 
4.4i sr 
0. 4oM

Nb 
Ta
Nb

Ma 
Ta 
Nb

4. 3
0. 047
3. 8
0.0043

10. 0
0.12
0. 0
0. 031

91

880

160

290

A detailed study of niobium behavior was mot made, for miobjum eztracted 
wall when the hydrofuoric acid cohcentratiom remch about 6M. Accurate volumme 
measurement and maintenance of a given kmowm concentration of hydrofluoric 
acid could not ba assured at these comcentratioms in slass apparatus.
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hate deaprerz aamiakms 
tUa to MoMom. Se(vI) ana“r.(vI ta i 11 i at® a ay the tamtalum.

SeIv). To<rr>. Si, Sauv). Ti(v). Mni). Zr(V), MGV)a TeQa Sb) and

KF a
Lm ad

A R28O4- 0.40 M 
7 of tamtalum;

Sb(V) did mot accompany the tamtalum.

a. D. OKelly. H- ma—
J. K. Tarrant and F. w. Maguire 

CRDC

PulseKeightAmalymerProgram
After making mumerous modifications MI UCRL cathode-ray palse heisht 

etaruc. eutdacraotbnizaporhniz.t An. Eol. 2ngmm4 fihg”spe: of CRL
has cooperated with the Allen B: Dumomt Laboratories im a attempt to manu- 

selector tube, with at least a 1 percemtacture a better cathode-ray 
tolerance oa the rhaaael wid

alne he 
and ne gibie imteractiom h adjacent chan-

aela. Thus far, a satisfactory tube has mot beem produced. And there is mo rea- 
son to assume mm will be available withim the mext few —■tha. xtendimg the 
range of a 20 rhaaael cathode -ray pulse analyser by moving the analyner across 
a spectrum 20 units at a time la aa awkward and um r dliable procedur a, especially 
la routime operation. Once the utility of a multichannel anayaer was established 
im the group, thinking begam to cemter on aa enlarged unit of 40 to 50 chamnels.

Two altermatives for a multichamnel pulse height amalymer was commidered; 
first, the expansiom of the existimg analyser to 40 channels, and second, the 
constructiom of aa entirely mew pulse height selecting system designed by A. 
Qhiorso and A. E. Larsh of UCRL. After comsidering the complezty. expense 
and maintenance requirements of the cathode-ray units, the first altermative was 
rejected la favor of the Ghiorso -Larsh system, which la eztremely stable and 
also rather easily built. The cost of thia wait, including self-comtained power 
supplies, registers and pulse.height selectors for 50 rhaaaala omly costs 830.00 
per channel, if all parts are purchased. However, utilimimg parts aa hand, a 
50-channeh amalyser was vomstructed by thia group at a coat of abaci 4450.04. 
The analyser has been installed to the Buildimg 4 coumtims racks and la la the 
"trouble -shooting" stage, which should ba completed la a bo art a week’s time.

Scintillatiom Spectroscopy
Although the group haa beem occpied most recemtly with the pulse analyner 

program, comsiderable work haa bees done with scintillatom spectroscopy. The 
Borkowski technique uses Mal crystals with graced surfaces, packed la a df - 
fusely reflecting bed of white, dry. Mg O. It haa beem foumd that the crystal 
should be shaped to fit the curved face of the photomultiplier tube, —*^*1 the 
optical seal at the interface with clear white petrolatum. Oalag light pipes for 
thia purpose sives poor enersy resolution. ypical detectors leld 14 jm react fall 
width at half maximum for the photoelectrom yaah of the 0,67 Mew Cs131 gamma-ray.
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I a carefully selected photomultiplier tube Ls used, a resolutiom-of B.4 percem 
can be obtained for the same gamma-ray. Some difficulty wes experienced to 
maintaining this resolutiom over a period of several days, evem when the Mg O was 
oven-dried. However. It was foundhthat the seals around Ee assembly were mot
air-tight, and moist air had emtered the detector head, deteriorating too 
scopic crystal. With improved seals, omesuch detector has remained e 

vo da ys at tola writing.
e for

Beta-RaySpectrometer
Because of the higher priority of the work deecribed above, the completion 

of the beta-ray spectrometer proceeded more elowly than was amticipated.

The motor -generator sot installed for the magnet supply on found to have 
been designed to such a way that the electromic regulator could mot functiom 
normally. Fortumately. another aalt was available too stock which appears to 
perform satisfactorily.

The mtomatic coumtimg control equipment is complete and to workin 
tions. A now magnet sweep umit is under comstructiom, which should avoi

comdi- 
com-

tact difficulties encountered La toe presemt umit. As tore es this compomemt to 
complete, too spectrometer should be ready for tally automatic operation.

Moaaerhllo. Poeitionin« of 5he Fins "oeue baffle will proceed- recordins

AutomaticSampleCoumter
A now mo dial of the automatic sample ro eat er has boon drawm up by the 

UCRL Mechanical Emgimeerimg Departmemt, and to an die r comstructiom. Posi- 
tiomimg of too sample to accomplished by mating two precisely machined! r*—«. 
instead of too presemt less accurate system of toe microswitch comtrolling a drive 
motor and solenoid brake. An moo an operatiomal data on tola device are avail- 
able. a fall report will be prepared.

Corr Studies

w. R. Balkwell, L. M. IAta, amdS. A. Rina 
CRDC

Zircomium

Two series of experimemta have been perormed to which mircomium folia 
bombarded with 190 Mev 4 ewf rear have been immersed for varyimg periods of 
time to doubly distilled water at 300°C to owe set and at 280°C to too other set. 
la toe runs at 300°C. of Intone steel limers were used to reatato too water to too 
high pressure autoclave, la toe rums at 280°C, al a mi n a ae limere were used.

-

J, S~-/62
-- p-• • --*“•** OO • • • vO
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Table 3 summarimes the tola obtaimed as the corraoisc ef the mircomium tolls 
and the activity tramsferred to the walls of the stool root steer at 300°C. It is 
seem that the average rate of attach of the mircomium over the first 27 toys was 
approalaaatoiy five times that of the succeeding >4 days, imdicating the formatiom 
of a protective film. The rate of tramsfer of activity. expressed as a functiom 
of that accumulated to the first sis toy period, was aloe ound to fall off very 
rapidly.

Table 4 gives the data pertaimimg to Um rumns at 280°G. The’rapid decrease 
Ui the rate of attack M the mircomium was also observed here with the total 
attack im the first 40. 5 days being omly 82 percentaf Dhat La the first 27 days at 
300°C. However. the rate of transfer of activity was mot observed to fall off as 
rapidly at the lower temperature as at the migher.

After reap lag for 40. 5 days al 280°C usimg alomiacm Maors, a alas day run 
was" made at this temmperature to a staimless stool limer. The rate of attach of the 
mircomium tells woe about the same as to alumimum, hot the tramsfer of activity 
to the limer apparemtly dropped off. A rum was them made with the same foils at 
300°C tor IS days. The rate of attach om the mircomium over thie period was A- 
boat four times that tor the preceding alee toy period at 280°C. The data tor 
these Last two runs la also gives la Table 4.

Table 1 lists the specific activities fioi La the water after each of the first 
Mt of rums at 300°C. The activity is expressed as the per roof ago of the total for 
each elememt found to the satire set of tea foils after dissolvimg them followimg the 
comclusiom of this series of rums. Thie percemtage was obtoiaeb from the ratio of 
the coumtimg rates of the relative samples at com par able times. The total activity 
ir the foils for each element is listed to Table 6. These vmlues were obtained from 
the counting rate of the chemically separated sample corrected for chemical yield 
and aa approzimated cocatlag efficiemcy for the major radlatiem imvolved. Table 7

- Ueto the relative activities found la tbs acid solutioms used to remove tbs radio- 
activity from tbs stainlese stool libero.

I is seem that stromtium and yttrium comtribute the largest amoumt of 
activity trameferred out of the foils with rubidium and selemium mezxt La order of 
intemsity. Althoagh the fractiem of the total selemium and arsemic removed from 
the folia was relatively large. the total smoeats presemted are emall. The fact 
that very little tiriwltw sr miobium is fowmd La the water or om the walls of the 
comtainer indicates that the mmode of is probably a leachima of the more
soluhle spa 11 arise pro torts from the leeolobls sircomium ezdde cerrosiom film.

Haned aa tbs weight gala of ths foils La this set of roas. a total of •. 2 per - 
seat of the foil was attar he 4. Omly the treatises at atremtium amd eelemium 1 s e rhe 4 
out efthe foileeppreach thto figure, with the total ameumt of salstoem found * 
appreciably to mmm Thio we alt imdicte that eome of the selemium to the 
umdermeath the cer vestas film biffs eo4 out through the film and wool*. therefore, 
indicate as appreciably higher difusiom coo file tool for this elememt tham for most 
at the ethers La this system.

n
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TABLE »

C
Cerroi— of Zircomium la

orComtalmerbyT f.

Material - Type 347 Scaimleas Mm1

► 7A

7•

7C
7D

6)
) 

a)
3

15
34

O. 079 •. 088

0.019 0.917

-*m

ZrAkacked Comtalner 
sofA fro* A/At

1M IM

0.0039

•. MM

14.3
4.o
5.8

10.7
1.9
1.0

la ____ —
-89
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TABLE 4

---- ■

Corrosion of Zirconium ia 280°C Water -
Cor roelon of Aluminum Container aaO Coataaaiaatioa by TraaeferreO RaOioectlvlty

Container Material - Type 28 Aluminum

___

3

Run No.
Length of 
Run Daye

Zr ypu,
im5 VeightQmin mg/cmzmo. Zr Attacked 

mnils/mo. 202221/25-
I1A 3.1 0.0394 0. 386 0. S173 100ee 100 1.86 ia. a

UB 4.1 0.0112 0.058 0. 0026 86 43.1 3.4 17.7

uc ii.a 0.0000 0.002 0.0001 44 14.T U.S M.S

UD 20.5 0.0137 0.020 0.0009 -*'40 ~10.S ~35.0 ~$1.0

Container Material - Type 347 Stainless Steel

11E 9.0 0.0024 0. 000 0.00034 1.7 1.9

IIP* 13.1 0. 0145 0.033 0. 0015 0 1.0 0

n

।
I :

•«

• Note: Temperature of Run No. ILF was 300°C

*• Note: Activity Deposited ia Rua No. 11A was 20 Percent of that Deposited ia Rum No. 7A

9
R

I • 4 ♦♦

umuma muuuu
- s musbeem

■

• •

' ■ ■

s ■m
—

- » — s
-

1 »

*

1

1
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TABLE 5

Radioactivity Transferred From Zirconium 
Folia To Surrounding Water At 3QQ°O

Container - Type 347 Stainless Steel

3,

Run No.

7A

7*

7C

7D

POT AX.

Duration, 
Days

13

61

Nb

1x10-3

Zr

1x10-4

1. 7x10 -4

1x10-4

ad
1. 8x10-3

8. 9x10-

1x10-

7. 9x10-4

3. 5x10-3

aactixity 
SR

8. 8x10-2

3 9x10-3

3. Ox10-3

2. 8x10-3

8. 9x10

at Total 
Rb

4. Oxlo-2

In Fai la t 
Se As

8.1x10-2 3x10-2

5. 1x10

7. 9x10-2 3x10-2

3x10-2

Y

6

54

t • Note: Lower Limit of Activity Determined by Ability To Count On Qeiger Counter

•**s

5 1

a 
o 

F
sW

A
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TABLE 6
>

Radioactivity Levels For Longer-Lived Inotope 
Of Zirconium Spallation Products For Ron Zr-7

Bombardment Data:

Time 
Duration. Minutes

Bombarding Particles

4/20/52 - 4/21/52
23.13 - 02:53
220
10 - 0.005 in. x 1.25 In. x 1.625 in. -
Perpendicular to 25 in. edge
190 MEV Deuterons

Spallation Probable 
Product Isotope

Half-Life
Daya

Radiation
Energy 
(MEV)

Assumed
Counting Activity
Efficiency: 7/26/52

Mb

Zr

N95

Zr** 
v**

Sr
Sr*5 
Sr*’

Rb

Se
As

Rb** 
se175 
Ai73 
A874

64
35
• 5

104
57
25. 5 
65
53
• 3 
34
19. 5

1 27
76
1 7. 5

0.1 e-
0. 158.0. 76y

6.46,e-
x-ray.O. 9,18,

1.50-
3. 15p+,4.15e-
x-ray. . 5

1 -5p
x-ray. . 4. .15y
x-ray. 1.5p*.. 8
1.ap-.1.ly
x-ray. .1-, . 4y
x-ray. . 05y
1.5,.9p,.6y

4. 06 3. 58x106

• c/m* 
9/26/52

1. 34x10*

0.68
0.0379

(Shelf 5)

0.643
(Shelf 5)

4. 06

0.1S
4. 06

” 3. 52x10*
1. 78*109

1.01x10*

6. 71x10*
1. 46x10*

2.60x10*
1. 06x109

2. 98x107

1. 77x107

4. 81x1ob
2. 63x16*

Note: Activity Corrected Only For Chemical Yield and Assumed Counting 
Efficiency For Shelf 2 Unless Noted Otherwise

L: 2.2 g-2 s - 4 - E '
. 2
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TABLE 7

»
Radioactivity Tranihrrtd From Zirconium Foilo To Stalnlooo Staol Containor At 300*C

Run Duration, 
No Days

Total 
Activity 

of A

Wash
Solution

%oof 
Activity 
Removed Nb Zr T Rb

7A 6 100 6N HCI
8N HNO3
6N HCI

57. Z
17. •
24. 3

1x10 -3
Ix10-3 1x10-4

Z. Ox10-3
1x10 -4 

z. 5x10-4
1. Ox10-3
7. 1x10-3

3. 1x10-1
1. 2x10-1 7 8x10-2

■

7B 14. 3 6N HCI
8N HNO3

67. 9
27.9 z. 1x10-4 4x10-5 1x10-3 3. 1x1o-1

1
2.0

Activity Found On Undaroida^pf Autoclave Cloou.ro la Bub 7A

6N HCI • 5. 6 1x10-3 Z. 3x10-3 1. 3x10-2 3. 5 3x10-2

"Note: Lower Limit of Activity Determined by Ability To Count On Geiger Counter
4

r

1

I
-

Cloou.ro
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Quite a Mt of activi 
autoclave as may bo sees

was also la ead om the umderside of the closure of the 
Table 7. This closure was mot ia contact with the

liquid water at all but was at the top of the system about too laches sbsvs the 
water level. It was appreciably cooler thaa the sectiom cemtaiming the water aad 
probably acted as a readeaser of the water veber. Although the high 
teat foe ad w it easy be due to the volatility of this elememt. It must b
that the yttrium amd stromtium reached this surfs as by diffmsiom through the liqud 
film en the walls of the autoclave.

Figure 9 shows the measured gross < 
wall of the ceatalaer durimg run Ne. A at

of the activity deposited om the
The flrat

curve was takem four days after the foils were bomharded.
at om the decay 
re 10 ia a aimi-

lar decay curve for the gross activity ia a airrwiem foil bombarded edge om the 
100 Mev duteroms. This curve eras started about siz hours after the ead of the 
bombardment.

Xa the series of rums at 280°C, where alumimum Liaers were used to coatala 
the water, very severe attack oa these liners was obeerved as indicated by the 
last two columms of Table 4. As the time of immersiom was imcreased, the 
average rate of attack wool up rapidly, la Run UO. with 19. • days immersion at 
280°c, the liner swelled so badly it could mot be removed from the mutoclave aad 
had to be dissolved out.

Accompanyig thia oxidation of the aluminum liners was a correspondingly 
great evolution of hydrog 
the autoclave after it had

en gas. Figure 11 shows the reaifoal
beem cooled to room temperature at

i pressure in 
end of each

run. Mass spectrographic analysis showed the gas to be pure hydrogen.

The pH of the water at the end of these runs was about 6. 5. This is a 
little lower than ia the case of the higher temperature ruas with ateel liaers 
which usually ead up at about 6. 8.

Zircoalum Spallation Pre ds eta

R. Balkwell, L. M. Lita aad S. A. Ring 
CRDC

Twelve bembardmente have been made oa the 1*4-lack cyclotron at various 
deuteron energies from 30 to 100 Mev to obtain the excitation functions for the 
longer lived mirconium spallation products of Mb. Zr. T. Sr. Rh, aad Se. Workaloo b8s dome to characteriae two prevouely unreported ieotopes of yttrium.

Also. ia the course of this work. thepreviously tare ported isotope Rb®2m 
was separated from the 19. 5 day parent Sr aad was foead to have a 1. 25 mimute 
half-life. It decays with the emission of the 3.15 Mev positron to stable Kr82. 
This chain does mot go through the 9. 3 hour Rb82 isomer.
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13. TAROET DEVILOPMENT
* TargetAmalysis

a. L. McKissom, R. M. Hermi=g. M. r. Kateer, 
m. R. LeRoy. J. L. Samith, amd A- a. Smyder 

CRDC

BlsterProblemimCladPatea
LAmitimg mimea af claadimg na-silatera) have beem determimad for toe 

stamdard A-12 primary rarset f=el plate (• 045 imch O cla4 om bash sides with 
•. 010 imch Zr). The eeaayatarleae are based as am mermal heat gemeratiom rate, 
w, of 40 Kw/cu. to. * a eemet e at b e $000 BTU/r. e. h. 4 amd a attara al- 
lowable —--------  temperetmreet meeF. "The molutiem to the prohlem was car ried
eat under Uba directiom of Mr. N. C. Oetramder. amd his resulta are givem to 
Lws- 24549. The maxmum al le me his diameter of the eurface Alaw tor the readi -
tiems above Ka •. 20 Amchesa amd the 
9. 07 imchee.

md-law ef edge-aw lemgth ie * to wt

Calo rimetricMeasurememt
The feasibility study of the calorimetric mmensurememt erf Ube beat released 

la a bare uramiuz primary target to the 190 Mar deuterom beam to complete Tare 
184-inch cyclotrom rums were male amd the pertimemt beta to givem to Table l.

Tabie 1

FeasibilityStmdyData

Qaatotty 
Bale

Rum No. 1 
6-10-5z

Rum No. 2
T-1-s2—

Length Of Irradiatiom, Mia
Beam Curremt, Ampe•
Incident Beam Emersy. Mev/d
Collected Beam Enersy. Mev/dee

56. •
1.8110-9 7percemt

189 percemt
18910 percemt

41. 1
1 510-97 percemt
189 percemt
18310 percemt

• The error is the beam curremt ia estimated because Uba foil geometry used 
was not identical with that tor which the tolls mere calibrated.

• • These errors would be reduced to about aS percemt by calibratiom of 
the beam momitoring fell tor the geometry of iba eaya riaeaat. Such a calibratiom 
was mot warramted tor Chie experiment because it was designed omly to test toe 
feamibility of getting reproducible data.
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Tke agreement between the collected beam energiee indicatem that this typo 
of mneasurement Le feasible and a new calorimeter in bains built to measure the 
rate of energy relesse of 100 Me* deuterons as a functiom of depth into a uranium 
primary target. It consiets of flee approximately one -fifth range, 2 Lack dia- 
merer, aranium Bio co aligmed with tke beam. Each Biec has a three -element 
thermopile for temperature monitoring, and a nichrome heater wire applied to 
oar face for one in calibration. The discs are supported oa incite etand-of La- 
aulatore and are mounted inside an aluminum radiaton bhield which io withim, 
awQ concentric with, an alumimised incite radiatiom shield. This shield io eupported 
oa three Incite stand-off insulators from the rear end plate of the cylindrical 
vacuum chamber The beam will be monitored by the use of a 0. 005 inch alumimum 
foil placed ahead of the flrot uranium Bloc. la additiom, there to aa 0. 005 inch 
uranium foil attached to each disc to momitor fissiom events throughout the target.

From the calorimetric data im eack disc, the fission event data from the 
uranium foile, the range -energy curve, and the totai crose section, one cm 
estimate the type and * «*-—ate ■ r of heat -producing reactions la the uranium primary 
target for 190 Me* deuterons. Such data ie fwaOa meatal to tke study of target 
heating la A-12.

Cyri—»U1 ProU

The bursting pressure testa oa wimdow designed for the expezimemtal F 
for the Radiatiom Eifecta Group indicate that a O. OOJ inch flat stainless steel 
dow whose epan le 1.6 tacho* will wustain a static pressure of 1OO pee. Thio 
a safety factor of about three overche desigm operating pressure. The noe e

wia- 
gives

flat window simplifiee the probe Benign and, in additiom, the wider window allows 
a longer sample lengt- to be used. The design of the probe ia comtimuing based 
•a the ••• of a flat win Bow and Be tail lag of the components io under way on thin 
JO Me* deuterom probe.

Prelimimary etudies have beem imitiated for the design of a ai—tlT probe 
for use im the lS Me* protom beam.

Rate of emersy loss vs range curves have been prepared for the iomimatiom 
emergy loss of IS Mey protome oo alumimum, mtaimlees eteel, and sirconium. 
rhese are useful io desigming and imterpreting resulta of irradiation experimemta 

for the IS Me» protom bear.

Design Developmemt
T. H. Batner, J. C. Ekval, B. w. Ela, R. C. Qerber

J. w B. Robbins, amd J. E. Viecardi 
CRDC

General

The main efort of the group darimg this quartexas comtimed work om the 
target desigm using depleted uramium (0. 3 percemt U235) om the primary, secomdary 
amd lattice sectioms, moderated and cooled by light water. The primary target
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intercepts the deuteron beam near the closed end of the vacuum vessel. High- 
energy neutrons from deuteron events in the primary are absorbed in a secondary 
target located at the closed end of the vacuum vessel. Fission energy neutrons 
from the first two targets are absorbed in the lattice, which is essentially a water- 
uranium blanket surrounding the primary and secondary targets. Long flat plates 
of si r coni um-clad uranium are utilised for basic fuel assemblies in the primary 
and secondary targets, and long rods of aluminum-clad uranium are employed in 
the lattice.

Important changes in the general design described in the last quarterly re­
port are: (1) the adoption of full-sine spiral sweeping; (2) the addition of a 
graphite reflector to the lattice; (3) a two -reg ionr lattice with a lower fuel content 
in the outer region, and (4) a planned processing level of 700 grams of plutonium 
per ton of uranium. Some of the important engineering design conditions are 
summarised in Table 2.

TABLE 2
DESIGN CONDITIONS 1

Primary Secondary Lattice

Production, Mole/Day
Uranium Inventory. Tom
Uranium Consumption, Tons/Year
Heat Load
Cuolant Flow
Temperature In
Temperature Out
Pressure la
Pressure Out
Velocity (ft/eec)

2.2
20

235
310 MW

31, 000 gpm
100°
1 73°F
400 pal

65psi
30

1. 3
1 00
I 37
100 MW 

37,000 gpm
1 OO^T 
14D°F
120 pal
50 psi 
20

4. 1 
700 
434.
310 MW 

60, 000 gpm
l o0°F
1 36°F

40 pal 
atm.

5

1

Primary et

The basic plan of parallel plate fuel elemnents eupported by the inner tube 
of the bayonet tube has hot been changed. Studies are continuing on varying plate 
thickness, tube diameter, tube spacing, tube material and the fraction of the 
ne conda ry-target uranium that might advantageously be transferred to the pri­
mary. A recent analysis indicates that the uranium core thickness of the plates 
can be increased from the 0.045 in. reported last quarter to about 0.100 in. 
without excessive thermal stresses, thereby improving target efficiency and flow 
conditions. Detailed work on header design shows that tube center-to-center 
distance should be increased to at least 9 inches. Several header designs are 
being considered to support the two rows of tubes and manifold water to them 
during operation and during fuel removal. Plates will have to be removed from 
the tubes at regular late ranis to process the fuel, but tube removal will depend 
on radiation damage. Various ds signs place different emphasis on the ease of
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removing plates and replacing tubes. One design has cylindrical inlet and outlet 
header* with the outer bayonet tubes bolted or pressed into the bottom of the 
lower header and the inside bayonet tube* and plate bundle* supported by the 
upper header*. so that the emtire primary target must be removed, ae a unit, 
breaking the vacuum and replacing all the tubes with each unloading. A modified 
design allow* removal of individal plate assemblies, but the headers and all 
tubes are handled a* a mmi€ If any tube neede replacing. Work has been started 
on a header design with independent thbe connections to allow withdrawal of plate 
bundles separately and individual tube removal after the plate beadle is out. A 
detailed estimate of the relative hewdHeg time for arrangements with individual 
manifolding and integral ma al folding must be made before the design* can be 
finally evaluated.

Work is in progress to study the design of the intersection of the vacuum 
vessel and the primary target. A rectangular vacuum extension of the matnwvessel 
to house the tube array would provide the least welding and most support for the 
vessel, but a series of extended sleeves may be required to meet shielding and 
production requirement.

Fill-sine sweeping of the beam has reduced the maximum heat load in the 
target. The tubes and the contained plate assemblies will be varied in length 
to approximate the overall circular area swept by the deuteron beam.

Secondary Target

The secondary, located at or just berend the ead of the vacuum vessel, 
will be contained in a rectangular tank divided into rectangular compartmenta 
that support plate assembliea and channel cooling water. A study is in progress 
to compare a tank integral with the vacuum vessel with a tank separated from the 
vessel by a thin water space. The integral tank improves vessel strength and 
reduced the amount of parasitic absorbing material. The separate tank will 
allow reconstruction or replacement of the tank with a minimum of shutdown time. 
Adequate cooling of the tank wall and the end plate of the vacuum vessel will be 
provided by natural convection if a 1/4 in. gap is left between the unit*. Forced 
cooling may be required for the internal stiffener* in the vessel end.

Cyclic thermal loads in the secondary-target plates have been studied, but 
the solution of the problem of transient thermal stresses was too involved to be 
used for varying design parameters. These plates will be desigmed for steady- 
state stresses and checked with the transient equations.

Lattce

The base-case lattice design uses rods supported circumferentially around 
the vacuum vessel with the rod axis parallel to the vessel axis. The rod* are 
arranged in a flexible ladder with their ends, like rungs, linked together in 
chains, which slide in semicircumferential guides built into a movable structure 
(C-frame). The inner four rows of rods are spaced to approximate 1. 25 inch
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equilateral triangular setting of centera and the outer five rows spaced to approxi- 
mate I: 575 inch Betting of centers. The resultamt epacing —roll to the coolan 
flow path gives a patterm that varies from in-line to stagsered array and la re- 
petitive for each 60° of arc. Cooling water flows fo perpendicular to the rod aia 
through two ducts 60° and 180° from the toy of the C-frame and flows out through 
two other ducts 60° and 180° from the bottom’of the C-frame. The lattice la 
backed up by a 2 foot graphite rflector, the main C-frame structure and a water 
shield.

Recent studies indicate that a "no -caviatation" design criterion would be 
slightly more restrictive than the "no -boiling" criterion heretofore adapted. and 
maximum permissible temperature of the rod surface has had to be slightly re­
duced. More detailed analyses tend to show that past estimates of cooling-water 
pressure drops through the lattice C-frames have been too conservative, i.e. . 
larger than necessary. However, recently increased estimates of production 
and heat loads in the lattice have revised the coolfog requirements upward. The 
net effect on flow and pressure drop is befog studied.

The traveling carriage for handling C-frames has been revised. The 
mechanism to move the C-frames on and off the carriage has been changed from a 
chain-driven type ho a rack -and -pinion device. which is hydraulically driven, fo 
order to provide more precise control of the motion and location of the C-frame.

Window forMev .-AanpereBeamn
The design of a water-cooled aluminum -alloy window for the deuteron 

beam appears theoretically feasible. Layout studies indicate that it is possible 
to locate the window between the lattice and the processor when the target is 
160 feet from the last drift tube. The window will comprise three sheets of 
61S-T6 al clad aluminum alloy, each 0. 064 in. thick, welded up into a sandwich 
with a corrugated sheet between two plane sheets to form many parallel 3/0 fo. 
water channels. The combined thermal and pressure stresses with a 50 psi 
pressure differential across the window would be 15.000 pel. Mart mem metal 
surface temperature would be approximately 280°F with water velocities as high 
as 40 feet per second. Inlet water pressure for non-boiling conditions would be 
about 00 pei. The attenuation .of the beam by the window would result in a loss of 
about 9 percent of potential production.

osite window can be fabricated by spot welding. Seccessful tests 
cted on plug welds on 0. 064 in. b1s-r6 aluminum. The mechan-

ical design has features- allowing pre -installation testa for structural soundness, 
vacuum tightness and pressure loading. It also provides for remote removal and 
replacement.

I (

A preliminary investigation into the evaporative cooling of a single -layer 
window hau been made. Tor the swept beam di a me ter s of around 7 or • feet 
the peak heat flux is about 300,000 Btu/hr-ft2. Evaporative cooling appears- 
possible at this flux level. but further study will be required before the method 
can be definitely proposed.
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Handling and Storage

Handling and storage comprise operations required to move fuel material 
through the target area until it is delivered to a chemical processing area. Since 
the treatment of such problems must be coordinated with target area design, the 
successful solutions will vary with changes in target design emphasis. A seriss 
of area layouts has been completed during the quarter, resulting in confirmation 
of the plan to extend the target area water tank in the direction of the beam to 
provide water shielding and natural convection cooling for all the fuel material. 
The areas are separated by a concrete shield wall above the water level and possibly 
by a concrete barrier in the water tank. The walls shield neutrons from the tar­
gets and gammas from the coolant systems, thereby allowing work in the storage 
area during acceleration operation. Two underwater openings are provided below 
the dividing shield wall to permit passage of the C-frame carriages from one area 
to the other, and possibly there will be a separate opening formoving a carriage 
that transports primary and secondary targets between the two areas. The C- 
frame unloading machine is located in an inner tank in the center of the storage 
area where it can receive Crames from either side of the target. A turn table 
is installed at the end of each set of tracks to change the direction of travel of the 
C -frame carriages. so that they may run from each side oa connecting cross 
tracks to the unloading machine tank entrance. Racks are provided between the 
unloading machine and the shield wall for storage of primary and secondary tar­
gets. Disassembly and packaging areas are included at the other end of the stor­
age tank for preparing the fuel units for transportation to the chemical processing 
area.

An investigation of natural convective cooling of the primary and secondary 
targets has resulted in a major change in the type of cooling planned for the tar- 
get material. Calculations show that natural convective cooling will suffice, and 
the latest area layouts are planned for it. Shutdown heat will bo removed from the 
storage tank by evaporation, make-up water and a small amount of forced circula­
tion through a heat exchange unit. A report "Coavective Cooling of Primary and 
Secondary Targets in Storage," CRD-T-160, will soon be issued, describing the 
calculation and summarizing the results.

A preliminary design specification on the vacuum vessel was completed and 
issued as CRD-T1-143. Discussions of the reasons motivating the specifications 
were included for the guidance of the eventual designers. A study of the literature 
on the corrosivity of aluminum alloys and on the effects of irradiation upon the 
properties of materials has been made in this cnee action. and a brief discussion 
of those subjects has also been included in the design specification.

Alternative P<«lgB»

Studies of the heat transfer and fluid flow characteristics of a pa chad-hod 
lattice have indicated the feasibility of using clad ranium balls as the lattice 
fuel elemente with the best loads anticipated in the base case. A calculation on

-a-•
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production with the use of 2 inch diameter spheres has shown that the efficiency 
is nearly the same as for the rod lattice design Preliminary layouts indicate 
that simpler handling. Storage and target area arrangements are possible with 
packed-bed lattices. “ -

Analyses of packed-bed primary and secondary targets have keen started, 
but the heat transfer loads are more severe in these cases and no firm con­
clusions have been drawn yet, although there is reason to think that they will 
be feasible, subject perhaps to the use of hollow spheres in the primary target.

G W Brown andF. J. Duvall 
CROC

Target Piaf

In an effort to explain the dimensional instability of the mirconium clad 
uranium target epecirens used la the thermal cycler teets. preliminary calcu- 
lations indicated that two isotropic materials when bonded together would grow 
upon thermal cycling. In order to verify the theory copper stripe clad with 
sirconium were fabricated at Oak Ridge and tested in a thermal cycler. These 
strips exhibited growth and warpage in much the same manner as did the clad 
uranium strips.

A theory of growth of uranium which was extended to include any bi-phasic 
combination has been proposed in CRD-T1-164. This theory is based on the 
different rates of expansion of the two phases and upon the decreasing yield 
stress with increasing temperature.

Lattice Stw4y Program

A strens analysis and modification of design was made of a lucite frame 
structure for supporting uranium slugs in aa apparatus for radiation experiments.

Clad Spheres

Aa analysis of the thermal stresses ia clad spheres was made to determine 
their suitability aa a target eiement.

Mark I Target

A review of the thermal stresses was completed. Stresses la the bismuth 
or the cantilever beam toet were determmed; a relatiomship between beam de- 
flectiom and temperature fluctuatiom la the target was determimed for equal uni- 
axial stresses.

Work was done la conjunction with the design group om the deflectiom of the 
lattice eupportina structure.



-134- UCRL-2043

An inveatigation was made of the elastic stability of their aluminum ya is, 
used for holding the uramium fuel rods La the "C" framme .

xperimemtalEmgineering
P. J. Charley. E. G. Cope, P. w. Oeborne, 

J. A. Quinville, C. J. Schoens and J. V. Shortall
CRDC

E* perimentalEngineering Building
Dm to the altered status of the A-12 program, the expemditure requeet pre- 

of this structure will bevioualy submitted to mawago —for Uto
ibility of utiliming a portion of 

it was felt
revined. During the quarter a study of the _
the A and R Building for the experimemtal facilities was completed.
that while sufficient floor area is available here, the lack of sufficiemt power, the
fire hazard inherent in this wooden building, and the necessity of carrying oa- — - - - •"*. showclassified work in this presentiy unrestricted location (among other thingn 
that active consideratiom should etill be given to the construction of a MW 
ing.

500KVAResistanceThermalCycler
A tentative program for this resistance cycler has been completed. Speci- 

fications for necessary indicatimg aad recording instrumenta (which will he used 
initially with the cycler) have been prepared. Funds for the purchase of these 
instrumente are not yet available . Either a mw expenditure reguest or a re - 
vision to the original resistance cycler request will he prepared.

Recent computations by the theoretical groupe have shown that a aphere 
bed lattice for the MTA may have many advantages, but since very little is knowm 
about the heat transfer properties of sphere beda with internal heat generation, 
a program for determining these unknowns has been started. It has been ascer- 
tained that the power supply for the 500 KVA cycler could be utilimed to provide 
internal heat generation in a four inch tube packed with metallic spheres, perhaps 
up to 600 watts per cubic inch. The 60 cycle power supply would provide fairly 
uniform heating (as contrasted to the "skin effect" of the more common high fre- 
quency induction heating apparatus), but the design so far considered would operate 
at a power factor as low as 20 percent. Design work on this project is continuing.

Preteet: Special Irradiation No. 1

A device has been constructed which will cycle small pieces of metal be­
tween various temperatures. Cycling is accomplished by dipping the strip 
alternately in lead (nominally at 500‘C) and "Aroclor" heat transfer medium 
(at 100°Q. It has been shown at other AEC sites that the distortion of uranium re­
sulting from such a cycle can be correlated roughly with that obtained upon 
irradiation. Since it was necessary to predict if the target element to be irradi­
ated in the MTR would be satisfactory from the standpoint of cladant quality

2 •



-135- UCRL-2043

applicable to the CAM oK mircomium clad uramium plates. uranium,
• timesbeta uranium, and copper -- all clad with zircomium were 

betweem 500°C amd 1M*C. The appearance of all eenaploa 
similar. The resulta of this series of tests led to the for me le ties of a theory

r testimg was very

(CRD-T1 -164) to descrihe the action nf anisotropic materials and clad elements 
whem subjected to thermal cycling. Thus the distortion due to the **M-metal lie 
strip** action explained hy the above theory will obecure any distortiom due to the 

* uramium alone. It is evident that under certain conditioms of cladding and core 
thickness any hi- er tri-metallic specimen constructed of materials with difering 
properties will distort when subjected to sufficiently severe alternating tempera- 
ture levels.

I* order to complete the pretest as presently planmed, it will be mecessary 
to cycle bare alloyed uranium specimens. Because of the oxidation and corrosion 
of the sample, such tests ra — st ho carried out on the existimg apparatus. Accord- 
imgly am expenditure request haa beem prepared for the diltometer which will per- 
mit very accurate distortion or expansion measuremnts while the sample is 
heated la a protective atmosphere. This equipment will also be used to further 
the work on the theory mentioned above.

HydraulicSystem
A revised program for this equipment has been prepared. Since the original 

objectives of this program have changed to BOOM extemt, it was felt advisable to 
ubmit a new expenditure request based M the new situatiom. This request haa mow 

b-em prepared and will be ineluded with that for the Experimental ng inoar ing 
Building.

A method has been found which is felt will prove valuable in determining 
now velocities and patterns in narrow channels such as are presently proposed 
for an MTA primary target. The method uses a phosphorescent powder suspended 
in the coolant which flows through a passage fabricated from a transparent 
material. A thin collimated beam of triggered ultra violet light of high intensity 
is sent through the coolant. exciting a visible band ia the phosphor which is 
ewept downstream by the moving water. This band will reflect the velocities 
and velocity distributions in the water. Such a method eliminated the unavoidable 
disturbances which would be incurred due to the insertiom of probes or other usual 
means of measuring velocity. A search for a suitable phosphorescent powder is 
now underway. and an experimental verification of this method is planned.

Miscellaneous

In some cases it will be necessary to establish the temperature of a heated 
zirconium or mirconium clad sample. In such cases, the epace available for 
thermocouple wires may he »o limited that one wire may be the maximum per- 
mit ted Accordingly a determination is being made of the thermoelectric potemtial
or zirconium versus alumel and constantan. The Zr-Alumel couple appears to 
yield a very usable potential of 28 x 10-3 m. v./oC over the range 0-100°C.
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14. MATERIALS RESEARCH

Pfcytol Metallurgy

C. C. Woolsey. J. P. Frankel . M Bettman, 
M L. Buehler. D. I. Martin. T E. Stephens, 

and V w . Walker 
CRDC

DimensionalInstabilityofUranium
in a recent publication Burke et al have summarized the development of 

analytical and experimm-al approaches to the problem of the dimensional sta­
bility of uranium. The theory proposed by Burke to explain the growth of 
uranium postulates that overall growth of specimens subjected to thermal cycling 
is due te the differential expansion of adjacent disoriented crystals permitted by 
grain boundary relaxation during the temperature increase. In discussing this 
"mechanism" of growth Burke was able to explain, qualitatively, why the effects 
were dependent on the magnitude of the temperature variation and the "hot-tank" 
temperature, as well as on beating and cooling rates.

There are. however, certain difficulties associated with the concept of 
differential growth of various grains; the most important of those would seem to 
be the resulting internal discontinuities . While differential growth was demom- 
strated in the case of bicrystale, it is difficult to explain how a polycrystalline 
conglomerate can allow the opening up of "holes** at the ends of shortened grains. 
The restraining effect of the surrounding grains must be shown to be compatible 
with the postulated deformations of the proposed theory before too much further 
wurk proceeds. This was first pointed out to the writers by Dr. Max Bettman of 
Livermore Research Laboratories. Micrographic work by Boas and Honeycombs 
revealed slip lines in adjacent grains, but no relative displacement of the grains 
during thermal cycling. This indicated a aeed for a theory of growth which did 
not require grain boundary relaxation.

Fortunately there is such an alternative "mechanism" thet has the same 
advantage as that proposed by Burke, while at the same timne it picturee all 
grain* as growing at the same rate. In this way there are no questioms of com - 
patibility.

In the previoua theory, the only effect of the postulated grain boundary 
slip was to relax the restraints that the loss expemsive crystals exerted om these 
tending to expand more, durina temperature rise, la the present proposal it is 
submitted that the decrease of yield strength of uranium with increasing tempera- 
ture would have the same efect.

A theory has been proposed to explaim the dimensiomal stability of uramium 
subjected to thermal cycling- The theory proposed differs from existins theory 
in that the crystals of uranium are all presumed to grow at the same rate, mo 
differential growth, such as allowed by grain boundary relaxation, beina required. 
The proposed theory has boon discussed La As tail la CRD-T1-164, "Am lternative 
Mechamism of tbs Dimensiomal lastability of Uramium," by J. P. Frankel amd 
G. w. Brown.

-/Ja.
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The theory is easily extended to the problem of the dimensiomal immtability
of multi metalli c plates. The imstability of composite mmetal compomenta, quite
apart from the inheremt instability of the co—ynaeat see—is. 
basis of this theory and confirmed to the lahoratory.

was predicted o* the

It was found that copper plates clad at both sides by mirconium grew approxi - 
mately the same amount of the r —a I cycling as did sirmilarly c lad a rolled uramium 
p treated uranium plates clad with xircomium also grow approximaely the same 
amount. Im all cases severe warping was mamifest.

M. H. F. Russi, and P. O. Strom 
CRDC

Experimemtal work has been done om the corrosion of ale—lea — alloys by
water at 350°. Allo
245-T3, 61s-T3 and 5

imvestigated were the following: alclad 755-0. alclad 
The first four were studied both as iaolated

Im all cases, relatively high imitial rates of attach were obeerved, gragaa lly 
decreasing to a much lower value, which them remained fairly comstant throughout 
the —st period. For the first four alloys, initial values of a beet 3 sail per year 
were obtained, falling off after about one week to comstant values of about 0.2 to 
0. 5 mil per year, la mo case 414 the corrosiom rate appear to be affected by 
coupling to stainless steel or mircomium.

The alloy 525 showed higher rates, as imitial value of a boat 6 mil per year 
being obeerved, which subeequemtly decreased to about 2 —11 per year.

for the 528 
and woo ch 
ture was 3

est test periods were 1444 beers for the first four alleys and 073 beers
Vater was al* saturated at the time of additiom to the corrosiom bo—b 

anged periodicary to mimimise effects ga i — variatiom of pH. Tempera- 
50‘F La all cases through the tests.

IrradiationIxperimemte
V. E. Browming. g. K. Bramer. W. M. Maes e Lor.
A. Heckmam, J. Palmer. A V. Steele, S. V. Zismo, 

and B. Siegel
CRDC

The target assembly for static irradiations of — st syoct — eas of the MTA 
at LAvermore bag previously beem designed. Detailina of the irradiatiom thimble 
which is a part of this assembly was begun. Imstallatiom detalllmg was started 
for the complex helio— and water roe li eg systems for the —st targets. Special 
testa were performed — optimime dimems ions and the operatina reabi fleas of

the desigm was advanced

k
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Stmdies wore ana ha to Aoto real a a the efect om the temaille pu e per tie a of the 
vibratiom cauned la the toot specimema by the high velocity coolimg gas. Tea oile 
epecimmema of 25-0 alumimum were exposed to aa air mtream with the a a ear flew 
char actor led co as the stream of helium to which the toot samples wll be ooh 
jected during irradiatioms. Resulta ahawaf that 0.013 La. thick epecimems repeat* prnaodhourphed m0 chana” La temaile pi
•iight idicnton of work hartooleg. Thia roewit to UUg che ria 4 la ran a of Logez 
duration.

rties. le a similar ez-
houre amd there was eemme

Rupture testa om 0. 003 in. thick etatmiess steel wimws were performed am 
the resulte ehowe* tint a window sufficiemtly wide for the proposed test op ■ rli— 
will aford ugful, rellable mervice la the irradiatiom equipmmemt. la ome parHrelar 
desigm. a 1-5/8 la. wide wimdow was Loumd to sustaim a tt/Uraa rial pressure ol 
100 pei. Thin compares favorahly with the desiga pressure differemklal of 30 pei.

Fabricatiom of the equtpmemt to ba used for the irrahlatlew of Zr -clad 
ranium plates la the Material Testima Reactor was mearly cmpleted.

of thio equipment was mot expedited because the clad plates were mot available 
whem originallx planmed. Since the MT* baa actually beem opermted at fuxes as 
high as 5 a 101* neutroms per equare centimeter per second, it la poasible to aaa 
specimens contaimima matural uramium amd etill accumulate the required bura-up 
La a raaaaaabla length of time. The-irradiatiom will be performed shortly after 
the test plates are delivered and pretested.

The experimemt to determime the effecta of radiatiom oa the waue r -car r a a l ear 
of aluminum, previously delayed by lack of mmachine alley time, Ma beem scheduled 
for irradiation La the Berkeley 60-imch cyclotrom. The Brat bombardmemt will 
be performed withim the next meatk

A literature survey a a a- made on the performance at 41 orsanic mmateriala 
ia neutrom fuxes ramgina from 107 to 1013 fact meutroms per equare cemtimeter 
per second. The expected useful l Lio of eack of these mmateriais la terms of eta- 
eervative design and I leai u eg dewign was expressed as a functiom of the locatiem 
La the MTA accelerator with respect to the target. The resulta of this survey 
were presented La a lor Baal report. CRD -TI -147.

*

** -
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V. H. McVey. E. L. Andereom, P. J- Aer, F. J. Brutachy.
R. E. Elsom, R. H. Qercke, V. ■ Ldwig. amd K. L. Matterm 

CRDC

I
I

•to Moa aa th diseolutiom of al—al at a< sircomium clad uramium plates kava 
comtimed. Mimimmm total hydrofleoric acid to total alrr—la — ratios amd the 
correspemdima —dmimmm fimal mitric acid coaceatr a ri aa a required for complete 
aalatlaa of air no—e— metal without the for—atloa — Amsolubie mircomium preci-

Ter the disselutiom of mircomium —Ml im the
total fuoride to sircomiumUm mmimi

ratio amd mimimmm fmal mitric acid to yi itici a etahie solutiom mmay be expressed 
as 2. 8 - (MNO3)/4 • (HF)/(Zr) where the <bt oaf rati aa a are expressed La — lot 

The aimmultaneoua dissolutiom o mircomium amd uramium —of la

ratios or higher fimal mitric acid comcemtratioms to prodmce stahle solutioma mimce 
the Lormatiom of the uramyi fuoride complex reduces the efective floor 14o concen- 
tratiom noi ng at For ezample, the anlalogous relatiomship for a stable solu- 
tl aa La which the flat l uramium comcemtratiom is 1. 35 M la givem by: 3.1- (HNO3)/4 
- (HF)/(Zr).

Synthetic feed solutioms comtaimimg uramium. al r r aa t a— . hydrefluoric and 
m’tric acide hart beem comtacted with 30 percemt tributyi phoephate La carbom tetra- 
chloride. The uranium extractiom la oaoootl ally unaffected by the presemce of
mircomium and I 
greater than 10

hydrofluoric acid and the mircomium la separated by a factor of
* fro— the uramium m ome batch extractiem with mo ecrab. A tyyi 

eolutiom had thefollowima compositiom: 1. 35 M UMM, •« M Xr (IV). 1.0 M
cal

total MF and 1. 5 M HO3

Borh platinum and gold metala have beem tn—fl to be umsatisfactory materials 
tar cems tract lag dissolvers for the dissolutiom of mrcomium La hydrofluoric -mitrie 
acid mmixtures. The presemce of either moble metal causee the mircomium —al 
to l gal to with a brilliamt flash toward the emd of the dissolutiom, presuma biy due 
to a gold or platimnur catalysed mircomium mmetal reactiom with a mitrogem oxide. 
The moble metale aro unchamged after the reactiom.

Purex Studies

Because comsiderabie eavimge la imvemtory costa cam be attaimed by reducima 
the cool lag period before processina the irradiated fool elements, imveszigatiom 
of the behavior of specific ehort live4fseiom producte la Purex was imitiated.

•taco • day iodine becores importamt at ehort coolina tl—a, of simce there la 
eome evidemce that iodine temde to tol low the orgamic phase La purex system a. 
a study of this elememt was umdertaken.

. i
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Experimental work was carried oat using two sources of radio -lodine: one 
source contained carrier iodime and th* other was carrier fro*. while th* carrier 
fr** iodine studies were probably more nearly represemtative of dissolved fuel 
conditiona th* results using carrier free iodine 414 not agree with th* carrier 
experiments and were not r*pr o 4* ci bl* in themselves. This is undoubtedly due to 
th* extremely low concemtratiom of iodime la th* carrier fr** case with th* re- 
sultant greater effect of mimute traces of impurities.

Th* experimemtal resulta using radio-iodine with carrier iodine showed that 
elemental iodine is highly dimtributed la favor of ths orgamic phase as expected.

Th* 41 stributiom ratio of elemmemtal iodime into pure carbon tetrachloride was of 
th* order of 100 and into 30 percent tributyl phosphate la carboa tetrachloride was 
even higher. Expe rimemts with macro concentrations of iodine indicated from 
spectral changes that zhere is compound formation or solvatiom of iodine by tri- 
butyl phoephate. Oa comtimued contact of iodine 1* SO percent TBP, CCl. th* 
distribution ratio of iodime decreases to a value of 7. 5, which is 4a* to th* owl 4a - 
tiom of elemental iodine to iodic acid which has a distributiom ratio of approximately 
7.

This indi cates that with ahort cooling perioda iodine will present a problem 
in the present flowsheet, particularly la solvent recovery since th* iodine 
largely follow* th* organic phase throughout. Th* work was done by our repre- 
sentative at ANL.

Our representative at Oak Ridge has reported on Purex research in connec- 
tiom with temperature effecta and the behavior of Np (V) in TBP aqueous two ybss* 
eysteme. Aa inverse dependence of the uranium distribution ratio with tempera- 
tar* has been obeerved while the distribution ratio for plutomium (IV). nitric acid 
and gros fiesiom products increase sharply with temperatures.

A purex feed was epiked with Np (W and its behavior was studied through a 
batch counter curremt Purex rum. while 20 percemt of th* meptunium eztracted, 
it was removed La th* acrub sectioh with a* overali DF of 144.

Two reports oa high enersy bombardmemt imduced fission and apallatiom 
products ar* beima issued. Th* first deals with calculated fissiom and epallatiom 
product dietributioms expected la 350 Mev deuterom bombarmd uranium as a 
unctiom of irradiatiom and coolimg times and ths other sives experimental results 
obtamed by our representative at ANL oa th* behavior la current purex at certain 
of th* mew fisgiom products which were devised from high emersy cyclotrom 
bombardmemt ,

•= m • ft
L o $-427

MK



-141- UCRL-2043

ProcessDevelopment
T. E. Hicks. J. L. Bloom, L. D. Christensen, J. M. Davie, 
L. M. Guenther, S. J. Horn. J. Jost. A- L. Lindsay. Jr., 
W. J. Luke, R. W. Robinson, B. Rubin, and G. R. Tully, Jr 

CRDC

Building Number 25---------------------------- 4

Steel doors were installed in Building 25, a guard was posted, and work 
was started on classified chemical and chemical engineering problems. All gloved 
boxes are ready for installation on completion of an auxiliary exhaust system for 
the boxes. but studies involving radioactive materials other than uranium or thorium 
cannot be started until this system is completed. The fume hoods for the laboratory 
had not been received by the end of the quarter, but all other major construction 
items have been completed.

Mini Mixer Settle rs

A new fuorothene body for the minature mixer settler having 3/0 inch 
square chambers instead of 1/4 inch chamber waa tested for hydraulic performance. 
Twelve runs were made with 30 percent TBP in kerosene vs 2 HNO3- Notably 
superior performance waa noted avr the 1/4 inch chamber body but because of 
the interdependence between stirring and pumping of the impellers, too much 
pumping of the heavy phase bccufred at epeds required for adequate mixing.
Also control of the heavy phase interface in the final stage by use of an adjustable 
w ir waa poor, and contributed to inetability by causing irregular flow of the 
heavy phase . In order to correct these difficulties, the impeller a were modified 
so that the throw-out hole a are higher than the overflow passage; this has the 
effect of decreasing the pumping rate at high stirrer speeda. Good regulation of 
the heavy phase interface waa achieved by uae of a conductivity probe inserted 
in the final stage. This probe detects the difference in conductivity between the 
organic and aqueous phases, and through the use of an electronic a enpl i f i e r and 
relay, operates a solenoid valve in the heavy phase overflow Um. Further im­
provements include baffles in the bottoms of each mixing chamber to increase 
mixing and raising of the floor level of the mixing chamber'to eliminate pockets 
of unstirred heavy phase.

Several runa were made using the eyetem wate r -butanol auccinic acid to
check extraction efficienc
indicated that the etage ea. While the data were not entirely conclusive it was

ciency la greater than 70 percent and
to 100 percent. It is now felt that the hydraulic behavior is satisactory with 
different liquids over a wide range of flow rates* and imstallation of a mini mi ver 
settler in a shielded box has commenced. Auxiliary equipment such as mi nature 
valves and syringe pumps is now being fabricated.

r Homopolar Motor a

In conjunction with the design and-testimg of the mminature mixer settler 
a need has arisen for a small. compact and reliable motor to drive the stirrers.

4:
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A umique homopolar motor of eztremely simple @esiga has beem veloped reemmay 
which meeta many of our requiremente. The mter cemaists ef • eelid metal 
disc rotor spinning Ln a pool of mercury, the whole mechaniam heins Am a mg- 
netic field. A direct curremt of several ammperes at a fractiom of a volt is pmesed 
through the rotor shaft and eat thromgh the mercury at the edge ef the diac, cameleg 
the rotor to tort. The speed of the mater cam be varied by chamging the.carremt
paasins through th* rotor.

The presence of copper oxide in the mercury arising from 
'copper parts, has caused erratic behavior of the zmotor after intended _ 
operation. This problem can be solved by using motels that amalgamate e lenity 
or by preventing oxidation. Accordingly, various medals of the meter roes trusted 
of copper, stainless steel, er nickel or chromium plated parts have been euhjeeted 
to a series of short duration and life tests. It is indicated that the motors are 
capable of maintaining a constant speed to a 5 percent for as long as 180 kouro. 
Additional mechanical, electrical, and corrosiom phemmena are teeing studied to 
improve operation of the meters.

Aidi Mixer Settlers
The midi sealer mixer settler la Berkeley was operated using thoriuma 

nitrate - 30 percent TBP kerosene in order to determine the operating character- 
istics of the mixer settler with this system. A 0.50 molar thorium nitrate melm- 
tion containing a small amount of fluoride ion from the dissolutiom procedure was 
contacted with a kerosene solution containing 30 percent TBP and 0.52 the 
HNO3 id a tee stage end-fed mixer settler. At organic /aqueous flow rates of 
30/8 ml /min respectively. the waste stream contained 1.5 x 10"3 Id thorium wich 
represents a 99.8 percent recovery. The overall performance of the unit was • 
considered satisfactory and efficiency was comparable to previous epperiemce in 
extracting plutonium.

A limited program to more fully investigate the behavior of the minor 
settler with this system wee therefore initiated. and three tan-stage eater artiste 
runs were made at an aqueous thorium feed rate of 19 ml/mmin with organiz/ 
aqueous flow ratios of 2, 4. and 6. The aqeous food in each case was 0.705 
Th and 0. 473 M HNO3 while the organic extractant was 39 percemt TBP - 70 
percent kerosene and 0. 535 M HNO3- Thorium losses for the respective ratios 
were If. 0.09. and 10 -3 percent respectively.

Aqueous waste stream concentratioms for the Letter two runs were 5. 6 ■ 
10-4 M Th and 10-5 M Th respectively. Sufficient further data will tee takem to 
attempt a correlatiom of several of the variables comcerned in thorium extractiems.

Midi Mixer SettlePrototype
A tour stage mixer mettler prototype has beem operated to an stele dots te 

tee assembled for design of larger unite. Types of imternal baffles amd acre me 
and their locatione were varied using the 30 percent TIP keroseme - 2M MNO3 
system.

I
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4 mdimatiem ef baffle sereems, Ammpellerea and stirrimg 
allews wide latite As at liqutda and few retea. Create as

test steeencies ayeraa rhtag 100 per- 
cemt were achieved eat extracting uramium late M part—t TP - keroseme. 
Efficiency of 60 yerraat was etea teal whem re-eztrmcting late the tetir.

JU 4a Pomt’e i aft. re
Savamnah River mixer mettlers to ohtaim imcr aes im thronghput
the otherwise marrow critical epeed range of their mmizer

fying the 
ad broaden
Based om our

* experience with the prottype mmimer setilers and
on their most difficultly haa41e4 stream, specific baffles and screems mere sug 
gested for installatiom la their sett Hag sectioms.

Mormontal Pulme Coluz

A center pulsed horimemtal cluma l la. 41 a abater by 4. Laeg comtaiming 
20 perforated S aha yah platee was constructed and hydraulically tested usims 
water -carbom tetrachloride. The 4eyea4aare ef airfare flew rates ea the 
pulse magmitude are be Lag studied. It is interestimg te arte that the transierred 
pulse volume ef the two gasses te aet mqmal. heing a ha at 50 yr cert greater ter 
the lighter phase than far the ha a War. This mmeame that the maximum flew rate 
of the light phase te 50 percent greater tham that of the heavier phase. At 38 
pulses/mim water flew rates ef TS - 125 mml/min were eheerved under mmaximmum 
operating conditioms.

la order to chech, extractiom efficiemcy several rums were mmade us the
water-hef aael -puccimic acid system. Umder e—hitlers of maxismm operable 
amplitude and frequency the MKTS Qlemgth ef as equivalemt theeretical stage) 
varied frees 5.6 12 inches. he yea hi eg ea ewrate . Thia indicates that the 
horisontal crime operates te the same ramge ef efficiemcies as the ear re com- 
vemtiomal vertical pulse columes and afters promime ef be lag a wmeful comtr actor 
since it does mot meed the expemsive hofrote required by the vertical celumme.

Equipmemt Testing

Studies are umderway te test the performamce of pempe, check valves, air 
spargers, selemoid valves, quick-commect fittings, epray waah rimgs ter taahs., 
and other cempomemts te he imstalled te the cells ia building 21. 6 has beem feeah
that #kimmer stinlese steel solemoid valves show little er mo leakage after 15,000 
cycles of
templat »4

operatiem amd that they will probehly he merviceahle La the usee com- 
i or them .

Equipment
Lead shieided comtainers ter ehippima Hamford dissolver swi arises and Ham- 

ford slugs were desigmed by us and fabricated at Livermore. These are mow 
ready ter use. Drawinge and specificatioms ter additiomal gleved and ehielded 
boxes have been completed, am a list ef gemeral Laheratery equipmment and
supplies ter Buildimg 21 haa beem compiled These will be ardered ea sypre vel 
of fumde ter that purpose.
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Process Design
L. R. Michels, D. L C. Feldmnan, E. J. Haven,

R. J. McCarter, H. Schneider, J. L. Schwennesen, K. G. Steyer, 
and R. D. Chaffe

CRDC

Equipment schematic flowsheets for the feed preparation, solvent exractiom, 
solvent and acid recovery, and waste processing sections of the Purex No. 3
process have been prepared and are currently being reviewed and revieed. These 
howsheets are based on rhe materiala flowsheet described in the Qarterly "--------rm
Report for the period ending May. 1952. The equipment schematice represent the 
initial atonia the ecoping of the Purex Process.

A atdy has been completed to determine the storage capacity required for 
U-237 decay in a purex plant procesatng A-12 product. he study indicates that 
I Decay wdorage can be placed most advamtageoumiy after the copcentration atop 
prior to the aocond uranium extraction cycle. 2. An estirmmted 60-day hold-up 
capacity would be required in processina material irradiated under the conditone 
of the A-12 revieed plutonium base cane. 3. Segregation of UNH molutioma accordee . 
to the source of irradiation would not be warranted on the basis of U-237 content.

A mumber of economic evaluations have been completed amd are descrihed 
briefly im the following paragraphs .

a) The economic merit of recovering nitric acid from dissolver of-gases 
in the Purex Process was studied. No incemtive oxiota for acid re- 
covery at uranium-processing rates below about five tons per operatins

' b) A preliminary investigatiom of the oc aw ic justification for contimuous 
dissolving in the Purex Process indicates, on the basis of the limited 
data available, that comtinuous die sol ring of A-12 irradiated uranium 
ie not economically attractive.

c) A study has beem completed evaluating the Amcentiwe of eubetitutim 
uranium oxide for uranium metal in the Revised Base Case MTA
(350 Mev, 1/2 amp.. 700 g/T). Based on a calculated prodmctiom 
figure of merit of 85 percent for oxiAo as compared to Am all -metn i 
lattice computations indicate a negative incentive of 822.000,000 over 

the cost of metal to too 82.50 per poumd
lattice efficiency cam too optimined to

95 percent a positive incemtive of $20,000,000 to imdicated. The break- 
------- rice diferemtial of ft 00 per

more than the coot of oxide

efficiemcy to 91 percemt. With a
7 percemt. Intamgible advpound the break-evem poimt occurs at _

of the oxide lattice for an MTA inota Hatton appear to toe virtual melf-
gee

sufficiency as regards lattice fuel amd avoidance ef the uranium grewth

d) A preliminary stdy was me de to determime the optimm pro dart to 
fuel ratio (a/T level) for an A-12 thorium lattice mssuming a cemeta

a w K-/RF
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productom rate. Based om unit product costs as calculated by Dr.
Masom Benedict’s method, the optimum level i»r U-233 productiom was 
found to be about 500 (*100) grams per tom. la gemeral. the aiai — an 
umit product cost represente a balance between pr a fo rt inventory 
charge, fuel cost, and capital investmemt La fabricatiom and processimg

* • ) An economic comparison betweem the C balata - TBP and Purex processes 
as they apply to -12 chemical aeparatlaw was completed. A helate - 
TBP plant desigmed accordima to conditioms moet favorable to the process 
was compared to a conservatively desigmed Paras plamt. The aaaall 
margimai saving La comstruction and operating costs of Chelate-TBP 
plant approximate the estimated cost of a Choi ate -TBP process develop- 
ment program . Consequently, at thia time there appears to be Little 
ecomomic incentive for farther imvestigatiom of the Chelate-TBP process.

LvermoreUmitOperatioms Laboratory
Equipment schematic flow diagrame have been completed for the cells com- 

taining dissolver, columm extractiom, mixer-eettler. and feed preparatiom equip- 
ment. A revised echedule of waste etreams from the Umit Operatioms Laboratory

The Process Desigm Qroup’s represemtatives assigmed to Oak Ridge bare 
contimued to assist La Purex and Thorex desigm work carried om at ORNL and to 
maintain coatact with process developmemt at that alto.
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16. ELECTRON MODEL CLOVERLEAT CYCLOTRON STUDIS

Electrom Medel I

Robert V. Pyle 
UCRL

COExperi mmemta om extractimg the beam with a --g—chammel -ere
The cut-away regiom of the poles atarted at IS La radius at the cemter -lime ef •

a
hill (pee Fig. 1). The electrems emtered the cut-mw=y prtiom with a cleckwise 
rotatiom la principle, the frequemcy of radial oscillatiem of the full emersy
electroma was such that they mhd a Urge radial compomemt af velocity after a few 
revolutioms through the rapidiy decreamima magmetic field, and lef the cycletrem.

Experimemtally. the electroms emerged from the cyciotrom over a regiom 
Ll •* La asimuth, mith trajectories betweem the dashed limes at A and B la Fig l. 
Attempte to concemtrate the a pi llout beam by adjustimg the amgle at which the 
circulatimg beam struck the chammel were omiy slightiy sucdesefuk

By empirically imcreasimg the etic fieid im the regiom c. those electreme
which otherwine mould have emerged mear B were kept imeide of the cyriatr— foz 
another revolution and brought through the chanmel omce more The circulatima 
orbits were not disturbed rhat part of the spill u*a which was flying oat with
avery large radial velocity was bemt inward by the stromg field at the nut 14a edge 
of the channel (D)

Ninety percemt of the electroms circulatimg at 14 La. radius spilled out 
through the channel. By increasing the fyaatic field at C. 80 percemt of the 
• pill beam -as comcentrated La a patch 1 La high and 4 la wide (E) located 22 La. 
along a Lia* perpendicular to the center line of the channel hill at a radius of 
15 in The remaining 20 percent of the electrns were spread betweem B amd E. 
This nather crude attempt produced a large improvememt in the spatial distri- 
bution of the spill beam and the resuit was imdependemt of the ampiltude of the 
ri voltage on the accelerating electrodes .

Further concentration of the spill beam appeared poesibie but time con- 
suming. and as the electronic and vacuum componenta were needed elsewhere 
the cyclotrom was torn down om August 15

Electrom Model LU

E L. Kelly 
UCRL

The magnetic field baa been measured , shimmed, and remeasured, Re-
duction of the data of the «bi *<ai4 field measurememt is still la progresa. Pre-
liminary checking indicates that at no point does the field between radii of 7 im. 
and 1* la differ from the desired theoretical values by mmore than 100 milligauss. 
Between it in and .14 la parts of the field at the bills are low by as sack as

+-* +++ -- A



-147- UCRL-2043

I
1M te 200 milligamss. Iside a radims of Tim. the feld is hjgh. imcreamins to 
am error ef as much aa 200 te 300 milligamss at 3 La. (The desigm valme at the 
fleld at the riteir La 19. 1 gamss)

The vecmum pumping syetem has be aa r ■ say I ebt t and teeted wit the 
re rate amalymer amd la me ready be turm aa. Dees amd mngmetie Eield triaaaatag 
coil assemblies are complete amd ready far imetallatiom. The degisa at 
amd probe lecks la water way. *e shert, the mmachine la mow ready far 1 
assesmhly amd testima 11 mill certmily be la operatiem by Octeber -

overcomme im mmeasurimg amd ehizmam 
the fleld te 25 milligaess er better

obieme that were met amd 
id, la order ta mmeasure

am hudit a • 
cemsistima of

ial meg
* permalloy mire surr

dmg the ■■<!»><
, Mimard Leavizt amd his gromp have devieed

This im ee aware is a very e tea 11 tramsformer
ded teo ceaxal cells. Ome coil, the

a A. C. be rtrt^ curremt Theprimmry, carries m a. c sigmal 60 Kc) _
secomdary coil picks up the a. c. amd ite harmomice, amd the secomd haramomic 
is selected by a bamd pase filter This ne—< harmomic mt at rale the d. a. bmckin« 
curremt im such a mmammer as te mmil out the ear—< harmomic which occurs omiy
aba a the yar—allay wire ia ia a mero n 

im a mmeasure of the e aba raa' —ya itic fi 
extremely satiefactery amd cam be recom

tic fie 14 Thus the bmckima car re—
Thie lastt-ir eat eat has provem te be 

ded far —egaeric flelds at M smusm
or less This imstrumemt will be diecussed la detmil La a »eye rate report.

teeth er probiem was the difficulty at maimtaiming a fieid that ret cemetnmt 
la time The atga«< curremt ewyy ly, devised and b—it by Minard Leavit amd - 
his group, was comstant te ome part ia 50.000 Stray extermal flelde, umfortumately. 
were not. Te redmce the effecte of these fieide, the wo a ya e< car real supply -=s 
modified m aa te be comtrolled by a mmegmetometer of the type —bi—ef ahove 
In thie way the field at the mmemiter probe locatiom was held resat—t te e beef 10 
milltgauss Evem so, the e—eraal field gradiemte were tee high te iyae re. so all 
accurate measurememts were made ea the sel shin -hem moet ef the etray field 
sources were set operating At this yei — still e a eth e r yrebie— bare ace evidemt. 
The arsco tree poles bare a megmetic memory la spite of the most careful 
annealina and degmusming. Te overcome this, a «f b rt degaussing cycle waa 
set up starting at a —ayaet curremt five times the operatimg curremt and cycHag 
miowly bete sere, ta additiom it was foumd mecessary be have a motor driven 
magmet turn-om device for comimg up te operatimg curremt esA alee for turming 
oil the magmet curremt. Otherwise, evem after degamesing, the field was mot 
reproducibie

la enable^ the fieid measurememte of course a carefully re—rail eS arter 
drivem mmechamiem was required to positiom the atge .eteaete r search probe . 
The searching cell drive need reyaireA approximately 12 mmin to cover 360° 
asimuth During this time field imiormatiom was fed comtimmously from the 
mmagmemrmetere Lotte a Leede eat Northrup Speedomaz two -pen recorder . Ome 
pen recorded the ia waiter mo-gmetomete r migmal eat the search mmagnetometer 
signal alternately, switchimg every five secomde The other pem recorded the 
search magmetometer signal comtimuoubly om a scale magmifled 20 times 11

|
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ahould be noted here that much of the difficulty encountered ws due to the rapid 
change of field. at the largest radius the field changed from a mimimum of 7 sauee 
to a maximum of 38 gauss every 60° of azimuth

Rf System (Bob H Smith)

rhe rf and eervo contFol equiprment for the J* La. Model III electron 
machine has been compieted and is now beima installed. The dees have boon 
metalled and tuned to resonance at 54 one.
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