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LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Neither the United
States, nor the Commisgsion, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or thdt the use
of any information, apparatus, method, or process disclosed in this report may not infringe
privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, ‘‘person acting on behalf of the Commission’’ includes any em-
ployee or contractor of the Commission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee of such contractor prepares,
disseminates, or provides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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I. - INTRODUCTION

Tﬁis report covers work conducted under the integ:fal .neutron thermal~
ization program at General Atomic from April 1, 1963, to July 1, 1963, under
‘contract AT(04-3)-167, Project Agreemenf No. 2, with the U.S. Atomic Energy
Cpmmission.

A strong interest in reactor ‘syétgmjs using solid, homogeneous fuel
for fhe SNAP application. initiated s c'omplete experimental and analytical

study of the moderator zirconium hydride at various temperatures. AM\
e

[ C G o " pre AR pa.per presented on this subject at the Salt
— o P T I&
‘lake City American Ngclea.r Soclety meeting ‘il . pe. Submitted 1o . <3
— ——— ——— - *‘f{‘ ) t - il e ---i.,__—-l-’
f; " _._ 34 Nuclear Science and Engineering for publication in
NS , — T

"’ : the near future. In view of the 'excellent. agreement obtained between the

= .‘bhérmgl spectral predictions based on the Einstein oscillator model and -

o

experiment it is clear that. ﬁhis moderator is understood better than most
a.nd certainly"adéquatelyA for a’ll‘anticipated reactor a.pplicai:iéns.

Decéy constant and modal analysis measurements have'been completedv
during this quarter in f.he water-U235 critical assem’biy at the General

~ Atomic electron linear accelerator faciiity (Iinac). The measurements
are presently under analysis and will be diséussed in Section é. 1.

. The neutron spectral measurements in poisoned water at various
temperatures and Pressures ha.ve been analyzed and compared with theoretical
predictions; They are presented in Sect;on 2.2

- Camparison of theoretical and experimental thermal neutron spectra
for various poison concentrations of 1/v absorber (boron) ‘in ﬁae is

__— discussed in’ Section 2.3.

-
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bank used in spectral studies with that of a flat response detector (Li

The shielding studies conducted in conjunction with the Oak Ridge
National lLaboratory Neutron Physics Group are discussed in Section 2.k.
Improvements in experimental techniques for measuring spéctra have

continued. Comparison of the energy résponse of the sensitive BF., detector

6

3

glass) for calibration purposes is discussed in Section III. Prbgress iﬁ
the dévelopment of theoretical techniques during the quarter is discussed
in Section IV. |

In response to the many requests for recent experimental data and
theoretical calculations, a format for presenting these data in a conéise |
and legible form hés been completed and is given in Appendix II. . The
example shown is'that-for 8 typical spectral experiment. Spectra in this

format will be compiled for all of the best data as they become available

~and presented as a document for laboratory use.

A short section (Section V) on the status of the Linac facility is
included to bring'fhe readef up to date on the improvemehts which have
been made, are now underway, and are planned for this year.

The contractuél‘dbligationé for this contract year have in most part

- been completed, with only the feasibility studies in BeO remaining.  The

status of these measurements is discussed in Section 2.5..- The remainder

of the contract year will be spent finishing the BeO feasibility studies,

. analyzing the data which have been taken to date, and writing the annusal

report.

-2-



II. EXPERIMENTAL

2,1 CRITICAL ASSEMBLY .

The Linac multiplying assemblyl has been loaded to a critical con-
figuration requifing 2921.5 gm of ﬁ235 and a core thicknéss of 8.6k4 in. .
The transverse assembly dimensions are 18 by 18 in. The assembly is bare |
and water moderated. The(distinctive feature of these experiments 1is theA
geometrical setup.used, The bare assembly has been moved far from any
walls, floors, ceilings, or supports to eliminate room return effects.
These results are less subject to“ambiguit& of interpretation than most
so-called cleéan pulsed assembly data_avéildble for analysis. A total of
19 loading steps were taken in thé approach fo critical.

At each loading step the aséeﬁbly.multiplication of a sfeady state |
external peutron source was determined and an inverse multiplication vs. .

loading plot was used to predict the next loading. Figure 1 shows the

 plots of the approach to criti¢al taken on two ion chambers and one fission

counter, all external to the core. The detail of the last few ioadings is
shown in Fig. 2. The scatter of the last few points is apparently due to
slightly different amounts of water in the region beyond the boundary in
the thin dimension. This region is filled with void tanks and aluminum
plates to exclude the water, but, as the loadings progress, different
combinations of void tanks and aluminum plates are used.

At all except the very early ;oadings, the assembly was pulsed by a

Iinac produced, pulsed'neutron source at repetition rates varying from

120 pps at early loadings to 30 pps at the last loadings. A small (1/U4 in.

diameter by 1/4% in. long) fission counter is positioned in a cylindrical

tube, or "glory hole," which passes through the core in the thin dimension.
For each pulse, the time distribution of counts is obtained from 4 psec
after the burst to a time Just before the next burst, thus giving counting

-3-
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rates from close to zéro time through the prompt die-gway time region and
well into the delayed neutron tail. Using these data and the method of
Garelis and Rt'xssell,2 the die-away of the fundamental mode (1/x) and also
the number of dollars the assembly is subcritica;l at each loading can be
determined.

At three of the loadings, die-away measurements were made at eacb of ten
positions through the thin dimensi,oﬁ of the g:ore‘, and a spatial modal
analysis was performed to determine the 'die-awa& of the fundamental mode
and of the next two to five harmonics. A buiid-up o_f the fundamentai mode
in the first 20 to 30 usec after the bursf, as previously reportedl under
less c_lea.n experimental conditibns , has again been observed. A possible
interpretation of this consistent result is that it is due to the decay of
nonfundamental transverse ques at the early times. .f‘igures 3, 4, and 5
show these results for the fifth, eighth, and éleventh loadings.

The results of all these measﬁremehts dre in the ﬁrocess of analysis
and will be presented in the annual report. -From this énélysis will come
a8 determination of the accuracy to be expected from reactivity measurements
in a .simple critical or suberitical assembly using pulsed neutron techniques.
Reactivity measurements by two pulsed methods anﬁ conventional techniques
will be mtercomparéd. :

2.2 TEMPERATURE DEPENDENT SPECTRA IN WATER

Temperature dependent neutron spectra have been measured under infinite
medium conditions in water poisoned with a 1/v absorber (boron absorption
5.15 b/H atom). Th_e energy de;iendent scalar neutron flux was measured by
time-of-flight techniques and the standard Béam‘ scatterer techniques, i.e.,

-by placing a zirconium scatterer at the center of a glory hole through the

-6- . -
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pressure vessel assembly. The pressure vessel was filled with 10 liters of
boric acid solution and heated electrically., This vessel and the techniques
for measuring spectra have been described in a previous report.3 The measure-
ments were performed to determine the importance of molecular binding in
establishing. the neutron speetrum in a high temperature water moderated
'reactor. Since it is known that molecular binding produces significant ‘
_ spectral shifts at room temperature, these spectral measurements serve to
establish the magnitude and importance of the binding effects at elevated
temperatures, | |
_Infinite medium ueutron.spectra were measured at 30°, 1500,‘2320, and
3l6°C. A composite curve showing the infinite medium neutron'spectra at
these temperatures for a homogeneously p01soned boric acid solution (5.15 b/H
atom) is shown in Fig. 6. Figures T through iO show the individual neutron
spectrum measurements'for each ofmthe'above mentioned temperatures.\ At each
temperature-a bound‘hydrogen theeretical claculation using Nelkin's:model
for water ah@ a:free'hydrogen gas model are shown for comparisoh uith the
measured spectra, The smsll 1rregular1ty in each measured spectrum between
0.015 and 0,02 ev is thought to be due to the elastic scattering diffraction
from the zirconium which was used to extract the neutron beam from the vessel
to measure these speetra.

Listed in Table I are some of the salient features for these spectra
Column 1 is the temperature of the moderator is degrees centrigrade,
column 2 is the temperature of the moderator in electron volts, column 3
is the neutron temperature in electron volts, and column 4 is the ratio of

the two, Column 5 is the ratio of the bound hydrogen calculation of the
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Table I

COMPARiSON OF THE THEORETICAL AND EXPERIMENTAL RESULTS

?Sgg‘ By(ev) Ey(ev) BBy B/ Pe/Pre e/

30 | .0.0261 _-0.036 1.38 1.10 1.27 " 1.15
150 0.036k 0.043 . 1.29 109 1.24 1.14
232 0.0435 0.056 1.2k 1.0k 1.16 1.12
316 0.0507 0.060  1.18 1.06 117 1.10

spectrum tovthe measured spectrum at KT and column 6 is the ratio of the

free hydrbgen calculation of the spectrum to the measured spectrum. Column 7
is the ratio of the calculated free hydrogen flux to the calculated bound
hydrogen flux. The theoretical and experimenfal speétra’were normalized at

1 evAfor comparison and the ratio of the fluxes were compared at EM’ the
moderator teﬁperature.

It can.be seen in Table I that the bound hydrogén description is
adequate for describing the neutron scattering processes in water at a'temp-
érature of 316°C and that the free hydrogen calculation does not give as ac-
curate a description of the observed spectrum in water. This comparison il-
lustrates the fact that molecular binding is still important at operating temp-
eratures for:water-moderated reactors and that the free hydrogen model is
not appropriate for reactor calculations at these tempei‘atures°
' Another qualitative feature of these temperature dependent spectra is
the lack of a marked change in the spéctral shépe as one increases the
temperature of the moderator:through lSOOC.v Results reported in Table I
and Figs. 7 through 10 afe thus not consistent with Egelstaff's suggestion
that modei'parémeteré need to be adjusteﬁ in going from 23°C to 300°C.

Further experiments at elevated temperatures to investigate resonance

-16-"



_ absorptioﬁ effeets on spectra will be conducted later this year with a
mixture of fhe abéorbers gadolinium or samarium and erbium. This should
complete the infiﬁite_medium spectral stﬁdies in water, since sufficiently
accurate information is available for validation of the molecular model
refinementé now underway at General Atomic. |

.While infinite medium neutron spectra in water moderated systems are
reasonably well understood for most reactor applications, spectra of
angulaf flux.are nqt as yet. It will be recalled that a thorough series
of angular flux mezstsurem.en‘l:slL has been completed in poisoned and unpoisoned
.water slabs and the compériséns with theory have not been eﬁcouraging. One
mechanism which was postulated to explaié the discrepancy was that fhe
experimental high énergy neutron souice distribution might influence the
measured thermal angular flux. Experiméntélly~this idea was invesfigated '
by relocating the external sources in<én entirely different way.3 Tﬁe thin
slab measurements still were not affected much by this change. Analytically
we have calculated the entire fast-slow fiux problem, including the external
source, with the transport'code DSN. The problem was broken into two
pieces: the fast problem (E > 1.4 ev) and the thermal problem (E < 1.4 ev).
In the fast problem the ééurée placemenf was included, the actual slab
ﬁater geometry was specified, 17 energy groups were used, and Sl6Atransport
‘ approximations and P3 elastic scattering were utilized. The source for the
thermal problem (with upscattering) wﬁs5calculated in the ev region.
Actually,'three energy'groupé were used below 10 ev. It turned out.that
the spatial and angulér flux distributions were very similar for all three
"source" groups but that these distributions differed strongiy from the

diffusion theory (Pl) spatial and angular sources used in the previous

-17-



analysis. It appears that the angular flux distribution, even at energies
of a few ev, maintains a strong memory of the incident fast neutron
direction. All of this looked-hopefui, but the thermal flux DSN results
obtained with the new angular sources wére not significantly different

from those obtained in éfevious calcuiationsa For the therﬁal problem 23
energy groups and 60 spatial mesh points were used. Thus, the method of
éxperimental analysis has 5een refined to abouf the 1imit, and the reason
for discrepancies in angular fluxes must be in the input data, especially -
the scaitering levels for water. Mbaéurements of scattering angular diétri—
bution, o(E,u), to be reperformed more precisely in water during this next
quarter, should gé a long way toward settling this problem. In the theory
section of this report (Section IV) the present effects underway to generate
a more. physically realistic kernel for water are also discussed. These

two undertakings should provide sufficient information to resoive the
angular flux paradoxf :

2.3 NEUTRON SPECTRA_IN BORATED D0

The previously reportedh‘infinite medium spectral studies in D20
containing 3.6% light water were repeated3-using pure D2°° As reported
prev:tously'lL the attempts to fit these data using current scattering kernels
were only moderately successful. In the eariier measurements the free gas
scattering matrix yielded a better fit to the experimental.data than did
the more realistic bouhdvdeuterium kernel of H. Honeck, which is patterned
aftér Nelkin's model for light water. This quarter thé calculationgl effort
for the moderatof D20 was directed toward gene:ating a Nelkin type scatter-
ing kernel wiih a higher maximum thermal cutoff energy than the 0.7 ev
used previously. This will ﬁake it possible to more accurately normalize

the calculations with experiment in the slowing down region.
=18~
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The results of the theorefical calculations of*the scattefing matrix
with a 2 ev thermal cutoff energy are not yet complete. These calculations
should be completed in the near future and will be reported in the annual
report.

2.4 SHIEIDING STUDIES

These measurements were performed in close collaboration with
Dr. V. Verbinski of Oak Ridge National Ieboratory, who designed the shields

and experimental geometries. After a particﬁlar shield configuration had

- been selected and set up in the Linac low background cave, the penetration

neutron spectrum was measured, first with Verbinski's detection equipment
ahd.afterwards'under idenfical.conditions_with the General Atomic fast
neutfon detection equipment. This produced two independent sets of
spectral data. The General Atomic equipment'and techniéues are discussed
below, | - |

For neutrons with energies. 1n excess of'loo kev, the most efficient

" detector is the organic scintilletor, from which recoil;proton scintillations'

can be analyzed.. Since Verbinski had previously selected the Forte’method
of ‘pulse shape discrimination for rejection of gamma scintillations, we

adopted the Owen-Batchelor method.>’®

This involved the special design of
discriminator and coincidence circuits. In the pllot. experiments it became
clear that in the time interval 1.0 to 10 usec after the Linac burst there
were very few gamma scintillations compared with neutron scintillations.

By piacing a gamma filter of 2 in. of lead across the beam at the 16 meter

position, virtually all gammas-were removed while 30% to 40% of neutrons

were transmitted. At the 32 meter position a thick wax and lead wall was

constructed with an 8 by 8 in. aperture for the beam. Finally, at 50 meters

-19-



the 2 by 2-1/2 in. scintiilator was placed in the center of the 12 by 12 in.
beam. 1Initially many pilot runs were made st'low Linac intensities in order
to examine the neutron to gamma ratios. Iater high intensity runs wsre made
in which pulse shape discrimination was onitted and replsced by transmission

tests. Two transmission samples which were used are listed in Table II.

Table II

SAMPIE TRANSMISSIONS

Sample Thickness Gammas . ‘Fasf Neutrons
Pb 60 gms/em” < 9% - 30% to 40%
CH, - 7 gus /cm‘2 ' > T70% 40% at 10 Mev

, : o 4% at 1 Mev

The neutron transmissions of these samples from O.S‘Mev'to 15 Mev
sgresd with the calculated transmissions to within statistics (t 6%). The
presence of gémmas in the scintillation spectra would have caused a low
valﬁe for lead and a high value for the polyethylene'transmission.- The
results to date indicate that there is lsss than 5% gamma contamination
in the fast neutron flux for all experimental shielding configurations.
This transmission test was repeated with a 20 cm water shield .in the beam
at. the cave, and similar résuits were thainéd. Since the gamma contaﬁination
.was lower than 5%, it was decidea to omit pulse shaée discriminatisn; this
permitted the Linac intensity to be increased by a factor of more than ten,
giving much shorter rus times. |

The water shield experiments performed are listed in Table III.
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Table III
WATER SHIEID EXPERIMENTS

Water : Angle of Emergence

Thickness Large Target, Small Target,
fem) __8xBx8 in. _' 3/ux2 in.dia.
0 0 '
10 , 306
20 | 0, 30°
30 ' 30° ‘ 0°, 1°, 2°
oo 0

The water shields were'extended-by boxeg of wax to form an approximate
half sphere around the large target. This éave a geometry compatible with
the NIOBE code.
| One salient feature of the shielding resultsAwas fhe effect of the
oxygen resonance at 3.5 Mev even for a relatively thick shield. This is
illustrated by the data at 0° shown in Fig. 11. |

‘295' BeO FEASIBILITY STUDIES

These studies are being made to determine the feasibility of obtainiﬁg
a three dimensional normal mode flux distribution in é BeO assembly. An
X-ray source and the (y,n) reaction in fhé'beryllium itself are utilized to
shape the spatial dis£ribution of the fast fiux. If the technique works,
it may obviate the need for mﬁltipiying assembly studies of spectra for this
.moderator. The availability and size of the BeO blocks to be used limit
the design of fhe assembly.' From fhe materials available, an agsembly
60 by 60 by 60 cm has ‘been stackedrfrom blocks about 1 cm thick. Each
layér of BeO is poisoned with 0.010 in. thick bo:ated.stainless steél.

This will give a poison.concentration of about 1.3 barns per beryllium
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atom and é negligible self absorptibﬁ correction. Singe za/g Zs = 0,75,
the spectrum will be quite hérd but stillvshould be sensitive to the
séattering model. fhe X-ray source to be used is constructed of 0.020 in..
tungsten alloy toAconvert the Linac glectron beaﬁ to a fhick target X-ray
spectrum.- The target is_watér cooléd and is backed by 2 in. of éluminum
to stop the remaining electrons. The a§semb1y will 5e pulsed ana the
neutron flux-distributions mapped using cadmium covered indium foils.

The geometrical arrangément to be uséd is shown in Fig. 12.

A calpulation of the fast neutron generation rate in the BeO has
been done to determine a trial placement of beryllium blocks in the source
holé. |

It is aﬁticipated that the desired cosine distributions can bé
obtained (empirically) by moving the source or chgnéing the distribution

of thicknesses of the Be0 filler blocks shown in Fig. 12.
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III,. IMPROVEMENT IN EXPERIMENTAL TECHNIQﬂES

'

One of the most important corrections to the experimentai data neédea
‘to obtain neutron spectra*is the energy dependent detector sensitivityg
This quantity has been measured pfeﬁiously by comparing ﬁhe results from
';fhé sensitive BF3:detecth bank, which is used to megsure-: spectra, with
those from a thin l/v_detector, To imbrove the:accgracy of this measure-
ment and to check its validity in a manner independent of the 1/v détector,
& comparison was made,'fo; & standard‘spectrum, of the BF3 bank spectra
and of that measured b& a flat response détectbr. ‘A Li6 éiass scintillator .
was used for this comparison, The calculated efficiency of the Li6_detector
- showed it to be flat to within a few percent up to dbout 1 ev. neutron enérgy,
Preliﬁinary reduction of the comparison between the two detectors indicates
that the sensitivity of the BFé bank may be lower than pre;ioqsiy believed
at 16w neutron energies (< 0,02 ev), The first seéries of measurements was
made with an aipha-alumiﬁa refléctor on the Li6 glass, It is possible
that this may have suppreésed the neutron flux at low energieé, thus ac-
_icouniing for the discrepancy between thé sensitivities measured with the
1/v detector and the Li6 detector, To check this point, the alpha-alumina

‘reflector was removed and the measurements were repeated, These measure-

ments are presently being analyzed,

5.



IV, THEORY

4,1 ZIRCONIUM HYDRIDE

The work reported here is an extension of the,iheoretical anélysis for
zirconium hydride reported in Appéndix I. In order to obtain closer agreé-
ment betweeﬁ theory and experimeﬁtal neutron spectral results for zirconium
‘hydride, the effects of the acoustic vibrational modes were included in the
usual calculation 6f the scattering kernel, The optical mode was treated
in the usual manner, with hy - 0.13 ev, and a natural level width., The
4effective mass attributed to the acoustic modes was at‘first taken to be
91 (the mass of one'zirconium atom), This choice smoothed out the bumps
'*dge to thg optical mode in fhe theoreticai'neut:on spectrum at higher neutron
eﬁergies, but at low neutron energies, below 0.03 ev, the agreemeﬁt with
éxpgriment was not satisfactory. As a second choice, a mass of 360 was
gssqciated with the acoustic modes, reéult;ng in very good agreement‘with
experiment over the vh ole spectrum, The spectra are,shown in Fig. 13,
_which compares the theoretical neutron épectra in ZrH1°7, using masses of'

360 and infinity for the acoustic modes, with the experimental points,

b2 'BERYLLTUM

In order to investigate neutron thermalization in beryllium it is
necessary to formulate a reasonable physical model of the lattice structure
of the metal. Beryllium has the hexagonal close-packed lattice stfucture;
and in the harmonic ayproximation, under the asSumptiqn of central forces,

the lattice vibrations are described by the equation
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where GXI,J) is the displacement of an atom from its equilibrium position,
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8, = x(¢,3) - §R£?;j’) are the eguilibriqm separations of the atoms, M is

the mass of a beryllium atom, K(£¢%,33’) are the force constants which

depend only on the equilibrium separations of the atoms, andA?,j are the
lattice and all indices, respectively, Assuﬁing the plane wave solutions

1';’(1,3) - 3(3) eaﬂi[i?';:(Z) - Vt]

J
leads to the condition for solubility
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- oo .
where DhB(Jg’)’ the dynemical matrix, is given by
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Because of the periodicity of the lattice, ;Z the waveévecforféén be
restricted to one Brilloﬁin zone, In order'to determihe the frequency

spectrum of beryllium we solve Eq, (1) for v for various values of E?in
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the first Brillouin zone, A histogram is then constructed for the values
of' w and this yields the frequency spectrum, .

The values of the force constants K(ZZ)3jj ) have been determined by
Schmunk, et gi;? uﬁder the assumption of central forces with up to fifth
ﬁearest neighbor interactions. The dispersion relations in the symmetry"
~ directions of the crystal calculated on the basis of this modél agree very
well with experiment.

Once the frequency spectrum has been obtainéd in this way, thé cbmputér
cbde:SUMMITg can be uséd to geﬁerate a scattering kernél for béryllium.
Also the frequency spectrum of'the cryqtal can be compared with the scatter-
ing law meaéurements of Egelétaff, and will provide a good test.on how well
erystal frequency spectra can be inferred from his measurements.

The work deécribed above. is'very near completion, and a pfeliminary
curve of the frequency spectrum of beryllium is shown in Fig, 14, After
- the theoretical work has been brought to a reasonable pbint so that com-
parisons can be made with experiment, the far more complex problem of
generating a physically realistic trial scattering kernel for BeO will be

>attempted.

4.3 LIGHT WATER

For neutron thermalization in water, the code GAKER haé been modified
in order to accognt‘for the anisétropy of thé different harmonic Qscillatérs,
as deScribed.in the last éuarterly report;3 Preliminary results seem to
indicate that the influence of the anisotropy of the P and ?l matrices is
not at all negligible, This is seen in Figs. 15 through 18,

The solid line corresponds to the standard isotropic kernel calculated

for 55 energies. ‘The crosses represent a few points obtained for the .
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anisotropic model (11 energies). For low energies the average over orient-

-atlon appeared to be well converged with only 5 orientations For higher

energies complete convergence was not achieved even with 9 orn':entatiorxs_,

although the trend of the difference between models was quite evident.
Another modification of GAKER under study is a more accurate integration

over angles for the calcu.la.tidn of the P (E_.) E’) matrices In fact the

0 phonon term of the Nelkin model double differential cross section for H20

_ has'a s:.ngular:.ty a.t {E %}, which might impair the accuracy of numerical

integration over angles., This term has the form

Fla) = c‘\/ie':_-; _-\}'—_e' aa Io(ta) exp[- f;-La- (e’-’l € + a)e]-
: o L

with a = (e + €’- 2u '\/ee') W o€= 'E'_;A . €7
. kT

The singularity at @ -0 (i.e., at p -1, €/» €) is thus described by

f(a) - exp[ 115 (e ¢ + @) -'aa]
a
vhich can be integrated analytically to give - , -
1. ' ' ) Ymax T '
M 1 ' 1, T2 21
f f[a(p)] du = b f dy exp[- ;v + D -_a.y]
-1 A 4 - ) ; :
. €€ ymin :

vith' y = -\/a and v = ¢/~ ¢
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It is found that

where n =qa + %; c’ = 2 g; " Ymin -
\ max
and zZ=y 1+ %;
X=Yy n-%

Hence, ‘in order to integrate numerically over the singularity one writes

7o) = -\/ { ¥ 1(ba) - 1] e [ (e teva)) ‘+~f(a)}

The first term in the bracket will be reguiar at a ;>O and the integral over

the second ;s given by tha_prageding~formdiae:

4. 4 UNIVERSAL SCATTERING CODE

At the present time there are a variety of computer codes available
which are applicable for computing the sdattering-kernéis of specific mod -
erators, and thus the reactor physicist is able to make calculations on the

moderator of his choice by choosing the appropriate code .or combination of
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codes, It would, however, be Qery desirable to have a computer code which
is applicable to all of the important reactor moderatorg, and:which is simple'
to use.: The usefulness of such a code from the practical standpoint is
obvious,.

The formulation of a general code to calculate the scatfering kernel
of all the important moderators has begun, and ﬁork on this project will

continue in the next quarter,
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V. GENERAL ATOMIC LINAC FACILITY STATUS

During the last nine months many improvements have been made in the
General Atomic Linac facility to increase the reliability of the ﬁachine)‘
upgrade its performance, and expand the utility of the eiperimentql areas,
Some major changes are underway and others are anticipated in the not too-
distant future. 1In this section a short summary of these changeé will be
given,

Over-all Linac performance has in genéral been qgite good, Klystron
lifetimes of 4000 to 6000 plate hours are common. Thyratron troubles in
the modulators ﬁaVe been very annoying becéuse of quality control failures
attributed directly to the thyratron manufacturer. A change of thyratron -
type and manufacturer solved this problem and also simplifigd maintenance -
of this equipment, Modulatof pulse lines have all been strengthened in a
redesign of the modulators,'and ease of tuning has been increased, Vac-ion
pumps are being installed slowly throughout the Linac to eliminate all oil
diffusion pumping équipment. The Lin#c has performed at or abdve its rated
povwer output requireﬁents on demand, going close to 2 amps of current at
greater than 30 Mev electroﬁ energy for short pulses and to nearly 15 kw
of}avérage power for long pulse work,

- The next major improvement anticipated for the Linac facility involves
the relocation and upgrading of.eéch modu;ator klystron.microwavé power . '

source, Before the modulators are upgraded to utilize nominally 20 Mw
klystrons, each modulatof will bé mo?ed into a new building now under con-
struction adjacent to fhe present accélerator bgilding.' Al modu;ators
will be located eventually in‘the new building, freeing badly needed ex-'
perimental space in the accglerator rocm, The changes in the r.f. power
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system at the Linac are designed to increase the peak beam power of the Linac
by a factor of four ébove that now normally in use for most neutron.experi;
ments. On the basis of our recent energy-dependentoyield measurement curves,
neutron ylelds will probably be increased by a factor of 6 to 8. Since these
changes must be made with no extended eqﬁipment Shutdown'tiﬁe, fhe transition
willlprobébly take over a year to accbmplish.
| One fﬁrther facility change being planned this year is the increase in
the COmpartmentalizatiOnrof the exper;ﬁental areas to perﬁit setup in one
afea while experiments proceed in adjacent areas,  We are essentially at-
tempting to divide the facility into four separate independent irradiation
cells with appropriate shielding, beam stoppers, interlocks, radiation alarms,
etc., to provide the necessary safety of operation, .

An imprqvement in the Linac injection syétem is long overdue, sipge,.
as all L-band.Linac owners know, the maghine~will accelerate mﬁch more
current ét short pulses than the present guns provide. An improved replace- ..
ment gun or injection system is being looked into for the Linac, but at

present no obviocus simple apprbaches are on the horizon,
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APPENDIX. -

—

NEUTRON SPECTRA DATA BOOK FORMAT

The presentation of experimental and theoretical data concerning neutron
spectra has previously been troublesome and cumbersome.:.It is:hopedAthat'theA4
format set forth in this appendix will initiate a procedure for displaying
data in a standard form such that sufficient information is given for inter-
comparisons of data and calculations betéeén this and other ;aboratorigs.

It should be pointed out fhat.this format is of a typical experiment perférmed
at General Atomic previously butucoﬁ;d be expgnded to include all "best aétan

available. A compilation of this sort should be a highly valuable and use-

ful tool for all reactor'physicists,:aﬁa an effort.to get this work under

way will be made.

‘The geometrical arrangement and,information'necessa;y to calculate the
resﬁlting spectrum, and - the experimental,results i@”coméarisbn to the most
recent theoretical models used to desé;ibe the data are shown in the following

two pagés.
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