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ABSTRACT 

-Thermal neutron spectr~ have be€m measured with . 
time-of-flight techniques. Spectra were obtained for 

. pure water and for a nearly homogeneous subcritical 
assembly where the ratio of thermal absorption to 
h.igh energy scattering cross section was -.O.J. For' 
each medium, spectra were measured at 298 and 586°K. 

The exp~rimental results are presented and 
compared with calculated theoretical.spectra. The 
agreement between theory and experiment is excellent 
for the multiplying:media. On the' basis of this 
agreement, one conC'ludes that cheii!icEil bin~ing effeots 
in light water play a negligible role in determining 
the equilibriurn,neutron spectrum in water assemblies . 

11 
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NEuTRON SPECTRA MEASUREMENTS 

R. s. Stone, R· E. Slovacek 

13 

fne thermai neutron specttuin in· a finite med.itirn wi tii abso:tption present 
is of considerable interest both pfactiealiy in reactor' design; and theo:.. 
reticaliy iri understanding neutron thermaiization: A rather complete 
di·scussioil of the present status. of the theory arid measurement of reactor 
spectra. can be found iri the literature. 1 

Wigrier and Wilkins2 calculated the steady:o:state spectrum in ii 
partially absorbing' infiiil te homogenous medium with a. mGinatomic gas'eotis 
moderator whose scatter{ns riuciei have a MaXWeli:i:B.n: ene~gy· dist:ti'butio:h .. 
The scattering riuclei were assumed t6 have a constant scatte:ririg' 6r6ss 
section and a mass equal to t~at of the neutrori whiie tlie absorption cross 
sect ibn was . assumed to vary as 1/v. Tile· effects of molecular bi:i:idirtg and 
interinolecular.forces ih the l:lqtiid state were :hot c0nsidered. 

Recently Amster3 has ext.endecl the previous work so that the neutrori 
spect~ can be. caiculated. for a finite hoinogerie0us-medium with the ab~ 
sorption cross section varying ·arbitrarily iis a function of neutron energy. 
Tlie C011clitions on the ~caitering m.icle:i reniaihed the same as ;in tlie 
Wigner-.;;Wilkirts calculation. 

!hsse-calcuiations are usuaiiy appiied. to.watef.:;.ffiod.erated. assemblies. 
However·, liY9£6gen1 in wate:r, · aoes· not compietei:y :f\il:fiii the assumptions 
made ori the.scatteier in the calcuiettions. Measurements are thUs nE§eded: 
to observe the rriagni tude of the mol@ciilar arid iii:terrnoiem.ilar binding effec.ts 
on ~pectra. .. 

The measurement of heutrdn spectra in paft1aii;Y-:a.tsorBihg media has 
been iliiaert~eh recentiy with two teclihiqiles; both of which use time or 
r1igiit: By u~irik a. subcriticai assetni5i;Y in a tliermai celilinri.witli a siow 
heuttbn chopper, the authors4 ol:itained preliminary results which inaicate<i 
good agreerilent witli the Wigner-Wiik:i:ns calcu:i:atidns. A.pulsed neutron 
technique was used by Pdole5 who 0otained tlie spectra iii homogeneous light 
water soiutidns witli various boron concentrations: Amster6 has compared 
Podie's measurements with the caicuiated. spectra an2l aiso finds good agree ... 
ment over most of tlie energy ra:Iige except for a consistent deviatiG>n . in .· 
the joining regiOil be ~WE!~il the hardened the mal Opec truro and tbe dE/E 
siowing region . 

KAPir-1916 
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In this series· of measurements a non..:.l/v .absorb_e'r was .used 
over· a wider temperature .range (298 to 5860Jc) than used.previou·sly. ·In 
add'itiori,· the ,spectra· in the joining energy regie~ was inves'tigated with 
greater resdlution than that used· in. the previous measurements. · 

. ..1 .... j 
' ' . 

EXPERIMENTAL ARRANGEMENT 

The slow· ·chopper technique for measuring spectra was described in· 
detail in KAPL-1499·. 7 Equipiilent descriptions .. not contained in that report 
are in~lu.ded ~here for completeness. 

The arrangement of experimenta~ equipment is shown schematically in 
Figure 1. The Thermal Test--Reactor s·erves as a source .. of ·therii)al neutrons ··t,o 
excite ~ enriched uraniu.m fissibn pl at.P tocat.ed in tho rce.ct~r thermal ~ulunu1. 
The thE!;t':U!al fieutron f'lux at operating power is abont. 1.(;) 10 ·neutrons/om2 -·occ 
incident on the plate. The high-energy neutrons which result f~om fission in 
this plate are transmitted th-rough the pressure vessel wall more easily than 
the thermal neutrons. These neutrons excite the 16-in.-iong and 10-in.-diam 
subcritical assembly which is located in the rear of the vessel. A 2-in.-diam 
re~nt;ant hole penet;ates 8 in. deep into the forward .end of the .,assembly. 
This hole is ~illed with a thin-walled helium tank to provide· a method =of 
extracting a neutron.beam from the bottom of the.hole with small perturbation 

. to· the medium. The beam leaves the high.,.pressure, region·· through a 
o-.030-:in.:...thick stainles·s steel high-pressur~ rupture di~k and is colli.,.. 

., maj,~d~py a ~-mete:r-lbpg. boron carbide collimator assembly. 

Time-of~Flight Equipment 

- · ·'The emergent beam is chopped by a rotating flat-plate shutter. · The 
2-irl.-high rotor plate stack consists of 1/l~in.-thick borated phenolic 
resip plates and_ 1/16-in'. -th:i,c;k ~uminum 11window frames" . serve as piate · 
Spacers. ·This plate stack.was capped with borated phenoiic resin to form 

. . ·. . 
the 6-in.-diam, 6-in.-long_rotor cylinder. A shrunk~fit, thin-wal.led, 
st_ainless steel shell provided mechanfcal support for th,e :rotor, 

Si~ce the spectra under investig~tion contain a relatively large 
number of high-energy neutrons, boron or ca.drnhun ~a.nnot be usad as 
shutter-:~aterials. The· shutter material must have a high strength-:: 
·to-weight ratio and must have a l~rge removal cross section at high 
energies. It ·was for this 'reason.that the hydrogenous phenolic compound 
was used 

.After a 
. ~as detected 
· .... (2· in~ diam) 

fl_ight path length of thr.ee ineters, the chopped neuiro?· beam 
by an array of 15 p~oportional counters. These counters· 
wer~ filled with B 1~3 to 1 atmosphere·. The active length 

. ..... 
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of the·· counters was 7 in. in the beam directiOJ;l: TJ:ie· e!}ds of th~ c<;mnters 
¥~~e made of aluminum <;:>xide cer!3JI1ic, ·whose' measured transmission was 
riearly energy ip.dependent ·over· ·the rahge 'of int~rest. . F0:r higher resolution 
work, ·~twas possible to use only the c~ntral row· of·r'iv~ conn,t~r~ ~a· 
~·etect.C?!.. .The counter assemqly was housed in a· larg~ '!:>~am c~:~cher whose 
w~ll~ wepe cpmpo~ed of ~in.-thick bor~ted paraffin. 

The ou·tput ·pulses from the counter were ampl~fied and r~corded ~s 
tq :t~me· of·. arrival .in a 25&-cha.nriel time "analyzer. 8 Channel wi~t~s of 
frqih >2. 5 to .. ~O ..... psec ·were ~vailable. For this,.ser~~~ qf e~e·riments, 
40 ~~~q channe'is·were used. The channelizer was gated on b.Y ~ pu],.~~ 
from the· rotating shutter. The arriv~l of this puJs~ was adj~~ted so 
~h~t ~ counter signal, corresponding to an infinj,te· v~locity :qeutron, 
wqul~ be reqorded at the beginning of t~e c~annel 129. The syst~ 
parameters were adjusted so that the flight time of a cutoff nemt-ron was 
less th~ one-half the time between bursts .. Since the rotor construction 
~s s:r.nmctric about a pl~e passed through the center of tt~ p~ate stac~, 
th~ ~ime dependent background as a result of transmission thrqugh the 
s;tlutter wil,l al!?o be syrninetric about flight time ~qu~l to zero. One c~ 

/ 
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obt~in~ therefore,-·stgnal counting rat·es corrected for background by 
reflec~il)g_ .:t;.tie _data. apc:mt_ .cha.nr1-e+. 129. and sup.:t,:r~~ttng! _ . ·r . . . . 

·Information~.·stored .in· each ·or .the· 256 channels ·is ·printed ~out··on .. 
. IBM cards~ and·forms an·.-input deck for the IBM-704 comput~r. ''This computer 
na's been programed--to-·reduce the-data and y;i.elds, as an· output, 'the flux 
p·er electron volt·as a function of ·energy. 9 This program corrects for 
background, energy depend.eni;. system transmission, and system resolution 
a~_dtsqussed in the Experimental Corrections section. 

,!5ources 

-TwO types of media w,ere investigated in the beam source region. Iil 
one arrangement, the 16-in.-long, 10-in.-diam experimental volume in the 
rear of .the pressure vessel··,-was filled. with pure water. For '!:-he second 
type of source region, a multiplying mec'ljnm 'IJ:;!B l.J.Sed.. Since chemical 
binding· eff.ect~ on sp~ctra are not well Un.derstood even _.at room temperature, 
it·was or· iri.tere~t. tn oh,serve their variation~ if tiDY, with tt:lmpere.ture. 
Facilities were available to raise the temperature of the source region up 
to· 600°F. · 

The multiplyingmediuin or matrix qo~~isted of an array of alternate 
planes of light water, zirconium, and enriched uranium. The. spacing 
between. fuei planes 'Was 0.2 in. The fll,el was 0.0013 in. thick and was .. 

'" ~ . ' . 
"J '•' 
,•. 

clad with Z~rcaloy to enable· operation,'or tliis :suocritichl assembly at ... 
el·evated t·emperatures. The compositic:m o~ the assembly was chosen so 
that the ratio . ,·, 

. ·:. 

Za(Q.025-ev). = 0 _. 29 _ 

~z,s(l cv) 

Under these conditions,. with Za >> DB2 , the measured spectrum:· should well 
represent the spec-trum in an infinite medium of this absorption with a 
small leakage correction. 

The lateral surface of the cylindrical source :rAeion was bounded by 
a 1-1/4-in.-thick carbon steel pressure vessel wall which was covered 

• t ~ • 

by a 2-in.,layer. of thermal lagging and cadmium sheet. Since the buckling 
:would be different to C?aiC'Ulate under the existing source Olld boundary 
condi tio:r;tS, activation ·experiments were conducted with manganese. or _fuel 
strips to measure the axial and radial flux traverses for each source. 

The results of these activations yielded several'~ bits of information. 
The perturbation of the reentrant hole on the axial gradient was. found to 
be < J%. In the case of the room temperature J11atrix, bare and·. cadJ11ium-. 
covered strip measurements of the flux distribution in both the radial and 

K.APL-19i6 
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axial directions w~re obtained. The ther:znal and epi.cadmium flux distri­
butions in the beam source region differed by < 6% ~d indicated that the 
spectrum vias a ·rapidly varyi~ function of posi tio·n only near the boundaries 
of the matrix. In the beam source region, the flux·was found to be 
represented, to·a good approximation, by the function, 

The buckling will then be given by B2 = a 2 -72. 

The measured v~lues of a,- 7, and )32 with their . estimated errors are 
shown ip Table 1. The values of D(E0 )B2 and ~a(E0 ) .are also included for 
each mediuin where E0 is the neutron energy corresponding to the ambient 
moderator temperature. The value~ of a and 7 were obtained from a least 
squares fit to the .activation data for a distance of three the~al diffusion 
lengths aboutthe source center. 

The magnitude pf the measured buckling was useq to determine the 
ieakage correction, DB 2 , which was added to the ab.sorption cross· s~cticm 
in CB;lculating the spectrum. As a cionsequence of the bare and cadmium-covered 
activations in the matrix, the variation of.the le~age correction was 
taken to b~ ~e sam~ as the variatidn of D with energy: The .axial flux 
measurement was aiso used in relating the measured beam current to the 
f~ux in the source reg~on. 

·rn the case 9f pure· water,· ~a is not large compared to DB2 .for all. 
energies of interest.· Therefore, the calculated Spt?ctrum will be very 
sensit-ive· to· the variation of both ~a ~d DB 2 with energy. ·since the 
bucklingas·a·fu.nction of energy co-qld notbe obtained, no leakage 
correction was applied to the absor-Ption cross sections in calculating 
the spectrum in water. 

EXPERIMENTAL CORRECT'rONS 

Since several energy dependent corrections must be applied to the 
experimental data, they will be considered here for cornpleteness.although 
some have been discussed previously. 7 

KAPL-1916 
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TABLE I. Measured Values of a, /': anc 32
. 

T, E a, /', B2 . D(E-)B2 , !a (Eo)' o' '· 0 

Medium OJ(- e'v cm-1 cm.;. 1 ... 
em-""· cm-1 cm-1 

H20 298 0.025'7 i(0.172 : 0.020) 0.166:!: Q.Q()l -o.o57 :·o.o:LQ -0.0064 0.0220 

H20 586 0.0505 0.112 :t 0.010 ' + O.Q98 _ 0.001 .. 0.003 :t Q.d02 0.0007 .0.0115 

Matrix 298 0.0257 0.093 :t 0,006 o.o56 :t o;ooi · 0.0055 :t 0.0011 0.0011 0.193 

Matrix 586 0.050::· '+ 0.056 - 0.004 0.036 ! 0.001 0.0018 : 0.0014 0.0007 0.138 

) _, 
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The experimenta·l data can be considered to be a function of the flight 
time, t, of the form C(t). Since the.time of flight, t, uniquely specifies 
the neutron energy, E, through the relation 

where 

... mt2 
E = 1/2 V 

E = neutron e~ergy, 
·m = neutron mass, 
L = flight pat~ l~ngtA, and 
t = flight t~e, 

(1) 

the function C(t) specifies the relat·ed function C(E) uniquely. However, 
the change of metric from unit time to unit energy implie~ that 

C(E) 

or 

C(E) 

= C(t) ~ 
dE 

(3) 

That is, the count per unit energy is prqportional to the count per unit 
f~ight time_ times the neutron flight time cubed~ 

Beam Atten~ation 

A correction to the experimental d~ta must b~ ma4e for the ~ttenu~tion 
effect of the materials i~ the be~. If t~e n~utron b~~ G~r~~~t den~ity·~n 
th. 9 region Of the OO.Urcq io J ~ (.F;) : artd the. Obl3~rved neUt.ron beam eurr~nt 
density at the detector is Jo~E~-~- thes~ two.current d~ns~ties will be 
related by the removal eros~ section of the materials in th~ be~. T~at 
is, 

wher~ 1:ti (]!:): is the total. cross section and xi ·is the thickness of the 
ith- material in the beam. 
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Shutter Transmission 

The transmission of a rotating flat~plate neutron shutter is a function 
of neutron energy.. This· ene;rgy dependence h~s. prev-iousiy been reported in 
detail. 7 If. one defines the q~antity t3 = Yeo as being. equal to the ratio 
of the shutter cutoff neutron velocity to tKe neutron velocity under consid­
eration, then the relative shutter transmission is.given by 

-r(t3) = 1 - 8'.132 
J . 

' ~ 

Counter Efficiency and Effective Fiight Path Length 

( 5a) 

(5b) 

Two additional corrections must be made to the observed data for the 
variation with. energy of c~unter efficiency and mean stopping posit_ion within 
the counter. 

The counter efficiency as a function of energy is given by 

where La(E) is the macroscopic absorption cross section of the counter 
. filling gas and £ the .length of the counter. 

( 6) 

The mean stopping position of a neutron of energy E as measured from 
the front ·of the counter. is given by 

(7) 

The effective flight path .length is then given by 

L(E) = L' + ~(E) (8) 

where L' is the flight path from the center of the chopper to the front 
of the active counting volume. 
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F+.ux Gr~dient Correction 

~t.nce it is th,e spect;rum of "the ne\ltron bea,m GW:r:'!=P:t .rath~;r:- ·thM 
the ~:p~ctrwn o~ the neutron flux at t):le ori~:i,~ of the pg~ that :i,~ 

roeap1-J.;r'ed, an additional corre9tion must be made~ The ~p~rgy depenP,ence 
of th~ flux .and the beam current are related in the ~liff)J.sion theory 
apprgxtmation by the followifl.g relationship, 

J (E) = <P: ··(E)· - 'J..(E) + · o· · T ·. 
d¢ (9) -... -:-. 
dz 

Th~ trq.nspq;r't mean f;re~, path, !l.t(E), ip the m~d:i,1JJ!l ggn l:?e optg;i,pgg fpgm 
Fl: ~n9wleP,~e of the ~ate~;i.al c;ro~s s~cti~ns ip t4e a~§eiDPlY .W!9. the fl~ . 
~Pa!l;i.~nts in th~ beam d;i.rection can be obta;i.ned from the act;i.v~t~o:n 
ef{Per:i,mep.ts ~ One cap thep qalc;:u;:t.ate an g;nergy <;lependemt corre<;t:i,op tern 
to the observed gurrent spe9t;rwn of,' the fol:J.ow~IW foTJTI 

<P (E) = 
0 

. J+q:)~ 
~~~.~.-~ .. ~.~d~--~~~~.·~ 
1 =- A.T(E) dz ·,ep. <P(E) I i =·q 

Resolution Corrections 

A qet~iled discussion of the resolution of Pewtron t:i.me,gf .. f~j.ght 
ppecti'c;npe~ ):las tleen presented. 7 Ip this ear"J.i.e:P dt§g'l,l~sion, it w;s 
;3-SSumeq that the tirp~-of..,fli~h,t spect:rwn of the b!=!:!,lll Wa~ $:l,QW],1 YfJ..pYi~ 
qy~r t}').~ ;i,p~t;r:'UIDerri;,a;J.. time reSOl'\ltion pa:qge. 

;Fro~t10 has sl;lowp t.hat an addition13-'J,. cor~ect:J.on g@ be rogQ.g f97: the 
effect pf :f,'ipite. reso;J,ution in the n;nge wh~re the slow;J,y yg;ry:i,ng ggpg,;i:.tioP. 
does not §.pply. J;f one defines the input i!ime,-.of.,.f~;ight I?Pe9t;r~-tg the 
speqtroroeter ~~ I(t), the op~erved ~pe.c;tr!l ~~. O(t), gpg th§ $:pgct;mmete~ 
re$<;>J,.ution ~-qn9tiop. ~s R(t), tl!en ' 

O(t) :; J !X' J1(~)J:(t. + f..)9t., 
. ~po 

~f I(t) i~ a coi).tin-qO'\lp function •ritl:l cont;ipuo111? d~:riviti.v~~, it cap th~m 
be. ~~qn.de.q in term~ of a Taylor's ~~ansion 
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If the series is uniformly convergent, then 
()Q .-, ' 

O(t) = -~- .J- dPI(t) L· CX) A.llR(A.)dA. 
L IiT dtn. . 
-oo oo 

The fu,nction R(A.) has previously been shown to be even in its 
and the,integral of the function can be normalized to unity. 
conditions, we may rewrite, .neglecting fifth and higher order 

(13) . 

argument, 
Under these 
derivities, 

( ) . I(t) + ! 9-2I(t) I 00 2 1 d4I(t) I 00 

0 t = : .· ,2 dt2. A. R(~)dA. + 24 , dt4 . A.~(A.)dA. 
-oo -oo 

(14) 

By differentiating with respect to time and again neglecting fifth ~1d 
higher order derivatives we obtain 

d20(t) d2I(t) 4 !00 = + ~ dd~it) -oo· A.~R(A.)dA. (15) dt2 dt2 

and 
d40(t) d4 I(t) 
dt4 = dt4 (16) ' 

By substituting .these two results ~n Equation (14) and by rearranging te~s, 
one obtains · 

I ( L) = O(t) [1-

(17) 

The even moments of the resolution function can be obtained from the analytic 
expression derived in KAPL-1499. 7 The output function and its.deriv~tives 
are obtained directly from the experimental data. Therefore, a numerical 
correction can.be calculated with Equation (17) that will correct for 
variation of the in:put spectrum over the range of the resolution function. 
In the case of the pure water spectra where· tne countine r:;~,te increase.o 
sharp.ly between the dE/E region and the thermal region of the spectrum·~ ·­
the resolution correction was as large as 20%. 
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COMP AR:I:SON OF THEORY WITH EXPERIMENT 
. . ......_ 

Spectra were calculated for each source-medium with Amster's 
SOFOCATE code. 3 For the two types of media, pure water and matrix, 
calculations were performed for moderator temperatures which corre~ 
sponded to the measured temperature used in the spectrum measurements, 
namely 298 and 5869K. 

Included in the code is the leakage term DB2 to correct ~a in a 
finite medium. For the hot and cold matrix cases, the· appropriate . 
I!leasured v~lue of B2 was used in the calculations. Since ~a (E~} >> .i:>B2 

for the multiplying media, this corresponds to a small correction (-1%) 
to the spectra and the calculated spectra will be insensitive to errors 
in the measurement of B2 (E). In addition, the calculation·:treats o:tUy 
an equivalent homogeneous assembly with the same average composition 

23 

as the heterogeneous experimental assembly. This approximation is good 
over most of the energy range except below 0.2 ev where self-shielding 
effects would tend to·reduce the effective homogeneous~ ·value obtained a . 
from the material composition. A .s:elf-shielding factor was determined 
for the mean fuel ~a and corre9ponds to the spectrum by using Bohl's 
results for a· repeating slab array. 11 The self ... -shielding factors, 
which were then applied throughout the thermal,rarige in the calqulations~ 
were 0. 898 for the cas.e of the 2989K matrix and 0. 924 for the case of 
the 5869K matrix. 

In the case of pure water, ~a ·is not large compared to DB 2 over 
the entire energy range of interest. The calc1.1lat~d. spectrumwill then 
be very sensitive to B2 (E) as well as D(E). For the particular pure 
water spectrum source used, it is qu~te likely that the fast leakage is 
different· from the thermal le·akage. Since the measurement of B.2(E) was 
not availabl~~·- the thermal leakage correction was not made to ~a in the 
case of pure water. ' 

The .results appear -in Figures 2 through 5 wher.e the calculated 
spectra appear. as solid curves .. The dashed line is the dE/E spectrum 
above 1 ev that is assumed in the calculations. In these figures, the 
crosses are measured values of the flux with the verti~al extent of the 
cross indicating the probable- error in the relative flUx as determin~d 
from the counting statistics for each channel. Both the calculated 
spectra and measured spectra were normalized to give a slowing down 
flux.of 1 neutron/cm2-sec~ev at an energy of 1 ev. To obtain this, the 
experiniental data above 1 ev were fitted to a dE/E spectrum in each 
case. 
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FIGURE 2 NEUTRON FLUX SPECTRA IN 
WATER AT 298°K 

. SOLID CURVE- SOFOCATE RESULT FOR B2 •0 

KS-20575 
UNCLASSIFIED 

. The room temperature water spect~a are shown in ~igure · 2·. · The good 
. agr'e~ent b'etween the measured spectru,m in a finite medium an'd ·~he infinite 
medilim ·calculated $·pectrtm,~ is. probably fortuitou.s. From Table i ;it is 
seen that theJ.eakag~ effect· at "-'0.02~ ev could·be appreciable ("'JO%) . 

.-/' 
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FIGURE 3 NEUTRON FLUX SPECTRA IN 
WATER AT 586°K 

SOLID CURVE - SOFOCATE RESULT 
FOR 92 =0 

The leakage ·.effect at 1 ev is even greater. The water spectra at 586°K 
is ohowri in FigU.re. 3 ~ ·Here th.c mce.ourcd thcrine.l flu.X oceino to be· low 
by ---50%. This is probabiy accounted for by the difference be~ween the 
thermal leakage. and.fast leakage effects. The shape of the m~asured 
hot- and cold-water ~pectra in the energy range between .thermal energy 
and 1 ev exhibit no large discrepancies from the calcuJ,.ated infinite 
medium spec~ra. 
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FIGURE 4 NEUTRON FLUX SPECTRA IN THE 
MULTIPLYING MEDIUM AT 298°K 

UPPER SOLID CURVE - SOFOGATE RESULT FOR B2 •0 
AND THERMAL SELF SHIELDING• 
0.696 

LOWER SOLID CURVE - SOFOGATE RESULT FOR B2• 
0.0055 cni2 AND THERMAL 
SELF SHIELDING •1.0 

F_igure 4 shows the room terni>erature spectra in the multiplyine mP.oium. 
The· lowe~ solid curve is the calculated spectrum when one ass~es a self­
shielding factor of _1. 0. The upper curve is for a self-shielding factor 
of 0. 898. Above the thermal energy region, the agreement .. is excell'ent. 
In the thermal region, the measured points lie between the two cal.culated 
curves. Apparently an average self-shielding factor is not'adequate to 
describe the effect and perhaps one should use an energy dependent~cor­
rection here. No significant deviations ·caused by chemical binding effects 
appear in the measured spectrum. 
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Figure 5 shows the spectra in the multiplying medium at 586°K. 
Again the lower oo~id curve io for a oelf~shielding factor of 1.0, 
while the upper curve is for a self-shielding factor of 0:924.! The 
agreement is not ·as good as in the room temperature case, but it is 
still good.' Again the shape of the .curve above the thermal energy 
range is in excellent agreement with calculations. 

I' 
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The general agreement over the entire.energy range of interest is 
co'nsistent with Poole's results. However, Poole's results indicated a 
consistent deviation in. the join~ng region between the dE/E and rtharciened" 
thermal spectra where chemical binding effects may be noticeable. The 
present results indicate no deviations in this region. It is to be . 
noted that th~ count rate increases sharPlY in this region and that th.e 
resolution correction can be' as large.as 20% ;in the' case of pure wate:r 

·ana 6% for the matrix. In the case of pure. water, the ratio of thermal 
to dE/E flUx is larger than it is for the matrix. Higher resolution would 
tend to reduce the correction and thus the uncertainty associated wH.h 

,the measured-point. The data presented here were. obtained with 6E/E = 1/1 
at J.8 ev. 

A comparisoh between the-measured and calculatea spectra 9an be 
·made by using each spectrum.· to calculate t,he average cross section,. cr, 
of a 1/v'absorber for the overlapping energy range, 0.01 to 1.0 ev. 
One can form the ratio 

.. lj2 1 ·-lj2 

( ~0 )= 
E6 · Jc' E <P(E)dE, 

·o.ol (18) 
1 

fo.ol 
<P(E)dE 

where cr
0 

is th~ cross section at E0 - 0.0252 ev. 

Table z cqntain$ the ;re~ul ts of. these calculations ann the. P.sti.m~t.P.~ 
errprs of.' i?.his ratio. The 'error in the ratio using the measured spec'trum 
is based on ·counting statistics, .the error in the energy calibration~ .and 
the error in the ·transmission correction for materials in the beam. :_The 
error in. the ratio using the calculated spectruin is based·on the un- ·. · 
certainties in the composition cross sections and op the errors in the 
measured temperatur.es. of the media. · · 

, As indicated. from the plott'ed results, the agreeinerit between the 
experimental value an~ the calculated value obtained with no--self­
shielding correction in calculating the spectrum is good. The self­
shielding corrections seem to be too large since the experimental and 
calculated results do not agree with their probable error ranges. In 
any case, the agreement is witpin about 4%. 

KAPL-1916 

.J 

" 



~-· 

TABLE 2. Average 1/v Cross Sections 

Source 

298"K ~at~ix 
Self-Shielding Factor = 1. 0 

Self-Sh.ielding Factor = 0.898 

5860J( Matrix 
Self-Shielding FactQr = 1.0 

Self-Shielding·Factor- 0.924 

CONCLUSION 

Experimental 

0.56? ± 0.004 

0.458 ::!: 0.006 

29 

Calculated 

0.574::!: 0.009 

0.587 ~ 0.009 

+ . 0.469 ~ 0.006 

o. 479.: Q.006 

Chemical binding effects on the spectra in water-moderated-reactors 
!3-PPe~r to be· extremely SI)lall. Consequently, spect;ra. as c;:alculated by the 
SOFOCATE code should be quite acc1..).rate ;for media with l:a/sl:s ~- 0. J. The 
average cross sections that are used in reactor ca~culations obtained with. 
th.e code should be good to within 4%· 

·, 
; 
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