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th hexAgonal graphite rei‘lector cans in the HNFF forms
erimeter, the thickness of which varies between ll%
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‘shoker_ Reactor Structure .

conservative *hence ths HNPF calculations should also be conservatzve
‘to- about the 8ame degree :

Table I lista the compos tiona and temperatures for the core,
reflector;’ ‘and’ shield: raglons in the radial directionsof the SRE,
The temperatures in the: giona between'the outer half of the core,
"and the outside. of - the ;thermal shield were found experimentally 3)
to vary between’ 712A‘F ‘and” 692° F durlng -an . 88-hour test run at an

“level of 20.h HWt Therefore, in the

: 'élculated for the minimum, average, and maximum
sses uhich would exiet. These calculatlons were performed

TablefIII 1ists:the fast neutron remcval cross sections for the SRE
. and: HNFF, - The" four group ‘constants. used in the radial neutron flux

conservative.

'1, ca;eulations for the ‘SRE ‘and HNFF are: llsted 1n Tables IV and V,

€. raqial shields of -
heax generation code
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B. ' C_ofe Constants
1. o‘riém

" The. four-group core cons‘cants for the HNPF (listed in Tabl? 8 A)
. . wepe’ obtained: fromithe Expermental Neutron Physice Group
‘. whereas.the’ Toursgroup core . constants for the SRE. (listed in

{,Table VIII) were ‘calculated using the same techniques as for the
. BNFE ite, . This matkei;’ utilized the Westinghouse Fast
!-:Neut n Spectrum ode‘ “MUFTJ@" ) The d:i.{'fusion coefficients

" (Dy“/em) for all-four ‘energy groups of the HNPP and for the fourth
. energy. group (! srmal) ‘of the SRE werf g?lculated using four-group
%i;ccnstants obta_, a: rom L. A, Hilson .

‘\Self-shielding numbcr for the. SBE MUFT- input.

_ The self-sh :Lng ber, Lyurr: applies to the elements with
*“reaonances %ﬂ? 238”‘13 the ‘only resonance case considered in

: this problem. me is defined as

' mass of, 023 5 36h gm/cm of helght(h):;:i-

ST s, i;,_-;: ‘ surface aﬁg of a fuel cell, 19. 31972 cmz/cm
lrnit ' oi‘ height )
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C. “Thermal Neutron Flux: Distributlon Obtai.ned by Experment (22)

The factor L represents the following collection of terms:
-

where V = volume of the ‘moderator, em3/em of heli,ht
- and thlS is, in turn calculated from

| LI (5)
‘where Ve = volume fraction of the moderator, 0. 855798()“)

‘ Ah = Cross section area of a cell, cm2

A, = 3 g2 (6)
SR

where Je - distance aéross the flats of a cell, 10,910 in.(l‘)

For TV 8/L = 0.0226 anao{_= 0.988(20), Equation (1) gives
LM'UFT = 0,217 cm-gm‘&

30 Summary‘ .

 The SRE mm-h input data is listed in Table VII, and the four-
~,group SRE core constants are listed in Table VIII

.

f Exper:unental measurements of themal neutron flux were obtained
: 8t & ower level of .nearly 2 kwt with a 3L element
> al, results to 20 MWt, several
t.hat the thermal power
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where oy = thermal neutron flux at 20 MWt, n/cm2-sec.
'¢.002j? thermal neutron flux at .002 MuWt, n/cm?-sec.v

Voo = core volume at.20 MWt (a 43 fuel element loading
" 48 assumed)

, = core volume at ,002 MWt (a 3L fuel element
" . loading is assumed) ‘

- 20 M |
~ (.8)(.002) = .0016 MWt

- _ 20/L3 ,
F - - = (0,
T ys 10k

F X 104 20%

It was noted that Figure 5 of reference 22 did not show a sodium
.. " region between the reflector and the ‘stainless steel core liner.
-~ Since this sodium region . is very important #n the gamma-ray heat

'~ generation calculations (which are based upon the thermal nevtron

‘. flux distributions described in this'report), it was necessary to

'-f{ﬁff;h “ - .alter the fluxes presented in Figure 5 to account for the existence

" of geveral additional regions between the reflector and thermal
‘shield, These fluxes were altered as follows:

: a_j{

:.5,; ¥




. PROGRAM

CS. lNTERNATlONAl ‘

‘_ A Division of North American Aviction, Inc. S TDR NO, 3552 .

-,.TEKCHNICAL DATA RECORD' . - oxte March 27, 1959
_HNPF ___ emoject_Reactor Structure g T oF 30

D.

'The values of H vﬁfe estimated on the basis of previous
- calculations (22 the values for /f are tabulated below

Region ) J‘( 2 em~1
Inner Sodium 0.0350
Core Liner .6L0
Outer Sodium 03!

Core Tank .229(22)

. The resulting thermal neutron flux dlstribu‘blon is plotted
on Figure 1 of this report.

Norma.lization of the Relative Neutron Flux Distribution Obtained
from the WANDK Code for. the SRE,

1, Introduct:.on

As mantioned previously, in order to determlne the adequacy of the
calculational techniques being used .in the HNFF radial heat generation
analysis, it was decided to perform similar calculations for the SRE
and compare the results with experiment. Since the major source of

. heating in the radial shlelding was anticipated as being due to
capture’ gamma rays créated in the thermal shield regions, the comparison
could be made on the basis of calculated and measured thermal neutron

- flux distributlons. Two methods. of calculating the SRE neutron flux

' vdistributions were proposed- in both cases results obtained from the
WANDA code were to be used. These results were normalized: by two
different procedures. In the first method, the thermal neutron flux
from the ‘WANDA code was normalized to the average thermal neutron flux

in the core ,  whereas, in the. second method the fast neutron flux from

\ 'the core,?‘tath in n/cm -sec
,AOllowi.ng expeession: _

(9

Hibﬁ- (6 2'x. 1017 fis/sec)
;-?i‘the core, 5.33 x 10 ’ :

where E £ macroscopic fission cross section of the core,
0. 003h2 cm

F = the ratio of the number of fissions produced
by thermal neutrons to the number of fissions
produced by neutrons of all energ:.es._
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| Y ' specific activity of 0.19 curies per gm at a reactor power level of

In a report by A. R. Vernon (26),:the ratio, F, of the number of
 fissions due to the thermal neutrons to the number of fissions due

to neutrons at all energies was about 0.50 at the core-reflector

interface. The specific activity of the reactor sodium; based on

the thermal neutron flux presented in the referenced repord (2 6)

was 0.27 curies per gm. However, the results of earlier work by

A. R, Vernon (35) indicated a sodium specific activity of 0.37

curies per gm. By assuming that the :specific activity is directly

proportional to the ratio F, 0.37 curies per g? grresponds to Fm=0,685.
- On the other hand, recent experimental results (2 yielded a Na2lk

13.5.MWt, The power level was measured with gold foils, and the estim-
"~ mated ex Eimentalfuncertainty was about 20%. A linear extrapolation

of the Na specific atg%ylty to 20 MWt resulted in a value .

“of: -0.30 curies per gm By assuming this latter value of the sodium

activity to be proportional to ¥, a value of F = 0.555 is obtained.

It can be seen from the above that the value:of ¥ lies somewhere

" between 0.50 and 0.70, and therefore, for the purposes of this calcu-

lation it is assumed that F = 0.70, the uncertainty being about £O%.

Substituting in lquation (9) with F = 0.70 ykelds P, = 2.38 x 1013
n/cm?—sec. .

 The' peak thermal neutron flux at the center of the core, #_ is
’ determined in the following expression:

¢O' - ath ' '¢O ¢0 , |
bn| B -

(11)

' thermal neutron flux in the core,
o. 37h3 n/pm?-sec

)r¢dv = integrated thermal neutron flux in the core,
29.23 n-cm/sec.

V = integrated volume of the core, 95.6 cm3

.
730-Q-6
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%o
Pin
A

to be

WANDA II calculations.

From these values, ¢g = 1,22,

Pin

R

- 1,236

A

Substituting inlEquatibn (10) gives -
g, = 3.60 x 1013 n/cmzésec

The values of @, J #dV and V were obtained from the same WANDA
output data that gave the values of the relative neutron fluxes.

The ratio of the axial peak-to-average thermal neutron flux,

s Was calculated previously(h), and was taken, without change,

The precading absolute peak thermal neutron flux in the core
region was set equal to the relative peak thermal neutron flux

in the core region, the latter having been obtained from the

This normalizes the relative neutron

flux -distribution to the absolute neutron flux distribution.

The resulting absolute thermal and fast neutron flux' distributions
are plotted on Figures 1 and 2, respectively,

Noma.lization to the fast. .neutron‘_ flux, calculated from fast
Y5 cat "re-ref]e ctor interface,

ﬁin nautrons/cma-sec, at the
sreactor is determlned from

“cross section of the core,

- b
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| The §roup one neutron volumetric core source strength, 8¢y in
n/cm -sec, is calculated as follows:

% e

where )) - 2.h7 faai neutrons per fission
w 3,1 x 10V fissions per wati-sec
P - = reactor power, 2 x 107 wa:%
V = ‘core volume, 5,33 x 106

Substitution in Bquation (12) gives ¢ 2 7.10 x 1012 n/cm -86C

The preceding absolute fast neutron flux at the core—reflector
interface was set equal to the relative fast neutron flux at
the same position, the:latter having been obtained from the
WANDA II calculations. This normalizes the relative neutron
flux distribution to-the absolute neutron flux distribution.
The resulting absolute thermal neutron flux dlstribution is
plotted on Figure 1.

‘u?E;vaﬁdrmalization;of the RelativeiNeutron Flux Distribution Obtained
¢ ‘from the WANDA Code for the HNFF I

 Comparison of the flux-distributions in the SRE, as calculated in
- Sections III D,2 and. 3, ‘indicates that the results obtained using
‘the method of Case A are preferable since, from comparison with
- ‘experiment, Case A fluxes are higher and, hence, will yield more
'conservative data. This method was therefore chosen to evaluate
» the i‘lux distributions in HNPF.’V

rnst)“ts used for HNPF are listed

¢7be16w:

=0 .00388 om '1(352”5;7”Ji.ﬂ

ustion (9) yields Pyp = 2.72 x 1013

'",;F!'Subsaituting these values :un-.
‘ ,'i_ffn/cmA bl s
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7 462,17 x 109 n/cme-gec at 20"

; In order to establish both .a conslstent calculational procedure for

To obtain the pesk value in the core, Equation (10) is used with

% = 1.7e(®)
Pin

I
o] . 1.40(29)
Ben|

Ja

Substitution yields ¢°, 6.7 x.lOl3 n/cm?.sec.

The absolute peak thérmal neutron fiux in the core, @, is set equal
to the relative peak thermal neutron flux in the core,.and the relative
neutron flux distribution in the reactor adjusted accordingly.

The thérmal‘and fast neutron flux distributions in the HNPF are
plotted on Figures 3 and 4, respectively, for the three cases of
reflector thickness,

Discussion

‘obtaining the neutron flux distribution. in the HNPF radial shield, and
-to determine its accuracy; it was decided to apply several different
“calculstional methods to obtain the thermal neutron flux distribution
“in the SRE and compare the results with experiment.

With regard to the experimental measurements, several sets of data

re 1inen was omitted The date reported
;o,accqunt for this, the resultant

?d n various

./ was per-

X ge: rate Hn the inatrument ‘thimbles

simi ron. and;gamma ray dose: rete decay after

SRE.. ~The thermal neutron flux in’the:#8' instrument thimble .
09 n/cma-secfa ipower*level of. 20.2 MWt, which extrapolates
‘However, the #8 instrument thimble.

faces a 2-3/4 in. x 12 in. diameter hole which is cut into the thermal shield
rings so that a valid correlation with the calculated thermal neutron flux
in this report cannot be made. At the point next to the vessel wall,
instrument thimble #8 is located, this report gives 1.7 x 109 n/cm2-sec

\.v: l:c--‘ -
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for -no Eutout. If 2-3/h in. of the thermal shield is removed, from
the data shown in- Figure 1, a rough value of about 2 x 1010 n/cmz-sec
is obtained .

From SRE experiments (31 32) performed prior to the preceding experlmant,.ﬁf
data fror instrument -thimble #5 yielded a thermal neutron flux of
1.1 x 107 n/cml-sec at a power le el of 18.5 MWt. However, this
value was given with reservqtio? 32) due to the somewhat crude .
calibration of the-instruments (32) and the extrapolations of gatt(31 3 -
involved, This thermal neutron flux extrapolates to 1.19 x 10 n/cm -sec] -
‘at a power level of. 20 Mwt, while 1.7 x 107 n/cmé-sec is the comparable
valug giv?n }n this report, and Fillmore and Doyas report 1.5 x 109
n/cm -sec : o

However, thege are.indications (32, 33)of an indirect correlation
between the calculated and experimental thermal neutron flux values.
The measured gamma-ray dose rate in the #7 instrument tube, which
does..not have a cutout tg She thermal shield, and extrapolated to
20 MWt was 62,600 r/nr The calculated gamma-ray dose rate
using the thermal neutron flux distribution from this report was
51,000 r/hr (33).

--In view of the experimental results obtained from the SRE, as
- discussed earlier in.this section, there are indications that the
 thermal neutron flux distribution as calculated in this report for
‘the SRE may be conservative, but the degree of conservatism is not
'»adequately known.,

. Due to- the apparent conservatism in the SRE thermal neutron flux
distribution calculations (as determined by the method presented
in this" report),vit 4s’ felt that the calculations for the thermal
neutron flux distribution in the HNPF will also be conservative,

since the calculational nethod used for the HNPF is the same as

R 'bha ‘OI‘ the SRE
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TABLE I-A (Continued)
~,4f'+~g;*;‘;”;,.u;;'f.fc¢r$7) : .Core(j)Thermal Vessel © |cavity |Ordinery
Region* Core(‘) ReflecyoggvSp&iﬁmﬁ\ﬁLiner Sodium | Tank lshield Wall Insulation |Liner Concrete
hosphorus.OdQZ?Q;fi ~515§774 L0774 OTTh
drogen : g ‘ .0131
Sulfur .00281 ..
Calcium ,193

(gm/cc)

SRE Core Temperature Breakdown

Component

' Fuel

Stainless Steel

NakK

Zirconium

Sodium

Graphite

were computed,

()

Temperature, (°F)

932
770
788
752
734
797

The reference notedmby,each region's name indicates the original source of information from which
the component densities
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TABLE II 8
| A A:  HEPF ShieldgRégibn”Composition (gm/cc) ,
N (9 Forpgs] . Fessell Tcore [Contain-|ThernallThernal Ihsu%a— Cavity Ordinary® &
"~ JRegion Coréﬁﬁggr;; “podium Liner{Sodium |Tank | ment TardShield 1iShield 2 tion 9) | Liner | Concreta o
0 oo (11) . _, | |
Temp, F 776 ‘ '776 176 176 1000 1000 600 200 200
Radial |
Thickness EPS ( ' R
. 12}, (10)] | | RPN R
(in.) ) 35 .79)) .25(10) 2..),5(10)2._7410) .12(10)_ .5-(1)_) 60\_(10)
- |vranium 35 _
Uranium 38 . g
2 .
Oxygen .181 1.16 ’
Stainless S AR D a
Steel 1 7e85) 7.85| 7.85 &
S AN ’ RS ]
Graphite ’ ©n
o P
“|sedium .82 . 0400 %
1 BB e
Zircalogl »3
|1ron 7.85 7.85 .0153 | 7.85 .0286
Silicon . -135 T 3
’ m
Magnesium .0162 .00562 —
N %)
= |Aluminum .0108  L106

L ’ : "\

. |Potassium 0450 =
;_Hydrogen /;;0151 o
fsuitur .00281

Galelun , The ;éferencé?hdtedubyweach region's name indicates theloriginal source of _ -191
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TABLE IT ( Continued)

B:Reflectorand the Adjacent Sodium Region Thickness (:‘Ln.)(lo)

Sodium

Reflect or’

L.5

19

" Average

18.5

Minimun - 11.5
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TABIE III

Faat Neutron Removal Cross - Scctions (13)

-Region
. Core
. Reflector
Sodium
Core Liner
~Sodium
Core. Tank ‘
Thermal Shield
‘Vessel Wall .
 Insulation
Cavity Liner
Concrete
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TABLE IV

Four Group Constants(l 5) for the SRE

Regioﬂ 2(011;'1) ii- '('cm )|D ( m)}éa. (cm” }‘k- (cm-l) D (cg)k:iQégx l) DL‘(cm).. %
Reflector ' 1103000016 D. 0275 0.985| 0.000 0.0291 10.938 | 0.000255 0.%8] |
Sodium ‘ l:,;ooo .0171 .975'.00q774 .00353 [4.80 | .00TT4 |4.T2

" Icore Liner -00K53::| Ok ;i_Fi';loios L0111 .5331.0162 | .0158 | .370| .150 |.406
“ lsodium :66074 .00681 4.5¢f f.ooo L0171 .975! .0007 74 '.00353 i .80 .0077h 4,71
" Jeore Tank : ,QOEij;.OA}s ;;&ag{;,0105» L0111 | .533/.0162 | .0158 | .371| .150 -405'35'
Thermal Shiei§4'i: 8 iifi§.0114 . 0090 .6u] 0129 _..016é‘ 361 | .129 el
©...IVessex vall | .';gﬂ:.0114 L0090 .64k ,0129 0162 L.361 | .129 |.361 g
Insulation l{';00026ﬁ ) | ‘5| .000197 }00187 9.88}.00005 | .00179 |10;3| .00062 {9.35] |8
(. feavity Liner ifr;oo#§3:  ﬁlf&-uh‘}"'ff:;0105 L0111 .5%.0162 ..0158  371 | .208 |.406 g
fconcrete .00146 '..00104 L0372 1.26).000473 | .0437 |1.33| .00636 |15 §
| _ | £
-
%a.lues..of‘fa,:épe_ f)ye‘mApekr_ré,tﬂ;é »qorl.'}"e'c::ted:to the temperatures listed in Table I. -
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- Four .Group Constants

PABLE V
(1,15)

for the HNPF

, - : .M1n1mum Average Maximum ' -1 .1
Regiop R ”?g,ﬁmi) B?;‘Il ‘éﬁﬁ‘i) ‘%e:;?gtog) Dl(cm) .faz‘(cm ) ﬁ‘?(cm ) Dz(cm)
Reflector 100002 -9222; k o,p1egv"' 0.0165 2.02 [0.000062 |0.0263 1.01
- |sodium jIOOOQééS.fip;ﬂézgé 00664 .00612 k.50 | .0000678 | .0171 .975
bif*'fessel Liner - 00453 +0535 .0615 .0610 1.4 | L0165 .0111 ,535,
Sodium Tg;:{.ooooezsffwisi}i 00550 | .oosbs | .50 | .0000678 | L0171 975
Jeore Tan ""‘;.j:‘?..ootrsa "oz .0639 k2 vih | .o05 | .o .533
Containment T;nk 'g,oohsj 1;57ﬁ f‘ .0603 .0670 144 | L0105 .0111 .533
Thermal Shield 1¢ {}.00275 I sy .0535 .0558 0.60 | .o114 | .0090 .64
‘i7lrhermal Shield 2 'if.ooz75 | o513 .0535 .0623 1.60  |.o114  |.0090 NIV
Tnsulation ;000265 .00177 .00132 .000468  |11.5 .000197 |.00187 | 9.88
 kavity Liner :l{j,{.ooz75 ;0373' .0520 .0585 1.60 | .0114 .0090 .6hk
honcrete | “;L.00146 .0102 .0100 .0102 1.75  |.o0104 |.0372 1.26
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 TABLE V (Continued)

Region

*(21)

;Dj(cm), Zfah(cm-l)

Ty

Du(cm)

' Reflector

Sodium

Vessel Liner = .

Sodium

‘j,Coré Tank
Cbntainmentfiégg?
Thermal Shiéﬁg‘li:;:;

Thermal Shield 2 -

Insulation -~
~Cavity Linef

" Concrete

“

ST S
- 000774 | .00

{ .o129

000511 |

.0129

. +000473

L0162

-;?;9437

14.80

.80
L
i
A;E€~§351
f;?Qié?f)ﬁb;Qiﬁl

ooy |03

0.00127
.00746

00746
o145
145
.115
«115
«00053
. 361 .170

1.33 .00614

AT

©.000

. .000

0.000
.000

.000
.000 .
.000 -

. 000
.000 -

. 000

0.988 .

4;71

406

b,71

,hé&f';
406
.361
.361 "

9.35"
.361

1.065

Values of zgé4fééeffeﬁ§ef&%ﬁfé-corrected'to the temperatures listed

in Table II.
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. oATE ____March 27, 1959
"(":‘;’E‘.ﬂw Reactor Structure - pace 25 o -30

~HNPF

TECHNICAL DATA RECORD

. TABLE VII
MUFT-4 Iﬁput Data for: the Four Group SRE Core Constants

A: Material Densities

Material " *Atomié Density (¥;), barns
Zircondum 0.000733
Graphite v ‘ .0702
Iron ' .000248
Uranium-238 - , .00133

! Sodium . N .00133
Uranium-235 o ' .0000381

Based on the densities listed in Table I

. B:. Buckling.and®Self-




PROJECT_ Reactor Structure -

Gropé 'bﬁégz afcg 2

TABLE VIII

Four Group’SRE Core Constants

A:';MUFT;k'Resuits

T

Vz&fcmfl)
1 2,434 o 000680 0. 02027 0.00160
2 1.097 .000544  ,000974 .000209
3 .9618 ".00434 .002286

002505

B: Group Fouf Constants

-1(2,15)
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