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| 0 & v & Reacter (OMR)
%v:,ito‘determinesthe,nuclear:effect of temperature, enrichment, fuel $o .- :

© . moderator volume ratio, fuel e

lement sige, and fuel element containef -~ - |

~ variation. Temperatures ranged from’

300 to 700°F{ enrichments from 1.5 ., |

© to 1.9%¢ and fuel to moderator volume tatios from ,133

‘element sizes of 3.75, L

«5, &nd 5.5" were considered.s

3 to #545. < Fuel. . -
The stainless. =

-steel fuel.element conteiner thiqgneaé“was:tarigd'xrbm:ZO'tofﬁohmils;:jg"7
. and also 200 mil aluminum was substituted for the steel. Results were 1
- obtained.as values of koff which ranged from .927 to 1.152 through = - . - f .
- 150 problems.. It was concluded thet fuel element size should be at -
least 4.5 inches, fuel to moderator volume ratio in the neighborhood - ~ -
of 0.30, &nd enrichment 1.7% essuming 8% excess k for poisoning, .burne . -
‘up, and-¢ontrel, . . ° O S )

st

* DIECUSSION - |

| ““In the ‘design of any reactor a‘compromise must be made between puclear -
considerations and engineering principles. This survey was conducted - | ..
to provide a ‘gulde as to how structural changes and operating tempere. .. - |’
atures will ‘affect the OMR from & nuclear-viewpoimts -~ -~ 77 7 .7
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" solution from the Wanda II code

-

To give & rough picture of the reactor under cgnsiaeration eome
approximate characteristios are listed below S

" Fuel Element: ' Ten 1.8% enriched urnnium, aluminum clad plates
... to an element = held in place by aluminum side .
plates = each element contained in a stainleee s
;steel box roughly 50/2 5" x 6'. , :

‘Coret ;,‘.69 elementa (6 of which are control) on o
S centers forming a right circular. cylinder
about 6on across. and 6' talls ,

Reflector-Shield: 4" of Terphenyl on eides and bottom == 25" of .
' -+ Terphenyl on top — 8" of iron around the sides. 5

| Eowera'.‘ ;:‘ T h5,000 kw’ thermal — ll 400 kw electrical..

Flux: o average tnermal'flux about lo‘innentrpna/cmz-eec.

Nomenclature:

E ‘ienrichnent. 5/ [ 25 + N 8] -

S  square side of fuel element container

,tcn‘ thickness of fuel element oontainer‘

iT , moderator temperature, °F | :
“Yi':/vm;~ ratio of. volume of fuel to volume of moderator.

The calculations_ﬁere based on,athree—region. six inch equare, unit
cell (Figure 1) consisting of: : S

1. fuel element, region [} . ;, L f’"” . = FES
24 fuel element container, region cn -

3 surrounding moderator. region 1 I '

‘Basic parameters ék-c, B2 ¢ B etc.) of this cell were oalculated ueing

the OMR cell code(2 ) ion Phne IBM~-70k. These. Fesults were used to
calculate- (3) the constants neces?zfy for a’ three—group, three-region
Constants for Terphenyl and fast-
and epithermal transport and scattering cross sections were- gathered
from references (5) and (6). Calculations ‘not run on the IBM—704
were done to slide rule accuracy. S :

1

For three different fuel element sizes keI was obtained as a function

of enrichment temperature, and fuel to moderator volume ratio. For

"730-8-¢
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each sizé (s‘=‘3.75, .5. 5 51) k was determined for T £ 3, 4,5, 6, _[

~ and 700°F with Vp/¥, ratios of .0. i§§5, 0.215, 0.307, 0.417, 0.545 at
 a constant enrichment of 1.8%. With T constant at 600°F, k.¢¢ was
" determined for E = 1.5, 1.6, 1.7, 1.8, and 1,9% for each veiue of -

Vf/V . For these runs the stainless steel fuel element container thick-
ness was Lo mils. o _

-

- An additional study of the effect of fuel element container thickness

and material was made for the 4.5" element. Using stainless steel

" thicknesses of approximately 20, 40, and 80 mils (correésponding to -

steel volume fractions of 1, 2, and 4% respectively) k was determined
for each value of Vg/V, at: & constant temperature of 868°F. With

Vg/Vg constant at .307 the range of -temperatures was covered for the

sanme steel ‘thicknesses. This procedure was repeated for an aluminum’
container 200 mile thick. For all of these runs the enrichment was

“constant “at 1 8%.‘

: The following exceptions are to be noted throughout the survey:

~

'l;V The small size of the 3. 75" fuel element would not allow vt/Vm
. values of .41? end .5#5. : _ , : - Lol

2. An error made’ early in the survey caused the 500° results to

appear unreasonable, Since the trend of the data was sufficiently. «t”;

‘established without these points. they were not re-run and are .
excluded from the results. : Co ,

RESULTS
The results are presented in a. series of graphs showing as &
function of the various parameters (Appendix I). 4 pictorial .summary
of the graphs appears on page 81 The results are tabulated on page 25+

For the most part increasing’temperature produced & negative effect on

] reactivity. For the 3.75" fuel element, however, both positive and

negative effects occurred. This was due to the larger organic gap °

between fuel elements which caused ‘& greater flux peaking. Thus when
. the temperature was initially increased and all 1/V cross-sections

decreased proportionally, there was a greater incremental decrease in

~ the flux peaking than when the peaking was not as large to begin withs

This increased the positive effect of the thermal utilization. The-

- -increase was.enough in some cages to override other negative effects,
thus producing increasing reactivity. 'As the:tempersture was further

4dncreased, however, thé incremental decrease in peaking becaie.smaller
due to previous flattening, and the negative effects began to override
the positive. X : . : .

'lIf the temperature effects for the three fuel element sizes are obServed

together, the effect of the organic gap is further 1llustrated., - Thus,

i with the 3. 75 inch element size (largest gap). thedpositive effect due

= i 284 004
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 to the greater £lux peaking . (ae diecueeed-above)‘ie shown. With the
4.5 inch size (medium gap) the smaller positive effect was .overridden

. kesge The trend was close to being linear,

- decreasing. Initinlly the eddition of fuel caused-f to increase more
‘than p decreased; as more fuel replaced moderator, however, p decreased

~Increaeing the steel fuel element container thickneee caueed an expected '

. 1. - Fuel element size should be at least 4.5 inches due to likelihhod’”“

2. 'Fuel to moderator volume ratio should ‘be kept 1n the neighborhood

3 ‘Under the above conditione and aeeuming sbout 8% excess k for .

f2.',Davis. W, W., OMR'Qell Code fcr IBM-?O# NAA-SR-MEMO-2067.
3. Deutch, R. W.. Computing 3-Group Constante for Neutron Diftusion,

' 4. Marlowe. 0. J.. Saalbach, C. Pey Gulpepper, L., Me, McCarty, Do S..

a3

by the negative effect, Finally with the 5.5 inch size (smallest gap)
the predominant negative effect had become approximately 1inearo IR

In every case the effect of increasing enrichment wes an increaeing

With increasing vf/vm. k £ increased initially, then reached a peak
and started downward. h{s is the usual case of f increasing and p.

more -than £ increased causing the curve -to drop.

loss -of reactivity. Using 200 mil aluminum in place of the eteel -
produced about -the same effect s 20=40 mil steel, R

| REcommnmmons u

of positive temperature coefficient below thie size.: The #.5 inch
size &lso gives maximum reactivity. S ,

Of 0.30. L

poisoning, burnup, and control, the enrichment required wculd be
about 107%0 o . oo
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