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"n!«-V IDT 'FUEL1 EXAMINATION FACILITY'S NEUTRON RADIOGRAPHY REACTOR ~- ' '

SH'O\!>H\!

V. J . Richards and C. C. Heidel... .

'.National Laboratory-West '. ..

Idaho Falls^ ID, 83403-2528,"u.sX

1IRST LINi:

_ I

Argonne National Laboratory-West is located near
Idaho Falls, Idaho, and is operated by the University of
Chicago for the United States Department of Energy in
support of the Liquid Metal Fast Breeder Reactor Program,
LMFBR, I

i

The Hot Fuel Examination Facility, HFEF, is one of
several facilities located at the Argonne Site. HFEF
comprises a large hot cell where both non-destructive and
destructive examination of highly-irradiated reactor
fuels are conducted in support of the LMFBR program. One
of the non-destructive examination techniques utilized at
HFEF is neutron radiography.'

j Neutron radiography is provided by the NRAD reactor facility,i
which is located beneath the HFEF hot cell. The NRAD reactor is
a TRIGA reactor and is operated at a steady state power level of ;
250 kw solely for neutron radiography and the development of radi-
ography techniques. ; ,

The reactor core consists of 61 TRIGA-FLIP fuel elements i
surrounded by graphite reflector assemblies. The reactor core is i
cooled by natural circulation of the water ivithin the reactor tariki
The reactor tank is small compared to most TRIGA facilities, being
approximately 2.0 m in diameter andn3.j5 m in depth. - - - -

-1;;
14
15
16
17
18
\9
20
21
22
23

1 24
! 25
! 26

27

28

i 59

' 30

! &

: 33

! JA

I 35

36

' 37

' 38

; 39

40

41

42

44
45
46
47
4S
4~V
50
51

nnsTWRHTimj nF THIS nndlMFNT IS UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
chat its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily stats or
reflect those of the United States Government or any agency thereof.



33

34

35

36

•41

•42

! i " " "KliNMNfi 111 AU 1

3 [ the NRAD fayHItŷ 1hU's'!'t\ybfHfe!fltir6Ĥ b̂ aWis'ltljib'e'̂  for radiography,
4 !Fig. 1. In order to optimize the; epithermal neutron content of
5 jthe beams, both beams are extracted from the fuel region of the
(> j reactor core as opposed to being extracted from outside the graphite'
I ;reflector. Both beam tubes have removable beam filter packages J \
s ;adjacent to the reactor core, adjustable boron nitride aperture | ?.
t;_ I blocks for changing L/D ratios, and a helium atmosphere to provide, -'
10 !a_better flight, path for the neutrons. _. \ 10

n : i i K s r i . i N i . o i - n i l i _ _\ "
'- i One beam tube extends beneath the hot_cell to the. East Radi- J !;
1? Ĵ JgrapTiy 'Station1 land is utilized for radiographing fuel specimens \ 1'
14 I that are placed within a vertical! specimen tube within the hot cell iA
15 and lowered_in thetubejtp intersect the_neutron beam.... i '̂
16 Al'trr6uS'"N-\Mi-S • I lf)
17 ! Tlie East Radiography Station; has the following capabilities:—! !7
IK i Al 'TIIOKS' A1T1UAT1ON _ j 18
ly ° L/D^rjatios of .50:1, 125:1, and 300:1 ... | 19

2U ° F o i i ^ l ^ ^ u r r e n t of 2 x 106 n/cm2sec.._ .. _; r°
0 Specimens: 165 mm diameter j r.\

3 .m length..

-_ i ° Radiography is done in a; vertical attitude with | i4

^i J vertical positioning accuracy of +3.2 mm i Is
2t ] ° Specimens can be rotated to any angle to within ±0.5° ; f
•̂  ! ° All radiography is done in the hot cell environment ! ~

21 I The second beam tube extends, 51 feet to a specimen tube I -
?0 designated as the North Radiography Station. Either irradiated or! -°
31 unirradiated specimens may be radiographed in this specimen tube , -„

yithout having to be placed in thp hot cell. -~
;

The North Radiography Station has the following capabilities:
34

35

360 L/D ratios of 185:1, 300^1, and 700:1 (
_ I ° Foil plane current of 1 x 106 n/cm2sec j ?-7

58 : ° Specimens: 750 mm diameter ; -8
39 i 10.6 m length ! i9
40 i O77 Vrr maoc ' A0272 kg mass

0 Radiography is done in a:vertical attitude with vertical •41

•12_ . positioning accuracy of £3.2 mm
"̂  I °.Specimen can be rotated to any angle to within ±0.5° ! i3

A\ \ ° Radiography is done out of the hot cell environment s
 A-A

A\. 1 ° Radiography can be done en either irradiated or non- j ̂
A(' ] irradiated specimens ' i I6

47 ^ : 47

: The radiography technique employed at the NRAD facility is the
transfer or indirect method in which foils are placed behind the '
specimen, irradiated, and the latent image later transferred to
industrial X-ray film, F i ? . ^ 2 m : t.;f nSr - - -

i;"'
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3 JT. . A technique1 MbwJ^Ja^ .^li^i'iiM a M M |lt'M^phy!L.-is becoming-] -
1 ] increasingly important to scientists in reactor fuel development I -
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programs. Tomography is the process of obtaining radiographs at ; -
many rotational angles, digitizing the information on the radio-
graphs using a scanning microdensitometer, and processing the infojr-?

8 !mation vdth a computer to reconstruct cross-sections of the specimen,
I jFig. 3. The NRAD facility is the only facility in the United States
10 [capable of_producing computed axial tomographs of irradiated fuel_J -

iassembH^1'11-1 ''

j13 j..sL1£ONDevel6pmeni_.of new radiographing techniques is.actively pursued3

'1 iat the NRAD facil i ty, and these techniques are incorporated into ! !4

]* juse as they_are developed. .At present the NRAD facili ty i s unique^ i5

16 in the UniteUlS^afes^m^hat irradiated fuels may be radiographed-iri
7

S e s 5 n t h t iated uels my be radiogrphedi
a vertical .orientation with high throughput. —. - -. - - 1 -
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