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SOMM_RY

Metallic thorium uranium fuel elements continue to show excellent

irradiation performance in high temperature pressurized water coolant.

Volume expansion measurements made after 2.1xlO20 fissioms/cm 3 (6200 MWD/T)

at fuel temperatures above 500 C shows no indication of fission gas-in-

duced swelling.t

AnaAysis of fuel swelling data from tubular elements shows an

apparent effect of geometry (restraint) on both low temperature volume
L

expansion and the temperature at which accelerated volume e_pansion

initiates. Evidence of grain boundary tearing has been observed in

t_bular metallic uramlum fuels irradiated in 1600 psi water coolant.

Volume expansion due to two types of structural damage have been

observed in uranium - 2 w/o zirconium alloy irradiated to 0.25 a/o.

burnup at temperatures up to 550 C.

Irradiation Testin_ of Thorium-Uranium Fuel Elements - R. K. Marshall,

J. W. Goffard

. Irra_liationtesting of three tubular thorium-uramlum fuel elements

in the hlgh-temperature, high-pressure, water-cooled ErR P-7 facility

continued. The test elements are Zircaloy-2 clad Th- 2.35 w/o U-235 -

1 w/o Zr alloy fuel 4.45 cm (1.75 inch) O.D. x 2.67 am (1.05 inch) I.D.

DEIL SSIF'IED
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The test facility has operated at 204 C (_00 F) coolant inlet at a

pressure of ii0 atmospheres (1600 psi). The c_ntral element, operating

at the highest power, has aocu_alated a maximum e_posure of 2.1xlO20

fissions/cm3 (6200 MMD/T). Maw_ operating conditions and measured

volume changes for the irradiation period are given in Table I.

As seen in Table I, the measured fuel swelling is low, the 0.8

percent volume increase obse-_vedafter cycle 62 irradiation is approxi-

mately equal to the theoretical mini_am volume ex_amsion due to fission

product production. The measured volume expansion for the two lower

power test elements at the end of cycle 62 was 0.8 and 0.6 percent.

Visual examination of the elements has indicated excellent fuel

performance throughout the irradiation. The fuel elements have remained

free of films and deposits with no evidence of accelerated corrosiem on

the claddimg surfaces or in the braze closure areas.

Submicron UC Dispersion in Fret.allicUr.aulum- R. K. Marshall_ J. W. Weber

Metallic uranium fuel rods containing a submicron dispersion of

uranium carbide are being irradiated to establish the effect of carbide

size on irradiation stability of metallic uranium.

A NaK capsule contaizimg two uranium rods one fine and one with

coarse uranium carbide dispersions was charged into the ETR in December_

1963. These fuel rods have acc'anulatedan exposure of 0.20 atom percent

burnup; goal exposure for this capsule is 0.3 atom percent burnup. The

maximum fuel temperature is 550 C. Following capsule discharge in July

these rods will be subjected to metallographic evaluation and post-ir-

radiation annealing studies.
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T_bleI - IRRADIATIONHISTORYOFTUBULARTHORIUM-
........2.3_W o U-235- Z.0Wo ZIRg0_m__ m_mTs

. _ Operating Conditions,, ,,,, -

Surface Specific Fuel Volume
BU H_,+.Flux Power Increase,

. m_ n,,io_Icm3_emp c_I/8e=-_2_wattsl_m Percent

Cycle (M/D/T)_ o0 (S_I_'_) (_I_) .........

54 e.SxZo19 585 75 _ 69 oo15
(8oo) (_._o_) (2zo)

55 5.4xzoz9 538 68 62 o.z5
(z55o) (9._o_)

56 8.6xi019 523 65 _ 59 Not weighed

57 1.2xlOe° 585 75 69 o.5
(34_) (z.o_o6) (2zo)

58 Not irradiated ....

59 I.2xl_ 0 460 52 46 O.5
(35_) (6._o5) (_z)

60 1.6xlO20 540 6505 60 O.5(4_oo) (8.7=z_) (z83)

61 l.SxlO 20 540 6505 60 0.8(_2oo) (8.7_z) (z83)

62 2.1xlO20 520 62 57 0.8
(62oo) (8.3_o5) (z74)

_ _, _ ,, | - , ,,, , --
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Irradiation Performance of Tubular FUel Elements - J. W. Goffard

Additional swelling and operati0_l data have been obtained from

two KER charges of N-Reactor fuel elements. The N-P_actor fuel element

• (NAE) consists of an inner (NIE) and an outer (NOE) tubular component.

The charges were irradiated to tube average exposures of approximately

1600 and 2000 _D/T at prototypic t_r_tures and 1600 psi coolant

pressure. Maximum fuel swelling observed in the 1600 exposure test was

0.85 v/o in an NIE (@ 2_0 M_D/T) and 2.50 v/o in the corresponding NOE

(@ 2500 _D/T). Maximum fuel swelling observed in the 2000 exposure test

w_ :.33 v/o in _n _x (e _ _/_) _ 3._ v/o in _ a_J=centN0z

(@ 3100 MWD/T). This new data along with previously obtained N fuel

component data is portrayed graphically in Figure 1.

Analysis of the N-Reactor fuel data (110 points) and special single

tube element data (KSE-3 and KS_St 20 points ) that operated to maximum

exposures of 3600 MWD/Tand as high as 535 C vol. mean fuel temperature,

has resulted in three similar expressions for the fuel swelling - one for

each fuel co=ponent geometry. The expressions are -
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where _
B = alo (lalo 8650

Tr = vol. mean fuel temP-, OK
273

• Pr = restraining pressures from outer clad and coolant
(on basis of 20,000 psi Zr-2 strength)

T = vol. mean fuel t_mp. °C

Both the minimum swelling rate (first tl_rminside of the brackets )

and the initiation of accelerated,volume expansion (exponential term)

vary with the three tubular geometries studies.

In Figure 2, the experimental or measured fuel volume changes are

compared with the volume changes obtained with the above expressions.

Radiometallurgical examination is being conducted on an NOE

which w_m irradiated to 3100 MND/T m_d which experienced 3.64 percent

volume expansion. Superficial examination has revealed no deficiencies

in the performance of the NOE; i.e., no obvious warp, no bumping or

rippling of the surfacest no crud deposits or corrosion effects, and no

inner bore instability. Metallographic examination of the uranium fuel

with the light microscope to lO00X reveals no spherical porosity such as

might be generated by gas agglomeration. However, the examlnatien does

• show the presence of small voids in the hashed or swirled microstructures.

Except for their small sizes these voids are similar to the grain boundary

tearing voids which are observed in uranium ir_.Siated at approximately
-j

_00 C. Electron microscopy will be used to further study the structure

and to determine the source of the fuel sw_llimg.
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Swelling Characteristics of Uranium and Uranium _o_s - J. w. Weber

Irra_liatlonstudies are underway on a aeries of uranium alloys with

various combinations of additions of Fe, ai, AI, Zr, Nb, Mo, and carbon

to determine the influence of the alloy additions on th_ fuel swellin_.

Four primary causes of volume increase h_ve been observed metallographically.

I) Fission gas porosity.

2) Cracks both inter_ and intra-gz_nu]J_r.

3) Tearing which results in irregularly shaped holes at grain

boundaries and other boundLrlea where there have been large

plcstic deformations.

4) Pores, which may be round or irregularly shaped, that are

aligned in parallel rows, the rows being perpendicular to the

long axis of twins in the surrounding uranium.

The fourth phenomenon was first observed mad reported by Leggett

a_d Bierlein. (1)

As part of the alloy investigation program, a rod of U+2 w/o Zr

coextrusion c_,8, with Zircaloy®2 w_s ir_diated to approxlm_tely

0.25 a/o (l.2xlO20 f/ca3) burnup at a calculated maximum temperature

of 550 C. Preirra_liationheat treatment consisted of holding for ten

minutes in the B + Yl region at 730 C, quenching into salt at 300 C,

holding for five minutes then quenching in water.

Figure 3 shows a typical irradiated microstructure in the center of

the rod (550 C) which is different than any previously seen in irradiated
, H

(i) HW-77954; ¢_AarterlyProgress Report, Metallurgy Research Operation,
April, May, June, 1963.

DECLASSIFIED
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U-2 w/o Zr alloy. The appearance of the many large irregularly shaped

po_s al_d l_rl_n_lic_ to the _Jor axis of the twi_ is very simi_

to that obse_ed _ _strai_d thin cylinders of _ni_. (i) This is

the fo,ArthtYl_ of st_ctural _hs_ge _nti0_d above. Moving _dially

f_ the center t_d l_er t_perat_s, the number _d size of these

_s _shes. At app__tely 500 C, all evi_nce of the ali_d

_res has disappe_ed. Bergen 500 C and 475 C t_re is a zo_ al_st

devoid of _s. Bel_ 475 C the _ni_ alloy exhibits teeing at g_

b_daries _d defo_tion bo__ies. This is the third t_ st_ctural

cha_ge _ntio_d before. These tea_, however, do not have the s_

&l_d _tio_hip ms is seen in the center of the rod. _ __ in

this col_ _gion _s on a very distor_ed ap__ce and very f_ cle_

mic_st_ctural feat--s c_ be se_. Fi_ 4 sh_ a typical statue

of the fUel at a temperature of approximately 450 C.

At the Slxt_nth High Teml_t_ __ Committee M_eting it

_ported(2) that _iI_ of U-2 w/o _ ro(_ coext_ion clad with

Zircaloy-2 _ several t_s that of __d ura_i_ for c__ble

t__t_s and exposures. Si_e the, additional _r_ntal _

_cessi_ted a r_alc_tion of the t__t_ distribution in the _.

_sults ah_ a _ i_adiation teml_rature appro_tely 200 C

higher t_ _ p_vio_ly calc_ted and t_ _ _ sh_s t_t the

swelling of the alloyed fuel to be approximately 30 percent higher than

m_lloyed uranium at equivalent temperatures and burnups rather than the

200 to 300 percent previously reported.
m,,, , illllm

(2) Ng- 77064, Hanford Contribution for the Sixteenth High Ten_rature
Fuels Cc_Ltttee Meetiag, M_y 1963_ G. A. Lastt (Confidential.)

 IEB



-9- _wo81579-_

These higher tcEperatures have been substantiated metallographically.

Vork by Lsgerberg(3) on U-2 w/o Zr and by Zegler (4) on U-_ w/o Zr show

a microstructure obtained by annealing - 1 day and i -_ek respectively -

• at 690 C_which is identical to that observed near the center of the

0.25 a/o burnup rods. From an interpretation of microstructures, the

center of the rod is now believed to have been in the B + _2 temperature

range during irradiation.

Irradiation Performance of Fluted Tubular Fuel Element - D. P. O'Keefe

One design concept which is being investigated as a means of ex-

tending the total eXPosure capability of metallic uranium fuel is &

fluted outer surface for tubular elements. The advantage sought in this

design is a surface which can accommodate volume increases of the core

without the generation of tensile strain in the claddIDg.

Two N-Reactor size single tube elements embodyi_ this design

are being irradiated in the M-3 high pressure water loop in the ETR.

The outer surface of these elements has eight flutes 0.i inch high

which are generated by circular arcs. This shape will permit, geometrically,

a volume expansion of ii percent without appreciable tensile elongation

of the c_ng.

,

(3) Lagerberg, @., Phase Transformations in a Uranium Zirconium Alloy

Containing 2 w/o Zirconium. Jour. of Nuc. Mat. _ No. 3, 1963.

(4) Zegler, S. T., The Uranium Rich End of the Uranium-Zirconium
System,AN_6055, 1962.
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The elements are now undergoing their eleventh cycle of reactor

operation in the _R. They h_ve been examined after each cycle, and

after ten cycles appeared to be in excellent condition. After the

tenth cycle a slight flattening was visible in the bottom of the

flutes. This shape change, caused by expansion of the fuel, was

uniform for all of the flutes and is the expected change as swelling

_rogresses. Table II shows the irradiation history _ volume ex,

l_sion for the elements of this test.

GAL:Ih

°,
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Table II - IRRADIATION HISTORY OF N-REACTOR SIZE FI2WEEDFUEL
ELEMENT

|, J , i

Outer Surface Specific Fuel Volume
BU Hest Flux^ Power Increase

• _ Fissions/cm3 Temp cal/se=-cm_ watts/gm Percent

(MWD/T) _ _ BTU/hr-,ft2.....(kw/ft) Element Element
z@67 zo-68

52 z.ZxZo19 520 38 35 o o
(2oo) (5o5,o_) (_3o)

53 2.3xzoz9 ,, ,, ,, o o
(_oo)

3.5xZoz9 " " " .2 •3

55 4.5_o "t9 " ,' " .2 .4

56 5.7xlO 19 " " " .2 .5
(zooo)

57 6.8xi019 " " " .4 .7
(_oo)

58 7.gxzoz9 45o 29 27 •7 •9
(z_oo) (38a,ooo) (xoo)

59 9.OxlO19 450 28 " .7 1.1
(z6oo) (388,000)

60 z._o 2° 450 " " .7 z.z

61 Not irradiated ....

62 1.13x1020 550 41 38 1.3 1.9
(2000) (_,ooo) (z_o)

_ i i . ii
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FIGURE 1

Fuel Swelling in Four Changes of N-Reactor Fuel Elements
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