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Four _',ircaloy-2jacketed enriched seven-rod cluster elements, one three-foot three-rod
2ircaloy-2 jacketed enriched cluster element with integral end closures, and two

eig_teen-inch Zircaloy-2 Jacketed wire _rz'appedcluster elements containing U02 will be
ir:'adiated at jacket surface _emperatures up to 270 ° C in the KER loops to an exposure
of 3500 _4D/T on the enricl_ed seven-rod cluster elements.

_8IS AND JUSTIFICATIO;_

Three types of extended surface fuel elements are being considered for high temperature
use in an NPR---seven-rod cluster elements, rod-and-tube elements, and tube-and-tube

elemenLs. Development _rk is proceeding on all three t)_pes. One phase of the devel-
opec:It pro_z_n includes high temperature irradiation testing of sample fuel elements of
...._____....-J_ _, cbsc.--:e.-_---iclement __.,,4_-+_^- _-'_,_J-- _ the support system, a_nd ch_n_cs
:n Dhe _acket-uz_niur. bond. This test provides the initial hlgh temperature irradiation
of Zircaloy-2 Jacketed enriched seven-rod cluster elements. '&_edistortion of enriched
Ix)d:tith inzegral end closures will also be inves-i_ated.

TEST DETAILS

I. }kxel Elements

The individual rods in the enriched Zircaloy-2 jacketed seven-rod cluster elements

are O.593 inches in diameter, 13 inches long, "_Ith 0.030 inch thick Jackets. Each
rod contains Ii.4 inches of 1.6_ enriched uranium. The rods are assembled in a
cluster with triangular end supports, as shown in figure I. The fuel elements have ;
been visum_ly examined, ultrasonical]y tested for Jacket-uranium bonding, _nd auto- ..
clawed at 270 ° C and 2250 psig. ;_

• • _;, .t,

The _hree-foot t,u_ee-rod cluster element consists of O. 593 inch diameter rods, :.7_.:
38 inches long, containing 34 inches of 1.6_ enri_,hed uranium. The Zircaloy-2 Jacket'_i_!_

.. _;,

is 0.030 inches thick. The rods are supported at the ends and at the third points ,::-'
by flexible Zircaloy-2 suppoz_cs. In addition to _he inspections provided the seven-
rod elements, the Integral en_ closures have been X-rayed to verify the Jacket thJ
mess at the tummium-end cap _unction ,and to insure _hat the end closure is free of:. _:;
uramlt_ stringers. After final assembly and testing, the fuel elements will not be

modified without the concurrence of l_'ocess and Reactor Development Operation.
.,

The UG2 fuel element seven Zirc_myT_ _acketed rods assembled in aconsists of

cluster with a O.072-inch slicing between the rods, The" rods are separated by
Ziz_aloy-2 wire wrapped on a.ten-inch pitch around the rods and the element is

l_orted in the tube by O, llS-.inch Zircaloy.,2 i_ _ p .ped_-_at° .und _the i cluster on _a
:ten-lnch pitch. Each rod;is.elghteen'_.-iinches__0_/_ith-,sixteen inches _of.

U% of, 85 to 87% _theoretical density made _fz_m ma_ uranium. The. clad roa,ls

ln tegrStZ, and aut4_Iaved.for seventy-_o hou_ ,Lu: _X);,:,Cj,_,&300 _psl water. ...........

:The t_e charge, ],tste_ from the t_:p_gc iS ,

: . . .. , ':

4, ;:!_
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occur: thel'e is sufficient v_lume in the -oola;_t ck_mncl zo acco,_nodate the uranium-
water reaction products fl-om a failuz_ without ;rocess tube sl_littln_. The s_bility

of UO2 in high _emperature rater will prevent x_uelelemeat swelling or tube s_!itting

if the UO2 cluster element should fail.

DEVIATION FROM PROCESS STA//DAB/_

This l_rOduction test authorizes _eviatloa from Pzocess Standard K-040 Section _O.O1,

which limits the ms.ximum uranium tempe ratur_ bo 600° C. This !_)ductioa test authorizes
maximum uranium temperatures above 660u C - the alpha-beta transformation temperature.

Although the production test design calculations i_d/cate that the maximum uranium tem-
perature should not exceed 660 ° C, the possibility always exists that the temperatu-_es
m_y actually go hi6aer. For this reason, deviation from the PTocess STandard is auth-
u_'ized.

Maximum fuel temperatures of the UO_ elements may exceed 2000° C at the center. Opera-
tion with oxide at these temperatures in both the M_R _nd the KER loop_ has given Do
difficulty.

Hanford Laboratories Operation

Reactor and F_els Res_h and Develo_ent O_ration ..'ii_-

_el, I_velopment Operation i,:(_-_'_

F_els Design is responsible for the fabricati_ of the cluster el_s, ._,_

smalysis of data, and iss_mee of technical reports. ,_.;_._'_

Ceramic Fuels I)evelolmmentOperation is respoxls_ble for fabrlcatio_

the UO_ cluster element, analysis of data, and issuance of _echnlc_i
re_or%s.

Irre_lat%on Processing De_t .... ' "
.,

Research and Englneerin_ Operation

Component Testing :Operation is resl_nsible for post-lrradiatlon examination ....
an_' testing Of-Comments in _he test char_, _ " 'I

Coolant Testin_ ._%1on is .responsible for: , ,i;i_ ,...... , ,, _, _,_

• :O_er_t_ni ..,for:
.,,:_;_._:\:.:;',',i_i!`'_''i;?"

Tt . "....;',; _,
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KE-_'_ Reactor Operation

a. Operatlonal _e_.
b. Special discharge procedure.

c. Production con_i_ulty_ excep_ _%e_e inconsistent vlth the provisions of
this test.

/

E-_et, or Fuels C_eration
Process & Reactor Develol_aent 01_ration
IRRADIATION PROCESSING II_P_EI¢_.

WK Kratzer :imb
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