
,_'_,__ Alia - _ o__,_,]_,_ _.,, ".
_. ,. SilverSpring,Maryland209,0 /III/I "_b _._4_.4_o-,,_ _.

BY QPPLIED ,,/__





" =' 6-755'2DECL SSlFI "'"*_""
_ICA.rlON)

HANFOND PNODUC.rS OPERATION -- RICHL,AND t WAININOTON i November 2j 1959
[

T.IS GEH-4-g2, 471 Hot Pressed1 T and E
Cooled Fuel Element Irr_llmtion

BIT[D.

A,.,T.o, "ff_E'_ 300 AREA
F--] OTHER CLASSl IrllrD INlrONMA.rlON

OFlrl GIAL

THIS MATERIAL CONºrAINS INlrOMMATION AlrlrEGTINQ

"rH- NA.rIONAL O'FZNS" oF .rH-" UNIT'= STA.r"S I),,o'ber'bNet(:].nez" NOV19 1959
WITHIN THE MIANING Olr TH[ [SPIONAG[ LAWI,

.rl.r.. ,,, ,.,. =., ,,--. = AN=.,, T...rRAN.- hL, u_i_ l0
MISSION ON REVELATION OIL" WHICH IN ANY MANNER

'TO AN UNAUTHORIZED PERSON IS lrmONlJZ.r[D mY _ TECHNICALINFORMATIONFILES
LAW. L
THIS IT NOT 1 Z[D MAY

"tO IT, IN USE IIr M APPNO' RE WlTHIN *ROV[O

GUAMDI _. WHI YOUR POSl AND U HAVE OI A SIGN[ IPT

FILES YOUN RESl LI.rY TO r AND NTS WITH LIMITS

:OJECT ANI ANY :D IlrRSOI TRANIMIT_ AND ETOI .T YOUR ff

[SlDENC[ )HIIITED, NOT TO )LICAT[D, DITIONAL S ARE RE(

rAIN THE THE iSUING I_ PERSONII ) THIS DO AN[ RE;( r.D

TO SlQN II ;PACE PNOVI .LOW,

ROUTE ; DLL NO. ,TION IGNATUR[ DATE

.

I

J

)

/-

G--)ISIS--MS (1 -- S|) J_.Z.C.-e.Z.-nI¢#L&N). WAS)*.

(CLASS I FI CATION)

'" _q_l'llr]l'"'' ' rl "11'' , ' , , ,....... ,' ,, , ,'11, ",,'m' ",'ll",, ,ll II " ,r , ,llr'llz,,'l,ffql_l,,_ ', iiF



, This document consiJ of

_pages No.

opiesl Seri

GEH-4-42,47; HOT PRESSED, I AND E COOL_D
FUEL E_ IRRADIATION

Robert Neidner

l_)_ __, R-_. _-_' Fuel Element Design

U d

November 2, 1959

This

FORD ATOMIC PRODUCTS _N

RICHLAND. WASHINGTON

NOTICEI

This report was prepared for use within General ElectricCompany in the course
of work under Atomic Energy CommissionContract AT-(45-1)-1350, and any
viewsor opinionsexpressedin the report are thoseof the authors onJy.Thisreport
is subjectto revisionuponcoJlectionof additional data.

LEGAL NOTICE

Thisreportwasprepared asan accountof Governmentsponsoredwork. Neither the UnitedStates,
nor the Commission,nor any personacting on behalf of the Commiss:on:

A. Makes any warranty or representation,expressor implied,with respectto the accuracy,com-
pleteness,or usefulnessof the information contained in thisreport, or that the useof any information,
apparatus, method,or processdisclosedin thisreport may not infringeprivately owned rights;or

B. Assumesany liabilities with respectto the use of, or for damagesresultingfrom the useof
any information,apparatus, method,or processdisclosedin thisreport.

As usedin the above, "person acting on behalf of the Commission"includes any employee or
contractorof the Commissionto the extent that suchemployeeor contractorprepares, handlesor distrib-
utes,or providesaccessto, any informationpursuantto h_semploymentor contractwith the Commission.

DIErRI@UTION OF THIS DOCUMENT IS UNLIMITED _}_/_
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GENERAL ELECTRIC COMPANY
HANFORD ATOMIC PRODUCTS OPERATIONS

IDAHO FALLS, IDAHO

November 2, 1959

Mr. L. L. Porter
Phillips Petroleum Company
Project Engineering
Idaho Falls, Idaho

Dear Roy:

GEH-4-42# _#7;HOT PRESSEDa I AND E COOLED FUEL ELECT IRRADIATION

In our continual effort to improve the present fuel elments which are irradiated in
the numerous Hanford reactors, we have made what we believe to be a significant
improvement in the hot pressing process for Jacketing uranium fUel slugs. We are
proposing a large scale evaluation testing program in the Hartfordreactors but
need the vital and basic information on the operating characteristics of this
type slug under known and controlled operating conditions. We_ therefore, have
prepared two typical fuel slugs and will want them irradiated to about i000 MWD/T
exposure (this will require about four to five total cycles).

The pertinent information concerning this proposal is summarized below. Details
of the same are appended as follows:

Appendix I Sample description and general details
Appendix II Thermal aspects
Appendix III Figures

Summary of Conditions

Maximum fuel temperatures, "F 654
Maximum surface temperature, @F 176
Maximum heat flux, BTU/hr-ft2 648,000
Water flow rate,_ 20
Water velocity, ft/sec 31.8
Film coefficient, BTU/hr-°F-ft2 8,500
Maximum power generation KW/ft 92
Weight of natural-U, gm/in 435.5

Total gms/element 3,656
Fuel element dimensions, in 1.48 OD x 0.370 ]3 x 9.11
Flow restrictor dia, in 0.300
Number of fuel elements 2

Anticipated number of cycles 4 to 5



. Mr. L. L. Porter November 2, 1959

General

Please arrange for the necessary approvals so that a Cycle 131 loading could be
made if desirable. Two Chr-A1 TC's will be installed immediately upstream and
downstream of the 1_el charge to measure the average power generation. No
maintenance time will be required prior to insertion but we would like to have
a pot reading made on the two TC's at the external posts of the TC head as soon
as possible after the reactor has reached full power conditions. Before insertion
in the reactor, a O.1 per cent Co-A1 flux wire should be attached to the outside
of the basket adjacent to the fuel elements. Please arrange to have periscope
pictures taken as soon as practical following discharging of the test to the carnal.

If you need any further information Roy, please let me know and I'll be glad to
obtain them for you. The test samules will be here prior to November ll, I'll
try and let you know the.exact time later.

Very truly yours, • I /

Robert Neidner __/_,1
HAPO Sponsor Representative
General Electric Company

RN:lmh



t APPENDIX I

A. DESCRIPTION OF FUEL ELEMENTS
,

Two identical fuel elements make up the irradiation. The tubular, natural uranium
core was cla_ in a 1245 aluminum Jacke_. This Jacket was bonded by an interface
of nickel diffusion layer. The ends of the fuel elements have been machined with
the "True-Line" feature which is used at Hanford to maintain the axial alignment
of fuel trains in the reactor process tubes, see Figure I. Each element is 9.11
inches long and has an OD and ID of 1.480 inch and 0.370 inch, respectively. For
heat transfer purposes, a flow restrictor has been fitted into the central flow
Channel. i_is restrictor is 0.300 inch diameter and extends through both fuel
elements. A 1-1/2 inch perforated spacer supports the two elements. The entire
assembly is contained in a standard GEH-4 basket.

B. FABRICATION

Each tubular core was beta heat treated to assure a random orientation and small

grain size. Each core was vacuum outgassed at 600 C to remove residual hydrogen.
The processing or canning cycle began by electroplating an 0.8 railnickel sweater
coat on each core in a modified Thompson bath. Each core was inspected and
then placed in a carefully cleaned can. For each element, a cap-tube was inserted
into the ID of the core_ then both the OD and ID were sized to the uranium core.
Punches and the ID pin were added to the assembly and the entire units placed
in a die and preheated to 600 C. The dies were then placed in the hot-press die
blocks and held three minutes at 600 C prior to application of pressure. A pressure
of 12 tons per square inch (tsi) was then applied for five minutes; the dies and
enclosed fuel elements were then water quenched. The fuel elements were then
cleaned in 50 per cent nitric acid and the ends machined with the "True-Line"
feature.

The fuels elements were then thoroughly inspected, which included: A thermoinductive
heat transfer test to assure completely bonded surfaces; fluoroscopic investigation

!

to determine end cap thickness; a visual check for marred surfaces or surface i

inclusions; and a final step consisting of a _0 hour autoclave run in i_ C,
psi steam. The elements were then given a final etch and were then precisely
measured by our pre-irradiation measurement group at HAPO.

C. HAZARDS

Because of the 10w water and uranium temperatures associated with this irradiation,
fission product release in the case of an unexpected rupture would be extremely
small. This conclusion has been established by GEH-4-25, an intentional high
temperature metallic fuel failure, and GEH-4-32, an unintentional low temperature
metallic fuel failure. Our contamination catch facility has proven very adequate
for all failures incurred to date.



A. THERMAL ASPECT_
. -- •

The specific power generation for malculatlng purposes was taken from data obtained
from the nuclearly similar test, GEH-4-31. The power measured from _-31 was
approximately 8 KW/# of natural uranium. Since these elements contain 0.96
# Natural-U/Inch, a power generation of about 92 KW/ft is expected. The maximum
heat flux will be about 650,000 BTU/hr-ft2.

B. SAMPLE CALCULATIONS
- .. ,. i i

Basic Conditions:

Fuel Element:

Uranium Core:

Length 8.400 inches
O.D. 1._10 inches

I.D. 0.436 inches

Cladding:

Length 9.110 inches

.... O.D. 1.480 inches
, I.D. 1.412 inches

Heat generation - 92 EW/ft

Flow - 20 gpm

Bulk water exit temperature - i00 "F

I. FlowAreas:
ii

= __ (1.55o)2=i. in2Basket 886

= 0.0131 ft2

Outer Annulus - _ (1.550)2 - (1.480)2 - 0.166 in2

= 0.00115 ft2

Inner Annulu, = I_ (0.370)S . (0.300)S = 0.0368 inS

= 0.000S56ftS

IX. Peripheries:

Basket.= _7_1.550) = _.87 in
o.406

_ez oD=_(z.48o)= _.65
0.388ft

I
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Fuel_ -_(0.370)= 1.16in
o.097 ft

Flow Restrictor -IT_0.300) = 0.94 in
0.078ft

llI. Power Generation:

Specific power generation taken from GEH-4-31 was measured to be 8
KW/# of natural uranium.

Q = 8.06 #Nat-U/element KW in
8.4 in/element x 8 _ x 12 --ft" 92 KW/ft

IV. Heat Flux: (Assumed to be essentially equal for all surfaces.)

92 x 3412.
H = (0.388 + 0.097) x i " 6h8,000 BTU/hr-ft2

V. Required Film Coefficient: (Ave. film _f assumed to be II7°F (65"C))

H 648,000
hf = _t = -ll70.......= 5530_TU/_-'F-Zt2

I

Vl. Flow Rate Required to Maintain Assumed &tf:
m , --

Outer Annulus
,

1. Equiv. Dia:

De = 4_AA ....4(0.166) - 0.070 in
S 4.87 + 4.65

2. Required Velocity:

hf = 150 [i + 0.011 (tb)j Vo0"8 (P. 228 McAdams 3rd. Ed.)
0.2

De

voO.8 . hf De0"2 = 5540 (0.070)0.2

1_oQ +o,on(t_)3 i5o[Z+ o.on(_0o)3.....

voO.8 (5540) (0.588) lO.3I S

315

Vo = 18.5_t/sec
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3. Flow:

Q - VA

Q = 18.5 ft/sec (60 sec/mln x 62#/ft3 x _) 0.00115
ft2

Q = (z8.5)(o._z1_)(_6) = 9.5_/m_

Inner Annulus.....

i. E_uiv. Dia:

4 (o.o_68)_. 0.070In
De - 1.16 + 0.9_

2. Required Velocity:

5540(0.o7o)°"2vlo'8 =

0.8
vl - io.3

Vl - 18.5 ft/sec

3. Flow:

Q - VA (446)

- 18.5 x 0.000256 x 446

- 2.11 gal/min

VII. Pressure Balance

Pressure drop estimates were determined by the "velocity head" method,
with reference made to the Reactor Handbook, Engineering Volume.

i. Annulus Velocities:

Outer - 18.Sft/sec

Inner - 18.5 ft/sec

2. Velocity Head, V2
2g

Outer Annulus (18 5)2
62

- " X ---- - 2.29 psi
z (32.z) l_

Inner Annulus - 2.29 psi
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3. Reynolds Number: DVP

Outer Annulus - 0.070 x (18._ x 3600) x 62 = 14,500
12 1.66

IrmerAnnulus = 14,500

_. Friction Factor, f

Outer Annulus = 0.028

Inner Annulus - 0.028

5. Friction loss, dP = fL (Vel Head)
De

Outer Annulus = 0"028 x 18.2 (2.29) = 16.6 psi0.070
Inner Annulus = 16.6 psi

6. Contraction and Expansion Loss, _P = K (Vel Head)

Outer Anuulus :

Contraction at end, Ao = 0.!66 _ 0.088

Kc = 0.39

_P = (0.39) (2.29) = 0.88 psi

Expansion from endj

Ke = 0.82

nP m (O,8Z)(_,Zg)m 1,88 _si

Inner AnnUlus:

• Ai 0.0368 '

Contraction at end, A_b " 1.886 - 0.0195

Ke = o._o

_p - (o._o)(z.29)- o.91psi

Expansion from end,

Ke - 0.98

_p I (0.98) (2._9) 1 2.24 psi
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Total Pressure Drop

Loss Outer Ann. Inner Ann.

Contraction 0.88 0.91
Expansion i.88 2.24
Friction 16.60 16.60

Total 19.36 psi 19.75 psi

• VIII. Temperature Drop Through Cladding

Outer Annulus

Zltj =, It x thickness (ft) (Kal - 118 BTUlhr-eF-ft)K

ntj 6482000 _ - 16"F= :i8- x 12

Inner Annulus

648.000 0.033 . 15"F
_tj = _ x .....12

IX. _TemperatureDrop _ThroughNickel Bond Interface

hi for nickel = 40,000 BTU/hr-ft2-eF

H

_t i = hi

_ti 648,ooox i._8o= ITF= 40,000 i.41o
X. Approximate Uranium Surface Temperature

ts - TBulk +_tf + _tj + _t i

ts = i00" + 117" + 16" + !7" = 250"F

XI. Temperature Drop Through Uranium

i. Adiabatic Radius: (Forming an imaginary boundry through which no
heat will flow.)

_: ,. ro2 . ri2

rmaxT 2 In r_2o
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Where:

re - Rs_ius to outside of U-tub_ - 0.705"

ri m Rad.l.usto inside of U-tube - 0.218"

_ (o.7o5)2 _ (o,218)2

I 01_'_7 - 0.075 /'0._22

rm_ixT I 2 l_ I 3.24 m

- _o.18o m 0._14"rmaj_

Temperature drop from adiabatic r_ius to outside of tubular
core: (Reference is made to P. 9 of ANL-4690, Case IlI).

_t(rmax" ro) "-_ I(r°2 - rmax2) " rmaxln ro'J_ rmax

Where:

_/_ 92x 1o_ x 3._12 ,
. VOl/i_ G m _/_ (i._I_ - 0._36_)I' X _2 " 18,600 BTU/hr-ln 3

K = Thermal conductivity of Uranium

K m 1196 + t(eC) ,,m 1196 + 200" . 16.8 BTU/hr-'F-ft
83._ 83._

• = i._ BTU/br-'F-Jm

18.600 _(0.705)2- (0._24)2 _ (0.424)21n __
_t(_x- ro) - _--(y_) 2" ,

m 6650 [ (0"_7 ''9'180)_ - 0.Z80 _ 1.66]

- _5o (o.z_- o.o91)

_t (r._x - to) . _5"F
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_Jl. Temperature_Y

Water lO0"F (38ec)
c_ surface 217"F (103"C)
Clad Inside 233eF (II2eC)
Uranium Surface 250eF (121°C)
UraniumMaximum 695"F (368"C)

The flow rate requi_:d for a film &top of ll7eY is only 9.5 + 2.1 gpm or
11.6 gpm. Actual flow conditions should be 20 gl_. Therefore, a velocity

increase ratio of about 1.72 (20 ) will actually exist. This will increase

the hf and thereby reduce the _htf to:

117,'_._)o= _ " 76°F(l.?z 1._

The maximum surface temperature will then be about 176eF instead of 217"F.

There, of course, will be about _leF reduction in internal temperatures
also.
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