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DESIGN OF PRODUCTION TEST IP-381-A-FP,

IRRADIATION OF OVERSIZE FUEL ELEMENTS IN THE

C REACTOR OVERBORED PROCESS CHANNEL FACILITIES

INTRODUCTION

Recent studiesd have confirmed that large incentives exist for overbtoring the
reactor process channels approximately 500 mils in the C and rive old reactors,
under the updated Plant Improvement Program. Conservative estimates of the
incentives for overboring indicate a payout period of about two years for the
proposed work, an increase in plutonium production of 15-18%, derived from
increased conversion ratio and a reduction in plant unit cost. The proposal
to overbdre the graphite channels approximately 500-550 mils in one or more of
the present Hanford reactors will require fuel elements about 0.5-inch larger
in diameter than the present I & E fuel elements. Since there i1s only limited
experience at HAPO in fabrication and irradiation of large diumeter fuel elements,*
it is highly desirable to secure additional experience to assure that large fuel
clement technology will be available for full scale reactor use in advance of
the time when extensive overboring of the old reactors is implemented. This
report presents the design of the test to fabiricate and irradiate the oversize
(PIP-1) fuel elenments.

.

OBJECTIVE

The objective of this Production Test 1s to authorize the installation of large
s8ize process tubes in graphite channels which have been enlarged 550 mils at
C Reactor and to charge these tubes with large diameter fuel elements** to

obtain preliminary qualitative data regarding irradiation behavior of larger
fuel element designs.

SUMMARY

°
This test authorizes installation of up to 20 large size process tubes in C
Reactor and continued charging of these tubes with CVIN oversized fuel elemzats.

While this test is primarily direct:d toward the demonstration of large size
self-supported I & E fuel elements in smooth bore Zircaloy-2 process tubes, the

* A few charges of 1.800 inch OD fuel elements were irradiated to low exposure
nt low temperature in the KER loops in 1957.

% CVIN fuel type - 1.991 inch nominal OD.

-
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test will also eathorize the use of both smoocth bore aluminum and ribded alu-
minum process tuhes. Smooth bore aluminum tubes are authorized as an expedient
in the event that the Zr-2 tubes cannot be obtained on a schedule consistent

with the over-all demoastration schedule., The ribbed aluminum tuhes are author-
1zed as an alternate to Zr-2 tubes.

Since both smooth bore and ribbed process tubes are authorized, the fusl element
may be either a three-bumper fuel element for use in the ribhed tubes or a four-
footed self-supported fuel element for use in the smooth bere tubss. The fuel

will be irradisted up to a meximum of 800 MWD/T under authorization of this test.

BASIS AND JUSTIFICATION

A program to develop larger fuel elements has two major features: (1) the extent
to which existing fuel technology can be extrapolated to characterize in-reactor
behavior of fuel elements possibly in excess of one inchk larger, end (2) to
predict the extent to which existing fabrication techmology can be directly
applied to a larger fuel element. Fuel element design still depends heavily

upon extrarolation of empirical data and although full pile ovarboring may be

two to three years away, assembly of fuel element performance deta for the larger
elements must be initiated now. It is desiratle to teke full advantage of the C
Reactor COverbore Facility to further our understanding of large fueli element
behavior under irradiatior, particularly dimensional instability, since pro-

Jection fuel elements are proposed for a fuel-tubs geometry which has smaller
annular clearances tha. our present fuel-tube geometry.

The basis for overboring of reactor process channels in the C and five old
reactors, the production gains, and the economic evaluations of overboring have
been thoroughly discussed in References 1 through 12. The highlights of the

current fuel and tube design numbers presented bzlow have been extracted from
Reference 11.

QOverbore Size Determination

From the results of the scoping study a limit of .550 inch was selected by
applying the following criterlia:

1. Adding water to the local lattice void spaces shall either (a) zauss a
decrease in reactivity, or (b) cause an initial increass ia reactivity
which peaks axé subsequently decreases upon further addition of water.

The maximum pile reactivity, wher &ll lattices are flcoded to the maximum
reactivity point shall not exceed the strength of the Ball 3X safety system
plus any in-plaze supplemental total control devices.

Fu:1 Element Design Busesl3

Me deaign procedurs upsd waa to chonge the dimensione of the ribbed aluminum tu
then design a4 bumper tusl element for this tube. e fusl elemsnt dimensions
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obtained were fixed, sell-support feet were added,and Zircaloy tube dimensions
were found which would provide the same flow and pressure drop as obtained in
the aluminum tube. All calculations were performed with the "FLEX-I" 709
program of R. J. Shields.

Basis for location of 20-Tube Test

Calculations!3 indicate that the oversized natural uranium fuel element designed
for the 20-tube tube test will generate about 1.5 2 .08 times more power per
unit length than adjacent normal sized I & E natural uranium columns. To make
test results as representative as possible of future operating conditions, it
appears necessary that most of the 20 overbored channels be located in a regicn
of the reactor where present tube powers are about 1/1.5 or 674 of central zone
tube powers/3rd lattice unit. Alternatively, within engineering limits (TAT
limits, etc.) the test channels may be located to provide various degrees of
operating severity up to a maximum of about 1.5 times the anticipated future
power levels ot present reactor flows - centrsl zone.

Basls for Tube Burnout Protection

Tulte burnout protection procedures are not expected to be different from those
currently in use because the variables that effect transient flow instability
(front and rear header pressure, Pancllit pressure, and presswre drop in the
rear Tittings) are not changed by this test.

Fuel Element Performance Considerations

Recent calculations have shown that the stress level within the core of the
overbore fuel element should lie somewhere between that calculated for the
present I & E geometry and that experlenced with the solid geometry in which
cleavege-type failures were observed. The data are summarized below:

Comparative Stress Values

Operating Luvel Relative Stress
Fuel Ceonetry (kw/foot) (psi)
solid 50 102,000
Solid 55 111,000
Sol1id 60 119,000
Overbvoras Size Th 70,000
KIII I & E Naturael 75 59,000
KIII I & E Enriched 88 65,000

There seems to be no valid reason to expect that cleavage-type failures will
occurr with this overvore geometry, however, it is belleved this fuel 18 nearer
Lo "splitting” Uweshold than curront fuel sizes.  Limlted data can be secured
by this test, liowever, it is not expected that this question can be answvered
with any degree of assurance as & result of this irradiation experience.

Initial advance powver testing will be obtained by specinl loeatlon of some of
the 20 tuben,

@ ol ASSIFIED
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Geometry is an important variable in the heat treatment of wranium cores. Since
a particular heat treatment is used to control the irradiation stability of

uranium, it is desirable to know the extent to which oversize fuel elements
will be different from present core sizes.

Any increases in power in the future will push the stress levels in these large

I & E's even higher. 1If the splitting threshold is encountered, fuel geometries
with intrinsic lower stress levels will be required. Analytical investigations

of rod-in-tube (nongenerating and generating rods) and tube-and-tube geometries

are being started. If any of these should appear at all attractive from a con-

version ratio standpoint, fabrication and cost studies will be commenced.

Fuel Temperatures

Fuel surface temperatures will not be significantly changed by the use of larger
diameter fuel elements in an overbored channel. It was calculated that the in-
creased surface area of the larger elements for the 0.55 inch overbore would
decrease the aluminum Jacket temperature by only 3 C. The use of self-supported
fuel elements will provide an increased amount of water mixing within the coolant
channel, and this mixing action should result in & more uniform temperature dis-
tribution around the fuel surface. Maximum uranium temperatures in the neighbor-

hood of 320 C are expected. Currently, maximum uranium temperatures are calculated
to be 275 C.

Fuel Testing Program

About 1000 t'uel elements were in production in the 306 pilot plant during December
1960 with completion scheduled about January 15, 1961. This is expected to yield
a sufficient quartity of acceptable fuel elements to load ™0 tubes, plus about

six additional columns as needed to replace tubes prematurely discharged for
measurements .

Using a fixed fuel geometry and enrichmznt, the irradiation severity can bve ad-
Justed for testing purposes by choosing various locations or charge lengths with-

in the reactor. Thus, it 1s proposed that the 20 tubes te divided into two groups,
such thet the span of operating conditions expected after a full rieactor conversion
may be investigated. Post-irradiation measurements should be directed toward dimen-
sional changes, deterioration of uranium or the traze layers, and fuel distortiion.

Process tube size, fuel size, tube location, end flow assumpticn tables are
appended to Reference 1l.

TEST DETAILS
1. Material

A. Puel Elements

T7‘ Cores - All cores will be natural uranium of type CVIN. Core code - X-C.

2) Cladding - Can and epire components will be X-8001 alloy aluminum
with & modifled end contour as shown in Dwg. H=3-7350, Rev., Y,
Component code - X-2.

3) Projections - All supports will be fabricated from X-8001 alloy
aluminum and attached to the fuel element by ultrasonic welding
tochniquen, ‘The projection rafls will be nttnched up per

H-3-7950, Rev. k.
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a) Bumper Element - six solid rails, three each end on 90° centers,
b) Self-Support Element - Eight collapsible rails, four each end on
90" centers. Each rail will have about 30 mils of collapsibility.

Nominal Dimensions - Test fuel should be of the following nominal

dimensions.

Nominal Dimensions (Inches) CVINS CVINB
Core OD 1.883 1.883
Core ID 0.452 0.k452
Core lLength 8.325 8.325
Canned OD 1.991 1.991
Canned ID 0.339 0.339
Effective Charge Length 8,865 8.865
Support Height 0.069 0.0k40
Support Length 2.313 1.873
Distance Support from End of

Fuel Element 1.250 1.250
Maximum Support Diameter 2.127 2.080

All components ﬁre to meet requirements of Fuel Element Process
Specificationsl and all finished dimensions will be wituin normal
fuel tolerances. Cores will conform to specificationsl™ for chemical,
nuclear, and phv-.ical properties.

Water Mixers - will be reguired for fuel columns charged into ribbved
aluminum process tubes. The water mixer will not be used with the
initial columns charged into smooth bore tubes but may be specified

in subsequent chargings. Mixer location will be specified by the

test author.

Assembly - All fuel elements will be fabricated in accordance with the

Fuel Element Process Specificationsl incorporating the following
improvements:

a) Core preheat of 32-35 scconds using lead plugs to facilitate AlSi
wetting of the internal channel.
b)) Mleeveszunny peehent uf t5-05% aocuunda,

¢) Pressure quench following canning to reduce bruze porosity.

DECLASSIFIED
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d) A modified end contour as shown in Dwg. H-3-7350, R-9 will be
utilized since bumpers and self-supports will assure alignment
during irradiation.

e) A caustic etch may be used betore rail attachment and autoclave
tCStinfé The etch procedure is described in PWR 126-84 and HW-
68085. A more detailed description of the sssembly process is
contalned in PWR 141-89.

7) Quality - All elements accepted for reactor charging must pass the
normal quality control specifications in effect at the time this test
® material 1is prepared.
8) Guantity - About 632 acceptable CVIN fuel elements will be reguired to
supply the initial loading of 20 tubes. The nunter is arrived at by
breaking the 20 tubes into two groups:
a) Sixteen (16) columns at 32 pieces with two spares/cclumn.
b) Four columns at 20 pieces with two spares/column.

Eight additional charges will be required to support the four central
zone columns (20 pieces/column) in an eight-month period. Replacement
columns for the fringe zone ftubes (3rd lattice unit) will be required
in about L-1/2 months after initial charging.

9) Pre-Irradiation Measurements and Testing - All colunns charged in this
test will carry & piece number and a series number in addition to

other required numbers. The following tests and mmeasurements will be
made :

Core
Test Purpose Status Data _
Bare Core Numbering Identify Cores Bare Record Slug No.
% Ingot Number
UT-2 Graln Size Measure Bare Record Daca
Surface Tester Core Surface Quality Bare Record Data
Length Core Dimensions Canned Record Data
Outer Diameter (3) Core Dimensions Canned Record Data
Inner Diameter (3) Core Dimensions Canned Record Data
*Weight (1-15) Core Dimensions Canned Record Data
Warp - Core Dimensions Canned Record Data
Ellipticity Core Dimensions Canned Record Data
Total Bond Count Braze Porcsity Canned Record Data
Stud Pulling Bond Strength Canned Record Data
Metallography Bond Quality Canned rhoto-
micrographs

* Wcight all pleces 1 through 15 in each charge.

2. gilguliution

ookt

Twenty (20) columns of CVIN fuel elements are scheduled for irradiation to
800 MWD/T in overbored channels in C Reactor. The first loading will
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probably consist of three charges of self-supported clements in ribless
Zircaloy-2 process tubes. Subsequent loadings will be scheduled in accordance

with tube procurement and reactor outage availability with the concurrence of
the Manager, C Processing.

The exposures for the initial irradiation of fuel clements of this geometry
shall be as follows:

® Charge Goal
Number Exposure
1 200 MWD/T
2 40O MWD/T
3 800 MWD/T
h-20 800 MWD/T

Goal ecxposure changes will be made by request from the test author with the
concurrence of the Manager, C Processing. Changes may be required depending
on the louding putterns and overbore program schedules.

Post-Irradiation Examination

A1l fuel elements will be: (1) visually examined and weascled; (2) have warp,
ellipticity, diameter and length growth recorded; (3) be bond tested (total

count); and (4) have post-irradiation weight recorded on all downstream
pleces 1 through 15.

Elements showing more than 20 mils warp, length increase, dlameter increase,
cllipticity, or surface bumping shall be set aside for: (l) stripping and
bare core measurements of length, diameter, ellipticity, bdbunping and warp;
or (2) shipment to Rudiometallurgy laboratcry for further examination.
Speclal attention is to be given to any new or unusual observations.

LIMITATIONS OR HAZARDS

i.

A slight hazard exists in the use of projection fuel elements, in that it is
conceivable that unusual dimensional instabilities could induce stuck fuel
clements (ruptured or non-ruptured) due to the fact that fuel element dis-
placement in the process tube is restricted. This in turn could cause

troublesome tube removal and replacement difficulties, particularly with
zirconium tubes,

1t uppears that no extreme risk is involved in this testing program with
regurds to sufety; and no production losses other than those normally
involved in any fuel development progrum are expected - excepting the time
required to wccomplish the graphite overboring and hardware installations.

DECLASSIFIED
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TEST AUDIT

Notebook HW-67720 is to be used to record all data pertaining to this test.

unusual inclidents, whether or not they seem important at the time, are to be
recorded in the notebook.

Any

W. H. Hodgson, \J\ngineer

Al3i Product Engineering
Fuels Preparation Department

Ty o

M. A. Clinton, Engineer
Reactor Fuels Operation
Irradiation Processing Department
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APPENDIX

Data to be Recorded in Production Test Notebook

IT.

IIT.

IV.

VI.

©

Fuel Element Core

()]

A Lot Numbers
1. Ingot Nunbers und Chemical Analysis
2. Unusual Treatmnent
3. Fabrication Technique

B.  Finished Dimensions (Prc-Assembly)
Aluninum Components

©

A Lot Nvunbers

1. Alloy Type
2. Unusuual Treatment

B. &inished Dimensions (Pre-Assembly)
Pre-Assembly Treatment of Cores

A UT-2, Record Data
B. Surface Tester, Record Data

Assembly Process

A Process Used

B. Brief Explanation of Each ['rocess
C. Attendant Conditions

D. Total Bond Count, Record Data

P@gt-Assembly Treatment

A Support Attachment

B. Autoclaving

C. UT-Y4 Test, Record Duta

D. Stud Pulling, Record Data
E. Inspection

F. Other Treatment
Irradiation

A. Couvlunt '"'emperature

1. Inlet
oL Tt 1o,

[ "
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VIII.

IX.

l‘,-

B. Panellit and Crossheader Pressures

C.  Number of Shutdowns (Controlled and Scram)
D. Other

Pcst-Irradiation Examination

Visual

Warp O

Total Bond Count, Rer~iu Data
Critical Examination of Bond Quality
by Stud Pulling and Metallography

o Q>

iog - Running account with dates recording the
progress of the PT, unusual incidentg (such as
slight change in process during assembly), and
other deviations whether or not they seem per-
tinent at the time of occurrence.
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