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1. INTRODUCTICN

OBJECTIVE AND SCOFE

The cbiectives nf the Sexton Plutonium Project are to develop infore
mation concerning the utilization of plutonium enriched fuels in &
closed eycle vater reactor eavironmen: and to develop analytical
methode and techniques that will reliably predict the in-plle
performance and long term behavior of such fuels in large scale

reactors.

The scope of the program covers the design and fabricetion of mixed

moe-uoe fuels, evelustion of inecore performance of these fuels and
post irredistion examinetion and evalustion of fuel and clad samples.
These fuels wi.l make up part of the core in the Saxton reactor with

the remainder of the core made up of UO,‘, fuel. The scope also includes

pre-irrediation eriticals tc evaluate the predicted nuclear design.

PROTRAM DESCRIFTION

The program goels of &tondd irradietion exposure and high fuel
burnup plus the nuclear and control characteristice of the SBaxton
resctor are the basic psrameters which have been considered in the
design of the fuel for the plutoaium core. The selection and
analysis of various combinations of critical factors ascures & fuel
design which will not only meet the goels of the program but will
alec be wiithin the operstional limite of the Saxton reactor.

Besed on the fuel design end enrichment established, the thermal
and hydrsulic charecteristics of the core have been analyzed and
evaluated, Ip addition, & set of critical experiments have been
designed to verify the nuclear paraneters of the fuel specified
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, Bome roda will be sectioned and examined metallographicslly to

| eraluate cladding performance, fuel cracking and radisl redistri-
bution., G&ome selected high burnup rods will be punctured 80 that
gas pressure and cled strses can be calculated and a quantitative
anelysis performed by mass spectroscopy to determine fission gas
relesses. Samples of ciadding from these rods will be taken for
metallogrephic and mechanicel testing. Pellets from several rods
will be sampled and examined using mass spectrographic techniques
to determine the change in U and Pu lsctope concentrations as &
funetion of burnup. Radiochemicel analyses will also be performed
for selected fission products to determine burnup end redial %ie-
trivution.

Cs PROGRAM SCHEDULE
A tontative schedule for instullation of Core Il ig as follows:

Begin critical experiments - 3/18/65

Complete criticel experiments - 6/4/65

Start receipt of fuel at Saxton - 7/10/65

Complete fabrication oi all fuel assemblies - 7/1/65
Core loading completed - 8/27/65

Lov pow. - testing pesiod - 6/1/65 - 10/1/65

1-3
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I1. _NUCLEAR DESIGN

A.  INTRODUCTION

14 Obdectivea

As outlined in Section I, the purpose of the Saxton Plutonium
Program is to develop information concerning the use of plutonium
enriched fuel in water reactor systems. This purpose is to ve
achieved by the irradiation of moa-uoe fuel in the Saxton reactor
and by & supporting program of analysis, experiment and evaluation.
The core, composed in part of plutonium fuel, is designed for 8250
megawatt daye of operation. Since it ie desired to achieve a high
burnup in the plutonium fuel, the reference Gesign is one in which
nine plutonium fuel assemblies wili be installed in the center of
the core with the twelve (=anjum fuel assemblies installrd ir the
peripheral locations,

&, Nuclear Characteristics Summary

When installed in the center of the reactor, tre plutonium assemblies
influence the nuclear characteristics of the system to a greater
extent than if they were installed in perirheral locations. However,
the enalysis hae shown comperatively small changes in reactivity and
kinetice characteristics (as compared to an all uranium core) are
introduced by the plutonium. The following qualitative statements
briefly summarize the major reactivity and kinetic effects that occur
vith & partial plutonium core.

e) The Saxton plutonium core will have & more negative moderetor
temperature coefficient than with a conventional uranium loading.

I1-1
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dioxide at any temperature,

The calculational procedure conteined in LPOPARD has been compared
1o 116 critical and exponential lattices, 55 using UOZ fuel and

61 using urenium metal fusl. The calculations result in an
everage k .. of 0.99% 2 ¢,0086 for the 116 ?;gen vhere the quoted
errors correspond to one standard deviation.
The code also computes cero-dimensional fuel depletion effects

and provides & time dependent microscopic cross-section library

for subsequent spetisl burnup calculatione. The burnup portion

of the LEOPARD code has been compared with Yankee Core I speant

core date, The plutonium isotopic romposition as & function of U-235

depletion ig in good agreement with the ';"u.(z)

PDQ- 3

Solves the few-group, time independent, neutron diffusion equations
in X-Y geometry.

AIM-

Solves the few group, time independent, neutron diffusion equa’ion
in one dimension,

TURBO*

Solves the tew-group, two dimensionel (X~Y geometry) neutron
diffusion equations in combination with & point.wise burnup
calculstion to determine reectivity-lifetime relationshipe The
microscopic libtrary generated in LEOPARD is used to determine
time Jependent group constants for use in TURBO*,

(1) 1. ©. Stravoridge, "Calculation of Lattice Parameters and Criticality for
Uniform Water Moderated lattices," WC:iP.3Th2 (1963).

(2) "Large Closed-Cycle Water Reactor Researc’. and Developuent

Prc;nus
Progress Report for the Period July 1, 196k to September 30, 1964
WOAP-32£ 3.5,
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A modification of the CANDLE one-dimensional fev group depletion
code and 15 used to determine reactivity ae & funetion of lifetime.
Tne LEOPARD microscopic library ie used,

THERMOS

A cell transport theory code in both space and energy. This
prog-am was used as & check on the thermal group calculation
contained in LEOPARD, The results from the two calculations
vere in excellent agreement.

Experiment Seguence

Prior to the operation of the plutonium fuel in the Saxton reactor,
& eritical experiment program with both the puoe-uoa fuel rods and
the uoz fuel rods vwill be carried out at the Westinghouse Reactor
Evaluation Center (WREC). The proposed program congiste of the
fellowing six basic configurations:

Type
Sontiguretion Iype Core Type Fuel lattice

1 Single-region, clean Puoz-uo,‘, Loose
core

2 Single-region, ciean  Pu0,-U0, Design H/Pu {
core

3 Tvo-region, cleax Pu0,-U0, Inside Design H/Pu
core an OutBide

- Gingle-region, Puoa-UOa Design H/Pu
borated core

g Twosregion, borated Puoa-UO Inside Design H/Pu
core Ut')2 Outiidc

3 Inverted, two-region, U0, Iuside Design H/Pu
clean and borated

cores Piﬂa,-UO2 Qutside

As shown by the table, single-region criticals with the plutonium rode
and two-region criticals consisting of separate plutonium and uranium

11.5
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gones will be carried out. The experiments will include the measuremen?

of eystem reactivity, , wer distribution and pover peaking effects,

flux digtributions, control rod and boron worth, and kinetic parameters.

These experiments will provide a "cleen configuretion" check on the
cnaiytic methode used in the design of the fuel and reference core,
Configuration 6 may not be checked if the first 5 closely verify the
analytical results.

later, iow pover tests conducted in the Saxton pressure vessel will
provide an additional check of the design prior to pover operation.
These tepts will follow procedures developed in the course of previous
Saxton startups., The lov power tests will include such measurements

ap the noderator temperature coefficient at geveral boron concentrations,

boron woryh, control rod differentisl worth in & normal withdrawal
sequence, and flux distributions.

B, REACTIVITY SUMMARY

1.

Avaiiable etivity

The excess reactivity of the system was determined by means of FIQ-3
two group diffvsion calculatione in X-Y geomet *y. The hot, clean
reactivity at power is expected to be 10.3 + I-SQAk/k. Thie excess
reactivity estimate includes an allovance for the discrepancy between
enalysis and experiment that is based on the analysie of six variable
lattice, mixed-oxide critical and approache-to-critical experimente
conducted at Hanford., In this comparieon, an average analytical over-
prediction of 2.6% O k/k vas found. The listed uncertsinty of

& 1.3% Ak/k is an estimate &8 to the size of the poesible error

thet may ocour in initial excess reactivity,

To provide & check on the methods of analyeis used in determining the
system reactivity, similar PDQ-3 calculations were carried out for
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Sexton Lore 1. A calculated k ., of 0,9997 wae determined for the
hot, rods-out, Just eritical configuration containing 180k ppm boron.

Calculations were also vade to determine the clean Core I reactivity
at pover. The calculated reactivity, Ib.82$15k/h, is in good
agreement with the reactivity as determined from boron worth and
power coefficient measurements, lh.hlllx/k.

Reactivity Lifetime Expected

The available lifetime for the Baxton reactor containing & partial
core of plutonium fuel vas determined by both one.dimensional (redisl)
and two-dimensional (x-y) burnup calculations., The resctivity ae &
function of lifetime as determined from & LUX radial calculation is
ghown in Pigure 1I1-1, This figure also shows the possible varistion
in lifetime that would result for the maximum &nd minimum expected
vaiuee of initial reactivity.

Duplicate lifetime calculations using LUX vere carried out for Saxton
Core 1 and vere compared to the projected lifetime based on the measured
depletion rate. In this comparieon, the calculated lifetime is about
1000 hours lees then that indicated by the experiment.

3. Lifetime Powver 22&.!2&232

The peak power in the core will occur in the plutonium region at the
beginning of 1ife. Figure I1-2 shows the core radial power distribution
a¢ calculated by & PDQ-3 two-dimensional wiffusion analysie. The
snalysis was originally cerried out for a plutoniyn enrichment of

6.5 wio Pu0,. The difference in pover .evels for .he nev reference
design of 6.6 w/o enrichment and the 6.5 w/o enric meat design is

small, approximately 1% in local pover. The local te -core average
power in each fuel rod in the central plutonium ass'rbly is shown

in Figure II-3,
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Delayed
Neutron Group, i

Deleved ileutron lets

P

Region

Core Average
Pu Region

U Region

Ay sec”? "1

2730 g D o QU - Y T YA
0.012k 0.0128 0.000215 0.000200 ©,0000T4  0,000051
0.0305 0.0301 0.00142k  0,002151 0.000626 0,0007TS
0,111 0O.12L 0.0012Tk 0.002543 0.000LL3  0,000549
0,301 <¢.385% 0.002568 0,006092 0,M"00685 0.,000848
1413 1.12 0,000TLB 0.003533 0.000181  0.000224

300 2.69 0.000273 Q.00178 0000002 _0,00011k
0.006% 0.0157 0. 0021 0. 0026

A ¢ and t Neutron Lifetime .
Alivs Lifetime, g,-_gc“‘)
0,049 1.7'%)
0.0035‘1) 8.6
e, o075 15.7

(1) 1Inc¢ludes partielly burned uranium fuel followers.

(2) Includes partially burned uranium L-sections.

(3) Relative adbundance for Pu-239 used.

(4) Calculation mede with core containing 1000 ppm boron.

(5) Weignting based on power fractions of U = ,439, containe Lesections and
follovers, Pu s ,561
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-
The underlined value in each assembly is the sverage power in that assembly
re ative Lo the average pover in the core. The relative power is also

shown for individual fuel rods near the uncontrolled cormmers of assemblies

(vhere hot spots usually oceur). Maximum Rod Pover = 2.136. This value

& rrection for tl screpancy betveen analysis and experiment

ror ontent ¢ 400 ppn

Saxton-Plutoniunm Core Power Distribution
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PDQ Power Distribution
Configuration: § Pul,=U0; Assemblies (6.5 w/o PulO,) in center
<

-

positions. Rads 1,2,3,4,6 in, 1000 ppr boron,

Depleted Followers and Lesections
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Tne underlined value in each assembly is the average povwer in that assembly rela=-
tive to the average pover in the core. The relative power is also shown for in-
Gividuad fuel rods near the uncontrolled corners of assemblies (where hot apots

usually occur). The peak power includes a correction for the discrepancy between
analysis and experiment from Sexton Core I.

Stuck Rod Power Distribution
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111, CORE HYDRAULIC AND THERMAL DESIGN

GENERAL

Introduction

The power level et which the reactor may be opergted without core
demage depends on the ability to remove heat from the core without
exceeding limiting clad and fuel temperetures.

The hydreulic and thermal design of the core must provide sufficient
margin so that the appropriate safety limite as defined below are
not exceeded during steady state operation and reactor transients.

The maximum temperatures are evaluated by using the concept of hot
channel factor, i.e., the ratio of maximum to average conditions
within the core. For the evaluation of this ratio, neutron flux
distribution, coclant flow distribution and the core fabrication

tolerances are considered.

-

Thermal Design Safety Criterie

The thermal output of Core II has been established on the bvasis of
the following ground rules:

No bulk boiling is allowed in the hot channel during normal steady
state operation even with the core inlet temperature at the upper
limit of the control deadband with maximum nuclear instrumentation
error, and with the primary system pressure at steady state minimum.

The reactor is not permitted to reech & condition corresponding to
a calculated departure from nucleate boiling ratioc (DNB ratic) lower

ITl-1
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than 1.25 without actuation of an autometic scram. Departure from
nucleate boiling is defined in Section 1II1-E,

Center melting of the fuel 1s not permitted to occur during normal

operation or normal transient conditions.

During core life, the core power rating may be increesed as the

maximun to everege power density decreases. In no event will the

maximur heat flux and linear power density conditions, as given for
e 22,1 MWt power rating, be exceeded.

COOLANT FL

Coolarnt Flow Rate

The total primary coclant flow rate at operating temperature and
pressure with one pump operating ie 2.9% x 106 1b/hr.

Bighty-five percent (85%) of the flow entering the vessel le
effective for heat removel which is the same as Core 1.

Pressure Drop

Core Il pressure drop is calculated to be approximately 0.1 psia
greater than Core 1 even though the spring clip grid design has
been modified.

VARIATION OF PRIMARY SYSTEM TEMPERATURE AND PRESSURE

Pressure

The maximum steady state primery system pressure veriation including
instrument errors and deadband, is +50 and -50 psi. The minimum

III-2
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fuel rod diamster, piich and bowing; inlet flow distribution; flow
redistribution; and flow mixing. Teble III-1 1s & list of the
subfactors comprising the engineering factors.

Basis for Confidence

The engineering hot channel factors are estmted(l) using the
maxinur ellowvable manufecturing deviations to determine each engi-
neering hot channel subfector. These subfactors are combined by
multiplicetion which gives & resulting engineering hot channel
fector with the maximm deviations occurring simulteneously &t the
hot spet or hot channel. These estimsted engineering hot channel
factors ere combined with the nuclear hot channel factors to
esteblish the design. The total engineering hot channel factors
risted below apply to both the pelletized and vidbratory compacted
fuel,

TABLE III-1
ENGINEERING HOT CHARNEL FACTORS

F:: . Subfactor Sexton Core II
Pellet Diameter, Density 1.041
Enrichment, and Eccentricity
Rod Diameter, Pitch and Bowing 2004
Resulting r: 1.045

(1) Mucleonics, Vol. 20, Ro. 9, September 1962, "Engineering Ho* Channel
Factors for Open-le:tice Cores,™ H. Chelemer, L. 8. Tong.

III-4
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Fix Subfactor Sexton Core 11

Pellet Dianeter, Density, 1.037
Enrichment, and Eccentricity

Rod Diemeter, Pitch and Bowing 1.10

Inlet Flow Maldistribution 1.07

Plow Redistribution 1.05

Flow Mixing 8,95
Resultirg %:H 1828

DEFARTURE FROM NUCLEATE BOILING
General

Westinghouse has developea correlations to predict the conditions at
which DNB will occur., These are the W-2 DNB correlntions(l).vhich
ere besed upor an extension of & dimensional ecalysis performed by
grierith'®) and verified by @ paremetric study of ebout 3000 pube
lished DNB dats points. Since the data points were obteinsd by
various independent investigators, the correlations include both
systematic and random uncertainties. The data points used to
develop the W-2 DNB correlations cover the full range of points for
PWR cores. Therefore, this correlation may be confidently used in
the design of PWR cores.

(1) Tong, L. S., Currin, H. B., and Thorp, A. G. II, "New Correlations

(2)

Predict DNB Conditions," MNucleonics, Vol. 21, Fo. 5, May 1963.
Oriffith, P., "A Dimensit 1 Analysis of the Departure from

Nucleate Boiting Heat Fiux in Forced Convection," WAPD-TM-210,
1959.
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of 95 percent, the measured DNE points in this range of pressure
falle above 8C percent of the Aumm predicted by the W-2 correlation
wvith & probability of 94 percent.

e effect of axial flux digtridution was investigated using date
3 5\

repcrted oy De Bortmi(‘) and vas found to be insignificant. The

ranges of parsmeters of the correlated experimental data for

AH'DNB era as follows:

Geometries: Circular tube, rectanguler channel and rod bundle
Axial Heet Flux Distribution: Unifo.m and non-uniform

Mess Velocity = 0.2 to 4.0 x :LO6 lb/tu'-rt"3
Pressure = 800 to 2750 psia

L/DL_ = 21 to 656

Inlet Enthalpy: H 3 400 Btu/lg

Locel Heat Tlur = 0.1 to 1.8 x 10 Btu/hr-ft
Exit Quality = O to 0.90 by weight

e

DNB Correlation in the Subcocled Region

DNB in the subcooled .region is due to excessive local heat flux and
cen be a*tributed to the interfereace of the liquid and bubble flows
normel to the heated surface with influences “rom the convection

effect of the mass flow rate. The W-2 correlation for this type of

DNB (q"~DNB) is given by:

(1)

De Bortoli, B. A., et al, "Forced Convection Heat Transfer Burnout
Studies for Water in Rectangule. Channels and Round Tubes at Pressure
arove 500 psis," WAPD-188, 1958.
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o = 2 5 o U . .
| - (C.23 x 10” + 0,0948) (3.0 + 0.01 An;c)

[0.b35 4 °.23 exp (-0.0093I/n;)]

[1.? = l.4 exp {-0.532 [(af - Hin)/arg] 0TS (4/4)‘0.53}

This equstion represents the best fit to the exlsting uniform heat
flux data. Figure III-3 shows how well the egquation predicts the
q"DNB actually measured in tests. It is & comparison of the measured
and predicted q"DNB for all the existing uniform heet flux data. An
8nalyeis of the deviation of the data pointe from the locus of pointe
vhere the measured and predicted Q"DRB ere equal (LS5 degree line)
ghows thet the measured DNB points fall within * 20 percent of the
Q"DNB predicted by the W-2 correlation with & probadbilisy of W0
perceut at a confldence level of 95 percent. This means thet, for
the entire range of the data correlated, there is 86 percent proba-
bility thet ¢"-DNB will not occur if g" is 20 percent less than

q"DNB (q" = 0.8 q"nnn) @s predicted by the W2 correlation. The
following parameters are covered by this correlation:

Geometries: Circular tube, rectangular channel end rod bundle
Axiel Heat Flux Distribution: Uniform

Mess Veloeity: 0.2 to 8.0 x 10° 1b/nr-st?
Fressure: 800 to 2750 psis

l.,"'D”: 21 to 365

Inlet Subcooling (B, - B ): € to 700 Btu/1b
Llocal Heat Flux: 0.4 to 4.0 x 10 Btu/hr¢tt2
Subeocoling at DNB: 0 to 228°F
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Application of DNE Correlations in Degign

Definition ¢f DNE Ratio

H-DNBE retio is the ratis ¢’ the predicted enthalpy rise at DNB to
the enthelpy rige from inlet to the corresponding point in hot channel,

Locel ¢"-DNB ratio is the ratio of the predicted DNB heat flux to the
loca]l heat flux at the corresponding point in the hot channel.

Stetistical Combination of DNB Correlation and Engineering Hot
nne . FacLlOrs '

The occurrence of DNE depends upon the s‘atistical nature of the

hot channel factors and the DNB correlation. The nuclear hot channel
factors are not treated statistically because oi the complicated
treatment involved. Instead, the maximum celculated values are used
vith an added 10 percent margin to account for uncertainties. Engineer-
ing hot channel factors are calculated on the basis of the vorst
tolerances permitted in fabricetion. However, as was discussed

earlier, due to *he stetistical nature of deviations in fabrication,

the engineering hot channel factors can be treated statistically.

The statistical convolution of the probability functions for the W-2
correlation for ZSHDNB and the engineering hot channel factor for {kﬂ
results in Figure IIl-4 gho .ng the probability of not reaching LNB

as & function of the minimum [&H-DNB ratic calculated from the W-2
correletion using design hot channel factors. It can be seen that
using & design ZSK-DNB ratio of 1.25 results in & probability of over
99 percent of not reaching DNB.

Because the engineering hot channel factor Fq is very nearly 1.0,
there is not very much to be gained by comnvoluting the probabilily

functions for Fq and q"-DNB. Here the probability of DNB not being

I1I-11
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CENTRAL CORE REGION (UC.-PuO, Fuel)

UTER

Fq Heet Flux Kot Channel Factor

!‘M Enthalpy Rise Hot Chennel Factor
Nominel Outlet Tumperature of Hot Channel
Meximum Outlet Temperature of Fot Thannel
Maximum Outlet Enthalpy of Hot Chennel

Seturation Enthalpy &t Mirimm Steady GState
Pressure

Meximum Beat Fliux
Meximum “hermal OQutput

DNB Ratios

Local g"-DNBR &t 100% Power, Nominel Conditions
Tocel ¢"-DNBR at 120% Power, 1800 psie, Mex. T,
AH-DNBR at 100% 'ower, Nominal Conditions

Al-DNBR .t 120% Power, 1800 or 2200 psis,
Max. Tin

CORE REGION (Ul'.')2 Fuel)

Fq Heat Flux Hot Cham}el Factor

FAH ®ithelpy Rise Hot Channel Factor
Nominal Outlet Temperature of Hot Channel
Moximum Outlet Temperature of Hot Channel
Meximum Outlet Enthalpy of Hot Channel
Saturation Enthalpy of Hot Channel
Muximum Heat Flux

Maximum Thermal Output

DNB Ratios

Locel o"-DNBR at 100% Power, Nomiral Conditioms

Local q"-DNBR at 120% Power, 1800 psia,
Max, T:Ln

I1I-14

3,61

2,81

5365, 7°F

591, 7°F
595.3 Btu/1b
665.9 Btu/1db

553,700 Btu/hr-ft°

16.0 Kw/ft

2.62
1.87
mA (3
§.a (1

2.0k

1.59

558.9°F
563.9°F
558.9 Btu/1b
665.9 Btu/1b

301,600 Btu/hr-ft°

9.05 Kw/ft

4.86
3.47

P W
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The area under the recommended curve is such that the
integral £dt is equel to approximately 97 w/cm &8 given
by Robertson, et al(l) and mnca.n(e). This value is based
upon the interpretation of fuel melt radius as determined

at Hanford3) and Chalk River(d),

The thermal conductivity curve can best be represented by the

following equations:

a)

Tewperuture Renge « 0 € T € 1650 C

ke w‘ﬁ-‘:ﬁ + 1,30 x 10'“ exp (1.88 ~ ""3‘1‘)

Temperature Range - 1650 ¢ T & 2800 C

k, = 0.019 + 1.32 x lU.u exp (1.88 x 10-3 ™

[

with k in w/en"C for 9k percent dense fuel aud T in °C

Uranium Dioxide - Plutonium Dioxide Fuel

Pelletized Fuel

The thermal conductivity of the 002-Pu02 sintered pellets was
taken to be the same as that for U()‘;3 fuel as given above. The
hat rod in 8exton Core II will be of this type with either

(1)

(2)
(3)

J. A. L. Robertson, et al, "Temperature Distribution in an Fuel
Elements,” Journal of Nuclear Msterials 7, No. 3, 1962, pp. 225-262.

R. N. Duncen, “Rebbitt Irradiation of UD,," CVNA-142, June 1962.

G. R. Horn and J. A. Christeusen, "Identification 4f the Molten Zone
in Irrad?s .ed wa," ANS Winter Meeting Transactions, 1963, p. 348, Fo. 5.
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Zircaloy or steinless steel clad., The maximum central tempera-
ture of the hot pellet at steady state for each type of clad
iss

a) Zircaloy, Pu0,-U0, 3400°F
b) Stainless Steel, Pu0,-U0, 3440°F
c¢) Stainizss Steel, U0, 2550°F

Flux depression compatible with enrichment and density was
included,

All temperatures are well below the irradiated moa fuel melting

point of 5050°F and the irradiated U0, melting point of 5000°F,
During & maximum overpower transient the centerline temperatures

are:;

&) Zircaloy, Put')‘,_,-UO2 k000 °F
b) Stainless Steel, Pu0,-U0, 400 F
¢) Stainless Steel, U0, 2930°F

Vibratory Compacted Fuel

The present core loading plans are such that the vibratory compacted
fuel assemblies will not contain the hignest power density rod.
Hovever, & maximum central fuel temperature was determined assuming
maximur power density conditions. The curve of thermal conduc-
tivity is shown on Figure III-8, The maximum steady state ccnter-
line temperature was LO60°F. Agein, a flux depression compatible
with theoretical density and enrichment was included. For maximm

_ overpower transient the centerline temperature wes 4600°F,

111-18
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A.

IV, MECHANI ', DESIGN

The &1 main fuel sese liles (9 x 9 arrey) in the Saxton Core II fuel
loading will be made up of 9 plutonium fuel assemblies, 1l new 002
fuel ssvenblies, and the special hollow 51 rod uog agsenmbly presently
instelled ir the reactor {or the supercritical program. The 11 new
U0, assemdlies will further cuneist of four assemblies of the exleting
Core 1 dezign and seven scpemblies of the nev Core Il design.

At with the Core 1 fuel assemblies both the plutonium and new er
agsenolies will be comprised of two groups; one group of the T2 rod
design, ard & second group of the hollow 63 rod design to sccommodate
9 rod removable subasseably. A breakdown of the number of plutonium
anl U0, fuel assemblies in each group 1s given in Teble IV-1.

As with the present core in Sexton, two rod positious in each of the
pain fuel sssemblies in Core II will be used for either in-core
instrumentation as indiceted in Section V, source rods, or removable
fuel rods, dependiug on the location of the fuel assembly in the core.
In addition, the specisl L-shaped essumbliec presently installed in
the contrel rod slots in the peripheral fuel assemblies will be
reused vith the fuel mssemblies in Core 1I.

The remaining fuel lowiing for Core II will be made up of the six
control rod followere presently in the reactor, the supercritical
mesenbly, and foiur of the removable 3 x 3 type fuel subaseemblies
to be used in conjunction with the hollow 63 rod design fuel mssembly.







g




C.

located on only twe sides of each fuel rod, at %0 from each
other, and are formed within the main body of the grid strepe.
The pair of ainples associated with each spring are formed in
the paranllel grid strap on the opposite side of the fuel rod
from the spring and are spaced evenly above and below the spring.

Inserticn of & fuel rod between each spring an' its asgsociated
dimples preloads the spring,wvhich; in conjunetion with the
dimples, produces both e force and a couple to restrain the

rod ageinst motion. The mitude of ti?forc:m:zple le
Fufficlent to meintain contact between the fuel rod and the
support surfaces under all anticipated combinations of assembly
miselignment and reactor operating conditions. This built-in
condition of the fuel rods at the grid locations will minimize
any possiblie fretting between the fuel rods and supporting grid
straps. A comparative sketch of the old and new spring clip
designs is given in Pigure IV-l.

FUEL ROD DESIGN

L. Qrerall Designs

The Core II plutonium fuel rodes are composed of either pelletized

or vibratory compacted fuel encased in either ccld worked 304

stainless steel or Zircaloy-4 cledding (ell four combinations are

utilized). The fuel rods are of the same oversll size as the Core I

fuel rods (nominally 0.391 inch in outside diameter and 39.051

‘nches long). Table I¥-2 lists the number of rods, type of clad :
and fuel configuration. |
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TABLE IV.2

UTILIZATION OF PLUMONIUM FUEL ROD LOCATIONS IN CORE II

Fuel Conflgurstion Cladding Rumber of Rods
Pelletized Zreb 4T3
Pelletized 304 88 20
Vivratory Compected Zr-k 136
Vibratory Compacted 304 88 10
Instrumentation locatlions - L
Source Rode e 2
Total 651

The Core 11 uranium fuel rods consist of an pellets encased in
cold worked 304 steinless steel and, like the plutonium rods,

are of the same overall size &s the Core I fuel rods. A total

of 483 of these fuel rods are used in the Core II design fuel
pssenblies, The remsining fuel rods vill be of the Core I design.

All of the fuel rods are provided with end gaps to allow for
difrerentiul uiul grom;h between thc fuel and chd and to pro-

vide void space mr fiuion gases, miotun uzd other gases
contained within the fuel,

To compensate for radial growth resulting from ‘hermal expan-
sion and swelling of the fuel under the high burnups, the
pelletized fuel rods are also provided with diametral gaps
between the fuel and cladding. However, because of the lower
density of the vibratory compacted fuel, no diametral gap is
required, The cladding dimensions, pellet sizes, &nd redial and
end geps required for the Core II fuel rods are given in Teble
IV-3.

