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KIFWL) Y4 2 At afaABNEETHREILTWVE, COLIREBEXKFRE A~ =9 a8
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1. UO,-Pu0, K=
Fig.1/C1966410 09 4 —»&HTHarwell OMarkin® bIC X o THRESAL T —
ERFTo COLO EREHCHEBEL, MBBEO LH b b 2 A RBRHO LS b +4
BIAHLZEBBLBLENGHHF T8, RETLZHRAVE EXELE2RERDEREILC
izl ECICBRBOMERPREFFRATCOHEASEET T (Pu—U)0: BEH 2HK ST 2
C&ﬁéf%&,ﬁ@%,%ﬁﬁﬁ,%%ﬁﬁ®%k,ﬁ%ﬁ%%&ﬁﬁ%%,ﬁ%M&®%
£, 220 2FEEr BT bh, chboZltito: zBRERFHIIVwREGFOETELK
ZEINETIIES RV
BEFRETO 7 & b= v & BILFERERO b bt — 0 FERICHS LT b,
RIEEICD Tl s ¢ DDl 2 b 2200 Y
&hTﬂﬂelW@,mh&Eﬂg@%ﬁ®®6$b%ﬁbﬁo

Table 1 SUMMARY OF MATERIAL PROPERTIES

Valu ' '
Properties & o, PuO, (U,20wt%Pu )0,

Theoretical Density g/em® 10.9% _ 1145 1104

Melting Point 2840 +40C 2400-+30C 2810CH{(25C)

Crystal System and FCC{Frorite) FCC(Fluorite) FCC(Fluorite)

Parameters 8, =5,470510.0003 2, =5,396040.,0008 a, =5,4559 10,0005

Coefficint of Linear Ther- - -t -

mal E sion -1 10,110 109%10~ 103 %10

(Range 25° to 1000¢C) o '

Thermal Conductivity, 002221600 T - 0023 at 1000T 0021 > 1600

W em-T at 95% TD

Electrical Resistivity, 1%10° 13%10° 2x 10*

¢hm em .

Resgistane to Thermal Good Fairly Good Good

Shock

Commpatibility with Excellent Comietible with stai~- Same as PuO, Hyper

c¢ladding material nless steel, Inconel, Or, stoichiometric compound
Mo, Nb, V, below 1400 °F*  reacts with stainless steel

- Not compatible with Ti, and Inconel at temperatures

W, Zr 2 to 1400 °F,

Young's Modul us, kilobars 1930 - 140041004 O./M=1.98)

Shear Modulus, kilchars 770 - - 550+50(0,/M=1.98)

Poisson's Ratio 0.302 - 0.28+029
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Pu0:—U0: RICON TOBTEMIC DN TH, —BIC Vegard DEAIZM T+ 5 ¢ & 258

12}
HEEINCHH Table 2 & Fig.3 IKILEBB/WHE PuQs—U0, i PNTOBRTEHERLA

18 L2 LIEMERRE ZHEE, PladOqy#20 66 28000, BF B Ak
BlhbasThi 7»#—?Am{tﬁybagﬁz BOERDRLD2NIDF— 254, BEOLZ A b2
D RA R HEEIF (U.20%Pu)0, IKo\WwTOME Table 3. Fig.4 L 2
ikWLKOhTMhMe4&F@5WTLk)Eg6wﬂ7wb~ﬁA§E,QMKI
ERTFEBENOIEFRL &,
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Table 2 LATTICE PRAMETERS OF MIXED OXIDES

Chikalla  Brett & Russsll” ~ Cunmings® Pijanowsski & Deluts Lyon & Bajly®
Puo, a, Pu0, a, Pug, a, Pu0Q, 2, Pu0, a,
‘10 o o o
(wt% ) A (Wt ) A (wt%) A (wt%) A (wth) A
0 5467 0 5464 . 0 5.4706 .0 54702
10 54615 1002 5460 o 49 54671
5.4502 10.60 . 12 5.4615 . 925 54633
20 5483 2040 5442 1976 54554 190 54554
25 54478 2812 - 23 54540 - 238 54519
30 5448 3032 265 54515 36 5443
40 54397 4061 5430 . 41 5.4407 o
50 54315 50.00 S 525 54387 - .- .- .. 565 54209
60 5423 60.00 5424 62 5.4265 ' 679 54210
70 5417 7008 T2 iBAIBB. i Dl o
80 5404 7995 815 54115 832  5.4004
90  5.399 90,06 90 5.4052
100 5.396 100 5.3968 100 54073 100 5.3952

* Data byW. V. Cummings, GE, Vallecitos Nuclenr Center.
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Table 3 LATTICE PARAMETERS OF (.U,20wt

/PuN%;,WLTH SEVERAL ' STOTCHTO-

WO T SO0 13)

TR0

5.4560

5.4667

caEARL 5.4778
(111 . . 54845
1 5803

Table 4 ROOM-TEMPERATURE LATTICE PARA
Ve Y R

R S ST M@TERS OF BHE FLUORITE-TYPE
-@{@uyv*PHﬂSEB DN THE URANIUMOXYGEN”‘

N ST TR 3 Y.ST FN[]‘B) gk Al i

o AN R A
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Fow - SN

Loyt s AUD g T 54699100004 and
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Vo, (U0, +UY 54720—_#0.0907 e
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METRIES e Y oo JorEoo A ks

54701+00003 =0T

vo, . .5AB91F00005
(7.5 o T e e 5467800005

. WOpope e w0 AR C HMEY0T0.0001
. P L} e - .
W U0, 4, 54704100008

U0y o1 " 54708400005

U0y o5 54682100002 A

U0y o3 i T 546852;[:0010011 Lo
S UDg 4,0 S LY g 684000 2
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U0, 55 e a=4A =2173 o
U0, 47 St 54402%00005
.. U0, 5,—UOgy (active oxide) ~ 643740001 -
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Fig, 3 Lattice parameters of mixed oxides as function of Pu0212)
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(Courtesy, Journal of Nuclear Materials.)
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SYMBOL NEUTRON SAMPLE LEGEND o/m . BURNUP(MWD/Te)  FLUX
EXPOSURE
PRE-POSTIRRADIATION
C @ THERMAL £ Z0-1 2.00 127,000 THERMAL
o | THERMAL E2p-2 1.93 127, 600 THERMAL
| THERMAL EZH 2.00 ' 265,000 THERMAL
A A FAST FZE FAST
! I T
8.4700 COMPOSITION SHIFT DUE TO 7]
AF | INCREASED Py BURNUP
0/M=< 2.00 \
—\ T SN
0/M>2.00 ) cin-2
o ni
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Fig. 7 Effect of irradiziion on unit cell size of mixed oxide
fuel speciments .
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Fig. 8 Density of mixed oxides of various compositions .
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., Table 5 VALUES OF,A AND ‘B 'DETERMINED! FROM LEAST
- SQUARES FIT® oF UO:—Pu0, THERMAL CONDUG-
TIVITY TO' RELATION v '
1/ =A+BT, T=rc:"

A B Spec:men ]

wtBPu . BTD . emcCAW. LW Deisity% T.D.

0 S 95% o 1175 002375% ot =
o 96 934 00229 96
563 97 - 7 gse gozse g7
134 97, . 51964 ., 00271 > ' . -g7
208 98 1024 00261 98
256 97 1025 00260 g7
303 g7** 1223 00253 92
100 g7 ** 821 .- ""0'0‘2“83 ST 93

LD f

% IAEA Panel recommended value,many data ccirrected to° 95% "T.’D," hsmg
modified Loeb Equation Ky=K (1~ 25P) , ;_,--[;, K
** Densities corrected to 97% from mimated speclmen density
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Fig. 9 The thermal conductivity of UQs as a
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Fig. 11 The thermal conductivity of U0§§ Pu0_1.202'

as a function of temperature.!

MAL CONDYETIVEITY X 107 (wiemC)

n

THE

2%¢1

THERMAL CONDUZ,*v1TY » 102 Lyir

10
”02 THIS STUBY (YRO} %6% T.D.
L o VYp,esPup asBz (IR5) 97% T.D.
L = 0.8£86 ¢cm
g b ) o MEASUREMENTS DURING COOLING
Q)\ o = —1EAST SQUARES FIT TO
| A = (argn]
U — CALCULATED FROM EQ, 14
6 -
4 -
2 L t 1 | L | I 1 1 [ I, 1
0 00 400 600 800 1000 1200

TEMPERATURE, °C

Fig. 10 The thermel conductivity of UOQ).;PU_Q.OS 0,
as a function of temperature.18

10
UO? THEIS STUDY (TRO) 96% 1.9.
. o Ug.goPup.200 (TR20) 98% 1.0,
Lz 0.0704 ¢cm
s \\ » MEASURED DURING COOLING
3 — —LEAST SQUARES FIT TO
A)
Y A : LA+ETH]
r R
; \ ————CALCULATED FROM EG. 14
[+]
o L
.
2 , i . i . L : ! : I , 1
0 200 400 600 800 1000 1200

TEMPERATURE, °C

Fig. 12 The thermal conductivity of Upgg Pugzg Cs
as a function of temperature.ld

SE-CL-~TP8 N



THERMAL CONDUCTIVITY X 10 twiem®c)

THERMAL CONDUCTIVITY X 102 twiem®c)

Fig. 6. 'The therms] conductiviby of UsgPuozeQ: as & function of Lemperaturo.
1
—— U0, THIS SIUDY (TR0 96% T.D.
> - o Hp 35Pup p50p (TR25) 97% T.D.
5
E L = 0.0692 cm
z 4 |- ¢ MEASUREMINTS DURING COOLING
~ §\ —--[EAST SQUARES FIT TO
IO S\ o Ao dargn]
b
> \b ~——— CALCULATED FROM EQ, 14
b
= 51 )
In o
a
(=]
s +
[~
[ &)
o
R
(-
b
x
= -
2 1 |
[ 200 400 400 800 1000 1200
TEMPERATURE, °C
Fig. 13 The thermal conductivity of Uog)s Pug o5 0s
as a function of temperature.
10
—— U, THIS STUDY (TROI %65 T.D.
1 ‘o Fuuz (6CWLO-0810671 973 T. o
\ \ L = 0.0780 cm
I\ SAMPLE COATED WITH GRAPHITE
sl oW ® Pulz {GCWI0-101767) 97% T.0.¥
L = 0.0686 cm
UKCDATED SAMPLE, AIR
AN ATIMOSPHERE
KN —— LEAST SQUARES FEI T0
6 AN » = tasBTI L
. ==== CALCULATED FROM EQ. L4
.
X . *DATA CORRECTED 70
~. BENSITY SHOWN
-,
s
T8
—_o"""-'—-.a__ —_ -
™ B e Y
o,
1 I 1 I 1 ) | ] i | " | i | .1 |
o o z00 400 £00 300 1000 1200 Moy 1600

TEMPERATURE. °C

10
UD, THES STUDY (TRO) 96% r.z.
L o Up.70Pup 3007 (TRI0) 97% T.D.
_ L= 0079 cm
s ®  MEASUREMENTS DURING COOLING
~w— LEAST SQUARES FIT 70
X Y ) A= asgT!
N\ \\\ ——=— CALCULATED FROM EQ. 14
ol k\\\ *DATA CORRECTED 10
NN DENSITY SHOWH
4 -
s . 1
0 200 400 00 300 1000 1200
TEMPERATURE, °C
Fig. 14 The thermal conductivity of ng?Puogo Oz

THERMAL CONDUSTIVITY X 102 (wicm %)

Fig. 15 The thermal conductivity of PuO as
a function of temperature}s)

as a function of temperature.

EXPERIMENTAL RESULTS
8- o °
CALCULATED FROM EQ. 14 R
\ - _ 100 °c
.‘“‘—‘—-—-_.______...__-—-—'—'_'_——B
6 - o — 0 %
k -
L - s
F O v
/ ~a 400 %¢
Pl By o
-
n‘{\ﬁ: 600 ¢
L SRR
I - soe °¢
NM
2| 1200 °¢
. 1 : 1 , l A 1 . t :
0 20 40 1] 80 100
Wi 2e0,

Fig. 16 Thermal conductivity of (U, Pu)O
s0lid solutions as a function of
PuQ, content. 18)

SE€—ZL—I¥8N



Ng41—-72—-35

.08 — O EURAEC (88.0 * 1.59%T,.D., VIPAC, Vo, ) (40}
A EURAEC (88.0 X |.8%T.D., VIPAC, U0,-5%W0)
o .o7hH U0, PELLETS Pud,}
% 98% T.0. X FIAT (90%T.D., SWAGED, Uo,) (47)
g 06 |— £\ CHALK RIVER (90% T.D., SWAGED, U0y} (48)
x DIDANIEL (87%T.D., VIPAC, UO,) {489)
> .05F— VIPAC IN-PILE,
= 87%T.D.
=
-
[ 8]
=2
o
g
Q0
-d
2
w
£ ol VIPAC AT START-UP
8% T.D.
o] 500 1000 1500 2000 2500 3000
' TEMPERATURE °C
Fig. 17 Thermal conductivity curves fo§ pelletized and
vibrationally compacted fuelld),
Q =ross (22)

- @ HOWARD AND GULVIN (26)

% 0.08

= O vo, o1 simneLe cRysTa

k) WHEELER AND MEDGER

- @ vo, , ' see Auso sEcTioNl-214

E

z On

T 006

E N

2 vo, 057\\ U0z g

= .

S ~

[=]

% 004 Uo \\

o 2,10 .

o O\ \ .

: ~ e |

e e
[ Oh - g, - 'U.
E 002‘ il " __::_#__-"'3;
- ™Y Sy e
UOE.IG ’
o) 200 400 600 BOO 1000 1200

TEMPERATURE (°C )
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Fig. 20 Thermal expansion of mixed oxides.
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Table 6 THERMAL EXPANSION OF UQ: AND PuO:

~ Thermal Exmnsion (36
Temperature ‘

T Uo, PuO}
1000 - 101 106
1200 127 134
1400 154 165
1600 1.85 198"
1800 218 236
2000 253 2.74
2200 291 316
2400 330°
2600 3.7 4%

1. Values by Conway, Fincel , and Hein (32)
2. Projected UO, values. )
3. Projected PuQ, values hased upon dilatometric results of ard Rusgell (33)

7. BE O Y=-TLBHER
PREIO MRS I, BB B EHEER, {f.pK X54niEl, 27 v 2% CBHLC
BB 72—2ThY, B, HERHKET, o/ O/yEl, BER2EL Lo TE ST
B BAFCHBINL A b=y aBERFORRT — 2 HFEA &2 i, UOs: SaFm
BEWBEELAEZ (U—20%Pu)0: C2WCHENADTF—s2BBCETE b, SRFRATOF
35
—ﬁ%ﬁf%fh%oTﬂne7&%bw8%%%&?%@%%ﬁ®%ﬁéf—ﬂ%%bﬁ£
36) . i . 3 _
2 A Fig.2]l CRHEHEBEELCODWIDTF—2 %EL%ko
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m . tSf L .
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“Table 8 (20%Pu—U)0z Oreep (FI )?'6)

1. #»7a: (20% Pu—U) O,y
2. F O ESE FHA

3. 2 —7FE
. & = Ad exp(~Q, /RT)+Bo** exp (-Q,/RT)
¢ IEHZY—FHEE (1/hr)
& 1 IndCpsi)
A 5.32x10*
B:183x107*
€Q,: 1000 00cal /nole+10000
Q,: 140000cal/inole:10000
R : 1.986cal/mole °K
T 8K (°K)

4, 4559 A —2 OREA
E  J5:~1000 to 8000 psi
B . 1475C~1625C
% E:I93%T.D.
O M 1195
HRhE (4522 ~250 (IEEBDR D, )

5. =AYb o kR CERHFWTHEGTTTH b, 4%Pu%b Oy, B, &5

WEED 7 7 7 2 ~ %Y BAK T — 2D TES L D EMEI h b,

. B0 /198 a8 hkryrat, 2 el A

Lie 0/~ 1958 % o Tt o FERIBEICHRINS 50T,
SEROEBRELH - THHET 2 LENS D,

8. F.P. Xt

FP # xOMHME, MEOXY «—Y » 7, REBRONE A% EICkE 2 B85 5 £ o

HABRHE O TEFERCRILOERF— 2B BHEI L TWEHR, EREE, ZRng b
b CEESIERCHERTRETD S,

LA#oT, FPAXKHECDOWTE, EhEhBe0 L vt EH L TRESHE e
&ofhamﬁﬁﬁfé&o

ChETORKRTH, #XUHE 72+ =v aBELIIBREICL - TREEES 51 5,
BEE~Vy bORPMMBRREVE Oy OFB A XHEBREWEE AL b 2R E
@ﬁ%ﬁénfmé?nwmgzzaTmﬂeQK—%fwﬂ%%bko
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FRACTURE STRESS, kg /cm?
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Fig. 21 Comparison of the strength versus temperature curves
for U0, and U02—20W’c7 Pul, at strain rates equal to
0.092/h and 0.085/h, respectively.
NUMBERS DENOTE W, % Pugy

| e \\\\\\\

® \\\\ " &\\ 3 \\
T
\\\\\

10 3

.30

RELEASE OF Kr+Xe. %
-

RGD POWER, W/CM

Fig. 22 Effect of power generation on fission gas release during
irradistion of high- and low-density UO,-PuO, pellets.
Burnup for the high-density specimens ranged fgom 0.243x 1020
to 2.62 %1029 fissions/cm® .and from 0,081 % 10°
4,152% lO20 f:l_ssn.ons/cmﬂ for the low-density sp601men338).
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Table 9 IRRADIATION OF URANIUM—PLUTONTYUN
OXIDE CAPSULES® 3

GEH-~14 Composition, A Calculated Average Exposure , Percent of
Test (mole % Densi ty Rod Power, .  (Mwd./ton (figsions”  Release
Numbe r Puo, (BTD)  (kw/ft) UQ,-Pu0, em’x107%%)  of Krd-Xe

21 00259"* 65 19 2200 047 40

22 00259"" 65 24 4640 099 >30

65 0.187 65 - 27 2050 069 59

66 0187 65 25 19600 415 >33

67 146 66 33 352 0.076 11
68 146 65 14 2820 059 >33

70 347 64 82 650 013 12

69 347 64 25 5400 113 43

72 546 63 83 650 013 32

71 546 63 13 4650 096 33

74 745 63 38 477 0098 025
73 745 63 13 5200 108 42

19 00259** 91 15 1,110 033 11

20 00259** 90 17 3,140 093 11

90 00259 90 11 850 025 01
91 00259 90 16 4770 14 29
83 1.02 93 15 ' 905 027 002
82 1.02 93 25 6,300 1.91 33

84 257 93 16 800 024 lost
85 257 91 .30 8840 262 31

87 413 91 6.7 460 014 052
86 413 91 38 4450 132 49

88 567 91 12 860 026 051
89 567 91 175 3,440 102 lost® **

# The Zircaloy-clad capsules were 0.56-inch in diameter by 25-inches long, had 0.504 -inch
 diameter ground pellets, and had diametral gams of 0.001~0003—inch.
Natural UQ, used.
** Fyuel prepared with U0, and coprecipitated (U,Pu)O, .
#*x% Capsule ruptured.

orng®”
T>1800¢C 98% # R HE
1800C>T>1400¢C 50% 4
1400C>T . 30% #
ar®
T>1950¢C 99.5% HUt=
1950>T>1500<C 70% ¢
1500>T 40% 7
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FISSION - GAS RELE ASE, %
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Fig. 23 Compa‘_rislon of predicted/observed fission-gas release44).
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Fig. 24 Average (Kr + Xe‘) gas release .
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45
Table 10 Fuel -element gpecifications

s

PuO pért icle:

Comrposition Sintering | Grain Density
Blement by wt. size temp: size
(#m) (C) (tm) | (g em™®)
BFA 139% PuG, in UO, <62 1250 17 1024
BFB 0.84% PuO, in UO, 62—88 1250 15 1030
BFC 142% ***U0, in UO, ~ 1250 7 1058
BFD 050% PuQ, in UO, <62 1250 15 1052
DJIX 193% PuO, in ThO, <62 1630 9 9.64
DJY 155% PuO, in ThO, <62 1630 7 960
DJZ 135% PuQ, in ThO, <62 1630 11 967
BFE 050% PuO, in UO, <62 1250 16 1046
BFF 142% *** U0, in UO, — & 1600 9 1057
BFH 084% PuO, in UO, 62—88 1600 12 1055
BF§S 139% Pu0, in UO, <62 1600 10 1053

UO, - bage elements contain 8 pellets per elemens
ThO, -base elements contain 11 pellets per element

} Fuel stack length
152 £ 3mm

Each pellet had a stherical dise 17-mm wide by, 06 -mm deep, me end,

The fuel sheath was Zircaloy-2, 203 -mm O. D X 0.3 8 ~mm wall and the
fuel-to-sheath clenrances were 01040005 =mm diametral. 10 “mm axial.

Bach element contained three fluxmoni tors in the form of 04 6 -mm diam. cobalt
wire rings in circumferential grooves in pellets 2,5and 7 (BF geries ) ard 2, 6 ard
10 ( DJ series).

—_29—



Table 11 FISSION GAS RELEASE DATA. SAXTON PLUTONIUM FUEBL RODS46)V

Caleulated Rod

.2 See Appendix A for Rod Location nomenclature

b Corrected to STP

¢ Basx on Nominal Power, Nominal Dimensions

Gas Composition, Mole %

Rod Rad Average Bummup  Volume of Cas
No. Location® MWD/MTM Releasel” , cm He N, Ar
TI D3—A1 22400 794 84 01 01
TP D3—D1 22600 86,6 83 01 04
TT D3I—A6 21,900 915 6.1 0.1 04
QE (3-Al 22900 744 96 01 05
TE (3-D1 22700 874 86 0.1 04
LA Ez—A1 21,700 551 100 02 06
MY C3-Ds 15700 286 152 01 1.0
RI (3-E4 16,000 143 226 0.5 3.9
IF C3-Es 15400 130 397 02 34
"K4 Di—Al 23400 1142 87 5.6 0.1
N1 D4i—Ad 23300 1156 86 70 <01
N3 Di—Az 23400 [Sample lost during pmeturine ]
$1 D4—Ds 16,900 301 224 0.1 <01
P0 D4—Es 16300 271 280 0.2 <01
A O/P 2x2 17,800 825 83 1.4 05
B O/P 2x2 18400 819 74 14 05
D  E3—E1 13100 340 260 140 48
CH D3—-D9 23300 824 91 03 06

X

5.6
54
5.5
53
53
53
51
46
36

4.5
44

45
45

5.1
52
31
51

Xe

858
858
877
845
856
838
786
682
531

810
797

730
673

847
854
50.8
849

“Fractional Release + %

measured Predicted ©

24 27
26 25
29 - 22
22 22
26 23
17 25
11 8
5 6

4 6
32 36
32 36
11 19
18

30 24
30 24
11 9
22 25

SE-ZL-TP8N
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Table 12 SUMMARY OF SINGLE—CHANNEL GAMMA

SCAN DATA®
Irrad. Cooling

Rod . Fuel Time Time Peak—to—Ave.  Relative

_No. Ty > - (Days) { Days ) . Ratio : Activity
IF Pellet 406 102 1287 1.000
RI Pellet 406 102 1300 1001
MY Pellet 406 103 1309 1001
QE Pellet = s o 406 ¢ 1¥2 - - 1272 1322
TE Pellet 406 115 1278 1323
T1 Pellet 406 82 1401 1136
EC Pellet 406 82 1.327 1235
TT ‘Peflef = 7406 g2 . - 1321 i 1278
T P Pellet " 406 102 1342 1263
cH Pellet 406 115 1279 1314
LA FPElI&E T & 406 118 © © ° "1408 . Y. 1146
S1 Vimpe 406 102 1282 1062
Po Vime . . 4086 102 | 1273 & . S1023
K4 . Vipac 406 102 1267 71309 -
N1 Vipac 406 103 1274 1322
N3 Vipae - 406 - 103 ° - 1280 ¢ .. 1247
A Pellet . 832 60 1272 1325
B Pellet = 322 60 - 1260 1322

D Pellet 278 492 1423 0760

% RVa=-yvy - .
%KW?%%%ﬂé?»b—ﬁAWﬂ&ﬁ%kLT%&MKK?imU/ﬁ%%%bﬁr—
FARABERL LR, 21 ETO UOME, % ABHEFREENSRE Lk Puls ELE 20%
&E@%QKOWTMT—ﬂ#é% Ll os— ﬁ%#&bﬁbﬂk%®féb%ﬁ
g 7= FOERPEIREKBEELINEHFTHED,
xwiwu/¢&m5ﬁ%®§$ﬁmﬁ&ﬁ& f@&%@m%momf%z<@@ﬁma
T E—F5ES bRTCV B, %%F%%ﬁﬂﬁ%T%5&?%@&#%k@1m&ho
BT AT LTE, BIE, 5, M, W, ASEES, TP. AAMBA 5o
Hgﬂ&# %o&%i%&@ﬁ @@W&FPMI%zvl—u/f&OﬁzﬁFmeé
zvm—U/JT%éo
1. @%%FPK:&z&;—Uzy
lwﬁFPW&%F¢ﬁ?@Klefi§<%@%5H%oiﬁﬁﬁ#ﬁﬁ@ﬁx#FR
R YA, BBECEFI LA —FOHE TR a—) v/ TEEbA TN A,
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PERCENT VOLUME INCREASE,IN THE FUEL(AV/ V%)
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