- X-822

D'ATE:

SUBJECT:

to: -

. FROM:.

OAK RIDGE NATIONAL LABORATORY
) Operated by

: UNION CARBIDE NUCLEAR COMPANY _ 8 — —
' Division of Un_non.Carblde Co;poratlon . ) 1 - ) 0 R N l . .
Post Office Box X R CENTRAL FllES NUMBER |

Oak Ridge, Tennessee
External Transmittal Authorized '

 May 27, 1958 o . coPYnNo. /,Zf‘
'Experimentsl Determination of HRE -3

Breeding Ratio . . ' ..‘ SR ' ;_,,?

Distribution

- M. W. Rosenthal

. ABSTRACT-

The accuracy with which the breeding ratio of HRE-3

'"cou1d be determined after a period of réactor operation was
,invastigated Tnaccuracies in measurement of the core U233
- inventory and blanket U233 and Pa33 inventories appear to

be the major sources of error. Appreciable errors could
result from attemptlng to determine these inventories by
sampling the reactor contents. For example, if generalized
attack on stainless steel is at a rate of 1.0 mpy qnd if
the associated film of corrosion products is 1% urwnium,.
failure to account for this fuel in evaluation of the core

. inventory would cause an error of about 5% in the breeding.

ratio
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EXPERIMENTAL DETERMINATION OF HRE-3 BREEDING RATIO

M. W. Rosenthsl

INTRODUCTION

A major purpose in building HRE-3 vould be to demonstrate that an
agqueous homogeneous power'reactor'is capable of producing more fuel.than
it consumes. To eccomplish this obj;ctive,'it must be possiblé to
determine fhe'breeding ratio with sufficient accuracy to show that there
is é net breeding gaiho' An examination has therefore béen made'of methods
by which ‘the breeding ratioc of HRE-3 could be ascertained. Tn all casesy
the reactor ﬁas assumed to bé’starﬁéd'ciean and.opérated for some. period
of time, after vhich the aVerage bréeeding ratio dufing‘thaﬂ périéd‘ié'

evaluated,

METEOD OF DETERMINING BREEDING RATIO .

The mean breeding ratic over & period of time, represented by
BR (0—>%), is defined @s the ratio of the fissionsble meterial produced
to that which is destroyed; the amount prodmeed.isﬁthewalgebnéic~sum of that

destroyed, or "burn-up" (BU), and the change in the inventory of the system,

. AI. Msthematically, this can be expréssed‘by

_ BY + AT AT o \
BRm(o-—>§) = =gy 7 1+ 5 (1)

. The burhuup.is equal to the sum of the amounts of g3 andv0235

destroyed in the core and the blanket

23 + BU25 + Bw23 + BU25 . (2)

BU T BUc ¢ [ b



where the superscripts "23" and "25" refer to U233 and U235, respectively,_
and where the éubscripts "e" end”"b" refer to the core and blanket regions,
respectively. The change in inventory is equal to the system inventory

at time t, plus any withdrawals made during the period considered, and
minus the fuel added to the system (the initial fuel inventory is con-

sidered as a fuel addition). This can be expressed by

AT = 123 4 12 23+ 13, 155 PP L2 LB L (3)

T e e t Ib

vhere I is the inventory, W the fuel withdrawal, and F the fuel addition.
The superscript "13" refers to Pa233. The quantities in the preceding
equations can be determined by the methods discussed below.

Determination of F23, F25: \The amount of uranium added to the system i

can be measured as accurately as needed. The isotopic composition can be
determined by mass-spectrometric means, and equipmeht giving analyses as
accurately as desired will probably be available.

Determlnation of W23, W25 The most accurate method of obtaining

these quantlties is to dissolve all material withdrawm from the system

(to insure homogeneity), and then determine ‘the urenium content by analysis.

Determination of 123; 125 153 * 13, Iﬁsg If the fuel inventories

are to be ascertained without interrupting the operation of the reactor,

it must be done by sampling and analyzing the reactor contents, ihe dangef
in this proecedure is; of course, that the sample may not be representative.
This could easily result from the system not being homogeneous, due to possi-
ble prec1p1tation of some uranium, or there may be fuel incorporated in a

f£ilm of corrosion productso The HRT experience in determining fuel inventory

illustrates the difficulties associated wifh this approach. It may be




possible to determine'inventory1by alwaye adding fuel eohtaining a given
pereentage of U238§.determination of the uranium-isetope ratios based.on>
U238 cencentration wouid enable'the inventory fo be calculated; Hewever,'
use of natural uranium in pretreatmeﬁt and shakedown would make the U238
inventory uncertain. Deﬁerminatien of'U233‘in‘sluffy by the ratio of y233
to thorium has the hazard that part of the thorium might accumulate’in 8
stagnant region and not attain the same fuel concentration as the rest.
Probably the most dependable way of obtaining the inventories is to drain

the blanketvand core systems, flush each with reagents that will remove .
any deposited fuel; and theh dissoive the complete inventories. The systems
would then be homogeneous and the contents could be determined accurately .
by analysis. The solutioné mightveven be processed by solvent extraction
and the fuel inventeriee recovered as metallic ufanium°

23,

Determination of BUc ¢ The core U233 burn-up could be determined by

the net change in U233 inventory, given by

23 . 23 .23 .23 '
BUS® = F° - IT° - WO (+)

Determination of 30253 This quantity might be determined by using

25, the average ratio of neutron captures to fissions in U 35, and the

change in Uy 36 1nventory. Thls can be written as

1+ :
BUZ = [ 156 + w§6 - Ffé } x —22 | (5)

The correct average Q. would be estimated by multigroup calculations

25
to properly weight the data for energy dependence. This procedure for

determining BU§5 ignores the loss of U236 by neutron absorption, but



ﬁhis would be insignificant for reasonable periods of operation if the feed
were essentially free of U236°

Determination of BU§3I: Two methods of estimating the blanket U--o

destrubtion appear feasible, although neither éould be depended on to be

- very accurete: (1) isolate some long-lived radioactive fission products
and determine their concentrations-by counting techniques, using & system
calibrated for the isotopes used; (2) use multigroup estimates of reactor.v
conditions to compute the blanket burn-up f;om the measured core burn-up.
Determination of BU253 This_quantity is g0 small for reasonable

b
periods of operation that it can be completely neglected (BU25/B b =2 0.01%

for 480 days at 50 Mw core power).

ACCURACY OF BREEDING RATIO DETERMINATION

The meximum fractional error in the breeding ratio, 6BR /BR ’ can be
obtalned from the estimated limits of error in the various quantltles that
are involved, and can be represented by

X

OBR s Z aBRm/BRm ()

BRm XK/X - 1

Where X=1I's, F's, W's, etec., and the suﬁhation»over 1 represents the
summation over the various values of X. The equations for the partial
derivatives appearing in equation (6) have been formulated and are given
in the second column of Teble 2 div1ded by AIL/)BU + AI), which appears in
every term. .

The values of the various quantities of interest are given in Table 1
for a reéctor having a core diameter of 4 ft, pressure-vessel I.D. of 9 fﬁ,

1000 g Th/liter in the blanket; and a core power of 50 Mw (ht). Operating.




periods of 100 days and of one year were considered. These values were

estimated using an ORACLE routine which predicts the time- dependent .
pehayior of twp-reglon reactors. The feed was_assumed to be“pure U233;
the initial bienket material was free of uranium, and there were no fuel
withdrawals over the operating period | |

Using ‘the values from Teble 1, the errors introduced into BR are
given in Table 2 for verious assumed errors in the indlvidual measurementsn
In Case I of Table 2, ali of the inventories are assumed to be in error

by p 0.5%; the'uneertainty iﬁ‘5 is taken as T 20% and the error in

25

BU§3‘as b 30%. These inaccuracies would lead to a maximum error iﬁ

BR_ of 1.6% after 100 days of operation and 1.3% eftef one'year.

The conéeduences‘of failure to aeceunt for uranium in the corrosion
film are treated in Cases II and ITI. The generalized corrosive attack
on the stainless-steel surfaces is assuéed to oceur at a rate of 1.0 mpy,
and ell of the iron and chrbmium is considered to depesit as oxide in a
film of corrosion product. If this film contains 1% uranium, the fuel
associated with the'eorroeion products in the core.system would amount

to 0.39 kg after'ioo days.of operation;'this represents 2.7% of the core |

ihventofy; Fbr‘the same cdnditione, after one year the values would be

. 1.44 kg and 9.2%. The errors in inventories used in Cases II and III

correspond to these eonditione. For other corrosion rates and urenium
concentrations the errors wouid be'pfoportionate. The values in Table 2
indicate that if uranium accumuleted in the corrosion film at the rate as-

sumed, the bfeeding ratio could be in error by over 5% from this effect alone.

. B
Melvin Tobies, M. W. Rosenthal, and T. B. Fowler, "Time-Dependent
Studies of the Nuclear Characteristlcs of HRE-3," ORNL-CF-57-12-1 .

(Dec. 31, 1957).



DISCUSSION

For the'assumed conditions of bperatioh, the majof sources of error_

233 233 .4

would be the core inventory of U

, the blanket 1ﬁventofy of U
, and for a_lbnger period of opération, the burﬁ;ﬁp 6f U233 in the
blanket.might be important. Accumulatiéhs of ufanium in the reactorlfhét

are not detected by sampling probably would pfbduce\ﬁﬁch largef errors than
those from other sourCes. Hence, a breeding ratiﬁ_detérmined by draining |
and fiushing the systeﬁ is likely tovbe muchAmore dependabielthan one |
obtained by sampling. |

In Table 2 there a@pears t6 be litﬁie‘difference in accuracy between
operating periods of 100 days and.l‘year. However, if the rate of uraniﬁﬁ
deposition decreésed with the passage of time (rather than staying constant
as assumed), the error from this source woula be reduéed by using a longer
period. This improvement would result from the uraﬁiumAloss representing
a smaller fraction of AI, the net change in the inventory of the system.

The sume of the absbluté yalues inveach column of Tablejz represent the
maximum errors in.BRm vhich could océur with the assumed inéccurac;es.in the
measurements. If‘the measurenent errors were random, such as those resulting
from imprecision in chemicai aﬁalyses, some’ of these would produce positive
errors in BRmvandvsome negative, and the net errdf would be less than the
total. However, the errors resulting from loss of uranium are additive

236,

(except that associated with U and no improvement in accuracy is obtained

from compensating effects.




TABLE 1

CONDITIONS OF HRE-3 AFTER 100 DAYS

AND ONE YEAR OF OPERATION

After 100 d. -

After 1l year

. Quantity Symbol Initial
Core U?33 Invént?ry I§3 13.50 kg . 13;6d kg, , 13{53 kg
Cofe-U23h Inventory 13“ o) 0.62 2L01
Core U232 Inventory I§5 0 0.617 . 0;15
Core U23§ Inventory 156 0 <:O.66i 0;616
BlanketvUé33 Ihventory‘- i§3+13' ) ' 7‘36v 26.13;
Blanket 11.2.3[L Inventory IE4 0 . 0.026 ‘0.25
Blanket 23 Inventory .i§5 0 < 0;061 0.0019
Blanket ﬁ236 invéﬁtory ' 156 0 - < 0.001 < 0,001
Cumilative U220 Additions va3 13;501 19.94 36.10
Otheér Fuel Addition 0. 0 | 0
ue33 4 @3 In&éntory Chenge  AI o 1.0k 3.71
:Burn-up of éore;U233», | BU§3 0. 6.3k 22.57
Burn-up of Core Uaés' BUisbv o} 0.0028 0.11
Burn-up of Blanket‘ﬁz33 BU§3 0 0.083‘ 1.61
Burn-up qf Blanket U235" , Bu§5 0 | < 0;001. < 0.00L
Total UZSS + U2S° Burn-up . BU 0 6.42 2l .29
Integrated Core Power 0 5,050.de : 18,050 Mwd
Integrated Blanket Power 0 66 1,285



TABLE 2

EFFECT OF MEASUREMENT. ERRORS. ON EREEDING RATTO DETERMINATION.IN:HRE-3

B o - | | Case I . Case II- . Case III -
R VCN F (=) (=) |8 (=) |3 (=
‘ X/X BU +|AI X CBR ‘ CBR/ X B,/ X B - /.
- . X X X - X
for 100 days for 1 year for 100 days for 1 year
23 Lo L L+ + + + + o+
I, Tt 0.5% - 1.05% - 0.55% |- 2.7% - 5.66% - 9.2% - 5.044
25 _ o . . _ S . :
25 I’ v : v
I, T 0.5 0.0011 0.0026 2.7 0.0060 9.2 | 0.048
I, 55 X 3% 55 =z 0.5 < 0.001 < 0.00L 2.7 < 0.001 9.2 | ' ,,0'0052*
I +W - F ‘
‘ 1§3 + 13 o :
153 13 0.5 0.49 0.46
AT _
25 _
25 L, '0 ' '
— 5 < 0.001 < 0.001
I AT |
23 53 WS3 ’
Ye ST 0 e L 0
25
W
25 -
W AT 0 o.‘ 0
P> |
w20 _°_ x c 0 0 0
c BU 26 26 26



Quantity,
X

TABLE 2 (Cont'd)

EFFECT OF MEASUREMENT ERRORS ON EREEDING RATIO DETERMINATION IN HRE-3

o ~ Case I - Case 1I - ~ Case III -
aBRm/Brm " AT X <j53Rm:>l :<“GBRm‘> X <jﬁBRm ! 1§§ ' 6B3m1>¢
SX/X BU + A1 X BRﬂ{x | BRm#. X | BRmx-v X R, |
, for 100 days for 1 year for 100 days | for 1 year
G . -
“ET = 0 0 0.
0 |
. Kif .O, 0 0
. 6 -
B> F
S X Sz 0 0 0
c c ¢
<
e 17 0.0010 0.010
5 30. 0.054 0:26
U2 0 0 0
BU - o L -
166 T3y < 5.7% I5.ag

‘0T
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