
3 ^

Hw-31135

AEC RESEARCH AND DEVELOPMENT REPORT

c

----------------------------------  LEGAL NOTICE ------------------------------------
This report was prepared as an account of Government sponsored work. Neither the 

United States, nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the ac­
curacy, completeness, or usefulness of the information contained in this report, or that the 
use of any information, apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of any information, apparatus, method, or process disclosed in this report.

As used in the above, "person acting on behalf of the Commission" includes any em­
ployee or contractor of the Commission to the extent that such employee or contractor 
prepares, handles or distributes, or provides access to, any information pursuant to his em­
ployment or contract with the Commission.

BY AUTHORITY ^

NOTES ON XENON REACTIVITY EFFECTS IN HAKFOKD REACTORS

By
ABSTRACT j. q. Erkman

Equations are presented for the steady state xenon poisoning and potential 
xenon poisoning in a Hanford reactor, using conventional fuel. These equations 
contain the dimensions of the reactor, and the thermal utilization, so that 
they are .not limited to present reactor design. The extension of; the-'.•solution 
to the transient case, based on the presently used xenon equation, has been 
made. The use of pile fractions permits the combination of flattening effects 
and pile power into one parameter, which reduces the amount of calculation in­
volved for a given rarge of reactor operation. Graphs are presented as an aid 
in determining the xenon poisoning in a Hanford reactor of present design.
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INTRODUCTION

A method for calculating the equilibrium xenon poisoning in a Hanford reactor 
has been proposed based on pile fractions.w Since the dimensions of the 
reactor enter into the reactivity expressions, the significant parameters 
vill be represented by symbols in this report. Slug constants will remain the 
same as those used in EW-28729, except for the concentration of U-235 ato^s. 
Here, Ngtj will be taken to be 3°i9 x 10^ atoms/cc, rather than 3-0S x 102^ 
atoms/cc as was used in EW-28729. This number results from correcting the 
density cf uranium to account for the aluminum end caps of 8" slugs.

A method of applying pile fractions to the presently used transient xenon equa­
tion will also be developed. This method will not require a conversion from 
pile fractions to inhours flattening as required by the presently used method. 
Xenon poisoning will increase with flattening, for a given central tube power, 
rath.-r than decrease at higher flattening values. This defect in the present 
method was shown in HW-28729.

Since this report is supplementary to HW-28729, the reader is referred to that 
document for the symbols used here.

EQUILIBRIUM XENON POISONING

Referring to HW-28729, equations (l) and (2) are valid for a pile of any 
length. The upper limit in (2) may be larger than 80° for a longer pile since 
the extrapolation length and charged length are more nearly equal for a long 
pile. If these two lengths should be equal, a change of 1.5$ would result, 
giving the upper limit of the error.

Rather than (3) in HW-28729 we may write

-21,560 f r
L. - . 0.739 L W /zar dr (1)

1 + ' lof p / z3r dr

where

erf
W = 9.265 K N25 X(1 + /) ^f- = 3^2 watts (2)

Here, 3-19 x 1020 atoms/cc has been used for N25 rather than the'value 3-09 x 
IQ^O as in HW-28729. Using the same values for I (0.064) and fjL (6l^6) as be-

(Tf
fore, we have

1380 f
1 + 2.53 X 10-^ L / Z2 r dr 

p J r dr
(3)

(1) HW-28729., Xenon Poisoning Calculations Based on Tube Power, J.
7-15-53
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As before^ we let

so that

p f r z3 -ir

r Z2 dr

P XFjB

N

■^s

1 +

1380 f
2,53 X 10-^ L N^F-i2

""pEfiB

(b)

(5)

where N is the number of tubes loaded with urarJum. and P is the pile power. 
Equation (5) can be applied to a pile of any length L, and radius R. The 
pile radius enters into the limit of the integrals in (3) and the ratio of 
these integrals may be obtained from general curves in HW-29502, '‘Weighting 
Factors for Radially Flattened Piles," by J. 0. Erkman.

Equation (5) may be compared with the old xenon equation

A P
1 + B P (6)

where

A = 4.A3 (1 - 0„OO625F)

B = 0.00399 (1 - 0.00625F) 

F = flattening in inhours

It is observed that for F = 1.600 inhours A and B go to zero, giving Ls = 0 
for anv value of P. This defect has been pointed out in HW-28729. Rewriting 
(5) gives

=

1 +

1380 fPXF-,3
2.53 x 10~^ L NXF^

p£ F-8 

2.53 x 10-4 L NZFf2

(7)

so that A and B may be redefined as
= 5.46 x 106 f

A L N Si F^

Xfi3
B - 3,95^ L N 2-F^

(8)

(9)

A and B now increase with flattening, overcoming the defect referred to above.
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APPLICATION TO TRANSIENT OPERATION

The transient xenon equation presently in use is' '

T ^
“ " 1+BP +

APX(l-0-M-T? -It——i e

AP AFX(l-s)-M0I 
i+^" ~ i-xa+BP)

-X(l+BP)t
(10)

If a reactor has been operated in an equilibrium condition, A and B are known 
from (8) and (9). Hence, the transient behavior of the reactor can be deter-/'' 
mined from (10) without going through the intermediate step of converting pile 
fractions to inhours of flatteningo

The ratio
Xf3
SIFy may be determined from the automatic recording devices in use

at some of the reactors, or from the general curves in HW-29502 referred to 
before. This last method requires an estimation of the flattening in inhours 
as an intermediate step in the calculations.

Since A and B appear as a multiplier of P in (10), it may be
P

construct tables, graph or nomographs based on the product —

should lead to a reduction in the amount of work involved in 
reference material.

convenient to
XF3

This

constructing the

FRACTION OF EQUILIBBIUM XENON POISON IN DISCHARGED METAL

(3)
In the development of the xenon reactivity effect, we have the expression'

f W dV
Ls = -1380 f J W + W , (11)

j W2 3 dV

where the integrals are evaluated over the loaded zone of the pile. To obtain 
the poisoning in a limited region of the pile, the integral in the numerator 
is evaluated over that region, while the denominator is evaluated over the 
loaded region of the pile as before.

i

We obtain - 1380 f
region z r dr

'A
Lg(discharged) =

1+ 2-53 h x 10

pile
-X

172Z r dr

7

7
region , r dr

regionz3 r dr

(12)

(2) HW-25076, Calculation of Xenon in a Hanford Pile, R. 0. Brugge, 8-ll-$2
(3) HW-23729, Review of the Xenon Problem, Appendix B, P. F. Cast
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If we let n represent the nam'ber of tu es being discharged, we may replace in­
tegrals with pile fractions as before n

Lg (discharged)

-I38C
'51 F2

.-SjL

1 +
20^3 L x 10'^ hX-F2

p iL f,3

(13)

All the s-ains in (13) may be determined for those reactors with automatic re­
cording equipment. For some discharges' '

n li oF2 _ *SZ F2

XFi3 5If3
(1^)

In such a case (1.3) becomes the seme as (5), except for the multiplier

n
X Fi2

i
2

= fraction of equilibrium xenon discharged (15)
with metal

POTENTIAL XENON POISONING

We may use the potential xenon equation for equilibrium operation

M - A P X t1"5)

since we have a knowledge of A, and for which we substitute

„ 5.^6 X 106 f P X (i-s)Zf13

L N I XFi2

(16)

(17)

The potential poisoning in a group of tubes to be discharged becomes, after 
examining (14) of HW-28729

M„ (discharged) =
5.b6 x 106 f P x (l-s)

n

(18)

L N I F,

(4) J. B. Czirr, Private communication

Tizl?
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Taking the ratio of (18) 

Fraction of

to (17) we have 

potential poison discharge

n
Fi3 

u----- (19)

TBMSIEMT BEHAVIOR-OF POTENTIAL XENOM POISON 

The equation for potential, xenon poison is^5)

M = (l-e-1^) + M0 e-1^ (20)

The constant A is defined by (8) so that M may be obtained for any radial flux 
configuration in the reactor.

SUMMARY AND CONCLUSIONS

The present xenon equations can be adapted so that pile fractions may be used 
directly in calculations. If the actual pile fractions are unknown, but the 
flattening is known, recourse may be made to the curves of HW-29502. Either 
method will overcome the chief defect inherent in the presently used tables 
which go to zero at a flattening of 1600 inhours. The use of only a single 
parameter, rather than the two now used (flattening and pile power) permits 
one table of values to cover the same range of reactor operation which formerly 
required several tables.

The flattening dependent quantities A and B which occur in the xenon equations 
may be calculated from

A
5.46 X IQ* 6 f XFt3

L N ^-¥±2 (21)

3,954 ZfJ
B = _—--------- i.

L N Fp^

Values of F, L and other quantities are given by D. K. McDaniel^ 

reactors and K reactors as follows:

(22)

for present

Quantity Present Piles K-Piles

f
L.

xo
R

ih/pb

O.865
726 + 86 cm 

537-5 cm 
587.5 cm 
24.6

0.88
864 + 86 cm

609.7 cm
659.7 cm 
22.0

J3) Hw-25076
(6) HW-30282, K-Pile Xenon Constants, D. K. McDaniel, 12-23-53
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Hence, all the quantities necessary for the calculation of A and B for any 
reactor using convential fuel are available. In Appendix I, graphs are presen­
ted which enable one to solve the xenoi problem for wide ranges of power levels 
and flattenings for the present piles,

APPENDIX I

A and B are evaluated using the following; L = 8.12, f = O.865.

A - 5.815*103 (1)

B . I*.87 X Fj-3 (2)

n2If12

In all equations, A and B are multiplied by P, the pile power. The quantity

P ^ *i3 

N

will be used as a parameter, each value of which will specify a value for AP 
and BP, thereby specifying the xenon poisoning present in the pile. The quan­
tities that must be calculated are given in Table I, for which s has been 
given the value 0.051. The significance of the symbols used in Table I are as 
follows:

AP
1+BP

(3)

APX (l-s) *
I (4)

APX(l-s)
I-X(1+BP) (5)

I
X-X(1+BP)

(6)

e-X(l+BP) (7)

0.91^ (8)

‘7<t3 7
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The xenon equation may now fee written

L Lg + (C-M0D) 0.914* + Lo-Ls-(c-M0D) E*

The iodine expression is

(9)

M = Ms - (Ms - M0) 0.914* (10)

The quantities Ls, Mg, C, and E may he determined either from Table I or from 
the attached graphs, for a considerable range of the parameter, t is time in 
units of hours.

TABLE I

Parameter I'S Ms c D E

0.00 0 0 0 3-643 0.9275
0.10 391 4oo -5076 -12.68 0.8942
0.15 504 ' 600 -2347 - 3.908 O.878
0.20 589 801 -1852 - 2.313 0.862
0.25 655 1001 -1643 - 1.641 0.846
0.30 709 1201 -1529 - 1.273 0.831
0.35 752 1401 -1455 - 1.039 O.816
0.4o 789 1601 -i4o6 - 0.878 0.801
0.45 820 1802 -1369 - 0.760 0.786
0.50 846 2002 -1341 - 0.670 O.772
0.55 869 2202 -1319 - 0.599 0.758
0.6o 890 2h02 -1301 - 0.542 0.744
0.70 923 2802 -1275 - 0.455 0.718
0.80 950 3203 -1255 - 0.392 0.692
0.90 972 3603 -1240 - 0.344 0.668
1.00 991 4003 -1228 - 0.307 0.643
1.10 1006 44o4 -1219 - 0.277 0.620
1.20 1020 48o4 -1211 - 0.252 0.598

JO Erkman:as

(D, L/
/Theoretical Physics Sub-Unit 
Technical Section 
ENGINEERING DEPARTMENT
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