
' <2OA/F-

SUMMARY COVER SHEET
COHF-840614—83

CONTRIBUTED PAPER D INVITED PAPER O DE84 014290
• • • ORIGINAL AND THREE COPIES REQUIRED

TITLE: Sensitivities of the Flux Spectrum in the Cavity of a PWR to Variations

in the Core Source Distribution
AUTHOR(S) and PHONE NUMBER(S): (List authors in the proper order and exactly as they are to be pub-
lished. PLACE AN ASTERISK AFTER EACH AUTHOR WHO IS AN ANS MEMBER.)

1. B. L. Broadhead* (615) 576-4476

2. R. E. Maerker* (615) 574-6190

3. '

AFFILIATION(S): (List corresponding author's affiliation and complete mailing address.)

1. Union Carbide Corp. - Nuclear Division, P.O. Box X, Oak Ridge, TN_ 37831
2. Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, TN 37831
3.
Indicate number of author to whom correspondence should be addressed 1 and complete page 4.

To whom should the page charge be billed? 3410-0682 ;

Billing address:

Purchase order number: Attach PO to original copy of the summary.

Number of: Pages E Tables r Figures 9

Word Count: Text -6jQ0 + (No. of figures plus tables) x 150 300 + (No. of lines of equations x 10)

Total 900 ;

Original line drawings or glossy black-and-white prints of each figure must be attached to original.

FOR CONTRIBUTED SUMMARY:

Identify ANS Division or Technical Group having cognizance of your subject Rad. P r o t . and Sh ie ld ing

In which subject category (category number from p. 3) do you feel this summary belongs? 1^-4

Alternative Category Number: 14 .3

Has the substance of this summary been presented or published previously (including U.S. DOE or equivalent
reports)?

YES ( NO) Give details : : :

Has the paper been submitted for publication in a technical journal? ' ;

YES (NO) Give details : ~~~ '

Have you presented related papers? • " • • • • ' . -

(YES) NO Give details Trans. Am. Nucl. Soc. 45_. 591 (1983) _

Has this summary been approved for publication by your institution or company?

(YES) NO Give details :

FOR INVITED SUMMARY: . -.- "".. . • , • . . . . - . , .
Which ANS Division or Technical Group invited you?

Person who invited you _ _ Session No.

A COMPLETED SUMMARY COVER SHEET, TOGETHER WJTH THE INFORMATION REQUESTED . _ z
ON PAGE 4, MUST BE ATTACHED TO EACH OF THE FOUR SETS OF THE SUMMARY. Please have i f
copies made to complete your four sets. • • • . ' • •- ..:.;.-•: - --';• v..-'•" •• '••''•'?*%



FILING AND MAILING INFORMATION
(Original and 3 copies required)

Name and full mailing address of author
to whom correspondence should be sent.
(Type or print legibly - FORM USED FOR MAILING.)

B. L.

...P...P...

.. Qak.R

Broadhead

Box X

i.dge, TN..37831 ... Telephone:
Commercial:615-576-4476

626-4476

Title of Summary Sensitivities of the Flux Spectrum in the Cavity of a PWR to
Variations in the Core Source Distribution

| | This is to acknowledge receipt of your summary. Please use the log number above in future correspondence.

This summary will be considered for inclusion in the program of the American Nuclear Society's 1984 Annual
Meeting, New Orleans, Louisiana, June 3-8, 1984.

Your paper has been reviewed and:

[_J 1. Accepted for presentation. (See At-
tached Instructions) -

2. It is suggested that your summary be
revised. (See Attachment)

| | 3. It is suggested that your summary be
combined with the summary refer-
enced as Log # (See At-
tachment)

| | 4. Rejected. (See Attached Comments)

Your paper is being returned without re-
view because:

| | 1- It was received too late to be reviewed. ( j 2. It does not comply with 450-900-word
limit.

In all correspondence regarding your summary, please refer to the Log Number shown above.

Thank you for submitting this summary. J'

Thomas H. Row
ANS Technical Program Chairman
1984 Annual Meeting



SENSITIVITIES OF THE FLUX SPECTRUM IN THE CAVITY

OF A PWR TO VARIATIONS IN THE CORE SOURCE DISTRIBUTION

B. L. Broadhead
Computer Sciences Division

Oak Ridge National Laboratory*
Oak Ridge, Tennessee 3/830

and

R. Et. Maerker
Engineering Physics Division

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United State;
Government. Neither the United Stales Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

To be presented at the Annual Meeting of the American Nuclear Society
in New Orleans, Louisiana, June 3-7, 1984

•Research sponsored by Electric Power Research Institute (RP 1399-1)
Subcontract with Oak Ridge National Laboratory, operated by Union
Carbide Corporation under Contract W-7405-eng-26 with the U S
Department of Energy

OtSTrVBilW OF IMS VOUB B MMTO



SENSITIVITIES OF THE FLUX SPECTRUM IN THE CAVITY
OF A PWR TO VARIATIONS IN THE CORE SOURCE DISTRIBUTION

B. L. Broadhead and R. E. Maerker

As a part of an ongoing, EPRI-sponsored project whose aim is the

quantification and reduction of fluence uncertainties in the pressure

vessel of operating PWR's, this work describes the calculation of sensi-

tivities necessary for the propagation of PWR core source distribution

uncertainties to the flux spectrum at locations of interest (e.g., the

cavity or T/4 pressure vessel locations) in the ANO1 reactor. In this

case standard perturbation theory! requires an adjoint run to be made

for each group flux since each group flux is a response. An alternate

approach has been developed by Cacuci^ which should be more efficient

than the standard approach although it has not yet been applied to a

flux spectrum response.

The standard perturbation theory approach was utilized in this study

since, due to the deep penetration of core source neutrons through the

reactor internals, water gap and pressure vessel, only the top few source

groups contribute appreciably to the detector responses in the pressure

vessel vVid cavity locations. Evidence of this effect is seen in Table 1,

where the sensitivity of the flux in the AN01 cavity position to the 2 3 5U

fission spectrum is given. The matrix was produced by a series of 1-D

adjoint calculations where each of the group fluxes was treated as a

response separately.

Note that for the top several groups the relative sensitivities

are near 1.0 for the diagonal elements. This indicates that the flux

in the cavity for these groups comes primarily from its corresponding

source group. This is not the case for the other groups, however. For



flux groups 5-24, the sensitivities tend to "saturate" and their values

change very little from row 5 down to row 24. A peak in the sensitivity

is also seen for flux groups 5-24 to the source groups 3-5. This indi-

cates that the flux in groups 5-24 is due primarily to downscatter from

the source neutrons in groups 3-5. Thus, it appears adjoints need to be

calculated only for the top 5 flux groups in this application. So far

we have only mentioned the energy dependence of the sensitivities under

consideration. However, a previous two-dimensional study^ has shown that

the spatial distribution of the adjoint flux is relatively insensitive to

the dosimeter response. Therefore, the remaining 2-D adjoints (i.e., those

for flux groups 6-24) can be approximated by a renormalization of the

group 5 adjoint.

As a final test of this assumption, a 2-D adjoint run was performed

for group 7 of the 24 group structure. At selected spatial intervals the

group 7 adjoint should compare favorably with corresponding values of the

renormalized group 5 adjoint, where from previous work-* the normalization

factor is the ratio of the forward-calculated responses, <|>7/<|>5. Shown in

Table 2 is the comparison of scaled vs. actual adjoint fluxes at selected

points in the core. In this case, the adjoint flux in group 4 correspond-

ing to an adjoint source of 1.0 in group 5 was scaled to estimate the

adjoint flux in group 4 due to a source of 1.0 in group 7. The scaling

of the adjoint fluxes as seen in Table 2 produces accuracies of 6-13%.

If in addition, we note that the corresponding 1-D sensitivities also

differ and take the ratio of the corresponding elements of the matrix in

Table 1 as an additional scaling factor (i.e., element 5, 4 = .37 and



element 4, 7 = .34) the resulting differences' between the scaled and

actual adjoint fluxes now range from 2-5%. Since the sensitivities are

simple functions of these adjoint fluxes, the accuracy of the scaled

sensitivities should be near 5% or better.

With this procedure the sensitivities of all the detector group

fluxes to the source distribution in space can be computed to within 5%

with only 5 two-dimensional adjoint runs. The remaining adjoints can be

produced by a simple scaling of the group 5 adjoint.



Table 1. Relative Sensit ivi ty Matrix for ANO1 Cavity
Flux to 235U Fission Spectrum

Flux E(upper) Source Group "
Group MeV 1 2 3 4 5 6 7

0.86

0.27 0.68

0.17 0.38 0.41

0.17 0.34 0.37 0.08

0.16 0.31 .0.35 0.12 0.02

0.14 0.28 0.34 0.13 0.05 0.04

0.14 0.28 0.33 0.13 0.05 0.03

0.13 0.27 0.33 0.13 0.06 0.04

0.12 0.26 0.34 0.14 0.06 0.04 0.01

0.12 0.26 0.34 '0.14 0.06 0.04 0.01

0.11 0.25 0.34 0.14 0.C6 0.05 0.01

0.11 0.25 0.34 0.14 0.06 0.05 0.01

0.11 0.25 0.35 0.14 0.06 0.05 0.01

0.11 0.25 0.35 0.14 0.06 0.05 0.01

Groups 16-24 same as Group 15 above

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

19.64

11.05

8.19

6.07

4.07

3.01

2.59

2.12

1.83

1.50

1.22

0.91

0.61

0.37

0.21

1.0

0.14

0.05

0.04

0.04

0.04

0.03

0.03

0.03

0.03

0.02

0.02

0.02

0.02

0.02



Table 2. Comparison of Scaled vs. Actual Adjoint Fluxes
at Selected Points in the Core of ANO1

Intervalt
(I.J)

30,1

31,6

27,23

33,38

•*7 ,4 t t

1.553-8*

2.824-8

8.584-9

2.759-8

<|>*7a4 (scaled)t t t

1.644-8

3.210-8

9.872-9

3.081-8

% difference

5.5 (3.0)#

12.0 (4.1)

13.0 (5.2)

10.5 (2.4)

*Read 1.553-8 as 1.553 x io~8.

tThese intervals correspond to the outermost interval of the
peripheral assemblies corresponding to azimuthal values of 0°, 11°,
23° and 36°.

ttCorresponds to the adjoint flux in group 4 due to a source of 1.0
in group 7.

4 scaled by the factor *7/<J>5-

#Numbers in parentheses- represent percent differences including a
second scale factor taken from Table 1 as described in the text.
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