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ABSTRACT

SWANLAKE calculates the sensitlvity of o result (such as n dose
or reaction rate) obtained from o onc-dimensicual dlscrete ordinates
solution of the Boltzmann transport cquotion t-, the crosc sections
used in the calculatlon. Thls manual precents ¢« brief discussion of
the sensitivity function and the method used for 1ts calculation,
detalled instructions concerning the required input data, and a
description of the code output. As an ald to the prospective user,
the input and output of a sample problcm are included, along with an
interpretation of the results. A derivation of the sensitivity function
eand a listing of computing time and core requirements for sererul

problems are included as appendices,






COMPUTER CODE ABSTRACT
NAME AND TITLE OF CODE
SWANLAKE: Cross Section Gensitivity Analysis Code for One-
Dimensional Discrete Ordinates Calculations,
AUXILIARY ROUTINES
ANISN: Input Tape Generator.
INTRIGUE-IIL,; CALCOMP Plotting Package.
CODING LANGUAGE AND COMPUTER
FORTRAN IV: IBM 360/91.
NATURE OF PROBLEM SOLVED
Determination of the seusitivity of a calculated quantity or
result to microscopic cross section data utilized in the
calculation,
METHOD OF SOLUTIOM
A particular sensitivity functicn, which represents an appli-
cation cf earlier perturbation approaches, is determined for
the cross sections which were utilized in the .iscrete crdinates
calculaticr. The sensitivity of a result, R, tc a particular

crcss secticn, X, at energy E may be expressed as:

P (E) = fdr fcn P (T) -4‘*(?‘,5,E)0XT(E)~Z (r,5E) (1)
r 8

S @ [ e @R, @h e 33,5
ok E!

R



where @*(%}3,E) is the unperturbed adJjoint flux,
@(%}7,E) is the unperturbed forward flux,

Oy (E) is the total cross section for reaction
T

type X,

<3X@3&i',E+E') is the scattering cross section
from angle tof?', energy E to E', for reaction
type X,

px(%) is the atomic number deusity,

and R is the integrated response,

R = _[arfd) de D(z,3,E)8 (+,3,E), (2)
T O E

r

with D(%jT;E) the response function, for example a flux-

to-dose conversion factor, and is the source for
the adjoint calculation of &% (_1",5,E).

All the above guantities are defined for the speci®ic problem

under consideraticn, and X may refer to partial cxross sections

such as elastic or inelastic as well as to the total collision

cross sections, (For an absorption reaction, there would . :

no scattering term.,) The domain of'; may be specified as gll

space or may be restricted to a given spatial zone in order to

examine sensitivity as a function of space.

The quantities of ¢ (;,S,E) and $¥ (—z",a,E) are read from angular

flux tapes generated in forward and adjoint calculations,

respectively, of the problem of interest,



5. RESTRICITION OR LIMITATIONS
The discrete ordinatcc calculations to be analyzed by Lhis ver-
sion of SWANLAKE must be time-independent and one-dimensional.
The sensitivity function only allows for energy downscatter,
does not include the effects of fission cross sections, and
cannot evaluate the sensitivity of the calculated quantity or
response to the response function itself.

6. TYPICAL RUNNING TIME
The infinite air sample problem included in the code package
required 2.5 minutes for the ANISN forward calculation, 2.5
minutes for the ANISN adjoint calculation, and 1.8 minutes for
the SWANLAKE calculation, Running time for both ANISN and
SWANLAKE is highly problem dependent and is greatly affected
by parameters such as the nmber of energy groups and the
number of spatial intervals utilized.

7. COMPUTER HARDWARE REQUIREMENTS
Designed for the IBM 360/91, SWANLAKE is also operable on the
360/75. Maximum core requirement for the sample problems dis-
cussed in the code manual is 848k bytes, minimum size is 290k
bytes.
Auxiliary storage requirements, in addition to standard input
and output devices, are 2 scratch devices and 3 storage de-
vices. If cross sections are not read in from cards, an
additional tape or disk will be required, and if the CALCOMP
plotting routine included in the package is to be utilized,

another tape is reqguired.
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8, COMPUTER SOFTWARE REQUIREMENTS
The code i1s written in FORTRAN IV and 1s operable on the
standard IBM 360 compllers.

9. REFERENCES
D. E. Bartine, F. R. Mynatt, and E. Oblow, "SWANLAKE, A
Computer Code Utilizing ANISN Transport Calculations for

Cross Section Sensitivity Analysis,'" ORNL-TM-3809 (1973).

W. W. Engle, Jr., "A User's Manual for ANISN, A One-Dimensional
Discrete Ordinates Transport Code with Anisotropic Scattering,"

K-1693 (March 1967).

M. B, Emmett, "INTRIGUE-II: An IBM 360 Subroutine Package

for Making Linear, Logarithmic and Semilogarithmic Graphs

Using the CALCOMP Plotter,"” ORNL-4664 (March 1971).

10. CONTENTS OF CODE PACKAGE

The package contains the following items:

a. the referenced documents,

b. a reel of magnetic tape on which is written in several
files: the source card deck, input for a sample problem
and output listing for SWANLAKE, ANISN problems and output,
and INTRIGUE-IIL plctting package.

11. HOW TO OBTAIN PACKAGS

Inquiries or requests for the code pac iage may be malled to
CODES COORDINATOR
Radiation Shielding Information Center
Oak Ridge National Laboratory

Post Office Box X
Oak Ridge, Tennessee 37830



or telephoned to
Area Code 615; 483-8611, extension 3-6944, or to
FTS xx-615-483-6944,
Persons requesting the package should send a reel of magnetic

tape to the above address,



I. AN INTRODUCTION TO CROSS SECTION SENSITIVITY ANALYSIS

A, Definition of a Sensitivity Function
Cross section sensitivity analysis refers to a determination of
how sensitive a calculated quantity or result is to microscopic cross
section data utilized in the calculation. Previous work in this field

has employed both dlrect substitution methodsl"4 and perturbation

theory.5-7 The sensitivity function used in the work reported here
represents an application of earlier perturbation approaches, The
sensitivity of a result or ¢ffect of interest, R, to a particular
cross sectwion, X, at energy E may be expressed as:

(E)% (7,0E)

Ky

Q

Py (E) = {fdr fdﬂ pX(}’) 3-@* (?,S,E)o
? -

- -
+ | & f aE'#* (7,0,E' oy (2-8'88")8 (7,8, )
3 ey

R

whexre
3 - = - )
3% (r,Q,E) is the unperturbed adjoint flux,
- =
¢ (r,Q,E) is the unperturbed forward flux,

Oy (E) is the total cross section for reaction type X,
T

Oy (5.3',E->E') is the scattering cross section from angle d
toQ', energy E to E', for reaction type X,
-
pX(r) is the atomic number density,

and R is the integrated response,



R = f’h‘ fdﬂ fd’E D(}:ﬁ’,}g)@(}’,(—f,lﬂ), )

-y
r ) B

[

with D(?,E,E) the response function, for example a flux-to-dose con-
version factor, and is the source for the adjoint cal-
culation of @*(;,E,E).

All tlie above quantities are defined for the specific problem under

consideraticn, and X may refer to partial cross sections such as elastic

cr irelastic as well as to the total collision crcss sections. (For an

absorption reaction, there would be no scattering term.) The domain

af T may be specified as all space or may be restricted toc a given

spatial zcne in crder to examine sensitivity as a function of space.

A derivaticn of the sensitivity function is presented as Appendix A,

ard a discussicn of the theoretical background of this representation

is available as a separatle report,

B. Discrete Ordinates Sensitivity Formulaticn

The sclution of the time-independent Beoltzmann transpeort equation
by discrete crdinates methods has been documentedg’lo and will not be
repeated here, However, a brief discussion of this approach will allow
a clear presentation cf the discrete ordinates fcrm for Eq. (1). In
cne-dimensicnal discrete ordinates formulation, the spatial variation
and energy dependence of the flux is divided intc INT spatial intervals
and IGM energy groups. The angular flux fcr interval J and grcup I is
determined from results of an ANISNll calculation as

¥(3,3,I) = [@j(ﬁ’) + @?ﬁl(c‘z’)] /2 (3)



where @?(5) is the ANISN angular flux for energy group I at gpatial
interval boundary j. The angular variation of the flux is represented
by NOA discrete angles and the integral of the flux over angle may be
replaced by a Gausslan gquadrature formula so that the flux for interval

J, angle K, and group I is expressed as

$(J,K,I) WI(K) = fdn 8(J,d,1), (4)
&iK

where
._.>
Q(J:K)I) = Q(J:QK)I)

= flux for interval J, group I, at the discrete angle 0

K)
WL (K) = weight given to flux at angle aKzin the Gaussian
guadrature.
The angular dependence of the cross sections is expressed as an (zmax*l)

term Legendre series expansion in W, the cosine of the scattering angle.
SWANLAKE handles the Legendre expansion correctly for slab, spherical
or cylindrical geometry, but only the slab or spherical case will be
presented here. The fgth moment of the scattering cross section from

energy group I to I' is then
+1

ox(BI') = 2n(2§+1) S w o @dnm Y, (5)

-1

where Pz(u) is the Legendre function.

The fth moment of the flux can be represented by
NOA

s2(3,1) = D, 8(3,K,1) wr(x) P (x). (6)
K=1
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Using the preceding formulations and dividing the spatial integra-
tion into NZONE spatial zones, the multigroup discrete-ordinates form

for the sensitivity function in Eq. (1) becomes

NZ0ONE IZF NOoA
(D) = | 24 ey (TZ) 2. VOL(3) |- 2o #%(3,K,T)oy (I) (7)
IZ2=1 J=171 K=1 T
fmax IGM
6 (3,6,1) WI(K) + Do D #b (3,11) o (1) 37 (3,1)
£=0 I'=I
J
INT /max IGM
2 2 2.0 o ¢,
J=1 £=0 I=1

where
DX(IZ) is the number density for cross section X in spatial zone IZ,
IZI is the initial spatial interval in spatial zcne IZ,
IZF is the final spatial interval in spatial zone IZ,
VOL(J) is the volume of interval J,
This equation represents the basic calculation performed in SWANLAKE,
In practice, hcwever, Eq., (7) is calculated as a product of the density,
the cross section matrix, and a matrix ccntaining multiples cf the for-
ward and adjecint flux which is referred to as the &%$ matrix., First

rearrange Eq. (7) to give
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N7.0NE o IR
Py (I) = 2 oy (T2) | - X, (1) 2 VOL(J) D #%(J,K,T)8(J,K,1)WI(K) ()
I7=1 Jd=I/T K=1
smax IGM I/F
o2 2o bty 2o et A,
£=0 I'=1l J=I/1

INT LZmax IGM

where R = ZZ ZD(J, é(JI)

J=1 £=0 I=1

Now express (8) as

NZONE
P (I = D, ey(12) |- 2, (D) 25700,1)
IZ2=1 T
Lmax TGM
e 2 2 b e | /R,
2=0 TI'=I

where Z is the ¥%% matrix and corresponds tc¢ the format of the crcss

section matrix for ANISHN, in which Z = O, pcsition 3, I contains the

total cross section for group I, position 4 contains the within grcur

crcss secticn for group I, and subsequent pcsitions contain the down-

scattering cross sections from group I' to group I. This separation

has the advantage that the 2¥& matrix need only be calculated once,

since it is a function of the forward and adjoint sclutions, and will

be the same for all cross section sets used in the calculation cf the

problems under investigation.

(9)
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C. Applications of the Sensitivity Punction

The sensitivity definition of Eq. (7) heas been found to be con-
venient for identificatior of the most important c¢russ scections for o
given problem in terms of element, isotope, end specific reaction cross
sections.

A plot of the sensitivity function vs energy ie referred to a8 o
sensitivity profile, and indicates cross section ifwmportance ag & funciion
of the energy of the incident particle, This “fingerprint” of the
caleculation has many potential uses since it quantitetively focuses
attention on the importani cross section dats, These uses fnclude an
indication cf the need for specific ¢ross section eveluation and measure-
ments, the correlation of integral experiments snd design problems,
gend the prediction of overall uncercainty in a design probles,

Equation (7) con bz integrated cver the incidest energy B to give
the tctal sensitivity of the preblem to the cross secticons for specific
reaction types, For example, the effect of Legendre series truncation
fer s multigx&up'cﬁ Lross sec ion set may be evelusted by examining
gensitivity as 8 functicn of the number of expensicn terns., Inforwe-
ticn regarding the variation of cross section importance #5 & function
of space may alsc be obtained by breasking up the spatisi integration

intc zones,
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LT. OWANLAKE

A. Caleulotional Outline

Basically, OLWANILAKE takes the forward and adjoint angular flux
solutions for a given problem and combines them with the cross section
t¢ be studied according to Eq. (7). Sensitivities are obtained for
cnch cross sectlon scet as a function of spatial zone and summed over
wone, A osum over ull cross section sets input for analysis is also
calculated for cach zone aind over cll zones., The resulting sensitivities
by cnergy proup are divided by the lethargy interval per group in an
attempt to remove the dependence on thie multigroup structure, and are
then plcetted as a function of energy.

The principle subroutines in SVWAITLAKE function as follows:

MATL - sets blanx common size;

COlITRL - sets addresses in blank common, reads input, calls

calculaticnal subroutines;

ADTAPE - reorders adjoint angular flux tape;

PERT - calculates %% matrix;

RESULT - calculates sensitivity for givelw cross section zet;
DRAV -

plcts sensitivity per unit lethargy vs particle energy

in MeV,

B. General Reguirements
The primary requirement is that the transport prcblem be properly

stated in that the ferward and adjoint calculations give the same re-

sult. Fer the forward calculation, as given in Eq. (2)
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R =fdr fcm de D(%,0,E)8 (¥,3,E),
T O E

r

and for the adjcint calculation
> -3 w > D
R = fdr fdﬂ fd.E S(r,Q,E) & (r,0,E), (10)
* 3 E

where D(;}a,E) is the response function for the forward calculation
and the source for the adjoint calculation,
and S(?,a;E) is the source for the forward calculation and the
response function for the adjoint calculation.
Obtaining consistent agreement for R might require a higher order angular
quadrature and a finer spatial mesh than would normally be used for the
calculation, Care must alsc be taken to express the source and response
functicns in a ccnsistent set of units for SWANLAKE. The user shculd
refer to Appendix C for details.
The logical numbers required for input-output files and their
uses are:
lcgical 1. forward angular flux;
logical 2. adjoint angular flux;
logical 3. scratch device;
lcgical 4. scratch device;
logical 5. standard input;
logical 6. standard cutput;
lcgical 7. 3*% matrix by zone;
lcgical 8. cross sections if not from cards;

logical 45, calcomp plot tape.
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thile the current version of SVANLAKE is applicable to a wide
range of problems, some limitations should be noted. Problems rust
be time-independent and one-dimensional. The present sensitivity
function only allows for energy downscatter, does not include the
effects of fission cross sections, and cannot evaluate the sensitivity
of the calculated response to the response function, It is anticipated
that most, if not all, of the above restrictions will be removed in
future versions.

Users who do not wish to use the included INTRIGUE-II~L12 calcomp
pilotting package may remove logical 45, and the following subroutines:
SEEK, HOLLER, SUBVAL, EXPQON, GRECO, LETTER, RS, SUBTLE, TENS, VALUE,
XTENS, ¥YS, ADVANC, CURVE, DDASH, LINEAR, LOGLOG, MBE, POINT, SEMLOG,
GREEK. If these subroutines are removed, DRAW must be shortened as
indicated by the comment cards in that subroutine, or a change must
be made in JCL sc that a run is permitted to continue, The JCL in-
cluded with SWANLAKE are for the Qak Ridge National Laboratory IBM
360/91, and are given as an illustration, as are the DD cards for the

logical units used in the sample problem,

C. Input
This section is intended to be used as a gulde in preparing prob-
lems for SWANLAKE, Data may be input in either conventional FIDO
($ or *) or free-form ($$ or ¥*¥*) format™ in the order listed. ($ units
call for fixed point or integer input and ¥ units require floating
point input,) Calculational options determine which input sets are

required. A brief explanation will be included with each input item,
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alonys with examples as required. The bracketed numbers refer o the
number of entries required tor each unit.,  Iicrwal FIDO sherthnod

such as F for 111, R for repeat, ete, are allowed. Iote the place-
ment of the T required at the end of each input set., Ulnee blank
commen and teotal core requirements are determined by input parameters
used in the sensitivity calculation, they will be presented ufter

the ingut description.

188 [16]
(1) IGH number cf energy groups
(2) ITL cross secticn table length (present versicrn requires
this to be IGH3 or less)
(3) T number of spatisl intervals
(4) ISX erder of 8
(5) ISCT crder cf crcss section expansicn
(6) NZCHE number ¢f spatial zcnes
(7) lE number cf cross secticn sets
(8) ITAPE (1/2), (calculate/read frcm lcgical 7.)
¢#*% matrix (cnce %2 matrix is calculated, it is
stcred on logical 7. as a function cf spatial zcne,
and is therefore available for analysis of additicnal
cross secticn sets)
(9) IsIG (1/2), cross sections frcm (cards/tape)
(10) IGOM (1/2/3), (plane/cylindrical/sphere) gecmetry
(11) IPRNT (0/1), (don't print/print) cross sections
(12) IPLZN (0/1), (don't print/print) P, predicticns and full

PE sensitivity matrix



(13) LARNG (L/2/3), scnsitivity matrix in (ANISN/r/xORSIsV*/both)
Tommat (for g glven cnerpgy group I, ANISN prints 9
in position 3, then I'»I, while MORSE printsclT in
position 3, then I»I')

(14) IPLOT (0/1/2/3) plot sensitivity profiles (none/for neutron
Cross sections/for gamma Ccross sections/for both)
sunmed over all spatial zones

(15) IPLTZ (0/1), (don't plot/plot) sensitivity profiles for
each separate spatial zone

(16) ILNG last energy group for first particle type (normally
last neutron group)

2+ [1]

RTOTAL integrated response, R, for the problem investigated

T

gy T gy P e P Y G D D WS S TSy A e G T GRS W G G G TD D Gn O Gn G TS S S GD T TEN W VN YD G TS D AP N SHD GUD Guy PN TP Gy P R GED GNP S G MNP D N G Gy TR WD G GO GD 6w e WP

v, %, 6, and ¥ deta are required if ITAPE = 1,

If ITAPE = 2, the next input will be neutron energy group boundaries, (8%).

% [NoAlT s, welghts

5t [ NoA] 5 cosines

T

6 [ mm+1] interval boundaries

7 [ NZONE+1] numbers of interval boundaries corresponding to zone
boundaries

T

T NOA = ISN+1 for plane or sphere

NOA

it

(ISNx(ISN+4)) /4 for cylinder
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g [ TLNG] neutron energy group boundaries in MeV,
high to low

9¢ [ IGM-ILNG+1]) gamma energy group boundaries in MeV,
high to low

T

A M n G S N W G G W T S WD s TS aay WD Gah MU0 Gm GEP D SED W G A ) eup N M B A GEE S UMD Gt MR ey onf D SAp SN M GER M G St e G Gme R W A B et GaS A e PP TN e S e e v

The following data, (title cards, 10§, 1I* or 113, and 12%), must be
repeated for each cross section set to be analyzed (INE = 1 to NE).
Title card for cross section set INE (2084 format).
Title card for gamma sensitivity profile plot (20A4 fr~vmat), only input
if TPLOT = 3.
NOTE: The first title appears at the beginning of the sensitivity
analysis output and on the plot for the first particle type.
The second title appears on the second plot.
106 [1] order of P for cross-section set INE (this

number is carried as the variable LISN)

1% [ IGMxITLx(LISN+l)] cross section set INE input cn cards (ISIG = 1)

T

or

11$ (rLIsN+i] library ID numbers for cross section set INE
to be input from logical unit 8 (ISIG = 2)

T

12% [ NZONE] number density by spatial zone for cross
section set INE

T

If NE > 1, title card for neutron summation plot.

If NE > 1 and IPLOT = 3, title card for gamma summation plot.
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Blank common requirements are specified on two carde in the MAIN
routine of SWANLAKE:
Card (1) COMMON D (XXXXX)
Card (2) TEBLCOM = XXXXXX
where XXXXXX specifies the blank common reguirement in words, Two
different blank common requirements are possible, If ITAFE = 1, set
blank common to maximum value, (4) or (B). If ITAPE = 2, set blank
common to (B). The underlined portions of the equations are usually
the dominant factors in determining the space required, and the following
definitions are employed:
LLN = 40 if IPLOT = 3

20 otherwise;

1

NOA = ISN+1 for slab and sphere
= [ (ISN) (IsN+4)] /4 for cylinder;
ILMOM1L = ISCT+] for slab and sphere
= 1 + [ (ISCT) (ISCT+4)] /4 for cylinder;
ITT = the maximum number of spatial intervals in any spatial

zore.

(&) 90 + (LLN) (NE+1) + [5 + IMOML + (2)(INT)] [NOA]

+ [ (TTL) (TGM) + (ITT) (IGM+1)] [IMOM1] + IGM + INT + NZONE

(B) 92 + (3)(NoA) + [LLN + (IGM)(NZONE+ISCT+2)] [NE+1)

+ [NOA + (IGM) (ITL)) [IMoMi] + (ISCT+2) (IGM) (ITL)

+ (IGM+1) (ISCT) + IGM + INT + (2) (NZONE)
If an insufficient blank common is specified, the code will so indicate,

and the Jjob will be terminated.
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Since the spatial zones specified for the ANISN calculations can
be subdivided for analysis by SWANLAKE, ITT can be made arbitrarily
small, and the biank common requirements decreased, Calculational
time, however, will increase in an approximately linear fashion with
tiie number of spatial zones swecified, The total core requirement
L3 the sum of the core requir=d for the SWANLAKE program + blank
rommon requirements + requirements for input-~output devices. Although
cxact requirements will vary with specific computer systems, a general
‘dea can be cbtained from the requirements for the IBM 360/91 system
at Oak Ridge Naticnal Laboratory, which is rcughly 30K words plus
tlank commcn reguirements, Appendix B gives core and time requirements,
along with a brief description cof the problem being analyzed, for a
variety cof calculaticns,

The fcrward and adjoint angular fluxes must be input when ITAPE =1
cn logical units 1 and 2, respectively, SWANLAKE expects the forward
angular fluxes tc be similar to those computed by ANISN, that is, tc
have the same units, (particles-cm°2-sec"l-unit weight'l), and toc be
in the same crder. The forward angular fluxes must ke in the order cf
group, angle, and spatial interval boundary, i.e.:

grcup 1, angle 1, interval boundary 1 to INT+1;

group 1, angle 2, interval boundary 1 tc INT*L;

group 1, angle NOA, interval boundary 1 to INT+1;

grcup 2, angle 1, interval boundary 1 to INT+1;

group 1@, angle NOA, interval boundary 1 to INT+1,
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The adjoint angular fluxes are also expected to be in the order of
group, angle, and interval boundary. The interval boundary specifica-
tion remains the same, (1 to INT4+1), but the energy group order is
inverted (low to high). For slab and spherical geometry, (IGOM = 1, 3),
the angular order is the inverse of the forward case (NOA to 1). For
cylindrical geometry, (IGOM = 2), the angles are listed in the order
of the reflected direction specified in the output from the ANISN ad-
Joint calculation. Subroutine ADTAPE reorders the adjoint angular
flux to correspond to the forward angular flux, but does not rewrite
logical unit 2. The forward and adjoint angular fluxes required on
logical units 1 and 2 in SWANLAKE may be obtained by specifying logical
units 1 and 2 for the forward and adjoint ANISN calculations, An
output device must be specified for both units 1 and 2 for both the
forwaxrd and adjoint ANISN calculations. The ANISN output will specify
which logical unit contains the angular fluxes. Ixperience has shown
that for the Oak Ridge system, the forward angular flux is usually

vritten on logical 1, while the adjoint angular flux is usually written

on logical 2,

D. Output
This section lists the output in the order in which it would
appear as the result of a SWANLAKE calculation. Where an output sec-
tion is optional, the input parameter designating inclusion of this
output is indicated. In general, the output begins with a printout
of input quantities for diagnostic and identification purposes. Next

an analysis of the problem sensitivity is presented for each cross
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section set, followed by an analysis for the sum of the individual
sets. The energy group structure utilized for this problem is then
given, followed by the sensitivity per unit lethargy by energy group
for each cross section set and for the sum of the individual sensi-
tivities. The number of entries in each output section is indicated
by brackets,
1. Printov+ of input quantities
a. [1] number of words requested for blank common
b. [20] 1$$ input parameters, in order, with explana-
tions for each entry, followed by the total
response determined by the transport calculation

c. [(3)(@woa)] reflected directions as a function of angle,

Gaussian quadrature weights as a function of
angle, and cosines as a function of angle

d. [ (WoA)(ISN+1)] Legendre coefficients for flux expansion
as a functl on of angle and moment

e. [1] maximum number of intervals in any spatial
zone (it is necessary for the user to deter-
mine this value in order to set biank common
requirements - the number printed here is
ITT as determined by the code, and is in-
cluded for diagnostic purposes)

f. [1] words of blank common required for &%%
matrix calculation (code's computation of
blank common requirement A)

g. [ INT+1] spatial interval boundaries in cm



h, [ NZONE+1]

1. L1]
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I.D. numbers for interval bounduries
serving as zone boundarics

words of blank common required for
sensativity calculation with full
cross section expansion (code's
computation of blank common require-~

ment B)

NOTE: Ttems c through h above are printed out only if ITAPE = 1.

2. Sensitivity analysis infcormation for cross section set number INE

(this block is repeated NELI times, where NE cross section sets

are input, and NE1 is the sum of the individual sensitivities)

a, [1]

b. [ (ITL)(IGM) (LISN+1)]

c. [1]

title for analysis of problem sen-
sitivity to cross section set INE
(or to sum of sensitivities if

INE = NE+1)

cross sections for set INE, printed
out if IPRNT = 1

number density for nross section

set INE

NOTE: b and c not printed when INE = NE+1

d. [1nIsn]

T NE1 = NE+1

predicted percent change in result,
R, caused by decreasing Legendre
expansion of cross section set INE
from LISN to 4, £ = LISN-1, . . .

£ =0 (printed out for all INE

when IPLZN = 1 and LISN > 0)
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NOTk: o, und d Lf IPLAN = 1, wre repeated for coch vone, 1 Lhrow

0k, fellowed by d for the entirce system (sws of ull spatial

20NCS )

e, [ (IG)(LIsN))

£, [ (ITL)(IGM) (LISN)]

g. [ (ITL) (I@)]

predicted percent chanppe in result,
R, causcd by decrcasing Leicendre
expansion of c¢ross sccllion set 1O
from LIS+l terms to I. terms,

L = LI3N to 1, given us function

of grcup for the entirc systen

(sum of 2all spatial zones), printed
if IPLZN = 1

full sensitivity matrix, giving

the prcblem sensitivity tc each
position in the cross section matrix,
printed if LJSN for set IIE > O

and IPLZN = 1

sensitivity matrix giving each crcss
secticn position but swmmed over the

Legendre expansion coefficients

NOTE: If IARNG = 1, f and g printed out in discrete crdinates format

similar to ANISN GJT in position 3, then I'I), if IARNG = 2,

f and g printed cut in MORSE format (CT in pcsiticn 3, then

I»I'), if IARNG = 3, f and g are printed out first in discrete

ordinates f'crmat, then in MORSE format (numbers appearing in

position 1 & e assumed tc be absorptions, sc although their

sensitivities are calculated correctly, they are not added to



bhie total and dewnscatters to determine sensitivity by group,
sinee nbsorptlions ure included in Lhc'sT Lerm)
by [o(ra) (onkel)] problem rensitivity teo cross section

sct INF as a function of energy group
and sputial zone, sum cver spatial
zones appears as zone (NZONE+1)

i, [ H70NE:1] problem sensitivity to cross section
set INE summed over energy as a
function ¢f spatial zone and par-
ticle type (sensitivities by zone
printed separately for primary and
secondary particles, alsc as sum of
primary and secordary, assumed to
be neutrons and gamma rays, when
ILNG < IGM)

Energy and plctting informaticn

a. L ILIG] energy group bounds in MeV for first
particle type (ncrmally neutrcns)

b. [ IGM-ILNG] energy group bcunds in MeV for second
particle type (normally gamma rays)

c. [ (IGM) (NZONE+1) (NE+1)] prcblem sensitivity per unit lethargy
as & function of energy grcup, spatial
zone, and cross section set, zone
(NZONE+1) represents a sum over
spatial zones and cross section set
(NE+1) represents a sum over NE

individual cross section sets.
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ITI. SAMPLE PROBLEM

A. Problem Description

The sample problem chosen for inclusion in this manual is the
calculation of the total tissue dose (Snyder-Neufeld15 for neutrons
and Henderson16 for gamma rays) resulting at 2000m in air from an
unclassified thermonuclear source. A 22-18 coupled neutron-gamma
cross section set for air (a macroscopic mix of microscopic nitrogen
and oxygen cross sections) was used for the ANISN discrete ordinates
calculations and for the sensitivity analysis. The ANISN calculatiocns
were made in spherical geometry with P3 cross sections and an 840
angular gquadrature., The spatial variable was divided into 169 inter-
vals and 4 zcnes, The first spatial zone contains the thermonuclear
source, the second zone is approximately 2000m of air, the third zone
is composed cf cone interval at 2000m from the source, where the tissue
dose response is to be determined, and the fourth zone is air extending
from 2000 tc 3000m, included to allow for reflection. The tissue dose
computed by the forward and adjoint ANISN calculations agreed tc within
2%, which is reasonably good for a spherical case., Although it is
obviously desirable to attain the best agreement possible, experience
has shown that agreement within 105 is adequate for most analytical
purposes, In general, agreement is easier to attain for slab and
cylindrical geometries, and for spacially distributed source and re-
sponse functicns, Refinement cf the angular quadrature and spatial

mesh, especially in the area of the source and response function,
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usually improves agreement., For example the sample problem gave

approximately 296 agreement when calculated with an S., angular

16

quadrature and 155 spatial intervals, before refinement to % agree-

ment with 840 and 169 spatial intervals.

B. Sample Input

The computer code package for SWANLAKE, (available from the
Radiation Shielding Information Center at Oak Ridge as CCC-204),
includes a listing of the complete SWANLAKE input and output for the
sample problem, along with the input for the forward and adjoint
ANISN calculations to produce the angular flux. This section,
therefore, contains the first portion cf the SWANLAXKE output, which
is essentially an input listing, Note that this case calculates
the ¢ matrix (ITAPE = 1), will print out the cross secticn set
(IPRNT = 1) and Pz predictions (IPLZN = 1), prints the sensitivity
matrix in ANISN format (IARNG = 1) and produces both neutron and

gamma sensitivity plots (IPLOT = 3) summed over all spatial zones

(IFLTZ = 0).
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ORNL-DWG 73-3554

94000 wWORDS REQUESTED FOR BLANK CUMKDN
LS ARRAY 16 ENTRIES READ
2% ARRAY 1 ENTRIES READ

Qv
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ORNL-DWG 73-3526

40 -~ NUMBER OF ENERGY GROUPS
43 ~ CROSS SECTION TABLE LENGTH
169 = NUMBER OF SPATIAL INTERVALS
40 <~ CORDER OF SN
3 - ORDER OF CROSS SECTION EXPANSION
4 = NUMBER OF SPATIAL IONES
1 = NUMBER OF CROSS SECTION SETS
1 = 1/2¢ CALCULATE (PSI®)iPSI)/READ (PSIB)I(PS])
1 -~ 1/2y READ CROSS SECTIONS FROM CARDS/TAPE
3 = 1/2/73¢ PLANE/CYL INDER/SPHERE GEOMETRY
1 - 0/1y 00 NGT PRINT/PRINT CROSS SECTVIONS
1 = 0/1¢ DO NCT PRINT/PRINY P(L) SENSITIVITY BY GROUP AND IONE
1 = 172734 SENSITIVITY MATRIX PRINVED IN SN/MONTE CARLO/ROTH FORMAT
3 - 0/1/72/3, SENSITIVITY pLOTS ~ NO PLOTS/NEUTRON ONLY/GAMMA ONLY/MEUTRON AND GAMMA
0 -~ 0/1, DO NOV PLOT/PLOT SENSITIVITY BY ZONE
22 ~ LAST NEUTRON GROUP
1.0100E-16 = TOTAL RESPONSE FOR THIS PROBLEM
4% ARRAY 41 ENTRIES READ
5& ARRAY 41 ENTRIES READ

ot
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ORNL-DWG 73-3527

ANGULAR QUADRATURE CONSTANTS

wEIGHT

0.0

2.26060€~03
5.24910€~03
8.22050€-03
1.11:30E-02
1.39690€-02
1.67300€-02
1.93%910E-02
2.19350€E-02
4243480E-02
2.606140€-02
2.87200E~G2
3.060530E~02
3.24020€£~02
3.39560Q€~02
3.53060E~02
3,04430E-02
3.73620€-02
3.80550E-02
3.85200E-02
3.87530£~-02
3.87530E-02
3.,85200E-02
3,60550€E~-02
3.73620€~02
3.644306~02
3.5306QE-02
3.39560t-02
3.24020e-02
3.0653GE-02
2.87200E-02
2.606140E~02
2443480€-02
2.19350E-02
1.93910E-Q2
1.67300€-02
1.39690€~-02
1.1123G€E~02
8.21050E~03
5.44910£-03
2.26060€-02

COS INE
-1.00000€ 0O
~9.98 240€~01
~9.90730E-01
=9.77260E-01
~9.57920€~01
=-9,3,810€~01
-9,02100E~01
~8.65960E~01
~8.246106-01
~7.78310€~01
=T.27320E-Q1
~6.71960€~01
~6.12550€~01
=5.49470C-~01
~4.83080E-01
~4,13780E~01
=3.41990€~-01
~2.68150E-01
«1.92700E~01
-1.16080€-01
~3.87720€6-02

3.,87720E-02
1.16080E~01
1.92700E~01
2,68150€E-01
3.41990E-Q1
4+13780€E-01
4.83080€~-01
S.494TQE-01
6.12550E-01
6.71960€£~01
7.27320E=-01
7.7831GE-01
8.24610E-01
8.65960€-01
9.02100€-01
9.32810E-01
9.57920E-01
9.77260£-01
9.90730€~01
9.93240E~01

REFL ODIRECT
41
&1
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
18
18
17
16
15
14
13
12
11
10

NWHSRWO~NDO
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* TSEMDRE COEFFICIENTS FOR FLUX

ANG .

~n
w

SWUWWWWWWWWAIRNRN R AN R R R P bt b fos ot s ot Pt Pt gt
CUOUEONCVEWNFROOVOINOCWVIWNRMOVENCTVEIWVNTOOENOMSWNN

>
-

o*
7%
(011

PLLY
1.00000E
1.00000E
1.000Q0¢
1.00000€
1+00000E
1.00000E
1. 00000F
1.00000€E
1.00000E
1.00000¢E
1.00000€
1.00000€
1.00000€
1.00000GE
1.00000€E
1.00000E
1.00000€
1.00000€
1.00000¢
1.00000E
1.00000E
1.00000&
1.00000E
1.00000E
1+00000E
1+00000E
1.+ 00000E
1.00000E
1.000C0E
1. 00000€
1.00000E
1. 00000E
1.00000E
1. 00000€
1.00000E
1.00000E
1.00000E
1.000Q0E
1+ 00000E
1 .00000€
1.00000E

ARRALY

ARRAY

NUMBER OF INTERVALS IN THE LARGEST ZONE LS
42112 WORDS OF BLANK COMMON REQUIRED FOR (PSI*)(PSI) CALCULATION

by
[e]4]
0o
00
00
Qo
1]}
00
(1Y)
00
00
00
00
00
ao
00
[+]2}
00
a0
00
00
00
00
00
00
a0
00
[o1s}
[o]7]
00
00
00
00
00

PLL) 2
-1.00000E 00
-9.98240E~01
-9.90730E-01
-9.77260E-01
-9.57920E~01
=-9+32810&~01
-9,02100E-01
~B+65960E=01
=8.24610E~QL
~7.78310E~01
-7.27320E~01
~6.71960€-01
=6412550E~01
=5.49470E~01
~4,83080€~01
-4.,13780E~01
=~3,41990E-01
-2.68150E~01
-1.92700E~02
~1,16080E~01
=-3.87720E~02

3.87T720€~02
1.16080E~01
1.92700&-0)
2,68150E~01
3.41990€~01
4.13780€~-01
4,83080E~01
5,49470E~-01
6.12550€~01
6.T19600-01
T.27320E-01
7,78310€E~01
8.24610E-01
8.,65960E~01
9.02100€-01
9,32810E-01
9.57920E~-01
9. T7260E-~01
9.90730E-01
9.98240E-01

ORNL-DWG 73-3528

EXPANSION

PLL) 3
9.99998E-01
9.94723¢-01
9.72318€-01
9032554€E-01
80 76414E-01
8.05201€-01
7.206756-01
6.24829€£-01
5.19972¢-01
4,08649€6-01
2093491E~01
1.77255€-01
6.28262E8-02

-4.71242E-02
~1.49951E-01
~2.43179E-01
~3.24564E-01
~3.92143¢-01
~4+44300E-01
~4+ 79788E~01
~4.97745€-01
-4 o9T74SE~OL
~4,79788¢-01
~4+44300£~01
~3.92142£-01
~3.24564E-01
~2.43179€~01
-1-49951€~01
=bo T1242E~02
6,28262E-02
L=T7265E-01
2093491E-01
4008649¢-01
50199725-01
6.24829E~01
7.20675e~01
8.05201€-01
8.T6414E-01
9e32554E-01
9.72318:-01
9094723E-01

170 ENTRIES READ

5 ENTRIES READ

PLL) 4
-9.99995E-01
~9.89460E-01
-9445C19E-~01
-8 .67405E-~01
~7+60610E-01
=6.29957E~01
=4 .82134E-01
=3.26482E=-01
=1l .64883E=-01
~1.12189E~-02

1.29110E-01
2.+49415€=-01
3.44226E-01
4 .09669E~01
& 42TB84E=~Q1
4.43558E-01
4.12989E-01
3 .54022E-01
2.71161E=-01
1.70210E=-n1
5.80122E~02
~5.80122E=-02
-1.70210E-01
-2.71161E~01
=3.564022E-01
-4.12989E-01
“%.4_558E=-01
=b,42T84E=0L
=4 09469E=01
=3 .44226E=-01
~2+49415E-01
~1e29110E-01
1.12189€-02
1.64883E-01
3.24488E-01
4.82134E-01
6.29957€=-01
7.60610E~-01
8.67405€-01
9.45019€E-01
9.89460E-01

126



32

ORNL-DWG 73-3529

DISTANCES FOR INTERVAL BOUNCARIES

INT. 01sT 1
000
2.50000€ 01
5.00000E 01
7.50000€ 01
1.00000€ o2
1.02500¢ 02
1.05000€ 02
1.07500€ 02
1.10000€ 02
10 1.20000€ 02
1i  1.30000€ 02
12 1.40000€ Q¢
13 1.70000€ 02
14 2.00000E 02
15 2.40000f 02
16 2.80000€ 02
1T 3.40000€ 02
18 4,00000E 02
19 4.83000E o2
20 5.60000E 02
21 b6.83000E 02
22 8.00000E Q2
23  9.6%000E 02
2+ 1.13000& 03
25 1.36500€ 03
26 1.60000F 03
27 1.93000€E 03
28 2.26000E 03
29 2.73000€ 03
30 3.200008 03
31 3.86250€ 03
32 4.52%00 03
33 5.462%0€ 03
34 6€.4GJ00E 03
35 7.72%00€ 03
36 9.05%5000& 03
2T L.i0000E 04
38 1.30000€ 04
39 1.50C00€ 0«
40 1.TCCCIE 04
4l 1.90GCOE 04
42 <Z<10000% 04
43 2.30900& 04
46  2.90000E 04
45 2.70000€ Q4
456 2.900008 04
7 3.10000& Q&
b 3.30000€ O+
€9 3.50000F 04
50 3.7000G€ 04
51 3.90000€ 04
52 4.,10000E 04
53 4.30000€ 04
54 4.50000€ 04
55 4,.,70000¢ 04
56 4.90000€ 04
57 5.10000€ 04
54 5.30000E 04
59 %.50000€ 04
an  S5.70000F N4

=N NN T VY
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ORNL-DWG 73-353C

61 5.90000€ 04
02 6.10000E 04
63  6.30000E 04
64 6.50000E 04
65 6.,70000E 04
66  ©.90G000E 04
67 7T.10000€ 04
68  7.30000€ 04
69 T7.50000E 04
70 7.T0000E 04
70 T7.90000E 04
72 8.10000E 04
73 8.30000E 04
74 8,50000€ 04
75 8.70000€ 04
76 8.90000E 04
77 9.10000€ 04
78  9.30000E 04
79 9.50000E 04
80 9.70000E 04
8l 9.90000€ 04
82 1.01000E 05
83 1.03000E 05
84 1.05000E 05
85 1.07000€ 05
86 1.09000E 05
87 1.11000€ 05
88 1.13000€E 05
89 1.15000€ 05
90 1.17000E 05
91 1.19000E 05
92 1.21000E 05
93 1.23000E 05
94 1.25000E 05
95 1.27000E 05
96 1.29000E 05
97 1.31000E 05
98 1.33000E 05
99 1.35000FE 05
100 1.37000E 05
10L 1.39000€ 05
102 1.41000E 05
L03 1.43000E 05
104 1.45000€ 05
105 1.47000E 05
106 1.49000E 05
107 1.51000E 05
108 1.53000€ 05
109 1.55000€ 0S5
110 1.57000E 05
111 1.59000€ 05
112 1.61000E 05
183 1.63000E 05
Ll4 1.65000€ 05
115 1.6T7000E 05
116 1.69000E 05
L7 1.71000E€ 05
110 1.73000€ 05
119 1.75000E 05
120 1.77000& 05
121  1.79000E 05
122 1.81000E 05
123 1.83000€ 05
126 1.85000Et 05
125 1.87000E 03
126 1.89000€ 05
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ORNL-DWG 73-3531

127 1.91000€ 05
128 1.93000€ 05
129 1.95000¢ 05
130 1.9700CE 05
131 1.99000€ 05
132 2.01000€ 05
133  2.03500¢ 05
134 2.06000€ 05
135 2.0050Q0€ 0%
136 2.11000€ 05
137 2.13500¢ 05
138 2.16000€ 05
139 2.,18500€ 05
140 <2.21000€ 05
141 2.23500€ 05
142 2.26000€ 05
183  2.28500E 05
144 2.31000€ 05
165 2.33500€ 05
146 2,36000€ 05
147 2.36500€ 05
148 2.41000€ 05
149 2.43500€ 05
150 2.46000E 05
151 2.468500€ 05
152 2.51000€ 05
153 2.53500€ 05
154 2.50000€ 05
155 2.56500€ 05
156 2.61000€ 0%
157 2.83500F 05
158 2.66000€ 05
159 2.68500€ 05
160 2.71000€ 0%
l61 2.73500€ 05
lo2 2.76000€ 05
163 2.78500€ 0S5
166 2.8l000€ 05
165 2.83500¢ Q%
1664 2.86000€ 05
167 2.88500€E 05
168 2.91000€ 05
169 2.93500€ 03
170 2.96000E 0S5



35

ORNL-DWG 73-3532

INTERVAL BOUNDARIES FOR IONE BOUNDARIES
ZONE INTERVAL
1
5
131
132
170

WP OUNP

16956 WORDS OF BLANK COMMON REQUIRED FOR FULL EXPANSION SENSITIVITY CALCULATION
84 ARRAY 23 ENTRIES READ
9% ARRAY 19 ENTRIES REAC
or7



36

C. ©Sample Output

This section contains the remainder of the SWANLAKE output for

the sample problem, which primarily consists of the calculated sensi-

tivities. An outline of the output is presented first, along with a

brief discussion of its significance.

l.

The title for the calculation is printed out first, followed
by the cross section set to be analyzed.

Numbery density and predictions of PZ

followed by Pz predictions for the entire calculation as a

function of group. Note that for this problem high energy

effects are given by zone,

groups for both neutrons and gammas generally require higher

Pz expansions than lower energy groups.

Sensitivities for each position in the cross section matrix are
given first as a function of Pz, then as the sum of all expansicn
terms, The information contained here is useful in determining
the importance of specific individual cross sections, The sign
of the sensitivity indicates the effect of increasing the cross
section under investigation. A cross section increase which in-
creases the calculated dose has a positive sensitivity, cne which
decreases the calculated dose has a negative sensitivity. In
general, sensitivities for cross sections in a given energy grcup
I are highest for the total (pcs. 3, grp. I), within group (pos. 4,
grp. I), and first downscatter (pocs. 5, grp. I+l). TFor this

problem, a strong sensitivity to higher energy neutrcn crcss

sections is evident. However, it should be noted that the
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sensitivity of a given cross section will show a marked dependence
on both the input source spectrum and the response function., For
example, 1f the problem to be analyzed considered s fission source
and a damage-type response function weighted toward lower energies,
the lower energy cross sections would be more important (have s
higher sensitivity) than in the current case,

Problem sensitivity by group and zone is given next, with sum

over all zones given as zone 5. The problem sensitivity to a
specific energy group in a given cross section set is determined
by summing the sensitivities to the total and within group cross
sections for that group plus the sensitivities to all downscatter
cross sections from that group.

Problem sensitivity by particle type and zone is then presented

as sensitivity to neutron cross sections (sum over neutron energy
group), sensitivity to gamma cross sections, and sensitivity to
(neutron + gamma) cross sections, The sum over all zones appears
as zone 5,

The concluding output consists of the energy group bounds in MeV
for the neutron and gamma groups, and sensitivity per unit lethargy
by group and zcne.

The sensitivity profiles (plots of sensitivity per unit lethargy
vs energy) for neutron cross sections and for gamma cross sections
are included in the exact form produced by the INTRIGUE-2L plot
package included with SWANLAKE, These profiles present the sen-
sitivity information in a compact form which is very convenient

for analysis,
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SENSITIVITY OF TOTAL DOSE TO .N' AIR X-SEC
108 ARRAY 1 ENTRIES READ

or

11* ARRAY 6880 ENTRIES READ

oT

12% ARRAY 4 ENTRIES READ

oT



Pl 0) CR0OSS SECTIONS FOR SEY

)
(o]
o
.

CE~NCVEWN ™

GRP. 1
1.15280E-05
0.0 -

GRP. 2
1.02370E-05
0.0

7.31010€-05 6.69520€E-05
3.20370€-05 2.89050€E-05
0.0 1.15210&-05
Je0 0.0

0.0 0.0

0«0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

THRY 4> SAME AS ABOVE
GRP, 9 GR¥e 10
3654420€E~06 3445600E-06
Q.0 6.0
5.686T0E~05 7.36200E~05
6.68320€E~06 3.40890E-05
8.54650E~06 4.40510E-05
3.103060E-06 2.72670E~05
0.0 8.10930E-07
3.08890€~-08 1.11980E-07
2461390E~07 5.70560£-08
4.26TO0E~0T 1.792B80E-"0
3.07080E-07 1.71020E-06
3.014302-07 1.44090E-06
0.0 1.23500E=-06
0.0 G.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

THRU 43 SAME AS ABOVE
GRP. L7 GRP. 18
1.52010E-06 2.65230€E-06
0.0 0.0
Ya99000E-04 4.02510E~-0Q4
3.54940E=04 3.46590E~04
2:93330E-05 4.25410E-05
0.0 0.0

G.0 G.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
1.66490E-12 0.0

0,0 4.22600E-13
3.50520E-12 0.0
1.72020€-11 7.39320€~13

2.8T470E-11
4.15570£-10
2.37020E-09
8.%2550E-11
0.0
0.0

3.37740€E-12
253879E-12
1.021¢CJE-10
5.89680E-10
0.0
0.0

1

GRP o 3
T.L6040€E-06
0.0
5.85680E-05
2.49830€-05
1.24480E-05
1.02770E-06
0.0

0.0
0.0
0.0
0.0
0.0
GRP. 11
2.T79600E-06
o.o
1.01490E~04
T.44100E~05
3.60750E~05

2.58030E-06
0.0
3.44380E-08
1.26%00E-07
1.14640E-06
1.61360E-06
141130E-06
2.01200E~06
1.52360E-06
0.0
0.0
0.0
0.0
0.0
0.0

GRP. 19
4<66610E-06
0.0
b 405820E~04
3.59600E-04
5.32680E~05
0.0
0.0
o.o
0.0
0.0
0.0
0.0
0.0

QMO

+0
+«T5480E~-13
-0

0.0
0.0
1.05420€-12
“e24180E-11
2.36700E-10
0.0

39

GRP. 4
T.54130E-06
0.0
6 .03470E-05
2.67090E-05
1.66130E-05
1.47830€E-06
2.31190£-06
0.0
0.0
0.0
0.0
o.o

GRP, 12
1.42530E-~06
0.0
1.03140E-04
8.32210E-05
2.42830E~05
0.0
0.0
0.0
5.86090E-08
1.29080E-07
9.52130£-07
l+41140E-0%
7.35530E-07
1.17010€-06
1.19550€-06
0.0
0.0
0.0
o.o
0.0

GRP. 20
B.13770E-06
0.0
4.09500E~04
3.50080E6-04
4.15680E-05
.o

5430E-1%

s & o 2 0 06 3 8 ° 8 0 v

QOO0 OILrOOO0000O000

7580E-13

CONOOOLFrOOOOO0ODOOO0O0O

0820E-11

GRP, 5
T.46030E-06
0.0
6.358R0E~05
3.07430E-05
1.83470€~05
4+31800E~07
1.65680E-04
3.43T60E~06
0.0
0-0
¢.0
0.0

GRP. 13
2+58530€E-07
0.0
1.64630E~04
1.50350E~06
1.84970E~05
0.0
0.0
0.0
1.53350€E~08
8e441T9€E~09
5.20320E~07
2.022640E~07
5+R84620E-07
6.21430€-07
T7.50900E-07
1.,10420€E-06
0.0
0.0
¢.0
0.0

GRP., 21
1.33660€-05
0.0
4.14B70€E=-04
3.52160E~04
5.12990E-05
0.0
0.0
0.0
0.0

3380€E-15

4450E~14

CWOoOOOoOWOOoO0OO0C0COo
.
OPrOOONODOOOCOO

GRP. &
1.34570E~05
0.0
7.182B0E=-05
3.13240€-05
2,03930F-05
3.59720€-07
6.B2200E-07
2.17740E-06
1.87940F =06
0.0
0.0
000

GRP, 14
8.97529€E~-080
C.0
2.69933€=04
2.59320E-04
1.40200€-05
0.0
0.0
oho
0.0
2.48170€~09
0.0
2.B3860E~08
4.50120E~08
5.35860€~08
2.02450E~07
3.04530€-07
2.55480€-07
0.0
0.0
c.0

GRP. 22
6.15020E-05
0(\0
4.62980F-06
4.01490E-06
4.93380F~05
0.0
3.2
0.0
0.0
0.0
0.0
0.0
0.0
o.ﬁ
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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GRP, 7
1.32760F-05
c.0
A.75650F=-0%
4,2T764405-n5
2+51310€E-05
2.41100€E-06
7.32290F~-07
1.66840E~-06
2.88220F-06
2.36280F~06
0.0
o.o

GRP, 15
3.02179F-07
0.0
3.51920F-06
2.26420F=06
1.05240€~05
0.0
0.0
0.0
0.0
0.0
60386450F=11
0.0
1.60600E-10
B.61990F-10
1.40170F-09
1.62150F-08
?.15200E-09
4+.40950F=-09
0.0
0.0

GRP, 23

1 +51940E-04
0.0

2434430E-05
9,860%51F=-07
2.130%0E-07
9,98259F- 08
6,05629E=-0R
3.,39210F-08
1.96690E-08
1.10240FE~-08
%099730E~09
2.115640F~09
6o42T40E=10
7.60500E~1%0
9.748640F=10
1427790F-N9
9.89390E-10
7e65770E-10
S«14720€-10
4438650F-10
Se36170F-11
N.0

G, -]
To36560F=-06
0.0
6.3555NF=-0N5
?.02770€=0F
2. 75 260F-0F
o.')
1e45940F-07
9.194R0F~07
2.07160F-06
1.076R0F-06
1 .£5010E=-04
Q."

GRP. 16
Te25870F=07
0.0
3,826R0F~04
3.57520F=N6
2. T1980€E~05
0.0
0.0
0.0
0.0
Do
0.0
1.V0950EF=""
0.2
2.40200E~11
1.41420E~10
2429990E~-10
2.80250F-09
1.58520F~08
7.55100E-10
0.0

GRP, 24
1.27770E-006
0.0
2.55360F~05
1.14270F-06
1.A1 790E-06
24206 50E-07
5.,06800F-083
3,07360F-08
1.72200€-08
9,92330F-00
54593150F=-0°
2452 7T00F=-0°
1.05340F=09
1.98960F=1N
2,41930F=-11



POS.

Q.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

G.0 0-~0Q

0.0 0.0

THRU 43 SAHE AS ABOVE
GRP. 2% GRP. 26
1.07950E-04 9.09010E~0%
2.0 0.0
2.84840E=-0% 3.21410€-05%
1.79140E-06 1.96410E-06
2.48900E~06 2.54600€E~06
L1.TL410€-06 1.T6190€E-00
2.21990E-06 1.27210E-06
5.390880E~07 3.67760E-07
3.09220€-07 B8.44659E-08
1.T3240E-07 5.12260E-08
1.00440€-07 2.87000€-08
5.62750€E-08 1.66390E~08
2.54230E-08 9.32270E~09
1.05680E~08 4.21180E~09
2400150E~09 1.75070E-09
2:.43390E-10 3.316006-10
0.0 4.03220€-11
0.0 0.0

0.0 0.0

0.0 o.o

0.0 0.0

0.0 o.o

0.0 G.0
2058310E~07 1.33270E-11
3,35490€E-06 3.72770E-07
4.335T0€E~06 1.609TQ0E~-06
3.98230E~06 2.34860£-06
0.0 2.54370£~06
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 G.0

o’o o.o

0.0 0.0

THRU 43 SAME AS ABOVE
GRP, 33 GRP. 34
2.864210€E-05 2427540€E-05
0.0 0.0
T+43950€~-05 8.36T720£-05
9.50930€-06 1.51320E-05
1.18120E=-05 1.89820E-~05
7.209T0E-06 1.14020E-05
5,221 40E=06 7.56060E-06
3.97430E-06 5.91890E-06
3.164060E~06 &.72770E~-06
2.45090€E-06 3.86240€~06
1.90910E~-06 3.08600€E-06
1.51410E-06 2.43960E-0¢
1421430E-06 1.94860E-06
9.90630E-07 1.56820€-06
2422880€E-09 1.28110€E-06
5.11930€-10 0.0
3,10460E-10 0.0
1.73940E-10 0.0

0.0
0.0
0.0
0.0
0.0
0.0
GRP. 27
T.65090€~09%
0.0
3.66540E-05
3.16910€-06
4.27950€~06
2.81220E-06

L .97750E-06
1.48650E-06
6424050E-07
1 443340E-07
8469319E-08
4.870206-08
2482350€-08
1.58200E-08
T.147306~09
2 +97090E~09
5.62720E-10
6.84250€E~-11
0.0

2.0

0.0

0.0

0.0

040

2.40050E-08
9.47319E-08

6.91680E-07
1.92330E-06
3.19910€-006
3.16590E-06
0.0
0.0
0.0
0.0
0.0
o.o
GRP. 33

1 .64800€-05
0.0

9,70070E-05
2.T74680E-05
2.93060€E-05
1.78830E-05
1.25230E-05
9.65720E~06
B8.37980E~-08
7.66960E-06
7.41920E-06
7.58080E-06
8.22830E~06
9.19700E-06
1.03030E-05
1.18290E-05
6.6B640E-09
1.53580E-09

40

Q.0
0.0
0.0
0.0
0.0
0.0

GRP. 28
6.50690€-05
0.0
& .16240E-05
2.64630£-006
3.52970€-06
2.2464QE--08
1.55830E-06
1.14370E-06
8.85060F-07
1.76080E-07
4.04430E-08
2445270E-08
1.37410€-08
T7+96660E=09
4.46350E-09
2.01650€E-09
8.38210E-10
1.58760€~10
1.92050€~11
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.,09189E-08
5.85800€E-07
6.31420E-07
6.97050E-07
6,39950€~-07
0.0
0,0
0.0
0.0
0.0

GRP. 36
1.13640€-05
0.0
1.11730€E-04
2.84310€-05
2.68540€-05
1.41260E-05
1.05940€E-05
8.42590€-06
6.,82040E-06
5.74749E~08
4.81490E-06
4.02880€E-0Q8
3.24980E-06
2.56930€6-06
2.06210E-06
1.63330€E-06
1.32650E-06
0.0

1.84490E-11
0.0
0.0
0.0
0.0
0.0

GRP. 29
5.6T7%30E~05
0.0
%.63C80E~035
3.89630€~06
5.58540£E-06
3.63190¢-06
243420006
L. 75630€-06
132650E~06
1.04530E-06
2.22880E-09
5.11930€~10
3.10460€-10
1.73940€~-10
1.00840E=10
5.65020E~11
2.55260F=11
1.06100E~11
2.00970€E~12
2.46370E-13
0.0
°.°
0.0
1.17830E-11
2226370E-08
1.75590E-07
1.81210€-06
3.83950E-08
5.39380E-06
3.95890€~06
3,83440E=-06
2.73540E=06
0.0
2.0
c.0
0.0

GRP. 37
T« T3790E-06
0.0
1.26%50E~04
44, 92950€E-05
4.89440€E-05
2.78400€E~GS
2.0T180€~05
1.69250€-05
1.21580E~05
8.54970E~06
6,46540E-06
4 ,90430€E=-06
3.,75%50E=06
2.TT150€E~06
2.01690€E~08
1.50210€E-06
1.13980€-06
8,89500E-07

0.0
0.0
0.0
0.0
0.0
0.0

GRP. 30
4.91550€-n%
0.0
5.17B50E-0%
4%.03630E~06
5.64800¢€-06
3.8%5070€-06
2.63350€-06
1.8%090€-06
1.38020€-06
1.06610€-06
8. %1580E~-07
T+68890E~-07
1.76610€-07
1.07110E~07
b6+ 00090E=~OR
3.47900CE-08
1.94930€~-08
8.80640E-09
3.66060€~09
6.93340€-10
8.43080€E-11
0.0
0.0
0.0
D.C
0.0
0.0
0.0
0.0
0.0
2.206460GF-09
4.49150E-08
3,87270F=-08
0.0
0.0
o.o

GRpP. 138
4415390F-N6
0.0
1.49730€-N¢
1.12%10€-04
T«71130€~05
3,43040€E=-0%5
1.48270€-05
4©.38290€-06
4.95640E-07
0.0
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0«0
9.44880£-10
7425900F-08

2469820F~07
0.0

Ne0

GrRP, 31

%+24670F=-0%
0.0
54 76290F=-05
5« 78040€E-06
8.16420F-06
5+50800F-0h
3493400€-N6
2.8)790F~-06
2.06010E~-06
1.87560F=06
1.276R0€-06
9.97330F~07
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.07710F=-07
1. 80660€=-06
2.86360€~05
1.63510€-06
1.54610E-06
B.96840F~ 07
2.0
0.0

GRP, 9
1.961 26&06
n'o
1.82750E-04
1.560%0€-04
3.64470F-0%
0.0

QO0OO0OIDIQOOIOI200
COO000O00O0QOOQ

0.0
2.H1BANF =0~
1.4T4NF=0h
3.007%50F =06
3.35900F~-06
0.0

GRP. 132
3,.%099nNF-0%
0.0

6.55900F=0%
9,25 INE~NG
1.70390F-05
Ba139A0F~06
5.A3T70€~N4
4,40280F=06
3.31060F-06
2.512F=0¢
1.96400%-06
1.55130F=06
1.27000F =04
6045 T6OE =00
1.023R0E-0¢8
6.70940€=10
3.47RV0F-10
7.01680F=10
1.12000€=10
%.10500F=11
2412700€=11
44,01940F=12
4, 88T 4QE-12

3,N19940€~-08
1.41300€=-17
2451170F=07
2.,36130€-07
0.0

GRP, &0
T.505%0€~-06
0.0
6.4954NF-N0
1.9870NE=0¢
194530605
0.9

2002003009200
)
SOQVUI0ODOOLLOD
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1.00840E-10 0.0 9.31390€-10 0.0 0.0 0.0 0.0 0.0
50650205‘[1 Q.0 $.21830E~10 0.0 0.0 0.0 0.0 0.0
2.55260E-11 0.0 3.02520E~10 0.0 0.0 0.0 0.0 0.0
1.06100€-11 0.0 1.69500e-10 0.0 0.0 0.0 0.0 0.0
2.00970€~12 (0.0 7.657T0E=-11 0.0 0.0 0.0 0.0 0.0
2.‘0“3705-13 0.0 3,18310€-11 0.0 0.0 0.0 0.0 0,0
000 0.0 6.029105"2 0-0 0-0 0.0 0-0 0.0
0.0 0.0 T+33130€-13 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
THRU 32 SAME AS ABOVE

0.0 6.T1430E-09 0.0 0.0 0.0 g.0 0.0 0.0
0.0 6.40170€E~-07 0.0 8.0 0.0 0.0 0.0 0.0
0.0 8.,60750E-07 5.03120E-07 0.0 0.0 0.0 0.0 0.0
0.0 8+90730E-07 6.568530E-07 0.0 0.0 0.0 0.0 0.0
0.0 8:60930E-07 6.73190€-07 0.0 0.0 0.0 0.0 0.0
0.0 0.0 ©.70240E-07 0.0 0.0 4.5626DFE-N9 0,0 C.0
0.0 0.0 0.0 0.0 0.0 6.52689E=08 0.0 0.0
g.0 0.0 0.0 0.0 0.0 2.427T0F-07 0.0 0.0
0.0 0.0 040 0.0 0.0 2.68370E~07 ".0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0



P4 1) CROSS SECTIONS FOR SET

POS «
1
2
4
5
6
7

8,

POS.

VONC NS

T
Q
wn
.

~NO Ve N>

°
o
v
.

e
WNPFOOCO~N UV SN~

-~
&

15

©
o
(7]
.

GRP.« 1 GRP, 2
0.0 0.0

THRU 3 SANE AS ABODVE
8.00560E~05 6.76410E-05
0.0 2.86220E-06
0.0 0.0

G.0 0.0

THRY 43 SAME AS ABOVE
GRP. 9 GRP, 10
0.0 0.0

THRU 3 SAME AS ABOVE
1.79580E-05 5,26190E-05
3.937006~06 -4,03610E-06

~T7.34100€-06 =3,99940E-05
0.0 -2.21520E-0¢6
G.0 0.0

THRY 43 SAME AS ABOVE
GRP. 17 GRP, 18
0.0 Q.0

THRY 3 SAME AS ABOVE
9¢49960E-05 1,05030E-04

~2464330E-05 ~3.84040€E-05
0.0 0.0

THRU 43 SAME AS ABOVE
GRP. 25 GRP. 26
0.0 0.0

THRU 3 SAME A5 ABOVE
5.32370E-06 5.84390E-06
T«33060€-06 7.74940€-06
“.97730€~06 5,05810E-06
0.0 3,59910€-06
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

Q.0 0.0

THRU 43 SAME AS ABOVE
GRP. 33 GRP, 34
0.0 0.0

THRU 3 SAME AS ABOVE
2.73790E-05 4.24190E~05
3.11340€E-05 4.T9810E~05
1.67700E~05 2.93490E£-05
1.11250E-05 1.39760£~-05
T.84220E-06 9.63880E-06
5.79470E-06 6.95030€-06
4,.22450E-06 5.182T70E-06
3.10520E-06 3.77800E-06
2.35040E~-06 2.74010E-06
1.81610E~06 2,04420E-Q¢&
1.44060E-06 1.55620E-06
0.0 1,21850E-06
o.o a.o

0.0 0.0

G.0 0.0

1

GRP , 3
0.0

5.58360E-0%
~3.96T90E-Q6
~1.523405-06
0.0

GRP .
Q.0

11

&.73140€-05
-2.06°810€-05
-7 +11260E-06

0.0

0.0

GRP,
0.0

19

9467 60E-Q5
=% .,B0990E-05
0.0

GRP .
0,0

27

9.43820E-06
1.24250€-05
T+95440E~-06
5 .47900E-06
4.05630e-06

T+210560E-05
6.3029C%-05
2.87840E=07
1.50730E- 2%
8.438407-L%
£.60820E- T2
3.46402C--06
2203508
i.c70a80L 75
6.605%77 .,
3,235L0E-07
1.34120GE~0"
3,4727:-08
o.g

0.0

42

GRE., b
0.0

%.35860€-05
~1.08040E-05
=2.,29330€-06

0.0

GRP,
0.0

12

4,16410€E~05
~1.88960€E-05

0.0

0.0

0.0

GRP.
0.0

20

1.03520E~04%
~3.75560€~05
G.0

GRP.
0.0

28

7.85220E~06
1 .01930E~05
6.25600€E~06
4.22380E~06
3.03450€-06
2.31140€-08
0.0
0.0
0'0
0.0
0.0

GRP .
o.o

36

T+44T60E~-05
4.88950€-05
1.13240€-05
2.9450CE=-06
*9.57140€E-07
~2.631306-06
~3.,48410€-06

+ =3,66500E-06

~3.57210E~-06
~3.25700€=-06
+2+83030E-06
-2.39850E-06
-2 .00980E~06
-1.66620E-06
0.0

GR?. 5
0.0

6¢32100E-25

~1412030E-05%
=4 44150€-07
00

GRP.
0.0

13

44 04200E-05
=1+26950E-05%
0.0
0.0
0.0

GRP.
0.0

21

1.01740E=~0%
~%.63710€E=03
0.0

GRP.
0.0

29

1.14990F=05%
1.6075GE-0%
1.00290E-05
6.47160E=-06
4.53850€~-06
3.35170E-06
2.59780€-06

0.0
0.0
0.0
0.0
GRP. 137
0.0
1.12950E-04&
6.48210E-05
-4 ,22180E-06
-2.36930E-05

«2.76620E J5
-2.26360E-05
-1,72100€-0%
-1.36410E-0%
-1,07350€E~0%
=8.463T0€E-08
-6,41100€~06
-4, TT060E~06
-3,60980E-06
-2,77280€E-06
-2418280E~06

GRP, [
0.0
T.14050E~06

~1,95980E=-06
=3.93530E~07
0.0

GRP, 14
0.0
4.64920E-05

~1.28350€-0%
0.0
0.0
0.0

GRP, 22
0.0
0.0

~4.4645)E=~05
0.0

GRP, 20

0.0

1.19063€=N5
1.60973€~05%
1,04790F=DS
6.8%590DF=-06
4.63140E-06
3,35100F-08
2.52750F~-06
1.98370€-06

o000

'o
.0
«0

GRP,
0.0

3A

1.09660€~04
~3.30872F~05
-5.58640€~05
-3.30930E-05
-1.18090F-0%
-1.44590€-06

0.0

0‘

Qo000 00
QUOOQDOOO
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r’np. 7
0.0
6.6437)F-05

~2436120F-N5
-5, T8 T70F~ 06k
0.0

GRP., 1°¢
N.0
T444500F~0%

~9.6T440F~06
0.0
0.0
0.0

GRP . 27
O.o
2+94600F-06
7.0
0.0

Gre,
OIO

1469201€=-N05
2429910F=-05
1.46A70F=-05
9.954%0E=-N6
6« 799R0F-06
4« 76110F-08
3+52390€-0%
2.69570F~06
2.13250¢-06
0.0

0.0

GRP.
0.0

20

7.13420€-05
~6.08670F=-05
0.3

QO000D0DO0O00QO0aQ
QOO0O0OOOO0CODO0OO0

GRP, 9
0.0
2.,R62ADF~0N

=3.1R400F~NS
0.0
o.o

6P, 16
000
B.07RS0F~05

=24680TNE~NS
0.0
0.0
0.0

GPP, 24
Ono

3,64) 190F-0F
4. TRILIE=NA
0.0

GRP,
0.0

2?2

2.66730)F=°%
3,2~AR85NF-(F
2,05030E-NF
1.,3789%F=NF
9.A2410F-06
64974 20F=-DA
5e0537F-N4
2.%0510€F-06
2.93940F-0F
2.3 6NF=06
0.0

Gop, &9
0.0
2.4989NF=0F

~2.,22020F«0%
0.0
0.2
0.0
OOO
G.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0



19
20

0.0
THRU

0.0

43 SAME AS ABGVE

PL 21 CROSS SECTIONS FOR SET

~
[o]
(70
.

PNTOSN

GRP. 1 GRP. 2
0.0 0.0
THRU 3 SAHME AS ABOVE
9499540E~05 7.81290E~05
0.0 ~6,91090E-06
0.0 0.0
0.0 0.0
THRU 43 SAME AS ABOVE
GRP. 9 GRP. 10
0.0 0.0
THRU 3 SAME AS ABOVE
2.38100E-05 2,51260E-05
=5.83940E~06 -1.44890E-05
T«15650E-06 1.10030£~05
0.0 3.03950€-0¢6
0.0 0.0
THRU 43 SAME AS ABOVE
GRP. 17 GRP. 18
0.0 0.0
THRU 3 SAME AS ABOVE
6.04890€E-06 7.05160C-06
-2.79570€-06 -3,99T720E-06
o.o 0.0
THRU 43 SAME AS ABOVE
GRP. 25 GRP. 206
0.0 0.0
THRU 3 SAME AS ABOVE
8.75600€E~06 9.58100E~-06
1.17710E-05 1.23010E-05
7.75810E~06 7.69730E-06
0.0 5.30600€E-06
0.0 0.0
0.0 0.0
G.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
THRU 43 SAME AS ABOVE
GRP. 33 GRP. 34
0.0 0.0
THRU 3 SAME AS ABOVE
4.19800E~05 6.15340E~05
3.90950E~05 5.43340E-05
1.45790E-05 1.52710E-05
6+76300E~06 2.34300E-0&
3.00690E-06 -1.53990E-06
1.09320E-06 -3.,16280€-06
—2.86660E=-09 -3,74760E-06
=5.43880E-07 =3.76970E-06
~T.28610E-07 =3.40440E~006
~7+59890E-07 =-3.02850E-06
~7.20450€E-07 -_,38900E~06
0.0 ~2e2J060E-006
[ 1Y ] 0.0
0.0 Ge0
.0 0.0

1

GRP 3
0'0

6 ,09030E-05
=T .,7110Q0E-06
1.64660E-06
o.o

GRP «
0.0

11

%.29630E-05
1.55420E-06
9.88390E-006
0.0
0.0

GRP .
0.0

19

5.92680E-06
-4 ,98800€E~-06
g.0

GRP. 27

0.0

1.53070€E-05
1.93700€E-05
1.17230E-05
T.70880E-06
5.5.000E-06
0.0
2.0
0.0
0.0
0.0
N.0

GRP. 35

0.0

9.09510E=-05

4.38270E-0Q5
~3.88640E-06
=1.46130E-05
-1.63320€-05
~1.5484CE-05
=1.39100E-05
=1,21730E-05
~1.01510€E-05
=8.21530E-06
-6.62160E-06
=5434420E-06
-4.36460E-06

0.0

0.9

43

GRP . &
0.0

5.51850E-05

=5.25420E-06
2.60620€-06
0.0

GRP,
0.0

12

2.49520€-05
T.13290E~06
0.0
0.0
0.0

GRP,
0.0

20

6.7TT20E-06
-3.85500E-06
o.o

GRP. 28
0.0
1.28000E-05%

1.57120€-05
8.90550E-926
5.64610E-06
3.85060E-06
2.818T70E-06
0.0

0.0

0.0
0.0
0.0

GRP .
0.0

36

9234690E~05
1.33340E-05
-2.57100€E~05
=2 .44820E~05
~1.99290€~05
-1.52720E~-05
=1.19460€~05
-9.15870E~06
-5+97320E~06
=5.03220E-06
=3.53290E~08
~2.52550E=-06
-1.83710E~06
-1.37960E-06
0.0

0.0

GRP., 5
0.0
6.354B0E~05
-2.30120E-06
6.33250E~07
0.0

GRP. 13
0.0
1.58010€-05
«3.42690E-06
0.0

0.0

o.o

GRP, 21
0.0
6.52190€~-06
-4.70540E-06
0.0

GRP. 29
0.0
1.85410E-05
2.46020E=05

1.40090€-05
8.25730€-06
5.38580£-06
3.74360E~06
2.76B70E~06
0.0
0.0
0.0
0.0

GRP.
0.0

37

1.05320E-04
~2.19900E~05
~5.22910E~05
~1.90570E-05
3,\'8700E-06
8.,97680E-06
9+7T1490E~06
9.1 T7690E~06
8.17230E-06
T.05720E~06
5.77420E=-06
4,57390E~06
3,61520E~06
2.86790E=-06
2.30980E-06

GRP. [}
0.0

‘1+36640F=05
2.97920€-06
5.15210€~-07
0.0

GRP.
0.0

14

2.27130€E-06
-1.13030€-06

0.0

0.0

0.0

GRP,
0.0

22

0.0
=4+43870E-06
0.0

GRP. 130
0.0
1.91780E=-05

2.41270E-05
1.416%0F-05
8.31040F-06
5.03420E-26
3.33240E-06
2.33040E=06
1.72340€E-96
«0

0

-0

[« X~N~]

GRP.
o.o

39

7.20020E-05
=2.12200E-05
1. 06000F~0%
2.75220€=-05
1.57110€-05
2,2T76DE-06
0.0

0.0

0.0

0.0

o.o

0.0

0.0

0.0

0.0

ORNL-DWG 73-35328

0.0

GRP. T
0.0

6.1623GE-05
9,93870€-06
6446990E-06
0.0

GRP.
0.0

15

4,%00R0E=05
-1.01080€-06

0.0

0.0

0.0

GRP,
0.0

23

4.86980€-06
0.0
0.0

GRP.
0.0

31

2.,68360€E-05
3.35879¢€-0N5
1.87160€-05
Y.11720€-05
6464270E=-06
4,02T20E-06
2.635T0F-086
1.8790N€E~N6
1.31010F-06
0.0

0.0

“G(RP,
0.0

39

B8.45180FE=-05
1.564760E=0%
0.0
.o

R
o

COQ00ODOOOO0OOC0
.
0O000DOOO0OO

0.0

GRP. 8
0.0

2.690A0F~0%
1.,14990F~05
0.0
0.0

GRP .,
0.0

16

4,76570E=06
-2.,59340F-06

o.o

0,0

0.0

GRP,
0.9

?2¢

5.63270F-06
T.763T0F-06
0,0

GRP,
0.0

32

4.09570€=-0%
44N TNE-05
2.27790€-05
1.25820E-0%
T.IVT6NE=06
%2081 30F=06
2.21460E-06
1.269R2F=06
7.10310€=-07
4.14020E-07
L I

GRP,
N0

&0

1.007 20F-04
Re 7393NE=06
0.0
0.0
0.9



17
20

0.0
THRY

0.0

“3 SAME AS ABOVE

Pt 3) CRUSS SECTEIONS Fum SET

POS .

- g g
WO~ s N

14

-
C W

LK
[ X

GRP, 1 GRP, P
0.0 0.0
THRU 3 SAME AS ABOVE
1.064490E~04 8.17790£~05
0.0 1.80L30€E~06
0.0 0.0
0.0 0.0
THRY 43 SAMEZ AS ABOVE
GRP. 9 GRP. 10
0.0 0.0
THRU 3 SAME AS ABOVE
2.30690€~05 1.32T40E-~05
~2.70330€~07 -1.43500E~006
~3.32760E~-06 5.86170€~07
0.0 ~3.11680€~06
0.0 0.0
THRY %3 SAME AS ABOVE
GRP. 17 GRP., 18
0.0 0.0
THRU 3 SANE AS ABOVE
6.2640CE~08 1.20810€~07
=1l.20810E~07 ~1.65460E~07
0.0 0.0
ThHRY 43 SAME AS ABOVE
GRP., 25 GRP. 26
Dev 5,0
THRY 3 SAME AS ABOVE
1.19820€E~05 1.30840E~05
1.55670€-05 1.%597408-05
9.76120€E-06 9.32310€-0¢
0.0 6.07980E~00
0.0 0.0
0.0 0.0
0.0 0.0
0.0 .0
0.0 0.0
0.0 0.0
0.0 0.0
THRU 43 SAME AS ABOVE
GRP, 33 GRP., 34
0.0 0.0
THRU 3 SAME AS ABOVE
5,16940E~-05 6.93260E-05
3.,269T70E-05 3.50280E-05
6.4C010E-07 ~1.10590£-05
=5.89210E=-36 -1.77240€E-05
=T7.43990E~-0b6 -1.64960E-05
=T7.34720E~06 -1.41060£-05
-6.51610€-06 -1.17410€E-05
=5,467002-06 -9.29450€~-006
~4.49T730E-06 ~7.16T50E-00
=3,67T970E-06 =5.56060E~00
«3.03290E~06 ~4.35090E-006
0.0 -3.47010E~06
0.0 0.0
Q. 0.0
0.0 0.0

0.0

1

GRP, 3
0.0

6.27370E~05
457250506

-1.16860E~-00
0.0

GRP,
0.0

11

1.764T10E~05
~2.33430E-06
-1,03510E-0%
0.0

Ooo
GRP, 19
0.0
9.76359€~-08
=2.26800€E~-07
0.0
GRP., 27
0.0
2.05640£~-05

2+44430E-05%
1.34360E-05
8.09960E~08
5.3925%0E~06
0.0
0.0
0.0
0.0
0.0
0.0

GRP.
000

35

8.08730€E-0%
-1.12380€-0%
~4.42540E-0%
~3.43030E-05
~2429390€E-0%
-1.59260£-0%
-1.058C0E~0%
-6.91200E-08
-4 ,05630E-0¢
-241365%50€~ 06
=1.05560E~06
-4 .43250E-07
-1.20260€-07
0.0

0.0

GRP. L
0.0

6.01080E-05
5.62720E-06

~2+,00540E-06
0.0

GRP,
0.0

12

1.57490£-06

~6.56600E-06
0.0
000
0.0
GPP., 20
0‘0
1.97510€-07
-2.02030€-07
0.0
GRP. 28
0.0
1.73300E~05

1.94630E-05
9.56860£-06
5.. "990E~-0Q6
3.22970e-06
2.13290E~-06
0.0

0000
00O

GRP.
g.0

36

8.223B80E-05
~3,97130€-0%
~3.11720E-05
~9,338460E-06
3,06360€-06
8.,80200€~-08
1.04]1 «0E~-0S
1.04560({-05
9,72100E-06
8.,40060€-06
6.92210£-06
5,608607)8
4.,52548 =06
31,68580F-06
0.0

V.0

GRP, 5
0.0
5.75150€-0%

1.064480€-0%
-6¢.94580€-07
0.0

GRP,
0.0

13

1.92250€~06
~1.T75290E-06

0.0

0.0

o.o

GRP,
0.0

21

1.346060€~-07
-3.01200€-07
0.0

GRP.
0.0

29

2.468R0OE=-05
3.01230E-05
1.45310€-05
7.02R60€E~06
3.778706-06
2.15230E-06
1.31780E-06

o}
2
0
0

o000

GRP, 37

0.0

5.31360E~05
-6.94940E~05
7.98160€-0%
3.55300E-05
1.9341C€E-05
9.85190E-06
4.57590E -06
1.68500€-06
-1.30130€-07
~l.14430E~006
~1.63980E-06
~1.78250E-06
-1,66960F-06
~1+47910E-06
-1.28000€-06

GAP. -]
0.0

5.72120F-05
1.00200¢-05

=4.83620F-07
0.0

GRP,
0.0

14

~3.41920F-03
=64,02550F~0R
0.0
0.9
0.0

PP,
2.0

22

O-O
=3,64960F=-07
0.0

GPP,
0.0

30

2.5L980F=-0%
2.85260F-0%
1.36779F-0%
6,19592E-06
2.50900€-046
1.09120€-06
3.T72850E~-J7
%,23610€-n7

GRP,
0.0

3.2875C€=-0%
=2.19752€-05
2.436TNE_0O%
-6.33400E-04
=1.51720€E-0%
=2.9252nE-"¢

a s 4 b = s s @

[eR=NeReNoNoNoNola

QOO000QQOVO

ORNL-DWG 73-3539

GRP, -
0.0

4.R0140F-N%
-2.92650F~-07
~4¢56930F~C6
0.0

cep, £

n.0

1.9713%70F-0R
~4,7T190F -NR
0.0

olo

0.0

6ep, 27
0.0
6473390F-06
2.0
0.0

GRP, 31
0.0

3.4R3R0F-C%
2,79910F =05
1.604%50F-05
6+57050F-0%5
1 .964070F=06
-1 .37DENF=-07
=R, T4T30F-0T7
-1.71000F-06
-1.12699F-76
%0

0.0

GRP,
0.0

39

1.961%0F=0S
-1,00577F-05

.0

0-0

(-]
.
o

0.0

(e N=RaRoR=Ne N6 Na
EEEEEREE
00000032

0.0

[]-1-0% a
0.0

1.457QpF-pr
?2.23900F~04
0.0
0.0

Goo,
0-0

14

2.1 600F-0¢
-1.11090F-0"

0.0

0.0

0.0

cho,
0.0

246

Te 1" 390F=-0K
1.063R0F-05
0.0

noo,
OI()

22

$.0567CF=-N8
4.20500fF-0%
1,3194NE=-05
171 200F=0¢
~2.42560F~-06k
L I5IQNE 04
-a.3|q'0g-hﬁ
~-7,076 V) C_ne
“B LRE I\ L
=200 =0¢
0.0

foo,
0.0

20

£ STRH0F-0K
-5 .594 80F 0%
N.0

O.o

0.0

0.0

N.0

0.9

0.9

0.0

0.0

AN

"D

7.0

NI
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ORNL-DWG 73-3540

19 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20 THRU 43 SAME AS ABOVE

OENSITY FOR SET 1 IN ZONE 1 IS 1.00000€ 0O
PLL) EVALUATION FOR ZONE 1
PREDICTED PERCENT CHANGES FROM P{ 3) CALCULATIONS FOR Pt O)e=~5,40202€-0%
PREDICTED PERCENT CHANGES FROM P{ 3) CALCULATIONS FOR P{ 1)e=-8,27761€~08
PREMICTED PERCENT CHANGES FROM P( 3) CALCULATIONS FOR Pl 2)»~2,91003F-09

DENSTY FOR SET 1 IN IZ0NE 2 IS 1,00000E 0O
PIL) EVALUATION FOR IDNE 2
PREDICTED PERCENT CHANGES FROM P( 3} CALCULATIONS FOR Pl 0)»~9,538830F Ol
PREDICTED PERCENT CHANGES FROM P{ 3) CALCULATIONS FOR P( 1)=~6,T77304¢ 00
PREDICTED PERCENT CHANGES FROM P( 3) CALCULATICNS FOR Pt 2)e 1.89243F 00

DENSITY FOR SET 1 IN Z0NE 3 IS 1.,00000E 00
PIL) EYALUATION FOR ZONE 3
PREOICVED PERCENT CHANGES FROM P( 3] CALCULATIONS FOR P{ O)= 1,20889¢ 00
PREOICTED PERCENT C(HANGES FROM P{ 3) CALCULATIONS FOR ®{ 1)= 1,07521¢ 00
PREDICTED PERCENT CHANGES FROM P{ 3] CALCULATIONS FOR P( 2)e-9,80530E-02

OENSITY FOR SET 1 IN JONE 4 IS 1.0000CE 00
PIL) EVALUATION FOR IONE 4
PREDICTED PERCENT CHANGES FROM P{ 3) CALCULATIONS FOR Pl O)w= 6,93141F 00
PREDICTED PERCENT CHANGES FROX P( 3) CALCULATIONS FOR Pl 1)=s=1,16674F 00
PREDICTEO PERCENT CHANGES FROM P( 3) CALCULATIONS FOR Pl 2)m==1.58858F 00

PAL) EVALUATION OF CROSS SECTION SET 1 SOR SYSTEM
PREDICTED PERCENT CHANGES FROM P( 3) CALCULATIONS FOR P{ O)=-8.T742&6F 01
PREOICTED PERCENT (HANGES FROM P{ 3) CALCULATIONS FOR P( 1)=-6,844548F 00
PREODICTED PERCENT CHANGES FROM Pt 3) CALCULATIONS FOR P( 2)= 2,07803F-0)
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ORNL-DWG 73-3541

PREDICTED PERCENT CHANGES FROM Pt 3) BY GROUP AND NUMBER NF TERMS IN THE LEGENDRE FXPANSION

TRNS 1
=1.38920¢ 01
-9.85576€ 00
~8.85370¢ 00
~7.256427€ 00
-8.56785€ 00
=5.19430¢ 00

2.54885£~0]1
-1.26745€ 00
~0.T4707E-01
~&4.3545374€ 00
«5.98022€ 0C
-4.99929¢ 00
~1.95341€ 00
=5.6014TE-01
~5.45433E6-02
~£,57182E~-02
~3.214084€E~-02
-2.04342E-C2
«2.10020€-02
~1.26722E~02
~l.02141€-02
0.0
=7.39499€-01
~1.TéS560F 00
-4,82881lE Q0
-1.78353E 00
~1.75248E 00
~6.9522%€-01
~8.73081E-01
~5.11620E-01
~4.097T67F-01
-4.20907€~01L
=2.23799E-01
=2.02057€-01
-1.90239€-01
-4.82507€-02
=1.16901£-02
~4.4)T16E~02
~1.27436E-02

Lo 18T44E-06

TR NS 2
~).48121€ 00
=9.42529€-01
«8.35917€-01
-6.66752¢-01
~9.04010€-01
~4.88519€~01
=2:.52943€-01
~2.,22200€-01
“T.6%337E€E-02
~1.96551E~08
~1.93806E~-01
~1.09992¢~01
=08.539033€~03
“~1.17905€~-04
=1.17579€~05
=5.54227E~06
~1.72295€~006
=1.35042E6-006
=1.30385€-00
~1.210T2E=006
~7.68341E-07

°.°
3.092641E-02
=1.96725€~02
~1.69045€~01
“5.4T619E-02
~8.83777€-02
=3.227628~02
=5433181E~-02
-3.07382€~-02
-2.51011€-02
~le6Ti64E~02
=5.90168€-03
-3.465318€~03
~2.38984£-03
~4.25125€E~04
7.24802€~05
=b.19794E=-05
1.31084C~046
1.23400€-00

TR4S 3
-8.,0%2079€-02
~4,37536€~02
-1.6573%€~02
-2.0.590€-02
«2400008%E~0Q7
~1.16819E~02
~2.68267E~03
~4.00482E-03
-1.89382¢-03
~3.46433E~03
=1.56448€-0)
-1.86590E~04
-1.46450€-0%

1.16415€~07
0.0

0.0
2+32831€~08
0.0

0.0
-3.72%529€~07
0.0

o-o
3.58165€-02
7.T4591€-02
1.T36148~01
5.99905€-02
4e.26427E-02
1.173C1€-02
5.15710E-03
1.87184£-03
2+39054€~04
~3.47871€-06
«2.,08097E~04
-5.82077€-05%
5.51809E-06
=2.T69T3E-05
~4,6100% =06
=3,56231E-06
=2.09548£-07
o.o



SENSITIVITY MAYRIX FOR CROSS SECTICN SET 1

47

IN SN

GRP . 4

0.0
~1.16035E 00
3.78525E-01
1.89061€E~-01
1.68672E-02
2.89512€E~-02
0.0

0.0

0.0

0.0

0.0

GRP. 12
=6.,690460E-02
G.0
-4,84142E 00
3.56649E 00
4.78224E-01
0.0
o.o
0.C
2.67930E~04
6.11097E~04
5.32025€-03
5.31705E-03
2.10032E-03
2.564736E-03
2.06505E-03
0.0
0.0
0.0
0.0
0.0

GRP, 20

-2.05362E=-02
6.0
=1.03341€E 00
8.81565€E-01
1.67248E-01
0.0

0.0

o.c

0.0

0.0

0.0

0.0

0.0

0.0

0.0
1.67661E-11
0.0

0.0

0.0

o)
GRP, | § GRP, 2 GRP, 3
=2409532E~01 ~1.B0B22E~01 ~1.42706E~01l -1.45004E-01
0.0 0.0 G.0
~1032867E 00 -1.168261E 00 -1.16924E 00
4.09842E~01 3.,63144E-01 3.51334E~-01
0.0 1.61982E=-01 1.79600E~01
Ge0 Q.0 1.66872E~-02
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
THRU 43 SAME A4S ABOVE
GRP.o 9 GRP. 10 GRP. 11
~2.20263E-02 =7,54598E-02 ~9.10115E~02
G0 Q.0 0.0
=3.63041E-01 ~1.60745E 00 -3.30356E QO
3.17242E-02 6.,11766E-01 2.17434E 00
1.15837€E-01 1.61395E~01 4.69751E~01
3.85371E~-02 2.8218lE~01 6.92455E-03
0.0 T«64501E~03 0.0
4¢33062E-04 1.0%5389E-03 2.,33425E-04
2.73980E~03 6.250T6E~04 8.87966E=06
3.25490E-03 1,35023E-02 9.30176E-03
2.09889E-02 9.9T763E-03 6.90210E-03
1.96566E-03 7.12989F-03 5.95776E-03
0.0 5.4T7854E-03 6.78978E~-03
0.0 0.0 4.28534E~03
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
Q.0 0.0 0.0
0.0 0.0 0.0
THRU 43 SAME AS ABODVE
GRP. 17 GRPs 19 GRPe 19
~7.69754E=-03 -9,32158E~03 ~1.79976E-02
0.0 0.0 0.0
~2.,02047€ 00 ~1.41463E 00 ~1.356528€ 00
1.79227E 00 1.2149%E 00 1.,383675 00
2.16983€E-01 1.92310€-01 1.73970£-01
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.5
0.0 0.9 9.0
0.0 0.0 0.0
0.0 0.0 0.0
6.0 0.0 0.0
8.46387E-10 0.0 0.0
0.0 1.89115€E=-10 0.0
1.59051€-09 0.0 Te24566E-11
9.01305€-09 2.90877€-10 0.0
1.0%4352E-08 1.52307E-09 0.0
1.18487E-07 8.02316E-10 0.9
6.26111E-07 2.56174E-08 3.05041E-19
2.45206E~08 1.43586E-07 9.80867E=09

6,99536E~-11

FORMATY

GRP, 5
-1.5994TE~OL
0.0
=1.36331E 00
4.086699E-01
2.9%163E~01
3.85486E~03
1.44600€~02
3.19706E~02
0.0

0.0

0.0

0.0

GRP, 13

~1.14264E~02
0.0

~7.27622E 00
6.45390E 00
4.01442E~01
0.0

0.0

0.0
3.95014E-0%
1.97250E-05
1.27525€E-03
5.88987€-04
1.13640E-03
9.05660E-04
T¢91635E-04
8.99551E-04
0.0

0.0

0.0

o.o

GRP, 21
=-2.6C101€~-02
2.0
«8+07333E~01
6.83982€-01
1.20061€E-01
0.0
0.0
0.0
o.o
0.0
0.0
0.0
0.0
0.0
0.0
0.0
l.99222E~-12
0.0
0.0
0.0

GRP, ]
~1.76258£-01
0.0
=9.40793€-01
3.,24785E-01
2.42710€-01
2.999T4F-03
44.50142€-93
1.34960€-02
1.18322€-02
0.0
0.0
C.0

GRP., 14
-3.,91081€-03
0.0
=1.17617€ M

1.12001€ 01

3.02490€~01
0.0

0.0

0.0

0.0

3.27108E~06

0.0

3.53741E~-05

6.64901F~05

5.29677€E-0%

1.50642F-04

1.696“‘0‘-0‘0

1.21786E=N4

0.0

0.0

0.0

GRP, 22
=8.,82412E-02
o.o
=6.64271E-01

5.75423F-01

8.T1141E~-02
0.0

o.o

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.¢

0.0

0.0

o.o

000.
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GRP, 7
=1.,54448E-01
o.o

=-1.01870€ 00
6,49573F-01
2.67113E~01
2.84384%-02
6.010046E~03
1.07814€-02
1.68367E-02
1.33998€-02

0.0

0.0

GRP, 15
=3.33075F-03
0.0
=3.,87913F 09
3.5606%€E 00
?2.68904E~01

7.09864F~07
T+819683E-n7
6e91364F-06
3,193495-05
1.51054€-76
0.0

0.0

GRP, 23
“6.T8152F=-00
D.o
=1.04633F=-01
2.82207E-03
1.10029F=-02
6.426TRE=-03
4.T1966E-03
3,T4151€-03
1.85761€-03
1.35375¢-03
9.1032RF=-N4
4.08263E-04
2+ TO064E-06
1.29510€-06
8.59108F-05%
5.54947E~05%
1.8427645-0%
2.B80757E=-06
5.082186€-06
6.79692€=-06

GRP , 8
~1.2Y620E~01
0.0

=1,0522T€ 00
2.6R07HE-OY
3,32159€-01
0.0
1.9784A3F-02
B8.67173¢F=-07
J.4A181¢=02
720218t =03
1.,00064F-02
0.0

GRP, 16
=6,45257¢-03
o.o
=2,40213F 00
3,12397¢ 00
2.51819€=-01

4384F~-N9

9,41973F-08
1.066851 =07
9.85048F=-07
& ,80969F-"6
2437445607
0.0

GRP, 24
«1,07220F 00
0.0
=2.14289F=01
€.23560F-03
3,4R285F-03
7«97 T1RE=-03
2+26301F-03
1.65981E-02
1.31404F=~03
6.5 180F=06
4o T3626E-NG
3. 16976F=04
1.3922%-06
5,96 T4AF-0S
2.8T67BF-06
0.0
o.o
0.0
0.0
0.0



POS.

0.0
G.0
0.0
Q.0
0.0
0.0
0.0
o.o
THRY

GRP. 25

~2.07821€ 00
Q.0

=5.48362€-01
£+05893E£-02
8.94062E-03
2463992€-03
5.09300€E-02
1e44265E-02
1.05619€-02
8.34550€-03
%e12538€-03
2499419€-03
1.99762¢6-03
8.75341€-04
3.751206E-04
1.85374€-05
0.0

0.0

0.0

0.0

0.0

0.0

0.0
1.18733€-03
1.1257¢E-02
137123E-Q2
1.36139€-02
1.57187€~-02

GRP. 33
~1407732E-02
0.0
=2.82001€~02
2.65484E~03
4,21974€-03
2013213€-03
1033644E~-03
1.36934E~-02

T.78371€~04

1.,13900€E+-03
T.66T60E~04
1.22371E-03
3.313406-04
1.28595£-04
1.02582E~06
2.86283E-07

[-X-N-N-N-X-N-N-]
® & ® o 0 9
[~X-NoN-R=F=Noyal

43 SAME AS ABOVE

GRP. 28
~5.42225E-01
0.0
-1.91721€-01
6.80257€-03
2,10872E-02
4.42497E~-03
1.39997€-~03
5.05195€-03
1.42791€E-03
1.04276E~03
8,21690E~-04
4,04T10E-04
2.920856E-04
1.94611€-04
8.649473E~05
3.65920E-05
1.86728E~06
0.0

o.o

0.0

0.0

0.0

0.0
3.34611€-08
1.05062€-03
3.65922€~03
2.67810E~-03
4.23273€-03
5.53346E-03
0.0

GRP. 34
~8,37982e-03
0.0
=3.08147E-02
4.39321E-03
4.0T7046E-03
3.12849€E-03
1.73577€E-03
1.16004E-03
1.24432E-03
7+36234E~-06
1.10004E-03
T.52159E-0¢6
1.21260E-03
3.,28094E-04
1,27810€E-04
o.o

5:469%4E-00
0.0
0.0
0.9
0.0
0.0
0.0
0.0

GRP. 27
~3.60219¢~01
0.0
~172574E-01
8.70589E~03
9.927S1E-03
1.45033E-02
3.26342€-03
1.09024E-03
4 .69274E~03
1.32223E-03
9.63473E-04
T.56771E-04
3.71186E~04
2.6THTIE-04
1.77051E-06
T.694T1E-05
3.33616E-05
1.76978E-06&
o.o
o.o
0.0
°.o
o.o
0.0
5¢37327E~05
1.50931E-04
7.8490TE~04
1.75918E-03
2.99406E-03
3,38201€-03
0.0

0.0
olo
0.0
0.0
0.0
GRP, 35
~B8,37487E-03
0.0
<6.92975€=02
1.22515€-02
6.16426E-03

2«77999€-03
2449091€-03
1.58316E-03
1.18771€-03
1.45698E~03

1.02664E-03"

1.95730E-0%
1.83870€-03
bel2968E~03
1.561046E-03
8+56316E-G3

48

0.0
1430%93E~09
0.0
0.0
0.0
0.0
0.0
0.0
Gy, 28
=1 .05687¢-01
0.0
-6476071€-02
2«53942E-03
6.65000€-03
3.61419€E=-03
5.43828E-03

1.2B8379€=03
4.53138E-04
7.28880E-04
2404923E-04
L+48690E-04
1¢16355€-04
5.67915€E=05
4.07839E-05
2:6824BE-05
1.15997€~-05
5«07356E-06
2.82758E-07
0‘0

0.0

0.0

0.0

0.0

0.0

0.0

Takb093€E~05
3.76951E~04
3.21309€-04
3.34580€-04
3.22362€-04

0.0

0.0

0.0

0.0

o.o

GRPs 38

-2.676812€-03
0-0
=2.63310E=-02
6.26885€~03
8 .46481E-03
2,10088E-03

1.16497€-03
1,.,18555€-03
T «89806E~-0%
5.75267€E-04
6 b9 TTE~ON
3.94830£-04
5.93273E~04
4 ,061756-04
6.46409€E-04
1.764963E-04

8,25586¢€-12
o.o
3.78835E~0%

GRP, 29
-1.01609€-01
0.0
~8+30662€-02
6.14085€-03
3.95237€-03
4.98015€E~03
2+85944E-03
b.40126E-03
1.07826€E~-03
3.92375€-04
5.63400E-06
1.58052€~06
1.14378€E-06
8.92561€~07
4.33986E-07
3.107¢8T-07
2003486 7
8.76635¢-
3. 86419E~un
2.24206E-09
0.0

o.o

0.0
2+31270€-09
1.266%2E~-05
9.03303€-05%
9.16261E-04
2.25222¢€-03
2.18192€-03
1.24612€-03
1.05645€-03
Te265T1E~Q4
o.o

0.0

0.0

0.0

GRP, 37
~2437811E-03
0.0
=3.87927€=02
1.69328€E~02
8.20073€-03
6.6605%E-03
2434195€~-03
1.41487€-03
1.30068€-03
T.52187€-04s
4.91578E-04
4.98T27E=-04
2.T9968E-04
3,845B86E~06
2442420E-04
3,60807€E~0%

0.0
0.0
0.0
0.0
0.0
0.0
0.3
0.0
GRP, 130
=4, 60116F=02
o.o

~heB4TI2E-02
2.3190R€E-03
4.4%30RF~-03
2.07710E-03
2.72022€-03
1.64272F-03
2.57078E~03
6¢50099E-04
2:42652€-04
1.21244E6-03
3. 39416E-04
2.,45008€-04
1.906462E~04
9.23726E-05
6¢59361€-05
4.30019€~-15
1.8464)1E-0%
P.21009F=06
4.9T7172€=-07
0.0

°|°

0.0

0.0

0.0

0.0

0.0

0.0

0.0
4.41154€-07
7.18317€-06

5.32879E=-06
0.0
0.0
0.0
GRP. 38
=2T1T64F=02
o.o
=9.79561€-02
7.20522€~-02

1.56313F=12
3.84621E-0%
2.3T767%€-03
3.31628F-04
2.77299€~C5S
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ORNL-DWG 73-3543

4156€~07

9
o
0
96433€-06
41 534F-04
63498€-~03
0
0

GRP, 31
~3.42086F-02
0.0
~4.647222F=02
2.9903AF-03
3.66607€E-03
3,36757€-03
1.6791%E-03
2.2A337€E-0
1.63768F-03
2.27770€-01
5+90096F-04
2423916E-04
0.0

® g ® & g 0 ® s 50 9 0 & o
000000000000 0CQ0O

- 0DO00COO0OUVLO0OO00OI0

»38956F-04
4.89796F~04
5.16043F-04
2.231615-04
1.%4758E~04
6.85250¢-09%
0.0

0.0

GRP, 139
=R 6H6145F=-06
o.o
=R.0T098F=02
6.809%51€E-02
1.07876F=02
0.0

0.0
0.0
0.0
1.375A4F=01
6,65292F=-01
1.37366F~02
2+333%F=~02
o.o

GRP, 32
-2.19712F=-02
0.0
b o4Hh951F=0?
443149%5F-03
L,66TL2F=-01
2.744%9¢F=-03
2.65246F =01
1.472074F-03
2.11360F-N2
1.?18A3¢-03
2-11147F=03
$.58829F=N%
e 16999E~06
3.02904F=06
8.45701F=-0N7
€.0R625€-07
©eT72042€F=-07
2027719F=-0"
1.613£9F=-07
1.05t10PE~07
4£,49845C.Nnp
2.,02937€-0R
1.31035¢F~-09
0.
0-
o.
O.
00
[¢]
n
2

O0O002000

« 901 73F-07
3. TA969E=-06
1.27323F=05
1.58077E=-0%
9,63732F=0N6
0.0

GRP. 40
=212732¢6=-0%
0.0

-1.86939F=0?
S EE I RIEan
127 287F=-0?
n.n



2.05891E-07 0.0
1+459600E-07 0.0
T+69317E-08 0.0
5.468T8E-08 0.0
3.5456B8E-08 0.0

1.5 718E-08 0.0
6.87,05E~09 0.0
4.52799€~10 0.0

0.0 0.0

0.0 0.0

0.0 0.0
THRU 32 SAME AS ABOVE
0.0 6.41132E-07
0.0 3.97977€~05
0.0 3.89508£~05
0.0 2.“26275‘05
0.9 1.29717€~-05
0.0 0.0

0.0 0.0

Ce0 0.0

0.0 0.0

0.0 0.0

0sC 0.0

1.51421E-06
4.22571E-07
3.03902€~07
2.35574E~07
1,13551€-07
8.07103€~08
5.23320E-08
24240ME-08
1.01912€~0%
6.80023E-130
0.0

0.0
0.0
2.17401E-05
2409267E~-05
1.22884E~-05
4.52867€-06
0.0
0.0
000
0.0
000

49

6.79922E-05 9,28096E~05 0.0

0.0
0.0
0.0
0.0
0.0
C.0
0.0
0.0
0.0
0.0

G.0
0.0
0.0
000
0.0
0.0
0.0
9.0
0.0
o‘\o
0.0

3.46799€~-05
o.o

»
oOoQoo0Cco00a O

e 8 & 8 s 8 0 ¢ 0

QODOOOOOOOO O

0.0
0.0
0.0
0.0
o.o
0.0
0,0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
Q.0
6.67101€-08
6.,87072€-07
1.4316V€-06
T«91304E~07
0.0
0.0

ORNL-DWG 73-3544

040

0.0

0.0
0.6
0.0
0.0
0.0
0.0
0.0

EEEREEEEREDR
COO0OQDOO0OD OO

[-X-N-J-N-N-N-N-N- BNl

[-X ]
.« e o
oQ

e 2]
0.0
0.0
NN
DN
0.0
n.o
0.0
0.0
o.o
o.a

000
0.0
0.0
0.9
0.0
0.0
0.0
o.o
0.0
0.0
0.0



POS.

© v
(=4 [=]
[ 4
. CR~NTEEr N C&~NOC WV N

~oCWnéeE N

SENSITIVITY MATRIX FOR CROSS SECYTON SET I

1)

GRP . 1 GRP. 2
0.0 0.0

THRU 3 SAME AS ABOVE
1.22635E~01 1.00012E~01
0.0 %.68043E-023
0.0 0.0
G0 0.0
THRY 43 SAME AS ABOVE

GRP. 9 GRP. 10
0.0 0.0

THRY 3 SAME AS ABOVE
8.52344E~03 6.1%219€E~02
4486306E-03 =1.27708E-03

~$T79121E~ _ -3.29¢490E-02
0.0 -1e13123€-03
0.0 G.0
THRY &3 SAME AS ABUVE

GRP. 17 GRP, 18
0.0 0.0

THRU 3 SAME AS ABOVE
4.825685-06 3.42651E~04

~2404497E~04 -1.61105€E~04
0.0 0.0
THRY 43 SANE AS ABOVE

GRP. 29% GRP., 26
0«0 Q.0

THRU 3 SAME AS ABOVE
L 35748BE-02 4.70650E-~03
6.00085€-03 1.42092€-02
1.64570E-03 2.98375E-03
0.0 8.68316E-~04
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.6 0.0

THRU 43 SAME AS ABOVE

GRP. 33 GRP, 34
0.0 0.

THRU 3 SAME AS ABOVE
8.69763E~04 1.07100€E~03
1.39542E~03 1.04018E~03
6.581555~-04 T.45210€~04
3.92864E-04 3.T73T91E~04
3.77251€E-04 2.31883E~-04
2.00439€=-06 2.27150E~04
2:8439TE-04 1.22907TE~Q«
1.79887E-06 1.73312E-064
2+91176E-06 1.08556E~04
7+33628E-05 1.72208E~04
2.56201E-05 4.28566E~05
0.0 1.468402€-05
0.0 0.0

GRP. 3
0.0

9.57026E-02
~T.43893€~03
-3.20763E-03
o.o

GRP. 11
0.0
T.02138E-02

-1.79300€-02
~1e26405€-03
Q.0
0.0

GRP. 19

0.0

3.19484E-04
=1438324E-04
0.0

GRP.
0.0

27

5.91258¢-03
6.562652E-03
9.57534€E~-03
2412290€-03
6.51037€-04
0.0

0.0
0.0
0.0
0.0
0.0
GRP. 35
0.0
1.46493€-03
9.,8751T7E~04
3.87956€~04
2.8703%E-04
1.40170€~-04

8.07823E-0%5
T7.01540E-05
3.26428E-05
3.62919€-05
1.63141€E~05
1.68926E-05
2.29569E-06
2463943E-07

50

IN SN

CRP, 4
0.0

T7.93353E-02
~1.50359€E~02
~3.44027E-03

o.o

GRP, 12
0.0
5.35780€E~02

«~1.22497E~02
0.0
0.0
0.0

GRP. 20
0.0
2.12762E-04%

-1.09478E-04
0.0

GRP. 28
Q.0
1.63897€=-03

4.28256E-03
2.24385€-03
3.38369€-03
T+.83345E-04

2.50708E-C4
0.0

000

0.0

0.0

0.0

GRP. 36
0.0
3.68768€=-06
5.T7654E=-06
1.03523E-04
2.32013€~05

-1.06593€-05
-2.74719€~-05
-3.03928E~-0%
-4,32741€~05
~3.10746E~05
«5.44638E~-05
«4.09642E-0%
-7+30297€-05
-2.01162€~-05

FORMAT

GRP, 5
0.0
1.04189E-01

=1431244E-02
~4+88938E-04
Qe 0

GRP, 13
0.0
1.69220€=-02

-4.68500E-03
0.9
0.0
0.0

GRP. 21
0.0
1.50832€-04

-8.40540E-05
0.0

GRPa
J.0

29

2.50950€E=-03
2.36107€=-01
2.9421B8€-03
1+62408E-02
2452329E-03
6.01212E~04
1.97843E~04
2.0
0.0
o‘o
0.0

GRP,.
0.0

37

1.39110E-04

2.02621E~04
~3.15434E~0%
~1.37202€-04
~1.,38244E=-04
~1.59971€-04
~1.05906€-04
~Te54623E~05
~8,0319CE=-05
~4,68220€~-0%
~6,A80780€E-0%
~4,.38696C-05
~56,96487E-05

GRP. 6
0.0

5.75176E-02
-2436131E~02
-3435732€-04
0.0

CRP, 14
0.0
6.008659€=-03

~1.47377F~03
0.0
0.0
0e0

GRP, 22
0.0
0.0

~4.87018E
0.0

5RP. 30
0.0
1.3057¢E=-02
2.646459€-013

1.09150€-03
1.41540F-03
B8419392E-96
1< 30146F=03
3.17322E~04
1.08887E-04
C.0
0.'»
0.0

GRP.
0.0

8

5.04522€E=-04
«2.164876F=N%
-9, 32544E=-D5
=1.32356E-06
=3.67077E-05
=3,8794R€E-06

ORNL-

WRP, 7
0.0

2.22591F~02
-1.04598E~02
=3e942%4F-n3

o'o

GRP, 15
0.0
1.24002F-03

~bo86350E-04
0.0
0.0
0.0

GRP,

23

[~]
o

867812503

1
0
0

- XN

GRP.
0.0

2

1 .4RS0RE=02
1.81752F-03
1.59357€-03
7.55170F- 04
1.01476F~03
6¢10196E=04
9.A31290F-06
2.63724E-76
8+350R5F=05%
0‘0

000

GRD,
o.o

39

1.27T16€=-06
=6432292E-25
0.0

0Q 20000000

.
0030000000

DWG 73-3545
Gep, 8
OOn

3.85373F-02
-2+071250F-0?

o-o

0.0

GRP,
0.0

1+

A.61520€-064
~2.94730F N4
0.0
0.0
0.0

Grp,
0.0

24

2,79729F-03
212320F-02
0.0

6eo,
0.0

22

1.78567F =01
1,97288F=07
1,088 ATE-01
©,986A3F~04
CeNGHASF-06
7.72071€=05
4,356 04F~00
T IRI94F=-06
1.77336F 06
#.177T3F=05
0.9

GRP.,
0.9

&0

2.2064%9F=-10
1,02895F=-Nk

COIVII0OOIIDD



51

ORNL-DWG 73-3546
17 0.0 0.0 0.0 «7.52083E~06 ~1.T6132E-05 0.0 0.0 NN
18 0.0 0.0 0.0 0.0 ~6.18928E=-06 0.0 0.0 0.0
19 0.0 0.0 G.0

040 0.0 0.0 0.0 0.0
20 THRU 43 SAME AS ABOVE



P
POS.

© © b
- g . @ 2
QOO YOWMEN® QGRS NP DONOVnLNIT N VSN

-
-

- =
wmswn

SEMSITIVITY MATRIX FOR CROSS SECTION SET 1

2)

GRP. 1 GRP, 2
0.0 «0

THRU 3 SAME AS ABOVE
1.47486E~02 9.92430E-03
0.0 ~1.097T73¢-023
Q.0 0.0
0.0 0.0

THRU 43 SAME AS ABOGVE

GRP. 9 GRP, 10
0.0 0.0

THRU 3 SAME AS ABOVE
9.95259E-04 1.88048¢~03

=6+35271E-04 ~3.58077E-04
4.4TOL0E~04 6.9363TE-04
0.0 1.058306-04
0.0 0.0

THRU 43 SAME AS ABQVE

GRP. 17 GRP., 18

0.0 0.0

THRU 3 SAME AS ABOVE
3.92608E-08 2.79133E~-08

~eFTL25E-08 ~1.97466E-08
0.0 0.0

THRU 63 SAME AS ABOVE

GRP. 25 GRP, 26
0.0 0.0

THRU 3 SAME AS ABOVE
TeB4650E~04 2.T40T58-04
2¢95318E=-06 1.13405E~03
2.25408€=-05 2.08552£-0%
0.0 3,01783E~05
Q.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

THRY 43 SAME AS ABOVE

GRP, 33 GRPs 24
0.0 .

THRU 3 SAME AS ABOVE
3.57564E-05 2.95384£-05
4©.9022TE~05 2.,206242E~05
1.71193E=-05 B8.55984E-06
£453214E-06 -6.23354E-07
4,5478TE~QT -1.88271E-06

~3.59565E-09 2.5.i111E~08

~4.40)173E~0T =-9.22812E~07

~2.79629E=06 ~8.03302E~06

~6512333E-07 -4,33943E-06

~2040802E~08 ~3.76064E~07
0.0 2.99032E-~07
0.0 0.0

GRP . 3
0.0

8.75768E~03

=1+29542€~03
3.52106€E~04
0.0

GRP.
0.0

11

1.7255%6E-03
5.03751€~058
1.09389€-04
0.0
0.0

GRP .
0.0

i9

1.90948€-08
~1e38774FE-08
0.0

GRP.
0.0

27

%.96586E-06
4 .95099€E~1%
8.85977E=046
1.74723E-04
3.17522€-05
0.0
0-0
0.0
0.0
0.0
0.0

GRP «
o.o

a5

2.52119E-0%
8.67415E-06
-5.,08673E-07
~1.84689E-06
-1.32814E-06
=5.33617€-07
-6.73048E~07
2.7T041E-06
3.16120E~06
3.19183E-06
1.22400C-08
1.13755E~06
8.99335E-07

52

IN SN

GRP,. 4
o.o

6.6569T7E-02
~6.25847E-06
3.58910E-04

0.0
GRP. 12
0.0
1.126706-03
147688 7E-04
0.0
0.0
0.0
GRP. 20
o.o
9eT2166E-09
~T«97483E-09
0.0
GrP. 28
0.0
1.37691E~04
4 .02B09€E~06
1.82993E~-06
3.27389E~-06

6.T6175E-05
1.38490E-05
0.0
0.0
0.0
0.0
o.o

GRP o
o.o

36

4 .53348E-06
1.77278E~-06
=1 .86974E-0Q6
-6.85192€-07
1.42698E-07
5411997€-07
6.77882E~07
T« £4366€E-07
1.38802E~-06
L .64178€~-06
1+22790€-06
T.70687E-07
4.01722E-07

FORMAY

GrP. 5
0.0

8.25313E-02

=2.26729E-0%4
6.163%3E-05
0.0

GRP,
0.0

13

8,67528E-05
~2.86545E=05

0.0

0.0

0,0

GRP,
0.0

21

«24110821E=09
1.T6763E~09
0.0

GRP.
oﬂo

29

2.96T06E~0¢
1.93738E-04
2.59003E=-04
1.22834E=04
2.23765E-04
4.67097€E~-05
9.97125E~06
0.0
0.0
0.0
0.0

GRP.
0.0

37

“9.,2364BE~07
~T.24211E-07
=3.90632E~-06
=4.83924E=-07
~2.5801T7E-08
~44564043E~07
~6.60325€-07
~7.45907E=07
-9.53588BE~-07
~1.21225€=-06
=1.73685E-06
-1.38018€-06
-1435875E-06

GRP, 6
0.0

4.45300F-03
24 T2735€E-06
3.57249E-05
0-0

GRP.
0.9

14

1+35696E-06
=9.95297€-07

Q.0

0.0

0.0

GRP.
0.9

22

0.0
8.59388E-09
0.0

GRP.
0.0

n

1. 264905€-04
2+35631F-04
8623476EF~05
8.98141E-05
4.28181F-05
Be42307E~05
1.69210E~05
3.28916E-06
0.0

O.o

0.0

GRPo
0.0

38

5.533T4E-07
1. 54780E-07
1,68052€E~07
8,75634E-07
9,19511€-08
-2+37512E-0R
0.0
0.0
0.0
0.0
o'o
0.0
0.0

ORNL~-DWG 73-3547

GRP, 7
0.0

1 .3309%5E~03
1.16%84E~04
2,16197F~04
0.0

GRP,
0.0

s

1,71808E~07
=1.61202F-N7

~6,72702€~0%
0.0
0.0

GRP, 231
0.0

1.24236E~N6
1.62543E-04
1.,170864E-04
3.,15284E-05
4,55213E-05
2.14358E-05
4.320724€-05
B.23821E=-06
1.4P8683E~-06
0.0

6.0

GRP,
0.0

39

~3.,146163E-97
=1 .65686F=-n7
0.0

[ =Nl NoRa e No o Na)
OO0V OO0OO000O

GRP 8
0.0

2.12382F-07
5.18844F-04
0.0
0.0

GPP,
Dvo

14

B.H5892F-0R
-%,5RG12F=-0R
0.0

0.0

0.0

GRP., 24
0.7
1.0180%2F=04
~1.81242F-0K
0.0

GRP, 32
0.0
1.0R261F=-N0G

1.12560F=04
5,299 48E=0%
Ce 2946 66F-05
1.02042F-05
1,4328PF-0%
5. R214AF~NA
1.10937€-0%
Y. A7536F-06
1.99439F-n7
0.0

GRP
0.0

40

~1.25569€=0R
©2,79321E-07
0.0

SO0 O0000O0
EEEEEERE
D000 02002
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URNL-DWG 73-3548
27 0.0 0.0 G.0 2.11090E-07 ~5.71079E~07 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 -2.80029€E-07 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0
20 THRU 43 SAKE 4S5 ABOVE



[}

P05

ONO Ve N

eos

CENE NS poe

~O Vs

POS.

VXN NEN»

SENSITIVITY MATRIX FOR CROSs SECYION SEV 1

N
GRP 4 1 GRP . 2
0.0 Q.0

THRU 3 SAME AS ABOVE
8.05509E~Q04 4.23108E-04
0.0 1.49325E-05
G0 0.0
0.0 0.0

THRU 43 SANE AS ABOVE
GRP. 9 GRP, 10
0.0 0.0

THRY 3 SAME AS ABOVE
2.4B8352E-05 3.75024E-05

=9.66322E-07 =1.29822E~006

=T+64610E-06 1.51221E=-06
Q.0 -5.393915‘06
0.0 0.0

THRU 43 SAME AS ABOVE
GRP. 17 GRP, L8
0.0 0.0

THRU 3 SAME AS ABOVE
L+é2022E-12 1.39785E-12

«5446T7301E-12 ~2.18864(~12
0.0 G.0

THRU 3 SAME AS ABOVE
GRP. 25 GRP. 2o
0.0 0.0
THRU 3 SAME AS ABOVE
~7.52368E~04 =2.52015E-04
«3.31159E~04 ~6.49261E-04
-Belb552E-05 -1.28285E~-04
Qe =3.39515€-05
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
U.0 0.0
C.0 0.0
THRU 43 SAME AS AB0VE
GRP. 33 GRP, 34
0.0 0.0
THRUY 3 SAME AS ABOVE
1.83552€6~06 5.72138E~07
2.429B4€E-06 B.17503E~D7
5.85696E-08 ~6.T7922T€E-07
~5.23600€E~07 —1.42430E-04
<1.09261E-06 ~1.40762E-G6
~4,22442E~07 ~1.93970E~006
=1.01655E=-06 <~9.67193E-07
~6,T4452E-07 ~-1.78B28LE=~06
~1.45905E-06 ~1.1916b6E~06
=4.77390€E-07 -2.10038E-06
~1,01939E~07 -6.28250E~07

0.0
0.0

~1."6556E-07
0.0

GRP. 3
0.0

1.51817€-04
2.51391E-05

=1.13130€-05
0.0

GRP .
0.0

1t

2.11419E~0%
-2.85803€~06
~4.56125E-06
0.0

0.0

GRP. 19
0.0
1.15004E~12
~2+61992E-~12
C.0

GRP. 27
0.0
~2.45615E-04
-2.66T21E=04
=3.04T05E~-Q%
~6+20459€-05
=1+ 74 244E~05
0.0

0.0

0.0

0.0

0.0

0.0

GRP. 35
0.0
~1.24433€~-07
4 951 29E-09
~5.7¢236E-07

-1.4574%2€-06
-1434854E-0Q6
=1.03396€E-0%
~1.10382E=-06
~5420565€E-07
=6.74318E-07
~3.19282€-07
=3.37178E-07
=5.35374€-08
~5.76131€E~09

54

IN SN

GRP. “
3.0

1.745G1E-04
1,57345€E~05

=1.07354E~-05
0.0

GRP. 12
000
2.18827E~06
=5.48590E=-06
0.0
0.0
0.0

GRP. 20
0.0
lel1944E~12

~1.46212E~12
0.0

GRP,
0.0

28

«5+.30442E~05
=1.20292€-04
=5 44 T434E-05
~6,21490€~05
~1.26226E-05
=3.70840E~-06
0.0

0.0

0.0

0.0

0.0

GRPG
0.0

36

5.00558E=-07
T.42648E-08
4.15494E~08
=5.69968E-08
6.60872£-08
2.68656E-07
3.532355-07
5.71584€~-07
4,04060E~07
7.60003€-07
5.67344E-07
9.68623€-07
2.93636€-07

FORMAT

GRP, 5
0.0

1.84955€E~-04
2.80419E-0%

-1.81719€=06
0.0

GRP, 13
0.0
1:46664C0F~07
=3.31155E~07
0.0

000

0.0

GRp. 21
0.0
1+9699CE~12
=5.42805€E-12
0.0

GRP, 29
0.0
=3.67628€E~05
-%.90325€~-05

-4 6T8B43E-0Q5
=2+12454E-05
=2426921E-05
-4.29568E-Q6
~1.23732E-06
0.0
0.0
0.0
o.o

GRP.
o.o

37

5.67978€-08
~2.B8226TE~07
-1.56600E~-08
-6.28434E-08
b.44912E-08
1.34093E-07
9.31300E-08
"+ 80799€=-08
~4e 6TTHLE=09
~3.31836E-08
=1.C3328E-07
-1.017T7€E~O7
=1.96655€E=-07

GRP, 6
G.0

1.15152£~-04%
2.67567E-05

~1.06692F-26
0.0
GRP, 14
0.0

=1.11859€=-10

~3,12598F-10
0.0

0.0

0.0

GRP,
0.0

22

0.0
~6.9T954F=12
0.0

GRP,
0.0

20

-1,14820E=-05
-1,85387€-05
=~1.15022€-05
~1.,00095E-05
=4.0520PF~06
=3,23140E-0%
=3,65204E-0T7
=2,12481F=-0R

0.0

0.0

0.0

GRP,
0.0

3R

3.76365F-08
=9.14621E-29

S.71719€E~-0R

9.86370F-09

2.,37817E-0A8
~%423956E-09

0.2

0.0

0.0

0.0

0.0

0.0

0.2

ORNL-DWG 73-3549

GRP, T
0.0

38294 T7F-0%
=3,356PRF~07
=T«63035F-26

0.0

GRP.
0.0

} 83

229027F-12
=-3.18574F-1)

0.0

{-‘.0

0.0

GRP.
0.0

23

~8.95214F-N%
0.0
0.0

GRP,
0.0

31

-2.51824E-06
-5.00469F-06
-2.87953F-16
«2435120€-0%
~1e25094F~06
R.ITABSE-08
9.9P17GF=-Q7
4.03020F=-07
246T146F-07
o.c
0.0

GRe, 2Q

0.0

6.12386F=-09
-4 .70342€-09
0.0

GRP, a
G0

1.94912¢F~05%
3. 56428F=9%
0.0

0.0

Gee, 16
B.0
2.M2N79¢-12
~R.306Q93F~12
0.0

0.0

0.0

GRP, 24
0.0
-2.15112F—qg
-1.720840FE~-00
0.0

Gne, 13?2
0.0
2.90RT8E-~04

242P1 74F~06
4.16632F-237
1.26790F~-07
1.696%7€~0"
3,?N998F~C7
4,80621F~-07
4,05958F=-07
4,.5¢893F~0R
1.39031F-07
0.0

GRO,
0.0

40

=1.42351F~12
=2.7"645F=-00

[BRs No Ne No Ro o Ro R No R |

DO0D00D00O0O0Q
.
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ORNL-DWG 73-3550
17 0.0 0.0 0.0 9.765643E-08 ~6.56T64E~08 0.0 0.0 0.0
18 0.0 0.0 0.0 0.0 -2.40528E-08 0.0 0.0 0.0
19 0.0 0.0 0.0 0.0 0.0 0.0 2.0

0.0
20 THRY 43 SAME AS ABOVE



= 0= s e oo
SWAFROOINO NS WN»
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SENSITIVITY MATRIX FOR CROSS SECTION SET

GRP. 1

GRP. 2

GRP » 3

56

GRP, 4

=2.09532E~01 ~1.80822E-01 -1.42706E=01 =1 .45004E-01

0.0 0.0
~1432867E 00 -1.108261E 00
5¢48032E~01 4.73503E-01
0.0 1.65580E~01
Ua0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
Q.0 0.0
THRY 43 SAME AS ABOVE
GRP . 9 GRP, 10
~2.26263E~02 ~7.54598E~02
0.0 0.0
~3.63061E-01 =1.60745€E Q0
4.1267T7E-02 6.75106E-~01
1.20064€E-01 1.59739€~01
3.31853E~02 2.49928E~01
0.0 6.61521E~03
%#.33062E~04 1.05389E-03
2.73900E-03 6,25076E~04
3.25490E-03 1.35023€~02
2.09889£-03 9.97763E~03
1.96566E-03 7.13969E~03
0.0 5+47854E~03
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
THRU 43 SAM: AS ABOVE

GRP. A7

GRP. 18

=~T.69754E-03 ~9.32158E-03

0.0

0.0

-2+02047E 00 -1.41463E 00

1.79275€ 00
2.16778E~01
olo
0.0
0.0
0.0
0.0
0.0

0-0
8.46387E-10
olo
1+59081E-09
9.01305E~-09

1.04352E-08

1.1848TE-07
6.26111E-07
2e%5206E-08
0.0
0.0

1.21533E 00
1.92149E-01
0.0
0-0
o.o
2.0
0.0
0.0
0.0

0.0
1.89115€-10
0.0
2.90877E-120
1.52307€-09
B8.02316E~10
2.56174E-08
La#3586E-07
0.0
0.0

0.0
-1.16924E 00
4.55946E-01
1.70890E-01
1.30203E-02
0.0

G.0

0.0

0.0

0.0

o.o

GRP. 11
=9.20115E=-02
0.0
=3,30356E 00
2.24630€ 00
4,51868E~01
5.78531€-03
0.0
2.33425E-04
8.87966E~04
9,30176E-03
8,90210E-03
5,95776€E~03
6,.T8978E~03
4,28534E-03

GRP. 19

~1.79976€=02
0.0
-1.56528€ 00

1.38399E 00

1.73831E-01

0.0

0.0

.
©

CDODONOOLOOOD

4566E~11

)

[-R-X-R N -N-R-N-y-F -
.

3.05041E~10
9.80867C~09
S$.46954E-08
0.0

o.o
-1.16035%€ 00
4.66692E-01
1.73415E-01
1.37751E-02
2.89512E-02
Q.0

0.0

0.0

0.0

0.0

GRP. 12

=6.69040E-02
0.0
=4.84142€ 00

3.62120E 00
4o66145€6-01
0.0

0.0

0.0

2.67930E-04

6<11097€E-04

5432025E-03

5.31705€-03

2.10032E-03

2.54736€E=-03

2.06505€-03

0.0

0.0

0.0

000

°l0

GRP. 20

~2.05362E~02
0.0
~103341€ 00
8.81778E-0}
1.47139€~01
0.0

0.0

0.0

0.0

0.0

0.0

G.0

0.0

0.0

0.0
1.67661E~11
0.0
0.0
0.0
6.99536E-11

0.0
1.30593E-08

GRP. S

~1.59947€-01
0.0

~1.36331E 00
5.99325E-01
1 .91840E-01
3.425T74E~03
L.44600E-02
3.19706E-0C2

GRP. 13
~1.14264E~02
0.0
~T«.27623E 00
6.,47091F 00
3.96728E~01
0.0
000
0.0
3.950)4€-0%
1.97250€-0%
1.27525€~03
5.B89BTE~04
1.13640E~03
9.05660E=-04
7+91634E~-04
8,99551E~04
.0

[~ N=R-Ne
[« X =N

.
.
.

GRP. 21
~2.60101E~02
0.0
~8,07333E-01
6,84133E-01
1.19977€-01
0.0

9222€=-12

5586E-12

CPOOO~ODOO00O00O000

ONODOOVOOOODODOOO0OO

1 SUMMED OVER P(L)¢IN SN FORMAT

GPrP, L]
~1.7625€€-0)
0.0
~9.40793F=01
3.86872E-~01
2.19404¢~01
2.69867E-03
4,50162€-03
1.34968€-02
1.18323€~02
0.0

0.0
0.0

GRP, 1lé&
=3,91081€E-03
0.0
~1,17417€ 01
1,12062€ 01
3.01023E-01
0.0
0.0
0.0
0.0
3.2T108E-2¢
0.0
3.53741E~0%
6. 6649501E-05
5.29677E-05
1.50642E-04
1.69644E-04
1.21785E~04
0.0
0.N
0.0

GRP., 22
=8.R2612E-02
o.o
“~b6o64271E-0)
5+75623E~01
A.70653€-02
0.0
0.0
0.0
0.0
0.0
0.0
o.o
0.0
0.0
0.0
olo
0.0
0-0
o.o
0.0
0.0
0.0.

ORNL-DWG 73-3551

GRP, 7
=1 e5444RF-01
0.0
~1.01870¢ 00
4+73208€~01
2.56994€~01
2.4B0456E~02
6.01004F-07
1 .07514E~02
1.6R367F~02
1.33998€E~02
0.0

0.0

GRP. 15
~3.23075€-03
0.0

~3.87912E 00
3.56188F 00
2.68418F=-01
2.0
C.0
0.0
0.0
.0
4.86063F=CA
0.0
1.12634E=(7
7.09864F-07
7.81983F~-07
6.91366E-06
3.19349E~0%
1.51054F=nk
0'0
0.0

GREP. 23

~6.78152E =01
0.0

~1.04633E-11
6£4356429%-0%
1.10939E-02
6.,626T8F-03
4,T1966E~03
3.74151€~-03
1.85761E~-03
1.3537%9€-03
9.10329€~06
& ,08263E=-2
2,79064F =06
1,29510€-04
8,59108F.-n5
5.54947F-05
1.86276F-0%
2.R0Y5T€E-05
5.B21B6€E~-06
4,79692€-06
6 ,96156€-07
0,0

GRP a
~1+216205-01
0.0
~1.05227¢F 00
3,0PTT9¢=01
3,12357F-0
0.0
1.9788%E~0%
8.67178F=013
1.481 51€-02
7.202185=02
1,000645-02
0.0

GRP. 16
“6,452%7F=~03
0.0

~3.40292¢ 00
3.,12483F 00
2,51 524F~01
0.0
0,0
0.0
0.0
0.0
o.o
6,9¢354F =00
Q,n
1.37042F-0R
9,41 079E~0R
1.065%51E=07
9.85(48F=07
4. A0069F=0h
2,37445F=07
0.0

GeP, 26
=1.07220F 00
0.0
=2.14280¢F-1)

9,49954F~03

5. 4T T16F=02

T.9771RF=N3

2.263Q01F=-03

1.650R1F =02

1.316%C=n2

6.5)180F-06
4.T3626F-00
1.16874F=C6

1.29223F~04

K, QLT 4AE=QR

2.87678¢-06

0,0

0.0

0.0

0.0

0.0

0.0

0.0



23
2¢
25
26
27
28
29

v
[=]
(7]
.

VOOV WN-

POS.

0.0
0.0
0.0
0.0
0.0
0.0
THRU

GRP. 25

0.0
0.0
0.0
0.0
0.0

0.0
43 SAME AS ABOVE

GRP. 26

GRP. 27

~2.07821E 00 ~5.42225E-01 ~3.60219E-01

0.0

0

0.0

o.
=5448362E-01 ~1.91721E~-QL =~1.72574E~01

3.41963€E~-02
1.49056E-02
4.22650E-03
5.09300€~-02
l.44265E-02
1.05619E-02
8.34550E-03
4.12538€-03
2099419E-03
1.99762E-03
8.75341E-04
3.75126E-04
1. 85374E-05%
0.0

0.0

0.0

G.0

0.0

0.0

0.0
1.18733€-03
1.12576€£-02
1.37123€-02
1e36139€E-02
1.57187E~02
0.0
0.0
0.0
0.0
o-o
0.0
0.0
0.0
THRU

GRP. 33
~1.07732E~02
0.0
=2.82001E~G2
3.50220E~03
5.66660E=-03
2.80746E~03
1.73577E~03
1.75004E=03
9.78842E~04
1.42238E~03
9.45532E~04
1.52063E~03
4.03612E~04
1.54089E~04
1.02582€E~06
2.86283E~07
2.05891E~07
1.59600E~07

1.16111€-02
3.57812E-02
T«4B898E-03
2.26451E-03
$.05195€-03
1.42791£-03
1.064276E-03
8.21690E-04
4.,06T710E~04&
2492858E-04
1.94611E-04
B8.49473E-05
3.65920€E-05
1.86728E~-06
0.0
0.0
0.0
Q.0
0.0
0.0
3.,34611E-08
1.05062E-03
3.65922E-03
2067810E~-03
4,23273E~05
5¢53346E-03
0.0
0.0
0.0
0.0
0.0
0.0

0.0
43 SAME AS ABOVE

GRP. 34
-8,37982E=03
o.o
=~3,0814TE~02
5.49432€-03
S.13388E-03
3,88158E-03
2.10930€-03
1.3898BE~03
1.46769€-03
8.58198E~04
1,27064E-03
8.59442€~04
1.37837E-03
3.69946€E~04
1.,62773E-04
0.0
0.0
¢.0

1.48694E-02
1.67832E-02
2.46598€-02
5.47900€~03
1.75561E-03
4.692T74£~03
1.32323€~03
9634 75E-04
Te567TTLE-04
3.71186E-04
24676T1E~04
1.77051€-04
Te69471€E-05
3,33616E~05
1.76978E~06
0.0
0.0
0.0
0.0
0.0
0.0
3437327E-05
1.50931€-04
T«84907€E~ Q4
1.75918£-03
2+99406E~03
3.38301€-03
0.0
0.0
0.0
0.0
0.0
0.0

GRP. 35
-8e37487TE~03
0-0
-4.92915E-02
1.37415€-02
T-16045€~023
3.16686€-03
2+TT464E-03
1.72066E-03
1.26692€-03
1.52536€~-03
1.06153£-03
1.99607€-03
1.85797€E-03
4.14624E-03
1.56642E~03
8.5T473E~-04
1.51421€-06
4.22571€6-07

57

0.0
0.0
0.0
0.0
0.0
0.0

GRP. 28

-1.05687€-01
0.0
=6.T60T1IE~02
4 +26304E~03
1.12151€-02
5.98618E-03
9.08721€-03
2.12193E-03
T«13986E-04
T7.28680E~-04
2.04923E-04
1.48690E-04
1.16355E-04
5.6 791 5€E-05
4,07839E-05
2468248E-05
1.15997E-05
5.07356E~06
2.82758E-07
0.0

0.0

0.0

0.0

0.0

0.0

0.0
T+44093€-05
3.76951€E-04
3.21309E-04
3434580€-04
3.22362E-04
0.0

0.0

0.0

0.0

0.0

GRP. 36
~2+67812£-03
0-0
~2.63310E-02
6464264E-03
9.04410€-03
2.20258E-03
1.18743E=03
1.17510€-03
T.63115E=06
5.45890€~0¢
6.03038E-06
3.6554TE-Q4
5.41211E=04
3.67006E-04
$.75119E=04
1.55542E=-04
6.07801E=-05
0.0

3.78835E~09
Q.0
0'0
0.0
0.0
0.0

GRP, 29
-1.01609E-01
0.0
=B.306862E-02
6.,91029€-03
6.45814€E-03
8,12455€E~03
4.,58511€-03
Te12562E-03
1.72188E-03
5.98951€-04
5.63400E-06
1.58052€E-06
1e14378€E-06
8.92541€-07
©.33986E-07
3.10708E-07
2.03489€-07
8.76635E-08
3.86419€-08
2424206E-09
0.0

0.0

0.0
2.31270€-09
1.26642€~05
9.03303F=-0%
9.16261€~04
2425222€-03
2.18192E~03
1.24612€-03
1.05645E~03
T«26571E-04
0

o000
OO

GRP. 137
~2.37811€=-03
0.0
~3,.,87927€-02

1.50710£-02

B8.40236€E-03

5.63308E~03

2420410E~03
1.2T766TE=03
1.14019E-03
6.45T10E=0¢
€.15408E=-06
4.17439E=04
2.31900E=06¢

3. 1464 7E=-06

1.97069E=04

2.89703E~04

T+ 45596E=05

2.81865E-05%

O.o
0.0
o.o
0.0
0.0
0.0

GRP. 130
~4.60114E=02
o.o
~4.84732E-02
3.7372¢F=02
T.11466E-03
3.,22057¢-03
4.21562€-03
2.50094E-03
3.,95323£-03
8.839T7E~04
3.52606E-04
1.21244E-0%
3.39414E-04
2.45008E-04
1.90662E-0%
9.23726E-05
6.59341E-05
4,30019F-05
1.8464) F-05
8.21009E-06
4.9T172E-07
0.0

0.0

0.0

0.0

o.o

0.0

0.0

0.0

o.o
4e41156E-07
7.18317E-06
5.32879E-06
0.0

0.0

0.0

GRP., 138
=2,T1764E=03
0.0
=9,79541E-02
T.,25%572€-02
1.,56100€-02
3,75318E-03
242652BE=-03
2.95036€E=-04
2,38304E-05
Q.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

000

ORNL-DWG 73-3552

OQO
5.96433€-06
5.41534€-04
2+67498E~03
0.0
0.0
GRP. M
~3.,420R6E-02
0.0

“b ,64222E-02
4.59717€-03
5.62104E-0%
% .07620E~-0%
2446349€-03
3,34238E-03
2.06960E-03
3.30%19F-03
8.42461F-04
3.09158€-04
O.o
0.0 .

0.0
2.0
0.0
0,0
0,0
0.0
0.0
OOO
0.0
0.0
2.0
0.0
0.0
o.o
1.38956E~06
4,89T96E~ 04
5.160&3E-n%
2423161F~064
1,54T58E=~04
£.85250F~0%
0.0
0.0

GRP. 139
“BR.66145E~-N6
0‘0
-8.07098€~02
6.82219€-02
1.072628~02
0.0

[« X-N-F< X R-Fu - ¥ RoReo R
.
000000000000

0.0
1.375R6F~03
6,465793F~012
1.5756FF~=02
2.37331F~-0?
0.0

~2.3%212F~0?
0.0
=4,656951£-0?
6.,21187€-03
€.T70511F~03
3.A7377F-07
3,69422€~02
1.93580€~03
2.73033F~03
1e76175F~03
2.83197€~03
T+38655E~06
2e77118F-06
3.02904E-06
R, L570VE-07
6.08625€~-07
4,72063F-07
2427719F-07
1.61969F-07
1.05108F-07
4449945E~-08
2.02937F~00
1.31035F=09
0.0

D.0

0.0

0.0

M0

0.0

0.0
2.A9173F-07
3.76969€-06
1427323€E=0%
1458077€=-0%
9.43732F=06
0.0

GRP, 40
~2413732€6-0%
0.0
~1484939€E=-02
5.65941€-06
1. 2R449F=09
0.0

* 8 s 0 00
200000000000

000 QDODOOOO



7+69317€-08 0.0
5.46876€E-Q08 0.0
3.54568€6-08 0.0
1.51718E~-08 0.0
6.08770%€~09 0.0
4.52799€=10 0.0

0.0 0.0

0.0 0.0

0.0 0.0

THRY 32 SAME AS ABOVE
0.0 6+41132€-07
0,0 3.9797T7€=05
0.0 3.89508E-05
0.0 2:42427E-05
0.0 1.29717€-05
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

3.03902E-07
243%9574E-07
1.13551E=-07
8.07123¢t-08
5.23320E~-08
24264071E~08
1.01912E-08
6+60023E-10
0.0

0.0
0.0
241T401E-0%
2.09267E~-09
1.22004E~0C%
4.52867E-006
0.0
0.0
0.0
0.0
0.0

°.°

0000000 00000
R
[-X-X-X-R-X-R-2-T-2-N-¥-N-]

[-X-2-]
¢ s
QOO

[~ -J-N-T-N-J-R-FoR-N-}
EEREEEEEEEER

CO0000O0OOO0

6.,6T191€-~00
6.87072F-07
1.43161F-06
T.91304E~07
°.°
0.0

0.0
0.0
0.0
0.0
°'°
J.o
0.0
0.0
0.0

0.0
N.0
°‘°
0.0
2.0
0.0
0.0
0.0
0.0
°.°
0.0

ORNL-DWG 73-3553

0.0
0.0
L%
0.0
0.0
0.0
0.0
0.0
0.7

Q00
DI

OIJ30I290900
B ARAREEREEE
Q020333000
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SENSITIVITY OF CRDSS SECTION SET 1 BY
SUM OVER ZONES APPEARS A3 ZONE N2ONE+1

LAaNE 1
=3.88391E~04
=1.52713E-04
=1.13107€-04
-8.0080623E~08
-6.17823€6-05
~4,09399E-05
=3.24944E-05
=5.02073€-05
=1459691E-05
=4,54076E~03
=3,62620€6-05%
=2.21979E-05
-4.31929€E-06
=5.180849E~06
=k.12374€~06
=1.,99189E~07
=1.,62797€E~08
=2,34162€6~10
~8.,20450€~11
~4.16697€-11
~2,72173€~11
~1.54436E~11
~2.138606E~00
~2046738€~07
~2.32762E-07
~7.76104E-08
~4,61370€~08
~5.17937€~-09
~1,669064E~08
~8,98762€6~11
~1.33966E-09
~6,107636-11
~1.,3006%€E~-12
~2,21730€-11
-3,842106~-12
=3.08359€-14
=3,223084E-14
=2.97329E-14
~2,T1829E~-106

0.0

Z0ONE 2
=4.39582E~01
=4.16775E-01
=4.62663E-01
=4.38719E~01
=5.02029€-01
~2.52349E-01
~1:91643E-0}
=3.77368€-01
~1.58497€-01
~4.8%889€-01
~5.9%226€-01
=8.28236E~01
=5.02248E-01
=2486214E-01
=6.04692€-02
~4.90466E-02
~2.48%66E-02
-1.50838E~02
=1.57372€-02
~9.86974E-03
=7.359056-03
~4.,5643386-03
=8.30480€-02
=1,67903€-01
=4.18734£-01
-1.41617€-01
-1.222G69€-01
=4.58546€~02
=5.47546€-02
~3.04140£-02
=2.78%40E-02
=2,49976€-02
-1.45%06€-02
~1.303746€-02
-1.50322€-02
=5.90¢14E-03
=5.,43V24E-0)
=1.15%270£-02
-8.22992¢-03
-3,8 8606 €-0¢

ZONE 3
2433549E-04
3.,33168E-04
5¢634585€E- 04
2.25603E-04
1.04251E-04
=6+72092E- 04
-9.48003E~04
~2+89206E-06

20124 46E~04

1.37436€~04
=1+38504E~0)
=3444526E~03
~5416673€~03
~2+3091%€~03
~1.311966-03
~2.98153E~03
~2.06953C~-03
~1.05390€-03
-1.11357€-03
=9.00999€-04
=9.144026~04
-1.20370€-03
=3.42464E-04
-6.01650E~04
=1.55798E-03
-5.48172€-04
~3.4T7209E-04
~-7.17007E-05
~7.67983€-0%

1.17614£-0%
-1.429776-05
-8.15%8%€-0%
=2.137706-04
~4,537656-04
-1.,21353-03
=7.05863€-04
~6.92162E-04
~9,000808-04
~8.28060E-04
-4.85790€-04

ORNL-DWG 73-3555

GROUP AND ZONE

ZONE 4
1.22%356-03
2.46967€-03
4.,65193E-03
4 .00991E-03
$.75381€-03
1+07742€~03

=9.47204E-08
3.982176-03
2.05429€-03
$+337306~03
$.580526-03
8.29773E-03
3.27044E-03
2435380E-03
~24325076-03
~4.02514€-03
-3.15293€-03
=1.76990€=03
=2 .01868E-03
~1.53289E-03
=1 «44641E-03
=1.30253E-03
3.3170%€=0¢
5.65199E~04
7.79990E-04
=3.09683€E-05
3.46TTL9E=QS
1.56197E~04
3.24087€~04
$.14992€E=-04
T94642E~04
1.2339%€-03
9.15163E~04
8.33016£~04
=5.8772%E-04
~9.24835€=-04
=1.98%77€-03
-2.175%50E=-03
~2.14529E-03
-4.09052€-04

LONE H
=-4,308512€~01
=4.14125€-01
~4.57561€~01
=4.34572€~01
=4.962%33€-~01
=2.91972E~01
-1.92718E-~01
=3.73439€-01
~1.56246E~01
~4.80459€~01
-5.91058€~01
“8+23406E~01
=5.04140€-01
-2.86255E-01
=bo41074E~D2
=5.68534E~02
=3.,00791€~02
=1.79077€-02
=1.80695E~02
=123116E~02
“9.71984E~0)
~7.16962€-03
=-8.30%9%E~02
~1.67939¢-01
=4.193%12¢-01
=1.42190€~01
~1.22522¢-01
~4.37701€~02
=5.45073£~02
~2,98873€-02
=2.70737€-02
~2.38452€~02
=1.30492€-02
~1.34582£-02
=~1.76334€-02
~7.5328%€~03
~8.11166E~C3
~1.48726E~02
~1.12033€-02
~1.20345€-03



60

ORNL-DWG 73-3556

SENSITIVITY TO CROSS SECTION SET 1 IN IONE 1

NEUTRONS = ~1.08718E-03
GAMMAS a =$,48227€-07
TUTAL = -1.08783E-03

SENSITIVITY TO CROSS SECTION SETV 1 IN ZONE 2

NEUTRUNS = =6,16450€ 00
GAMKAS = ~1.19315€ 00
TOTAL = «7,35765E 00

SENSITIVITY TO CROSS SECTION SET 1 IN ZONE 3

NEUTRONS = =2.37568E-02
GAMMAS s =9,12328€-03
TOTAL s «3,28801€-02

SENSITIVITY TO CROSS SECTION SET 1 IN ICNE 4

NEUTRONS = 3,163L7E-92
GAMMAS = ~1,775645E-03
TOTAL = 2.98562€E-02

SENSITIVITY TO CROSS SECTIOUN SET 1 IN ZONE 5
SUM OVER ZONES APPEARS AS XONE 5

NEUTRONS = ~b6.15771E 00
GAMMAS = ~1.20405E 00
TOTAL = ~T7.361T6E 00
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ORNL-DWG 73-3557

ENERGY BOUNDS FOR NEUTRON GROUPS IN MEV

ENG.
1.50000€
1.22000€
1.00000E
8.18000€
6,36000€
4.,96000E
4.,06000E
3.01000E
2.46000E
2.35000¢
1.83000€
1.11000€

1

00
"o
[HY]
00

5.50000€~01
1.11000E-01
3.35000E-03
5.83000E-04
1.01000E-04
2.90000E~05
1.07000E-05
3.06000E~06
1.12000E~06
4.16000E~07
1.00000€E~C¢9
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ORNL-DWG 73-3558

ENERGY BOUNDS FOR GAMMA GROUPS IN MEV

ENG . 1
1.00000€ 01
8.00000E 00
6.50000E 0Q
5.,00000& 00
4.00000€ 00
3.00000€ 00
2.50000€ 00
2.00000€ 00
1.66000€ 00
1.33000€ OO0
1.00000€ 00
8.00000E~-01
6.00000€~-01
4.00000€-01
3.00000£~-01
2.00000E~-01
1.00000€-01
5.00000€E-02
1.00000€~04



SENSITIVITY PER UNIT LETHARGY BY

GAP.

ZONE 1
~1.87979E-03
~T«67980E-04
=5.63018E~04
-3453099E-04
=3.28941€E~04
~2e444%28E-04
-1.08589E~04
=« s 4B8324E~06
=3,95083E~04
=1.81558E~04
=7.25306E~05
=3.16120E~05
=2.69890E~-06
-1.408210E-06
-6.42673€~07
-1.13623E-07
—1+30464E-08
=2+340854E-10
=6.55721E-11
~4.14589€~-11
~2.T73481E~11
=2.56289E~12
-9.67386€-08
~1.18830E-06
-8.8717T1E~07
=3.47805E~07
«1.60375€-07
-2.,84079€E-08
=7.48c39E-08
-4+82350E~10
=6+04436E-09
-2+.14169€-10
-5.06462E~12
=7.70746E-11
~9.47579E~-12
=1.28044E~13
=7+95095€-14
-4.28955E~16
~3.921b66E~16

0.0

LONE 2
~2.12755€ 00
=2.09592€ 00
-2.30303€ 00
~l.74328E 00
-2.01924E 00
=1.46012€ 00
=6.40642TE~0L
~1.87021€ Q0
=3.406473E 00
=1.94278E 00
~1.19086E 00
=1.17349E 00
-3,13829E-01
~8417621E-02
-3445829E~C2
=2.79776E~02
~1.99200€-02
=1.51284E=-02
=1.25714E-02
~9.81979E-03
~T7e394415-03
=1.TO575E=04
-3.72177E-01
=8.,08626E~-01
-1.59600E GO
=6.34645E~01
=4 424807E~01
=2.51504E-01
-2.45379E-01
~1-63227E-01
-1.25673E-01
-8.76559:-02
=6.52072E-02
-4.80997E-02
=3.90470E-02
~2.05162E~02
~1.34012€-02
-1.67310E~02
-1.18733E=-02
~6.25310E-05
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ZONE 3
1.13036€~03
1.,67547€~03
2+80475€~03
8.96445E~04
4219314E~04
~3.35673E~03
=3.16801E~03
~1.43329€~05

4.64405E~03

5.49525E~04
=2,77033E~03
~4,90639€E~03
-3.22843E-03
~6,82503E~04
=T50321E~04
~1.70075E~03
=1+65851E~03
-1.057T0Q1€~03
=8.89553E~04
=9.04399E~04
-9.18797E~0¢
~1.99756E~04
=1.53473€E~03
«2.89854E~03
=5.93824£~-03
~2.45659€~03
~1+20692E~03
~3.93265E~04
~3.44166E~04

6+31216€E~05
-6.,45089E~05
~2485991E~04
~9.57994E~04
~1e57732E~03
~2.99293€~03
~20453626-03
-1.T07COE~02
~1.29854E~03
~1.19%64E~03
=T.81691€E~05
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LONE 4
5.93061E-0%
1.24197E-02
2.31562E~02
1.59336E~02
2.31415E=-02
5.48102E-03

=3,.16533E=-04
1.97354€-02
4 4906 E=02
2.134078-0:
1.11760E-02
1.18168E=-02
2.04852€-03
6.724056~04
~1.32973E-03
~2.75240E-03
~2 4526 74E~03
~1.77523€-03
~1.61256E-03
~1.52514E-03
~1.45336E~03
~2.1615TE=06
1.48651E-03
2.72202E~03
2.97293E-03
~1.38782E=04
1.20069E~04
8.567T15E=-04
1.45224E-03
2.76387€-03
3,58539E~03
4.32695E-03
%+10123E~-03
2.89562E-03
=1.44951€~03
~3,21485E~-03
~4,89750E~03
~3,13858E~03
~3.09500€-~03
~6.58211€~05

GROUP AND CROSS SECTION SET

LONE 5
-2.12237€ 00
-2.08260€ 00
=2+27TH3E 00
~1.72680€ 00
-1.99601€ 00
=1.45824E 00
=5+44020€~-01
~1+85074E OC
-3.415852€E Q0
-1.92107€ 00
-1.18222€ 00
=1.17261€ 0
-3.,15011€-01
~8.17737€-92
~3.66636€~02
-3.24309E~-02
=2+%1052E~02
=1.79606E-02
~1.50735€E-02
~1.22493E~02
~9.T6656E~03
=1.18649E-03
«3.72226E~-01
-~8,08803E~01
-1.59897E 00
~6.37240E-01
~4.25893E-01
=2+51041E-01
~2.44271E-01
~1+60400E-01
~1.22152€-01
~8e36149E-02
~6420640E-02
~4+67813E-02
=ke36894E=-02
~2¢5184TE=02
=2.00058E~02
~2411681E=-02
~1.61629E-02
«2+06521E~-04
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D. Discussion and Interpretation

This section discusses some of the major points of interest in

analysis of the sample problem, but should not be considered a full

detailed analysis.

1,

Pz evaluvation by zone shows low Pz

the source is isotropic, a high P

effect in source zone 1l since

P effect for zone 2 where the

particles are transported from the source to the detector, a lower

PZ effect for zone 3 where the response is calculated since the

response function is isotropic and the zone volume is small, and

a fairly high P, effect for zone 4, since the particles in zone

J/

4 would have to be reflected back into zone 3 in order to con-

tribute to the dose response, Overall, the PE effect for the

entire calculation predicts that the problem could be run P2 with

only a 0.2% change in the calculated response. Going to Pl would
cause a larger change, predicted to be about -7%, and a PO run
would result in a much larger change in the dose, predicted to be

-88%. Past experience indicates that the P, and Pl predictions

2
are within the linear range, and should therefore be fairly accu-
rate, but that the PO prediction is outside the linear range and
is probably in error by roughly a factor of 2. In order to show
the range of linearity, the forward ANISN case was recalculated

for 2% Pl’ and Py expansions. The resulting tissue doses showed

+0, 2% (B5), -t (P;) and -53% (Py) chunges from the P, calculated

dose, The Pﬂ predictions by group have been successfully applied

.in determining a P, -by-group type calculation., For the sample

. JA

problem, such a calculation might be run with neutron groups
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1 te 8, 10, 11, 12 as P,, groups 9, 13, 14 as Py, groups 15 to
22 as P and gamma group 25 as P3, gamma groups 23, 24, 26 to
35 as 2% and groups 36 to 40 as PO' The net change in dose

(from a strailght P, calculation) predicted for the P, distribution

3 )/

Just outlined is -1.03%. Recalculation of the sample problem
using this Pz distribution gave a net change of 1.28%.

The printout of sensitivity by particle type and zone shows that
the calculated tissue dose is considerably more sensitive to neutron
cross sections than to gamma-ray cross sections. The sensitivity
for both neutrons and gamma-rays is low in the source zone 1,

high in the main transport zone 2, and fairly low in both the
detector zone 3 and the reflector zone 4. Note that the reflec-
tor zone 4 sensitivity is higher for neutron cross sections than
zone 3, and positive, while the zone 4 sensitivity to gamma cross
sections is lower than in zone 3, and negative, Although a full
set of sensitivity calculations to partial reaction cross sections
such as elastic, inelastic, (n,y), etc. would be required to com-
pletely determine the reason for this behavior, some speculations
can be made on the basis of the sensitivity by group printout for
zone 4., In general, zcne 4 or reflector sensitivity to high energy
cross sections is positive, and sensitivity to lower energy cross
sections is negative for both neutron and gamma cross sectiomns,

At high energy it would appear that backscatter (and gamma pro-
duction for neutrons) are dominant, while non-gamma-producing

absorptions and forward elastic and downscatter effects dominate

at lower energies, High energy reactions in zone 4 are more
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important than lower energy reactions for neutrons, but not for
gammes., The sensitivity summed over zone, glven as zone 5, shows
that the tissue dose is fairly sensitive to the cross sections
used in the calculation, (total sensitivity ~7), with approximately
a 5 to 1 neutron to gamma sensitivity ratio.

The sensitivity profiles are a measure of the relative importance
of the cross section set investigated as a function of -energy.
Solid lines indicate a negative sensitivity and dotted lines in-
dicate a posltive sensitivity. In general, the sensitivity pro-
files tend to mirror the total cross section in the energy ranges
which are important for a transmission problem such as the one
calculated, An important minimum in the total cross section then
appears as a peak in the sensitivity prcfile, and a resonance in
the total cross section appears as a valley. The important energy
ranges for a glven problem are also determined by the energy dis-
tribution of the source and response functions and by the thickness
of the material regions present., In the sample problem the tissue
dose response function is weighted toward higher energy particles
(higher energy particles give a higher dose), Since 2000m of air
is fairly deep penetration and involves a relatively large number
of collisions, high energy neutron crcss sections are very important
even though many source neutrons have lower energies. For the
sample problem, 83.65 of the sensitivity to neutron cross sections

(-5.15 out of -6.16) is due to cross sections for neutrons with
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energies above 0,55 MeV (groups 1 through 12), The source distri-
bution, however, only has 38,56 of the source neutrons with ener-
gles above 0.55 MeV. The sensitivity profile for both neutron and
and gamma cross sectlons clearly shows this high energy importance,
A more detailed analysis shows that the peaks for group 3 (8.18 -
10 MeV) and group 5 (4.96 - 6.36 MeV) represent energy ranges with
lower nitrogen total cross sections, the valley for group 7 (3.01 -
4,06 MeV) represents a high total cross section range for both
nitrogen and oxygen, and the peaks in groups 8, 9, and 10 (1.83 -
3.01 MeV) represent the energy reglon surrounding the oxygen
minimum at 2.36 MeV, which is in group 9. The importance of
minima as windows for high energy transport in deep penetration
problems has long been recognized. However, in order for a minimum
in the avallable point energy cross section data to serve as a
window, and therefore to appear as a peak on the sensitivity pro-
file, it must be adequately represented by the multigroup energy
structure. The sensitivity profiles can therefore also be inter-
preted to give an indication of the adequacy of the energy group

structure used.
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APPENDIX A

Derivation of the SWANLAKE Sensitivity Function
One begins with the time-independent Boltzmann equation for a non-

multiplying medium expressed in the nomenclature of Section I,
g.ve (7,0,E) + L (%,5)2 (%,8,E) (A1)

- f o (7, -d,8-E) ¢ (7,8",5')aE'da’ = S(7,8,E)
E'Q

then express the equation in operstor notation as
H =8 (A2)
and the equation for a perturbed system as

ke =s. (A3)

The relationship between the perturbed and unperturbed flux is defined

as

Qp = & + ad, (A4)

In an analogous manner, the adjoint Boltzmann equation may be

written as

- dver (7,d,8) + £ 9% (7.0,E) (A5)

- ) @A mE) #GALE) @ar -z @38,
g g
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where Zr is the response function which is the source for the adjoint
calculation. The dnperturbed and perturbed Boltzmann adjoint equations

may then be expressed in operator notation as

fgk =5 (46)
and
frer =5, (A7)

and the relationship between the perturbed and unperturbed adjoint flux

may be written as
@% = Q* <+ A@*. (A8)

By integration over all phase space, the integrated response for

the unperturbed problem, R, is given as

R =fzr¢ .—.fs@*, (A9)

and Rp for the perturbed problem is

3
= = . A
R =[50, [ (A10)
The change in R due to the perturbation is then
OR =R - R =fzr<1>p -fzrrb (All)

= * Ld Q*
[ost, - fan
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Applying eq, (A8),

AR =fS(§>*+AQ*) -fSQ*,

or

AR = fsw*. (A12)
From the definition given in eq. (A8), eq. (A7) becomes

£, = B @ ne*), (a13)

and equating (A6) and (Al3) gives

fl’; @*+03%) = 5% and
A 3 A A 3%
H’;E,Atb = (H* -H’{))‘b . (Al4)

Now multiply through eq. (Al4) by Qp and integrate over all phase space

to get

ﬁ e ase = f@ (R B o (A15)
rp J'p p’

Frcm the basic definition of an adjoint operator,

f § ftags = f AR B (Al6)
PP p p’

where boundary terms involving surface integrals are understood to have
vanished under standard free-surface boundary conditions on &%, Equating

(A16) and (Al5) gives

A A A
ﬁ@*np@p = f 8 (i o, -(Al'7)
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Applying eq. (A3),

A
Y 6 =fA‘§*S
fA PP ’

and then from egs., (Al2), (Al7), and (Al8),

- Pue _1pe g
AR f@p(m )%

A
Now define an operator TE by the equation
Tan = (Bt -fr;)w,

and reguire that

ﬁzzé* = AC[— ZT(E’-,E)@* (r,8 ,E)
- f_) Lg(F001,80E") & (7,3 1,8") dEdn]
E'Q!
where C 1s a constant ratio for all cross sections,

£o(r,E) BG4 ,mE)
C= =

Tp(r,E)  Ig(rd,mE)

for all E, -f', EY, 3', and 5

(A18)

(A19)

(A20)

(A21)

(A22)
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Then

Zp(r,E) - ZT(r,E) AZT(r,E)
AC = (A23)
Z(%,E) Zp(3E)

sR(RA3 BB - ng(r, 0, BEY)  ang(r,0H,BET)

Lg(x 01, BE") i 28&,546',17:-@')
so that AC is also a constant over E, -;, E', Gt and 3 for all cross
sections, This will be denoted in an abbreviated form as AC = -A-%- .
Now take eqge. (Al9) and (AR0O) to give
AR = f ¢ hox, (h24)

Dividing through both sides of eq. (A24) by R as defined in eq. (A9)

and by AC glves

A
ﬁ A%
ARR_JLPT (A25)
AC f -
r

oIrF’

where T!

The derivation of the sensitivity function cen now proceed in

elther of two ways.

A » Taeke the limit of eq. (A25) as AC - 0, giving
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B » Make the standard linear perturbation assumption that @p':-@

and obtain

AR/R _ AR/R _ ﬁ el (A27)
AC AS [T fzrq, ’

The right hand side of egs. (A26) and (A27) is now the matrix-and-
operatcocr notation form for the basic sensitivity definition given in
Section I, eq. (1). Equation (A26) has meaning without specifying a
value for C, and is used analytically to determine the relative sensi-
tivity of the response function, R, to the cross secticns used in the
calculation, Equation /A27) requires a specific value for C, and is
used predictively to estimate the change in the response function caused
by a change in the cross section corresponding to AC.

This differentiation into twc aspects of sensitivity is intended
to emphasize the fact that no specific value is chosen for AC in the
analytical application of the sensitivity functicn, while specifying
AC results in a predicted change in R which is only valid within the
range cf linear perturbations,

It should be noted that the sensitivity function given in egs.
(A26) and (A27) is defined over a specific domain of E and v by specify-
ing the domain of %i@* = (ﬁ* - ﬁg)é%. This is equivalent tc setting
AC = 0 outside of the chosen domain. Sensitivities may then be deter-
mined for a given type of cross section (ccllision, elastic, inelastic,

etc.) as a function of energy in a given spatial zone.
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APPENDIX B

Machine Requirements for Sample Problems

This appendix is included to glve the user some examples of
machine requirements (time and core) for SWANLAKE cases. All times and
core requirements given are for the IBM 360/91 system at Oak Ridge
National Laboratory. Table I gives the problem specifications for
four different sensitivity problems, Details on the sensitivity analyses
for these problems are availsble in the listed references., Table II
indicates running time, total core, and blark common requirements for
sensitivity calculations relating to problems A, E, C, and D, Table II
also includes tiie nmumber >f cross section sets to be analyzed and an
indication of whether the %% matrix was calculated (ITAPE = 1) or

read from a previous calculation (ITAPE = 2).



Table I, Sample Problem Specifications

Energy Spatial Spatial

Problem Source Medium Resporise Groups Intervals Zones Pz Sn Geometry

A Unclassified 2000m air neutron + gamma 40(22n,18y) 169 4 P3 540 spherical
Thermonuclear tissue dose

Bl7 Unclassified 2000m air neutron + gamma 134(101n,33y) 179 1 P, 516 spherical
Thermonuclear tissue dose d

018 FTR radial 15'Na + 3'Fe neutron 50 302 2 P3 816 slab
shield leakage tissue dose
spectrum

pt? 14 MeV a proposed Tritium breeding 100 62 8 P3 S 5 cylindrical
neutrons controlled from L’G and Li7 1

thermonuclear +

reactor blanket

8L



Table II. Sample Problem Machine Requirements

Problem T Sets  ITAPE Total Core (bytes) Blank Common (bytes) Running Time (minutes)

A 1 1 290K 172K 1.8
B 2 1 848K 720K 2.2
B 2 2 844K 720K 1.0
C 2 1 384K 240K 1.5
D 2 1 536K 395K 3.6

D 2 2 504K 392K 1,0
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APPENDIX C

Source Units and Activities
In order for the forward and adjoint angular fluxes produced by

ANISN to be compatible with SWANLAKE, the forward distributed source

neutrons

units should be ( ) s, and the corresponding adjoint source units

cm X sec

response
neutron x cm

should be ( ) ; i.e., the units of a macroscopic cross sec-

tion, Response functions such as dose are frequently given in the

response

literature in units of‘( ) , and must be divided by the

neutron/cm
volume for an interval before being input as an adjoint source for
that interval., The forward source, in the form first printed out in
the forward output, should be input as the adjoint response functicn,
This ensures that any normalization of the forward source will be in-
cluded, The forward response function and the adjcint scurce should
be input in exactly the same form, In this discussion it is assumed
that the adjoint source will not be normalized.

If the preceding input cyiteria are followed, the activity (re-

sponse) calculated by ANISN for interval J will be

for { response neutrons response
K ( ) Z i J( )DI,J(neutron X cm) (c1)
cm X sec cm X sec

in the forward case, and

adj [ response 3 response neutrons
RJ' ( ) }E: ¢ neutron SI,J 3 (c2)
cm X sec cm” X sec
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for the adjoint case, where
DI,J is the adjoint source and the forward responge function,
and SI,J is the forward source in the form input as the adjoint re-
sponse function,
To compare the total response¢s calculated by the forward and adjoint
ANISN cases, the forward response by interval must be integrated over
the domain of interest for the forward response function, and the ad-
Joint response must be integrated over the domain of the forward source,
The phrase "domain of interest for the forward response function” is
included because the forward response is frequently calculated for more
intervals than are relevant to the particular preblem under investiga-
tion. For example, in the sample problem the tissue dose is celculated
in each interval in the forward case, but the total response considered
is the tissue dose at 2000m (spatial interval 131}, and so the forward
response function is input as the adjoint source only in interval 131,

In genzral, the total forward and adjoint responses to be compared may

be expressed as

Domain of
Interest for D
for [responsel _ for
R ( sec ) - }E: Ry™ VOL; , (C3)
and
Domain S
adj f/response) _ adj
R ( sec ) - :E: Ry © VoL . (c4)
3
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since the notiviey by cone (responst by zune) computed by ANISH 1o
thie integral of the interval regsponses in the zone, it s helpful to
specify the spatinl region of interest for the forward regsponse function
and the spatinl reglon containing the forwvard source a8 scparate zoncs,

whore passidle,
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