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I. Introduction

The University of Michigan Department of Nuclear En-
gineering and the Michigan-Memorial Phoenix Project have
been engaged in a cooperative effort with Argonne National
Laboratory to test and analyze low enrichment fuel in the
Ford Nuclear Reactor (FNR). The effort was begun in 1979,
as part of the Reduced Enrichment Research and Test Reactor
(RERTR) Program, to demonstrate, on a vhole-core basis, the
feasibility of enrichment reduction from 93% to below 20% in
MTR-type fuel designs.

The key technical basis -* the low enrichment uranium
(LEU) fuel is to reduce the ur:nium enrichment vhile in-
Creasing, at the same time, the uranium l1sading of each fuel
element in order to compensate for the reactivity loss due
to the larger 233U content. The required uranium loading
can be achieved by increasing the ursnium density in the
fuel meat and by increasing the fuel volume fraction. At
the same time it .is necessary to insure that fuel elements
cperate vithin their thermal-hydraulic limits.

The first phase in our investigation performed in
preparation for the LEU fuel testing in the PNR core in-
cluded (a) initiation of development of experimental and
analytical techniques applicable for neutronic evaluation of
the MTR-type fuel elements, (b) selection of a LEU design
for the FNR, (c) preparation of a preliminary FNR license
amendment, and (d) a thermal-hydrauvlic testing program for
the MTR-type fuel elements. The 1979 Summary chort1 in-

cludes a discussion of this initial phase of the PNR LEU
project.

Subsequent effort during 1980 was devoted to improving
and validating the experimental technigques and analytical
methods to be used in characterizing the high enrichment
uranium (HEU) and LEU cores for the FNR. The experimental
effort focused on the measurement of in-core and ex-core
spatial flux distributions and the measurement of ex-core
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spectra. In the analytical area, work has continued to im-
prove and verify the computer codes and calculational models
used to predict the neutronic behavior of the FNR. In addi-
tion, a series of thermal/hydraulic tests were performed for
the MTR-type fuel elements and an amendment to the FNR
Safety Analysis Report was submitted as part of the required
License Amendment to the NRC to permit the use of the LEU
fuel in the FNR. (Approval was granted in Pebruary 1981.)
The 1580 Summary chcrtz presents the details of this phase
of the LEU project.

The continuation of the project into 1981 culminated
with the loading of the LEU core into the PNR and the
achievement of initial criticality on December 8, 1981. The
critical loading followed one-for-one replacements of HEU
fuel elements with LEU fuel elements in the center and
periphery of the FNR core. Following the critical loading,
approximately six weeks of low pover testing of the LEU core
vas performed including measurement of control rod vorths,
full core flux maps, and spectral measurements in-core and
ex-core. This was then followed by two months of high power
testing (2MW), during which simi.ar measurements vere taken,
The experimental and analytical work performed during this
phase of the LEU demonstration testing has beer summarized
in the 1987 Summary chortz.

Testing of the LEU fuel at the PNR has continued during
this reporting period. This included comparison of LEU core
configurations with mized HEU-LEU configurations. Unfolding
of the neutron flux spectra through multiple foil activation
analysis har been a major undertaking during this phase of
the project. Considerable effort has alsoc been expended
during this period on comparison of subcadmium flux measured
with rhodium self-powered neutron detectors (SPNDs) and with
wire activations. Simulation and analysis of these flux
data have been performed to explain the spatial-spectral de-
pendence of the SPND sens.tivity factor. Measurements and
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analysis of reactivity parameters for LEU core configura-
tions have also been undertaken.

Section Il presents tahe demonstration experiments and
testing portion of the current project, and discusses the
measured differerces .n various neutronic characteristics
betwveen the HEU, L¥", and mixed KEU-LEU cores. This in-
cludes urfolding of nautron flux spectra through multiple
foil activations as vell as measurements of subcadmium flux
distributions, con*rol rod worths and reactivity coeffi-
cients, Sectiorn II also presents a comparison of subcadmium
flux measured by SPNDs and iron wire activations, which is
still a topic of current investigation. Section I1 makes
extensive references to two papcrl"s presented at the
international Symposium on the Use and Development of Low
and Medium Plux Research Reactors neld in Cambridge, MA and
at the International Conference on Reduced Enrichment for
Research and Test Reactors held in Tokyo, Japan in October,
1983. These twvo papers are included as Appendices A and B
to this Summary Report. Results of the spectral unfolding
Measurements are taken from D. Wehe's doctoral disserta-
tion‘. and are presented as Appendix C.

Section IIl is devoted to the analysis of the FNR HEU
and LEU core configurations and comparison with the measured
data. The comparisons betwveen calculation and experiment
include subcadmium flux distributions, control rod wvorths,
and core criticality. Similar to the discussion of the ex-
perimental program in Section II, Section II1 makes exten~-
sive references to Appendices A and B.

The FNR LEU project has alsc been involved to a sig-
nificant extent in the area of generic methods development
for MTR-type research and test reactors. Section IV sum-
marizes the work performed in this area, including analysis
of an IAEA research reactor benchmark problem and represen-
tation of the spectral-spatial coupling for generation of
fev-group cross sections for reflectors.



Section V summarizes the current status of the overall
project, including a discussion of the tasks currently under
investigation. The principal unresolved issues are iden-
tified and recommendations are made for future effort to
complete the current and planned tasks.




I1. LEU DEMONSTRATION EXPERIMENTS AT THE FNR

During this 1983-1984 reporting period, the major em-
phasis in the LEU demonstration has involved performing:

1. Additional subcadmium flux measurements using iron
vire activations and rhodium SPNDs., These measure-
ments vere particularly helpful in ilprovin? our
understandirg of the SPND detector sensitiv ty. The
theoretical developments and experimental results
vere presented at the MIT International Symposium on
the Use of Lov and Medium Flux Research Reactors in
October, 1983, and are discussed in Appendix A.

¢. Measurements of the temperature coefficient of reac-
tivity, pover defect and void coefficient of reac-
tivity, and control rod worth, The results of the
latter tvo measurements and comparisons with
preliminary calculations of control rod vorths were
presented at the annual RERTR meeting held in Japan
last year. A revised copy of that paper included as
Appendix B contains minor corrections to Pigure 1
and Table 5. FNR operating experiences with the LEU
fuel are also discussed in Appendix B.

3. The spectral unfolding of the HEU and LEU incore ac-
tivation data. These measurements included separate
unfoldings for the thermal/epithermal spectra, and
the fast spectra. These results have been published
as part of a doctoral thesis, and are included as
Appendix C.

A. SEND Sensitivitv Measurements

During this past 1983-1984 reporting period, effort has
been made to more accurately determine the sensitivity of
our rhodium SPND. The SPND sensitivity measurements were
primarily performed at two locations, the core center (L-37)
and the heavy vater reflector (Dzo tank), and for LEU cores
and mixed HEU-LEU cores. Measurements in the light wvater
reflector (L-40) have also been performed.

To ensure accuracy, both the SPND measurements and the
foil activations are performed vithin a period of 24 hours.
The net current from the rhodium emitter vire i{s measured as
the SPND, mounted to an Inconel paddle, is held in place by
@ brace fitted to the top of the fuel element. A complete
SPND axial scan is usually performed. An absolute measure-
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ment of the subcadmium neutron flux is made by irradiating a
bare foil and a cadmium covered foil. The bare and cadmium
foils are taped, side by side, to a thin aluminum paddle
which is then inserted between the fuel plates of the fuel
element. The ratioc of SPND net current, corrected for
epicadmium current and paddle flux depression, to absolute
subcadmium flux yields the SPND sensitivity. The 1979 Sum-
mary Report includes a complete description of the SPND and
foil activation experimental procedures.

Table 1 presents the sensitivity measurements performed
in this reporting period along with measurements made in
1982 for a HEU core. Although this work is not completed it
is evident that the measured value of the SPND sensitivity
in the heavy vater reflector is significantly higher than in
the core center fuel element. The large discrepancy between
heavy vater reflector measurements made in the LEU core and
in the mixed HEU-LEU core is of concern. Purther efforts
undervay should determine a more consistent SPND sensitivity
in the heavy vater reflector. A complete description of
SPND and foil activation flux measurements is contained in
Appendices A and B,

Table 6 in Appendix C gives a comparison of subcadmium
fluxes measured by different reactions. As explained in Ap~-
pendix C, there is an apparent inaccuracy in the ENDP-IV
Pe-58 (n,y) cross section. Por thermal energies the iron
Capture cross section is underestimated by approximately
12%. When this cross section is adjusted accordingly the
in-core SPND sensitivity increases, bringing our quoted
value of the sensitivity into better agreement with values
quoted by other authors., Table 2 of this section is an up-

dated table from Appendix A, shoving our wvork along with the
vork of other authors.

B. SEND Flux Measurements
Several SPND maps have been obtained during this
reporting period. The SPND subcadmium flux values for a 18-

ro by L A Y 3 T T B B T PP v W e gy g
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Tabie .

Measured SPND Sensitivities at 1/4-Core Height tor HEU, LEU and Mixed Cores''’

Iron Wire Rh Wire SPND
8 t2)
Location . R, sc
Fuel Type o . f.c (lO"'l.p./O.c-ln)
(barns) | (10'* n/cm*-s) (10 *amps)
Core Regular Element
HEU' *) .Bag 2.52 .81 47.78 1.64
LEU 844 1.99 .75 43.32 1.75
Mixed' "’ .B44 1.78 .75 41.60 1.87
Dzo Reflector
~
HEU' *) .907 1.96 .90 52.67 2.60
LEU .907 2.44 .89 56.97 2,22
Mixed' "’ .907 1.90 .89 54.80 2.75
H20 Reflector
Mixed' ! .907 1.63 .93 36.90 2.25

‘*" Rhodium emitters were 2.54 cm long and ,0508 cm diameter.

‘*' Measured sensitivity increased by 7% to account for support paddle.

‘*! Cross section calculated for LEU spectrum is used for HEU case

“*? LEU fuel element at center-of-core lattice position.
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Table 2
Comparisons qof SPND Sensitivity
s
Emitter 82200 .
Author Diameter (lO"'.apalo.c-c-)
(mils) (10" **amps/¢,,,,-cm) -=25
Core nzo
Measurements
Warren .020 1.20 .89 .95
Kroon .018 91 - -
.020 .99 .76 .B0
Jebair .020 1.01 - -
Baldwin .018 .96 - -
,020 1.04° 17 .83
This work (LEU) .020 1,04 77 .97
(nzo) .020 1.23¢ - -
Calculations
This Work (VIM-LEU) .020 <99 .73 .78
‘VI“‘DZO) - .90 - -
Warren .020 Y 97 1.04
Laaksonen .018 «75? - -
.020 .88°* .64 .68
Goldstein .020 1.51 1.2 1.20

{*) Extrapolated to 20 mils based on Kroon's experiment,

‘*) Value interpolated off graph at =,030 ev.

‘*! Extrapolation based on Laaksonen'$ estimate.

{4} Sensitivity updated after correction to iron capture cross section.




element HEU core, a 33-element LEU core, and a 34-element
HEU/LEU mixed core are shown for a north-south and east-west
traverse in Figures 1 and 2, respectively. The complete
SPND subcadmium flux maps are presented later in Section
II1.B together with calculated results.

The replacement of the large equilibrium HEU core by
the smaller and fresher LEU and mixed cores reduces *“: . ‘4
flux and raises the flux in both the azo lndsbzo ret.ectors
(see D,O-x in Figure 1), as observed earlier”. The in-
creases in reflector peaking are dominated by the reduced
core dimension in the north-south direction associated with
the smaller LEU and mixed cores. The large peaks at L-57 in
Figure 2 are due to the special element waterholes in the
HEU and LEU core.

As reported in Appendix B of Ref. 3. the replacement of
a single fresh HEU elemen: by a fresh LEU element at the
center (L-37) of an equilibrium HEU core produces a local
flux depression. The ratio of HEU to LEU local flux is
~1.19. As seen in Figure 1, compared with the HEU core the
presence of an LEU element in the mixed core at L-37 lowers
the subcadmium flux by a factor of 2.15/1.81, or 1.19, as
expected.

C. ZIemperature Coefficient of Reactivity

The temperature coefficient of reactivity measurement
is normally performed at the FNR in conjunction with the
calorimetric test. In the experiment reactor power is in-
creased from low power to 1 MW and stabilized while the sec-
ondary cooling system remains off. Four thermocouples
measure bulk pool temperatures at 2' and 20' below the pool
surface, and heat exchanger inlet and exit temperatures.
Pool water temperatures and control rod heights are recorded
vhen power first reaches 1 MW and, again, about one hour
later. The reactivity change is calculated from the change
in regulating rod position associated with the temperature
increases registered at the thermocouples.
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In the temperaturs coefficient measurement performed
for the July, 1983, LEU core [FNR Cycle 227A), the average
temperature rise obtained over a period of one hour and
three minutes from the four thermocouples wvas 9.8°F, yield-
ing a temperature coefficient of reactivity of -7.9 x 10°3
$dk/k/*F. Earlier measurements yielded a temperature coef-
ficient of reactivity of =7.5 x 10™° %4k/k/*P for the March,
1981, HEU core [FNR Cycle 196A], (-6.121.4) x 10™° $ak/k/°F
for the April, 1983, mixed core [PNR Cycle 224A), and
(«7.32.9) x 10™° $4k/k/*F for the February, 1984, mixed
(mostly LEU) core [FNR Cycle 234C).

D. Power Defect of Reactivity

The power defect of reactivity represents the total of
all reactivity effects induced by taking the reactor from a
cold zero-power condition to the normal operating condition.
Tvo different techniques vere utilized to measure the powver
defect. The first method involves measuring the reactivity
inserted by the regulating rod as core pover is quickly in-
creased from 5 kW to 1 MW with the secondary cooling system
off. Linearly extrapolating the reactivity change to 2 MW
yields the power defect at full pover. In the second method

the secondary cooling system remains on while powver is
brought from 50 kW to 2 Mw.

The first method yielded a power defect measurement of
-0.21 %ak/k for the September, 1579, HEU Core [FNR Cycle
177], -0.31 %4k/k for the May, 1982, HEU core [PNR Cycle
211B] and -0.25 $Ak/k for the +uly, 1983, LEU core [FNR
Cycle 227C]. Based on the second method the powver defect
for the August, 1983, LEU core [FNR Cycle 227D] was measured
as -0.23 %Ak/k. Both approaches yield similar results for
the LEU cores. The discrepancy in power defects measured )
for the HEU cores is currently under investigation, Efforts
are also underway to simulate these measurements.
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In the void coefficient of reactivity experiment the
void is simulated by inserting an aluminum blade measuring
-040" x 2.25" x 24.0" into the central water channel of the
fuel elements. Once the blade is inserted and reactor power
stabilized at 2 MW the core reactivity change is calculated
from the change in regulating rod position.

The core configurations and control rod positions for
experiments performed on the February, 1979, HEU core [FNR
Cycle 1698] and the July, 1983, LEU core [FNR Cycle 227A]
are shown in Figures 3 and 4, respectively. The measured
void coefficients of reactivity for the HEU and the LEU core
presented in Figure 5 are similar to one another when uncer-
tainties in measurements are considered. The uncertainties
in the measured void coefficients of reactivity in Pigure 5
represent the variation in the measurements taken by three
students during the Pebruary, 1979, experiment. Pigure §
alsc includes corrections of minor typographical errors

—— present in Pigure 1 of Appendix B.
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Figure 3 Core Configuration for Vold Coeffi-
clent of Reactivity Experiment -
February 1979 HEU Core

Figure 4 Core Configuration for Void Coeffi-
clent of Reactivity Experiment -
July 1983 LEU Core
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III. SIMULATION AND ANALYSIS OF THE TEST DATA

A. lron Wire Activation Analvsis

Much of the experimental work performed during the LEU
procject involved the determination of subcadmium flux dis-
tributions by means of iron wire activations and rhodium
SPND measurements. “The determination of the subcadmium flux
from the SPND and iron wire measurements is the subject of
this section of the .report.

This section will begin by presenting the methods for
determining the subcadmium flux from iron wvire measurements,
vhich involves the determination cf effective subcadmium
cross sections for Fe-58, in spectra corresponding to the
Core center and ex-core regions. Then, the determination of
subcadmium flux distributions from rhodium SPND measurements
will be discussed. This includes effective subcadmium cross
sections for rhodium in spectra corresponding to the core

and ex-core regions and the flux depression caused by the
rhodium wire.

The subcadmium flux can be determined from bare and
cadmium covered iron wires as follows:

Ay = Acg

sC
s8

where Ab and Acd are the measured saturated activities per
Fe-58 nucleus for bare and cadmium covered iron wires,
respectively. Here, O5g is the effective subcadmium cross
section for Fe-58 defined as follows:

c
ass(l)o(t)d!

o' g

P (2)
I~ elE)aE
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wvhere asa(z) is the activation cross section for Fe-58, ¢(E)
is an approximation to the flux spectrum, and E_ is the cad-
mium cutoff energy. Since Fe-58 is a weak absorber, there
is no need to consider flux depression in the wire, so all
that is needed is to determine the unperturbed flux spectrum
in the region where the measurement is made.

The subcadmium cross section for Fe-58 has been deter-
mined by utilizing several codes in the SCALE packaqe7. The
CSAS code is used to set up the input for the NITAWL and
XSDRNB codes. The iron wire is modelled in cylindrical
geometry with a surrounding environment to simulate inser-
tion into an LEU core, an HEU core, and penetration X of the
heavy water tank. To simulate the core environments, fuel,
moderator, clad, and non-lattice regions are volume averaged
and homogenized, with number densities corresponding to the
values given in Table C-2 of Ref. 2. A .05 em diameter iron
wire is surrounded by a light wvater region of .2 cm outside
diameter followed by a core regior of 16 em outside
diameter.

The KITAWL code is run to perform resonance calcula-
tions for the uranium isotopes with the Nordheim Integral
Treatment. NITAWL also sets Up a cross section library in a
format accessible by the XSDRN code. The XSDRN code is then
run in a 123-group, cylindrical geometry calculation, with 4
meshes in the iron wire and 20 meshes in the surrounding
region, for a total of 24 meshes. The quadrature order is
§-8 and the order of scattering is P-3, with a vhite outer
boundary condition. The XSDRN code is used to generate a
30-group library from the 123-group SCALE library. The 30-
group library generated by the XSDRN code contains one set
of microscopic cross sections for each isotope in each zone
of the problem.

The ICE codo7 is then used to generate a macroscopic
Ccross section library for use in the ANISN code. Most of
the analysis for both the iron wire activations and for the

e T — . _ } R e r—
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SPND measurements are performed with the ANISN code9 utiliz-
ing the 30-group library generated by the XSDRN and ICE

codes.

In order to determine the subcadmium cross section for
Fe-58 in the core region, a .05 cm diameter iron wire is
surrounded by a .2 cm diameter region of light water and a
40 cm diameter region of a homogenized mixture of fuel,
clad, moderator, and non-lattice regions. An §-8, P-1 cal-
culation is then performed in 30 groups with the ANISN code
to determine the flux weighted, subcadmium cross section for
iron. These values are given in Table 3. Since iron is a
1/v absorber in the thermal range, the cross section for
Fe-58 can be determined by multiplying the total iron ac-
tivation cross section by the ratio of the Fe-58 2200 n/s
Cross section to the total iron 2200 m/s cross section, and
this is also given in Table 3. In this analysis, the iron
number density is taken to be .08451/b~cm, and the cadmium
cutoff energy is .625 eV, with the values for .625 eV ob-
tained by interpolating the values at .5488 eV with those at
.6552 eV available with the 30-group library.

Table 3

Subcadmium Cruss Sections for Iron Wire (barns)

Region

’re 58 _
2200 m/s 2.58 1.18
LEU Lattice 1.86 .850
HEU Lattice 1.87 .B54
EZQ-X 2.00 .913

Similar calculations were performed for an iron wire
inserted into position X in the heavy water tank. A .05 om
diameter iron wire is surrounded by a 2.54 cm diameter
region of light water followed by a 12.54 cm region of heavy
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vater. A shell source is input on the boundary of the heavy
vater region to simulate the incoming current of neutrons
from the core. The spectrum for the shell source was ob-
tained from a one-dimensional, global core, slab geometry
calculation. The spectrum at the core-heavy water tank
interface was used as a shell source input for the iron wire
activation calculation. The subcadmium cross section for an
iron wire inserted into heavy water tank penetration X is
also given in Table 3. The I5g values of Table 3 represent
a slight improvement over the corresponding values given in
Table I of Appendix A.

Alternatively, the iron wire activations can be
analyzed by calculating the activation of bare and cadmium
covered irons wires directly. If the subcadmium flux is
defined as the difference between the total flux vithin a
bare iron wire and the total flux within a cadmium covered
iron wire, the subcadmium flux can be determined as follows.
The subcadmium flux can be approximated as:

Ed =
oo * {ob(z)dz - _orocd(z)dz (3)
which can be rewritten as:

A
¢'c - A - —t . (&)
7sg,n “s8,ca

Here the bare and cadmium covered Fe-58 cross sections are
defined as follows:

gdzcsa(!)ob(!)

7sg,p * - (5)
[dEe. (B)
a *s
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=
éd!°58(z)‘cd(!)

958, ca (6)

_A’dzocd(z)

vhere .b(z) and ‘cd(z) are the spectra seen by a bare and
cadmium covered iron vire, respectively.

This method unfortunately requires knovledge of the
Fe-58 cross section, vhich is presently unavailable in tne
SCALE package of codes, and since the iron cross section is
not 1/v in the epithermal region, the Fe-58 cross section
cannot be determined from the total iron cross section. The
bare and cadmium covered iron wires have been modelled by
ANISN calculations, however, and the results are given in
Table 4. The ANISN calculation assumed a .05 em diameter of
iron wire surrounded by a .1 cm diameter region of light
vater, surrounded by 2 .2 cm diameter region of cadmium, and

surrounded finally by a region of either core material or
heavy wvater,

Table 4

Bare and Cadmium Covered Iron Wire Cross Sections (barns)

Region
9 °Fe.b °Fe cd
LEU Lattice «533 .0453
HEU Lattice .558% -
D20~x 1.24 .0837

3. Analysis of SPND Measurements
The SPND measurements have been analyzed in a similar
manner as the iron wire activations. Analysis of the
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rhodium SPND measurements is complicated Dy two factors.
First, since rhodium has a large absorption cross section,
the flux is significantly perturbed by the insertion of the
SPND into the core. The flux depression caused by the in-
sertion of the rhodium SPND must be determined in order to
relate SPND current measurements to subcadmium flux.
Another complicating factor in the analysis of the SPND
measurements is that the detector is mounted on an Inconel
paddle, which alsoc causes a significant perturbation in the
flux vhen the detector is inserted.

Several attempts were made to model the Inconel paddle
vith the one-dimensional transport thsery codes, ANISN and
XSDRN, by cylindricizing the paddle and preserving the
volume of Inconel. It was decided that it vas infeasible to
adequately model the complicated gecmetry of the Inconel
paddle in this manner since the flux depression caused by
the paddle depended sensitively upon the thickness of wvater
between the SPND and the Inconel, and also upon the thick-
ness of the Inconel paddle. It was decided to model the
SPND itself, which car be modeled reasonably well in cne-
dimensional cylindrical geometry, and to rely upon measure-

ments to estimate the flux depression caused by the Inconel
paddle.

Given a net SPND current, Inct' the subcadmium flux can
be determined as follows:

?® s M i (l)

vhere the subcadmium current fraction f' dcfinod in Appen-
dix A is approximated by the subcadmium actzvatxon fraction
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E
Jdr € aEo(B)e_(z,®)
T P
fo » (2)
>
Jdr [ dEe(E)e_(r,E)
voo0 P

and s'c is the detector sensitivity. The detector sen-
sitivity depends on the beta escape probability Z‘C, £flux
perturbation factor fp and the effective subcadmium cross
section o for Rh-103 as defined in Appendix A.

The factors o, £, and iy have been calculated by
utilizing the codes in the SCALE package. The CSAS code is
used to set up the input files for the NITAWL and XSDRN
codes. The SPND is modeled in cylindrical geometry with the
.05 cm diameter rhodium emitter wire surrounded by the
aluninum oxide insulator of .1 cm outer diameter and the In-
conel collector of .16 cm outer diameter. The SPND has been
modeled in surrounding environments simulating HEU fuel, LEU

fuel, and heavy water tank penetration X.

The XSDRN code is used to collapse the 123-group SCALE
package library to 30 groups, with the group structure in
the collapsed library set Up to preserve most of the detail
in the vicinity of the rhodium rescnance around 1.3 eV. The
XSDRN code produces a set of microscopic cross sections for
each isotope in each region. The ICE code is then used to
perform the cross section mixing and to generate a macro-
scopic cross section library for use in the ANISN code.

Most of the transpert theory analysis of the SPND detector
vas performed with the ANISN code in 30 group, P-l, S-8 cal-
culations.

The core and heavy water tank surrounding environments
have been simulated in exactly the same manner as in the
previous section for the analysis of the iron wire activa-
tions. The subcadmium cross sections o for Rh-103 calcu-
lated by the ANISN code are given in Table 5. The cadmium
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cutoff enargy is taken to be .625 eV, with values at .625 eV
determined by interpolating between the values at .S5488 eV
and at .6552 eV, The subcadmium fractions fsc for the SPND,
calculated with the ANISN code, are compared with the ex-
perimental values also in Table 5.

Table 5

Subcadmium Cross Sections for Rhodium Wire (barns) -

o £ £ .
Region =S =
ANISN ANISN Measured ANISN
2200 m/s 150 - - -
LEU Lattice 114 .80 78 .75
HEU Lattice 114 .82 .;g .;g -
D,0-X 120 .90 . .
—2

The flux perturbation factors f_ for the insertion of
the SPND have been determined by comparing the flux in the
rhodium emitter vire with the flux in the same volume with
the detector removed. The flux spectra have been normalized ”
tc be the same far away from the location of the detector
insertion. The flux perturbation factors are also given in
Table 5. The parameters o, - fp and S_ . calculated with
the ANISN code compare favorably with those obtained with
the VIM Monte Carlo codolo as presented in Table II of Ap-
pendix A.

C. Simulation of Flux Maps
Figures 6.A, 7.A and 8.A compare the absolute subcad-
mium fluxes determined from SPND measurements with those
determined from ZDB--UMll calculations for an equilibrium HEU
core, a nearly fresh LEU core, and a mixed HEU-LEU core.
SPND current measurements have been converted to subcadmium
fluxes by the methods described in Section III.B of this
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