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H. G. Powers 
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ABSTRACT 

Quantitative characterization of a 
(Puo.25U0.75)02 fuel pellet matrix was accom­
plished by scanning pellets with an electron 
microprobe for Pu02 concentration sizes of Pu02 
en r i c he d or. de p 1 e ted zones an d s epa r a t ·; on d i s -
tance of such zones. Statistical analyses of 
the data i.ndicated less than 1 percent proba­
bility of occurrence of zones with peak Pu02 
concentration greater than 50 wt% and less than 
1 percent probability of occurrence of Pu02 
enriched or depleted zones having diameters 
greater than 50 microns. This technique enabled 
a mathematical model to be developed relating 
fuel pellet characteristics to a figure of merit 
which describes the homogeneity of mixed oxide. 
fuel in terms of the degree of uniformity of 
energy deposition (or temperature rise) under 
reactor transient conditions in the U02 content 

·of the fuel. By definition, the local figure of 
merit, M, at any point in the fuel is equal to 
the ratio of the local rate of deposition of 
energy as compared to that which would exist in 
a homogeneous fuel of average composition. Since 
the model used in the development of the figure 
of merit does not allow for diffusion of energy, 
the fi~ur~ .of merit represents the limiting ther­
mal response of mixed oxide fuel under transient 
conditions. The model defines a term (Dx) as the 
product of the calculated local heat generation 
rate and local U02 concentration. 
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[Ks CPu02x 1-CPu02 J cuo2 
D = + K4 X 

X X 

using 1. 9 * 0.05* 
K3 = 1.9 + 0.05 and K4 = 1.9 + 0.05 

D = (0.026 + 0. 948 CPuO 2x) e-cPuo 2J X 

D 
M 

X 

X 
D 

X 

where Ox is that calculated for a homogeneous fuel. 

A test was designed to verify the model .and to 
determine the homogeneity of pellets with a wide 
range of homogeneities based upon p~evious alpha­
autoradiogrphs. The powder preparation varied for 
the four pellets. Results of the test indicat~d 
that the approach was feasible. 

In order for industry to use this model to 
establish homogeneity in the fuel for the FFTF, it 
was determined that the. correlation between figure 
of merit and alpha-autoradiography would be devel­
oped. This would permit the utilization of a rela­
tively inexpensive and simple test method. Standards 
were made having a range of figur~s of merit -which 
were then alpha-autoradiographed. These standards 
of known homogeneity are compared to pellets with 
unknown homogeneity by using alpha-autoradiographs 
taken at the same time. Prom this visual comparison 
with the stan·dards, a figure of merit for the unknown 
pellets can be determined. This method of relating 
the figure of merit to alpha-autoradiography makes 
the homogeneity specification feasible for industrial 
measurement and use. 
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INTRODUCTION 

Evaluation of the effect of variations of concentration 
within a mixed oxide fuel pellet on the Doppler coefficient 
and thermal performance requires knowledge of the sizes of 
plutonium enriched areas, plutonium concentrations and inter­
area distances. 

The purpose of this report is to provide the theory and 
the experimental data for measuring homogeneity of fuel pel­
lets based on the functional performance requirements of 
the fuel in the reactor. The functional performance is the 
thermal response of the mixed oxide fuel under transient 
conditions. 

Assessment of process capabilities for controlling fuel 
pellet homogeneity has ~een limited in the past by the lack of 
an,accurate quantitative measurement method. The volume, the 
average concentration of plutonium in enriched or depleted 
zones, and interzone distances have an important effect on 
performance of the fuel pellet; therefore, these features 
should be determined by the measurement method. The alpha­
autoradiography ~echnique at its present stage of develop­
ment does not provide the desired accuracy in determining the 
sfze of enriched or depleted zones, and provides no quanti­
tative data concerning Pu0 2 concentration of such zones. 
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SUMMARY 

A method for ·quantitative measurement of fuel pellet homo­
geneity has been developed which in turn has permitted the 
development of an improved homogeneity specification. 

Quantitative characterization of the fuel pellei matrix 
was .accomplished by scanning the pellets with the electron 
micropr6be for Pu0 2 concentration, sizes of ~uo 2 enriched or 
depleted. zon~s, and separation distance of such zones~ 

Pellets from 23 sin~ered batches of fuel were sampled and 
analyzed. The (Pu 0 _ 25 u 0 ~i 5 )o 2 fuel pellets were fabricated 
from mechanfcally blended mixed oxides by ballmilling, press­
ing, and sintering. Three p~llets from each batch were sec­
tioned and scanned using the micrtiprobe. Two were mounted as 
transverse sections and one as a longitudinal section. The 
pellets were 0.212 inch in diameter and 0.250 inch in length .. 

The microprobe data were used in establishing an addi­
tional homogeneity model based upon an oxide ma~rix represen­
tative of typical productio~ control capabilities and ihclud­
ing the effects of localized heiting due to zones of varying 
size, enrichment, and segregation~ 

Statistical analyses of the data indicate less than 1 per~ 
cent probability of octurrence of zones with peak PuO~ concen-

. trations greater than 50 wt% and less than 1 percent probability 
of occurrence of enriched or depleted Pu0 2 zones having diam­
eters greater than 50 mi~rons. 

This mathematical model relates fuel pellet characteris­
tics to a figure of merit which describes the homogen~ity of 
mixed oxide fuel in terms of the degree of uniformity of energy 
deposition (~r temperature rise) ~nder tra~~ient conditions in 
the uo 2 content of the fuel. ·sy definition, the local figure 
of merit, M, at any point in the fuel is equal to the ratio of 
the local rate of energy deposition at that point as· compared. 

2 
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to that which would exist.in a homogeneous fu~l of average com­
position. Since the model used in the development of the 
figure of merit doe~ not allow for diffusion of energy, the 
figure of merit represents the limiting thermal response of 
uo 2 + Puo 2 fuel under transient conditions. A mean value of 
M of 0.9 was established as meeting FTR requirements. 

Microprobe data ·from three (Pu 0 . 25 u0 . 75 )o 2 fuel pellet~ 

with three different degrees of homogeneity were analyzed to 
test the model. The powder preparation was v~ried for the 
four pellets; Pellet 1 was wet ballmilled ~16 hours, Pellet 2 
was dry ballmilled ~40, Pellet 3 was dry ballmilled ~20, and 
Pellet 4 was dry ballmilled ~10 hours. Results of the test 
indicate that the four pellets were greater than M = 0.95. 

DESIGN OF TESTS 

Two tests were designed in order to derive the homogeneity 
model. The first test was designed to determine quantitatively 
by use of the scanning electron microprobe Puo 2 concentrations, 
sizes of Puo 2 enriched or depleted zones and the frequency of 
occurrence. The pellets were irradiation test pellets taken 
from 23 sintering batches. From the data, a theoretical homo­
geneity model was established based on heat generation rates 
and en~rgy disposition within the uo 2-Puo 2 pellets. A second 
test was designed to verify the model and to determine the 
homogeneity of several pellets with a wide range of homo­
geneities based on alpha-autoradiographs. 

DISCUSSION 

EXPERIMENTAL PROCEDURE 

Pellets from 23 sintering batches were selected at ran­
dom for electron microprobe analyses. The (P~ 0 . 25 u 0 . 75 )o 2 

3 
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fuel pellets we~e fabricated from mechanically blended mixed 
oxides, ballmilling, binder addition, pressin~, and sintering. 
Three pellets from each batch were sectioned, polished, and 
scanned using the microprobe~ Two pellets from each sintering 
batch were ~ounted as transverse sections and one as a longi­
tudinal section. The pellets were approximate1y 0.212 inch in 
diameter and 0.250 inch in length. 

The microprobe measurements were obtained using a 1 micron· 
beam diameter and a scanning speed sufficiently slow to elimi-. 
nate errors due to instrument response time. The narrow beam 
was used in order to reduce t~e averaging effect of larger size 
beams and to better ~esolve concentration gradients. 

The intensity. of characteristic X-rays of plutonium and 
uranium was measured and rela~ed q~antitatively to percent 
Pu0 2 and uo 2 in the vol.ume of material excited by the electron 
beam. This volume is in the· order of 1 to 1.5 cubic microns. 

Ari electron microprobe,. MAC Model 400 S/N 110 was used 
having three X-ray spectrometers with separate counting ch~n­
nels. The focusing crystals measured X-ray~ with wave lengths 
in the 3.4 to 4.2 angstrom range~ 

A simultaneous. reading of peak and background X-ray counts 
were recorded for plutonium and uranium X-ray. This was done 
by reading th~ backgrourid on a third spectrometer and relating 
this background to the background of plutonium and uranium 
X-rays on the other spectrometers. The relationship of the 
third spectromet~r background reading 4.1583 angstroms to 
Spectrometer 1 and 2 was as follows: 

Background Spectrometer 

Background .Spectrometer 

1 = 3.5 + 0.345. (Spectrometer 3) 

2 = 3.5 + a.B27 (Spectrometer 3). 

4 
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These equations were found by plotting the average plutonium 
background and average uranium background versus Spectrom­
eter 3 background for varicius specimen current on a ·puo 2-uo 2 
pellet. The average plutonium background was found by averag~ 

ing readings at 1.270 and 1.370 on a LiF calib.rat·ed scale 
using an ADP crystal. The averag~ uranium background was 
found by averaging readings at 1.450 and 1.520 on a LiF cali­
brated scale using an ADP crystal. Th~ X-ray intensity from 
the third spectrometer was measured at a setting of 1.916 on 
a LiF calibrated scale using a PET crystal~ A minimum of five 
sets of X-ray inte~sity readings were measured at any one 
specimen current setting. Five different specimen current 
settings were used. The detector high voltage was changed 
for one of the channels to achieve linearity. 

The uranium Ma (3.924 angstroms) was meas~red on Spec­
trometer 1, plutonium Me (3.515 angstroms) on Spectrometer 2, 
a n d t h e b a c k g r o u n d o n · t h e t h i r d s p e c.t r om e t e r . 

An accelerating voltage in the range of 15 to 30 kV wa~ 
used. Interference from high order L lines was eliminate~ by 
pulse height analysis. 

The relationship of plutonium and uranium concentration 
to t~e measured relative M line intensities was found to be 
linear with no correction needed for absorption, fluorescence, 
or atomic number. Other investigators have also found this 
1 in ear i ty. ( 1 ' 2) 

For the 10 second counting duration there is a 95 percent 
confidence that 95 percent of the measured X-ray intensities 

for a 25 wt% sample will be between the following limits, 
assuming a purely homogeneous matrix.: 

5 
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CountsLs~c wt% 

1000 24.50 to 25.50 

200~ 24.65 to 25.35 
4000 24.75 to 25.25 

.The results ·of the scans were printed out on charts for 
analyses. The data were obtained frdm the charts bY recofding 
the Pu0 2 concentration and size of each indicated enriched 
or p1utonium depleted zone. 

EXPERIMENTAL RESULTS 

Pellets from 23 sintered batches of fuel were samp1ed 
and analyzed. The (Pu 0 . 25 u0 . 75 )o 2 fuel pellets were 
fabricated from mechanically blended mixed oxides b~ ball­
milling, pressing, and sintering. Three pellets from each 
batch were sectioned and scanned using the microprobe. Two 
were mounted as trarisverse sections and one as a longit~dinal 
section. The ~ellets were 0.·212 inches in .diameter and 
0.250 inches in length. 

The data printed on strip charts were analyzed by deter­
mining the concentration of plutonium ~nriched zones within 
the pellet, the size of the Pu0 2 enriched or depleted _zones 
at the·matrix composition of 25 ~t%,and the separation 
distance ·of such zones. 

The mathematical model for the three-dimensional graph 
of weight percent Pu0 2 ~ width of peak at 25 percent Puo 2 and 
frequency of occurrence showing the probability of PuO~ dis­

tribution withi·n a pellet is given below: Let the two~dimensional 
random variable (x,y) have the joirrt density 
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1 
(x-~x2) X-~ 2 y-~ y-~ 2 - 2{l-p 2 ) f(x ,y) = e 2p( X )(~) + ( y ) 

2rr l-p2 ax ax cry . cry 
axay 

- oo < X < oo, 

- 00 < X < oo, 

where ax, cry' llx• ll y' p are constants such that 

-l<p<l, - oo < ~ < oo; 
X 

- 00 < ~ < oo, y 

Then the random variable is said to have a bivariate normal 
distribution. 

The bivariate normal distribution of interest is t~e one 
for the following two v~riables: 

x = loge (width of peak at 25 percent concentration) 

y = wt% concentration 

Estimates for the constants were obtained from the analysis 
of microprobe me~surements made on ten samples from a series 
of 23 sintering batches of fuel pellets with 25 wt% Pu0 2 
concentration. The estimates are: 

A 0.223 A 
0.9'16 ~= -0.0632 ~X - ax = 

A 25.0 
A 

7.0 ~y = cry = 

The shape of this three dimensional graph is shown in Figure 1. 
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Statistical analyses of the data indicate less than 
percent probability of occurrence of zones with peak Pu0 2 

concentrations greater than 50 wt%. They show less than 1 ~er­

cent probability of occurrence of enriched or depleted zones 
having diameters greater than 50 microns. Thus, the fuel 
was acceptable , 99% of the time using a 50 micron particle size 
specification. 

As a result of this work it was determined that a quan­
ti-tative analysis of the fuel relating to the functional 
performance of the fuel within the reactor could be obtained. 
Thus, a mathematical· model was developed describing the 
homogeneity of the mixed oxide fuel as a function of energy 
deposition within the fuel. 

HOMOGENEITY MODEL 

The mathematical model developed relates fuel pellet 
characteristics to a figure of merit. The figure of merit 
describes the homogeneity of mixed oxide fuel in terms of 
the degree of uniformity of energy deposition (or temperature 
rise) under transient conditions in the uo 2 content of the 
fuel. By definition, (the local figure of merit~ M~ at any 

point in the fuel is equal to the caldulated_relative rate 

of energy deposition at that point divided by the deposition 

rate which would exist in a homogeneous fuel of average 

composition). Since the model used in the development of the 
figure of merit does not allow for diffusion of energy, the 
figure of merit represents the limiting thermal response of 
mixed oxide fuel ~nder transient conditions. The model 
defines a term (Dx) as the product of the calculated local 
heat generation rate and local uo 2 concentration. A figure 
of merit (M) is obtained by dividing Dx .by an equivalent 
term D which is calculated for a theoretically homogeneous X . 
fu e 1 • 
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Ox is defined as: 

where 
. 
Ex = energy deposition rate at point x 

The rate of temperature r!se at point x is assumed to be 
directly proportional to Ex;.i.e., the heat capacity of the· 
fuel.·is constant. 

Equation (1) can be rewritten: 
.......,.._ 

Ox= Kl . K2 . FPx . CUO 
2 x. 

Calculation df FP for uo 2-Pu0 2 Fuel 

d~= 
X 

4 n r2 

where K3 and K4 are ~onstants proporti6nal to the ffssion 
cross section of uranium and plutoriium, or 

where CPuO (r) is the average Puo 2 content at radius r. 
2 

) 

1 0 

( 1 ) 

( 2 ) 

( 3 ) 
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On the basis the fission product track length is 10 microns 
and energy deposition is uniform along the track and inte­
grating Equation 3 between r = 0 and r = +10 microns 

where CPuO = average Pu0 2 content along a diameter of a 
2x 

20 micron sphere centered at point x. 

Substituting Equation (4) in (2) 

ox = [ K3 CPuO + K4 1-CPu02 ] cuo2 . 2 
X . X X 

using K = 1.9* and K4 = 0.05* . 
3. 1. 9+0 ~05 1.9+0.05 

ox = r 0 9 74 CPu02x + 0 0 026 (1-CPuo2J lU02x 

ox = {Oo026 + Oo948 CPu02xX-CPu02J 

where CPuO = average Puo 2 content along a diameter of a 
2x 

20 micron sphere centered at point x. 

Thus, for homogeneous fuel, 

Dx = (0 .. 026 + 0.948 cPuo
2
)(1-Cruo

2
) 

---
where CPuO is the Pu0 2 content of the homoge~eous mixed 

2 
oxide fuel. 

* Effective fission cross sections for fissil~ and fertile 
atoms in FFTF. 

11 
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The relationship between CPuO and Ox is shown in Figure 2. 
2 

By definition, 

ox 
~1x = --

0 
X 

where M is the local figure of merit at point· x 
and 

M = _1_. 
N 

where M. is t~e average figure of merit for N determinations. 

The value of CPuO calculated for any point x on the 
2x . 

microprobe trace will be conservative in terms of using 
Equation (2) to establi~h a distribution curve for Ox ~alues 

since-the 11 0bserved 11 value of CPuO w.ill statistically vary 
. 2x 

for a hypothetical about the true ~ean value of Cp~o 
.. 2 

·x 
20 micron diameter sphere center&d at point x. 

This statistical variation will result in an increased 
spread in the calculat~d Mx values .used to est~blish a 
d i s t r i b u t j on -C u r v e 
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Figu~e 3 illustrate~ the type of Mx distribution curve 
to_be expected from a heterogeneous pellet.· Two properties 
of the curve can be used to describe homogeneity requirem~hts: 

\ 

(1) the value of M, and (2) the fraction of Mx values which • 
falls within a specified limit about M. 

NUMBER OF 
OCCURRENCES 

·OF M ·· 
.X 

(VOLUME 
FRACTION) 

VAUJE OF M 
X 

FIGURE 3. Hypothetical Distribution Curve 
for Figure of Merit Mx in a 
Heterogeneous W02-Pu02 Fuel 
Pellet 

EXPERIMENTAL RESULTS OF MODEL 

The microprobe data from three. (Pu0 . 25 u0 _75 )o 2 fuel 
pellets with four different degrees of inhomogeneity were 
analyied according to the homogeneity model given above. 
Pellet 1 was wet ballmilled ~16 hours, Pellet .2 was a typical 
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irradiation test pellet used in PNL-3 fuPl pins, dry ballmilled 
~40 hours, Pellet 3 was dry ballmilled ~20 hours. Pellet 4 
was dry ballmilled ~10 hours. The microprobe traces were 
analyzed for the average Puo 2 content (CPuo

2
) along 20 micron 

increments centered at 3.3 micron intervals, and the actual 
Pu02 content (Cp 0 ) at the center of each 20 micron incre-

u 2x 
men t ( F i g u re 4) . 

(\j 

0 
::1 

75 a.. 
u 
z 
0 

X= SPHERE 1 ~ 50 
a:: 
1-
z 
w 
u 25 z 
0 
u 
::1 
a.. 

c [c 
1
3.3 + c 

1
6. 7 + c l1o.o + c l13.3 Puo 2 Puo 2 Pu0 2 Puo 2 Puo 2 X(SPHERE 1) 0 3.3 1.7 10.0 

OJ.! TO 20 J.l 

+ c 11 6 . 7 + c 12 0 . OJ I PuO PuO 2 13.3 2 16.7 6 

CPuO = CONCENTRATION Pu0 2 WHERE X = 10 (SPHERE 1} 
2 
X( SPHERE 1) 

c [c 
1
6.7+c 

1
10.0+c 

1
13.3+C 

1
16.7 

Puo 2 Puo 2 Pu0 2 Puo 2 Pu0 2 O(SPHERE 2) 3.3 6.7 10.0 13.3 

+C 
1
2o.o+c 1 23.3]~ PuO PuO 2 16.7 2 20 . 0 6 

C = CONCENTRATION Pu0 2 WHERE X= 13.3 (SPHERE 2) PL!Oz 
O(SPHERE 2) 

FIGURE 4. Plutonium Concentration for Theoretic 
20 Micron Sphere 
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The pellets were identified as 4, 3, 2 and 1, and ranged 
from least homogeneous to most homogeneous, respectively. 
Alpha-autoradiographs of these pellets are shown in Figure 5. 
Analyses of the microprobe · traces yielded the following data 
for each pellet. 

Pellet 
Identification 

1 

2 

3 

4 

1 . 0000 
0.9962 
0.9877 
0.96645 

0.01726 
0.06404 
0.12986 
0.19295 

Results of the test thus indicate that the four pellets 
were greater than M = 0.95. The model also proved that the 
homogeneity specification could be opened up by use of the 

figure of merit technique. The Mx frequency distribution histo­
grams for each pellet are shown in Figure 6, 7, 8, and 9. 

4 3 2 

FIGURE 5. Homogeneity Results 
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APPLICATION OF HOMOGENEITY MODEL 

A computer code was written to calculate the figure-of 
merit of fuel pellets. The. code converts the data from the 
microprobe punch tape into the computer program and calculates 
the figure of merit. The computer code and the explanations 
as to the specific functions of the statements in the 
computer code are given in the Appendix. 

In order for industry to use this figure of merit model 
to establish homogeneity in the reactor fuel, it was deter­
mined that the correlation between figure of merit and alpha­
autoradiography would be developed. This would permit the 
utilization of a relatively inexpensive and simple test 
method. Standards were made having a range of figures of 
merit which were then alpha-autoradiographed. These standards 
of known homogeneity are compared to pellets with unknown 
homogeneity by using alpha-autoradiographs taken at the same 
time. From this visual comparison with the standards, a 
figure of merit for the unknown pellets can be determined 
(see Fig~re 1~. This method of relating the figure of merit 
to alpha-a.utoradiography makes the homogeneity specification 
feasible for industrial measurement .and use. 

CONCLUSIONS 

1. Quantitative characterization of a uo 2-Puo 2 fuel pellet 
matrix can be accomplished by scanning pellets with an 
electron microprobe for Pu0 2 concentration sizes of Pu0 2 
enriched or depleted zunes, and separation distance of 
such zones. Statistical analyses of the data indicated 
less than 1 percent probability of occ~rrence of zones 
with peak P~0 2 concentration greater than 50 wt%,and less 
than 1 percent probability of occurrence· of PuOi enriched 
or depleted zones having diameters greater than· 50 microns. 
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2. The figure of merit mathematical model is a very good 
quantitative way to determine the fuel pellet homogeneity 
using the scanning electron microprobe. 

3. The figure of merit model relates the fuel pellet homo­
geneity to the function performance of in-reactor energy 
deposition rates. 

4. A feasible, relatively inexpensive and simple test 
method can be used for industrial measurement of fuel 
hom~geneity. This consists of using known standards and 
visual comparisons of alpha-autoradiographs of unknown 
pellets and the standards. 
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·---------------------- -----------------------------:::.--------------------------------- --··-- ---------- ------------- --·--- ----- ---------------------------- -··- --·--- --·---- ··------

SToRAGE ASSJGNMENT FbR V~RIABLES CBLOCK,· TYPE• RELATIVE LOCATidNo .NAME) 
)> 

• oo 0o 0161~3 1F oooo o16t40 12F oooo o16145 13F oooo 016167 14F ooo1 oooo11 152& 
" · ----- --troo-r- -~ -vouuze--rscu ___ ------ou-ou--- --o-i-er 12--1-eF----- --- --o tro o-- -- -o-t-el-73- -1 ilF-- ----- ·:-- il Oito-- ---ot·r; 1-71--t w--- ------ -1}oo-o- --- -o 1-e 1 ns- -2 F" --- -· 

0001 .0001~2 2U4G 0001 000142 21L 0001 000132 216G 0001 0002~5 266G 0001 000253 2746 
------ -u-o o-o----vl oil.'7 -'3F----:------ovo-r-- -- crUoz7-o--~-cn;u---------oo-o 1---- -o-o-oz7tt -·:~-111"----- -- -1}o 111- .. -- -o o-o 3u2· -:32·3c;---- ----- oo o·t---- o oo-3zt- ··337G- -· 

0001 000:'137 352G . 0001 000341 3556 . 0000 016111 4F OoOl 000211 40L 0001 000405 410G 
uuoi uuu4I6 41/G ooox otlo4;,q 42/G ooot ooons ~------o-our-O'()olJ1;·6-4~·----otro~-o-oo2o5 44t 

.· Ouol 0005L0 472G 0000 016115 SF 0001 080730 500L OoOl 000732 501L 0001 000567 502L 
·------o1fou---,rH)Z2rso:JF---------oo-oo-----o-r62~r-su5F---------oour----ou-o7o 1--5u6L·--·----- · ·aoo-1--- --o oa6"52--5U7[.-- ··- -- ··-- o·o o·r-- -- o'o-o·:~t~-:51c---

uool ooo6.)0 ·5i5G oooo ol61~2 6F ooo1 oo·o332 61L oooo 016125 7F ooo1 ooo452 7oL 
·------o-oor--u-oo4CJr75l-----------olrol-----o-u-o3'7tr-nr.--- ------- -o ov o--- --o"t"61-30'" 81" ----- --·--- -·o ou o- --- -o 1'61~ s· -gf"----- ·-·-- --- ·ao u·o · ·p ·· o 1'6o·s-2- -AvE----

·aooo R 0160:4 CONF 0000 R Ol6t02 CONINl 0000 R 016101 CONIN2 0003 R 000000 DATA 0000 R 015744 FACT 
UOo3 R .003 723 HEAD 0000 R u.lSSJO HIS I 0000 I 016043 I mrou--ruu7MO LF~---oooo 1 O"l"oto-o-r~ 
Oooo .1 016051 INC· '0000 1.015674 ITEST 0000 I 016046 I$ 0000 l 016066 J 0000 l 016070 JJ 

----.----ti1fou-r triEiUe>lrrc---.---------oo-ou-- r--o-u-on-u o--KFR-----------o ouo-- r-o"t"6u5tr-K1<:K--·--.-- --- o o·oo--r ·o 1'60"45- ·p: Vllff-- -----·croon- ·r ··or6on--c-- -----
oooo l ·ul60'2 LL . 0000 l Ql6o73 LLL 0000 I 01605~ M~ OODO l 016026 NEGF 0000 I 016044 NVAR. 

-C------ouov-·r~ncuss-m------------u u-o o- -R-·-o-J.-6 o-o ;-PTiilc-------- -uo-n:~- -R--o cr:~ n 1--G·tNc------- --o-o o-.3- ·R-u 0"37Zo- ·sc:-At:E- ------ ao cro -·p- n 1 n·u6-s- -so---- .. -
oooo R 01601>3 505 . 0000 R Ol6o54 SSX 0000 R 016053 SX OOPO R 016040 SYM1 0000 R 016041 SYM2 

. oooo R OI60'+Z s rM3 oooo R otoo74 1 ERP oooo R o tso75 TOt ----oum·-ureU76·-roct-··-·----·---oo-ao .. -FrO't6u't-r-Tnt.r-
uooo R 016064 VAR 0000 R.Ol6o57 .X 0000 R Ol6n50 XlNC 0000 R 016061 XN 0003 R 00~722 XNEG 

--------ouov.-R"-trtcU'l7- Xl'iiN----------ou-o u--R--oii:!72 o--nl\fC--------------------------------------- --~ ------------ ----------------- ··- ------------- ·· -- ··- ----------------



--qr--s-g~gf--~----,----~M~2-2¥-n~r-.-nurwr--------------- -----~---- ~---, -·· ~---" -------- ~ ----- ·-··---- , · , -----· ... c--

3• OU104 2 FOHMAT t3F1o,OI ---
4• 00105 3 FORMAT tF11.0I ---5-;---ooi1f6 ___ ------.. --F(fRM-A'r T18X ;111;-,ToOiir,-rH-: ,-------- ~---- --------- -~- ---------------- -·· ------- -------------
6• 00107 5 FORMAT tlX•FlU•3•15t3H. ,,100A1•1Hol 

·---7-.----oifiio----~----6--FORMAT -fi'8i(,TU·2-(IFC;n--------------------- ------------.----------- ------- ·.- ·---- --------.---
8···00111 1 FORMAT. t1Xo1!9ttH•II/l . 
9• 00112 8 FOHMAf 11XoF1D.3•7Xo!R.,tOOX•lA.I 

10~ U0113 9 FORMAT l18Xt!H.,lOOXo1H,l. . 
--n-;---miTf4 ___ -----rz--F"URII~ATT/T/7717/7fl'RlE:'Ni5-(5f.--Jo13T ___ ------------------------------- .. ---- --------------
1~. ri0115 13 FORMAT tilltl8X, . 1HNo7Xo3~~UMt9XolOHSUM 0~ SQ,o8Xo4HMEAN• 

--r:r;---ouiys----------yt;xiHF150M.-m=--oEV;scr.-;5')(;-aHVARI~~"I'lCE-·-3X"•l:>F1----sro•-··oeii-.--------J---------------

14•· 00116 14 ~ORMAT l9X• I10tlP6E15.6l ' 
.15• 00117 16 FORMAT !2141 
1b; 00120 . 1'8 FORMAT t1H+o6H INC =•F9,3) 

--Tr.----(HffH-------H--FORRAT--{717/itJr,~ISi--B!fR--OEiSE'R'Iflllroi'JS-WEHr-II'.fC[.UOED--II'.f-THE'-AtfOVE--su-----
18•. 00121 XMMARY• BUT wERE ,OUT OF ilAr.GE ·oF THE HISTOGRAM) . . 

--y<jc,-~--olrrzT---c------------------------------------------- -------c---------- .. ---- -c.-------------- .. __ ----:·-- ·-----.. ------ -· 
20·· 00122 COMMO~. /UGH/ DATAt2000ioSCALEoGINC•XNEGoHEAOt12l 

~1· 00134 OATA tiTESTtii_,I:l,35)/3no35t40t45o50•55t60,65,70t75•80•85o90•95•l 
28• 0013.4 . •oO, 110,120, 130,140,150 o160, 170,-180., 190t20U ,25o, 3UOt400-, 500t600 •700 

--29-.-.--~olf 13-~~ ----:--~ --;.-; ifo o-,-9 cro ~ -r fii:l u-·-5<fo o7---------------------------------------------------------"---------------
30• 00136' DATA <FACT<Il•I:1•35l/3,350•3,272•3,213,3,165t3.12b•3;094o3o06bt3. 

--si-.----otfi3-6-c-------~--*-o4-2;3;o21-,:r;ou~i'.-z-.-91f6o2:97E2-;9"5£fi2-.~91.iS;-z;'931fi"Z;'Jis-;2-;tf9'ff,-2-.-aa~•-2;-----

32. OU136 · *870 .2 ... 859 •2 ,8'+8 ,2. B39, 2. 831• 2.823 • 2.816, 2. 788 • 2. 767,2.739, ~121. 2. 
33• 00136 *707o2o697•2,688,2,_682t2.676t2,576/ 
34• OUl~O oATA (CONFtll•I~1•9l/1o990•1•987t1,984•1•972•1,9b8ilo966•1•965•1•9 --:ss -.--- -u arr.-o ----------·-f):r.-1-.-9 5'9 ~' ----------------- 7 --------------------------------------------------------------------- • 

36• DU142 DATA <NEGFti1•l:lt91/80r90•100•200,300•400t500•100U,5000/ 
--3 =;-.----orr.r r.-2---,----------------------------------------------------~ -------------~--------- -7--------~------------ --------- · 

38• 00144 IF tNl501•501•15 
39•: 00147 15 coNTINUE 
40• .· 00150 NVAH:1 --..- i-;---o llT~fi ------------uo--!ro-0 --K\fA R-::: Ff'IVA R'--- ------------ ------------------------------~--------------- ------------

--4~-;---~~}~~ ~--~--------w F<rrr-y~ -,-irRt: lro---------------~---------------------------~---- -----~---~-------------------
44• OU162 wRlTE (6r7l 

• 



... 

46, 00165 xiNC-1,0/XNN 
~7; 00166 I~C:(QlNC*XN~I+oo5 

-1+8 -,-- --u O""I 6 7----------- -Miif= 1 UOU7 TN c------------------
~9• 00170 "wRITE 16•61 · -'sTf;"--ovlT2 ____________ wtnTE-To_•_l'a-r--Gl"Nc----------
s1. 00175 wRITE 16•91 
52• 001/1 wRIIE (6r9/ 
53o 00201 wRITE 16•91 

-"Sif; ---o"02u-l---c-----------" c----------------------------. 

55• U0203 . DO l0l:lr100o . 
·-s-6 -.---u ozoo -----------TF ~<rrr :u--------------c-------

57· 00207 10 cONTINUE . 
sa. ouzo 1 e 
59· 00211 sx:o,o 

--6o;---ov 2T2----~- ------s sx -=-o-. -u--------------"'-- -------
61• 00213 NX:O 

--6z-;---ouZl~c __________ ""KKK=u---------"-----------------
63·· 0021~ c 

._ 64· ooZI4 e 
65• 00215 00 ~0 I:1rN 

·- "6"6-,----utr2 2U ------------x=u ATATI 1----- -----------------
67• · 00221 . !FIXI 2lr20ril 

·-oao.----uo"Z2lf 7 ------~2u-c:-OtliTTNUE _________ c _______ ", __ _ 

69~ 00225'" 1FiXoLT,OoO) 60 TO ~ti 

~ uo23o . sx=sx+x. 
----op-z;rr------------ssx:ss"l("fX"**T--~-------------

~0232 NX~~X+l . 
--{lf; ---ilU2J"3-------~--- -_x :X HillE G---- -------------.---- --
. 75• 0023~ K=IX•XNNI ' 

/6, 00235 K-K+I 
77. 00235 ---7a-.----ao-2:r6---- -------~F-TKf-1i2-''~"2 ;1+3 ___ ----------
79. 002-~1 ~2 CONTINUE --"80-,- ---o 11211"2"---------- i<KK!:KRI\fl _____ -------------- --· 
81• 002~3 ~3 CONTINUE 
82o 00244 IF IK-10001 4 .. r44r45 
83• 002'+7 . ~5 CONTINUE 

--"8"'1-,-.- --u 1125lJ---"------- l(K K:KX K"+ r--------------------· 
as. oo251 GO ro 40 

-"8"6-,----01125"2" ___ ----~~"4"--CONTl"NUE _____ -----------------

B7• oo252 c · ' 
88• 00253 .. IFR(K):IFR\~)+1 
89• 00.253 .C· 

-""'1 o-.----o 112 5I{ --- ---- tro- -cONTTI"JUE---- ~ -----------------
91·· 0025~ ·C . 

'""'1 2-;---o1T251{--- e----------~---- --------- ----- ------------
~ 00256 xN=Nx 

0025/ AV~-SXIXN 



):> ., 
·o" 

.ou26o 5os= 1 X'l*S-sx-·sx·**2T/xN ··· 
00261 vAH:SOS/IXN-1•0) 

--- -ol:f26T ~----- ------so: 50 A Y ( lr AIH- --- . -----------
• 00262 -C -----99-; ---uo-263------------.-;:-a --------------------- ··- ----- --

loo.· 00264 PINC:-XNEG-QINC 
101o 00265 _____ _;J).Q.i.~-~-"'J.;:lri?.J!11.L · 
102• 00270 KFRill:O ·---Y03-;---u-u27I ____________ PHic-::PTNc+cfiHC-------·-------
104 • . 002.72 llNC Ill :0,0 ·-- -x o5 -.- ---ou"Z73 ______ -----oo --34-- :.rJ:TrTNC" --------------
106• o027o v=J+l 
107• OU277 KFK(ll:KFRIIJ+IFR(J) 
lOll• .0.0300 34 cONTINUE ----ro9;---<ruYo2------------znc-rn:Pmc·-----------------

. 11~· 00303 35 ·CONTINUE 
--- nl-;-~-OlJ3U3---c-----~------------ ----------------- --------

112• 00305· 00.371:1r1000 
113• ·o0316 IF~lli:O 
114• Oti31i 37 CONTINUE 

---115-,----o U"3 iT--c-------:--------------- -------------------
116•. OU313 00 36.1:1•~~ . ---xn-.----o0""3i6 ___________ TFI{!Tf:-KFRlTl _______________ _ 

118• 00317 36 CONTlNLE 
H9o OU317 C 
120• ti0317 c . . ---1'2 i-.----o l:f3 2T --------- '-C :-o----------.--:--------.---------

"122• 00322 · oo 501=1•1000 --~123_; ---<fo 32 s ------------c:-c -.-c---------- ~ ---------------
124• 00326 IF cllFRII.l l5i.!'>or51 
125.•. 00331 · 50 CONT lNUE 
126• OU333 51 cONTlNUE -__ 1_2 1-.----otf3 3T --c---------------------------------------- --
128· 00334 L.l.=L. ---r2 9-.----o tf3~f4 ---,---------------------------------------- --
l3Qo 00335 1.:1001 
l3lo 00336 00 60l:lrl0QQ 
132. 00341 L.=L.-1 . 

--- I-3~r.- ~--o 0""3 4 2------------~F~-I TF Fff [.T 1 '"6 F 6 (f i l;I----- ~-

134;. 00345 60 CONTINUE . 
--T3~r.----uu""341 _______ t.T-coNTTNl:rt:--------------:--------

~36· ~U350 L.l.L.:L.· 
l37• OU350 C 
i38• 00351 00 70 I:L.l.rL.L.l. ·--B<f,----ou-3!f4 ____________ oo--·n-"J:l-;roo·---------------
14o· 00357. . HlSTIJ):SYMl ·--14i-;---ou36o ________ ii __ coNTfNuE-----------------------
142• 00360 c . 
143• 00362 IF IIFR ('l) l 7T;'"f1Ii17:--··"-



... 

144• o0365- 78 cONIINOE -------------
145• 00366 wRITE (6•91 

--rlf6~"-- -a o"Jm----------- -.vRTTE"-T6o1! 1 --z-tllic-trr- ------- ----------------------------------------- -------- -··------- ------- · 
147• .00373 ~RiTE <6•91 

--l"lil'f; ---ou375-------- c -- -" u--ru-7o--------------- ------------------ -------------- --------- ------------ -------------------
149• ·o0376 77 CONTINUE . 
ISO• 00376 C -------------------
151• 00377 ~~=lFR<Il 

--1:;2-;---oUJJuu------------r ~-rJ.r.;tiJO 17-err't!J ne ------------- -·--------------------------- ---- ----- -·-- ------- -------------
153• 00403 76 CONTINUE 

--1s4-.----uo1folf------------;;J=-9..-- ------------------------------- --··-·· ------- -··------- --- -··- ---------------------------------
155· _00405. Hl5T(lOOl:SrMj 

--.1 .... 5"'6...,.,-,.,o-no1rq-no""o-,---.., !5...-,c~oml""• ,..., I ... i=Qo""E,.._--~----.:.._ ______ _:_ ______________________ _ 

157•- 00407 00 72 ..;:liJJ 
·--rse ;----cru4T2-·-----------AiS Tf;:JT:SYM2------------------- ----------- --·- ------ --- --------------------- --·--.- ··- -------- ----

159• 00413 72 cONTiNUE 
--1-oo-.--- -o-o-cn-:5--c------------------------ ---------------------------------------- -·---- ------------- -- ------------ ---··-- ··---

161• '00415 wRITE (6;4) (HIST(..Jl •J=l,lOOJ 
162• 00423 wRli E 16•!51 Zil•t I 1 )0 lFI<t II • IHIST < Jlo J-1•11)61------------------------
163• 00433 wRITE (6•41 lHISl(~l•J=l,lOOl . 

--loli-,-----OO'{!+T ___ 7 ___ 70 __ CONITiiiUE----------------~.---------------·------------ ----------- ·- ---- ·------ ·------- -- --·· -----. 
165• OU44l c· 

--li>6";--1J01fli3"------:---w"RTIE-T6i"91----------------- ------------------ ---.-··--- -------------- .. -- ··-··-- ..... -... -- -- ·-- ---· ---
·167• 00445 wRiTE (6•91 . ' 
168• 00447 NRliE (6•91 
169• 00451 wRlTE (6•6) . 

--ll(f;---ou-45'3 c .. ~--~-" .. c .... wR"IIT~T6-, -r !"r-------------------------------- ----------- .. -... : .. ----- ~------- __ ._. __ ------------- ·- . 

-~;---g~~~--~---------~&~~i--~~~-~~r--Nx-,,sx;-ssx-;-Ave:-.-sus-.'vA"Ro-so------· -·- ---~-- ·- '------ ·- --- - -------- · · · ·-
M. oo47o ,J-o . . - . . 
1-74• - U04.7I DO 498 I-2•35 . ----·----·--·-----··--,-------·--·-·---·--. 
11s.·-. oo474 ~=~+1 

--n6-.----CiiJli75--------~--~rF--<wx-.-G·e:-;rrE-s--rTI .. -rr;ANry;mr;crarrsr'<n-r-Go · ro- 502- · ·- .. - · · 
177• -·o0477 4.,8 .-CONTINUE , 

--llir.----ouso-r---5u-27-·--coNTTIIIUE---..,--------------- --------------------------- ------ -- ·- ·--- ·--- ·-· --- · --- ....... ·- ·--
· 1 9• 0050~ TER~:(NX-llESl(JI)/(lTEST<J+1l-ITEST(Jll•(~ACT<Jl-FACT<~+lll 

T ----· ·------------------- .... - ----·--- .... --·-· 

OQ504 TOL1:AvE-TDL 
-,--- 70U5U'S ___________ T01:2:AVE'+TC,-L:-------------------.--- ----------- ...... --------- ...... - · · -·- · --·· ·- ... -- · - ---- · -- ----
, 00506 PRINT 503• TOLl,TOL2 

li-,---lJU51'2'-"5n-:5--'-F0"fmJ11T/7-i5X'~'ol-fl'<liNC"E'TfuiERV.A'I:.--:-rts-X •'PROB-A'B"lt:.tl y-- 1-s---o; 95"rHA'T .... A r ---· · 
185• 00512- •LEAST 0,99 OF THE OlSTRTBUTlON WILL BE INCLUDED 6ETwEEN'F10.3•• AN 
186·- 00512 *o'FIQ,3J . ------ -----------~-·-·--·-·-·-·----·-·--· 

187. · o051;5 .IJK:l _ 
--1-glr.----ou-sllf-- --------oo--su-6--I:<!i"<J------------------------ --------------------------------- ·- ·----· ·-·- ------ ·--- · --- --·-

189· 00517 iF (NX,GEo~EGF(I-11;AND.NX•LT,NEGF<Jll GO TO 507 . 
--r (f;---ou-sn-----------Gu--ro--so~:.-----------'------------- ------------··----- -- ------ · · · .. · ·- - ·.-

• 00522 5n7 C0NIN2:AVE-CONFclJKl•<SD/SQ~T(NXll 
-4110;;111i---..-""".......--------,....,......,....-=n.-n-c=--""""'. -rl--nri'*T507SURTt'NX'tl-------·------· ......... -· · --- ·- · -- .. · · -----



~· o0524 Soc [vK=I.JK+1 ------.-----------·-----------··--------------------------

-----~ ~- -~~sg-~~~---51i5-~--;~-~ ~h~-~~-; [;"~ ~~~~~T~ ~-~~~? "f liJTERVAI q; "5i(opffof.fAiH L H 'f ·rs- ·a ;·9s· ·nr n·- 'ri-1E-- --
19&• ·b0532 • POPULATION MEAN WlLL 6E INCLUDED BETWEEN•F10.3o 1 AND 1 Fl0,3) 

-----r9=,-;·--c,-IJS32---c---------------------- --------------------- -------------------- ·:--- ------------- -- --·-- ---- --·--- -----------
198·. 00533 IF (KK~)500~5U0,499 . 
199• . ou536 '+99 cONf.INuE· ---------
200• 00537 wRITE (bol9l .KKK 

-----Zo1·;·-·aus37---c----------: ---~ ------------ -_- -.--------------" ------------ ·--- --~-- ----·-- ------- --- · ----- ----- ·-- ------------
202 ,' 00542 .. 500 CONTINUE . · - . 

:~---2oT;·--oifS4r·---~cwcoN"iTNITE-- ---·----- --------------------:------- -~--- --- -_- ------ -- · ---- --- ------- --------- --------
204• 00545 wRITE <6•121 
205• 00547 RETURN 

'20&• 00550 END 
·--------------------------------------------------------------- ----------------------------------------------- ------------ ----------

END· OF 11NlVAC 1108 F'ORTR.AN V CoMPILATION, 0 •DIAGNOSTIC• MESSAGEI'S) 
'PH A !:it::-·r "liME--::~-- -"I- 'SIT;-----"-------------------------------------------------------------------------------------c------
-~ASE 2 TIME : 0 SEC, 
AA5t··3 liME: 0 SEC, 

. HASE 4· riME : 0 SEC, 

. -FfA:S'E- 'S-Ti M"'E- -:::---~1f-5E t-;-------------------------------~ ~---------------------------------------------c------------------· 
. HASE. b .. liME ·= 1 SEC. . . 
·------.--.---------------------7---------------------":' ... ----------- ----------------.---.-------------- -------.---- ----+-- ----- ---------- -· 

> •OTj\L COMPlLATIQN TII'I;E : 2 .SEC ,. 
:~ ------------ -·---~--------------------.__ ----:-------------------------:---------------------------------------------------------..------. 

l!' 
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The following is a list of explanations as to the specific 
functions of statements in the computer code used to calculate 
the figure of merit; The numbers associated with the explana­
tions are the numbers circled in the preceding listing of 
computer cod~ subroutines. 

1. Subroutine Probe (A,B,C,D)--Prepares raw data from 
electron microprobe for figure of merit calculation and 
determines average Pu0 2 percentage along diameter of 
pellet. 

18. Reads into code the coefficients for spectrometer 
backgroun~ equations (VAl, VA2, VBl, VB2), reads in 
the nominal Pu0 2 percentage of the pellet (PERt), 
and reads in the heading for the histogram output 
page. 

24. 

26. 

30. 

32. 

Sorts out bad data points caused by improperly 
punched points on pap~r tape readout by placing 

. limits on the spectrometer readings (A for Spectrom­
eter l--uo 2, B for Spectrometer 2--Pu0 2, and C 
for Spectrometer 3--background). 

Sums 10 spectrometer readings (minus background) 
from Spectrometer 1 for standard 100 percent U0 2 
spheroids. 

See 24 

Sums 10 spectrometer readings (minus background) 
from Spectrometer 2 f6r standa~d 100 percent Pu0 2 
spheroids. 

34. Averages standard uo 2 spectrometer readings to give 
an average reading for Spectrometer 1 which is 
equivalent to 100 percent uo2. 

A-13 
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35. Averages standard Puo 2 spectrometer readjngs to give 
an average reading for Spectrometer 2 which is 
equivalent to 100 percent Pu0 2 . 

37. See 24 

38. Sorts out. bad data points, such as those caus~d by 
voids, by placing limits on the specimen current 
·{indicated by D). 

40. Fo~ _~uo 2 percentage at each'data point, subtracts 
background, ratios the background corrected Pu0 2 
spectrometer readings to the average reading for 
~00 ·~erc~nt Pu0 2 and cdnverts this decimal .fraction 
to a perc~ntage. 

41. For U0 2 percentage at each data point, subtracts 
background, ratios the background corrected uo 2 
spectrometer reading~ to the average reading for 
100 percent uo 2 and converts this decimal fraction 
to a p~rcentage. 

42. For each data ·point {each pair of U0 2 and Pu0 2 per­
centages), calculates· a normalization factor which 
ratios the sum of the two relative percentages to 
100 percent. thi·s factor compensates for the 

43. 
and 
44. 

. inherent error {~±2 percent) in the electro~ micro~ 
probe readings. 

Normalizes each uo 2 percentage [AXX{I)] and each Pu0 2 
perce.ntage [BXX{I)] so that the sum at each data 
point equals 100 percent. This step is th€ final 
step in preparing data for use in the figure of merit 
calculation {in Subroutine Offset). The code uses 
these normalized _values of Puo 2 percentage for the. 
figure of merit calcul~tions. 

) 

A-14 
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45. Sorts out bad data points (negative percentages) 
0 caused by the inherent error in elettron microprobe 

readings. 

46. Sums Pu0 2 percentages after they have been normalized 
to 100 percent. 

47. Prints out, for each good data point, the U0 2 
spectrometer reading (not including the 100 percent 
uo 2 standard points), the Pu0 2 spectrometer reading 
(not including the 100 percent Pu02 standard points). 
the uo 2 percentage prior to n~rmalization, the Pu0 2 
percentage prior to normalization, the uo2 percentage 
following normalization, and the Pu0 2 percentage 
following normalization. 

48. Sums Pu~ 2 percentages prior to normali.zation. 

49. Sums uo 2 percentages prior to normalization; 

55. Averages Pu0 2 percentages p~ior to normalization, 
giving an over~ll non-normalized percentage along 
a diameter of the fuel pellet. 

56. Averages normalized Pu0 2 percen~ages, giving an 
overall normalized per~entage along a diameter of 
the fuel pellet. 

57~ Pri~ts out the overall non-normalized Pu0 2 percentage 
(FRAC or BBX/1) and the overall normalized Pu0 2 
percentage (FRAC2 or P/1). 

A-.15 
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1. Subroutine Offset (I) -Calculates local and overall average· 
f i g u r e s o f me r i t u s i n g P u 0 2 p e r c en t a g e s s. u p p 1 i e d by S u b -
routine Probe. 

10. Sums eleven normalized Puo 2 percentage values for 
eleven consecutive points along the diameter ~f a 
20 micron sphere (at 2 micron intervals) on the fuel 
pellet. 

12. Averages eleven Pu0 2 percentages and converts average 
value to a decimal fraction. 

1 4 . Con v e r t s P u 0 2 p e r c en tag e at m i dp o i n t of 2 0 . m i c ron 
sphere (m~ddle. point of ~leven) to a decimal fraction . 

. 15. Calculates numetator of· local figure of merit expres­
sio~ where Z is th~ average Puo 2 percentage along 
diameter of .20 micron sphere and· X~ is the Pun 2 
percentage at the center of the sphere. 

17. Calculates denominator of local figure of merit 
·expression where PERC is the nominal Puo 2 ~ercentage 
(25%) of .the f~el pellet. · 

22. Calculates local figures of merit fot each of a ~eries 
of points located .at 2 micron·~ntervals along a diam­

·eter of the fuel pellet. 

23. Prints riut a local fig~re ~f merit value f6r each 
location at 2 micron intervals along a dfameter of 
the fuel pellet (number of local figur~s of merit will 
be· ten les~ thah the total number of d~ta poi~ts 
examined ~lon~ the pellet diameter). 
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Subroutine Histo(N)--Sets up histogram for local figure 
of merit values and calculates statistical char~cteristics 

of local figure of merit distribution (including the 
average figure of merit). 

71. Adds all calculated local figures of merit. 

72. Adds the squares of all calculated local figures of 
merit. 

94. Calculates average of all local figures of merit, 
giving the mean figure of merit for the pellet. 

95. Calculates the sum of the deviation squared. 

96. Calculates the variance for the figure of m~rit dis­
tribution. 

97. Calculates the standard deviation for the figure of 
merit distribution. 

172. Prints out the number of.local figures of merit cal­
culated, the sum of the local figures of merit, the 
sum of the squares of the local figures of merit, 
the average of the local figures of merft, the sum 
of the deviation squared, the variance, and the 
standard deviation. 

180. Calculates tolerance interval for the ~i~ures of 
merit. 

181. Calculates the lower tolerance limit for the figures 
of merit. 

1 8 2 . C a 1 c u 1 ate s the upper to 1 e r· an c e 1 i m i t f o t· the f i g u res 

of merit. 

183. Prints out the lower and upper toleran~e limits for 
the local figures of merit. 

A-17 



WHAN-FR-20 

191. Calculates the upper confidence limit for the figures. 
of merit. 

192. Calculates the 1ower confidence limit for the fi~~res 
of merit. 

194. Prtnts out the lower and upper confidence limits 
for the local figures of merit. 
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