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Preface

OPERATIONS

During the !2 months ending ‘unc 30. 1981. the Mathematics and Statistics Rescarch Department
(MSRD\ logged 41745 b of effort in rescarch and service to the components of Union Carbide
Corporation - Nuclear Division (UCC-ND). Fortyseven p:rcent of the effort was on projects managed by
MSRD. 37% was for consulting and collaboration with ORNL divisions, 137 wa: for the UCC-ND
production and technical staff. and 3¢z was for all other activities. This distribution of effort is shown in the
figurc below. The 47¢. representing 19.747 h of effort. that was spent on the progcts managed by the
department was allocatec to six projcts funded by the U.S. Department of Ene-_, (DOE) Office of Basic
Energy Sciences. two funded by the DOE Office of Health and Environmental P warch, one by the Nuclear

ORNL-DWG 81-13294

MATHEMATICS —
——— AND STATISTICS ——
RESEARCH
—— 47% =

PRODUCTION
AND TECHNICAL

Distribution of Mathematics and Satistics Revearch Departunent effort.

ix




Regulatory Commission, and one by the National Geodetic Survey. The figure below shows the distribution
of these hours. The progress made in these projects is described in the appropriate chapters of this report.
Mention should be made here of the Special Projects work done by the Statistical Methods staff.
Ahhough not as labor intensive as the other projects. it represents important ¢ potentially imporiant
contridbutions. One result of this effort was the production of the Proceedings of the 1930 DOE Statistical
Symposium.' which was held in Berkeley. California. in October. Another was the investigation into the
feasibility of initiating a rescarch effort in Computational Statistics. A Mini-Workshop on Computational

1. 7. Truen, D. Margolies, and R. W_. Mensing. eds.. Prveedings of the 1980 DOE Sigtistical Symposium. CONF-801045, Cak
Ridge National Laboratory (April 1981).

ORNL ~-DWG 81.13297
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PERSONNEL

Several personnel changes took place during the past 12 months. George Cotsonis keft MSRD to resume
graduate study at Emory University. Pat DiZillo-Benoit accepted an offer from Americar Cyanamid
Company in Connecticut. Alan Zinsmeister took a position with the Mayo Clinic in Minnesota. and Will
Lawrence returned to Marquette University at the end of his sabbatical.

New employees are Nancy Price in the Computing Support Section: Tammy Reed in the Secretarial
Support Section; Ed Frome. Max Morris. and Rick Schmoyer in Statistics Section A: and John Carpenter
in Statistics Section B.

The current organization chart is shown below.

OANL - OWC 20 147100

MATHEMATICS AND STATISTICS RESEARCH DEPARTMENT
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JUNE 0. 1981
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Summary

This report is the twenty-fourth in the series of progress reports of the Mathematics and Statistics
Research Department of the Computer Sciences Division, Union Carbide Corporation—Nuclear Division
(UCC-ND).

Part A records research progress in biometrics rosearch. materials science applications. model
cvaluation, moving boundary problems. multivariate analysis. numenical lincar algebra. risk analysis. and
complementary areas.

Collaboration and consvlting with others throughout the UCC-ND complex are recorded in Part B.
Included are sections on biology and health .cieaces. chemistry. energy. engineering. environmental sciences.
health and safety rescarch, materials sciences, safeguards. surveys. and uranium resource evaluation.

Part C summarizes the varicus educational activitics in which the staff was engaged. Part D lists the
presentations of research results. and Part E records the stafl's oiher professional activitics during the report
period.
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Part A. Mathematical and Statistical Research

1. Biomzisics Research

D. G. Gosskee
T. J. Muchell
M. D. Mormns

COMPARING TWO METHODS OF
MEASUREMENT 7OR ACCURACY
AND PRECISION

In comparing two measurement techniques.
accuracy (degree of systematic error) and precision
(degree of random crror) are characteristics of
interest. These comparisons are not difficult if the
truc underlying values being measurced are known for
some set of experimental runs. We have investigated
the case in which thesc values are not known or
repcatable and are considered to come from some
unspecified distnibution. For exampk. the applica-
tion that originally motivated thss research was the
comparison of two devices for measuring blood
pressure in nonhnman primales.

Following earlier investigators, we assume a3 model
of the form

"=ag+ hY +e,

where. for a particular method. ) represents the
measurement of J.. The parameters a and b are fixed
unknown constants. usually referred 10 as “fixed™
and "propertional” bias, respectively: they determine
accusacy. The vanable ¢ is a random clement with
zero expectation: the vanance of ¢ determines the
precision.

Grubbs' introduced a procedure appropriate for
comparing precisions of two methods assumed to

I Cornell U niversty
2 F F Grubbs, "On Fsumating Precawn of Measunng
Instruments and Product Vanabhty.” J 4m Siar 4ven 43,

243 64 (1948)

B. W_ Tumbull’
D.A. Volf

have equal proportional biases. We have noted that
the hypotlesis and assumption can be reversed. If
equal precisions are assumed. Grubbs' procedure
tests the nul hypothesis that the proportional biases
are equal.

We have also noted a similar property for the test
of the null hypothesiz that pairwise differences of
measurements have expetaion zero. If proportional
biases are assumed to be equal. the null hypothesis
tests for equality of fixed biases. If fixed biases are
assumed to be equal. nt tests for cquality of
proportional biascs.

When more than two methods are compared.
statistical procedures exist that can be used t0
compare fixed bias. proportional bias. and precision.
When only two methods are compared. assumptions
must be made about at least one pair of parameters to
allow inferences about the others. We are currently
investigating (I) the jnint use of the two tesls
mentioned above and (2) what conclusions may be
drawn depending on each assumption.

ESTIMATION OF TIME TO ONSET AND
TIME TO DEATH FOR SPECIFIC DISEASE

One of the main gozk in the analysis of
survival sacrifice experiments with animals is to
estimate the time to onsel of a discase and the
subsequent time to death from that discase. This is
not a straightforward problem because the disease is
not generally detectable until deatl, and because of
the “censoring” of data from animals that dic trom
other causes.

We have developed an estimation procedure that
can be used to classify cach death into one of three



types: death caused by the discasc. death by
competing cause (e.c.. sacrifice) with the discase
present, or death with the disease absent. Our method
uses 1 two-dimensional EM algorithm to obtair the
nonpaametric maximum {ikekt.ood esvimates of the
distribution G(7) of the time (Y) to onset of the
disease and the distribution F¢) of the time (X) 10
death from the discase. A slight modification of the
algorithm enatles the construction of likelihood-
based confidence intervaks for Fl7). G(1). the medians
of X and Y. and other functions of interest.

We have tested and demonstrated this method
using data on reticulum ceB sarcoma from an carlier
study’ conducted at ORNL with aboratory mice.

CONFIDENCE LIMITS FOR RELATIVE
POTENCY IN THE CASE OF
ZERO TUMOR RESPONSE

A major objective in the testing of potential skin
carcinogens is to determme 2 meamingful measure of
“refative potency”™ with respect o a standand
carcinogen. We have developed a procedure.
described clsewhere,’ for estimating the potency of
varivus test matcrials relative to benzofalpyrene
(BaP) in skin-painting experiments; the procedure
uses the Weibull distrib»tion as a model for time-to-
tumor incidence. Whet the location parameter w and

3. J.M_Holland. T. ). Muchell, and H. E. Walbarg, “Eftects of
Prepubenal Ovarcciomy on Sunival and Specx Discases
Femalke RFM Mice Gien 300 R of X-Rays.” Radr Res. 69,
317 27 (1977,

4 D. A Wolf and T. 5. Mitchell. “Stammical Analysin of
Monality and Relative Skin Carcinogenicay.” appendix to J. M.
Holland et al.. Chronic Dermal Toxicity of Fpoxy Resins, I Shin
Carcinogenic Potency  and  Gemral Tovscirv. ORNE 5762
(Marsch 1981). .

shape parameter & for the Weibull are assumed to be
the same for both the standard and the test material.
the median time to tumor is directly related to the
scale parameter 5. The relative potency of the test
material at dose  isd ' times the BaP dosc that yields
the same value of » found in the test matenial. where b
is estimaied undcr the constrant that & and w are the
same for both materiaks at all dosc levels.

Special difficulties occur when none of the animals
subjected to the test material develop a tumor.
Obviously. the best estimate of relative potency is
zero in such caxs: the problem is « determine an
upper confidence limit.

We have found a relatively simple way of doing this
for the case in which the dosc-effect function b = f(d)
and the shape and locatinn parameters & and w are
kuown for thestandard ( BaP). (In practice. of course.
w= do not know these. but estimates of them arc
reasonatly good.) Our mcthod 1s based on the
computation of [.(p), the probability of observing no
tumors if the true relative potency is p. This
curve decreases from | to 0 as p increases. The
interval [0. p*] can be shown 10 be a 100/] - a7y
confidence intenval for p. where I{p*) = a.

A short computer algorithm has been written to
find p*. given the time on test for cach animal in the
test group and the required information on the BaP
response. As the time on test increases {(without
tumor occurrence), p®* decreases. This permits the
experimenter to r-onitor an OnNgoing experiment in
which tumors have not vet appearcd. with the
prospect of terminating the experiment once p* has
dropped below a certain kevel. We also hope to use
this computation as an aid in choosing in advance a
sample size sufficknt to wvicld a reasonable
probability of terminating the e xperiment in this way
if a given number of days clapse without tumor
occurrence.
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2. Materials Science Applications

S.-J. Chang
1.J. Gray

J. A. Horton'
T. Kaplan'

DISLOCATION-FREE ZONE
MODEL OF FRACTURE

Revent obzervations by electron microscopy have
shown that a dnlocavor-dree zone (DFZ) >xists
between the crack tip and the linear pileup of
dislocations in the plastic zonc.™ A singular integral
equation 1s formulated to describe the equilibrium
configuration of the dislacations. The distribution
function of the dislocations s obtained in terms of
elliptic intcgral:.” The condition of compaubility and
the elastic stress intensity factor at the crack tip are
also_denved. At the crack tip. the stress varies as
1 \ r. The stress intensity factor K s found to be
primarnilv a function of the length of the DFZ,
whereas the externally apphed stress approxmmately
determines the length of the plastic zone (Fig. 1). The
magnitude of KA is reduced as a result of the emission
of dislocations from the crack tip into the plastic 7one
{Fig. 2). Based on the mechansm of dislocation
generation at the crack tip propused by Rice and
Thomson.” 1t is shown that the formationof the DFZ
is aniicipated when the stress intensity factor Ais less
than a critical stress intensity factor K, defined fora
spontancous generation of dislocations. The magni-
tude of A, relative to the critical stress intensity factor
for brittle fracturc K. determines the brittle-ductile
nature of a material,

I, Sold State Dinasion

2. lowa State Uninersity,

1S MOl and 3. Narrayan. “Flectron Micniscope Obwenva-
tion of Shear Crachs in Stainles. Steel Single Crystabs,” Phulen
Mag. A 41,K2 K9 (9%

4. S Kobayashiand S M Ohr, “In Sats Fracture Fapenments
m BCC Metals” Pluloy Mag 4 42, 76} 72 11980y,

S. S0 Changand S M. Ohr. A Maodel of Shear Cracke with
slocation-Free Zones,”™ in Acra Scripra Meallurgica Inteena-
tonal Conf.on Dinkocation Modehng of Phiosical $yvtems, ed. by
C. S Hastiey (forthcoming).

6. ). R Riceand R Thonor, "Ductile Versis Brintle Behay ior
of Crastals.” Phidon Mag. 29,73 97 (1974)

S. M. Ohr'
C. A. Serbin .
T. J. Rudolphi”
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Fig. 1. Stress intensity factor K vs spplied stress T for various
sizes of the dislocation-free zone ¢/c and the plastic zone 8/c.

ORNL-DWG 81~ 11229

4 T T T T T 1

0 ] 1
O 02 04 06 0B 10 1.2 14
2l oo
TH

Fig. 2. Decrense of the strem intensity factor X due to the
accumulstion of the emitted dislocations COD in the plastic zone,



CONDITION OF FINITE STRESS iN
THE DISLOCATION-FREE ZONE
MODEL OF FRACTURE

In our DFZ model of fracture.® the clastic stress
intensity factor K/o\,/zr—r for an applied stress T/o
was denived as

K 2 VoK ( L
=— F{y=—.k!}.
ovme w a 2°7)

and the condition of finite stress at the ends of the
plastic zune was

where F and // are the complete elliptic integrals of
the first and third kinds respectively. The parameters
e and k° in the preceding equations denote the

rejative position between the crack and the plastic -

zone. The region betweenthem is the DFZ. These two

relations link the microscopic parameters of fracture

to the fracture parameters of the continuum scale.
The current model is considered an extension of
the Bilbry, Cottrell, and Swinden (BCS) theory of
fracture.” Therefore, as the DFZ vanishes, the
function 77 should be reduced to “he inverse cosine
function. This celation is rot obvious because the
function // divergesat a® = |, which corresponds toa

‘vanishing DFZ. The condition of finite stress in jts

current form is less useful f we want to estadiish a
modified BCS theory, Anal:emative and more useful
form of this condition is derived in terms of the
lambda function A,

l - a

K +\(os'l ———kg\
ovm TANes Tk

=yJil-a

e
(4]

where \ can be reduced readily to the inverse cosine
function in the BCS case.

BOUNDARY INTEGRAL EQUATION
METHOD FOR FRACTURE PROBLEMS
WITH MIXED BOUNDARY CONDITIONS

The numerical method for fracture problems,
which is based on the boundary integral equation

7. B A Bilbs, AL H. Cotrelland K. H. Swinden. “The Spread
of Plastic Yicld froma Notch,” Proc. R, Soc. London, Ser. 4272,
M id i),

formulation in elasticity. has been developed.” The
scheme required the superposition of the analytical
solutior: of a crack problem i an infinite region and
an clastic problem not containing the crack but
having an outer boundary condition identical to the
givern problem. This scheme 5 improved in a new
formulation in which the number of unknowns is
significantly reduced and the method is capable of
solving problems with mixed boundary canditions on
the crack surface. The current method is intended to
solve the dislocation modeling problems,

SELF-CONSISTENT CLUSTER THEORY
FOR RANDOM ALLOYS WITH
SHORT-RANGE ORDER

A sclf-consistent cluster theory for random alloys
was previously announced.’® This theory had
the advantage of being applicable 1o general
Hamiltonians (ie., with off-diagonal and environ-
mental disorder), and it was demonstrated that the
self-consisient equations had a unique analytic
solution. The only restriction on this method was that
the random variables that describe the occupation of
the sites of the alloy had to be independent. We have
now shown that short-range order (dependent
random variables) can be nawmlly and simply
included in this theory.

The key idea s to view the random variables
{stochastic process) as a measure on the space of all
possible configurations of the solid. The dependent
variables can then be (approximately) related to the
simpler independent variables by means of the
Radon-Nikodym theorem of measure theory. As a
consequence, averaging over the dependent variables
can be transformed into an independent average
at the cost of multiplying by the Radon-Nikodym
derivative. When this & combined with the
Augmented Space approach for independent vari-
ables, the short-range-order Green's function is
expressed as a linear combination of quantities
calculated by this method. The coeflicients in this

8. S.-J. Chang and R. B. Mosgan, A Bowndaryv integre! Lqua-
ton Method for Fraciure Problems wih Mixed Mode Dejormg-
tions, ORNIL, (CSD-57 (Junc 1980).

9. "Seif-Consistent  Cluster Theor> for Random  Alloys,”
Mathematics and  Sratistics  Research  Department  Progres
Repori, Period Ending June 30, 1980, ORNI. CSD-6] (Septem.
ber 1980). pp. 3. 4.

10. T. Kaplan, P. L. Leath.1..). Gray.and H. W, Dichl, “Seli-
Consistent  Cluster Theory  for  Sysems with  Off-Diagonal
Disorder,” Phys. Rev. B i, 4230 46 (1980).




linear combination are detcrmined by the Radon-
Nikodym derivative. Thus, a shori-range-order
computation requires littke more than does an
independent one. Furthermore. this theory produces

analytic approxirnations because its analytic be-
havior is determined by the independent-variables
theor-.



3. Model Evaluation

K. O. Bowman
N. R. Draper’
T. J. Mitchell
M. D. Morris

SCREENING DESIGNS FOR RESPONSE
SURFACE EXPERIMENTS

In the carly stages of an experimental program, a
primary goal is to identify factors (vanables) that
are important or influential in the process under
investigation. Preliminary experiments designed to
identify such variables are commonly referred to as
screening experiments.

Cotter' introduced a cliss of designs called
systematic fractional replicates, which are useful as
screening designs in two-kevel factorial settings.
These experiments consist of 2k + 2 runs. where k is
the number of potential independent variables; they
yield information on which of the variables may
be involved in odd- or even-ordered terms in
the model.

When response surface modeks (polynomials) are
used, separating the cven and odd powers of cach
variable is also desirable. This is not a problem inthe
two-level factorial model because, in each term, a
particular variable is present (raised to power 1) or
absent (raised to power 0). Using a systematic
fractional replicate design, odd and even powers of
each variable can be separated. Nonzero even powers
of a particular variable, however, cannot be
separated from zero powers; for example, informa-
tion about interactions involving the square of a
particular variable cannot be separated from
information about terms in which that variable
is absent.

We have investigated a natural extension of the
systematic fractional replicate designs for use when
the underlying model is a response surface model.
These experiments consist of 4k + 2 runs and allow
the separation, for each variable, of odd and nonzero
even powers that may appear in terms of odd or even
‘overall) order.

1. University ol Wisconsin.

2. University of Georgus,

1 University of Californus, Santa Barbara.

4. 8. C. Cotter, "A Screemng Design lor Factonal Experiments
with Interactions,” Biomceriha 66, 3T 20 (1979,

D. S. Scott
L. R. Shenton®
M. Sobel’

ESTIMATION PROBLEMS ASSOCIATED
WITH THE WEIBULL DISTRIBUTION

Series in descending powers of the sample size are
develcped for the moments of the coefficient of
vanation v* for the Weibull distribution F{(r)=1 —
exp[—(1/ b)) A similar series for the moments of the
estimator ¢* of the shape parameter ¢ isderived from
these. Comparisons are made between classical
normal assumptions and the newly developed
assumptions for the means and variances.

From the first Jour moments, approximations are
given to the distribution of v* and c*. i..addition, we
give an almost unbiased estimator ¢ of ¢ when a
saiaple is provided with the value of v*. We also
comment on the validity of the asymptotically
normal assessments of the distributions.

Special attention has been given to the validity of
the moment series, especially for the mean and
variance, when the sample size is small. This has been
carried out by the comparison of severa! algorithms
and by simulation studies. In addition, ina few cases,
the low-order moments of the coefficient of variation
have been approximated by quadrature formulas in
two, three, and four dirensions.

Examples of the comparisons are shown in Table I,
and they illustrate the excellent agreement Letween
the algorithms.

Because the Weibull model occirs frequently in
practice, the study has wide applicability. The results
of this study have been applied tostress/ rupturedata
from strands of a Kevlar yarn.

GROUP-TESTING PROCEDURES

In the group-testing problem, we consider a
population of n objects, d of which are“defective.” In
the i experimental trial, 7, (<) objects are tested
simultaneously. Two kinds of outcomes are possitle:
negative, indicating that none of the n, items tested
are defective, or positive, indicating that at least one
of the items is defective. The objective of a group-
testing experiment is to classify correctly all n objects
as defective or not in as few exnerimental trials
as possible.




Table I. Comparison of algorithms to evaluate sample coeflicient of variation® v*

C n=2 n-3 n=3 n -5 n 10
#i (V)
15 R/ S | 0AXX90S | 0538835 1 07333 S 0624492 S
0331963 | OARNKAT L 053885881 056791 0623496 |-
V.56 2cB 0623529 B
20 0.306KS3 T QINSNT T 0425863 1 043702 S VARG §
0.306971 | 038789 | - 0425837 L.+ 043687 1 . L1 LR X3 S
0469t 2cB DASOXM 2ch
258 0254793 1 03713 ¥ 0351650 1 Q3ANST S 0399732 §
0251590 1. 032§ 0381875 ]. 036N . 09732 1.
029754 1. 0.3219%0 1 . Q351670 ¢ .. 03X ;. (R0 TR B
30 01703 T 0273919 1 0.299245 1 03130 N QI S
0.217386 L. 0.274103 . 0.299321 1. 0.31351 L. [RRL 5y BN
100 var(v®)
10 83333 T 76693 1 TIMS o
8.39%3 2B 76170 2B TIHIX XB 66725 B S0 B
80546 1. TH06S | L B3 [ 66792 | sglon .-
15 63600 T SN2 ) 4419 ¢ SRS 23328 8
62758 I SM24 - 42033 1. 3TN 1. 2.7
63686 XB §.233 XB 4925 2B 37T X8 23068 B
20 4734 T W7 29758 2308 S L S
3752 1 37996 | 29518 | 2496 1 .. (IR, { I I S
$.1878 XB IS B 29978 2R 24035 2B 1.3021 2R
25 32 T 2SR 215w 1 74604 8 QX939 5
40323 1. hE L 21779 L. (7603 |, HAd6T .
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30 29667 21088 P.eie2 | 13363 S 66K S
397 2838 0. 16491 1. 13278 |
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T. vrue: S, direct sum: 2oB. Borcl-Padé and | _ Levins s term approsumate.

Our concern with this problem was motivated by
our interest in experimental design strategss to
identify the influential parameters and variablesina
gi-en computer model (particularly farge, complex
energy models). In this context, an*object” is a model
variable or parameter; it is “defective” if the model
output is highly sensitive to changes in its value. An
experimental trial consists of shifting cach value of
the a1, variables by a unit amount from its nominal
value in a direction assumed to give a positive change
in output. If no appreciable change in output occurs,
these variables are all declared to be of negligible
influence and are not considered further. Otherwise,
we know only that ct least one of the tested variables
is influential.

We have recently written and documented an
interactive computer algorithm to implement a
group-testing procedure based on an “information

criterion.” The procedure begins withanassignment
of prior probabilities p,. ps. ..., p., where p, is the
probability that the j* object is defective. After each
experimental 1nal, these probabilities are modified
and a near-optimal subset of objects is chosen for the
next test. This continues until all objects are
correctly classified.

We have evaluated this procedure by two simula-
tion studies to compare it with existing alternative
methods and to assess the effect of poor guesses in the
assignment of prior probabilities.

In the first study, four cases were considered:
(Dn=10,d=2:2)n=10,d=4,(3)n=100,d=2;

5. “Screening Designs for Studying §arge Maodel.. " Marthemar-
1w and Statistics Rescarch Depariment Progress Repori, Period
Friching June 0. 1979, ORNT OSD<50 (September 1979),
pp. 7 %




and (4) n = 100, d = 4. In cach case, ten different
samples were generated by randomly labeling d of the
objects as defective. Each p, was specified to be
0.05 or 0.2; nine types of configurations of p; were
used to represent various mixes of “good™ and “bad™
guesses. In addition to four variations of our
information procedure, three standard methods were
also considered: the bisection method, Sobel and
Groll's* R, method with p =0.05, and the R, method
withp=02.

As might be expected, good prior guesses result in
large payoffs. Even when the prior guesses are not
correlated with reality, the performance of the
information procedure appears to be essentially the
same as that of the standard R; procedure, which is
based on a constant p.

A second study was undertaken to evaluate the
performance of the information procedure when the
prior probabilitics p; are all set equal to a constant p
and the defectives follow a binomial distribution with
parameters (n, p*). For n = 10 and n = 100, 101
simulations were made for eachcombination of pand
p* in the set (0.025,0.05,0.10,0.20,0.25). The overall
conclusion was that, when in doubt, it is better to
guess high: low values of p result in large payoffs
when p* is low, but large penalties result when p* is
high. At high values of p, the results are less sensitive
to p*.

LIKELIHOOD-BASED CHOICE OF k
IN RIDGE REGRESSION

A useful way to incorporate external or prior
information into the estimation of the vector of
coefficients B in a linear regression model is
by “dummy” data X, (a matnx of regressors) and
y» (a rtesponse vector), where yo = Xofo is
assumed to be normally distributed with mean
X.8, and variancecovariance matrix oiVo.
When these data are combined- with the

6. M. Sobel and P. A. Groll, "Group Testing to Eliminatc
Efficiently All Defectives in a Binomial Samplke.” Bell Sysr. Tech.
J. 38, 1179 252 (1959).

experimental dsta (X, y), the least-squares estimate
of 8is

B= (XX +kT)'(Xy + kTh) . ()

where T = XiVo'Xo and k = o’/aa; o’ is the
error variance for the experimental data. Theil and
Goldberger’ introduced this approach, which was
developed further by Theil."

When V, is specified and & is alowed to vary over
{0, =), Eq. (I) becomes a more general form of the
Hoerl-Kennard® family of ridge estimators. Scores of
papers representing many different points of view
have been writtien about the choxce of k in ridge
regression. We have re~ ntly attacked this problem
by considering the ukelihood function, where
likelihood is based on both experimental and dummy
data and where k is regarded as an unknown
parameter. Unfortunately, this likelihood is not easy
to work with. The man difficulty is that the dummy
data, by themselves, fit the model perfectly (namely.
when 8 = ), so tie likelihood function increases
without bound when B8 = f and k approaches
infinity. Mcreover, sevral stationary points may
exist; so even if the singularity is ignored, thé usual
likelihood inference techniques will not work.

These diificultics can sometimes be avoided in
practice by restricting attention to those values of &
for which the experimental data and the dvmydata
are compatible, according to Theil’s® test. In
examplcs we have considered the log likelihood L 10
be unimodal and approximately quadratic in this
range. This yiclds a natural choice for k, atthe moce.
After maximizing L over k and o’, a quadratic
approximation to the resulting function of B
produces a likelihood-based confidence region for 8
that is not a function of k and o but that takes into
account the uncertainties in estimaiing these
parameters.

7. H. Theil and A. S. Goldberger, “On Pure and Mixed
Suatistical Estimation in Economics,” /nr. Econ. Rev. 2, 65-T8
(1961).

8. H. Theil. "On the Use of Incomplete Prior Information in
Regression Analysis.” J. Am. Srar. Assoc. 58, 401-14 (1963).

9. A.E. Hoerl and R. W. Kennard, “Ridge Regression: Biased
Estimation for Nonorthogonal Problems,” Technomerrics 12,
55 67 (1970).
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4. Moving-Boundary Problems

V. Alexiades'
A. Lacey’
C. A. Serbin

A. D. Solomon
D. G. Wilson

During the reporting period, research on moving-boundary problems has continued in three directions:
analysis of Stefan-type problems. analytical approximations and bounds, and modeling of phase-change

processes.

ANALYSIS OF STEFAN-TYPE PROBLEMS

A Stefan-type problem’™ of major practical
interest is the problem of melking a semi-infinite slab
of material that is initiafly solid and that is at its melt
temperature T, via convective heat transfer from a
heat transfer fluid to its surface. The governing
parameter for ths transfer is the heat transfer
coefficient A (kJ/ m*s-°C). If the ambient tempera-
ture of the transfer fluid is 7: > 7, and the surface
temperature is Tuc. the heat flux to the surface is
M T: — T..)- Because nocxplicit expression is known
for the temperature distribution and melting history
of this process, we were forced to use cither numerical
or analytical approximation techniques for its
resolution. We have obtained three results that are
pertinent to this problem.

1. The Case of Large h

By mathematical analysis we have proved that as
h approaches infinity, the surface temperature
approaches the ambient fluid temperature while the
temperature distribution and melting front approach
known functions. Rates of this convergence have
been obtained.

). University of Tennessee.

2. Victoria University of Wellington, New Zealand.

3. A.D.Solomon, V. Alexiades.and D. G. Wiison. ~The Stefan
Problem with a Convective Boundary Condition.” submitted to
Q. Appl. Marh.

4. A.D.Solomon.D.G.Wilson.and V. Alkexiades. "The Quasi-
Stationary Approximation for the Stcfan Problem with a
Convective Boundary Condition,” to be submitsed for publication.

S. A. D. Solomon, “On the Limitations of Analytical Approx-
imations for Phase Change Problems with Large Biot Number.”
submitted 10 Lerr. Meat Mass Tronsfer.

6. D. G. Wilson, “One-NDimentional Multi-Phase Moving
Boundary Problems with Phases of Different Densitics.”
submitted to SIAM J. Appl. Marh.

2. The Case of Low Specilic Heat

We have proved that if the specific heat approaches
zero, the temperature distribution and men front
approach functions that are casidy found explicitly.

3. Accuracy of Amlytical Approximations
for High Heat Transfer Coeficient

With the aid of the first two results, we derived
a simple criterion for the accuracy of standard
analytical approximation technigues for our prob-
Jem. We have shown that these approximations can
be replaced by simple, more accurate expressions
when A is large.

ANALYTICAL APPROXIMATIONS
AND BOUNDS

Analytical approximations and bounds™” have
beenderived for a number of phase-change problems.
Two results of interest are:

1. Approximations for an Armay of Cylinders
of 8 Phase-Changing Material

A line of N cylinders containing a phase-changing
material® is subjected to the flow of a heat transfer
fluid. If the material in the cylinders is initially liquid
and at melting temperature T, and if the ambient
fluid temperature before encountering the first
cylinder is T < 7., a freezing process begins in the
cylinders, while the air is heated. We wanted to
predict the outlet transfer fluid temperature, the total
energy stored in the system, and the mehing times of
the cylinders. Through a variety of techniques, we

7. A. D.Solomon, Simulation ofa PCM Siorage Subsysiem for
Air Conditioning Assist, ORNL.;CSD-77 (1981).

8. A.D. Solomon. “Some Approximations of Usc in Predicting
the Behavior of a PCM Cylinder Array.” Leir. Heat Mass Transfer
8, 237 46 (1981).



derived simple expressions for these quantitics,
which, when compared with numerical simulations,”
appear to be extremely accurate. Table 2 shows an
example of the accuracy observed for a simatation of
24 cylinders of a Glanbers-sak-based material, where
air is the transfer fluid.

Table 2. Comparison of computed and
approximete outiet air Stmpemtes
A emperature
Time O
)
Approximate Compuwed
1 1276 12.76
2 1276 12.76
3 1276 12.76
4 12.76 1275
5 1278 1274
] 1274 nn
7 nn nn
8 12 12,67
9 1268 12.64
10 1265 125
" 1256 1252
12 1250 1242
13 1242 1228
i4 1242 124
15 12.17 11.86
16 1.7 11.52
17 1144 11.07
8 1104 10.49
19 10.97 9.67
2 897 859
14 72 733
22 6.3 5.85
3 444 49

Source: A. D. Solomon. Simulotion of g
PCM Siorage Subsysiem for Air Condition-
ing Assiss, ORNL CSD-77 (I98]).

2. A Lower Bound for the Total Energy
in a Phase-Changing Materisl

An effective lower bound for the total stored
energy in a phase<changing material' has been
derived by analysis of the model The expression
complements previously derived upper bounds snd
estimates. The lower bound and computed values for
a case of melting of M-octadecane paraffin wax over
a period of 30 h are compared in Table 3.

Table 3. A lower bowad on total systewms caergy for

an N-ocadecane wax-melting proces
Teme Computed encrgy Lower bound

) (&) m’) (&) o)

[ [

2 4687 4253

4 1292 649

6 9331 8237

11,064 9.708
0 125% 11.007
12 13988 12,183
14 15269 13266
16 16,463 2M
s 17586 152
e 18.650 15118
2 19662 Wl
24 20630 17787
2% 2i 5% 18,569
. 4 22452 L K 3 ad
» 23314 204/

MODELING OF PHASE-CHANGE PROCESSES

Recent work on modcling phasechange processes
in materials has been directed mainly toward alloy
solidification and mushy zone modeling.*'*

1. Aoy Solidification

A weak-solution model has been formulated for
the solidification of an alloy, including effects of heat
conduction and material diffusion. The model
includes vanability of the freezing front “melt”
temperature in accordance with anequilibrium phase
diagram. Preliminary computations indicate the
physical correctness of the model

9. V. Akxiades. A. D. Solomon, and D. G, Wilson, An Chser-
vation on the Towl Energy of a System with Phase Changes,
ORNI.. CSD-72 (1981).

10. V. Alexiades, A. D. Solomon. and D. G. Wilson. Modelling
of Phase Change Processes with Time-Varying Critical Tempera-
ture, ORNL, CSD TM-145 (1981).

1. A. D. Solomon, D, (. Wilson. and V. Alexiades. On Two
Kinds of Mushy Zones in Solidification (in preparation).

12. D.G. Wilson. A. Lacey.and A. D, Solomor. Composition
of Solidified Binary Allos from a Simple Solidification Model,
ORNL. CSD-66 (19%1).




2. Mushy Zone Modeling
A simple mathematical model has been developed
for the appearance of a “mushy ™ zone (ic_, a zone of
finite width in which solid and Equid coexist) in a
freezing material. The model arises from energy

conservation considerations and i consistent with
experimental observations of paraffin wax solidifica-
tion. For paraffin wax.a mushy zone width of about
0.5% of the solidified material is typical.



5. Multivariate Analysis

C. K. Bayne
J. J. Beauchamp
V_E. Kane

ROBUSTNESS OF THREE POWER
TRANSFORMATION PROCEDURES

Earlier reports™ have described investigations
that considered problems associated with the esti-
mation of parameters in the power-shift family of
transformations: ¥ =[(X + ¢y’ — 1} p for p*~0and
Y = In(X + ¢) for p = 0. During this period, 2
robustness study was compicted that determined
how well p was estimated with c =0 if p exists such
that Y is symmetric after transforming X by the
power transiormation. Three estimation procedures
were considered: maximum likeEhouod; weighted-
order statistic, given in Beauchamp, Kane, and
Serbin;’ and Hinkleys percentile® which is based
on maXking sclected order statistics of Y symmetric.
The comparative robustness of each estimation
procedure was evaluated when the transformed data
could be made symmetric but not necessarily nosmal.
Seven types of symmetric distributions as well as four
contaminated normal distributions were considered
over a range of six p values for samples of size n,
where n = 25, 50, and 100.

The three procedures were applied to 50,000/ 7
simulations for each value of n and p and for each
distributional form. The results indicated that the
maximum likelihood estimator was slightly better
than the weighted-order-statistic estimator, but
both were greatly superior to Hinkley’s percentile

I. Purdue University.

2. "Transformations to Normality.” Marhematics and Siatisiics
Research Deparimeni Progress Report, Period Ending June 30,
1978, ORNL; CSD-34 (September 1978). p. 4.

3. “Limiting Values of Various Functions To Be Optimized in
Achieving Normality,” Marhematics and Ssatisiics Research
Depariment Progress Repori, Perid Endirg June 30, 1979,
ORNL; CSD40 (September 1979), pp, 12-13.

4. "An Evaluation of the Power-Shift Family of Transforma-
tions,” Marhematics and Statistics Research Depariment Progress
Repori, Period Ending June 30. 1980, ORNIL. CSD-61 (Sep-
tember 1980), p. 10.

S. J. J. Beauchamp, V. E. Kane.and C. A, Scrbin, Application
of the Power-Shift Transformation with Computing Precedures,
ORNL/CSD; TM-142 (March 1981).

6. D. V. Hinkley. “On Power Tramsformations to Symmeiry.”
Biometrika 62, 10111 (1978),

G. P. McCabe'
C. A. Serbin

estimator. In general, the procedures were robust to
symmetric departures from normaky,and increasing
kurtosis (f;) caused increasing variation in the
estimated p values, as s exhibiied in Fig. 3. Single-
tailed outlicrs, however, were found to cause highly
biased estimates and increased variation.
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Fig. 3. Interquartile mnge of maximum likelihood estimate of p
for samples of size n = 100.

CALCULATING MISCLASSIFICATION
PROBABILITIES

Misclassification probabilities are an importamt
measure for comparing Fisher's linear and quadratic
discriminant functions with alternative methods of
discrimination. Theoretical misclassification proba-
bilities for a general discrimination rule and general
population structure cannot always be calculated.
A method has been devised. however, to calculate
misclassification probabilities for discriminating
between two bivariate populations when Fisher's




linear and quadmtic rules and the logistic linear 2nd
quadratic rules are used.
The general form of the discriminant rules is

XX\, X)) =bo + biXy + b )Xy

+ 53X X1+ b Xi + bsX; .

where (X5, X3} < (&) 0 assigns a sample to
population 0 (1) in the bivariate two-population
problem. The cocfficients by to bs are determined by
the partic:iar giscrimmant rule applied and the
randor: variables (X1, X:), which may be distributed
as a1 bivariate normal, a bivariate Bernoulli, or a
mixwre of normal and Bemnoulli data. For example,
to determine the misclassification probability of
classifying an observation from population 0 into
population |, it is necessary to integrate over all
values of the bivariate densty function for
populztion 0, where Q(X), X3;) < 0. The misclassifi-
cation probability reduces 1o a double summation
over all possible values of (X;, X:) for bivariate
Beruvuin populations and simplifies to a single
summation that is a function of the standard normal
cumulative distribution function for a mizture of a
Bernoulli and a normal population. For the linear
discriminant methods, the coefficients by, bs, and by
are zero, and the cvaluation reduces to either
summations or to functions of the standard normal
cumulative distribution function.

The most difficult case is using the quadratic
discriminant function to discriminate between two
bivariate normal populations with unequal covari-
ance matrices. This case is simplified by reducing the
double integral to a single integral by replacing the
bivariate density function with the product of the
marginal density of X;and the conditional density of
X, given X, The conditional density can be
integrated by means of a standard normal density
function, and the marginal density is numerically
integrated over the range of X,. The range of X, is
infinite, so approximate limits must be used. By
examining the sign and value of the bo to bs
coefficients, the limits of integration can be

13

determined so that the approximation ervor can be
bounded. Cakulating the mischssification proba-
bilities for classifving an observation in population |
into population 0 is performed in a similar manner.

These computational procedures can be used to
calculate theoretical mischassification probabilitics
for any procedure that gives estimates of the dis-
criminant coefficients by 1o by. In panicular, these
methods are useful in simulation studics because a
“double simulation” s not necessary for both the
sampled population and mischssifcation error of
QX1 Xa2).

COMPARISON OF DISCRIMINATION
MODELS

Incorrect specification of the discrimination model
may result in unneccessarily high misclassification
error rates. A study was imtiated t0 compare
misclassification rates from the standard Fisher
linear or quadratic classification prccedures with
rates from corresponding logistic discrimination
methods. Also, maximum likelihood error rates were
computed for nonnorma’ data. The robustness of the
various classification rmethods to various departures
from the assumed data structure is beingexamined to
assess the application of discrimination methods to
general data.

The data structures of primary interest in this study
are the traditional normal distribution 2nd Bernoulli
(0, 1) data. Standard approaches treat ecach data type
scparately, so one area of interest is the mixture of
normal and Bernoulli data. Also, the linecar or
quadratic nature of the discriminant function
(X, X2) is of interest. Thus, the study considers
four types of bivariate data from two populations
using classification methods based on bivariate
notmal data with equal covariance matrices,
bivariate normal data with unequal covariance
matrices, normal-Bernoulli data, and bivariate
Bernoulli data. The theoretical misclassification
probabilities of the sample discriminant function are
calculated directly, as previously indicated, and
provide the basis for comparing the classification
methods.



6. Numerical Linear Algebra

R. E. Fundcrlic
J_ A. George'
M. T. Hecath

LU DECOMPOSITION OF M-MATRICES

We have shown that if A or —A 5 a singular
M-matrix satisfying the gencralized diagonal domi-
nance condition y'A > 0 for some vector y » 0.
then A (or any symmetric permutation of A) can be
factored into A = LU by a certain elimination
algorithm. where L s a lower triangular M-ma1rix
with unit diagonal and U is an upper triangulor
M-mutrix.” The already known cxistence of LU
decompositions {or irreducibke M-matrices and
symmetric M-matrices follow as corollarics. Varga
and Cai' followed with a graph-theoretic proof of i
converse of the main result above. and we followed
that with a short nongraph proof of the converse,

Much of this work was menvated by applications
to the solution of homogencous systems of lincar
equations Ax = 0. where A or —A is an M-matrix.
These applications arise. for example. in the analysis
of Markov chains. network analysis. and input-
output economic models. Some of this work
generalizes comparimental analy sis work reported in
refs. 5 and 6. Extensions related to stability. updating.
and dv(>¢) da, have been obtained.

SPARSE LEAST SQUARES PROBLEMS

The basic algorithm of George and Heath' for
sparse¢ linear least syuarcs problems has bheen
extended to include rank-deficient problems, lincar

5 Uninensiv of Watertoo

2. Unnersity of Ternessee

3. R.F. Fusdeshe and R. D Plemmons, LU Decompositien of
M-matrices by Flimnaton Wiuhaw Poonmg. ORNE (MD-7)
(January 1981) and Lincar Algebra Appl. dorthcoming)

4, R.S. Varga and Da-Yong Cisi. "On the LU Decomposiion
of M-matrices by Gaussian Flimmnation W thowt Puoting ™ sub-
mitted 1o Numer. Math.

5. Mathemaiis and Statisnes Researcl [epariment Prosgress
Report, Perinl Endng Jipe 30, 1950, ORND OS] (Sep-
tember 19%0). p. 12

6. R.F. fFundertiv and 3 B Mankin. “Soluion o) Bomaoge:
ncous Systems of [oncar Fyuations Arsng ‘rom Compaistieniasl
woodels” SIAM S Ser. Star Compp (1ot the onvngy

7. A.Georgeard M T, Heath. "Solution of Spars | incar | cast
Squares Problems Uang Givens Rotations,” Linear slyebra
Appl. 34, 69 K3 (1980).

R.} Plemmons
D. S. Scott
R.C. Ward

equrality constraints. and updatmg of solutions.’
These extensions have been combined to provide a
new method for solving sparse square nonsymmetric
linear systems. including svstems having a few dense
rows. All of these algorithms have { :en implemented
in computer software and tested extensively. The
version of the code that uses auxiliary storage® has
bezn used to solve problems involving as many as
42918 cquations in 16.756 unknowns.

NONFACTORIZATION ALGORITHMS FOR
SYMMETRIC QUADRATIC A-MATRICES

Quadratic A-matrix problems consist of determin-
ng scalars A. called cigenvalues. and corresponding
n X | nonsero vectors X. calied eigenvectors. such
that the equation

(MA*+CA +K)x=0 (y
is satisfied. where M, C, and K are given n X n
matrices. In addition. we assume that M, C, and K
are symmetric or Hermitian, that Misdefinite (cither
positive or negatine), and that the cigenvalues of
Eq. (1) are real and can he dnided into two disjoint
sets P2 and S with the following propertics:

Pl: HA EPand A, €5, then A, > A,

P2 KA, € P(S)and x,is it associated eigenvector,
then A, is the larger (smaller) root of the
quadratic equation (X/Mx)A* + (x/CxJA +
(x'Kx.) = 0.

Based on these assumptions. one can easily verify that
thcors  analogous to the symmetric  standard
cigenvalue problem holds and that the cigenvalues
and cigenvectors ol Fy. (1) obey the orthogonality
condition

(x/Kx)  AMX/Mx)=0 fori# .

NOMOT Hesthe Somie Exnamons of un Algorithm for Sparse
Fwneis Feast Sangres Problenn, ORNE CSTH-80 (May 19%1)

PN George. M T Heath aud RS Plemmons. “Sofution of
batge-Suak. Spanc Teast Squases Problems T ung Auxilian
Storage.” SIAM S Sar St Comput (lortheoming)
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We have developed and anahzed algorithms' for
computing a few of the cigenpairs of Eq. (1) when
M, C, and K arc also large and sparse and when
factorization of M, C, K, or any lincar combination
of them is cither mpossible or undesirable. The
algorithms can compute cigenpairs for cither the
largest or smallest eigenvalues in either Por S For
example. in the following algorithm the sequence
(0.. ¥.) convergys to eigenpairs (A,. k) corresponding
to the m smallest cigenvalues in P, where the matrix
W(o) =Mo" +Co + K:

1. Set the vector y; to random numbers.
2. Fork=1.2.....m doaandb.

a. Set the r* column of the n X k matrix Xotoy,
from step 1 if &k = | or from step 2.1(2)
otherwise.

b. Fori = 1. 2.
and (2).

(1) Seto,= O where B4 <04 <---<6.,<
0 < -+ - < A are the cigenvalues of

... until convergence, do (1)

x,—: o o ‘
o Xr-l ‘ C

o5 m }[o ' ?(r-l

12) Set the 7" column of X, to y,. where (.. y)
are the cigenpairs of W(o,) with g, <
u2 < - < pa and the y, are unit length.

We have shown that the sequence o, converges
monotonically downward and that the convergence
is asymptotically quadratic. Similar propenties can
be shown for the algorithms converging to the m
largest cigenvalues in P and to the m smallest and
largest eigenvalues in S.

COMPUTING A FEW EIGENPAIRS OF A
SYMMETRIC BAND MATRIX

Asan intermediate task i runninga block Lanczos
algorithm, it is necessary to compute a few eigen-
values and eigenvectors of a symmetric band matrix.
The algorithms available in EISPACK are not well
suited to this problem. so a new algorithm has been
developed that incorporates an idea of Gupta's'' and
is more efficient than the EISPACK codes.

10. D.S. Scottand R. C. Wars, Solvmg Quodrain A-Mairiy
Problems Wuhowt  Facrorizanon, ORNE CSP-76  (March
1981).
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NONFACTORIZATION SOFTWARE FOR
SYMMETRIC DEFINITE LINEAR AND
QUADRATIC EIGENVALUE PROBLEMS

Over the last two years we have developed
algorithms that do not require the factorization of
any matrix for computing a few eigenvalues and
cigenvectors of symmetrc  definite  lincar and
quadratic cigenvaiue problems. The similarity of
these algorithms allowed us to implement both of
them in a single software package. The subroutines
are written in portable FORTRAN and access the
matrices involved only through the formation of
matrix-vector products. which allows the user to take
full advantage of any special structure (sparsity) in
his matrices.

SHIFT AND INVERT LANCZGOS
ALGORITHM

We have continued to develop the shift and invert
Lanczos algorithm for computing eigenpairs of a
symmetric standard or pgeneralized eigenvalue
problem. We have incorporated a preliminary
version into a structural analysis package for the
Tennessee Valley Authority (see part B for more
details). The algorithm appearsto be the optimai . ay
of computing eigenvalues when it is possible to factor
the appropriate matrix. Further work is needed to
optimize the automated decisions of when and where
10 shift. Implementation of the algorithm will include
a reduction scheme developed recently (see the
following article) for solving symmetric definite
quadratic cigenvalue problems.

SOLVING SYMMETRIC DEFINITE
QUADRATIC EIGENVALUE PROBLEMS
WITH FACTORIZATION

A quadratic eigenvalue problem
(MAP+ CA+K)x =0
can always be solved via the lincarization
0 K| _ K 0 ] { x ]=
[x c] "[o M) [ax] =0

which we denote as (A — AB)z = 0. Th~ best solution
techniques for sparse lincasr problems require the

11 K. K. Gupta, "Eigenproblem Solution by a Combincd
Sturm Sequence and Inverse licration fechnmyues,” fnver. J
Numer. Methads Eng. 4, 179-404 (1972).



operator (A — ¢B)™'B for some choice of ¢. In the
quadratic context this appears to require the
factorization of a 2n X 2n matrix. In ref. 12 we show

12. D. S. Scott, Solving Sperse Queadraric \-Matrix Problems,
ORNL;CSD-19 {November 1980).
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that the operator (A — oB) 'B can be implemented by
factoring only an n X amatrix. Ferthermore, if M, C,
and K are symmetric and satisfy certain definiteness
conditions, the Lanczos ajgorithm can be used as a
solution technique.




7. Risk Analysis

S. A. Paiil’

A RANKING METHOD BASED ON
STOCHASTIC PAIRED COMPARISONS

Suppose we want to rank X abyects according to a
characteristic of performance. where the only data we
have is based on stochastic paired comparisons. Let
6, denote the probability that the i object is “better™
than the j* object relative to the chasacteristic under
consi'eration. This implies that 8; = | — 6; for
I<Sij<k

In a previous report.’ we considered a modifica-
ion suggested by Saaty’ to help rationalize the so-
called Arrow’s Paradox or the Paradox of Voting.
Here, we suggest exponentiating the probabilitics 6;
and obtaining a, = exp(26; — 1), so that (a;, | < i,
J < k) will become a reciprocal matrix of the form
considered by Saaty. Then the normalized cigen-
vector corresponding to the largest eigenvalue of this
reciprocal matrix yiekds a ranking of the k& objects
under consideration. When we have stochastic paired
comparison data on k objects by several judges, we
suggest using "the gecometric mean of the exponen-
tiated probabilitics to obtaim an “average” reciprocal
matrix. From this reciprocal matrix, one can obtain
the normalized ecigenvector associated with the
largest eigenvalue and obtain the ranking of the k
objects.

WAITING TIMES AND GENERALIZED
FIBONACCI SEQUENCES

Suppose we have a multinomial distribution with

k possible outcomes denoted by E;. £, .... Exand
associated probabilities 71, m. ..., m such that
m20and m + m+ -+ m = 1. Ateach trial, one

of the outcomnes is observed. After n independent
trials, we are interested in finding the probability of
the first occurrence of 7 spetified outcomes in succes-
sion. Let E, denote this evern and W, denote the

I. Tennessee Technological University.

2. V. R. R. Uppuluri. "Consensus and Ranking Based on
Paired Comparisons,” Marhemaixs ond Siaiistics Research
Depariment Progress Report, Period Ending June 30, 1980,
ORNL.: CSD-6] (Sepiember 1980), p. 15.

3. T. L. Saaty, "A Scaling Method for Priorities in Hierarchica)
Structures,” J. Marh. Psych. 18, 234-81 (1977).

V.

R. R. Uppuluri

waiting time for the first occurrence of E,. We are
interested in the distributional propertics of W,.
Scepoe E={E . .... Ei}. which corresponds
to the occurrence of the same outcome (E;) 7 times
in a row. Then we nave the following.
Proposition: The probability distribation of the
discrete random variable W, is given by

AW.=n+r=m 3 (—l)"(" ;f')[u —Y
- a7 g«-n’(" B ;")[u —

n=012.... (1)
When we have a binomial distribution, that is, k =2,
and m = m; = 1/2, we have

Bu=r.'P(WI="+’)=AlJ_A.‘|Jv ‘2)

where

= Y Ll 4 rory
Ans 2“'2;0( l)’( , )(l/z) . 3)

with
A,=2, for0<j<r.

We note that the sequences {8.,} are generalized
Fibonacci sequences. Specifically, for r = 2, {844
is the Fibonacci sequence, given by I, 1, 2,3, 5, 8,
13, .... For r = 3, we have the so-called Tribonacci
sequence, given by 1, 1,2.4,7, 13,24, 44, .... For
r = 4, one can verify that

Burts = Bwsat Buapt Bwis + Baa . 4)
and the sequence {Basl is given by 1, 1, 2, 4, 8,
IS, .... For general r, one can venify that
Bun,r = B'r—l,l + er-l.r + -+ Bl‘l N (5)
where Bo.. = |, which is an r step generalization of
Fibonacci sequence.
The special case of the multinomial distribution
with m) = m; = .-+ = m, = | [k gives another aspect



of the generaiization of Fibonacci sequences. The
probability distribution of W, given in the preceding
proposition yiclds

YR =k"PW,=n+r]=BY - B, (6)
where

"= ~ — ‘n_i (u ’

B =K% n’( ; )[(k...) .M

Now, one can verify that
Yowr =tk = D1, + ¥, + - 492,
with

y¥ =1 and y¥=0 fors<r. [t
which for the special case k = 2 gives the recursion
satisfied by the 7 siep generalization of the Fibonacci
sequence given in Eq. (5). For r=2 and k =3, the
sequence {yL}} is given by 1,2, 6, 16,44, 120, ....
For r = 3 and k = 3, the sequence { Y44} is given by
1,2,6, 18,52, 152,444, .... Thus the special cases
derived from the proposition contain severalgeneral-
izations of the Fibonacci-type sequences. The prob-

ability-generating function of the random variable
W, succinctly expresses th:se sequences. During this
study the following alternative expressions were
obtained for the Tribonacci numbers:

s ==
X {cu.. [sin(n +1)0 _Msinng _!_] }
sin 8 sin 0 ol
forn=23.....
where

c= % WD+ 1D = (VBT - 1) = 1.,

0=rr—arcsin(

VJ—J)
2 L]

and fos and B3 are defined to be equal to 1.
These expressions for Tribonacci nur:bers seem to

be new, and they correspond to the Golden number

representations of the Fibonacc’ numbers.




8. Complementary Areas

C. K. Bayne

J. J. Beauchamp
P. A. Lesslic’
W. E. Lever

THE CELL MEANS MODEL AND ANALYSIS
OF VARIANCE PARAMETERS

It is frequently more natural for scientists and
statisticians to interpret estimable functions in terms
of cell means rather than the “usual™ analysis of
variance parameters. Explicit expressions that estab-
lish a one-fo-one correspondence between the cell
means and the usual form of estimable functions have
been derived. Computer packages (c.g., SAS) that
output the usual form of estimable functions are
aircady available. These expressions are needed to
augment such packages to output the cell means form
as well.

ROBUST SHRINKING ESTIMATORS

Let the model Y = XB + e denote 2 multiple
regression model for which the distribution of the
error vector e belongs to a class C. Conditions are
given under which shrinking estimators for 8 exist
that improve on a givenrobust estimaror forall 8 and
all error distribution in C. Explicit expressions for
robust shrinking estimators have been developed
through an asymptotic analysis.

A simulation study was performed to assess the
improvement of one such estimrior. For error
disrributions with heavy tails, the improvement
caused by shrinking was remarkable.

A GENERALIZATION OF THE
EHRENFEST URN MODEL

The Ehrenfest Um Modef has been applied to
heat-exchange problems between two isolated
bodies. The basic model can be described as an urn
containing wo white and M black balis. A ball is
drawn at random from the urn and is replaced by a
ball of opposite color. The interest is in E(W,), the
expecied number of whitc balls in the urn after n
drawings with replacement. Several modifications

1. Computing Applications Depaniment.

2. P. Ehrenfest and T. Fhrenfest, “Uber swer bekannic
Einwande gegen das Boltzmannsche H-Theorem,” Phys. /. 8,
31 14 (1907),

R. L. Schmoyer
C. A. Serbin
V.R. R. Uppuluri
T. Wright

and generalizations of the model are known.

A new sampling scheme for the establishment of
goals, which is a generalization of the Ehrenfest
Model. is introduced. Briefly, we assume an urp
with wo white balls and by black balls. The total
number of balis in the umn is held constant at N, where
N = wo + by initially. The object 5 to change the
number of white balls in the urn through independent
random trials. On the 7™ trial, sclect a ball at
random and replace it in the following manner:

{ a black ball with probability a;.
a white ball with probability 1 — an.

a white ball with probability a;.
a black ball with probability | — «.

If itis white,
replace it by:

If it is black,
replace it by:

The foll. wing theorem results.
Theorem: Based on this sampling scheme,

AW = 52 [ = A

— (1 = A" M we + {(1 — AMbbo] .

wvhere a = | — ay/N, b= as/N.and A = | -
(a; + a3)/N, where A is an eigenvalue of the
matrix

[l —ai/N

af N l
ay/N

1 —a/N

In practice, to establish the stared goal of E(W,),
for given N, wo. and n, the experimentcr chooses
a; and a; that will satisfy the result given in the
theorem.

T ws the sampling scheme is a too! for the atiain-
ment of certain goals that one may want to accom-
plish over time. The scheme is appealing because it
leaves the choice of replacement at each trial to
chance while at the same time it achieves a pre-
determined goal concerning the desired proportion
of wh : balls.

Numerical examples are given and possible appli-
cations have been suggested; various simulation
studies are planned. For further details, see ref, 3.




CONFIDENCE ELLIPSE FOR A BIVARIATE
CALIBRATION PROBLEM

Suppose that a bivariate measurcment vector y is
related to stresses Ry and R; by the relationship

yi]_ [But BuRi + BuRz] + ERROR,
y: Bn + BiR, + BnR; ERROR;|

where the error vector is distributed as a bivariate
normal distribution with mean 0 and covariance
matrix X. Suppose further that, froma planned cali-
bration experiment, inde pendem Jata pairs (Y., R.),
RI= (I, Ri.Rw%), a =1, ..., N, arc obtained, and
the estimates b of B and S of ¥ are computed as
proscribed by Anderson.*

If one oFserves an additional vector yo without
observing its stress vector Ro, the 100(1 — ) confi-
dence eliipse for the unknown stresses Rip and Rx
is given by:

RIS — A*)R, <0,

3. V. R. R. Uppuluri and T. Wright, “A Note on 2 Further
Generalization of the Ehrenfest Um Model™ (in preparation).

4. T. W. Anderson, An Introduction 1o Muliivariate Siatistical
Analysis, Wiley. New York, 1958.

where
N
A‘=(§' R.R.’>° o, +0.

_ {yw— bu,—bn, —bn
b= ) -

and

0,=I(N- NDFrn-<a-)i(N— &) .

CONFIDENCE CONTOUR ELLIPSES FOR
BIVARIATE POPULATIONS

In many experiments more than onc response
variable is being monitored. Therefore, it is desirable
to make use of any ccrrelation structure existing
among the response variables in deriving confidence
statements or in making mferences. For response
variables from a bivariate normal distribution, a
computer program has been written to construct a
joint confidence region on ther mean and a jomt
prediction region for a future observation. The
output of the program includes summary statistics
for each of the variables and a plot of the resulting
confidence region. Options are available in the
program to vary the confidence level, to input
multiple data sets, to construct a prediction region
for a future observation vector, and to construct
the joint confidence region on the slope and inter-
cept of a linecr regression line.




Part B. Statistical and Mathematical Collaboration

9. Biology and Health Sciences

W. Av' J. Holland' N. W. Revis'
N. Christie? R. Klann' B. Rice'
W. E. Dalbey' S. Lock’ R. L. Schmoyer
J. Fusxcoe' S. A. McGuire C. E. Sayder’
D. G. Gosskee T. J. Mitchell D. A. Wolf
C. Heckman' E. F. Oakberg'
BIOASSAY OF METAL IONS Statistical tests of significance were made to

Metal ion toxicities for 13 metals were investigated
in Drosophila melanogaster. Thirty flics were
exposed at each of three tosix dose levels; ten flies per
replicate vial were used. To linearize the log dose-
response curve, the proportion of flies affected by
each dose was transformed by the probit transforma-
tion.” Maximum likelihood estimates of median
effective concentration (LCse), the siope (b) of the
line, and their standard errors were compuied using
the SAS PROBIT procedure. The spacing of doses
was designed 10 minimize the standard errors of the
estimates of the LCse, primarily, and of the slope,
secondarily. Interpretation of slopes for different
metal ions was facilitated by estimating the concen-
trations, which include 95% of the tolerance

distribution. These concentrations, (LCyrs, LCys), |

their difference, and the log of their ratio
[log(LCs1s/LCy.s) = 3.92 (1/b)] were used to char-
acierize the biochemical propertics of each metaland
to compare the toxicities of these metals at low doses.
The standard deviation of the distribution of log
tolerances, 1/b, and the standard error of 1/b were
akso computed by the SAS 'ROBIT procedure.

1. Biology Division.

2. Univensity of Tennessee.

3. D.J. Finney, Sratistical Method in Biokogical Assay.2d ed.,
Griffin, London, 1971,

2l

determine the variations in estimated medians and
estimated slopes for experiments performed at
different times. These statistical analyses provide a
basis for the characterization of strains of flies for use
in geretic and biochemical experiments examining
the action of metal ions.

EFFECT OF A GROWTH-INHIBITING AGENT
ON EPITHELIAL CELL GROWTH

Total cell growth by density wa. -eparated into
growth because of attached cells a +{ growth because
of exfoliated cells. A growth-inhibited model was fit
and estimates of the growth potential and the
decrcase in growth potential parameters were
obtained. Using total growth as the dependent
variable, it was determined that sufficient growth
time was not granted for reliable estimates of the
above parameters (i.c., growth had not leveled off to
the extent necessary to reliably estimate the decrease
in growth potential).

EFFECT OF EXPLANT NUMBERS AND
GROWTH TIME IN PRODUCING UNIFORM
GROWTH CULTURE DISHES

Overall growth curves were produced by using
secondary explant growth data for culturc dishes
containing 2, 3, 4, 5, and 6 explants per dish. The



dJesire was to establish which combination of
explants per dish and number of weeks of growth is
optimum for producing the highest uniform density
of culture growth. Results were inconclusive and the
experiment will be repliated.

COMPARISON OF CELL GROWTH AND
SURVIVAL BETWEEN CONTROLS
AND CELLS TREATED WITH

BENZO[A]JPYRENE (BsP)

Tracheal explants were placed in organ cuiture in
60-mm tissue culture dishes with 2.0 mL of Wihc
mediuvm. Three days after the explants had been in
organ culture, they were exposed to the carcinogen
BaP (control explants were exposed to 0.2%
DMSO). The explants were exposed for 3d and then
remained in organ culture for 25 d. Twenty-eight
days after exposure, the explants were placed in
primary culture with WRIHc medium, and every 7d
the cxplants were removed from the dish and
replanted. An outgrowth was considered a primary
culture if, after 3 weeks from removal of the explani,
the outgrowth remained viable. The explants were
replanted 12 times.

When primary cultures of a particular planting
reached 1.0 to 2.0 cm’ in area, all primary cultures
were exposed to the selection medium (SM) for 28 d.
When § or more control and BaP primary cultures
wereavailable, one-half were immediately exposed 1o
the SM, and the rest were exposed 28 d later. The
carly and late groups were paired on area. After28d,
cultures showing epithelial degencration and siough-
ing were discarded. Cultures surviving SM were
placed in WRIhc mzdium until subculture.

When primary cultures reached i0° cells or slow
growing cultures aged 240 10 260 d, they were
dissociated in 0.2¢ trypsin and 0.077; EDTA for no
more than 10 min. Cells not remaining in the dish
were seeded at 4 X 10° per 60-mm dish, or when cell
yields were low. in 35- or 16-mm dishes. These
secondary or dissociated cultures were subcultured at
confluence for § cycles before being collected and
stored at ~70°C.

The growthof the primarycultures was assessed by
cakulating the total cefl number per primary culture
from arca and cell density measurements. Cell
numbers were calculated at the stant of SM. at the
termination of SM exposure. 30 d after termination
of cxposurc, and at subculturc. The growth of
sccondary culturcs was calculated from the number
of population doublings by using the number of cells

counied at dissociation and the original seeding
density. The number of multinucieated volls was
scored per 1000 cells counted in duplicate dishes.

EFFECT OF 6-MERCAPTOPURINE ON THE
MOUSE REPRODUCTIVE PROCESS

The material 6-mercaptopurine is useful in treating
leukemia, but, unfortunately, it has an adverse side
effect—alteration of the reproductive process. To
investigate the nature of the effect (ic.. how
spermatogenesis was altered, a number of experi-
ments were performed on mice. Early experiments
determined that the proportion of spermatids at the
various stages of sperm development was essentially
unaltered by treatment, but the progression through
the stages was altered for cells ata particular level of
development when exposure occurred.

In Iater experiments, we investigated the possibil-
ity of genetic breakdown caused by 6-
mercaptopurine, the result of which would be a
greater proportion of dead implants. Treated males
were mated with females about one mcath after
treatment. Two females were kept with each male for
10 d; the females were replaced as they became
pregnant. Late in the term of pregnancy, the femate
was opened and the proportion of dead implants
determined. The experimental factors to be investi-
gaied were treatment with 6-mercaptopurine, the
effect of 150 rads of radiation, the length of time
between treatment and implantation, and a blocking
factor (replication of the experiment). A mixed-
model analysis of vanance was performed on the
transformed proportion of dead implants. Results
indicated an additive cffect due to radiation treat-
ment. The cffectiveness of 6-mercaptopurine de-
nended on time between treatment and implantation,
with an increase 1o an observed maximum at akout
334d. followed by a gradual decrease back to normal.

ENZYME ACTIVITY

Samples of the enzyme HGPRT taken from
various cell lines were labeled and heated for varying
times. From each cell type., time-heated combination
samples were taken at four time points and counted.
The enzyme activity is defined as the slope in the
linear relationship between counts per minute and
sampling time. The purpose of this e xperiment was to
quantify the cffects of cell line and time heated on
enzyme activity.

A linear relationship between the natural loga-
rithm of enzyme activity and time heated was fit for
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cach cell line by using weighted kast squares. The
weights used were the inverses of the approximate
variances for log-enzyme activity. When possible.
panallel lines were fit for the celi lines. Half activity
and its approximate standard error were cakeulated
from these fits,

CHRONIC DERMAL TOXICITY OF PARAHO
SHALE OIL AND DISTILLATES

Preliminary analyses of the skin oncogenic effect
of the Paraho process shak oil and related distillates
were carried out. This work b a result of a needed
cffort to assess environmentaland health effectsas an
integral part of synfuek technology development. A
complete description of these preliminary findings
can be found elsewhere_* The statistical methods used
are similar to those described in other portions of this
section.’

CHRONIC DERMAL TOXICITY OF EPOXY
RESINS

Experiments were recently compketed in which the
cffects of epoxy resins on dermal toxicity. skin
carcinogenicity. and SyNcrgstic cCarc inogenic interac-
tion were studied.® This work was a continuation of a
program sponsored by the U.S. Department of
Energy (DOE) 10 evaluaie cpoxy resins for potential
occupational health risks.

Groups of inhred mak and femak C3H mice were
exposed to doscs of commercially avaslable cpoxy
resins for a period of 24 months. bcgmning when the
animals were 10 weeks old. The material was applicd
to their shaved backs three times a week. Time unuil
first tumor and time unti! death were recorded.

The primary goal of thisstudy was todetermine the
carcinogenic potency of the resins relative toa known
efficient skin carcinogen. bensojalpyrene (Bal).

4. J. M. Holland. . C. Gipson. M_' Whitaker. 1.0 Sicphens.
G. M. Clemmer, and 1. A. Woll, “Chronie Dermial Fosicity of
Paraho Shale Osl and Distllates.” i Health Effes s Invesigotion
of Oil Shale Developmens.cd. by WL Grrest, MR Gueem, and
D. 1. Colfin, Ann Arbor Science Publishers. Ann Arbor, Mih ..
1981,

S, DA Wolt and 1.5 Miuchell, =Statntical Ay of
Mortatty  and  Relatine Shin Carcmogenicmy.” appendis in
Chronie Dermal Tosseuy of Eposy Resins i Shin Can atorgentie
Potency and General Toxicrny, ORNE TMS702 (Macch 19%1)

6. J. M. Holland, 1. C. Gipson, M. . Whitaker, B M
Fiscnhower, and 1. 5. Stepheos. Chrone Dermal Tovieny oo
Epoxy Resis i Sk Carcinogenic Poteney ad Geneval Jovieny,
ORNL. TM-5762 (March 1981),

Each relative potency calculation used only data
from a single test matenal(at several doses) and from
the BaP dosc groups. Maks and females were
considered separately because of the noticeably
greater tumor incidence in males tested using the log-
rank test. The median time to tumor (730) was
estimated from the three-parameter Weibull distribu-
tion fit to cach group. An equation cxpressing the
logarithm of Ts, less the Weibull location parameter
as a linear function of the logarithm of dose was fit
for the BaP and the test material. Refative potency
was calculated in terms of the relative BaP dose
required to clicit the cquivalent effect at each test
dose. Confidence limits on relative potency were
obtained by using Ficller’s theorem. Complete details
on the statistical methodology can be found in ref. 5.

PREDICTING MOLECULAR WEIGHTS OF
DNA GENOMES BY SLAB-GEL
ELECTROPHORESIS

Slab-gel electrophoresis can be used to estimate the
molccular weight of DNA. The procedure involves
first denaturing DNA strands to eliminate their
sccondary molecular structure, then subjecting the
strands 10 an ¢lectrophoretic current. which causes
them to slowly migrate across a viscous gel. When
strands of unknown molecular weights are run in
conjunction with known standards. rcgressing the
molecular weights of the standards on the distance
migrated (mobility) gives an equation lor predicting
the molecular weights of the unknowns. The
prediction equation currently used incorporates a
constant as well as terms in mobility and log mobility
and results in high R values if the range of mobilities
is not too large. However. increasing the range for
prediction would be useful hecause known standards
are rare and expensive to obtain. A method for doing
this is being studied. Some known standards can be
cut with enzymes into pieces that satisfy known
relationships. By running cuts of these standards, we
hope to use constrained regression o improve the
accuracy of prediction.

SISTER CHROMATID EXCHANGES IN
MELANOMA AND COLON TUMORS

The rate of sister chromatid exchanges (SCE) is
accepted as an index of potency of chemical
carcinogens. In the current study, SCEare counted in
thuman) normal. melanoma, and colon tumor cell
lines at four dosc levels of Mitomycin C, including
rero-dose contrals. At cach tissue-dose combination,
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20 cells in metaphase are anmalyzed for number of
chromosomes and number of SCE. The entire
experiment is replicated.

In addiion to the dose response for the three tissue
types, the relationship of SCE frequency to number
of chromosomes in cach cell is also of interest.
Karyatypic instability. the tendency of mutant cells
to have abnormal numbers of chromosomes, was
found to be unrelated to SCE-chromosome rates for
cells in any given dose-tissuc group. Dose responses
for the different tissues differed significantly. Colon
tumor cells showed a threshold effect not seen in the
normal tssue; mehnoma showed yet another re-
sponse.

DIESEL FUEL AEROSOLS

A study supported by the U S. Army is under way
to investigate the flects of diesel fuel smoke screens
on rats. Phase | of the study consisted of acute
exposures to determine a region of maximum effect
with minimum mortality. Various models, including
the PROBIT model, were used to derive a 975G
lower confidence limit for the LDy,. This dose and
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one-third of it are tentatively proposed as dosc levels

{in addttion to controls) for phase Il. a multiple
exposure study.

Phase 11 will consist of 12 treatment groups defined
by dose, time of exposure, and number of exposures
per week. These groups must be blocked into sets of 4
because of the logistics of rat shipments as well as
manpower. The confounding of certain effects with
blocks is unavoidable, but all but 2 few can be

estimated without bias. The purposes of phase 11 are
range finding, refincment of assay techniques, and
gaining general information for a final and more
claborate phase 111

RELATIONSHIPS BETWEEN
CARDIOVASCULAR DISEASE AND TRACE
ELEMENTS IN DRINKING WATER

During the past 20 years, epidemiological
studies have led to conflicting conclusions about the
relationship of cardiovascular disease to the hardness
of waier (i.c., amount of calcium it contains). It has
been speculated that these contradictions are due to
confounding factors, namely, the presence or absence
of trace elements such as cadmium or lead. A study is
under way to assess the effects of these two elements
as well as calcium and magnesium on cardiovascular
disecase in white Carneau pigeons. Along with a
dirtary factor (fat), these elements are combined in
treatment groups to produce a 2°-factcrial experi-
ment. Six-month increments inexposure time make a
sixth factor.

Data from the first five exposure periods are
being analyzed. Analysis of variance is revealing the
effects of the elements on end points such as blood
pressure and arterial plaque size and numbers. Of
particular interest is the apparent ability of calcium
to suppress cadmium-induced increases in these end
points and, in the absence of cadmium, to cause a
slight increase itself. This, of course, is exactly the
sort of confounding that was speculated.



10. Chemistry

MODELING THE ACTIVITY COEFFICIENT
OF NITRIC ACID

The Wilkon cquations’ for a two-component
system are being modified to predict activity
coeflicients in the three-component system of nitric
acid, magnesium nitrate, and water. Currently, four
unknown coeflicients are estimated from three sets of
equilibrium data. If a suitable model car be found,
the results will be commared with recent nonequilib-
rium data.*

EQUILIBRIUM CONCENTRATIONS
IN FUEL REPROCESSING

Calkculation of equilibrium concentrations in a
nuclear fuel reprocessing model requires the solution
of a large system of nonlinear algebra equations. A
natural and straightforward kinear iterative method
for solving this system yiclds rapid, early improve-
ment of an mitial estimate for the solution, but
ultimately fails to converge. More powerful nonlin-
car techniques are locally convergent, but they
require a relatively good starting point. The behavior
of these methods was studied and explained both
theoretically and numerically, which led to a very
robust hybrid approach to such problems that has
been implementec through computer software.

MULTIPHOTON DISSOCIATION
OF MOLECULES

It has been observed empirically that some
molecules may be dissociated when sufficiently
energized by a laser. Such processes have been
simulated theoretically by using both semiclassical

1. Analytical Chemistry Division.

2. Fuel Recycle Division.

3. Chemical Technology Division.

4. Chemistry Division.

5. G. M. Wilson, “Vapor-Liquid Fquilibrium; A New Expres-
sion for the Excess Free Encrgy of Mixing.”J. Am. Chem. Sox. 86,
127 (1964).

6. R.M.Counce, The Scrubhbing of Gaseows Nitrogen Oxides in
Packed Towers. ORNL-5676 (November 1980),
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and quantum mechanical models and by solving
numerically the resuking ordinary and panial
differential equations. Of particular mterest is the
onset of chaotic (stochastic, ergodic, and turbulent)
behavior of the solutions. In addition to providing a
better understanding of underlying physical mechan-
isms, such as nonlinear resonance phenomena, this
work has potential applications in such areas as laser
isotope separation.

X-RAY FLUORESCENCE ANALYSIS OF
URANIUM AND PLUTONIUM

A statistically designed experiment was performed
to examine the precision of measuring uranium and
plutonium concentrations in an aqueous solution
{nitric acid) =»nd in organic solutions [~
ethylhexanonic phosphoric acid (TEHP)] by x-ray
fluorescence. The experimemal design examined
solutions with five concentrations of uranium in the
range of | to 20 mg/mL in the presence or absence
of 10% plutonium concentrations. The nitric acid
concentrations in the aqueous solution werc at |, 3,
and 6 M, and the TEHP levels were 8, 16, and 32%
of the volume in the organic solutions.

X-ray fluorescence analysis is based on the number
of characteristic x rays from uranium and plutonium
atoms that have been energized by the x rays.
Calibration curves for uranium and plutonium
concentrations are derived from the number of
counts from solutions of known concentrations of
the two elements. Past experience indicated that the
number of counts of characteristic x rays behaved
quadratically and complicated the analysis of
unknown solutions. To overcome this problem, the
aqueous and organic solutions were spiked with
yttrium and thorium, respectively.

Calibration curves were based on the ratio of the
number of counts for uranium and plutonium to the
number of counts for yttrium and thorium. Using the
ratio of counts, the calibration curvesare linear in the
agu.eous solution, but there s an effect caused by
rutric acid, This effect was traced to the decrease in
the yttrium counts when nitric acid concentrations
were increased. In addition, the calibration curve for



the plutonium count ratio depends on the presence or
absence of uranium in the aqueous solution.
Calibration curves for the two count ratios in the
organic solution were not affected by the different
TEHP concentrations, but the curves did show
significant quadratic behavior. The quadratic coeffi-
ciemt of the uranium calibration curve is affected by
the presence of plutonium, and both the linear and
quadratic coefficients of the plutonium calibration
curve arc affected b, the presence of uranium.

DEHYDRATION AND DENITRATION OF
URANYL NITRATE HEXAHYDRATE

Uranium from spent reactor fuel is separated and
recycled by a process in which it is converted to
uranyl nitrate hexahydrate [UO:(NOs -6H,)]. which
thermally decomposes to uranium trioxide. The
kinetics of this decomposition were studied by the
thermal analysis method of differential scanning
calorimetry (DSC). This method measures the
change in enthalpy with respect to time when a
sample of the material is heated at a constant rate.
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The DSC data were analyzed using the Sestak-
Berggren cquation, which represents different con-
trolling mechanisms for solid-phase reactions by
different values of the equation’s parameter. Parame-
ters for the Sestak-Berggren equation were estimated
by the method of least squares. The estimated models
fitted the DSC dawa with multiple correlation
coefficients greater than 99%. However, estimated
models that represent the nucleation process and the
diffusion process can represemt the DSC data with
cqual precision. These modeks also give estimated
activation energy values that appear to be underests-
mated, and in some cases, at the 5% level, the'x values
are not significantly differen. from zero. Therefore,
the best prediction modek for the DSC data lead
simultancously to several reaction mechanisms and
to ambiguous estimated activation encrgics. Because
temperature and time are linearly related in the DSC
thermal analysis method, the DSC dat2 cannot be
represented by a model that is an independent
product of both a temperature function anG a time
function. To determine the reaction mechanisms and
the activation encrgics, an additional analytical
method is necessary to verify the DSC thermal
analysis data.
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A THOMPSON SCATTERING DIAGNOSTIC
FOR A LOW-DENSITY,
HIGH-TEMPERATURE, STEADY-STATE
PLASMA

The modeling of photon count data from what is
assumed to be a Maxwellian (Gaussian) distribution
was attempted with the goal of estimating the density
and temperaiure of a plasma within the ELMO
Bumpy Torus. Because of physical constraints, only
the right half of the distribution was observable, and
these data were recorded as counts in one of five
mutually exclusivc and exhaustive intervals. Using
natural logarithms of the total count ineach interval,
the model In(count), =go+ Bi X +¢; was fit, where X;
is the distance from u to the midpoint of the interval.
Defining X; thusly sets =0, and the first-order term
for X; and the cross-product term both vanish. The
estimation of the parameters was hampered by low
frequencies in some of the extreme intervals.

ANALYSIS OF EUS FIELD TEST DATA

The Energy Utilization Systems (EUS) field test
data concerning the performance of heat-pump-hot-
water heaters were analyzed Yy using both a model
currently in use and a proposcd model. The proposed
model resulted in a tenfoli increase in R®. Further
improvement is hampered by the lack of control over
installation procedures, placement of the unit, and
placement or reading of measuring devices used to
collect the data. Further modeling of laboratory data
is expected in the near future.

. Fusion Encrgy Division.

. Computer Sciences Division,
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SUMMARY STATISTICS ON THE 1977
FPC FORM 4 DATA BASE

ORNL was involved with the validation of the
Federal Power Commission ( FPC) Form 4 data base
for the Office of Encrgy Information Validation
(OE1V). Pant of this project was the task of preparing
summary statistics for the file. Requests centered
around two main subject areas: (1) dividing the range
of generation capacities into mutually exciusive and
exhaustive categories and determining the number of
companies and plants within each category and (2)
determining the number of companks generating
clectricity.

Coding inconsistencies inherent in the data files
and misspellings of company or plant names
hampered the completion of these tasks. Each
request was completed by sending listings to OEIV
for comments and then adjusting the approach used
to accommodate new ideas or corrections.

ANALYSIS AND COMPARISON
OF DATA FILES

The Office of Oil and Gas Information System
(OGIS) supplied ORNL with data tapes for the 1977
American Petroleum Institute ( AP1), American Gas
Association (AGA), and EIA-23 (Energy Informa-
tion Administration) data bases. The project con-
sisted of three main efforts: (1) editing the API; AGA
files and schedules 1 to 3 of the EIA-23 file; (2)
obtaining aggregate totals for specificd variables at
national, state, subdivision, and field levels; and (3)
determining whether the EIA-23 file could be
modeled from the API; AGA file with reasonable
accuracy.

Unanticipated organizational problems built into
the files by OGIS caused extrcme problems in
reading the files accurately. The most severe
problems werein three areas: inconsistent spellings of
field and reservoir names, numeric values wrilten as
packed decimals that could not be read correctly by
SAS or FORTRAN programs, and a file structure
not consistently in any !ogical sequence. These



problems and suggestud solutions were reported to
OGIS.

Requests for specific listings were received from
OGIS throughcut the life of the project; thus, task 2
was an ongoing onc. Thesc listings permitted
comparisons of totals, supposcdly representing the
same quantity, between the API/AGA and EIA-23
files. The impact of frame discrepancies between the
different collecting agencics and sample coverage
differences made comparisons of volumes between
the APl AGA and E1A-23 files difficult to interpret.

Task 3 was contracted 10 George A. Milliken,
Professor of Statistics at Kansas State University. In
Dr. Milliken's final report, cvidence was presented in
support of the feasibility of predicting E1A-23 values
from pre-1977 API/AGA daita files. If OGIS
completes 1978 and 1979 daia filkz, ior the API; AGA
duta base, the quality of the predicted values will
warrant completion of this task.

MODIFICATIONS TO THE ERATO CODE

The ERATO code is used by the ORNL Fusion
Energy Division to determine the stability of an
equilibrium of the lincar ideal magnetohydrody-
namic equations for a plasma in a tokamak reactor.
Modification of the code to take advantage of the
sparsity of the matrices involved began last year.
More changes were incorporated this year 1o further
reduce the CPU time, memory, and 1’ O required by
the code.

ON THE ACCURACY OF PUBLISHED
ESTIMATES OF ENERGY-RELATED
PARAMETERS

In addition to the ongoing validation surveys of
energy-related data collection systems, cfforts began
this year to provide statements of accuracy for data
published by the EIA. The gencral approach was to
compare published EIA estimates with comparable
estimat~s from other sources.

Tw-., simple tools were suggested that can be used
in the comparison of several comparab‘c estima’.s of

the same parameter. One. the tolerance cocflicient.
makes a statement about the accuracy of the
estimates versus the targetl parameter: the other. the
maximum ratio. gives a measure of the closeness
among the estimates.

A useful result is presented’ sor determining when
at least one of the estimates in the collection will be
mor> than 100a% away from the true parameter
where 0 <a <1l

MEASURING EFFECTIVENESS
OF ATTIC INSULATION

Quaainative estimates of the effectiveness of attic
insulation are typically based ona system co™vaent
approach [i.c., summation of R or U values (from
tables) for the individual components of thn house
structure] This approach neglects degradation of
insulation effectivencss caused by the effects of air
infiltration, convection heat foss, insulation aging,
insulation moisture content, or any other factors
normally present in the attic insulation’s environ-
ment. Consequently. vahd questions can be raised
about the true effectiveness of attic insulation; these
questions can only be resolved by analyzing ficld
data.

Actual energy consumption and weather data for
approximately 35 single-family residences in the
Knoxville, Tennessce, arca were examined to
determine the cffectiveness of attic insulation. For
cach residence. lincar regression techniques were
used 1o dectermine the average winter encrgy
consumption rate (kJ/degree-day) for two years
before and three years after the attic insulation was
installed. Comparison of energy consumption rates
before and after installation showed a decrease in
85% of the residences. Seasonal variation and
balance-point changes wercaksoin=stigated 1or each
residence.

7. H.Tsaoand Y. Wnght. Tolkerance Coefficieni and Maxinan
Rario: A Note on Two Simple Toob for the Comparison of Several
Estimates of the Same Parameter in preparation).




12. Engineering

CENTRIFUGE FORCED RESPONSE, MODE
SHAPES, BALANCING

CLYINDER, a rotor dynamics computer pro-
gram, was introd.>ced in a previous report.® This
program has beend xumented. From CLYINDER a
new program, SYMCYL. is evolving. SYMUYL is
being used to simulate rotor imperfections and to
provide deflections to test the feasibility of a new
balancing technique. This technique. implemented in
an evolving program. INCYL, had rcqulred least
squares software for stacked. banded matrices; that
is, lhc least squares matny is of the form ( B, .
BY)”. where cach B,is of order 400 and Sandwidth 8
A reformulation of the problem has i»°d to a large
band matrix bordered down one side. Appropriate
software is being developed. investigation of the
condinion of the B, matrices is being pursued. and
extensive simulation studics are being planned.

Development of the computer program MODE
SHAPE. which cakulates the natural frequencics
and mode shapes of a rotor, was discussed in a
previous report.! The original MODE SHAPE has
been superseded by MODE SHAPE Il. Recent
modifications to MODE SHAPE Il include a more
flexible input and an output more readily plotted by
the software.

Computer-produced movies to depict the center-
line of a spinning rotor were introduced ina previous
report.* The latest movie, MOVIE 1. depicts actual
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8. R. E. Funderiic. "Mode Shape Analysis and Centrifuge
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Research bnparimern Progress Repxy, Period Ending June 30,
1980, ORNI. CSD-61 (Sepiember 1980), p. 29

NS WA -

W. C. Dietrich’ M. T. Heath D. S. Scott

R. E. Funderlic R.J. Kedl F. H. Speckhant’
D. W. Gilbert? E. M. McCluer*  A. D. Solomon
L. J. Gray R. N. McGilP M. P. Ternes®

S. E. Groothuis’  J. F. Martin® D. G. Wilson

S. A. Haw' C. A. Serbin

centrifuge data at operating speed and build data.
Components of the build function from MODE
SHAPE 11 (ft by the Jeast squares method) are
successively and additively subtracted from the build
curve to depict their contribution. A report describ-
ing the programming of such a movie has been
published.” The report assumes the input is discrete
output from a machime or output from CYLINDER.
In the report, which documents the computer
program REVOLV, a makeshift example models a
hypothetical steel rotor. Related three-dimensional
Calcomp plots have been useful in depicting actual
centrifuge  deflections. MODE SHAPE 11, and
CYLINDER deflections. Ako, plotting software is
available to assess how closcly curves from different
rotor models resembie each other. One curve is held
fixed, while the sccond is rotated and scaled to match
the first by using the least squares method. The
residual is plotied in three dimensions.

ELECTROCHEMICAL MACHINING

A project on the modeling of the electrochemical
machining (ECM) process has been started. The first
goal of the project is to produce a computer code that
will predict optimum working parameters for an
arbitrary tool shape. Optimum i this case means
minimizing machining error (i.c., the grometrical
difference betweea the machined part and the tool).
The method to be used is that of Kozak.'® Eventually,
it is hoped that this will kead to a code that will predict
the tool shape, given the desired seometry of the
machined pzrt.

9. S. A. Haw and R. E. Funderlic. Implemeniarim of u
Computer-Produced Movie, ORNL. CSD TM-130 (November
1980).

10. J. Kozak, “Ontimization of the Elccirochemica) Machining
Process from :he Point of View of Geomeircal Accuracy.™ Arch,
Budowy Mas:. 22, 387-98 (1975),



LATENT-HEAT THERMAL
ENERGY STORAGE

Collaboration in latent-heat thermal energy
storage (TES) via a phasechange material (PCM)
has centered on the use of analytical and computa-
tional methods for analyzing and predicting the
behavior of various { TES) systems. The followingare
some of the significant achievements of this effort.
which were obtained during the reporting period.

A slab, cylinder. or sphere of PCM. initially atits
mlting temperature and in solid state. s subjected to
convective heat transfer from a warm transfer fluid of
temperature Ty at its surface. If its radius is L and its
thermal diffusivity is a. then s meling time is piven

by

L 1
- ——— B +_..
aSi(1 + g) 0.5

B +0.50.25+0.178))St |,

where 8 =20, 1. 2 as the body is a slab. cylinder. or .

sphere and as Bi and St are the Biot and Sicfan
numbers. respectively. The Biot number is the ratio
of convective heat transfer to the body over
conductive heat transfer in it. The Stefan number'!
represents the ratio of sensible heatdrop (between T,
and the melting temperature) to the latent heat and is
the key parameter in phascchange models. This
relation is accurate to within a 105; relative errorover
the range 0 < St <4 and 0.1 < Bi."?

A PCM rectangle of side lengths a and bis initially
in its solid state at the melting temperature and is
subjected to a constant, uniform boundary tempera-
ture above its melting point. The melting time of the
rectangle is then given by

3

a a _XI+042S5)
+0.25¢ L 272000
Bas | HO28Y. for < TS
and
ab a _ 21 +0.42S1)
| +042S) . for L 20 T08D
amast U H 0428 for > sy

Here a is assumed to be the chorter side. a << h. This
relation has been found to be accurate to within a

1. A, 1. Solomon, A Sote on the Stefun Number in Slab
Melting and Selidificanon.” Terr. Hear Maw Trander (1K1
{forthcoming).

12. A 5 Selomen. “On the Meltng Time of 4 Sinple By
with a4 Comvection Boundary Conon” Lo hear M
Transfer 7, 183 88 (19K0).

10<; relative error for St < 4.'° Other similar results
have been obtained for a variety of problems.'*'*

in support of the study of the crawkspace—heat-
pump augmentation concept.' a simulation program
was prepared for a 3-m-deep (10-ft), 12-m-long (40-
f1) rectangutar region 1n the ground below a tunnel
that is thermally insulated from the house above. The
simulation includes air that is being pumped through
the tunnel from the (cold) ambient air and predicts
the temperature of the air at points including its
outlet: the simulation also predicts the air tempera-
ture in the earth at various depths. The program
includes the effects of possible surface freezing of
ground moisture. Using the program. comparisons
between observed temperature values and computer
predictions were made during February 1980 for a
tunnel beneath a test house. The computer model was
found to accurately predict temperature trends and
to differ by only a few degrees at most from the
recorded data. A typical result is that obtained for
12:00 noon on February 12:

Temperature
CK
Thermocouple Observed Predicied
1 M 32
2 39 35
3 9 k)
4 37 4
5 41 kY
6 44 39
7 37 36
8 40 R}
9 42 19
10 23 20
I » 27
12 i3 k]|

Here. thermocouples | through 9 are located at
various positions and depths in the carth, and
thermocouples (0 through 12 give the air duct

13 A D Solomon, “An Fxpresion lor the Mcelting Time of s
Rectangular Bods.™ Jowr Hear Mass Tramsfer 7, 379 K4 (19%0).

14 A D, Soloman, "On Moving Boundary Problems and
T atent Heat Fheomat Faergy Storage. Part 17 Iveael Clhom. Fog..
1, 17 19 (19%0).

15 A D Solomon, “On Moving Boundary  Problems and
Latent Heat Thermal Facrgy Storage. Part 1.7 Jvrael Chem. Eng.
9B 1) (oetheomng).

(6. A. D. Solomon, “Some {Useful Relations for Phase Change
Heat Transfer Problems,” Indis. Marn. (forthcoming).

17. M. Ternes. "Crawl-Space-Assisted Heat Pump,™ Proceed-
ings of Thermal Fnergy Storage, Fourth Annual Review Meenung,
DOE Publication CONF-791232, [ecember 1979, pp. 272-76.



temperatures. In particular. thermocouple 12 gives
the air duct outlet temperature. reflecting the
warming cffect of the ground.

There is current’y a lot of interest incxamining the
potential use of the University of Defaware PCM
Chubs for various TES purposes. One such purpose
is in storage-assisted air conditioning, which involves
the use of Chub arrays in parallel witha lower-power
air conditioning system in a home. The study of this
system requires a simulation tool that will ()
accurately model the temperature distribuiion and
phasechange process within the Chub and, at the
same time, (2) take intoaccount the fact that anarray
of Chubs at lower temperature may dehumidify the
warmer, humid air flowing over them. With this in
mind, we have extended the TES program'® to mode!
- arrays of PCM cylindzrs with an air transfer fluid
undergoing possible dehumidification. We assume
convective heat transfer at cach cylinder surface and
make use of a package simulating the psychrometric
table for humid air. The program is now running and

18. A. D. Solomon, Simulation of a PCM Storage Subsystem
Jor Air Conditioning Assist, ORNL CSD-77 (forthcoming).
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will be compared with data obtained from tests
currently being carried out."'® Additional simula-
tion efforts have been applied to a vanety of
questions.™

DYNAMIC ANALYSIS OF PIPING SYSTEMS

Dynamic analysis of piping systems is a required
part of the design of a nuclear reactor. The major
mathematicaltask involved indynamic analysis is the
calculation of 10 to 100 cigenvalues and cigenvectors
of a generalized cigenvalue problem. The Tennessee
Valley Authority uses the software package TPIPE
1o solve dynamic analysis problems. The eigensolver
in TPIPE was replaced by a shift and invert Lanczos
algorithm. which resulted ina factor of 3 reductionin
computing time required for a problem with 3600
degrees of freedom. The mod.ficd code is currently
being centified for production usc.

19. 5. Rizrawo, F. Anvil, M. Lang. and A. Tortora, “Storage-
Assisted Air Condition,” presented at U.S. DOE Thermal Encrgy
Storage Contractors” Meeting. Denver, Colo., May 14-15, 1980.

20. A. D. Solomon, "On Surface Effects in Heat Transfer
Calkculations,” Comput. Chem. Eng. S, 1-5 (1981).



13. Environmental Sciences

S. M. Adams' J. W. Flwood'
J. J. Beauchamp C. W. Gehrs'
J. Cooney' M. T. Heath
G. A. Cotsonis V. E. Kane

PHOSPHOROUS DYNAMICS IN STREAMS

A compartmental mode! of phosphorous dynam-
iCs in a stream ecosystem leads to aninitial boundary
value problem for a system of three ordinary and two
partiai differential equations. This system includes
both convection and diffusion terms and is, there-
fore, of mixed type. The system was solved
numerically using the method of lines with spatizl
discretization by cubic spline imerpolation. The
purpose of this project s to gain insight into the
phenomenon of nutrient spiraling in stream ecosys-
tems.

COMPARISON OF PHOSPHORUS
ELIMINATION RATES

A study was conducted to evaluate the eficct of
microconsumers (protozoans) on phosphorus turn-
over using P as a tracer. The first phase of the
experiment imvolved collecting random sampies of
stream sediment and allocating them to the following
treatment groups: (1) sterile (no hving microorgan-
isms present), (2) live (natural living microorgan-
isms), (3) pasteurized (same as live without the
microconsumers), and (4) pasteurized-reinoculated
(same as pasteurized, but with microconsumers
reinocuiated). These treatments make it possible to
evaluate the ~ffect of removing alt microorganisms,
as well as the effect of the process of removing the
microconsumers (pasteurization) on the PO,P
sorption and tumover by the stream sediments.

To measure the sorption of **PO, from the stream
water, the replicate containers in each treatment
¥roup were first exposed to equal concentrations of

PO, until this concentration reached equilibrium,
Turnover of P associated with the sediments in
each trcatment was measured by placing the
containers in artificial streambeds and periodically
collecting sediment samples from each replicate for
two weeks. The *2P concentrations were recorded for

I. Enviwonmental Sciences Divaion,
2. Cornc!? University.
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E. Leach P. T. Singiey'
R.B. Mclean' D.A. Wolf
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cach sample and used toevaluate the **P rurnover for
ecach treatment group. The double exponentia!
relation J1) = @™’ + ae™” was found to
adequately describe the concenmtration y(f) as a
function of time since the sediments from each
treatment were placed in the streambed ¢. Nonlinear
Jeast squares estimation procedures were used to
determine the parameters a and b from the observa-
tions on cach replicate. The multivariate statistica)
technique, canonical amalysis, was used to evaluate
significant treatment group differences by using the
vector of estimated parameters from cach replicaie.
The results of this analysis showed that significant
treatment differences do exist, primarily from the
differences in the estimated a coefficients. Because
these coefficients can be associated with the equilib-
rium kvel of P achieved during the uptake
(sorption) portion of this experiment, the results of
this study support the conclusions of carlier studies,
which were that sterilization and pasteurization
affect uptake of PO, by stream sediments. The
absence of significant differences in the b coefTicients
indicates a need to modify the expcrimental
technique to reduce the possibility of contamination
in some of the treatment groups during the turnover
phase of the experiment.

EFFECTS OF TEMPERATURE ON
PREDICTING IMPINGEMENT

A model to describe changes in fish impingement
as a function of water temperature and change in
water temperature w2 described inan earlier report.?
The predictive mode:}, which incorporates the moving
average and lagged cffects of temperature and change
in temperature, has been evaluzted using impinge-
mens data for two fish species most often impinged at
the Tennessee Valley Authority's Kingston Steam
Plant. Formulation of the temperature model

3. “Impingement ac the Tennessec Valley Authority Kingston
Steam Plamt.™ Mathematics and Statistics Researvh Depariment
Progress Report, Period Ending June 30, 1980, OPNL, CSD-61
(September 1980), pp. 32-33,
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allowed testing of meaningful hypotheses about
effects of water temperature and rate of change of
water temperature on the magnitude of impinge-
ment. A comparison of the derived model with
another model that ignored effects of temperature by
assuming no change in impingement over short
periods of time (< 3 d) showed that adjustment for
temperature cffects increased the accuracy of the
predicted impingement for both species. Effects of
hydrology on the distrib. :ion of fish on different
intake screens were inferred from hvdrological
approach and conclusions about hydrological effects
may be applied to other systems in which cold-
stressed schooling fish are impinged.

COMPARISON OF TWO METHODS OF
*Sr DETERMINATIONS

Water samples collected frcm monitoring wells
located within and near the ORNL burial grounds
have been routine’y analyzed for radioactivity. The
established methodology for **Sr determination in
aqueous samples involves chemical separation. A
comparson between the standard chemical separa-
tion method and that of the more rapid Cerenkov
radiation counting method was made on samples
from waste disposal areas. For cach sample, a ~ Sr
determination was recorded for each of the two
methods. The first step in the statistical analysis was
to examine probability plots of the distribution of the
®Sr determination values for cach methcd, this
distribution was found to be reasonably approxi-
mated by a log normal distribution. The paired
transformation observations weiz evaluated to
determine if a significant difference existed between
the two methods. The results of this analysis
indicated a high correlation (r = 099) and no
significant difference (P > 0.40) between the two
methods. The results of this analysis have given
additional evidence that the Cerenkov radiation
counting method reduces both cost and sample
processing time when screening samples with low " Sr
concentrations.

QUADRATIC CALIBRATION OF TRACE
METAL CONCENTRATION

Atomic absorption spectrophotometry is used to
determine the corcentration of trace metals in
scawater. Analysis of secawater samples has shown
the “signal” (y) from the spectrophotometer to be
related to the trace metal concentration (x;) and
salinity (x2) through the polynomialapproximation y

KX

= by + bixy + bz + byixy + bexi”. A calibration
curve has been determined from an analysis of
samples with known x;, x; values by using this
relation. In addition to providing estimates of the b
cocflicients, the calibration data provided an
estimated covarisnce matrix. Samples with unknown
x; concentration and independently determined x;
concentration by an altermative method were
analyzed. Because the determination of x; is known
to be very accurate, it was assumed that var(xz) =0.
With this information, a confidence interval on x;
was obtained for a given signal (y) and fixed salinity
(x2) by using the results of Ferris. This analysis will
be quite helpful in obtaining interval estimates of
trace metal concentration from unknown samples.

ACUTE TOXICITY OF ACRIDINE TO A
CALANOID COPEPOD

A habomatory study was performed using a
calanoid copepod (Diaptomus calvipes) as a test
animal toinvestigate the acute toxicity oi acridine, an
azaarene found in some coal conversion cffluents.
Separate groups of animak were raised at 3
temperatures (16, 21, and 26°C); rand om samples of
animak were then subjected to J feeding regimes
ranging from starved to well fed for 5 d before testing.
The purpose of incorporating the different feeding
regimes into the experimental design was to investi-
gate th.. effect of nutritional state on mortality from
exposure. Groups of 60 animals, in a I:1 sex ratio,
were exposed at each of 6 concentrations of acridine
from 2.4 to 10.0 mg/ L. In addition, control groups
(no acridinc) were incorporated in the experimental
design to monitor the experimental technique. For
cach combination of experimental factors (tempera-
ture, feeding regime, sex, and acridine concentra-
tion), the animals were observed at 24-h intervals for
96 h, and the number of dead animals was noted.

The following logistic model has been proposed to
describe the survival time T of the animals in a
treatment group defined by a combination of
experimental factors:

AT< )= 1/{1 +expl(u - Inr) /8]},

where 1 is the observation time (24, 48, 72,96 h), u is
the location parameter, and 8 is the scale parameter.

4. Y. M. Ferris. Prcpagation of Error Procedure for General
Quadratic Calibration Curves. TID-4500-R60. Dow Chemicu)
USA, Golden, Colo. (September 1974),



Maximum likelihood procedures were used to obtain
the parameter estimates for each treatment group.
Preliminary analysis of the data indicates that the
logistic model is doing an adequate job of describing
the survival data for each treatmemt group. Addi-
tional analyses will be performed to determine if a
toxic threshold model describes the change in the
estima-ed half-life, exp(u), as a function of acridine
concentration. The estimated parameters in the
threshold model can then be used to examine the
effects of the other experimental factors of water
temperature, sex, and feeding regime on survival .

DIGESTION RATES
OF FRESHWATER PREDATORS

Laboratory experiments have been performed to
determine the time requued by predators (large-
mouth bass) to digest prey (minnows or shad) at
various temperatures. This information is critical in
developing a methodology for determining field
consumption (daily ration) of predators. Knowledge
of field consumption is important for evaluating the
effects of prey availability on growth and monality
and for estimating the impact of predators on their

food supply. The experimental design involved
holding individual bass in cages at fixed water
teraperature and feeding them a known weight of
prey. Predator stomachs were pumped at vanous
intervaks following feeding to remove the partially
digested prey. Six different water temperatures from
14 t028° C were examined. and a suf ficient number of
predators were initially fed at each temperature so
that four individual fish cculd be randomly selected
at each of the predetermined observation times. The
measured response for cach fish was the percentage
of the known initial food that was digested in cach
sample interval. A linear log-log regression function
was found to do an adequate job in describing the
time versus percentage digestion data for cach
temperature group. A comparison of the different
water temperature groups was made in terms of the
estimated parameters and also in terms of the
estimated times to 95¢; digestion. Inverse regression
was used to obtain confidence limits on the time 10
95% digestion. Results of the statistical analysis have
been helpful in quantifying the impact of predators
on their food supply and in evaluating the effects of
prey availability on predator growth and mortalit..
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CALIBRATION OF THERMOLUMINESCENT
DOSIMETER METER BADGES

The new thermoluminescent dosimeter (TLD)
hadges have been studied extensively inan attempt to
-termine how to estimate an employee’s radiation
exposure from the energy trapped in the TLD's two
lithium fluoride (LiF) chips. '

These studies included both short- and long-term
studies that were designed to establish a relationship
between the exposure and the TLD'S responseand 1o
Jetermine how well the LiF chips held their responses
over time.

RADIATION MONITORS,
THRESHOLD DETERMINATION

The goal was to establish alarm thresholds for the
detection of varying amounts of **U using walk-
through detectors. The detection technique consisted
of two components. The first component checks for
possible metal serving as a shield to the uranium, and
the second component is a ***U detector. Limits were
to be set 10 satisfy DOE requirements. It was desired
to set alarm thresholds so that the chances of
incorrect detection were small. Data were collected to
verify underlying model assumptions that were
necessary for the establishment of realistic alarm
thresholds.

SAMPLING PLAN FOR INDUSTRIAL
HYGIENE MONITORING OF THE
H-COAL PILOT PLANT

Coal liquefaction products are expected to have
major use as boiler fuels, fuel oil, and chemical
feedstocks, and the prejected energy production is

Development Davision,

. Central Management Division.

. American Cyanamid Company. Stamford. Conn.
Health Division.

. Health and Safety Rescarch Dnavion

. Y-12 Technology Dinision.
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several quads in the next two decades. The H-Coal
process is one of several methods under intensive
technological study, and operation of a pilot plant
will provide engineering data for scale-up. The
objective of the H-Coal Enviionmental and Heahth
Program is to provide data and information to
support analyses and assessments of coal liquefaction
technology.

A sampling plan for monitoring plant areas and
personnel at the H-Coal pilot phnt suhe was
developed and reviewed. The focus of the plan is the
identification of potential exposure to contaminants
currently unrcgulaied. The goal is to achieve an
integrated industrial hygiene activity that will
provide the necessary information for subsequent
commercialization of the H-Coal process.

Consideration is currently being given to the
analysis of some of the data being reported.

MONITORING FOR COMPLIANCE
WITH DECOMMISSIONING CRITERIA

The use of stratified sampling was explored in a
report’ designed as a general-purpose guide for those
with concern for thc final steps needed 10 ensure that
a former radiological site has been cleared up to the
point that it is safe 1o release that site for unrestricted
public use. The guide is aimed at two parties: (1) the
licensee who wants 10 dispose of the site and (2) the
regulatory agency inspector who wants to be sure
that the site is (or is not) safe to release.

The purpose of this report is to give guidance and
direction on how the licensee shall carry out his final
survey, such that its design, procedures, results, and
interpretations can be compared with existing stan-
dards.

7. C. F. Holoway, J. P, Witherspoon, H. W. Dickson, P. M.
Lantz, and T. Wright, Monitoring for Compliance with Decom-
missioning  Termination Survey Criteria, NUREG CR-2082,
ORNL. {HIASR D95 (Junc 1981),




15. Material Sciences

R. H. Cooper’
1. Federer'

T. L. Hebble
R. L. Hustand'
H. Inouye’

IRIDIUM PROGRAM

Statistical analyses of iridium sheet chemistry and
impact data were conducted in support of an indium
task force created to identify sources of problems in
producing flight-quality hardware for the Indium
Base Technology Program. The major problem is the
tendency of iridium cups to crack when fabricated
from particular batches of raw material. These cups
are to contain the power sources for future space
flights and must withstand minimum impect stan-
Jards. No major problem source could be identified.
Varying methods in reporting data over several
indium batches made it difficult 10 reach valid
conclusions. Also, chemistries were usually reposted

1. Mectals and Ceramics Division.
2. Y-12 Development Division.
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D. W. Post’
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as a range of values or asan upper orlower limit. The
graatest value in the analyss is in eaming when and
what new daia need to be collected; the analysis
focuses on what you have and where you ought to be

going.

KEVLAR YARN

The study of the properties of Keviar yarn has
continued. Based on the results of studies reported
previously,’ sampling plans are being prepared to
allow for the evaluation of a new lot of material. The
review of proof testing methodologies for products
using Keviar yarn has continued on a reduced level.

). “Keviar Yarn,” Mathemaitics and Siatistics Research
Department Progress Repors. Period Ending. June 30, 1980,
ORNL: CSD-6! {September 1980). p. 36.



16. Safeguards

E. E. Johnson'

VARIANCE FORMULAS
FOR INVENTORY DIFFERENCES

The error propagation variance formulas devel-
oped for the Y-12 Plant material balance area (MBA-

I. Y-12 Quality Division.

»

W. E. Lever

72) feasibility study” have beenaugmented to account
for process correlations that were previously omitted.

The error propagation approach of determining
the reliability of the uramium invenjory differences is
one of several possible approaches to the problem
now being considered by management.

2. “Variance Formuia for Inventory Differences.” Marherarics
ond Siatissics Research Departnsers Progress Reporit. Peviond
Ending. June 30, 1980. ORNL CSD-61 (Scptember 1980). p_ 39.
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AMERICAN WELDING SOCIETY STUDENT
MEMBERSHIP SURVEY

A census survey of student membership in the
American Welding Society (AW S) was conducted to
better understand studem member makeup and to
find ways of encouraging greater participation in the
society by both members and nonmembers. Of the
3054 questionnaires sent to students, 1551 were
completed and returned—a response rate of 50.8%.
This compares favorably with the 51.3% response
rate for student members in the gencral membership
survey conducted in 1977.°

Results confirmed the widely held view that the
instructor in the vocational or trade schooland inthe
university plays a significant role in building student
membership. Nearly two-thirds of the respondents
listed “encouragement by an instructor™ as a reason
for jomni:e; “ecncouragement by other students”
accounted fo. 109 of the responses; and “encourage-
ment by AWS members”™ accounted for 5%. The
instructor also played an equally important rolke in
first introducing AWS 10 students. Those students
encouraged to join by instructors or other students
tended to be less active in local AWS meetings. The
student members who joined for social reasons,

I. Metals and Ceramics Divson.

2. American Welding Socicty.

1. "Mail Survey of Amercan Welding Socxcty Membenhip.”
Mathematics and Stanstics Research Depariment  Progrew
Report, Period Ending, June 30, 1978, ORNE. CSD-34 (Septem-
ber 1978). pp. 42 4.

3%

technical development, or industry contacts tended
to participate more actively in local activities.

The survey also confirmed the existence of two
strong groups within the student membership (as
there were similar groups within the overall organiza-
tion). One group has a strong scientific. engincering
background; the other group has a strong vocational
or trade background. This dichotomy permeated the
entire structure and was scen clezrly in the responses
to questions.

WORD PROCESSER USAGE

Word processor usage (percentage of time in actual
use) in the Metak and Ceramics Division was
determined by estimating the parameter in the
binomial distribution from data taken over a period
of 25 d. Daily inspections were started at randomly
selected times, once each morning and once each
afternoon. A shortened work day was defined as 8:30
to 11:00 AM and 1:30 to 3:15 PM to minimize the
effect of absences cansed by varying work schedules.
The overall mean was 46.9%, with a confidence level
of 95% for the mean falling within the interval of
43.9% 10 49.9%:; the median was 50.0%. Downtime as
a result of machines being repaired or waitii:g for
repair was not included in the results; suchdowntime
was negligible.

As a group, the eight secretaries averaged 51.5%,
whereas the six machines in the Reports Office and
the two machines used by part-time employees
averaged 44% and 37%, respectively. If the two
secretaries on leaves of absence during the experi-
ment were omitled from the calculation, the
remaining six secretaries were using their machines
nearly two-thirds (64%) of the time.



18. Uranium Resource Evaluation

C.S. Bard'
C. L. Begovich”
T. R. But?'

J. G. Grimes'

URANIUM RESOURCE
EVALUATION PROGRAM

The Mathematics and Statstics Research Depart-
ment (MSRD) has supported the Union Carbide
Corporation Nuclkear Division's (UCC-ND) involve-
ment in the Uranium Resource Evaluation {(URE)
Program since 1976. Early efforts were directed at
data collection procedures and automation of many
statistical analyses. Research. reporied previoushyv.
was also conducted on multivariatc methods that
enhance low-level uranium anomalics and enable the
identification of possibk new sources of mineraliza-
tion. Currently. work is being completed in enhance-
ment methods. and gemeral assistance s being
provided for the historical archiving of ahout |
million samples in Oak Ridge.

The reconnaissance portion of the URE program s
complete: more than 700.000 total samples were
collected in various parts of the United States. The
curremt UCC-ND effort is directed toward the
chemical analysis and reporting of over 125000
samples fiom Los Alamos National Laboratory and
Savannah River Laboratory. About 150 data reports
will be completed during FY 1981. Also, a national
URE historical archive for sediment and selecied
water samples has been established in Oak Ridge.
The data processing required for this effort is being
provided by the Computer Scicnces Division.

OPTIMAL INTERPOLATION PARAMETERS

Interpolation methods are often used before
contouring geochemical data because most contour-
ing procedures require values on a regularly spaced
grid. Most interpolation procedures reguire specifi-
cation of several parameters. and itis well known that
the appearance of the resulting contours can change
appreciably ., depending on the choice of parameters.
The estimation of the value of a geochemical
measurement, >(x. ). at the location v, v often

. Uramum Resource Fyaluation Propct
. Computing Applications Ieprtment,
. Department of Mathemutics. Unineraty of Anzong

v

V. E. Kaue

involves inverse distance weighung (IDW). Consider
n sample values =y..... =, where =, = =(x.. i); then,
the IDW procedure estimates unknown values by
computing

Ax, ¥) = ) WS 'L W,
=1 / i
where

0 fr>c

.
r.. fr<ce

and r; is the distance from x, y to x,. ¥;. A least squares
procedure was developed 1o estimate the parameters
p and c.

Geochemical data scts are often large. and it is
posstble to omat n” sampkes (sav. " = n 4) from the
least squares estimation of g and v and compute

L=~ 20
Sy = ’—I—";

Y-z
[

where S4p) s estimated from the - 0" samples. A
value of Sip) - 1 implics estimation is worse than
using the mean value as an estimator, Figure 4 gives
examples of S(p) curves (¢ fixed) that provide
geologists with comparative clement information as
well as possible variability of the final estimate of p.

VARIOGRAM MODELS AND KRIGING

A study was conducted’ to assess the potential
application of Kriging 10 geochemical data. Kriging

4 DF Myern CT Begovwh. T R Bulz,and v+ Kane.
Applwanon ol Krigng 10 Hydrogeochenncal Data 1rome e
Savonal | ranwan Resesince Ivaluation Progoane, Vianum
Resource Frvabuation Prowct Report K F R-$33 (December 1950
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has traditionally been applied to mining problems:
thus. appiication to geochemical data presented
several difficulties. It was necessary to construct
variogram models for each element and geologic
formation considered. Four general types of modcls
(linear. constant-lincar. concave. and convex) were
found appropriate for all cases considered. A
procedure was developed for estimating the vario-
gram in both isotropxc and amsotropic cases. The
variogram analysis cnabled assessment of the
assumption of statistical independence of regional
samples. which is commonly used in standard
analyses. Finally. the estimated vanograms were
used in computing Kriged estimates used in contour-
ing applications.

IDENTIFYING POTENTIAL
URANIUM MINERALIZATIONS

A common geological exploration method used to
identify mineral potential in an unknown area is to
make analogies with known areas. Several of the
URE Special Study Project areas included known
uranium deposits that were sampled tocharactesize a
mining region. The remaining samples from the
project area were grouped according to geologic unit,
Swandard quadratic discriminant analysis technigues
were used to derive classification criteria, which were
then used to classify the samples into the mine group
or one of the geologic unit groups. Contour plots of
the sampies’ posterior probabilities, assuming the
samples were from the mine group. were useful in
outlining areas thought to have uranium potential.

An extension of the technique described by
Beauchamp et al.’ was also implemented to identify

5. J. J. Beauchamp, C. [.. Begovich, V. E. Kane. and . A.
Wolf, “Application of Discriminant Analyvsis and Generalized
Distance Measures to Uranium Exploration.” Marh. Geol. 12,
539-58 (1980).
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potential uranium mineralization. Unknown arcas
with uranium potential are expected to have
interelement relationships similar to those in the
mine. but the intensity of the signal expressed as the
concentration levels of the various elements might be
different. Instead of using an anomalous population
and a single background population as described by
Beauchamp et al.. multipk background populations
were considered *”

GEOCHEMICAL SAMPLE ARCHIVE

Samples collected in the URE Trogram are being
places in archival storage in Oak Ridge. Thisarchive
is to serve as a long-term historical record for the
URE samples. The MSRD deeloped an automated
system that enables entry and retrieval of selected
sample information. It is possible to enter a
geographic region and identify the URF samples
within the region along with the archival storage
location.

6. T. R. Butz. N. E. Dean, C. S. Bard, R. N. Helgenon_ J. G.
Grimes, P. M. Pritz, and D. A. Woall. "Hydrogecochemical and
Stream Sediment Detailed Geochemial Survey Tor Edgemont.
South Dakota: Wyoming.™ Uranium Resource Evaluation Project
Report K UR-38. supplement ! (forthcoming).

7. T.R. Butz. D. J. Tieman. J. G;. Grimes, C. S. Bard. R. N,
Helgerson. P. M. Pritz. and D. A, Woll, siream Sedimens
Deiailed Geochemical Survey for Data Creek Basin, Arizona,
Uranium Resource Evaluation Proget Report K UR-34, supplc-
ment 1 (forshcoming).
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Part C. Educational Activities

The Mathematics and Statistics Research Department (MSRD) s active in a number of educational
areas of a professi~nal and academic naturc. This year the department was responsibk for organizing a
mini-workshop on computational statistics. Department members also organized and participated in various
seminar series and were involved with several courses presented in the in-hours training program. In
addition, several members served as visiting lecturers to sponsoring colleges for an Oak Ridge Associated
Universitics (ORAU) program, supervised students, and engaged in university tcaching. Finally, interaction
with university personnel on consulting and research activitics is encouraged through short- and long-term
visits and the general use of consuliants.

WORKSHOP ON COMPUTATIONAL STATISTICS

The depariment organized a mini-workshop on computational statistics, which was held in Oak Ridge.
Tennessee. on September 34, 1980. Seven statisticians and mathematicians from other institutions
partcipated: R. L. Anderson (University of Kentucky), B. W. Brown (M. D. Anderson Hospital. Houston).
R. E. Cline (University of Tennessee), E. L. Frome (ORAU), J. E. Gentle (International Mathematical and
Statistical Libraries, Inc., Houston). M. D. McKay (Los Alamos National Laboratory). and G. W. Stewart
(University of Maryland). Including MSRD members, approximately 20 people panicipated in the program.

The purpose of the workshop was to learn more about computational statistics and its potential
importance to the Depariment of Energy’s Applied Mathematical Sciences program. Topical arcas of
discussion included possible definitions of computational statistics, current rescarch programs in
computational statistics. new rescarch areas where work was needed. the number and qualifications of people
necessary to conduct a rescarch program, and the organization of such a rescarch program.

IN-HOUSE EDUCATION PROGRAMS

The department served as host on June 22-23 for a “dry run” of an American Statistival Association
(ASA) short course to be offered at the 198 national mecting of ASA in Detroit. The ccurse was based on
the second edition of the text Practical Nonparamertric Statistics (Wiley, New York, 1980). The author of the
text, W. J. Conover from Texas Tech University, and R. L. Iman from Sai dia National Laboratory
presented the course to over 30 statisticians from the Oak Ridge area.

C. K. Bayne and T. J. Mitchell taught the Practical Statistics [l course during the spring quarter as part
of the Oak Riige National Laboratory (ORNL.) in-Hours Continuing Education Program for Scientific and
Technical Personnel. This course, a continuation of the Practical Statistics | course, covered (1) analysis of
variance, (2) regression analysis, and (3) design of experiments.
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M. T. Heath taught a course entitied Computer Methods for Mathematical Computations during the
winter 1981 term to 25 students in the ORNL in-hours continuing education program. The emphasis of this
course was on the use of high-quality numerical software to solve mathematical problems such as svstem of
linear or nonlincar algebraic equations. interpolation. integration. differential equations. optimization. least
squares, and cigenvalue problems.

W. E. Lever acted as class monitor (or one presentation of the J. Swwart Hunter ilm course on
cxperimental design topics. which was jointly sponsored by the Y-12 Training Department and Quality
Division. Offered to Y-12 and K-25 employees. about 22 employees regularly attended the classes. The
course consisted of 33 vidco casscette presentations. which are being leased by the Union Carbide
Corporation for a ten-year period.

SEMINAR SERIES

The departiment conducts a biweekly seminar serics dealing with the rescarch and consulting activities of
the staff. Outside speakers are also mvited 1o give othor presentations. The names of the speakers. their
affiliations. if not with MSRD. and the titles of their talks arc listed at the end of this section. The seminar
series is coordinated by D. G. Wikon.

R. C. Ward of MSRD and R. J. Plemmons of the Depaniments of Mathematics and Computer Science.
University of Tennessee, organized a weckly seminar seric< on matrix methods in numerical analysis. The
series, held at the University of Tennessee this year. began in January and continued into March. This is the
sixth consecutive year for the serics organized by MSRD and the University of Tennessee. The speakers’
names, their affiliations. f not with MSRD, and the titles of their talks are given at the end of this section.

V. E. Kanc and S. A. McGuire organized a weckly study group based on a short course given at the
1980 annual ASA national meeting in Houston, Texas. The text. Regression Diagnostics, by D. A. Belsiey.
E. Kuh, and R. E. Welsch (Wiley, New York, 1980) was the basis for both the short course and seminar
series. The intent of this short course was to acquaim staff members with approaches to identifying
influential observations and sources of collincarity whi'e simultancously introducmg computer software that
facilitates implementation of the techniques. The course was conducted from April through August; 12
MSRD staff members participated.

M. D. Morris helped organze a study group to examinc statistical methods used in cpidemiologic
studies. Mectings are held monthly and are atiended by statisticians and epidemiologists from ORNJ. and
the Tenncssee Valley Authority office in Chatanooga. Topics of interest include statistical treatment of
epidemiologic confounders and the use of cluster analysis and tests of aggregation in epidemiologic studies.
The series started in March and will continue through the fall.

ORAU TRAVELING LECTURERS

Various department members participate in a Traveling Lecture Program administered by ORAU.
During the report period, six department members were involved in the program: L. J. Gray, V. E. Kane,
D. S. Scott, A. D. Solomon. V. R. R. Uppuluri, and T. Wright. Typically, lecturers visit the sponsoring
universities and consult with their mathematicians and statisticians. A lecture for the undergraduate and
graduate students is always presemed. Titles of these lectures are given at the end of this section.

SUPERVISION OF STUDENTS

Students regularly work with MSRD members under the sponsorship of the Great lLakes Colleges
Agsociation and ORAU Stwudent Rescarch Participation programs as ORAU (Graduate Fellows and as
summer employces. Also, several students participate in co-op programs in which time is spent at MSRD.
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E. M. McCluer. a co-op student from Tenncssee Technological University. spent Junc 1980 through
May 1981 working with R. E. Funderlic on computational problems in rotor dynmamics for the Separatin
Systems Division. This work will continue during the summer of 1981 along with wo:k. supervised by J. W.
Wachter from the Comsolidated Fuel Reprocessing Program. on computational problems associated with the
application of microscopic process monitoring to safeguards problems. Another co-op student from
Tennessee Tech. P. K. Stuber. will continue this work on rotor dynamics starting in June. Their work s
described in Part B of ths report.

S. A. Haw. a former ORAU student research participant from Nicholls State University, did support
programming with E. M. McCluer on Separation Systems Division work during the summer of 1980.

W. Harper and A. Prasad participated in the Summer Research Apprenticeship Program for High
School Students sponsored by ORALU. Knoxville College. and ORNL. The work on problems in Boolean
algebra and associated applications was supervised by T. Wright.

UNIVERSITY TEACHING ACTIVITIES

J. J. Beauchamp taught a course cntitled Statistics for Biologists for the University of Tennessee Oak
Ridge School of Biomedical Sciences during the summer of 1980.

D. A. Gardiner taught a three-quarter sequence entitled Introduction to Mathematical Siatistics for the
University of Tennessee Department of Mathematics starting in the fall of 1980.

L. J. Gray taught three courses, Partial Differential Equations, Complex Variables, and Vector
Analysis, for the University of Tennessee Department of Mathematics during the 1980-1981 school year.

T. J. Mitchell was an instructor in the short course Statistical Design and Analysis of Engineering
Experiments, which was sponsored by the University of Wisconsin Engineering Extension Department, May
11-15, 1980, at Madison, Wisconsin.

D. S. Scott taught two courses. FORTRAN Programming, and Data Structures and Non-Numerical
Programming. for the University of Tennessee Computer Sciences Department during the fall and spring
quarters of the 1980-1981 school year.

T. Wright gave several kctures on A Finite Population Approach to the Concepts of Probability and
Statistics at Atlanta University on April 1, 1981, as pan of a Graduate Seminar Series for students in
industrial chemical engineering. The talks were sponsored by Union Carbide Corporation’s University
Relations Program.

SHORT-TERM VISITING RESEARCHERS

A aumber of researchers visited MSRD for several days to consult with department members on
research or consulting problems.

Professor A. Bjorck, Department of Mathematics, Linkoping University, visited on February 12-13,
1981, consulting with R. E. Funderlic, M. T. Heath. D. S. Scott, and R. C. Ward on numerical linear
algebra pre _iems.

Professor S. Breuer of Tel Aviv University in Isracel visited on July 28—August 1, 1980, to discuss
researcn on moving boundary probiems and in materials science with S.-J. Chang‘and A. D. Solomon.

Professor J. A. George, dean of the Faculty of Mathematics, University of Waterloo, visited on
November 3-5, 1980, and on May 11-15, 1981, consulting with M. T. Heath on large, sparse systems of
linear equations and least squares problems.

Professor G. H. Golub. chairman of the Computer Science Department, Stanford University, visited on
November 3-5, 1980, consulting with members of the Numerical Linear Algebra Research Project.
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Dr. S. Marks and Mr. M. Lang of the Institute for Energy Conversion and Professor C. Lozano of the
Mathematics Department, University of Delaware. visited on July 21-23, 1989, to consult with A. D.
Solomon and D. G. Wilson on various aspects of research in moving boundarnies ani thermal energy storage.

Professor D. S. Robson. Biometrics Unit, Comell University. visited on February 23-25, 1981, w0
consult on problems in the Multivaniate Analysis. Biometrics. and Model Evaluation Research projects.

Professor W. Y. Tan, Depantment of Mathematics, Memphis State University. visited on March 18-19, '
1981, to consult with D. G. Gosslee and T. J. Mitchell on research in statistical models for mutation assays.

Professor W. A. Thompson of the University of Missouri visited during August 1980 to consult with
V. R. R. Uppuluri on mathematical and statistical problems in risk analysis.

Professor B. W. Turnbull, School of Operations Rescarch and Industrial Engineering, Comell
University, visited on October 12-15, 1980, January 6-9. 1981, and June 22-25, 1981, to consult with T. J.
Mitchell on research in the design and analysis of survival sacrifice experiments.

LONG-TERM VISITING RESEARCHERS

Several university rescarchers spent extended periods at MSRD working on bath consulting and
rescarch problems encountered by the MSRD staff.

Professor V. Alexiades, Department of Mathematics. University of Tennessee, visited with A. D.
Solomon and D. G. Wilson for five weeks during the summer of 1980 and for one day each week since the
summer. Their work on various moving boundary problems is described in Part A of this report.

Professor G. J. Davis, Department of Mathematics, Georgia State University. visited with V. E. Kane,
R. C. Ward, and D. S. Scott periodically from October 1980 through June 1980 on a Faculty Participation
Agreement with ORAU. Rescarch projects in computational statistics and large. sparse eigenvalue problems
were initiated. He alsu plans to visit MSRD as an ORAU faculty research participant from mid-June until
mid-July 1981 to continue research on these projects.

Professor G. P. McCabe, Department of Statistics, Purdue University, continued the research activities
started during his May 12-30, 1980, visit with MSRD. C. K. Bayne, J. J. Bcauchamp, and V. E. Kane each
spent a week at Purdue University during September 1980 continuing the Multivarinte Analysis Research
Project work initiated in May.

Professos S. A. Patil, Mathematics Department, Tennessee Technological Uriversity. visited V. R. R.
Uppuluri periodically from October 1980 through Junc 1981 on a Faculty Participation Agreement with
ORAU. Research was conducted on waiting time problems and empirical Bayesian methods applied to
problems in ntclear safety.

Professor R. J. Plemmons, Departments of Mathematics and Computer Science, University of
Tennessee, visited with R. E. Funderlic and M. T. Heath for four wecks during ihe suinmer of 1980. His
research on sparse lincar least squares problems and factorization of M-matrices is summarized in Part A of
this report.

Professor J. B. Robertson, Mathematics Department, University of Califurnia at Santa Barbara, spent
four weeks during July-August 1980 working with V. R. R. Uppuluri on the identification of mathematical
and statistical problems in risk analysis.

Professor T. J. Rudolphi, Department of Engincering Science and Mechanics, lowa State University,
visited with S.-J. Chang for threc wecks in August 1980 and four wecks in June [981. They worked on
boundary integral equation formulations for edge-crack problems related to materials science applications.
Their rescarch is summarized in Part A of this report,

Professor I.. R. Shenton, Office of Computing and information Services, University of Georgia, visited
K. O. Bowman in Scptember 1980 for two wecks, in December 1980 for one week, and in April 1981 for one
week to consult on research problems in the Modcl Evaluation Project.
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UIST OF CONSULTANTS

V. Alexiades. University of Tennessee

J. A. George, University of Waterloo

G. H. Golub, Stanford University

G. P. McCabe. Purdue University

R. J. Plemmons, University of Tennessee

J. Robertson, University of California at Santa Barbara
D. S. Robson, Comnell Ugiversity

T. J. Rudolphi, lowa State University

B. W. Tumbull, Cornell University

W. G. Welfer, University of Wisconsin

MSRD SEMINARS
R. E. Funderlic, "Overview of SIAM Summer Rescarch Conference in Numerical and Statistical Analysis,”
July 1, 1980.

J. B. Robertson. University of California at Santa Barbara, "Some Perspectives on the Kaplan-Meier
Estimator,” July 11, 1980.

R. E. Funderlic, “Solving Homogencous Linecar Systems of Equations Arising from Compartmental
Models,™ July 16, 1980.

S. Breuer, Tel-Aviv University, “A Lower Bound for the Eigenvalues of the Elliptic Dirichlet Problem fora
General Domain in Terms of Its Characteristic Dimension,™ July 29, 1980.

S. Breuer, Tel-Aviv University, “Saimt Venant’s Principlk in Linear and Nonlinear Elasticity,” July 31, 1980.

J. Neuberger, North Texas State University, “Stecpest Descent Methods for Nonbinear PDE',” July 30,
1980.

S.-J. Chang, “A Dislocation Model of Fracture,” August 20, 1980.

R. Sposto, University of California at Los Angeles, “Log Odds Ratio Estimation from Data Stratified on a
Continuous Covariate,” August 28, 1980. )

C. Deans, University of Minnesota, “Developments in Survival Analysis with Applications,” September 9,
1980.

M. J. Stewart, Virginia Polytechnic Institute & State University, “Randomization Analysis of Replicated
Randomized Complete Block Designs,” September 15, 1980.

T. Wright, “Multiway-Stratification—A Tool for Controlled Selection,” September 24, 1980.

J. D. Knoke, University of North Carolina, “Discrimiinant Analysis with Continuous and Discrete
Variables,” October 6, 1980.

M. T. Heath, “Sparse Least Squares,” October 8, 1980.
M. D. Morris, “The Comparison of Precisions for Two Methods of Measurements,” October 9, 1980.
G. A. Cotsonis, “Small Tektronics Graphics Programming,” October 22, 1980.

B. Kagstrom, University of Umea, Sweden, “Numerical Computation of the Jordan Normal Form of a
Complex Matrix,” November 3, 1980.
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T. J. Mitchell, “Supersaturated Designs for Sensitivity Analysis of Computer Modek.™ November 5, 1980.
R. C. Wand, “Solving Quadratic A-Matrix Problems Without Factorization,” November 19, 1980.

D. G. Gosslee, “Some Current Consuhing and Collaboration,”™ December 3, 1980.

D. G. Wilson, “Progress cn the Moving Boundary Front,” December 17, 19¢).

L. J. Gray, “Disordered Systems Versus Argmented Space Strikes Back,” January 7, 1981,

A. D. Solomon, “Simple Approximations for Predicting the Behavior of an Array of Phase Change Material
Cylinders,” January 14, 198].

T. L. Hebble, “On Interrogating Systems—Two Problems.” January 21, 1981.

V. E. Kane, “Variable Selection in Multivariate Analysis or Why a Condition Number of 30 Can Be Bad,”
February 4, 1981.

C. K. Bayne, “Computing Quadratic Misclassificition Probabilities,” February 18, 1981.

J. J. Beauchamp, “Application of the Power-Shift Transformation,” March 4. 1981.

K. O. Bowman, “Moment Estimators for the Weibull Density,” March 18, 1981.

W. E. Lever, “Dose Est:mation Froblems with the New TLD Meter Badges,™ April 1, 1981.

G. E. Dinse, Harvard University, "Non-Parametric Estimatios. of the Prevalence and Survival Functions
from Incomplete Observations,” April 6, 1981.

E. L. Frome, ORAU Medical Division, “The Analysis ¢f Rates Using Poisson Regression Models,™ April 8,
1981.

W. H. Olson, Consultant with ORNL Biology Divis'on, “Chemical Dosimetry, Harber’s Rule and Linear
Systems,” April 13, 1981.

. C. A. Serbin, “Survival Tips for the Novice User of the PDP-10,” April 1S, 1981.

D. A. Walsh, University of Washington, “Some Methods for the Analysis of Biomedical Time Series with
Emphasis on Growrh,” April 21, 1981.

E. M. McCluer, “What I Have Learned from MSRD,™ April 29, 1981.
V. R. R. Uppuluri, “Waiting Times and Generalized Fibonacci Sequences,” May 13, 1981,
A. D. Solomon, “On the Stefan Problem with a Convective Boundary Condition,” May 27, 1981.

D. S. Scott, “Computing a Few Eigenpairs of a Symmetric Band Matrix and Other Reflections on Three
Years in Oak Ridge,” June 10, 1981.

T. J. Rudolphi, lowa State University, “The Boundary Element Method for Zoned Media with
Discontinuous Stresses,” June 24, 1981,

SIXTH ANNUAL UNIVERSITY OF TENNESSEE/ MSRD-SPONSORED
SEMINARS ON MATRIX METHODS IN NUMERICAL ANALYSIS

T. M. Rao, Computer Science Department, University oi Tennessee, “Error-Free Solutions to Matrix
Problems,” January 16, 198].

D. S. Scott, “Advantages of Inveried Operators in Rayleigh-Ritz Approximations,” January 23, 1981,

M. D. Gunzburger, Departrent of Mathematics, University of Tennessee, “Need for Pivoting in Solving
Indefinite Linear Systems,” January 30, 1981.

T . PR
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R. E. Funderlic, “They Always Change the Problem (Updating),” February 6, 1981.

A. Bjorck, Department of Mathematics, Linkoping University. Linkdping. Sweden, “A Bidiagonalization
Algorithm for Solving Large, Sparse 1ll-Posed Linear Systems,” February 13, 1981.

M. T. Heath, “Algorithms for Sparse Least Squares Problems.™ February 20, 1981.

R. T. Gregory, Computer Science Department, University of Tennessee, “Error-Free Computation with
Rational Numbers,” March 6, 1981.

R. C. Ward, “Quadratic A-Matrix Problems,” March 13, 1981.

ORAU TRAVELING LECTURE PRESENTATIONS

A. D. Solomon, “The Analysis and Solution of Moving Boundary Problems of Stefan Type in Heat-Transfer
Process,” Aubum University, Aubum, Alabama, October 30, 1980.

T. Wright, “Who Says That Counting Is As Easy As 1-2-37" Cameron University, Lawton, Oklahoma,
December 2, 1980, and Brescia College, Owensboro, Kentucky, January 27-28, 1981.

L. J. Gray, “The Mathcmatics of Diordered Systems,” Memphis State University, Memphis, Tennessec,
December 4, 1980.

D. S. Scott, “The Shift and Irvert Lanczos Algorithm,” North Carolina State University, Raleigh, North
Carolina, February 2, 1981. '

V. R. R. Uppuluri, “Sampling Proportional to Random Size,” Southern Methodist University, Dallas,
Texas, April 9, 1981, and University of Texas at Arlington, Texas, April 10, 1981.

V. E. Kane, “Applications of the Power-Shift Transformation,” Virginia Commonwealth University,
Richmond, Virginia, April 15, 1981.
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Part D. Presentations of Research Results

Publications
BOOKS AND PROCEEDINGS

J. J. Beauchamp, C. L. Begovich,' V. E. Kane, and D. A. Wolf, “Application of Discriminant Analysis and
Genenalized Distance Measures to Uranium Exploration,” pp. 2043 in Proceedings of the 1979 DOE

Statistical Symposium, CONF-791016, Oak Ridge National Laboratory, Guk Ridge, Tenn., September
1980.

S.-J. Chang and S. M. Ohr.? “A Model of Shear Cracks with Dislocation-Free Zoxes,” in Proceedings of the
Acta/Scripta Metallurgica International Conference on Dislocation Modeling of Physical Systems, ed.
by C. S. Hartley, University of Florida, Gainesville, 1981.

C. S. Cheng’ and L. J. Gray, “A Characterization of Group Divisible Designs and Some Related Results,”
pp. 31-39 in Proceedings of the Conference on Combinatorial Mathematics. Optimal Designs and Their
Applications, Annals of Discrete Mathematics, vol. 6, 1980.

A. George' and M. T. Heath, “Sclution of Sparse Linear Least Squares Problems Using Givens Rotations,”

pp. 69-83 in Large Scale Mamix Problems, ed. by A. Bjorek, R. J. Plemmons, and H. Schneider, North
Holland, N.Y., 1981

J. M. Holland,’ L. C. Gipson,’ M. J. Whitaker,® T. J. Stephens,’ G. M. Clemmer,’ and D. A. Wolf,
“Chronic Dermal Toxicity of Paraho Shale Oil Distillates,” n Health Effects Investigation of Oil Shale
Development, Ann Arbor Science Publishers, Inc., Ann Arbor, Mich., 1981.

V. E. Kane, “Data Analysis and Management for the Uranium kcsource Evaluation Project,” pp. 3841 in

Proceedings of the Siatistical Computing Section, American Statistical Association, Washington, D.C,,
1980.

H. K. Lam' K. O. Bowman, and L. R. Shenton,” “Remarks on the Generalized Tukey's Lambda Family of

Distribution,” pp. 134-39 in Proceedings of the Statistical Computing Section, American Statistical
Association, Washington, D.C., 1980.

. Computing Applications Department.
. Solid State Division,

., University of Califomia at Berkcley.

. University of Waterloo.

. Biology Division.

. The Chinese University of Hong Kong.
. University of Georgia.
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D. S. Scott, “The Lanczos Algorithm,” in Proceedings of the Conference on Sparse Mairices and Their Uses.
Reading. England (forthcoming).

D. S. Scott and R. C. Ward, “Algorithms for Sparse, Symmetric, Definite, Quadratic A-Matrix
Eigenproblems,™ n Proceedings of the 1981 Army Numerical Analysis and Computers Conference,
Huntsville, Al. (forthcoming).

T. Wright and M. R. Chemick,’ “Estimation of‘a Population Mean with Two-Way Stratification Using a

Systematic Allocation Scheme,™ pp. 18587 in Proceedings of the Survey Research Methods Section,
American Statistical Association, Washington, D.C., 1980.

JOURNAL ARTICLES

C. K. Bayne and W.-Y. Tan,’ “QDF Misclassification Probablitics for Known Population Parameters,”
Commun. Star. A—Theory Methods A10(22) (1981).

J. J. Beauchamp, C. L. Begovich,' V. E. Kane, :nd D. A. Wolf, “Application of Discriminant Analysis and
Generalize»’ Dstance Measures to Uranium Exploration,™ J. Marh. Geol. 24(6), 539-58 (1980).

J. 3. Beauchamp, C. W. Gehrs,'® and D. A. Wolf, “Statistical Evaluation of Factors Affecting Reproduction
Within a Calanoid Copepod Population,” Crustaceana (foril:zoming).

J. J. Beauchamp and V. E. Kane, “Application of the Power-Shift Transformation,” J. Am. Star. Assoc.
(submitted).

J. J. Beauchamp and V. E. Kane, "Robustness of Three Power Transfonmation Estimation Procedures,”™ J.
Sta1. Compur. Simud. (submitted).

S. R. Bernard,'" Milton Sobel,'? and V. R. R. Uppuluri, “On a Two Um Mode! of Polya-Type,™ Bull. Math.
Biol. 43, 3345 (1981).

K. O. Bowman, C. A. Serbin, and L. R. Shenton,” “Explicit Approximate Solutions for Ss,” Commun. Stat.
B—Simul. Compui. B10(1), 1-15 (1981).

K. O. Bowman and L. R. Shenton,” “Small Sample Properties of Moment Estimators for the Weibul)
Distribution,™ Techn meirics (submitted).

K. O. Bowman, L. R. Sirenton,” and H. K. Lam,* “Moments of the Ratio Mean Deviation/Standard

Deviation Under Nor.nality—A New Look,” Rep. Star. Appl. Res. Union Jpn. Sci. Eng. 27, 1-15
(1980).

S.-J. Chang and S. M. Ohr? “Effect of Thickness on Plastic Zone Size in BCS Theory of Fracture,” /nt. J.
Fract. (submitted).

S.-J. Chang and S. M. Ohr,? “Dislocation-Free Zone Mode! of Fracture,” J. Appl. Phys. (submitted).

S.-J. Chang. S. M. Ohr.? and J. A. Horton,? “The Condition of Finite Stress for the Strip Yielding Model
with Dislocation-Free Zones,”™ Ini. J. Fract. (submitted).

K. Acrospuce Corporation,

9. Memphis State Univenity.

10. Environmental Scicnees Divmion,

11, Health and Safely Rescarch [Divpwn,

12, Unnersity of California at Santa Barbars,




53

N. T. Christie.’ D. G. Gosske. and K. B. Jacobson’ “Quantitative Estimates of Metal lon Toxicity in
Drosophila ™ Toxicel. Appi Pharmidovi. {submiued).

J. W. Elwo0d." J. J. Beauchamp. and C. P. Allen,"® “Chromium Levek in Fish from a Lake Chronically
Contaminated with Chromates from Cooling Towers.” Int. J. Environ Stud. 14, 289-98 (1980).

R. E. Funderlic and J. B. Mankin.! “Solution of Homogencous Systems of Lincar Equations Arising from
Companmental Models.” SIAM J. Sci. Stat. Comput. (forthcoming).

R. E. Funderlic and R. J. Plemmons."” “LU Decomposition of M-Matrices by Elimination Without
Pivoting.” Linear Algebra Appl (forthcoming).

W. M. Generoso.* J. B. Bishop.'* D. G. Gosslee, C. J. Sheu.'® and E. Von Halle,™ “Heritable Translocation
Test in Mice.” Mutai. Res. 76, 191-215 (1980).

A. George* and M. T. Heath, “Solution of Sparse Lincar Least Squares Problems Using Givens Rotations,”
Linear Algebra Appl. 34, 6983 (1980).

A. George,* M. T. Heath, and R. J. Plemmons,"’ “Solution of Large-Scale Sparse Least Squares Problems
Using Auxiliary Storage,” SIAM J. Sci. Stat. Comput. (forthcoming).

L. J. Gray and T. Kaplan.? “A Self-Consistent Theory for Random Alloys with Short-Range Order,” Phys.
Rev. B (forthcoming).

L. J. Gray and D. G. Wilson, “Nonnegative Factorization of Positive Semidefinite Nonnegative Matrices,”
Linear Algebra Appl. 31, 119-27 (1980).

M. T. Heath, “Some Extensions of an Algorithm for Sparse Linear Least Squarses Problems,” SIAM J. Sci.
Stat. Compui. (submitted).

J. M. Holland.’ D. A. Wolf, and B. R. Clarke’ “Relative Potency Estimation for Synthetic Petroleum Skin
Carcinogens.” Environ. Health Perspect. 37 (1981).

V. E. Kane, “Standard and Goodness-of-Fit Parameter Estimation Methods for the Three Parameter
Lognormal Distribution,” Commurn. Star. A—Theory Methods (submitted).

T. Kaplan? P. L. Leath,” L. J. Gray, and H. W. Diebl,”® “Self-Consistent Cluster Theory for Systems with
Off-Diagonal Disorder,” Phys. Rev. B 21, 4230-46 (1980).

R. B. Mcl.ean,'® J. J. Beauchamp, V. E. Kane, and P. T. Singlky," “Effects of Temperature and Hydrology
on Predicting Impingement of Threadfin Shad,” Environ. Manage. N.Y. (submitted).

M. D. Morris and T. J. Mitchell, “Two-Level Multifactor Experiment Designs for Detec’ing the Presence of
Interactions,” Ann. Stat. (submitted).

J. P. O'Neill® and K. O. Bowman, “Effect of Selection Cell Density on the Recovery of Mutagen Induced
6-Thioguanine Resistant Cells (CHO/ HGPRT System),” Environ. Mutagen. (submitted).

J. B. Robertson'? and V. R. R. Uppuluri, “A Generalized Kaplan-Meier Estimator,” Proc. Natl. Acad. Sci.
USA (submitted).

13. University of Tennessee.

14. National Center for Toxicological Rescarch.
15. Food and Drug Administration.

16. Information Division.

17. Rutgers University.

I8. University of Munich.
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1. B. Rubin' and C. K. Bayne, “The Practical Application of Experimental Design Methods for the
Optimization of Chemical Laboratory Procedures.™ Am. Lab. ¢ Fairfield. Conn.) (forthcoming).

D. S. Scott, “Solving Sparse Symmetric Generalized Eigenvalue Problems Without Factorization,” SIAM J.
Numer. Anal. 18(1), 102-10 (1981).

D. S. Scott, “Solving Sparse Symmetric Definite Quadratic A-Matrix Problems. ™ B/T (submitted).
D. S. Scott, “The Advantages of Inverted Operators in Rayleigh-Ritz Approximations.” SIAM J. Sci. Star.
Compuu. (submitted).

D. S. Scott and R. Gruber’® “Implementing Sparse Matrix Techniques in the ERATO Code.” Compu.
Phys. Commun. (submitted).

D. S. Scott and R. C. Ward, “Solving Quadratic A-Matrix Problems Without Factorization,” SIAM J. Sci.
Stat. Comput. (submuited).

S. M. Serbin'* and C. A. Serbin, “A Time-Stepping Procedure for X = A,X + XA; + Dy, X(0) = C.” IEEE
Trans. Autom. Control AC-25, 1138-41 (1980).

L R. Shenton’ and K. O. Bowman. “A Lagrange Expansion for the Parameters of Johnson's Sv,” J. Sta:.
Compus. Simul. (submitted).

L. R. Shenton’ and K. O. Bowman, “Problems Associated with Approximating Distributions,” invited
paper, J. Am. Stat. Assoc. (submitted).

A. D. Solomon, “On Moving Boundary Problems and Latent Heat Thermal Energy Storage, Part 1" Israe/
Chem. Eng. I, 1719 (1980).

A. D. Solomon, “On the Mching Time of a Simple Body with a Convection Boundary Condition,” Lesr.
Heat Mass Transfer 7, 183-8 (1980).

A. D. Solomon, “An Expression for the Melting Time of a Rectangular Body,” Letr. Heat Mass Transfer 7,
379-84 (1980).

A. D. Solomon, “A Note on the Stefan Number in Slab Meliing and Solidification.”™ Lesr. Heat Mass
Transfer 8, 22935 (1981).

A._D. Solomon, “Some Approximations of Use in Predicting the Behavior of 2 PCM Cylinder Array.” Lerr.
Hear Mass Transfer 8, 237-46 (1981).

A. D. Solomon, “On Surface Effects in Hea Transfer Calculations,” Compus. Chem. Eng. §, 1-5 (1981).

A. D. Solomon, “Some Usefu! Relations for Phase Change Heat Transfer Problems,” Ind. Math.
(forthcoming).

A. D. Solomon, “On Moving Boundary Problems and Latent Heat Thermal Energy Storage, Part 11,7 Jsrael
Chem. Eng. (forthcoming).

A. D. Solomon, “On the Limitations of Analytical Approximations for Phase Change Problems with Large
Biot Numbers,” Let1. Hear Moss [rasnsfor (submitted).

J. B. Storer.’ T. J. Mitchell, and R. L. Ullrich.® “Causes of Death and Their Contribution to
Radiation-Induced Life Shortening in Intact and Ovariectomized Mice,” Radias. Res. (submitted).

19. Analytical Chemistry Division,
20. Feolke Polbvicchnque Federak de Lausanne.
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V.R. R. Uppuluri and S. A I’aul,zl "Wamng Times and Generalized Fibonacci Sequences,” Fibonacci Q.
{submitted).

R. C. Ward, “Balancing the Genermliicd Eigenvalue Problem.” SIAM 1. Sci Star. Compul. 2 (1981).
R.C. Ward and (.. H. Golub,”’ “Numerical Linear Algebra.” SIGN!/M Newsi. 15, 9-26 (1980).

D. G. Wilson. “One-Dimensional Multi-Phase Moving Boundary Problems _with Phases of Different
Densities.” SIAM J. Appl. Maih. (submmed)

REPORTS

v Alexladcs ¥ A. D. Solomon, and D. G “Wilson, An Obsen-amm on the Total Energy of a System with
.. Phase Charmes ORNL,;CSD-72 (January 1981).

V Akxnds PA.D. Solomon and D. G. Wilson, Modeling of Phase Clumgr Processes with Time-Varying
"= Critical Tempenuure ORNL;CSD;TM-145 (April 1981)-

‘nderson, Milton Sobel'” and V. R. R. Uppuluri, Mullwana:e H}pergeomemc and Multinomial
Waiting Tnnes Technical Report No. 147, Department of Statistics, Stanford U niversity (July l980)

Compmmg Procedwres, ORNL/ CSD/TM—MZ {March 1981).

‘L. Begovich’ and V_E. Kane,Dam Display and Analysis Programs in the Uranitan Resource Evalmuon
- Project Data Processing System, K/UR-45 (December 1980).

»K O. Bowman and L. R. Shenton, "ﬁsl:n:al:on Problems Associated with Weibull Distribution,
- ORN/CSD-19 (forthcoming). ' ‘

i(. O. Bowman and L. R. Shenton.” Momeni W/ bi. by) Technigues, ORNL;CSD-83 (forthcoming).
S.-J. Chang, A Problem of Shear Crack with Dislocation-Free Zones, ORNL; CSD-75 (in press).

R. M. Deal” and A. D. Solomon, The Simulation of Four Pure Conduélio:i Paraffin-Wax Freezing
Experiments, ORNL;CSD-74 (January 1981).

R. E. Funderlic and J. B. Mankin,' Solution of Homogencous Systems of Linear Equations Arising jrom

Comparimenial Models, ORNL ; CSD-70 (December 1980).

R. E. Funderlic and R. J. Plemmons,"”’ LU Decomposition of M-Matrices by Elimination Withous Pivoting,
ORNL/CSD-71 (January 1981).

A. George' M. T. Heatn, and R. J. Plemmons," Solution of large-Scale Sparse 1rast Squares Problems
Using Auxiliary Storage, ORNL; CSD-63 (August 1980). ‘

S. A Haw" and R. E. Funderlic, Implementation of a Computer Produced Movie, OR'\’I 'CSD/TM-130
(November 1980).

28, Tenncwer Technological Vniversiy.
. 2. Stanford Univerity.

23, Kalimazoo Colkge,

24, Summer employee.

" .Beauchamp, V. E. Kane; and C. A. Serbin, Apphcanon of the Power-Shift Tmn.y'ormauou with -
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M. T. Heath, Some Extensions of an Algorithm for Sparse Linear Least Squares Problems. ORNL ! CSD-80

(May 1981). )
C. F. Holoway," . #. withers~oon,"" and T. Wright. Monitoring for Compliasce with Decommissioning
Criteria, ORNL/HASRD-95 (October 1980).

C. S. MacDougall,'”” C. K. Bayne, and R. B. Roberson."® Suudies of the Reaction of Nitric Acid and Sugar,
ORNL/TM-7419 (October 1980).

M. D. Morris and T. J. Mitchell, Two-Level Multifacior Experiment Designs for Detecting the Presence of
Interaciions, MRC Techmical Summary Report No. 2212, Mathematics Research Center. Univessily of
Wisconsin—Madison (August 1980). ' v

D. E. Myers,” C. L. Begovich,' T. R. Butz.™ and V. E. Kane, Application of Kriging 1o Hydrogeochemical
Data from the National Uranium Resaurce Evaluation Program, K[ UR-44 (December 1980).

D. S. Scott, -The Advaniages of Inverted Operators in Rayleigh-Ritz Approxirations, ORNL' CSD-68
{(November 1980).

D. S. Scott, Solving Sparse Quadratic \-Mairix Problems. ORNL;CSD-69 (November 1980).

D. S. Scott and R. Gruber,” Implementing Sparse Matrix Techniques in the ERATO Code, LRP 181,81,
Ecole Polytechnique Federake de Lausanne (March 1981).

D. S. Scott and R. C. Ward, Solving Quadratic A-Mairix Problems Without Factorization, ORNL;CSD-76
(March 1981). |

"A.D. S;)bmbn and D. G. Wilson, Some Notes on Numerical Heat Transfer, ORNL; CSD-65 (November

1980).

A. D. Solomon, Simulation of a PCM Sitorage Subsysiem for Air Conditioning Assisi, ORNL;CSD-77
(April 1981). |

W. A. Thompson® and R. E. Funderlic, A Simple Threshold Model for the Classical Bioassay Problem.
Technical Report 92. Department of Statistics, University of Missouri—Columbia (July 1980).

H. Tsao™ and T. Wright, Contribution io the Coal Section of an A<sessment of the Accuracy of EIA Data
Relased 10 Volumes of Petroleum, Nawural Gur, and Coal (fon..coming).

" V.R.R. Uppuluri, Some Properties of the Log-Laptace Disiribution, ORNL;CSD;TM-68 (August 1980).

V. R. R. Uppuluri, Rare Events—A Siate of the Art, ORNL: CSD-73 (December 1980).

D. G. Wilson, Andrew Lacey.”® and A. D. Solomon, Composition of Solidified Binary Alloy from a Simple
Solidification Mode!, ORNL; CSD-~36 (October 1980). )

D. A. Wolf and T. J. Muchell, “Appendix C—Statistical Analysis o Mortality and Relative Skin
Carcinogenicity,” in J. M. Holland,” L. C. Gipson.®* M. J. Whitaker,’ B. M. Eisenhower,” and T. J.
Stephens,’ Chronic Dermal Toxicity of Epoxy Resins. I. Skin Carcinogenic Potency and General
Toxicity, ORNL-5762 (March 1981).

. University of Arizona.

. Technical Services Diveion, Y-12,

. Umiversity «s Missouri  Columbias.

. Energy Divinion.

. Victoria Unsversity of Wellington, New Zealand,

. Industrial Safety and Applicd Heatin Physics Divivion.
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Oral Presentations

K.-O. Bowman, “Models for Approximatii g th: Percentage Points of Distributions,™ presented at the
Conference on Applications of Numerical Analysis and Special Functions in Statistics, University of
Maryland. Collkege Park, Oct. 2-8, 1980.

K. O. Bowman, "Almost Unbiased Estimators for the Shape Parameter of the Weibull Distribution.”

presented at the Sixth Uaion Carbide Corporation Appled Mathematics Symposmm. South
Charleston W.Va., Oct. 1617, 1980.

.-J. Chang, “Dislocation Pile-Up Problem with Eshelby-Stroh Interaction,” presenied at the 110th Annual
Meeting of the American Instituie of Metallurgical Engineers, Chicago. 1., Feb. 22-26, 1981.

. S-J. Chang and S. M. Oiw.? “Dislocation-Free Zone at the Crack Tip,” presented at the | 10th Annual
’ Mercting of the American Institute of Mctallurgical Engmeers, Chicago, 1B., Feb. 22-26. 1981.

R. E. Funderlic and J. B. Mankin,' “Homogencous Lincar Systems of Equations Arising from
. Companmental Modelks,” presented at the SIAM 1980 Fall Meeting, Houston, Tex., Nov. 7 1980.

" D. A. Gardiner, “Statistical Rescarch and Collaboration in Oak Ridge,” presented to the faculty and
students of the Department of Sunsucs.Nonh Carolina State University, Rakigh, Mar. 20, 1981.

" B.°G. Cosskee, “Nonparametric Estimates of the Median Effective Dose.” presented to the Graduate
‘Toxicology Program, University of Tennessee, Knoxville, May 7, 1981.

D. G. Gosslee. “A Method to Analyze Bicassay Data,” presented at the Gordon Research Conference on
Genetic Toxicology Bioassay s, New London. N.H.. June 29, 198).

L. J. Gray and T. Kaplan.? “A Self-Consistent Cluster Theory for Random Alloys with Short-Range Order,”
presented zt the 1981 March Mecting of the American Physical Society, Phoenix, Ariz., Mar. 16-20,
1981.

M. T. Heath, “Solution of Sparse Lincar Least Squares Problems Using Givens Rotations,” presented at the
University of Waterloo, Omario, Canada, July I8, 1980. -

M. T. Heath, “The Rolke of Applicd Mathemaiicians in Industry,” prcxmél! at the University of the South,
Sewance, Tenn_, Apr. 13, 1981.

M. T. Heath, “Numerical Software for Optimization,” presented at the Management Science Seminar,
University of Tennessee, Knoxville, May 29, 1981,

V. E. Kane, "Da:a Analysis and Management for the Uranium Resource Evaluation Project.” presented at
~ the 1980 Ann:al Mecting of the American Statistical Association, Houston, Tex.. Aug. 11-14, 1980.

H. K. Lam® K. O. Bowman, and L. R. Shenton,” "Remarks on the Generalized Tukey's Lambda Family of
Distribution,” presented at the Joiat Meeting of the American Statistical Association and the Biometric
Society . Houston, Tex., Aug. 11-14, 1980.

T. J. Mitchell, W. G. Hunter.”” and D. K. Showers,” “Design of Experiments for Studying Computer
Codes,” presented at the American Statistical Association Annual Meeting, Houston, Tex., Aug. 11-14,
1980.

3. University of Wisconwn.

o
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T. J. Mitchell and M. D. Morris, “Design of Two-Level Multifactor Experiments for Detecting the l’m

of latiactions,” presenmted at the 1980 -Army Conference on Design of Experiments, Las Cruces, N.M..
Oct. 22-24, 1980.

T. J. Mitchell and B. W. Turnbull,”’ “Nonparametric Estimation of the Distributions of Timne to Onset and
Time to Death for Specific Diseases in Survival; Sacrifice Experiments,”™ presented at the Spring
Regional Meretings of the Biometric Society (ENAR) and the American Swmtistical Assocmtion,
Richmond, Va., Mar. 22-25, 1981.

* M. D. Morris, “Comparing Two Methods of Measurement for Accuracy and Precision,” pmwd' 1o the
~ Department of Experimental Statistics, Louisiana State University, Baton Rouge, Mar. 9, 1981, and at'

“ the Seventh Union Carbide Corporation Applied Mathematics Symposium, Tonawanda, N.Y., May
6-7, 1981.
S. M. Ohr.? J. A. Horton,? and S.-J.- Chang, “Dislocation-Free Zone Modelof Fracture,” presemed at the
March Meeting of the American Physical Society, Phoenix, Ariz., Mar. 16-20, 1981.
S. M. Ohr,? S. Kobavashi.? and S.-J. Chang, “Direct Observation of Dislocations in‘ the Plastic Zone During
Crack Propagation,” prescented at the Fifth International Conference on Fracture, Cannes, France, Mar.
29-Apr. 3, 1981.

D. §S. Scott, “The Lanczos Algorithm,” presented at the Conference on Sparse Matrices and Their Uses,
Reading, England, July 14, 1980.

D. S. Scott, “Solving Quadratic A-Matrix Problems with Factorization,” presented at thc ‘SIAM 1980 Fall
Meeting, Houston, Tex., Nov. 6, 1986

D. S. Scott, “The Shift and Invert Lanczos Algorithm,” presented to the Computer Science Department,
University of California at Berkeley, Apr. 27, 1981.

D. S. Scott, "Nonfacworization Software for Symmetsic Lincar and Quadratic Eigenvalue Problems,”
presented at the 1981 DOE NASIG Mceting, Lawrence Berkeley Laboratory, Berkcley Calif.. May 1,
1981.

C. A. Serbin, “TES--A Program for Simulating Phase Change Processes,” presented at the Sixth Union -

Carbide Corporation Applied Mathematics Symposium, South Charleston, W.Va., Oct. 16, 1980.

V. R. R. Uppuluri, “Analysis of Paired Comparisons,” presented at the 1980 Intermational Conference on
Cybemetics and Socicty (JEEE), Boston, Mass., Oct. 9, 1980.

V. R. R. Uppuluri, “Comments on Refiability Problems in Power Generation Systems.” presented at-the 1980
DOE Siatistical Symposium, Berkeley, Calif., Oct. 31, 1980.

V. R. R. Uppuluri, “Issues and Applications of Risk Analysis,” presenied at the Annual Meeting of the
American Institute for Decision Sciences, Las Vegas, Nev,, Nov. §, 1980,

V. R. R. Uppuluri, “Mathematical and Siatistical Problems in Risk Analysis,” presented as an ORNL
Engincering Physics Divsion Seminar, Oak Ridge. Tenn., Dec. 9, 1980.

V. R. R. Uppuluri, "Sampling Propostional to Random Size.” pmcmedtothc Depanmen’ of Malhcmaucs
University of Tennessee, Knoxville, Feb. 18, 198].

V. R. R. Uppuluri, "Ranking Mcthods Based on Paired Comparison Data,” presented as 3 Management
Science Seminar, University of Tennessee, K noxville, May 8. 1981,

32. Cornell Universiny,

[

ngmnan




,.$

V. R.R. Uppuluriand S. A. PatiL’' “Waiting Times and Gencralized Fibonacci Sequences.” presented at the
90th Meeting of the Tennessee Academy of Sciences. Oak Ridge. Nov. 21, 1980,

V. R. R. Uppuluri and W. H. leon.’ “Some Biological Apphcations of Lengtl. Biased Sampling.” presented

at the Joint Meetings of the Biometric Society and the American Statstical Assoctation. Richmond.
Va.. Mar. 25. 1981.

R. C. Ward and D. S. Scott. “Solving Quadaratic A-Matrix Problems Without Factorization.™ presented at
the SIAM 1980 Fall National Meeting. Houston, Tex.. Nov. 6. 1980, and at the 198) Army Numerical
Analysis and Computers Conference, Hunisville. Al Feb. 26, 1981.

D. G. Wilson. "One Dimensional, Multi-Phase Moving Boundary Problems with Phases of Different
Densities,” presented at the SIAM 1980 Fall National Meeting, Houston, Tex., Nov. 6, 1980.

D. G. Wilson. “Compaosition of Solidifsed Bm?ly Alloy from a Simple Solidification Model,” presented at a
spevial session on Free Boundary Problems at the Fall Mecting of the Southeastern Section of the
America:: Mathematical Society, Knoxville. Tenn., Nov. 14, 1980.

D. G. Wilson. “FORTRAN Programs for Identifying Key Words and Producing KWIC Indices.” presented
at the Souil cast Region ACM Conference, Atlanta. Ga.. Mar. 27, 1981.

D. G. Wilson, “A Finite Difference Scheme for Modeling Alloy Solidification.” presented at the Scventh
Union Carbide Corporation Applied Muthematics Symposium, Tonawanda. N.Y.. May 6. 1981.

D. G. Wilsor. “The Moving Boundary Problems Research Project at Oak Ridge.” presented at the

Internation: | Inteudisciplinary Symposium on Free Boundary Problems. Montecatini. Ialy, June 20.
1981.

D. G. Wilson, *‘Progr:ss with Simple Binary Alloy Solidification Problems,” presented at the International
Interdisciplnary Symposium on Free Boundary Problems, Montecatini, lualy. Junc 22. 198].

D. A. Wolf and T. J. Mitchell, “Confidence Limits on Rektive Potency in the Case of Zero Skin Tumor

Response.” presented at the 2nd Annual National Labora(ory Synfuck Dermatotoxicity Workshop, Los
Alamos. N.M_, Mar. 12-13, 198},

T. Wright and M. R. Chemick.! “Estimation of a Population Mear with Two-Way Stratification Using a

Systematic Allocation Scheme.” presented at the 1980 Annual Meeting of the American Statistical
Association, Houston, Tex., Aug. 11-14, 1980.

T. Wright, “A Finnie Population Approach 0 the Concepts of Probability and Statistics,” presented at
Atlanta University. Atlanta. Ga.. Apr. |. 198].
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Part E. Professional Activities

Members of the Mathematics and Statistics Research Department pﬁnicipcte in several activities in
suppon of their professions. Some of their contributions are listed below.

C. K. Bayne
Member:

Instructor:

J. J. Beauchamp -
Lecturer:

Representative:

K. O. Bowman
Member.

Associate editor:

Reviewer:

Contributing editor:

Lecturer:

Organizer:

§.-J. Chang

Reviewer:

<

- Technometrics Prize Committes
Proze:m Commitice, 1980 DQE Statistical Symposium

fn-Hours Continuing Education Program

Traveling Lecture Program, Oak Ridge Associated Universities
Graduate School of Biomedical Sciences, University of Tennessee —Oak Ridge
Professional Education Resource Committee, ORNL

International Editorial Board, Communications in Siafistics:
Part B. Simulasinn and Compuiation

American Statistical Association (ASA) Committee of Representatives to the
American Associazion for the Advancement of Science (AAAS)
(Representative to Section T)

Statistical Computation and Simulation
National Science Foundation
Current Index 10 Stciistics

Visiting Lecture Program, Commitiec of Presidents of Staltistical
Societies (COPSS)

Symposiums, AAAS Annual Meeting, Washingion, D.C., 1982;
~§f Japan Can, Why Don’t We?™ and “The Software Explosion”

Applied Mechanics Review

6l



R. E. Funderlic
Lecturer:
Coordinator:
Reviewer:
Member:

Advisor:;

D. A. Gardiner
Professor:

Chairman:

Member:

D. G. Gosslee

Lecturer:

Representative.

Member:

L. J. Gray

Lecturer:

M. T. Heath
Instructor:
Member:

T. L. Hebble

Coordinator:

V. E. Kane

Coordinator:

Representative:

Secretary-Treasurer:

62

Department of Mathematics, University of Tennessee

University Relations Program. Oak Ridge Associated Universities
Mathematical Reviews

Organization Committee, 1982 Sparse Matrix Symposium

Master’s Degree Project, University of Tennessee

Department of Mathematics, University of Tennessee
Management Commitice, Current Index to Statistics
Working Group. DOE Program Directions for Research in Statistical Methods
Steering Commiittee, 1980 DOE Statistical gymposium
Steering Committec, 1981 DOE Statistical Symposium

International Editonial Board, Communications in Statistics—
Theory and Methods

Editorial Board, Sratistical Computation and Simulation

Graduate School of Biomedical Sciénces. University of Tennessee—Qak
Ridge

Biometrics Section, American Statistical Association Council
Advisory Committee, Department of Statistics, Ohio State University

Genetic Toxicology Assessment Panel, En :ronmental Protection Agency

Department of Mathematics, Uaiversity of Tennessee e

Traveling Lecture Program, Oak Ridge Associated Universities

~ In-Hours Continuing Education Program

Organization Committee, 1982 Sparse Matrix Symposium

1980 DOE Statistical Symposium Workshop on Uncertainty Analysis
Associated with Radioactive Waste Dispusal

1981 DOE Suatistical Symposium Workshep on Computational Statistics

Regional Advisory Board, Biometric Society
Committee on Statistics and the Environment, American Statistical
Association

The Classification Society
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W. E. Lever
Member:

T. J. Mitchell
Lecturer:
Associate editor:
Instructor:

Member:

Reviewer:

 D.S. Scot

7 Lecturer:
Instructor;

C. A. Serbin

Instructor:

A. D. Solomon
Revicwer:

Lecturer:

V. R. R. Uppuluri
Lecturer:
Meraber:

R. C. Ward
Chairman:
Member:

Coordinator;

D. G. Wilson
Member:

Technometrics Prize Committee

Committee to Review International Standards in Statistics, American
Statistical Association . -

Graduate School of Biomedical Scicnces, University of Tennessee—Oak
Ridge

Technometrics

Department of Engineering, University Extension, University of Wisconsin—
Madison

In-Hours Continuing Education Program -
Program Committee; 1981 DOE Statistical Symposium -
National Science Foundation

Traveling Lecture Program, Oak Ridge Asociated Universities

~ Computer Science Department, University of fennessee ©

Department of Mathematics, University of Tennessee

Mathemaiical Reviews

Department of Mathematics, University of Tennessce

Visiting Lecture Program, Mathematical Association of America
Steering Committee, Society of Risk Analysis

Editorial Board, Risk Analysis

ORNL Task Force on a Risk Assessment Program

Organization Committee, 1982 Sparse Matrix Symposium

Ad Hoc Salary Survey Committee, Society for Industrial and Applied
Mathematics (SIAM)

Graduate Fellowship Selection Panel, ORNL

Matrix Methods in Numerical Analysis Seminar Series, University of
Tennessee and ORNL

Data Processing Advisory Committee, Siate Technical Institute, Knoxville,
Tennessee

8}
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T. Wright
Associate Professor:
Assistant Professor:
Member:

Reviewer:
Chairman:

Lecturer:

Department of Mathematics and Physics, Knoxville College
Deparntment of Statistics, University of Tennessee

Panel 1o Review the Statistical Program of the Bureau of Mires (U.S.
Department of the Interior), Natioral Academy of Sciences

Editorial Board, American Journal of Mathematical and Mdnagemem
Sciences

National Science Foundation

Contributed Paper Session on Nonresponse: Effects and Adjustments,
Annual Meeting of the American Statistical Association, 1980

Traveling Lecture Program, Oak Ridge Associated Universities
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ORNL/CSD-82

Distribution Calegory UC-32
INTERNAL DISTRIBUTION
1-2. Central Research Library 37. R. P. Leinius
3. Patent Office 38. W_E. Lever
4. Y-12 Technical Library, : 39. L.P. Lewis
Document Reference Section 40. A.S. Locbl ,
S. Laboratory Records—R.C. 41. F. C. Maxnschein
6-7. Laboratory Records Department 42. S. A. McGuire
8. J. W. Arendt . 43. T.J. Mitchell
9. C.K. Bayne 44. M. D. Morris
10. J. J. Beauchamp 45. N_J_ Price
11. K. O. Bowman 46. T. S. Reed
12. A_A_Brooks 47. R. L. Schmoyer
13. J. A. Carpenter 48. C. A_ Serbin
14. H. P. Carter;CSD Library, X-10 49. D. E. Shepherd
15. SJ.Chang - : 50. A. D. Solomon
16. D. J. Downing . S1. P. K. Stuber
17. E. L. Frome . 52. J. S. Trent
18. R. E. Funderlic 53. V. R. R. Uppuluri
19-28. D. A. Gardiner 54. R.C. Ward
29. K. E. Gipson/ Biometrics Library 55-57. R. M. Watkins -
: 30. D. G. Gosslee 58. G. E. Whitesides
31. L. J. Gray 59. M. K. Wikinson
32. M. T. Heath 60. D.G. Wilson
33. T. L. Hebble 61. T. Wright
34. J. M. Holland 62. C. B. Younmt
35. V.E. Kane V 63. A. Zucker
36. E. Leach
"EXTERNAL DISTRIBUTION
64. Professor Vasilios Alexiades, Department of Mathematics, University of Tennessee, Knoxville, TN
3916 :
- 65. Dr. Jesse C. Amold, Department of Statistics, Virginia Polytechnic Institute and State University,
Blacksburg, VA 24061

66. Dr. Donald M. Austin, Division of Engineering, Mathematical and Geosciences, Office of Basic
Energy Sciences, US. Department of Energy, Germantown Building, ER-1S, Room J-311,
Washington, DC 20545 ,

67. Dr. Richard E. Barlow, Industrial Engincering & Operations Research Department; University of
California, 3115 Escheverry Hall, Berkeley, CA 94720

68. Dr. A. P. Basu, Chairman, Department of Statistics, University of Missouri, Columbia, MO 65211

69. Dr. Peter Bloomfield, Department of Statistics, Princeton University, Princeton, NJ 08544

70. Dr. Ralph A. Bradley, Statistics Department, Florida State University, Tallahassee, FL 32306
71. Dr. T. D. Butler, T-3, Hydrodynamics, Los Alamos National Laboratory, P.O. Box 1663, Los
Alamos, NM 87545

67 #U.5. GOVERNMENT PRINTING OFFICE: 1981-740-062/284

gy



68

72. Dr. Bill L. Buzbee, C-3, Appiications Support & Research, Los Aiamos Nationai Laburatory, P.O.
Box 1663, Los Alamos, NM 87545

73. Dr. L. Lyan Cleland, Engincering Research Division, Lawrence Livermore National Laboratory,

) P.O. Box 808, Livermore, CA 94550

r‘ 74. Dr. James S. Coleman. Division of Engineering. Mathematical and Geosciences, Office of Basic

7

; Energy Sciences, U.S. Department of Energy. Germantown Building, ER-17, MC G-256,
| Washington, DC 20545
[ - 75. Dr. James Corones, Ames Laboratory, lowa State University, Ames, 1A 50011
3 i 76. Dr. George J. Davis, Department of Mathematics, Georgia State University, Atlanta, GA 30303
< 77. Dr. C. R. Deprima, 253-37, California Institute of Technology, Pasadena, CA 91125
78. Dr. Edward J. Dudewicz, Department of Statistics, Ohio Siate University, 1958 Neil Ave., Columbus,
OH 43210
79. Dr. Iain S. Duff, Building 8.9, AERE Harwell, Oxon, OX11 ORA, ENGLAND
80. Professor Neil A. Exlund, Science Dmsaon—-—Mathemancs Program, Centre College, Danville, KY -
40422 :
81. Dr. Marvin D. Erickson, Computer Technology, Systems Depanment, Pacific Northwest
Labomatory, P.O. Box 999, Richland, WA 99352 .
82. Dr. Sidney Femmbach, Head, Computation and Scientific Support Depanmenls University of
California, Lawrence Livermore Laboratory, P.O. Box 808, Livermore, CA 94550
83. Dr. J. Alan George, 16 Academy Crescemt, Waterloo, Ontario, CANADA N2L SH7
84. Dr. James G. Glimm, Department of Mathematics, Rockefeller University, New York, NY 10021
8S. Professor Max Goldstemn, Courant Institute of Mathematical Sciences, New York University, 251
Mercer St., New York, NY 10012
86. -Dr. Gene H. Golub, Computer Science Depanmem, Stanford University, Stanford, CA 94305
87. Dr. D. G. Hoel, National Institute of Environmental Health Sciences, P.O. Box 12233, Rescarch
Triangle Park, NC 27709
. Professor W.A. Hoﬂman,.lr Director, Oak Ridge Science Semester, Denison University, Granville,
OH 43023
. Dr. J. L. Houston, Department of Mathematical Sciences, Atlanta University, Atlania, GA 303!4
. Dr. Robert E. Huddleston, Applied Mathematics Division, 8332, Sandia Laboratories, Livermore,
CA 94550
. Mr. William J. Huster, 3128 Guilford Ave., Baltimore, MD 21218
. Professor William M. Kahan, Department of Computer Science, University of California, Berkeley,
CA 94720
. Dr. M. A. Kastenbaum, I"rector of Statistics, The Tobacco Institute, Inc., 1875 1 St. NW, Suite 800,
Washington, DC 20006
. Dr. Robert J. Kee, Applied Mathematics Division, 8331, Sandia Laboratonu. Livermore, CA 94550
. Professor Peter D. Lax, Disector, Courant Institute of Mathematical Sciences, New York University,
251 Mercer St., New York, NY 10042
96. Ms. Judith A. Mahaffey, Statistics, Systems Depantimoent, Battelle Pacific Northwest Lzboratory,
P.O. Box 999, Richland, WA 99352
97. Dr. Geocge P. McCabe, Jr., Department of Statistics, Purdue Umvemty, West Lafayette, IN 47907
98. Dr. Paul C. Messina, Applicd Mathematics Division, Argonne National Laboratory, Argonne, IL
6049 -
99. Dr. Nicholas Metropolis, MS-233, Los Alamos National Laboratory, P.O. Box 1663, Los Alamos,
NM 87545
100. Dr. Gunter H. Meyer, Department of Mathematics, Georgia Institute of Technology, Atlanta, GA
30332
101. Dr.George Michael, Computation Depariment, Lawrence Livermore National Laboratory, P.O. Box
808, Livermore, CA 94550
102. Dr. F. L. Miller, Jr.. Desert Research Institute, 4582 Maryland Pkwy., Las Vegas, NV 89109
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Dr. George A. Milliken, Depariment of Siatnvins, Caivin Hail, Kansas State University, Manhattan,
KS 66506

Dr. R. H. Moore, Chief. Statistcal Research Division, U.S. Bureau of the Census, Washington, DC
20233 _

Dr. Basil Nichols, T-7, Mathematical Modeling and Analysis, Los Alamos National Laboratory, P.O.
Box 1663, Los Alamos, NM 87545

Dr. Wesley L. Nicholson. Sigma 3, Battelle Pacific Northwest Laboratory, P.O. Box 999 Richland,
WA 99352

Dr. James M. Ortega. Head, Department of Applied Mathematics and Computer Science, University
of Virginia, Charlottesville, VA 22901

Dr. Beresford N. Parlett, Department of Mathematics, University of California, Berkeley, CA 94720
Professor S. A. Patil, Department of Mathematics, Tennessee Technological University, Cookeville,
TN 38501

Dr. Ronald Peierls, Applied Mathematics Department, Brookhaven National Laboratory, Upton,
NY 11973 '

Professor Robert J. Plemmons, Department of Mathematics & Computer Science, North Carclina
State University, Raieigh, NC 27650

Dr. James C. T. Pool, Mathematical and Information Sciences Division, Office of Naval Research,
800 N. Quincy St., Ardington, VA 22217

Dr. R. R. Prairie, Division 1643, Sandia Laboratories, Albuquerque, NM 87115

Dr. Carl Quong, Computer Science and Applied Mathematics Department, Lawrenc. Berkeley
Laboratory, Berkeley, CA 94720

Drs. Douglas S. Robson, Biometrics Unit, Comnell University, Ithaca, NY 14853

Dr. Milton E. Rose, Director, ICASE, M; S 132C, NASA Langley Research Center, Hampton, VA
28665

Dr. Joan R. Rosenblaut, Deputy Director, Center for Applied Mathematics, National Bureau of
Stwuandards, Bidg. 101, Rm. A-438. Washington, DC 20234

. Dr. Richard J. Rovston, Director, Applicd Mathematics Division, Argonne National Laboratory,

AMD Bldg. 221, 9700 S. Cass Ave., Argonne, 1L 60439

Di: David S. Scott, Department of Computer Sciences, University of Texas, Austin, TX 78712
Dr. Lawrence F. Shampine, Numerical Mathematics Division, 5642, Sandia Laboratories, P.O. Box
5800, Albuquerque, NM 87115

Dr. L. R. Shenton, Office of Computing and Information Service, Boyd Graduate Studies Bldg.,
University of Georgia, Athens, GA 30602

Dr. John H. Shoosmith, Maii Stop 125, NASA Langicy Rescarch Center, Hampton, VA 23665
Professor Milton Sobel, Department of Mathematics. University of California, Santa Barbara, CA
93107

Dr. Daniel L. Solomon, Department of Statistics, North Carolina State University, Box 5457,
Raleigh, NC 2765v

Dr. E. M. Sparrow, Department of Mechanical Engincering, University of Minnesota. Minneapolis,
MN 55455

Dr. George Stapleton, E-201, EV-32, Germantown, U.S. Department of Energy, Washington, DC
20545 :

Dr. G. W. Stewart, Computer Science Depariment, University of Maryland, College Park, MD 20742
Dr. W.-Y. Tan, Department of Mathematical Sciences, Memphis State University, Memphis, TN
38152

Professor Richard Tapia, Depariment of Mathemarical Sciences, Rice University, Houston, TX
77001

Dr. Chariles C. Thigpen, Department of Statistics, University of Tennessee, Knoxville, TN 37916
Professor J. W. Tukey, Department of Staristics, Princeton University, Princeton, NJ 08540
Piofessor Bruce Turnbull, 356 Upson Hall, Cornell University, Ithaca, NY 14853

Dr. Richard S. Varga, Department of Mathematics, Kent State University, Kent, OH 44240

Dr. William E. Vesely, U.S. Nuclear Regulatory Commission, Washingion, DC 20555
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Dr. David L. Wallacc, Department of Statistics, University of Chicago, 118 E. 58th St., Chicago, IL
60637 : -

Dr. Ray A. Waller, S-1, Statistics, Los Alamos National Laboratory, P.O. Box 1663, Los Alamos,
NM 87545

Professor Geoffrey S. Watson, Department of Statistics, Princeton University, Princeton, NJ 08540
Dr. Edward J. Wegman, Statisticsand Probability Program, Office of Naval Research, 800 N. Quincy
St, Ardington, VA 22217 :

Dr. James H. Wilkinsor. Division of Numerical Analysis .nd Computer Science, National Physical
Laboratory, Teddington, Midclesex, TW11 OLW, ENGLAND

Dr. John W. Wilkinson, School of Management, Rensselaer Polytechnic Institute, Troy, N 12181
Mr. D. A.Woll, University of Wisconsin, Depariment of Statistics, 1210 W. Dayton St., Madison, W]
53756

Dr. Withem Wolfer, Department of Nuclear Engincering, Uriversity of Wisconsin, 1500 Johnson Dr.,
Madison, WI 53706 '
Office of Assistant Manager for Energy Researchand Development, U_S. Department of Energy, Oak
Ridge Operations Office, Oak Rudge, TN 37830

Given distribution as shown in TIC-4500 under Mathematics and Computers Category
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