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Preface .

Thc '\vl:nhcmams and ﬁlanslm Research Dcp:mmen! during tac 1978~ 1979 reporting period continucd
SSIStanCe to th I)OF A\pphed Malhemahcal %CIICCS I'rogm.m m lonnuhnmz its b;mc mmrcb n',n-

emluaunn and I'I\k .lmluus
Smusnu.ms Patricia DiZillo-Benoit and Tommy Wright joined the department and mmediztely became
mvoh od in the data validation project. David Scott joined the Mathematios Section to work on the research

in numzrical incar algebra. concentrating or sparse mairix problems. The effort in numerical lincar algebra
was further strengthened by the arrival of Robert Funderlic. whe transtesred from the Computing
Applications Depariment,

In addition. the deparament was pleased 1o welcome Vicki Hatmaker and Cyvathin White (o the
secretarial staf). . . .

Honors continue toaccrue to the .t of the department. Kimiko Bowman was clected Ordinan Member of
the Internasional Statistical Institute and was designated by Radfivd College as the Outstanding Alumnus for
1978.
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This is the twenty-second in the series of progress reports of the M:nlummn:s :md Slausucs Resr.m-h
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: analys;s of dlseasc prevalence  data from
21 experiments in which there may also be some
senal‘sacnﬁce Due to the complicated nature of the
discase processes involved and the fact that the data
are obtaincd only at the death of the animal, such
data are often difficult to aralyze. The statistical
model that we utilized was parameterized in terms of
‘jliness-state prevalences and lethalities, and methods
for estimating these from the data were discussed.
Based on expressing the prevalences and lethalities
in “log-linear™ form, various simplificd models can
now be fitted. In the casc of two discases. for
cxample, let po be the prevalence of the illness staie
(/.-ky n group i(ireaied or control) at the beginning of
time interval m, where j = 0 (1) refers to the absen.c

(presence) of discase 4 and where & = 0.(1) refers to-
the absence (presence) of disease B. The cosrespond--

ing lethaiity g, is defined as the probability that an
animal dics in inserval m, given it is in group i and
illness state (/. k) at the start of the interval, Then the
log-linear mudel expresses 10g ponu and logit gy =
loglgms (1 — qm:)] as @ sum of main effects and
interactions of the variables group. time. and

1. Biology Division.
2. Memphis State University,
J Cornell University, |
"An.clym of Dircass [Xata from Survival Sacnifice Experi-
menis.” Math. Star. Res. Dep. Prog. Rep. June 30. 1974,
ORN(. CSD-M. pp. 17 1K (September 1978),
|

and mtcnn.lmns are z:ro. a hlcrarchy of modcis Can i

be fitied to the data and cxammed “The capability for
fitting - these “unsaturated™ models enables us to
simplify tbz model. to increase the precision of the
estimates of thc important parmmeters. and 10 test
various simplifying assumptions. such as nonlethality
of diseases. Another benefit is that the difficulties
associated with the sparsity of some observed illness
states arc greatly alleviated. -

To fit a specified model (by the maximum lik=ki- -
hood criterion) tv a set of data, we utilize the EM

~ algorithm’ in conjunction with the well-known itera-

uive propontional hitting zlgorithm. To test the
goodness ot it of the model. we compmethe lack-of-
fit statistic G = 2(L* ~ [). where I is the maximum
log-likelihood for the proposed model and i* isthe
maximum log-likelikood for the saturated model (all
terms present). We then use, as an approximation to
the null distribution of G. the chi-squared distribu-
tion with degre:'s of freedom v equal 1o the difference

. bétween the number of terms in these two models.
" Approximate s’andard errors for specified terms in

the model can al:o be readily computed. ,
‘We have applied ihese technigdes, for demonstra-
tion purposes, 10 some of 1hc gata from a large exper-
iment conducted at the ORNL Biology Division to
examine the effects of dose, dose-rate. and type of
radiation on mice. Various questious regarding
disease lethality, relative risks, and independence of

N, P Dempster. M. M. Laied, and 1. B. Rubin, "Maximum
Likvithood Fatimation from Incomplete 1ata via the £V
Agorghm.” /. R. S1a1. Soc. B 39,1 2211977y,




dlscases were examined for two experimental groups 2. The number of induced mutations is a Poisson

and four pooled discase catcgones ’ "random variable. occurring ar the ume of
We are currently involved in a major effort 1o eXposure. . . . i

“ document our computer program and make it easier

for the user to specify. via a series of interactive

quesnons and answers, the models of interest. When 7

this is completed. the unalysis_should be ready for 4 Prior to and after ach growth period, there are

applu:auon toa \udc \anel} of. daia sets. - S pcnods of essenlnll\ no growth durmgwhlch _‘he

3 Spomaneous mutations occur randomly in the -
-population with 2n mtensnv propomonal to N,

complicated by lhq occurrence of Spontaneous muta-
growth of the cell population dunng the .
cxpress:on period, and the need to sample the
population for replating every fwo or lhrec -days—-."
during phenotypic exprcsvonf_ < -
Our first objective is to dc\cl’wp & statistical model
that allows determination G#the distribution of the
number of mutants finally vbserved in this type of
expeniment. We have modeled the process in terms of

rather formidable and may havc to be compu ed
numcncallv -
We have also begun 0 cxplorc an altemaln-c
approach based nn a hranching process model; this
model may bc more realistic in that “partiz;”
mutants. permitted by assumption 4 above, do not
. . « occur. Under this model, the distribution of the
a sequence of grqwth pm'_'ds' mtersperscf t_’! number of mutant “descendants” at the end of the
sampling and replating. We assume the following: . .. . .
< growth period arising from* a single nonmutant
I. Growth of normal and mutamt cells is. (or mutant) cell alive at the beginning of the period Lo
deterministic. with exponential growth rate. For  can be easily computed. The total number of mutants :
normal cells. .V, = Noe™. where N, is the  in the population at the end of the period is then just
population sizc at time 1: for mutantcells.e™ "is  the sum of a set of random variables with known
. the number of mutants at time s generated by a  distributions, for given mutation rates and growth
- single mutation that occurred at time =, 2 < 1. parameters. Because this formulation lends itsclf well -
(This is more properly regarded as an 1o computer computation of the final distribution of ' i
approximation rather than an assumption. sincc  mutants, we expect to calculate Iikelihood functions
the number of mutants becomes a continuous  for the parameters of interest (especially the induced
random variable.) mutation rate) for a given set of assay data.
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I this form, it is recognized as a generalizarion of the
¢lassical plasiicity “model. the difference being.
additional terms 31, and the new internal variables a,
_which are gowrned by the equations of evolution. By
lmplemcnn 1g th sc additional terms at each loading
step in ar exirting finite element code for the
“plasticity n.odci. a finite element code for the creep-
recovery mo Iel has been established. This program
has the advantage of treating both plastic and crecp
- deformation in a unified way.'

FORCES ON A DISLOCATION
NEAR A CRACK TIP

‘Forces on an edge dislocation near a crack tip ma;

becomputcd by the J-integral method. Contours of
constant forces are plotied as shown in Fig. I, where
_ Jx, the force acting in the X: direction. tends to move
the dislocation along its slip plane, With a strong
enough J:, dislocations are emitted from the crack tip
and cause blunting and fracture. It is interesting 1o
note that when the J-integral is expressed in its
complex form, the Pcach-Kochler equation for dis-
locations can be derived from the J-integral.

,129

Flg. I Contours of. cons(ant lorrcsm ll'u, X~ d‘rta n of
dmocauou 'mh Burprs \cctor b. . .

SELF-CONS[STENT APPROXIMATK)NS
FOR DISORDERED SYSTEM< _

I'hc Cohcremt Potental Appmvmauon ( CPA) is
an excellent single-sitc, self-consistent approxima-
tion for disordered solids with simple diagonal
disorder. Since the CPA was introduced in 1957,
there has been considerable” interest -in finding
extensions of the CPA which would properly include.
multisite effects and which would be valid for more.
general types of disorder. Virtually all of the

I. Computer Science Division,

2. Solid State Division.

3. Rurgers Universiy.-

4. "A Creep-Recovery Constitutive Equition for the Inclastic
Deformation of Metals.™ Math. Star. Res. Dep. Prog. Rep.
Jime 30, 1978, ORNL CSD-34, pp. 14 15 (Scptensher 1978).

5. S.-J. Chang and S. K. Iskander, “Finite Flement Mcthod
Rascd on the Creep-Recovery Constititive Fyaation,” p 264 in
Prececldings  of the Second  Imiernenional  Confererice on
Compintasienal Methods i Nonhnear Mechanies, Umiversity of
Fexas, Austin, Mar. 26 29, 1979,

|




proposed methods have. unlike the CPA. exbibited

lytic methods have been severehy hmuul n their
-apphcation:
© R, Mills” has recently produced an analytic, multj-

“unphysical (nonanalytic) behavior: proposed ana- -

this method s anabvie Pheas tor sobids describesd hi

mdependent rundam varahlos an oxtenvion ot the
CPA hay been obtained. We are currently mw\ugab
ing the apphication of this method to ~ystems with

- short-range order tLe . dependent random varniablesy.

c
t R MG e P Kot ararechsa, "Analitiot & H.r..u.
Abfons,” Pz Rev B 1S, S"‘l‘ My 19T = -

MW Dkl and P oL Leathe “lhe Prude-bemon
' upp*s\.:-.h !nnm.lr. l)Nm!ﬂ:d Sestemy TPU Rew B9, 5hT
1979y S :
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“deficiency in 1"

- . K. O. Bownmun
L) Gray

L. Miller. Jr.
: 1.J. Mitchell

; D. S, Scour

vhn‘:h human bcha\ tor plays ) m.ljﬂl' rofe.
g_v modeh th:u -mcmpl to forcc:m thc

of such mude!s has thcuforc become a wpu of

‘ii’lmsldemblc interest.

“During the past vear. members of the MSR D sgaft

“have held a series of intormal seminars and dis-
cussions on the concept and practice of energy moxlel

validation. particularh trom a mathematica! and
statistical view point. Asaresult of these discussions,
a paper’ was wrtten. with the tollowing ohjectives:

gzenera! mdication of what “model
validation™ meant 1o us. given  that
experimentation on the cconomy in the scientific
SENMC IS 1N Mo Cases impossible:

3

. 1o dentidy, inan organized way, a set of specilic
questions and activities that we telt were pertinent
to model validation: and

3. 10 indicate the wavs in which mathematicians and

statisticians could contribute () in a consulting

role tor a particular validation study and (h)in a

rescarch role to develop new -technigues for -

specific validation procedures,

Wedetined model validation rather broadly as~the
application of any proccdure designed to cvaluate
some aspect of the utility of a model or 1o detect a
“To provide a convenient Iramework

Eo b misersiy of Georgis

200 lease srom the b nversty of Missours,

L0 Muchell, G Wison, and others, Laerey Model
$aliddanon  Inal l'l’lu'[lllnll\ of the Process, ORNE OS] -$E
(1o he published)

3. Model Development and Evaluation ;

l. .
WA Thompson, Jr. B
. R.R. Uppulun :
DG

v

ntal dat hlw!i}chc'n lcst Ihelr »ahdn} lhcsc
: ol\cn give conﬂu.ung ‘results - and - arc -
ndu. by controversy. The objective:” “valida-

“compuier programs.

A, Serhin
R. Shenton

Wilson

[t

for discussion. we broke ddun the model develop-
ment and: mu«hi.c:nmn PFOCTS I2TO Various compo-
achts. At the center is “the model.” which includes i
mental model. 2 muthematical model. and a set of
At cach point of transition -
betw cen these components, errors nrappm.um.s:mns:

that affect the model's validity may be. made.

. For conygnicnce,  we dlsungulshcd “between
“passive” validation, which involves the study of the
model documentation. and “active”™ validation, in’
which the model s run undu the control of_the

validation team. It is absolutely essential for hoth

that the model be well documented. dnd we listed
some standards for this.

~ Active validation techniques. including program
analysis,  uncertainty  analvsis.  response  surface
analysis, and analysis arc not vet well
developed We concluded that these arcis provide the
most truittul opportunitics for mathematical and
statistical rescarch in modelvalidation methodology.

SITCSS

4‘ .
APPROXIMATE PERCENTAGE POINTS
FOR PEARSON DISTRIBUTIONS

“Fhe Parson system of distributions based on the
difterential equation

IJV _ctx)
vdx tlf(\’*h.\'

includes many well-known densitics and has had
widespread application as a basis for smoothing
experimental dats and. perhaps more importantly. as
an approximating structure for intractable theoret-
ical distributions tor which up to four moments are
known.

Having chosen  an atccptahlc approximate
Pearson curve, we may like to know its percentiles, at
feast at a set ol values likely to be of interest, In
gencral, accurate assessments of these in standard
measdre are hased on the skewness (v 1) and

_kurtosis (f8:) coetticients and can be determined from

B

n .




the tabulation i Pearson and Hartley' or from a
lengthy computer program by Amos and Daniel.” To
avord 1o-point interpolation in the tables. approxi-
matc formulas’  have been developed for the
It commoniy used pereentages mterms of £ and f3..
nthelorm = (- ‘[{ By s BB where m(-yand
=:d-) arc bunanate p(‘:!,\‘nnmulx of degree 3 imvolvung

crror involied over-the defined domain 18 0.5% or

fess.
The cleven levels of o formulas for the deviates of a

three-point. Lagrange. for a new - X given. thy

imations and | agrange formula may be programmed

results with sufficient accuracy for most applications.

As discussed ebsewhere. in this section - these
procedures have been apolicd to determine con-
tidence ntervals for predictions from a mode] that
forecasts. energy use under various conservation
policies.

EVALUATION OF THE PARAMETERS
. _ OF THE JOHNSON SYSTEM
OF FREQUENCY CURVES

When thedistribution of a statistic is intractable. as
is otten the case when analyzing a computer model, it
may he necessary o use an approximation, DThe
Johmson system of breguency curves is an atirschive
method of approximation because the varates are
teanstormations of the normal density. Fhe ssstem s
detined by

=y+8f(y), z¢ NMO-I).

4 F. 8. Pearson and H. . Hartley, Biomerrika Tables for
Staristicrans, wol. 2, ('umhlulgr University Press, New York,
1972,

5. D EAmosand SV Danwel. Tables ey Percentage Pesnts of
Standardized Pearzom Disiriburions, Report RR-T1 DK, Sandia
Labharatonies, Alhbuguergue, N M. (1971).

. K.O.Bowmanand . R. Shenton, "Approximate Percentage
Points for Pearson Distribution,” fomerrih g 66, 147 S1(1979),

7. K. 0. Bowman and | R. Shenten, "Further Approximate
Pearson Percentage Points and Cormish-Fisher.” Commun, Siar.,
Smdanon Compr. B8(3), 231 44 (1979),

19 coctiicients fthe constant in 7 being unity). The

Pearson distribution, taking int¢. consideration the:
_domains of vahdity. are much simpler te usethanihe
programmcd Amos package or the dcmamlmg wo-. -
way interpolation in the tables. Interpolation by

ncighboring (X.. a) poims is ‘quite safe; but the
“ convense (i.c.. interpolating for X, given k., needsa
five-pe ...¢ Lagrange formula for safcu “The approx- :

“ for a portable’ prmrammablc computer to produce’

6

Onc drawback 1 the diftwults in finding the
parameter. vilues, but once the paranicters are
known. normal percentag: ponts can be used to tind
the probabetity levels. :

A rational tfraction .:ppmv.imdnon tor & function
ot onc of the parameters detinmg Johnson™ 3¢
system (unbounded) was developed tor which the
error assessment 95 a segment: of the domamn of
validity showed rcmark.:blc accuracy. Farthermore.
the region of valdity covered far more than lhc.
previously published table.

For the S5 system (bounded) of hmxlu! range. .
there are no exphicit solutions for the shew ncss add.

Kurtosis pammctcrs N ﬂ ang ;. so that it is quile =~

difficult 10" calculate” the _parameters. We have
consuucted a dnagram { hg 2) “hlch leads to qune
:lcceplahlc mmal estimates of the parameters /:md 5
for the range 0 < VB < 2 5'in the Ss domain. Thcse
estimates can be lmpmvc& bx iteration ina computer
pmer:lm,
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Fig. 2. Sacontour cunves  f§ and §:.

CONSTRUCTING CONFIDENCE REGIONS
FOR AN ENERGY MODEL

J.arge computational models are once sct of (ools
used by policymakerss to forecast cnergy use under
various policy alternatives. The forecast cnergy
valucs may be imprecise for various reasons, and thus
we ecmbed them in a probability structure. Monte-

Carlo simutations of n realizations, based on un-
certainty distributions for the model parameters, lead
to the forecast cnergy usc values xi(7). x:(1), . ... xa(1).
where 7 represents a future time interval. From this
samnple the skewness b; and kurtosis b: are calculated.,
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- extremum values are used 1o define an weienal in
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hood wt. b b regons of speaficd probabilin
conitent tre corstructed ohag

cveioned

3 using recenth
Dtting oad
By (howming pasnt. on the con-
rour amd bousing the Pearson d-cwement auded

dintrihution eskiftielieens

contulence antenvaly’ tor the
projecicd  cnergy  uwe  are tound.  Binalli, the

which the projection s hikely to fall.
For the purpose of iHustration. these procedures
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with sample swe n = 50

SCREENING DESIGNS FOR STUDYING
LARGE MODELS

A major problem in the study of large. economic
energy  madeh iy the identification  of  those

5K ) Bowman and 1. R. Shenton. “Notes on the Distribu-
non ot £ Samphng trom Pearson Disinbutions.” Bromerrika
60, 155 6711973

9. K O Bowman, "Power of the Kurtosis Statistic (8310 Fest
o Departu,e Trom Soi. ahiey,” Biomereeca 60, 623 2011973,

1. 1 R.Sheptonand K. O Bowman, " A Bivanate Meode tor
the Ihninbution of 8 and 4.7 1 Am. Star 4y, 72, 300 1
(1977

1T Hirstand 3 Carnes, Hhe ORST Engineeriig-Le onomi
Model of Resideanal Laeegs ae, ORNE CON (luly 1975)

parameters of assumptions that have most ettect on
the model vutput. Revaise there may be hunareds(or
erent thousands) of such parameters in the model. the
use of some sart of wreeming design iy osential.

We have begun a rescarch ctiort to develop a
swreeming strategy which v more general and
potentially more powertul than those now avalable.
Our approach relates to the classical “blood-tesiing
problem™” and extends the tundamental early work
ot Sabel and Groll’” on this problem.

In the present context. we assume that a single

caperimental tnal i+ computers run of the energy |
madel i whiwk sonte of the cantables (paragieters or
assumptions) in the model have been changed froma
“nominal level 10 a “test fevel. ™ It is assumed further
that the direction (i.c.. positive or negative) of the
cffect of changing a variable is known bur that its
magnitude is not known. A variable is " cither
~effective” i the sense that changing it toits test level
always results in a change in the model autput of at
least a certain amount 4 or i "negligible” inthe sense
that no combination of changes of such variables can
change the mode! output more than 4. The problem
is 10 correctly classify cacn variable as “effective™ or
“negligible™ in as few runs as possible.
* Sobel and Groll gave a recursive method for a
sequertial strategy that would minimize the expected
number of trials 0 solution. They focused their
attention on the special ease in which the prior
probability that any given variable is negligible is ¢
tor all vartables. They abo considzred prisnarily a
simpliticd class of strategics in which the unresolved
vanables can always be divided into two sets. exactly
one of which is known to contain an “effective™
variable, Only variables in one set or the other may be
set at their test leveh in the next mal; that is. no
“mixing” of the sets is allowed. ‘

Our extension ol this work does not require g 1o be
the same for allvariables. nor does it prohibit mixing.
We should thzrefore be able ta take advantage of
prior information about the model. We use an
“information criterion,” which was suggesied by
Sobel and Groll as a promising aliernative to thair
principal strategy. The ohject is to minimize at cach
trial the “entropy™ E, where E = —Y[plog:p. +
(1 = pYog.(1 — p)]: p.is the current probability of the

12, R. Dorfman, “The Petection of Defective Members ot
Large Populations.” Am. Sath. Star. 14, $30 30 (1933,

1N M. Sabel and 1. A Groll, "GOroup Jesting to Eliminatic
Finciently Al Defectives in e Binomaal Sample,” Bell Sesr Tech.
A 3B, 1179 282 1 1959y,
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3% Safomon: “Ar tasly Computahle: \ulmmn_ln adwa-
Phise Stetan Problem,” Solar Lneryy, suhmatied
3 Ao Salomen, “A Reistion Betuwen Surtace Femperatare and
bime tor & Phase-Change Provess with o € onseetne Boundan
2 vmudition,” Lere: Hemr Yavs Tearnfer 6. 192 "lll(i‘i"‘lr :
5. F. 1. Rubinstcin, - e Ste ton Problem, Translations of
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S ) K. Frankowski’

THE EFFECT OF LOGARITHMIC
“TRANSFORMATION ON THE PROBABILITY
OF MISCLASSIFICATION .

~ The discriminant funciioq has many desirable and
" optimal properties when it is used to classify an

_parent_populations. However, very litile work has
‘been done 1o evaluate th: cffect of daiz transforma-
tion on the dsscnmmam function. The probabllny of

mlsclamfymg an observation as commg from one of

* two populations, using the discriminant function, has

. been cvaluated for the case when it is known that the

_observed -random variables are lognormally dis-
tributed. The misclassification probabilities ha.e
been cvalvated under the incorrect assumption that

- the observed random variables are. normally

distributed and also evaluated aficr applying the
appropriate log wransformation. The difference
between the corresponding probabilities of misclas-

-~ obscrvation-as coming from onc of two underlying .

5. Multivaiiate Mu'tipopulation Classification

C. K. bayne VvV E. Kane M. Sobel
J. J. Beauchamp M. Jacger’ W. Y. Jan’
). E. Folkert’ D. S. Robson’ V.R.R. Uppuluri

C. A. Serbin

silication has been used as a measure of the
effectiveness of the wransformation. Different com:
binations of the underlying nopulation parameters
have beer considered to allow for comparisons in
terms of pupulation separation and relative popula-
tion abundance. Figures 4 and 5 show vividly the
effect of the correct transformation: A P(1{2) and
AP(2}}) are the changes in the conditional proba-
bilities of misclassification, APe)is thechangeintke
overall probability otmsclassnﬁcauon Iliandil:are

rthc relative population abundanccs and pand aare

parame(crs of thc underlying copulauon distribu-
tions. "We concluded that overall probability of

1. Hope College.

2. University of Minncota.

3. University of Chicago.

4. Tornell University.

5. Bty of Cabilornia. Santa Bashara,
6. Memphis Stete Lniversty,
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amisclassification s relatively maenasitine 1o drastic
depanures from optimality  in the conditional
probabibitics of mis Lssafication and that the overall

robability of misclassification may not be an
cffective objectine function tor selecting a diserimina-
tion procedure. .

PO

APPROXIMATING MISCLASSIFICATION
PROBABILITIES FOR FISHER'S
QUADRATIC DISCRIMINANT FUNCTION

Fisher's guadratic discriminant function is used to
~ discriminatc hbetween two bivariate normal popula-
tions with uncqual convanance matrices. However,
the theorctical misclassification probabilities arc not
- easily obtaincd hecause knowledge of the distribution
of a lincar combination of noncentral chi-sguare
random variables is required.

When the bivariatc normal populations have
covariance matrices that differ only by & :latar
: ) multiple. several approximations to the distribution
of the sum of noncentral chi-square random variables
arc available. For the mosc gencral structurce of the
covariance matrices, it is necessary to find an
approximation to the distribution of the difference of
two noncentral chi-squarc random varisbles. Two
methods for approximating this distribution are
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under imvestigation: (1 Pearson cunes  and
12) [.agucrre serics approximations.

The first approximation uses the skewr~s and
kurtosis of the difference ol nonceni- .o chi-square
random variables 10 select one o % Pearson curves
as the approximaung dist..bution. The misclassifica-
tion probabilitics can ther be obtained from the
percentage points of the approximating distribution.
The second method first approximates the non-
central chi-square random variables with central chi-
squarc random variahles by matching the first two or
three moments. The distribution of the differepce of
central chi-square random variables is then parti-
tioned into a negative part. which can be evaluated
exactly. and into a positive part, which s
approximated with Laguerre polynominals.

THE THREE-PARAMETER
LLOGNORMAL DISTRIBUTION

The lognormal distribution is commonly cn-
countered in apphied statistics and is appropriate for
data associated with many classification problems. In
the three-parameter Ingnormal distribution, ) =
logtx — v) has a normal distribution with unknown
mean u and variance o, where v is the observed data
andy s an unknown shift paramecter. The estimation




ot 5 bi the standard maxamum hikehbhood approacn
v nost possihic because the masimized bkchhood
timite. Computation of local maxamias s the general
approach. but nonstandard numencal optimwration
IS TICTessaiy .

An altermatne  optimization  function i the
weighied order sttt

ion

: § L aloptx;
i
Wiy)y= ’ - 3
L) n
Llwax, -y n' F loptx; )
i et o

where v < v 77 ... v and where thea Sy afc known
comtamtssuchthate =, ... Sa =DandXa = 1.
Phe statistic B1=) tor - fixed < s a poodnos-of-fit
statistic for the nor.gat distribution where ditlerent
chaicos o the @ ¥ Geuespond o vatous s, For
example. the a’s corresponding to the normaiized
aapected order strintics vicld a clorm of Hiy)
vquinlent to Shapiro-Francia test for normalits. The
“clomer Tlopty - ) intod  the closer™ the x Narctna
normal distrsbutron,

It has bren determined that Wiy provides
estimttes ot 5 chat are simular Lo the local maximum
Likehihood estimutes but are much casier to compute.

Scveral stardard methods performed poorly when,

compared o B{v). We have Shown that many
estitnztion procedures produce estimates of + that
kecome negatively biased @ 0 becomes small. Mot
ol the eszimation procedures were found to be robust
with respect 1o heavy-tatled distributions and night-
il outhicrs.

LIMITING VALUES OF VARIOUS
FUNCTIONS TO BE OPTIMIZED
IN ACHIEVING NORMALITY

Belore using many classification procedures. it i
often accessary to transtorm the data. In an carlier
report, ditferent objective functions were proposed
to estimaic the paramcters of the power transforma-
tion, 3 = (x+ ), The objective functions of particular
interest were (1) Jikelihood function, (2) weighted-
order statistic Tunction, and (3) sample skewness-
kurtosis  function. The  optimization of  these
functions was iterative and presented convergence

7. “Franstormation to Sormalins,” Mads, Star. Res. Dep. Proyg.
Rep. fune 30, 1975, ORNTE CSD-3, p 4 (September 1975,

probicmis tor some nfc;hc dita sets mestigated.
Fheretore, an azabsis of the hmting values of thew
obpective tuactions was pertormed for the two cases
« s % and ¢ - -x - where ¥ i the first-onder
statistic lrom a samiple.

Let 1. denote the log-likehhood tunction of the
observed samesle. assuming cand poxist such that the
obxerved data may be transtormed to approximate
aormaly. 1€ /... s the maximum of 7 torapiven o
and p. then the Bmiting valuc ol Fo... a5 ¢ == ~ X« Wi
lound to range from ~2 to —> depending on the
valuc ol p. with 2 = | vielding the only $inite hmit. The

bimising value of L. as ¢ -~ 2% was found to be tinite

and independent of the value of p.
Fet 7 represent & weighted-order stativtic of the
torm I = N D, where
fr :
N={ T gix,+ | .
i1

n n
D=Ll +ar n' § x;+0rt |
IE 1 .

and the a5 are known constants satisising X o = )
and X @ = L The lismting valuesof Tase = x o was
tound to be tinite but dependent on whether p - O or
70 For p< 0, the imiting value was actually found
1o be the minimum “aluc of 7. As -~ = the hminng
value of 7 was found to be equivalen® to the value of
Twith =0and p= §. that . the value of Tusing the
original untransformed data. .
The sample skenness-kurtosis function Wi taken
to he ’

J Vi EROLE b Ethyl- |

B= .
l Var(v/b;) Varthy) ’

where by oand 5H: arc the sample skewness and
kurtosis, respectisely. of ». = (x. + ). For this
function

lim B=8, .

el

where B, s the vitlue of the skewness-kurtosis fune-
tion delined from the untransformed (¢ =0, p = |)
data. The antlysis of the im. .. B showed that this
limit was finite i p - 0 but was a tunction of the
sample size i if p < 0,




NI of these results have provided o better undcer-
standing of the ditficulties inherent in extimating the
parmeters ¢« and g

INCOMPLETE DIRICHLET INTEGRALS
OF TYPE I}

This wark 15 4 continuanon ol psevious work on
incomplcete Dirichlet mtegrals of tvpe L7 Dirichiet
distributions are muititariate distributions which
have proven to be uscful for several problems. For
instapce. incomplete Diriel'et integrals of type 11

_airise when the problem is to find a distrtbution with
“the largest variance. given samples from £ normal
diS‘__yl’ibl“iOn».

" These integrals occur nazurally in the context of
ng hime problems when samp:ine from multi-
-momial distributions. and they abo appear in the
study of the distributional propertive ol the extrema
of gamma-distribnted random van.bles. Work to
organize the applications and a et of tables on these
integrals is in progress.

Let
’
Woxl ! dx,
o f+1
fix; R £ .
feae b . 1-hr
|I+]a+x,_' LAV 3 79 4

x, >20.a>0.

X DB Owenand K. F Odeh, Selete ld Tables or Mathiemiar:. al
Stamsire s vor IV Amcrcan Mathensatad Socety, Prossdene,

R1. 1977

K]

bhe generabized icompicte Dinchkt antegrals of
npe B are delined by

!
: Itnt ) &Y
M my = I )
g AT T TR
= P4 F
;(f --.f fl.\"'-' ..... X b' II (l-rs‘ .
o o ‘:.f‘.i"l
and ’

1im + br) (:i’ ‘),

nmiter\ r

T
3 B PRy P
o a :

a=fry

DN, ) =

~We are interested wn (. (r. m) and D, (r. m).

which arc given by the ahove equations when =0,
These integrals appear in numerous problems and
may be considered as multivariate cxtensions of
incomplete / -imtegrals. fo L’ompmc these integrals.
recursion formulas, together with the appropriate
boundary conditions, were used.

I he boundary conditions for /2. (r, mij) consisted
of unly positive terms_and thus the computation was
straighttorward. Howeer, for ¢ ¢r, mn. the
presence of acgative trerms inthe analegous bo iTnd:u}*
conditions  was causing loss of accuracy. This
problem was sohved by irtroduciag a new function
Coonomywhere e = O (o on and
¢, r. ) osatisfies a recurrence  relation with
boundary conditions imvolving additions of positine
erms.



6. Numerical Linear Algebra

R. E. Funderlic 3. E. Rall ,
A. W. Geise’ D. S. Scou :
R.C. Ward

LANCZOS ALGORITHM SOFTWARE

Many applicd problems can be reduced to findinga

few cigenvalues [A § and corresponding cigenvectors
fxi of the cigenproblem

(A--2B)x=0,

: where both A and B arc large sparse symmetric

matrices and B is positive ‘definite. The Vanczos
algorithm is a powerful technique for solving such

- problems. and sclective orthogonalization' is .« viable

method of maintaining stability in the algorithm.
We have developed high-quality, fully portable
software  which implements the block Lanczos
algorithm with selective orthogonalization to solve
two classes of eigenvalue problems. In one code. the
user specifics the number of cigenvalues desired while
in the other code the user specifies a desired interval.

- It is anticipated that these codes will be placed in the

National Energy  Software Center  for  general
distribution as soon as flesting is completed.
Preliminary testing indicates that these codes offer
substantial savings over currensly used technigues.
We are alvo investigating the use of the Lanczon
algorithm in conjunction with a shift and invert
strategy to extract cigenvalues from a sequence of
subintervals. Software development has begun, and
preliminary resulls are guite encouraging.

THE LANCZOS ALGORITHM
FOR LINEAR EQUATIONS

The conjugate gradients algorithm (cg) is often
used to find approximate solutions to sets of lincar
cquations

where A is a large sparsc symmetric  matrix.
Unfortunately, g is potentially unstable if A is

L. Great Lakes Colleges  Aweciation  student,  Fawrence
'mverwiry.

2. Oak Riage Assoviated U niversities.

L BN Pardetcand 1.8, Scott, ~ Fhe Lanczos Alg srithm with
Selectne  Orthegonabvaton,”  Yath.  Comma. 33, 217 W
1197,

indefinite (has both positive and negative cigen—
values). An altemative algorithm® dcrived from the
rclationship bétween g and the Lanczos algorithm is
stable for indefmite A but requires more storage and
more arithmelic operations than does ¢g. -

It is possible to use the Lanczos algomhm directly
to solve symmetric sets of lincar equations. This
requires that a sequence of vectors be stored on disk
and recalled once to form the soluuon vector. but

otherwise it is equwalcnl 10 ¢ lll bolh storagt and e

work. .
There are three dcﬁmlc admmages 10 lhc l.:mcma; g
approach: ’ -

I. \ may be indefinite without instability.

(2]

. The condition number of A can often be ou-
matcd reliably. :

3. It is possible to-use the stored vectors to obtain
good starting approximations to other cquations
-with the same matrix A.

A potential advantage of the Lanczos approach is
the use of sclective orthogonalization’ to maintain
orthogonality among the computed vectors.

Preliminary studies have shown that there are no
difficulties in implementing the algorithm. Indeed.
with clever coding it is possible to reduce the required
core storage (o less than chat needed for g, However,
further study will be needed to determine whether the
adwnugn of this approach outweigh the difficultics
involved in using secondary store.

PRECONDITIONING THE GENERALIZED
EIGENVALUE PROBLEM

Ina previous report.” we have presented an outline
of a threc-step algorithm for preconditioning the
matrices A and B 10 be used in conjunction vith &
QZ-type algorithm for solving the gencralized
cigenvalue problem Ax = ABx. The details of the

3 CC Page and M. A, Saunders, “Solution of Sparse
Indetimise Systems of Lincar Fyuations,” SIAV L Sumer. Anal
12. 617 29 (1974

. “Scabing the Geacralized Figeovatue Problem.” Varh. St
Res. Dep. Prog. Rep. June 0. 1978, ORNIE CSD-34. pp 7 X
tSepiember 197%).

|
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algorithm have been completed: a code has been
dereloped: and many random. pathological. and
pedagogical sets of matrices have been tested.

The heant of the algonthm involves scaiing
submatrices of A and B such that the magnitude of

~ each of their clements is as close as possible to unity .

“y

This scaling 15 appropriatc when the relative crron of
the elements are egual in magnitude. Aliernative
scaling methods 10 equalize the magnitude of the
errors should be used when this condition is not met.
The scaling is accomplished by solving a consistent.
singular svstem of lincar equations by the generalized
conjugate gradicnt method.” The initial guiess is the

“solution 10 the system when A and B contain only -
" nonzero clements. Unless the matrices are extremely

sparsc or pathological. the iterative scheme cony erges
within three or four iterations. S
“ The following obsenvations can be drawn from

‘the test results:

1. Tremendous improvement in the accuracy of

the cigenvalues is possible when the cigen-
valuey have widely varving magnitudes or when
there is a large difference between the matrix
norm and the diagonal clements of the tri-
angularized matrix  resulting from the Q7
algorithm.

2. In any of the test cases, noone of the cigen-
values  cosresponding 1o the  preconditioned
matrices were significantly less accurate than
those of the original matrices.

-

The third step of the preconditioning algorithm
grades the scaled B submatrix: this step can
markedly improve the accuracy of the cigen-
values with large magnitudes and thos should

be incluged regardless of the scaling method
cmploved.

4. The total number of @/ iterations required
10 comverge to the cigenvalues is usually reduced.
In fact. the savings in compuicr time executing
the Q7 algorithm will normally  offset the
cost of the preconditioning algorithm.

INTERACTIVE LEAST SQUARES

An ieractne program INVAR  has  been
develoned for sohving nonlincar kast squares

problems. Desigred for use from a remote computer

terminal, the program provides the uscr with on-line

feedback and the cnportunity to make changss or
corrections durmg  execution of the program.

INVAR isespecially designed for use by people witha
minimal knowiedge of Fortran programming.

The. kast squares mcthod used s based on
mathematical work of Golub and Pereyra and the
Staanlord Univeniiv computer program VARPRO.
The method takes special advantage of the structure
of the model cquation by treating the uaknown
parameters as “lincar” or “nonlincar.” depending on
how they appear in the modcl. Initial ixtimates need
be provided only for the aonlincar jarameters. A
wide vanety of satistical options and s.mple on-linc
plots arc available. A user> manual. s in
preparation,

6. Paul Comus. (rne H. Golub. and Iaone P-OTean, A
Generalized Corgregare Gradwnr Method for the Monwerical
Selutien of Elliprie Parval Difterentiol Lgqraations, STAN-CS-T4-
$33. Stantord Universits, Stanford, Caist . 1976,

7. (s H. Goluband b . Peresrs. ™ S he Disterentation of Pacudo-
fnverses and Sonbinear Feast Sgisres Problems Whose Variabicy
Sepanete.” SLAM T Numer. Anad 10, 353 32 (1973

O
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7. Risk Analysis

R. §. Funderlic

' COMPETING RISK PRESENTATION
OF REACTOR SAFETY STUDIES

When a new. potentually dangerous techaological
change such as an airport_Righway . or nuclear power
plant i5 contcmplated for 2 community. a rationai
approach should weigh the advantages and dis-
advantages beforc 2 decisron is made. One of the
disadvantages is that accidents may cauwe latalitios.
How can we gazatify this risk” It may be of some
* value 10 distinguish a subtopic of risk analysis which
we might call safery analysis. The statistical discipline
ot competing risks may be a proper framework within
" which 10 analyze thi: subsct of probléms. -

Competing risk theory hypothasizes 2 number of
risks (diseases, accidents. ctc.) which compete for the
lives of indisiduals. For cach individual. onc of those
risks will “win out.” and the individeal will dic from
that_risk. The theory then atiempts 1o predict the
consequence of removing or adding a k. For
example. what would be the effect on Bife expectancy
il a cure for smallpox were found? Similarly we might
ask. what would be the effect on lite expectancy i
100 atomic power plants were added 1o the
community”’

From Wash-1400. the Reactor Safety Study
(1975)." it 100 nuckear power plants are introduced
and nuclear accident is the onls risk, the individual
carly fatality probability peryearin2 7 10 7. Table |
summarizes the competing risk presentation of the
Reactor Salety Study as it concerns carly fatality risk.
Looking at life expectancy secems o be an cltective
way of guantifsing this kind of risk.

f Onleave trom the U anersity of Misonn

268 Saclear Regulaton Commssion. Keaotor Saten
St An hvwessmen: ot bondent Resks m TS Commeraial
Sudcdear Power Plann, W ASH- 130G (0ctober [979)

W. A Thompson_ Jr.

A THRESHOLD DOSE-RESPONSE MODEL

"Consider the jollowing  threohold model  as
bological motisation for the choice of a relation
between dose and response:

I. An organism might or might not ranond to
dose x.

t

. The organism ias a large number of critical
targels. ’

3. Each targci has a dose threshold,

3. A single targer responye results in organism
reSponse.

5. Throsholds of targets are rmandomly chown from
some dintnibution.

Thus q(.ri. the probability of orzanism nonrespanse.
is the probability that the minimum target threshold
excecds the dose. and hence a Weibull relation

X 3437
(< 7 ’ x>p
\ a !

Gixy = : Lo

exp

A

| . x=g

is indicated. The parameters have the following
interpretations. o is o cale parameter: £ is an
organism threshold becanse if dose is less than 4. then
response has probability {1 and + is the “order of
coatact” of piy)y at v = ff since

x g
lim J(xb/ —— ) =1,
Xoele ! / ( o )

The Wetbull model seems to it data equally as well
as the traditional probit and logit models but no
better,

Table 1. Probabilities of eventual death from different competing risks

All risks but

Albrisks . Al risks
_ bust nulear nuciear and T I
v motor vehicle A2 10 AsH0
Other 0976 (X)) n.976 n.976
Motor vehivle 0024 0.0 0,024 0.024
Nuclear on 0.0 i 771078
Life exncctancy (years) 7R 716 72.8¢ i8sc0) 7284 1 day)

ponyrvals g i e
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.
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'SAMPLING PROPORTIONAL
. TO RANDOM SIZE

. Let Xi. N- ... Xy be N nonnegative independent
wlentically distributed random variables. 15t ¥, = X,
. ‘wnh pmbablhu XNt X+ .+ Xxha= L2 .. N
is “referred 1o as the Tint realizaticn when
ipling with probability pmpomonal tosize. Next,
deleted from - X.. X7 ... X and another

Y. (n < N). These propema are used by
ch and Kaufman™ to/estimate recoverabie oil
urees. Sucha model could also beusediop edict
ectine in the expected size’ of discovery as a _
ovrce base is depleted. -

) direct methods, the dhlnbuuonal propertios of
Y.. .... ¥V.) are derived when the resource

. ] results v hen tic distribution of X, s arbitrary were
also obtained. For prediction purposes. Barouchand

)

"

8. Complementary Areas

V.R.R. U ppuluriﬁ .

 moments of - ¥, given the immediate past V. | are

tion V- Is made sumlhrl\" Itis of mlcresl o
J the dlsmbnuonal ;gopcmcs of- the seqw mee ¥

variables X, have a gamma distribution, General -

0

Kauiman utilized the formulac for the conditional 2o
expectation of Y, given the whole past ¥r. Yo ..
Yoi In the general case. we have derived the —
conditional Laplace Trasform of ¥, given the .
immediate past V.. ; wsing the joint and marginal - " i

properties of Y. and- V. ;. From this. thecondmoml S

‘oblamed In t!w;pecml case of a gamma dmnbuuonf

1. Teancssee Technobogical U aeersity. e,
2 F Baroran and Gl ML K.lulm.m ~Estimartion of Vndis-

wncred O and Gases.” pp. 77 91 in Marhemarical Apecrs «f

Peorduc st und Daiirihirion n!'lh ray. P I) I,.n..!_d,. \:m‘.'l‘.:'!; Lok

Mathenitioal Souets, Provdence. RoL. -
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: Part B. Statistical and Mathematical Collaboration

The Mathematics and Statistios Rescarch Department collaborates with many divisions of ORNL and
_other CC ND and DOE installations. Trianaually. the individual mathematicians and statisticians report
: major collaborations. which arc summarized in Table 2 by division ur installation for the calendar vear 1978,
, ‘«"Onl,y a sample of these activities are included in this part of the report.

‘flbl: 2. Tabulation of msjor collaborations by mathematicians
and statisticians during calendar year 1978

Division or insallation ) Tatal
Beology.- ORNL. 33
Mctals and Ceramics. ORNL 2
Eavironmental Sciences. ORNLL 20
¥-12 Plant 15
Encrgy. ORNI. 10
Compulter Sciences
= Engincening Technology, ORND.
Institute fur Encrgy Analysis, ORAL
Uranium Resource Evaluation Project
Solid State. ORNL
Analytical Chemistry. ORNI.
Health 2nd Safety Rescarch, ORNI.
Chemistry, ORNI.
Chemical Technology, ORNE
Employee Relations
National Oceanic and Atmospheric Administration
Muclear Regulstory Commission
A Sccurity
Depariment of Energy, Washington. D.C.
Engincering
Engincering Physics. ORNE
Gas Centrituge Project Office
Ouk Ridge Associated Universitics
" " . Paducah Gascous Ditfusion Plant
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2B Storer

J.M. Holbad

- EPIDERMAL CARCINOGENICITY OF
COMPOUNDS IN MICE

The experimental progrtam for testing the car-
cinogenicity of chemical compounds applied to the
skin of mice is continuing inthe Biology Division of
ORNL.. Initial statistical analyses for this assay have
been reported.” © New experiments. designed by
utilizing statistical methods to optimally allocaw
mice 10 treatment groups. are in progress. and ihe
development of methods of statistical analysis is
continuing.

‘An approximation to the variance of the Wetbail
parameter related 1o dose was derived. This variance
was important . the optimal allocation of mice
among dosc groups because it is a function of the
number of tumors observed and. therefore. a
function of dosc. Thus, it was possible to allocate
animals so that the expected variance ol the estimite
of the responise parameter was minimized.

In addition. this vanance was used to obtain
improved estimates ol the parameters in the dose-
response regressions.  These parameters were osti-
mated by weighted least squares, utilizing optimum
weights that were proportional to-the inverse of the
FESPECHIVe VAFRINCEs, -

The new experiments included additional com-
pounds under tes? using an additional strain of mice
and more than two dose levels of edich compound.

3. Biology Divsion,

2. Emverty of Missour.

Y. ~Epudermal Carcinogemeny of Campoundsin Mice,”™ Ytk
Stat. Res. Dep. Prog. Rep. June 30, 1975, ORNE (. SD-34.p. 29
{September 1978),

40 M. Holnd, D G Gosslee, and N ) Williams, Tpn-
dermal Carcinogemcmny of Bf2 d-epoexveve lopenny ether, 2,2-
Bistp-glec il plens Lprrespane,  and - m- Phenlenedanune m
C3H omd CSTRI 0 Inbred Male and Female Miue, ORN-SVTS
(March 197%).

S. 5 M Holland, 1. G Gosslee, and N ). Williama,
“Emdermal Carainogemeny of  Bist 2, 3-cpoxyeyciopenty bether,
2.2-Bwp-glsaidsioxpheny Bipropanc, and m-"heny (cp\:uh;mivnv n
Male and Female CIH and CSTBI 6 Mice, Cancer Rev. 39,
(708 25 (1979, ‘

The added dose kvels made it possible to introduce’

nonlincarity into the regression maodel and to test the
assnmption  of lincarity _ of the doscresponse
function.

OW-LEVEL RADIATION STUDY

The application of some statistical techniques 1o

the problem of identifying suitable parametric
models for the sunvival distributions and for the time-
of-occurrence distributions for specific discases m
mice irradiated during 2 large multidose study was
summarized in a previous report.” During the past
year, a piccewise exponential madel was considered
instead. because the lack of fit associated with the
common parametric models was statistically signiti-
cant. This new model is muca more flexible because 1t
containy more parameters but can <Gl be estimated
with good precision. -

The fosce of mortality in a given group was -
sumed to 1< an unknown constant u for cach age
intervab (v, 1) = 1. 2., ... m. The ikelihood func-
tion for g is then proportional to u” expl—u.l).
where o, is the number of deaths in theintervaland 7
is the number of days lived by all animalbs in the
interval. Using a Bayesian philosophy. interterences
about u and functions of g (c.pg.. the survival
distribution) can he made by combining the likcli-
hood function with a prior distribution Mu) to
form the posterior distribution of g . The improper
“noninformative” prior Plu) = u' was chosen.
The Bayesian analysis proviged cstimates for the
survival function $(7) = probability (lifetime excecds
0. p., log u. and mean survival time. Estimates of
precision for these guantities were obtained from
the standard deviations or from the pereentiles of
the corresponding posicrior distribution,

This analysis was conducted for ten dose groups
{0-400 rads) of REM female mice exposed to gamma

20

6. “Tow-level Raduton Seuds.” Math. Stor. Res. Thpr Prov
Rep. dune 301978, ORNE CSD-3 pp 30 3(Neptember 197%)

0
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rays at 43 rads nun, Age mtenvals of 25 davs were
chosen. Fables and grapbs showing the toree ot
mortahty fog torce ot mortahity and survial proba-
bility as tuncuons of wme were construcied tor cach
dose group. as well as the relative torce of mortahity
compared to the contiolzero-dose) proup. Wenghted
regression anafyvses were abo conducted 1o relate
mean survival and toree of mortality to dose.

A similar st of analvses was conducted tor
mortaliin from all causes except thamic kmphoma.
and agam for all causes except thymie hmphoma
and ovanan wmors. Thew analvses were done 1o
determine whether the observed intlucnce of radia-
uen dose on mortaiity could be accounted for by
these diseasds alone. For these analyses. the counting
of d. and T in cach intenal was compheated by
missing data in animals that were grosly necropsied
or not necropsicd at all. Adjustments were made to
rem;b\'c this source of bias. g

TEMPORAL ADVANCEMENT OF
CARCINOGENESIS IN AGING MICE

Dicthylntrosamine (DEN) was adnunistered in
the drinking water of female mice of three age groups
in order to exanune the cffect ol aging on
carcinogencsis. ~ Tumor incidence and survival wese
the major measurements analyzed. The tncidence ot
tumors was analy 7zed by standard statistical methods
based on the binomial distribution. | he distributions
of suryival times were summarized by guartiles, and
preliminary tests were made using @ Bonparametnic
test of signilicance tor medians. To accoum for
cemsoring. a nonparametric method onginated by
Breslow” was used. The Breslow statistic was com-
puted using an algonthm desenbed by Hoel and
Walburg. " The test was caleulated on the number
of days to death tollowing initiation of treatment for
tumor-bearing animals. while the censored obser-
vation was the corresponding days to death for non-
tumor-bearing animals. Fhese analyses quantificd

TNK . Clapp b Mo Perhine, WO Rlimi and U H Cacheire,
“Femporal Adsancement of Dicthyingrossmine Caranogenesis
n Aging Mice.” Bl Div. dnmu. Prov. Rep. Sopi 30, 197X,
ORNI-539%, p &7 (February 1979)

R N K Clapp EH Peeshinse, W € Khima, and [ H_ Cacheiro,
" femporal Advancement of Dicthyintrosamine € arainopeness
n Aging Mce,” Canser Res, submitted

9. N Breslow, A Generalized Koaskal-Wallin fest b
Compasning 4 Samples Subgeet to | neyual Patterns of € ensor-
ship.” Biomeiriha 87, §79 94 (1970)

10. 1. G Hocland M8 Walburg, JrmStatisticsl Analvais of
survivad Fspenmments,” S Narl Caneer Ineg 49361 7Y (197

the motalinn distitbutions due o tuniors and
ertabinhed the vgaiticance ot the cffect of DEN e
mduce temoers more repudiv in older miee than n
voeunger mwe.

EFFECT OF RETINOIDS ON TUMOR
DEVELOPMENT IN TRACHEAS
OF HAMSTERS

Presious studies have suppested Ginconclusivelyv)
that vitamin A compounds (rctinods) may be able
to inhthit the docclopment of chemicath induced
resprratornt fract cancers. An imestization of this
probler was conducted recently vy ORNL biologists
using the tracheal tumor induction System in ham-
sters. with - Nepitroso-N-methylurca  (NMU) as
carcinogen. fwo different retinowds, 13-civ-retinoic
actd and Rol-1430_ were used in this study. Hamsters

-v cre intratracheallv exposed cither 1820, or 23 times

to I+ NMU betors the retinoids were adminisiered
in the dict. There were six difterent retnoid-treated
groups. dintimguished by ditterent NMU exposures.
npes of retineid, and concentrations of retinoid.
Vhere were also three control groups, one at ~ach
Ievel of NMU exposure. -

An odds-ratio analvsis © was conducted to osti-
mate the risk of death from tracheal tumors tor
retinoid-treated hamsters, relative to control. This
approach took inte account deith from other catses.
which would otherwise bias the results. In afi four

- groups treated with Roll-1430. the relative risk was

less than 1. although the deviation from 1.0 was not
statistically significant i any ol them. ¢ven at the
0.2 level of signiticance. This Liek of significance
may have been due to the modest size of the experi-
ment and the degree of intercurrent mortility. which
resulted in fairly large standard crrors tor the relis-
tive risks [ he two groups treated with 1 3-cis-retinoic
acid showed an increased relative risk. statistically
significant at the 0.10 level in both cases,

Similar analyses were done excluding animals that
dicd during the first 4, &, or 12 weeks because of the
possibility that animals dying carly after the start of
retinoid therapy were not treated long enough to
show an cffect. However. the results did not differ
substantially from those of the main analysis,

An analysis of the risk of mortality from all causes
{not just tracheal twmors) gave similar results; the

T ikehhood Inferenve tos the §og Odids Ratio in Sty
Fxperiments,” Yath St Res Dep Prog Rep Juspee 40, 1974,
FCOND OSD-Pxpp 1 2 it ctoher 1975
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groups treated wath Rofi-i430 showed > shyhtls
reductd but not statistically signiticant rish. and the
groups treated with [3-cis-retinoic acid showed a
signilicantly increased sk,

SURVIVAL AND DISEASE RISK IN
X-IRRADIATED ATHYMIC AND
NORMAL MICE

The application of statistical “odds ratio™ tech-
nigues to the analysis of data from an experiment to
compare mortahity rate and risk for specific discases
in groups of athymic nude and normal C3H mice
maintained under germfree conditions was previ-
ously reported.”” During the past vear” a similar
analysis was undurtaken for a corresponding set of
groups that had received 300 rads of acute x rays.

The data from both cxperiments .onstituted a 2’
fractional design with the factors phenotype (normal
or athymic). radiation {irradiated or not). and sex.
Main effects and intcractions among these variables
with respect o specilic discase risks were estimated
using lincar combinations of the log odds ratios ob-
1ained from sets of pairwise odds-ratio comparisons.

This analysis was complcted for the four principal
lethal discasc categories: reticufar tissue ncoplasms
(keukemias). miesenchymal  neoplasms.  epithelial
neoplasms. and undetermined cause of death. A simi-
lar analysis is currently being applied to the study of
prevalence of several types of nonlethal solid tumors.

APPLICATION OF OCCUPANCY MODEL
TO BIOLOGICAL PROBLEM

A modet related to the problems of classical occu-
pancy was considered in the study of metabolic
cooperation between two kinds of cells in tissue
culture. The space corresponding to the experimental
dish was assumed to be divided into a large number.
N. of boxes. The two kinds of cells were represented
as white balls and black balls. If B black balls are
randomly distributed into N b .xes (cach ball having
an equal probability. | ¥, of allinginto a box), then
the probability that therear exactly xempty boxes is
well known. The probability that there wereexactly »
white balls occup g the boxes with no black Falls
present was derived. The results of the experiments
were analyzed from an asymptotic point of view
because very large numbers of cclls were invoived.

12,1 M. Hollund, 1. 0. Muchelt 1. C Gipson, and M. S,
Whitaker, "Survival and Cause of Death in Aging Germitree
Athymue Sude and Normal Inbred C3IHE He Mee,” 0 Sl
Cancer b 61, 1357 61 (197K).

TIME EFFECT ON LESION COUNTS IN
CARCINOGEN-EXPOSED TRACHEAS

Rat tracheas were transplanted onto the backs of
host rats and were exposed to a dose of a known
carcinogen lor a specified time. The tracheas were
then harvested at cither 2. 3.4, K. or 12 months from
cexsation of exposure. approximately 45 at cach time
peniod. and the number of Iesions per trachea
recorded. Lesion counts at the various times after
cXposure were compared.

The counts at each time period were tested for
agreement with a Poisson distribution and were
lound to cxhibit a significantly larger variance than
«xpected. The negative binomal distribution was
tound 1o it the daia quite well. The (wo parameters
of this distribution. p. the mean. and A. the expo-
nent. were estimated usimg the method of maximum
liketihood.

Comparisons of group means were made using
analysis of variance and mulliplc comparison
procedures on the transformed ‘anable ¥ =
In(count + I). Homogeneity of k was tested with
a chi-square tet.

The observed group mean dilferences were not
found to be significant. However. the exponents were
found 1o be heterogencous. The reciprocal of A was
uscd ay a measure of “excess vanance” of “clumping.”
that is. a measure of dispersion. At the liter months
more tracheas without tumors were recorded while
the mean number of lesions remained relatively con-
stant. resulting in this difference in dispensior.. To
improve the sensitivity of the analysis. the lesions
were divided into types A. B, and C. which ranged
from least to most severe. The 12-month group had
significantly fewer Icsions than the rest for type A.
and the 4-month group had significantly more lesions
than the rest for type B.

GROWTH RATE OF FROG OOCYTES

When female Xenopus laevis are injected with
[ ‘H]vitellogenin of ['‘C)N-acctyl glucosamine. most
of the labeled material becomes associated threc days
later with oocytes having a diameter of 0.9-1.1 mm:
the smaller and larger oocytes are less labeled. With
time, the pattern of labeling shifts to larger oocytes,
indicating that those oocytes initially labeled con-
tinue (o grow.

Empirical methods were used to approximate the
refationships  between volume and  time, taking
advanitage of the observed labeling shift, Two
curves were recorded 7 days apart; cach displayed
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counts per mumnute as a tunction of volume, Pars
of average volume and average rate of change an
volume over the 7 days calculated at values in the
range of counts approximated the true reiationsbhip.
For examplear a tixed count rate . the volumes

and I - corresponding to C trom cunves Fand 2 were
used 0 approximating 5i7). volume as a function ot
tme. and its dernative. §717). The appronimations
(0, = 1 2and ¢80 - 1) Ttor By and §y.
respectinels . were reasonably good because rate of
change in volume was relatively constant overashort
period of umc. Jhe approximate relationship
betwern ume and volume was obtained  after
arranging the ordered pairs by average volume trom
smallest to Largest and apphving 3 () =jHir+ oy -
Fery) /roateratively wath arbitrary starting values 4,
and b(1.).

OLD VERSUS YOUNG TISSUE
SUSCEPTIBILITY TO A CARCINOGEN

The theory that young tissue is more susceptible to
a carcinogen than old tissue was tested using tracheas
from rats. Tracheas were removed from old and
voung animals and were transplanted onto the backs
of host rats. an old and voung pair per host. The
tissuc was exposed to a carcinoger. and the me unul
cevent was recorded. The cevent of interest was
occurrence of 2 lesion: however, censoring due 1o
complications arising from a lesion on the paired
trachea. death from natural causes. or final sacrifice
sometimes preceded leston occurrence. Doses of 100
or 150 ug of DMBA were administered gradually
over a period of time. A pellet consisting of a mixture
of beeswax and the carcinogen was inserted into cach
trachea with a pair receiving cither the 100- or 150-pp
dose. A controf group receiving no exposure. only
beeswax pellets, developed no lesions during the
experimental period.

Comparisons ol the cumulative distributions of
time until lesion for the old and voung tracheas could
not be made using the existing methods because oi
the dependence existing between a pair on any host.
However, it was possible to approximate the
distribution ot Y= T ...~ T...where Tis the ime
until lesion occurrence. The method assumed that the
time until lesion. or perhaps just ¥. was independent

of umc untd death. Estimates ol the diserete
probabilitics at observed }N were obtained using
constriuned mavimum helthood methods. Appros-
mate, 93 contidence intervalbs tor £ covered 0.3
tor both doses where Puwasdetined as the probabiliny
that the Iesvion in & voung traches occurs hirst.

MOUSE STRAIN IDENTIFICATION
BY MANDIBLE ANALYSIS

Response to drugs. bie span. pattern of discase.
and reproduction are examples of characterintios
warving among strains of mice. It »n ot practical
importance to be able to identity & mouse strain
when reporting experimental results, Festing ™ has
described @ method of mouse strain dentdicatios
bascd on the shape ot the right mandible. Preliminary
work has been started 1o develop a discrimination
procedure based on 1 measurements suggested by
Festing tor (e in dentitving steans used tocally.

Mandibic measurements taken by two technicians
for two mouse strains were available for preliminan
analvsis. Hotellings 77 test was used to assess mean
differences between rosults of the two technicians.
and these were tound to be significant. Consequently.
the laboratory procedure had o be reevaluated
hetore turther measurements could be taken.

As soon as the laboratory procedures have bheen
standardized. measuremients will be taken on all ol
the local strains, A diseriminant analvsis will be
pertormed on this reference set. and the discriminant
functions will be used o monitor strain purity.
A series of control chirrts. one for each discriminant
tunction. will be kept tor cach strain. Samples will he
taken trom a strain population periodically . and the
mecan discriminant fupction values will be caleulated.
It a trend appears or a mean falls outside of the con-
trol limit. the colony will be investigated 1urther.

Other atems for turther consideration include
reduction in the number of measurements taken with
fittde Joss inntormation and the celiect ol age on
the measurements.

PV M Festmg, “Mouse Stran Wentioation.™ Nanerr,
LTondon 238, 38, (1972
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EVALUATION OF THE RESIN BEAD
ISOTOPIC ANALYSIS DATA

1 hree spent tuel solutions were provided to test the
apphcabilitv ol sotopic analyvsis of nanogism-swze
sampl~ of uramsm and plutonium using the resn
bead technigue. Each spent tuel solutton was divided
into three couples of subsamples. and cach couple
consisted of a spiked and an unspiked aliguot, These
subsamples were then prepasred for resin beads cither
in the ticld by the International Atomic Encrgy
Agzency (IALEA) or in the laboratory by ORNL. The
prepared resin beads were then analyvzed by ORNL
tor the tollowing quantitics:

1. spiked plutosium: concentration (pg gy and the

ratios

238p, 40p, 2éip, J 262py

30p,  Te0py 2”P“.an 239p,
2. unspiked plutomum:

138p, 240p, 28ip, J 242py,

239p, " 239p, " 2dupy” an 37py

3. spiked uranium: concentration (me gy and rhe

ratios

IJJU 2J-IU 1JSU 236‘5

an' znu' Zjﬂu'1l‘(l 238s
4. unspiked uranm:

134 35y 238

EREIT 2Jlu’a"d 335

Variation in the measured. quantities due o the
ditferent subsamples. the different preparation sites.,
and the meraction hetween difierent subsamplos and
different preparation sites was examined by the
method of analysis of variance. There were large
statistical and practical differences between IAFA-
and ORNI-prepared resin beads and smong the
three subsamples for cach spent tfuel solution in the
measured  quantities on the spiked  plutoniam
samples.  The Targe standard  deviations of the

FooAmahviwal € hemistes Divison

Y Chemad Technology Division !

mueastrrements on IAEA-prepared resin beads indi-
citted that the preparation of resin beads tor the
spihed plutonium was not sutticientiy controfled to
SIVE PIECvG DICsUCMICnS.

Most of the veniticant diticrences between IAEA-
and ORNI-prepared resin beads and among sub-
samples for the mesurad guantitico on unspiked
plutonium samples. spiked uranum samples. and
umspiked uranium samples were due to small biases
that occurred duning the resin bead  preparation
prowess. The standard deviations of the measured
quantities tor the three different Bipes of sofution
showed comsistent preciion tor the measurements
fiade o IAEA-preparcd revin beads and on ORN -
prepitred resie beads, ‘

STATISTICAL MODELING OF
HISTOPATHOLOGICAL PROBABILITIES

In 196X, the Towards Less Hazardous Cigarette
Program way anitiated byt - National Caner
Institurs toidentiby cigarette characteristios that have
@ major ntluence on the carcinogenic rink of
smoking. Since 196X, tour series of experiments hive
been conducted 1o determine the specific carcino-
genic activity of smoke condensates using the mous:
skin painting method, 1n which smoke coudensare
from cigarcties is generated and painted on the backs
ol mice. The number of histopathologically venficd
tumors from these biological experiments was used
1o estimate the probahilities of a mouse being tumor
tree. Phese probabilities were then used as merssures
of the hiological activity of the cigarette smoke
condensates. |

A corresponding sample ol cach of the smoke
condensiates was abvo analyzed for a number of
chemical constituents in the smoke condensates. The
relationship between the chemical data and the
biological data sheds light on the undesirable smoke
components and was tsed to formulate the design of
more advanced or fess hazirdous cigarette modeb,
Fivis relationship was formulated as o mathematical
maodel 1o predict histopathologica? probabilities is a
function ol (1) the smoke condensit: coacentrations
applicd to the mice and (2) the conceririation ol the
chemiral comstituents in the smoke condensites,
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Fhe prediction madel tor the histopathologal

il

probahibinies PEY v besed on ological aind
chemeca! data treen Gigarettos having ar feast 70,
tobacco content. The 9% date pomnts used in this
study consnted o o tedter of the PE value, the
applicd smobke condenisate concentraton. and the
conceniration of mne chenticat constituent~ of the
smoke condensate measured 1 all tour senes ot
CApCTIMCnEs.

The .adependent varables considered as terms tor
the predicion mode: were () concentration
tmg dav). () nicotne (mg g (3 bensofalpyrene
(g g). (3) benfafanthracene (g g1 5 phenol
(my g). 16) ocrevol tmg gy (7)) m&p-cresol img 2.
18) pH. 19) weak acid (rey ) and (1) veir weak
acid (mey g). Thowe ten vanables are not the only
variables that aftect PF values but were the omly ones
measured on all tour series ot Cigarettes.

The truc function that related the PE vilues aad
the ten independent variahles was approxvimited by
e full scoomd-urder Tasion series of 66 erms. Fhin
way then reduced to a 17-term model by cioosing 17
terms of the tuli quadratic onthe basis of Matlows" (¢
statstic and other standard tests. Fach ot the 17
termy in the predicion medel was statistically
significant at the 3, level the prediction model.
which accounted tor 767, ot the *otal vanation, was
not sigmebwanthy ditterent trome the fall thacrm
model. Fhe two terms thas aceeanted tor the nugor
amount ol vargston i the madels were o) the square
of the concentration and (2) the squiere of the acotine
concentration. | he squire of the picoline concentra-
tion term was alwiny s i morcimportant term than the
lincar term tor nicotine.

PREDICTING URANIUM AND ACID
CONCENTRATIONS FROM DENSITY,
CONDUCTIVITY, AND TEMPERATURE
MEASUREMENTS

A replicated 3 dacteral design was used o
generate datis from which concentritions of uraniim
and acid (HNO) in solunions were predicted. The
meastired responses were conductin ity and density
the design varables were uranium concentration.
acid concentration, and emperature,

Iwo guadratic tunctions, ostimated by eist
squares, were tound to refate the measured vadues of
conductivify and density (o the three design vari-
ables. Although these functions gave salistactorn
restis for prediction purposes, they were inconse-
nient to apply beciuse of the time required o nieract
with the computer. Therclore, o guicher seeond

mcthod wis Covclopad b consadenrz micasurad

traitun and aoud Conontiations made duning the

expenimentalion as copoes G varabios and donsaey
vonductivty, end romp satese oy controbicd van-
ables. Fyuzhons tor wanmm and acud concentri-
uons were developed as o function of denan,
conduchiuly, and temperatiane usang this approach
1he contidence mtertas on predicted values trom
thoese o cquations were caiculatad  trom thic
ostimated  standard  doviations of  the aicasused
urarium and gond concaitrations made on cach
solutton i the oxpermment

SEPARATIOGN OF RARE EARTHS AND
ACTINIDES FROM HIGH-LEVEL
NUCLEAR WASTES BY OXALATE
PRECIPITATION

One micthod 1o mumimize the hizard of nuclear
wastes vt remine the longest-hived radioactine
fmiatorins fromi the wasle ftbe actimdes, amercium,
and cunum) and seovede these mateniais through
auckear reactors to destroy them, A seres of
cxporanents anvestigaled  onestep processes o
separate these nuteriths trop high-level wiastes by
weiective precipitation using oxahie acd. Continu-
ous-tlow svstems with stirred Link reactors were used
in the expermments. The exyperimental results were
used to deternune the optimal conditions  tor
mavimmy actinide snd rare carth vields.

Ihe primary independent varbles under consed-
cration mcluded (1 time i residence. €2y power to
the stirrerisy en the tankés), (y oxahic aond concentra-
ton. and (4) temperisture. In addion, the sqgurres
and cross products of these variables and cxpe-time)
were considered e the regrossion amlvsis, AR
pirstble regressions ot pereent vicld en the primarny
mdependent varbles were pertormed. Phe besttwo
sels (i the sense of Frgest Ry trom cach subaet sise
were retnned. Coctticwents were calealated tor the
standardized  independent variabfes 1o facilitine
comparisons ol the cocthicients in the regression
function. These comparisons and conclisions were
tempered by the intercorrelations and spacing of the
mdependent varishles.

I he results of the regression analy sis indicited that
smgll tHuctuations i temperature, Which was 1o
renusin constant throughout, introduced eftecis in
maost cases greaster than the etiects of the other design
viarsables, with vield decreasing with increasing
tempuerature. Power seemes o heaimportant onlby i
the fank rom whch the vichd was mcisured. Oxalic
acid interacting with time provided the hest single
variable tor predicting vicla m all but one dise.
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NONNEGATIVE FACTORIZATION
OF POSITIVE SEMIDEFINITE,
NONNEGATIVE MATRICES

There has been interest in the  ronnegative
factorization of postine semidefinite. nonnegative
matrices tn conjuaction with a proposed mathemati-
cal maodel ol energs demand lor certain sectors of the
LS. cconomy. Let A = lag) be an n 7 n positite
semidetmite matrix which is alvo nonncgative: thatis.
a, =2 0. The problem ol factoring A into the form
A = B'B. where Bisalso s 7 nand nonncgative. has
been considered. In the energy maodcl, the clements of
B arc paramcters which. in addition 10 satisfying
B'B = A. must be nonnegative because of their
physical interpretation.

it has been shown that a nonnegative factorization
is always possiblc for 7 <X 4, and cxamples have been
constructed 1o show that it is not always possible lor
n - 4. Although these results have appeared in the
liwerature." " & more lucid account has been submitted
for publication. accompanicd by simple geometric
prools.

Computer Saenees Phivision
busion Eacrgs Division

I
N
o Instrate tor Facrgy Nnalves

0. Rewier
.S, Scon
D. G. Wikon

FUSION ENEFR.GY RESEARCH

1o tind the conlinement time ol a plasma in a
twokamak. 1t » pocewsan to compute the most
umitable trequencs. This reduces to, computing the
most - negative  cigemalue of  the  ststem
(A~ AB)x=0. where A and B are farge sparwe
ssmmetric matrices. Jo employ the power iteration
method. @t is necessary to factor the matrix A - oB
tor a given alue of o, The cusrent computer code
stores the complete half band of this matnx. but
space hmitations prevent the use of sulficiently large
modcls to obtain the degree of accuracy desired.

Insastigations were started to determine whether
the une ot fully sparse techngues together witly o
reordering of the variables might lead o significant
savings in storgge. This would allow the solution of
the farger model problems,

31" H Dhiananda, “Os Senc-Nepatne Formean Read A aniablos
Some o8 Moot VWb are Non-Negatae” P
Phidors Sen 58, l- 150""‘:'

§OMOHSE I and M Sevwnan. TCoponitive and € ormploreh
Posvtine Quandratn Barns”™ Preo Cancbridee Plindin den . 89,
OUIRL NI AT

Cam:brgde.
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SENSITIVITY ANALYSIS OF ORINC

The Oak Ridge Inverse Code (ORINCY is used to
calculate tempoerature and heat flhax at the surtace of
the clectric heater rods used i the PWR - Blowdown
Heat Transter Scparate Etfects Program.” ORINC
makes use of o one-dimensional. lumped parameter,
impliat finite difference model of the heat conduc:
tion cyuation. ‘The computer code calculates the
strface temperature and heat flus as functions of
time. given the heat generation rate, the geometry,
thermophssical parameters. and  the thermocouple
temperature at an axial posstion of onc of the heater
rods in the Thermal Hydrauhies best Baality, To
determune the senaitnity of ORINCS resuls 1o
variinons o hey parameters. o computationad
cxpeniment was vonducted. §he expenimental design
was o resolution IV, two-fevel tractional tactor!
design in 12 variables (parametersy and 32 computer
runy. The two kevels of cach paramcter were at one
standard deviation gbosve snd below the nominal
value  of that paramceter, where the standard
deviations were based on given uncestainty distribu-
ttons.”

At cach time 1. the sensitivity ot the model “re-
sponse” (TTax or emperature) 1o parsmeter o was
detined tobe S [y Lan] 2 where Itnwas
the average response at the o runsinwhich o, was set
f ooy I)nn.nn
Computing Mpplications Dopartment
fongincering Fechnology Poeaon

3 Separaton Ssstemis P Ouh Rade Cuevoons Ehflusion
Plent

S U aran b bennoswe

6 b T mmand RN Hadnob, 0RIVC § i -Ihovensiomgi
Ionplicct Appeonachi v the I cose Hoai Coardin i Poabin:
ORNE NEREG DV eNanvember 1977y

T Pvegecr Dosonproa ORNT PR ficosidocoar Hear Tramstes
Sepavaare S ttoors P Miernwel Wit s Jove Bl
AT ORNE N REG N 2o obhpaas 19™m

1o high fevel, and £ was the average response at
the 16 runs i which o was set wr s Tow level, It aan:
be shown that i1 the response 1t v a quadratic
function of the parameter vector an the acghbor-
hood of 1t nonunal value @ then Sy is the partil
dernatine of 7)) with respect to o, evaluated 4t a..
An example of this sensitinats lunction iy shown in
Fig. 6. Lhese sensttivitios were teund to be relatively
smadl (7371 tor both tlux and temperature.

The resolution IV dewign, together anth sn
additional run at a ~ a.. also provaded information
regarding the Hncarnity ol 12y as a lunction of a. M
cach 1. the proportion of varistion among the vifues
of vy atrtbutable 1o g incar approximation to 1)
was caleabiated and tound o be nearh v This
resaft greath sumphiticd the anterpretation o the
sensitivities and alse provided 4 basis ter the
osiimation of the uneertamty distnbution o, un
generstad by the uncertambies i the o

CHNL.D™NG 7215718

Fig £ Scownvity of surface fluxtoinputimput variable  MpO
conductivity)
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LATENT HEAT THERMAL
ENERGY STORAGLE

Collaboration i letent heat thermun cnergy
storage centered en twogctivitios the prepatalion ot
compulcr progrsamns for the medehing of phise-
change  phenomen: and  the daovclopment o
anabytical mesdeds tor phiscchang: proceses atider
sunple geometre and houndarne condizions. Mosiof
the work centerad on modeds in one space dimension
fvabd tor slah, cvhindrical, or sphereal svenmetry)
and. as veiasuemed only conduction heat transler.
Ihe hind of resules sought can be discerned from
reeults obtiined carbier tor computer models and
analvtical approximations.” The work of this vear
may he doseribed in the context ot the classical one-
phase Stelan problem. which tahes the toliowing
form: .

Problem: Find the temperature function T(x, 1)
and the phase boundarn

v = X{r)
obcving the conditions
Trzaley . 07X Xy .
AR TN I
flIX ¢ty = kT [ X 1)
twhere 1o 1. and Xy are partal or 1ol

dernatines). and in addition. satistving one of the
tollowing boundary conditions:

Tnon=71, ~-T, tDirichlety .
kT 0. n)=¢4, >0 t1lux)

- kT, n=hfT, T nj (convechion)
kTa0,n0=8[T,* N0, (radiation)

Fhe tollowing notation bas been used:
a - thermal dittusivity of materiil,

T,, - melnng temperature ol material,

p - density of matesial,

XA Solomon,  YMathematcal Modvlng of  hase ¢ hange
Processes  tor Tatent Heat Thermal  Taeegy Storagee,
FCOND €526 (10 be published)

S\ Solomon, "On Moving Boundas Problems and §arent
Heat Thenmal Focegs Storage” hrael B Chem Trrr (o appean

N1 latent bt of matorad,
£ thoermiad conductinity of miatoriel

T, ambrent temperature of bt frane fon -
EITIN

q..  Roown oxternal heat oy

B heat trapsior cocltcient,

g physical constant,

I he extenston to ovhindncat or sphercat coordi-
niates has been castly achicved through o hight
meaxhification of this tormualation. and several results
have been obuined. A relation between time and
surtace temperature. total heat stored. and surface
heat tluy Eas beenlound and studied in the cane of the
convection boundary condition. A number of test
cases have been exanuned using anafy tical appro-
mation techmgues tor the radution  boundan
condmon. Expansion. approxcimanon, amnd numeri-
cal methods have been applicd torall of these cases to
a broad varicty of west cises. ansd thair results hise
been compared and analyzed. The application ot
numcerical methods 8o these probiems has been
studivd with particular emphasis on the convection
boundary  condition. ITwo  pomts of  particular
interest have been the ostimation of surface tempera-
ture us a lunction of tme and the imcorporation of
density chianges accompanving  the phase-change
pracess. The above results e been documiented
and are available.”™”

MODE SHAPE ANALYSIS AND CENTRIFUGE
ROTOR RESPONSE TO BALANCE WEIGHTS

E nderstanding mode shapes of centrituse rotors
has heen usetul for hulancing, but ithas been dithicul
to isolstc pure mode shapes experimentally, A
method and computer program. MODE SHAPE ™
hase been developed tor calenletmg the natural
trequencies and  mode shapes of o rotor. The
poverning tourth-order ditterential equation includes
the cliects of shear detormation and rotars inerti,
Muller's mcthod v used 1o caleulste the natural
trequencies and ipverse teration for the coctficients
ot the deflection function, .\ separate program that
utilizen DISSPLA softwisre has provided  three-
dimensional rotor deticction plots,

10 R b Fondedie gnd b H Spechbiarn, Vowde Shape: 1nali v
otle pncdasatiedr KIS SECRE Ty Mo 1970
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Arclated computer progren, CYLINDER D has
been doveloped oner the Last several vears This

progran pradicts e sesponse of a Totor due e

balsnce worghts ana inttial deticetton o the rotor,
and also caleulaios nataral treguencies of a centri-
Iuge. Fhe responsc is for i steady-state e ular rotor
whirl, Fhe transter maton, method™ & used 1o
compute detiection. sfope. moment. and shear tnoa
rotor. \ report o n progress that documenis the
phiswcad assumptions: cguations, methods. and ali ot
the subrottines tsed in CYLINDIER.

= Progres v beng made i making simulation
calcnlations o caleulate mpertections given detlce-
pons. This method. m contrast 1o CYLINDER,
which cilculates reponises o balance  weights,
essenbially  reverses the roles in CYLINDERS
cquations of the unhoown detlection and the known
bakince werghts, ’

STUDY OF RAINFALL DISTRIBUTION

the Engincering  lTechnelogy Division, as
participant i the !)()l~-§pnnwrcd Meteorologica!
Fiteets of Thermai Fnergy Releases program. is
conducting o runfall ~tudy sround o nisjor power
plant i northwestern Georgne. The study inclodes
the examinution ol Natonal Weather Service data
and the operation ot an ORM -mstatled neiwork ot
recording ran gauges and windsets. The scarch tor
offects of thermal energy refeases from power plants
iy based on the understanding of rantall distributions
on a temporal and spatial sense. Distribution models
have been hitted to rntall amounts over specibied
periods to 1w o sets of obsenvations oneset used asa
control and anothier set modificd by the presence ot a
povcer statton. Comparisons ol the distributions o!
the obsenvations trom the two observation sets hine
heen done i order to nashe probabiliny statements
that arc usctul 1 aswewing the potential cffects of
thermal energy releases of power plants.

STRUCTURAL ANALYSIS

Dynamic anabsis computes the response of
structure to periodic loading, such us that encoun-
tered during an carthquake. The e clemen:

W R Hamidton. € YINDIER. Gy Centaatizre D nam.
Yodel 1 ser's Guade title unchasatiedy, KO ES077 0 SECRE )
(Aprd [977)

F2 1. Co Pestel and 8N Fechwe, Marriy Vethods
Fostomiechann s, MeGraw-FBIL Now York, (9613

¢

mcthiod miakes 12 possibie (o redace this problem o
nnding o few genvalues and sigemvectons of the
sitem (A AMR O where A and M oare Targe
sparse svmmetrc matrwes. bhe Lanesz 2tzorthatis
weathy suited o the solution of such cigemaluc
problems and otfers several advantages over cur-
conth used technigues,

A computer code wis wntien o mcrbce oxoslng
1 ancron algorabm sottware with the data structures
cmploved in the engineenng codes The re-alts ot o
preimunary fest showed sigmiicant auprovem ot
over the old teehnigiic v pew Lanczos conde v now
boing wnirren that wibi fake gdvantage of the spooisd
propertios o the matresy arsig o vibrationa!
analisic The cmde will abo be appaatio to the

buckling problem.

ANALYSIS OF POWER PLAXNT
OPERATING EXPERIENCE

In & previous report. ” «aucral muasures of power
plant pertormance obtimned from combined Edion
Fiectric Isttute ¢FE D and Federal Facrgy Adminis-
tration dista bases were deseribed Standard dat
sereening technigues uncovered o number ot sbhnor-
muhtics that were reported tothe IR Since that time
the FET has discovered discreparcies in the utilitiey”
reporting of unit outages Which biases some of 1he
fertormance measures, Consegtienthyv. oniy capaciiy
tacior (CFy was anabuzed i the currens data s
becanse CIois o mieasure of how well o plant
performed relative to how well it could pertormand
no* dependent on outage

Attempts to cyplinn or Upredict” varialions o
perlormance trom scarto Ver ortrom unil to umt on
the basis ol ntnnsic unit vanables ke si7e o age
vere not very suecesstul, 1t seems natural to expect
age and ncreasing compleaty of design to alteat
system pertormance, but other tactors such as utihits
operating philosophy and integrated systems consid-
crations were not considered i this studs.

Nevertheless, madels with size and age were titted
to the data using least squatres methods Fyventhough
the ustl assumplions for regression anasfvsis were
gquestionable. they wereentertmined asapproximitcl
appropriate. Pheretore, tests ot signihicanee were
only appronimate. and beterogenety ol variinee
resulted i paraimeter estimates thit were not of

EU " Anabvas of Fower Plant Operating §spenense ™ Yar
Staic Res Dep Prog Repe June $o ]9 ORNE OSSP, pp
OIS Seprember 197X
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minimum varence. The asumprion of greates
concern was that ob indepencdence. 1 he independence
of action of gencranng anss i the seme uthty W
doubt. and the independence ol Grpaaty tiucior ot the
sHAC unit from vcar o ver wis of cven mose
concern. or example. it @ nuclear umit did rot relucl
in scar .t probably had to retucl in vear b = 1 thus

Fraluauons of the nuclear and coal power plants
were made by companing the regiesatons for viaons
size and design groups. Even though the simplistic
models conadered in this study were not tound to e
ol great pradictive waldue, i1 wis hoped thar the -
standard statintical procadures apphed here. such as
testing for lack of hit. probabiiny  ploting. and

inducing serial correlation. This led o blawd
otmates, particularhy of the age parameter.

restdua! analyvsis, would be 1ncorporated into future
studies of s tape,

I -
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EFFECTS OF PHOSPHORUS because of the failure of the distribution of the
NRICHMENT ON ALGAL BIOMASS observations (o satisfy the assumption of normality.
IN A STREAM From this amilysis of the distribution of the biomass

experiment hay been conducted in the Walker
h. a simall woodland stream. to derermiite if
horus limited the gro\u'\ of algac. The study
was divided into three subareas: an um:mam
larca with soluble reactive phosphorus (SRP)
trations ‘in ‘water of <I0 uy liter. a low
ment section with SRP concentrations  of

with  concentrations of about 450 ug fiter. The
hed sections were fertilized continuously with
- phesphoric acid for 95 days. Glass shides were
submerged in the three subarcas of the stream
to allow algal colonization and growth. Random
Csamples of these slides were sclected from cach
subarea: haif of thexe slides were anals 7ed for con-
centrations of chlorophyvil ¢ in the slgac. and the
_remaining slides were analyzed for total biomass.
These observations were used as indicators of the
growth of algac.

- The purpose of the data analysis was o deter-
rEne an adequate functional form to describe the
Beierior of the chlorophyll ¢ observaiions Yrom
the three sampled subareas and 1o deteimine it
significant differences exist among the three~ubarcas
for the chlorophylt @ observations as well as the
1otal binmass observations. A regression analssis
led to the conclus‘on that the chlorophstl o values
could be adequately described by 4 logarithmic
function of time for cach treatment. Although there
was some indication of higher chltorophy!l @ values

~ with increasing SRP concentration, no significant
difference (F - 0.10) was detected in the rase of
increase of the chlorophyll ¢ concentrations among
the three subarcas. Nonparametric procedures aere
used to amlyze the total biomasy observitions

[ Compubing Apphoations Department

Y Favwonmental Suences Pivision

I oEanersity of Chicwpo

4 Industrial Satety and Spplicd Health Physies Diviaon

it 60 ug liter. and 2 high carichmeny section.

“F. L. Miller. Jr.

values. it was possible fo coaclude that there was
a significant enrichment effect (£ < 0.05) dvring
the lavter pan of ine ctpcnmem with th< low and

high enrichment arcas having hi, ‘hc'r total biomass
< than lhc . ] ‘

A\Ausls ur TRIHA..OMETHANE -
. PERSISTENCE DATA - S

Trihalomethanes have bccn uknm'iul as products
resultng Irom the use of chlorme for fouling controt . >
1 power plant condensor cooling systems. These
compounds have potential for inipacts on human
health and aguatic ccosystems, Static toxicity ests
were used to estimate the toxicity of trihafomethancs
on hatching success of carp ~mbrvos. Total ¢x-
posuie was from ferilization untl hatching (4 5
davel, Lut toxicantsolutions were changed evers 7 hr.
Puring the period between changes. trihalomzchane T
concentration declined continuously due to v olatilits
and decomposition.  In order to estmate  the
trihalomethane exposure 10 the toxicity enpen-
ments. the expression v = Cexpi-4Ary has been
“proposed to describe the chanze in trihalomethane
concentration over cach exposure period. where 1 is
the tnhalomethane concentriction at time 1 Ifrom
the start of the exposure period. C. s the initial
concentration, and A iv a depletion constant. The
nonlincar function for 1 has been used to estimate C.
and & because an additive error has been shown o -
be appropriate. Results from the imvestigation of
tour (rilitlomcthanes have been used 1o obtain
estemates of Coand A using nonlincar feast sqriares,
Fhe average trihatomethane concentration over the
exposure period was used fo estimate ihe dose to
the embryos and was defined as

| T
7 f vdr,

0

K3
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where 7 s the knowan feagth ot the exposure pertd.
An asymptouc approxmmition Was tsed to obtan

an estimate on the standard error of the mverage
concentratien. The results were used o compare
the depletion constant. £, tor the different tn-
hatlomethanes. Mean
mitial concentration were then used to evaluate the

values calculated tor cach

W

impact ol trhalomethanes on the hatching success ot
fish cggs from estimates of the trihaiomethane
concentration at which 50¢; of the animak would be
dead after exposure.

A COMPARISON OF KESPONSES BETWEEN
. LATITUDINALLY SEPARATE .
POPULATIONS OF LARGEMOUTH BASS

- Therimal water quality criteria are usually based
‘on laboratory bioassays and are applied througheut
the geographic range of the species. Therefore. it

is lmpondm tn know th influence that the origin
~of the test animals has on the laboratory results.
Larecmmuh bass have beep tested o determine the
ATect of temperature on mortality. surv ivorship. and
grmuh rates. As part of this farger study. different
“attributes observed on the progeny of largemouth
bass from ditfereat peographic areas (Louisiana.
Ténnesser. and Wisconsin) were compared. These
- attributes included ¢ 1) growth rates based on changes
in length «nd weight. (2) change in biomass per day.
(3) refative changes Jin biomass per day. and
(4) wemperature-deperident mortality. Fhe analysis
of the experimental data included an cxamination
uf ‘the effect: of test temperature on growth-
‘related. - variables and the effect of acclimation
tcmperature as well as rate of temperature change on
the wiortality variables. The statistical- technigues
of weighted regression analvsis.  nonparametric
statistical avalysis. probit analysis, and analysiy of
covariance have been used in the statistical evalu-
ation of the experimental data. The resalts from this
study will be helpful in the development and

temperature.

CLINCH RIVER INVENTORY PROJECT

A major component of the Transuranic and
Fission Products Inventory tor the Clinch River is the
collecting of abhout 250 riverbed soil core samples
from the Clinch. Emory. and Tennessee rivers, cach
having approximately ten measurements The majer
statistical activity during this reporting period ha.
{ heen the processing of the extensive data file to

application of broad national water criteria tor

Sish of a

provide meaningitl summaries of the multivanate
dati. These summiries hinve been done tor particuler
clements of interest. portions of the sampled iners,
and scctions of the saumpled cores (e top. middle,
and bottom). Graphical displavs including proba-
bility. trequeney. and percentile plots bave been
provided. Tabular displays have mcluded summary
statisties  for the observed varmbles as well as
corrctation matrices between the observed clemental
concentrations. These wammary procedures hine
proviicd concise presentations of the data. which
arc uselul tor reporting purposes and for indicating
furtticr interpretive analyses.

SAMPLING PLAN OF IMPINGED FISH

As part.of an effort to quantify the number.
species, and sizes of fish impinged at the Tennessee
Valley Authority Kingston Steam Plant. a sampling
plan was proposed to cstimate the proportion of
particular species impinged on a specific
screen without having to count cach impinged fish.
This plan will be very useful during those times
when there are more impinged tish than could he
counted with the available manpower. The pro-
posed sampling plan makes use of the total weight
of impinged fish tor a particilar sercen and abo
the mast recent ostimate of the averape weight per
tish for the same screen. so that an estimate of the
total number ol impinged fish on the sereen under
consideration can be obtained. Values of the total
weight of impinged fish per screen are inexpensive
to obtain. From knowledge about the most recent
proportions of impinged fish on the sereen being
sampicd for cach aof the species of interest av.d from
a specibication of the tolerated error in the final
estimated proportion. curves have been drawn to be
used in determining the required sample size for the
following parameter ranges:

1. population sizes: 200 to 7700.
2. confidence levels: (.80 (0.05) 0.95.

3. proportion composition values. 0,10 to 0,50,
and

4. tolerated error values in terms of a percentage of
the desired proportion: 10 1o 337,

Modifications have also been proposed to make
the sampling plan sensitive to changes in the
population abundance and 1o use subsample weight
as a method of reducing the amount of time necessafy
to do the subsampling,
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EFFECTS OF COLD STRESS ON
GIZZARD AND THREADFIN SHAD

Experiments have been corducted to guantity
the physiofogical cttects ot cold stress on gizzard
and thraadtin shad, This guestton iy of nterest
because karge numbers of shad are impinged annuali
on the mtake sereens ol power plants in the south-
antern tnttad Statzs, One possible cause ot the
farge number of impinged shad s the mabibity ot
these fish 1o owape the rapid water current around
power plant intake pipes during periods ot low
water temperature. P he purpose of these expeniments
has been to determine @ there have been ans
irreversible phystological changes on shad subjected
-to low emperatures and alvo to understand what
these changes might be by comparing the blood
cnemistry ol hish maintained at a normal water

©temperature (~ 14Oy with those fish whose environ-
ment was made colder idown to 2 Cy. The experi-

mental design randomiy affocated fish to “controf™
or “test” tanks. § Lo water temperalure in the coatrol
tanks was maintained at a constant pormal tem-
“perature (—i4 Cyoand the waler in the test tanks
decreased trom the normal temperature at a rate
of 1 O perday. Atsix predetermined temperatures
in the test tank (hetween 14 and 23 Oy, tish were
removed trom o randomly selecied pasr of control
and test tanks, and blood was taken trom cach Bl
Concentrations of sudam, potassium, and chlonine
i the blood serum were then determined. In
addition, other covarate ncasurements  length,
weight. sex. and bty count  were obtined for
cach sampled tish.

Fhestanstical analysisincluded (D an examination
of the changes 1n the blood parameters as a tunction
ot the aitterence in water temperature between the
control and test_tanks. (2) an exanunation of the
corrclation hetween the blood parameters, andtd)an
examination o} the correlation between the blood
parameters and the covanate observations. The
results of this analvsis indicated arcas tor which
additional experimentation was needed and for
which factors such as analvtical weehnigises should
he controlled to achieve more reliable results and
1o chiminate potential sources of bias. A second
experiment has heen run incorporating these sug-
gestons. The results of this anatssis will be used in
determining the feasthibty of using blood serum
clectrolytes to determine the level of physiologicil
stress of shad in the vicinity of intake structures
and in deciding on additional bload parameters that
might be used.
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CONFIDENCE LIMIT ON THE
PROPORTION LESS THAN A
SPECIFIED STANDARD

Oren the assessien? of comphance with environ-
mental standards s pertormied usaing muluphcatne
cham models ot theiorm Y= /2 /- /Z  where Vo
relatad o the dose rutc toun organ.and /7 ./ ./ are
rekated to nuchde concentrations or ntake rates, The
random vanables /0 are wsually assumed to be
independent. tognormally distributed random van-
ables, Therefore, @ random vanable 7. correspond-
ing 1o the output of the muitiplicative assessmens:
~eapty -} - Folwhere
the } s are independetit. normal random variables
with pican ¢ and variance 5. A limiting value, V7=,
has been given that shauld not bLe excexded. bFor
caampte, - U mught correspond 1o a4 standard
set By the Emvronmental Prorction Agencs, I
P = probability ; U =2 \7* ! _then the goal is to obtain
a lower contidence imit on P Using the concepts o
Ouwen. the problem was redaced to i probien; thar
vbtained & one-sided tolerance iimit on P for the
normaliy distnibuted random wanable A = in 7 =
Y =Y Y 0 bhe tollowing two cases were
considered o thie dernvation: (11 o Al oand
s 7o sa . These resalts were applied to dita
imvolung the ratio of the concentration ot [ an
nulk (o that i a.

model novpresed as v

FACTORS AFFFCTING COAL STORAGE
PILE LEACHATE QUALITY

Coal type, coal size. and coal storage technigue
are taree tactors of potential interest in determining
coal storage pile leachate guahityv, An experniment
hased on a tactoril design o nclude 2 com-
binations ol these three factors, cach at two fevels,
has heen carnied out under controlled laboratory
conditions. Analysis ot wananve and  regression
technigues have been used 1o determune to what
extent cach tactor intluences leachate guality. Coal
tvpe his been taound to be signiticant in determining
concentrations of il the clements mcasured because
this factor deternunes the amount of available
pollutants leached from the coal. Coal wize and
storage technigue have been tound to be of little
importanve during the carly part of the storage
periad. but these factors become increasingly im-

SO B Owen, TEavtore tor One-Suded Toreranee | umits and
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portant as the time ot storage increases. The data
indicated that some torm of treatment s necessan
it coal storage pile leachate iv to meet “certain
standards that currenthy exist tor discharges trom
power plants.

Electricai congictivity has heen shown to bhe
refated to the concentration of important trace
metabs and tound 1o be casy to observe. The follow-
ing model has been ‘proposed 1o desenbe the trace
metal concentrations as a lunction of clectrical
conductivity,

o a
v

l+&~},l’ Iffp'.

34

where s the trace mctal concentration with an
clectrical conductivity value ot xoand wv. ffoand 5 are
parameters o be estimated. A hive-point nterpo-
lation schemic has been developed to obtain intial
ostimattes of the unkpown parameters. These initial
estimates hinve then been used as input to a nonlinear
least squares rouune. This relation has alrcady been
applied to some laboratory and ticld data tor several
trace metals.
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14. Geology

C. L. Begovich
V. E. Kane

URANIUM RESOURCE
EVALUATION PROJECT

The Uranimn Resource Evaluation (U RIF) project
is a DOE-supported cttort o estimate the uranium
resennes 0 the United States. One portion ol the
project invobhves the collection o stream sediment
and well water samples at a 10-sg mile deasity over
most o} the United States. The Qak Ridge part ot
the URE project i» reasponsible for suneving the
ceniral United States by “colfecting over 200,000

~samples. These data along with other radiometric,

drilling. and geologic suneys will be coalesced and
uranium reserve and resource estimates computed.
. This yvear the Oak Ridge URE project has been
in full production. releasing more than 25 reports
(25.000 samples) on |2 27 US. Geological Survey
yuadrangies. Additionally. 13 special surrey projects
hase been started 1o dodetailed sampling at I-sg mile
spacings. § hose special projects will provide specitic
information on the possible locations of uranium
deposits, The Mathematios and Statisties Rescirch
Department has supported the URE project since
1976 n the arcas of data management. data
summarization. molinanate classification. and ficld
data guality control. Both rescarch and consulting
have been involved in these ettorts,

FIELD DATA QUALITY CONTROL
PROGRAM '

Normalls. severad samplers require abour two

months o collect samples over a | 2 2 US.

Geological Survey quadrangie arca. IUis necessary in
the interpretation ol these data to combine the data
coliected over the entire sample collection period,
introducing  possible  temporal ariabiting,  This
variation adds to the analytical vanshility associated
with determining the clemental concentrations of
the samples. However, the most important source
of variation in stream sediments is within a sampling
site: this is not the case tor well waters, Jtis desirable
1o guantily the relative contribution of the within-
site, temporal, and liboratory variation to the total
variation. fdeally, the total variation for geochemical

I Computing Apphoations Departenent

R

C. A.Serbin
). A. Wolt

mapping i~ comprised  nanly of  hetween-site
variation.

An approach used by the Canadan and 5.
geological surveys has been 1o compute the mdes

i -
0° v een site)

a® (withi site) + o7 vamaiytical) ©

where the values of o reprosent vanances tor the
sources of sariation. It has not gencrally been
important to separate the withinosite and temporal
variation. Follow-up sampling has been performed
to otimate the o™ and to enable use of an unbalanced
three-level nested random effects analvsis of variance
modef v .= pg+a~7 0ty e owithyr  as
the ubsenved clemental concentration: g. an overadl
mean cifect: a . a site cltect; 7. a temporal effect:
+. . an analytcal measurement cffect: and ¢ ..
the random error. The sample collection design ot
the tollow-up sampling Ras cnabled the use of the
above madel. trom which estimates of the compo-
nents of vanance 1n G have been obtained.

This program has monitored the quality of e
data produced in the FRE program. For example.
in the Austin. Texas, quadrangle, estimates of ¢ in
stream sediments were 7.2 (Na). 26 (La) LT (As)
and 0.35 (U). whereas in well waters estimates were
4.5 (Na). 16 (Li). 13 (As) and 3.0 (U). These values
indicate the reproducibilite of the clemental maps
and the relative vilue ot the two sample types.

CLASSIFICATION USING MEASUREMENT
ERROR

The objective ot the data analysis of the stream
sediment and groundwater samples has been 1o
contribute 1o the idenulication of new uraniom
deposits, A usctul approach has been to cliassily the
samples into groups with similar clemental coneen-
trations.  These groups have then bheen plotted
geographicalls, creating patterns that can often be
refated to uranum mincralization. Technigues in
cluster analesis have been used to clawity the
samples, but the measurement ¢error has not bheen
used in these analyses. Tt has been determined trom
the Field Data Qualits Control Program that a
farge  percentage of  the varability tor certain




—
-

clements can he atiptbuted to withinesite, temporal.
or faboraton vanmtion. The oxcess vanation can
cauwe the geochemical paticrns to be mashed.

One approach under development has used the
mansurement erro; o the classthication procedure.
Assumie tor cach samiple obsenation ¥ = X« o,
where Vo the observed multnarnate data at the ah
stte. v iy the “error-tree”™ data. and ¢ s the crror
assaciated with obtuning A . Monte Carlo simu-
lations have been used ta creante difterent realizations
of the crror e.. and V. = Y. — e. has cnabled
approaxmmate classitication of the V5, Estumates of
the error distribution have been obtained trom the
Ficld Data Quality Control Program. Initial resubts
have indicated that it is pusstble w both estimate the
number ol groups and the group membership in
a manner that is superior to othér methods. Itshould
be possible to more aceurately wennfy Eavorable
uranium arcas by improving the chssitication of
“the samples. )

FACTOR ANALYSIS OF GEOCHEMICAL
VARIABLES

Factor analysiy v & means of summarnizing the
refationships amoir a croup of variables with a
reduced number ol new variables, called factors, with
ittic Toss of intormation. 1§ the method s successtul.
the set of tactors will provide o deseription of the
terrelationships ameng the organal variables, with
cach tactor indicating a common trant exhibited by
thosc ongmal vartables that conclate highls with that

6

tactor. Fhus, lactor analyas can be an important

Csummanzation and model-building  tood - tor the

geofognt taced with 2 tupcal. many-vanable data
el

Fhe vanable selection process m the analboas of
geochemical varables way an important 1t siep
hetore the tactor anafvsis. Pereentage of values abote
the detection limit and reange of wilues tor cach
vanable were considered. Bevause i samphing arca
trequenth cominied of saveral geologic units and
becaune the relationships between variables often
dittered among the units. this consistency of refation-
ships over the whole data set was checked. Only the
highly correlated sariables were included in the
analvsis.

Once the variablke sclection was complete. the

appropriatec model was chosen. Several models with

vaning numbers of factois were fitted and evaluated
using a combinaticn of objective and subjectine
criteria. How well a set of factors reproduced the
obsenved correlation matrix and how much of the
total variation in the data was accounted for by this
sel were o eriteria casily assésed. The geochemical
significance of the variables clustered in the Lictors
was of greater importance.

Once o model was selected. tactor scores (e,
teahizations- of  the b pothetical sariables) were
calculated. Contours of these tactor scores. which
were incar combinations ol the original varshfes.
were usttatly plotted sothat the special characteristics
ol the Lactors could be assessed over the sampled
arei.

i e A e b SR o S5
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15. Health and Safety Research

S, R Bernand

~ MODELS TO STUDY THE
DISTRIBUTION AND EXCRETION
. OF CALCIUM
The purpose of this study was to apply urn mo el
methods to study the distribunion and excretion of
substances like calcium m blood bone systems. Fhese
methods were generalizations_of the tiwo-compart-
ment mamitiery model considered by Sheppard and

Houxcholder. The svstem copsisted of two com-

- partments (or urns) and the atoms (or balls) within
> these compariments which were exchanged between
themon an “r for r~ basis during constant time
periods. assumed to be discréte in order to use urn
model methods. Given numbers of radioactive and
stable atoms (or white and black balls Tespectively)
were introduced into cach compartment (or uryy at
the outset or Oth stage. The model was such that

£, Health and Satety Rescanh Pivion

2 Umiversiry of Calstorniae ot danty Barharo

300 Shepperd and v S Hotscholder = Fhe Marhematiod
Hasis oot the Intuspretationot §racer T apenmentm Chonad Steads
State Saatems,” S dppd P 220510 00 0s)

M. Sobel
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\" R.R. Uppulun

the 1otal numbers in cach urn remanned Bived. onhy
the pumber ot cach tyvpe could change, and. i tact,
the expected number of the radiozctive atoms incach

urn was devreasing.

During cach time penind. the Ioflowing three steps
took place in order: (1) r stable atomy trom outside
the sustem were added to urn 1 42) r atowns from
urn | were interchanged with £ atoms trom urn 2
thoth sets were randomly  selecied. and the two
selections were considered (o be simultancous rather
than in tandem): and (3) r atoms were removed ot
random from w. | and climaated trom the
system. = :

These three steps comstituted a single tieration.
Uhe problem was to find the first two moments of
the number of radiodctive atonis keft in urn ! (or
in urn 2. or in both uras | and 2) . .cr i Rerations.
The second moment gives a wayv ol assewing the
variability associated with the radiocactive atoms as
me progresses. The distributionad properties of the
number ol radioactive atoms It in the ssstem atter
n iterations were derived tor this model and tor tvo
other moditied models.
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APPLICATION OF SAATYS
METHOD TO MANAGERIAL SELECTION

There are at least tnwo imporiant aspects in the
problem ol sclecting a candidate for a managerial
position from a group of candidates, One pertains
to the identification of the importam characteristios
associated with the position. and the other is the
potential performance of the candidates relative to
those characterisues. In general. it is too much o
cxpect a selector to be able 10 evaluate several
candidates simultancously relative to a group of
characteristics and make an optimum decision.
However. * 1s not unrcasonable to assume that a
sclector will be reasonably good at comparing two
candidates at a time on a given charatteristic. Thus.
it one has to choose betweentwocandidates A and B,
refiative o a charactenstic such as administrative
skitls. one may sy that - s twice as good as Blor,
cquivadently. B is hail as good as A). or that A is
1.5 umesas good as B.cte. It there are four candidates
AL B C.and D, it may be difficult 1o assign weights to
them individually relative 10 their administrative
skills. but it may be casy 1o compare them two at
a time,

Thomas 1. Saaty” developed a methodology to
assign weights o charactenstics based on  this
principle and the mformation in the matrix of pair-

_wise comparivons, This method was used as an aid

in the sclection of an cxecutive sceretary within
the Nuclear Division. In other applications ol the
selection ol a manager. the important characteristics
of a managerial position suggested by Douglas W,
Bray were used. A convenational mode compuer
program was developed as an aid lor this sclection
process. g

- Nuclear Division Safegmrds
- Computing Apphications Fxepartment
. Energy Division.
. Emplosce Kelations Division,
. Intormation Scrvices.
6. 1.0 Saats, A Seahing Method for Poorties in Hierarchics)
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DATA VALIDATION PROJECT

During this reporting period. MSKD hecame
mvolved ina signiticantly new area related to the
validation of cnergy-related data Torms. Thas ettornt.
known as the Data Vaidation Project. was funded
by the Encrey Information Administration (EJA)
ol DOE through ORNL Encrgy Division.

The inmtial role of MSRD was to study the
vzlidation process and to develop methodology that
could be used by subcontractors actually conducting
the validation studies. This role was aftered when
MSRD became involved in the validation study of
the Federal Power Commission (FPC) Form-4.
which is a form used to colleet monthly data from
clectrical power generation facilities. Most of the
mcthodology development work was  postponed
because a sigaificant cffort was required for the
form salidation study. However. a data editing
proceduic to be used to assess error rates in the data
collection and storage systems was studied and
developed. This cffort was also directed to the
validation cffort of the FPC Form-4.

The general purpose of the validation study was
1o assess the data form’s consistency and its ability
to produce information that meets the legal mandate
of the form as well as the needs of the users of the
information. Changes in procedures were 10 he
recommended that would make the form more
realistic. Thus, much ol the validation cffort ipvolved
the use ol survey sampling technigues to investigate
the practices of the users and producers of the
information. Exploratory data analysis techniques
were used to assess the properties of the data
produced by the form. The exploratory data analysis
was generally designed to detect abnormalities in
the data that would indicate possible inconsistent
data reporting or collecting procedures, In addition,
a general summarnization of the data wis provided

T 00 W Bray, " Fhe Asseoment Center i the Managemoent
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o obtain protiles o the reporting  population
Arospondentsh,

The condidates tor ~amphing el e wo
classes  uners and respondents. Fhe user population
was dinidad into three 2roups: sophisticated users.
umsophisticated uxers, and state agency users. The
wentiticd sophisticated users tormed a small group.
and all were itenvicwed o penon. The unso-
phisticated users tended o be associated with the
federal government mn the Washington. D.C.. arca.
so the task of identlfying and micrvicw g them was
subcontracted w0 a conmsulting firm based in the
same arca. The suna of sate agency users wan
davigned 1o use tekephone intenvicws of agenciesy in
15 states. The general purpose of the user sunvet
was 1o assons Hhe degree of data quality they aceded
1© meet their neads.

The suney of respondents was conducted in 1wo

~ phasey. Initiafly. a surnvey plan was developed by

MSRD for the in-person interviewing of IK respon-
dents. A second suney with national scope was

_designed because the resulis of the fint survey raised

several quostions concernmg  reporting practices,
zeographic scope limits_ and respondent’s ownership.
This suniey accounted tor the possimliny that one
compemy could control the reporung practices of
several respondents inoan area and other pertinent
demographic tactors. The general purpose of the
rovpondent  Interviens  was W assoss  feporting
practices and data quahity,

[he results of the vabdation study of the FPC
Form—4 monthly power plant report are currently
being collated and will he avalable m an EIA-
approved report. :

AUDIT OF CLASSIFIED DOCUMENTS

A sample survey of classiticd documents at cach
of the three major Oak Ridge installations is being
coaducted to determine which documents. if any.
are missing. Provisions were made in the procedure
1o increase the size of the sampleé if missing
documents are deteeted.
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KEVLAR YARN

Fhe statntical assessment of the physical proper-
ties and hite characteristics of Kevlar varn and
of products using Kevlar varn has continued through
this reporting peniod. An expanded review of vari-
- abilty patterns  of dener m spools of Kevlar
varn has reatlirmed previous report results” that the
major source of varabiliy iy the spool-to-spool
variion.

Preliminary lite 1ot desipns, using accelerated life
test and warranty asignment methadologies, tor
products conmtaining Keviar varn have bheen sub-
miticd 1o sponsonng agencies as input to their
program plans.

PILEUP OF DISLOCATIONS

Electron microscopy of shear crack in stainfess
steel single eristal has shown the pileup of dis-
focations against the crack tip. This direet ob-
senvation of an clopgated  plasiic 7one showed
cvidence of the Bilby-Conrell-Swivden model or the
Dugdale madel ol tracture,

I he governing equation that deseribes dislocations
pilcup and that is often osed for thick specunens
hisd 16 be moditied 1o the following integral equation
because ol the  tiuckness eftect of  the  thin
specimen;

a ., 1 [ nrix X))
Py X —Is,[ - ] dx’
no,as, .., n 2
_ Gx)
A
P Metals and Corgmincs Division
2 ¥-12 Techmcal Paivivon
oSolid Sate Divison,
412 Developeient Pivivien
$ -1 Pooduct Faginecring Ewision

Post? D. A, Wolt
G. M. Goadwin C. A, Serbin
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where P denotes the principal value of the integral,
/ix) i the dntnibution of the dislocations to be
solved. A is the modificd Bessel furction. 4 s a
material constant. and 2d s the thickness of the
speaaimen. The function Gy in this cguation s
defined 10 be

G(x)= o Ixy<c,

Hx)=(a - 67) ¢<Ixl<a,

where o and - are the applicd stress and the triction
stress, respectively, ¢ s the half crack fength. and
a - ¢ ix the length ol the plastic zone.

It was shown thit it o tended o be vers Targe, this
integral cquation approached the wel-known pilcup
cyuation tor an antinitely thick specimen. In the
prosent case. a numerical solution of f(xy was
obtasned, and physical interpretation of fiv) win
made. )

CHARACTERIZATION OF THE
VOLUMETRIC METHOD AND THE
GRAVIMETRIC METHOD OF DISPENSING
FERTILE PARTICLES

An experiment was performed to charictenze an
automatic particle dispeasing ststem using volu-
metric and gravimetric methods Tor dispeasing &
given weight ol tertile particies. The volumetric
method was calibrated to dispense 108K, of the
particles by volume alf at once. wheseas  the
gravimetric method discharged a raction of the total
number ol particles by the volumetric method, then
trickled in the semuoning particles based on the

o Phyvacal Properties of Wevlar Yarn” Warh St Res
Dot Prog Kep o dune 00 197y ORNE (SIS po 44
(Septembuer 1975
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werght regquured A ot the expenmental rons were
made o the ~same atternoon with the dispenser
hopper lovet Blled such that the particie fovel i the
hopper did not change appreciably dunmg the runs,
Fach cxperimental run conentad of thvpensimg ternile
particles by cither of the o methods 1o obtain o
totad net weght, e pertormunce of cach method
was bisad on 20 samples run at a low net weight
.25 gy and 20 samples ron at o high net waght
(.73 &) In order o compare the data bor the tinal
nct waghis trom the twe gravimetnic rans and from
the two volumctnie runs. the tinal weights were
standardizad as tollows:

standardized final weights = final weighis - mean .
Fhese standardized binal weights were pl:lncd a~ hoy
and whisker plote. which displas tive values of vhe

data: the two extreme values. the upper and fower

quartiles. and the median. Vhe plot tor the high-net -
weight gravimetric method was guite ditterent trom
thut dor the otha three runs. Fhe data trom the
bigh-nct-weight grmvimetsic methad had o much
farger spread than any ot the other runs and were
skewed. The plots tor the other three runs showed
boxes of similar size with medim values very close
1o oo, Fhis obsernvation mdicated that the hinal
warghts of the three rans were ssmmcetrcaliy distn-
buted about ther mcan vilues.

Ihe weights of the particles trichled o obtam
the tmal net weights were plotied agamst the de-
sired werght o order to examine gravmicinge runs
in more desul. The distrbuticn of particle weehts
tor the gravimetric method was shewed about s pomt
“tower than the tareet value, FThe bias prosent in the
observations trom the gravimetne mcthod was due
to the nabsbity ol the trickler device 1o add the
proper amount of particies. I the smouent of particles
soquired was between 22 and HO mg. the trickler
devicr added o convant amount ol shout ¥4 mg,
Howcever, the tnckler device did notadd any particles
tor an amount less than 25 mg. Therctore, the
addinon o the rickler deviee 0 praciice did not
improsc oo the simpler volureine methexd.

LONG-TERM DRIFT EXPERIMENT
-FOR DISPENSING FUEL PARTICIES

An experiment was conducted 1o charicterize
the Jong-term behavior  of  solumetncatly  dis-
pensed  tuel particles.  An automatic dispensing
seetesn was thed o dispense 8200 charpes ol
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cach o three tvpes o1 tue! natertal tessile.
tertife, and st ot cither & fow or high aet
weight. Fhe twoe htterent runs tor cach of the
three tuct materaeds were sephastad tor a total
ot 12 cvpermmental runs,

The cepeatabibity of cach ol tour ruas oo am
one ot the three particke tipes win found o e
By constant. For oxample. the ranges of the
standird devaations were ¢ 301 451 for fissile
partickes. ) 1073 1431 tor ferile  partiches.
and (3) 2929 33.65 for shim partickes. There were
no apparcat iremds that the standard devetons
wmateisad o rom
runs o high-ner-waght runs. The  standard
deviations tor the <him particle runs were farge
becruse M 1o 13, of the vbsened. shim weights
were shnormally large mocac of the four shim
runs.  lhesw ~hum were
by the tendency of the shim pariicks 1o clump
m the dispensing noszle. A histogrsus +* the
weight ditferences tor cach ol the towr <him runs
wis ovamined to eliminate those walues which
appearcd  to be outhiers. Fhe range ot the
standard  deviations for the shim data without
the outhiers was reduced to 12,30 14,47,

Drifts i particle weights were evamined  as
a tunciion ol the dispensing sequence number,
Lincar equations 2tted 1o the data by the method
of ket sguates showed o sigiiticant  slope
(F - 00% m X% out of the 12 cases. It the weigh
differences  icrcased  as ostimated . by the
slopes. the number ot charges necded o reach
U, ot the act weight from the ongin was loond
to be & minimum ol 309 charges for low-net-
weight shim and & maximum of 38388 charges
tor the  high-net-weight fernle particles. None
of the tuns went bevond any practical innts until
a substantil number ot charges was divperaed.
Ihe actual behavior of the weight ditferences
did not mereese as o hincar tunction of seguence
number but vanied 0 a smisordal nanner and
showed o shght mercase with sequemwe number.
fhe lone-term drtt oxperiment indicated tha: an
automatic volumetne  dispensing  sysfem
repeatable results with hinde or no dride behaaor,
Fhe drgr behavior was small cpough that cor-
recions ficeded o be made only atter o large
number of  particles were dispensed: this was
sevomplished by using moving nverape control
chart plots, The data tor shim particles showed
that there was o need o modily the dispensing
nossle 1o prevent shim parhicle chiumping

deercaned low-net-weight

Lirge wewois caused

&g



VARIANCE COMPONENTS OF
COATED MICROSPHERES

A npumber
regyuire accurale dipensing ot

ol nucicar  labiation  processes

nucloar  matcrial

in the torm of coated particles of urantum and

thonum  compounds. Var cvample,  accurate
amounts  of . uramum and  thonum mast e
dispensad o High-Temperature Gas-Cooljed

Reactor (H1GR) el sods in the torm of carbon-
coated  aucrosphicres. The contnibuticn
component b the total sarnancee of the micro-
sphere warght was oxamined  theoretically, be-
cauve the coatings of the micronpheres as well
as the wranium and thonum herneh vanad m
thicknew during tabaciion,

Ihe problem ot tinding the contribution of
cach componcent the variance of a micro-
sphere weight was tosmalasted using the Tollow-
INE Sssumplions:

of cach

1. the Kerned and ity coatings were concentric
spheres.

1

fhe coating thicknesey were idepeadent of
cach other and ot the kernel diameter.

3. Ihe density ot cach tvpe of coating,  the
kernel depsitv. and  the percentage
mum (thoriam) weight were constants,

ol ura-

4. fhe Kernel diamicter and coating  thickposses
were pormally  distributed ghout ther  rospee-
tive means,

Ihis tormulation made it possible to represent
the expected total weght and the variance ol
the total wapht asv o sum ot the contrbutions
trom  cach component.  The derived  formulis
were apphicd to sample data bor ternle particles.
which consisted ol thorium kernels with inswde
and ontade coatings.  The important result of
this theoretical study i that although the hernel
o the tertle particle made up more than 60, of
the expected weight, it contributed less than 3y,
of the total variance of the ternle particle. Most
of the weight variation was dhie to the coatings.
Simitar results were abo lound Jor the fissile
(uranium  kernel)  particles.  This twdy  demon-
strated  that o simple volumetric  dispenser
calibrated 10 weight, rather than @ gravimetric
dispenser. can be used 1o dispense lissife and
teetile particles anto BITGR tuel rods. Although
the  particle  weights  using  the  yolumetric

methedd vanied more than with the gravimetne
tmicthend. the Two methads producad HEGR tuel
iy with omparable urzmum apd  thonum

BRI

CREEP DATA FROM TESTS ON
STAINLESS STEEL WELDS

The coliccuion and anabsiv of creep data on
stataless steel welds for the American Society of
Mechanical  Engincers (ASME) Jomnt Subgroup
on  Strength of  Weldments  have  continucd.
The scope of the program has been narrowced
o longitudinal all-weld specimens made from
three filler materials (eypes 16-8-2. 316, and 308

stainless steel) and from two welding procoses

(gas tungsten arc and shiclded metal arc). Abo.
only tests with known chemistries and known
ferrite content kve been considered.

The current ctfort has been to compare creep
propertics of welds, rupture hite in particular.
with: ASME Caode Case N47 ¢lormerly Code
1592y minimums for appropriatc  bisc
materushs. When pecessan.  new  minimuims
weld creep properties relative te those of the
hase miaroriad have heen dernved.

Caw

LIFE TESTING OF DISSIMILAR WELDS
The Disssmilar Weld Bask Group of the Metaf

Propertics Council  his  heen exploring  the
catnes ol unexpected carly finlures of dissimifar
welds,  Dissmalar welds  are welds  used ex-
temsivefls an boiler manulacture  lor connecting
stamless  Gustenitic)  steels,  suitable  for high-
femperature serviee, e Jos costhy ferritic
seels.

An carhier supvey’ ol utilin expericace with
dissimilar welds has motivated the development
of a life-testing  program o investigate  live
potentially improved weld joints. The Tennessee
Valles  Authority. o participating  vnibty,  has
agreed 1o install  spools  containing  dissimilar
welds  when reconditioning a0 hoiler at the
Kingston, fennessee. smeam plant,

e

Nt Analvsis ob Dt brom Dhissimider WO Survey,” Wogrks
St Res Dep FProg. Rep Jume 300 1975 ORNE (8- 34,
po3basepiemiber 1978

i
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_ STUDY OF FRACTURE TOUGHNESS
B OF IRRADIATED HSST-02

A propeaal was preparal to study Iracture
toughness ol wraduted speamens i1y trom a
reference heat denoted HSST-H2 and jrom other
specthicd heats.. The - minn purpose of  this
‘proposal was to osttmate the number of speci-
fied heats that could be assignad to we ol four
Lcapuks tused® for wradiation) and et pronide
ifficient information  tor studving the uppey
“shelfl negion  détermined  from  tracture  1ough-
“pess kst The remaring o capsules are 1o
be used to irradiate 2 subset of the speciticd
heats  at a higher | fluence and 0 wrradiate

o Y TSN
i
(-

i
S
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An cgualhv amporimt cllot was to establinh
a4 relationsbip between the abovwe T tracture
toughiioss rosults and chupy impact
Snan ‘:li.up} spedimiens  awcompansing  cach
cipsule are to be used 0 pronude 2 one-te-one
correspondence with the FE fracture onghnos
specimens.  with the  renkamng slos an the
capsule  for  tensile spramas and precracked
charpy specimens.

Wih 6) test speamens per capsule (-0

resishie,

the “design™ tluence region, 20 i the low.

tlucnce region). cight heats (tour per capsuke)
will be studied.  The asspament of speamens
to capstle location and ket temperature. wilt
be. made when  specitic heats  have  bxen
wdentificd. ‘

R W
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. Part C. Educational Activities

" The -Mathematics and Statistics Research Depaitment (MSRD) is ‘mvolved in several cducational
acuv mcsm a professionl and academic nature. This year the dcpanmcnt was a co-sponsor of a s\mposlum

California; participated m the In-House 'lraumng Program: organved scmma' series; served. as pan-nme

<

Program and worked uub vmung researchcrs and academicians.

-

.~ SYMPOSIUM ON SPARSE MATRIX COMPUTATIONS

This sympuosium was held at the Hyatt Regency Hotel in Knoxville. ‘Tennessee. November "~ . 1978,
immediately followiang the Saciety for Industrial and Applicd Mathematics (SIAM) 1978 Fall Mculng.
Jointly sponsored by the LU.S. Army Research Office. the Office of Naval Rescarch, SIAM. and MSRD. the
meeting was organized by a committec of nine researchars. including R. C. Ward of MSRD. with 1), J. Rowe
of Vanderbilt University as chairman. There were 190 participants. including several Irom outside the U nited
T States. . ,
» . The purpose of the symposium was to bring together rescarchers in applicd numerical analysis and
LT " computer science. with applicd scicntists and engineers involved in problem formulation and modeling and 10

oy -

critically cxamine progress in sparse matrix technology relative to application arcas. The program consisted
of four half-day sessions. each of which began with an invited talk by a senior and expericnced sescarcher in
an application arca. There were a total of 15 presentations covening such topics as medical image processing.
structural engincering. operations rescarch, chemical enginecring. quantum  mechanics, sparse malrix
softwarse, and multiprocessor networks of low-cost hardwire devices. Proceedings will be published b
SIAM.

DEPARTMENT OPEN HOUSE -

On December 6, 1978, MSRD held its second annual "()pc.n House™ to inform the Oak Ridge arca
technical community of our range of activitics. Posicr scss.mn—lyp«, dhptays were exhibited, and staf(
members were available for individual discussions. Visitors mcludcd representatives of management and staffl
members from the Computer Sciences Division, ORNIL., the (Yak‘ Ridge Gascous Diffusion Plant. the Oak
Ridge Y-12 plant. and the University of Tennessce. Professor . S, Robson of Cornell University was
specially invited so critiguc the work of the MSRD staff,

on sparse matrix computations. Membcrs of the department prescmcd short courses for the University ol’ -

njversity lecturers, thesis advisors for doctoral candldales, and supcrwsom (ur students in the Oak Rldgc:,._ﬂf L
ssociated Universities IORAL) Summes  Student Program and _ the ORAU-Great I.akes Colkgcs; p
Association (GLCA) :Program: gave seminars under she: sponsorship of the ORAU Travclmg Tecture

R IRTEE, Sty I
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UNIVERSITY- OF CALIFORNIA SHORT COURSES

U. 1 Mitchell was an instructor ia two short counses on “Applicd Regression Anahusis™ sponsared by the

L “Engineering Extension Departments of the Univensity of Calitornia at Los Angeles and the University of

‘ Cahifornia at Santa Barbara during the weeks of October 9-13, 1975 and February 26-March 20 1979,
respectively.

IN-HOUSE EDUCATION PROGRAMS

Two statistics courses were offered during this reporting period as part of the ORNL In-Houw
Continuing Education Program. C. K. Baync. J. J. Beauchamp. and T. J. Mitcheli taught 2 new l-week
practical satistics course. This course. a continuation of the Practical Statistics | conrse, covered (1) abals mis
of vanance. (2) regresston analysis, and (3) design of experiments. The course. which was given during the
fall guarter. had an enfoliment of 19 studemts. The Practical Staustics § course. taught by J. 1. Beauchamp
~and 1. J. Muchell, was offered in the spring gquarter for the fourth time and hid an enrollment of 20
students.

SEMINAR SERIES

F. I Miller. Jr.. and V. R. R. Uppuluri coordinated the continuing department senunar series. These
scminars are intended 10 acquamt the MSRD staff with cach others work and 1o encourage interaction.
Occasional outside speakers arc also invited 10 inform us about rescarch in progress at ORN{. and at other
facilitics. The spéakcrs‘ names ::nd the ttles of their talks are listed at the end of this section.

R. C. Ward of MSRD and R. J. Plemmons of the Mathematics Department of the University ol
“Tennessee oi;ganizcd a weckly seminar series on matriy. methods ia numerical analvsis. This series, held in
Oak Ridge. began' in January and continued into March. The speakers” names and the titles of their talks are
given at the end ot this section.

ORAU TRAVELING LECTURERS
Two depanment members, V. E. Kane and A, ). Solomon. participated in the ORAV Trineling
Lecture Program this vear. The ritles of their talks are given at the cnd of this section.
VISITING RESEARCHERS

Several rescarchers visited the departmens during this reporting period.
r. fan S, Dulf of the Atomic Encrgy Rescarch Establishment. Harwell, England. visited the
department for a few days in carly November. He presented iwo semtinars on topics involving sparse matrix

software and discussed potential research problems with application in the arcis of sparse matrices,
- : Peofessor Jay Folkert, Hope College. Holland. Michigan. visited the department during the fall and
’ g collaborated on rescarch in the multivariate-multipopulation classification project on the cffect of the
logarithmic transformation on the probability of misclassification.
Professor Gene H. Golub of the Computer Science Depariment of Stanford Unisersity visited MSRD
for several days 0 December 197K, He consulted with MSRI sttt members on their rescarch and with
members of the Computing Applications  Department. Computer Sciences Disision, and  ORN[ s
Environmental Sviences Division on their numciical problems,
Professor fgnucy [ Kotlarski of the Mathematical Sciences Department of Oklinhomi State University
;\ joined the department as an ORALU faculty rescarch participant on June 4. 1979, He worked with several
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staff members on problems imoling probabthity  theoryv and  presented a serties of seminars on
characterization problems in probability and statistics.

Professor Berestord N. Parlert of the Mathmaues Department ! the Universiny of Califorma at
Berkeley visited the department for over a week i Late Julv 1978, He consulted with staft members and
others on numerical lincar algebra problems and participated in discussions on the formulation of a
department rescarch project on sparse matrices. .

Professor S. AL Paul, Mathematics Department. Teanessee Fechnological University, visited with
V_R_R. Uppalurn geriadically trom October 1978 through June 1979 on an S-contract with ORAU. The two
researchers worked on problems associated wizt the estimation of energy resources and nuclear satety.

Professor 1. S. Robson. Biometrics Unit. Cornell Univernsity. visited the departmient twice to conduct
rescarch for the maltivariatc-multipopulation project. '

Professor N. Shamsundar of the Universitn of Houston was the puest of MSREP) for two months and
worked with A. D. Solomon and D). . Wilson on motving boundan problems. In addition to giving several
seminar 1alks on iy topic. he ok part in work on multidimensional phase-change modeling and tinite
element methods for heat transfer problems. o

Professor L. R. Shenton of the Statistics Department of the University of Georgis visited with K. O.
Bowman in March [979. They are continting their collaboration on problems of mathematical statistics
including approximation theory. statistics in general samples. and analysis of apparently divergent series.

Professor W. Y. Tan. Director of the Statistics Division in the Department of Mathematical Scienccs of
Memphis State University. was an employec of the department from Mav I8 to Aupust 18, 1978_ and for one
week in March 1979, He conducted rescarch on the multhvarite-multipopulztion project and on the

- distribution of the number of mutants in an assay tor mutagens. He began a second three months of

cmployment with the department on May L 1979, and will work »n similar problems. This rescarch is
summarized in Part A ol this report,
Protessor W A, Thompson, Jr.. Department of Statistics, University of Missouri at Coltimbia, was

“employed by the deparunent from September 15, 1978, to Mas 31 1979, He cobaborated with staft members

on the model validation. mulinariate-multipopulation. and rish analysis rescarch projects. His rescarch s
summarized in Part A of this report. ) )

Professor B. W, Turnbull of Corpell University made seversl visits to MSRD during this reporting
period in connection with his role as a comultant 1o MSRD stalf membersin the arca of analysis of data
from survival sacrifice experiments. The related collaborative rescarch ot Professor Turnbull with 1.0,
Mitchell is summarized in Part A of this report.

Professor . A. Wenzel, Mathematics Department. Alhion College. visited R. F. Funderiic during
March 1979 to help complete a report’ on the use of ordinary differential equation sottware. This report was
taken from lectures he gave through the Technical Continuous Education Program while he was supported
by ORAL GI.CA.

Professor Wilhelm G. Wolfer of the Nuclear Engineering Department of the University of Wisconsin
visited MSRI for a few days in April 1979, He discussed rescarch problems with depariment menibers
associated with the materials science and moving boundary rescarch projects. In addition. he participated in
discussions with staff members of both MSRD and ORNL Solid Stite Division on problems of mutual
interest,

o0 A Wenset and ROF Funderhic, "Fecture Sotes on Cadinaes Exfierentiol Fogaatuon Sottswane ™ Doy Guntes L0 03]
RAFSS, GLAR, and LPISODE, ORNSE OND M08 Chune 1979
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SUPERVISION OF STUDENTS

MSRD regularky has students working with and tor department memhers under the sponsorchip of the
GLOA and ORAU Student Research arucipation Programs. as ORAV Graduate ¥ ellows, and o~ summer
cmplovees, :

Jacquehine E. AL Kent. an ORAU graduate fellon trom North Carolina State Unnersity at Raleigh,
completed the requirements tor the Ph.D. in statistics. The MSRID members of her exanunation commuttee
were I 1 Miller. Jr.. and V. R. R. Uppuluri.

John P. Klein. a Ph.D. candidate at the University of Missouri, spent the summer of {978 with MSRD
continuing his workh of the previous summer on the analysis of survinal data from o large low-jevel radiation
cxperiment. . )

Mark Jacger. a graduate student i the Department of Statistios. University of Chicago. was an
cmployze of the depariment during the summer of 1975, assisting with collaborative and research projects.

Michacl Weinstein. a graduate student in mathematics at New Yark Univensity. supported the research
and consulting activities of S.-J. Chang and A. ). Solomon in phase-change modchng with applications 1o
problems of metal castings. In addition. he participated in consulting activities for the Metals and Ceramics
Division.

Ruth A. Lewis, i graduate student from the University of Tennessee. Knoxville. worked on apdating the
- Houscholder KWIC Index on aumerical hacar algebra during the summer of 1979, ‘
Two undergraduate students worked as ORAU student rescarch participants during the summer of

1978. They are Donald R. Johns from Vand-rbilt University. Nashvilie. Tennessce. and Rachel M. Harer
from Witnenberg University. Springticld. Ohio. Mr. Johns supported the work of A 3. Solomon in
crvosurgical modeling. His principal contribution was a hiterature search of thermal properties of Sissues, and
he also did basic work in the development ot a three-dimensional cryvosurgical code, Ms. Harter was invohved
with projects for both (. K. Baype and V. R. R, Uppuluri. She worked on the ostimation of misclassification
probabilitics for Fisher’s guadratic diserniminant function using Pearson™ system of curves and also on
numerical algorithms and computations involving multivariate hypergeometric and multinomial distribution.

Two more undergraduate students who worked as ORAU student rescarch participants during the
sumaer of 1979 are Sheryl A, Haw from Nicholls State University, Thibodasux, [ouniana. and Ronald B.
Morgan from Furman University. Greenville. South Carolina. Ms. Haw worked under the direction of R.F.
Funderlic, while Mr. Morgan worked under the direction of S.-F. Chang,

Three GLCA students worked with MSRD statf members during the fall term of 1978, They are
Carolvn Inans from DePauw University, Greencastle. Indiana. who worked tor V. E. Kane op the ! ranium
Resource Evaluation Project: A, William Geise from Lawrence College. Appleton. Wisconsin, who worked
on solving sparse symmetric sets of lincar cquations using the Lanczos algorithm under the direction of 1), S,
Scotr; and Cynthia Ross from Ohio Weslevan University, Delaware, Ohio, who, continuing the work of
Donald Johns under the direction of A, D. Solomon. prepared a computer program for the
three-dimensional simulation of a cryosurgical procedure. The program is highly interactive and is to he

~developed further,

R T T
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LIST OF CONSULTANTS

G. H. Golub. Staniord Uninersity

C. S, Lever. Oak Ridge. Tennewee

. S. Robson, Cornell U niversiiy

D. L. Solomen. Cornell Universiy

B. W. Lumnbull. Cornell Universin

W. G Walter, University of Wisconsin

UT-MSRD SEMINARS ON MATRIX METHODS IN NUMERICAL ANALYSIS

M_T. Henth, Computer Scicices DBivasion, UCC-NDL "Matiiz Pacionzations i Opioiization.” January L
T197

DS, Scott. Computer Sciences Division. UCC-ND. “Surnvey of the Lancros Algorithms.” January I8, 1979

S. M. Scrbin. Mathematics Department. UT. ~Application of the Precondition Conjugate Gradient Method
" to Time-Stepping Procedures.” January 25. 1979

D- G Wilson. Computer Scicnces Division. UCC-ND. “Nonncgative Matrix Factorization. A = XX’ tor
\onnuz.!uu. Svmmetric. Positive Semidefinite A.” February 1. 1979

R J. l’lgmmons Mathematics Department. UT. “Adjustment by Least Squares in Geodesy Using Block
SOR and € hebyshev Semi-lerative Methods.™ Februarn 8. 1979

D. J. Downng,. Computer Sciences Division, UCC-ND. ~“Kalman Filtering and Least Squares: A
Comparinon.” February 1501979

R. E. Chace. Mathematies Department, UL “Extenstons of the Hurt-Waid Generahized Inverse for Integral
Matrices.” February 22, 1979

R. ( Ward. Computer Sciences Division, UCC-ND, “Scabing the Generalived Figenvailue Problem.” March
. 1979

B. W. Rust. Computer Sciences Division, UCC-ND. “Solution of Hl-Conditioned Systems,” March 8. 1979

W. . Cain. Engincering Division. UCC-ND, "An Anabysiy of the Simplex Scarch Mcethod tor Local
Minimization of Picce-Wise Continuous Functions of 21 Varables.”™ March 15, 1979

ORAU TRAVELING LECTURE PRESENTATIONS

V. E. Kane. “Some Topics in Cluster Analysis,™ Texas A&M University . College Station. Octoher 2. 1978

-

. E. Kane, “Data Analysis in the Uranium Resources Evaluation Program.” Universits of South Carolina.
Columbia. April 26, 1979
A. D). Solomon, “Topics in Applicd Mathematies.” Fast Tennessee State Universits, Johnson Ciny,
November 30, 1978
A. D). Solomeon, “Numerical Analysis on Your Pocket Programmable Calculator.” University of Puerto Rico
at Mavagues. April 4, 1979: University of Pucrto Rico at San Juan, Aprit 4. {979

A. ). Solomon, "On Plateau’s Problem.” U nivenity of Pucrto Rico at San Juan, April 5. 1979
A, D. Solomon, “On Thermal Energy Storage.” Institute for Energy Analssis, San Picdros, Puerto Rico,

April 5. 1979
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MSRD DEPARTMENT SEMINARS

N. Shamsunder. Uninersiy of Houwston, “Muludimensiona! Solidifcation l'rnhl..ms Engncering Appli-
cations.” July 12, 197%

J. Neuberger. North Texas State University. "A Numerical Technigue for Noahnear Partial Ditferentn!
Equations Reproxenting Conservation Laws.” July 26. 197%

B. N. Parlett. Univensity of Calitornia. Berkeley, “The Computation of a2 Few Figenvalues of Larpe Sparse
“Symmetric Matrices or Goodbye Subspace Iteration.” August 2, 1978

R- E. Funderlic, “Numerical Software and Services.™ August 9. 1978

AL, T. Heath, Computing Applications Dxpartment. “The Corc Library of Numerical Software.” August 10,

1978

MSRD Summer (;r.udualc Sludmu ( l’rojcu Reports. August I, |97x)
3. P. Klein, bnm.mu of Missouri. “Baycsian Analyis of Sunival E vpcrlmznh
"M. Jaeger, lfnncrsu) ol' (,'hu:ago. “Fish and the Behrens-Fisher Problem™

ORAU Summer Rcsmrch Pamclpanls( Project Rn.pons August 23 1978): - S
- R M Hancr “‘Computcr ngmmmmg of Mlsclass;ﬁcatmn Probabilitics and the Hypergeometric
Dmnbulxon < z

l). R. Johns, "Thrcc-[)lmcmmnal Computer Modcll-ng of the (nmurglcal Tcthmquc

J. E. A. Kent. ORAU Fellow. ~“An Opumnl Sclccuon Procedure for Companing Five Time-to-Failure.-

-, Models.” September 3. 1978
D. G. Gosske. “The Art in the Art and Scicnce of thie Way in Which Statisticians and Mathematicians
Consult and Collaborate with Other Scientists.™ September 27, 1978

E. N. Williams, Information Division, and R. D). McCulloch.. Computing Applications epartmey’.
“Computerized Pubiications Processing at GCC-NID  Present and Future,” October 1. 1978

D. B Reister, Institute for Encrgy Anal\svs -E nergy Demand Maodeling.” October 25, 1978

I l)uIT Atomic Encrgy Rescarch [slabllshmmt. _Harwell. England. "A Survey of Sparse  Matris
Technigues.” November 6. 1978 4 ]

1. Duff. Atomic Encrgy Rescarch-Establishment. Harwell. England. ~A Comparison of Technigues Used in
the Solution of Sparse Lincar Systems.” November 7. 197%

R. D. Rannic, Systems and Admunistrative Support, “Everyvthing Yoo Ever Wanted - Know About Your
Opeiating System but Were Afraid to Ask.” November 8. 1978

E. C. Hisc. Engincering Technology. “Magnetic Bencficiation of Dry Pulverized Coal (A Usclul Blick Arf).”

November 29, 1978

W. A. Thompson, Jr.. "Rehliability Modcls for Repairable Systems.”™ December 13, 1978

D. G. Wilson. ~Nonnegative Factorization of Symmetric, Positive Semidefinite. Nonnegative Matrices.”

January 10, 1979

L. J. Gray. "Nonncgative Factorization of Symmetric, Positive Semidefinite, Nonnegative Matrices; V- 4.”

January 24, 1979
C. K. Baync. "Muodcling Delayed Neutron Nondestructive Assay Technigues,™ February 28, 1979

V. E. Kane. "Some Statistical Considerations in Validating Data.™ March 21, 1979

i
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K. O. Bowm.n. “Approximation of Distributions with Applications to Fnergy Problems.”™ Apnit 13, 1979
A. D Solomon. ~On the Stetan Problem with a Comection Boundan Conditton ™ Apnl 23, 1979
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; .l J. Beauchamp

% ) “- Instractors: Division of Mathematies and Science.
' Ruane State Community College

Coordinator and Instructor: In-Hours Continuing Education Program

Representatne: ORNL Professional Lducation Resource Committee

K. O. Bowman

Member: Inteenational Fditorial Bourd. Commupiicaiions in Statistion:
Part B. Simadarion and Comyprutation -

Asxociare Editor: Journal of Sratistical Computarion and Siniulation
Reviewer: National Science Foundcaion
Chairman: Technical Session, Application of Statistical Methods,

International Conterence on Quality Control

Organeser: Invited Paper Session, Annual Jomt Mecting of the American
Statistical Association, the Biometric Society, and the
Institute of Marhematical Statistics

Contributing Eduor: Current Index 1o Stanistics
Member: Local Arrangements Commitiee. 1979 DO Statisticasl Sy mposium

S.-L Chang

Reviewer: Applied Mechanics Review

R. E. Funderlic

lecturer: ' Depariment ol Mathemiticos, Universits of
Tennessee

Fravehng Lecture Program, Oak Ridge
Associated Emisernsities

6l



Chairman:

D. A. Gardiner

Prolessor:

Chairman:

Me.nber:

D. G. Gowlee

l.ccturer:

Reprosentative:

.. 1 Gray

Lecturer:

1. L. Hebble

Mcember:

V. E. Kane

I.ecturer:

Member:

W. E. Lever
Mcember:

V. W. [owg, br.

Member:

Contributed Papens Sossion, 1978 SIAM
Fall National Mecting .

Department ol Mathematics. University of
Tennessee

Management Commuatiee., Current Index ro -
Sratisticy < :

Steering Committee. 1979 DOE Statistical Symposium
Nominations Committee. Qak Ridge (’h&ptcr of Sigma Xi

International Editorial Board. Connmunicarions in Statistics
Theory and Methods

Ediworial Board. Jonrnal of Stutistical Compuiarion
and Simulation S ’

Steering Committee. 1978 DOE Statistical Symposium

ngmm Committee. Fifth Symposium ofr Statistics
and the Environment '

I'he University of Tennessee Oak Ridge
CGraduate School of Biomedical Sciences

Council of the American Statistical Association
representing the Biometrics Section

Department of Mathematiwes. University of
Tennessee

Local Arrangements Committee. 1979 DOIE
S:atistical Symposium

Traveling ecture Program. Oak Ridge
Associated Universities

Program Committee. 1979 DOF Statistical
Symposium-

Technomerrics Prive Committee

Commitiee 1o Review International Standirds in
Statistics. American Statistical Association

Institute of Nuclear Materialy Maniagement
(INMM) Subcommittee, INMM-3
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T. 3. Miutchell
Lecturer: The Unnvenstty of Tennessee Oak Rudee
Graduate School of: Biomedical Sciences
- Associate Editor: Techmomerrics

" Instructor: In-Hours Continuing Education Program

Continuing Education in Enginecring and
Mathematics. University Extension. UCE A
D.S. Scott )
Lecturer: - Depaniment of Mathematics. Univensity
of Tennessce :

D. Solomon . - . S

ccturer: : Travehing Lecture Program. Oak Ridge
¢ Associated Universities ...

SIAM 197879 \'isil;ng Iectureship Program

“A. Thompson. Jr.

. Associate Editor: Journal of the American Statistical . 2
Asseciation
V. K. R. Uppuluri

Lecturer: Visiting 1ecturer Progrim. Matheratical
Association of America

R. C. Ward
Co-Chairman: - Organization Commitiee. 1978 SIAM Fall
s National Mceeting .
lecturer: Department of Mathematics. Uninersiy of
Teanewsee N
: SIAM 1978 79 Viniting bectureship Program
: Coordinator: University Relations Program Computer Scicnees
Division. Oak Ridge Associsted Universitios
Reviewer: Compuring Reviews
Mcember: , Organization Committee, 1978 Sparse Matrin
Symposium
: ORNIL. Graduate Fellowship Sclection Pancl
~ .G, Wilson
Chairman: Contributed Papers Session, [978 SIANM ol
National Mecting
Editor: : Oak Ridge Computer Asocianon Newslerer
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. Articles Reviowed or Reforeed for Poriodicals

Reviewer
ar
Tefere

Number of articles reviewed or rofereed for indicated puoriodival

s

-

Am. Math. Soc. Proc

Ann, Stat.

Appl. Mech, Res.,

Commun. Stat.

Comput. Rey.

Trans. Autom. Control

IEEE

J. Am. S1at. Assuc.

J. Siat. Planning Inference

J. R. Siat. Soc.. Ser. B

J. Heat Transfer

J. Econometrics

Linear Algcbra I1s Appl.

Math. Rev.

Numer. Math.

Nucl. Sci. Eng.

™ B T

Nud. Technaol.
SIAM J. Numer, Anal.
J. Stal. Compuit. Simulation

1

Techmometrics

Proposaks

Hooks

R s S
i

Towal

Beauchamp, J. J.
Bowman, K. O.
Chang., S.-J.
DiZillo-Benoit, P M,
Funderlic, R. E.
Gray. L.}
Kane, V. E,
Lever, W E,
Lowe, V. W_ Jr.
Mitchell, T. 1,
Scott, D, S,
Solomon, A. D.

Thompson, W. A, Jr.

Uppuluri, V. R. R,
Wward. R. C.

to
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