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Preface 
The Mathematics and Statistics Research Department during tite IVS -1*79 reporting period continued 

its assistance to the !X)F. Applied Mathematical Sciences Program in formulating its basic rescaicr- r>' ,n. 
Rescaah efforts in response to the plan accelerated, and a new project in risk analysis was initiated. Some of 
this progress is records f in Part A of this il-port. 

" *'"'" The collaboration effort with others in the Nuclear Division continued to grow. Notable in this area was 
• initiation of a project in data validation, which was requested by the ORNI. Energy Division and !X)E"s 

Information Administration. A description of the work in data validation can be found in Part B. 
Several personnel changes occurred during the report period. Victor Lowe joined the department from 

* Y"-I2 Statistical Services group and subsequently transferred to the ORNI. Energy Division. Darryl 
Downing transferred to the. Computing Applications Department ol the Computer Sciences Division, and 
Korest Miller left to join the University of Nevada Desert Research Institute. William Thompson ol" the 
University of Missouri. Columbia, visited during the academic year to participate' in the research in model 
evaluation and risk analysis. 

Statisticians Patricia DiZillo-Bcnoit and Tommy Wright joined the department and immediately became 
involved in the data validation project. David Scott joined the Mathematics Section to work on the research 
in numerical linear algebra, concentrating on sparse matrix problem*. I he effort in numerical linear algebra 
was further strengthened by the arrival ol Robert lunderlic. who transferred from the Computing 
Applications Department. 

In addition, the dcnanmciri was pleased to welcome Vicki ffatmakcr and Cynthia White to (he 
secretarial Atafl. 

Honors continue to accrue tot he ..:afl'of the department. Kimiko Bow man wa>» elected Ordinary Member of 
the International Statistical Institute and was designated by Radford College as the Outstanding Alumnus lot 
1978. 
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Summary 
This is the twenty-second in the series of progress repels of the Mathematics and Statistics Research 

Department and its predecessor organizations. 
Part A reports research progress in biomedical ard environmental applications, materials science 

lapplicaiions. model development and evaluation, moving boundan problcns. multivariate miiltipopulaiion 
classification. numcricaMinear algebra, risk analysis, and complementary areas. 

The results pf collaboration with other researchers on problems in biology: chemistry, energy, 
engineering, emironmentaf^ciences. geology, health and safety research, in.ormation sciences, and material 
siiences are recorded in Part B. 

Pans C. D. andj: contain short accounts or educational activities, lists or written and oral presentations, 
or research results, and a IKt of niher professional activities in which the staff was engaged. 

IX 
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art A. Mathematical and Statistical Research 

1. Biomedical and Environmehtat Applications 

* > * * -

t>. G. Gosslee 
kw^Hsie' 
TV J. Mitchell 

LYSIS OF DISEASE PREVALENCE 
Sf A FR0W SimvrVAL/SACRIRCE ? 

EXPERIMENTS 

iji a previous report/ we presented a new approach 
to the analysis of disease prevalence data from 
survival experiments in which there may aiso be some 
serial sacrifice. Due to the complicated nature of the 
disease processes involved and the fact that the data 
are obtained only at the death of the animal, such 
data are often difficult to analyze. The statistical 
model that we utilized was parameterized in terms of 
illness-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 simplified models can 
now be fitted. In the case of two diseases, for 
example, let / w be the prevalence of the illness state 
(frk) in group /(treated ort ontrol) at the beginning of 
time interval m, where/ =0(1 ) refers to the absence 
(presence) of disease A and where A =0(1) refers to 
the absence (presence) of disease B. The correspond­
ing lethality qm]t is defined as the probability that an 
animal dies in hucrval m. given it is in group i and 
illness state (/, *> at the start of the interval. Then the 
log-linear model expresses log pW (* and logit qmk s 
logfa,,,* (I - q,m;*)\ as a sum of main effects and 
interactions of the variables group, time, and 

1. Binlogv Division. 
2. Memphis State t.'nivmity. 
3. Cornell l'nivcr»itv, 
4. "Analv»n of Direa*, f)aia from Survival Sacrifice Experi­

ment*." Maih. Sim. Hrs. fh-p. Prog. Rrp. June M>. MX, 
ORVf. C'SD-M. ,ip 17 lit (September 19781. 

jCP-xTNefll* 

B, Wr.TTBrabull̂  

disease. By imposing assumptions that certain effects 
and interactions are zero, a hierarchy of models can 
be fitted to the data and examined. The capability for 
fitting these "unsaturated" models enables us to 
simplify the model, to increase the precision of the 
estimates of the important parameters, and to lest 
various simplifying assumptions, such as nonlethalily 
of diseases. Another benefit is that the difficulties 
associated with the sparsity of some observed illness 
states are greatly alleviated. 

To fit a specified model (by the maximum likeli­
hood criterion) to a set of data, we utilize the EM 
algorithm* in conjunction with the well-known itera­
tive proportional fitting algorithm. To test the 
goodness ot fit of the model, we compute the iack-of-
fit statistic G=2(L* - /.). where /. is the maximum 
log-likelihood for the proposed model and /.* is the 
maximum log-likelihood 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 degrei s of freedom v equal to the difference 
between the number of terms in these two models. 
Approximate s'andard errors for specified terms in 
the model can a^o be readily computed. 

We have applied ;brse techniques, for demonstra­
tion purposes, to some of the data from a large exper­
iment conducted at the ORNL Biology Division to 
examine the effects of dose, dose-rate, any type of 
radiation on mice. Various questions regarding 
disease lethality, relative risks, and independence of 

V P. DcmpMcr. V Vf. Laird.and f). B. Ruhin. "Maximum 
likelihood f.»um»uon from Incomplete i)aia via the KM 
Algorithm." J. K. Stm. So,. B 39.1 22ll<»77). 



diseases were examined for two experimental group* 
and four pooled disease categories. 

We are currentk rnvo'ved in a major effort to 
document our computer program and make it easier 
for the user to specify, via a series of interactive 
questions and answers, the models of interest. When 
this is completed, the analysis.should be ready for 
application to a wide variety of data sets. 

DISTRIBUTION OF MUTANTS 
IN THE CHO ASSAY 

The CHO, HGPRT assay technique is widely used 
to test (the mutagenic'effects of various types of 
chemicals or irradiation, specific to the HGPRT 
locus in. Chinese hamster ovary (CHO) cells. The 
development of a valid statistical procedure for 
testing whether the agent in question is mutagenic is . 
complicated by the occurrence of spontaneous muta­
tions, the growth of the cell population during the 
expression period, and the need to sample the 
population for replacing every two or three days 
during phenbtypic expression^ ^-

Our first objective is to develop a statistical model 
that allows determination <5r the distribution of the 
number of mutants finally observed in this type of 
experiment. We have modeled the process in terms of 
a sequence of growth periods, interspersed by 
sampling and replating. We assume the following: 

I. Growth of normal and mutant ceils is. 
deterministic, with exponential growth rate. For 
normal cells. .\'r= Sne". where S, is the 
population sire at time r. for mutant cells, e"" '' is 
the number of mutants at time / generated by a 
single mutation that occurred at time z, z < i. 
(This is more properly regarded as an 
approximation rather than an assumption, since 
the number of mutants becomes a continuous 
random variable.) 

2. The number of induced mutations is a Poisson 
random variable, occurring at the time of 
exposure. 

3. Spontaneous mutations occur randomly in the 
population with ?n intercity proportional to .Vt. 

4. Prior to and after each growth period, there are 
periods of essentially no growth, during, which the 
mutant Population remains unchanged. 

5. The sampling process, which occurs during, the 
stable period following each growth period, is 
such that the number of mutants that are repfated 
is a binominal random variable. ['•'•''''.-

Under these assumptions we have cakubi^d ihe -. 
moment- and cumubn£generating functions* for:jBe«.- •• 

. number of mutan]$.nna!h/obser^ 
used to obtain straightforward (but quite lengthy) 
formulas for the mean and variance of this random 
variable. The derivation of Jhc probability distribu­
tion itself, while theoretically possible, now appears 
rather formidable and may have to be computed 
numerically. ^ 

We have also begun to explore an alternative 
approach based on a branching process mode!; this 
model may be more realistic in that "partial" 
mutants, permitted by assumption 4 above, do not 
occur. Under this model, the distribution of the 
number of mutant "descendants" at the end of the 
growth period arising from a single nonmutant 
(or mutant) cell alive at the beginning of the period 
can be easily computed. The total number of mutants 
in the population at the end of the period is then just 
the sum of a set of random variables with known 
distributions, for given mutation rates and growth 
parameters. Because this formulation lends itself well 
to computer computation of the final distribution of 
mutants, we expect to calculate likelihood functions 
for the parameters of interest (especially (he induced 
mutation rate) for a given set of assay data. 
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In this form, it is recognized as a generalization of the 
classical plasticity model, tlic difference being 
additional terms M, and the new internal variables ah 

which arc go .orned by the equations of evolution. By 
implementr.ig th< >c additional terms at each loading 
step" in ar exi'ting finite element code for the 
plasticity n odci. a finite efcrm n: code for the creep-
recovery mo iel has been established. This program 
has the advantage of treating both plastic and creep 
deformation in a unified way/ 

FORCES ON A DISLOCATION 
NEAR A CRACK TIP 

Forces on an edge dislocation near a crack tip may 
be computed by the/-integral method. Contours of 
constant forces are plotted as shown in Fig. I, where 
J:, the force acting in the X; direction, tends to move 
the dislocation along its slip plane. With a strong 
enough /:. dislocations are emitted from the crack tip 
and cause blunting and fracture. It is interesting to 
note that when the /-integral is expressed in its 
complex form, the Pcach-Koehlcr equation for dis­
locations can be derived from the /-integral. 

Frg. I. Contours of constant forces in the X; direction on a 
dislocation with Burgers vector 6» = >. 

SELF-CONSISTENT APPROXIMATIONS 
FOR DISORDERED SYSTEMS 

The Coherent Potential Approximation (CPA) is 
an excellent single-site, self-consistent approxima­
tion for disordered solids with simple diagonal 
disorder. Since the CPA was introduced in 1967. 
there has been considerable interest in finding 
extensions of the CPA which would properly include 
mulfisite effects and which would be valid for more 
general types of disorder. Virtually all of the 

1. Computer Science Division. 
2. Solid State Division. 
.». Rutgers l.'nivcrsiiv. 
4. "A Creep-Recovery Constitutive ("qualion for the Inelastic 

Deformation of Metal*." Maih. Star, Rf\. fop. Prog. Rep. 
JtmfM, 197*. ORNI. CSD-M. pp. 14 15 (September I97K), 

5. S.-J. Chang and S. K. Iskandcr. "Pinitc FIcment Method 
Based on the Creep-Recovery Constitutive Filiation." p 2A4 in 
Prm reUing* of the Seiorul fmernitiumal Cunferemt on 
(ompmaimnal Mnhoih in Sonlmrar \fn liimn >. (nivcrsity of 
I exas. Austin, Mar 26 29. 1979, 
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proposed methods have, unlike the C I'A. exhibited 
•:nph\Mcal <nonan:duic> behavior; proposed ana­
lytic methods have been severch limited m their 
application. 

R. M;IN" has retcnilv produced an aiialviic. mtiltr-
site, self-consistent approximation lor the diagonal 
disorder problem. Mills's thcos\ is tnimiatelv related 
«o the augmented space formalism: based..:. this, ne 
have been able to generali/c -Mills% ineth<Hi to in­
clude ull-diagonai disorder. Bv suitahU mnddsmj: 
Mills's ptoof. we have been able u> dcmori^'raic that 

. ; , . • l « - y \ > 

this method is anahne I hns tot M.h.K iKnh. : , j h* 
independent random v ana hies, an cvtitiMor, n; ihe 
C.'!»A has been obtained We are current!;, investigat­
ing the application <>f this method to-sv stems with 
short-range order 11 e .dependent random variables 

\;i..;.v ft,.. Kr\ # IS. '.X) ">». iIV), 
II W thcfcl ..IKJ !• I |..-,t!h the r«i . . : - :c-:m. . ir . 

-*»f>p!>Mi)i'»ltin.ir-. l>is4»ilerctlS-.'trr;...t/';,,, Av. WlO.'-e" •»? 
* IVT"), 



3. Model Development and Evaluation 
K O. Bowman 
h; J. Gray 

-I I Miller. Jr. 
l . J Mitchell 
I). S. Scott 

ENERGY MODEL VALIDATION CONCEPTS 

. In recent years, the development ot large. fast 
computer** has made possible not only the modeling 

' . ofjtomplcx physical systems but also the modeling ot 
,7;'̂ $$crns in which human behavior plajs a major role. 

=sffl*" o m' c c n e r 8>' modeK that attempt to forecast the 
^ilpMirc under various policy alte: natives arc a prime 
•fj^^rnple. Principally because pi the lack of expen-

^llpfmal data with whichc.o test their validity, these 
-models often give conflicting results and are 

• VSuifvounded bv controversy. I he objective *"ialida-
r'J'lipn" ol such models has therefore become a topic ol 
r' considerable interest. 

During the pas! year, members ot the MSKIKraft 
have held a series ol informal seminars and dis­
cussions on the concept and practice ot energy model 
validation, particularly trom a mathematical and 
statistical viewpoint. Asa result ot these discussions, 
a paper was written, with the following objectives: 

». to give a general indication ot what "model 
validation" meant to us. given that 
experimentation on the economy in the scientific 
sense is in most cases impossible: 

2. to identity, in an organized way. a set of specific 
questions and activities that we felt were pertinent 
to model validation: and 

3. to indicate the ways in which mathematicians and 
statisticians could contribute <«) in a consulting 
role 'or a particular validation study and </>> in a 
research role to develop new techniques for 
specitic validation procedures. 

Wcdefined model validation rather broadly as"the 
application of any procedure designed to evaluate 
some aspect of the utility of a model or to detect a 
deficiency in it." 1 o provide a convenient framework 

1. t nivcrMH IP| (.corpa 
2, On leave (mm ihc I m\er<iiv <>t Vliwuii'i. 
.V I I Mitchvlt. D <i Wihon. ,inil o|hvr>. I.nrrii\ \ln,l,l 

lalitliiliim Imlml l','nr[)n<m\ "I Ihr l'r<><<". O R M CM M l 
U"> he pilhliktk'il) 

( A Serbin 
I R. Shcnton 
W A Thompson. Jr 
V R. R I ppulun 
I), i, Wilson 

tor discussion, we broke down the model develop­
ment and modification process into various compo­
nents. At the center i" "the model." which includes a 
mental model, a mathematical model, and a set of 
computer programs. At each point ot transition 
between these components, errors orapproxtniuiions 
that alfccr the model's validity may be made. 

r:or convenience, we distinguished between 
"passive" validation, which involves the study ot the 
model documentation, and "..ctivc" validation, in 
which the model is run under the eontrol ot the 
validation team. It is absolutely essential for both 
that the model he well documented, and we listed 
some -standards frr this. 

Active validation techniques, including program 
analysis, uncertainty analysis, response surface 
analysis, and stress analysis are not yet well 
developed We concluded that t hese areas prov ide Che 
most truittul opportunities tor mathematical and 
statistical research in model validation methodology. 

i 
APPROXIMATE PERCENTAGE POINTS 

FOR PEARSON DISTRIBUTIONS 

I he Pearson system of distributions based on the 
differential equation 

I iJy (£+x> 
y <lx </1 ex + hx ' 

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

Having chosen an acceptable approximate 
Pearson curve, we may like lo know its percentiles,at 
least at a set ol_valiies likely lo be of interest. In 
general, accurate assessments of these in standard 
measure arc based on the skewness <v#t) and 
kurtosis ((i: | coefficients and can be determined from 



r< 

ihc i;ibiil.tiiun m I'catson and Hartley' or from a 
lengthy computer program by Amos and l>aniel. I <> 
avoid Ifj-pin'H interpolation in the table*-, approxi­
mate formula* ha it- been developed fur the 
I! commonly used percentages in terms ot (i and ft.. 
in the form - »-. fi . fi > - C\. fi .fi ). where-.* )and 
- • -) are hivariate polynomial*, of degree 3. involving 
19 coefficients (the constant in .T. being unity). The 
error involved over the defined domain is 0.5'< or 
less. 

I he eleven levels ot n formula* lor the deviates of a 
Pearson distribution, taking intc consideration the 
domains ol validity, are much simpler to use than the 
programmed Amos package or the demanding two-
way interpolation in the tables. Interpolation by 
three-point 1 ̂ grange for a new X given three 
neighboring (.V,. «*) poin.s is quite safe, but Ihc 
converse (i.e.. interpolating for A", given tv) needs a 
fivc-p. ...i Lagrange formula lor safety. 1 he approx­
imations and I .agrange formula may be programmed 
lor a portable "programmable computer to produce 
results with sufficient accuracy for most applications. 

As discussed elsewhere in this section, these 
procedures have been applied to determine con­
fidence intervals for predictions from a model that 
lorccasis energy use tinder various conservation 
policies. 

EVALUATION OF THE PARAMETERS 
OF THE JOHNSON SYSTEM 

OF FREQUENCY CURVES 

When thedistribution of a statistic is intractable, as 
is often the case when analyzing a computer model, it 
may be necessary to use an approximation. Ihc 
Johnson system ol Ireqiicncy curves is an attractive 
method ol approximation because the variatts are -
transformations of the normal density. I he system is 
tlelined by 

4. [-.. S. Pearson ami II. O llarllcv. Hmnuinka lahlf. Inr 
Sttiiisiiiuins. vol. 2. Cambridge Inivcrsitv Press. New York. 
1972 

5. I) I-.. Amos ;m<l S. I Daniel, lahles i>> Vertenuw l'omt\<>l 
Standardized I'.vum lh\mhution\. Report RR-710.WK, Sandia 
laboratories. Alhut|ucri|uc. \ .M. II97I). 

fr. K O. Koumanarul I , R. Shcnlon. "Approximate Percentage 
Points lor Pearson Distribution," AWmwAa 66. 147 51 (I979> 

7 K O, Bowman and I.. R. Shcntcn. "further Approximate 
Pearson Percentage Point* and Cornish-f'isher." ("ommiw, Sim., 
Simulation Cnmpur. B8U). 2.11 44(l*>79). 

One drawback is the difficulty in finding the 
parameter values, but or».e the parameters are 
known, normal percentage points can be u*cd (oiind 
the probability levels. 

A rational traction approximation tor a function 
of one of the parameters defining Johnson's St 
sysum (unbounded) was developed to- which the 
error assessment l->r a segment ot the domain ol 
validity sh.owed remarkable accuracy.. Furthermore, 
the region of validity covered far more than the 
previously published table. 

Lor the .S., system (bounded) of limited tangc. 
there are no explicit solutions lor the skewness aid 
kuri'.ms parameters. \ ft. antf ft;, so that it is quite 
difficult to calculate the parameters. We have 
constructed a diagram (Fig. 2) which leads to quite 
acceptable initial estimates of the parameters y and d 
for the range 0 C \Pt < 5 in the S* domain. T liese 
estimates can be improved by iteration in a computer 
program. 

fig. 2. .S* contour curves \ ft and /*-. 

CONSTRUCTING CONFIDENCE REGIONS 
FOR AN ENERGY MODEL 

Large computational models are one set of tools 
used by policymakers to forecast energy use under 
various policy alternatives. The forecast energy 
values may be imprecise fori arious reasons, and thus 
we embed them in a probability structure. Monte-
Carlo simulations of n realizations, based on un­
certainty distributions ion he model parameters, lead 
to the forecast energy use values xAi). xAi) x4i). 
where I represents a future time interval. From this 
sample the skewness h\ and kurtosir. b; are calculated. 
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lor \. ft . }i fthc population value* > in the ricicnbor-
hood tit .. ./• . hL. region* of specified probabihtv 
content .tre con*:ructed (lie 3> u-inji recently 
developed distribution tuting -:trkd cst;ni.<tion 
piuccduic* B> ehoo*ing point. <>n the con­
tour and bv using the l'e.tt*ort <l-t:u>menl model 
a* the density. confidence interval* for the 
projected energy use arc lound I mail., the 
extrcmum values are u*cd to define an interval in 
which the projection is likely to fall. 

For the purpose of illustration, these procedures 
.have been applied to the construction of confidence 
intervals tor forecasts from the ORM residential 
energy use model. 

Fig 5 Scventv-iitepercenrioin! confidence regtonsol v h. a ml ft 
»ilh sample M/C n - 50 

SCREENING DESIGNS FOR STUDYING 
LARGE MODELS 

A major problem in the study of large, economic 
energy models is the identification of those 

X„.K O B»wman and f. K Shcnton. "Notes on the f)i»rrihu-
lion or v li m Sampling Irom t'enrum Di»lr>bi;[ioov"Ituwieirika 
60. 155 ^ f W i 

>> K f> Bowman. "I'owcr ol lite Kuriosi-Statistic (/H in le«l 
ol fH-p.irlUrV from Vo;. ahrv." Nwmemha (6. 62.' 2)«l 197.') 

If) I R. Shcnti.n and K O Bo»rti.m. "A B»s:in.ile Mixlci lor 
the Distribution ol v /< .m.l /f." J \m Sun -too,, 72. 2«W> II 
ll«»77| 

II f Hirst and .I (arnev. IhfORSI f.nxmrrring-l:n>ni>mn 
\faitrl nl KfMiliimal Lnrrgi I «•. OK\l COV24 i.lulv |<m> 

parameter-- or «»s*umplion* that have most effect on 
the model output. Because there may bchundredstor 
even thousands! of such parameters in the model, the 
use of some sort of screening design is essential. 

ttc hate begun a research effort to develop a 
screening strategy which is more general and 
potentially more powerful than those now available. 
Our approach lelates to the classical "blood-testing 
problem" and extends the fundamental early work: 
ol Nobel and droll on this problem. 

In the present context, we assume that a single 
experimental I rial ; « computer run ot the eneigy 
model in whi»i; some «»t the vaiiahlcH parameter* o» 
assumptions) in the model have been changed from a 
"nominal level"to a "test level." It i> assumed further 
that the direction t ie .positive or negative) of the 
effect of changing a variable is known but that its 

-- magnitude is not known. A variable is cither 
"effective" in the sense that changing it to its test level 
always results in a change in the model output ot 3t 
least a errtain amount 4 <»r i* "negligible" in the sense 
that no combination of changes of such variables can 
change the model output more than .-(. I he problem 
is to correctly classify eacn variable as "effective" or 
"negligible" in as lew runs as possible. 

Sobcl and Groll gave a recursive method for a 
sequential strategy that would minimize the expected 
number of trials ;o solution. They focused their 
attention on the special C£»*c in which the prior 
probability that any given variable is negligible is q 
for all variables, (hey also considered primarily a 
simplified class of strategics in which the unresolved 
variables 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 levels in the next trial: that is. no 
"mixing" of the sets i.s allowed. 

Our extension of this work docs not require </fo be 
the same for all variables, nor does it prohibit mixing. 
We should therefore be able to take advantage of 
prior information about the model. We use an 
"information criterion." which was suggested by 
Sobcl and Groll as a promising alternative to &.crr 

principal strategy. The object is to minimize at each 
trial the "entropy" /;, where K - -SJ/>,log./», r 
(I ~p,)log.(\ ~p.)]:p, is the current probability of the 

12. R Dortman. "Ihe Detection ol Infective Member* o| 
large Population-." Am. \fath. Suit. 14. 4V> 40fl<M'i 

IV M Sobcl ;m<! I'. /\ Ciroll. "Group letting to f.limmaic 
Hlioentlv All Defectives in ;t Binomial Sample." HrllSui huh 
.1. JB. 117') 252 11«»5«*» 
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,th state t i e . a particular e!av>tticat:on ot ai! 
variables as eltectn*: or not), and the summation is 
over all states. It is casih shown that, tor a {£i\eti ruti. 
this will r̂ r achieved it the current probability I based 
«>n comtrining the prior probability with information 

3rom nms made so tar> that none of the variables set 
at .their test levels are eilcctive is a", cios- as possible 
|.» 0.5 

We aie curruitiv writing a computer algorithm T" 
implement the sequential experimental strategy 
based on this information crticr.nn.- We expect it to 
he abie to handle ;. much larger 'lumber ot variables 
than the methods now availaHK F his capability will 
be essential lor cm-rav model applications We are 
hopeful that rru-se procedures will also prove useM 
tor ;• much «• tder variety ot experimental situations 
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4. Moving Bounuary Problems 
Scrbit? A. t». .Solomon I) f ; WiNon 

irch- yn hroving, tHWndarv problems «i*. 
ort_ihrctr front*: mimerical-techntquv.̂ . 

p ^ ^ ^ ^ » l ^ j ^ ^ ; , h 3 s centered o .1 

tprpi^tm^iOtmhCT than 
fcSii8?<f«jr :«olving... 

pha^r problem of NVismannt'tMhcscmi-inhnitoLih' 
and tor the bchav tor of a semt-mf imte stab inciting as. 

..a result ot contrviive- heat input at .ts fixed 
boundary." • ,.;.. . " ' 

\A,sc1eciivc bibliography, including a keyword 
__._ index. « B moving boundary problems has been 
> assembled and "»i!I appear as a Computer Science* 
r ,M»***'on l«hnkal report.,Thj» bibliography. which 

: .tl^sarvcyi literature in theory, methods, and applica-
iv.'s.-: ^ ifmii^j mainiy' to' reference* that have * S l ^ ^ ^ , j r i h 5 ^ n > - R „c«nued. mainly' ko references that have 

^ j ^ ^ ^ | g | S i ) # R ^ f r f M"n« the publKatlunof RubenstrinVbook 

^pnse^diahe-
ilwr^fftfeboumfarv arc. 

*™*T V prboav-error analysis is 
rcsult> s&m quite satisfactory. -

^multidimensional phase-change problems, an 
fit,v\r«i>h.of'thc weak solution method was 

and used to simulate, three-dimensional 
• '."Ĵ f*****?*- ' his vi ork is still in a preliminary state, but 
• :?-*^''m' n a r> results iiKlicaic that the scheme is wonhv 

•*>(*furt£cr study. 
"^*|i&lcnding Pr*^«ou<» results/ analytical expressions 
c^!^re!obtaincd lor the solution of the classical »»«*-

* • " f \ Suhmhin.' t »r, 4 l*hjM--Vl».tn)K I'riKt-ss nth J f .mv«im c 
Bountl-iiv t'.imfmrtrt." tn pfcfueun.m • ; ' 

2. A >w>'.nm.m.v"~\tcii linA- .>n»J Hut I Ui» UK J Niirpte It M 
Both ~ \<.i,ir ijurvi 22.->i ">' tl'Kfi 

! \ S.'|iitri.m. ~ \ r I .tvili ( .,;nj»oT.ihk Snhiti.ii>-(.> .i-J w»-
I'O.IM.' StcLin I'li.hlvtu." V.i'</r /«,<».. Mihrn t̂ii,! 

4 \ Sut.iniiin. ~A Kt.-i.ilwn Rciuvn'tiirl.M.i- U-rnpvr.iiiKv.iiii! 
Iim. I.>: .i PruK-r h.m?t- t W c ^ nuh .• C ttrnnntc R»iiR.Ur> 
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5. Multivariate MuUipopulation Classification 
C. K. ba>nc 
J. J. Beauchamp 
J. E. Folkert1 

K. Frankowski' 

V !.. Kane 
M Jaeger 
I ) . S. RobsW 
C A. Serbin 

M. Sobel 
W. Y. Ian ' 
V. R. R. Uppuluri 

THE EFFECT OF LOGARITHMIC 
TRANSFORMATION ON THE PROBABILITY 

OF MISCLASSIFICATION 

The discriminant function has many desirable and 
optimal properties when it is used to classify an 
observation as coming from one of two underlying 
parent populations. However, very little work has 
been done to evaluate th: effect of data transforma­
tion on the discriminant function. The probability of 
misclassifying an observation as coming from one of 
two populations, using the discriminant function, has 
been evaluated for the case when it is known that the 
observed random variables are lognormally dis­
tributed. The misclassification probabilities ha.e 
been evaluated under the incorrect assumption thai 
the observed random variables ire normally 
distributed and also evaluated after applying the 
appropriate log transformation. The difference 
between the corresponding probabilities of misclas-

sification has been used as a measure of the 
effectiveness of the transformation. Different com> 
binations of the underlying copulation parameters 
have beep considered to allow for comparisons in 
terms of population separation and relative popula­
tion abundance. Figures 4 and 5 show vividly the 
effect of the correct transformation: .A/fl |2) and 
JV/12J I) are the changes in the conditional proba­
bilities of misclassification, AP[e) is the change in the 
overall probability of misclassification. f|, andlhare 
the relative population abundances, and p and ware 
parameters of the underlying population distribu­
tions. We concluded that overall probability of 

1. Hope College. 
2. I nivcrmlv ot Minnesota. 
3- I rmcr>il> ot'Chicago. 
&. Cornell tniverstty. 
5. • rm-rMH o( Cuhlorniii. Santa Kirhara. 
6. Memphis Si»h t mvcrvis. 
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misclassification is relatively insensitive in drastic 
departures from optirrulity in the conditional 
probabilities of misv ias .ideation and (hat the overall 
probability of rmsclassit nation may noi be an 
effective objective (unction lor selecting a discrimina­
tion procedure. 

APPROXIMATING MISCLASSIFICATION 
PROBABILITIES FOR FISHER'S 

QUADRATIC DISCRIMINANT FUNCTION 

Fisher's quadratic discriminant function is used to 
discriminate between (wo hivarialc normal popula­
tions with unequal convariancc matrices. However, 
(he theoretical misclassification probabilities arc not 

• easily obtained bccauscknowlcdgcof thedistribution 
of a linear combination of nonccntral chi-square 
random variables is required. 

When (he bivariatc normal populations have 
covariancc matrices that differ only by .; ;.:«!«! 
multiple, several approximations to the distribution 
of the sum of nonccntral chi-squarc random variables 
arc available. For (he more general structure of the 
covariancc matrices, it is necessary to find an 
approximation to the distribution of the difference of 
two nonccntral chi-squarc random variables. Two 
methods for approximating this distribution are 

under investigation: i l l Pearson curves and 
{2) l.igucrrc senc> approximations. 

I he first approximation uses the skev. r~,s and 
kurtosis of the difference of noncenr.r chi-square 
random variables to select oneoi .^ t'carson curves 
as (he approximating dist..bution. The misclassifica­
tion probabilities can then he obtained from the 
percentage points of the approximating distribution. 
The second method first approximates the non-
central chi-square random variables with central chi-
square random variables by matching the first two or 
three moments. The distribution of the difference of 
central chi-squarc random variables is then parti­
tioned info a negative part, which can be evaluated 
exactly, and into a positive part, which is 
approximated with Laguerrc polynomials. 

THE THREE-PARAMETER 
LOGNORMAL DISTRIBUTION 

The lognormal distribution is commonly en­
countered in applied statistics and is appropriate for 
data associated with many classification problems. In 
th; three-parameter lognormal distribution. )' -
logf.v - y) lias a normal distribution with unknown 
mean n and variance o , where v is the observed data 
and"/ is an unknown shift parameter. The estimation 



• it -, by the standard maximum likelihood approach 
IN not possible because the maximized likcliruaxl is 
infinite. < omputation •»! local maxima is the general 
approach, but nonstandard numerical optimization 
is ncccssaiy. 

An alternative optimization (unction is the 
wemhted order statistic 

U'<7) = 

£ aihi&Xj *?> 

where ,v <. x <"...' \. and where thctf.'safe known 
constants .such rhar u -•••»% ,-,.iz/. =0.andi<z" - I. 
Ihc statistic Iffy) lor .• iixed 7 is a goodncss-of-lit 
statistic lor the noi.n.i! distribution where different 
ch.>iCc> >>t the «f Vc«"«iic>p»»ml to various tests, f-or 
example, the </"> corresponding to the normalized 
expected order statistics yield a -lorm ol H«v) 
equivalent loShapiro-l rancia test fur normality. I he 
"closer" logi v 7>isto»i. the "closer" the „\ "saretoa 
normal distpbtiron. 

It has been determ-ncd that H'l*/) provides 
estimates of-/ that are similar to the local maximum 
likelihood estimates but are much easier to compute. 
Several standard methods performed poorly when 
compared to Hi*/), We have shown tfcat many 
estimation procedures produce estimates of 7 that 
become negatively biased a:, a beco.-ncs small. Most 
ol the estimation pnnrcdures were found to be robust 
with respect to heavy-tailed distributions and right-
tail outliers. 

LIMITING VALUES Of- VARIOUS 
FUNCTIONS TO BE OPTIMIZED 

IN ACHIEVING NORMALITY 

Before using many classification procedures, it is 
often necessary to transform the data. In an earlier 
report, different objective functions were proposed 
to estimate the parameters of the power transforma­
tion, r ~(x + if. I he objective functions of particular 
interest were (I) .likelihood function. (2) weighted-
order statistic function, and (3) sample skewness-
kurtosis function. The optimization of these 
functions was iterative and presented convergence 

C problems for some of the data sets investigated. 
I herefore. an analysis ol the limiting values o| these 
objective tunctions was performed 'or iK- two cases 
1 - v- and t - -v . where v is the first-order 
statistic irom a sample. 

let /. denote the log-likelihood tunction of the 
observed sanrrfe. assuming 1 andp exist such that the 
observed «*ata may be transformed to approximate 
normally. If / is the maximum of /. for a^giveni 
ami/', then the limiting value ol /_..., as t v was 
found to range from •*••«• to - * depending on the 
value ol/». with/' r I yielding the only finite limit. Ihv 
limiting value of /-,,, as r — *•& was found to be finite 
and independent of the value of p. 

Let 7 represent a weighted-order statistic of the 
form 7 ~ ,V />. where 

A' 
1 1 j 

•?=£ 
< 1 

ix, *i)? n" 1 £ tXf *c)P\ 
/'•••• I 

and the a's arc known constants satisfying I . i 0 
and - a - I . I he limiting values ol 7 as« - v was 
found to be tinite but dependent on whether /> --• 0 or 
p' »). I-or/;'. 0. the limiting value wasactually found 
to be the minimum • alue of 7. As < — ''-. the limiting 
value of / was found to be equivalent to the value of 
7"withi--=0and/>- I. that is. the value «;* 7'using the 
original untransformed data. 

I he sample skewness-kurtosis lunction was taken 
to be 

H fix//;, /Mv//>,)|- + M Hh)\ 
I Var(v/A|> VartA2> 

1. "Ifanslornwlmn in Vwn.iliH." Mmh Sim K<\ lh/> f'r,-« 
Hi-fi June Ml. I<rx, ORM (St)-14, p 4 (September l'»7H) 

where \ h; and /;. arc the sample sktwness and 
kurtosis. respectively, of y, = (x. -r if. lo r this 
function 

lim # = K . 

where It, is the value of the skewness-kurtosis func­
tion defined from the untransformed (r - 0. /; - I) 
data. The analysis of the lim. -, I) showed that this 
limit was finite it /> > 0 but was a lunction of the 
sample si/c n if p < 0. 
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All »»l I hoc results have provided a better under­
standing ot the difficulties inherent in estimating the 
parameters « and p. 

INCOMPLETE DFRICHLET INTEGRALS 
OF TYPE II 

This work i-> a continuation ot previous work on 
incomplete Dinchlet integrals of type I.' Dirichict 
distributions arc multivariate distributions which 
have proven to be useful 'or several problems. lor 
instance, incomplete Pinc^'ei integrals of type II 
arise uhcn the problem is to find a distribution with 
the largest variance, given samples from k normal 
distributions. 

These integrals occur naturally in the context of 
waiting lime problems when s a m p l e from multi­
nomial distributions, and they also appear in the 
study of the distributional properties «»! the cxtrema 
of ga.Ttma-disirihutcd random variables. Work to 
organize the applications and a set uf tables un these 
intcgnils is in progros. 

Let 

fiXj'' *h'= iTT^T 7~~.. + xhf'"' 

jr.. > 0 . a > 0 . 

H. I) B Oucn.im! K I thlch. Sri..:.,! lahl,-. m M.nii.»:,ir:,,;/ 
Siaimii v vn! IV American \|<irhe:n.tt!i;<! Vniviv. rruv.tk-tvc. 
K.I. I*~r 

I he generalized incomplete Dinchkt integrals <»t 
tvpe II are defined b> 

. » , , , I V * + Ari . 1/ \ ' 

J ° J ° a - f - I 

and 

J nmv+tn \ r J 

«r a J a f**f* I - * * » II </x,. 
j = ; * l 

We arc interested in (,. (r. m) and IK (r. «;)-
which are iiven by the above equations when / - 0. 
These integrals appear in numerous problems and 
may be considered as multivariate extensions of 
incomplete / -integrals. I o compute these integrals, 
recursion formulas, together with the appropriate 
boundary conditions. were used. 

I he boundary conditions for IK lr, tut consisted 
ot oniv positive terms, and thus the computation was 
straightforward. Hiwe. er. for ( (r. «JI. the 
presence ot negative terms tnthcanalcgous boundary 
conditions was causing loss ot accuracy. I his 
problem was solved bv introducing a new function 
t\. (r. m). where t \ Ir. m\ ~ ( (r. m) and 
«'. ir, m) satisfies a recurrence relation with 
boundarv conditions involving additions ot positive 
terms. 
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LANCZOS ALGORITHM SOFTWARE 

Many applied problems can be reduced to finding a 
few eigenvalues JA {and corresponding eigenvectors 
\x\ of the eigenproblem 

f A AB)x = 0 . 

where both A and B arc large sparse symmetric 
matrices and B is positive definite. The I .a new* 
algorithm is a powerful technique for solving such 
problems, and selective orthogonafixation' is .• viable 
method of maintaining stability in the algorithm. 

We have developed high-quality, fully portable 
software which implements the block Lanc/os 
algorithm with selective orthogonalizatinn to solve 
two classes of eigenvalue problems. In one code, the 
user specifics the number of eigenvalues desired while 
in the other code the user specifies a desired interval, 
ft is anticipated that these codes will be placed in the 
National Energy Software Center for general 
distribution as soon as testing is completed. 
Preliminary testing indicates that these codes offer 
substantial savings over currently used techniques. 

We are also investigating the use of the lanc/os 
algorithm in conjunction with a shift and invert 
strategy to extract eigenvalues from a sequence of 
subintcrvals. Software development has begun, and 
preliminary results are quite encouraging. 

THE LANCZOS ALGORITHM 
FOR LINEAR EQUATIONS 

The conjugate gradients algorithm (<JJ) is often 
used to find approximate solutions to sets of linear 
equations 

Kx = b . 

where A is 
Unfortunately 

a large sparse symmetric matrix. 
, cjt is potentially unstable if A is 

1. Great l . iko Colleges Awivialmn sdulcm. f.iurcikc 
I niUTMlN 

2. Oak Kiclgc A«<>cp.ilcil I RIUTMIICV 
.V B V Piirlcii a ml I). S. Sortf."\he I amviw Aljt wilhm with 

Selcclivc OrihryiiiMh/aiMin." Maih. (om/tui. 3i. 21"! .W 
I IV7<» 

indefinite (has both positive and negative eigen­
values). An alternative algorithm* derived from the 
relationship between ij? and the Lanczos algorithm b 
stable for indefinite A but requires more storage and 
more arithmetic operations than does eg. 

It is possible to use the Lanc/os algorithm directly 
to solve symmetric sets of linear equations. This 
requires that a sequence of vectors be stored on disk 
and recalled once to form the solution vector, but 
otherwise it is equivalent to eg in both storage and 
work. 

There are three definite advantages to the Lancros 
approach: 

1. \ may he indefinite without instability. 

2. I he condition number of A can often be esti­
mated reliably. 

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

A potential advantage of the lanc/os approach is 
the use of selective orthogonali/ation' to maintain 
orthogonality among the computed vectors. 

Preliminary studies have shown that there arc no 
difficulties in implementing the algorithm. Indeed, 
with clever coding it is possible to reduce the required 
core storage to less than that needed for tg. However, 
further study will he needed to determine whether the 
advantages of this approach outweigh the difficulties 
involved in using secondary store. 

PRECONDITIONING THE GENERALIZED 
EIGENVALUE PROBLEM 

In a previous report/ we have presented an outline 
of a three-step algorithm for preconditioning the 
matrices A and B to be used in conjunction v.ith a 
Q/.-i\pc algorithm for solving the generalized 
eigenvalue problem Ajr - ABx The details of the 

4 f <'. I'aigc .mil Vf. A, Saundcrv "Soluiiitn ol Spafw: 
Indcliniic S>»icm<n»l I wear lunations." SI A M J. \wntr. \nnl 
I2.M7 »«W74>. 

5. "Scaling flic Gmerali/cil Figenvaluc 1'roMcm." Utah. Sim. 
Hey li,r l'"'« K*l*- •/"'"" •'"• l''lH- '»KM < SD-.W. pp 7 K 
(Septcmher I«>7K|. 
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algorithm ha\e been completed: a code ha* been 
developed: and many random, pathological, and 
pedagogical sets ot matrices have been toted. 

The heart of the algorithm involves scaling 
submatrices of A and B such that the magnitude of 
each of their elements is as close as possible to unity. 
This scaling is appropriate when the relative errors of 
the elements are equal in magnitude. Alternative 
scaling methods to equalize the magnitude of the 
errors should be used when this condition is not met. 
The scaling is accomplished by solving a consistent, 
singular s« stem of linear equations by the generalized 
conjugaie gradient method." The initial guess is the 
solution to the system when A and B contain only 
non/ero elements. Unless the matrices are extremely 
sparse or pathological, the iterative scheme conv erges 
within three or four iterations. 

The following observations can be drawn from 
the test results: 

1. Tremendous improvement in the accuracy of 
the eigenvalues is possible when the eigen­
values have widely varying magnitudes or when 
there is a large difference between the matrix 
norm and the diagonal elements of (he tri-
angulari/cd matrix resulting from the ( / / 
algorithm. 

2. In any of the test cases, none of the eigen­
values corresponding to the preconditioned 
matrices were significantly less accurate than 
those of the original matrices. 

3. The third step of the preconditioning algorithm 
grades the scaled B submalrix; this step can 
markedly improve the accuracy ot the eigen­
values with large magnitudes and thus should 

be included regardless of the scaling method 
employed. 

4. The total number of Q/ iterations required 
to converge to the eigenvalues is usually reduced. 
In fact, the savings in computer time executing 
the QZ algorithm will normally offset the 
cost of the preconditioning algorithm. 

INTERACTIVE LEAST SQUARES 

An interactive program INVAR has been 
developed for solving nonlinear least squares 
problems. Designed for use from a remote computer 
terminal, the program provides the user with on-line 
feedback and (he opportunity to make changes or 
corrections during execution of the program. 
INVAR is especially designed for use by people with a 
minimal knowledge of Fortran programming. 

The least squares method used is based on 
mathematical work of Goluband Percyra and the 
Stanford University computer program VARPRO. 
The method takes special advantage of the structure 
of the model equation by treating the unknown 
parameters as "linear" or "nonlinear.-depending on 
how they appear in the model. Initial Ktimates need 
be proviJcd only for the nonlinear i.aramcters. A 
wide variety of statistical options and simple on-line 
plots arc available. A user's manual is in 
preparation. 

6. Paul t imv-uv. <r.-nc H (><>li;b. jiul Dunne I'.'O'l.car*. A 
tirnttahzeit (im/tfiaff lirtititfnt Xftrfiti,/ /«r ihr \umernul 
Solution »1 tMipiu farnulIhlUu-miai tiiiMit-m*. STW-CS-Tv 
5.'.'. St.intor«l I m*erMl>. Stanford. Calif . I«»T6 

~. it H. <«»(uh unit V. IVre* ra." J he I ItlVrcnlMtion nl I'sciulo-
Invcrwrs .imf Nonlinear l.ca»l S q i w c s IVuhlcm* \Vho»c V.in.ihlo 
Sip.ir.Kc." V I XI J \i,m.r inai 10.-M.» >l ((«»".»> 
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7. Risk Analysis 
R F. I-underlie W. A. Ihompson. Jr. 

COMPETING RISK PRESENTATION 
OF REACTOR SAFETY STUDIES 

When a new. potentially dangerous technological 
change such as an airport, highway, or nuclear power 
plant is contemplated for a community, a rational 
approach should weigh the advantages and dis­
advantages before a decision is made. One ot the 
disadvantages is that accidents may cause fatalities. 
How can we quantify this risk? It may be of some 
value to distinguish a siibtopie of risk analysis which 
we might call safety analysts. The statistical discipline 
ot competing risks may be a proper framework w ithin 
which to analyze this, subset of problems. 

Competing risk theory hypothesizes a number of 
risks (diseases, accidents, etc.) which compete for the 
lives of individuals. I-or each individual, one of these 
risks wilt "win out." and the individual will die from 
that. risk. The theory then attempts to predict the 
consequence of removing or adding a risk. For 
example, what would be the effect on .life expectancy 
if a cure for smallpox were found? Similarly we might 
ask. what would be the effect on lite expectancy it 
100 atomic power plants were added to the 
community? 

From Wash-MOO. the Reactor Safety Study 
11975). if 100 nuclear power plants are introduced 
and nuclear accident is the only risk, the individual 
early fatality probability per year is 2 y 10 '". fable I 
summarizes the competing risk presentation ot the 
Reactor Safety Study as it concerns early fatality risk. 
Looking at life expectancy seems to be an effective 
way ol quantifying this kind of risk. 

1 On li-.iu irom Ihc I rmcrsiri nl Missouri 
2 ( S Nuclear KceiiLiion t i>mmissntn. HI/I-i"f Snifix 

Srmh In .•I»W»%TOI7»," >f Imi/iW /f»(A» m I V tumnifuial 
\:„l,;ir I'tmer I'Umu. \\ ASH-I-HH! ifMohcr IT<» 

A THRESHOLD DOSE-RESPONSE MODEL 

Consider the following threshold model as 
biological motivation for the choice of a rcbtion 
between dose and response. 

1. An organism might or might not respond to 
dose x. 

2. the organism itas a large number of critical 
targets. 

3. Each target has a dose threshold. 

4. A single target response results in organism 
response. 

5. Thresholds of targets are randomly chosen from 
some distribution. 

I bus tflxj. the probability of organism nonresponse. 
is the probability that the minimum target threshold 
exceeds the dose, and hence a Weibull relation 

<•/!.*> = 
exp 

I 

» x>a 

is indicated. I he parameters have the following 
interpretations: r* is a ^cale parameter: fi is an 
organism threshold because it dose is less than fi. then 
response has probability 0: and y is the "order of 
c i.iact" of /Hx) ai v -•- fi since 

lim (Hx)/( 
A V f I Of 

&\y 

I 

The Weibull model seems to fit data equally as well 
as the traditional probit and logil models hut no 
belter. 

Table I. Probabilities' of eventual death from different competing risk* 

-
All risks 

hue nuclear 

All risks but 
nuclear and 

rwnor vehicle 

All risk s 

X =-- 10"* 

Other 11.976 1.0 0.976 0.976 
Motor vehicle 0.024 0.0 0.024 0.024 
Nuclear 0.0 0.0 10"" 7 / 10"* 

Life expectancy (years) 72.8 73.6 72.8( I8«ec> 72.8 ( lday> 
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8. Complementary Areas 
S. A. P-tii V. R. R. I ppuluri 

SAMPLING PROPORTIONAL 
TO RANDOM SIZE 

Let A . V. \ \ be .V nonnegativc independent 
idcnik-jlty distributed random variables. Let > ~ V, 
with probability .V. t.W ~ ... - A\».n - 1.2 V. 
This is referred to as the Tirst realization when 
sampling with probability proportional to size. Next. 
>'[ is deleted from A\. A';. l \ . and another 
Observation > is made similarly. It is ol" interest to 
find the distributional properties of the sequ- nee Y\. 

=#£-!.... YK |« < .V). Ihesc properties are used by 
IJg&rpuch and Kaufman' to estimate recoverable oil 
resources. Such a model could also be used to p edict 
the decline in the expected sire of discovery as a 
resource base is depleted. 
;: By direct methods, the distributional properties of 
(>'s. >'• )',) are derived when ihe resource 
variables \'„ have ;t aimma distribution General 
results v.hen ttic distribution ot A , is arbitrary were 
also obtained, lor prediction purposes. Hurotichanri 

Kaufman utilized the formulae lor the conditional 
expectation of K, given the whole past Kr. Y 
>", ;. In the general case, we have derived the 
conditional taplace Transform of Y. given the 
immediate past >', : using the joint and marginal 
propertio of )'. and >. . From this, the conditional 
moments of >'r given the immediate past Y. are 
obtained. In the special case of a gamma distribution 
for A„. the conditional expectation of K^ven Y„ • is 
shown to be a n»tio of two computable: one-
dimensional intcgr lis. There is a need to apply the 
general formulae f<>r conditional moments when V„ 
has a lognormal distnoution and to compare this 
with the work of Barouch arid Kaufman. A paper 
containing these results is in preparation. -

2. \ BJC.I::.II .:?:& d \ t . kuutirwin. Tsiinui.'tin •>' • ntl^-
k.><vi.-[Cil Oii ani! Cuv.-\.~ pp '»! in Matiunutu.ill !>/>«.f» • •< 
l''',hi'iifn 4tiil Ihiirihurr-in "l l.n*r»\. V. I) I a\ . fti . Vner-.i-ar! 
Nl.tihcnMiM.^! S<K.u-:\. IVm nli-RtV. K I . I1* 
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Part B. Statistical and Mathematical Collaboration 

The Mathematics and Statistics Research Department collaborates with many divisions of ORNI. and 
other IJCC ND and DOB installations. 1 riannually. the individual mathematicians and statisticians report 
major collaborations, which arc summarized in Table 2 by division or installation for the calendar year I97X. 
Only a sample of these activities arc included in this part of the report. 

Table 2. Tabulation of major coUaborations by mathematicians 
and statisticians during calendar year 1978 

Division or installation l i«a! 

Biology. -ORXI. 
vfi-uk and Ceramics. ORNI. 
[.nnroruncni.il Sciences. ORNt. 
VI2 I'lam 
Kncrgy. ORM. 
Computer Sciences 
Engineering Technology. ORM. 
Insliluic (or fcnergy Analysis. ORAl: 
Cranium Resource (-.valuation Project 
Solid State. ORNI 
Analytical Chemistry. ORNI. 
Health and Safely Research. ORNI 
Chemistry. ORNI. 
Chemical technology. ORNI. 
Employee Relations 
National Oceanic and Atmospheric Administration 
Nuclear Regulatory Commission 
Security 
Department of F.ncrgy. Washington. DC 
Engineering 
Engineering Physics. ORNI 
(ias Centrilugc Project Office 
Oak Ridge Associated Universities 
Paducah (iascous Oiliusion I'lanl 
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9. Biology 
C K Ifctvnc V I Kane I) t l opp ing 
J . . I . Iteatichanip .1 .1' Klein I S I rent -
C. A Hmgham ! I each R I . I ilnch 
K. C). Bowman I J. Mitchell R A Uallr.cc 
V K . I' lapp I*. V t t e s h e i m «> \ . \ \ o l l 
[ ) t , G o a l e e I l \ O S e i H I \ a n t a 
J. VI. Holland ! It Slorer 

EPIDERMAL CARCINOGENICITY OF 
COMPOUNDS IN MICE 

I he experimental progiam lor testing-the car­
cinogenicity of chemical compounds applied to the 
skin of mice is continuing in the Biology Division of 
ORNI.. Initial statistical analyses for this assay have 
been reported.'" New experiments, designedI by 
utilizing statistical methods to optimally allocate 
mice to treatment groups. a rc in progress, and the 
development of methods of statistical analysis is 
continuing. 

An approximation to the variance of the Wcibull 
parameter' related to dose was derived. This variance 
was important ii. the optimal allocation of mice 
among dose groups because it is a function ol the 
number of tumors observed and. therefore, a 
function of dose. Thus, it was possible to allocate 
animals so that the expected variance of the estimate 
of the response parameter was minimized. 

In addition, this variance was used to obtain 
improved estimates of the parameters in the dose-
response regressions. These parameters were esti­
mated by weighted least squares, utilizing optimum 
weights that were proportional to the inverse of the 
respective variances. 

(he new experiments included additional com­
pounds under tes' using an additional strain of mice 
and more than two dose levels of each compound. 

i . Killing) l>ivi>iim 
2. I nivcr.itv of Misumri. 
.V "Epidermal (arcinngcnimv ol Compounds in Mice." Math-

Sim. Ko. Ihp I'roz. Hep. Jimr Ml. IV7H. OKM ( SD-.M. p :«> 
(September 1>>7X). 

4 J. VI. Hol':.n<l. I> (> (MIV.ICC. and V I. Williams, /yn-
ilftmal t onintwnnin "/ W/>f-..(-«'/it»n« vifa/wmilfrihfr. .'..,-
WMC/'-JT/MHlilow/ilirmlipriipimr, ami m-Pheiivlenrtlumiinr in 
( )fl ami ( PHI ft Inbrrtl Mali- and hmalr Mm: ORM.-J.VT* 
I March 1978) 

5. I M. Holland. I) (: (iossU-c. and Y .). Williams. 
"Fpidcrmal (amnogcniciiv ol' KiM2.3-epos>cvclopenl>lK'lher. 
2.2-Bis(/'-itl>CKlvt«xphenyl»propiine. ami w-l'henvlcneilia<riine in 
Male and Female ( t i l and C57BI n Mice. Cainvr N,v M. 
171* :5(l'>7'». 

The added dose levels made it possible to introduce 
nonlincarity into the regression model and to test the 
assumption of lineann of the dose-response 
function. 

LOW-LEVEL RADIATION STUDY 

The application of some statistical techniques to 
the problem of identifying suitable parametric 
models for the surv ival distributions and for the time-
ol-occurrence distributions for specific diseases in 
mice irradiated during a large multidose study was 
summarized in a previous report.' During the past 
year, a piece-wise exponential model was considered 
instead, because the lack of tit associated with the 
common parametric models was statistically signifi­
cant. I his new model is mucn more flexible because it 
contains more parameters but can viill he estimated 
with good precision. 

The force of mortality in a given group was as­
sumed to !>e an unknown constant \x for each age 
interval (r,. i,.\\.i- 1.2 m. The likelihood func­
tion for ft. is then proportional to ft" expf-p,'S'). 
where tl, is the number of deaths in the interval and 7" 
is the number of days lived by all animals in ihe 
intcrval. I sing a Kavesian phiiosophv. interlerences 
about fi: and functions of n (e.g.. the survival 
distribution) can be made by combining the likeli­
hood function with a prior distribution ft ft) to 
form the posterior distribution of ft. The improper 
"noninformative" prior ft ft,) - ft ' was chosen. 
The Bayesian analysis provided estimates tor the 
survival function .Vfr) = probability (lifetime exceeds 
/). ft,, log ft., and mean survival time. F.stimates of 
precision for these quantities were obtained from 
the standard deviations or from the percentiles of 
the corresponding posterior distribution. 

This analysis was conducted for (en dose groups 
(0-400 rads) of R I- M female mice exposed to gamma 

ft. "low-level Kadiadon SftKlt." Math. Sim Afr« fh'f I'rnv 
RtV. Jum ill. It7x. OKM (SD-14. pp My M (September IT*) 
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ray* at 45 rad* mm. Age interval* ot 25 day* were 
chosen, labie* and graph* showing the fi»rcc ot 
mortality.log force ot mortality, and *urvivai proba­
bility a* function* ot time were constructed tor each 
dose group, as well a> the relative force of mortality 
compared to the control I /cro-dose) group. Weighted 
regression analyses were also conducted to relate 
mean survival and force of mortality t«> dose. 

A similar set of anah-.es was conducted lor 
mortalitv trom all causes except thymic lymphoma, 
and again tor ail causes except thvmic lymphoma 
and ovarian tumors. These analyses were done to 
determine whethei the observed influence of radia­
tion dobe on mortalitv could be accounted lor by 
these disease* alone, lor these analyses, thecounting 
of </, and T in each interval was complicated by 
missing data in animals that were grossly necropsied 
or not necropMed at all. Adjustments were made to 
remove this source of bias. 

TEMPORAL ADVANCEMENT OF 
CARCINOGENESIS IN AGING MICE 

Dicthylnitrosamine (DEN) was administered in 
the drinking water ol female mice ot three age groups 
in order to examine the effect ol aging on 
carcinogenesis. ' I umor incidence and survival were 
the major measurements analyzed. I he incidence of 
tumors was analyzed hv standard statistical methods 
based on the binomial distribution. I he distributions 
of survival times were summarized bv qua rules, and 
preliminary, tests were made using a nonparamnric 
test ot significance t«r medians. To account lor 
censoring, a nonparumctric method originated by 
Breslow' was used. I he Breslow statistic was com­
puted using an algorithm described hv Hoe) and 
Walburg. The test was calculated on the number 
ol days to death following initiation ol treatment tor 
tumor-bearing animals, while the censored obser­
vation was the corresponding days to death for non-
tumor-bcaring animals. These analvses quantitied 

7. Y K . tUpp . l H I'crkm*. » < Mima .<n.tt . II < iuhtir... 
Temporal Ailvana-mcni »l Du-ihUniirm.iminr ('.irunopcnvM* 
in Aging Mac." Hml l>i\ Anna, i'mv Kip V / x to. I't'x. 
OK\l-54'W>. p fr>'fi'chrwir> IT<>| 

X. Y K ( lapp. l I I P 'TkmvWC Klim.i..in.ll . I l .f iiihcim. 
"temporal Advancement i>l Du-lhvlnitrmaniini: ( ari'iii">!ciic*i« 
in Agin); Vtu>'." ( amtr l<<\, >nhmuteil 

«>, N, Hrcslim. " \ (unir.ili/al Ktn-k.it-W.illi- |c*i t.»i 
( ump.irini.' < Sample- Siibiai in ( ncqii.il I'.ttu-rn* "l ( eiwir-
-.hip." Hionuinka 57, y> 'U (|T|»> 

10 l>. f i llm-l . IM I II I W.ilhiirK. Ir . "M.Mislii.il Ari.ifvNi* ••! 
Survival I vperimenis." ./ \ull tuiuri Iml 49. •<•! ' . ' H ' C ' i 

the mortality distributions d'le to tumor* and 
e*!ah!:*hcd the significance of, the eflcct of f )F\ to 
induce tumors more rapidly in older mice trim :n 
younger mice. 

EFFECT OF RETINOIDS ON TUMOR 
DEVELOPMENT IN TRACHEAS 

OF HAMSTERS 

Previous studies have suggested < inconclusively J 
that vitamin A compounds (retinoids) may be able 
to inhibit the development of chemically induced 
respiratory tract cancers. An investigation ol this 
problem was conducted recently oy ORNI. biologists 
using the tracheal tumor induction system in ham­
sters, with V-nitroso-.Y-methylurea INMI") as 
carcinogen. Two different retinoids. 13-<i»-rclinoic 
acidand Roll-1430. were used in this study. Hamsters 
v .-re intratraeheally exposed either IK20. or 23 times 
to V i NMI before the: retinoids were administered 
in the diet. There were six ditterent retinoid-treated 
groups, disiinguished hv different NVH' exposures, 
types ol retinoid, and concentration* of retinoid. 
I here were also three control groups, one at rach 
level ot N\1l exposure. 

An odds-ratio analysis was conducted to esti­
mate the risk ol death from tracheal tumors tor 
retinoid-trcatcd hamsters, relative to control. This 
approach tool, into account death trom other causes, 
which would otherwise bias the result*. In ail four 
groups treated with Koil-1430. the relative risk was 
less than I. although the deviation from 1.0 was not 
statistically significant in any ot them, even at the 
0.2 level of significance. This lack of significance 
may have been due to the modest size of the experi­
ment and the degree of intercurrent mortality, which 
resulted in fairly large standard errors tor the rela­
tive risks I he two groups treated with !3-< /.v-retinoic 
acid showed an increased relative risk, statistically 
significant at the 0.10 level in both cases. 

Similar analy ses were done excluding animals that 
died during the first 4. X. or 12 weeks because of the 
possibility that animals dying early alter the start of 
retinoid therapy were not treated long enough to 
show an effect. However, the results did not differ 
substantially Irom those ot the main analysis. 

An analysis ol the risk ol mortality Irom all causes 
(not just tracheal tumors) gave similar results: the 

I I "I iki'lihuiKl Inference lot <hc t ng (KM* K,Hn> in Survival 
I xpcrimenlv" \fiirh Sim Hi\ l),i< l'r<>v W</> liinc .«>. /'/"<. 
I K M H M M * , pp I : (Oci..her |«rS| 

http://anah-.es
http://Ktn-k.it-W.illi-
http://ncqii.il
file:///fiirh


groups treated with Koii-1430 showed -•• slightK 
reduced but not statistically signiticant risk, and the 
groups treated with 13-tiwctinoic acid showed a 
signilicantK increased risk. 

SURVIVAL AND DISEASE RISK IN 
X IRRADIATED ATHYMIC AND 

NORMAL MICE 

The application of statistical "odds ratio" tech­
niques to the analysis of dwta from an experiment to 
compare mortality rate and risk for specific diseases 
in groups of alhymic nude and normal C3H mice 
maintained under germfree conditions was previ­
ously reported." During the past year, a similar 
analysis was undertaken for a corresponding set of 
groups that had received 300 rads of acute x rays. 

The data from both experiments constituted a 2' 
fractional design with the factors phenotype (normal 
or athymic). radiation (irradiated or not), and sex. 
Main effeas and interactions among these variables 
with respect to speedic disease risks were estimated 
using linear combinations of the log odds ratios ob­
tained from sets of pairwisc odds-ratio comparisons. 

This analysis was completed for the four principal 
lethal disease categories: reticular tissue neoplasms 
(leukemias). mesenchymal 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 model related to the problems of classical occu­
pancy was considered in the study of mctaholic 
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. 
.V. of boxes. The two kinds of cells were represented 
as white balls and black balls. If B black balls are 
randomly distributed into .V b .xes (each ball having 
an equal probability. I -V, of ailing into a box). then 
the probability that there ar exactly xempty boxes is 
well known. The probability that there were exactly y 
white bails occup g the boxes with no black tails 
present was derived. The results of the experiments 
were analyzed from an asymptotic point of view 
because very large numbers of cells were involved. 

12 .1 M Holland. I I Mitchi!! I C Gipson. and M S 
Whilakcr. "Survival and Came «»l Death in Ajtinji (iermtree 
Alhvmie Nude and Normal Inbred C.I Hi He Mice." / \ail. 
(ariu-r Imi 61, I.U' M (I97x>. 

TIME EFFECT ON LESION COUNTS IN 
CARCINOGEN-EXPOSED TRACHEAS 

Rat trachcas were transplanted onto the backs ot 
host rats and were exposed to a dose of a known 
carcinogen for a specified time. The tracheas were 
then harvested at either 2. 3.4. K. or 12 months from 
cessation of exposure, approximately 45 at each time 
period, and the number of lesions per trachea 
recorded. Lesion counts at the various times after 
exposure were compared. 

The counts at each time period were tested for 
agreement with a Poisson distribution and were 
tound to exhibit a significantly larger variance than 
"xpectcd. The negative binomal distribution was 
found to fit the data quite well. The two parameters 
of this distribution, p. the mean, and k. the expo­
nent, were estimated using the method of maximum 
likelihood. 

Comparisons of group means were made using 
analysis of variance and multiple comparison 
procedures on the transformed variable ¥ = 
in(count + I). Homogeneity of k was tested with 
a chi-square test. 

The observed group mean differences were not 
found to be significant. However, the exponents were 
found to be heterogeneous. The reciprocal of k was 
used as a measure of "excess v ariancc" or "clumping." 
that is. a measure of dispersion. At the later months 
more tracheas without tumors were recorded while 
the mean number of lesions remained relatively con­
stant, resulting in this difference in dispersion To 
improve the sensitivity of the analysis, the lesion:, 
were divided into types A. B. and C. which ranged 
from least to most severe. The 12-month group had 
significantly fewer lesions than the rest for type A. 
and the 4-monthgroup had significantly more lesions 
than the rest for type B. 

GROWTH RATE OF FROG OOCYTES 

When female Xenopus laevis arc injected with 
['H{vitellogenin of f uC].V-acctyl glucosamine, most 
of the labeled material becomes associated three days 
later with oocytes having a diameter of 0.9-1.1 mm; 
the smaller and larger oocytes arc less labeled. With 
time, the pattern of labeling shifts to larger oocytes, 
indicating that those oocytes initially labeled con­
tinue to grow. 

Empirical methods were used to approximate the 
relationships between volume and time, taking 
advantage of the observed labeling shift. Two 
curves were recorded Tdays apart: each displayed 
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counts per minute as a function ol volume. Pairs 
ol average volume and average rate *»I change in 
volume over the 7 days calculated at values in the 
range ot counts approximated the true relationship. 
for example, at a fixed count ratc;( . the volumes I 
and I ; corresponding to ( from curves I and 2 were 
used in approximating I u). volume as a function of 
time, and its derivative. I'm. I he approximations 
( I ; - I f 2 and »l - I f 7 "for Hi) and I w>. 
respectively, were reasonably good because rate of 
change in volume was relatively constant ovcra short 
period of time. I he approximate relationship 
between time and volume was obtained alter 
arranging the ordered pairs by average volume from 
smallest to largest and applying » If) •- f I w -f fit 
l(r) | h itcrativciy with arbitrary starting values /„ 
and I (/.,). 

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 trachcas 
from rats. Trachea?, were removed from old and 
young animals and were transplanted onto the backs 
of host rats, an old and young pair per host. "I he 
tissue was exposed to a carcinogen, and the time until 
event was recorded. The event of interest was 
occurrence of a lesion: however, censoring due to 
complications arising Irom a lesion on the paired 
trachea, death Irom natural causes, or final sacrifice 
sometimes preceded lesion occurrence. Doses of I(K) 
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 each 
trachea with a pair receiving either the MX)-or l50-/jg 
dose. A control group receiving no exposure, only 
beeswax pellets, developed no lesions during the 
experimental period. 

Comparisons of the cumulative distributions of 
time until lesion for (he old and young trachcascould 
not be made using the existing methods because ov 
(he dependence existing hef ween a pair on any host. 
However, it was possible to approximate the 
distribution of Y - 7".....,., - T ... where 7 is the time 
until lesion occurrence. I he method assumed t hat the 
time until lesion, or perhaps just Y. was independent 

of time until death. I stimates of the discrete 
probabilities at observed )% were obtained using 
constrained maximum likelihood mcthinK. Approx­
imate. 95'.- confidence intervals W>r 7'covered u.5 
lor both doses where 7'wa-defined as the probability 
that the lesion in a young trachea occurs first. 

MOUSE STRAIN IDENTIFICATION 
BY MANDIBLE ANALYSIS 

Response to drugs, lite span, pattern of disease. 
and reproduction are examples ol characteristics 
varying among strains of mice. It is ot practical 
importance to be able to identity a mouse strain 
when reporting experimental results. r-csting has 
described a method ot mouse strain identification 
based on the shape ot the right mandible. Preliminary 
work h:is been started to develop a discrimination 
procedure based on 11 measurements suggested by 
Testing tor < x in identifying strains used locally. 

Mandible measurements taken by two technicians 
for two mouse strains were available for preliminary 
analysis. Hotclling's 7 lest was used to assess mean 
differences between results ot the two technicians, 
and these were tound to be significant. Consequently, 
the laboratory procedure had to be reevaluated 
before further measurements could be taken. 

As soon as the laboratory procedures have been 
standardized, measurements will be taken on all ol 
the local strains. A discriminant analysis will be 
perlormed on this reference set. and the discriminant 
functions will be used to monitor strain purity 
A series of control charts, one for each discriminant 
I unction, will be kept tor each strain. Samples will be 
taken from a strain population periiniically. and the 
mean discriminant function values will he calculated. 
It a trend appears or a mean falls outside ol the con­
trol limit, the colony will be investigated further. 

Other items for further consideration include 
reduction in the number of measurements taken w ith 
little loss in information and the effect of age on 
the measurements. 

H M f I CMIII):. "Mouse V e n n MinhtK.uinn " \iiim,. 
Inn.h'ii 2.18. « . ( I V ; i 
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EVALUATION OF THE RESIN BEAD 
ISOTOPIC ANALYSIS DATA 

i luce spent tucl solutions were pro\ idcd t«» test the 
apphcabilitv ••! isotopic analysis ill nariog;am-sizc 
samples ol uranium and pltitoniurn using the resin 
head technique, Each spent I ue I solution uasdivided 
into three couples ot suhsamplcs. and each couple 
consisted of a spiked and an unspiked aliquot. I hese 
subsamples were then prepared lor resin bcadseishcr 
in the tield by the International Atomic Energy 
Agency MALA) or in the laboratory by ORXL. The 
prepared resin beads were then analyzed by ORNI. 
tor the tollowing quantities: 

I. spiked plutortium: concentration (pg ! ? ' ; , r M ' , n c 

ratios 
2 J » P u 1 4 ° P u 

'Pu 'Pli 

2 4 , p u 2 4 I p u 

.and 
'PII ! J » Pll 

2. tinspikcd phitomum: 
I J * P u 1 4 , , I M " ' P i i 7 4 2 

!J'» Pll 2 J 9 Pll 2.V> Pll 
and 

Pu 
23V 'Pll 

3. spiked uranium: concentration imp g) an;l 'K-
ratios 
2Si^t I-»-»U 2 , , | J 

"•u 2 3 * IJ ! 3H V 
. and 

2 J H i r U 

4. unspiked uranium: 

" * u ' " « u ' a n : 3 5 u 
Variation in the measured quantities due to the 

different Mibsamples. ihedifLrcni preparation Mies. 
and the interaction between different suhsamplcs and 
tlillerent preparation sites was examined by thv' 
method ol analysis of variance. There were large 
statistical and practical dillcrcnccs between IAEA-
and ORNI -prepared resin beads and aiming the 
three siibsamples lor each spent fuel solution in the 
measured quantities on the spiked pluionhim 
samples. I he large standard deviations ol the 

1 VM.IIWK.II ( ln.nn-1 c\ Div i s ion 

2 I llClllll.il ll\'lllll>lll|!\ DlVIMHII 

measirrements on IAEA-prepared resin heads mdi-
cated that the preparation ot resin beads tor the 
spiked plutomum vva> not stiMtciently controlled to 
give precise measurements. 

Most ot the significant differences between IAE \ -
and ORNI.-prepared resin beads and among sub-
samplcs tor the measured qiuntities on unspiked 
plutonium samples, spiked uranium samples, and 
unspiked uranium samples were due to rmall biases 
that occurred during the resin bead preparation 
pnecss . I he standard deviations o| the measured 
quantities lor the three different types ot solution 
showed consistent precision tor the measurement-, 
made on IAEA-prepared resin beads and on ORNI -
prepared resir. beads. 

STATISTICAL MODELING OF 
HISTOPATHOLOGICAL PROBABILITIES 

In I96X. the towards less Hazardous ( iga relic 
Program was initiated bv it • National Canc-r 
Imf in.'-- ;.> iticntitv cigarette characteristics that have 
a major influence on the carcinogenic risk ot 
smoking. Since I96X. tour series of experiments have 
been conducted to determine the specific carcino­
genic activity of smoke condensates using the mouv. 
skin painting method, in which smoke condensate 
from cigarettes is generated and painted on the hacks 
of mice. I he number ol histopathologically verified 
tumors from these biological experiments was used 
to estimate the probabilities of a mouse being tumor 
free. I hese probabilities were then used as measures 
of the biological activity of the cigarette smoke 
condensates. 

A corresponding sample ol each ot the smoke 
condensates was also analyzed lor a r.umher ot 
chemical constituents in the smoke condensates. I he 
relationship between the chemical data and the 
biological data sheds light on the undesirable smoke 
components and was used to lormulatc the design ol 
more advanced or less hazardous cigarette models. 
I iiis relationship was formulated as a mathematical 
model to predict histopathologic^' probabilities as a 
'unction ol 11) the smoke condensate concentrations 
applied to the mice and (2) the concentration ol the 
chemi'iil constituents in the smoke ci ndensates. 

24 
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I he prediction model !«>: the histopathoiogtcat 
probabilities * 1*1 f wa» based or. h;o!og;cai and 
chemical data tro:*: cigarettes having at least ~H . 
tobacco content. I he IVo data points u-cd ;n this 
study consisted oi a .ector oi the PI value. the 
applied -nioke condensate concentration, and the 
concentration ot nine ehemicai constituent* ot the 
MtMikc condensate measured in all lour sencs ot 
experiments. 

I he .ndependent variables considered as terms tor 
the prediction m>»dci were 11) concentration 
tmg da>). <2> nicotine tmg g). l3> bcnz<i{</|pv rene 
•jig g). M| bcnz(<r|anihraccnc Ijig g». i5» phenol 
tmg gK«f»> .'-cresol img g). <7) w&/>-creso| tmg gl. 
IX) pll . |9) weak acid incq g). and I III) vci> weak 
acid Imcq g>. I h o e ten variables are not the only 
variables that atlcct PI- values but were the only ones 
measured on all tour series ot cigarettes. 

The true function that related the PI values and 
the ten independent variables was approximated by 
the full sccond-oidcr layior series ot frt» terms. I his 
was then reduced to a 17-ierm model b̂  ciioosmg U 
terms of the tuli quadratic on the basis «.f Mallows" (. 
statistic and other standard tests. I ach ol the I" 
terms in the prediction model was statistical!} 
significant at the 5'/ level the prediction model. 
which accounted tor "(»."', ot the "otai variation, was 
not signihcantly diltcrci'i Ironi the lull "Mcrm 
model. I he two terms tha: ace*.tinted tor the major 
amount id variation in the irnnlcls were! lithe square 
of the concentration anil (2) the square ot the nicotine 
concentration. I he square ol the nicotine concentra­
tion term was always a more important term than the 
linear term lor nicotine. 

PREDICTING URANIUM A N D ACID 
CONCENTRATIONS FROM DENSITY. 

CONDUCTIVITY, AND TEMPERATURE 
MEASUREMENTS 

A replicated "S lacli-ri.il design was used to 
generate data Irom which concentrations ol uranium 
and acid f l l \Oi> in solutions were predicted. I he 
measiired responses wete conductivity ami density: 
the design variables were uranium concentration, 
acid concentration, and temperature. 

I wo quadratic lunctions. estimated bv leas! 
squares, were lound to relate the measured values ol 
conductivity and density to the three design vari­
ables. Although these I unci ions gave salislaclory 
resivits lor prediction purposes, ihcv were inconve­
nient lo applv because ol the time required to interact 
v.'th the computer. Iherelore. a quicker second 

method was developed K coiivdciirg measured 
uranium .ui\i acid >.•:..•.'titrations made during tiie 
experimentation as i:cpc: .K u variables and dcns:tv. 
conductivity, and :.mp i.ttiu. as controlled vari­
ables I iniari.Ti- to: „ianium and acid concentra­
tions were developed as a itmcr.oo >>! cen*itv. 
conductivity, ano temperature using this approach. 
I he conlidence intervals on piedictcd values ironi 
these two equations were calculated Iron; the 
estimated stand.mi deviations ot the uicasuscd 
uranium and acid conventraimils made i>n each 
solution m the experiment. 

SEPARATION OF RARE EARTHS AND 
ACTIMDES FROM HIGH-LEVEL 

NUCLEAR WASTES BY OXALATE 
PRECIPITATION 

One method to minimize the ha/ard ot nuclear 
wastes is jo remove the longest-lived radioactive 
materials trom the waste ithe ;tetinidcs. amcncium. 
and curium) and iccyclc these materials through 
nuclear reactors to destroy them. A series ol 
experiments, investigated one-step processes to 
separate these materials Irom high-level wastes bv 
selective precipitation using oxalic acid. Continu­
ous-How svstems with stirred tank reactors were used 
in the experiments I he experimental results were 
used to determine the optimal conditions lor 
maximizing aciimde and rare earth yields. 

I he primary independent variables under consid­
eration included i h time in residence. (2) power to 
the stirrerts) m the tattk(s). (?) oxalic acid concent ra­
tion, and 14) temperature. In addition, the squares 
and cross products ol these vaiiables ami expt-limc) 
were considered in the regression analysis. \|I 
possible regressions ol percent yield on the primary 
independent variables were pertoimed. I he best two 
sets (in the sense ol largest A' > Ironi each subset *\/c 
were retained. Coellicients were calculated lor the 
standardized independent variables to lacilitate 
comparisons ot (he coellicients in the regression 
(miction. Ihese comparisons and conclusions were 
tempered bv the mtercorrelations ami spacing ol the 
independent variables. 

I he results ol the regression analy sis indicated thai 
small lluctiiatioiis m temp'-rattire. which was to 
remain constant throughout, introduced ellects in 
niosi cases greater than the ellecls ol the other design 
variables, with yield decreasing with increasing 
temperature. Power scemet! '" be important only m 
the '.ink lion) which the weld was measured. Oxalic 
acid interacting wuh time provided the best single 
variable lot predicting yiclil in .ill but one case. 
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NONNEGATIVE FACTORIZATION 
OF POSITIVE SEM1DEFIMTE. 

NONNEGATIVE MATRICES 

There has been interest in the ponncgative 
factori/ation oi positive scmidclinitc. nonncgalivc 
matrices in conjunct ion viiih a proposed mathemati­
cal model ol energy demand lor certain sectors of the 
I'.S. economy, let A = \aK\ he an n* n positive 
semidef iniic matrix w hich is also nonncgativ e: that is. 
a, i- 0. The problem ol factoring A into the form 
A - B' B. where B is also » X n and nonnegativc. has 
been considered. In the energy model, the elements of 
B are parameters which, in addition to satisfying 
B fB = A. must be nonnegativc because ol their 
physical interpretation. 

It has been shown that a nonnegativc factori/ation 
is always possible for n 'l 4. and examples have been 
constructed to show that it is not always possible lor 
n .-• 4. Although these results have appeared in the 
literature, a more lucid account has been submittal 
lor publication, accompanied by simple geometric 
prools. 

1 ('••mpiifcr Sciences Division 
2 I iiMnn I neig> Division 
' Insiiriitc- tut I ncr^i Analysis 

I). RcisUr 
I) S. Scott 
I), Ci Wilson 

FUSION ENERGY RESEARCH 

lo tind the confinement time ol a plasma in a 
tokamak. it is necessary to compute the most 
unstable frequency. Ibis reduces to.computing the 
most - negative eigenvalue ol the system 
<A .\B>x=0. where A and B arc large sparse 
symmetric matrices, lo employ the power iteration 
method, it is necessary lo factor the matrix A - «B 
for a given value of n. Ihc current computer code 
stores the complete half band of this matrix, but 
space limitations prevent the use of sulficiently large 
models to obtain the degree of accuracy desired. 

Investigations were started to determine whether 
the use of fully sparse techniques togethci with a 
reordering of the variables might lead to significant 
savings in storage. I his would allow the solution ol 
the larger model problems. 

4 V II l>i.in.iCil.> "Hn \ . . n \ i f : . i t n f l •'r;:!s,nKc.i(V.in.iblc» 
Viinir "t \ l i i>l Whith .lie Non-NciMtue." /'/•••. (ni>:'"i,h: 
/*»*.. \.„ 58. r : 5 i i i * 0 i 

5 VI. Mjll. It .intl VI Vewnun "I "positive .iiul C ompkrclv 
I'.iMtlve fju.lill.iliv I onus." Vli; I tm:t'rniv,- f'hrsi's Sin 59. 
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S E N S I T I V I T Y A N A L Y S I S O F O R I N C 

I he Oak Ridge InverseC«>dclORINt'»* IN used to 
calculate temperature and heat flux at the surface of 
the electric heater rod-, used in the P W R Mowdown 
I leal Iransler Separate I: I feci s P rog ram/ O R I V C 
makes use ol;» one-dimen>ionai. lumped parameter, 
implicit f inite difference model of the heat conduc­
t ion equation, I he computer code calculates the 
surface temperature and heat flux as functions o l 
l ime. given the heal {feneration rale, the gcometrv. 
thermophvsical parameters, and the thermocouple 
leinperature at an axial posit ion of one of the healer 
rods in the I hernial l l vdrau l ics lest lac i l i f v . l o 
determine the sensitivilv ol O R I N t ' s results to 
variations m kev parameters, a computat ional 
experiment was conducted. I he experimental design 
was a resolution IV . lwo- Ic \c l lr. ietion.il lactor ia ' 
design in 12 \anables (parameters)and 32computer 
runs. I he two levels of each parameter were at one 
standard deviation above and below the nominal 
value ol that parameter, where the standard 
deviations were based on given "uncertainty d ist r ibu­
tions. " 

At each time I. the sensitivity o l the model " re­
sponse" (f lux or temperature) to parameter n was 
delined !o be S in \h,li\ l{(\\ 2. where /»,(') was 
the average response at the 16 runs m w hich »>.. was set 

to it-, high level, and / i n was the average response at 
the 16 runs m which <% was set to its low level. I t ear 
be shown that if the response i ( ' l is a quadratic 
(unction of the parameter vector a in the neighbor­
hood of its nominal value a . . then .V j / | is the partial 
derivative of u/> wirh respect Jo /».. evaluated at a... 
A n example ot this sensitivity funct ion is shown in 
l-'ig. 6. I hcsc serisitiv ilies were found to be relative!} 
small ( ' 5' <) tor both flux and temperature. 

I he resolution l \ design, together »iitli an 
addit ional run at a ~ a„. also provided informat ion 
regarding the i incari!) of if/> as a tunct io i i ol a. At 
each I. the propor t ion o l variat ion among the values 
of i | / | attr ibutable to a linear approx imat ion to u / i 
was calculated ami found to be nearlv I fW . I his 
result greallv simplif ied the interpretation <! the 
sensitivities and also provided a basis !< r the 
estimation o| the uncertainty distr ibut ion o. \\n 
generated bv the uncertainties in the <>V 

O R M . W . G 79 -15716 
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LATENT HEAT THERMAL 
ENERGY STORAGE 

( oH.ibiir.iii'Ui HI latent heat thermal enertiv 
storage centered im tun act it it lev the preparation t»t 
computer programs for the modeling o! phasc-
i. ha nee phenomena and the development »>t 
analytical models tor phase-chanu^ processes under 
simple teon.etnc ami houndarv condemns. \1osi ot 
the work centered on models in one space dimension 
'valid lor slab, cvhndneal. or spherical svmmelrv) 
and. as vet. assumed onh conduction heat traiislei. 
I he kind ot results souL'hl can be discerned from 
results obtained earlier lor computer models and 
analvtical approximations. ' I he work ol this vcar 
mav he described in the context ol the classical one-
phase Stelan problem, which lakes the loiinutm; 
lorm: 

Problem: I ind the temperature timet ion I'lx.t) 
and the phase houndarv 

obevinj; the conditions 

T,^al(x . O'.i—'.Vt/> . 

T\Xui.r\ --T,; . 

t,llX'u>= kTx\ X( i t.f\ . 

(where /.-. / , . . and Y'(/> are partial or total 
derivatives), and in addition, satisfvm}! one ol the 
tollouini: boundary conditions: 

7(0 . / )= T, ^T,r iDinehlel) . 

kl\H\. t)-'l', > 0 ( f l u x ) . 

' kTxKK t)^h\T,_ W).l)\ (convection) . 

kTxH>,n = t\Tt* 7)0 . /> 4 | (radiation) . 

I he IOIII.VMIIJ; notation has been used: 

a thermal dilttisivitv ol material. 

Ttr melting temperature o| material. 

f> densitv ol material. 

x V Solnmnn. Wuihfnuitu ill Mmlrlmi; «1 I'husc ( IIUHX, 
I'rm iwi\ Int 111I1 HI I hill Ihrrmul I iitrn\ Slnrnfr. 
I ( ' ( A D ( M > - > ( in be pt ih ln lus l ) 

•) \ NIIIIMIIIIII. "On M m i i i y MiMinii.il'• I'rubk'ntN .IIMI I .IK-IH 

II1.1I I h i n i n i i ( iiriL's Sliir.i>.v." hriirl .1 (linn In;: i ln . ippr . i r i 

/ / latent heat oi mateiiai. 

/. thermal condticttvilv o! iti.:ten.:i. 

77 ambji-nt temperature •>! he.:' tr.tu-lei mate­
ria 1. 

«/, known external heat liiix. 

h heat transler coeltictent. 

£ phvsteal constant. 

I he extension to cylindrical or spherical coordi­
nates has been easilv achieved through a sliaht 
mmiitication ol this tormulation. and several results 
have been obtained. A relation between lime and 
siirlace temperature, total heat stored, and surtacc 
heat flux has been I mind and studied in the case ol tin: 
convection boundarv condition. A number ol test 
cases have been examined using analytical approxi­
mation techniques lor the radiation boundarv 
condition, Expansion, approximation, and numeri­
cal methods have been applied lorall ot these cases to 
a broad varictv ot test cases, and their results have 
been compared and analv/cd. I he application o! 
numerical methods lo these problems has been 
studied with particular emphasis on the convection 
hnundarv condition. I wo points ot particular 
interest have been the estimation ol surface tempera­
ture as a Inaction ol tune and the incorporation ol 
densitv changes aecompanvini! the phase-chance 
process. I he above results have been documented 
and are available." ' 

MODE SHAPE ANALYSIS A N D C E N T R I R J G E 
ROTOR RESPONSE TO BALANCE WEIGHTS 

I nileisi.iiulm.L' mode shapes ol ccnintUL'c rotors 
has been tisclul tor balancing, but it has been dilliculi 
to isolate pure 111 >dc shapes experimental!}. A 
method and computer program. MODI SIIAPI .'" 
have been developed lor calcilating the natural 
frequencies and mode shapes ol a rotor. I lie 
{•ovcrnimz lourth-orderdillerentialequation includes 
the ellects ol shear delormation ant! roiarv inertia. 
Mutter's method is used to calculate the natural 
Irequencies and inverse iteration lor the coefficient* 
ol the deflection lunction. A separate program thai 
utilizes IMSSi'l A software has provided three-
dimensional roior clclicction plots. 

1(1 K I I IIMlllTln .Mill I II N p c i i l l i i r l . l / . ' . / i S /w /> . | I W / | W . 
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A related computer program. C \ I | \ | > l K. has 
been developed over tin ia>t several years I his 
ptogtaiv. predicts the response ot a rotot due to 
balance weights .iiul initial deflection ot the rotor. 
and also calculates natural frequencies ot a centri­
fuge. I he response is tor a steady-state; circular rotor 
whirl. I he transfer matrix method'" is used to 
compute deflection, slope, moment, and shear in a 
rotor. A report is m progress that •Jocumcn.s the 
phvsical assumptions, equations. methi>ds. and ali ot 
'.he subroutines used in C"V! INI>I K. 
• Progress i-. tying made in making simulation 
calculations [•• calculate imperfections given deflec­
tions. I his methinl. in contrast to CYI I N D I R . 
which calculates re-ponses to balance weights, 
essentially reverses the roles m ('VI.INI)I K \ 
equations ot the unknown deflection and the known 
balance weights. 

STUDY O F RAINFALL DISTRIBUTION 

The I nginccnng Icchnologv Division, as a 
participant in the DOl -sponsored Meteorological 
Fllects of I hermai I ncrgy Releases program, is 
conducting a rainlall study around a ma|or power 
plant in northwestern dcorgia I he snidv inehules 
the examination of National Weather Service data 
and the operation ol an OKNI -installed network ot 
recording rain gauges ami windsets. I he search for 
effects ot thermal energ> releases Irom power plants 
is based on the understanding ol rainfall distributions 
on a temporal ami spatial sense. Distribution models 
have been lilted to rainfall amounts over specilied 
periods to tv o sets ol observations one set used as a 
control ami another set modified by the presence o| a 
power station. Comparisons of the distributions o! 
the observations from the two observation sets have 
been done in order to make probability statements 
that are useful in assessing the potential effects ol 
thermal energy releases ol power plants. 

STRUCTURAL ANALYSIS 

Dynamic analysis computes the response ol a 
structure to periodic loading, such as (hat encoun­
tered during an earthquake, (he finite element 

11 K K H.itmltuil. I MIStll.R. <„n ( ,ii'riliiv, /'i ruutu. 
Mmhl I \rr\ <mi.li- Itillc IIIIVI.I'.MIIOII. K I V > " I M ( Kl 11 
(April \'t") 

12 I ( IVslcl .im! I \ Icckic. Moirn \f,-th.;h in 
llaniinir<hiitm\. Mctir.m-llill. N̂ -.k \nr l I'M' 

method raakes i: possible to reduce this problem to 
finding a lew .igciivalucs and eigenvectors of the 
sWem lA A M | \ O. where A and M are large 
sparse symmetric matrices. I he I .<nc/--. ::'j:orithni is 
ideally suited to the solution of such eigenvalue 
problems and otters several advantages over cur­
rently used techniques 

A computer code was written to interlacee\>tmg 
I anc/os algorithm software with the data structures 
employ, cd tn the engineering codes I he results ot .1 
preliminary test showed significant irnprovcm nt 
over the oltl technique \ r>cvv I anc/os co*te is now 
being vvrt"en that vv>M i • I, c advantage o! the special 
properties, ol the matrf.es jris->i« as vibrational 
analysis I he code wtli aNo be ap|-!.v..M*" to the 
buckling problem. 

ANALVSIS O F POWER PLANT 
OPERATING EXPERIENCE 

In a previous report. ' several measures of power 
plant performance obtained from combined I dison 
I leetric Institute t i l I (ami I cderal Lncrgy Adminis­
tration data bases were described Standard dat; 
screening techniques uncovered a number ol abnor­
malities that were reported to the I I I Since that time 
the I I I has discovered discrepancies in the utilities' 
reporting ot unit outages which biases some of the 
performance measures. Consequently, only capacity 
factor l ( ' h was anaK/ed in the current data set 
because I T is a measure of how well a plant 
pertormed relative to how well it could perform and is 

~ no' dependent on outage 
Attempts tu explain or "predict" variations in 

performance from year to year or from unit to unit on 
the basis ot intrinsic unit variables like si/e or age 
vere not very successful. It seems natural to expect 
age and increasing complexity of design to alteet 
system performance, but other factors such as utility 
operating philosophy and integrated systems consid­
erations were not considered in this study. 

Nevertheless, models with si/e and age were lilted 
to the data using least squares methods. I'ven though 
the usual assumptions lor regression analysis were 
questionable, they were entertained as approximately 
appropriate. I herelore. tests ol significance were 
only approximate, and heterogeneity of variance 
resulted in parameter estimates thai were not of 
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minimum variance. I he assumption of greatest 
concern was that ot independence I he independence 
of action of generating units m the same iitihtv was in 
doubt, and the independence o| capacity factor ol the 
same unit from year tt» year was of even more 
concern tor example, it a nuclear unit did not refuel 
in >ear k. it probably had to rehiel in year A * I. thus 
inducing serial correlation. I his let! to biased 
estimates,, particularly of the age parameter. 

I valuations of the nuclear and coal power plants 
were made by comparing the tegievsions tot various 
si/e and design groups. I.ven though the simplistic 
models considered in this study were not toumj to be 
of great predictive value, it was hoped thar the 
standard statistical procedures applied here, such as 
testing for lack of tit. probability plotting, and 
residual analysis, would be incorporated into future 
studies of this type. 
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EFFECTS OF PHOSPHORUS 
ENRICHMENT ON ALGAL BIOMASS 

IN A STREAM 

An experiment has been conducted in the Walker 
Branch, a small woodland stream, to determine if 
phosphorus limited the growth of algae. The study 
area was divided into three sutnreav. an upstream 
control area with soluble reactive phosphorus (SRP) 
opJCcntrations in water of <I0 jug liter, a low 
enrichment section with SRP concentrations of 
about 60 pig liter, and a high enrichment section 
with concentrations of about 450 pg liter. The 
enriched sections were fertilised continuously with 
phosphoric acid for 95 days. Glass slides were 
submerged in the three subareas of the stream 
to allow algal colonization and growth. Random 
samples of these slides were selected from each 
subarca: half of these slides were analyzed for con­
centrations of chlorophyll a in the algae, and the 
remaining slides were analyzed for total biomass. 
These observations were used as indicators ot the 
growth of algae. 

The purpose of the data analysis was to deter­
mine an adequate lunctional form to describe the 
bcito'ior ot the chlorophyll « observations from 
the three sampled suhareas and to determine it 
significant differences exist among the three<ubareas 
for the chlorophyll a observations as well as the 
total biomass observations. A regression analysis 
led to the conclus-on that the chlorophyll a values 
could be adequately described b\ a logarithmic 
function of time for each treatment. Although there 
was some indication of higher chlorophyll a values 
with increasing SRI* concentration, no significant 
difference (P > 0.10) was detected in the rate of 
increase of the chlorophyll a concentrations among 
the three subareas. Nonparametric procedures Acre 
used to analvze the total biomass observations 
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because ;»t the failure of the distribution of the 
observations to satisfy the assumption of normality. 
from this anilysii of the distribution of the biomass 
values, it was pos-ible to conclude that there was 
a significant enrichment effect (/* < 0.05) during 
the tatter part of ;ne experiment with the low and 
high enrichment areas having higher total biomass. 
than the <- irolarea. These results wew helpful in 
summarizing < ne experimental data and in indicating : 

problems requiring additional cxpermemaiion. 

ANALYSIS OF IRIHALOMETHANE 
PERSISTENCE DATA 

Trihalomcthanes have been identified as products 
resulting from the use of chlorine for fouling control 
in power plant condensor cooling systems. These 
compounds have potential for impacts on human 
health and aquatic ecosystems. Static toxicity tots 
were used to estimate the toxicity of trihafomcihancs 
on hatching success of carp embryos. Total ex-
posuie was from fertilization until hatching (4 5 
dav-«), '**M toxicant solutions were changed ever* r. hr. 
During the period between changes, trihalomcthanc 
concentration declined continuously due to volatility 
and decomposition. In order to csf-matc the 
trihalomethane exposure in the toxicity e\peri-
ments. the expression y - ( exp( Art has been 
proposed to describe the change in trihabmcthanc 
concentration over each exposure peri«nJ. where y is 
the trihalomethanc concentration at time r from 
th'- start of the exposure period. C„ is the initial 
concentration, and k is a depletion constant, the 
nonlinear function for i has been used to estimate C„ 
and k because an additive error has been shown to 
be appropriate. Results from the investigation of 
four trihulomcthancs have been used to obtain 
estimates of I and A using nonlinear least squares. 
I he average frihalomclhanc concentration over the 
exposure period was used to estimate the dose to 
the embryos and was defined as 
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where '/'is the kiu>\Mi length ot the exposure period. 
An asymptotic approximation was used ti> obtain 
an estimate on the standard error tit the average 
concentration. I he results were used in compare 
the depletion constant, k. tor the diflcrcnt tri-
halomethanes. Mean values calculated lor each 
initial concentration were then used to evaluate the 
impact ot ttihalomethanes on the hatching success ot 
lish eggs trom estimates ol the trih.iiomclh.ui. 
couceiiiration at which SO' , ol the animals would be-
dead attt-r exposure. 

A COMPARISON OF RESPONSES BETWEEN 
LATITUDINAL!. Y SEPARATE 

POPULATIONS OF LARGEMOUTH BASS 

I hernial water quality criteria are usually based 
on laboratory bioassays and arc applied throughout 
the geographic range of the species. Therefore, it 
is important to know *h>: influence that the origin 
of the test animals has on the laboratory- results. 
I areemomh bass have been tested lo determine the 
effect of temperature on mortality. survivorship, and 
growth rates. As part of this larger study, different 
attributes observed on the progeny of largcmouth 
bass trom different geographic areas (Louisiana, 
lennessee. and Wisconsin) were compared. These 
attributes included i I) growth rates b.'sed on changes 
in length and weight. (2) change in biomass per day. 
(3) relative changes in biomass per day. and 
(4) temperature-dependent mortality. The analysis 
of the experimental data included an examination 
ot the effect of test temperature on growth-
related variables and the effect of acclimation 
temperature as well as rate of temperature change on 
the mortality variables. The statistical techniques 
of weighted regression analysis, nonparamctric 
stutistieal analysis, probit analysis, and analysis of 
covariance have been used in the statistical evalu­
ation of the experimental data. The results from this 
study will be helpful in the development and 
application of broad national water criteria for 
temperaturer 

CLINCH RIVER INVENTORY PROJECT 

A major component of the Transuranic and 
Fission Products Inventory for the Clinch River is the 
collecting of about 250 riverbed soil core samples 
from the Clinch. Fmory. and Tennessee rivers, each 
having approximately ten measurement* The major 
statistical activity during this reporting period ha 
been the processing of the extensive data file to 

provide meaningful summaries o! the multivariate 
data. I hese summaries have been done tot particular 
elements ot interest, portions ot the sampled nveis. 
and sections ot the sampled cores (i.e.. top. middle, 
and bottom). Graphical displays including proba­
bility, frequency, and percentile plots have been 
provided, lahular displays have included summary 
statistics for the observed variables as u d t as 
correlation matrices between the observed elemental 
concentrations. These '.ammary procedures have 
provuicd concise presentations of the data, which 
are useful for reporting purposes and for indicating 
fur:i.er interpretive analyses. 

SAMPLING PLAN OF IMPINGED FISH 

As part of an effort to quantify the number, 
species, and sizes of fish impinged at the 1 enncssec 
Valley Authority Kingston Steam Plant, a sampling 
plan was proposed to estimate the proportion of 
lish of a particular species impinged on a specific 
screen without having to count each impinged fish. 
This plan will be very useful during those times 
when there are more impinged fish than could be 
counted with the available manpower. The pro­
posed sampling plan makes use ol the total weight 
of impinged fish lor a particular scrc.n and also 
the most recent estimate ot the average weight per 
fish for the same screen, so that an estimate of the 
total number ot impinged fish on the screen 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 screen being 
sampled for each ot the species of interest a,d from 
a specification ot the tolerated error in the linal 
estimated proportion, curves have been drawn to be 
used in determining the required sample si/e for the 
following parameter ranges: 

1. population sizes: 200 to 7700. 

2. confidence levels: 0.W) («.()5) 0.95. 

3. proportion composition values: 0.10 to 0.50. 
and 

4. tolerated error values in terms of a percentage ot 
the desired proportion: 10 to 3.V;. 

Modifications have also been proposed to make 
the sampling plan sensitive to changes in the 
population abundance and to use stibsample weight 
as a method ol reducing the amount ol time necessary 
to do the suhsampling. 



EFFECTS O F C O L D STRESS ON 
GIZZARD AND THREADFIN S H A D 

Experiment* have been conducted u> quantity 
the physiological effects ol cold stress on gizzard 
and threadtm shad. I his question is oi interest 
because large numbers of shad arc impinged annually, 
on the intake screens ot power plants in the south­
eastern I'nited States. One possible cause of the 
large number ot impinged shad is the inability ot 
these fish to escape the rapid water current around 
power plant intake pipes during periods ot low 
water temperature. I he purpose of these experiments 
has been to determine it there have been any 
irreversible physiological changes on shad subjected 
to low temperatures and also to understand what 
these changes might be by comparing the blood 
chemistry ol fish maintained at a normal water 
temperature (-14 C> with those fi,h whoseen\iron-
ment was made colder (down to 2 ("). I he experi­
mental design randomly allocated fish to "control" 
or "test" tanks, i .':e water temperature in the control 
tanks was maintained at a constant normal tem­
perature ( 1 4 C). and the water in the test tanks 
decreased from the normal temperature at a rate 
of" -1 C per day. At six predetermined temperatures 
in the test tank I between 14 and 2i ("I. Iish were 
removed from a randomly selected p«:ir ol control 
and test tanks, and blood was taken from each lish. 
Concentrations oi sodium, potassium, and chlorine 
in the blood serum were then determined. In 
addition, other covariatc measurements length, 
weight, sex. and fin ray count were obtained !or 
each sampled fish 

I he statistical analysis included! 11 an examination 
ol the changes in the blood parameters as a function 
of the (litferencc in water temperature between the 
control and test .tanks. (2) an examination of the 
correlation between the blood parameters, and (3>an 
examination ot the correlation between the blood 
parameters and the emanate observations. I he 
results ot this analysis indicated areas tor which 
additional experimentation was needed and lor 
which (actors such as analytical techniques should 
be controlled to achieve more reliable results and 
to eliminate potential sources ot bias. A second 
experiment has been run incorporating these sug­
gestions. I he results ol this analysis will be used in 
determining the leasihiiity ol using blood serum 
electrolytes to determine the level of physiological 
stress ol shad in the vicinity of intake structures 
and in deciding on additional blood parameters that 
might be used. 

CONFIDENCE LIMIT ON THE 
PROPORTION LESS THAN A 

SPECIFIED SI A N D A R D 

Oti'.-n the assessment of compliance with environ­
mental standards :-. perSoimed using multiplicative 
chain models ot the form \ / / • / . where V" is 
related 'a the dose rate to an organ, and /./../ are 
related to nuclide concentrations or intake rates. I he 
uindom variables / are usually assumed to be 
independent, lognormally distributed random vari­
ables. Iheretorc. a random variable A", correspond­
ing to the output ol the multiplicative assessment 
model, is expressed as V c \p (} - ) - V.). where 
the ) "s are independent, norma! random variables 
with mean p ami variance o . A limiting value. A"*. 
has been given that should not l»e exceeded. For 
example. A"* might correspond to a standard 
set by the Environmental Pro ' viion Agency. If 
/ ' - probability ,' A" • A"*!. then tne goal is to obtain 
a lower confidence limit on /*. t 'sing the concept-o; 
Owen the problem was reduced to ,\ problem that 
obtained a one-sided tolerance limit on / ' tor the 
normally distributed random variable A " In V" r 

> - > > . I he following two cases were 
considered in this derivation: (I I n <%'• ~ a and 
(2t a * «i * >\ . I hc*e results were applied to data 
involving the ratio ot the concentration ol I in 
milk to that in an. 

FACTORS AFFFCTING COAL STORAGE 
PILE LEACHATE QUALITY 

Coal type, coal si/e. and coal storage technique 
are three lactors ol potential interest in determining 
coal storage pile leachatc quality. An experiment 
based on a lactonal design to include all com­
binations ot these three lactors. each at two levels, 
has been earned out under controlled laboratory 
conditions. Analysis ot variance and regression 
techniques have been used to determine to what 
extent each factor influences Icachatc quality. Coal 
type has been found to be significant in determining 
concentrations ot all the elements measured because 
this factor determines the amount ol available 
pollutants leached from the coal. Coal si/e and 
storage technique have been found to he ot little 
importance during the early part ot the storage 
period, but these factors become increasingly im-
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portant as the time <>l storage increases. I he data 
indicated that some lorm ot treatment is necessary 
it coal storage pile Icachatc is to meet certain 
standards that currently exist lor discharges trom 
power plants. 

Electrical conu'ictivitv has been shown to be 
related to the concentration ot important trace 
metals and found to be easy to observe. The follow­
ing model has been proposed to describe the trace 
metal concentrations as a function of electrical 
conductivity. 

a a 

where t is the trace metal concentration with an 
electrical conductiv ity value ol x. and «». (i. and •> are 
parameters to be estimated. A live-point interpo­
lation scheme has been developed to obtain initial 
estimates of the unknown parameters. Ihese initial 
estimates have then been used as input to a nonlinear 
least squares routine. This relation has already been 
applied to some laboratory and field data for several 
trace metals. 
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URANIUM RESOURCE 
EVALUATION PROJECT 

I he Uranium Resource Evaluation (I RI > project 
is a DOL-supporicd cltort to estimate the uranium 
reserves in the I nitcd Slates. One portion ot the 
project involves the collection ot stream sediment 
and well water samples at a 10-sq mile density over 
most <>l the United Stales. I he Oak Ridge part ot 
the URE project is responsible tor surveying ibe 
central United Stares by collecting over 200.000 
samples. These data along with other radiometric, 
drilling, and geologic surveys will be coalesced and 
uranium reserve and resource estimates computed. 

Thi% year the Oak Ridge URE project has been 
in full production, releasing more than 25 reports 
(25.000 samples) on I > 2 U.S. Geological Survey 
quadrangles. Additionally. 13 special survey projects 
have been started to do detailed sampling at l-sq mile 
spacing*. I hesc special projects will provide specific 
information on the possible locations of uranium 
deposits. 'I he Mathematics and Statistics Research 
Department has supported the I'Rii project since 
1976 in the areas of data management, data 
summarization, multivariate classification, and field 
data quality control. Both research and consulting 
have been involved in these efforts. 

FIELD DATA QUALITY CONTROL 
PROGRAM 

Normally, several samplers require about two 
months to collect samples over a I s 2 U.S. 
Geological Survey quadrangle area. It is necessary in 
the interpretation ol these data to combine the data 
collected over the entire sample collection period, 
introducing possible temporal variability. I his 
variation adds to the analytical variability associated 
with determining the elemental concentrations of 
the samples. However, the most important source 
of variation in stream sediments is within a sampling 
site: this is not the case lor well waters. It is desirable 
to quantify the relative contribution of the witbin-
site. temporal, and laboratory variation to the total 
variation. Ideally, the total variation forgeochemical 
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mapping is comprised :natnl> of betucen-site 
variation. 

An approach used by the Canadian and I .S. 
geological surveys has been to compute the index 

o1 'Irciween site) 
G ~ —:: =—" ; : — *." 

a~ (within site! + o" (analytical) 

where the values ol o represent variances lor the 
sources of variation. It has not generally been 
important to separate the within-siie and temporal 
variation. Follow-up sampling has been performed 
to estimate the n and to enable use of an unbalanced 
three-level nested random effects analysis of variance 
model y .. — [i + a -r r T y,,. • ~ t .. with y.. as 
the observed elemental concentration, p. att overall 
mean effect: « . a site effect: r .,,. a temporal effect: 
7. . an analytical measurement effect: and t .. 
the random error. I he sample collection design of 
the lollow-up sampling has enabled the use ot the 
above model. Irom vhich estimates of the compo­
nents ot variance in U have been obtained 

I his program has monitored the quality of the 
data produced in the 'RE program. For example, 
in the Austin. Texas, quadrangle, estimates of (i in 
stream sediments were 7.2 (Na). 2 6 (Li). Li (As), 
and 0.35 (I ). whereas in well waters estimates were 
4.5 (\a>. 16 (Li). 13 (As), and 3.0Ml I. I hese values 
indicate the reproducibility ot the elemental maps 
and the relative value ol the two sample types. 

CLASSIFICATION USING MEASUREMENT 
ERROR 

I he objective ot the data analysis of the stream 
sediment and groundwater samples has been to 
contribute to the idennlication of new uranium 
deposits, A useful approach has been to classify the 
samples into groups with similar elemental concen­
trations. These groups have then been plotted 
geographically, creating patterns that can often be 
related to uranium mineralization, lechniquo in 
cluster analysis have been used to classify the 
samples, but the measurement error has not been 
used in these analyses. It has been determined Irom 
the I ield Data Duality Control Program that a 
large percentage ol the variability lor certain 
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elements ean he attr ibuted to within-sitc. temporal, 
or laboratory \ ana t i on . I he excess \ana t ion can 
cause the gcochemical patterns to be masked. 

One approach under development has used the 
measurement erro; in the classil ication procedure. 
Assume tor each sample observation ) - A - «•. 
where > is the observed mult ivar iate data at the rth 
site. A is the "error- t ree" data, and c is the error 
associated w i th obtaining \ . Monte Car lo simu­
lations have been used to create di l lerent realizations 
ot the error «•„. and A „ . - >',. - «-,. has enabled 
approximate classification ot the .V V Fstimatcs ot 
the error d istr ibut ion have been obtained t rom the 
I icld Data Quality Cont ro l Program. In i t ia l results 
have indicated £hal it is possible to both estimate the 
number ot groups and the group membership in 
a manner that is superior to other methods. It should 
be possible to more accurately identify favorable 
uranium areas by improving the classification of 
the samples. 

F A C T O R A N A L Y S I S O F G E O C H E M I C A L 
V A R I A B L E S 

Factor analysis is a means o l summarizing the 
relationships amu,.:- a -jroup ot variables with a 
reduced number ot new variables.calied (actors, with 
l i tt le loss o| in format ion. | | (he method issticccsstnl. 
the set ot lactors wi l l provide a description o| the 
mierrelationships among the or ig inal variables, with 
each lactor indicating a common trait exhibited bv 
those original variables that conelate highlv w i lh (hat 

factor. Ihus . tactor a n a l w s can he an important 
summarizat ion and modcl-buiidimr too! lor the 
geologist faced w i th a typical, manv-variable data 
set. 

I he variable selection process in the anaivsi'. ot 
geochemical variables was an important tirsi step 
betorc the tactor analysis. IV-rccntagcot valuesabovc 
thc detection l imi t and range ot values tor each 
variable were considered. Because, a sampling area 
trequentlv consisted of several geologic units and 
because the relationships between variables often 
differed among the units, this consistency of relation­
ships over the whole data set was checked. Only the 
highlv correlated variables were included in the 
analysis. 

Once the variable selection was complete, the 
appropriate model was chosen. Several models wi th 
varying numbers of factois were f i t ted and evaluated 
using a combinat ion o f objective and subjective 
criteria. How well a set of Factors reproduced the 
observed correlat ion matr ix and how much of the 
total var iat ion in the data was accounted for by this 
set were two criteria easily assessed. I hcgcochemicai 
significance ot the variables clustered in the factors 
was o l greater importance. 

Once a model was selected, laclor scores (i.e.. 
realizations o l (he hypothetical variables) were 
calculated. Contours ot these lactor scores, which 
were linear combinations of (he or iginal variables, 
were usually plotted so that the special charactcrist ics 
ol the taciors could be assessed over the sampled 
area. 
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MODELS TO STUDY THE 
DISTRIBUTION AND EXCRETION 

OF CALCIUM 
The purpose ol this study uas to apply urn nuclei 

methods to stud) the distribution and excretion ol 
Mibsr mces like calcium in blood bone systems. I hoe 
methods were generalizations of the two-compart­
ment mamillary model considered by Shcppard and 
Householder. I he system consisted of two com­
partments lor urns) and the atoms (or balls) within 
these compartments which were exchanged between 
them on an "r for r~ basts during constant time 
periods, assumed to be discrete in order to use urn 
model methods. Given numbers of radioactive and 
stable atoms (or white and black balls respectively) 
were introduced into each compartment (or urn/ at 
the outset or Oth stage. The model was such thai 
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the total numbers in each urn remained h\ed. <>r.l> 
the number ot each type could change, ami. in tact, 
the expected number ol the radioactixe atoms in each 
urn xxas decreasing. 

During each time period, the loHowiiw three steps 
took place in order: 11 > r stable atoms trom outside 
the system xxere added to urn I. (2> r atoms trom 
urn I xxere interchanged xxith r atoms trom urp. 2 
(both sets xxere randomly selected, and the txxo 
selections vxere considered to be simultaneous raiher 
than in tandem): and (3) r atoms xxere removed at 
random Irom ui.< I and eliminated from the 
system. 

These three steps constituted a single iteration. 
The problem xxas to find the lirst txxo moments ot 
the number of radioactive atoms left in urn ! (or 
in urn 2. or in both urns I and 2),t..er/j iterations. 
The second moment gives a xxay of assessing the 
xariability associated xxith the radioactixe atoms as 
time progresses. I he distributional properties ol the 
number ol radioactixe atoms Iclt in the system alter 
#i iterations were derived tor this model and tor two 
other modified models. 

}1 
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APPLICATION OF SAATVS 
METHOD TO MANAGERIAL SELECTION 

There are at least two important aspects in the 
problem of selecting a candidate lor a managerial 
position from a group ot candidates. One pertains 
Co the identification of the important characteristics 
associated with the position, and the other is the 
potential performance of the candidates relative to 
these characteristics. In general, it is too much to 
expect a selector to be able to evaluate several 
candidates simultaneously relative to a group of 
characteristics and make an optimum decision. 
However, r'. is not unreasonable to assume that a 
selector will be reasonably good at comparing two 
candidates at a time on a given characteristic. Thus, 
it one has to choose between luocandidates A and H. 
relative to a characteristic such as administrative 
skills, one may say thai A is twice as good as #(or. 
cquivaicntly. H is hail as good as A), or that A is 
1.5 times as good as If. etc. If there are four candidates 
A. li ( .and /). it may be difficult to assign weights to 
them individually relative to their administrative 
skills, but it may be easy to compare them two at 
a time. 

Thomas L. Saaty" developed a methodology to 
assign weights lo characteristics based on this 
principle and the information in the matrix of pair-
v isc comparisons. I his method was used as an aid 
in (he selection of an executive secretary within 
(he Nuclear Division. In other applications of (he 
selection ol a manager, the important characteristics 
of a managerial position suggested by Douglas W. 
Bray were used. A conversational mode computer 
program was developed as an aid for this selection 
process. 

I. Nuclear Division Satejliiardv 
2 ( ompidinit Applications Department 
V I'ncryv Division 
4 tmplovce Relations Division. 
5 Information Services. 
it I . I . Saatv. "A Sc.ilinji Mcihiiil lor 1'noniics in llici.irchical 

Structures." ./ Uaih /'.i<W. 15. 2.U XI il<)77> 

DATA VALIDATION PROJECT 

During this reporting period. MSkD became 
involved in a significantly new area related lo the 
validation of energy-related data forms. This cilort. 
known as the Data Validation Project, was funded 
by the Energy Information Administration (ElA) 
of DOE through ORNL's Energy Division. 

The initial role of MSKD was to study the 
validation process and lo develop methodology that 
could be used by subcontractors actually conducting 
the validation studies. This role uas altered when 
MSRD became involved in the validation study of 
the federal Power Commission (EPC) Eorm-4. 
which is a lorm used to collect monthly data from 
electrical power generation facilities. Most ol the 
methodology development work was postponed 
because a significant effort was required for the 
form validation study. However, a data editing 
procedbic to be used to assess error rates in the data 
collection and storage systems was studied and 
developed This effort was also directed to the 
validaiion effort of the IPC Eorm-4. 

I he general purpose of (he validation study was 
to assess the data form's consistency and its ability 
to produce intormation that meets the legal mandate 
of the lorm as well as the needs of the users of the 
information. Changes in procedures were to be 
recommended (hat would make the form more 
realistic. I hus. much of (he validation effort involved 
the use ol survey sampling techniques to investigate 
'he practices of the users and producers of the 
information. Lxploratory data analysis techniques 
wee used to assess the properties of the data 
produced by (he form. The cxplora(ory data analysis 
was generally designed to detect abnormalities in 
(he dala (hat would indicate possible inconsistent 
data reporting or collecting procedures. In addition, 
a general summarization of the data was provided 

7 l>. w". Bra v. "Ihe Asse.Miicnl < enter in the Man.ie.cmcw 
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to obtain profile •>! the reporting population 
t respondents t. 

I he candidates tor sampling tell into two 
classes users and respondent*. I he user population 
was divided into three groups: sophisticated users, 
unsophisticated users, and state agency users. I he 
identitied sophisticated users formed a small croup. 
and all were interviewed in person. The unso­
phisticated users tended to he associated with the 
federal government in the Washington. DC"., area, 
so the task ot identifying and interviewing them was 
subcontracted to a consulting firm based in the 
same area. I he survey ot state agency users was 
designed to use telephone interviews ol agencies in 
IS states. The general purpose of the user surveys 
was to as>o> the degree of data quality they needed 
to meet their needs. 

The survey ot respondents was conducted in two 
phases. Initiaiiy. a survey plan was developed by 
MSRI) lor the in-person interviewing of IX respon­
dents. A second survey with naiionai scope was 
designed because the results of the first survey raised 

several questions concerning reporting practices, 
geographic scope limits, and respondent's ovv nership. 
I his >ur\e\ accounted tor the possibility that one 
company could control the reporting practices ot 
several respondents in an area and other pertinent 
demographic factors. | he general purpose ot the 
respondent interviews was to assess reporting 
practices and data quality. 

I he results ot the validation study ot the IPC" 
lorm-4 monthly power plant report are currently 
being collated and will he available in an I I \-
approved report. 

AUDIT OF CLASSIFIED DOCUMENTS 

A sample survey of classified documents at each 
ol the three major Oak Ridge installations is being 
conducted to determine which documents, it any. 
are missing. Provisions were made in the procedure 
to increase the si/e ot the sample if missing 
documents are detected. 
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KEVLAR YARN 
I he statistical assessment ol the physical proper-

lies and iile characteristics ot Kcvlar yarn and 
of products using Kcv lar yarn hu> continued through 
ihis reporting period. An expanded review of vari­
ability patterns of denier in sp«x>ls of Kcvlar 
yarn has reaffirmed previous report results* that the 
major source ol variability is the spool-to-spool 
variation. 

Preliminary lite lest designs, using accelerated life 
test and warranty assignment methodologies, for 
products containing Kevlar yarn have been sub-
milted to sponsoring agencies as input to their 
program plans. 

PIFEUP OF DISLOCATIONS 

Fleetron microscopy ol shear crack tn stainless 
steel single crvsud has shown the pileup of dis­
locations against the crack tip. I his direct ob­
servation ot an elongated plastic /one showed 
evidence ol the Bilhy-votircll-SwivKlcn model or the 
Dugdale model ol Iraciure. 

I he governing equation that describes dislocations 
pileup and that is often used lor thick specimens 
had to be modified to the following integral equation 
because ol the thickness etlcct ot the thin 
specimen: 

pfafi*) I - H — - , — \ j x 

I MCMK .iml (iT.imut fliMMnii 
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whcic Pdenotes the principal value ot the integral. 
H\'\ is the distribution ot the dislocations to be 
solved, k is the modified Bessel function. .-I is a 
material constant, and 2il is the thickness ot the 
specimen. The function (Hx) in this equation is 
defined to be 

(%x)=a lx ' ,<f , 

Gix\={o af) f < | j r | < f l , 

where « and u are the applied stress and the Iriction 
stress, respectively. « is the half crack length, and 
a i is the length ot the plastic /one. 

It was shown that it c/tended to be very large, this 
integral equation approached the well-known pileup 
equation tor an infinitely thick specimen. In the 
present case, a numerical solution of /(v> was 
obtained, ami physical interpretation ol t\\\ was 
made. 

CHARACTERIZATION OF THE 
VOLUMETRIC METHOD AND THE 

GRAVIMETRIC METHOD OF DISPENSING 
FERTILE PARTICLES 

An experiment was performed to characien/e an 
automatic particle dispensing svstem using volu­
metric ami gravimetric methods tor dispensing a 
given weight ot lertile particles. I he volumetric 
methiul was calibrated to dispense WW r of the 
particles bv volume all at once, whereas the 
grav imetric method discharged a fraction of the total 
number ol particles bv the \o'm metric method, then 
trickled in the remaining particles based on the 
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weight requited Ml *>t the experimental runs were 
made in the -.line afternoon '.Mth the dispenser 
hopper level Idled »ueh tha: the particle level in the 
hopper duf not chanp.- appreciably during the runs 
I'ach experimental run consisted •»! dispensing fertile 
particles bv either i»t the two methods to obtain a 
total net weight. I he performance ol each methinf 
uav based on 20 s i m p 1 ^ run at a low net weight 
|4.25 i;| and 20 -ample* run at a high net weight 
<7.T5 g>. In order to compare the data tor the linal 
net weight- trom the inn gravimetric runs and Irorn 
-the t u n volumetric runs, the tinai weights were 
standardized a- follows: 

standardized final weights = final weights mean . 

I h o c standardized tinal weight- were plotted a-> box 
and whisker plots, which displa-. live values ot the 
data: the two extreme values, the upper and lower 
quartiles. and the median. I he plot lor the high-net-
weight gravimetric method « a - q u i t e ditlerent Irom 
that >>>r the other three runs. I he data Iroin the 
high-net-weight gravimetric method had a much 
larger spread than anv ol the other runs and were 
skewed. I he plots lor the other three runs showed 
boxes of similar si/e with median values verv close 
to zero. I hi- observation indicated that the Sinai 
weights ol the three runs were svinmclncailv distri­
buted about their mean values. 

I he weights o! the particles trickled to obtain 
the linal net weights were plotted against the de­
sired weight in order to examine gravimetric runs 
in more detail. I he distribution ol particle weights 
lor the gravimetric method was skewed about a point 

-Uiw-er than the target value. I he bias pr sent in the 
observations Irom the gravimetric method was due 
to the mabihtv ol the trickier device to add the 
proper amount «»l particles. I' (hcamoum ol particles 
...quired was between 2* and 110 nig. the trickier 
device added a constant amount ol about x4 mg. 
However. I he trick lerdcv ice did not add anv particles 
tor an amount It"^ than 25 mg. Iherelore. the 
addition ol the trickier device in practice did not 
improve on the simpler volumetric method. 

LONG-TERM DRIFT EXPERIMENT 
FOR DISPENSING FUEL PARTICLES 

An cxpcmnerii was conducted to characterise 
ihe long-term behavior ol voliimetucallv dis­
pensed luel particles. \n automatic dispensing 
s w e m was Used to dispense 520 charges ol 

each ot three u p e - ot hie! ;iiatenal itissile. 
tertile. and shtmi at either a iow or high net 
weight. Ihc two ditterent runs tor each ol the 
three fuel materials were •cphcatcd tor a total 
ot 12 experimental runs 

Ihe icpeatabilitv ot each ot tour runs on anv 
one ot the three particle t>pcs was found to be 
tairtv constant. l o r example. :hc ranges ot the 
standard deviations were »l> 4.0 | 4.M tor fissile 
particles, i?) 10.74 14.31 tor fertile parttck-v. 
and t.»> 29.2^ 35.69 for shim particles. There were 
no apparent trends that the standard deviations 
incieased ot decreased trom low-net-weight 
runs to high-net-weight runs. I he standard 
deviations lor the shim particle runs were large 
because lo to 15'. ol the observed shim weights 
were abnormally huge in eacr ol the four shim 
runs. | hese large shim weights were caused 
bv the tendencv ol the shim parades to clump 
in the dispensing nozzle. \ hisfoinam ,.! the 
weight differences |or each o! the tour shim runs 
was examined to eliminate those values which 
appeared to be outliers. Ihe range of the 
standard deviations tor the shim data without 
the outliers was reduced to 12.30 14.47. 

Drills m particle weights were examined as 
a (unction ol the dispensing sequence number. 
1 inear equations l:tted (o the data bv the method 
ol least square* showed a -igr.ilicant slope 
(/ ' 0.05» in X out ol the (2 cases. It the weight 
diltcrenccs increased as estimated bv the 
slopes, the number ol charges needed to reach 
I ' , ot the net weight linm the origin was lound 
to be ;• minimum of 30" charges tor lovv-nct-
weight shim and a maximum ot 45.5SS charges 
tor the lugh-net-weight lertile particles None 
ot the runs went bevond anv practical limits until 
a substantial number ot charges was dispersed. 
I he actual behavior ol the weight differences 

did not mcrersc as a linear (unction ot sequence 
number but varied in a sinusoidal manner and 
showed a slight increase with sequence number. 
Ihe lonu-icrm drill experiment indicated tha: an 

automatic volumetric dispensing s w e m gave 
repeatahle results with little or no drill behavior. 
Ihe drill behavior was small enough that cor­
rections needed to be made onlv alter a large 
number ot particles were dispensed: this was 
accomplished bv using moving average control 
chart plots, I he data tor shim particles shovvd 
that there was ,i need to modilv lite dispensing 
nossle to prevnn shim particle clumping 
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VARIANCE COMPONENTS OF 
COATED MICROSPHERES 

A number ot nuclear tabulation piiK.cx> 
require accurate dispensing ol nuclear material 
in the form «»t coated particles of uranium and 
thorium compounds I «•» example, aecutatc 
aiiiiuints ot . uranium and thorium must be 
dispensed into High-temperature Gas-( iioicd 
Reactor (IIIGR) fuel rods in the tornt ot carbon-
coated microspncics. I he contribution ot each 
component to the total variance id the micro­
sphere ueight was examined theoretically, be­
cause the coatings ot the microspheres as well 
as the uranium and thorium kernels \aried in 
thickness during fabrication. 

I he problem ot linding the contribution of 
each component to the variance ol a micro­
sphere weight was formulated using the follow -
ing assumptions. 

1. I he kernel and its coatings were concentric 
spheres. 

2. I he coating thicknesses were independent ot 
each other and ot the kernel diameter. 

3. I he density o| each type ot coating, the 
kernel density, and the percentage ol ura­
nium (thorium) weight were constants 

4. I he kernel diameter and coating thicknesses 
were normally distributed a.hout their respec­
tive means. 

I his lormulation made it possible to represent 
the expected total weight and the variance ol 
the total weight a-, a sum ol the contributions 
Irom each component. I he derived formulas 
were applied to sample d.ita lor fertile particles, 
which consisted ol thorium kernels with inside 
and outside coatings. I he important result ol 
this theoretical study is that although the kernel 
ol the fertile particle made up more than WK, of 
the expected weight, it comrihuicd less than W, 
ol the total variance of the fertile panicle. Most 
ol the weight variation was d'ie to the coatings. 
Similar results were also lounil !.»r the fissile 
(uranium kernel) particles, (his study demon­
strated that a simple volumetric dispenser 
calibrated to weight, rather than ;t gravimetric 
dispenser, can he used to dispense fissile and 
fertile particles into III OR Inel rods. Although 
the particle weights using the volumetric 

method vaited more man With the gravimetric 
method, the two mcthtKfs produced HMtR fuel 
rit-js with „..mpjrab!e uranium and thorium 
.i-.->a'.v 

C REEP DATA FROM TESTS ON 
STAINLESS STEEL WELDS 

I he collection and analysis ot creep data on 
stainless steel welds for the American Society of 
Mechanical Engineers (ASME) Joint Subgroup 
on Strength of Weld men ts have continued. 
I he scope of the program has been narrowed 
to longitudinal all-weld specimens made Irom 
three filler materials (types 16-8-2. 316. and 30X 
stainless steel) and from two welding processes 
(gas tungsten arc and shielded metal arc). Also, 
only tests with known chemistries and known 
fcrritc content hve been considered. 

I he current effort has been to compare creep 
properties ot welds, rupture life in particular, 
with ASME Code Case N-47 (formerly Code-
Case 1592) minimum- for appropriate base 
materials. When necessary, new mimmums of 
weld creep properties relative to those •»! the 
base mat.-rial have been derived. 

LIFE TESTING OF DISSIMILAR WELDS 

I he Dissimilar Weld I ask Group ot the Metal 
Properties Council has been exploring the 
causes ol unexpected early failures ot dissimilar 
welds. Dissimilar welds are welds used ex­
tensively in boiler manufacture lor connecting 
stainless (ausienitic) steels, suitable lor high-
lemperature service, to less costly lerritic 
steels. 

An earlier survey ol utility experience with 
dissimilar welds has motivated the development 
ol a life-testing program to investigate live 
potentially improved weld joints. I he Tennessee 
Valley Authority, a participating utility, has 
agreed to install spools containing dissimilar 
welds when reconditioning a boiler at the 
Kingston, f ennvsscc. steam plant. 
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STUDY OF FRACTURE TOUGHNESS 
OF IRRADIATED HSST-02 

\ pr.ipo-ai was preparett to »tud> tractiirc 
toughness of irradiated specimens III* from a 
releren-e heat denoted IISSMI2 and from other 
spevitied heats. I he - main purpose of this 
proposal »a" to estimate the number of speci­
fied heats that could be assigned to two of tour 
capsules lused ; for irradiation! and vet provide 
sufficient information ior studying the uppct 
shelf region determined from fracture tough­
ness tests. Ihe remarking two capsules are t«» 
be used to irradiate a subset of the specified 
heats at a highei tiuence and to irradiate 
specimens from reference heat IISST-02. 

An c«jiialii important efloit »a» to establish 
a relationship between the above II fracture 
toughness, results and chatpv. impae; results, 
Sivtv charpv specimens accompanying each 
capsule are to be used to provide a one-to-one 
correspondence with the II fracture toughness 
specimens, with the remaining slots in the 
capsule for tensile spv.-cinii.iis and precracked 
charpv specimens 

With M) test specimens pet capsule i 40 in 
the "design" Ifuence region. --20 in the low 
tluence region), eight heats (four per capsule) 
will be studied. Ihe assignment of specimens 
to capsule location and test temperature «it* 
be made when specific heats have ficen 
identified. 

http://spv.-cinii.iis


Part C. Educational Activities 

t = t * 

The Mathematics and Statistics Research Depaitment (MSRI)) is involved in several educational 
activities ot a professional and academic nature. "I his year the department was a co-sponsor of a symposium 
on sparse matrix compulations. Members of the department presented short courses for the University of 

-•'••-''•_ > California: participated in the In-House Training Program: organized seminar scries: served as part-time 
as^«« 

*-tr'"-~ 

_ 'university lecturers, thesis advisors for doctoral candidates, and supervisors fur students in the Oak Ridge 
~**%̂ §f*3sr * Associated .Universities WRAIJ) Summer Student Program and the ORAlXircat Lakes Colleges 
- ^?-f*5; Association (GLCA) Program: gave seminars under the sponsorship of the OR AU Traveling Lecture 

: , Program: and worked with visiting researchers and academicians. 

SYMPOSIUM ON SPARSE MATRIX COMPUTATIONS 

. This symposium was held at the Hyatt Regency Hotel in KnoxviHc. Tennessee. November 2-3. 1978. 
immediately follovvi;ig the Society for Industrial and Applied Mathematics (SIAM) I97K I ill Meeting. 
Jointly NDonsorcd by the U.S. Army Research Office, ihe Office of Nasal Research. SIAM. and VISRI). the 
meeting was organi/td by a committee of nine rescarchci*. including R. C". Ward of MSRI). with I). J. Rose 
of Vanderbilt University as chairman. There were 190 participants, including several from outside the United 
States. 

The purpose of the symposium was to bring together researchers in applied numerical analysis and 
computer .-.cience wiih applied scientists and engineers involved in problem formulation and modeling and to 
critically examine progress in sparse matrix technology relative to application areas. The program consisted 
of four half-day sessions, each of which began with an invited talk by a senior and experienced rcNcarehcr in 
an application area. There were a total of 15 presentations covering such topics as medical image processing, 
structural engineering, operations research, chemical engineering, quantum mechanics, sparse matrix 
software, and multiprocessor networks of low-cost hardwire devices. Proceedings will he published r»\ 
SIAM. 

DEPARTMENT OPEN HOUSE 

On December 6, 1978. MSRD held its second annual "Open House" to inform the Oak Ridge area 
technical community of our range of activities. Poster session-type displays were exhibited, and staff 
members were available for individual discussions. Visitors included representatives of management and staff 
members from the Computer Sciences Division. ORNL. the Oak Ridge Gaseous Diffusion Plant, the Oak 
Ridge Y-12 plant, and the University of Tennessee. Professor IX S. Robson of Cornell University was 
specially invited to critique (he work of the MSRI) staff. 
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UNIVERSITY OF CALIFORNIA SHORT COURSES 

I. J. Mitchell was an instructor in two short courses on "Applied Regression Analysis" sponsored by the 
Enginecrii.g Extension Departments of the I'niversity ol California at l.os Angeles and the \ niversity ol 
California at Santa Barbara during the weeks of October 9-13. I97X. and Eebruary 26 March 2. 197V. 
respectively. 

IN-HOUSE EDUCATION PROGRAMS 

Two statistics courses were ofercd during this reporting period as part of the OR NT. In-House 
Continuing Education Program. C. K. Bayne. J. J. BcauChamp. and T. J. Mitchell taught a new 11-week 
practical statistics course. This course, a continuation of the Practical Statistics I course, covered (!) analysis 
ol variance. (2) regression analysis, and (3) design of experiments. The course, which was given during the 
fall quarter, had an enrollment of 19 students. The Practical Statistics i course, taught by J. J. Kcauchamp 
and I . J . Mitchell, was offered in the spring quarter for the fourth time and had an enrollment of 2(1 
students. 

SEMINAR SERIES 

I". V. Miller. Jr.. and V. R. R. I ppuluri coordinated the continuing department seminar series. I'hese 
seminars are intended to acquaint Ihc MSRf) staff with each other's work and to encourage interaction. 
Occasional outside speakers arc also invited to inform us about research in progress at OR NT. and at other 
facilities. The speakers* names and the titles of their talks are listed at the end ol this section. 

R. C. Ward of MSRD and R. J. Plemmons of the Mathematics Department of the I niveisiiv ol 
Tennessee organized a weekly seminar scries on malm methods in numerical analysis. This scries, held in 
Oak Ridge, began in January and continued into March. I he speakers* names and the titles ol their talks art-
given at the end cAr this section. 

ORAU TRAVELING LECTURERS 

Two department members. V. E. Kane and \. D. Solomon, participated in the OR At I raveling 
Lecture.Program'(his year. The titles of their talks are given at the end of this section. 

VISITING RESEARCHERS 

Several researchers visited the department during this reporting period. 
Dr. lain S. Dull of the Atomic Energy Research Establishment. Harwell. England, visited the 

department for a few days in early November. He presented two seminars on topics involving sparse matrix 
software and discussed potential research problems with application in the area of sparse matrices. 

Professor Jay Eolkert. Hope College. Holland. Michigan, visited the department during the lall and 
collaborated on research in the mullivariate-multipopulalion classification project on the effect ol the 
logarithmic transformation on the probability of misclassification. 

Professor Gene H. Golub of the Computer Science Department ol Stanford I 'Diversity visited VfSRf) 
for several days in December I97S. He consulted with MSRD stall members on their research and with 
members of the Computing Applications Department. Computer Sciences Division, and ORM.'s 
Environmental Sciences Division on their numeiieal problems. 

Professor Ignacy I. Kotlarski ol the Mathematical Sciences Department of Oklahoma State Cniversity 
joined the department as an OR AT faculty research participant on June 4. 1979. He worked with several 
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staff members on problems invoking probability theory and presented a series ot >cminar> on 
characterization problems in probability and statistics. 

Professor Beresford \ . Parlett of the Malhmatics Department o! the I'nivcrsity ol California at 
Berkeley visited the department for over a week in late July I97X. He consulted with stall .nembers and 
others on numerical linear algebra problems and participated in discussions on the lormulation ot a 
department research project on sparse matrices. 

Professor S. A. Patil. Mathematics Department. Tennessee technological I nivcrsity. visited with 
V. R. R. I ppulun perividicalK from October 197S through June 1979 on an S-contract with OR AC. I he two 
researchers worked on problems associated wit' the estimation of energy resources and nuclear safety. 

Professor D. S. Robson. Biometrics I'nil. Cornell I'niversity. visited the department twice to conduct 
rcscaich for the muitivariau-mukipopuIatitMi project. 

Professor X. Shamsundar of the Iniversity ol Houston was the guest of MSRD for two months and 
worked with A. D. Solomon and D. (i. Wilson on moving boundary problems. In addition to giving several 
seminar talks on mis topic, he took part in work on multidimensional phase-change modeling and finite 
element methods for heat transfer problems. 

Professor I.. R. Shenton of the Statistics Department of the Iniversity of Georgia visited with K. O. 
Bowman in March 1979. They arc continuing 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 tX"partmenl ol Mathematical Science «f 
Memphis State Inivcrsity. was an employee of the department from May IX to August IX. 1978. and for one 
week in March 1979. He conducted research on the multivariate-miiltipoptilation project and on the 
distribution of the number of mutants in an assay lor mutagens. He began a second three months ol 
employment with the department on May II. 1979. and will work on similar problems. I his research i> 
summarized in Pan A ol this report. 

Professor W; A. Thompson. Jr.. Department ol Statistics. Inivcrsity of Missouri at Columbia, was 
employed by the department from September 15. I97X. to May 31. 1979. He coiiahorated with stall members 
on the minlel validation, mullivariatc-multipopulation. and risk analyst research projects. His research is 
summarized in Part A of this report. 

Professor B. W, Iurnhull ol Cornell I'niversity made several visii> to MSRD during this reporting 
period in connection with his role as a consultant to MSRD stall members in the area of analysis of data 
from survival sacrifice experiments. The related collaborative research ol Professor lurnbull with I.J. 
Mitchell is summarized in Part A of this report. 

Professor J. A. Wcnzcl. Mathematics Department. Albion College, visited R. F. I underlie during 
March 1979 to help complete a report1 on the use of ordinary differential equation software. I his report was 
taken from lectures he gave through the Technical Continuous Education Program while he was supported 
by ORAL Cil.CA. 

Professor Wilhclm (i. Wolfcr of the Xudcar F.ngincering Department of the I nivcrsity of Wisconsin 
vbiicd MSRD for a few days in April 1979, He discussed research problems with department members 
associated with the materials science and moving boundary research projects. In addition, he participated in 
discussions with staff members of both MSRD and ORXI.\ Solid State Division on problems of mutual 
interest. 

I .1. \ W c n / c l .mil R I I i ind ir l i i . "I istiiri' \<>lis on ( J n l i n . m D i l l c n tin.>! I iiu.ituMi Suttw.nt- ." I ><>'< d n i i > /,.• *»/ •/ 
Kkt-f!. (,I.M<. tm.l I I'ISOhl.UKV CM) I VI M I lurx IT<»i 
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SUPERVISION OF STUDENTS 

MSRD regularly has students working with and tor department members under the sponsorship ot the 
(il.CA and ORAU Student Researeh Participation Programs, as ORAU Ciraduate I cliows. and as summer 
employees. 

Jacqueline L. A. Kent, an ORAI graduate fellow troni North Carolina Stale I nivcrsitv at Raleigh, 
completed the requirements tor the Ph.D. in statistics. I he MSRI) members ol her examination committee 
were I I . Miller. Jr.. and V. R. R. I'ppuluri. 

John P. Klein, a Ph.D. candidate at the University ot Missouri, spent the summer ot I9?X with MSRD 
continuing his work ol the previous summer on the analysis ot survival data from a large low-level radiation 
experiment. 

Mark Jaeger, a graduate student in the Department ot Statistics. University ot Chicago, was an 
employee ot the department during the summer of I97X. assisting with collaborative and research projects. 

Michael Weinstein. a graduate student in mathematics at New York University, supported the research 
and consulting activities of S.-J. Chang and A. D. Solomon in phase-change modeling with applications to 
problems of metal castings. In addition, he participated in consulting activities for the Metals and Ceramics 
Division. 

Ruth A. Lewis, a graduate student from the University of Tennessee. Knoxwile. worked on updating the 
Householder KWIC Index on numerical linear algebra during the summer of 1979. 

Two undergraduate students worked as ORAI' student research participants during the summer of 
197X. They are Donald R. Johns from Vant'-rbill University. Nashville. Tennessee, and Rachel M. llarter 
trom Wittenberg University. Springtield. Ohio. Mr. Johns supported the work of A. I J. Solomon in 
cryosurgical modeling. His principal contribution was a literature search of thermal properties ot tissues, and 
he also did basic work in the development ot a three-dimensional cryosurgical code. Ms. Hatter was involved 
with projects for both ('. K. Bayne and V. R. R. I ppuluri. She worked on the estimation ol misclassification 
probabilities for Hsher"s quadratic discriminant function using Pearson's system of curves and also on 
numerical algorithms and computations involving multivariate hypcrgcomctric and multinomial distribution. 

Two more undergraduate students who worked as ORAU student research participants during the 
summer ot 1979 are Sheryl A. Haw from Nicholls Stale University, fhibodaux. Louisiana, and Ronald H. 
Morgan from I urman University. (ir«renville. South Carolina. Ms. Haw worked under the direction of R. f•". 
i-iinderlic. while Mr. Morgan worked under the direction of S.-J. Chang. 

Three (il .CA students worked with VISRD staff members during the lal! term of I97X. They are 
Carolyn Iwans from DcPauw University, (ireencastle. Indiana, who worked for V. I.. Kane on the Uranium 
Resource [valuation Project: A. William (ieise from Lawrence College. Appleton. Wisconsin, who worked 
on solving sparse symmetric sets of linear equations using the l.antvos algorithm under the direction of D. S. 
Scott; and Cynthia Ross from Ohio Wesleyan University. Delaware. Ohio. who. continuing the work of 
Donald Johns under the direction of A. D. Solomon, prepared a computer program lor the 
three-dimensional simulation of a cryosurgical procedure. The program is highly interactive and is to be 
developed further. 
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LIST OF CONSL LTANTS 

t». II. Golub. Stanford Iniversitv 
C\ S. I.ever. Oak Ridge, lenno^ee 
I>. S. Robson. Cornet! I Diversity 
I). I.. Solomon. Cornell I'niversity 
B. W. lurnhull. Cornell I'niversity 
\V. (i. \\niter. I niversity ot Wisconsin 

UT-MSRD SEMINARS ON MATRIX METHODS IX NUMERICAL ANALYSIS 

VI_T. Her*.th. Computer Sciences !)<vi>«>n. i'CC-NI). \ !a i i i \ Fucioii/atioiis in Optimization." January 11. 
1979 

I). S. Scott. Computer Sciences Division. I'CC-M). "Survey ot the l.anczos Algorithms." January IS. 1979 

S. M. Serbin. Mathematics Department. I T . "Application of the Precondition Conjugate Gradient Method 
to Time-Stepping Procedures." January 25. 1979 

P - G. Wilson. Computer Sciences Division. LCC-ND. "Nonnegative Matrix Factorization. A = X X r . for 
Nonnegative. Symmetric. Positive Semidefinite A." February I. 1979 

R. J. Piemmons. Mathematics Department. I T . "Adjustment by I east Squares in Geodesy Ising Block 
SOR and Chebyshev Semi-Iterative Methods." February X. 1979 

D. J. Downing.. Computer Sciences Division. I CC-Nl). "Kalman Filtering and least Squares: A 
Comparison." February 15. 1979 

K. F. Cline. Matherritics Department. I I. "Extensions of the Hurt-Waid (ienerali/ed Inverse tor Integral 
Matrices." February 22. 1979 

R. C. Ward. Computer Sciences Division. I'CC-ND. "Scaling the Genciali/ed Figenvalue Problem." March 
I. 1979 

B. W. Rust. Computer Sciences Division. I.'CC-ND. "Solution of Ill-Conditioned Systems." March 8. 1979 

W. D. Cain, Engineering Division. CCC-NI). "An Analysis ot the Simplex Search Method tor local 
Minimization of Piece-Wise Continuous Functions ol n Variables." March 15. 1979 

ORAU TRAVELING LECTURE PRESENTATIONS 

V. F. Kane. "Some Topics in Cluster Analysis." Texas A&M I niversity. College Station. October 2. 197s 

V. F. Kane. "Data Analysis in the I ranium Resources (valuation Program." I niversity of South Carolina. 
Columbia. April 26. 1979 

A. D. Solomon. "Topics in Applied Mathematics." Fast Tennessee Slate ( nivcrsity. Johnson City. 
November Jo. I97X 

A. I). Solomon, "Numerical Analysis on Your Pocket Programmable Calculator." I'niversity of Puerto Rico 
at Mayaguez. April 4. 1979: I niversity of Puerto Rico at San Juan. April 4. 1979 

A. I). Solomon. "On Plateau's Problem." I niversity of Puerto Rico at San Juan. April 5. 1979 

A. I). Solomon. "On Thermal Energy Storage." Institute lor Fnergy Analysis. San Piedros. Puerto Rico. 
April 5. 1979 
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MSRD DEPARTMENT SEMINARS 

.V Shamsunder. University of Houston. "Multidimensional Solidification Problems. Engineering Appli­
cations." Juh 12. 1*>7H 

J. Neuberger. North lexas Slate University. "A Numerical technique for Nonlinear Partial IJilfcrentis' 
Equations Representing Conservation Laws. -July 26. I97X 

B. N". Parlett. University of California. Berkeley. "The Computation of a lew Eigenvalues of large Sparse 
Symmetric Matrices or f ioodbye Suhspacc Iteration." August 2. I97X 

R-. E. Funderlic. "Numerical Software and Services." August 9. 1978 

M- T. Heath. Computing Applications iJcparimcnt. "The Core Library ol Numerical Software." August III. 
1978 

MSRD Summer Graduate Students (Project Reports. August 11. I97X): 
J. P. Klein. University of Missouri. "Baycsian .Analysis of Sun ival Experiments" , 
M. Jaeger. University of Chicago. "Eish and the Behrcns-Fisher Problem" 

ORAU Summer Research Participants (Project Reports. August 23 I97X): 
R. M. Haner. "Computer Programming of Misdassification Probabilities and the Hypergeometric 

Distribution" G -- ~ . 
D. U. Johns. "Ihrec-Dimcnsional Computer Modelling of the Cryosurgical Technique" 

J. E. A. Kent. ORAU Fellow. "An Optimal Selection Procedure for Comparing Five "I ime-to-Failurc 
c Models." September 13. 1978 

D. G. Gosslee. "The Art in the Art and Science of the Way in Which Statisticians and Mathematicians 
Consult and Collaborate with Other Scientists." September 27. 1978 

E. N. Williams, Information Division, and R. I). McCulloch., Computing Applications IX-partmcn'. 
"Computerized Publications Processing at UCC-ND Present and Future." October II. 1978 

D. B. Rcistcr. Institute for Energy Analysis. "Energy IX-mand Modeling." October 25. 1978 

I. Duff. Atomic Energy Research Fstablishment. Harwell. England. "A Survey of Sparse Matrix 
Techniques." November 6. 1978 

I. Duff. Atomic Energy Research Establishment Harwell. England. "A Comparison of techniques Used in 
the Solution of Sparse Linear Systems." November 7. 1978 

R. D. Rannic. Systems and Administrative Support. "Everything You Ever Wanted • Know About Your 
Opciating System but Were Afraid to Ask." November 8. 1978 

E. C. Hisc. Engineering Technology. "Magnetic Bcneficiation of Dry Pulverised Coal (A Useful Black Art)." 
November 29. 1978 

W. A. Thompson. Jr.. "Reliability Models for Repairable Systems." December 13. 1978 

D. 0 . Wilson. "Nonnegativc Factorization of Symmetric. Positive Scmidefinite. Nonncgativc Matrices." 
January 10. 1979 

L. J. Gray. "Nonncgativc Factorisation of Symmetric. Positive Scmidetinitc. Nonnegativc Matrices: V 4." 
January 24. 1979 

C. K. Baync. "Modeling Delayed Nculron Nondestructive Assay Techniques." February 28. 1979 

V. E. Kane. "Some Statistical Considerations in Validating Data." March 21. 1979 
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K. O. Bon nun. "Approximation of Distributions with Application* to I nergv Problem*." April 14. 19^9 

A. 1) Solomon. "On the Stefan Problem with a Convection Boundary Condition ~ April 2*. I9T9 

. A. R. Zin*mci*ter. Graduate Student at Florida State t niver>it>. "Markov Independent Particic Svstenis." 
Mav 2. 1979 

W. A. Thompson. Jr.. "On the D«»*c-Re*pon»c Sv*tem>..~ Mav 16. I«*?9 

R. II. Barlow. ITorida State University, "Accelerated lite testing and Information." May IS. 1979 

I. i. Kotlarski. OR AC Faculty Research Participant. "Cnaractcri/ation Problem* in Probabilitv and 
Statistic*." June 8. 15. 22. rod 29. 1979 

G 
S. \. McGuire. Kansas State University. "Discrimination I'sing Multivariate Bernoulli Random Variables 

with Application* in Physical Anthropology." June II. 1979 

G. E. I.iepins. Energy Division. "The Field* to Impute Problem of Automated Data Editing." June 20. 1979 

v 
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Part D. Presentations of Research Results 

Publications 

BOOKS AND PROCEEDINGS 

C. K. Baync. J. J. Beauchamp. C. I.. Begovich.' and V. E. Kane. 'Monte Carlo Comparisons of Selected 
£ £ * Clustering Procedures."" pp. 297-301 in Proceedings of the Statistical Computing Section. American 
'$*%£' Statistical Association. Washington, D.C.. 1978. 

K. O. Bowman. iling-Kam Ccva Lam. : and l„ R. Shemon.J Characteristics of Moment Series for Student's 
I and Other Statistics in Nonnormal Sampling."* pp. 206-11 in Proceedings of the Statistical Computing 

- Section. American Statistical Association. Washington. D.C.. 1978. 

K. O. Bowman and L. R. Shenion.1 "Coefficient of Variation on Sampling from a Gamma Universe." pp. 
DI-I9-DI-24 in Proceedings of the International Conference on Quality Control. Union of Japanese 
Scientists and Engineers. Tokyo. Japan. 1978. 

K. O. Bowman and I.. R. Shenton. "Approximation to Distribution-*." contribution to Kncychtpeilia of 
Statistical Sciences, cd. by S. Kot/and N. I.. Johnson. John Wiley & Sons. Inc.. to be published. 

S.-J. Chang. "A Creep-Recovery Constitutive Equation and its Time-Independent Limit." pp. 497-508 in 
iievelopnten.s in Theoretical and Applied Mechanics, vol. 9. ed. by R. M. Hackctt. Vandcrbilt 
University. Nashville. Tenn.. 1978. 

S.-J. Chang and S. K. Iskandcr.' "Finite Element Method Based on the Creep-Recovery Constitutive 
Equation." p. 264 in Proceedings of the Second International Conference on Computational Methotls in 
Sonlinear Mechanics. University of Texas. Austin. Tex.. 1979. 

W. M. Gcncroso.4 K. T. Cain.4 S. W. Huff.4 and D. G. Gosslee. "Heritable Translocation Test in Mice." 
Chap. 3 in Chemical Mutagens Principles and Methods for Their Detection, vol. V.. ed. by A. 
Hollaendcr a„J F. J. deSerres. Plenum Press. New York. 1978. 

W. M. Gcncroso,* K. T. Cain,4 S. W. Huff,4 and D. G. Gosslec. "Inducibility by Chemical Mutagens of 
Heritable Translocations in Male and Female Germ Cells of Mice." Chap. 6 in Advances in Mixlem 
Toxicology, vol. V„ ed. by W. G. Flamm and M. A. Mehlman. Hemisphere Publishing Corp.. 
Washington. D.C.. 1978. 

1. Computing Application* Department. 
2. fnrdham ( nivcrsity. 
.V I'mvcrMiy ot(»emji» 
4. Biology Division. 
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I*. («. (irocr. R. J. M. fry.* M. I-. Moeschbcrger." and V. R R. I ppulun ll.ds.i. /V»«e»Jin?> >-t 
a H V»rA »/»»>/» i'n l.nvtnmmental Hmltigual Hazards and (nnipeiing Riik\. Pergamon P r o s . \ e « 
York. 1979 

M. Sobcl. V. R. R I ppulun. and K. I rankou^ki. ' hw>tiipU-ic IttriihL-t htte?ral\ Ixfu- II '.S»7<-< /«•</ 
1ahle\ in Maihematual Siati\l«\). to he submitted. 

A. I>. Solomon. '"Meat transfer in a PCM-Filled Wall." Pnm-edims <>f tlw C•mtereiue <m Si\tcrn\ 
Snnulatmn ami l.n>n<>mn Anatwis fur Solar /feaunt* anil (>><'/ins;. San Dic}.'i>. Calif.. IV~.V 

A. I) . Solomon. "On Modeling tor Moving Boundary Problems." MV»r/si/;».;> >>n Snlar tlnergi Sr»>ra^f. 
Department of Chemical l.ngii.cering. I'anjah I'nivcrsil}. Chandigarh. India, to he published. 

JOURNAL ARTICLES 

K. M. Anderson. M.Sohcl. and V. R. R. I. ppuluri. "ll\perceomelric and Multinomial Wait ins l imes." COM. J. 
Stui.. to be submitted. 

C. K. Baync. J . J. Keauchamp. C. I.. Begovich.1 and V. II. Kane. "Monte Carlo Comparison of Selected 
Clustering Procedures." Pattern Recngniiitm. submitted. 

J r J. Hcauchamp. J. I., holkert.'" and I) . S. Rebson. 1 1 "A Note on the Effect of logarithmic Transformation 
on the Probability of Misclassification." Cnmmun. Stat.. Tluttry Metlunh. submitted. 

J . I. Beauchamp. C". S. Ciehrs.'" and I). A. Wolf. "Statistical lvaluation ol I actors Affecting Reproduction 
Within a C;tlanoid Copepod Population." Kcalttgy. submitted. 

A. Herman." R. S. Varya.'* and R. C. Ward. "ALPS: Matrices with Nonpositive Off-Diagonal I n lne s . " 
J. linear Algebra Its Appl. 21. 233-44 (I97X>. 

A. Herman" and R. C. Ward. "ALPS: Classes of Stable and Semiposime Matrices. "J. Linear Algebra Its 
Appl. 21. 163-74 (1978). 

K. C). Bowman. "Statistical Research in Japan." ()\R Taky« Sd. Bull. 3. 63 74 <I97X>. 

K. C). Bowman. II. K. l a m . ' and I.. R. Shcnton. ' "Moments of the Ratio Mean Deviation Standard 
Deviation under N'onnormality A New Look." Hep. Stat. Appl. Res.. I 'nion ol Japanese Scientists 
and Engineers, submitted. 

K. O. Bowman and I.. R. Shenton. '"Approximate Percentage Points lor Pearson Distribution." Riimietrika 
66,147-51 (1979). 

K. () . Bowman and I.. R. Shcnton. ' "Further Approximate Pearson Percentage Points and Cnrnish-lisher." 
Commun. Stai.. Simula/ion Comput. B8(3). 231-44 »I979). 

5. Institute for F.ncrgy Analysis. Oak Ridge AMi*ia'c<l Iniuvsihcv 
6. I'nivcrMiy of Missouri at Columbia. 
7. University ol California at Santa Barbara. 
h. University of Minnesota. 
9. Stanford Iniversitv. 

10. Hope College. 
11. Cornell University. 
12. Environmental Sciences Division 
I.V lechnion-Urael Institute of fcchnology. Israel. 
14. Kent State University. 
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I.. J. Gray ami 1. Kaplan. " "Spectral I unctions ol Disordered Alloys." Phi>. Rev. li I7|I2). 4607 I3('9~M. 

,L. J. Gray. I. Kaplan.'" and R. P. Hcmenger.'* "Theoretical Optical Spectra tor large Aggregates ot 
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I„ J. Gray and 1. Kaplan.'' "A Comment on Disordered Systems."/ Plns.C. submitted. 

L. J. Gray and D. G. Wilson. "Xonncgative Factorization of Positive Semidcftniic. Nonnegative Matrices." 
J. Linear Afaehra Its Appl.. submitted. 

T. I.. Hebblc and G. VI. Goodwin.'* "American Welding Society Vlembership Survey." ll'cW../.. submitted. 

VI. D. Hogan." P. Y. Chi."" I), G. Hocl." and I. .1. Mitchell. "Association Between Chlorotorm levels in 
Finished Drinking Water Supplies and Various Site-Specific Cancer Mortality Rates." J. Iminm. 
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in Brook I rout <Sa/velmu> foiuinalis): Absence ol an in vivo Mcthylating Process." Trans. Am. I'isft. 
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Oral Presentations 

C K. Bayne and I*. Angcltpi.' "Volumetric and Gravimetric Dispensing ol Euel Particles." presented at th-.-
81st Annual Meeting ot the American Ceramic Si>cicty. Cincinnati. Ohio. May I. 1979. 

C. K. Baync. J. J.cKcauchamp. C. I.. Bcgovich.' and V. E. Kane. ""Monte Carlo Comparison ot S ,-cted 
Clustering Procedures." presented at the LiXth Annual Meeting of the American Statistical As-x'Rtion. 
San. Diego. Calif. Aug 17. 197*. and a: the !97* SIAM Fa!! Meeting and Symposium on Sparse 
Matrix Computations. Know ifle. lenn.. Oct. 30. 1978. 

C. K. Baync and S. R. McNeany." "Modeling !>elayed-\eutron Nondestructive Assay Techniques." 
presented at the Fifth Union Carbide Corporation Applied Math Symposium. Parma, (jnio. May 9. 
1979. 

C. L. ftrgovkh1 and V'. E. Kane. "Results Using an Improved Probabilistic- Method for Grouping Data." 
presented at the Classification Society Meeting. Gainesville, Ha.. Apr. 8-10. [979. 

K. O. Bowman. "Approximation of Distributions." presented to the Union of Japanese Scientists and 
Engineers. Tokyo. Japan. Oct. 24. I97JS. and at the Department of Mathematics. China I nivcrsity. 
Chiba. Japan. Oct. 25. 1978 

K. O. Bowman. "Approximate Percentage Points for Pearson Distribution." presentee! at the Institute ol 
Statistical Mathematics. Tokyo. Japan. Oct. 26. I97K. and at the Department of Mathematics. Isukuba 
University. Ibaragi. Japan. Oct 27. I97X. 

K. O. Bowman, H. K, lam." and I.. R. Shcnton.' "Characteristics ot Moment Series tor Student's i and 
Other Statistics in Nonnormal Sampling." presented at the joint meeting of the American Statistical 
Association, the Institute of Mathematical Statistics, and the Biomcinc Society. San Diego. Calif.. Aug. 
14 17. I97K. 

K. O. Bowman and I.. R. Shcnton.' "Coefficient of Variation on Sampling from a Gamma Univeise." 
presented at the International Conference on Quality Control. Tokyo. Japan. Oct. 17 20. 197X. 

S.-.I. Chang and S. K. Iskander.1 "finite Element Method Based on the Creep-Recovery Constitutive 
Equation." presented at the Second International Conference on Computational Methods in Nonlinear 
Mechanics. University of lexas. Austin, lex.. Mar. 26 29. 1979. 

P. M. Di/ilIo-Benoit. "An Overview ol the Data Editing Project and Data Editing Methodology with 
Applications to the EPC Eorm-4 System." presented at the Data Editing Overview for the Energy 
Information Administration. Washington. D.C.. Ecb. 21. 1979. 

D. Ci. Gosslce. "Statistical Applications in Biological Research." presented to the Department of 
Mathematics. Memphis State University. Memphis. Icnn.. lX-c. I. I97X. 

L. J. Gray and T. Kaplan.1* "Spectral Functions of Disordered Alloys." presented at the I9"?X SIAM Fall 
National Meeting Poster Session. Knoxville. lean.. Oct. .VfN'm, I. I97X. 

M. T. Heath' and R. E. Fundcrlic, "The Organization of Our Numerical Software Library." presented at the 
I97X SIAM Fall National Meeting. Knoxvillc. Tcnn.. Oct. .10. I97H. 

H. Album College. 



I. I Hchbie. '"< >eep Propel ties •»! Stainless Steel Welds." presents s> the ASM I Join: SuN.«vnintsttce on 
PropeMse^ .»; Wddments. Vw York. \ V. Oct Mi. I9~N. -

'!. I . liebble. "Current Status ol \- ik>!\ oi Weld Creep Data." presented to the ASM! Pressure Vessel and 
Piping Division. Committee on Materials ami I abric.inon. Oak Ridge, lenn.. I eb?25. N~9. . 

I. I.. Hebble. "I ilc '-sung und Dissimilar Welds." presented to the M i l ' Dissimilar Weld la>k Ciroup. 
Atlanta, da Mar. S. I9~9. "- . _ T 

I. I . Hcbbie. O n the Collection and Analysis of Welds Creep Data." presented to the I ngineermg 
. Iccluioioot i> , V I M , , n Oak Ridge \'a»«orM» laboratory. Oak Ridge. Tenn..VJa> ". I 0 -"* r 

V. E. Kane. "An Overview of the Data Editing Project"and "Data Editing Methodology with Applications 
r 10 the IPC I orm-4 System." presen'eJ at the .Data Editing Overview foi the Energy Information 

Administration. Washington. D C leh. 21. 197V. 

ftV\ E. Kane. "Ihe l.'se ot Statistics in Regional Cieochemisirv." presented al the Arr.tud South Carolina 
• •Ov* • • • . l 

.€-£. American Statistical Association Meciihc. Columbia. S.C.. Apr. 2". I979. 
ctfcg? "" '!„ ' 

"" "SIJKW- Eowe. Jr.. "On the Role ol Modclmer in Data Validation.^" presented as nun of OKNI \ review of the 
'- •fsjl ' ~ ' -•-" 

O ^ ' ^ W . Data Validation Program. C);»k Ridge, lenn.. Noi. 6. I97X. " sP* 
" ' •w. 'J , Mitchell, "l.og-l.inear Models in the Analysis of Disease Prevalence Data from Survival Sacrifice <-
'-"'%. Expersmenls."' presented a: the Department >>t Statistics. In.vusity id Missouri O'luinhia. Mo.. I en. 

"i 26. I979. and at the Department ot Statistics. Colorado State Lniversity. Eo i Collins. Colo.. Apr. .*. 
I979. 

"I. J. Mitchell and C. K. Bayne. "//-Optimal fractions of Three-level Eactorial Designs." presented at the ._ 
joint meeting ot the American Statistical'Association, the Institute oi Mathematical Statistics, and the 
Hu>mctric Society. San Diego. Calif.. Aug. I4--I7. I97X. 

B.N. Parktl" and I) S. Scott. "Ihe I anc/os Algorithm with Selective Orihogonali/alio-i." presented at the 
Symposium on I uture I rends in Computerized Structural Analysis and Synthesis. Washington. D.C.. 
Oct. ;0-Nov. I. I97K. 

IX S. Scott. "Ihe I .anc/os Algorithm with Selective Orthogonali/ation." presented at the • 'ni versify of 
Tennessee. Knowillc. lenn.. Aug. 10. I97iv 

D. S. Scott. " I he I anc/os Algorithm lor large Sparse Symmetric Eigenvalue Problems." presented at the 
Jet Propulsion laboratory. Pasadena. ('alii.. Apr. 26. 1979. at the I niversity ot California. I os 
Angeles, (aid.. Apr. 27. 1979: and at Stanford Iniversity. Stanford. Calif.. Apr. Mi. 1979. 

D. S. Scott. "I anc/os Algorithm Software." piesented at lite Numerical Analysis Special Interest Ciroup 
Meeting. I.ivermore. (....I.. May I 2. 1979. 

D. S. Scott. "A Block l.anc/os Algorithm with Selective Orthogonali/atioti," presented at the SIAM Spring 
Meeting. Toronto. Canada. June II 13. 1979. 

A. D. Solomon. "Mathematical Aspects of Energy Storage Problems." presented at the 197s SIAM faU 
National Meeting. Knoxville. lenn. Oct. .10 Nov. I. I97X. 

A. D. Solomon. "Mathematical Aspects ol latent Heat Thermal Energy Storage." pusented at the Institute 
for Energy Conversion. Cnivcrsity ot Delaware. Newark. Del.. Nov. X. I97X. 

A. D. Solomon, "lopics in Applied Mathematics." presented at last lennessee State I 'nivcrvity. .Johnson 
Citv. Tenn.. Jan. 17. 1979. 
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A. I). Solomon. "Numerical Methods on Your Pocket Programmable Calculator." presented at the 
University ot Ieunessee. Chattanooga, lenn.. Apr. 17. 1979. 

A. I). Solomon. "Heat Iranster in a PCM-Lillcd Wall." presented at the Conterencc on Sy'.tem Simulation 
and Economic Analysis lor Solar Heat and t noting. San Diego. Cal:'.. June 2X. 1979. 

B. W. Turnbiill'1 and I. J. Mitchell. "Recent Developments in the Analysis of Disease Prevalence Data trom 
Survival Sacrifice Experiments." presented at the joint meeting ol the American S'.;»tistical Ass«»ciaiion. 
the Institute ol Mathematical Statistics (Central Region), and the Biometnc Society (Eastern Vorth 
American Region). New ̂ Orleans. I.a„ Apr. X-II. 1979. 

V. R. R. Uppuluri. "Mathematics and Statistics at a Modern Research Laboratory." presented at Last. 
Tennessee State University. Johnson City. 'lenn.. I eb. 14. 1979. 

V. R. R. L'ppuluri. "Unstructured IVcision Problems: Saaty's Method and Logarithmic Least Squares 
Approach." presented at an activity of the Boston Chapter ol the American Statistical Association. 
Kingston. R.I.. Mar. 15. 1979. 

V. R. R. Uppuluri."Iheory and Applications of Random Recursive Schemes.'* presented at the University d',~ 
Rhode Island, Kingston. R.I.. Mar. In. 1979. 

V. R. R. Uppuluri. "Risk Analysis and Fault Tree Methods." presented at Western Kentucky University. 
Bowling Un'cn. Ky.. Apr. 27. 1979. 

V. R. R. Uppuluri and C. W. Holland.2" "Application of Saaty's Method to Managerial Selection." 
presented at the lifth Union Carbide Corporation Applied Math Svmpo>ium. Parma. Ohio. May X. 
1979. 

V. R. R. Uppuluri and S. A. PatiI.H "Sampling Proportional to Random Si/e." presented at thr joint 
meeting of the American Statistical Association, the Institu'e ol Mathematical Statistics, and the 
Biorhetric Society, San Diego, Calif.. Aug. 14-17. I97X. 

D. G. Wilson. "Solution of x - fix) by Steffensen Iteration when / Is Decreasing." presented at the I itth 
Union Carbide Corporation Applied Math Symposium. Parma. Ohio. May 9. 1979. 

35. Tennessee Technological t mvefsiiy 



Part E. Professional Activities 

Members ot the Mathematics and Statistics Research Department participate in several activities in support 
ol their professions. Some of their contributions are outlined below.. 

C. K. Bayne 

Member: 

Instructor: 

J. J. Beauehamp 

Instructor: 

Coordinator and Instructor. 

Representative: 

K. O. How man 

Member: 

Associate i.difor: 

Reviewer: 

Chairman: 

Organizer: 

Contributing Editor: 

Member: 

S.-.l. Chang 

Reviewer: 

R. L. I -'underlie 

lecturer: 

Tefluunnetriis Pri/e Committee 

In-Hours Continuing Education Program 

Division oi Mathematics and Science. 
R^ane State Community College 

ln-llours Continuing Education Program 

ORNI. Professional Lducation Resource Committee 

International Lditorial Hoard. (Omnium,tiihnt\ in St,att\tie*: 
Part li. Simulation ami Cninputaimi' 

Journal of Statistical C oinptiiaiion and Simulation 

National Science 1-oundt.ion 

Technical Session. Application ot Statistical Methods. 
International Conlerenee on Quality Control 

Invited Paper Session. Annual Joint Meeting ot the American 
Statistical Association, the Bionietric Society, and the 
Institute ol Mathematical Statistics 

Cunvnt Index to Siatt\iic> 

l oad Arrangements Committee. 1979 l)()l Statistical Symposium 

Applied Mi'fhanus Review 

Department ol Mathematics. ('Diversity ->l 
I ennessee 

I raveling Lecture Program. Oak Ridge 
Associated ( nivcrsitics 
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Chairman: 

I). A. Gardiner 

Professor: 

Chairman: 

Me.nber: 

D. (i. Gosslee 

Lecturer: 

Representative: 

I.. .1. Gray 

lecturer: 

I. I.. Ilebblc 

Member: 

V. I-.. Kane 

lecturer: 

Member; 

W. E. lever 

Member: 

V. W. I.owe. .Jr. 

Member. 

Contributed Papers Session. I97X SIAM 
(-all National Meeting . 

Department ot Mathematics. University ot 
Tennessee 

Management Committee. Current Imlex to 
Statist it^ '-

Steering Committee. 1979 DOE Statistical Symposium 

Nominations Committee. Oak Ridge Chapter ol Sigma Xi 

International Editorial Board. Conununkaiitm\ in Staihths 
Iheory ami Metlunls 

Editorial Board. Journal of Statistical Compulation 
ami Simulation 

Steering Committee. 1978 DOE Statistical Symposium 

Program Committee, Eifth Symposium o& Statistic* 
and the Environment 

The University of Tennessee Oak Ridge 
Graduate School ot Biomedical Sciences 

Council of the American Statistical Association 
representing the Biometrics Section 

Department of Mathematics. University of 
I ennessee 

Local Arrangements Committee. 1979 DOE 
Slafislical Symposium 

Traveling Lecture Program. Oak Ridge 
Associated Universities 

Program Committee. 1979 DOE Statistical 
Symposium 

Tevhnomi'triis Prize Committee 

Committee to Review International Standards in 
Statistics. American Statistical Association 

Institute ot Nuclear Materials Management 
(INMM) Subcommittee. INMM-3 
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T. J. Mitchell 

Lecturer: 

- Associate Editor: 

Instructor: 

r 
The University of Tennessee Oak Ridgc 

Graduate School of Biomedical Sciences 

Technometrics 

In-Hours Continuing Education Program 
Continuing Education in Engineering and 

Mathematics, University Extension. UCLA 

D. S. Scon 

Lecturer: Department of Mathematics. University 
of Tennessee 

A. D. Solomon 

Lecturer 

W. A. Thompson. Jr. 

Associate Editor: 

Traveling Lecture Program. Oak Ridge 
Associated Universities 

SIAM 1978 79 Visiting Lectureship Program 

Journal ofthe American Statistical 
Association 

V. R. R. Uppuluri 

Lecturer: 

R. C. Ward 

Co-Chairman: 

Lecturer: 

Coordinator: 

Reviewer: 

Member: 

I), G. Wilson 

Chairman: 

Visiting Lecturer Program. Mathematical 
Association ol America 

Organization Committee. I97X SIAM lall 
National Meeting 

Department of Mathematics. University of 
I enncssce 

SIAM I97X 79 Visiting Lectureship Program 

University Relations Program Computer Sciences 
Division. Oak Ridge Associated Universities 

('oni/tuting Reviews 

Organization Committee. 197X Sparse Matrix 
Symposium 

ORNT. (iraduate Lellovvship Selection Panel 

Contribiued Papers Session. 1978 SIAM fall 
National Meeting 

Editor: Oak Ridge Computer Animation \cw\iciicr 
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