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ABSTRACT 

During the period covered by t h i s r epo r t , we analyzed 
the radiometr ic data co l lec ted along the Texas Gulf Coast 
using ten d iscr iminant analysis techniques to es tab l i sh 
radiometr ic s ignatures and c l a s s i f y new observat ions. We 
conducted a survey of several methods fo r computing the 
covariance matr ix of large data se ts , w i th p a r t i c u l a r 
i n t e r e s t to one-pass a lgor i thms. An i nves t i ga t i on o f 
methods of pst imaf ing upper - ta i l percent i les for ae r ia l 
r ad i rwp t r i c data was h r -nn . A f e a s i b i l i t y study was con¬ 
ducted roncerning the design of ground-based sampling 
plans usmq a s t a t i s t i c a l model fo r the c o r r e l a t i o n 
between observations taken along a f l i g h t l i n e . A study 
of the use of d u s t e r analysis in ae r i a l radiometr ic data 
analys is was i n i t i a t e d . Two short courses on s t a t i s t i c a l 
methods wore presented in Grand Junc t ion , Colorado, and 
more are planned. 

I. INTRODUCTION 

This report ou t l i nes the a c t i v i t i e s and progress of the Los Alamos 

Nat ional Laboratory on the Geosta t is t i cs p ro jec t dur ing the f ^ r s t ha l f o f 

FY81 . The Geos ta t i s t i cs p ro jec t is part of the National Uranium Resouro 

Evaluat ion (NUPE) program sponsored by the US Department of Energy (DOE), 

Grand Junc t ion , Colorado, o f f i c e . The NURE program is designer) to assess thp 

po ten t i a l uranium resources throughout the conterminous United States and 
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I I . D E S I G N I N G GROUND -SAF-iPL I M G P L A N S 

A . B a c k g r o u n d 

A s t a t i s t i c a l m o d e l f o r t h e c o r r e l a t i o n a m o n g o b s e r v a t i o n s t a k e n f r i n : a n 

a i rc ra f t along a f l i gh t l ine is discussed in Ref. 2. That report shows how 

estimates of certain rat ios of variances can be obtained and how these est i¬ 

mates might apply in the detection of differences among f l i gh t l ines using 

ground sampling. 

A common method for detecting differences in the concentration of uranium 

in two areas is based on the rat io of the variances of the concentration for 

the two areas. In aerial surveys, counts of gamma rays are recorded. After 

adjusting for various sources of radiation and for a l t i tudes, some number of 

the counts can be attr ibuted to ground-source radiat ion. Lett ing E denote the 

ground-source counts and Q denote the ground concentrations, 



E = C-Q . 

That is, we assume that the gamma ray counts and the uranium concentration are 

related by a proportionality constant, b. Let Q, and Q be concentra¬ 

tions in two areas. Because the variance of Q and that of E are related by 

V[E] = 02V[Q] , 

we see that the rat io of the variance of concentrations is equal to the ra t io 

of variances of counts. That i s , 

G| J/V[Q2J = V[E1 ] /V [E 2 ] . 

Hence, an estimate of the concentration variance rat io can be obtained from 

the aerial data. 

A related problem concerns the use of aerial data in designiny ground-

based sampling pTans for estimating actual concentrations (as opposed to 

detecting differences in concentrations). In th is problem, we are concerned 

about 

V[Q] = ( 1 / C Z ) V [ E ] . 

Thus, we neeo spec i f ic information about the p ropor t iona l i t y constant, t , 

and the variance of counts. 

The fo l lowing three sections descr ibe, through s imp l i f i ed models, the 

approach we are using to design ground-based sampling plans for concentration 

es t imat ion. 

B. Ground-Sampling Model 

Suppose that we are going to take ground samples along a f l i g h t l i n e . 

Let x denote a locat ion on the f l i g h t l i ne and Q(x) the concentration at 

the point x. We w i l l use tht model 

C/(x) = P + P(x) + S(x) , 

•where 



i. is a constant over the f l i gh t l i ne ; 

P(x) is a re la t ive ly slowly varying function; 

S(x) is z rapidly varying function. 

Suppose that the sampling occurs along the f l i g h t l ine at several si tes and 

that several samples are collected at each s i te . P(x) is constant within a 

s i te but is d i f ferent at each s i t e . S( <) varies for each, sample at a s i t e . 

The precision of ground-sample estimates of uranium concentration i s 

determined by the covariance functions 

C (h) = Cov[P(x),P{>. + h) ] 

and 

Cs(h) = C O V [ S ( * ) , S ( A + h)] . 

We want to obtain estimates of these functions from the aerial data. 

C. Aerial-Collection Mooel 

Counts are recorded by aircraft for fixed periods of time <_,t (say, 

1 s). During the interval (t - i-t/2, t + ^t/2), the aircraft flying with 

speed N along the flight line would move the distance WX and receive counts 

from the entire flight line according to a weighting function (point-spread 

function), p(*). Let K(t) denote the number of photons reaching the air¬ 

craft from the ground during the time interval (t - Lt/2, t + ut/2). Then 

t+r.t/2 ** 

K(t) = u J ds j dx p(x) Q(Ns - x) . 
t-^t/2 -* 

Letting t denote the detector efficiency and r,(t) all other sources of 

counts, the number of counts recorded during (t - ̂ t/2, t + ijt/2) is 

Lit) = tK(t) + r,(t) . 

(We are ignoring the stochastic or Poisson behavior of the gamma emission 

process.) 



D- Signal Reconstruction 

Using the aerial data, Z(t), together with data on aircraft background 

and atmospheric radon, we are reconstructing effective "ground-level" spec¬ 

tra. The reconstructed spectra should reflect the spatial trends in the mean 

count rate as well as the spatial variability in the count rate. To extract 

information from Z(t), one must identify the different components of the sig¬ 

nal, the statistical process that generated them, and the method in which they 

were merger: '.convolved) to form the signal- As these points are discussed in 

Ref. 2, we will proceed to outline the method of signal reconstruction. 

The Fourier transform of the aerial data can be factored into parts 

related to the ground signal, the point-spread or altitude-attenuation func¬ 

tion, the aircraft background, and the atmospheric radon. The transforns for 

the last three parts can be estimated from instrument calibration experiments 

and data from an upward-facing detector on the aircraft. Thus, the- transform 

associated with the jrt-und signal can be estimated. Having obtained this 

transform, on;1 can invert it to produce the reconstructea ground signal. 

The process of determining the point-spread-function component of the 

Fourier transform of zitJ is being investigated using Lake Mead and Walker 

Field test ddta. This work will continue until a satisfactory Gaussian 

approximation to the point-spread function is found. 

Armip.to trea flight line data arc being studieu to see how well the back¬ 

ground and atmospheric components can be estimated. 

F.ven wit*" "hese components of the Fourier transform, we will encounter 

difficulties using the reconstructed spectra because of the limit of resolu¬ 

tion of one ground signal. There is a theoretical limit to the ground detail 

w can expect. This limit, arising from the 1 -s counting period, means that a 

reconstructed po_i_n_t value is really .*"> average of what the aircraft saw during 

a small number of counting periods. Several ground samples will be taken at 

each site, and it appears that information on sampling variation within a site 

may not be available from the aerial data. 

Two approaches to estimating within site variation are being investi¬ 

gated. One of these involves using the aerial data to estimate an aver<iae 

concentration and then constructing distributions of concentrations in the 

site area consistent with the aerial average and "looking like" what might be 

expected from other considerations. These hypothesized distributions woulu be 

studied to see the type of variance they induce on the ground-sampling process. 



A second approach is to consider the variat ion in concentration along a 

f l i g h t l ine as the sum of a slowly changirg trend and a more quickly varying 

stochastic component. I f this model can be supported by the data, then est i¬ 

mation of the trend w i l l y ie ld estimates of an average stochastic component. 

This estimate, in turn, can be adjusted for the re lat ive ly small area of a 

ground-sample s i te . 

III. PERCENTILE ESTIMATION 

We are preparing a report on methods of estimating upper-tai l percen-

t i l e s for aerial radiometric data. In the past, the data have been assumed to 

fol low either a normal or log-normal d is t r ibu t ion . The- 90th, 95th, and 99th 

percentiles were calculated from a f i t to one of these d is t r ibut ions. Bement 

and Pickle discuss the errors that can result when these are the only two 

poss ib i l i t i es . The report now being prepared gives consideration to other 

d is t r ibut ional poss ib i l i t i es . In part icular, the Johnson and Pearson systems 

of d istr ibut ions are considered as well as the use of ordinary sample percen¬ 

t i l e s . Techniques were tested on data from the Copper Mountain and Cwl Creek 

Mountains, Wyoming, as well as on simulated data. 

IV. DISCRIMINANT ANALYSIS 

A paper, "Discriminant Analysis Applied to Aerial Radiometric Data and 

I ts Application to Uranium Favorability in South Texas," has been accepted for 

publication in Mathematical Geology. Aerial radiometric data collected 

along the Texas Gulf Coast was analyzed using ten discriminant analysis tech¬ 

niques. The purpose of the analyses was to address the following questions: 

1 . Do part icular geologic formations appear homogeneous along str ike in 
the South Texas Central Plain? 

2. Do favorable geologic formations exhibi t a common aerial radiometric 
signature? 

3. Are there sets of observations from known favorable and unfavorable 
formations that can be used in classifying observations from other 
formations (whose favorabi l i ty is undetermined)? 



Discriminant analysis procedures that were applied include the classical 

l inear and quadratic discriminant analyses as well as the use of robust est i¬ 

mators or ranked data with the classical procedures- Partial and forced dis¬ 

criminant analysis procedures were also used. Part ial discrimination methods 

allow for nonclassif ication of observations whereas forced methods classi fy 

every observation. 

Our study suggests that par t ia l l inear discriminant analysis using raw 

(rather than ranked) data is adequate.' Geologic results allow one to di f¬ 

ferent iate between the Catahoula Formation in the Houston embayment and the 

Catahoula Formation in the Rio Grande embayment. In addi t ion, three signa¬ 

tures were established for four formations known to be favorable for uranium 

resources. 

V. COMPUTING THE COVARIANCE MATRIX 

A. Introduction 

We completed a survey of several methods for computing the covariance 

matrix of large data sets, k i th a large amount of data, i t is desirable to 

make as few passes through the data as possible. Therefore, one-pass algo¬ 

rithms were of special in terest . 

The data used as input to our test programs were generated using a uni¬ 

form random-number generator. We generated three correlated vectors: x, w, 

and u. They were each of length 150 000 and were generated as shown in the 

following algorithm. The function RAND(O) generates random numbers from a 

uniform (0,1) d i s t r i bu t ion . 

for i =1 ,n do_ 

x ( i ) = RAND(O) 

w(i ) = RAND(O) + a • x ( i ) + 2000.0 

u ( i ) = RAMD(O) + x ( i ) + 2000.0 

end 

The 2 x 2 covariance matrix for w and u is approximately 

12.083333 1.0 

1.0 0.166667. 



Because of the large size of the vectors, they were buffered to and from 
memory in blocks of size 10 000. 

B. The Algorithms 

The algorithms that we used are now described. Methods 1 through 5 are 

variations of the standard textbook two-pass algorithm. I t is as fol lows: 

n 
xbar = V\ x./n , 

ybar = ?__ y./n , 

n 
cov = V (x. - xbar)ly. - ybar)/(n - 1 

T=l 1 1 

Method 1 uses this algorithm as shown. In Method 2, double precision is 

used in the accumulation of the mean. Method 3 normalizes the data to lie 

between C and 1 in absolute value before computing the mean. Method 4 com¬ 

bines the normalizing and double precision. Method 5 consists of quadruple-

precision arithmetic. 

Methods 6 and 7 are the West algorithm that is given by: 

xbar = x-, 

ybar = y1 

t = 0 

for i =2, n ck> 

qx = x.j - xbar 

rx = qx/i 

xbar = xbar + rx 

qy = y, - ybar 

ry = qy/i 
ybar = ybar + ry 

t = t + (i-1 ) • qx • ry 



end 

cov = t / ( n - 1 ) . 

Method 6 uses single precision, and Method 7 uses double precision. 

Methods 8 and 9 use the Youngs and Cramer updating algorithm as described 

in Refs. 5 and 7. This algorithm is as fol lows: 

j 
t X = ^"" X 

j+k 

- ^ x i 

' 
- tx, J / j ] • [ ( y , - ty , . ) / j 

j i > j k ^ + 1 j j 

S l , j + k - 5 l , j + S j + l , j + k + C l ' ( C 2 ' t X l , j " t X 

' ( C 2 * t y l , j " t y l , j + k } ' 

where c] = j/[k • (j + k)] and c 2 = (j + k)/j. 

When j + k = n, then cov = s, /(n - 1). In fact, we selected j ana k 
i , n 

so that there would be an inner loop in which the formulae were updated in 

pairs to 10 000 and an outer loop in which the formulae were updated in units 



of 10 000. Method 8 uses this algorithm in single precision, and Method Q is 

double precision. 

f . Numerical Results 

Results of the di f ferent algorithms are given in Table I . The "correct" 

answers wpre taken to be those result ing from using the two-pa^s algorithm 

with quadruple-precision arithmetic. 

D. Conclusions 

From these results we see that the standard two-pass algorithm performs 

poorly without double precision. Examining only the f i r s t seven d ig i ts of 

each answer (rounding the double-precision answers to single-precision 

answers), we note the following rankings of performance. Methods 2 and 4 give 

the same results as the standard method (Method 5) . Method 9 outperforms 

Method 8 s l i gh t l y . Method 6 gives better results than Method 7, which has 

normalization. Methods 1 and 3 give wrong answers. 

The one-pass Youngs and Cramer algorithm with double precision appears to 

give very good results in much less time than the two-pass with double preci¬ 

sion. Therefore, we recommend i t for use on large data sets. 

Tvpe of Al gon thm 

lex teoolc (Two Pass ) 

Texthnok (Two Pass, 
DoudlP Precision) 

Textbook (Two Pass, 
Normalizert Data) 

Textbook (Two Pass, 
Double Precis ion, 
Normal izeri Data 1 

Textbook (Two Pass, 
Quad Precision) 

West (One Pass) 

West (One Pass, 
Normalized Data! 

Youngs and Cramer 
(One Pass) 

Youngs and Cramer 
(One Pass, Douhle 
Precision) 

TABIE I 

FXPFPIMFNTAI PFSULTS AMil TIM1NCS 

fPU Time 
(s) Tovariance Matrix 

0.93Sb000E+O? 0. l?6<l()69f *0? 0.1SS3510F+01 0.8080876E+00 

0.104?500f*03 0.1 ?1869af-g?3?l 78E+0? 0.1009';7870483398E+01 0.167746096849442E+00 

0.9885999E+0? 0.13O740OE+O? 0.7953988E+00 O.?!94««itOO 

0.H435O0E+03 0.1 ?18698M?3?178E*O? 0.100957870483398E*01 0. l6774609684944?E»O0 

0.3331?69E»05 0.121869869?32178E+0? 0.100957870483398E+01 0.167746096fl49442E+00 

0.5683000E»O? 0.1?18664E»0? 0.1009572E+O1 0.16774?0E*O0 

0.6?14000E+0? 0.1?18665E»02 

O.571?OOOE+O? 0.1?18694E*02 

0.1009614E+01 

0.1009568E*01 

O.1677799E+OO 

O.167745«*00 

O.';967OOOE'O? 0.1?1869821548462E*02 0.10O957882404327E+01 0.167746439576149E+00 
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VI. CLUSTER ANALYSIS 

An effort to apply clustering techniques was started late in the 

reporting period. The objective of the study is to determine if cluster anal¬ 

ysis can be used to determine the number of distinct radiometric signatures 

present in a given set of data (quadrangle, geologic unit, group of geologic 

units, etc.). Several methods of clustering were considered with respect to 

their suitability for analysis of the aerial radiometric data and for computer 

code availability. The basic methods include hierarchical clustering, data 

partitioning, and density searching. Although the number of basic procedures 

is small, a wide variety of techniques is possible by permuting various 

choices of distance functions and similarity measures. At this point, we 

believe a combination of methods will be required to handle the large quantity 

of data associated with the aerial program. 

VII- STATISTICS SHORT COURSES 

Short courses in general statistics and regression analysis were pre¬ 

sented in Grand Junction. Additional courses on factor analysi: discriminant 

analysis, cluster analysis, time series, and sampling are planned. 
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