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Mathematical Research 

THEORETICAL ASPECTS OF NEUTRON TRANSPORT 

Paul Nelson 

, Consider steady-state linear particle transport in a slab of finite thickness. Let y denote the maximum 
expected number of secondary particles emitted per collision. Then one expects physically that there is 
some y1 > 1 such that the system is subcritical for y < yl, where “subcritical” means the steady-state 
transport equation has a nonnegative solution for any combination of internal and external particle sources. 
We have considered the problem of establishing this result under conditions of maximum generality on the 
cross section and scattering law.’ 

An obvious extension of the problem described in the preceding paragraph is the problem of 
characterizing, for given y 2 y ,  , those source functions (if any) which yield a nonnegative solution of the 
steady-state transport equation. This leads to the mathematical problem of characterizing those real X > 0 
and positive y such that 

)UC=Tx+y 

has a positive solution x, where T is a positive linear operator on some ordered linear space and x ,  y are 
elements of this space. Under suitable restrictions, it has been shown’ that this is possible if, and only if, y 
is annihilated by the absolute value of any generalized eigenvector of T* (adjoint of T )  associated with a 
positive eigenvalue which is not less than h and which has an associated positive eigenvector. If the 
underlying space is L p ,  this yields the result that such x exists if, and only if ,y is almost everywhere zero 
on a certain set which depends on h but is otherwise fixed. Work is currently proceeding on the problem of 
directly characterizing these “critical sets” in the particular case of T a n  integral operator. 

MODELS OF NUCLEAR REACTOR ECONOMICS 

Paul Nelson Gale Young3 

This is a continuation of an item which was last described in the 1967 annual report4 We have shown 
how to solve “Problem D ’  of this reference for a positive discount rate and without the assumption that 
one reactor type have both larger specific fuel inventory and larger specific operating cost, provided that 

1. P. Nelson, “Subcriticality for Transport of Multiplying Particles in a Slab,” to appear in J. Math. Anal. Appl .  
2 .  P. Nelson, “Positive Solutions of Positive Linear Equations,” submitted to Proc. Am. Math. SOC. 
3. Director’s Division. 
4. Math. Diu. Ann. Prop. Rept. Dec. 31, 1967, ORNL-4236, p. I .  

1 
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both reactor types are breeders and the given power demand is such that both reactor types become 
self-sustaining within the planning period. 

APPLICATIONS OF THE METHOD OF INVARIANT IMBEDDING 

Paul Nelson D. W. a t o m  Carla L. Armstrong 
a 

We have continued to explore applications of the particular version of invariant imbedding’ which was 
mentioned in the 1969 annual report,6 with particular emphasis on applications to problems arising from 
fields other than linear particle transport. One of the most interesting applications has been to the 
numerical solution of partial differential equations by hybrid c ~ m p u t e r . ~ ”  We explored the possibility of 
using this technique to solve a boundary-value problem for a large system over a long interval. One possible 
numerical difficulty occurring in this approach was isolated, and a method for avoiding it was devised.’ The 
relationship between this version of invariant imbedding and that used by some other workers was 
clarified.’ 

ALGEBRAIC AND TRANSCENDENTAL EQUATIONS 

A. S. Householder’ 

The book on nonlinear equations mentioned in the previous annual report has now appeared.’ 
The paper on the Padd table which had been submitted to the Journal of Linear Algebra and Its 

Applications was recalled in order to incorporate in it certain improvements and extensions. The revision is 
now in press with a slightly different title.I3 The revision includes the simplification of some of the proofs 
and a new derivation of the Frobenius identities that are fundamental to the qd algorithm for solving 
algebraic and transcendental equations. 

A sequel14 to this paper has been submitted to the same journal. Fundamental to the treatment in the 
Pad6 paper are certain determinants that arise in a natural way from either a single power series (Hankel 
determinants) or from pairs of power series (bigradients). The fundamental, and apparently new, theorem 
related the determinants of the two types when the single series is the expansion of the quotient of the 
other two. Recent results of G.  W. Stewart, former ORAU Fellow now at the University of Texas, extend 
and generalize the method of Sebastizo e Silva, adding to its flexibility and showing it to be applicable to 
the treatment of transcendental equations. These results suggest the introduction of determinants of a class 

5 .  P. Nelson and M. R. Scott, “Internal Values in Particle Transport by the Method of Invariant Imbedding,” to  appear 

6. Math. Diu. Ann. Progr. Rept. Dee. 31, 1969, ORNL-4514, p. 7. 
7. P. Nelson, “Application of Invariant Imbedding to  the Solution of Partial Differential Equations by the 

8. P. Nelson and D. W. Altom, “On the Use of Invariant Imbedding within the Continuous-Space Discrete-Time 

9. P. Nelson and C. L. Armstrong, “Accurate Analysis of Long Two-Point Boundary-Value Problems by Invariant 

10. P. Nelson and M. R. Scott, “The Relationship between Two Variants of Invariant Imbedding,” to appear in J. 

11. Consultant. 
12. A. S. Householder, The Numerical Treatment of a Single Nonlinear Equation, McGraw-Hill, viii+ 216 pp., 1970. 
13. A. S. Householder, “The Padd Table, the Frobenius Identities, and the qd Algorithm,” Linear Algebra and Appl. 3 

14. A. S. Householder, “Multigradients and the Zeros of Transcendental Functions,” Linear Algebra and Appl. 4 

in J, Math. Anal. Appl. 

Continuous-Space Discrete-Time Method,”Proc. I970 SJCC, AFZPS 36,397-402 (1970), AFIPS Press. 

Method: Digital Simulation,” to appear in the R o c .  of Conj  on Hybrid Computation, Munich, September 1970. 

Imbedding,” submitted to  Comm. ACM. 

Math. Anal. Appl. 

(1970). 

(1971). 
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apparently not previously considered, being called multigradients, that are formed from an arbitrary set of 
power series in a natural extension of the formation of bigradients from only two. These, in turn, lead to a 
class of functionals, called reduced linear combinations (RLC), that are themselves power series and lend 
themselves to  a rather interesting calculus. These RLC’s simplify the representation of certain tables that 
occur in Stewart’s work, and exhibit at a glance the fact that Stewart’s general method includes as special 
cases not only the algorithm of Sebastizo e Silva, but also the qd algorithm, and, indeed, show that these 
two algorithms, though quite different in appearance, are actually, in a certain sense, identical. 

At the request of the editors of SIAM Review, the factorization paper previously mentioned was revised 
and made into a strictly expository paper.’ and will appear 
shortly in Numerische Mathematik. 

The new results were written up separately’ 

KWIC INDEX FOR NUMERICAL ANALYSIS 

A. S. Householder’ ’ 
The preparation of a KWIC Index for Matrices in Numerical Analysis was announced in the last annual 

report, of which one volume had already appeared. This included only papers for which the senior authors 
had names occurring alphabetically up through the J’s. A second volume, completing the alphabet, has now 
appeared. Also being printed is a similar volume listing items dealing with nonlinear equations, algebraic and 
transcendental. 

Each item gives the name(s) of the author(s), title of the article or book, and name of the journal or 
publisher, as well as, in many cases, references to  abstracting and reviewing journals where abstracts and 
reviews have appeared. Work is continuing in the way of making corrections where errors are discovered, 
adding abstract and review references, and keeping the listing up to date. At some future date, it is planned 
to issue a single volume containing all listings including foreign titles not hitherto translated, and otherwise 
brought up to date as far as possible. 

INVARIANTS OF FINITE GROUPS 

G. K. E. Haeuslein 

We consider a field K = k(xl , ..., x n )  of algebraic functions in n algebraically independent variables xl ,  
..., x, with coefficients in the field k .  Let G be a finite group of linear transformations with coefficients in 
k acting on the k space with basis {xl, ..., x n } .  G extends in a natural way to a group of k automorphisms 
of K by letting u f(xl, ..., x n )  = f(uxl, ..., uxn) f o r f €  K, u E G. A polynomialfE K is called an invariant 
of G if of = f for all u E G. For Abelian groups A ,  Fischer’ described as early as 191 5 a method for the 
determination of the field K A  of all invariants of A ,  but for arbitrary G no general method is known. 

We investigated the case of a finite group G having an Abelian normal subgroup A of prime index. We 
first construct the field K A  of all invariants of A .  Then we try to find a transcendence basis of K A  over k 
such that G induces a group of linear transformations on the k space spanned by the basis of K A  . This 
group, G’, will be a homomorphic image of the Abelian factor group G/A,  and we can apply Fischer’s 

15. A. S. Householder and G. W. Stewart, “The Numerical FactorizGion of a Polynomial,” SIAM Rev. 13 (1971). 
16. A. S. Householder, “Generalizations of an Algorithm of Sebastiao e Silva,” Numer. Math. 16, 375-82 (1971). 
17. E. Fischer, “Die Isomorphie der lnvariantenkorper der endlichen abelschen Gruppen linearer Transformationen,” 

Nachr. Akad. Gottinger Wiss., 1915, pp. 77-80. 
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method to compute (KA)G’ = KG. This program could be carried out successfully for prime indices < 
19.’ 

GEOMETRIC PROPERTIES OF SOLUTIONS OF THE DIFFERENTIAL SYSTEM x’  = Ax 

Manuel Feliciano, Jr. 

A flat is a subset of n-dimensional vector space of the form v + L o ,  where v is a fixed vector and Lo a 

Let A be a real constant n by n matrix and x = X(T)  a vector satisfying the vector-matrix differential 
subspace. Its dimension is that of L o .  A flat is proper if it is not also a subspace. 

equation 

x(0)  = c . 

The solution flat to the problem is the lowest dimensional flat that containsx. The dimension ofx is that 
of the solution flat. 

It is well known that the dimension of x is the rank of (x’, x”, ..., ~ ( ~ 1 ) .  This matrix can be expressed 

by 

AeA7(c, Ac ,  ..., An-’c )  = AeA7 K 

It can be shown directly that the dimension of x is the rank of K if A is nonsingular. Also the solution flat 
is proper if A is singular and c has a nonzero component in the subspace belonging to the zero proper value 
of A .  

The Jordan form of a matrix usually leads to a decomposition of the space into direct sums of 
subspaces. This “Jordan decomposition” of the space is not unique. The initial vector of the problem can 
be used to obtain a Jordan decomposition relative to A and c.  Using such a decomposition the solution flat 
of the problem can be determined easily. 

SEVERAL RELATIONS FOR COMPARISON OF THE GENERAL RATE THEORY 
AND THE BKZ THEORY’ 

S. J. Chang 

Several theories were suggested recently by different authors for the mathematical representation of the 
time-dependent behavior of the general nonlinear materials. In particular for the general rate theory and the 
BKZ theory, we obtain a set of differential equations which should be satisfied by the stress components 
under two specific types of flow. This set of conditions provides a natural way to compare the two theories. 

18. G. K. Haeuslein, “On the Invariants of Finite Groups Having an Abelian Normal Subgroup of Prime Index,” J. 
London Math. SOC. (in press). 

19. S. J. Chang and L. J. Zapas, “Several Relations for Comparison of the General Rate Fluid and the BKZ Fluid,” to 
be presented at the Winter Annual Meeting of the Society of Rheology, Salt Lake City, Utah, Feb. 1-3, 1971, and to  be 
submitted to the Transactions for publication. 
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It is found that the differential conditions are identical for the two theories-in shear rates only in the range 
of second-order flow. The two theories will show significant differences for larger shear rates. 

NONHOMOGENEOUS DIFFERENTIAL EQUATIONS 

J. M. Dolan 

Configurations of initial-value problems associated with oscillatory and nonoscillatory solutions’ of 
the nonhomogeneous differential equation 

where a is a real number, r, q, and f E C[u, m), r > 0, and f E 0 on [a, m) were considered when the 
homogeneous differential equation 

is (i) oscillatory; (ii) nonoscillatory. 

and 
In particular, if q and 0 ,  respectively, denote the set of nonoscillatory and oscillatory solutions of (1)  

for to 2 a, then qto is convex2 and B r o  is convex if (ii) holds for Eq. (2). The methods employed permit 
one to obtain polygonal approximations to the sets qto and Bra. Examples were found which show that 
some of the results obtained were the best possible in a certain sense. 

Under the assumption that q eventually has constant sign on [u, m), the asymptotic properties of 
nonoscillatory solutions of (1) were studied and interesting results were obtained with the help of the 
auxiliary function 

h 
FA(x) = h +l f(t) dt  , x 2 u  , h real . 

a 

These results relate the quantitative and qualitative properties of (1).  

20. C. A. Swanson, Comparison and Oscillation Theory of Linear Differential Equations, Academic, New York, 1968. 
21. H. G.  Eggleston, Convexity, Cambridge, 1958. 
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THE SPECTRUM OF SINGULAR DIFFERENTIAL OPERATORS: 
NUMERICAL APPROXIMATION, QUALITATIVE BEHAVIOR, 

AND AN APPLICATION TO TOEPLITZ MATRICES 

John V. Baxley” 

Although finite difference methods have been used extensively for solvhg regular boundary value 
problems for differential operators, relatively little has been done in the singular case. The basic difficulties 
in the singular case have to  do with the number and character of the boundary conditions which may be 
imposed. In ref. 23, the singular second-order Sturm-LiouviUe differential operator TU = - [rn(x)] -‘ 
[p(x)u’] ’ on the interval 0 < x < 1, where 0 is allowed to  be a singular end point, is the object of study. 
The extension method of Friedrichs is used to obtain two (in general distinct) self-adjoint operators in 
Hilbert space. Boundary condition descriptions of these operators are found, the operators are shown to be 
strictly positive with compact inverses, and finite difference operators are introduced whose eigenvalues 
approximate the eigenvalues of the given differential operators. 

In ref. 24, the ideas and results of ref. 23 are extended to higher order differential operators which are 
basically iterates of the Sturm-Liouville operator of ref. 23. 

Due to work of Toeplitz and Szego in the early years of this century and because of applications in 
statistics and analytic function theory, Toeplitz matrices have received considerable attention in the last 20 
years. One of the basic problems concerns the asymptotic behavior of the extreme eigenvalues of n X n 
finite sections of Toeplitz matrices as n +. 00. S. V. Parter originated the idea of attempting to first interpret 
the eigenvalue problem for the n X n finite section as an equivalent eigenvalue problem for a finite 
difference operator and then discover if the finite difference operator was a consistent approximation to 
some differential operator. In ref. 25, this idea is used in conjunction with the results of ref. 24 to obtain 
new results (which generalize earlier results of J. V. Baxley and I. I. Hirschman) in the case of Toeplitz 
matrices associated with Laguerre polynomials and to  recover known results of Hirschman in the case of 
Toeplitz matrices associated with Jacobi polynomials. 

Motivated by interest in the spectral structure of quantum mechanical operators, in particular the 
Schrodinger operator, mathematicians and theoretical physicists have devoted considerable attention to 
obtaining qualitative results about the spectrum of singular differential operators. Such results conclude the 
qualitative character of the spectrum from a knowledge of the behavior of the coefficient functions of the 
operator. An enormous literature has grown up over the last sixty years concerning the singular 
second-order Sturm-Liouville operator. Only recently have attempts been made to extend these results to 
partial differential operators and higher-order ordinary differential operators. M. S. P. Eastham2 has 
obtained one of the nicest generalizations (to higher-order ordinary differential operators) to  date. Some 
preliminary work, not yet in a form for publication, has led to interesting results complementary to  those 
of Eastham and, in addition, some tentative and as yet fragmentary results for singular partial differential 
operators. 

22. Research Participant, Wake Forest University, Winston-Salem, N.C. 
23. J. V. Baxley, “Eigenvalues of Singular Differential Operators by Finite Difference Methods, I,” submitted for 

24. J. V. Baxley, “Eigenvalues of Singular Differential Operators by Finite Difference Methods, 11,” submitted for 

25. J. V. Baxley, “Extreme Eigenvalues of Toeplitz Matrices Associated with Certain Orthogonal Polynomials,” 

26. M. S. P. Eastham, “The Least Limit Point of the Spectrum Associated with Singular Differential Operators,’’ Proc. 

publication. 

publication. 

submitted for publication. 

Cambridge Phil. SOC. 67,277-81 (1970). 
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Computing Applications 

INTRODUCTION 

A. A. Brooks 

On September 1,  1970, 45 members of the Scientific Applications Department of the Computing 
Technology Center were transferred to the Mathematics Division at the Oak Ridge National Laboratory and 
merged with approximately 35 applications programmers. This group now forms the Computing 
Applications Department. The responsibilities of the new department include providing technical and 
scientific programming services to the Oak Ridge National Laboratory and providing services in the area of 
nuclear codes to Union Carbide Nuclear Division in Oak Ridge. In the interest of preserving continuity in 
reporting, a number of the items are reported in the annual report which were carried out or begun by 
members of the department prior to the time of the transfer. 

The annual report is organized by the divisions which sponsored the work. In the case where work was 
sponsored by two or more divisions, it is included in a section entitled Interdivisional Projects. 

In some cases the name of an individual in the sponsoring division is given for purposes of identfication. 

- 
BIOLOGY DIVISION 

Small Sample Properties of Estimators for the Gamma Distribution 

Kim 0. Bowman 

The gamma distribution 
. ,  

f ( x )  = (x/a)p- exp (-x/u)/arCp) 

is widely used in statistical application, such as life-testing procedures, weather modification experiments, 
and the like. Fairly comprehensive sets of tables of the moments of the maximum likelihood estimators and 
Thorn’s estimators were prepared, and the distributional properties of each were studied.’ The study shows 
how misleading it is to accept so-called large sample variance, etc., where there is no evidence of any kind to 
warrant their validity. The previous work’ has given good approximations to the means, variances, skewness 

1. L. R. Shenton and K. 0. Bowman, “Remarks on Thorn’s Estimators for the Gamma Distribution,” Monthly 
Weather Rev. 98(2) (1970); K. 0. Bowman and L. R. Shenton, “Small Sample Properties of Estimator for the Gamma 
Distribution,” CTC-28 (1970); L. R. Shenton and K.  0. Bowman, “Tables of the Moments of the Maximum Likelihood 
Estimators of the Two Parameter Gamma Distribution,” Reports of Statistical Application Research, Union of Japanese 
Scientists and Engineers (JUSE) 1-7 ( 1  970). 

2. K.  0. Bowman and L. R. Shenton, “Properties of Estimators for the Gamma Distribution,” CTC-1 (1968). 

7 
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parameters P I ,  P2 in small sample estimation. With these we are now able to approximate the percentage 
points of the distributions, which is under study. 

Sponsor: Biology Division J. L. Liverman 

Continued Fraction for the Polygamma Function 

Kim 0. Bowman 

If the logarithm of the gamma function is written in the form 

then the Stieltjes continued fraction for J(z)  is given by 

1 1 53 195 
12 30 210 371 
z t  z+ z+z+ ... ’ 

---- 
J(z)= ---- 

and expression ( 1 )  holds for R(z )  > 0. 

polygamma functions defined by 
We derived continued fractions of the Stieltjes type for the derivatives of In I ‘ ( z ) ,~  that is, the 

d?l+ 1 
J/(”,(z) = - In r ( z ) ,  

dzn+’ 
(n = 0, 1,2, ...) 

Sponsor: Biology Division J. L. Liverman 

Study on the Distribution of Indices of Diversity 

KimO.Bowman - 

Several measures of diversity in populations (and samples) have been used by ecologists and information 
theoreticians. For example, ecologists have used Shannon’s information statistic 

Simpson’s distance measure 

hsj = pi2 (or its root) , 

and Brillouin’s combinatorial type measure 

h,  = n - l  In n ! / n ,  ! ... n,! . 

3. K. 0. Bowman and L. R. Shenton, “Continued Fractions for the Psi Function and Its Derivatives,” SIAMJ. AppL 
Math. (in press). 
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r‘ 

Distributional properties of these are studied from three points of view: (1) the exact distribution is found 
by sample configuration enumeration; (2) approximate distributional properties are found through Monte 
Carlo simulations; (3) asymptotic moments are developed and their uses in assessing departures from 
normality considered. It is brought out that no one method is adequate for the parameter space in general 
and that asymptotic moment developments are generally markedly unstable. However, the distribution of 
hs is remarkably close to normal when the category probabilities follow MacArthur’s model. 

The study illustrates methods of gaining insight into some of the complex distributional problems 
associated with multinomial structures, many of which defy neat mathematical formulation. 

Sponsor: Biology Division J. L. Liverman 

CHEMICAL TECHNOLOGY DIVISION 

Nuclear Safety Evaluation of Various Designs for the LMFBR Fuel Reprocessing Dissolver 

J. R. Knight W. R. Cobb4 

The ANISN’ and KENO6 codes were used to evaluate the effects of various parameters on the nuclear 
safety of LMFBR dissolver designs. Three basic designs - a vertical cylinder, a slab, and a horizontal 
cylinder - were studied. The parameters were varied and included fuel concentration, external concrete 
reflection, and stainless steel content of the fuel. Other factors considered were boron content, nitric acid 
concentrations, and variation in thickness of some of the stainless steel vessel walls. These studies have 
indicated that several possible systems can be operated in a nuclearly safe manner. 

Sponsor: Chemical Technology Division 

CHEMISTRY DIVISION 

Analysis of the Range and Angular Distribution of Recoil Nuclei in I4C(EVAP) 

0. W. Hermann R. L. Hahn’ 

A special version of the analysis code I4C, named I4C(ANG), is being developed to provide further 
treatment of the excited nucleus during the evaporation process.* Laboratory-system vector velocities of 
the recoil nucleus are calculated after each particle is emitted; from these calculations the final recoil angle 
and energy of the residual nucleus of each history is obtained and stored on tape. Then the stored results 
are analyzed for any requested product nucleus to obtain kinetic energy and angular distributions. 
Combined with range-energy theory,’ these values are also used to calculate the fraction of product nuclei 
that recoil out of the target within specified angular intervals. The input allows variation in the interval sizes 
and upper and lower energy and angular limits for each nucleus requested. The analysis routines are 

4. Reactor Division. 
5. W. W. Engle, A User’s Manual For ANSIN, K-1693, Mar. 30, 1967. 
6. G .  E. Whitesides and N. F. Cross, KENO - a Multigroup Monte Carlo Criticality Program, CTC-5, Sept. 10, 1969. 
7. Chemistry Division. 
8. R. L. Hahn and 0. W. Hermann, Inclusion of Fission and Charged Particle Emission in Nuclear Reactions; 

9. J. Lindhard, M. Scharff, and H. E. Schiott, Kgl. Danske Videnskah. Selskah, Mat.-Fys. Medd. 33(14) (1963). 
Calculated Energies, Angles, and Ranges of Recoil Nuclei, ORNL-TM-3179 (to be published). 
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included, both as a single overlay branch of 14C and as a separate code, allowing later computer runs to be 
made with input data changes - but without repeating the more lengthy evaporation computation. 
Indications are that the additional physics applied through this code is necessary to obtain a more favorable 
comparison with experimentation. 

A slight extension of this treatment for analysis of the evaporated particles' is under consideration. 

Sponsor: Chemistry Division R. L. Hahn 

Consideration of Fission Competition During Particle Evaporation 
from the Excited Nucleus, in 14C(EVAP) 

0. W. Hermann R. L. Hahn7 

A significant modification of the evaporation routine of the analysis code I4C' ' was developed whch  
considers competition between the processes of fission and particle evaporation in excited nuclei. This 
calculation includes the effects of particle emission in both the intranuclear cascade model' and the 
compound-nucleus model' as performed by MECC and the previous version of I4C; in addition, it includes 
the probability of fission for the heavy elements as determined by Sikkeland et al.' 

have been developed based upon models, which consider 
neutron emission and fission in heavy nuclei, but do not include the emission of charged particles. However, 
recent experimental studies' show that 2 3  ' Pa bombarded with 35- to 63-MeV protons have significant 
proton and alpha particle emission. A more detailed theoretical discussion' explains the possible reasons 
for this deviation from the description of previous theory. Further refinements are being developed to 
calculate the kinetic energy and angular distributions of product nuclei in the hope that these calculations 
may be compared more readily with experimentation. Results of the refinements will be reported' * with a 
more detailed discussion. 

- 

Treatments of the compound nucleus' ,' 

Sponsor: Chemistry Division R. L. Hahn 

Tape Editing and Plotting 

F. D. Hammerling 

A PL/I program was written to process and edit a seven-track data tape produced by an ACL-820 
on-line data acquisition device. The data were generated by a cyclotron experiment and were in groups of 

10. R. W, Peele, Sorting Evaporated Particles or Residual Nuclei According t o  Angle, Memo to R. G. Alsmiller, Jr., and 
M. P. Guthrie (September 1970). 

11. H. W. Bertini, M. P. Guthrie, and 0. W. Hermann, Instructions for the Operations of Codes Associated with 
MECC3, a Preliminary Version of an Intranuclear Cascade Calculation for  Nuclear Reactions, ORNL-4564 (to be 
published). 

12. H. W. Bertini, Phys. Rev. 131, 1801 (1963). 
13. L. Dresner, EVAP - a Fortran Program for  Calculating the Evaporation of Various Particles from Excited 

14. T. Sikkeland, A. Ghiorso, and M. J. Nurmia, Phys. Rev. 172, 1232 (1968). 
15. J. D. Jackson, Can. J. Phys. 34,767 (1956). 
16. R. L. Hahn, K. S. Toth, and M. F. Roche, Chem. Div. Ann. Progr. Rept. May 20,197O,ORNL-4581,pp. 28-30. 
17. R. L. Hahn, Chem. Div. Ann. Progr. Rept. May 20,1970, ORNL-4581, pp. 30-32. 
18. R. L. Hahn and 0. W. Hermann, Inclusion of Fission and Charged-Particle Emission in Nuclear Reactions; 

Compound Nuclei, ORNL-CFdl-12-30 (December 196 1). 

Calculated Energies, Angles, and Ranges o f  Recoil Nuclei, ORNL-TM-3179 (to be published). 
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three 24-bit words which represented an event (alpha, x ray, time lapse). The data were edited for missing 
items, correct order, overflow, etc., by looking at particular bits of the word and then collected in groups 
according to experiment. 

The edited and collected data were then written on a scratch disk and read by a second job step which 
was a FORTRAN program written to plot histograms of the data. 

Sponsor: Chemistry Division C. E. Bemis 

CIVIL DEFENSE RESEARCH PROJECT 

Analysis of Time-Varying Active-Passive Civil Defense Mixes 

M. T. Heath 

Several computer programs have been written for the Civil Defense Research Project as part of their 
project to evaluate the cost and effectiveness of various active-passive defense mixes. The programs simulate 
energy attack by submarine-launched multiple warhead missiles, active response by interceptors, and passive 
defense of the population by various kinds of blast shelters. Existing blast damage codes are utilized to 
calculate fatalities, but new algorithms have been developed and implemented to allow the attack and 
defense to be time dependent. This is a more realistic approach since the vulnerability of the population 
decreases as a function of time as the people reach shelter by walking, and permits investigation of such 
questions as the dependence of vulnerability on proximity to the sea and whether active defense can be 
used as a cover for people as they move to shelter. 

Sponsor: Civil Defense Research Project C. M. Haaland . 

Evaluation of Active-Passive Interaction in Defense Against Submarine-Launched Ballistic Missiles 

D. W. Atom J. V. Wilson' C. M. Haaland' C. V. Chester' 

The Research Triangle Institute in North Carolina developed the FORTRAN program ANCET' 
(Analytical Nuclear Casualty Estimation Technique) to assist in sensitivity analyses of civil defense systems 
and components. Implementation of ANCET was within a CDC-3600 computing environment. 

We adapted ANCET to our IBM/360 computing environment. We ran several standard test cases in 
order to confirm in part the accuracy of the adapted program. During this time we isolated and corrected 
several errors in the original ANCET program. 

Civil Defense investigators used ANCET to calculate casualties and mortalities due to prompt and 
fallout effects for assumed nuclear attacks against large cities of the United States. 

To aid these investigators we developed and implemented certain graphical display capabilities. In 
particular, graphs of various types of data superimposed upon maps of the United States as well as fallout 
contour maps for various nuclear attacks may be obtained. Certain of the graphs available may be used to 
verify the accuracy of the data bases and to establish suitable locations for the placement of antiballistic 
missile batteries. 

Sponsor: Civil Defense Project 

19. Civil Defense Research Project. 
20. Research Triangle Institute Project OU-230-2, October 1967. OCD Work Unit 4113E. Prepared for the Office of 

Civil Defense, U.S. Department of the Army, Contract No. OCD-PS-64-56. 
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Ballistic Trajectory Calculations 

Kay C. Chandler C. M. Haaland' C. W. Nestor, Jr. 

For a .given maximum range measured along a great circle on the earth's surface, the total energy for a 
ballistic missile trajectory was computed. Choosing shorter ranges, we then calculated an alternate set of 
lofted and depressed trajectories having higher and lower apogees, respectively, than the minimum energy 
trajectory at the maximum range. At each intermediate range, we solved a.transcendenta1 equation for the 
lofted and depressed reentry angles cyI and cyd where 0" < a d  < al < 90". We also calculated the time of 
flight and the apogee for both trajectories. 

Each of these variables (reentry angle, time of flight, and apogee) was plotted against the range on a 
single plotting area using three different ordinate scales. All three resulting curves were parabolic in shape 
with the upper and lower branches corresponding to the lofted and depressed trajectories, respectively. An 
example is shown in Fig. 1. The plotting was done using the ORNL Graphics Package ORGRAPH.' 

Sponsor: Civil Defense Research Project 

21. Civil Defense Project. 
22. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-45 14, p. 9. 

ORNL-DWG 71-2033 

MQXIMUM RQNGE = 2000 NMI 

Fig. 1. Example of ballistic missile trajectories. 
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DIRECTOR’S DIVISION 

Monte Carlo Calculations of Neutron Decay 

G. W. Morrison J. T. Mihalczo’ 

The 05RZ4  Monte Carlo neutron transport code has been modified to provide the neutron weight or 
various reaction rates as a function of time after the injection of a source neutron into a subcritical 
multiplying assembly. The source neutron and subsequent fission neutrons are sorted into time intervals up 
to a specified time Tmax or until loss by absorption or leakage. All neutrons of a fission chain are traced 
until loss before another source neutron is introduced. 

All the necessary cross sections are stored in fast storage, and a form of importance sampling is used at 
large times to assure that adequate statistics over many decades of decay are obtained. The decay in 
nonmultiplying assemblies can also be calculated. 

This calculational method may be used for the interpretation of neutron time-dependent experiments. 

Sponsor : Director’s Division 

ECOLOGICAL SCIENCES DIVISION 

Numerical Methods for Ecologists 

A. A. Brooks J. B. Mankin R. V. O’Neill’ 

A numerical methods manual is being written to aid ecologists in understanding numerical analysis and 
scientific applications of computers. This manual is intended to provide an introduction to numerical 
techniques to the ecologist who is unfamiliar with computing and to provide practical hints and a reference 
to existing programs and their use to those ecologists who are moderately familiar with computing. 
Chapters on interpolation, integration, linear and nonlinear algebraic equations, eigensystems, linear and 
nonlinear ordinary differential equations, partial differential equations, and sensitivity analysis are included. 
Emphasis is placed on practical application and the difficulties encountered in numerical computation. 

Sponsor: Ecological Sciences Division 

Modeling of the Energy Transfer Through a Forest Canopy 

J. B. Mankin M. Reeves G .  S. McNeilly 
R. V. O’Neill’ C. E. Murphy’ 

The transfer of energy within and above a forest canopy can be viewed as mechanical and 
thermodynamic processes. These energy processes are primarily those of a molecular diffusion of heat and 
moisture through a fluid, the absorption of solar and long-wave radiation, and the transfer of sensible and 
latent heat from the leaves and the soil. They are interacting processes which are described by coupled 
partial differential equations, and their solution yields a knowledge of the microclimate within the forest. 

23. Y-12 Critical Experiments Facility. 
24. D. C. Irving et al., OSR, a General Purpose Monte Carlo Neutron Transport Code, ORNL-3622 (February 1965). 
25. Ecological Sciences Division. 
26. School of Forestry, Duke University. 
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The transfer of heat and moisture through the canopy can be viewed as a diffusion process. Therefore, 
these processes can be described by nonlinear diffusion equations such as 

?!e = 3- [ K(t, z) 3 + s(t, z) , 
at az 

where cp is the quantity of interest (e.g., temperature), K(t, z) is the diffusivity, t is the time variable, and z 

is the vertical displacement within the canopy. The source terms s(t, z) are obtained by computing the 
transfer of heat and moisture from the leaves and soil to the air. 

The heat transfer through the leaves can be obtained by a heat balance of the conductive, convective, 
and radiant heat processes acting upon the leaves. The moisture transfer from the leaves is a function of 
vapor pressure, and the leaves are assumed to be at their saturation vapor pressure. 

A code has been developed to solve for the temperature and moisture profiles through the canopy as a 
function of time. It is also necessary to calculate a number of other quantities; for instance, the diffusivity 
is a function of the wind profile. These quantities are computed by programs developed at Duke 
University.’ 

Sponsor: Ecological Sciences Division 

Infiltration of Water into Soils 

G. S .  McNeilly M. Reeves I11 E. E. Miller* * 
If it is assumed that (1) Darcy’s law is valid, ( 2 )  the conductivity of the soil is dependent on pressure 

head and position in the soil, and (3) the equation of continuity is valid with the water capacity being 
dependent on pressure head and position in the soil, then the infiltration of water into soil can be described 
by the equation’ 

where C(h, z) = M/ah  is the water capacity of a particular scanning curve, K(h, z) is the hydraulic 
conductivity, 8 is the volumetric water content, h is the pressure head, and 0 >z  > - L is the position in 
the soil between the surface and the ground water level. 

The flow equation defined above is well known and has been investigated pre~iously.’~ However, the 
present investigation will extend the model to include hysteretic behavior of C(h, z) and K(h, z), the effect 
of a crust at the soil surface, and a time-varying crust boundary condition to simulate the effect of variable 
rainfdl and runoff. 

Sponsor: Ecological Sciences Division 

27. C. E. Murphy and K. R. Knoerr, “Modeling the Energy Balance Processes of Natural Ecosystems,” Research 
Report, International Biological Program, Analysis of Ecosystems Project, Deciduous Forest Biome Subproject, Grant 
383-6 102,1969- 1970. 

28. International Biological Program participant, Departments of Physics and Soils, University of Wisconsin. 
29. F. D. Shisler and A. Klute, Soil Sci. Soc. Amer. hoc.  29(5), 489 (1965). 
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Recovery Time of an Ecosystem 

M. Reeves I11 M. T. Heath R. V. O’Neil12 

The recovery time of an ecological system may be defined as the time required to reach steady state 
after a disturbance to the system. The main objective here is to study the relation of this quantity to the 
structure of the system. Insight into this relation should provide some practical guides for changing the 
recovery time. A secondary objective is to provide the necessary computer program. 

For this study, we have adopted a compartment model with linear donor-dependent flows. Recovery 
time is then inversely proportional to the real part of what we have called the crucial eigenvalue of the 
matrix of flow coefficients. This crucial root is characterized by a real part which is next to the smallest in 
magnitude relative to all of the other eigenvalues. 

Perturbation theory was applied to this problem in two ways. First, all of the off-diagonal elements 
were considered to be the perturbations. In this case, the physical interpretation was very straightforward, 
but the agreement of crucial roots as calculated rigorously and through perturbation theory was very poor 
in most cases. Second, a small perturbation to one of the flows was considered. Here the physical 
interpretation was very obscure, and hence no calculations were made. 

We are now beginning a sensitivity analysis where the sensitivity of an eigenvalue to change of a given 
matrix element is defined as the derivative of that eigenvalue with respect to the appropriate matrix 
element. 

Sponsor: Ecological Sciences Division 

ORNL RESAP Adaptation 

J. D. Amburgey F. D. Hammerling 

A program for the least squares analysis of gamma spectra involving intermixed standard samples 
(RESAP)30 which was written at the Computing Technology Center was adapted to the Mathematics 
Division’s equipment. A program was written for the CDC 160A to convert paper tape data to magnetic 
tape in the format required by RESAP. Since the paper tape data have usually contained several errors, a 
program was written to edit the mag tape, and hopefully produce an error-free tape to be processed by 
RESAP. 

Sponsor: Ecological Sciences Division Daniel J. Nelson 

Linear Compartmental Analysis of Ecosystems 

R. E. Funderlic M. T. Heath 

The kinetics of a linear compartmental system may be expressed by a system of differential equations 
x = Ax,  where A is the matrix of transfer coefficients and x is the vector of concentrations in the 
compartments. Such a system has the usual exponential solution depending on the eigenvalues and 
eigenvectors of A.  Important problems in ecology and other disciplines where such systems occur are the 
stability of the system, the rate of decay of the transient solution, and the sensitivity of the solution to 

30. A. A. Brooks, A. Hume, and B. J. Handley, RESAP - a Program for the Least Squares Analysis of Gamma Spectra 
Involving Intermixed Standard Samples, CTC-25 (March 1970). 
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changes in the coefficients or other system properties. Under the assumption of conservation of mass or 
energy, the nonzero eigenvalues of A have negative real parts, and thus the solution is stable, that is, it tends 
to a constant with increasing time. This constant is an eigenvector corresponding to the eigenvalue zero, 
which is always a root since A is singular. One measure of the recovery time of the system from a 
perturbation (e.g., injection of a pollutant) is the magnitude of the real part of the nonzero root closest to 
zero. Call this root the crucial root. If the matrix B obtained by deflating the zero root(s) from A is 
essentially positive (i.e., is irreducible and has nonnegative off-diagonals), then the following theorem3 ' 
provides upper and lower bounds on the crucial root, which is real in this case. - 

Theorem. If the matrix B is essentially positive, then the crucial root lies between the minimum and 
maximum column sums of B. 

By an appropriate scaling (diagonal similarity transformation), these bounds can be improved in the 
best possible way as shown in the next t h e ~ r e m . ~  ' 

Theorem. If the matrix B is essentially positive, then there is a nonsingular diagonal matrix D having 
nonnegative entries such that the column sums of the matrix DBD-' are all equal to the crucial root. 

This last expression is equivalent to a system of n nonlinear equations in n unknowns, where n is the 
order of B. Information concerning the sensitivity of the crucial root may be obtained from this system, 
which has a particularly simple form for some kinds of ecological systems. 

Sponsor (partial): Ecological Sciences Division R. V. O'Neill 

ORNLNSF ENVIRONMENTAL PROGRAM 

An Electricity Supply-Demand Prediction System 

T. J. Tyrrell D. Chapman32 

We have started the development of an environmentally oriented electricity supply-demand prediction 
system. Traditionally, such systems have been developed by utility companies and various government 
agencies, using input-output and ordinary least squares techniques. In addition to the basic price and policy 
change responses of a typical prediction system, we have incorporated supply-mix and energy-form- 
substitution factors into our model. We have chosen a simultaneous estimation technique using regression 
analysis. Our primary innovation, however, is that our system is designed so that its output is readily usable 
in other prediction systems, such as, for example, a pollution by-product prediction system. 

Sponsor: Environmental Program, Energy Group R. S .  Carlsmith 

GENERAL ENGINEERING AND CONSTRUCTION DIVISION 

Symbolic Manipulation of Matrices in Structural Mechanics 

T. C. Tucker W. C. Stoddart3 

The finite element method for solving problems in structural mechanics involves matrices which 
describe the force/deflection vector relationships. In principle, these matrices may be obtained by either 

31. Richard S. Varga, Matrix Iterative Analysis, pp. 258, 261, Prentice-Hall, 1962. 
32. Environmental Project, Energy Group. 
33. General Engineering and Construction Division. 
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analytical or numerical means. In practice, although the analytic representation is often desirable, numerical 
means are very predominant. The large amount of algebraic manipulation required for the analytical 
derivation is both tedious and susceptible to error. We have investigated the FORMAC symbolic 
manipulation language as a means to overcome these difficulties. 

The problem chosen for study was the transformation of the stiffness matrix for a curved quadrilateral 
element from an abstract coordinate system into the polar coordinate system. In this case, the original 
stiffness matrix K was a symmetric 8 X 8 matrix. The transformation matrix R was an 8 X 8 matrix. The 
desired result was the symmetric 8 X 8 matrix RTKR.  

We wrote a subroutine for a FORMAC program which performs this multiplication for any conformable 
matrices R and K,  where K is symmetric. Although FORMAC allows subscripted variable names, it does not 
provide for array variables. However, by using the string-handling capabilities of the PL/I language and 
calling certain FORMAC library subroutines explicitly, we were able to write the subroutine so that its 
effective operands are matrices. The sample problem, including definition of the initial matrices and 
simplification of the terms of the result, required less than 15 machine-use seconds on the IBM 360/91. It is 
believed that a significant reduction in computer time will be achieved by using this analytic result rather 
than the current numerical transformation. 

Further application of FORMAC to structural mechanics is currently under consideration. 

Sponsor : General Engineering and Construction Division W. C. Stoddart 

SINDA-3G 

D. W. Atom T. C. Tucker G. H. L l e ~ e l l y n ~ ~  

We have implemented one version of the Thompson Ram0 Wooldridge Systems Improved Numerical 
Differencing Analyzer,34 SINDA-3G, on the IBM 360 systems at ORNL. This is a programming system 
which is used at many NASA and AEC installations for heat transfer, fluid dynamics, and stress analysis. 

We have used the version coded by the Idaho Nuclear Corporation for the IBM 360. All features of the 
system are available with the exception of the plotting features. 

Sponsor : General Engineering and Construction Division G. H. Llewellyn 

HEALTH PHYSICS DIVISION 

Health Physics 

G. S. McNeilly Peggy G. Fowler 

An investigation is in progress to determine the more critical radionuclides (in terms of internal and 
external dose to humans) produced by nuclear fission reactors. Since the number of nuclides produced in 
the core of a nuclear fission reactor is approximately 500, an efficient data-handling system is necessary. 

A program, SEARCH, using the Battelle-Northwest Isotropic Data Tape3’ as a data base has been 
written. SEARCH, in addition to information retrieval capability, edits the master file with additions and 

34. Chrysler Improved Numerical Differencing Analyzer for 3rd Generation Computers, Technical Note TN-AP- 

35. R. L. Reynolds, BNWL-551 (1967). 
67-287, Chrysler Corporation Space Division, New Orleans, 1967. 
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corrections and checks key words and record format for correctness. The nuclear structure data of the 
Battelle tape have been complemented by the addition of ICRP biological half-life data.3 Other quantities 
of interest to dose calculations can be easily appended. 

Sponsor: Health Physics Division 

Routine Atmospheric Releases of Short-Lived Radioactive Nuclides 

M. Reeves 111 Peggy G. Fowler K. E. Cowser3 ' 
In siting and operating nuclear facilities, it  is desirable to predict the transport of radioactive materials. 

We consider a routine situation in which radioactive materials are being continuously emitted into the 
atmosphere, rather than an accidental situation. Hence, our results will be annual averages relative to 
atmospheric stabilities, wind speeds, and wind directions. 

Some releases will contain relatively short-lived members of radioactive decay chains, which necessitates 
the consideration of several factors. For example, radioactive production and decay processes will occur 
both in the atmosphere and on the ground. Also, the washout and fallout processes by which the materials 
reach the surface will be characterized, in general, by different washout coefficients and deposition 
velocities for different members of the decay scheme. 

to take into account the radioactive production and 
decay proce~ses ,~  we have developed expressions of the ground-level air concentration, deposition rate, 
and ground concentration for each isotope of a radioactive decay chain. These expressions have been coded 
in double-precision FORTRAN IV. A description of the mathematical analysis, the numerical analysis, and 
the computer program is being published as an OFWLTM report. 

By generalizing the Gaussian plume ana ly~ i s ,~  

Sponsor: Health Physics Division 

Heat Transfer Analysis of Radioactive Waste Disposal in Natural Salt Formations 

W. D. Turner R. L. Bradshaw3 

The thermal effect on the geological environment is one of many questions arising from the project on 
radioactive waste disposal in natural salt  formation^.^' There are many variables which will influence the 
temperature distribution in a radioactive waste repository, and the effects of these variables must be 
analyzed in designing such a facility. In order to determine their effects on the temperature distribution, 
solutions have been obtained for models evaluating the size of rooms, separation between rooms, spacing 
between wastes in each room, and backfilling the disposal rooms with crushed salt. 

A versatile code, the Mine Management Program, is being developed to predict the most economical 
waste container spacing while ensuring that the temperature throughout the facility does not exceed a 
specified maximum value. In estimating the temperature distribution in the formation, one must accurately 

. 

36. Health Phys. 3 (June 1960). 
37. Health Physics Division. 
38. D. H. Slade, Meteorology and Atomic Energy, 1968, TID-24190 (1968). 
39. D. R. Vondy, Development of a General Method of Explicit Solution to the Nuclide Chain Equations for Digital 

40. Health Phys. Div. Ann. Progr. Rept. July 31, 1970, ORNL-4584, pp. 16-36. 
Machine Calculations, ORNL-TM-361 (1962). 
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model the rooms, the sources, the stratigraphic formation, the boundary conditions, the thermal properties, 
etc. Solutions have been obtained for a spectrum of problems which have been used to study the effects of 
these variables. As new data for the proposed facility become available, work will continue toward 
developing a model or group of models which will most accurately and economically predict the 
temperature distribution throughout the repository. 

The heat conduction code HEATING4 is currently being used to perform most of the heat transfer 
calculations. Detailed information and results on some of the models that have been studied are presented 
in the Health Physics Division’s annual report? 

Sponsor: Health Physics Division R. L. Bradshaw 

Dose from Gamma-Ray Sources 

G. G. Warner W. S. Snyder3 

We made extensive amendments to the internality of the man phantom described in ALGAM.43 New 
bones - scapulae and clavicles - were added; newer regions for both red and yellow marrow were defined; 
the definitions of the sections of the gastrointestinal tract were strengthened by describing the walls of each 
section as well as its contents; and nasal passages were described. We used ALGAM to estimate internal dose 
to the man phantom from 12 monoenergetic photon sources located uniformly in the liver, both kidneys, 
the lungs, and the contents of the stomach, the small intestine, the upper large intestine, and the lower large 
intestine. From the decay schemes of seven isotopes of iodine, we computed doses from sources of each 
isotope in the bladder, the stomach, the small intestine, the upper large intestine, the liver, the gonads, and 
the thyroid. Other radioisotopes simulated as sources were 239Pu, a point 0.4 cm deep in cheek; 75Se 
uniform in liver; and three monoenergetic “isotopes” in the nasal passages. 

We compiled a variation of ALGAM which restricted its output to the histories in the bladder wall and a 
few other organs. This variation estimated dose from monoenergetic photons uniformly distributed in the 
contents of a bladder being continuously filled at a constant rate from 0 to 525 ml in 9 hr. Another 
variation gave estimates from 12 monoenergetic sources in the fixed contents at each of seven volumes: 0, 
50, 100, 200, 300, 400, and 500 ml. We computed a third variation in which the decay schemes of 203Hg 
and Ig7Hg were used as sources of photons in a continuously filling bladder from 0 to 280 ml in 4.8 hr. 
The volume of the contents of the bladder was picked according to the distribution e - h r t ( l  1 e ), 
where 0 hr < t < 4.8 hr, Ar is a retention constant, and Ai is an input constant. 

We compiled yet another variation of ALGAM in which the output was amended to give depth dose 
estimates44 as well as dose estimates to the internality of the man phantom from cloud sources of photons. 
L. T. Dillman44 supplied us with a code which can calculate the photon energy spectra incident upon the 
phantom from initially monoenergetic cloud sources, and we used these spectra with their accompanying 
probability distributions as sources. It was necessary to write a subroutine which gave the proper angular 

-hit 

41. W. D. Turner and J. S. Crowell, Notes on HEATING - an IBM 360 Heat Conduction Program, CTC-INF-980 

42. Health Phys. Diu. Ann. Progr. Rept. July 31, 1970, ORNL-4584, pp. 25-31. 
43. G. G. Warner and A. M. Craig, Jr., ALGAM, a Computer Program for Estimating Internal Dose from Gamma-Ray 

44. L. T. Dillman, “Radiation Dose Estimation for Immersion in a Radioactive Cloud,” Health Phys. Div. Ann. Progr. 

(November 1969). 

Sources in a Man Phantom, ORNL-TM-2250 (June 1968). 

Rept. July 31, 1970, ORNL-4584. 
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distribution for photons impinging on the phantom. Runs were made for 12 monoenergetic clouds and for 
clouds which each contained the two principal decay photons of Kr, 0.305 and 0.1495 MeV. 

Sponsor: Health Physics Division W. S. Snyder 

Absorbed Fractions of Gamma-Ray Energy 

G. G. Warner W. S. Snyder3 ' 
Using a method developed by Berger4' for the calculation of buildup factors for proton energies, a 

computer code was written to calculate the fraction of emitted energy absorbed per gram of target organ at  
a distance from an isotropic source in another organ by 

where B@x) is the buildup factor for a given energy, 1-1 is the attenuation coefficient, x is the distance 
between source and target, and pa is the energy absorption coefficient. Because absorbed fractions 
calculated in this manner are conservative when compared with those estimated with ALGAM,46 we used 
this method to provide fractions where the statistics of the fractions estimated by ALGAM were poor. 

Sponsor: Health Physics Division W. S. Snyder 

Effective Energy 

G. G. Warner L. T. Dillman4 ' 
EFFEC, a computer code we helped to develop: was run to produce effective energies, E's, for Se 

and 99mTc; then we used the output to calculate dose to a target organ T in man from sources of each 
radionuclide in several source organs S by 

51.15 
Mass, 

DoseT = - 1 [ @ C i - d a y ~ ) ~ E ~ + ~ ]  , 

where pCi-days is a residence parameter supplied by the client. 

Sponsor :' Health Physics Division 

Plutonium Body Burden Estimation 

L. W. Gilley R. C. Durfee 

A computer program was written to estimate intakes and body burdens of persons exposed to 
plutonium. The two different power functions, al-" and a[T'-" - (T - 1)'-"] /(1 - a), were used in 
estimating the body burdens, where T represents time. The program ,adjusts the parameter a within 

45. M. J. Berger, "Energy Deposition in Water by Photons from Point Isotropic Sources," MIRD Pamphlet No. 2, J. 

46. G. G. Warner and A. M. Craig, Jr., ALGAM, a Computer Program for Estimating Internal Dose from Gamma-Ray 

47. Consultant, Ohio Wesleyan University. 
48. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 20. 

Nucl. Med. Suppl. 1 (February 1968). 

Sources in a Man Phantom, ORNL-TM-2250 (June 1968). 
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specified limits depending upon a comparison of experimental data with calculated results. A second code 
similar to the first was written to produce a different parameter adjustment and therefore a different 
calculated curve for a given set of experimental data. Both codes allow input data to be punched in an 
easily usable free form style. The user may plot his final results on the mechanical plotter if desired. 

Sponsor: Health Physics Division W. S. Snyder 

INSTRUMENTATION AND CONTROLS DIVISION 

DEXTIR Data Acquisition Systems, General Description 

G. J. F a r r i ~ ~ ~  0. W. Russ, Jr. R. E. Textor” 

Beckman Instrument Company’s DEXTIR data systems are used at the Reactor Division (9201 -3, 
Y-12), the Oak Ridge Research Reactor (ORR), and the High Flux Isotope Reactor (HFIR) for rapid, 
accurate collection of experimental data. Each basic system consists of the Central Processing Unit (CPU), 
up to 100 collection boxes having 25 analog and 25 digital inputs, and connecting party-line coaxial cable 
allowing up to a mile’s distance between data boxes and CPU. Boxes are scanned sequentially in continuous 
or 5, IS-, 30-, or 60-min intervals in approximately 3 sec per box, and data are recorded on magnetic tape 
by the CPU. Each scan records the day of year, box number, time of day, and 25 analog and 25 digital 
inputs. The magnetic tape containing 24 hr (or a weekend) of data is sent to the ORNL Computing Center 
for overnight processing by the IBM 360/75 DEXTIR program to optionally scale the digital data, convert 
the analog millivolt data into engineering units, and print, plot (Calcomp or CRT), or punch output for 
return to the experimenter. The Y-12 DEXTIR CPU has a PDP-8 computer attached for immediate data 
conversion and remote readout in engineering units on a Teletype unit at the experiment location. The 
Laboratory’s Instrumentation and Controls Division’ is responsible for the installation, operation, and 
maintenance of the DEXTIR systems, and programming support for data reduction is provided by the 
Mathematics Division’s Computing Applications Department. 

Sponsor: Instrumentation and Controls Division 

MAN PROGRAM 

Estimation of Virus Counts 

Kim 0. Bowman 

The problem of estimating the total number of virus particles in a given preparation was considered in 
order to determine the optimal counting procedure. The data were successfully fitted to a modified 
geometric distribution with consideration to size of counting area. The counting procedure was determined, 
which is optimal with respect to minimizing the variance. 

Sponsor: MAN Program W. W. Harris 

~ 

49. Now with Union Carbide Corp., South Charleston, W.Va. 
50. Leave of absence at Drexel Institute of Technology. 
51. Instrumentation and Controls Division annual reports for 1965 through 1970. 
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MATHEMATICS DIVISION 

Development of a General-Purpose Nonlinear Programming Algorithm for Linear Constraints 

G. W. Westley 

An effective procedure has been developed to solve the following problem. 
Find a minimum value off(xl,  ..., xn) subject to the m constraining conditions 

where each of the fi is a linear function. 
The programis an extension of an earlier version? The extensions allow the user to start the procedure 

from parameter estimates that do not satisfy the constraints and to allow the procedure to converge on a 
criterion based on the accuracy required in the xi parameters. 

The primary version of the routine requires that the gradient of the function be known in closed (i.e., 
function) form. However, a version has been developed that eliminates this requirement. This later version 
has been successfully used to solve several physical parameter estimation problems5 3 y 5 4  Both versions of 
the program have recently been published.' ' This publication also contains a detailed description of the 
method used in the minimization technique. 

The most effective use of the program will be in the analysis of economic modeling problems where 
there are a large number of constraints and where many of the constraints are expected to be binding at the 
solution. 

The program has been compared with other published techniques and has been found to be more 
effective than most .' 

Sponsor: Mathematics Division 

Development of a General Geometric Programming Algorithm 

G .  W. Westley 

A procedure has been developed to solve the engineering design problem given below. 
Find a minimum cost value of 

subject to the L constraining conditions 

52. G .  W. Westley and J. A. Watts, CTC-39 (1970). 
53. G. W. Morrison, R. F. Haglund, C. Pearson, and G. W. Westley,Phys. Rev. 15 (1970). 
54. T. G .  Miller, G .  W. Morrison, and G.  W. Westley, Phys. Rev. 15 (1970). 
55. G.  W. Westley, ORNL-4644 (in press). 
56. A. R. Colvilie, IBM Report No. 320-2949 (1968). 
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The standard restrictions of ti > 0 and ci > 0 are imposed. However, the latest publisheds7 attempt to 
remove the ci > 0 restriction has been examined. In some cases the standard procedure can be used to solve 
the more general problems. 

The results indicate that the program is significantly faster (in terms of equivalent computer usage time 
units) ,than the previously published ve r~ ion . ’~  The algorithm and the program have both been 
published .6 

The program written to implement the procedure has been tested on an extensive series of problems.’ 

Sponsor: Mathematics Division 

FORTRAN FREEFORM Input 

R. C.  Durfee 

We have written a FORTRAN input package, FREEFORM, for the IBM 360 which will allow 
programmers to read input information without using FORMAT statements. The input package consists of 
a set of three function subprograms which read real, integer, and alphameric data, respectively. The only 
restriction on the input items is that they be separated from one another by blanks. The functions may be 
used with either the IBM FORTRAN IV compiler or the ORNL FORTRAN compiler. 

Sponsor: Mathematics Division 

FORTRAN Dynamic Storage Allocation 

R. C. Durfee 

We have written two assembly language subroutines, GETCOR and FRECOR, which may be called 
from FORTRAN subroutines during execution to allocate and release core storage. Those variables for 
which core storage is to be allocated must be arguments to the FORTRAN subroutines. Before any 
FORTRAN subroutine can return to its caller, it must first release all core storage allocated to any of its 
arguments. Through the use of GETCOR, FRECOR, and variable dimensioning, users will now be able to 
run jobs with a minimum of core storage thereby allowing better memory utilization of the IBM 360/91 
computer. Also with smaller memory requirements some jobs may fall into a better CLASS with faster 
turnaround. These two subrouiines may be used with either the IBM FORTRAN IV compiler or the ORNL 
FORTRAN compiler. 

Sponsor: Mathematics Division 

General Purpose Simulation System, GPSS/360 

R. C. Durfee 

We have received and made available for general use the IBM-distributed programming system General 
Purpose Simulation System, GPSS/360. GPSS is a simulation program that provides an effective means of 

57. M. Avriel and A. C. Williams, SIAMJ. 19(1) (1970). 
58. C. J. Frank, Westinghouse Report 64-1HO-129-R1 (1964). 
59. C. J. Frank, Westinghouse Report 64-1HO-129-R2 (1964). 
60. G .  W. Westley, ORNL-4650 (in preparation). 
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testing, evaluating, and manipulating a proposed system under various conditions in a laboratory 
environment. The real system’s behavior is modeled by a computer program, which reacts to various 
operating conditions in a manner quantitatively similar to the system itself. Hours, weeks, or even years of 
simulated activity can be examined on a computer in a matter of minutes. Of course, computer simulation 
is not a precise analog of the actual system, and thus careful judgment should be exercised by the user in 
setting up a good model and interpreting the results. GPSS features a simple flowchart language for 
describing the problem or system to be simulated. When this description is presented as input to the 
computer, the program automatically carries out the simulation. 

The program itself resides on a disk so that it may be referenced with the proper set of control cards. 
User’s manuals6 are available from the ORNL computer librarian, and persons familiar with GPSS/360 are 
available for consultation. 

Sponsor: Mathematics Division 

Numerical Inversion of the Laplace Transform 

Sandra H. Merriman F. W. Stallmann62 

The proposed method of finding the inverse of a Laplace transform, as described in last year’s annual 
report ,6 has been tested successfully on numerous functions. 

Sponsor: Mathematics Division 

Free Thermal Convection in Molten Metals 

T. C. Tucker Carla L. Armstrong J. Smith6’ 

We have continued the study of free thermal convection in a horizontal, concentric circular annulus.64 
Of the three methods of solution proposed previously, boundary layer theory has received the least 
attention, primarily because other methods have appeared more promising than we anticipated. We have 
initiated work on a numerical finite difference calculation. 

We found, however, that expansion methods seem quite promising. From the results of the 
small-parameter expansion previously reported, we concluded that development of a double expansion in 
the Grashof and Prandtl numbers was feasible. We found that all nonzero terms of the expansions are 
included in 

6 1. General Purpose Simulation Systemf360, Application Description Manual, GH20-0186 (1969); General Purpose 

6 2 .  Consultant, University of Tennessee. 
63. Math. Diu. Ann. Progr. Rept. Dee. 31, 1969, ORNL-4514, p. 5 .  
64. Math. Diu. Ann. Bog. Rept. Dee. 31 ,1969,  ORNL4514. 

Simulation System 1360, Introductory User’s Manual, GH20-0304 (1969). 
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where P is the Prandtl number, G is the Grashof number, \k is the dimensionless stream function, and @ is 
the dimensionless temperature function. The coefficient functions \ki,i and @i,i are defined by recursive 
sequences of linear partial differential equations. Further, both \kLi and are separable functions of 
radius and angle (in polar coordinates), and the angular dependence is expressible by trigonometric 
polynomials of order i. 

We obtained analytic expressions for the radial functions through terms in G2 (i = 2), using the 
FORMAC symbolic mathematics interpreter to do much of the tedious and repetitious differentiation, 
summation, and collection of terms. We wrote a computer program to obtain numerical results from these 
expressions. The results of one calculation are shown in Fig. 2. 

From this work we concluded the following: 

1. Terms through G2 are sufficient up to about G = lo4 for T~ = 0.5 ( T ~  is the ratio of inner radius to 
outer) and up to about G = lo' for T~ = 0.8. These limits are nearly independent of Prandtl number. 

2. For values of T~ closer to unity, the radial functions could not be evaluated accurately. 

3.  The heat transport calculated from the truncated expansion provides a good measure of the applicability 
of the expansion. Theoretically, the heat transport across any concentric cylindrical surface is 
independent of the radius, but that calculated from the truncated expansion varies with radius. We 
found this variation becomes unacceptably large at, or before, the Grashof number at which the stream 
and temperature functions become unreliable. 

Since this attempt at an expansion solution had yielded so much information, we developed a 
procedure for developing terms in higher powers of G by numerical means. 

This approach is desirable because the coefficient functions need to be determined only once for any 
radius ratio, and calculations for various Grashof and Prandtl numbers are then quite simple. For a direct 
two-dimensional finite difference calculation, however, the entire, usually lengthy, calculation must be 
repeated if any parameter is changed. 

ORNL-DWG 71-2034 

GRASHOF NO.=3000.00 
PRANDTL = 0.71400 
RADIUS = 0.12500 

GRASHOF NO.=3000.00 
PRANDTL = 0.71400 
RADIUS = 0.12500 

Fig. 2. Contour plot of results of an analytic expansion using terms through G 2 .  The closed lines on the left represent 
streamlines. Flow is counterclockwise. On the right are lines of constant temperature at equal increments. The inner 
cylinder is hot. The Prandtl number corresponds to air. 
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We used the FORMAC system to facilitate obtaining the recursively defmed ordinary linear differential 
equations defining the radial portions of each function. Then we used a PL/I program to convert the 
FORMAC output into FORTRAN statements in punched cards. Using this procedure, we generated the 
punched cards for all terms through G 6 ,  a total of 113 functions, in about 20 min on the 360/91. Similarly, 
we obtained cards for terms through G9 with F’randtl number zero. 

We developed an explicit method for solving the fourth-order ordinary difference equation with 
Dirichlet boundary conditions. This method is at least 50 times faster than iterative procedures. 

We combined the FORMAC-generated difference equations with the explicit method of solution to 
obtain the desired numerical results. From these calculations we have concluded: 

1. Numerical results can be obtained, through terms in G2, which differ from the analytical solution by less 
than 1 part in 1 07. 

2. The coefficients of terms from G2 through G9 almost form a geometric progression. Thus, there is an 
effective radius of convergence in terms of Grashof number for the double expansion. 

3. Within the radius of convergence, there does not appear to be any limit to the inner-outer radius ratio. 

We are considering various means for extending the expansion‘ solution past the presently limiting 
Grashof number. As one approach, we are trying to apply the theory of analytic continuation. As a second 
approach, we are considering functional approximation in the space spanned by the coefficient functions of 
the expansion. 

Sponsor: Mathematics Division 

Family of Heat Transfer Programs 

R. C. Durfee C. W. Nestor, Jr. 

We have continued the development of a family of heat transfer programs described in last year’s 
report.65 We have written two programs, ORTHIS and ORTHAT,66 which are designed to solve 
steady-state and transient heat-conduction problems in two-dimensional geometries (x-y, r-z, or r-0). 
Thermal properties, heat-generation rates, and boundary conditions may be functions of position, time, or 
temperature. 

In the development of the steadystate program, we have studied the effects of various approximations 
in the case where the thermal conductivity is a function of temperature. The difference equations are 
derived from the application of Gauss’ theorem to each element of volume surrounding a mesh point; when 
the thermal conductivity is a function of temperature, it must be evaluated on the interfaces between the 
volume element and its neighbors. Comparison of the solution of the difference equations with the analytic 
solution of a simple model problem shows that the truncation error does not decrease with decreasing mesh 
size if thermal conductivity is assumed constant over an entire mesh volume.67 

We have also studied the effects of various boundary conditions on the rate of convergence of the 
iterative solution of the difference equations, using model problems similar to those investigated by Stewart 

65. Math. Div. Ann. Progr. Rept. Dee. 31, 1969, ORNL4514, p. 12. 
66. Oak Ridge Transfer of Heat in Steady State; Oak Ridge Transfer of Heat at Transient. 
67. Similar results are discussed by R. E. D. Stewart and F. C. Wessling, Jr., Sandia Laboratories Report 

SC-RR-70-334, June 1970. 
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and Lick.6a We consider a cylinder, infinite in length, with a uniform heat source and a mixed condition at 
the outer boundary:69 

In addition, the thermal conductivity is a linear function of temperature: 

k(T)=k,[ l  t a ( T -  To)] . (4) 

For small values of a [Eq. (3) above], variations in a have a large effect on the rate of convergence; the 
larger the value of a, the smaller the effect of a. Typical results are shown in Fig. 3, where we have plotted 
the number of iterations required to reduce the error by a factor of 10 vs the overrelaxation parameter p. 

In the transient program we had initially used the Peaceman-Rachford alternating-direction-implicit 
(ADI) procedure described by Varga,70 but found instability occurred when the mesh size was small even 
though our time steps were fairly short. We modified the AD1 scheme to include a predictor-corrector 
process, using approximate temperatures on neighboring mesh lines generated by extrapolation of past 

68. G. W. Stewart I11 and D. W. Lick; Comm. ACM 11,639 (1968). 
69.  Text is an external temperature. 
70. R. S .  Varga, Matrix Iterative Analysis, Prentice-Hall, Englewood Cliffs, N.J., 1962. 
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Fig. 3. Number of iterations required for error reduction by a factor of 10. 
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temperatures. The improvement in stability was excellent; in one problem, 180 time steps were required to 
integrate over a time interval that required 2000 time steps using an explicit method. The agreement in 
temperatures calculated by the two methods was also good. 

We have included an approximate treatment of nodal freezing and melting in the transient program. We 
obtained satisfactory agreement between the results of a calculation with our program and the results of a 
calculation7’ with another program in which the latent heat of fusion was simulated by increasing the 
specific heat over a small temperature range close to the melting point. 

Sponsor: Mathematics Division 

ORDEAL: General Purpose System 

T. D. Calton 

We expanded the ORDEAL7* programming language by including new procedures for the 
approximation of definite integrals and for the smoothing of data. The procedures involved the use of 
subroutines from IBMs System/360 Scientific Subroutine Package (Version 111). The new capabilities 
include: (1) the integration of a polynomial, (2) numerical integration using the trapezoidal rule, Simpson’s 
rule, or one of several Gaussian quadrature formulas, (3) data smoothing by unweighted averaging of 
neighboring points, and (4) data smoothing by certain least squares polynomials. 

The first phase of ORDEAL development is complete, and a user’s has been published. A 
second manual74 cataloging in detail the procedures available in ORDEAL will be forthcoming. 

We compiled a list of proposed improvements to ORDEAL. These include: (1) more complex 
arithmetic expressions, (2) additional data and program management capabilities, and (3) a conversational 
mode for terminal users. Approval to implement some or all of the proposed improvements has not yet 
been granted. 

Sponsor: Mathematics Division 

Spectrum Analysis 

A. F. Joseph G .  W. Chandler 

The user’s manual for the SPECTRAN system has been published. Included in the improvements are 
additional peak finding and peak fitting routines, as well as other user-requested options. Also the spectrum 
code from Argonne National Laboratory is available for use. 

Sponsor: Mathematics Division 

71. M. Siman-Tov, personal communication. 
72. Math. Div. Ann. Prop. Rept. Dee. 31, 1969, ORNL-45 14, p. 9. 
73. M. Feliciano, C. W. Nestor, N. B. Gove, and T. D. Calton, Oak Ridge Data Evaluation and Analysis Language, 

74. M. Feliciano, C. W. Nestor, N. B. Gove, and T. D. Calton, ORDEAL Catalog of Procedures, ORNL-4506, Vol. I1 
ORNL4506 (March 1970). 

(in preparation). 
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Computer Graphics 

Kay C. Chandler 
G. W. Chandler 
Linda P. Helton 
M. Feliciano Ruth B. Hofstra 
N. B. Gove Marie H. Eckart 

J. D. McDowell 
T. D. Calton 
E. G. Grohman7’ 

The manual for the graphics package ORGRAPH76 has been revised with more examples. A number of 
improvements and additions have been made. Polar plots have been added, and a printer plot option and a 
contour plot option are being tested. We made several thousand net migration rate graphs for the Urban 
Growth Patterns Project. 

Sponsor: Mathematics Division 

Forms Writer 

V. A. Singletary 

We wrote a FORTRAN IV program77 that can generate rectilinear forms of varying complexity on 
either the pen-and-ink plotter or the cathode-ray tube. In addition to  the lineal aspect of the form, textual 
information may be inserted within the form. Figure 4 illustrates some of the program capabilities. 

Sponsor: Mathematics Division 

ORNL Computer Center Accounting System 

T. D. Calton 

The ORNL computer center accounting system78 described in last year’s annual report is now a 
working reality. Operation under the new accounting system began in July 1970. Detailed reports of the 
computing center charges may be generated on a weekly or a monthly basis. 

The accounting system maintains all accounting files on disk storage with copy on a disk and on 
magnetic tape. A programmer’s activity file for appropriate Mathematics Division personnel is maintained 
and reported to the management of the Mathematics Division. 

We modified accounting programs of the Neutron Physics and Physics Divisions to permit access to data 
within our accounting files. 

Other Mathematics Division programmers contributing to this effort were V. A. Singletary, D. W. 
Altom, C. L. Armstrong, and R. B. Hofstra. 

Sponsor: Mathematics Division 

75. Knoxville College, Knoxville, Tenn. 
76. Math. Diu. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 9. 
77. V. A. Singletary, Forms Writer, ORNL-TM-3290 (to be published). 
78. Math. Diu. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 10. 
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ORNL- DWG 71- 2036 

CODED BY 
DATE REQUEST NO. 

PROBLEM 
PROGRAM 
PAGE OF 

NOTE TO KEYPUNCH 
'1. RIGHT ADJUST IDENTIFICATIONS 4 PARAnETER CODES 
2. LEFT ADJUST VAUIES AND EACH REQUIRES A DECIMAL 

Fig. 4. Sample form generated by the forms writer. 

CRBE Public Library 

Carla L. Armstrong 

We added an assortment of files to the CRBE public library (PUBLC) that allows the CRBE user not 
only to access and execute subroutines within the Computing Technology Center Numerical Analysis 
Library79 and the programs ADSEP" and SADS8' but also to  access information describing the required 
input, the expected output and its disposition, and any usersupplied subroutines peculiar to the subroutine 
or program being described. 

Moreover, there exists within PUBLC as files driver programs (i.e., programs that read in the requisite 
data, call the desired subroutine, and perform various dispositions of the output) for the subroutines 
ALLMAT, HOUSEH, VALVEC, ORTHOG, ORTHPT, and CNLLS.79 

Sponsor: Mathematics Division 

Miscellaneous Services 

Marie H. Eckart Ruth B. Hofstra Betty Hurt 

The Mathematics Division supplies a number of routine computer services to programmers of other 
divisions. Included among these were FORTRAN 360 classes held during the spring and summer. The 

79. G .  W. Westley and J. A. Watts, The Computing Technology Center Numerical Analysis Library, CTC-39 (October 
1970). 

80. A. A. Brooks, ADSEP, an Automated Data Set Editing Program, CTC-34 (May 1970). 
81. A. Hume and A. A. Brooks, The SADS Program - Statistical Analysis of Data Subsets (October 1969). 
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FORTRAN subroutine library has been maintained, and portions of it have been placed on a data cell for 
general use. 

Sponsor: Mathematics Division 

METALS AND CERAMICS DIVISION 

Electromagnetic Fields Due to a Current Encircling a Ferromagnetic Tube 

C. C. Lu C. V. Dodd8* 

We have attempted to solve the nonlinear Maxwell equations for the system involving ferromagnetic 
materials. The problem is simplified by assuming isotropic media, that is, B = p(B) H, with axial symmetry. 
For the case of a long tube encircled by a concentric current, the final differential equations of two 
variables for the vector potential can be solved by relaxation methods. For comparison studies we have 
written two programs, differing in treatment of the boundary conditions. They yield similar results, 
although the final desired convergence is not yet fully attained. 

Sponsor: Metals and Ceramics Division C. V. Dodd 

Nondestructive Test for Measuring the State of Heat Treatment in Closure Welds 

C. C. Lu C. V. DoddS2 

We have completed the first stage in the development of a nondestructive testing technique to measure 
the properties of resistance-welded closures on chemical munition containers. The preliminary technique 
using a magnetic circuit measures (1) temper of the weld, (2) cross-sectional area of the weld, and (3) 
variation of cap height from nominal. We have made measurements of magnetic properties as a function of 
temper and area of samples of AIS1 type 1040 steel. A prototype probe to induce the magnetic circuit, link 
the magnetic circuit through the weld, and measure the magnetic flux through the circuit was designed and 
constructed. Tests performed on six sample welds demonstrated the capability for measuring the temper, 
area, and variations in cap height. 

Sponsor: Metals and Ceramics Division C. V. Dodd 

NEUTRON PHYSICS DIVISION 

A Reevaluation of Natural Iron Neutron and Gamma-Ray Production 
Cross Sections - ENDF/B Material 1124’ 8 4  

S. K. Penny W. E. Kinney” 

Recent data and good agreement between calculated and experimental cross sections prompted the 
reevaluation of natural iron neutron and gamma-ray production cross sections for ENDF/B use with the aim 

82. Metals and Ceramics Division. 
83. Abstract of ORNL-4617 ( to  be published). 
84. Research partially supported by the Defense Atomic Support Agency under Union Carbide Corporation’s contract 

85. Neutron Physics Division. 
with the USAEC. 
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of improving angular distributions and extending inelastic level excitation cross sections. Calculations were 
performed and were shown to be in good agreement with experiment. Below 2 MeV, neutron elastic 
scattering cross sections and cross sections for inelastic scattering to levels in 5 6 F e  are obtained from 
experimental results. Above 2 MeV, neutron elastic scattering cross sections and cross sections for inelastic 
scattering to levels in 5 6  Fe up to an excitation energy of 4.1 16 MeV are obtained from calculations. Cross 
sections for inelastic scattering to the continuum are obtained from fits to experimental results. The total 
cross sections are the evaluated cross sections of Irving and Straker from 330 keV to 15 MeV and those of 
the U.K. evaluation DFN-91 from eV to  330 keV. The (n ,p)  and (n,a) cross sections were taken from 
the U.K. evaluation DFN-91, while the (n,2n) cross sections are those of ENDF/B material 1122. The ( n , ~ )  
cross sections were taken from U.K. DFN-91. The gamma-ray production cross sections and associated 
gamma-ray spectra were calculated from the evaluated (n,n’) and ( n , ~ )  cross sections together with known 
and assumed branching ratios. 

Sponsor: Neutron Physics Division F. G. Perey 

Calculation of Cross Sections for Gamma-Ray Production via Neutron Inelastic Scattering in Fep6 

S. K. Penny 

Gamma-ray production via neutron inelastic scattering in Fe has been calculated using the computer 
program HELGA.87 These calculations have been compared with measured data, and the agreement is 
reasonably good. 

The calculations were performed using only discrete states. The levels and branching ratios through 4 
MeV were determined experimentally,8’ and the levels through 9 MeV were obtained from a shell model 
calculation by McGrory.” The unknown branching ratios were obtained in an ad hoc way by assuming 
knowledge of various orders of multipole radiation. The penetrabilities needed for the statistical model 
calculation were obtained via an optical model in which the real and imaginary well depths were linear 
functions of energy. The optical model parameters were obtained from fits to the neutron elastic scattering 
data of Kinney and Percy." 

Table 1 shows the comparison of experimental gamma-ray production in natural iron for 0.5-MeV 
gamma-ray energy intervals by Maerker and Muckenthalergl with these calculations and those of Celnik 
and Spielbergg2 in 1-MeV intervals. The calculations had to be integrated over a reactor spectrum. These 
calculations did not include 54Fe ,  which would contribute approximately another 60 mb in the 1- to 

86. Partially supported by Defense Atomic Support Agency under Union Carbide Corporation’s contract with the U.S. 
Atomic Energy Commission. 

87.  S. K. Penny, “HELGA - a Computer Program to Calculate Gamma-Ray Production Cross Sections via the 
Hauser-Feshbach Model,” this report. 

88.  A. Aspinall et al., Nucl. Phys. 46,  33 (1963); A. Sperduto and W. W. Buechner,Phys. Rev. 134, B142 (1964); A. 
D. Katsanos et al., Phys. Rev. 141, 1054 (1966); G. Brown et al., Nucl. Phys. 7 7 ,  365 (1966); B. L. Cohen and R. 
Middleton, Phys. Rev. 146, 748 (1966); J.  R. MacDonald and M. A. Grace, Nucl. Phys. A92,593 (1967); P. F. Hinrichsen 
et al., Nucl. Phys. A101,81  (1967). 

89. J. B. McGrory,Phys. Rev. 160,915 (1967). 
90. W. E. Kinney and F. G. Perey, Neutron Elastic- and Inelastic-Scattering Cross Sections for 56Fe in the Energy 

91.  R. E. Maerker and F. J. Muckenthaler, Gamma-Ray Spectra Arising from Fast-Neutron Interactions in Elements 

92. J. Celnik and D. Spielberg, Gamma Spectral Data for Shielding and Heating Calculations, United Nuclear Report 

Range4.19 t o  8.56MeV,’ORNL4515 (1970). 

Found in Soils, Concretes, and Structural Materials, ORNL4475 (1970). 

UNC-5140 (1966). 
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Table 1.  Gamma-ray production cross sections in iron for a reactor spectrum (mb) 

Gamma-ray energy 
interval (MeV) This calculation Maerker’s experiment Celnik’s calculation 

0.5-1.0 

1.0- I .5 
1.5-2.0 

2.0-2.5 
2.5-3.0 

3 .O- 3.5 
3.5-4.0 

4.0-4.5 
4.5-5.0 

5 .O-5.5 
5.5-6.0 

6.0-6.5 
6.5-7.0 

905 

153 
82 

83 
77 

29 
38 

12.7 
8.9 

4.4 
2.8 

1.7 
0.6 

600 

278 
1 IO 

101 
14 

44 
33 

8.7 
5.6 

3.8 
2.4 

2.1 
<0.6 

1100 

307 

198 

78 

14 

8.5 

2.0 

1.5-MeV interval. The 0.846 gamma ray is anisotropic, which accounts for some of the discrepancy in the 
0.5- to 1-MeV interval, since Maerker’s measurements were for 90”. 

Comparisons have also been made with the data in BNL-325: with Kinney’s ~alculations,’~ and with 
preliminary results from Dickens’  measurement^.^^ The agreement obtained with the data in BNL-325, 
which is all below 5 MeV, is good considering the experimental difficulties. Better agreement is obtained 
with Dickens’ measurements for all neutron energies in the range 4 to 9 MeV and with ffinney’s calculations 
below 5 MeV. Tables 2 - 4  show the comparison with Dickens’ measurements for three neutron energies. 
The 0.846-MeV gamma ray is anisotropic by small amounts as shown experimentally, but this is not likely 
to be important to transport calculations as indicated by Straker.’ 

The results of the calculations have been placed in ENDF/B format and have been incorporated into the 
iron evaluation reported in another section of this report.’ 

Sponsor: Neutron Physics Division F. G. Perey 

HELGA - a Computer Program to Calculate Gamma-Ray Production Cross Sections 
via the Hauser-Feshbach Model8 

S. K. Penny 

The computer program HELGA incorporates the Hauser-Feshbach model with width fluctuation 
corrections and continuum states in the calculation of the neutron reaction cross sections. This is done in 

~~ ~ ~~ 

93. M. D. Goldberg et al., Neutron Cross Sections, Vol. IIA, Z = 21 to 40, BNL-325, 2d ed., suppl. 2 (1966). 
94. W. E. Kinney and F. G. Perey, “Calculated 56Fe Neutron Elastic and Inelastic Scattering and Gamma-Ray- 

95. J. K. Dickens, private communication, 1970. 
96. E. A.  Straker, Technical Note, Nucl. Sci. Eng. 41, 147 (1970). 
97. S. K. Penny and W. E. Kinney, “A Reevaluation of Natural Iron Neutron and Gamma-Ray Production Cross 

Production Cross Sections from 1.0 to  7.6 MeV,” Nucl. Sci. Eng. 40, 365 (1970). 

Sections - ENDF/B Material 1124,” this report. 
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Table 2. Differential cross sections for gamma-ray 
production via neutron inelastic scattering in iron 

E ,  = 5.35 MeV 

Table 3. Differential cross sections for gamma-ray 
production via neutron inelastic scattering in iron 

E,, = 6.40 

Differential cross section (mb/sr) 
~ ~~ 

Differential cross section (mb/sr) 

E7 (keV) Calculation 

846 109.9 
1038 5.4 

1168 + 1175 1.5 
1238 28.8 

2113 7.2 
2523 5.2 
3202 2.6 

3445 + 3451 2.7 
3548 3.4 

1811 9.9 

~ 

Experiment 

55" 9 0" 

85.0 81.7 
5.7 5 .I 
2.1 2.2 

23.9 22.6 
9.3 10.6 
5.5 5.9 
5.3 4.5 
2.4 1.9 
2.5 3.5 
2.0 2.2 - 

Ey (keV) Calculation 

846 106.3 
1038 5.6 

1168 + 1175 1.1 
1238 32.3 
1811 8 .O 
21 13 5.6 
2523 4.2 
3202 2.6 

3445 + 345 1 2.7 
3548 2.8 

Experiment 

5 5" 9 0" 

Table 4. Differential cross sections for gamma-ray 
production via neutron inelastic scattering in iron 

E, = 8.50 

Differential cross section (mb/sr) 

Calculation 
Experiment 

55" 9 0" 

846 102.2 93.4 85.1 
1038 7.0 7.9 6.4 

1168+ 1175 0.8 2.2 1.9 
1238 39.6 34.5 31.1 
1811 6.6 9.2 8.5 
2113 4.7 4.1 3.7 
2523 3.6 2.4 2.2 
3202 3.4 2.2 1.8 

3445 + 3451 3.5 1.8 1.6 
3548 2.1 2..0 1.4 

E7 (keV) 

. 

88.0 82.0 
6.5 6.1 
2.5 2.1 

28.9 24.5 
9.9 8.9 
5.4 4.9 
3 .5 3.4 
1.6 1.8 
2.4 2.8 
2.2 2.5 

the same way as is done in the program HELENE.98 Direct-interaction contributions to the neutron cross 
sections may be read as input calculated using programs such as JULIE.99 The gamma-ray cascade among 
discrete states is an integral part of HELGA, while the cascades originating in the continuum are read as 
input and are calculated with the program DUCAL.' O 0  Experimentally determined branching ratios are 
read as input, and all others are calculated in an ad hoc way by assuming knowledge of the probabilities of 
various orders of multipole radiation. Of course, gamma-ray production is calculated by weighting the 
cascades with the appropriate neutron cross sections and then summing. 

98. S. K. Penny, HELENE - a Computer Program t o  Calculate Nuclear Cross Sections Employing the 

99. R. H. Bassel, R. M. Drisko, and G. R. Satchler, The Distorted Wave Theory of Direct Nuclear Reactions, 

100. K. J. Yost, "A Method for the Calculation of Neutron Capture Gamma-Ray Spectra," Nucl. Sei. Eng. 32,  62 

Hauser-Feshbach Model, Porter-Thomas Width Fluctuations, and Continuum States, ORNL-TM-2590 (1969). 

ORNL-3240 (1962). 

(1968). 
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The excitation spectrum for each residual nucleus of the competing reactions can be divided into three 
regions instead of the usual two, discrete and continuum. The middle region is,discrete also, but the 
contribution from each level in this region is weighted by the ratio of the number of levels that the 
continuum model could predict in a narrow energy region to the actual number of discrete levels in that 
energy region. In this fashion one may use discrete levels predicted by a shell model calculation presuming 
the spin-parity distributions to be correct, but yet assuming that the continuum model predicts the correct 
total number of levels. 

Sponsor: Neutron Physics Division C. E. Clifford 

MSC, a Program to Evaluate Multiple-Scattering Corrections in Thick Samples 

N. M. Greene R. B. Perez’ O 1  G. de Saussure’ ’ S. K. Penny 

A knowledge of multiplescattering effects in optically thick (several mean free paths) samples is 
required for an accurate determination of resonance parameters. Previously, analytical or Monte Carlo 
techniques have been employed for this purpose. 

The present method of determining resonance parameters is based on calculating the changes in 
calculated vs experimental response rates compared with resonance parameter changes and using this 
“derivative” to drive the calculation to a converged set of parameters. Because a scheme of this type will 
involve several neutronics calculations, and because Monte Carlo calculations are relatively time-consuming, 
an alternate procedure was desired. The Monte Carlo scheme also has “indeterministic” statistical variations 
which can lead to difficulties. 

The present scheme employs a modified version of ANISN, a one-dimensional S ,  multigroup transport 
program. ANISN solves the transport one-dimensional Boltzmann equation numerically by setting up a 
network of mesh points in the energy, angle, and spatial coordinates. The scattering kernel can be expanded 
in Legendre polynomials to any order within reasonable computer memory capabilities and time. The other 
pieces of MSC are a code to evaluate cross sections at many points across a resonance and a code to 
calculate elastic scattering transfer matrices. 

A flow chart for MSC is presented in Fig. 5. 
Since there are so many options and adjustments with the S ,  method, a parametric study was 

performed and the results compared with Monte Carlo results for the same case. To facilitate the discussion 
that follows, we shall name the various cases studied in the form GS,,PIR, where the subindexes n and I 
indicate the number of mesh points in the angular coordinates and the order of truncation in the scattering 
kernel, respectively, and the superindexes G and R indicate the number of energy intervals taken (groups) 
and the number of space intervals defined along the thickness of the sample respectively. On the basis of 
the well-known relation 

where 

Z,(E) = macroscopic cross section for a given neutron reaction, 

S(r, 52, E )  = neutron source, 

@(r, 52, E) ,  @t(r, 52, E )  = real and adjoint fluxes, 

101. Neutron Physics Division. 
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ORNL-DWG 74-2037 

I------------ 
. PROGRAM WHICH CALLS MSC 

L----- 
I WILL ADJUST RESONANCE 

I----- 1 ------ ---- - 

I 
I 
I 

CALCULATE FINE ENERGY MESH BASED 
ON RESONANCE SIZES, SPACINGS, 

etc.  AND DETERMINE GROUP 
AVERAGED CROSS SECTIONS 

ON THE MESH 

I TRANSFER MATRICES FOR ELASTIC 
SCATTERING 

PERFORM ADJOINT CALCULATION TO 
DETERMINE THE RESPONSE FUNCTION 

FOR THE PARTICULAR FOIL 

I 

I 
I 

DETERMINE CAPTURE RATES FOR 
EX PER1 MEN TAL  CASES 

L ----____--- -I 

Fig. 5. MSC flow chart. 

the total number of events is computed by the convolution of the neutron source and the adjoint flux. 
There are two reasons for the use of this procedure: ( I )  it eliminates the necessity for calculating the real 
flux for each neutron source energy, and (2) it takes advantage of the observed fact that the adjoint flux 
changes much more slowly with the angular and energy variables than does the real flux. 

The example considered in this work was the 6.67eV capture resonance of 238U. The sample had a 
radius of 3.81 cm and a thickness of 1.03 mean free paths, which are dimensions that correspond to actual 
experimental conditions. 

Several MSC calculations are shown in Table 5 .  Inspection of the results shows that case 11, 
corresponding to ' O OS4Pi5, compares very well with case 5 ( I  'OS4 8P3' ), the substantial differences 
occurring away from the resonance energy. This indicates that only a few angle mesh points together with 
linear anisotropic scattering are suitable for the calculation. The effect of the number of energy points 
across the resonance can be exhibited by the comparison of case 6 (' Oos8P3 ') and case 15 (50S8P35 ). For 
the particular points shown in Table 5 ,  the agreement found is very good; however, the resu1ts.around the 
peak of the resonance become marginal for the 50-group case. This suggests that one could use less than 
100 groups with a denser energy mesh in the vicinity of the resonance peak and still obtain good results 
with a considerable saving in computer storage capability and running time. Cases 14 ( I  'OSl 6P3") and 12 
(looS1 ,$I5) show that for all practical purposes a few spatial intervals will suffice. Further calculations 
have shown that, in fact, for sample thickness up to 15 mils as few as two space intervals yield accurate 
results. 

Figure 6 displays a comparison between the MSC results and a Monte Carlo calculation, which utilizes 
100 energy bins and lo4 neutron histories. The agreement for case 5 ('00S48P35) is excellent. Case 11 
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(' OoS4P, '), which is a much shorter calculation, also yields results which are accurate enough for our 
purposes. Both results indicate that indeed the finite size of the sample does not invalidate the MSC 
one-dimensional calculations. 

The calculation time shown in Table 5 does not include the time to generate the cross sections. 
The time invested in the calculation of the Doppler-broadened cross section is a fraction of a second 

and does not add appreciably to the overall timing. The longest calculation by far is the one related to the 
elastic scattering transfer matrix; however, it need be calculated only once at the beginning of a set of 

Table 5.  MSC calculations 

Spatial Energy Computer Response (captures neutron-' cm-2) 
intervals spacing (ev) time (min) 5.195 eV 6.605 eV 7.505 eV 

Case n ofS, I ofP, 

1 4 3 5 0.030 0.11 1.5188-4 3.6981-2 3.9399-4 
2 8 3 5 0.030 0.1 1 1.4641-4 3.6952-2 3.8088-4 
3 12 3 5 0.030 0.13 1.4523-4 3.6948-2 3.7838-4 
4 32 3 5 0.030 0.29 1.4426-4 3.6945-2 3.7839-4 
5 48 3 5 0.030 0.42 1.4443-4 3.6945-2 3.7916-4 
6 8 3 5 0.015 0.21 1.4641-4 3.6946-2 3.8088-4 
7 12 3 5 0.015 0.26 1.4523-4 3.6942-2 3.7839-4 
8 32 3 5 0.015 0.52 1.4428-4 3.6940-2 3.7839-4 
9 4 3 2 0.030 0.04 1.5188-4 3.7104-2 3.9398-4 

10 4 3 10 0.030 0.13 1.5188-4 3.6961-2 3.9398-4 
11 4 1 5 0.030 0.08 1.5189-4 3.6964-2 3.9404-4 
12 16 1 5 0.030 0.18 1.4476-4 3.6928-2 3.7759-4 
13 16 3 5 0.030 0.16 1.4475-4 3.6946-2 3.7751-4 
14 16 3 25 0.030 0.68 1.4475-4 3.6918-2 3.7751-4 
15 8 3 5 0.060 0.06 1.4643-4 3.70-2' 3.82-4' 
16 12 3 5 0.060 0.07 1.4524-4 3.70-2' 3.80-4' 
17 32 3 5 0.060 0.16 1.4426-4 3.70-2' 3.80-4' 

"These points did not exist in the 0.060 spacing structure and are interpolated values. 
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Fig. 6. Comparison between the Monte Carlo calculation and various MSC results. 
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iterations. Between successive iterations it is necessary only to scale the transfer matrix, which again takes 
about a fraction of a second. In the particular case at hand the Monte Carlo calculation run for 7.95 min is 
to be compared with 0.42 min for case 5 (’ 00S48P35) and with only 0.08 min for case 11 (100S4P, ’). 

In view of the above results, it seems then feasible to  utilize deterministic codes for resonance 
parameter searches with thick-sample cross-section measurements used as input data. 

Present work is concerned with combining the separate steps shown in Fig. 5 into a single callable code 
package to allow automating the resonance parameter adjustments. The existing scheme has three separate 
programs linked together with IBM Job Control Language. 

The routines which generate the elastic scattering matrices employ a double-numerical integration for 
which it is possible, witlun the limits of the resonance problem, to determine analytic functions for the 
matrices. These functions have been derived and are being programmed and should greatly enhance the 
efficiency of MSC. 

At least two independent uses for MSC have been encountered. It is in the process of being used to 
verify (or check) the applicability of the Nordheim treatment to filter calculations. It is also being used to 
determine leakage spectra from filters. 

Sponsor: Neutron Physics Division R. B. Perez,G. de Saussure 

Activities Connected with the Cross Section Evaluation Working Group 

S. K. Penny 

Although the Cross Section Evaluation Working Group (CSEWG) of the National Neutron Cross Section 
Center at Brookhaven National Laboratory is composed of USAEC contractor personnel whose main 
interests lie with reactor calculations, there is a small number of people in CSEWG who are interested in 
shielding calculations and who have been very influential in adequately presenting the viewpoint of 
shielding. The activities reported here are largely connected with this shielding subcommittee. 

A task force was formed early this year to start a system to acquire available shielding cross-section data 
in the ENDF/B format and to perform a check-out and review of these data. ORNL Mathematics Division 
involvement was in the area of (1) evaluation,’ O 2  (2) formulating formats and procedures, (3) aiding in the 
draft of a formats and procedures manual, and (4) check-out of ENDF/B codes. 

Other activities were associated with serving on the CSEWG Codes and Formats Subcommittee and the 
newly formed task force on Nuclear Model Codes. 

Sponsor: Neutron Physics Division C. E: Clifford 

Plotting of ENDF/B Evaluated Neutron Cross Sections for General O W L  Use 

Margaret B. Emmett R. Q. Wright S. K. Penny 

Two programs have been written in order to plot certain neutron cross sections from an ENDF/B’03 
data tape for reference use in the experimental program at ORELA. However, the programs are equally 

102. S. K. Penny and W. E. Kinney, “A Reevaluation of Natural Iron Neutron and Gamma-Ray Production Cross 

103. H. C. Honeck, ENDFIB-Specifications for an Evaluated Nuclear Data File for Reactor Applications, BNL-50066 
Sections - ENDF/B Material 1124,” this report. 

(ENDF-102) (May 1966; revised July 1967). 
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applicable to the plotting of any cross section from the ENDF/B tape. Since the ORNL Cross Section 
Steering Committee expressed an interest in the programs and since that Committee is involved in 
protecting the general ORNL interests in neutron cross-section data, it was decided to use the programs in 
the future to prepare plots for general reference use as well as that of the shielding experimental program. 

The program, ECSP, produces the CALCOMP plots of ENDF/B cross-section data. The program reads a 
specially prepared tape of cross sections vs energy produced by the other program. For the shielding 
experimental program at ORELA the cross sections for each element are plotted for five energy bins that 
range from to IO8 eV in value. Each of the five plots per element contains the curves for the total, the 
elastic, and the inelastic plus the capture cross sections. The plots are logarithmic and are 15 in. wide by 10 
in. high. This program makes use of the modified INTRIGUE-360, which is described elsewhere in this 
report. 

The other program retrieves data from ENDF/B files 2 and 3 and performs the necessary calculations to 
place the data in the form required by the plotting program. The subroutines used have been borrowed 
from the SUPERTOG' O 4  'program. The single-level Breit-Wigner formalism is used for calculation of cross 
sections in the resolved resonance region. The energy mesh is constructed by the program and includes 50 
points for each resonance. Cross sections in the unresolved resonance region are computed by taking 
averages over suitable Porter-Thomas distributions of the neutron and fission widths. An energy mesh of 81 
points equally spaced in lethargy over the unresolved resonance range is used. The resonance contributions 
are added to the smooth background cross section from ENDF/B file 3 to obtain the final cross sections. 
Doppler-broadened cross sections can be produced if desired using the method of the TEMPO' O s  program. 

Sponsor: Neutron Physics Division E. A. Straker 

The Thrust of Cross-Section Data Requirements for Reactor Shielding Calculations' 

S. K. Penny 

The requirements for cross-section data necessary to perform radiation shielding calculations have 
become much more stringent in the past few years. The recently acquired capabilities of calculating 
penetration of radiation to large depths, of efficiently handling large arrays of cross-section data, and of 
performing coupled neutron and gamma-ray transport calculations are some of the more important reasons 
for the demand for better and more detailed cross-section sets. The methods for measuring radiation energy 
spectra, angular distributions, and other quantities have been improved recently and hence provide a more 
detailed check of cross-section adequacy. Last, but not least, are programmatic requirements, such as for 
radiation damage and nuclear heating in the LMFBR program. 

There are several types of neutron cross-section data that are most urgently needed for shielding 
calculations. The total cross sections at the minima between resonances in the keV or MeV energy regions 
are crucial for deep penetration calculations. Equally important is the angular distribution of elastic 
scattering at these minima. One must know the cross sections for level excitation via inelastic scattering to 
be able to predict neutron spectra accurately. For high energies, even the total inelastic cross section is a 
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welcome quantity, since for deep penetration the tradeoff between inelastic and elastic scattering can make 
large differences in attentuation of neutrons. Finally, the (n,p)  and @,a) cross sections have become 
important because of the requirement to calculate radiation damage for the LMFBR program. 

Gamma-ray production cross sections of all kinds are urgently needed for shielding. It is known now 
that it is not always conservative to  treat the gamma rays produced by neutron capture as if they were 
produced at thermal energies. Primary lines cannot be use'd alone, and one must not be cavalier in the 
treatment of the continuum part of the capture spectrum. Indeed, now the requirement is that the capture 
gamma-ray spectra be known as completely as possible at all neutron energies where the capture cross 
section is significant. Since neutron inelastic scattering plays an important role in shielding calculations, the 
gamma rays following inelastic scattering are also important. The gamma rays following level excitation by 
(n,a) and (n,p)  reactions at high neutron energies in the general case can be significant. 

The requirements for cross-section data in such detail have made the job of the Shielding Subcommittee 
of the Cross Section Evaluation Working Group (CSEWG) difficult. Not only do the requirements increase 
the problems of evaluation, but they make nontrivial the task of data testing. The Shielding Subcommittee 
of CSEWG has essentially completed the establishment of formats for cross-section data and is now 
principally concerned with obtained evaluated sets of data and with data testing. Evaluation is to be 
encouraged with the proviso that particular attention be given to the cross-section requirements mentioned 
above. The Subcommittee is setting up an ad hoc review group to  perform, from the shielding viewpoint, 
the Phase I data testing or initial critical review of evaluated cross-section sets sent to the National Neutron 
Cross Section Center (NNCSC). A checklist is being devised to aid in this initial review, and it is expected 
that the Radiation Shielding Information Center will provide a helping hand in the way of data transmittal, 
check-out, plotting, and editing for review. While the Phase I1 data testing is just now being formulated for 
CSEWG as a whole, the shielding community already has made some advances in this area. Phase I1 data 
testing is the testing of cross-section sets that have been accepted for the Evaluated Nuclear Data File 
(ENDF/B) for adequacy relative to needs and requirements. The shielding community has made such tests 
for the minima in total cross sections, and, as a result, new cross-section sets have been sent to NNCSC. The 
need for more work in this area is clearly indicated. 

Since the experimental and theoretical capabilities in the area of determining cross sections have 
expanded in recent years, it is to be expected that many of the shielding cross-section requirements will at 
least be partially fulfilled in the near future. 

Sponsor: Neutron Physics Division C. E. Clifford 

Auxiliary Routines for MORSE' 

Margaret B. Emmett E. A. Straker"' 

As the MORSE' O 9  code is applied to solving neutron and gamma-ray transport problems, the desire for 
more diagnostic aids regarding the behavior of the sample distribution arises. Routines that can be used to 
obtain estimates of the fluence from the collision counters in MORSE (collision density per unit volume 
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estimator) have been very useful in obtaining the fluence averaged over regions. We are continuing work in 
the use of visible displays of a sample of the collision density so that the regions in which events occur can 
be easily obtained. This involves either the CALCOMP plotting package INTRIGUE"' or the printer 
plotting package.' ' ' 

In addition to these diagnostic aids, routines have been written to provide a processed cross-section tape 
from a MORSE run to be used in subsequent runs. This tape may be generated in a separate program 
independent of a MORSE calculation. 

Sponsor: Neutron Physics Division E. A. Straker 

A Set of Sample Problems for MORSE - a Multigroup Neutron and Gamma-Ray 
Monte Carlo Transport Code' 

Margaret B. Emmett E. A. Strakerlo8 

The Multigroup Oak Ridge Stochastic Experiment (MORSE) code' O 9  is a multipurpose neutron and 
gamma-ray Monte Carlo code. Because of its many options and types of problems that can be solved, it has 
proved useful to develop sample problems to aid new users of the code in understanding what is required 
for solving problems of different types. Problems involving neutrons, coupled neutron-gamma ray, fission, 
time dependence, albedo scattering, point estimators, and boundary crossing estimators are being 
investigated. SAMBO,' l 2  an analysis package written for use with the MORSE code, is being adapted to 
the problems being studied. 

Sponsor: Neutron Physics Division E. A. Straker 

0 6 R  System Development' 

C. L. Thompson 

06R '  ' is a major revision of the Monte Carlo neutron transport code 05R.' ' All proposed changes 
to 0 5 R  have been made; the FORTRAN-IV version of 0 6 R  is complete and has been tested for shielding 
problems. Additions have been made to 06R,  and required changes to the cross-section preparation code 
are complete except for two options. Other support programs for the 0 5 R  system have been rewritten for 
06R.  

The major change in 0 6 R  has been to make the energy structure of the cross-section input data variable 
rather than fixed by the code. This allows the user to have finer cross-section detail in energy regions where 
the cross sections vary rapidly. Also, an energy cutoff, below which isotropic scattering is used rather than 
the Coveyou technique, has been added to conserve storage. 
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NUSECT, the cross-section preparation code for 06R-ACTIFK,' ' which uses cross-section data from 
the ENDF/B' ' library, was rewritten to allow user-defined supergroup energy boundaries and the 
anisotropic energy cutoff. 

Additions were made to 0 6 R  and NUSECT to provide a standard method of using the ENDF/B library 
data for handling inelastic scattering and gamma-ray production.' ' NUSECT will use the data available in 
an. ENDF/B data set to produce magnetic tapes of input parameters to standard subroutine sets in 0 6 R  
which process inelastic scattering and photon production. In earlier versions of 0 5 R  the user was 
responsible for providing his own subroutines and data for these problems. 

NUSECT still does not process resonance parameters from the ENDF/B library, and the gamma-ray 
production routine does not process data in the form of transition probability arrays. NUSECT allows the 
user to select the standard 0 5 R  supergroup energy structure for his cross-section data as an option. 

NUSECT uses any data appearing in files 12, 13, and 15 of an ENDF/B material to prepare input 
parameters to the 0 6 R  subroutines which define the parameters of gamma rays generated during the 
neutron transport problem. Data- from the ENDF/B library are converted to microscopic gamma-ray 
production cross sections for each material in an 0 6 R  problem. The microscopic gamma-ray production 
cross-section data are used to produce macroscopic cross-section data as a table of total photon production 
probabilities and a table of cumulative normalized photon production probabilities for each medium in the 
problem. A gamma ray may be produced at each collision during the random walk, if the total production 
probability is nonzero. 

The probability of having a gamma-ray-producing event is calculated as 

where Xm,iProd is the macroscopic production cross section for medium m and neutron energy i and 
X 

The normalized continuous photon spectrum for each medium m is calculated as a table of probabilities 
is the total macroscopic cross section. m ,  1 

where j is the photon energy index. 
Xm, p r o d  is calculated as 

and X m  j p r o d  is calculated as , ,  
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where N is the number of elements in medium m, a, i j P r o d  is the microscopic photon production cross 
section for neutron energy i, photon energy j ,  and element k, and 6, is the partial density of element k in 
medium m, in units of l o z 4  atoms/cm3. 

Photon production cross sections are averaged over neutron energy intervals which may be user defined, 
or the 0 6 R  supergroup-subgroup structure. Cross-section data are assumed constant across each neutron 
energy interval, consistent with the method used to represent neutron cross sections in 06R.  A standard 
photon energy structure is provided, as an option, or the user may define the photon energy structure. 

EDITXS,' a program to edit 0 5 R  cross-section tapes, has been rewritten to edit 0 6 R  tapes written 
by NUSECT. 

0 6 R  has been debugged for fast neutron shielding problems. Thermal neutron problems and problems 
involving fissioning systems have not been attempted. 

I ,  

Sponsor: Neutron Physics Division E. A. Straker / 

06R-ACTIFK System Development' '' 
C. L. Thompson 

The standard subroutine sets, described in the discussion of 0 6 R  in this report, to interface the 
ENDF/B1I6 inelastic and photon production data with the 0 5 R ' 1 4 - 0 6 R  system were added to 
06R-ACTIFK.' was extended to include routines which 
produced input tapes with the input parameters for inelastic collisions and photon production. Program 
EDITXS' ' which edits 0 5 R  cross-section tapes was revised to also edit the photon production tape. 

The cross-section processing code NUSECT' 

Sponsor: Neutron Physics Division E. A. Straker 

Neutron and Secondary Gamma-Ray Induced Heat in the Ground Due to Point 12.2- to 15-MeV 
and Fission Sources at an Altitude of 50 Feet' 3 1  

E. A. Straker' O 8  Margaret B. Emmett M. L. Gritzner 

The energy deposited in ground due to neutrons and the secondary gamma rays has been determined as 
a function of range, ground depth, and time from an instantaneous point neutron source with either a 
fission spectrum or a 12.2- to 15-MeV energy band. In all cases, the source was at a height of 50 ft above 
the air/ground interface. Discrete ordinates and Monte Carlo' O9 calculations illustrated that there is a 
significant effect on the energy deposited due to source energy distribution, but little effect due to small 
differences in ground composition. The importance of gamma rays produced by low-energy neutrons was 
found to be small for the 12.2- to 15-MeV source, but large for the fission source .120~121 
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Calculated Neutron Flux in Sodium' 

C. L. Thompson 

06R-ACTIFK' ' was used to make a Monte Carlo calculation to determine the neutron flux 
distribution resulting from a point isotropic fission source located in the center of a 10-m-diam sphere of 
sodium. The purpose was to  obtain data which would be helpful in evaluating the accuracy of calculations 
involving neutron transport in sodium. 

Sponsor: Neutron Physics Division C. E. Clifford 

Several Computer Programs for Analysis and Plotting of Results from Shielding 
Experiments Conducted at ORELA 

Margaret B. Emmett E. A. Straker'" C. E. Burgart' O 8  

We have written various programs to manipulate and display experimental data obtained at ORELA.' 
These programs involve the subtraction of background, conversion from channel number to energy or time 
scales, and providing CALCOMP plots of relevant results. In particular CALCOMP plots of the 
two-dimensional arrays are provided in a compact array. The plotting package INTRIGUE-360124 is 
utilized. By providing many options in both the data reduction and plotting routines, the programs have 
great flexibility. 

Sponsor: Neutron Physics Division E. A. Straker 

A FORTRAN-360 Package for Producing Printed Linear, Semilogarithmic, or Logarithmic Graphs 

C. L. Thompson 

A FORTRAN-360 subroutine package has been written to produce printed linear, semilog, or log-log 
plots similar to those produced on the Calcomp Bgital Incremental Plotters by the subroutine package 
INTRIGUE.' The calling sequence and input to this package are very similar to INTRIGUE, and many 
programs using one may use the other without change. 

Sponsor: Neutron Physics Division E. A. Straker 

A Revision of INTRIGUE-360, a Plotting Program for the IBM-360 System 

Margaret B. Emmett 

We have modified the plotting package INTRIGUE-360124 to add greater flexibility. The height of the 
plot is now under user control so that the wide-scale plotter can be used. We have changed the option for 
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drawing tick marks to put them on all four sides of the graph rather than on only two sides. We have added 
a subroutine that inserts a label within the grid lines at a user-specified location and one which inserts a 
numerical value within a label in a user-specified format. We have added an option allowing curves to be 
drawn with dashed lines as well as with solid lines. 

An optional version of this package which prints all labels and titles in a large size more suitable for 

A report is in preparation and should be published soon. 
direct reproduction of graphs for reports is also available. 

Sponsor: Neutron Physics Division E. A. Straker 

Neutron-Energy-Dependent Capture Gamma-Ray Yields in ’ 
R. S. BoothlZ6 J. E. White S. K. Penny K. J. YostIz7 

U 

Model calculations were performed to generate energy-dependent capture gamma-ray yields for 3 8  U. 
These calculations were compared on an absolute basis with the integral data obtained with this experiment 
and with differential yield data obtained with another more sophisticated experiment. The calculated 
gamma-ray yields differ from the experimental yields by an amount comparable with the estimated 
experiment errors. 

The technique of performing model calculations to obtain capture gamma-ray yields in which certain 
parameters are determined by experiment gives one an advantage over a purely experimental approach. This 
advantage is strictly economic in that once the calculational parameters are fixed, neutron and gamma-ray 
group boundaries may be arbitrarily changed and additional calculations performed at a small cost, whereas 
a new experiment for each new case would entail a prohibitive cost. 

and many aspects of the experiment at 
the Tower Shielding Facility at ORNL have been reported by Maerker and Muckenthaler.’ 3 0  

The calculational methods have been reported 

Sponsor: Neutron Physics Division C. E. Clifford 

Application of the Discrete Ordinates Radiation Transport Method 
to Multidimensional Deep-Penetration Shielding Problems’ ’ 

F. R. Mynatt 

The most widely used calculational techniques for radiation transport problems requiring more than 
one space dimension are the Monte Carlo and discrete ordinates methods. Until recently the use of these 
two methods has been severely hampered by the limited capabilities of existing computers and 
shortcomings of the methods themselves. However, increases in the size and speed of third-generation 
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computers, together with improvements that are systematically eliminating the difficulties inherent in the 
methods, have resulted in both the Monte Carlo and the discrete ordinates methods now being widely used 
in shield design. Much of the development work on the methods has been centered at Oak Ridge, and the 
work on the discrete ordinates method has been concentrated in what is now the Radiation Transport 
Methods Section of the Mathematics Division. This paper summarizes the most important advances that 
have been made in the application of the discrete ordinates method to shield penetration calculations. As is 
usually the case, most of these advances have resulted from attempts to apply the method to specific 
problems, and at Oak Ridge the problems have arisen because of the needs of the radiation shielding 
programs carried out in the Neutron Physics Division for the Defense Atomic Support Agency and the 
Space Electric Power Office, with emphasis on the former. Current shielding programs for the Liquid Metal 
Fast Breeder Reactor (LMFBR) and for the National Aeronautics and Space Administration are benefiting 
from the improved techniques. 

The discrete ordinates method is basically a numerical technique, with the flux obtained by successive 
iterations for a number of difference cells that are finite in space, angle, and energy. To date the method is 
limited to one- and two-dimensional problems, but many problems with three-dimensional detail can be 
adequately approximated in two dimensions. 

As developed for criticality calculations for small highly enriched systems, the original discrete 
ordinates method used a “diamond-difference’’ technique which assumes that the average flux in a cell is 
the mean of the fluxes.at opposing cell faces. For shielding problems, this assumption led to serious 
difficulties since it becomes invalid in shield regions where steep flux gradients exist, and the resulting 
extrapolated cell-face flux may have a negative value. This in turn results in an oscillating flux solution that 
may give negative values throughout all regions of the problem. Decreasing the cell size to prevent this 
occurrence is impractical, and the alternative of using less accurate but physically plausible integration 
techniques for those cells in which the negative fluxes occur has been chosen. One such technique, called 
the step-function method, assumes that changes in the flux occur only at the cell boundaries.’ With this 
assumption the calculation gives fluxes that are always positive and greater than the true answer. A 
combination of the diamond-difference and step-function techniques, called a mixed-mode method, is the 
procedure most frequently employed in current discrete ordinates calculations. Other techniques being 
developed at a number of laboratories are based on a “weighted” diamond-difference method. 

Another major difficulty arose from the assumption of isotropic scattering in the original method since 
in shields the effect of anisotropic scattering is very important in determining the deep-penetration 
transport. Since excessive computer storage would be required to compute a transfer cross section for all 
possible combinations of directional change and energy group transfer, techniques were developed by 
several investigators to approximate the angular dependence of each group-to-group transfer by a Legendre 
series. It was found that low-order (Pz, P 3 )  scattered approximations were sufficiently accurate for 
predicting measured fast-neutron dose in water.’ Later calculations for lead and polyethylene 
slabs,’ in which Legendre expansions up to Ps were used, showed that a P3 expansion would be 
adequate for most problems. 
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A third difficulty arose from the long computer times required by the inner iteration process due to 
scattering within an energy group. These have been reduced by supplementing the original Gaussian 
iteration techniques with two convergence acceleration schemes, one based on the Chebyshev polynomials 
and the other on a space-dependent driving function. Also, improved convergence criteria which 
concentrate on the zone of interest have been developed for two-dimensional calculations.’ ’ The effect of 
convergence acceleration in the inner iterations has been demonstrated in calculations of intermediate- 
energy neutrons in lead’ ’ and by special test problems.’ ’ 

Another difficulty which can occur in two-dimensional problems with small sources is the “ray effect,” 
in which the predicted flux reflects oscillations corresponding to the finite directions. For many problems 
the use of an analytic first-collision source removes the offending discontinuity.’32 As an example, flux 
anomalies due to the ray effect in problems having a point source in air over a ground interface were resolved 
by the use of an analytic first-collision source.’ 36 

A difficulty related to the ray effect was encountered in attempting to calculate the effect of radiation 
streaming in a large-radius annular slit in a missile silo cover.’ This problem was solved by using a biased 
high-order quadrature which could accurately represent the streaming paths in the slit. Frequently the 
calculation of experiments using external detectors also requires biased quadratures.’ 

In the calculation of the flux across a long thin unit cell (length-to-diameter ratio of about 50) with an 
implicit white boundary condition, the traditional mesh sweep is not suitable for converging the boundary 
condition. However, an alternate mesh sweep which iterates to first converge the boundary condition for 
each polar angle level and axial interval is successful in obtaining convergence with ten inner iterations. This 
technique was used in preliminary calculations for the LMFBR program.’ 

Although much progress has been made in applying the discrete ordinates method to shield penetration 
problems, and versions of one- and two-dimensional codes (ANISN and DOT) are now being routinely used 
for real design problems, it is pointed out that most of the difficulties discussed above have only been 
reduced to acceptable levels and have not yet been completely resolved. Much of the current work is 
concerned with adopting and qualifying the existing techniques for the various systems analysis under the 
DASA and AEC projects. 

Sponsor: Neutron Physics Division’s Radiation Shielding Programs for the Space Electric Power Office, the 
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A Study of the Overlap Conditions Required in Sequential - Discrete 
Ordinates Transport Calculations for a 14-MeV Point Neutron 

Source in a 5000-m-Radius Cylinder of Air 

J. V. Pace 111 F. R. Mynatt 

The first step in many problems encountered in nuclear weapons radiation shielding studies is a 
calculation that follows the transport of the radiation produced in an atmospheric burst to distant locations 
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on the air-ground interface. Such a calculation requires at least two-dimensional geometry so that particle 
interactions in both the atmosphere and the ground can be considered. The discrete ordinates DOT code is 
two-dimensional and would be applicable to the problem in cylindrical (r,z) geometry except that the 
distances involved (on the order of 5000 m) exceed those that can be covered by a single DOT calculation 
owing to the tremendous amount of computer storage required. This difficulty can be overcome, however, 
if the problem is run as several overlapping segments, a procedure called bootstrapping. A prerequisite to 
such an application is a determination of the overlap conditions required to give the same results that would 
be obtained in a single run. 

The overlap conditions have been studied by performing simpler calculations for an infinite cylindrical 
geometry with the one-dimensional discrete ordinates code ANISN for the case of a 14-MeV point neutron 
source in a 5000-m-radius cylinder of air. The ANISN calculations were carried out first as a single run with 
approximately 170 space intervals and then as a sequence of overlapping runs, each arbitrarily limited to 60 
space intervals (approximately the maximum number used in DOT). With vacuum boundary conditions, an 
overlap of 300 m was required for agreement within 1%, but with a properly determined albedo boundary 
condition, an overlap of only 30 m yielded comparable accuracy.’ 

Sponsor: Neutron Physics Division’s Weapons Radiation Shielding Program for the Defense Atomic 
Support Agency 

Discrete Ordinates Transport Calculations of the Time-Dependent Spectra 
of Neutrons and Secondary Gamma Rays Emerging from a 

Polyethylene Slab in a Pulsed Neutron Beam 

W. W. Engle, Jr. C. E. BurgartI4 

In designing shields against weapons radiation, it is often necessary to calculate the dose rates 
penetrating the shield, as opposed to total doses, and since these rates will vary with time the transport 
code used must give time-dependent results. One such code is the discrete ordinates code ANISN-T1 , which 
has recently been developed by treating the time derivative in the Boltzmann equation in a manner 
analogous to the treatment of the space and angle derivatives in the one-dimensional code ANISN. 

Preliminary calculations have been performed with the ANISN-TI both to assist in the design of an Oak 
Ridge Electron Linear Accelerator (ORELA) experiment, which in turn will be used to check the code, and 
to compare the results with those obtained from time-dependent calculations with the Monte Carlo code 
MORSE. Insofar as was practical, the calculations simulated the experiment, which is to consist of 
time-dependent measurements of the energy spectra of neutrons and secondary gamma rays emerging from 
a 6-in.-thick polyethylene slab that intercepts a pulsed monodirectional neutron beam. The beam will 
originate 50 m from the slab and will be produced by electrons impinging on a tantalum target. The beam 
will be normally incident on the slab and wdl have pulse widths of 24 nsec. 

The calculations yielded the time-dependent spectra of neutrons and secondary gamma rays that 
emerged from the source side of the slab following one pulse, that is, the surface-integrated spectra of 
neutrons and gamma rays “reflected” back out of the slab. The incident neutron spectrum was taken to be 
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that calculated by Alsmiller et a1.I4 ' - and subsequently verified at ORELA' 4 2  - for neutrons produced 
by 150-MeV electrons impinging on 20 radiation lengths of tantalum. 

ANISN-T 1 is capable of solving the coupled neutron and secondary gamma-ray problem in a single pass 
on the computer with no tapes; for these calculations the GAM-I1 neutron cross sections in 21 groups and 
the MUG gamma cross sections in 18 groups were employed. A time-dependent boundary source was used 
to describe the time and energy dependence of the neutrons entering the slab, and fine time steps were used 
for both the neutrons and the secondary gamma rays. The neutron velocities corresponded to the mean 
energy of each group, except for the thermal group, which was assigned a velocity of 2200 m/sec. 

Agreement between the ANISN-TI results and those obtained with the MORSE code, which used the 
same sets of multigroup cross sections, is excellent for all times and energies. As a result, any disagreement 
between the calculations and the experiment will cast doubt on the accuracy of the cross sections, although 
possible errors in the calculational techniques or in the experiment will of course have to be thoroughly 
investigated. 

Sponsor: Neutron Physics Division's Weapons Radiation Shielding Program for the Defense Atomic 
Support Agency 

Calculations of Neutron Transport in Iron' 

F. R. Mynatt 
E. A. Straker' 

M. L. Gritzner 
R. Q. Wright 

L. R. Williams 

When radiation transport calculations revealed that the several cross-section sets for neutron 
interactions and secondary gamma-ray production in iron yielded widely varying results, considerable 
uncertainty was associated with the shielding calculations being performed for systems utilizing iron, in 
particular those for missile silo covers and liquid metal fast breeder reactors. The variations in the 
cross-section sets stemmed from the fact that iron cross sections contain a great deal of structure not always 
accounted for in the measurements on which the cross-section sets are based. This structure not only must 
be known in detail but also must be properly treated in the cross-section processing for the calculations so 
that important features of the cross sections are not obscured by averages over energy intervals. 
Specifically, the valleys (antiresonance regions) in the total neutron cross sections, which result in neutron 
streaming that dominates the penetration process, must be pinpointed and properly treated in the transport 
process, as well as the peaks (resonance regions) corresponding to neutron interactions that result in 
gamma-ray production. 

In an attempt to resolve the discrepancies, a series of Monte Carlo and discrete ordinates calculations of 
the transport of neutrons in iron were performed to investigate the various cross-section sets and the 
manner in which they should be used. In one series of calculations the 0 6 R  Monte Carlo code and the 
ANISN discrete ordinates code were used to calculate the case of a point fission source in a 1.5-m-radius 
sphere of iron with four different cross-section sets, thereby showing the sensitivity of the results to various 
aspects of the individual sets. In the same series of calculations the effect of using the cross sections in 

I 

141. R. G. Alsmiller, Jr., T. A. Gabriel, and M. P. Guthrie, Nucl. Sci. Eng. 40, 365-70 (1970). 
142. C. E. Burgart, E. A. Straker, T. A. Love, and R. M. Freestone, Jr., Nucl. Sci. Eng. 42, 421 (1970); see also 

143. Summary of invited paper presented at the American Nuclear Society Meeting, Los Angeles, Calif., June 29-July 
ORNL-TM-3022 (June 1970). 

2, 1970. 
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multigroup form was investigated. Most discrete ordinates codes and some Monte Carlo codes use 
multigroup cross sections, but since “point” cross sections are for much finer energy intervals they can 
include all the detail available in the cross-section set and thus, in principle, should give more accurate 
results than multigroup cross sections. It was found, however, that a properly weighted multigroup set with 
296 anergy groups selected to fit the important valleys of the total cross sections gave results that agreed 
with those obtained with point.cross sections. 

The 296-group structure was then used for additional discrete ordinates calculations performed with the 
two-dimensional code DOT for comparison with two integral experiments.’ 4 4  When a cross-section set 
compiled by Irving and StrakerI4’ was used, the integral flux transmitted through a 24-in.-thick iron 
cylinder (20 in. in diameter) agreed within 10 to 20% of that measured at the Tower Shielding Facility for 
neutron energies above 50 keV. Comparisons of the calculated angle-dependent neutron spectra for a 
hollow spherical iron assembly (maximum iron thickness of 13.41 in.) measured at Gulf General Atomic 
revealed a large disagreement which has since been partially attributed to an experimental error. 

Sponsor: Neutron Physics Division’s Weapons Radiation Shielding Program 

Preliminary Evaluation of Techniques for Predicting the Spectra of Neutrons Transmitted 
through the Reactor Grid Plate Shield of the Fast Flux Test Facility 

F. R. Mynatt 
V. R. Cain’ 
E. A. Straker’ 

M. L. Gritzner 
C. L. Thompson 
L. R. Williams 

As Liquid Metal Fast Breeder Reactors (LMFBRs) are increasingly considered as large-scale power 
plants of the future, the need for developing a refined shielding technology that will avoid the usual 
conservatism and its associated costs becomes imperative. It appears that this technology will be based on 
transport solutions by the discrete ordinates and Monte Carlo methods. As a first step toward ths goal, 
these two methods have been applied to help solve some of the shielding problems arising in the design and 
construction of the Fast Flux Test Facility (FFTF), a sodium-cooled fast breeder reactor being built by 
Westinghouse as a predecessor to the larger LMFBRs. 

The first calculations for the FFTF have investigated the effectiveness of a steel-sodium matrix below 
the reactor core in protecting the FFTF bottom support plate from radiation damage. The configuration, 
consisting of stainless steel pins immersed in sodium, was extremely difficult to simulate not only because 
of its complicated geometry but also because of uncertainties in the neutron interaction cross sections 
needed as input. Nevertheless, the three-dimensional Monte Carlo MORSE code, the two-dimensional 
discrete ordinates DOT code, and the one-dimensional discrete ordinates ANISN code were all applied, with 
approximations designed to give upper and lower limits. The resulting neutron spectra were compared with 
spectra measured at the Tower Shielding Facility in an experiment which simulated the actual grid plate 
shield design. ’ 

~ 

144. The experiments were performed by F. J. Muckenthaler and R. M. Freestone, Jr., of the Neutron Physics 

145. D. C. Irving and E. A. Straker, “Evaluation of the Total Cross Section of Iron,” Truns. Am. Nucl. SOC. 12(2), 924 

146. The experiment was performed by F. J. Muckenthaler, J. L. Hull, E. A. Straker, R. G. Graf, T. A. Love, and R. 

Division. 
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The results of this investigation show that in their present stage of development the transport methods 
are inadequate for such a complicated system; however, both the calculations and the experiments 
indicated a possibly severe neutron “streaming” effect (neutrons streaming from the core to the grid plate) 
that prompted the FFTF designers to redesign the region below the core.’ 

Sponsor: Neutron Physics Division’s Shielding Program for Fast Breeder Reactors 

Neutron-Energy-Dependent Capture Gamma-Ray Yields in Tantalum and Tungsten 

K. J. Y ~ s t ’ ~ ’  
J. E. W t e  

C. Y. F u ’ ~ ~  
W. E. Ford I11 

Some reactor shield materials exposed to high neutron fluxes are sources of secondary gamma-ray 
fluxes that pose as serious a shielding problem as the radiations produced within the reactor itself. Thus for 
a shield to be properly designed, the number and energy of the secondary gamma rays produced by neutron 
interactions in the materials of interest must be known as a function of the energy of the interacting 
neutrons. Because ’ ’ Ta and natural tungsten are being considered as gamma-ray shields for reactors that 
will be used to provide auxiliary electrical power on spacecraft and because weight limitations will require 
that the shield be as close to the reactor as possible, it is particularly important that the secondary 
gamma-ray production in these elements be known. A calculational program now under way is attempting 
to provide neutron-energy-dependent capture gamma-ray yields for l 8  ’ Ta and the various isotopes in 
natural tungsten, and preliminary results for neutron energies up to approximately 1 MeV are available. 

In performing these calculations existing experimental data were utilized in making a parametric fit to 
the thermal spectrum with the code DUCAL. Select DUCAL parameters which described the thermal 
spectrum were used to generate capture spectra for higher energy capture states. When available, the 
primary gamma-ray lines resulting from resonance capture were incorporated into the calculation. Most of 
the energy-level information was found in the Nuclear Data Tables; however, spins and parities for ’ 82Ta 
had to be supplemented by a nuclear model c a l ~ u l a t i o n . ’ ~ ~  Having coalesced the DUCAL spectra, the 
resultant yields were converted to a multigroup energy structure and combined with the appropriate 
neutron reaction cross sections to obtain secondary gamma-ray production cross sections. These cross 
sections were used in coupled neutron and gamma-ray transport calculations corresponding to measure- 
ments made at the Tower Shielding Facility. Comparisons of the measured and calculated results for the 
thermal and epithermal reactor beams show good agreement in shape. 

Sponsor: Neutron Physics Division Shielding Program for the Space Electric Power Office (SEPO) 

The Importance Distribution of Neutron Reactions Relative to Their Contribution 
to the Secondary Gamma-Ray Dose Transmitted by Tungsten and Laminated 

Lithium Hydride and Tungsten Shields 

J. V. Pace I11 F. R. Mynatt 

In designing SNAP reactor shields, which have stringent weight limitations, it is important to know in 
what regions of the shield the secondary gamma rays contributing to the exit dose are produced, what 

147. This work is described in more detail in ORNL-TM-2896, LMFBR Shielding Development Program Interim 
Report: Preliminary Evaluation of Techniques for Predicting the Spectro of Neutrons Transmitted by Grid Plate Shields, 
by C. E. Clifford, F. R. Mynatt, and H. C. Claiborne (1970). 

148. Consultant from the University of Tennessee. 
149. C. Y. Fu and K. J. Yost, “A Unified Model of Odd-Odd Nuclei for Nuclear Data Generation and Analysis,” Nucl. 

Sei. Eng. 41, 193 (1970). 
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neutron interactions produce the gamma rays, and what the energies of the interacting neutrons are. Since 
tungsten and lithium hydride are frequently proposed as gamma-ray and neutron shields, respectively, for 
SNAP reactors, a study has been made of the importance distribution of neutron reactions relative to the 
secondary gamma-ray dose transmitted through these materials when they are used in specific slueld 
configurations exposed to a SNAP reactor source. The configurations studied were comprised of tungsten 
alone, of tungsten preceded and followed by lithium hydride, and of tungsten with litluum hydride on 
either side. The source was assumed to have the neutron energy spectrum measured at the Tower Shelding 
Facility for a SNAP experimental reactor. 

For each configuration studied both an adjoint calculation and a forward calculation were performed 
with the one-dimensional discrete ordinates code ANISN. In the adjoint calculation a given exit gamma-ray 
dose response was assumed, and the probability that a gamma ray of a given energy originating at a given 
position in the shield would contribute to that dose was calculated. In the forward calculation the 
penetration of neutrons from the reactor to positions throughout the sheld was determined. The results 
from these two calculations, convoluted with selected gamma-ray production data, reveal the origin of the 
exit secondary gamma-ray dose as it is distributed in space and neutron energy. 

The results from this study will be published in a forthcoming report.’ 

Sponsor: Neutron Physics Division’s Radiation Shielding Program for the Space Electric Power Office 
(SEPO) 

The POPOP4 Library of Neutron-Induced Secondary Gamma-Ray Yield and Cross-Section Data 

W. E. Ford I11 

Coupled calculations of the transport of neutrons and the production and transport of secondary 
gamma rays are facilitated by a FORTRAN IV program called POPOP4, which converts spectra of 
secondary gamma rays produced by neutron reactions to multigroup production cross sections.’ ’ A 
library of secondary gamma-ray data whch  can be used by POPOP4 has been assembled for a number of 
nuclides of interest in radiation shielding studies and is available on a BCD-formatted magnetic tape from 
the Radiation Shielding Information Center. The initial and first update compilation contains a total of 223 
data sets, each set consisting either of intensities of the secondary gamma rays resulting from 
neutron-nucleus interactions (referred to as “yields”) or of secondary gamma-ray production cross sections 
for neutron-nucleus interactions (referred to as “x-sects.”). A data set is identified with a six-digit number: 
the first and second digits identify the atomic number of the target nucleus, the third digit the mass number 
of the target nucleus, the fourth digit the type of neutron reaction, and the fifth and sixth digits the 
literature source of the data. 

Before the data on the BCDformatted tape can be used in POPOP4, it must be transferred to a binary 
tape, for which a retrieval program identified as the POPOP4 Library Tape Maker is available.’ 5 2  This 
program can also update a binary library tape, make or update a BCDformatted library tape, and list or 
punch selected data sets on a library tape. 

150. J. V. Pace 111 and F. R. Mynatt, The Importance Distribution of Neutron Reactions Relative to Their 
Contribution to the Secondary Gamma-Ray Dose Transmitted by Tungsten and Laminated Lithium Hydride and Tungsten 
Shields, ORNL-TM-3270 (CTC-41) (to be published). 

151. W. E. Ford I11 and D. H. Wallace, POPOP4 - a Code for Converting Gamma-Ray Spectra to Secondary 
Gamma-Ray Production Cross Sections, CTC-12 (1969). 

152. W. E. Ford 111 and D. H. Wallace, The Use and ‘Testing’ o f  AI, Fe, Ni, Cu, and Pb Secondary Gamma-Ray 
Production Data Sets From the POPOP4 Library, CTC-20 (1970). 
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If the data set read by POPOP4 is an x-sect. set, POPOP4 converts it from the form in which it is 
received to an energy group structure required for the calculatio-n in which it is to be used. If the data set is 
a yield set, POPOP4 converts the yields to a multigroup structure and then multiplies the multigroup 
intensities by input multigroup neutron reaction cross sections to obtain the multigroup secondary 
gamma-ray production cross sections. 

The POPOP4 library data set titles and literature sources in the initial compilation have been published 
elsewhere.’ ’ 
Sponsor: Neutron Physics Division’s Radiation Shielding Programs for Defense Atomic Support Agency 

and Space Electric Power Office 

The Use and Testing of Selected Secondary Gamma-Ray Production Data Sets 
from the POPOP4 Library 

W. E. Ford 111 D. H. Wallace’ 54 

The data sets included in the POPOP4 library for the production of secondary gamma rays by neutron 
capture and inelastic-scattering reactions in aluminum, iron, nickel, copper, and lead have been evaluated by 
comparing secondary gamma-ray pulse-height spectra calculated with the various data sets with measured 
pulse-height ~ p e c t r a . ” ~  In each calculation the data set to be tested was converted to secondary 
gamma-ray production cross sections with the POPOP4 code.’ ’ ’ Another program, the Sample Simple 
Coupling Code, then combined the production cross sections with P,,, neutron and gamma-ray cross 
sections to provide a PN coupled cross-section set for use in a transport calculation with the discrete 
ordinates code ANISN.’ ” Finally, the gamma-ray angular flux from the ANISN calculation was converted 
to a pulse-height spectrum with a FORTRAN IV code called LINFOLD, which also compared the 
calculated and measured pulse-height spectra.’ ’ 

The measured spectra were obtained in a series of experiments performed at the Tower Shielding 
Facility.’ ’ Thin slabs of the materials being investigated were exposed to neutron beams from the 
Tower Shielding Reactor 11, with cadmium and boron filters introduced in the beam in different runs to 
alter the spectrum of neutrons impinging on the samples. A NaI(T1) detector was used to measure the 
secondary gamma-ray spectra. 

Most of the data sets evaluated were for secondary gamma rays produced by neutron captures. Six such 
sets were tested for aluminum, four sets each for iron and nickel, three for copper, and two for lead. One 
set of inelastic-scattering gamma-ray data was tested for each of the elements except for copper, for which 
no data were available. 

Graphical comparisons of some of the calculated and experimental spectra have been published 
elsewhere.”’ Since at present there is a dearth of secondary gamma-ray data, especially for neutron 
energies above thermal, the general lack of agreement shown by the lead and copper comparisons was 

153. W. E. Ford Ill,  The POPOP4 Library of Neutron-Induced Secondary Gamma-Ray Yield and Cross-Section Data, 

154. Applied Science Department, Computing Technology Center, Union Carbide Corporation, Oak Ridge, Tenn. 
155. R. E. Maerker and F. J. Muckenthaler, Gamma-Ray Spectra Arising from Thermal-Neutron Capture in Elements 

156. R.  E. Maerker and F. J. Muckenthaler, Gamma-Ray Spectra Arising from Fast-Neutron Interactions in Elements 
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Found in Soils, Concretes, and Structural Materials, ORNL-4415 (1910). 



54 

expected. As the first step in an iterative process, these comparisons show which data sets yield the best 
results and the elements for which additional data are most needed. 

Sponsor: Neutron Physics Division’s Radiation Shielding Program for the Defense Atomic Support Agency 
and Space Electric Power Office 

Application of the Discrete Ordinates Method to Electron Transport 

D. E. Bartine 
F. R Mynatt 

R. G.  Alsmiller, Jr.I4’ 
W. W. Engle, Jr. 

J. Barish 

The transport of low-energy (of the order of a few MeV) electrons through matter is important in the 
shielding of manned space vehicles that orbit through the Van Allen electron belt. A code that treats this 
transport by means of Monte Carlo methods is available,’ ’ but because of the poor statistical accuracy 
which can be obtained, a nonstatistical method of calculation is needed. To fill this need, the method of 
discrete ordinates has been adapted to the transport of low-energy electrons. 

In principle, the discrete ordinates code ANISN may be used to transport electrons by the simple 
expedient of introducing into the code differential cross sections for electron-nucleus elastic collisions, 
electron-nucleus bremsstrahlung-producing collisions, and electron-electron collisions. In practice, however, 
these cross sections are quite different from those which occur in neutron transport, where the method of 
discrete ordinates has been used extensively, and it is not clear to what extent the method may be used 
successfully to transport electrons. In the Monte Carlo treatment of electron transport, the individual 
electronic collisions are not considered, but rather the theories of multiple Coulomb scattering and 
continuous slowing down are used to group together a large number of collisions.’ ” 

In applying ANISN to electron transport calculations, the individual electronic collisions are treated 
except that those electron-electron collisions which result in very small energy transfers (of the order of the 
average ionization potential of the atom) are treated using the continuous slowing-down theory. The 
differential cross sections for electron-nucleus elastic collisions and electron-nucleus bremsstrahlung 
production are taken from standard sources.’ ’ is 
used to describe electron-electron collisions which result in large energy transfers, and the usual 
stopping-power formula’ “ with the energy loss due to large energy transfers subtracted out is used to treat 
electron-electron collisions which result in small energy transfers. 

The transmitted electron spectrum calculated with ANISN for the case of I-MeV electrons normally 
incident on a 0.1 1-g/cm2-thick aluminum slab are in excellent agreement with an experimental 
spectrum16’ for energies below 0.85 MeV and are in approximate agreement for higher energies. The 
applicability of the method to thicker shields and higher energies remains to be tested. 

Sponsor: Neutron Physics Division’s Radiation Shielding Program for the National Aeronautics and Space 
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Discrete Ordinates Calculations of the Lateral Spread of High-Energy 
Neutron Beams ( G O O  MeV) and Earthshine 

R. G. Alsmiller, Jr.14’ 
F. R. Mynatt 

M. L. Gritzner 
J. V. Pace 

J. Barish 

In the design of high-energy accelerators, it is often necessary to consider the transport of high-energy 
nucleons through very thick shields. A Monte Carlo transport code has been used for such studies for several 
years, but because of statistical considerations its usefulness for problems involving very deep penetrations 
is limited. The applicability of the one-dimensional discrete ordinates code ANISN to calculations of the 
penetration of neutrons with energies considerably higher ( a 0 0  MeV) than those encountered in reactor 
shielding calculations was studied for the cases of broad incident neutron beams with encouraging 
results.’63’164 

Subsequent studies have been carried out with the two-dimensional code DOT for the cases of 
zero-width beams of 100- and 400-MeV neutrons normally incident along the axis of a cylindrical shield of 
silicon dioxide with 5% water by weight. The shield radius and thickness were assumed to be 500 and 1500 
g/cm2, respectively. The results include the omnidirectional neutron flux per unit energy as a function of 
depth and radius in the shield and the neutron and photon dose equivalents as a function of depth and 
radius in the shield. 

DOT calculations have also been performed to study the diffusion of neutrons and secondary gamma 
rays through the ground below the shelded target area of an accelerator to an outside area (an effect 
referred to as “earthshine”). The results, together with those for the cylindrical shields, are published 
elsewhere.’ 

Although there are no experimental data with which to compare these calculations, the method of 
discrete ordinates does seem to be a satisfactory method for two-dimensional problems involving 
high-energy neutrons. 

Sponsor: Neutron Physics Division’s Radiation Shielding Program for High-Energy Accelerators 

Nuclear Safety Evaluation of Various Designs for the LMFBR Fuel Reprocessing Dissolver 

J. R. Knight 

codes were used to evaluate the effects of various parameters on the 
nuclear safety of LMFBR dissolver designs. Three basic designs - a vertical cylinder, a slab, and a horizontal 
cylinder - were studied. The parameters were varied and included fuel concentrations, external concrete 
reflection, and stainless steel content of the fuel. Other factors considered were boron content, nitric acid 
concentrations, and variations in thickness of some of the stainless steel vessel walls. These studies have 

W. R. Cobb’ 6 6  
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indicated that several possible systems can be operated in a safe nuclear manner. Other minor changes in the 
program have caused the core requirements to be reduced to 300 K bytes. 

Sponsor: Neutron Physics Division 

Completion of 14C, a General Code for Various Analyses of Intranuclear Cascade Calculations 

0. W. Hermann M. P. G ~ t h r i e ' ~  G. W. Perry' 

The requested version of I4C' 70 was completed and used in a series of production cases. This IBM/360 
code includes, with several extensions, four analysis codes' ' which had a substantial fraction written in 
FAP for the IBM/7090. 14C contains about 4500 FORTRAN statements and requires a region size of 1040 
K. This code is being included in the group of codes'72 for analyses and calculations of intranuclear 
cascades,' 73 which will be available soon for external distribution. 

The analyses are performed on results of computed reactions of protons, neutrons, or 1~' or 71- mesons 
incident on a target from 4He to 239Pu. The printed results of 14C include angular, energy, and momentum 
distributions of residual nuclei, cascade-particle energy spectra for various angular intervals, cross sections 
for var.ious multiplicities of emitted particles, differential cross sections of cascade particles, energy spectra 
of evaporated particles, cross sections of nuclei remaining after evaporation, distribution of angular 
momentum in the nucleus after the cascade, and other results of interest. The calculations have been 
extended to  incident particle energies as hgh as 3500 MeV. 

Sponsor: Neutron Physics Division H. W. Bertini 

Revisions in the MUG Program for Producing Photon Transport Cross Sections 

J. R. Knight D. K. Trubey' 74 

The MUG program' 7s has been revised to include two changes. The first change is a modified way of 
computing the energy-dependent absorption cross sections. These cross sections are now obtained from the 
integral over the group limits of the product of the pointwise energy, times the pointwise Compton 
absorption cross section, plus similar terms for the photoelectric and pair-production cross sections. This 
change yielded significant improvements in the absorption cross-section values. 

The second change is a revision which allows data for photoelectric and pair-production cross sections 
to be read directly from an ENDF/B file 23 data tape, in addition to the other data options previously 
available. Other minor changes in the program have caused the core requirements' to be reduced to 300 K 
bytes. 

Sponsor: Neutron Physics Division 

169. Formerly with Mathematics Division. 
170. An acronym for Intranuclear Cascade Calculation Combined Analysis Codes. 
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Calculated Activation of Copper and Iron by 3-GeV Protons 

J. Barish T. W. Armstrong' 

Using NMTC,' 76 an estimate of the residual photon dose rate and the neutron.leakage induced in an 
accelerator magnet by a beam of 3-GeV protons is computed.' 77 The magnet was approximated as an 
infinite cylinder of copper surrounded by iron. Monte Carlo methods were used to calculate the 
nucleon-meson cascade, the residual nuclei production, and the photon transport. 

Sponsor: Neutron Physics Division, Activation of an Accelerator Magnet Project T. W. Armstrong 

Calculation of the Long-Lived Induced Activity in the Soil around 
High-Energy Accelerator Target Areas - I1 

J. Barish R. G. Alsmiller, Jr.' 4 0  T. A. Gabriel' 

Nucleon-meson cascade calculations were carried out and estimates of the induced activity in the soil 
surrounding high-energy accelerator target areas were obtained. Computation was performed for 200- and 
500-GeV protons incident on a lead target and for 500-GeV protons incident on a beryllium target.' 7 8  

Sponsor: Neutron Physics Division, Design of Neutrino Channel 
Project for the National Accelerator Laboratory 

Eyges-Dublin-Shape 

J. Barish R. G. Alsmiller, Jr.14' 

R. G. Alsmiller, Jr. 

In the shielding of high-energy accelerators, it is often necessary to consider the transport of 
hgh-energy muons through matter. Based on the transport theory of Eyges,'79 three codes - Eyges, 
Dublin, and Shape - were written to carry out such computations. Calculations have been performed for 
both Stanford' ,' ' and the National Accelerator Laboratory.' 82 Work on the codes is continuing 
in an effort to make them more applicable to a wider range of problems. 

Sponsor: Neutron Physics Division, Muon Transport Project R. G. Alsmiller, Jr. 
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Calculations Evaluating Several Methods for Reducing the Residual Photon Dose Rate 
around High-Energy Proton Accelerators 

J. Barish T. W. Armstrong’ 40 

Using the codes NMTC,’ 7 6  OGRE,’ 8 4  and 05R,’ 8 5  calculations were carried out to evaluate several 
methods for reducing the residual photon dose rate inside an accelerator tunnel due to the activation of the 
concrete tunnel walls by thermal neutrons from a 3-GeV proton beam located on the axis of an iron 
cylinder.’ 86 

Sponsor: Neutron Physics Division, Reduction of the Residual Photon 
Dose Rate around High-Energy Proton Accelerators Project 

T. W. Armstrong 

PICTURE: An Aid in Debugging GEOM Input Data 

- D. C .  Irving’87 G. W. Morrison 

A computer program, PICTURE,’ 8 8  was written to aid in preparing correct input data for the 05R’  8 9  

general geometry routine GEOM. PICTURE provides a printed view of the arbitrary two-dimensional slices 
through the geometry. By inspection of these “pictures,” one may determine if the geometry specified by 
the input cards is indeed the desired geometry. 

An example of a complex geometry is given in Fig. 7. A two-dimensional slice across the geometry is 
shown in Fig. 8. This printed output shows the presence of all the quadric surfaces. 

Sponsor: Neutron Physics Division 

UKE - a Computer Program for Translating Neutron Cross Section Data from the UKAEA Nuclear Data 
Library to the Evaluated Nuclear Data File Format 

R. Q. Wright S. N. Cramer D. C. Irving’ ’ 
A computer program, UKE, has been written to translate neutron cross sections on computer tape from 

the United Kingdom Atomic Energy Authority Nuclear Data Library’ O Y 1  ’ t o  the Evaluated Nuclear 
Data File ENDF/B.’92 The code will translate UK-library smooth cross-section data, as well as secondary 
angular and energy distributions, to the ENDF/B format. No resonance parameters, thermal-scattering data, 
or photon data are considered, however. The secondary angular distributions are translated as differential 
scattering probabilities only, and no Legendre expansion coefficients are given. 

i84.  D. K. Trubey, S. K. Penny, and M. B. Emmett, OGRE-P2, a Monte Carlo Program for Computing Gamma-Ray 

185. D. C .  Irving et al., 05R,  a General Purpose Monte Carlo Transport Code, ORNL-3622 (February 1965). 
186. T. W. Armstrong and J. Barish, “Calculations Evaluating Several Methods for Reducing the Residual Photon Dose 

Rate around High-Energy Proton Accelerators,” Neutron Phys. Div. Ann. Progr. Rept. May 31, 1970, ORNL-4592; 
ORNL-TM-27 6 8 (November 1969). 

Leakage from Laminated Slabs with a Distributed Source, ORNL-TM-231 (August 1962). 

187. Present address: Savannah River Laboratory, Aiken, S.C. 
188. D. C. Irving and G. W. Morrison, PICTURE - an Aid in Debugging GEOMInput Data, ORNL-TM-2892 (1970). 
189. D. C. Irving, R. M. Freestone, and F. B. K. Kam,O5R, a GeneralPurposeMonte Carlo Neutron Transport Code, 

190. K. Parker, The Aldermaston Nuclear Data Library as at May 1963, AWRE-0-70/63 (May 1963). 
191. K. Parker, The Format and Conventions of the (I.K.A.E.A. Nuclear Data Library, unpublished (June 1965). 
192. H. C. Honeck, ENDFfB - Specifications for an Evaluated Nuclear Data File for Reactor Applications, 

ORNL-3622 (1965). 

BNL-50066 (May 1966). Revised by S. Pearlstein, Brookhaven National Laboratory, July 1967. 
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Fig. 7. Critical 93.2% 235U enriched uranium metal assembly with eight-unit upper section and an irregularly shaped 
centerpiece (inset). The unit at the top of the photograph is an approximate parallelepiped whose base is 5 by 5 in. and 
whose height varies in three steps (5.14,5.27, and 4.39 in., front to back); the opposite unit is a parallelepiped with a 3- by 
5-in. base and a 3.51-in. height topped by a 3.60-in.-diam by 1.70 in. cylinder; the four small cylinders are 3.59 in. in 
diameter and 5.11 in. high; and the two large cylinders are 4.5 in. in diameter and 5.3 in. high. The centerpiece, which 
penetrated the hole in the support diaphragm, consists of a 4.5-in.-diam by 1.11 in. cylinder topped by a parallelepiped 
with a 5.00- by 5.00-in. base and a 2.25-in. height and by a hemisphere with a 2.39-in. radius. 

UKE is documented in ORNLTM-2880, where general information is presented concerning the format 
of the two libraries, along with a detailed description of the translation from the UK secondary energy 
distribution laws to those of ENDF/B. Programming details and a user’s guide are also presented. 

Sponsor : Neutron Physics Division D. K. Trubey 

Retrieval of ENDF/B Elastic and Inelastic Scattering Cross Sections 

R Q. Wright 

A program has been written to  retrieve “smooth” neutron elastic and inelastic scattering cross sections 
and angular distributions from ENDFIB’ ’* tapes. Input to the program consists of incident neutron 
energies and incident energy spread. Interpolation is used to obtain Legendre coefficients (for 
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Fig. 8. PICTURE output of a horizontal slice through the assembly shown in Fig. 7. 

center-of-mass angular distributions) in units of millibarns per steradian from the ENDF/B data. Output 
from the program consists of “smooth” elastic and inelastic cross sections as given on the ENDF/B tape 
plus the Legendre coefficients at each incident neutron energy. Results have been obtained for carbon, iron, 
silicon, sodium, magnesium, aluminum, and vanadium. Perey and Kinney have used the results to compare 
their experimental data with ENDF/B. 

Sponsor: Neutron Physics 

PLOTFB, a Plotting Program for ENDF/B Data 

R. Q. Wright 

F. G.  Perey 
W. E. Kinney 

The PLOTFB’ 9 3  program was received from the National Neutron Cross Section Center, Brookhaven 
National Laboratory, Upton, New York. The program is designed to interpret BCD or binary data in the 
ENDF/B’ 9 2  standard (rather than alternate) format and to present the interpreted data in the form of 

193. H. C. Honeck, Description of the ENDFIB Processing Codes and Retrieval Subroutines, ENDF-110, BNL-13582 
(September 1967, Revised September 1970). 



61 

listings and/or plots. Data may be requested by material number and/or ZA number and file number. The 
Brookhaven version was operational on the CDC-6600 computer and utilized the CALCOMP-835 plotter. 
Extensive modifications were required to convert the program to the IBM-360/75-9 1. The plotting routines 
were rewritten to utilize the OFWL cathode ray tube plotter (CRT). The basic routines for the CRT plotter 
have been described in ORCID Memo 29/360, May 10, 1968. The BPLOT’94 package (a generalized 
FORTRAN plot package for the IBM 360) was also incorporated, and the BNL plotting routines were 
removed. The program is designed to eventually handle all files in the ENDF/B format: 

1-7 Neutron interaction data 
12-16 Photon production data 
23-27 Photon interaction data 

At the present time, the processing routines are only available for files 1-5, 7, and 23 (file 5 can be listed 
but not plotted). The remaining routines are still in the process of being developed and debugged. Also, 
work is presently under way to implement the photon production files (12-16), and the routines are now 
partially operational. 

Sponsor: Neutron Physics D. K. Trubey 

Updating of the DLC-2 Cross Section Library 

R. Q. Wright 

Fifty-two materials in the ENDF/B’ * Version I1 library have now been processed by SUPERTOG,’ 
and the DLC-2 99-group neutron cross-section library’ 96 has been updated. 

DLC-2 was generated from nuclear data in either point-by-point or parametric representation as 
specified by ENDF/B. These data were averaged over each specified group width. The explicit assumption 
was made that the flux (weighting function) per unit lethargy was constant. When resonance data were 
available, resolved and unresolved resonance contributions were calculated ‘and used. DLC-2 consists of 
fine-group constants such as one-dimensional reaction arrays (absorption, fission, etc.), Pn elastic scattering 
matrices, an.d inelastic and (n,2n) scattering matrices which were generated, combined, and written on tape 
as card images in the ANISN’ 

DLC-2 represents a P8 approximation, to elastic scattering angular distributions. The data have a 
100-group structure with energy-group boundaries identical to those in the GAM-11’ 9 8  library, with a 
group 1 ,upper-boundary energy of 14.92 MeV and a group 99 lower energy of 0.414 eV. The 
group-to-group transfer matrices reflect only downscatter in energy, and group 100 serves as a “sink” 
group, itself having no data to describe absorption, fission, and scattering. 

The nuclides in DLC-2 are those which have been released as Category I ENDF/B by the National 
Neutron Cross Section Center, Brookhaven National Laboratory. 

format. 

Sponsor: Neutron Physics Division R. W. Roussin 

194. R. Q. Wright, BPLOT, a Generalized Fortran Plot Package f o r  the IBM360, TIDBITS, Vol. 4, No. 6,  June 1968. 
195. R. Q. Wright, N. M. Greene, J. L. Lucius, and C. W. Craven, Jr., SUPERTOG: A Program to Generate Fine Group 

196. RSIC Data Library Collection, DLC-2: 99-Group Neutron Cross Section Data Based on ENDF/B, Miscellaneous 

197. W. W .  Engle, Jr., A User’sManual for  ANISN, K-1693 (March 1967). 
198. G. D. Joanou and J. S. Dudek, GAM-11: A B3 Code for  the Calculation of  Fast-Neutron Spectra and Associated 

Constants and P,, Scattering Matrices from ENDFIB, ORNL-TM-2679 (September 1969). 

Informal Notes, ORNL-CF-5-20. 

Multi-Group Constants, GA-4265 (1963). 
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High-Energy Cascade Code 

Arline H. Culkowski A. F. Joseph 
H. Bertini14’ T. C. Tucker 
N. B. Gove M. Feliciano, Jr. 
Kay C. Chandler 

Several features have been added to HECC1’ 9 9  to account for scattering absorption, charge exchange, 
and single and double pion production. Cross-section data have been included in the form of polynomial 
fits. Particle production probabilities have been included as tables and used with interpolation procedures. 
The sampling techniques conserve energy and nuclear matter. 

Some of the polynomial fits were done with ORDEAL; some were done with the interactive graphics 
routines of C. E. Hammons. 

Sponsor: Neutron Physics Division 

Monte Carlo Calculations of High-Energy Nucleon-Meson Cascades 

Kay C. Chandler T. W. Arm~trong’~ 

Nucleon-meson transport calculations that utilize Monte Carlo techniques in conjunction with the 
intranuclear-cascade-evaporation model for treating nonelastic collisions have been carried out for a variety 
of problems (e.g., ref. 200). This method of calculation was previously restricted to particle energies 2 3  
GeV because of limitations imposed by the particular intranuclear-cascade model used.2 To enable 
transport calculations to be performed for high-energy sources, the calculational model has been extended 
to higher energies by using an extrapolation modelZo2 to obtain the description of products from 
nonelastic collisions 7 3  GeV. 

To test the validity of this new high-energy nucleon-meson transport code, the cascade induced in a 
target composed of alternating iron slabs and air gaps by 19.2-GeVlc protons and by 30.0-GeV/c protons 
has been calculated and compared with experimental data203y2 O 4  for the same configurations. Good 
agreement between the calculations and experiments has been obtained. The new code has been used to 
compute the induced activity and flux spectra in the moon due to galactic and solar cosmic ray 
bombardment. The results of the calculations have been used to estimate the cosmic ray exposure age of 
various Apollo samples and to aid in the interpretation of some of the Apollo measurements.205 

199. Math. Div. Ann. Progr. Rept. Dee. 31, 1969, ORNL-4514, p. 33. 
200. T. W. Armstrong and K. C. Chandler, “Calculation of the Radionuclide Production in Tissue by Solar-Flare 

201. Hugo W. Bertini, Phys. Rev. 188, 1711 (1969). 
202. T. A. Gabriel, R. G.  Alsmiller, Jr., and M. P. Guthrie, An Extrapolation Method for Predicting Nucleon and Pion 

203. A. Citron, L. Hoffman, C. Passow, W. R. Nelson, and M. Whitehead, Nucl. Instr. Methods 32,48 (1965). 
204. A. VanGinneken, National Accelerator Laboratory, P.O. Box 500, Batavia, Ill.; private communication. 
205. T. W. Armstrong and R. G. Alsmiller, Jr., “Calculation of Cosmogenic Radionuclides in the Moon and 

Comparisons with Apollo Measurements,” paper submitted to the Second Annual Lunar Science Conference to be held in 
Houston, Texas, Jan. 11, 1971. 

Bombardment,” Neutron Phys. Div. Ann. Progr. Rept. May 31, 19 70, ORNL-4592, p. 89. 

Differential Production Cross Sections for High-Energy (>3 Ge V) Nucleon-Nucleus Collisions, ORNL-4542 (1970). 
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This method of calculation has also been applied to determine the depth dependence of the absorbed 
dose and dose equivalent in tissue induced by galactic proton bombardment.2 O 6  

Sponsor: Neutron Physics Division 

NUCLEAR DATA PROJECT 

LEVEL Scheme Plotting Program 

T. J. Tyrrell W. B. Ewbank207 

We have written a program for the IBM/360 to prepare nuclear level scheme charts with either the 
pen-and-ink Calcomp plotters or the cathode ray tube plotter. Each drawing is made up of one or more 
“ladder” diagrams (see Fig. 9) with gamma-ray transition lines. The input for t h s  program consists of a few 
cards giving information about the arrangement of the drawing, followed by a card for each level and a card 
for each transition. The diagram in Fig. 9 required 73 input cards. 

Sponsor: Nuclear Data Project D. Horen 

Atomic Mass Adjustment 

N. B. Cove 
T. D. Calton 

Ruth B. Hofstra 
Judy B. RittsZo8 

A. H. Wapstra209 

We have written a computer program to perform a least-squares fit to all available nuclear reaction Q 
values and mass doublets, using the atomic masses as unknowns. This leads to a system of about 5000 
equations in 1720 unknowns. A set of subroutines was written to find and remove singly determined masses 
from the system. This leads to about 4000 equations in about 700 unknowns, which decomposes into two 
systems of about 300 and 400 unknowns. The fitting procedure involves inverting a 300 X 300 normal 
matrix and a 400 X 400 normal matrix. The Choleski inversion method was used in double (REAL*8) 
precision. From the resulting atomic mass values, new reaction Q values and mass doublets were calculated. 
We wrote programs to make Calcomp plots of certain Q values and separation energies so as to demonstrate 
systematic trends. 

A portion of one of the mass tables is shown in Fig. 10; one of the Calcomp plots is shown in Fig. 11. 
This work was supported in part by the Nuclear Data Project and by the Instituut voor Kernphysisch 

Onderzoek. 

Sponsor: Nuclear Data Project 

206. T. W. Armstrong, R. G. Alsmiller, Jr., and K. C. Chandler, “Monte Carlo Calculations of High-Energy 
Nucleon-Meson Cascades and Applications to Galactic Cosmic-Ray Transport,” paper to be presented at the National 
Symposium on Natural and Man-Made Radiation in Space to be held in Las Vegas, March 2-5, 1971. 

207. Nuclear Data Project. 
208. Now with U.S. Steel, Pittsburgh. 
209. Instituut voor Kernphysisch Onderzoek, Amsterdam, Netherlands. 
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OPERATIONS DIVISION 

Estimation of Radiation Doses Following a Reactor Accident 

F. W. Stallmann’ F. B. K. Kam2 ’ 
A computer program is being developed which evaluates the radiation damage to a receptor at given 

location and time if a reactor accidentally releases radioactive material into the air. One major part of this 
program consists of a fast numerical integration routine which determines the total gamma radiation from a 
cloud of radioactive material. This part is completed and ready for use. The remainder of the program is 
designed to cover the movement of the cloud and the release and decay of the radioisotopes. 

Sponsor: Operations Division 

PHYSICS DIVISION 

Spiral Reader 

R. D.. McCulloch 

The Spiral Reader (SR) constructed by LRL for the University of Tennessee was delivered in June 
1970. The SR is sited at ORNL and will be maintained and operated by ORNL and University of Tennessee 
personnel. The SR is a semiautomatic digitizing machine to be used in the measurement of bubble chamber 
photographs; it will greatly expand the measuring capability of the ORNL-UT High-Energy Physics Group, 
as the measurement rate of the SR is expected to be 20 to 30 times the rate of a conventional measuring 
machine now in use. 

Programs written at LRL have been rewritten and tested for the calibration of the SR. The SLAC 
version of the LRL program,’POOH, is being rewritten to  perform data filtering and track matching. The 
filtered data from POOH will be input to the conventional spatial reconstruction program TVGP. 

It is estimated that the SR will be measuring film by mid-December 1970. It is hoped that the ORNL 
version of POOH will be rewritten and fully checked out for production use by February 1971. 

Sponsor: Physics Division Hans Cohn 

Renormalized Finite-Nuclear Brueckner Theory 

M. R. Patterson R. L. Becker”’ 

A set of codes which produces Pauli-corrected two-body nuclear matrix elements has been developed 
during the last several years.213 These matrix elements are distinguished by the fact that very realistic 
nuclear potentials, such as the Hamada-Johnston potential, are used in the relative-center-of-mass 
interaction. The careful evaluation and transformation of these matrix elements are very time-consuming on 
the computer. 

210. Consultant, University of Tennessee. 
21  1. Operations Division. 
212. Physics Division. 
213. R. L. Becker and M.  R. Patterson, ORNL-4513 (May 1970). 
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Considerable effort has been spent during the last year in speeding up those codes which transform and 
Pauli-correct the relative matrix elements, resulting in a code which is about an order of magnitude faster 
than the previous version. This fact makes practical the calculation of properties of larger nuclei than those 
previously considered. The emphasis thus has shifted to calculation of the relative matrix elements as the 
most expensive step. The latter has been speeded up by about 5%, and further modifications are not being 
considered at the present time. Various approximations were considered during the year; however, their use 
offers no advantage over options already available in the code. 

The final step of these codes is use of the two-body matrix elements to compute observable nuclear 
properties such as binding energy or nuclear spectra. Significant second-order contributions to these 
observables have been computed and are presently included in the codes. Their presence has enhanced 
agreement with experiment. 

A new method of computation of the fractional occupancy (renormalization) of virtual hole states' l 4  

has recently been incorporated in the final code. This new method reduces the required storage for cases 
presently studied and will allow consideration of a larger number of single-particle states in future studies. 

Sponsor: Physics Division 

Numerical Lagrangian Partial Derivatives 

F. D. Hammerling 

The subroutine DLAG' which performs two variable Lagrangian interpolations was modified to 
calculate numerical partial derivatives. This subroutine will permit the calculation of partial derivatives of 
tabular functions. The partial derivatives are useful in applying Newton's method or gradian techniques to 
the solution of equations involving the tabular function. It is hoped this version will replace the old version 
in our library in the near future. 

Sponsor: Physics Division 

Nonrelativistic Hartree-Fock Calculations 

C. W. Nestor, Jr. T. A. Carlson' '' 
Using a nonrelativistic Hartree-Fock program,2 ' J ' we have calculated electron binding energies and 

wave functions for several excited states of ionized neon. Comparison with the observed spectrum of 
electrons photoelectrically ejected from neon shows that the calculated energies are in reasonably good 
agreement with the observed energies, but that calculated transition probabilities do not agree with the 
observed intensity ratios. This situation is in accord with the findings of Sinanoglu? ' who points out that 
a better treatment of electron correlation is necessary if one is to obtain agreement of theoretical and 
observed transition probabilities. 

214. R .  J. McCarthy and K. T. R. Davies, Phys. Rev. C 1.5, 1644 (May 1970). 
215. G. W. Westley and J. A. Watts, The Computing Technology Center Numerical Analysis Library, CTC-39 (October 

216. Charlotte Froese, Can. J .  Phys. 41,1895 (1963). 
217. C. W. Nestor, Jr., ORNLCF-70-11-31 (1970). 
218. 0. Sinanoglu, Comments on Atomic andMolecular Physics 2 , 7 3  (1970). 

1970). 
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It is worth noting that several of these calculations were initially very difficult to make converge to a 
satisfactory level of self-consistency. C. F. Fischer’ has described a method for improving the convergence 
of these calculations; unfortunately, this method leads to somewhat higher total energies, and thus in some 
sense wave functions calculated with her procedure are not as good as other wave functions. 

Sponsor: Physics Division T. A. Carlson 

Single-Particle States for Asymmetric Fission 

C. C. Lu C. Y. Wong” ’ 
We have extended a simple single-particle model, proposed previously’ ’ for the overlapping ellipsoids 

of different sizes and shapes, to take into account spin-orbit interactions and other corrections. With a 
suitable choice of basis, the Hamiltonian is diagonalized to obtain the eigenenergies. The purpose of the 
present investigation is to study how the single-particle states will be affected by the asymmetry of the two 
fissioning parts, with a hope of explaining why the mass distributions for low-energy fission of 
transuranium nuclei are asymmetric. 

Sponsor: Physics Division C .  Y. Wong 

Relativistic Hartree-Fock-Slater Calculations 

c. c. Lu 
C. W. Nestor, Jr. 

Linda P. Helton 
T. C .  Tucker 

T. A. Carlson’ ’’ 
Using the Hartree-Fock-Slater program described previously,’ ’ we have calculated electron binding 

energies, wave functions, and other properties of interest for the ground states of all elements with atomic 
numbers from 2 to 126. The results of these calculations were issued as a Laboratory topical report .”’ 

We have made extensive revisions to the program for the maintenance of the wave function library 
stored on an IBM 2314 disk pack. Magnetic tape copies of this library are now made on a regular schedule 
to serve as backup in case of disk pack trouble.” 

The calculation of electron d e n ~ i t i e s ” ~  for the atom as a whole has been added to the program library 
on the 2314 disk pack. This new program permits the retrieval of total electron densities (punched on cards 
for further use, if desired) given the library serial number of the atom. We have also modified the existing 
output subroutines to provide electron densities at the origin, at the nuclear surface, and averaged over the 
nuclear volume for s and p1 electrons. 

219. C. F. Fischer, Can. J. Phys. 46,2435 (1968). 
220. C. Y .  Wong, Phys. Letters 308,61  (1969). 
221. Math. Div. Ann. Progr. Rept. Dee. 31, 1969, ORNL4514, p. 39. 
222. C. C. Lu et al., ORNL-4614 (December 1970). 
223. Math Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL 4514, p. 38. 
224. Sponsor of this improvement was G .  M. Stocks, Metals and Ceramics Division. 
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To facilitate the comparison of predicted x-ray energies with experimental data, we have written a 
computer program' ' which calculates x-ray energies from the oneelectron eigenenergies stored on the 
2314 disk pack and tabulates the calculated energies, the observed energies, and the percentage difference. 

Sponsor: Physics Division T. A. Carlson 

REACTOR DIVISION 

Pressure Vessel Stress Analysis 

A. J. EdmondsonZz6 V. A. Singletary D. E. Arnurius 

The program representing the pressure solution to the cylinder-to-cylinder pressure vessel configuration 
has been obtained to give the best comparison with experimental results.22 7 9 2 2  Reasonable agreement 
exists not only with the experimental results but with finite-element results as well. The pressure program is 
considered to be complete and will be mated with programs representing the solutions of other loading 
arrangements of the cylinder-tocylinder configuration when they become available. These programs are 
most useful in parameter studies. 

Sponsor: Reactor Division 

Heavy Section Steel Technology Programs 

Carla L. Armstrong 

We converted the FORTRAN programs CTMESH-1, HOLD-1 Plane Stress, and HOLD-1 Plane Strain as 
references in Report WCAP-736822 to run within our IBM 360/75-91 computing environment. Except for 
several cards that require minor alteration, the programs will compile using either the FORTRAN IV 
compiler or the FORTRAN 360 compiler. 

We did this work in support of the AEC-funded Heavy Section Steel Technology Program, the purpose 
of which is to develop a quantitative means of ensuring the safety against fracture of large steel nuclear 
pressure vessels. 

Sponsor: Reactor Division 

Stress Analysis of MSBR Graphite 

D. W. Altom J. A. Carpenter S. J. Chang 

The stress analysis of irradiated graphite for the core design of the MSBR is continuing. The previous 
was improved to include the effect of a variable creep coefficient arising from a nonuniform work' o-2 

~~ ~ ~ ~ ~~ ~ 

225. C. W. Nestor, Jr., ORNL-CF-70-3-20 (1970). 
226. Consultant to Reactor Division from the University of Tennessee. 
221. Math. Div. Ann. Progr. Rept. Dec. 31, 1968, ORNL4385, p. 39. 
228. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL4514, p. 44. 
229. C. Visser, S. E. Gabrielse, and W. Van Buren, A Two-Dimensional Elastic-Plastic Analysis of Fracture Test 

230. S. J. Chang, C. E. Pugh, and S. E. Moore, Viscoelastic Analysis of Graphite under Neutron Irradiation, 

231. MSR Program Semiann. Progr. Rept. Feb. 28,1969,0RNL-4396, pp. 229-31; ibid., Feb. 28,1970, ORNL4548, 

232. S. J. Chang, J. A. Carpenter, and D. W. Altom, Viscoelastic Analysis of Irradiated Graphite with Variable Creep 

, 

Specimens, Heavy Section Steel Technology Program Technical Report No. 4,  WCAP-1368 (October 1969). 

ORNL-TM-2407 (October 1968). 

pp. 218-21. 

Coefficient, ORNL-TM (to be published). 
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temperature distribution. The resulting calculation has shown significant improvement, especially when the 
dose level is 'high and the temperature difference throughout the body is large. A computer program, 
VATCRP, is completed for the present analysis. It can include the previous one as a special case if the 
parameter is appropriately adjusted. Numerical results are shown in Figs. 12-14. 

Sponsor: Reactor Division, Molten Salt Breeder Reactor 

Time-Dependent Behavior Studies of Stainless Steel under Elevated Temperature2 i 2  3 4  

S. J .  Chang 

It is intended in the present investigation to formulate a mathematical model to represent the 
timedependent behavior of the stainless steel under elevated temperature for the purpose of LMFBR 
components design. Many papers concerning the mathematical theory of creep (or flow) have been 
reviewed and examined during the period of investigation. The development of an analytical form for the 
representation has been initiated. 

Sponsor: Reactor Division, Liquid Metal Fast Breeder Reactor 

Calculation of Energy Requirements for Buildings on a District Heating System 

M. T. Heath 

As part of a project sponsored by the Department of Housing and Urban Development, a computer 
program was written which calculates the energy requirements for a given collection of buildings over a 
given time period. The specific use of the program in this project was to simulate the operation of a district 

233. Informal Progress Report on Structural Design Methods for  LMFBR Components for  Period Ending May 31, 

234. Ibid., for Period Ending June 30, 1970, ORNLCF-70-6-48, pp. 12-13. 
1970, ORNLCF-70-6-14, pp. 23-24. 
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heating system so that the feasibility of using a nuclear reactor as energy source could be evaluated. A single 
building or an entire city may be included, and both thermal and electrical loads are computed. In addition 
to input concerning the physical properties of the buildings, the program uses weather information taken 
from U.S. Weather Bureau data for the desired location. 

For each kind of building the basic calculation is that of the thermal energy balance during a given 
hour. This quantity is the difference between heat losses and gains inside the building. The value obtained is 
the amount of heat which must be added or removed in order to maintain a specified comfort level 
(temperature and humidity) in the building. The heat losses and gains considered are those due to 
transmission, ventilation, infiltration, electrical power use, humidity regulation, solar radiation through 
glass, and latent and sensible heat of occupants. From the heat balance the thermal and electrical demands 
on the district system can be determined, depending on the kinds of heating and cooling employed. Values 
for longer time periods are computed by summing over consecutive hours. 

The author acknowledges valuable contributions to the development or testing of this program by A. A. 
Brooks, A. B. Fuller, and A. J. Miller (project coordinator); J. W. Megley ;Z 3 5  and M. J. Wilson? 

Sponsor: Reactor Division 

Economic Analysis of Development Proposals for Desalting Processes 

G. W. Westley R. A. Carter W. G .  S. Fortz3 

The Office of Saline Water (OSW), an agency in the U.S. Department of Interior, has the responsibility 
of planning and directing all governmental activities in the area of desalination. This analysis hopes to 
provide OSW with an economic tool for allocating available funds to development proposals, specifically 
those intended to improve established desalination processes.’ * 

Theoretically, the relative value of a proposed development project can be characterized by a numerical 
Cost Effectiveness Index (CEI), which is a function of the estimated funding requested by the project 
proposal and the predicted benefits derived from the successful project completion. It is postulated that a 
subset of the collected proposed projects can be identified as the subset to receive primary funding by the 
OSW. This subset is determined by an Accumulated Benefits Evaluation (ABE), which attempts to 
maximize the actual benefits derived from a given subset of projects. The CEI will be discussed first. 

To evaluate different development proposals on an equal basis, compatible cost models must be used 
for the various process types. This requirement is met through a series of cost models that use compatible 
design materials whenever possible.’ 9-’ Each cost model is coupled with a parameter optimization 
procedure that allows cost reductions, resulting from a project proposal, to be evaluated on an optimal 
plant-design basis. Thus, the effect of a development proposal is the net total of the cost reductions on an 
optimal design plant in each process type affected by the prcposal. 

The above gives a means of computing a cost reduction resulting from a project. However, this cost 
reduction must be weighted by the estimated need for the cost reduction. This weighting is accomplished 

\ 235. 
236. 
237. 
238. 
239. 
240. 
241. 

Present Address: Boston Edison, Boston, Mass. 
Present Address: I .  C. Thomasson and Associates, Nashville, Tenn. 
Reactor Division. 
W. G. S.  Fort and I .  Spiewak, The Facilitation of OSWManagement Decisions, ORNL-67-7-48 (July 24, 1967). 
Multistage Flash Desalination Plant Cost Model (to be published). 
Vertical Tube Evaporator Desalination Plant Cost Model (to be published). 
Electrodialysis Desalination Plant Cost Model (to be published). 
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by implementing a water-demand model which attempts to predict the future water requirements for a 
specific process type as a function of time. The estimated benefit for a development proposal is the product 
of the cost reduction attained and the estimated volume of water required in that specific process type. 

Since different development proposals would probably begin at different times, both the funding 
required and benefits from the project must be discounted back to a fixed time. Thus, the CEI value for a 
specific development proposal is 

discounted benefits from the proposal in process j 
discounted funding for the proposal 

= ' 
i 

, 

where j assumes the values of process types affected by the development proposal. 
The above is a simplistic discussion of a CEI value. In any realistic model, options would exist to 

evaluate a specific development proposal on: (1) a process type at different production capacities, (2) 
different feedwater types, and (3) different fiducial intervals for the project. Thus, a development proposal 
can be characterized by a series of CEI values. 

Since funding limits are less than infinite, only a subset of the collected development proposals can be 
funded. Ideally, the primary subset to be funded would be that which maximizes the actual benefit derived 
from the proposed project list under the preset funding limitations. If all of the projects were independent, 
the best subset simply would be that with the highest CEI values. But normally, the projects are 
interdependent. Thus, the effect of implementing several development proposals in a process type is not 
necessarily equal to the effects of implementing each project autonomously. One assumes that the project 
proposal having the largest CEI value should be funded. The remaining project proposals are evaluated in 
order of decreasing CEI value as long as the sum of the discounted benefits derived from the project subset, 
minus the total discounted funding for the project subset (the actual benefit derived), continues to increase. 
The resulting subset is designated as the primary funding project proposal list. 

It should be emphasized that the above indices are first iterations in an attempt to use computers to aid 
in the OSW management decision process. 

Sponsor: Reactor Division I .  Spiewak 

Stress Analysis Using Finite Element Techniques 

J. S. Crowell 

The finite element concept is a basis for the numerical treatment of.problems of structural ana ly~is .2~  * 
During the past several years the finite element method has become one of the most powerful tools of the 
structural engineer. The method can also be applied to nonstructural-type problems such as heat 
conduction and fluid flow. 

Many of the finite element computer programs at ORNL were obtained by the Reactor Division. These 
programs have been used to help analyze prestressed-concrete reactor vessels, components of reactor piping 
systems, and other problems of interest to the Applied Mechanics Section of the Reactor Division. Most of 
the responsibility of converting, maintaining, correcting, and extending these programs has been borne by 
individuals who are in the Mathematics Division. 

242. 0. C. Zienkiewicz, The Finite Element Method in Structural and Continuum Mechanics, McGraw-Hill, 1967. 
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Several plotting programs have been written to aid the users of some of the finite element programs 
assimilate the rather large amount of printed output. Plots may be machinegenerated showing stress 
contours, principal stresses, and displacements. 

Sponsor: Reactor Division J. M. Corum 

Finite Element Programs for the Reactor Division 

J. S. Crowell Peggy G. Fowler B. V. Stoutz4 

Several programs which use the finite element technique for analyzing structural problems are 
maintained by the Mathematics Division. At the request of and with the assistance of members of the 
Reactor Division, these programs have been made operational in Oak Ridge, extended, and corrected during 
the last four years. Some of these programs were written specifically for the Reactor Division by outside 
groups under subcontract with ORNL. 

A brief categorization of the most-used programs is as follows:z44 
Two-Dimensional Analysis of Elastic Solids. SAFE-PLANE, SAFE-AXISYM, and SAFE-PCRS are the 

first programs which were used. In 1969 SAFE-2D largely supplanted the above three and is used for most 
two-dimensional applications. All these programs were written by a group at General Atomic Division of 
General Dynamics, as were all the programs whose names begin with SAFE-. Another program, commonly 
called Wilson’s code, has been used extensively by several groups in Oak Ridge. These programs have been 
and are being used to solve axisymmetric and plane stress analysis problems for complex structures. 

Two-Dimensional Viscoelastic Analysis of Concrete Structures. The two programs in this category are 
SAFECREEP and SAFECRACK, with the latter one being the most recent work. These programs have 
been used by the Reactor Division’s Applied Mechanics Section to  study the behavior of reactor pressure 
vessels under specific loading conditions. 

Finite Element Analysis of Thin Shells. A general thin shell analysis program, JOINT, was modified by 
a group at the University of California at Berkeley to perform the analysis of thin-walled tee joints. This 
program has been in use by the Reactor Division for approximately two years. 

Three-Dimensional Analysis of Elastic Solids. The SAFE3D computer program is applicable to general 
three-dimensional geometries. The program has been used in analyzing a concrete reactor pressure vessel 
and thick-walled steel pipe joints. The treatment is restricted to static analysis. 

, 

Sponsor: Reactor Division 

DEXTIR Data Reduction Programming 

0. W. Russ, Jr. 

J. M. Corum 
R. C. Gwaltney 
S. E. Moore 
F. J. Witt 

Programs were written for Reactor Division projects of dryer-superheater development (water-steam 
and potassium systems) for NASA, fission products deposition loop, and experimental stress analysis of 

243. Summer employee at  CTC. 
244. Specific references as to user’s manuals and descriptive reports have been omitted. It is suggested that interested 

persons contact the author for references for any of the listed programs. 
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thin wall tees, and are being developed for failed fuel mockup tests for the LMFBR. The DEXTIR-collected 
experimental data are converted into such parameters as a single- and two-phase heat fluxes, heat inputs and 
losses, qualities, flows, specific volumes, densities, viscosities, Reynolds numbers, mass flow rates, gas 
concentrations, diffusion coefficients, radiation counts, strains, pressure drops, and temperature distribu- 
tions, the results to be output in printed format, punched cards, and Calcomp or CRT plots. The 
POOLSIDI computer pr~grarn,’~’ originally written to read manual data from punched cards from Metals 
and Ceramics Division’s SolGel-1 fuel capsule tests (ORR), to print and Calcomp-plot temperature 
differences, heat generation rates, linear power levels, and elapsed operating times, was modified to read 
DEXTIR scanned data directly from magnetic tape and further adapted to reduce DEXTIR data from 
SolGel-2, -3, and UN-3 fuel capsule tests (ORR). Programs for Reactor Division’s GCFR 04-p9 (ORR) and 
HTGR HRB-2 (HFIR) fuel capsule tests are in progress to print and Calcomp-plot parameters during the 
8 h r  ORR pressure cycle every eight weeks and the yearly steady-state cycle updated monthly, and to print 
and plot running averages, maximum temperatures, temperature profiles, and other parameters over the 
three-week HFIR operating cycles. 

Sponsor: Reactor Division 

One-Group Neutron Cross Sections 
Using the GAM-I1 Code with an Input Flux Spectrum 

R. Q. Wright 

One-group neutron cross sections for 11 3 nuclides were produced using the GAM-I1 code’ with an 
input flux spectrum. The principal reactions of interest were ( n , ~ ) ,  (n,2n), (n,p) ,  and (n,a), but cross 
sections were obtained for other reactions when data were available. Five different flux spectra were used 
to weight the cross sections: 

LMFBR blanket spectrum 
LMFBR core spectrum 
HFIR spectrum 
EBR-I1 blanket spectrum 
EBR-I1 core spectrum 

The basic sources of cross-section data were the ENDF/B,’4 GAM-11, and UK248 libraries. ENDF/B was 
used whenever data were available, and the other libraries were used only when the data were not available 
in the ENDF/B library. The first step in the process was to run the SUPERTOG’49 code to produce 
99-group cross sections in the GAM-I1 update format. The next step was to run the GAM-I1 update program 
to produce an updated GAM-I1 cross-section tape. The final step was to run the GAM-I1 code to generate 
the spectrum-averaged one-group cross sections. When GAM-I1 cross sections were used, the first two steps 

245. Written by Ruth B. Hofstra, Mathematics Division. 
246. G. D. Joanou and 1. S. Dudek, GAM-II: A B3 Code for the Calculation of Fast-Neutron Spectra and Associated 

247. H. C. Honeck, ENDFfB - Specifications for an Evaluated Nuclear Data File for Reactor Applications, 

248. K. Parker, The Aldermaston Nuclear Data Library as at May 1963, AWRE-0-10/63 (May 1963). 
249. R. Q. Wright, J.  L. Lucius, N. M. Greene, and C. W. Craven, Jr., SUPERTOG: A Program to Generate Fine Group 

Multigroup Constants, GA-4265 (1963). 

BNL-50066 (May 1966). Revised by S .  Pearlstein, Brookhaven National Laboratory, July 1967. 

Constants and P, Scattering Matrices from ENDFIB, ORNL-TM-2679 (September 1969). 
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were not required. Data from the UK library were first processed by the UKEzso code to translate from 
the UK format to the ENDF/B format. 

Sponsor: Reactor Division H. T. Kerr 

Updating of the GAM-I1 and 1 00-Group XSDRN Cross-Section Libraries 

R. Q. Wright 

Forty-five materials in the ENDF/BZ4 version I1 library have now been processed by SUPERTOG,z49 
and the GAM-IIz46 and XSDRNzsl libraries have been updated. Since most materials which have 
resonance parameters are processed twice - once as infinite dilution and once as a resonance nuclide - the 
total number of nuclides involved is 72. 

Transmission of data from ENDF/B to GAM-I1 is accomplished in three steps: 

1. The SUPERTOG code is run with the results placed either on punched cards or magnetic tape by input 
option. The format is described in the instructions for the GAM-I1 update program. The first eight cards 
are not provided by SUPERTOG and must be added later. 

2. A retrieval program is run which provides the first eight cards and merges the contents of two or more 
SUPERTOG tapes onto a single tape in a format acceptable by the GAM-I1 update program. 

3. A modified version of the GAM-I1 cross-section tape update code is run generating a 99-group GAM-I1 
cross-section tape. 

The 100-group XSDRN tape is generated by an auxiliary program from the GAM-I1 tape, and data for one 
thermal group are added in this step. The 100-group XSDRN cross sections have been used by the Reactor 
Division to perform XSDRN calculations for ENDF/B phase I1 data testing. 

Sponsor: Reactor Division J. D. Jenkins 

Reactor Division Cooperative Code Development 

G. W. Cunningham I11 T. B. Fowlerz3 D. R. V ~ n d y ’ ~ ~  

Oak Ridge National Laboratory is participating in an inter-installation cooperative effort directed at 
achieving efficient exchange of code blocks. This effort is in support of development of the LMFBR 
concept (fast breeder) and is funded by the Reactor Physics Branch of the Reactor Development and 
Technology Division of the AEC. The specific contributions made in this effort were as follows: 

1. Evaluation of the needs of and the restrictions imposed by local computers and their operation. 

2. Contributions to the ground rules in this effort such as programming requirements to ease the burden of 
implementing outside codes as well as implementing our code blocks by other installations. 

3. Implementing the evolving standard interface data files to permit coupling of code blocks. Thus, 
routines have been written to convert cross-section data from files used,locally to a form used by new 
code blocks being exchanged. 

250. R .  Q. Wright, S. N. Cramer, and D. C. Irving, UKE - a Computer Program for Translating Neutron Cross Section 
Data from the UKAEA Nuclear Data Library to the Evaluated Nuclear Data File Format, ORNL-TM-2880 (March 1970). 

251. N. M. Greene and C. W. Craven, Jr., XSDRN: a Discrete Ordinates Spectral Averaging Code, ORNL-TM-2500 
(July 1969). 
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4. Development of miscellaneous computer programming to facilitate checking out new code blocks. Thus, 
effort has gone into a two-point neutron spectrum calculation which was used to implement and debug 
depletion and fuel-management code blocks and to aid in understanding requirements for com- 
municating data and control instructions. 

Sponsor: Reactor Division 

CITATION Code Development 

G .  W. Cunningham I11 T. B. Fowler’ D. R. Vondy’ 

CITATION,2’’ a nuclear reactor analysis code, is being upgraded prior to a new release to other 
installations and to support local use. This effort included the following: 

1 .  Extension of the diffusion-theory treatment in up to three space dimensions to cover the periodic or 
repeating boundary condition. This boundary is needed, for example, in certain situations to close the 
circle in the 8 dimension of R-8 or R-0-Z geometry. Routines were programmed to add the capability to 
solve simultaneously the flux values along a row of points with end coupling within the framework of 
the code. This added formulation was carried through routines which perform neutron balance and 
perturbation calculations. 

2 .  Criticality search procedures were extended to  add flexibility in the support of developing 
fuel-management analysis capability. The indirect-search technique of solving a series of eigenvalue 
problems, with nuclide concentrations changed after each, was implemented. Nonlinear dependence of 
the multiplication factor on search nuclide concentrations was studied, and suitable formulations were 
implemented with constraints as found necessary from a broad range of test problems. A significant 
extension was made to the direct-search procedure in the code; by this technique, iteration is directly 
toward a desired critical condition. The extension allows simultaneous increase in the concentrations of 
some nuclides and decrease in others. Thus, the heavy metal content of fuel rods may be held fixed as a 
constraint. 

3. Some work was done in accounting for nuclide concentration changes on a finer scale than that upon 
which macroscopic cross sections are calculated for neutronics problems. 

4. Other areas of effort include provision for solving fixed-source problems, as arising in analysis of reactor 
startup, and code changes found to be desirable from user experience. 

5.  An auxiliary program to the CITATION code is used for processing cross-section data, for example, 
conversion from other formats; this was reprogrammed to add flexible dimensioning of data arrays to 
minimize storage requirements and to contain the data associated with the maximum of one or more 
dimensions in a given storage allocation. 

Sponsor: Reactor Division 

252. T. B. Fowler and D.  R. Vondy, Nuclear Reactor Core Analysis Code: CITATION, ORNL-TM-2496 (July 1969). 
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ESP, a General Monte Carlo Reactor Analysis Code 

S. N. Cramer J. L. Lucius R. S. Carlsmith’ 
M. L. Tobias’ G .  W. Perry’ 

ESP’ 54 contains many of the transport and collision routines of OSR,’ 5 s  but it has been specialized to 
a general reactor analysis code by including a detailed resonance energy cross-section treatment. This 
resonance treatment, together with the 0 5 R  general geometry description, gives ESP the ability to handle 
complicated energy-space problems. The code is linked to the ENDF/B’47 system and may be run in its 
entirety with only one deck setup and computer pass. The analysis of neutron histories is performed in the 
computer core for those quantities usually wanted in reactor calculations. Included are cross sections and 
fluxes averaged over arbitrary energies and spatial regions. 

The development of ESP has continued throughout the year with emphasis on the following items: 
(1) The first production version of ESP has been completed. A code report written by S. N. Cramer is 

currently being reviewed for publication. 
(2) A path-length estimation of flux and flux-dependent quantities has been added to the code. This 

estimation permits good results to be obtained in optically thin regions, including internal voids. 
(3) A maximum execution-time option has been added that allows the user to specify a time which, if 

exceeded, will effect the termination of the program with complete results printed, based on batches 
completed. Without this option, an inaccurate estimate of the time required to complete the calculation 
could result in a significant expenditure of computer time with no useful results obtained. 

(4) The ESP version of the RAFFLEzs6 geometry package has been revised to treat a fixed-source 
neutron-detector problem. 

(5) The renormalization of weights between batches has been eliminated and replaced with 
renormalization of the splitting, Russian roulette, and fission-production weights. 

(6) The source routine has been revised to allow an almost completely arbitrary source description, as 
well as many specific distributions, by input option. 

(7) The inelastic-scattering treatment has been revised to accommodate ENDF/B version I1 data. 
(8) Data management procedures have been revised to achieve a more efficient interface with the 

ENDF/B libraries. 
(9) The unresolved resonance treatment and that segment of the data management procedure linking 

the treatment to the ENDF/B libraries has been revised, as required, teprocess new data. 
( IO)  Several reactor bench-mark problems have been calculated with ESP. The homogeneous and 

full-core mockups of the ZPR-111 Assembly 48 Reactor are currently being calculated. These ZPR 
calculations use a periodic array’ version of the generalized geometry package and a fictitious scattering 
version of the transport routine which eliminates the tracking of neutron histories across the many thin 
plates of the ZPR-111 core. 

, 

253. Former employee; present address, Middle South Utilities, New Orleans, La. 
254. S. N. Cramer et al., ESP, a General Monte Carlo Reactor Analysis Code, ORNL-TM-3164 (to be published). 
255. D. C .  Irving et  ai., OSR, a General Purpose Monte Carlo Neutron Transport Code, ORNL-3622 (February 1965). 
256. 0. W. Hermann and R. S .  Carlsmith, RAFFLE: A Monte Carlo Code for Calculation of First Flight Collision 

251. G .  W. Morrison, A R R A Y  GEOM, this report. 
Probabilities, ORNL-TM-1699 (December 1966). 
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(1 1) A preliminary investigation has been made of the problems associated with including the S(a, 0) 
thermal neutron scattering package2’ * into ESP. 

(12) An investigation of the spatial distribution of neutron capture through thin uranium foils has been 
started. This work is in connection with the calculation of capture gamma-ray production in uranium using 
broad-group cross sections. The ESP code should produce a more nearly correct spatial capture distribution 
due to the fine energy group structure in the resonance calculations. 

Sponsor: Reactor Division 

ARRAY GEOM 

G. W. Morrison 

The 05R2 generalized geometry routine GEOM has been rewritten to permit complex geometrical 
arrays composed of repeatable units to be specified with a minimum of input data. The basic repeating unit 
is the ZONE, which in turn may be composed of many blocks, each having several quadric surfaces. 

ARRAY GEOM has been used with the ESP Monte Carlo code to analyze the SPR-111 Assembly 48 
critical experiment.2 The core of Assembly 48 is composed of identical fuel assemblies. The specification 
of .this geometry using GEOM would require specifying each of the fuel assemblies for a total of over 
300,000 input GEOM data cards. ARRAY GEOM required only one assembly to be specified. 

Sponsor: Reactor Division 

Monte Carlo Analysis of Heterogeneity Effects in ZPR-Ill Assembly 48 

G. W. Morrison M. L. Tobias2 

A cooperative effort has been undertaken in the LMFBR program concerning the analysis of 
heterogeneity effects in ZPR assemblies. The first step in the joint study has been a comparison between 
representative quantities obtained .by onedimensional discrete ordinates calculations, which was performed 
by Atomic Power Development Associates260 with the ESP Monte Carlo  calculation^.^^^^^^^ The ESP 
code was revised to accept the same Po multigroup cross sections as used by APDA. Figure 15 shows a 
comparison between the onedimensional ANISN code and ESP for the so-called “normal” drawer of 
ZPR-I11 Assembly 48. 

Sponsor: Reactor Division 

Monte Carlo Calculation of Optimum Detector Spacing for Superheavy Element Detection 

G. W. Morrison M. L. Tobias2 

The ESP254 Monte Carlo neutron transport code was used to aid in the design of a device for detecting 
the possible existence of superheavy elements in nature.26 The apparatus, planned by the Chemistry and 

- 

258. G. W. Momson, L. W. Petrie, Jr., and R. S. Carlsmith, A General Scattering Law Kernel Using S(ol,p) Data from 

259. W. G .  Davey, Proceedings of the International Conference on Fast Critical Experiments and Their Analysis, 

260. T. A. Pitterle, E. M. Page, and M. Yamamato, Analysis of Sodium Reactivity Measurements; Volume II Sodium 

26 1. M. L. Tobias et  al., paper presented to the Workshop-Seminar on Monte Carlo Methods and Computer Codes for 

ENDFIB, this report. 

ANL-7320 (1966). 

Void Calculations, APDA-216, vol I1 (June 1968). 

Radiation Transport in Shielding Applications, ORNL-RSIC-29 (to be published). 
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Fig. 15. Fission rate in the fuel drawer of. ZPR-3 assembly 48 as a function of group number. 

Physics Divisions of Oak Ridge National Laboratory, is essentially a set of concentric cylinders of finite 
length, in which a ring (or rings) of cylindrical neutron detectors is to be placed. The object of the 
calculations was to determine the relative advantages of the use of various materials, and of different sizes 
and locations of detectors in order to maximize the sensitivity of the device. Because of the geometrical 
complexity, the exact description was possible only in a Monte Carlo code having general geometry 
capabilities. 

Several sets of calculations were performed to give the optimal design. 

Sponsor: Reactor Division 

A Free-Gas Scattering Kernel for the ESP Monte Carlo Neutron Transport Code 

G. W. Morrison R. S. C a r I ~ r n i t h ' ~ ~  

A free-gas scattering kernel has been written for the ESP Monte Carlo code.254 This kernel is used to 
describe the interaction of neutrons of low energy (<I eV) with solid and gaseous moderators. The 
assumption is made that the thermal speed distributions are Maxwell-Boltzmann. Sampling from the 
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Maxwell-Boltzmann distribution follows the prescription given in ref. 262. The flux in an infinite medium 
of mass 12 has been computed with the free-gas kernel and with analytic results. The results obtained by 
the free-gas kernel show excellent agreement with the analytic results (see Fig. 16). 

Spon;or : Reactor Division 

Improvements to Resolved Resonance Treatments in GAM-I1 and XSDRN 

N. M. Greene R. Q. Wright 

The Nordheim integral treatment’ is a numerical method for calculating effective cell resonance cross 
sections, which has received widespread use in the design of thermal and intermediate reactors where 
simpler treatments are mainly inapplicable. However, as with many complex formulations, subtle 
approximations in its application can introduce serious inaccuracies. 

The three approximations in the GAM-II,”46 TONG:64 and XSDRN”’ versions of the Nordheim 
treatment which were looked at in the present study are: 

1. the wing correction, 

2. possible inadequacies in the integration mesh, 

3.  spatial selfshielding. 

Wing correction. The extent of the wing correction is shown in Fig. 17. A primary resonance range is 
determined ( E l ,  E,)  over which the effects of resonance shielding, Doppler broadening, etc., are calculated. 
But to conserve time, the “wings” are integrated analytically (non-Doppler broadened) and parceled out to 
the groups containing E ,  and E, , with 50% of the total integral in each. This clearly gives an incorrect 
distribution of the cross sections. A better approach is to include the wings in the background data. This 
correction requires that the basic data processing code know enough about the Nordheim treatment to 
determine ( E l ,  E,). The code SUPERTOG249 has been modified to these ends. The wing correction in the 
Nordheim treatme’nt is then suppressed. 

Integration mesh. The range (E, ,  E,) is divided into N points, equally spaced in lethargy, and the cross 
section a(E) and weighting function in the fuel lump W(E) are evaluated thereon for a trapezoidal 
numerical integration. Typically, codes force N to lie between 100 and 1000 points. One hundred points 
has been found inadequate for narrow resonances, because too few points are taken in the neighborhood of 
the resonance peak. An infinite dilution calculation showed errors of 7% in some groups for 9Pu with the 
GAM-I1 energy structure. On the other hand, forcing at least 400 points gave agreement in all groups to less 
than 1% with a more exact treatment. For this reason, the present XSDRN code forces N to lie between 
400 and 500 points. Note that significant Doppler broadening would tend to soften these requirements, 
however. 

Spatial self-shielding. Normally an average cross section in a fuel lump would be defined by 

262. R. R. Coveyou et al., J. Nucl. Energy 2 (1956). 
263. L. W. Nordheim, “The Theory of Resonance Absorption,” in Symposium on Applied Mathematics, vol. XI, 1961. 
264. D. R. Vondy and T. B. Fowler, Computer Code TONG for Zero-Dimensional Reactor Depletion Calculations, 

ORNL-TM-1633 (June 1967). 
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This is zone averaging. When a cell is smeared, this cross-section definition will be multiplied by a flux 
disadvantage factor, defined by the average lump flux divided by the average cell flux in a volume sense; 
that is, 

Note that when the two equations are combined 

Jg dE 4 E )  M E )  

Vlump @ell ’ 
%ell = 

where Vlump is the lump volume. If  the flux in the cell is assumed to be 1/E, the above equation becomes 

-$ = cell 
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Fig. 16. Infinite media flux per unit lethargy for a mass 12 free gas plotted as a function of energy for the ESP results 
and the analytic results. 
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The volume ratio is accounted for in the cell number density definition, and the normal definition for the 
resonance cross section is the first ratio in this equation. But if one notes, as suggested by J. H. MarableP65 

‘mod a o d  + ’lump $ump 

‘cell 
%ell = 

- 
where a 3 ‘mod/‘cell, and only assumes @mod - 1/E (more reasonable), it follows that the input of one 
extra parameter a allows a better definition of a “cell” cross section. The present XSDRN resonance 
routines use this formulation. 

The limits of a = 0 and a = 1 are interesting. In the latter case, the treatment reduces to  the old method. 
In the former case, a zone weighting is accomplished such as would be desired if the cross sections are to be 
used in an explicit spatial mockup of the cell. 

Sponsor: Reactor Division M. L. Tobias 

Sn Parametric Study for a Selected LMFBR 

N.M.Greene W. R . C O ~ ~ ’ ~ ~  

Before applying a theory to a new area, a study is generally required which defines the required orders 
of approximation and the effects of those approximations. The present study attempts to define the limits 
on the application of Sn theory to typical LMFBR problems. 

The effects of varying the energy-group structure, the angular quadrature, the cross-section expansion 
order, and the spatial mesh were studied. Infinite-medium, cell, and zone weighting techniques were used to 
obtain cross-section data. Final results were compared with diffusion theory results for an identical case. 

The reactor chosen for analysis was patterned after an “advanced” lOOO-MW(e) UOz -PuOz fueled 
LMFBR described in GEAF’d618?66 This reactor can be mocked as a cylinder (see Fig. 18) which is 10 ft 
in diameter by 6l/Z ft high. A 3-ft-high “zoned” core contains -70,000 fuel pins located in a hexagonal 
array; the inner core zone is 5 ft in diameter; the outer core zone forms a 1-ft-thick annulus around the 
inner core zone. Completely surrounding the core is a 1-ft-thick fertile blanket consisting mainly of 
depleted uranium and the coolant. The entire assembly is in turn surrounded by a 6-in. reflector layer of 
coolant and structural material. The principal codes used in the analysis were: XSDRN? ANISN? 6 7  

DOT,’ * and CITATION.2 
All cross-section weighting calculations were made with XSDRN starting with 100-group data which 

were obtained from ENDF/B? * The final broad-group cross-section sets of 30, 15, and 5 energy groups 

265. J. H. Marable, private communication. 
266. Comparison of Two Sodium-Cooled 1000 MWe Fast Reactor Concepts - Task I Report of 1000 MWe LMFBR 

261. W. W. Engle, Jr., A User? Manual for ANISN, a One-Dimensional Discrete Ordinates Transport Code with 

268. F. R. Mynatt, A User’s Manual for DOT, a Two-Dimensional Discrete Ordinates Transport Code with Anisotropic 

269. T. B. Fowler and D. R. Vondy, Nuclear Reactor Core Analysis Code: CITATION, ORNL-TM-2496 (1969). 
210. H. C .  Honeck, ENDF - Evaluated Nuclear Data File Description and Specifications, BNL-8381 (1964). 

Follow-On Work, GEAP-5618 (1968). 

Anisotropic Scattering, K-1693 (1967). 

Scattering, K-1694 (to be published). 
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were used in ANISN, DOT, and CITATION mockups of the reactor in one and two spatial dimensions. 
Table 6 is a tabulation of some results of the study. All results are for a one-dimensional radial traverse 

of the reactor and use a “buckling” approximation to  account for the axial leakage. 
For a given set of cross sections, reasonably “converged” values for keff and reaction rates are attained 

with an S 4 P ,  calculation. (“Convergence” is used in the sense that a higher-order approximation, for 
example, SI 6 P 3 ,  will not give very different results.) 
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Fig. 18. Mockup for LMFBR (GEAP-5618). 

Table 6.  Summary of Results for a One-Dimensional Cylindrical Mockup of a Selected LMFBR 
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More dramatic differences are noted on comparing cross-section weighting schemes. The cell-weighting 
results agree well with the infinite-medium results; the calculated flux traverses across the tiny cells were 
flat in the important energy regions. However, zone weighting produces a marked improvement in the 
reflector absorptions. An investigation showed a significant difference in the center spectrum vs the outside 
spectrum of the reactor. 

The calculations were relatively insensitive to the spatial mesh. The very crude 1 5-interval mesh yielded 
a reasonable value of keff, but had inaccurate reaction rates. 

The group-structure studies were made chiefly with two-dimensional calculations. The 30- and 1 S-group 
energy structures were picked to define predominant peaks and depressions in the core spectrum, but the 
5group structure could not define the spectrum very well. Results obtained from two-dimensional S, 
(DOT) and diffusion (CITATION) calculations indicate that even a crude structure can give reasonable 
values of keff, but that reaction rates suffer. 

Figures 19-22 present some of the effects of different approximations on the spatial variation of the 

The results of this study were presented at  the A N S  Summer 1970 meeting in Los Angeles. 
neutron flux and the fission source. 

Sponsor: Reactor Division 

Gas Behavior in Molten-Salt Reactors 

T. C. Tucker C. C. Webster H. A. McLainZ3 

Inert gas bubbles are continuously injected into and removed from the circulating fluid of a molten-salt 
reactor to remove gaseous fission products, especially xenon and tritium.”l We have developed a 
computer code to describe the behavior of these gas bubbles throughout the circulating salt loop. 

We assume a known total concentration of gas at each point of the salt loop (a closed network of 
parallel paths). We wish to know how much gas is in salt solution, how much is in the bubbles, and at what 
rate the gas moves from one phase to the other. Ignoring surface tension effects, the amount of gas in 
solution can be determined from 

dc 
dt  
- = - h ( C  - H p )  , 

where 

C = concentration of gas dissolved in salt, 

k = mass transfer coefficient, 

a = surface area of gas-liquid interface, 

H = Henry’s law constant, 

p = partial pressure of the gas. ’ 

The interface area, a, is a function of the number and size of bubbles present. The mass transfer coefficient, 
k, is a function of physical properties of both gas and salt, the size of the salt container, and rate of salt 

271. R .  J. Ked1,MSR Program Semiann. Progr. Rept. Feb. 28, 1969, ORNL4396,  pp. 92-94. 
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Fig. 19. Radial flux variation, 2.61 to 3.35 keV. 
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Fig. 21. Radial variation of fission source. 

flow. At present, three distinct correlations for k are in use. The Henry’s law constant,H, is a function of 
temperature, which, along with the pressure, p ,  is a function of location within the salt loop. 

We have divided the network into a number of segments. Some of these segments represent junctions of 
two or more incoming streams. The properties at the end of the segment are calculated by assuming perfect 
mixing. For the remaining segments, Eq. (1) is modified to the following function of position: 

dc 
- = -MkB2/3(C - H p )  , 
dx (2) 

where 

x = the variable of position, either a length or a volume, 

M = a function of the segment of the flow loop relating position to time, 

0 =the  specific volume of the bubbles. 

Starting with an assumed dissolved gas concentration at some point in the network, we calculate 
successive concentrations from Eq. (2) using the Bulirsch-Stoer algorithm, or by using weighted averages for 
junction points. Upon returning to the starting point, we generally observe a different concentration than 
that assumed. We iterate until a specified difference in these values is obtained. 

The results are printed so that a flow chart with cutouts can be overlaid. Thus the values for any point 
of the flow loop are evident to the engineer without possible ambiguity or translation error. 
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Fig. 22. Axial variation of fission source. 

We designed the code to be evolutionary in nature so that revisions in reactor design or other data 
would require relatively little recoding. Recent data describing the bubble size distribution and mass 
transfer of gases to and from bubbles flowing concurrently with liquids2 7 2  are being incorporated into the 
code. 

Sponsor: Reactor Division H. A. McLain 

REACTOR CHEMISTRY DIVISION 

Fission Product Diffusion Program 

C. C. Webster 

A program for solving one-dimensional linear and nonlinear diffusion problems (prepared by Gulf 
General Atomic in FORTRAN V language for use in a Univac computer) has been adapted to ORNL's IBM 
360 computer in the FORTRAN IV language. The program is'capable of solving a wide range of diffusion 
and heat transfer problems but has been adapted specifically to fission products diffusion problems within 
the reactor environs. It utilizes decay constants, diffusion coefficients, and mass transfer coefficients, as 

212.  T. S .  Kress,MSR Program Semiann. Progr. Rept. Feb. 28, 1970, ORNL4548, pp. 90-91. 
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well as the gas temperature and pressure inside and outside the outer boundary. The input capabilities are: 
52 mesh points, 52 initial concentration values, 52 diffusion coefficient values, temperature data at 52 
mesh points with linear interpolation between mesh points, and 4 isotopes. Calculations can be made in as 
many as 100 .time steps. At each time step the concentration is computed as well as each quantity 
dependent on concentration at the last time step. Sources, temperatures, and other time-dependent 
parameters are computed at each time step. 

Sponsor: Reactor Chemistry Division W. E. Browning 

SOLID STATE DIVISION 

A Computer Program for Controlling an Autocorrelation 
Neutron Time-of-Flight Spectrometer 

S .  H. Merriman L. W. Gilley 

A PDP-15/30 computer has been interfaced to a neutron time-of-flight spectrometer for the purpose of 
controlling the experimental apparatus and data acquisition devices. We have written programs for 
positioning up to eight stepping motors (thereby determining sample position and neutron detector 
position). Data collection programs have been written which make a quick scan of the diffracted neutron 
beam and which make a detailed survey of the beam, using up to 1 6  counters. The latter provides a cathode 
ray tube display of the raw TOF data in histogram form. 

The information attainable in time-of-flight experiments can be increased by using computer-generated 
pseudorandom pulses to produce a magnetically modulated neutron beam. We are preparing a series of 
programs for cross-correlating the known pseudorandom sequence and the TOF data. This correlation 
technique will be used to extract scattering information and to determine cross sections. Previously 
collected data can be analyzed in a background/foreground system concurrently with data acquisition and 
display. 

Sponsor: Solid State Division H. A. Mook 

THERMONUCLEAR DIVISION 

MHD Equilibrium and Stability Computations 

R. H. Fowler 

Magnetohydrodynamic equilibria and their stability are being studied in collaboration with the 
Thermonuclear Division and in support of the ORMAK experiments. An equilibrium code has already been 
developed273 to treat ideal MHD equilibria for very general geometries. The code solves the equations grad 
P =  J X B and curl B =4nJ, with the boundary condition B-n = 0 at the conducting wall. Implicit 
constraints on the equilibrium may also be included. 

A computer code is being developed to study the stability of ideal MHD equilibria for TOKAMAKS. 
The method of approach being used is linear dynamical analysis and involves obtaining the time evolution 
of the displacement vector [(r, t )  from the equation 

h 

P '2L!7 = grad [TP div [ t [.grad PI t J X Q - B X curl Q , 

273, R. A. Dory and R. H. Fowler, MHD Equilibria in Tokamaks and Doublets, The Sherwood Meeting, April 1970. 
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where Q = curl ( E  X B) and E - ;  = 0 at the conducting wall. The input is the pressure, magnetic fields, etc., 
obtained from the equilibrium calculations. 

Sponsor: Thermonuclear Division 

Plasma Physics 

G. S. McNeilly 

The computer code IONS calculates the solution of the Fokker-Planck equation for a mirror-confined 
plasma. This solution provides an estimate of the plasma containment time as a function of various device 
parameters, and is thus useful in fusion feasibility studies. The numerous physical and calculational 
assumptions contained in the code are described in the literature? 7 4  

The code was originally written in LRLTRAN for a CDC 6600 and now compiles in IBM FORTRAN IV 
double precision and runs on OS 360. 

Sponsor: Thermonuclear Division 

INTERDIVISIONAL PROJECTS 

Maintenance of ENDF/B Evaluated Neutron Cross-section Data 
and Related Computer Programs via the ORNL 

Cross Section Steering Committee 

S. K. Penny J. D. Jenkins’ 7 5  D. K. Trubey’ 

The ORNL Cross Section Steering Committee was formed on April 27, 1970, by a letter proposing such 
a jointly funded activity.277 Many activities were already under way before the establishment of this 
committee but were not officially supervised nor funded jointly as is now the case. 

The Radiation Shielding Information Center (RSIC) is the point of contact for the National Neutron 
Cross Section Center (NNCSC) and as such receives ENDF/B tapes and related computer programs for all of 
ORNL. The responsible personnel of RSIC, R. W. Roussin, I. J. Brown, and formerly D. K. Trubey, work 
closely with R. Q. Wright of the Mathematics Division to check these data tapes for errors and to notify the 
Steering Committee and other interested persons of the existence of the data. R. Q. Wright then places the 
new data in the ORNL ENDF/B library which currently resides on a disk owned by the Reactor Division. 

Superficially this seems a simple and straightforward task. However, two facts complicate matters and 
force a continuous maintenance not only of the data file but of the utility programs which manipulate and 
display the data and of the processing programs which transform the data to the myriad forms required for 
ORNL use. These two facts are: (1) the data changes in character and quantity because of more 
sophisticated experiments and calculations and (2) the data formats and handling procedures change either 
because of (1) or because need for new types of data arises. 

274. John Killen and Kenneth D. Marx, in Methods in Computational Physics, vol. 9, Academic, New York, 1970. 
275. Reactor Division. 
276. Director’s Division, Environmental Study. 
277. Letter from J. D. Jenkins, S .  K. Penny, and D. K. Trubey to S. E. Beall, F. C. Maienschein, A. M. Perry, and C. E. 

Clifford, “Outline for the Joint Neutron Physics, Reactor Division, and RSIC Cooperative Program for Local Nuclear Data 
Management,” April 27, 1970. 
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Version 2 of the ENDF/B data file involved extensive format changes, and as a consequence errors were 
frequently encountered on the new tapes. R. Q. Wright corrected all errors as he was notified of them or 
discovered them. He also changed the utility program EDIT to read the new formats, as well as the 
processing program SUPERTOG.' 7 8  

With the establishment of formats and procedures for gamma-ray production cross sections' 79 and the 
gradual influx of such data, programs had to be altered or modified. The utility program CHECKER was 
modified by J. L. Lucius and R. Q. Wright of the Mathematics Division.280 The utility program 
EDITOR,28' originally the program EDIT, was modified for the gamma-ray production files by C. L. 
Thompson of the Mathematics Division. Currently J. L. Lucius and R. Q. Wright are modifying the 
PLOTFB program.' 8' 

Currently V. A. Singletary of the Mathematics Division is converting the data for C1, K, Mg, and Na to 
version 2 formats, merging the gamma-ray production files with neutron files, and correcting errors in the 
angular distributions for both neutrons and secondary gamma rays. It is anticipated that there will be a 
joint effort involving J. L. Lucius, R. Q. Wright, and M. B. Emmett to continue the work reported in this 
annual'83 to create an ENDF/B plotting program satisfying more general ORNL needs than the program 
PLOTFB. 

J. L. Lucius has written an information retrieval program' 8 4  to retrieve information about cross-section 
data sets, both microscopic and multigroup, available at ORNL. 

The Steering Committee works with the Cross Section Evaluation Working Group of NNCSC and has 
members of the various  subcommittee^.'^^ The Steering Committee has been recently joined by J. L. 
Lucius, F. R. Mynatt, and R. W. Roussin, who replaced D. K. Trubey. 

Sponsor: ORNL Cross Section Steering Committee (Reactor and Neutron Physics Divisions) 

AnIndex of Nuclear Data Libraries at ORNL 

J. L. Lucius R. Q. Wright J. D. Jenkins' 7 5  

A program has been initiated under the auspices of the Oak Ridge Cross Section Steering Committee to 
index the major cross-section libraries frequently used at ORNL. 

The purpose of this index is to provide cross-section users with a current, concise, and systematic 
reference to cross-section data available at ORNL. To initiate this effort, a computer program called INDEX 
has been written to index the ENDF/B:85 GAM-II:86 XSDRN287 123-group, and XSDRN 100-group 

218. R. Q. Wright, SUPERTOG II, a Multigroup Neutron Cross Section Code, this report. 
279. S. K. Penny, Activities Connected with the Cross Section Evaluation Working Group, this report. 
280. J. L. Lucius and R. Q. Wright, CHECKER Modification, this report. 
281. C. L. Thompson, J. R. Stockton, L. M. Petrie, and R. Q Wright, EDITOR - an ENDFfB Cross-Section Editing 

282. R. Q. Wright, PLOTFB, a Plotting Program for  ENDFfB Data, this report. 
283. M. B. Emmett, R. Q. Wright, and S. K. Penny, Plotting of ENDFfB Evaluated Neutron Cross Sections for General 

284. J.  L. Lucius, R. Q. Wright, and J. D. Jenkins, A n  Index of Nuclear Data Libraries at ORNL, this report. 
285. H. C. Honeck, ENDFIB - Specifications for an Evaluated Nuclear Data File for Reactor Applications, 

286. G. D. Joanou and J. S. Dudek, GAM-II, a B3 Code for the Calculation of Fast-Neutron Spectra and Associated 

287. N .  M. Greene and C. W. Craven, Jr., XSDRN, a Discrete Ordinates Spectral Averaging Code, ORNL-TM-2500 

and Manipulation Program, this report. 

ORNL Use, this report. 

BNL-50066 (May 1966). Revised by S. Pearlstein, Brookhaven National Laboratory, July 1967. 

Multigroup Constants, GA-4265 (September 1963). 

(July 1969). 
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libraries. Also, two satellite computer programs have been written to interrogate the GAM-I1 and XSDRN 
libraries for the items of information needed for a meaningful index. 

Currently, the INDEX program is being used to generate an edit of the following items of information 
about each material residing in the four libraries previously mentioned: 

1. material name, 

2.  library name, 

3. library identification number and the (2, A )  number of the material, 

4. reaction types, 

5 .  category, 

6. format, 

7. source of the data, 

8. evaluator, 

9. date when the data became available for use at ORNL, 

10. document name and number, 

11. number of resolved resonances, 

12. an indication of the presence or absence of unresolved resonance data, 

13. comments. 

In addition to the complete edit, the INDEX program also generates selective edits and data collection 

The ENDF/B version I1 data recently received from the National Neutron Cross Section Center, 
Brookhaven National Laboratory, currently is being assimilated into the ORNL GAM-I1 and XSDRN 
libraries. At the completion of this task, the first index will be published along with documentation of the 
INDEX program. 

functions on command. 

Sponsor: Oak Ridge Cross Section Steering Committee (Neutron Physics Division and Reactor Division) 

EDITOR - an ENDF/B Cross-section Editing and Manipulation Program 

C.  L. Thompson J. R. Stockton*** L. M. Petrie R. Q. Wright S. K. Penny 

The Evaluated Nuclear Data File2*' (ENDF) is a system designed to facilitate the exchange of 
cross-section data between users. The ENDF/B library is a data collection normally stored on binary 
magnetic tape in a format that can be used as input to cross-section processing codes. A BCD (card image) 
format is also defined so that data' may be more easily translated into the ENDF/B library and for 
exchanging cross-section data between laboratories. 

The FORTRAN-IV program EDITOR for the IBM 360 is a revision and extension of program EDIT: 8 9  

which was designed to print, in a readable form, the contents of ENDF/B data tapes. EDITOR allows 
copying, altering mode, merging, punching, and editing data in the ENDF/B format from and to binary or 
BCD tapes or cards. 

288. Tennecomp Corp., Oak Ridge, Tenn. 
289. Math. Div. Ann.  Progr. Rep t .  Dec. 31, 1966, ORNL-4083, p. 34. 
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EDITOR will be extended and updated when necessary to conform to ENDF standards. 
ENDF data are ordered as “materials” (element, isotope, molecule, or mixture) which contain “files” 

(class of data) each of which has data in “sections” (reaction type), subsections (collection of data within a 
section), and energydata pairs. Materials, files, and sections bear integer labels defined by the ENDF system 
and are organized as units within a data set. EDITOR will process a material, file, or section, but must 
process a section completely since there is no method for standard reference of a subsection or data pair. 
EDITOR will process, alternatively, all materials, all files in a material, all of specified files in all materials, 
all sections of a file, all specified sections of specific files in all materials, or only those explicitly named 
materials, files, and sections from an ENDF/B tape as controlled by the user. 

Sponsor: Neutron Physics Division and ORNL Cross Section Steering Committee (Neutron Physics and 
Reactor Divisions) 

CHECKER Modification 

J. L. Lucius R. Q. Wright 

The CHECKER’ 9 0  program obtained from the National Neutron Cross Section Center, Brookhaven 
National Laboratory, has been made operational on ORNL computers and extended to process the photon 
files 12-16. 

The purpose of CHECKER is to check the data on an ENDF/BZ ’ BCD card-image tape. The tape is 
pI_imarily tested for the correctness of its structure and formats as well as the consistency of the data. 

Sponsor: Neutron Physics Division and ORNL Cross Section Steering Committee Weutron Physics and 
Reactor Divisions) 

SUPERTOG-11, a Multigroup Neutron Cross Section Generator 

R. Q. Wright 

A revision of SUPERTOG:” designated as SUF’ERTOG-11, has been completed. This new package will 
accept ENDF/B’ ’ version I1 data. In addition, some modifications were made to the code to allow new 
options. With the replacement of four subroutines, SUPERTOG-I1 may also be used to process ENDF/B 
version I data. 

1. 

2. 

Changes in the calculational model: 

Smooth cross sections. SUPERTOG now processes the (n,nr)a, (n,nr)3a, and (n,n‘)p reactions if data are 
given in ENDF/B file 3. These results are also used to generate contributions to the inelastic scattering 
matrix as well as being included in the total cross section. 

Resonance cross sections. The resolved resonance treatment has been revised and is now equivalent to 
the method shown in Appendix C of ref. 285.  The notation used is more nearly that used by John M. 
Otter.292 This treatment treats I = 1 resonances correctly and provides for the multilevel scattering 

290. Henry C. Honeck, Description of the ENDFIB Processing Codes and Retrieval Subroutines, ENDF-110, 

291. R. Q. Wright, N. M. Greene, J. L. Lucius, and C. W. Craven, Jr., SUPERTOG: A Program to Generate Fine Group 

292. J. M. Otter, “Comment on the Calculation of the Scattering Cross Section for Multiple Resonances,” Technical 

BNL-13582 (September 1967). Revised September 1970. 

Constants and P,  Scattering Matrices from ENDFIB, ORNL-TM-2679 (1969). 

Note, Nucl. Sei. Eng. 28 (1967). 
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formula. SUPERTOG has also been modified to calculate a background which is consistent with the 
GAM’ 6/XSDRNZ Nordheim treatment. The unresolved resonance treatment has been modified to 
permit the use of energy-dependent unresolved resonance parameters (ENDF/B format modification 
69-6). 

Inelastic and (n,2n) matrices. The inelastic scattering reactions (n,n’)cr, (n,n’)3a, and (n,n‘)p are now 
included in the inelastic scattering matrix if data for these reactions are given on the ENDF/B tape. 
SUPERTOG now processes LF = 1 (arbitrary tabulated function) data for secondary energy 
distributions. 

Weighting functions. A new weighting option l/(Eo,) designated as ZW = 6 is now available. The 
weighting function is generated by using the total cross section from ENDF/B file 3. This option cannot 
be used if resonance parameters are given in ENDF/B file 2. 

Sponsor: Neutron Physics Division and Reactor Division 

XLACS, a Program to Produce Fine-Group Averaged Cross Sections from ENDF/B Data 

N. M. Greene R. Q. Wright J. L. Lucius 

Work has continued on the development of XLACS, a computer program which calculates fine-group 
averaged cross sections from ENDF/B data.285 The cross sections can be selectively edited or plotted. A 
complete set of tape manipulations (updating, editing, plotting) is provided within the single program. 

The ENDF/B format is very general and allows data to be specified in several ways for practically any 
nuclear process. Cross sections are given in point-wise and parametric representations, depending primarily 
upon what data are supplied. This generality requires a corresponding and even expanded generality upon 
the part of processing codes which use the data. We have attempted to design flexibility into the XLACS 
code so new processing routines can be (relative to most codes) added easily to the basic package as these 
general representations of data become important. 

A significant feature of XLACS is its flexible dimensioning which allows the program to reuse areas of 
core storage without limiting the user to a set of fixed dimensions inherent in any FORTRAN equivalencing 
scheme. A properly flexibly dimensioned program does not waste core and will run any problem which can 
be defined within the confines of available data storage. This feature, combined with an overlay scheme, 
allows new treatments, routines, and options to be added at very little core penalty, unless, of course, the 
new treatments are abnormally lengthy compared with the longest old treatment. 

It is illuminating to examine the steps involved in making and updating a cross-section library tape for 
the full-range (energy sense) cross-section weighting code XSDRN.’ Six separate computer codes must be 
run, and these require redundant data input, excess data handling, and a disproportionate amount of time 
to go from one end to the other. In schemes such as this, cross-section group structures and expansion 
orders are definitely limited and, in some cases, absolutely defined, with no easy way for  change. The 
flexible dimensioning in XLACS eliminates the restrictions on group structures, expansion orders, number 
of resonances, etc. Input data are required for only one code. In addition, this code serves as a complete 
cross-section manipulation package for XSDRN library tapes. 

- 
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The input data required by XLACS, with the exception of title cards, are read in the very efficient 
FIDO format which is already in use by the codes ANISN,293 XSDRN, and DOT.294 Treatments are 
provided for 

1. smooth neutron cross sections, 

2 .  elastic scattering, 

3. inelastic scattering, 

4. (n,2n), 

5. resolved resonances, 

6. unresolved resonances, 

7. S(a, 0) thermal data. 

For resonance nuclides, XLACS performs infinite-dilution calculations, but also passes resonance data for a 
Nordheim2 treatment in XSDRN. 

In addition to  processing ENDF data as noted above, XLACS will 

1. make an XSDRN cross-section library tape, 

2 .  update an XSDRN cross-section library tape, 

3. selectively edit data on an XSDRN master library tape, 

4. selectively plot data on an XSDRN master library tape. 

These processes are independent. One operation does not require or assume any other. 
The code is being readied for release, and a report is in preparation. 

Sponsor: Reactor Division and Neutron Physics Division 

XSDRN: A Discrete Ordinates Spectral Averaging Code 

N. M. Greene C. W. Craven, Jr.*’ 

XSDRN’ is a discrete ordinates spectral code for the generation of nuclear multigroup constants in 
the fast, resonance, and thermalization energy regions. It employs a variable dimensioning technique which 
optimizes the use of core storage. The code calculates an arbitrary number of flux moments for zero or 
one-dimensional systems. Several problem types are provided for, including fixed source, eigenvalue, and 
criticality search. Extensive cross-section libraries are available which can be reduced, using calculated 
fine-group fluxes, to arbitrary broad-group structures. Provisions are available to produce library tapes for 
several codes. 

During the past year, the work with XSDRN has been general maintenance primarily, but several 
improvements and additions have been made including: 

293. W. W. Engle, Jr., A Users Manual for ANISN, a One-Dimensional Discrete Ordinates Transport Code with 

294. F. R. Mynatt, A User’s Manual for DOT, a Two-Dimensional Discrete Ordinates Transport Code with Anisotropic 

295. L. W. Nordheim, “The Theory of Resonance Absorption,” in Symposium on Applied Mathematics, vol. XI, 1961. 

Anisotropic Scattering, K-1693 (1967). 

Scattering, K-1964 (to be published). 
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1. The code will now produce a “cooperative interface” formatted tape.296 

2. Improvements, as discussed elsewhere in this report, to the resolved resonance routine have’been made 
which extends the range of application of the Nordheim integral treatment.295 

3. The Sn output options have been expanded to allow more general output. 

Sponsors: Reactor Division and Neutron Physics Division 

Heat Transfer Studies 

W. D. Turner Peggy G. Fowler 
M. Siman-Tov2 

Many of the current projects at the Laboratory generate complex heat transfer problems whose 
solutions are best approximated by utilizing numerical techniques such as finite difference methods. Since 
many of these problems are similar in nature, it is feasible to develop and maintain a general heat transfer 
code or group of codes to obtain steady-state and/or transient temperature distributions. 

For problems we have studied in the past, we have employed a general heat conduction code, 
HEATING2:98 which is a modification of the HEATING program.299 HEATING2 is capable of solving 
problems containing a maximum of 8500 nodes and is designed to solve steady-state and/or transient heat 
conduction problems in one-, two-, or three-dimensional Cartesian or cylindrical coordinates. Thermal 
conductivity, density, and specific heat may be both spatially and temperature dependent, while heat 
generation rates and boundary conditions may be both spatially and time dependent.. The mesh spacing 
may be variable along each axis. 

During the past year we have modified HEATING2 in order to meet some of the current needs in our 
heat transfer studies. This latest version, HEATING3,3 considers radiative, natural convective, and forced 
convective heat transfer from a surface to an external medium whose temperature may vary both with 
position and time. Likewise, the code allows radiative, natural convective, and forced convective heat 
transfer across an internal gap. 

For some transient problems the numerical technique dictates a small time step which, in turn, requires 
a large amount of computing time to solve the problem. As a first step toward alleviating this disadvantage, 
we have incorporated into HEATING3 a modification of the numerical technique which eliminates the 
restriction of a small time i n ~ r e m e n t . ~ ”  From our test cases, this modification appears to be useful for 
certain problems. 

As an aid in analyzing the temperature distributions created by the code, a contour plotting program 
has been adapted for use with output from HEATING and HEATING3 to create isothermal plots. 

296. G.  W. Cunningham 111, T. B. Fowler, and D. R. Vondy, Reactor Division Cooperative Code Development, this 

297. General Engineering and Construction Division. 
298. W. D. Turner and J. S. Crowell, Notes on HEATING - an IBM 360 Heat Conduction Program, CTC-INF-980 

299. R. R. Liguori and J. W. Stephenson, The Heating Program, ASTRA, Inc., Raleigh, North Carolina, ASTRA 

300. W. D. Turner and M. Siman-Tov, HEATING3 - an IBM360 Heat Conduction Code, ORNL-TM-3208 (December 

301. S. Levy, Use of  “Explicit Method” in Heat Transfer Calculations with an Arbitrary Time Step, General Electric 

report. 

(November 1969). 

417-5.0 (January 1961). 

1970). 

Research and Development Center, Schenectady, New York, GE-68-C-282 (August 1968). 
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Among the heat calculations we performed during the past year with HEATING3 were studies of 
temperature distributions in the beryllium target in the ORELA program and in shields for an orbiting 
nuclear space station. These studies were conducted for J. Lewin of the Neutron Physics Division. 

Calculations were also conducted for a series of heat transfer problems arising from the thermal analysis 
of LMFBR oxide fuels. These calculations were performed for C. M. Cox, R. B. Fitts, and A. R. Olsen of 
the Metals and Ceramics Division. 

Sponsors: General Engineering and Construction Division 
Health Physics Division 
Metals and Ceramics Division 
Neutron Physics Division 

M. Siman-Tov 
R. L. Bradshaw 
C. M. Cox 
J. Lewin 

Information Retrieval 

- N. B. Cove 
I A. F. Joseph 

Linda P. Helton 
A. A. Brooks 
V. A. Singletary Norma A. Buhl 

We wrote an information retrieval program, ORLOOK, which can be used to  search a file for specified 
words or strings and print out records or groups of records containing the specified items. Logical “and,” 
“or,” and “but not” requests can be used. The request format is free-form, and almost any file format may 
be searched. CRBE files may be searched with ORLOOK (see Fig. 23 for sample output). 

We are making a comparison study of several large-scale information retrieval systems: CIRK, RECON, 
and SPIRES. 

We are participating in the design of an information management system for environmental 
information. 

ORNL- O W G  7t - 2 0 5 0  

ORLOOK I N F O R M A T I O N  R E T R I E V A L  PROGRAM 
SEQU 79.80 
LOOK F O R  @ D I F F U S I O N ’  
F I L E  

WAPO-T M- 63 9 
WAPO-TM-639 
YAPO-TH-639 
UAPO-T M-639 
WAPD-TM- 395 
WAPD-TM-395 
WAPO-TM-395 
WAPD-TM-671 
YAPD-TH-671 
YAPO-TM-671 
WAPO-TH-532 
WAPD-TM-532 
YAPD-TM-532 
WAPO-TH- 532 
WAPO-TM- 532 
WAPO-TM-532 AOOENOUH 1 
A N L - 7 3 1 9  
A N L - 7 3 1 9  
A N L - 7 3 1 9  
A N L - 7 3 0 5  
A N L - 7 3 0 5  
A N L - 7 3 0 5  
WAPD-TM-891 
WAPO-TM- 89 1 
WAPO-TM-891 
WAPO-TM-891 

L I S T  OF ANSWERS FCUND 

THERMAL FEEDBACK C A L C U L A T I O N S  I N  T H E  PCQ-5 FEW- 
GROUP NEUTRON 01 F F U S I O N - D E P L E T I  CN COMPUTER 
PROGRAM 41 
01/67 S O R E N S E N v J N  
T H E  U T I L I Z A T I O N  OF THE NEUTRON DIFFUSICh PROGRAM 
PDQ-5 41 
01/65 HAGEMANILAIPFEIFER.CJ 
H 0 8 0 7 - A  D I F F U S I O N  THEORY F I T T I N G  PROGRAM U S I N G  
FORTRAN- I  V 41 
09/67 RUTHERFOROtCH 
WIGLZ-A PROGRAM FOR THE S O L U T I O N  OF THE ONE- 
O I H E N S I O N A L I  TYO-GROUP, SPACE-TIME D I F F U S I O N  
E Q U A T I O N S  ACCOUNTING FOR TEMPERATURE. XENON A N 0  
CONTROL FEEDBACK 41 
10/65 H E N R Y I A F I V D T A ~ A V  
01/67 + 
C A N D I O - l O I  A ONE-DIMENSIONAL.  MULTIGROUP 
D I F F U S I O N - T H E O R Y  PROGRAM F O R  THE C O C - 3 6 0 0  41 
05/67 Z E M A N I J L I G R E E N S P A N I H ~ ~ U T L E R ~ ~ K  
ANL-CANDID,  A T W O - O I H E N S I O N A L ~  D I F F U S I C N - T H E O R Y  
CODE BASED ON C A N D I D 2 0  4. 
09/67 LEAF.GK,KENNEOY .AS, JENSENvGC 
WANSY-A PROGRAM TO SOLVE THE S T A T I C  TWO- 
D I M E N S I O N A L  GROUP D I F F U S I O N  E Q U A T I O N S  @ Y  
S Y N T H E S I S  METHOOS 41 
07/69 Y A S I N S K Y I J B . M A R I N A C C I  w J W t V O T A r A V  

20 1 
202 
203 
204 
50 1 
502 
50 3 

1401 
1402 
1403 
230 1 
2302 
2303 
2304 
2305 
2306 
2901 
2902 
2903 
3001 
3002 
3003 
440 1 
440 2 
440 3 
4404 

211  CARDS R E A 0  C O N T A I N I N G  59 RECORDS. 7 ANSWERS FOUND 

Fig. 23. Result of ORLOOK retrieval. 
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We are receiving summary tapes for the 1970 census and loading data on the data cell for the Urban 
Growth Patterns Project. We have installed into the CRBE (Conversational Remote Batch Entry) system 
several programs (MOD1, MOD2, MOD3) obtained from Dual Labs, Inc. These programs can be used to 
retrieve and tabulate data from the census files. In addition, programs were written to use the output from 
the above programs to calculate rate of migration, proportion of native-born population living in the state, 
percent of nonwhite population in four categories, median age of native and migrant populations, and index 
of age influence. 

Sponsor: ORNL-NSF Environmental Program and Civil Defense Research Project 

Documentation of the Computing Technology Center 
Numerical Analysis Library3 

G. W. Westley J. A. Watts303 

A collection of numerical techniques has been implemented in subroutine form for the IBM 360 
system. This work is an extension of an earlier similar collection304 which contained about half of the 
present subroutines. These techniques are provided in 90 primary subroutines which have been documented 
in a recent publication.3oZ The documentation provides the necessary information for the user to 
effectively employ the numerical methods without having to concern himself with the programming details. 

The subroutines provide numerical analysis support in the areas of interpolation, approximation, 
differentiation, integration, differential equations, linear algebra, nonlinear optimization, linear least 
squares, nonlinear least squares, sorting, searching, random number generation, scaling, plotting, and special 
functions. 

The package has been placed on system devices at O W L  for use by the technical personnel. 
As additions or modifications are verified, these will be used to update the program package. 

Sponsor: Ecological Sciences Division 
Computing Technology Center 
Responsibility for maintenance has been transferred to 

ORNL Mathematics Division 

S. I. Auerbach 

The Management and Analysis of Mixed Alphanumeric and Digital Information 

A. Hume3 Peggy G. Fowler J. Watts3 B. Handley3 
M. Feezel13 Kim 0. Bowman A. A. Brooks 

The problem of providing computer software to carry out the selection and statistical analysis 
of data of unspecified format or content was seriously addressed about three years ago on behalf 
of the Biology Division. A brief description of the earlier years’ work is given to provide a continuity in 
reporting. It was decided to provide a data management program capable of processing records which were 

302. G. W. Westley and J. A. Watts (eds.), The Computing Technology Center’s Numerical Analysis Library, CTC-39 

303. Applied Science Department, Computing Technology Center. 
304. R.  E. Funderlic (ed.), The Programmer’s Handbook, K-1729 (1968). 
305. Formerly with UCND at CTC. 
306. Currently with UCND at CTC. 

(1970). 
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specified only to the degree that they would be self-describing nested lists which were equivalent to tree 
structures, hierarchies, and arrays. The analysis capability would be provided by a load and execute 
compiler which processed a language having powerful list-processing Boolean operators for selection 
purposes, a frequency-count and averaging capability, and a linear regression analysis capability. It was 
designed to operate from the previously described records and to process incomplete records. 

The data management function is contained in ADSEP - Automated Data Set Edit Program307,308 
which permits the user to: 

1. define the structure and nomenclature of the hierarchical structure desired; 

2. perform the usual editing functions of adding, deleting, correcting, concatenating, pooling, listing, etc., 
at any level of the hierarchy; 

3. supply data input and data reduction procedures when the standard options will not suffice; 

4. avoid the tedious detail of record structure and internal record descriptors. 

The program is accompanied by a dictionary management program and subroutines should a 

The analysis capabilities are embodied in SADS - Statistical Analysis of Data Sets309i3 which is a 
subject-oriented multiuse thesaurus utilizing abbreviations and synonyms be desired. 

sophisticated language enabling the user to: 

1 .  define subsets of his data based on complex Boolean criteria related to simple fields, lists, correlated 
lists, and nested lists; 

2. tally and display rectangular arrays of frequency counts, means of values or expressions, and their 
standard deviations; 

3. carry out several multiple linear regressions each having several dependent variates and display the 
results; 

4. be unaware of missing portions of the data. 

The program is designed to operate using the aforementioned thesaurus and a sequential file of records 
having the general format mentioned. The compiler is replete with diagnostics and error trace commands. 
The language can be interfaced with Fortran. 

The following is a list of problems which have made use of this system: 

1. Biology Division - analysis of the low-level radiation experiment data involving the anamnesis, 
pathology, and hematology of mice; analysis of mouse colony data (incomplete). 

2. Biology Division - analysis of data from the controlled air contaminant experiments on mice. 

3. Oak Ridge Gaseous Diffusion Plant - analysis of cascade pilot plant data; analysis of barrier production 
plant data. 

4. Molecular Anatomy Project - analysis of ORNL medical histories (incomplete). 

307. A. A. Brooks, DSEP, a Data Set Edit Program, K-1748 (June 23, 1968). 
308. A. A. Brooks, ADSEP, an Automated Data Set Edit Program, CTC-34 (May 12,1970). 
309. A. Hurne and A. A. Brooks, SADS, Statistical Analysis of Data Subsets, a Status Report, K-DP-3310 (July 26, 

310. A. Hurne and A. A. Brooks, The SADS Program - Statistical Analysis of Data Subsets, CTC-19 (Oct. 9,  1969). 
1968). 

. 
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The authors are indebted to M. Kastenbaum and F. Miller for frequent consulting and moral support. 

Sponsors: Biology Division (principal) 
ORGDP 
MAN 

A. C. Upton, M. Hanna 
J. Snyder, J. McKeever 
N. Anderson 

A General Scattering Law Kernel Using S(a, p )  Data from ENDF/B 

G. W. Morrison L. M.Petrie, Jr. R. S. Carlsmith2” 

A general thermal scattering kernel which uses the so-called “general scattering law” data has been 
written. Egelstaff shows how the double-differential cross section is related to the scattering law? ’ 
Assuming a Fermi pseudopotential, the scattering cross section for a single scattering species can be 
evaluated using the first Born approximation to give: 

This is transformed to a probability distribution on a and 0: 

A clever technique for sampling from a continuous distribution at n points has been f ~ r m u l a t e d . ~  ’ T h s  
technique also preserves the first 2n - 1 moments of the distribution. Using this technique in Eq. (2) 
permits the rapid selection of a and (3 with a minimum of storage. 

Sponsors: Reactor Division and Y-12 Critical Experiments Facility 

PDP Computers 

D. L. Wilson G. W. Chandler R. C. Durfee H. J. Hargis 

We have written a variety of programs for PDP-8 and PDP-9 computers. 
For the nuclear fission project of F. Plasil and H. W. Schmitt we have written programs to interface a 

PDP-9 with the experimental equipment. 
For the I and C Division, we converted PALFTN3 to run on the IBM 360 computers and produce 

program tables as well as the PDP-8 program. We have written several software systems using the Digital 
Equipment Corporation conversational language FOCAL. 

Sponsor: Instrumentation and Controls Division and Physics Division 

311. P. A. Egelstaff, Nucl. Sci. Eng. 12, 250 (1962). 
312. R. R. Coveyou, private communication. 
313. D. L. Wilson and J. M. Jansen, PALFTN, a 360 Program to Assemble PDP-8 PAL Programs (report in 

preparation). 
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AECOP 

Transport Calculations (HAMMER Code) for Study of Economical Advantages in Element 
Design Changes of Certain Savannah River Reactor Lattices 

0. W. Hermann G. F. O'Neil13 ' 
A feasibility planning study was performed using a series of neutron transport and burnup calculations 

to determine the effects of major modifications to target elements in certain Savannah River reactor 
lattices. HAMMER3 ' ' was used in obtaining criticality calculations, which were analyzed and recomputed 
as needed in the process of obtaining optimized reactor parameters and maximum safety controls. 

HAMMER is a group of codes containing about 20,000 source cards; it was provided by the Savannah 
River Laboratory, where the major developments of the code system were made. HAMMER incorporates 
the programs THERMOS, HAMLET, FLOG, THOR, HERESY, and DIED with the control program CAPN 
as explained in the operations m a n ~ a l . ~  ' Briefly, the options of the program provide for: (1) multigroup 
transport reactor-cell calculations, (2) multiregion or mixed lattice source-sink model computations using 
the cell parameters, ( 3 )  a total reactor-material-balance edit showing effects of burnup and decay over a 
requested time interval, and (4) repeated passes through the complete computation with refined 
concentrations until convergence criteria are met. The HAMMER project required a summary of results 
from about 50 computer runs in addition to several trials for better optimization. A short code was written 
for giving empirical adjustments, and an organized summary, as well as a calculation of the equivalence of 
certain materials to excess reactivity. Slight changes were made in HAMMER, which reduced the number of 
material edit prints and provided punched data cards for the next reactor passes; these changes enhanced 
accuracy and saved considerable time. 

giving the comparisons of the 20 to 30 most 
useful parameters obtained for each reactor design in addition to the input data which may be needed for 
further studies. Results seem to be sufficient to indicate a significant economic advantage in the 
modifications studied. 

Conclusions and results will be reported e l~ewhere ,~  ' 

Sponsor: Production Reactor Group of AECOP G. F. O'Neill 

Transport Calculations (HAMMER Code) for Survey Study of Transuranic Element 
Production of Various Power Reactors 

0. W. Hermann J. P. Hamric3 ' * 
A survey study of transuranic element production of various power reactors is being performed with the 

utilization of the neutron transport and burnup codes in HAMMER.3 ' ' 3 3  ' The standard BWR lattice is 
being analyzed first. Later studies will include other power reactor types. Already, the code has been 
successfully applied to lattices of certain Hanford and Savannah River reactors. 

314. Savannah River Laboratory (assignment with AECOP). 
315. An acronym for Heterogeneous Analysis by Multigroup Methods of Exponentials and Reactors. 
316. J. E. Suich and H. C. Honeck, The HAMMER System, E. I. du Pont de Nemours and Co., Savannah River 

317. To be published at the Savannah River Laboratory. 
318. Douglas United Nuclear, Inc., Richland, Washington (assignment with AECOP). 

Laboratory, DP-1064 (January 1967). 



103 

Reactor parameters are being computed for the BWR lattice for cases with water and with steam, 
leading to an approximate method of computing the water-steam combination cases. In addition to other 
parameter comparisons, examination will be made of spectral effects in the steam region as compared with 
the water region. Since the sections of the BWR core remain in the reactor for a period of several years, 
there are relatively large quantities of potentially valuable transuranic isotopes produced. The material edit 
printed by HAMMER at requested intervals over this period of time gives immediate results of the isotope 
production. Although convergence of computer passes are slower for cases of a core life of several years 
than for previous cases due to large spectral and concentration changes, the results appear to be relatively 
good for this type of survey. One limitation to HAMMER is that cross sections for a maximum of 18 
isotopes may be applied in any single case, although additional daughter products are computed. This 
requires several cases of different inputs followed by a careful analysis. Isotopes for which quantities 

242Cm,  and 244Cm. 
The two cross-section libraries used by HAMMER were updated to the June 22, 1970, set of values. 

Also, the decay constants within the code were updated to values from the May 6, 1969, Chart of the 
Nuclides by Battelle Northwest. It was found that short cases with slight data changes could be run most 
easily using the IBM 2741 remote terminal. 

presently are being calculated are 2 3 4 U  to 2 3 9 U ,  2 3 7 N p  to z39Np,  238Pu to 242Pu, 241Am t o 2 4 4  Am, 

Sponsor: Production Reactor Group of AECOP H. P. Hamric 

COMPUTING TECHNOLOGY CENTER 

CNLLS - a Callable Nonlinear Least Squares Routine3 ’ 
A. A. Brooks 

This subroutine embodies the most valued features of several previous routines as well as what is 
believed to be a new implementation of an old convergence criterion. The program is intended for use with 
sums of exponentials but is not limited to this function as the function and its derivatives are provided in a 
callable subroutine. A calling program is provided for the input of data. 

method utilizing a parabolic extrapolation to the 
minimum of the correction vector as suggested by H a r t l e ~ . ~ ~ ’  Finally, after the sums of squares 
convergence criterion is met, the procedure minimizes the length of the_ partial derivative vector. It uses a 
single term in the Taylor’s expansion in M dimensions and the Choleski method for the solution of positive 
definite matrices. 

The program permits a wide flexibility in the employment of its algorithms including parameter 
correction suppression by successive sets, variable convergence criteria for each subalgorithm, and the 
bypassing of each subalgorithm. While experience prevents belief in a panacea, this program is based on 
results from several hundred nonlinear problems. 

Sponsor: UCND, CTC 

The method used is basically a Lenenberg3 

319. G. W. Westley and J. A. Watts (eds.), The Computing Technology Center Numerical Analysis Library, CTC-39 

320. K. Lenenberg, “A Method for the Solution of Certain Nonlinear Problems in Least Squares,” Quart. Appl. Math. 

321. H. 0. Hartley, “The Modified Gauss-Newton Method for the Fitting of Nonlinear Regression Functions by Least 

(Oct. 6, 1970). 

2(2), 164 (1944). 

Squares,” Technometrics 3(2), 269 (1961). 
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Nuclear Physics 

G. S. McNeilly 

A study of both single and double differential cross sections from the reaction 24Mg(a,a’y)24Mg has 
been ~ o m p l e t e d . ~  Treating the excited states of 24  Mg as rotational levels of a deformed nucleus, fits to 
both the single and double differential cross sections were calculated using DWBA3 plus Hauser-Feshbach 
(HF)3 2 4  and coupled channels (CC)3 ’ plus HF theories. 

Good agreement between the DWBA plus HF and the CC plus HF theories was obtained, with the 
greatest discrepancy occurring in the fits to the anisotropic coefficients of the double differential cross 
sections. 

Sponsor: Computing Technology Center 

ORGDP 

Vibration Analysis 

M. R. Patterson G. W. Westley J. A. Watts326 
P. R. Coleman C. V. Smith, Jr.3 ’ 

An analysis of the stresses induced by steady-state dynamic forces on a floor structure has been 
completed. Solutions which included damping in systems with about 300 degrees of freedom were 
obtained. The floors of two separate buildings were studied, and the computed results serve as a guide for 
the redesign of those buildings. 

A product of these studies is a set of finite element codes for plane structures which can treat both 
static and dynamic  problem^.^ * y 3  These codes generate stiffness matrices, loading vectors, static 
reactions, normal modes of vibration, response to an arbitrary sinusoidal forcing function, dynamic 
reactions, and the associated shears, moments, and stresses. Both beam and plate elements are allowed. The 
total computer time for such a set of runs is less than 10 min. 

Sponsor: ORGDP D. S .  Pesce 

Safe Storage and Shipment of UF6 Containers with Varying Enrichment and Water Reflection 

J. R. Knight R. G.  Taylor3 

The ANISN33 and codes were used to evaluate the nuclear safety factors in the storage of 
large cylinders of UF6. Variations in ’ ’ U enrichment between 2 and 5% were considered. The thickness of 

322. Gregory S. McNeilly, CTC-43 (1970). 
323. R. H. Bassel, G. R. Satchler, R. M. Drisko, and E. Rost, Phys. Rev. 128,2693 (1962). 
324. W. Hauser and H. Feshbach, Phys. Rev. 87,366 (1952). 
325. T. Tamura, Ann. Rev. Nucl. Sei. 19, 99 (1969) and references contained therein. 
326. Computing Technology Center. 
327. Consultant, Georgia Institute of Technology. 
328. C. V. Smith, Finite Element Model, with Applications to Buildings K-33 and K-31, CTC-29 (June 1, 1970). 
329. M. R. Patterson, G. W. Westley, J. A. Watts, and P. R. Coleman, Vibration Analysis of a Floor Structure, CTCSO 

330. Laboratory Division, ORGDP. 
331. W. W. Engle, A User’sManual for ANISN, K-1693 (Mar. 30, 1967). 

(June 10, 1970). 

332. G: E. Whitesides and N. F. Cross, KENO - a Multigroup Monte Carlo Criticality Program, CTC-5 (Sept. 10, 
1969). 
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water between individual units in an array was varied, and optimum reactivity conditions were found. The 
effects of external water reflection and variation in the thickness and type of metal in the cylinder walls 
were also studied. These results will be applied to evaluating safe conditions for the storage and shipment of 
UF6 containers. 

Sponsor: Laboratory Division, ORGDP 

PORTSMOUTH GASEOUS DIFFUSION PLANT 

Portsmouth Criticality Safety Analysis 

Nancy F. Cross R. J. Hinton J. L. F e ~ e r b a c h e r ~ ~ ~  

A wide variety of criticality safety calculations were performed using the KENO code. Some of the 
problems considered were : 

1. calculations designed to determine the safety of the feed vaporization bays and to improve the safety 
margin; 

2. investigation of the effect of concrete rather than water reflection on a 14-ton UF6 container and to 
verify the safety of storing such a unit in a room having a concrete floor; 

3. investigation of. the criticality consequences should condensation occur in the cascade; 

4. verification of the safety of planned shipping arrays and an investigation of the sensitivity of such arrays 
to spacing changes and various reflectors; 

5. calculations to determine the criticality safety of using cheaper aluminum containers rather than Monel 
containers now in use; 

6. a criticality safety analysis of UF6 accumulation in a withdrawal station; 

7. investigation of the criticality safety of the proposed storage of arrays of 2’/*-ton UF6 containers. 

Sponsor: Portsmouth Gaseous Diffusion Plant Jack L. Feuerbacher 

USAEC 

Boron Isotope Separation Plant Studies 

R. A. Carter A. A. Brooks G. I. Farris3 

The AEC facilities3 at Lewiston, New York, are operated by the Nuclear Materials and Equipment 
Corporation (NUMEC) to produce the Commission’s requirement of B. The process utilizes packed 
columns, and the operation is analogous to a binary fractionation. When the dimethyl ether-boron 
trifluoride complex (DME complex) is distilled at loo”, approximately 60% of the vapor phase dissociates 

333. Portsmouth Gaseous Diffusion Plant. 
334. Former employee, UCND. 
335. G.  T. Miller, R. J. Kralik, E. A. Belmore, and J. S. Drury, “Production of Boron-10,’’ Second United Nations 

Intern. Con6 on Peaceful Uses Atomic Energy, A/CONF.l5/P/l836, June 2 1 ,  1958. 
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into gaseous boron trifluoride and dimethyl ether. Isotopic exchange of the boron in the gas with that in 
the liquid phase results in the concentration of 

The facilities were taken out of standby in 1965, and we were requested by the AEC to assist in certain 
aspects of the operation.336 Our initial objectives were (1) to propose a mathematical model of the actual 
process, (2) to determine the technical and economic feasibility of computer control of the process, and (3) 
to suggest potentially desirable engineering changes to the plant facilities. It was proposed that, 
mathematically, the isotopic exchange process could be represented by the methods used for a squared-off 
gaseous diffusion cascade.33 Although the analogy has some obvious differences, experience has shown 
that the. treatment is reasonably accurate. 

Initial operating and analytical data showed that computer control of the process was not feasible. By 
mutual agreement, however, we continued to participate in the evaluation of plant performance and to 
make engineering studies of proposed operational and plant modification. A computer program was 
developed to calculate for each column the number of stages and material balances for ‘OB, total boron, 
and the DME complex. The program, which also provides a printout of pertinent operational data in 
convenient form, is being used on a routine basis. 

Recently, detailed productivity calculations were made for plants of various sizes. The results of the 
study were used by NUMEC to determine the number, size, and arrangement of coiumns which would be 
required for an expanded plant to produce large quantities of ‘ O B  at a minimum cost. A study is now in 
progress to determine the location and rates at which several lots of DME complex of different assays now 
on hand should be fed into the existing plant to realize the largest gain. 

B in the liquid phase. 

Sponsor: USAEC, Production Division E. H. Hardison 

Atmospheric Turbulence Partial Differential Equations 

P. R. Coleman S. R. Hanna338 

A mathematical model has been devised to describe turbulence and diffusion in the atmospheric 
boundary layer over urban areas. We are hoping to learn more about the distributions of temperature, wind 
speeds, and turbulent energy in this layer. 

This three-dimensional model consists of eight partial differential equations, four of which are 
nonlinear, in eight unknowns. We are presently considering the steady-state problem which makes the 
second-order equations be of the elliptic type. 

Because of the importance of an accurate initial “guess” for the solution of the three-dimensional 
system, we plan to proceed in steps. First, solve the one-dimensional case, and use its solution as the initial 
guess for the two-dimensional case, etc. Currently, we are in the first step of this outline, working on the 
one-dimensional case. 

Sponsor: Atmospheric Turbulence and Bffusion Laboratory, NOAA 

336. Letter from C. E. Center, UCND, to S. R. Sapirie, USAEC, Feb. 12, 1965. 
337. J. Shacter and G. A. Garrett, Analogies between Gaseous Diffusion and Fractional Distillation, K-197 Revised 

338. Atmospheric Turbulence and Diffusion Laboratory, NOAA, AEC. 
(lune 5, 1948) (AECD-1940). 
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Y-12 

Heat Transfer in Curvilinear Coordinates 

M. R. Patterson Mark Reeves I11 Peggy G. Fowler 

Analytical and numerical results for temperature distributions in an isotropic homogeneous medium 
subjected to Dirichlet and convective boundary conditions have been computed. Comparison of the 
analytical and numerical results checked those cases of physical interest and allowed generalization of the 
numerical computation to include temperature-dependent thermal properties, for example, conductivity, 
specific heat, film coefficient, etc. Considerable experience with and codes for computation of the spherical 
Bessel functions were obtained from this study. The findings will be reported later. 

Sponsor: Y-12 C. D. Montgomery 

Digital Filtering with the Fast Fourier Transform 

E. C. Long3 *' M. R. Patterson F. L. Miller, Jr. 

The advent of the fast Fourier transform3 (FFT) rendered the computation of discrete Fourier 
transforms a relatively speedy process. For example, a set of 8192 data points can be transformed using 
FFT in less than 0.2 percent of the time previously required. The profound effect of this fact is still being 
felt by elements of the scientific and engineering community. 

Locally the FFT capability has been applied to the filtering of time-dependent signals. The filtering 
process previously was done by evaluation of a convolution integral using numerical integration. However, 
the same result was obtained by using the convolution theorem paired with FFT.34 Much less computer 
time was required, and the results are more accurate due to the reduced number of computer operations 
and the resultant decrease in roundoff error. 

Also, the Kolmogorov-Smirnov341 test was applied to the frequency spectra of two types of data to 
determine whether both types of measurement sampled from the same distribution. Information of this 
type was valuable because one type of measurement could be done considerably more cheaply than the 
other. 

Sponsor: Y-12 R. R. Feezell 

Information Retrieval from a Predecessor-Successor Chain 

P. R. Coleman 

We are writing an information retrieval program based on a predecessor-successor chain, that is, 
parent-offspring relationships, among a given set of elements. Although this program should have several 
applications, for example, genetics problems, we are currently applying it to Y-12 production problems. 
These problems consist, for example, of ores being mixed to make blends, whch are then combined to 

339. J. W. Cooley and J. W. Tukey, Math. Comp. 19(90), 297-301 (1965). 
340. M.  R. Patterson, E. C. Long, and F. L. Miller, Jr., Digital Filtering and Spectral Comparison Using the Fast 

341. D. A. Darling, Ann. Math. Statist. 28, 823-38 (1957) 
Fourier Transform, CTC-44 (Sept. 22, 1970). 
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make parts, etc. The program then is to extract the “family tree” of a given element from the production 
chain. As examples, the history of a certain part may be desired, or upon finding a certain ore to be bad, it 
may be desired to know all parts which were made of this ore. Data can also be associated y i th  each 
element and can be retrieved in this fashion. 

Certain editing features are also being incorporated into the program to allow for continual updating, 
that is, the deletion of old elements and the addition of new elements. 

Sponsor : Y-I2 Metallurgical Development Division 

Criticality Search Package for KENO 

Nancy F. Cross G. E. Whitesides G .  R.  handle^^^* 

Trygve Myhre 

A search package has been designed and incorporated into the KENO code to allow criticality searches 
on the geometry of a system. The basic restriction is that the geometry configuration must remain constant. 
(If the innermost region is a sphere, it cannot be changed to any other basic configuration such as a cylinder 
or cube. This is true for every region in the unit.) However, the size of each region can be altered as long as 
it does not shrink into the next smaller region or expand into the next larger region. This enables one to 
search on any one or more regions simultaneously, even to expand some regions while shrinking others 
and/or leaving other regions unchanged. This altering procedure is continued until (1) the desired value of k 
effective has been achieved, (2) the specified number of iterations have been executed, or ( 3 )  a region has 
“bumped” into another region. 

This search package is especially useful in determining the maximum safe size of fissile units in a 
shipping or storage array or the minimum amount of absorber material that must be placed about a fissile 
unit in order to meet specified criticality conditions. 

A simple array size search package is included as part of the criticality search package. It allows one to 
vary the array size of a given unit until (1) the desired value of k effective has been achieved, (2) the 
specified number of iterations have been executed, or ( 3 )  the search suggests an array size that has been 
calculated previously. The array search can alter all three dimensions simultaneously or alter any two while 
holding the other two constant. It is useful in determining the maximum safe array size for an array of 
given fissile units. 

Sponsor: Y-12 Radiation Safety Dept., Criticality Safety G. R. Handley 

Computer Codes for X-Ray Diffraction Calculations 

0. W. Hermann A. L. C ~ f f e y ~ ~ ~  W. E. B a u c ~ m ~ ~ ~  

A series of computer codes for various types of x-ray diffraction calculations were obtained, converted 
for the IBM 360, given major or minor modifications, and applied to many cases of interest. The function 
of some of these codes is to compute the angles of x-ray diffraction reflections and the Miller indexes for a 
given powder material, whch  is defined by characteristics such as chemical formula or crystalline type and 
lattice parameters. The reverse is computed in other codes, where a set of reflection angles or part of the 
diffraction pattern is input, and statistical predictions of lattice parameters for requested crystalline types 

342. Y-12 Radiation Safety Department, Criticality Safety. 
343. Development Division, Y-12. 
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are computed. One code also provides a plot of the diffraction pattern.344 Details of the theory, operating 
instructions, and the programs are not presented here since this subject is covered in the l i t e r a t ~ r e . ~ ~ ~ - ~ ~  
A comparative study3 of some of the codes gives a more detailed evaluation of the use of these codes in 
laboratory development at the Y-12 Plant. Also, some of the codes were made available for use on a CDC 
remote terminal at Y-12. 

Sponsor: .Development Division, Y-12 A. L. Coffey 

Paducah Criticality Safety Analysis 

G. E. Whitesides J. R. Knight 

As more nuclear reactors begin operating, a new problem arises in the criticality safety evaluation of 
gaseous-diffusion enrichment facilities. Uranium that has been used in reactors becomes enriched in 'Pu 
and 2 3  9Pu. Obviously, feeding 2 3  8Pu and 2 3  9Pu into the diffusion plant is not desirable, so a proposal was 
made to remove the undesired plutonium by trapping it in a CoF2 compound. Selectively trapping the 
plutonium in a column required a study of the maximum pipe diameter which could be used without 
collecting a critical mass of plutonium. The program enabled us to provide data necessary to 
establish safe diameters and safe spacings for the array of columns to be used in the trapping operation. 

Sponsor: Criticality Safety Section, Radiation Safety Department, Y-12 G. R. Handley 

Albedo-Transmission Study 

G. E. Whitesides J. R. Knight Nancy F. Cross 

The application of differential albedos in Monte Carlo criticality calculations has been studied in 
considerable detail. Primary focus has been on eliminating the tracking of neutrons in a thick reflector by 
substituting information obtained from deterministic solutions. Since an exact replacement of the tracking 
by a deterministic solution is not practical for all geometries, it was necessary to determine the effects of 
the approximations which were required when using differential albedos. The results of the study showed 
that the effect of the approximations was to produce hgh estimates of keff as the approximations became 
poorer. For criticality safety purposes, this is desirable since a high estimate is a conservative estimate. 
However, the study did show that, for most practical systems, the use of differential albedos gave results 
which were not distinguishable from results that would be obtained by actual tracking. 

The most significant result has been the reduction of the computer time required to calculate keff for a 
reflected array of fissile material. This reduction in time and money is a direct function of the amount of 

344. D. K. Smith, A Revised Program for Calculating X-Ray Powder Diffraction Patterns, University of California, 

345. D. E. Williams, LCR-2, a FORTRAN Lattice Constant Refinement Program, Iowa State University, Ames 

346. C. R. Heiple, A Computer Pfogram for Indexing Crystals from Their X-Ray Powder Patterns, The Dow Chemical 

347. G.  J. Werkema, A Revised FORTRAN I V  Program t o  Calculate Crystallographic Functions, The Dow Chemical 

348. K. I .  Hardcastle and A. D. Stock, J .  Sei. Instrum. (J.  Phys. E), Series 2, vol. 1 (1968). , 

349. A. L. Coffey, A FORTRAN I V  Computer Program for  Calculating Interplanar Spacings, Y-1729 (July 1970). 

Lawrence Radiation Laboratory, UCRL-50264 (June 1967). 

Laboratory, IS-1052 (October 1964). 

CO.,  Rocky Flats Division, RFP-1292 (May 1969). 

Co., Rocky Flats Division, RFP-1329 (May 1969). 
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neutron leakage into the reflector. The systems which have been studied exhibit a saving in time ranging 
from 5 to 22 times as fast as calculating the actual reflector. 

Work has also been under way to apply this same type of information to  the problem of an interspersed 
moderator between fissile units in an array. In addition to using the differential albedo data, one also uses 
the differential transmission data. Experience with this technique has been limited but promising. Further 
work is planned in this area because of the importance of studying arrays of fissile materials stored in an 
area which contains a fire-prevention sprinkler system. 

Sponsor: Criticality Safety Section, Radiation Safety Department, Y-12 G. R. Handley 

Utility Timing Routines 

L. M. Petrie, Jr. 

A subroutine called PULL has been written, which allows a program to set a time interval in order that 
iteration loops can be timed with subsequent control and modification of the algorithm if the set time 
interval has been exceeded. After the interval has expired, the program is interrupted and control is given to 
the program at a point specified in the call. The subroutine has an entry ITIME which allows the program 
to read the clock. The calling sequence for PULL is: 

CALL PULL (IMIN, ISEC, &STNO), where IMIN is the fixed-point number of minutes in the interval, 
ISEC is the fixed-point number of additional seconds in the interval, and &STNO is the statement number 
to whch control is to be given when the interrupt occurs. The interval may be canceled by another call to 
PULL with a new interval. After the interrupt has occurred, a new interval may be set with a new call to 
PULL. 

The calling sequence for ITIME is: 
CALL ITIME (ITOT, IINT), where ITOT is the total time in hundredths of a second from the first call 

(either to PULL or ITIME) and IINT is the time in hundredths of a second since the last call to ITIME. 
Both ISEC and IINT are optional arguments and need not be included in the calling sequence. If 

&STNO is not specified and an interrupt occurs, control will be turned to the statement following the call 
to PULL. 

If the interrupt should occur while the program is in the FORTRAN I/O routines, then no further 1/0 
(including printing messages) can be done by the program. 

Sponsor: Criticality Safety Section, Radiation Safety Department, Y-12 G. R. Handley 

The Effects of Accidental Release of Fire Water Sprinklers on the Nuclear Safety 
of Various Arrays of Uranium Metal Parts 

J. R. Knight G. R. Handley3’ 

The criticality program has been used to evaluate the effect of water spray from fire water 
sprinkler systems on the nuclear safety of arrays of uranium metal parts. The results of various spray 
densities were obtained for arrays which varied in size, number of parts, and types of external reflection. 
The effects of the water spray, both between and around arrays, were determined, and conditions for 

350. Technical Division, Y-12. 
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optimum reactivity were obtained. Criticality conditions for arrays of arrays filled with and separated by 
water spray were also evaluated. The results of these studies will be used for the safe arrangement of 
uranium metal parts in buildings which could have an accidental release of water from the fire water 
sprinkler systems. 

Sponsor: Technical Division, Y-12 

Monte Carlo Criticality Studies Using Point Cross Sections 

L. M. Petrie, Jr. 

A Monte Carlo code has been developed to solve criticality problems using point cross-section data. A 
subsidiary code has been written to process ENDF/B3 ’’ data into the format required by the Monte Carlo 
code. The code assumes the cross section can be represented by a straight line between neighboring points. 
The code can handle the same geometries as the code. Anisotropic elastic and inelastic scattering 
are handled by scattering at discrete angles selected by a technique developed by R. R. cove yo^.^ ’ Use of 
this technique allows N angles to preserve 2N - 1 moments. 

Any of the inelastic secondary energy distributions specified by ENDF/B can be used; (n,2n) reac’tions 
are handled by doubling the weight of the neutron and treating the secondary energy distribution as 
specified by ENDF/B. Thermal collisions are treated by using the S(a, p )  data from ENDF/B, or, if this is 
not available, by assuming the colliding nucleus is a free gas. 

Calculations have been made of some experiments done with low-enriched uranium billets of two 
enrichments. Annular billets of 1.97% enrichment were 40 in. long with an inside diameter of 2.6 in. and 
outside diameters of 5.2, 6.2, and 7.2 in. The billets were placed in both square and triangular arrays in 
water. Annular billets of 3.85% enrichment were 30 in. long with an inside diameter of 2.6 in. and outside 
diameters of 6.2 and 7.2 in. Solid billets of 3.85% enrichment were 30 in. long and 2.56, 6.2, and 7.2 in. in 
diameter. All the billets were placed in both square and triangular arrays with variable pitches. The 
calculations yielded subcritical keff’s. Analysis of the results indicated the problem might be that the 
ENDF/B 2 3  ‘U absorption cross section is too large in the range from 50 to 200 keV. 

Calculations have also been made of low-enriched uranium fluoride homogeneously distributed in 
paraffin blocks. Again, subcritical keff’s were obtained, and too much absorption in the ‘U seems to be 
the trouble here also. 

Calculations have been done on hghly (93%) enriched uranium metal pieces reflected by graphite and 
also by paraffin. These yielded keff’s that were too high. The problem here seems to be that the ENDF/B 
2 3  ’ U (material number 1102) fission cross section is too high in the range from 100 eV to 100 keV. 

Further development work on the code and on the cross-section preparation program is continuing. 
Improved methods of treating the cross sections in the unresolved resonance region are being investigated. 

Sponsor: Criticality Safety Section, Radiation Safety Dept., Y-12 G.  R. Handley 
E. B. Johnson, J. T. Mihalczo Critical Experiments Facility 

351. H. C. Honeck, ENDFIB, BNL-50066 (May 1966). 
352. R. R. Coveyou, private communication. 
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Monte Carlo Criticality Studies 

Nancy F. Cross Chris S. Day R. J. Hinton J. T. Thomas3 ’ 
Monte Carlo calculations utilizing the KENO code were conducted during the calendar year 1970 for J. 

T. Thomas. In addition to calculations of experimental arrangements of fissile materials, survey calculations 
were performed in support of nuclear criticality safety specifications. A portion of these calculated and 
experimental data has been reported by J. T. tho ma^.^ 54 Other portions of the data are being utilized in 
support of the Nuclear Standards writing effort on the part of the American Nuclear Society. 
Subcommittee ANS-8, Fissionable Materials Outside Reactors, is in the process of preparing a “Guide for 
Nuclear Criticality Safety in the Storage of Fissile Materials.” 

Sponsor: Critical Experiments Facility, Y-12 3. T. Thomas 

353. Critical Experiments Facility. 
354. J. T. Thomas, Uranium Metal, Monte Carlo Calculations and Nuclear Criticality Safety, Y-CDC-7 (August 1970). 
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OPERATING SYSTEMS ON THE IBM SYSTEM/360 COMPUTERS 

T. D. Calton 
C. E. Hammons 
G. K. Haeuslein 
R. P. Leinius 

R. P. Rannie 
J. G. Sullivan 
Carolyn P. Walker 
R. 0. Williams 

D. R. Winkler 

Summary of System History and Changes 

Operation of the IBM 360/91 and 360/75 computers was carried out using modified versions of release 
17 of the IBM-supplied multiprocessing operating system (MVT). Several systems and subsystems have been 
generated to include new operational features and to support new devices and modes of operation. 

Software maintenance continues to be a major and continuing activity due to large numbers of IBM 
corrections which must be applied to the IBM-supplied operating system. 

Improvements can be made in the operating system only when the operating conditions of the system 
are understood. Accordingly, when the compulsory activities of system generation and maintenance are 
completed, system monitoring activities are undertaken. Two types of hardware monitors have been used 
during the year, but at the present time the most useful data on system operation have been obtained from 
the use of a software monitor adapted for use at ORNL. A significant reduction in computer memory 
requirement was accomplished through analysis of the data gathered from this software program. This 
program is presently being used to obtain data needed for the implementation of the Houston Automatic 
Spooling Program (HASP) system. 

In addition to system improvements accomplished by adjustments of IBM-provided parameters, a 
number of uniquely OWLdeveloped codes have been implemented as a part of the operating system on 
the System/360 computers. The OWL-developed MZAP modification of the IBM SUPERZAP procram has 
enabled system modifications and updates at ORNL that would probably not be considered without this 
tool. The ORNL-developed Semidynamic Dispatching has eliminated bottlenecks in the flow of jobs 
through the computer. Controlled Memory Allocation has not only helped to reduce computing 
bottlenecks but has made available a considerable quantity of hitherto unavailable large core storage 
memory on the IBM 360/75 computer. The number and facilities of the procedures by which the operators 
may interrogate and alter the status of the system have been increased. This activity is also directed toward 
increasing throughput, since bottlenecks occur because very fast computers tend to run ahead of the 
operator unless very responsive control features are provided. Logistical savings in operations such as 
printing dumps have been provided. 
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Remote accessing has increased considerably on the IBM 360/75 computer, and further increases are 
anticipated on both System/36O computers. 

Education of system personnel, computer operators, and the user community remains a continuing 
task. Monitoring and “exhortation” programs have received a favorable response from users whose 
progiams have been the object of the inquiry, and system program exchanges with other installations have 
been mutually helpful. The operating system presently includes modules from more than a half dozen other 
installations. 

Implementations‘of release 19.6 of the operating system and HASP are being carried out. Development 
on further system monitoring and control programs is continuing to meet the need for control of a system 
of increasing complexity. 

System Maintenance 

System maintenance is a major and continuing activity that is needed to provide backup facilities and 
correction procedures for systems and data that are stored on direct access devices. Updating of cataloged 
procedures is carried out in order to provide efficient means for programmers to execute standardized 
procedures by a simple reference to this catalog. 

The majority of system maintenance is involved with diagnosis of problems within the system, 
obtaining a correction for the program, and incorporating the correction into the system. We have applied 
corrections at a rate of approximately one every other day during this year. 

System Monitoring 

Many avenues exist for improving the operation of as large and diversified an operating system presently 
in use on both ORNL System/360 computers. The prime requisite for improving or even understanding the 
system is the ability to monitor various activities of the system. 

A hardware monitor for use by the systems group was developed by the Instrumentation and Controls 
Division along the line of plans obtained from the computing center at the Massachusetts Institute of 
Technology. This portable monitor can be plugged into any two indicator light sockets on the consoles of 
the computers and integrates the voltage applied. Input from these two sources may be measured 
individually or they may be logically ORed. Output from the monitor is shown on a meter which indicates 
the percent of the last integration period during which voltage was applied to the indicator light. 

This type of device is often referred to as a “wait state monitor” since an indicator light frequently 
measured is the one indicating the time the system is waiting for a timedependent operation to  complete. 
This value is of interest since it represents a potential for system improvement if other tasks can be put into 
execution during this otherwise unused time: 

A simple software monitor program, MONITOR, was obtained from the Safeway Corporation. This 
program has been revised and extended for use on the ORNL System/360 computers. This program 
measures the number of times various system modules, subprograms, are used as the system processes jobs. 
The information provided by the MONITOR program has resulted in significant improvements in system 
operation in making better use of less memory and improving throughput due to a better selection of 
modules to be kept always resident in computer memory. 

During the year the statistics gathering option within the ORNL-written accounting routine’ has been 
employed on several occasions to collect data on every job step for periods of approximately one week. A 

1. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 54 .  
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program for extensive analysis of these records has been written, and data from this analysis have made a 
number of significant contributions to system improvements. 

System Development and Operational Improvements 

Semidynamic dispatching. Semidynamic dispatching (SDD) facilitates the processing of jobs through 
the computers by eliminating a number of bottlenecks that contribute to a loss in system utilization in the 
form of system wait time. 

Efficient operation of computers performing independent tasks simultaneously can only occur when 
the tasks that perform extensive input-output operations are executed at higher priorities than compute 
bound tasks. Priority dispatching allows given tasks to gain access to the computer according to a priority 
scheme. The standard operating system does not allow individual tasks to run at different priorities. 

Semidynamic dispatching automatically assigns priorities to tasks based on the input-output to compute 
ratio of the program being executed in that step. This reduces wait time considerably. A significant portion 
of the data used in establishing the priorities was obtained through analysis of the statistics records 
described in System Monitoring. 

Controlled memory allocation. Because all of the 2048K (K = 1024) bytes of memory on the ORNL 
IBM 360/91 computer is of one kind, the actual speed of operation of programs on this computer is not 
memory location dependent. However, on the ORNL IBM 360/75 computer the 512K bytes of low (low 
memory address) memory is approximately 12 times faster than the 2048 bytes of high (high memory 
addresses) memory which comprises the large core storage .* 

The standard operating system gets the requested memory for a program from the highest free memory 
available. The program is then loaded into the lowest portion of the memory obtained. Had no 
modifications been made to the operating system, only in the case of extremely large jobs and fortuitous 
circumstances would there be any utilization at all of the fast memory. 

Modifications were made to the operating system3 so that all programs submitted (with the exception 
of a special class of utility programs) would be altered to appear t o  be requesting all of the 360/75 user 
memory regardless of the user’s actual request. This, together with other procedures at system initialization, 
made it possible to use nearly all of the available fast memory. This modification operated satisfactorily, 
but a great deal of effort was involved in changes to system modules which kept track of the user’s true 
memory request for accounting purposes. Moreover, the operation was very constrained. Introduction of 
minor changes in the system nucleus or resident modules required changes in the initialization procedures. 
Perhaps the worst problem lay in the loss of the majority of the 1536K byte region since most jobs now 
being run on the IBM 360/75 computer use only a portion of this region. 

The majority of these problems were overcome when modifications were made to the operating system 
which allowed for controlled memory allocation (CMA). The names of the supervisor programs which 
execute the user’s programs were used to control whether the memory for the program was obtained from 
high memory or low memory. Since the operating system allows initiators to execute prescribed classes of 
jobs, it is now possible to schedule jobs into the desired memory on the basis of user-supplied job classes. 
The memory previously unused is now available for utility programs (many of which are now supplied via 
CRBE and RJE) except when a very large job needed to run on the IBM 360/75 computer. 

2 .  Math. Div. Ann. Progr. Rep t .  Dee. 31, 1968, ORNL4385, pp. 44-45. 
3.  Math. Div. Ann. Progr. Rep t .  Dee. 31, 1969, ORNL4514, p. 52. 
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The CMA modification also proved to be very useful in the operation of the IBM 360/91 computer. The 
execution of several jobs on this computer tends to fragment the memory due in part to the fact that all 
jobs are trying to obtain memory only at the upper boundary of free memory. This can reduce the effective 
utilization of memory and can result in long printing operations severely dividing memory for periods 
which can exceed hr. There might well be over 500K bytes of free memory, but the largest program that 
could be run might be as small as 150K bytes if this was the largest contiguous memory region. The most 
severe problem occurs when a small long-running (for example, 1 hr) compute bound job is executing near 
the center of available memory. 

The introduction of CMA on the IBM 360/91 computer often produced a marked improvement. The 
requests for memory from the upper boundary of free memory have been reduced by over half, and the 
long printing jobs have been positioned at a desirable location, the upper bound of free memory. The 
spread of memory requests against both boundaries has allowed the consolidation of the previously 
fragmented memory, and more jobs can now be in execution. Of particular benefit is the execution of the 
long-running job with no fragmentation loss. 

Another function of these system modifications is to fill the memory bytes obtained for a job with the 
bit pattern 01 1101 11 (or 77 in hexadecimal notation) before loading and execution of the user’s program. 

The contents of users’ memory had changed from all zeros to undefined with the implementation of 
MVT. While random values had a certain advantage over the very bad zeros (which unfortunately could be 
added, subtracted, multiplied, tested, shifted, etc., with often disastrous impunity), they did not help 
debugging procedures. Moreover, memory dump programs were obliged to consume time to print huge 
arrays of “garbage” characters. The 77 memory fill frequently reduced memory dumps by noting that the 
next so many lines were identical. Unlike zero, the arithmetic interpretation of the 77 values quickly 
stopped programs which tried to use them in calculations. This value also helped to stop runaway programs 
and was easily recognized when printed in hexadecimal, EBCDIC, or arithmetic form. 

SUPERZAP. The IBM 360 Operating System consists of numerous programs most of which are stored 
on disk. Sometimes minor changes and corrections to these programs become necessary. IBM developed the 
SUPERZAP program to accomplish these modifications. We added new options to SUPERZAP and can 
now list partitioned data set directories, change or delete member names, and find and display the disk 
address of any program stored on disk. 

The modified SUPERZAP program, MZAP, allows dynamic maintenance of the operating system. This 
permits testing of system changes from the system console. MZAP contains a feature which permits testing 
of changes to critical modules without the danger of destroying these system programs. Erroneous 
modification could require a total restoration of the operating system from backup tapes, which is a danger 
also faced when modifications are assembled into the system. This in-core modification feature changes 
only the copy of the module in memory. If utilization of this changed module verifies the change, the 
entire modified and now tested code may be transferred into the disk copy of the module. 

GETDSCB. Additional features have been added to the GETDSCB program’ l4 used for maintenance of 
direct access data sets. There was a need for these features since the variety of direct access devices being 
supported has increased and the number of private disk packs has increased., In addition, there has been a 
continuing increase in the number of permanently resident public data sets. The increase in data sets 
created in connection with remote computing has added to the variety of data sets which must be 
scrutinized by the GETDSCB program. 

~ ~ ~ ~~ ~ 
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Development is continuing on this program to provide support for the IBM 2321 Data Cell Drive, to 
allow selective deletion of data sets by data set name in conjunction with creation date indicators internal 
to the data set, and to provide summary data on the record of data set use being created and updated by 
the data set monitor program. 

Utility program. The ORNL tape utility program, UCHBUF,' was improved by the addition of more 
program commands for the user and a special version of the ORNL tape buffering package, BUFIN.6 A new 
subroutine was added to produce a newsmessage to inform users of modifications or additions to the 
program and the current commands available to the user. 

FORTRAN/IBM 2741. Release 17 of the System/360 operating system (IBM) does not support the 
IBM 2741 teletypeprinter using the Basic Telecommunications Access Method (BTAM). BTAM was 
modified to give reasonable support to the IBM.2741 teletypewriter used by ORNL, and several basic 
FORTRAN-callable assembler-language subroutines were written to enhance the operation of the IBM 
274 1 's. 

Logical record counter. Several computer users have had the need to determine the number of logical 
records in a data set (file of information) which was written with a variable-length format. An 
assembler-language program was written to solve this problem using the Basic Sequential Access Method 
(BSAM) and the Queued Sequential Access Method (QSAM). Each physical record is reported along with its 
contents of logical records accumulated with those from the beginning of the data set. 

Other developments. Development has continued on the console commands and displays used on the 
ORNL System/360 computers. Several new types of information have been added to the display active 
command used to access the status of computer operation. Console commands and displays for system 
debugging have been added. Priorities of jobs may now be changed dynamically during execution by the 
operator in order to alleviate potential bottlenecks in job throughput. The ability to delete failing programs 
from execution has been added. This permits the system to continue operation in cases which previously 
required a complete restart of the computing system. The diagnosis and handling of such problems have 
become more important as the telecommunication load has increased, and a premium has been placed on 
uninterrupted operation. 

The time to execute the system startup procedure has been reduced from several minutes to less than 1 
min by system modifications. The need for involved operator responses during this critical startup period 
has been eliminated. 

A saving of over 10% in the volume of printout used for memory dumps was accomplished by 
modifying the system to print on all of the lines of a page used in dumps. An additional dump option has 
been added to those already available which will dump only user-provided programs and not those obtained 
from the standard FORTRAN library. The FORTRAN input/output routines have had features added to 
aid in pinpointing errors and to facilitate debugging of problems. 

Remote Computing 

Terminals and work stations which are remote from the central computer facility have continued to 
handle an increasing volume of the input to and output from the ORNL IBM 360/75 computer. By the end 
of the year, the only categories of jobs being submitted to the IBM 360/75 computer through its central 

5 .  Math. Div. Ann. Progr. Rep t .  Dec. 31, 1968, O R N L 4 3 8 5 ,  p. 41. 
6 .  Math. Diu. Ann. Progr. Rep t .  Dee. 31, 1966, ORNL-4083, p. 5 5 .  
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card reader are those jobs which require tape drives, the IBM 231 1 disk drives, or the IBM 2321 data cell 
drive. 

The remote computing facilities in use on the ORNL IBM 360/75 computer at the end of last year7 
have been expanded. All remote computing programs continue to execute in the Large Core Storage 
portion of the computer memory which has proved quite satisfactory for these” input-output bound 
programs. The fast core of the computer continues to remain available for the type of programs for which it 
is best suited, the compute bound jobs. 

Operation of the IBM 2780 Data Transmission Terminal at Y-12 continued with good success 
throughout the year but began to impact the overall operation of the IBM 360/75 during the third quarter 
of the year due to difficulties with the Remote Job Entry (RJE) program. Problems related to remote 
computing which required a restart of the operating system on the computer were acceptable only when 
batch processing and a limited remote operation over and above RJE was being carried on. The need to 
obtain a stable remote processing program was a major reason for the implementation of the HASP system. 
In spite of difficulties the use of RJE has grown, and techniques for the interaction of RJE and CRBE 
(Conversational Remote Batch Entry system) have been developed due in large measure to an interested 
user community. 

The IBM-supplied CRBE program has been replaced by a faster, more powerful, and more reliable 
version of the CRBE program which was developed at the Stanford Linear Accelerator Center (SLAC). The 
number of IBM 2741 communications terminals in the Laboratory has grown to 14. 

Support was given in the implementation of Reactor Division’s Novar 5-50 terminal. This terminal is 
similar to the IBM 2741 teletypewriter terminals and has several additional useful features, one of which is 
off-line cassette magnetic tape editing. A study of its specifications was made to verify its compatibility 
with the CRBE. The device is operating successfully in the CRBE system. 

The reprogramming of the telephone link from the IBM 360/75 computer to the SEL 840A computer 
at ORIC was completed and checked out by March 1970. The reprogramming involved developing two 
system tasks, a reading task and a task which would gather output from a computer program and return it 
to the ORIC link. The link is designed so that ORIC personnel can submit the same job through either the 
Computer Center dispatcher in Building 4500N or the phone link with a minimal change to the user’s 
program deck. These tasks are under control of the console operator and may be started or deleted from 
the computer memory as necessary. 

During the fourth quarter of the year the Administrative Terminal System (ATS) was installed on the 
IBM 360/75. This program presently provides interaction between one IBM 2741 communication terminal 
at the Instrumentation and Controls Division and data stored on a 2311 disk pack at the ORNL IBM 
360175. 

During December the RECON system was installed on the ORNL IBM 360/75. RECON supports a 
network of cathode ray tube terminals using data files stored both on 231 1 disk packs and on a number of 
bins of the 2321 data cell drive. The data files contain information from Nuclear Science Abstracts. 
RECON is a proprietary information retrieval program developed by Lockheed Corporation for the Division 
of Technical Information Extension (DTIE) of the US. Atomic Commission. With the installation of 
RECON on the ORNL computers the system presently supports four remote terminals and one terminal at 
the ORNL central computer facility. 

I .  Math. Div. Ann. Progr. Rept. Dee. 31. 1969, ORNL45 14, p. 53. 
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Several upcoming projects will further enlarge the remote computing facilities of ORNL. Remote Job 
Entry facilities at the Naval Research Laboratory and the Harry Diamond Laboratories in Washington, D.C., 
will add two remote terminals to the IBM 360/91 computer and one more remote terminal to the IBM 
360/75 computer. The arrival of the IACC PDP-10 computer will culminate in another remote entry to the 
IBM 360/75 computer. 

The Culler-Fried system presently undergoing development at the University of California at Los 
Angeles will shortly be implemented on the IBM 360/75 computer to support two Culler-Fried terminals, 
one in the Thermonuclear Division at ORNL and one at the ORNL central computer facility. 

Locally written remote processing programs are being developed in which experiments are carried out 
to discover other useful interactions between a variety of remote terminals and the central computers. 

I 
Local Education and Training Activities 

The problem of operator training7 remains a significant one as new features are added to the operating 
system and new programs for remote computing are incorporated into the computer operations. A close 
liaison is maintained between the Computer Operations and the Programming Systems Departments as the 
complexity of the computing endeavor grows. In addition to operator training courses there have been 
courses for computer operator supervisors. A study on training relating to computer users, programmers, 
and operators is presently under way. 

A major avenue for improvement in computer throughput is through education of the user community 
in more optimal methods of utilizing the computer. Most users are quite willing to make changes for the 
common good, but the problem remains one of bringing ways of improvement to their attention. 
Computerized techniques are not being neglected in this endeavor. One example of this is a small portion of 
the system accounting routine which now prints an additional series of messages at the termination of a job 
when the user did not make economical use of the computer memory he reserved for his job. The response 
to this computerized message has been encouraging and has resulted in an improvement in user memory 
utilization. 

Another example of user education is found in results from the use of the data set monitoring program 
developed in the systems group. This program monitors and records the activity of user data sets stored on 
disks. Users who are thereby presented with statistics on the use of data sets are usually quite willing to 
relinquish infrequently used space to users with more active programs. 

A teleprocessing seminar was given to several members of the Mathematics Division in order to promote 
familiarity with remote terminal concepts which are becoming increasingly important. Topics which were 
studied in detail during the two-week period were: 

1. What is teleprocessing? 
2. New concepts in computer hardware about teleprocessing 
3. Data transmission codes 
4. Data transmission methods (phone lines) 
5. General text structure 
6. Several remote station configurations 
7. Methods of error detection 

System Program Exchange Outside the Laboratory 

A major source of useful concepts for the improved operation of the System/360 operating system is to 
be found in discussion and exchanges with system programmers at other installations. Members of the 
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system programming group have maintained this liaison through attendance and participation at meetings 
of computer users and in particular at the large computer users' group, SHARE. Innovations now in use at 
ORNL that were obtained from other installations range from simple one-instruction changes to entire 
teleprocessing programs. Installations which provided system modifications that were adapted for use on 
the IBM 360 computers during the year included the Stanford Linear Accelerator Center, McGill 
University, NASAGoddard, UCLA, University of Waterloo, Miter Corporation, the National Institutes of 
Health, and the Applied Physics Laboratory of Johns Hopkins University. 

Notices of the development of system modifications carried out at  ORNL have been carried in 
newsletters of computer user groups. Distributions of several copies of these modifications have been made 
to various installations. 

Current System Projects 

Generation, modification, and installation of the HASP input-output system on the ORNL IBM 360 
computers will be a continuing project. The HASP system is expected to provide a much greater overall 
reliability, and an increase in system efficiency is also to be expected. The HASP system should facilitate 
the change to release 19.6 of the operating system. Generation of portions of this release of the system is 
now in progress, and the system is expected to be in use early next year. The ability to monitor the activity 
of the system will be enhanced due to new features of this release. 

Preparations for the addition of several remote connections to the System/360 computers are under 
way. 

There will also be an interconnection between the IBM 360/91 and the IBM 360/75 computers with the 
installation of two channel switches that will allow a number of direct access devices to  be dynamically 
shared between the computers. The IBM 2914 switching unit will also allow device switching but not on a 
dynamic basis. These features are presently under consideration as a part of the upcoming system 
generation activities. 

IMMEDIATE ANALYSIS AND COORDINATING COMPUTER (IACC) 

C. E. Hammons D. R. Winkler 

Since awarding the contract for the IACC to Digital Equipment Corporation (DEC), close check has 
been maintained on the progress and workability of the PDP-10 system which is scheduled to be delivered 
in March 1971. Through mutual cooperation several errors were detected and corrected in special 
(nonstandard) devices. The massive direct-access storage device (4 X 1 0' characters) specified in the 
contract proved to  be an unreliable device in DEC's tests, and a mutually satisfactory replacement was 
accepted. Briefly the equipment will consist of a 36-bit-word PDP-10 computer with 80K (K = 1024) of 
1-psec memory, 14 removable disk pack drives, a high-speed swapping disk, 4 phone-link display stations, a 
communications multiplexer, and several standard pieces of peripheral equipment. 

ORELA 

Nancy A. Betz J. C. Craven D. R. Winkler 

Phase I. Data Acquisition 

The major programming effort for the ORELA phase I data acquisition computer system' has been 
successfully completed. We have designed and developed all of the software used in phase I except for a 
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manufacturer-supplied assembler and paper tape loader which have been greatly modified. It has taken 
approximately three years to complete the system. Due to the uniqueness of the method of data acquisition 
and the specially designed disks which are used for channel storage, a patent' on the system was issued May 
26,1970. 

The executive system, ODAC, and the following routines which operate under it have been provided: 
the data acquisition program for multiple experiments, ODAR-IV; routines to operate all of the peripherals 
including the computer links; an accelerator inventory program; and a variety of utility routines including 
those which read paper tapes generated by other equipment used for ORELA experiments and plot, list, or 
transfer the data to magnetic tape. 

ODAR-IV is a system of routines which accepts data from the experiments, passes each event to its 
proper CRUNCH' routine, and updates the channels on the disk. Each experiment has its own CRUNCH 
routine which processes the events produced by the associated experimental equipment. This allows the 
experimenter to uniquely define the method in which his data are to be acquired even though other 
experimenters are acbuiring different data by other methods at the same time on the same DAC. As many 
as four experiments can simultaneously use each of the two data acquisition computers. 

Although the intensive development of phase I has been completed, it will require continuous support. 
Plans are already being made to change the scaler interfaces so the experimenters can make more use of 
them, to interface an existing PDP-9 to DAC-2, and to purchase more data acquisition equipment under 
phase 111. We have also started analyzing the core and time requirements to accomplish the various 
functions of ODAR-IV as a first step in attempting to improve it. Presently ODAR-IV can update 3000 to 
5000 events per second depending upon the CRUNCH routines involved. 

Phase 11. Data Analysis 

The process of reducing raw experimental data to publishable cross sections requires a considerable 
amount of interaction between the experimenter and computers. Bias introduced by the experimental 
equipment and the background must be removed from the data. Then the data must be analyzed to extract 
the cross sections which are compared with both theory and previously published data. Each of these steps 
requires the judgment and interpretation of the experimenter. The magnitude of the problem involved in 
analyzing the data becomes even more apparent when one realizes that the minimum number of data points 
currently being acquired per experimental run at ORELA is 64,000, with the average being between 
200,000 and 300,000. 

Even though the data are compacted in the analysis process, the data sets are always so large that they 
must be available to the experimenter in graphical form if he is to be able to extract any meaning from 
them. An interactive, time-sharing, display-oriented system which will provide the facilities required by the 
experimenters to analyze their raw data for publication is being developed as ORELA phase 11. Figure 24 
shows the computers involved in this system. The unshaded equipment is the Immediate Analysis and 
Coordinating Computer,' ' IACC, which will provide for the immediate analysis portion of ORELA phase 
I1 and act as a coordinating computer for the Mathematics Division. The IACC is a PDP-10 from Digital 
Equipment Corporation which is due for delivery in the first quarter of 1971. We expect that the extensive 
acceptance tests will be completed in July 1971. 

9. N. A.  Betz et al., Totalizing Memory for Multichannel Analyzers with Increased Capacity, Patent No. 3,s 14,763 

10. Phys. Div. Ann. Progr. Rept. D'ec. 31, 1969, ORNL-4513, p. 105. 
11. Neutron Phys. Div. Ann. Progr. Rept. May 31, 1970, ORNL-4592, p. 27. 

(May 26, 1970). 
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Fig. 24. ORELA phase I1 computer system. 

Although we plan to have a useful display system available for the experimenters within six months 
after the acceptance tests for the IACC have been completed, it will take approximately two and a half 
years to develop the software for the full system. 

CONVERSATIONAL REMOTE BATCH ENTRY SYSTEM (CRBE) 

Carla L. Armstrong R. P. Leinius 

The ORNL CRBE system allows users at remote typewriter terminals to create and manipulate files and 
submit jobs for execution on the 360/75. The system is intended primarily as a method for low-speed 
transmission of programs to the computer. It provides on-line debugging assistance, faster job turnaround, 
and eliminates card-handling problems. Communication with the 360/75 is accomplished through dial-up 
telephone lines. 

The IBM version of this teleprocessing system was installed in November 1969. During the first six 
months of operation, the CRBE iystem was regarded as an experimental program, and access to  it was 
limited. Several significant improvements were incorporated into the system before it was released for 
general use as a production system; these include an expanded set of file searching and file editing 
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commands, data file reformatting to improve response time, more efficient procedures for the movement of 
files, and elimination of errors in the system’s FORTRAN language syntax scanner. Many minor design 
deficiencies were corrected, an accounting system was developed, and, an extensive library of commonly 
used files and programs was created. 

In May 1970 the ORNL version of CRBE was released for general use. The system is currently 
supporting 14 IBM 2741 typewriter terminals, with 95 persons in 11 different divisions or projects enrolled 
as CRBE users. The number of jobs submitted from remote CRBE terminals for execution on the 360/75 
averages approximately 1500 per month. Additional programming and hardware acquisition to allow the 
use of teletypewriter terminals is nearly complete and will permit low-cost remote access to the computer. 

PROGRAMMING ASSISTANCE 

Linda P. Helton J. D. McDowell Delores Paulk 

This group is available to all programmers to assist with debugging problems encountered on the IBM 
360 computers. The group determines whether errors are the result of hardware or systems malfunctions. 
Any errors found are documented when necessary and reported to the appropriate party for rectification. 
Particular attention is devoted to the IBM FORTRAN IV Compiler and use of the Calcomp plotters. On a 
typical day approximately 25 phone calls and 30 personal visits are handled. Divisions make use of this 
service in about the same degree as they use the computers. A good portion of their time is devoted to 
running problem programs to discover if errors are responsible in order to facilitate pinpointing hardware 
errors. 

BASIC COMPILER 

J. G. Sullivan 

Many of the commercial computer time-sharing services feature a problem-oriented language named 
BASIC. As users became used to the language and developed a number of production-type programs, there 
developed a need to have this language available on the IBM System/360 computers. This was due to the 
long running time of some of the programs and the consequent expense in both commercial computer time 
and the telephone line charges. The Metals and Ceramics Division requested that we develop the BASIC 
language for the ORNL computers. This has been accomplished, and the report (OWL-TM-3042) is now 
available. One comparative example is a program which required 45 min of computer time on the 
commercial system and 19 sec on the 360/75. Programs written in the BASIC language can be run either as 
batch jobs or from one of the typewriter terminals under user control; both ways are now in use. 
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THE IBM COMPUTERS 

The IBM 360/91 computer system installed last year and described in the previous report' continues to 
operate 24 hr a day, five days a week. In addition, the system operates on weekends whenever required by 
contractual commitments with the Naval Research Laboratory in Washington, D.C. So powerful a 
processor is it that the majority of the batch processing work submitted to the Computing Center is run on 
this system, particularly during the prime (day) shift. This in turn has permitted some dedication of the 
IBM 360/75 computer system to the servicing of remote terminals, as will be described later. 

Some modifications were made to the 360/91 configuration described in the previous report. The 
2501-B2 card reader and 2520-B2 card punch were shifted to the 360/75 computer system, and the 2540-1 
card read/punch was brought from the 360/75 and installed on the 360/91. This move was made in order to 
put the higher card volume devices onto the 360/91 system. In December 1970 a 2914 switching unit was 
installed to permit the (manual) switching of peripheral devices from one computer system to another. 
Thus, in the event the 360/75 system fails, some of its peripheral devices, notably the teleprocessing units, 
can be switched to the 360/91 system. Successful testing of this device was concluded as the report period 
ended. 

Two twochannel switches have also been ordered for installation on a 2314 direct-access storage 
facility and on a 2841-1 data cell and disk control unit, both of which are currently part of the 360/75. 
With the installation of the two-channel switches, however, both computer systems will be able to access 
these storage devices electronically, without the necessity of physically switching the units. This capability 
will eliminate some of the duplication of disk packs currently required and should make more storage space 
available to users. As of the end of the report period, the two-channel switches had not been delivered; 
therefore, experience with them will be described in the next report. 

During this report period, the 360/75 computer system was used to  an ever-increasing degree in the 
support of various remote terminal systems (see also the section on Systems Programming). The CRBE and 
RJE software systems previously reported' proved to operate satisfactorily, and users at the Laboratory 

1. Math. Div. Ann. Progr. Rept. Dee. 31, 1969, ORNL-4514, p. 55. 
2. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, pp. 5 3 , 5 5 .  
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were introduced to these systems. By the end of the period, 14 IBM 2741 terminals (Selectric typewriter 
terminals) were in use throughout the Laboratory, as well as the Reactor Division's 2780 remote terminal 
(card reader, card punch, and printer) and the ORIC terminal mentioned in the previous report.* 

In order to fulfill agreements made with the Naval Research Laboratory (mentioned earlier), one IBM 
2701-1 data adapter was installed on the 360/91 system and a second unit on the 360/75. These devices 
will permit the submission of work from NRL's remote terminals via private leased telephone lines. 
Installation and check-out of these two devices were not quite complete by the end of the period and will 
be reported later. 

Two other special-purpose remote terminal systems were ordered during the year. The first was an 
information storage and retrieval system called RECON and was installed under the sponsorship of the 
Division of Technical Information Extension of the AEC. This system services five terminals via a 
party-line-type private telephone line. Each remote terminal consists of a keyboard, a cathode ray tube 
display, and a teletypewriter together with necessary control units. One terminal is located at DTIE and 
another here at ORNL. The others are located at AEC facilities in Washington, D.C., West Mifflin, 
Pennsylvania, and Berkeley, California. Installation of the system was completed in December, and routine 
operation began the first of the year. 

The second special remote terminal is a Culler-Fried algebraic terminal system developed initially at 
UCLA and installed at ORNL under the auspices of the Thermonuclear Division. Two terminals are to be 
installed (one at Thermonuclear and the other at the ORNL Computing Center) and will connect to the 
360/75 via telephone lines. The equipment involved was being delivered as the report period ended and has 
not yet been installed. (Further descriptions of the RECON and Culler-Fried systems may be found in the 
section on Systems Programming.) 

During the year, an IBM 2321-1 data cell drive was procured in order to provide a very large capacity 
storage device on the 360/75. The storage requirement was brought about by the installation and expansion 
of the various remote terminal systems already described. The 2321-1 data cell has a storage capacity of 
400 million bytes spread over ten removable subcells and has an access time ranging from 175 to 600 msec. 
The device was installed in August 1970, passed acceptance without incident, and has operated 
satisfactorily since that time. 

-. 

THE CDC COMPUTERS 

The CDC 1604-A, as announced in the previous report, was retired effective January 1, 1970, and 
appropriate announcement of its availability was made via GSA Excess Property Bulletins. During the first 
part of the year, some of the magnetic tape drives were transferred to other uses in the Laboratory; two 
were attached to our own 160-A computer system, two were transferred to the 160-A system at the High 
Voltage Laboratory, and two (along with a tape control unit) were transferred to the Instrumentation and 
Controls Division where they were integrated into their hybrid computer system. 

In July the remainder of the 1604-A system was picked up by the South Dakota School of Mining and 
Technology, and was shipped to their weather research facility outside Rapid City, South Dakota. 

The CDC 160-A computer system continues to be operated in a peripheral capacity, performing the 
various tasks associated with any computing center, for example, tape-to-printer operations, card listing and 
duplication, paper tape processing, etc. 
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WORK LOAD AND PERFORMANCE 

The figures which follow give some indication of equipment performance and utilization for the report 
period. Figures 25 and 26 show the hours in use and the hours of downtime for the IBM 360/91 and 
360/75, respectively, with previous experience included for comparison purposes. Figures 27 and 28  
indicate the use of the 360/91 and 360/75, respectively, by the various divisions during 1970. Figure 29 
indicates the work load at the ORNL Computing Center as measured by the number of jobs received per 
scheduled working day; use of the three Calcomp plotter systems is shown in Fig. 30. 
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. .  
Throughout the report period, both computer systems were operated under release 17 of Operating 

System/360 as supplied by IBM and modified by ORNL. Performance was smooth and efficient as 
indicated by the fact that over 140,000 jobs were processed by both systems during the year. This 
represents an increase of over 10,000 jobs from the number of jobs run on these computers last year. 
Toward the end of the period, operating system performance was further enhanced by the introduction of 
the HASP (Houston Automatic Spooling Program) system, which not only handles all input/output 
operations in a more efficient manner, but requires less storage space to do so. (See the section on Systems 
Programming for additional information.) 

Toward the end of the report period, the work load at the center was such that the computer operator 
staff was reorganized once again into three full shifts, although with a fewer number of men per shift than 
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was possible in mid-1969. This step has resulted in improved performance in the Computing Center and was 
accomplished with the addition of just one computer operator. The remainder of the Computer Services 
staff remains at about the level described in the last r e p ~ r t . ~  Their functions have been described in earlier 
reports. 

3 .  Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 58. 
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Mathematical Stat istics 

INTRODUCTION 

D. A. Gardiner 

The Statistics Department of the Mathematics Division continues to be engaged in statistical research 
and consulting in the Oak Ridge area. ORNL statisticians now occupy on a part-time regular basis an office 
in the Biology Division five mornings per week, another office in the Ecology Division three mornings per 
week, and a third office in the Y-12 Technical Department five mornings per week. For several months 
during 1970 an ORNL statistician had been housed with the Y-12 Development Division on a similar basis. 
This activity is in addition to the more or less casual schedule of consulting which takes place with other 
units and divisions in Oak Ridge. Some of this work is reported in the following pages in the section on 
Statistical Applications. 

The department “graduated” another statistician during 1970 when one of its ORAU Fellows was 
granted a Ph.D. degree from Virginia Polytechnic Institute and State University. A summary of his research 
is contained in the Statistical Research section which follows. Because of budget restrictions the Statistics 
Department was not fortunate to have a research participant assigned during the summer nor was it able to 
employ a young graduate student as a temporary summer employee. This kind of association with members 
of the academic community has been a source of stimulation and enjoyment in previous years. Hopefully, it 
will be possible to continue the association in the years to come. 

An IBM 2741 terminal connected to the ORNL IBM 360/75 computer was installed in the spaces of the 
Statistics Department during the year. Together with the commercial time-sharing terminal these devices 
have allowed the statisticians to accomplish numerical calculations in a much shorter period of time. A 
rksumk of this activity is contained in the section on Statistical Programming. 

The Department augmented its educational activities by including in the program of lectures for the 
MIT School of Engineering Practice sessions of statistical consulting wherein the students’ experimental 
programs were planned according to statistical principles. In a program of self-education the Department 
conducted a series of Statistical Seminars which are listed in this report. Currently a series of educational 
sessions on Experiment Design is being planned for the Laboratory. 

129 
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STATISTICAL RESEARCH 

Use of “Design Repair“ to Construct Designs for Special Linear Models 

T. J .  Mitchell F. L. Miller, Jr. 

A technique for augmenting existing data with additional runs has been described in two previous 
reports.’ ,* This method was called “design repair” because of its applicability to situations in which the 
original experiment had been poorly planned or executed. The procedure is simply to choose each new 
experimental design point at the point in the experimental region at which the variance of the fitted 
response is the largest. It has been shown in various examples that the precision of the fitted response over 
the region of interest can be improved substantially in this way. 

This method has been modified to develop an algorithm to construct a complete design in n points for a 
given model. The steps are as follows: 

1. Assign the n points randomly i f  the region of experimentation. 

2 .  Use the design repair technique to augment this n-point design with a single point, namely, that point in 

3. Remove from the collection of n + 1 points that point at which the variance of the fitted response is 

4. Go to step 2 and continue. 

At each stage, we improve the design by adding the point which will do the “most good” and discarding the 
point which will do  the “least harm.” The process is continued until no further improvement can be made. 

Although this approach is still intuitive and the method is not yet well developed, we have applied it to 
the following problem: Consider the model 

the experimental region at which the variance of the fitted response is largest. 

smallest. 

where the region of interest is -1 < x 1  < 1, -1 < x2  < 1. What ten-point design is best for this situation? 
The method described above did not converge to a specific design for two reasons: 

1. The search technique used to add the 1 l t h  point at each stage was a random one, in which a preassigned 
number of randomly selected points were tested for the variance of the fitted response at that point. 
The point at which the maximum variance was found was then chosen as the 11 th  point. 

2. Because of the symmetry of the model, there are a number of “optimal” designs. For example, changing 
any design point from ( X I ,  x 2 )  to ( x l ,  - x 2 )  will not alter the model. We found the method to oscillate 
from one approximately optimal design to another. 

Our results did suggest, however, that the optimal ten-point design for this model belongs to the class 
shown in Table 7, where individual members of the class are identified by a particular value of c and a 
particular choice of plus and minus signs in the last four runs. The estimation matrix X is the matrix of 
coefficients of the p’s in the model. In the last four runs, the final choice of signs and the magnitude of c 

1. Math. Diu. Ann. Progr. Rept. Dee. 31, 1967, ORNL-4236, pp. 43-46. 
2. Math. Diu. Ann. Progr. Rept. Dee. 31, 1968, ORNL4385, pp. 51-60. 
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Table 7. Representation of the class of 
“optimal” ten-point designs for the 

given type of response function 

Design 
matrix 

x1 x2 

Estimation matrix 

1 x12x22 x12x24 x ~ ~ x ~ ~  x ~ ~ x ~ ~  

-1 -1 1 1 1 -1 1 
1 -1 1 1 1 1 1 

-1 1 1 1 1 -1 1 
1 1 1  1 1 1 1 
0 0 1  0 0 0 0 
0 0 1  0 0 0 !4 
fC *1 1 c2 c2 fC3 
fC f1 1 c2 c2 fC3 c4 
f1 fC 1 C2 c4 fC4 c4 
21 fC 1 c2 c4 +e4 c4 

were made so as to maximize Ix‘Xl. (This is a popular design criterion, which can be derived from several 
appro ache^.^) The result specified the last four runs to be: 

We are currently planning to refine this approach to designing experiments and to test it for a wide 
variety of models. 

Design Repair with Several Criteria 

T. J. Mitchell T. L. Hebble 

In two previous reports,’ 72 a design repair technique was proposed to choose further experimental 
points, given an initially run experiment. This method was based on a single design criterion, which was 
shown to be the same as the stepwise minimization of the generalized variance of the coefficient estimates, 
or equivalently, the stepwise maximization of Ix‘Xl. Here, X is the matrix which arises in the formulation 
of the linear model y = Xp + E ,  where y is the vector of observations, E is the vector of “errors,” and p is the 
vector of coefficients to be estimated from the data. 

Although the maximization of Ix‘Xl seems to be the most popular formal design criterion, there are 
others which have been suggested. We have now extended the design repair technique to include the 
simultaneous consideration of three criteria: 

1. the minimization of c1 = Ix‘Xl-’ (i.e., the maximization of Ix‘Xl), 
2. the minimization of c2 = trace of (x‘x>-’, 
3. the minimization of c3 = average variance of the fitted response 6) over the region of interest. 

3. M. J. Box and N: R. Draper, Univ. of Wis. Dept. of Stat. Tech. Rept. No. 207, 1969. 
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Although either c2 or c3 could be used as an alternative to cl,  we are currently considering all three. 
This approach is intended for the experimenter who does not wish to commit himself to a single criterion, 
and who prefers that the computer suggest further points for his consideration rather than determine, 
aibitrarily, the next experimental point. 

Given X for the original design, it is necessary to be able to calculate the change effected in c l ,  c 2 ,  and 
c3 through the addition of a single design point p .  If p were included in the design, X would be augmented 
by a single row, which we call a’, where a‘ depends on p and on the form of the model. We denote the 
augmented X matrix by ?, and let H = (X’X)-’ and 6 = (f7,X“)-l. Then it can be shown that 

where 

= IHI/(l t a‘Ha) , 

tr(6) = tr(H) - [a’H2a/(l t a’Ha)] , 

“new” av V G )  = “old” av V ( y )  - [(E’Ha)’ + a’HVHa] /( 1 t a‘Ha) , 

E and V are the mean vector and covariance matrix, respectively, of a, assuming p has a uniform 

{ I 
distribution over the region of interest. For simple types of region, for example, cubic, exact values of E and 
V can be calculated. In more complicated cases, 

A computer program has been written to apply the method. Starting with the initial X matrix, a 
predetermined number of candidates for the next design point is selected at random from the region of 
interest. The effects of the inclusion of each candidate can be calculated using ( 1 ) .  For each criterion, the 
ten best candidates found by this search are printed out. After viewing the results, the experimenter is then 
required to use his judgment to select the next design point. In general, it is good practice to select a point 
which appears on all three “top ten” lists, even though it may not be in first place on any of them. 
Preliminary examples have indicated that there are generally several such points. 

Once the next design point has been selected, the procedure can be repeated and a set of new points can 
be built up stepwise, just as was done previously for the single criterion. 

and V can be estimated by repeated sampling. 

Tables of Rank Order Probabilities: One-Sample Shift Alternatives 

Claudia S. Lever 

Of considerable interest in the area of statistical tests of hypotheses are tests based on the rank order of 
the observations as opposed to the values of the observations themselves. Examples of such tests are the 
sign test, the Wilcoxon signed rank test, the Fraser test, and more recently the sequential one-sample 
grouped rank test developed by Bradley and Weed.4 What has been lacking in this area is a knowledge of 
the behavior of the tests when the hypotheses tested are false and when the samples are of small or 
moderate size. Such knowledge is important for planning experiments, especially for determining sample 
size. What is required are tables of rank order probabilities when alternative hypotheses are true. 

To this end, a set of tables has been computed for the case where the population sampled has a normal 
distribution with mean of 0 and variance 1. Denote the density function of this distribution by f ix ,  e). Let 
xl, x 2 ,  ..., xN represent the observations from a sample of size N from this distribution and let yl, y 2 ,  ..., 
yN represent the absolute values of these numbers arranged from smallest to largest. Then define z = (zl, 

4. R. A. Bradley and H. D. Weed, Jr., Bull. Internotional Statistical Institute (in press 1969). 
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z 2 ,  ..., z N )  to be the observed rank order, where zi = 1 if yi is the absolute value of a positive number and zi 

= 0 if y i  is the absolute value of a negative number. If Z represents the random vector corresponding to an 
observed vector z ,  then P(Z = zle), the probability of the rank order z, given that the mean of the normal 
distribution is 0 ,  is given by 

This function has been tabled to nine decimal places for all the 2N possible realizations of the vector Z 
f o r N =  1 , 2 ,  ..., 12 and for values of 0 equal to O , O . l ,  0.2,0.4,0.6,0.8, 1.0, 1.5, 2.0, and 3.0. 

The integrals were evaluated by a composite midpoint quadrature formula modified to take into 
account the nonrectangular region of integration. Because of the factorability of the integrand, it was 
possible to use an efficient algorithm which required only Nz X M arithmetic operations instead of MN 
operations, where M is the number of subintervals into which the interval was divided.’ A sequence of 
approximations was calculated, doubling the number of subintervals each time. Then the accuracy of the 
approximations was improved by “extrapolation to the limit” according to the Romberg scheme. 

The tables have been used to calculate the small sample power of the Wilcoxon test, the Fraser test, and 
the sign test against normal shift alternatives. The power of these one-sample tests has been compared with 
the power of the one-sample t test. 

Bradley and Weed developed a sequential one-sample group rank test for Lehman-type alternatives. 
Tables of the distribution of the Wilcoxon signed rank statistic have been prepared from the basic tables to 
aid in performing a sequential grouped rank test for normal shift alternatives. The null hypothesis to be 
tested is that of symmetry about the origin, Ho : F(x) + F(-x) = 1, where F(x) is the normal cdf. The tables 
give the probabilities of the different values of the Wilcoxon statistic W under the null hypothesis PO( WlO) 
and the probabilities under the alternative hypothesis P1(WIB1) for e l  = 0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 1.5, 
2.0, and 3.0. Tables of the log of the sequential probability ratio log [Pl(WIOl)/Po(WIO)] were also 
computed, since the logs are more convenient to use in combining the calculations for different groups. The 
average sample number (ASN) was calculated for groups of size N = 2 ,  ..., 12 for (Y = 0.01 and 0.05. The 
functions needed to calculate the ASN for other values of (Y were also tabulated for the different group 
sizes. 

Canonical Analysis 

J.  J. Beauchamp D. G. Hoe16 

Multivariate experimental situations arise in which one has a set of observation vectors on a collection 
of similar experimental units which have been classified into a number of different experimental groups. 
Canonical analysis is a multivariate statistical technique which may be used to determine what differences 
exist among the groups. Seal7 gives a detailed discussion of canonical analysis. During this year, simulation 
work investigating the multivariate technique of canonical analysis which was mentioned in an earlier 
report8 was completed. 

5 .  The algorithm was developed by R. C. Milton (Rank Order Probabilities Two-Sample Normal Shift Alternatives, 
Wiley, New York, 1970) to evaluate rank order probabilities for two samples, but it was applicable to the one-sample case 
with only a few modifications. 

6. On leave of absence. 
I. H. Seal, Multivariate Statistical Analysis for Biologists, pp. 123-52, Methuen, London, 1968. 
8. Math. Diu. Ann. Progr. Rept. Dee. 31, 1969, ORNL4514, p. 71. 
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A computer program was written to generate, from a specified group of multivariate normal 
distributions, sets of observation vectors of the form displayed in Table 8. The program calculated and 
plotted the first two canonical variates. This plot may be used as a graphical means of differentiating 
between various groups. For all of the simulation work presented here h = 3, N 1  = N2 = N3 = 50, and /*( 
is a p X 1 vector of zeros, where p(l) is the mean vector of the multivariate normal distribution, N ( p ( l ) ,  Z), 
for the first group. Two basic forms of the p X p variance-covariance matrix, C, were used for the 
simulation work. The first form, referred to as the “adjacent” model, is given by 

::: !) 
. .  

0 0 0 . . . p  1 

The second form, referred to as the “power” model, is given by 

Z(! ; ::::-> 

pP-1 p P - 2 p P - 3  .... 1 

The form of the model when p = 0 is referred to as the “independent” model. 
In Table 9 the different models used in the simulation work are given. For all of the models the 

difference between any two of the mean vectors was equal to a constant, that is, pj ( i )  - p.(j‘)  1 is 
independent of j, where pfi )  is the j th  element of the mean vector of the ith group for i = 1 , 2 , 3  and j = 1 ,  
2 ,..., p.LetAj=p.(i’1) - p . ( 1 ) = p . ( i + ’ ) , s i n c e p . ( ’ ) = O .  

I I I I 
The following are a few conclusions observed from this simulation study: 
1. The range of the second canonical variate does not change significantly for either the “adjacent” or 

“power” model. For both models the negative values of p appear to give better separation of the groups. 

Table 8. General example of data 

Group h Group 1 Group i Variate or 

observed 
characteristic Observation vector No. Observation vector No. Observation vector No. 

1 2 N1 1 2 Ni 1 2 Nh 

. 
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Table 9. Simulation models 

Case Model type P P A1 A2 

1 
2 
3 
4 
5 
6 
I 
8 
9 

10  
11 
12 
13 
14 

Adjacent 
Adjacent 
Adjacent 
Adjacent 
Adjacent 
Adjacent 
Adjacent 
Independent 
Power 
Power 
Power 
Power 
Power 
Power 

-0.95 
-0.50 
-0.50 
-0.50 
-0.50 

0.50 
0.95 

0 
-0.95 
-0.50 
-0.50 
-0.50 

0.50 
0.95 

10 
4 
6 

10 
10  
10  
10  
10 
1 0  
4 
6 

10 
10 
10  

1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 

~ 

2 
2 
2 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 .  For the “adjacent” model and a fixed value of p ,  the range of the second canonical variate does not 
change significantly as p changes. There was a discernible separation of the first two canonical variates into 
three distinct groups for the values of p considered, and this separation was more evident for the large 
values of p than it was for the small values. 

3.  For the “power” model and a fixed value of p ,  the range of the second canonical variate does not 
appear to change significantly as p changes. For all the values of p considered, there was a discernible 
separation of the first two canonical variates into three distinct groups, and this separation appeared to 
improve a s p  increased. 

4. The “adjacent” model appears to separate the first two canonical variates better than the “power” 
model. In addition, there appears to be a value of p which optimizes the separation of the groups under 
consideration, and this value is not necessarily the same for the two models investigated. 

5. The first two canonical variates also do a good job of separating the groups for the case when the p 
variates observed are all independent, that is, p = 0. 

6 .  For the particular case when the observation vectors for the first two groups come from the same 
distribution and the third group come from a different distribution, the first two canonical variates from 
the first two groups fell in the same general region, indicating no separation of these groups, which is 
desirable, and, for the third group, the canonical variates fell in an entirely disjoint region, showing very 
good separation. 

7. The first canonical variate is performing most of the separation of the groups, and it is doubtful any 
of the canonical variates beyond the first two will add to the separation of the various groups. 

The computer program has the additional option that one may calculate and plot the first two 
canonical variates for the case when the data are already available in the form given in Table 8. As an 
indication of the uncertainty of the location of the various groups, “circles of uncertainty” may also be 
included as an option of this program. For the ith group the circle of uncertainty has its center at the point 
( m l ,  m 2 )  and radius ri. The values of m, and m2 are, respectively, the first and second canonical variates of 
the p X 1 vector ; ( j ) ,  whose j t h  element is given by 
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where i = 1 , 2 ,  ..., h and j = 1 , 2 ,  ..., p .  The radius ri is equal to t / f i . ,  where t is the appropriate Student’s t 
statistic with 

h 

i= 1 
C ( N i - 1 )  

degrees of freedom. In Figs. 31 and 32 plots of the first two canonical variates for cases 5 and 12 from 
Table 9 are shown. In Fig. 33 an example of the circles of uncertainty is shown using the data from an 
article by Horton et ai.’ A report compiling the results from this simulation study is in preparation. 

Multiple Range Test for Slopes of Regression Lines 

J. J. Beauchamp 

An extension of Duncan’s multiple range test will be given which may be applied to the comparison of 
estimates of slopes of regression lines. A brief description of Duncan’s multiple range test applied to the 
comparison of means from samples of equal size is given by Li,’ and an extension of this test to the case 
of unequal sample sizes is given in an article by Kramer.” The ideas from Gamer’s article will be used 
extensively in the following discussion. 

Assume that we have k linear regression equations specified by 

where i = 1,2, ..., k; j = 1 , 2 ,  ..., ni- y i  and eii are normally distributed random variables with means ai + pixi 

and 0, respectively, and the variance ofyii = variance of eii = u2. Note that u2 is assumed to be independent 
of i and j .  From the observed values of the random variable yii estimates of the parameters fll, ..., flk are 
available which are also normally distributed. The present aim is to propose a multiple range test of the 
estimates of PI , ..., P k  that will test which of these parameters differ significantly from each other. 

A A 
Let P I ,  ..., Pk be the estimates of the parameters of interest. From each of the k regression equations an 

estimate of u2 is obtained and denoted by 

.z (obs yii - pred yii)’ 
,q,2 = I = ]  
-1 ni - 2 

= error mean square from the regression analysis for the ith regression equation. 

It is known that (ni - 2)siz/u2 has a x2 distribution with ni - 2 degrees of freedom. A pooled estimate of 
u2 is obtained by using 

9. I. F. Horton, J .  S. Russell, and A. W. Moore, Biometrics 24, 858 (1968). 
10.  J. C. R. Li, Introduction to Statistical Inference, pp. 529-30, Edwards Brothers, 1957. 
11. C. Y. Kramer, Biometrics 12,307-10 (1956). 
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Fig. 31. First two canonical variates for case 5. 
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Fig. 32. First two canonical variates for case 12. 
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ORNL-DWG 71-2059 

o=GROUP 1 0 =GROUP 5 0 = GROUP 9 

*=GROUP 3 + =GROUP 7 v = G R O U P  11 
A=GROUP 2 A =GROUP 6 = GROUP 10 

-24 -22 -20 -18 -16 -14 -42 -40 -8 -6 -4 

FIRST CANONICAL VARIATE 

Fig. 33. Example of 95% circles of uncertainty with h = 12, p = 9, N1 = Nz = ... = N12 = 4. 

The statistic 

k 
2 (ni - 2)S2/o2 
i= 1 

has a x2 distribution with 

k 

i= 1 
Z ( n i - 2 )  

degrees of freedom. On ranking the estimates of the regression coefficients from low to high, suppose the 
ranking becomes 

In order for ol and P I r  to be judged significantly different, 
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must exceed some value denoted by rp ,u ,  where p is the number of regression coefficients involved in the 
comparison and u is the number of degrees of freedom associated with the estimate of 0'. 

From the assumptions mentioned earlier, it is known that var&) is proportional to 0'. Therefore let 
the estimate of var(&), i = 1, 2, ..., k, be given by s2 gj(x). Hence in order for /3/ and to be judged 
significantly different, the following inequality should be satisfied: 

where z p , u  = fi rP,.  is the value appearing in the tabled values of Duncan's significant Studentized ranges. 

Bibliography of Mixture Designs 

T. L. Hebble 

There have been recent advances in statistical techniques for studying mixtures in which it is desirable 
to find the optimum combination of components. Most statistically designed experiments require that the 
controllable variables be independent of one another. This is not possible in the case of mixtures since the 
component fractions must add up to unity. 

To meet the increasing need for statistical design and analysis of mixtures, a bibliography on the subject 
of mixture designs has been compiled. A report listing the sources and a short text is being prepared, and 
efforts will be made to maintain a copy of each reference. 

Probability that a Nucleus Will Be Detected in a Tissue Section 

W. E. Lever V. R. R. Uppuluri 

It is of interest to estimate the number of nuclei that are cut and exposed on any one surface of a tissue 
section. In order to do this, all the nuclei are-assumed to be spherical, to have the same diameter 2R, and to 
be homogeneously spread on the tissue. Let w denote the thickness of the section. A typical configuration 
of nuclei on a tissue section is shown in Fig. 34. 

ORNL-DWG 74-2060 

R+ w 

R 

0 

Fig. 34. Typical configurations of nuclei on a tissue section. Circles denote nuclei; the area between the solid black 
lines (R < y < R + w )  denotes the section. 
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Then it is of interest to estimate the number of nuclei which can be detected, that is, nuclei that are cut 
only by the upper side of the section. The problem is considered in the following general way. If a portion 
of the nucleus is in the section, it can only be detected if the nucleus is cut by the upper side in such a way 
that the distance between this side and the center of the nucleus is at most 1. 

If a nucleus intersects the section in some way, the y coordinate of the center of the circle must vary 
between 0 and 2R + w. However, if the nucleus is to be detected, t h e y  coordinate must vary between R + 
w - 1 and R + w + 1. Now, if the nuclei are randomly distributed throughout the tissue, the probability 
distribution of the center of a nucleus Y is a uniform distribution with density function 

1 fb) = Tww' O G y G 2 R t w .  

The probability that a nucleus may be detected is given by 

IIR Prob [ R t w - l < y < R + w + l ]  = E+:-: 2&w d t  = 1 + w/2R ' 

In the special case 1 = R, all nuclei that touch the upper boundary of the section will be detected. In this 
case, the probability of detecting a cell is given by 

1 - W 
- 1-- -1- -  

where s = 2R/w = nuclear diametertsection thickness. 
A short table giving the expected percentages of nuclei that may be detected is given as Table 10 for the 

special case 1 = R and for the case 1 = 'I2R. For the case 1 = R, the detection o f  a nucleus when two or three 
types of nuclei are in the section was also considered. 

Two kinds of nuclei. Suppose there are two kinds of nuclei, one type of radius R and the other of 
radius OR (0 < O < 1). Let them be mixed homogeneously in the proportion a: 1 - a on the tissue (0 G (Y G 

2R - 1 
I 1 +w/2R 2 R + w  2R + w l t s '  

1). 

Table 10. Expected percentages 
of nuclei that may be detected 

s = nuclear diameter/section 
thickness 

~ 

S l = R  1 = '/2R 

'4 20.00 

'A 33.33 

'13 25 .OO 

1 50.00 
2 66.67 
3 75.00 
4 80.00 
5 83.33 
6 85.71 
I 87.50 
8 88.89 
9 90.00 
10 90.91 

10.00 

12.50 

16.67 

25.00 
33.33 
37.50 
40.00 
41.67 
42.86 
43.75 
44.44 
45.00 
45.45 
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Given that a nucleus is in the section, the probability of detecting it can be shown to be 

where 0 < s = 2R/w, 0 < 0 < 1,0  <a < 1. 
For a given (a, 0 ,  s), 100 P(a, 8 ,  s) gives the expected percent of nuclei detected. 
Three kinds of nuclei. Suppose there are three kinds of nuclei: one type of radius R, another type of 

radius B2R, and the third type of radius 03R.  Let them be mixed homogeneously on the tissue in the 
proportion a1 :a2 : 1 - a1 - a2. 

Given that a nucleus is in the section, the probability of detecting it can be shown to be 

where 0 < s  = 2R/w, 0 < 0 2 ,  e 3  < 1,0  < a l ,  a2 < 1. 
For a given ( a l ,  a 2 ,  0 2 ,  e 3 ,  s), 100P(al, a 2 ,  e l ,  0 2 ,  s) gives the expected percent of nuclei detected. 

Sample Size Requirements 

D. G. Hoe16 Kim 0. Bowman 

An experimenter who is interested in determining sample sizes necessary for testing hypotheses about 
the equality of several Gaussian means in a one-way analysis of variance can refer to one or several of the 
existing articles on this subject in the statistical literature. Many of the tables which accompany these 
articles are limited in scope, thereby restricting their applicability. As a result, the experimenter has been 
obliged to operate within a narrow range of tabulated values, or to  evaluate the appropriate mathematical 
function for each specific set of conditions. Both situations are constraining, and neither has encouraged a 
wider use of correct techniques for determining adequate sample sizes by the very people who are 
performing experiments. 

As far as the statistician is concerned, answers to questions concerning adequate sample size in an 
analysis of variance situation depend on such things as the number of categories to be compared, the levels 
of risk the experimenter is willing to assume, and some knowledge of the noncentrality parameter. The 
experimenter, on the other hand, can deal better intuitively with an estimate of the standardized range of 
the means than with the noncentrality parameter. Tables’ have been developed which are oriented toward 
the experimenter, and present maximum values of the standardized range T when the means of k groups 
each containing N observations are being compared at  a and 0 levels of risk, where 

1. T is the difference between the largest and the smallest of the k means, divided by the standard 
deviation ; 

2. a is the probability of a “type I error,” or the risk an experimenter is willing to take in rejecting the null 
hypothesis when it is true; 

3. 0 is the probability of a “type I1 error,” or the risk an experimenter is willing to take in accepting the 
null hypothesis when it is false. The quantity 1 - 0 is the “power” of the test, or the probability of 
detecting a prescribed difference. 

12. M. A. Kastenbaum, D. G. Hoel, and K. 0. Bowman, Sample Size Requirements: Tests of Equality of Several 
Gaussian Means, ORNL-4468 (1969). 
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If X i l ,  X i * ,  ..., Xi ,  (i = 1, ..., k )  are n independent normally distributed random variables each having 
mean pi and variance u2 ,  then the usual test for 

is based upon the F statistic. Defining 

k 

i= 1 
F =  Z Pilk 

and 

it follows that the F statistic is distributed as a noncentral F distribution withf’ = k - 1 andf2 = k(n - 1) 
degrees of freedom and noncentrality parameter 

k 

i= 1 
h = n  Z 6i2/2a2 

Various tables have been produced which give either the power of the F test or the noncentrality parameter 
for a fixed type I1 error P.  In experimental situations, however, one has a better “feel” for the standardized 
maximum difference between any two means, 

than for the noncentrality parameter h. Therefore, the preference is for tables of 7.  Although the power is 
not a function of 7 it can easily be shown that 

7 < 2 m = @ w  

for all pi  other than pmax and pmin. Therefore, values of 2 m ,  which give the maximum possible 
difference between any two standardized means, appear in the tables.’ These values of 7 are given for: 

a = 0.01,0.05,0.1,0.2 
P = 0.005,0.01,0.025,0.05,0.1,0.2,0.3,0.4 

k = 2 (1) 6 
N =  2 (1) 30 (5) 50 (10) 100 (50) 200 (100) 500 (500) 1000 

An additional set of tables has been developed for testing treatment effects in a randomized block 
design. Maximum values of the standardized range of the treatment means are tabulated for k = 2 (1) 6 
treatments; b = 2 (1) 5 b1ocks;N = 1 (1) 30 (2) 50 (5) 100 observations per cell; and (Y = 0.01,0.05 and = 

0.005,0.01,0.025,0.05,0.1,0.2,0.3,0.4 levels of risk. 

13.  M. A. Kastenbaum, D. G.  Hod, and K. 0. Bowman, Adequate Sample Sizes for Randomized Block Designs, 
ORNL-4527 (1970). 
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Some Modifications of Play-the-Winner Sampling for Selecting the Better of Two Binominal Populations 

D. G. Hoe16 

For selecting the better of two binomial populations with play-the-winner sampling, Sobel and Weiss’ 
have considered the following procedure. 

“Let SA and S, be the number of A successes and B successes, respectively, let A = p - p’  2 0, and let 
P* and A* be probabilities specified by the experimenter. The procedure R, declares treatment i to be the 
better one when Si - Si = r (where j is the other treatment). The integer r is chosen to be the smallest such 
that 

P(CS) 2 P* whenever A 2 A* .” (1 1 

We consider the following modification of R,. Treatment i is declared the better when Rij = S i  + - 

(Si + Fi) = r .  Since play-the-winner sampling is used, we have IFi - Fil < 1, and thus the modified 
procedure will not differ much from R,. 

The same analysis as Sobel and Weiss employed can be easily applied to the procedure. To begin, let 

Pn = Prob A is selected I R, ,  = n ,  N T =  A , 

Qn = Prob A is selected I R, , = n, N T =  B ]  , 
{ I 
{ 

where NT = A means the next trial is from population A .  From the definition of the procedure it can be 
shown that 

where p (’p’) is the probability of success from population A (B). Using the boundary conditions Pr = 1, Q-,. 

= 0 the solution of (3) is 

p’q’ - p q v + n  

p’q’ - pqh2‘ 
Pn = > 

I r+n P’4‘ - P 4 
Qn = , 

p’q’ - pqh2‘ 

where X = p‘/p.  The error requirement (1) is equivalent to 

(Po + Q0)/2 2 P* whenever p - p’ 2 A* 

14. M. Sobel and G. H. Weiss, Play-the- Winner Sampling for Selecting the Better of Two Binomial Populations, 
Technical Report No. 123, Department of Statistics, University of Minnesota (1969). 
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Now 

p’q’ - 5: @q + p’q’)h‘ 

p’q’ - pqh2‘ 
(Po + Qo)/2 = 

is an increasing function of r (note: h < 1, r > 1) and is equal to 1 as r + =. Thus there exists a unique 
smallest integer r such that (5) is satisfied. The required value of r is therefore the smallest integer greater 
than or equal to the r found from 

Next, the right-hand side of (6) is an increasing function of A (A > 0), where p = p o  + A/2, p’ = p o  - A/2, 
and h is a decreasing function of A. Therefore r is a decreasing function of A. Thus for A Z A*, P(CS) is 
minimized at A = A*. However, it  is not clear what value of p o  minimizes P(CS). Some sample values are 
given in Table 1 1. 

Continuing with the Sobel and Weiss argument, (6) may be written as 

2 
A‘ = (1 -P*) + 0[(1  -P*)2]  . 

1 +PqlP’q’ 

Thus we find as an approximation to r (P* close to 1) 

r log [2(1 - p*)/log (1 - A*) , (7) 

which is the same value as Sobel and Weiss found for the procedure R,. Table 12 gives a comparison of (7) 
with the correct value of r for the least favorable configuration (i.e., Table 11). 

To obtain expressions for the expected number of observations from each population, we define 

U n = E  N g F A g = n , N T = A  , I 1 
V, = E(N,IR,, = n, N T =  B )  . 

Following the Sobel and Weiss analysis we have 

which yield the solution 

q(r - n )  + (A, - hn )S [ q ( 2  - 1 )  + p ]  A’- 
p - p’ (1 - p h  - q P -  ‘ ) ( p  - p ’ )  

un = - 
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Table 11. Values of po which minimize P(CS) 

A* p* = 0.75 P* = 0.90 P* = 0.95 P* = 0.99 

0.1 0.830 0.874 0.890 0.9 14 

0.2 0.777 0.829 0.850 0.881 

Table 12. Values of r required to satisfy the error requirement 

A* = 0.1 A* = 0.2 
P* 

Exact Approx Exact Approx 

0.75 1.6 6.6 3.3 3.1 
0.90 16.7 15.3 7.5 7.2 
0.95 23.2 21.9 10.6 10.3 
0.99 38.0 37.1 17.6 17.5 

The risk as defined by Sobel and Weiss is then 

1 
2 

L = - ( p  - p')(U, + V,) . 

Noticing that Vo = Uo/q - pU1 /q ,  we find that 

1 
L =  ((24. + p)(l - p h  - q P - 1 )  

2(1 -ph-qh2'-')  

+ (2qr+p  - q)[2qh2'-' + P A ' -  (1 +q)h'- ' l ] .  ( 1 1 )  

To obtain E(N,) we switch p and p f  (also q and 4') in the expression for E(N,) = '4 (UO + VO).  Then the 
total expected number of observations E(N) is equal to E(N,) + E(N,). Performing this we find 

{- (1 - p x  - q P - 1 )  [p(l - h)(B - l)] 
1 

E(N) = 
2p(l - X)(1 - p h  - q P - 1 )  

+ [B  - 2hp(r - 1) - 1 1  [2(1 - hp) + Y ( p  - 2 + hp)] 

+ [2q(r- 1 ) +  1 3  [ 2 q P - '  + p K  - ( 1  + q ) V - ' I }  . 

A Nonparametric Model for Competing Risks 

D. G. Hoe16 H. E. Walburg' 

In a previous report16 cohort mortality data were represented by a probabilistic combination of 
competing risks (diseases). Each risk Si was described by an age-at-death distribution Fi and a net 
probability of occurrences p i  (i = 1 ,  ... , k).  In the report it was assumed that the age-at-death distribution 

15. Biology Division. 
16. Math. Diu. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, pp. 78-80. 
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had a known parametric form. A representation of the data may also be made without this parametric 
assumption as follows. 

Suppose the ages at death are ordered as 0 < t l  < t 2  < ... < I , ,  and let Gi(t)  be the distribution 
function of the cause Si.  The { t i }  are then made up of ages associated with Si and ages of death due to the 
other causes. Thus we can consider the data to be a set of randomly censored observations. Kaplan and 
Meier’ ’ have given a nonparametric maximum likelihood estimate of Gi(t)  which they call the product-limit 
estimate. This estimate is given by 

A 

Ci(t)  = 1 - ll [(n - ri)/(n - ri t I)] , 
‘i 

where ri assumes values for which t < t and t is an age associated with cause Si. They have further shown 
‘i ‘i 

that if the number of deaths at  ages greater than or equal to t tends to infinity as n tends to infinity, then 
G i ( f )  converges in probability to Gj(t) .  
A 

Since the model identifies C,(t) with p i  Fj(t) ,  we estimate the net probability pi by 

and the age-at-death distribution Fj by 

Combining these estimates we find 

A k A A  
F(t) = 1 - n [l - pj Fj(t)] 

i= 0 

k 
= 1 - n [(n -ri)/(n - ri + l)] =r /n  , 

i = O  ri 

A 

where r is the largest integer s such that t ,  < t .  In other words, F(t) is the empirical distribution function 
for the complete set of age-at-death data. 

The calculation of the nonparametric estimates ( 2 )  and (3) is straightforward in comparison with the 
difficulties in obtaining the parameter estimates for a given functional form of Fi(r). An alternative method 
for finding these parametric estimates is to construct a sample based upon the nonparametric estimate Fi of 
Fi. To do this, suppose xl, x2, ... ,xm denote the points of increase of Fi with jumps of size i l ,  
j 2 ,  ... , j ,  [i.e., ;(xi) - &xi-) = j i ]  . Since each j i  is a rational we let j i  = hi/di integers (i = 1, ... , m )  and 

define d = II di.  Then a sample withiid observations equal to xi (i = 1, ... , m )  will have Fi as its empirical 

distribution function. We then propose estimating the parameters of Fj by finding their maximum 
likelihood estimates based upon the constructed sample. The likelihood function for the sample is 

-i 

A 

rn A 

i= 1 

rn 

i= I 
L = n f(Xi)’Id 9 

~~~ ~~ 

17. E. L. Kaplan and P. Meier, J.  Am. Statist. Assoc. 53,457-81 (1958). 



147 

and thus it is required to maximize 

Estimates determined in this manner will naturally differ from the maximum likelihood extimates. 
However, they are generally easier to find. 

Finally, there is a relationship between the product-limit estimate (1) and the usual actuarial-interval 
estimates. To obtain the interval estimates, divide the time axis into m intervals Zi (i = 1 ... , m), and let ni 
denote the number of animals alive at the start of interval I i .  The net probability of death due to risk Si in 
interval 9 is defined as (see Chiang)' 

qij = Pr {an animal alive at the start of $ will die in Zj if 
Si is the only risk acting on the population}. 

From these net interval probabilities we can form a cumulative mortality due to risk Si from the relation 

(Fio = 0),  where Fij is the probability of death due to Si up to and including interval Ij  when Si is the only 
risk acting on the population. 

Now, assume the intervals are sufficiently small so that at most one death occurs in each interval. Most 
estimates of qii, including Chiang's, are then of the form 

A 

4 . .  = 
l/ni if a death due to Si occurs in Ii , 

'I 0 otherwise. 

Let x 1  < x 2  < ... < xr represent the observed deaths due to risk Si, and define si to be the number of 
animals alive before the death at xi .  Now, in the limit as the interval lengths tend to zero, the cumulative 
mortality function (4) has jumps only at the observed deaths xi .  The value of the estimated cumulative 
mortality function at x i  is then 

A 
with F(xo)  = 0. Solving (5) we find 

A 

F ( x ~ )  = 1 - .I? (1-  
j =  1 

whch  can be shown to be equal to the product-limit estimate (1). 

18. C. L. Chiang, Introduction to Stochastic Processes in Biostatistics, Wiley, New York, 1968. 
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Chance Mechanisms Associated with Dirichlet Type I1 Distributions 

V. R. R. Uppuluri Milton Sobel’ 

Definition. The multivariate probability density function 

where 0 < x i  < -;M, N 1 ,  ... , Nr > 0 is called the type I1 Dirichlet distribution. 
A special case 

of this gives the multivariate t distribution defined by Dunnett and Sobel.2 The lower and upper tails of 
t h s  distribution appear in the study of the distribution of the largest and smallest Studentized chi-square 
statistics.” These cumulative integrals also appear in the context of the selection of a subset containing the 
“best” of several type 111  distribution^,^^ and the problem of ranking variances,24 and in the inverse 
sampling procedure for selecting the most probable event in a multionomial distribution2 

A study of cumulative integrals associated with this distribution will be useful for computational 
purposes and for the limiting behavior as some of the parameters tend to infinity. We will illustrate below 
some recursive relations obtained in the case of upper tails. Define 

This is related to the negative multinomial distribution when N 1  , ... Nr are integers.* 

I /  r \  

for M 2 1 with integers j, r 2 0, N 2 1 ,  and a 2 0. 
For M > 1 and r > 0, we get the recursion 

M + N -  2 a N ( 1  + j a y - ’  Dr-l(itl)  ( M + N -  1;N;a). ( 2 )  -.( M - 1  ) [ l  + o’t I ) a ] M + N - 1  

19. Consultant. 
20. I. Olkin and M. Sobel, Biometrihz 52, 161-19 (1965). 
21. C. W. Dunnett and M. Sobel, Biometrika 41,153-69 (1954). 
22. J. V. Armitage and P, R. Krishnaiah, Tables for the Studentized Largest and Smallest Chi-square Distribution and 

23. S. S. Gupta, Ann. Inst. Statist. Math. 14, 199-216 (1963). 
24. R. E. Bechhofer and M. Sobel, Ann. Math. Statist. 25,213-89 (1954). 
25. T. Cacoullos and M. Sobel, “An Inverse-Sampling Procedure for Selecting the Most Probable Event in a 

Their Applications, ARL-64-188 and ARL-218 (1964). 

Multinomial Distribution,” Multi- Variate Analysis I (ed. by P. R. Krishnaiah), pp. 423-55, Academic, New York, 1966. 
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It is easily seen that 

Do(i) (M; N; a) = 1 

D;n (M; N; 0) = 1 

D;i) (M; N; -) = 0 

The boundary conditions for computations are (3) and 

for all M, N, a, and j , (3) 

for all M, N, r, and j , (4) 

for all M, N, r, and j . (5) 

where C = a/( 1 t a). These generalize the results given by Cacoullos and Sobel.2 Similar results are available 
in the case of lower tails. 

On Centro-Hermitian and Centroskew-Hermitian Matrices 

V. R. R. Uppuluri J. A. Carpenter 

In 1962, CollarZ6 discussed some useful methods for the determination of eigenvalues and eigenvectors 
of centrosymmetric and centroskew matrices. These were used by Doner and Uppuluri.2 ’ We now extend 
the results of Collar to matrices with complex elements. 

Let C be an n X n matrix whose elements may be complex numbers. We let C = P + iQ, where P and Q 
are n X n real matrices. It can be shownZ8 that rl is similar to rZ where 

P -Q 
r l = [ Q  P ]  

and 

As pointed out by Householder,28 the results due to Muller and mentioned by Bodewig29 about the I 
eigenvalues and eigenvectors of C can be deduced from this. 

the complex conjugate of cii. 

defined by Collar. Thus we have 

Definition. C is said to be centro-Hermitian if and only if cii = C,+ - i ,  n+ -i, 1 < i, j < n ,  where Cii is 

We immediately see that C is centro-Hermitian implies P is centrosymmetric and Q is centroskew as 

J =  JPJ and Q = -JQJ , 

26. A. R. Collar, Quart. J .  Mech. Appl. Math. 15, 265-81 (1962). 
27. J .  R. Doner and V. R. R. Uppuluri, SIAMJ.  Appl .  Math. 18, 191-209 (1970). 
28. A. S. Householder, “Compound Matrices and Characteristic Roots of a Complex Matrix,” unpublished (1963). 
29. E. Bodewig, Matrix Calculus, Interscience, New York, 1959. 
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where J is the n X n matrix with units in the secondary (counter) diagonal and zeros elsewhere. In fact we 
have the following: 

Theorem 1. The following statements are equivalent. 

I .  C = P + iQ is centro-Hermitian. 
2. P = JPJ (or P is centrosymmetric) and Q = -JQJ (or Q is centroskew). 
3. C = J a .  

Using the similarity of and r2, one can reduce the problem of finding the roots of an n X n complex 
matrix to that of finding the roots of a 2n X 2n real matrix. But as Householder28 said: “As a practical 
matter, whether the advantage of dealing with a real matrix than a complex one offsets the disadvantage of 
the doubled order is open to question.” We will show in the next theorem that if we know a priori that C is 
a centro-Hermitian matrix, then the eigenvalue problem of C is equivalent to finding the eigenvalues of an n 
X n real matrix. 

Theorem 2. If C is a centro-Hermitian matrix, then 

1 .  rl is a centrosymmetric matrix. 
2. rl can be written in the form 

A B J  
r1 = [ JB JAJ] ’ 

where A = P  and B = J Q  . 
3. rl is similar to 

[ ‘6’” P -‘JQ] ’ 

Thus, we have c is similar to P + J Q  and C is similar to P -JQ. We next define a centroskew-Hermitian 
matrix and show that the eigenvalue problem depends only on an n X n real matrix. 

Definition. C is said to be centroskewHermitian if and only if cii = -Ff l+  - i ,  f l+  -i, 1 < i, j < n,  where 
cii is the complex conjugate of cii. 

Theorem 3. The following statements are equivalent: 

1. C = P + iQ is centroskew-Hermitian. 
2. P = -JPJ (or P is centroskew) and Q = JQJ (or Q is centrosymmetric). 
3. C= -Ja. 
4. iC is centro-Hermitian. 

- 

From theorems 3(4) and 2(3) it follows that Q - iP is similar to Q + JP. Thus, to find the eigenvalues of 
a centroskew-Hermitian matrix C = P + iQ, one needs to find the eigenvalues of a n n  X n real matrix Q + JP 
and multiply each of them by i. 

On Wiper’s Conjecture about the Asymptotic Distribution of Eigenvalues 

V. R. R. Uppuluri 

The study of the properties of the eigenvalues of random matrices as related to the energy levels was 
initiated by Wiper and pursued vigorously by a number of  physicist^.^^ In high-energy regions it is 

30. C. E. Porter (ed.), Statistical Theories of Spectra, Academic, New York, 1965. 
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impossible in practice to determine exactly all the energy levels; thus one is interested only in the statistical 
properties of the energy levels in these regions. 

In 1955, Wigner3 ’ showed that the asymptotic distribution of the eigenvalues of a symmetric random 
matrix whose elements take the values +1 and -1 with probabilities ‘4 and ‘4 and whose diagonal elements 
are identically equal to zero is a semicircle distribution. In a recent report3’ we proved a conjecture made 
by W i g r ~ e r ~ ~  indicating the validity of the semicircle limit distribution for more general ensembles. In fact 
we proved the following theorem. 

Let X = (Xii)yi= be a random matrix such that: 

1. X . .  = X.., almost surely (as.); 
2. {X.., i G j }  is independent. 
3. E(Xii)= 0. 
4. E ( X ~ ~ ’ )  = u’, i Zj. 

Denote by Wn(x) the empirical distribution function of the eigenvalues of X/2u fi 

with semicircle density 

Y 11 

‘I 

5. EIXij? GCk <-,It= 1 , 2 ,  ... . 

Theorem. Wn(x) + W(x) as. ,  as n + m, where W(x) is the absolutely continuous distribution function 

This result is stronger than (1) Wigner’s c ~ n j e c t u r e , ~ ~  (2) Grenander’s result,34 and (3) may be compared 
with the result of Arnold.3s 

STATISTICAL APPLICATIONS 

Analytical Chemistry 

Optimizing specific transfer ribonucleic acid assay conditions (T. J. Mitchell and I. B. Rubin3 6 ) .  

Response surface optimization techniques have been used to establish optimum reaction conditions for the 
assay of arginine-, glutamic acid-, and lysine-accepting transfer ribonucleic acids. A list of the 11 variables 
(factors) involved and an outline of the experimental program whi& was developed to determine an 
optimum combination of these variables are given in a previous r e p ~ r t . ~  ’ 

This program has been modified slightly during the past year. The sequence of designs now used is as 
follows: 

1 .  A 16-run fraction of a 4 X Z9 factorial design, in which the four-level factor represents four different 
buffers. Previously, the initial design included a two-level buffer factor and a two-level time of 

31. E. P. Wigner, Ann. Math. 62, 548-64 (1955). 
32. W. H. Olson and V. R. R. Uppuluri, Asymptotic Distribution of Eigenvalues of Random Matrices, ORNL-4603 

(1970). Also to appear in the Proceedings of the Sixth Berkeley Symposium, University of California Press, Berkeley 
(1971). 

33. E. P. Wigner, Ann. Math. 67, 323-26 (1958). 
34. U. Grenander, Probabilities on Algebraic Structures, Wiley, New York, 1963. 
35. L. Arnold, J. Math. Anal. Appl. 20,262-68 (1967). 
36. Analytical Chemistry Division. 
37. Math. Div. Ann. Bog. Rept. Dec. 31, 1968, ORNL-4385, pp. 83-84. 
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incubation factor (now held at one level). The current design permits the estimation of the main effects 
of all ten variables as well as the pH X buffer interaction, assuming all other interactions negligible. 

2. A 16-run fraction of a 2’ factorial design. This plan permits the estimation of all main effects and 
two-factor interactions of five selected variables, chosen to be those whose effects are still in doubt or 
which were shown to be important in the previous design. 

3. A 20-run central composite design in three variables, used to fit a quadratic surface to the three most 
important variables. The fitted equation is then used to estimate the location of the maximum. 

In addition, a separate factorial design in the factors “pH” and “buffer” is run about halfway through the 
program to make a final decision on the buffer to be used. 

In each of the above experiments, every point is replicated. Moreover, it is usually necessary to perform 
several experiments of each type, using the results of each to move to a more favorable region in the factor 
space. As a result, 360 to 540 trials were required for each optimization.performed during the past year. 
This is less than half the number required prior to the introduction of the statistically designed 
experimental program. However, it is still rather large, and we have identified several areas in which further 
reductions can be made. 

Biology 

Effect of diets on spontaneous mutations (T. J. Mitchell and H. V. Malling’ ’). An experiment has been 
performed to determine the frequency of spontaneous mutations in conidia (Neurospora) injected into rats 
which have been fed various diets. The seven diets (treatments) are 

1. normal food, 
2. fresh strawberries, unirradiated, 
3.  fresh strawberries, irradiated at 150 kR, 
4. fresh strawberries, irradiated at 300 kR, 
5. dried strawberries, unirradiated, 
6. dried strawberries, irradiated at 150 kR, 
7. dried strawberries, irradiated at 300 kR. 

To perform the experiment, five suspensions of conidia are prepared. From each suspension, samples are 
taken and injected into rats from each of the seven diets. In this experiment, there was one rat per 
treatment-suspension combination. Thirty-six hours after injection, the rats are sacrificed and .the conidia 
harvested. After harvesting, it is necessary to let the conidia grow in specially prepared jugs (two per rat) so 
that the colonies of mutated cells will be large enough to observe. Then the mutations are counted and the 
mutation rate calculated. 

The data were analyzed as a “randomized block” experiment, with the four suspensions as blocks. One 
suspension was omitted because it has been applied to rats representing only a few of the diets. The initial 
analysis indicated no significant differences among treatments. However, a study of the residuals indicated 
three suspiciously low mutation rates, all of which were zero. The investigator found that the jugs 
associated with these extreme data points were all contaminated and should not be included in the analysis. 
All jugs were then examined for contamination under the same criterion to avoid bias. 

With “missing data” caused by the contaminated jugs, the analysis is not straightforward. Two 
approaches were taken: 

1. Estimate the missing data using good data, and perform a standard analysis, in which treatment 
differences may be compared by means of Duncan’s multiple range test, for example. 

2. Fit a “simple acceptable model” to the data, and attempt to draw inferences from it. 



Both approaches indicated that the irradiated fresh strawberry diets as well as all three dried strawberry 
diets gave a higher mutation rate than the normal food or the unirradiated fresh strawberry diets. A second 
experiment gave the same result, with the puzzling exception that the normal food diet ended up in the 
higher mutation rate group. 

Later experiments have shown that the frequency of ad-3 mutations among the Neurospora conidia 
incubated for 36 hr in the rats increased from 20 to 60 times above the in vitro control. To avoid this 
increase in the spontaneous mutation frequency the conidia were incubated only 18 hr in the rats in the 
two next experiments with strawberry-mixed diet. The results of these two additional experiments need to 
be analyzed in detail before final conclusions can be made. 

Chromosome classification (Claudia S. Lever and Norma C. Hull). The analysis of the human karyotype 
has been discussed in a previous r e p ~ r t . ~  * As a part of this study, the measurements of the chromosomes of 
723 cells from 100 humans (50 males and 50 females) were analyzed to develop an objective means of 
chromosome classification. Mean long and short arm lengths and their respective dispersions were estimated 
for each chromosome. The mean vectors and disperson matrices were used in a program CHROME which 
classifies chromosome measurements and determines a karyotype of the cell. This set of measurements is 
also useful as a source of test data for evaluating various classification procedures. AU the cells had already 
been karyotyped by a skilled cytogeneticist, and her classification was the standard used for comparison. 

Minkler, Gofman, and Tandy3 have developed a “cutting line” diagram to classify the chromosomes in 
a cell into different groups (Al ,  A2, A3, B, C + X, D, E16, E(17 + 18), F, G + Y) according to the Denver 
system. The classification is determined by the total arm length of a chromosome normalized by the total 
length of all the chromosomes in the cell and by the centromeric index, which is the ratio of the short arm 
length to the total arm length of a chromosome. Figure 35 shows the “cutting line” diagram with the 
boundaries for the different classes. The chromosomes whose measurements fall outside these boundaries 
are defined as marker chromosomes. 

All the measurements of the chromosome 16 (that is, the chromosomes classified as 16 by the 
cytogeneticist) from the 723 cells were plotted on the cutting line diagram to see how many points fall in 
the El6 box. Other chromosome measurements were plotted the same way. Figure 36 shows the El6  
chromosomes and AI chromosomes on the same plot. The El6 chromosome is of particular interest because 
the abnormal cells studied by Minkler et al. consistently showed an excess of El6 chromosomes. The Al 
chromosome measurements were plotted for comparison purposes because the abnormal cells showed the 
greatest imbalance between the number of El6  chromosomes and the number of Al chromosomes. The 
lengths were scaled to put the maximum number of El 6 points in the El 6 box. This scale shifted many of 
the Al points out of the Al box (Fig. 36). The mean centromeric index of chromosome 16 for the 723 cells 
is 0.367, which is below the boundary for E16, 0.395. This accounts for the large percentage of the 16’s 
falling outside the El6 area. This plot does suggest that the imbalance between the number of chromosome 
16’s and the number of chromosome 1’s could be caused by the choice of scaling factor. When the scale 
factor was chosen to put the maximum number of Al chromosomes in the Al box, most of the,E16 
chromosomes fell in the F area. 

There may be some disagreement among cytogeneticists about the classification of particular 
chromosomes, but there is general agreement on the correct number of chromosomes in each group. For 
each of 723 cells, the number of chromosomes in each of the areas of the “cutting line” diagram was 

.- 
38. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 123. 
39. J. L. Minkler, J. W. Gofman, and R. L. Tandy, UCRL-72191 (1969). 



0.5 

0.4 

X 
W 
0 
g 0.3 
2 
Lz 
W 
I 
0 
Lz c z 
W 
0 

0 

- 0.2 
u 

0. 

0 

F 

n 
2 

AARKER 
1 

- 0.2 

I A (  

E ( 6  

- c + x  

A 2  

154 

ORNL-OWG 71-2061 

(E(7+18) 

1 

I I 1  I l l  I I I I I 
7.7 916 

I I I I I  

MARKER I5 

G +Y 
IARKER D M A R K E R 3  

MARKER 5 

2 4 6 8 10 42 44 16 48 20 
L .  LENGTH ( p )  

Fig. 35. Cutting line diagram. 

counted. Tables 13 and 14 give, for males and females respectively, the expected mean number in each 
group, the actual mean number in each group, and the standard error of the mean. 

In these tables, the data were scaled only by the total chromosome length. Different scale factors were 
used to shift the data to the right or left on the “cutting line” diagram, but no factor was found which 
accurately classified most of the cells. The variation in this set of normal cells is too large for the “cutting 
line” diagram to be successful for classification. 

Detection of chemically induced mutation in mice (D. G. Hoe16 and D. G. Gosslee). Alkylating 
compounds are being extensively investigated for genetic effects in mice. Mutagenic effect of compounds, 
such as ethyl methanesulfonate (EMS), can be investigated through their ability to induce heritable 
translocations - a direct measure of chromosome breakage. These chemically induced translocations cause 
sterility and semisterility. The current procedure used for measurement of translocation induction is to test 
F1 male progeny of treated parents for sterility or semisterility by mating each one to three or more 
different females. Each female is opened prior to giving birth, and the number of implants and the number 
of live embryos are counted. Detection of sterile translocations is straightforward, but, because of ( 1 )  the 
natural variation in the fertility of background females and (2) chance variations in the type of sperm used 
in fertilization, detection of semisterile males is more difficult. From the fertility data on three or more 
females, a semisterile male is expected to sire half as many live embryos as a normal male. This procedure 
for detecting translocation males is obviously expensive and requires a good deal of animal handling and 

. 
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. 
record keeping. The procedure described below reduces the time and cost of testing for semisterility 
considerably, hence it is more suitable for widescale screening. 

Each F, male to be tested is caged with a female of the (SEC X C57B1)F1 strain, and the young 
produced are counted and discarded immediately. If the size of the first litter is large enough, the F1 male 
is declared fertile and removed from the experiment. If the first litter is not large enough, a second litter 
from the same mating is observed with the same rule applying. Detailed study is then made on the 
remaining F1 males. It should be noted that no mouse is declared semisterile on the basis of these first two 
litter sizes. However, it is expected that the majority of the fertile animals will be eliminated from the 
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Table 13. Classification of 362 normal male cells 
~ 

Group Expected number per cell Mean number per cell Standard error of mean 

A1 
A2 
A3 
B 
c + x  
D 
E16 
E(17 + 18) 
F 
G + Y  
Marker 1 
Marker 3 
Marker 4 
Marker 5 
Marker 15 

2.00 
2.00 
2.00 
4.00 

15.00 
6.00 
2.00 
4.00 
4.00 
5.00 
0.0 
0.0 
0.0 
0.0 
0.0 

1.754 
2.702 
1.345 
4.738 

12.135 
5.425 
0.453 
3.102 
4.508 
4.35 1 
0.644 
0.580 
1.729 
0.425 
2.108 

0.042 
0.054 
0.042 
0.065 
0.132 
0.042 
0.036 
0.084 
0.093 
0.066 
0.071 
0.036 
0.097 
0.050 
0.135 

Table 14. Classification of 361 normal female cells 

Group Expected number per cell Mean number per cell Standard error of mean 

A1 
A2 
A3 
B 
c + x  
D 
E16 
E (17 + 18) 
F 
G + Y  

. Marker 1 
Marker 3 
Marker 4 
Marker 5 
Marker 15 

2.00 
2.00 
2.00 
4.00 

16.00 
6.00 
2.00 
4.00 
4.00 
4.00 
0.0 
0.0 
0.0 
0.0 
0.0 

~~ 

1.701 
2.634 
1.399 
4.65 1 

13.288 
5.440 
0.432 
3.330 
4.693 
3.532 
0.526 
0.501 
1.709 
0.330 
1.834 

~ ~~ 

0.042 
0.05 1 
0.044 
0.065 
0.125 
0.040 
0.035 
0.085 
0.098 
0.055 
0.059 
0.036 
0.097 
0.041 
0.132 

experiment on the basis of the two litter sizes. This procedure is possible only because of the extremely 
good reproductive performance of the (SEC X C57B1)F1 females. 

To obtain information on litter sizes for the particular strain of animals being considered, the litter sizes 
for matings with 899 fertile male mice were found for the first two litters. From these data estimates were 
made of the probability fi,. that a fertile male would have a litter of size j on its i th  litter (i = 1,2; j = 1, 
2, ...). Let p denote the probability that a fertilization produces a newborn mouse with a semisterile father 
when it would have done so with a fertile father. Then the probability that a semisterile male has an ith 
litter size of s is equal to 

ii fin (;) p s  (1 - p y - s  , 
n=s 
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which is denoted hj(s), i = 1 ,  2; s = 0, 1 ,  2,  ... . Since a litter size of zero is not observed the estimated 
conditional probability that the ith litter of a semisterile mouse is of size s is 

The estimates of the litter sizes of semisterile mice obtained from the large sample of fertile mice were 
checked by comparison with litter sizes from a limited number of actual semisterile mice. The estimated 
sizes agree well enough to be used until more litters from semisterile mice can be obtained. These estimated 
litter sizes can be used to construct the screening procedure as described in the next paragraph. 

If the first litter is of size n ,  or larger, declare the mouse fertile; otherwise the second litter is produced. 
If the second litter is of size n2 or larger, declare the mouse fertile. Now, n l  and n2 are chosen to maximize 
the number of fertile mice eliminated while keeping the probability of declaring a semisterile mouse to be 
fertile below a preassigned level. For example, for two sets of n’s, estimates of the percentage of males 
declared fertile (%F) and the risk of declaring a semisterile mouse fertile (%R) are given in the following 
table. 

9 10 96.1 1.1 

10 11 86.1 0.2 

Thus, a large percentage of the males can be declared fertile by the simple procedure of counting the 
number of live births in at most two litters with a small risk of declaring a semisterile male as fertile. The 
overall objective is to be able to make a decision on the fertility of each F1 male as early as possible. Since 
(SEC X C57B1)F1 females normally produce 12 good litters, it is now possible to test several F1 males per 
female instead of sacrificing three or more females per F1 male as in the old procedure. 

Sample size determination (J. J.  Beauchamp and Paul Nettesheim’ ’). It is important in planning an 
investigation to estimate the sample size required to have a reasonable chance of correctly declaring positive 
results. In Table 15, ratios of the percentage incidence of people in two communities, C1 and C2, classified 
according to the criteria of interest are recorded. For example, the ratio 89/77 means 89% of the people in 
C1 and 77% of the people in C2 are classified as “normal nonsmokers.” For each cell in this table it is 
desired to determine what sample size should be taken from each community in order to state that the 
percentages from the two communities are significantly different. 

The method applied to determine the sample size made use of the normal approximation to the 
binomial distribution. For any arbitrary but fixed cell let 

p 1  = probability of falling in this cell for community C1, 

p 2  = probability of falling in this cell for community C2, 

Table 15. Ratios of percentage incidence for two communities 

Abnormal 
All normal All abnormal 

I I1 111 

Nonsmokers 89/77 10120 112 011 11/23 
Smokers, <10 per day 75/50 20140 418 112 25/50 

Smokers, >10 per day 75/50 20140 418 112 25/50 
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A = P 1  -P2 ,  

2, =abscissa of standard normal density cutting off a portion equal to a /2  in each tail of the 
distribution. 

With these definitions the sample size from each community needed to declare with a reasonable chance the 
observed proportions as significantly different at the a level of significance is given by 

In Table 16 the values of n for the different cells of Table 15 are given for various values of a. All of the 
values given in this table were found by Eq. (l), except the entries in the “abnormal 111 nonsmokers” cell. 
In this cell the normal approximation was not used since p1 = 0. Therefore the exact probability for this 
cell was determined for various sample sizes under the null hypothesis of no difference between C1 and C2. 
When this probability bounded the level of significance, a, for two successive sample sizes these were 
recorded in Table 16. 

Probabilistic modeling of pathology data (D. G.  Hoe16 and H. E. Walburg’ ). The nonparametric 
approach summarized in the research section of this report4 describing the age-at-death distributions for 
pathology data has been applied to laboratory animal experiments. It was found that this method agreed 
with the classical actuarial interval estimates as the intervals were made arbitrarily small. For purposes of 
comparing treated groups with controls the estimated mean and standard error of the age-at-death 
distributions proved to be useful in suggesting statistical differences. The results agreed well with the 
experimenter’s evaluation of the effect of a treatment on a particular disease mechanism. 

Survival distributions (W. E. Lever and T. Makinodan’ ’). In order to investigate the possible effect of 
living conditions on the survival of mice, 797 mice were allowed to complete their normal life-spans and die 
of natural causes. All of the mice spent the first six weeks of their life on a conventional farm. After this 
period 403 of the mice were moved to a dirty farm. 

To ensure that a seasonal bias did not occur, mice born in each of the four seasons were used in the 
experiment. However, since a significant seasonal pattern did not appear in the survival times, the seasonal 
birth classification was not considered further. 

To illustrate the survival distributions of the mice, abridged cohort life tables were constructed for both 
male and female mice for each of the farms. The tables were calculated utilizing information only from the 
cohort in question and were abridged to 50-day intervals. 

The life tables were constructed using the methods given by Chiang?’ For each time interval the 
following estimates or data were presented: 

1. The estimated probability Q that an animal will die in a particular interval if it is alive at the beginning 

2. The standard error of Q. 

3. The estimated additional life E of an animal if it is alive at the beginning of a time interval. 

4. The standard error of E. 

of the interval. 

40. D. G. Hoe1 and H. E. Walburg, “A Nonparametric Model for  Competing Risks,” this report. 
41. C. L. Chiang, Introduction to Stochastic Processes in Biostatistics, pp. 189-241, Wiley, New York, 1968. 
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Table 16. Sample sizes needed to have a reasonable chance of declaring observed proportions as significantly different 

. Abnormal 
All normal All abnormal Level of 

significance I I1 111 

Nonsmokers 0.05 74 97 1134 500-600 74 
0.01 127 166 1958 , 700-800 127 
0.005 151 198 2330 800-900 15 1 
0.002 183 239 2817 900-1000 183 

Smokers, <10 per day 0.05 27 39 269 1134 27 
0.01 47 67 465 1958 47 
0.005 56 79 553 2330 56 
0.002 67 96 669 281 7 67 

Smokers, >10 per day 0.05 27 39 269 1134 27 
0.01 47 67 465 1958 47 
0.005 56 79 553 2330 56 
0.002 67 96 669 2817 67 

Table 17. Life table for males raised on the dirty farm 

Interval Q S(Q) E N E )  D L 

0-599 0 0 958.4 10.3 0 199 

650-699 0.041 0.014 315.1 9.9 8 195 
700-749 0.027 0.012 277.1 9.4 5 187 
750-799 0.082 0.02 233.9 9.2 15 182 

850-899 0.182 0.031 162 8.4 29 159 

600-649 0.02 0.01 358.4 10.3 4 199 

800-849 0.048 0.017 202.9 8.6 8 167 

900-949 0.231 0.037 142.4 8.1 30 130 
950-999 0.18 0.038 127.9 7.5 18 100 

1000-1049 0.293 0.05 100.5 7.1 24 82 
1050-1099 0.379 0.064 82.1 6.4 22 58 
1100-1149 0.472 0.083 63.3 5.9 17 36 
1150-1199 0.579 0.113 44 4.3 11 19 
1200-1249 1 0 16 0 8 8  

5. The number of animals D which died in a particular time interval. 

6. The number of animals L which were alive at the beginning of a time interval. 

The life table for the cohort “males raised in the dirty farm” is listed as an example (see Table 17). To 
illustrate how this life table is read, consider the interval 900 to 949 days. There were 130 mice alive at 
the end of 899 days, and they lived an average of 142.4 additional days. During the interval 900 to 949 
days 30 (23.1%) of the 130 mice died. 

In this life table the time intervals between 0 and 600 days are combined, since none of the members of 
the cohort died before 600 days. Also, the estimated additional life given for the 0-to-600-day interval can 
be interpreted as the mean life-span of the animals in this cohort. 

In addition to describing the survival characteristics of the cohorts, the information given in the four 
life tables was used to compare the survival characteristics of the four cohorts. These comparisons were 
based on the fact that the number of animals which died in an interval is a multinomial random variable. 

The comparisons yield the following information: The survival distributions for males raised on the 
dirty farm and males raised on the clean farm were not significantly different. A similar result held for 



160 

females. However, while the survival distributions of males and females raised on the clean farm were not 
significantly different, the males raised on the dirty farm lived significantly longer than the females raised 
on the dirty farm. 

The results of these comparisons are illustrated in Fig. 37, which shows the estimated additional life 
curves for each of the four cohorts. 

Additional survival studies are being planned where the mice will be subjected to some external stimuli. 
The survival distributions generated by these experiments will then be compared with the survival 
distributions reported here to see if the stimuli produced significant changes in the survival characteristics 
of the mice. 

Tentative design for a proposed dose-dose-rate experiment (T. J.  Mitchell, F. L. Miller, Jr., and M. A. 
K a ~ t e n b a u m ~ ~ ) .  An experimental design has been proposed as the basis for a study of the effect of dose 
rate and total dose on the life expectancy in irradiated LAFl male mice. The design is laid out below with 
X denoting 200 mice and Y denoting 100 mice. 

400 X X X 
2 0 0 X Y Y  Y Y x 

Total Dose (rads) 100 Y Y X 
5 0 X Y Y  Y Y x 
25 X X x 

1 5 25 125 625 3125 

Dose Rate (rads/day) 

The sample sizes are tentative, and only those at dose rates 5 and 125 radslday have been based directly 
on statistical considerations. These considerations are: 

1. It is assumed t.hat a quadratic model for life expectancy as a function of total dose will give an adequate 
fit to the data at each dose rate. 

2. It is assumed that the standard deviation of the lifetime is 20% of the expected lifetime, so that the 
standard deviation of the log lifetime is approximately 0.2. 

Under the above assumptions, the fitted curve will be sufficiently precise that, over the dose range 
considered (25 to 400 rads), the standard error of any estimated life expectancy will be less than 1.3% of 
the true life expectancy at that dose. Before the experiment is begun, however, it will be necessary to revise 
the sample size estimates to allow for the grouping of mice into cages and the variation in response from 
cage to cage. 

In the plan shown here, there are 3200 irradiated animals, and it is proposed that there be 800 controls. 
These 4000 mice are to be entered into the experiment in ten “cycles” at the rate of 400 mice per cycle, 
where each cycle is to contain one-tenth of the controls and one-tenth of the mice at each of the 
experimental points. In this way, variation in overall response from one cycle to another will not affect the 
precision of the fitted response surface. 

M. A. 
Kastenbaump2 and D. A. Gardiner). A series of experiments has been designed in an attempt to determine 
conditions which minimize mortality due to secondary disease in mice which have been lethally irradiated 
and then injected with rat bone marrow. The plan for Design VIII, which is the latest in this series, was 
described in a previous r e p ~ r t . ~  Ths experiment was recently completed, and a preliminary analysis of the 

Secondary disease (heterologous): Design VI11 (T. J.  Mitchell, C. C. Congdon,’ R. E. Toya,’ 

42. Director’s Division. 
43. Math. Div. Ann. Bog.  Rept. Dec. 31, 1969, ORNL-4514, p. 103. 
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90-day mortality data has been made on the main part of the design. This covers four levels of the age of 
donor (15, 30, 45, and 60 days) and six levels of cell dose (25.6,32,40,62.5,78.1, and 97.7 million cells). 
The experiment was restricted to males kept in an unlimited filter-top environment, and the day of 
injection was held at one day after irradiation. Previous experiments in this series had indicated that lowest 
mortality could be achieved at these conditions. 

The design was constructed to permit a precise fit of a quadratic response function in the variables “age 
of donor” and “log cell dose.” The statistical analysis indicated, however, that a model which represented 
the 90-day mortality as a simple linear function of log dose was suitable over the range of the two factors 
considered. Under this model, the 90-day mortality decreases with increasing cell dose, implying that it will 
be necessary to extend the range of dose still further before we are able to identify an optimum. 

ORNL-DWG 71-2062 

- 
0 MALES-DIRTY FARM 
0 FEMALES-DIRTY FARM 
A MALES-CLEAN FARM 

0 2 00 400 600 000 4000 t 200 4 400 
TIME ALIVE (days)  

Fig. 37. Estimated additional life curves. 
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Linear and quadratic terms in age of donor were statistically significant in one replicate of the 
experiment, but not in the other, nor were they significant when the two replicates were considered 
together. The age factor remains extremely difficult to pin down. Each marrow pool is necessarily 
associated with only one age of donor, and the variation in response from one pool of donor marrow to 
another is quite large, thus tending to mask the true nature of the age effect. 

The possibility of a change in the dose effect from one age to another has also been investigated. The 
statistical significance was borderline (significant at the 0.10 level) and appeared to result from the 
difference between a very weak dose effect at the two intermediate donor ages (30 and 45 days) and a 
strong dose effect at ages 15 and 60 days. 

Although there are still some unresolved questions, one of the goals of this study, which was to achieve 
a relatively low mortality, has been attained. At the two highest levels of cell dose, for example, only 22.5% 
(18 out of 80) of the mice were dead at 90  days. This compares favorably with 90-day mortalities of 65 to 
90% in earlier work with rat marrow transplants. 

Analysis of factors which may - relate to tumor occurrence in mice (W. E. Lever and T. Makinodan’ ’). 
Analysis of factors possibly relating to tumor occurrence in mice was continued. In addition to those 
factors reported before44 (body weight, spleen weight, and the number of plaque-forming cells per spleen), 
hemagglutinin titer, hemolysin titer, and serum protein concentration levels were analyzed in relation to 
living conditions, sex, and tumor occurrence for 30-month-old mice. 

The same set of factors was also analyzed for three-month-old mice in relation to living conditions, sex, 
and tumor occurrence. 

With the exception of body weight and spleen weight, the factors were compared between age groups to 
indicate changes in immunization in relation to age. 

Reanalysis of irradiated guinea pig data (T. J. Mitchell and C. C. Congdon’ ’). Data from an experiment 
on irradiated guinea pigs, conducted over 20 years ago by Lorenz and his associates:’ are now being 
reanalyzed. The primary reason for reconsidering these data is to study the induction of leukemia by the 
irradiation, which was overlooked in the original investigation. At the same time, we are reanalyzing the 
life-span data using linear regression methods. 

The analysis of life expectancy of the unlimited exposure groups, in which radiation exposure was 
maintained until death, has now been completed. The variables considered were: 

1. strain of guinea pig, 
2. sex, 
3. age at start of irradiation, 
4. exposure rate. 

Using the OMNITAB programming system, various empirical models were fitted to the data, and statistical 
tests were made to determine the most suitable representation of the response in terms of the experimental 
variables. 

At the highest dose rate. (8.8 rads/day) it was found that, in order to eliminate the effect of “age at 
start,” it was necessary to consider the response as life after start of irradiation rather than the life-span 
itself. Confidence intervals were calculated for the mean life after start of irradiation for all three strains. 

44. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 101. 
45. E. Lorenz et al., “Effects of Long-Continued Total-Body Gamma Irradiation on Mice, Guinea Pigs, and Rabbits,” 

Biological Effects o f  External X and Gamma Radiation, vol. 22B, part I .  National Nuclear Energy Series, Manhattan 
Project Technical Section. Division IV - Plutonium Project Record (R. E. Zirkle, ed.). McGraw-Hill, New York, 1954. 
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At the remaining exposure rates (1.1, 2.2, and 4.4 rads/day) there was no detectable effect of age at 
start on the life-span. These groups, together with the control group (unirradiated), were analyzed using a 
regression model which expressed the life-span as a function of exposure rate. For each strain, it was found 
that a straight line response function gave a good fit over the range 0 to 4.4 rads/day. Because the variance 
was not constant from one dose rate to another, a weighted least squares criterion was used to determine 
the fitted lines. With each regression line, an “upper bound” curve and a “lower bound” curve were 
calculated to display the 95% confidence limits for life expectancy over the range of dose rates. 

The log transformation of the response was considered as well as the untransformed response. Although 
this transformation did remove the dependence of the variance on the mean response, it  did not result in a 
better straight line fit. I t  also had the undesirable effect of skewing the distributions of the 
low-exposure-rate groups rather severely to the left. Therefore the results of the experiment were presented 
in terms of the untransformed data. 

We are currently analyzing the life-span data for the limited exposure groups, which contain those 
animals which were withdrawn from the irradiation exposure prior to death. 

Analysis of counts of cell colonies (D. G.  Gosslee). Treatment with radioprotective chemicals and bone 
marrow transplants each offers means of reducing the effects of radiation damage in mice. The comparison 
of responses from treated and untreated mice gives an estimate of the degree of protection. Measured 
responses include the average age at death, the dose required to result in 50% mortality at a given number 
of days after exposure, and a measure of repopulation of hemopoietic tissue. 

A lethal dose of radiation essentially kills all of the hemopoietic cells, and repopulation can be 
accomplished by injection of bone marrow. The repopulation of hemopoietic tissue can be observed in the 
spleen of mice. Counts of colonies of cells, each colony assumed to arise from a single hemopoietic stem 
cell, give a measure of the amount of repopulation. The standard methods of analyzing these counts are 
based on an exponential increase in damage with increasing radiation dose. 

A simple and commonly used method is to fit a straight line to the logarithms of the means of the 
counts for the animals in each dose group. This method, in its simplest form, ignores the variation among 
animals, and the resulting statistical tests are inefficient. Since the parameters are estimated from the 
logarithms of the means, the variation among counts cannot be used to perform tests of significance and 
place confidence limits on estimates of parameters by known statistical methods. 

In order to fit a straight line to the logarithms of the counts a method must be used to replace the zero 
counts with a number larger than zero. A commonly used method is to add one to each count before taking 
the logarithm. However, this caused an overcorrection and a masking of treatment effects. 

A new method was developed to estimate a value to substitute for each zero based on an assumption 
that the counts have a log normal distribution. The variation among animals is compounded with the 
Poisson variation assumed for individual counts and is assumed to explain the approximately log normal 
distribution observed in groups of 20 animals each. A normal distribution is fitted to the logarithms of the 
counts which are greater than zero using standard methods for censored distributions. Then a substitute 
value for the one or more zeros in each group is estimated under the assumption of normality. 

The possibility of replacing a zero count with the average number of colonies per spleen from control 
animals is being investigated. These counts are theoretically zero but in fact average 0.067. 
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Ecological Sciences 

Irradiation of seeds (J. J. Beauchamp and R. C. Dahlman46). Little information is available with regard 
to the effect of chronic irradiation on the reproductive phase of plant activity. Attempts were made to 
determine effects of chronic irradiation on production and germination of tall fescue (Fesfuca arundinacea) 
seeds which were collected from eight 100-m2 plots at the 0800 area of ORNL. The local fallout simulant 
was synthesized and applied to four of the eight plots during the summer of 1968. The four contaminated 
plots received 2.2 curies of 7Cs radioactivity, and the four uncontaminated plots served as controls. The 
selection of plots for contamination was made in a “pseudorandom” manner because physical limitations 
made it impossible for some plots to be irradiated. An additional factor was taken into consideration for 
the analysis because of the introduction of herbivorous animals used in another study. Four cotton rats 
were released in each of four plots, of which two were contaminated and two were not. By taking this 
factor into account in the analysis, it was possible to detect some significant differences between the 
control and irradiated plots. 

Standing panicles were collected from each plot during the summers of 1969 and 1970. Germination 
tests were conducted after the seeds from the panicles were cured at room temperature for 30 days, and the 
following quantities for each panicle were observed at 25 days after the curing of the seeds: (1) total 
number of seeds produced; (2) number of germinated seeds; and (3) number of empty seeds (1970 study 
only). 

The .data from the 1970 study were analyzed to determine which factors had a significant effect upon 
the total seed production. Since the counts of total seed production were assumed to follow a Poisson 
distribution, the square root transformation was used. From the analysis it was evident that the most 
significant factor upon total seed production was the grazing of the cotton rats. A significant effect was 
detected from the irradiation as well as a significant interaction between the factors of irradiation and 
grazing. 

In addition to the analysis of the total seed production, the proportion of empty seeds for the 1970 
study was also analyzed. The transformation arc sine f i f o r  the proportion of empty seeds, p ,  was used. 
From the analysis it was obvious again that the grazing was the most significant factor, but it was not 
possible to detect a significant irradiation effect for the empty seeds even with the grazing factor taken into 
account. The total seed production for the 1969 study resulted in similar conclusions, except for the 
grazing X irradiation interaction. A rank correlation coefficient was calculated to determine if similar 
plot-to-plot patterns were present in the 1969 and 1970 studies, but the results were inconclusive. 
Additional analyses will be carried out during the coming year on the germination data for both the 1969 
and 1970 studies. 

freshwater snails 
were chronically irradiated with 0, 1 ,  10, or 25 rads/hr of gamma irradiation. The effects of radiation on 
egg production were reported then. Some of the eggs laid were polyvitelline, that is, the eggs each contained 
more than one vitelline space. Chi-square tests were performed to test the hypothesis that radiation did not 
affect the frequency of laying of polyvitelline eggs. The data are as follows: 

Snail radiation sensitivity (F. L. Miller, Jr.). In an experiment reported last year4 

Rad s/hr 0 1 10 

Number of eggs laid 79,079 74,229 6,365 

Number of polyvitelline eggs 298 202 486 

Percentage of polyvitelline eggs 0.377 0.272 7.64 

46. Ecological Sciences Division. 
47. Math. Diu. Ann. Prop. Rept. Dec. 31, 1969, ORNL-4514, p. 106. - 
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The percentage of polyvitelline eggs at the 10-rad/hr dose is significantly larger while the percentage is 
significantly smaller at the 1-rad/hr dose, both at the 0.0005 level of significance, than the controls. No 
viable eggs were laid by the snails given 25 rads/hr. 

Element content of a forest understory (F. L. Miller, Jr.). An experiment was designed to estimate the 
element content of four species of the understory of the Liriodendron forest. Dogwood and wild hydrangea 
will be sampled from the shrub layer, while ground peanut and Christmas fern will be sampled from the 
herbaceous layer. Each species will be sampled during seven phenophases (bud swelling, vegetative growth, 
flowering, etc.) in order to estimate the amounts of 15 elements present throughout the year. For each 
phenophase of each species, replicated samples will be taken of the various compartments (roots, trunk, 
leaves, etc.). The amounts of the 15 elements tied up in areas of similar forest at various times of the year 
will be estimated from the sample information. 

Analysis of wind velocity data for a radioactive material disposal site (J. J .  Beauchamp and Y. 
Tanaka4 6 ) .  The increasing volumes of radioactive waste products from nuclear reactors, radiological 
research, and radioactive materials used in medical treatments are creating a critical disposal problem. 
Suitable burial grounds for these materials are' essential in order to maintain a quality environment. An 
analysis has been carried out on available wind velocity data from six stations surrounding the disposal site 
at Lyons, Kansas, which was recently selected by the AEC. The analysis of wind conditions is of particular 
interest in this project because direction and velocity of wind determine the extent of contaminated areas 
in case any radioactive materials are released into the atmosphere. Since no wind data were available at the 
site in question, it was decided to use the data from nearby meteorological stations, from which the wind 
conditions at Lyons might be inferred. However, as a preliminary analysis, the data from the nearby 
stations were analyzed to determine if there is a detectable difference among stations. 

At each of the six stations the average wind velocity, averaged over extended periods of time, for each 
month was available. In addition, the average velocities were also available for the 16 directions N, NNE, 
NE, etc. It was evident that the analysis of these data should take account of the cyclic relation among the 
12 months as well as the cyclic relation among the 16 directions. 

The first step in the analysis of the data was to propose a tentative model to describe the observations 
and perform a regression analysis using this model. Let 

yijk = observed average wind velocity at station i ,  from 
direction j ,  and in month k , 

where i = 1,2 ,  ... , 6; j = 1 , 2 ,  ... , 16: and k = 1 , 2 ,  ... , 12. The additive model used to explain each yijk was 
assumed to have contributions from the following components: (1) an overall mean; (2) station-to-station 
effect; (3) direction-to-direction effect; (4) month-to-month effect; and (5) unexplained variability 
designated as error; that is, 

yijk = overall mean + station effect + direction 
effect + month effect + error . 

In order to include in the model the cyclic nature of the direction effect, the 16 directions were considered 
as points equally spaced around the circumference of a circle. For the j th direction, 2rj/16 was the 
associated angle, and the direction effect was assumed to be given by a sine-cosine curve represented by 

y1 sin ( j  $) +yz  cos (i$) 
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Similarly, for the month effect the circumference of a circle was divided into 12 equal parts, and from the 
associated angles the month effect was given by 

y 3 s i n ( t ~ ) + y 4 c o s  ( k g )  

Assuming a simple additive station effect the final complete model used in the subsequent analysis was 
given by 

where Po represents the overall mean effect, Pi represents the station effect from the ith station, and Eijk 

represents the remaining unexplained variation not taken into consideration by the model. 
With the model specified by Eq. (l),  the computer program GENLIN was used to perform an analysis 

of variance on the data. The proportion of the total variability explained by the model given in Eq. (1) was 
96%. The proportion of the variability explained by the model after correcting it for the mean, P o ,  was 
equal to 26%. From the analysis of variance it was seen that the station, direction, and month effects were 
significant, with the month effect being the most significant. Therefore, it will be necessary to continue the 
investigation of the available weather data before making inferences about the conditions at Lyons. 

Instrumentation and Controls 

An idealized probabilistic model for the collapse of field elements (V. R. R. Uppuluri and Claudia S. 
Lever). Let n events occur in a time interval [0, T = 1, A t ] .  Let us assume that an event can occur in any of 
the 1 time intervals with the same probability, and the events occur independently. If more than B events 
occur in any interval, we say that a disaster befalls. We are interested in the probability of a disaster and the 
expected number of the largest realized events. 

This can be identified as a box and urn problem where n balls are dropped independently in 2 urns. Let 
Ni denote the number of balls in the ith urn andNma, = max ( N ,  , . . . ,Nl).  For small values of n and 1, the 
distribution and the moments of Nmax are tabulated by Steck."' For large values of n ,  Owen and S t e ~ k ~ ~  
suggest the following expressions for the asymptotic mean and variance: 

where E[X,,,] and Var[Xn,,] are the mean and variance, respectively, of the largest of a set of n 
independent standard Gaussian variates. These results with appropriate computations answered some of the 
questions raised by the investigator. 

48. G .  P. Steck, Table of the Distribution of r Jointly Distributed Multinomially Distributed Variables with All Cell 

49. D. B. Owen and G .  P. Steck, Ann. Math. Statist. 33,1286-91 (1962). 
Probabilities Equal, r = 2 ( I )  50, N = I (I) 50, unpublished. 
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Metals and Ceramics 

Augmenting a 6 X 6 Latin square design (T. L. Hebble and W. J.  Lackey”). Greco-Latin square designs 
are valuable in arranging combinations of levels of treatments and controlled variables in statistically 
planned experiments. The 6 X 6 Greco-Latin square is an impossible configuration. That is, it is not possible 
to assign six different Greek letters to a 6 X 6 Latin square so that each Greek letter appears once and only 
once in each row, and in each column, and with each Latin letter. However, it is possible to distribute three 
pairs of Greek letters symmetrically over a 6 X 6 Latin square. 

The problem arose when a 6 X 6 Latin square experiment design was applied to the making of fuel 
pellets. From each of six sintering runs, three pairs of fuel pellets were prepared for a total of 36 pellets. In 
a given run, each pair represents a particular location in the sintering oven. Each set of six pellets is then 
placed in an analysis oven. Since the analysis oven can only hold six pellets, six analysis runs must be made. 
Oxygen-to-metal ratio is the response and is a function of the weight gain (or loss) during the analysis run. 

The problem is to assign the pellets from the sintering oven runs to the proper locations in the analysis 
oven so that the effect due to positions can be separated from treatment effects and tested in a valid 
statistical analysis of the data. This is not possible if the three pairs associated with oven position represent 
six distinct locations. 

Consider a 6 X 6 Latin square in which the rows are analysis run positions and the columns are the 
analysis runs (or days). The treatments (capital Latin letters) are sintering oven runs. Let a,  p, and y be the 
three different positions in the original oven runs. These Greek letters may be distributed over the 6 X 6 
Latin square in the following manner: 

Each Greek letter occurs twice in each row, twice in each column, and twice with each treatment (Latin 
letter). Circled entries in the above array demonstrate t h s  for the (Y position. In the application of this 
design, the square is to be properly randomized. The data analysis for this design is an extension of the 

50. Metals and Ceramics Division. 
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Latin square analysis. The analysis of variance table showing the partition of the degrees of freedom is as 
follows: 

Analysis of variance 

Source Degrees of freedom 

Analysis days 5 
Analysis positions 5 
Sintering oven runs 5 
Oven positions 2 
Residual (error) 18 

Total 35 
- 

The sum of squares for oven positions is computed from the total of the 12 obseivations for each position. 
and Nancy C. Cole”). Tensile 

specimens from 13  different weldments were subjected to four heat treatments and then inserted in the 
Idaho EBR-2 reactor as part of an irradiation experiment. A base metal of type 304 stainless steel was 
joined by either the shielded metal arc or sub-arc welding process using a filler metal of type 308 stainless 
steel. The major differences between weldments were differences in flux composition. A study of the 
tensile properties of the specimens cut from different positions in the weld was of primary importance. 

Reactor locations allotted to the irradiation program were specified in advance so that the greatest 
amount of information could be obtained by the proper assignment of specimens. To achieve this, a 
two-level factorial design was employed. Since it was not possible to consider all possible combinations of 
variable levels, eight of the more important weldments were considered. For each of the eight welds, a full 
two-level factorial design in four variables (heat treatment, position of specimen in weld, fluence, and 
irradiation temperature) was selected. Provision for estimating experimental error was made by repeating 16 
specimens. The statistical design utilized 168 of 256 assigned locations. The remaining locations were 
designated by the experimenter to study specific combinations of weld, heat treatment, and weld location 
for metallographic analyses. 

Four pin locations were assigned. Each pin contained 64 specimen locations and was divided into two 
sections which, when inserted into the reactor, were symmetric about the core. Thus, each section received 
the same total fluence but different irradiation temperatures. Eight specimens were contained in each of 
four rows within a given section. Although each row within the section receives a different total fluence, 
the eight specimens in each row receive the same fluence and irradiation temperature. Each row in one 
section has a counterpart in the other section of the same pin. 

Three pins were placed in the EBR-2 reactor in October 1970. The remaining pin will replace one of the 
inserted pins after about 213 days. This replacement pin and one other will be removed approximately 426 
days after the October 1970 insertion date. The last pin will not be removed until about 852 days. The 
experiment design was so constructed that statistical analysis can be performed on data from the first pin to 
be removed. At this time, estimates can be made of the effects of temperature and heat treatments on eight 
weldments. 

Stainless steel irradiation experiment (T. L. Hebble, G .  M. Goodwin: 

Nuclear Safety ‘ 

Reproducibility of Nuclear Safety Pilot Plant runs (T. L. Hebble, L. F. Parsly,’ and T. H. Row’ I ) .  As 
part of the spray technology program to study the specific removal of elemental iodine, a measure of the 

5 1. Reactor Division. 
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reproducibility of Nuclear Safety Pilot Plant runs was obtained. Because of mechanical difficulties and 
other factors, only three of the five originally planned experiments were carried out. Thus, the estimate of 
variance has only two degrees of freedom with which to perform statistical tests. The three pilot plant 
runss2 (74, 76, and 77) employed a base borate spray solution (13.7 g/liter H3B03 and 3.4 g/liter NaOH) 
under simulated accident conditions. The containment vessel atmosphere was brought to 130°F and 45 psig 
with the addition of steam. 

The variability of important responses is listed below. 

Std. error 
of mean Mean Range Variance (2 d.f.) 

Dose reduction factor 
After 60 min 40.9 6.5 13.5 2.12 
After 240 min 87.3 28.6 213.2 8.43 

Decontamination factor 140.3 54 849.3 16.80 

The variance of the dose reduction factor at 240 min is significantly greater than the variance at 60 min, 
indicating that reproducibility decreases sharply with increased time. 

ORAU Medical Division 

Model for the kinetics of white blood cell and platelet concentration in patients with chronic 
granulocytic leukemia (J. J.  Beauchamp and Helen VodopickS3). In normal healthy individuals there is a 
spontaneous oscillation of the white blood cell and platelet concentration, due to the activity of a 
mechanism controlling granulopoiesis. This same effect has been observed in patients with chronic 
granulocytic leukemia (CGL). However, the relative stability observed in the oscillations of a normal 
healthy individual appears to be absent in the patients with CGL. In Fig. 38 a representative set of data is 
displayed for a patient with CGL showing the white blood cell concentration ( Y , )  and platelet 
concentration ( Y 2 )  at various times t ,  where t is measured in days. A model has been derived to describe 
these relations. 

It is assumed that the same functional relation may be used to describe the relation between Y ,  and t as 
well as between Y2 and t .  However, the values of the parameters in the model are not assumed to be the 
same for Y 1  as they are for Y 2 .  From Fig. 38 the following characteristics are observed: (1) over the range 
of t investigated, periodic oscillations are present in the white blood cell and platelet concentration; (2) as t 
increases the amplitude of the periodic response increases; and (3) as t increases the average value, about 
which the response cycles, tends to increase linearly. 

Some results from the physics of vibrations were used in the derivation of a model describing the 
phenomenon under consideration. Many periodic phenomena are described by means of differential 
equations of the form: 

dY1 + n2 Y1 = f ( t )  , 
d2 Y l  

-+2k- 
dt2 dt  

52. W. B. Cottrell, ORNL Nuclear Safety Research and Development Program Bimonthly Report for  January- 

53. ORAU Medical Division. 
February 1970, ORNL-TM-2919 (May 1970). 
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Fig. 38. (a) Observed (*) and calculated white blood cell concentration; (b )  observed (*) and calculated platelet 
concentration. 

where 2k is related to the force of friction acting on the system, n is related to the period of the response if 
no friction and no forcing are present, and f ( t )  is the force function. Since friction usually tends to damp 
out the oscillations, there must be some type of “negative” friction present in the system under 
consideration from characteristic (2)  stated above. In addition, the forcing function appears to be linearly 
related to t from characteristic (3 )  above. From these considerations the following second-order differential 
equation is used to describe the relation between Y ,  and t :  

The general solution of Eq. (2)  is given by a sum of the general solution of the reduced equation 

dU(t) t n2 u(t) = 0 
d 2  U(t)  

- 2k - 
dt2  d t  (3) 

and a particular solution V ( f )  of the complete equation (2); that is, 

Y ,  ( t )  = U(t)  V ( t )  . (4) 

It can be shown that the general solution of Eq. (3) is given by 

where w = n2 - k 2  and A and B are initial condition constants introduced by the solving of Eq. (3). Let 

. 
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be a particular solution of Eq. (2). By substitution it can be shown that 

. 

. 

and 

a1 p = - .  
n2 1 

From Eqs. (4)-(7) the general solution of Eq. (2).is given by 

where Bo = ao/nz t 2kal /n4 ; O 1  = al /nz ; -k is related to the force of friction acting on the system; and A ,  
w, and B are related to the amplitude, period, and phase shift, respectively, of the periodic component of 
the response. The line denoted by Bo + 6' t represents the average or mean value about which the response 
cycles. The functions denoted by eo t 8 , t  t Aekt and Bo t 0 , t  - Aekf represent the upper and lower 
envelopes, respectively, of the response. From the basic assumptions, the relation for the platelet counts, 
Y ,  (t) ,  is given by 

Y z ( t ) =  0 ;  t 0 ;  t t A',"' sin (w't t E ' )  . (9) 

In the table below the least squares estimates of the parameters in Eqs. (8) and (9) are given for the data 
in Fig. 38. Plots of the fitted curves are also shown in Fig. 38 for Y 1  and Y z .  

k W B --- eo x I O - ~  el x I O - ~  A x io3 

37.87 0.25 41.19 0.002 0.117 0.709 

k' W' B' 

666.22 1.13 318.28 0.003 0.117 4.16 

--- e; x e; x I O - ~  A' x 1 0 - ~  

University of Tennessee Memorial Research Center 

Effects of testosterone and erythropoietin on rabbit bone marrow cells (T. J.  Mitchell and 
T. McDonaldS4). An experiment was performed to determine how 59Fe  incorporation (iron uptake) is 
affected by the addition of various combinations of erythropoietin (ESF) and testosterone to rabbit bone 
marrow cultures. The nucleus of the experiment was a 3 X 2 X 6 factorial design with three rabbits, two 
levels of erythropoietin (0.0 and 1 .O unit per culture), and six levels of testosterone (0.0,0.0078,0.03125, 
0.0625, 0.125, and 0.25 mg per culture). The response at each combination of factor levels was taken to be 
the average of the square roots of the percent iron uptakes of three to four cultures. The object of the 
square root transformation was to stabilize the variance, which appeared to depend on the mean uptake. 

54. University of Tennessee Memorial Research Center. 
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An analysis of variance was applied to the data, using a mixed model’ with ESF and testosterone as 
fixed effects and rabbits as a random effect. The purpose of viewing rabbits as a random effect was to 
enable us to draw inferences which would apply to a larger population of rabbits than the three actually 
used in the experiment. Although this “larger population” is a nebulous concept, the main benefit of this 
approach is that it takes account of the variability of the experimental results from one rabbit to another. 

It was found that the effect of erythropoietin, which increased the iron uptake, was statistically 
significant at the 0.025 level. The main effect of testosterone and the testosterone X ESF interaction were 
not sufficiently strong to be conclusive, yielding significance at the 0.25 and 0.10 levels respectively. To 
examine the possibility of interaction further, the difference between the response at 0.0 unit and at 1 .O 
unit of ESF was considered at  each level of testosterone. It appeared that the stimulatory effect of ESF on 
iron uptake was depressed over the testosterone dose range of 0.0078 to 0.0625 mg per culture. However, 
the number of rabbits considered here was insufficient for a firm conclusion. 

Y-12 

Procedure for estimating plant laboratory efficiencies (W. E. Lever and Norma C. Hull). The procedure 
for estimating efficiencies of analysis times in the Y-12 Chemical Laboratoriess6 has been adapted to 
estimate efficiencies of test times in the Y-I2 Physical Testing Laboratory and of inspection times in the 
Y-12 Dimensional Inspection Laboratory. 

The procedures are at present using three-month moving averages of times as bases. However, a new 
procedure is being evaluated, which will use standard times as bases. 

Insulation material development (D. G. Gosslee). A thermal insulation material, named Palarite, 
composed of carbon-bonded silica fibers was developed for aerospace applications.’ ’ The fabrication 
process entails vacuum forming, from a dilute water slurry containing silica fibers and starch, a fibrous 
molding on a mandrel of the desired shape. The molding then is processed through a curing, drying, and 
furnace-heating operation to obtain a rigid carbon-bonded fibrous structure. 

Data were taken on the density of the product from the production process. The variations in 
processing conditions and raw material variability could not be controlled in a balanced design in the 
fabrication process, nor was it feasible to run pilot plant experiments. Even though these limitations 
presented difficulties in the statistical analysis and interpretation of the data, the results were valuable in 
making process adjustment to improve product yield. 

The statistical analyses consisted of a variance components analysis, a multiple regression analysis, and a 
summary of the means and standard errors in each cell of the multiple classified density measurements. The 
component of variance due to each identifiable source of variation in the procurement of fibers was 
estimated. The regression analyses yielded estimates of the effects on density of variables which can be 
controlled. The estimates from both types of analyses were used to improve the production process. 

Estimate of variance of total job load (J. J. Beauchamp and R. P. Lucke”). In the area of production 
the aspect of time estimation is of great interest. With each special production job the estimate of the time 
needed to complete the job and the actual time required to complete the job are recorded. From data of 
estimated and actual times for a number of jobs, a straight line was fitted to a log-log plot of the data. The 

5 5 .  H. Scheffe, The Analysis of Variance, Wiley, New York, 1959. 
56. Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 123. 
51. C .  D. Reynolds and Z. L. Ardary, Palarite Thermal Insulation, Y-1716 (April 1970). 
58. Y-12 Statistical Services. 
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log-log transformation was used since the variability at various estimated times increased with increasing 
actual times. In particular, let 

In Y j  = natural logarithm of the j th actual job time in hours 

and 

In Xi = natural logarithm of the j th estimated job time in hours; 

then the following straight line was fitted to the data: 

In Y j  = a + p In Xi + (error)j 

for j = 1, 2 ,  ... , n. From the n data points (In Xi, In Y j )  estimates of a and are obtained and denoted by a 
and b respectively. 

Assume there are N additional new jobs each with an estimated time X i ,  i = 1 , 2 ,  ... ,N.  Since there are 
no actual job times available, the predicted actual job times, Y i ,  from the earlier n data points are used; that 
is, 

A 

A n 
Y i  = exp (In Y i )  = exp (a t b In X i )  

for i = 1,2, ... ,N .  The total job load is defined as 

N N 
TJL = exp (In Y i )  = E Y i  . 

i= 1 i= 1 

However, since the Yi's are unknown, the TJL is predicted by 

n N  n N  
TJL = E exp (In Y i )  = E exp (a + b In X i )  

i= 1 i= 1 

The actual observed value of In Y varies about its mean value with a variance uz ; therefore, the predicted 
value exp (In Y i )  has a variance given by 

A 

uz + Var [exp (Q + b In Xi) ] 

n 
An approximation to the variance of TJL is given by 

N 
u2 exp [2(a + p In xi)] 

i= 1 

t e'" { [ exp (p In X i )  
i= 1 I' In Xi  exp @ In X i )  Var (b )  

N N 
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In order to obtain an estimate of the above variance, estimates of Var (a), Var (b), Cov (a. b), a, 0, and u2 
obtained from the earlier regression analysis are substituted into the above expression. 

From the usual normality and independence assumptions 

N N E (In Y i )  - E (a + b In Xi) 
i= 1 i= 1 

z= I 

has an N(0, 1 )  distribution. By using the estimates of 

and 

i= 1 1 
in the expression for Z,  a confidence interval may be put on 

The limits of this interval are given by 

N 

i= 1 

E ( a + b l n X i ) ? t J G ,  

where t is the appropriate Student’s t statistic with n - 2 degrees of freedom. It may be shown that 

exp (In Yi) < exp (In Yi) = TJL . 
i= 1 I”” i= 1 

From Eq. (1) the confidence limits on 
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are given by 

From the inequality in (2) the upper confidence limit on TJL is greater than (3) with the plus sign. 

STATISTICAL PROGRAMMING 

The Time-sharing Computer Terminal 

E. Leach 

The Statistics Department of the Mathematics Division has been using the time-sharing service of the 
Data Network Corporation, now known as Megasystems, Incorporated, for the past year. 

The time-sharing service used is obtainable through a local multiplexer which allows immediate access 
from our remote location to a computer situated at New York. The General Electric 400 series computer is 
used for our time-sharing computer applications. The remote terminal installed on-site consists of one 
standard model 33 100-word/min Teletype machine. The programs used through the time-sharing service 
are either FORTRAN or BASIC. 

Figure 39 shows the use of the time-sharing facility by month from November 1, 1969, through 
October 31, 1970. The time-share use for this period is less than 40% of the time-share use for the 
preceding period from November 1,1968, through October 31,1969. 

Conversational Remote Batch Entry Terminal 

E. Leach 

In August 1970, the Statistics Department had an IBM 2741 communications terminal installed. It is a 
remote conversational terminal that provides direct access to the IBM System/360 model 75 computer at 
the Oak Ridge National Laboratory Computing Center. The 2741 terminal is connected to the computer by 
use of a Bell DATA-phone data set and a standard telephone. 

Several members of the Statistics Department have experienced great success in using the terminal for 
submitting programs written in FORTRAN IV, OMNITAB, and BASIC. Through the use of the terminal a 
program may be submitted several times in one day, whereas if the program is submitted through the 
courier service, it may not be returned on the same day it is submitted. 

Of the original 16 potential CRBE users in the Statistics Department, eight have already gained 
considerable experience using the terminal since it has been installed. As the use of the CRBE terminal 
increases, the use of the time-sharing terminal connected with the Megasystems, Incorporated, computer is 
expected to drop. Figure 40 shows the use of the CRBE terminal by month since it has been installed. As 
the system improves, more potential users are expected to start using the CRBE terminal. . 

Biology Programming 

Mouse body weight analysis (E. Leach). Two programs for analyzing the body weights of mice have 
been written for a member of the Biology Division. From the time of weaning, the weight of each mouse in 
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a cage of eight mice is recorded weekly for several weeks. Each cage is assigned a cage number, and mice of 
the same sex with the same litter order, the same group number, and the same birth date are caged together. 

The cage number, litter order, group number, sex code, birth date, weighing date, and the weight of 
each mouse in the cage at the weighing dates are used as input data for a program that creates a master file 
on magnetic tape. In addition to the above information, the age at weighing for the mice in each cage is 
computed and written on the master file. 

Another program uses the master file as input and permits the user to specify the group number, the 
litter order, and the sex code for the cages of mice to be used in each analysis. The program searches the 
master file for the cages with the given specifications and computes for each cage with the specifications the 
number of mice weighed at each of eight age intervals and the average weight and the standard deviation of 
the weights for the mice at each age interval. A similar analysis is done over all cages with the specifications. 

Histology studies (Norma C. Hull). Two programs have been written for the Biology Division to 
produce printed forms to be used for keeping records on histology studies. One program produces pages of 
experiment numbers listed consecutively with space after each number for the necessary recordings to be 
made by the biologist. The biologist furnishes the first and the last experiment number as input to the 
program. Usually several hundred pages of the experiment numbers are produced that make up a log book 
for histology studies. 

A second program produces the same experiment numbers in duplicate as requested by the biologist. 
These pages of duplicate experiment numbers are treated with a coating substance, and then each number is 
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sliced off the page and used as an identification tag for tissue undergoing examination within that 
experiment. 

Address labels (E. Leach). Several members of the Biology Division at ORNL expressed the need for 
programs that would list selected addresses on gummed address labels. Programs were written to meet these 
needs. Each address was coded by using one alphameric character for the classification and a fourdigit 
number for the identification. 

A program was written to produce a master file on a magnetic tape that included the address, 
classification, and identification number for each individual included in the project. A second program was 
written that allowed the user to specify the code for the classification of the individuals for which address 
labels were wanted. The program searched the master file for the addresses requested and wrote them on a 
magnetic tape that was used later for listing the addresses on gummed labels. The program also prints a list 
of the addresses that are selected by classification. 

Statistical Programs 

General purpose programs on disk (Norma C. Hull). Several general purpose statistical programs have 
been placed on disk at the ORNL Computer Center. They are BMD08V, an analysis of variance program for 
any hierarchal design; NESTED, an analysis of variance program for four-fold or less hierarchal designs; and 
CONTOUR3, a contour plotting program. 

STATPAK (Norma C. Hull). The programs contained in STATPAK,59 with the exception of the 
programs written in ALGOL language, have been modified for the IBM 360 computer system. Many of the 
programs have been put on disk at the ORNL Computer Center and are accessible either through control 
cards sent to the computing center or through a Conversational Remote Batch Entry (CRBE) terminal. 

Ecological sciences (F. L. Miller, Jr.). The average number of eggs laid per capsule is important in 
studying the freshwater snail Physa heterostropha. Since the distributional form of eggs per capsule is 
unknown, a program was written in ORDEAL to examine the distribution empirically. The program will 
compute summary statistics, tally the number of egg capsules of various size ranges, and plot the counts. 

Select subroutines (Norma C. Hull). The Statistics Department has obtained a package of subroutines, 
SELECT:’ to add to its regression programs. The routines will find the best (the minimum residual sum of 
squares) psubset regression from a “pool” of k > p predictor variables. The routines will also provide the 
user with nearly as good alternatives to the best psubset regression. 

The user must supply a calling or driver program. Sample calling programs have been written to allow 
the user to either input original data or the matrix of simple correlations between the predictor variables 
and the vector of simple correlations between the predictor variables and Y which have been obtained from 
some other regression program. 

(Norma C. Hull). The procedure for estimating 
plant laboratory efficiency is being used on a monthly basis to evaluate several different types of 
analyses.62 Programs are now being written to provide standards to use in the calculations of these 
evaluations rather than having averages computed from the monthly data being analyzed. 

Programs for estimating plant laboratory efficiency6 

59. Math. Div. Ann. Progr. Rept. Dee. 31, 1967, ORNL-4236, p. 96. 
60. SELECT was written at Texas A and M University by L. R. LaMotte following an algorithm of R. R. Hocking and 

61. Math. Div. Ann. Progr. Rept. Dee. 31, 1969, ORNL-4514, p. 123. 
62. W. E. Lever and Norma C. Hull, “Procedure for Estimating Plant Laboratory Efficiencies,” this report. 

LaMotte. 
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Data Processing 

Pathology data control: cumulative mortality and diagnosis lists (E. Leach). The revised version of the 
program LISTAUT6 was developed for the purpose of listing the autopsy records for the various diagnoses 
within an experiment, and to determine the number of animals with neoplasms, without neoplasms, with 
leukemia, and with abscesses. A further revision was requested which presently gives in addition to the 
above the number of animals with amyloid, edema, hemorrhage, other leukemia, and lung tumors. 

Programming is now being done which will produce a listing of 45 different diagnoses or combinations 
of diagnoses and the number of animals with each of the diagnoses. The program will also give for each 
diagnosis the percent incidence, the mean age at death, and the standard error of the mean age at death for 
the males and females within each group in the experiment. 

PITFALL I ( N o m  C. Hull). PITFALL 164 is a series of programs that are being used to analyze data 
obtained in environmental monitoring. The programs in the series are stored on a disk at the ORNL 
Computing Center, with the exception of the program that compiles information that is stored on magnetic 
tape. These programs can be accessed by submitting control cards to the computing center or through a 
Conversational Remote Batch Entry (CRBE) terminal. 

It is believed that the PITFALL I package is flexible enough to be of use in analyzing data from other 
sources. The results obtained from these programs have been good. 
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6 3 .  Math. Div. Ann. Progr. Rept. Dec. 31, 1969, ORNL-4514, p. 125. 
64. N. C. Hull, J. J. Beauchamp, and D. E. Reichle, PITFALL I, ORNL-IBP-70-2 (1970). 
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