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NIGHTMARE - AN IBM 7090 CODE FOR THE CALCULATION 

OF GAMMA HEATING IN CYLINDRICAL GEOMETRY 

M. L. Tobias D. R. Vond.y Marjorie P. Lietzke 

ABSTRACT 

The NIGHTMARE program calculates the gamma-dose rate at any point 
in or near a reactor by means of the 1 NDA buildup-factor method. The 
source distribution is obtained from a two-group, two-dimensional diffu­
sion code (EQUIPOISE-2). Seven gamma-energy groups are used. As many 
as nine different concentric cylindrical regions may be considered, but 
only radial variation of attenuation and buildup properties is permitted. 
'l'wo schemes of estimating buildup factors through a succession of ma­
terials are btdlt into the code, and results may be obtained by U£ing 
either or both methods. An IBM 7090 computer with seven tape units is 
required. Computations are performed at the approximate rate of 10,000/n 
mesh points per minute, where n is the number of concentric regions, and 
the number of mesh points is the product of the number of axial, radial, 
and angular increments. The program is run under the control of the IBM 
7090 MONITOR system. 

INTRODUCTION 

By use of the FORTRAN-II programming system, the NIGHTMARE code for 

the IBM 7090 was devised; it will estimate the gamma dose at an arbi­

trary point in or near a reactor in cylindrical coordinates. The basic 

procedure, which combines the NDA buildup-factor method with numerical 

integration, was applied some years ago by Claiborne1 to problems in x, 

y, z geometry. In the Oracle program used at that time, the photon source 

distribut.ion was provided as input from a hand-punched paper tape. In 

the present program the source information is obtained by a prior calcu­

lation using a special version of the EQUIPOISE code, 2 • 3 which computes 

the photons produced per volume element of the two-dimensional EQUIPOISE 

1H. c. Claiborne and T. B. Fowler, The Calculation of Gamma Heating 
in Reactors of Rectanguloid Geometry, ORNL CF-56-7-97 (July 20, 1956). 

2M. L. Tobias and T. B. Fowler, EQUIPOISE -An IBM-704 Code for the 
Solution of Two-Grou Two-Dimensional Neutron Diffusion Equations in 
Cylindrical Geometry, ORNL-2967 Oct. 17, 1960 • 

3T. B. Fowler and M. Tobias, EQUIPOISE-2 -A Two-Dimensional, Two­
Grou Neutron Diffusion Code for the IBM-7090 Com uter, ORNL CF-60-ll-67 

Nov. 21, 1960 • 

l 
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mesh. These results, distributed among seven energy groups, are written 

by the machine on a magnetic tape which is used as NIGHTMARE input. The 

normalization is to the arbitrary power level computed in the EQUIPOISE 

part of the program. The photon sources are those which are proportional 

to either the neutron-capture rate or the fission density distribution, 

such as prompt fission gammas and capture gammas. Delayed gammas from 

fission products may be included if it can be reasonably assumed that the 

fission products will not move about after they are produced. 

In succeeding sections, the mathematical and physical basis of the 

program is described, followed by a description of input forms and oper­

ating instructions. Capture-gamma data, attenuation coefficients, and 

buildup-factor data which have been used in various calculations are also 

supplied. An illustration of how a NIGHTMARE result may be extended to 

yield additional information is presented in Appendix C. 

The results obtained from this code have been compared with experi­

mental data obtained in the Bulk Shielding Reactor (BSR) 4 and are in rea­

sonable agreement. A discussion of this comparison may be found in Ap­

pendix A. 

MATHEMATICAL BASIS OF THE PROGRAM 

The problem treated by the NIGHTMARE code is (with certain restric­

tions) the estimation of the gamma-dose rate at an arbitrary point pro­

duced by a source of arbitrary distribution in space and energy. The 

principal assumption is that this estimate can be made by the buildup­

factor method. Given a source of s(E,;) gammas per unit energy range per 
.... 

unit volume per second, the dose at a point whose position vector is rT 

is 

s(E,;) { 1 EBU(;,;T,E) ~ (E) Jenergy space e 

in units of power per cubic centimeter. 

dE dV 
(l) 

~. T. Binford, E. S. Bettis, and J. T. Howe, Gamma Heating Measure­
ments in the Bulk Shielding Reactor, ORNL CF-56-3-72 (Mar. 7, 1956). 
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For calculation purposes the energy range is broken into seven energy 

groups, in each of which the buildup factors and attenuation coefficients 

are taken at an average energy. In space the integral is evaluated nu­

merically by breaking up the reactor into elements of volume bounded by 

surfaces of a cylindrical coordinate system. In the R-Z directions the 

mesh spacing is the same as that used in the EQUIPOISE calculation; in 

the e direction the spacing is uniform at any given radius, but is usually 

changed with increasing radius to prevent excessive calculation (see "Pro-. 

cedure for Use of Codes"). The appearance of the mesh is as shown in Fig. 

l. The distribution of materials is arbitrary in the R-Z coordinates as 

far as calculation of the sources is concerned and is uniform in the e 
direction. In calculating the attenuation, however, the material prop­

erties are considered to be uniform in the Z direction; that is, as far 

as gamma-ray attenuation and buildup factors are concerned, the material 

distribution appears as in l"ig. 2a and not as in Fig. 2b. 

The form of expression (1), which is used in the numerical integra­

tion, is as follows for each energy group: 

e2 -L l...l'idi 
i..J. (E) , z2 R2 BU(r., rT,E) e i 

e L L e~l Sp(R,Z) !::::.V • (2) 
ji!-; j2 2rc Z""Zl Rc:R~ '. '1' 

The ranges of integration (that is, summation) are specified from 

one row of mesh points to another row ·or mesh points, but the actual sum­

mation occurs from halfway in between rows and columns. Target points 

never coincide with source points. The target point may be placed any­

where on the R-Z mesh, but in the e coordinate the target is always half 

of an angle increment away from the nearest mesh point. 

If no correction is made to formula (2), the amount of the dose from 

the volume elements closest to the target point is underestimated. Pro­

vision ~s made in the input to reduce the source-target distance for the 

closest mesh points by subtracting an amount ~ t:::.B/2 from this distance, 

where ~ is the target radius, t:::.B/2 is the angular increment from the 

sotu·c:e point to the target, and € is a number between 0 and l. It has 
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MESH POINTS 
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4 

'UNCLASSIFIED 
ORNL-LR-OWG 64197 

TARGET (RADIAL POSITION) 

TARGET 

(AXIAL POSITION) 

--1---+---- TYPICAL 
VOLUME ELEMENT 

TYPICAL VOLUME 
ELEMENT 

Fig. 1. Typical Mesh Spacing. Which Might Be Used in NIGHTMARE; Ma­
terial Distribution Uniform in e Direction and Arbitrary in R Direction. 
In Z direction, distribution is arbitrary with respect to the sources but 
uniform with respect to attenuation properties. 

• 
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been found that € :: 0.25 is usually adeq_uate, but the user may employ any 

desired value in the range 0 ~ € < 1. The results for € :: 0 are also 

printed out for comparison with the results for € f o. 
The buildup factor for radiation passing through layers of different 

materials is handled by an empirical device which has the merit of ful­

filling certain physical req_uirements. Referring to Fig. 3, for the case 

of four layers, the buildup factor is estimated by either of the following 

formulas: 

BU(S ~ T) a ({[BUI (f ~idir [nuii ( ~ ~iai)ra r 
or 

BU(S ~ T) 

where 

b :: e -f.l.3P3' 

-1J.4P4 c = e • 

x [nuiii (~ ~iai)fb)c x [nurv (t ~iai)]'-c (3) 

(4) 

Figure 3 shows a plane passing through a source point S and the target 

point T which is parallel to the common axis of the concentric cylindrical 

regions I, II, III, and IV. Lines m, n, p, g_, and rare the lines of in­

tersection of the plane with the concentric regions.· (The axis of the 

cylinders need not lie in the plane of the picture.) Both formulas have 

the following characteristics. First·, the further the target point is 

from the boundary of the region in which it is, the closer the over-all 

buildup factor corresponds to the buildup factor for that region. Second, 
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A 

(a) 

UNCLASSIFIED 
ORNL-LR-DWG 64198 

(b) 

Fig. 2. Material Distribution Considered in NIGHTMARE. The actual 
material distributions may be as in (b), and the radiation sources are cal­
culated on that .basis.. Att·enuations. must be calculated .. on the basis of a. 
distribution. such :as that sho:wn. in (a) •. 

I . II III 

m p q 

UNCLASSIF lED 
ORNL- LR- DWG 64199 

IV 

r 

Fig. 3. Diagram Illustrating Method of Estimating Buildup Factor for 
a Layered S,ystem. 

... 
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if all the regions are of the same material, the over-all buildup factor 

will be the buildup factor for that material. Formula (3) is preferred 

because the buildup factors tend to become unreasonably large at long dis­

tances in formula (4). More realistic answers are also obtained with (3) 

if a thin region of heavy material lies between the target and the source. 

The user has the option of obtaining answers by either or both methods 

of buildup factor computation. In the program, formulas (3) and (t..) may 

be extended to as many as nine regions. 

PROCEDURE FOR USE OF CODES 

Figures 4--7 show the input forms used in NIGHTMARE. The first step 

in a liJlUH'l'MJUlli calculation is the running of an EQUIPOISE-22 • 3 case. The 

manner of writing input for EQUIPOISE-2 is described in full elsewhere2 •· ~ 

and will not be repeated here. A special program deck for EQUIPOISE-2 is 

used which re~uires, in addition to the information given in Fig. 4, the 

data shown in Fig. 5. These numbers are the number of gammas in each of 

the seven energy groups produced per capture (p ) and per neutron produced 
c 

(pf) in each region. The information is given as decimal floating-point 

numbers starting from the inmost region and proceeding outward. One blank 

card follows the regular EQUIPOISE input and one· after each set ·of P and 
c 

Pf values. 

At the conclusion of the EQUIPOISE run the source distribution is 

placed on tape ready_for the NIGHTMARE calculation. The source tape (ac­

tual tape 6) may be used repeatedly for gamma-heating calculations in the 

same reactor. (The description of other tapes is given in the EQUIPOISE-2 

memorandum.) 

It is important to remember that the EQUIPOISE and NIGHTMARE meshes 

coincide. Further, the target point must, as a rule, lie on or within 

the next to the last row and column of the EQUIPOISE mesh. If the target 

point lies above or below the reactor but within the next to last column, 

the attenuation coefficient and buildup factor will be based upon that 

region above or below which the target point is located. If the target 

point is outside the next to last column, the attenuation coefficient and 

buildup factor will be based on the outermost region of the reactor. 

·' ; 
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Punch onlY those cords which hove 
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I 

11151.1214 
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I 
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I 15 I Ia 
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I I 

I I 

I I 

II 

6> 
ROW 

10 16 

171.16121 115 

I II II II 
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10 16 

131.14161 I Ia 
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I Is 111.1413151 

I 19 111.151 I I 
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I I I IIIII 

I I I II I II 

I I IIIII I 

I I I II I 1·1 
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EQUIPOISE INPUT FORM REQUEST NO. 1 a 0 4 A 0 

ROW ROW 
6> 

ROW 
6> 

ROW 
6> 

ROW 
6> 

ROW 
6> 6>c 

19· 25 28 34 J7 " 46 52 ss 61 64 70 73 80 

14l.l6lal9 JH2 I I I I I I I I I I I I. I I I II II I I I I II I I I I I I I I II I I I I I I 13 

IIIII II IIIII I I IIIII II Ill/ I I I II II I II IIIII II II IIIII 

6R COL 
6• 

COL 6R COL 6R COL 6R COL 6R COL 

19 25 28 " J7 " .. 52 ss 61 64 70 73 80 
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I I I I I I I I II I I I I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I I I 

o, LF Ls y1JF vi\ p <PF <P, 

"' 27 34 " .. ss 61 67 73 80 

l.l1lsl~lala l.lol41ol I l.lol1lal3la I I I I I I I I I I I I .191ai9L81 1.111 I I I1Uol I oluiTIEIRIHI2IO 

I.I1ISI1Iala l.lol5l2131 l.lol1lal3la I I I I I I II I I I I .l9lal9ial lal.lol I 1215l.lol IININIEIRIHI2IO 

1.12151 :,L3L l.lol21714l5 .lei7'l.oslsl2 .lolol31-tl~5 .l1lol3lal7l M1l4l2l 12141ol.lo .lalol.lol OIUITI lcloiRIE 

1.121513131 I.IOI21711Ia .lol7lolslsl2 .loiOI311IOI9 .I1IOI3Ial71 .191113181 !3lolol.lo 111o1o1.1o IININI lcloiRIE 

1.12/513131 l.lol2171415 .lol7lolslsl2 .lolol31112l5 .l1lol3l8171 .191114121 l214lol.lo lalol.lol OIUITI ICIOIRIE 

I. I1ISI118Ia 1.101512131 I.IOI1Ial3la I I I I I I Ill I I I .l9lal9lal l8l.lol I 1215l.lol IININI I Hl2l0 

l.l11611lala l.loi4IOI I I.IOI11813Ia I I I I I I I I I I I I .l9lal9181 1.111 I I 111.101 I oluiTI I IHI?IO 

I I I I I I II I I I I I I II I I I I I I I I I I I I I I I I II I I I I I I I I I II I I I I IEINID 

I I I I I I II I II I I I Ill I I II I I I II I I I I I I I I 1 II I I I II I I I II II Ul 

111111 II I I I I 111111 II II II IIIII I II II I II UJ I I I I J 1J1J Ill 

IIIII I II I i II I II II I I IIIII 111111 II II I IIIII II II I II I I I I I 

Ill I I I 111111 II II I I IIIII I IIIII I II II I II II I II I II I I I II I I 

I II II I 111111 111111 II II I I I I I I I I II II I II II ! II II I II I I I I I 

Fig. 4. EQUIPOISE Input Form. 

- _, ( 
S. 



., ( 

REQUEST WRIOTEN B':' DATE 

NIGHTMARE Pc & Pf INPUT 

.: '!"··. ,_. 

Fig. 5 .' NIGHTMARE P c and P f Input. 



I REQUEST 
NIGHTMARE INPUT qNE 

NOTE: IF CARD 01 OF ANY BLOCK IS FILLED IN CARDS 02 AND 03 MUST BE PUNCHED, 

•: IF COL, 72 OF ANY CARD 01 IS BLANK OR 0, NIGHTMARE INPUT TWO MUST FOLLOW CARD 03 OF THAT BLOCK, 

UCN•1851 
(2 7•60) 

.. 

Fig. 6. NIGHTMARE INPUT ONE Form • 
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NIGHTMARE INPUT TWO 

REQUEST WRITTEN BY DATE 

-I• J.L • J-LIP A B C 
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0 lvl9 415 
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0 nls t 6 
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0 () 

1--
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716 47 
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Fig. 7. NIGHTMARE INPUT TWO FOI'lll. 
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IS II IGN IAIL 

16 IR IGI 1 
IEI6 IRE lulg 

lSI I IG NIA 

El7 IRE IJ 
!EI7 IR IGI2 

lSI I IGN lA II.. 
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If a plane of symmetry is used in the EQUIPOISE mesh, it must be 

placed at the bottom of the mesh. The gamma-heating result will be for 

the top half of the reactor. 

The input system used permits the running of an arbitrary number of 

gamma-heating calculations in succession. The NIGHTMARE input cards which 

describe the number of angular increments, the target position, attenua­

tion coefficients, etc., are divided into two parts. NIGHTMARE INPUT ONE 

(Fig. 6) consists of three cards filled out as follows: 

Card 01: 

Columns l-42 are the title positions and may contain any information. 

Columns 43-48 must be blank. 

Columns 49-50 represent the number of 6e's; if the target is on the 
axis of the reactor, this number should be l. 

Columns 51-60 represent the radius of target, in centimeters, meas­
ured from axis of cylinder. 

Columns 61-70 represent the height of target, in centimeters, meas­
ured from top row of EQUIPOISE mesh. 

Column 71 is blank •. 

Column 72, if blank or zero, NIGHTMARE INPUT TWO must follow card 03 
of NIGHTMARE INPUT ONE. If 1, the next block of three cards may 
follow the running of this case. 

Card 02: 

Columns l-9, 10-18, 19-27, 2&-36, 37-45, 46-54, and.5~3· are the 
values of the energy absorption coefficient times the group average 
energy divided by the density for the target material for each of 
the seven energy groups. 

Columns 64-72 describe the fraction E which is used to reduce the 
distance from source to target for the (at most four) source points 
nearest to the target. 

Card 03: 

Columns l-3, 6-8, and ll-13 are blank. 

Columns 4-5, 9-10, 14-15, and 19-20 are the upper and lower rows and 
right and left columns in the EQUIPOISE mesh bounding the source 
region. 

Columns 21-30 and 31-40 are the angular positions in radians of the 
bounding surfaces in the e coordinate of the source region. If 
these numbers are omitted, el is set to zero and e2 is set to n. 
In any case, the answer reported is for twice the angular increment 
e2 - el, so that the full reactor is calculated for e2 - el = n. 
Note that the angular coordinate of the target itself is always 
zero. 



.... 

•' 

J3 

Columns 41-42 indicate the method used for calculating buildup fac­
tors. If zero is used, the buildup factor .for each material is 
based on the mean free path for attenuation between source point 
and target. If -1 is used, the buildup factor for each material 
is computed by using the distance in mean free paths of that ma­
terial as the argument in the buildup-factor formula. If +l is 
used, the results are printed out for both methods. (The calcula­
tion time is nearly doubled.) 

Note that the boundaries of the source regions are halfway between 

rows, columns, and circles of,mesh points. Care must therefore be taken 

when the dose from a particular EQUIPOISE region is desired, for if the 

Pc and Pf values in adjacent regionc are not zero, sources outsj_(le the 

region of interest will be included. 

NIGHTMARE INPUT TWO must follow card 03 of a block of NIGHTMARE INPUT 

ONE l!ctl'd.S if CO.lumn '1'2. of card 01 of that block is blci.nk or zero. INPUT 

TWO locates the column numbers in the EQUIPOISE mesh where the attenuation 

and buildup properties change, as well as locates the changes in. angi1.l.ar 

increments. Buildup and·attenuation data are also supplied here (see Ap­

pendix B). Figure 7 shows this input form, which is to be filled out as 

follows: 

Card 04: 

Columns 4-5, 9-10, 14-15, 19-20, 24-25, 29-30, 34-35, 39-40, and 44-
45 are, respectively, the column numbers of the outside radii of 
as many as 9 regions, each having different attenuation and b1rildup 
characteristic~as described on succeeding cards. 

Columns 54-55, 59-60, 64-65, and 69-70 are the column numbers at 
which the radial increment is decreased by a factor of 3 from its 
value in the previous column. That is, if the number of 68's :noted 
on card 01 of INPUT ONE were 8, it would be changed to 24 after 
JCl, to 72 after JC2, and so on. The succeeding cards give infor­
mation in as many blocks as there are regions. The first block 
concerns energy group 1, the next group 2, and so on. Each block 
must be separated by a blank card. 

Columns l-9 give the attenuation coefficient of the region in units 
of reciprocal centimeters. 

Columns 10-18 give the ener~ absorption coefficient divided by the 
density for the region. (This information is usually omitted, as 
it refers only to the target.) · 

Colwn.ns 1~27, 28--36, and 37-45 are the coe·fficients A, B, and c, 
respectively, in the empirical buildup-factor formula 

BU. (X) ::;:: l + AX + BX 2 + cx3 , 
~ 

! .. ' ~ 
'• ·~· ~ ..... 
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where BU. (x) is the buildup factor after a distance of X mean free 
~ 

paths in material i. A blank card must be used at the end of NIGHT­
MARE INPUT TWO. 

The program output consists of the following items: 

1. Title given on card 01 of INPUT ONE. 

2. Target radius, target height, and total number of source points. 

3. Total number of rows and columns in EQUIPOISE-2 mesh. 

4. Column number and radial positions of inner and outer surfaces en­
closing source region over which integration occurs. 

5. Row numbers and heights measured from top of EQUIPOISE-2 mesh of upper 
and lower surfaces enclosing source region. 

6. Angular positions of remaining two surfaces of the region of integra­
tions; the target is always at the zero-angle position. 

7. Tabulation of gamma dose at target point in whatever energy units per 
unit mass were employed on card 02 of INPUT ONE. Tabulation is from 
groups 1 to 7, and the total is given at the end. The results for 
E = 0 are compared with the results for whatever value of E was used 
on card 02. Also, if columns 41-42 of card 03 were filled with +1, 
the results obtained with both buildup factors are displayed. If zero 
or blank were used, the "preferred" method results alone are displayed, 
and if -1 were used, the alternate method results alone are given. 

The above describes only the NIGHTMARE gannna-heating output. The 

usual EQUIPOISE output is obtained off-line at the time of the running 

of the EQUIPOISE-2 part of the program (see Figs. 8-10). 

A, B, C 

d. 
~ 

EJ., E2, 

pi 

p ' c pf 

... ... 
r, rT 
R 

... ' E7 

NOTATION 

Coefficients in empirical equation for buildup factors 
(energy dependent) 

Buildup factor at energy level, E, between the source 
... ... 

location, r, and the target location, rT 

Distance in ith material, em 

Energy of groups 1 to 7 respectively 

Distance in ith material, em, projected on a horizontal 
plane 

Number of photons produced per capture and per fission 
respectively 

Source and target locations respectively 

Radial distance, em 

·-' 



s(E,;) 

sP(R,z) 
v, !J.V 

z 

E 

I.L (E) 
e 

,, 
I.Li 

p 

e, £::,.8 

'·' 

15 

Source strength, photons per unit energy range per cm3 · 
per sec 

Source strength over an energy range, photons cm-3 sec-1 

Volume and volume increment, cm3 

Axial distance measured from the top of the EQUIPOISE 
mesh 

A number 0 ~ E < 1 used to correct source-to-target dis­
tances 

Ene:r:gy absorption coefficient at energy level, E, for 
target material, cm-1 

Attenuation coefficient., cm-1 

Density, g/crn? 
Angular measurement and angular increment, radians 
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. Fig. 8. Sample Problem; EQUIPOISE Output. 

SAMPLE PROBLEM FOR NIGHT~ARE -- BSR GAMMA HEATING 

BNO.CONO.I I ,R,BJIIU,O, I llNORMI#Ii JINORMIII EPINIO.OOOE-Oli 

MESH SPECIFICATIONS 

6 
7 

5 
H 

8 12 
8 12 
5 I 2 
4 12 

I 0 20.100 12 

01 02 SlGI SIG2 NOSFI NOSF2 RES.ESCAPE 1-'HII PHIZ 
2.000E 00 1.619E-01 4.000E-02 I.B3BE-02 -0. -0. 9.898E-OIIO.OOOE-02 I.OODt UO 

Y I.SQUE 00 J.OIYE 01 5.23DE-02 1.838E-02 Q. O. 9.89BE-UI B.OOOE 00 2.SOOE 01 
6 1.435E DO 2.S.BI!-01 2.745E-02 7.066E-02 j.I25E-0:1 I.D39E-01 9.142E-OI 2.4001: 02 8.000E 01 
4 l.li3lit 00 2.533E-01 Z.IIBE-02 7.066E-02 3.109E-03 J.039E-01 9.138E-DI 3.000t 02 I.Q[](Jto"T 
6 1.4j5E 00 2.S33E-01 2.745E-02 7.066E-02 3.125E-03 1.039E-01 9.142E-01 2.400E 02 B.OODE 01 

6 9 J.SOUE 00 i.OIYE-01 5.23DE-02 1.83BE-D2 -0. -0. 9.89BE-Oi B.OOOE 00 2.5Ul1E 01 
9 12 2.000E 00 1.619E-01 4.DODE-02 I.B3BE-02 -D. -0. 9.89HE-OIIO.OOOE-D2 I.OODE DO 

SAMPLE PROBLEM FOR NIGHT~ARE -- BSR GAMMA HEATING. 

FLUX CALCULATION BEGINS- BETAFN 1.6DO BETAS# I .600 

IT 10 SUMRESFU5.015E-03 SUMRESSN7.364E-D4 MAXRESFI 5, 3J#I.503E-D3 MAXRESSIIO, 6JNI.720E-04 PHI R# 9.9B4E-01 

IT NO 
I 0 
20 
30 

CONVRINUCRITJ, MAX PT. MIN PT. 
1.864E 01 I 5, 21 IIUr 6) 
1.499E-02. Ill, 61 I 5, 2J 
7.083E-04 5, SJ I 5, 61 

CONVRIFLUXJ MAX PT. MIN PT. 
1.011 E 02 
6. 105E-0 I 
4.46/E 02 

6, II J t 2, 21 
2·, II J I 3, II J 
3, II·) I 2, II I 

NU CRITICAL 
1.0071 7E DO 
I. 00770E 00 
I.00389t ·00 

II 3Q SCMRESF#II.IIOE-:05 SUMRESSIH·.IIIE-05 MAXRESF(.i, 5Jii9.519E~oo MAXRESSt S, 1Jii4.666E-06. PHI kli 9 .• 999E-Oi 

SAMPLE PROBLEM FOR NIGHT~ARE BSR GAMMA HEATING 

30 ITEHATIUNS CONVHINUCRITJN 7.083E-04 CONVRIFLUXJI 4.467E-02 NU CRITICALI 1.00396E 00 PHI R# ?.99?471:-01 

FAST FLUX II ,J J 

6 9 10 

o. o. o. o. o. o. o. o. o. o. 
2 2.62BE-01 2.628E-01 2.450E-01 2.121E-01 1.6f5E-01 1.245t-01 9.615E-02 7.163E-02 3.380E-02 6.970E-03 

3 2.0e5E 00 2.085E 00 1.930E 00 1.642E 00 1.267E 00 8.717E-01 6.327E-01 4.j82E-01 1.764E-OI 3.103E-02 

1.652E 01 1.652~ 01 1.521E 01 . 1.275E 01 9.472E 00 5.B82E 00 3.802E 00 2.301E 00 7.392E-01 1.109E-01 

5 7.973E Dl 7.973E 01 7.335E 01 6.129E 01 4.472E 01 2.445E 01 1.263E 01 6.200E 00 1.48SE DO 1.959E-01 

6 1.418E 02 1.41HE 02 1.305E 02 1.092E 02 B.005E 01 4.339E 01 2.074E 01 9.53/E 00 2.088t 00 2.582E-01 

1.897E 02 I.B97E 02 1.746E 02 1.462E 02 1.073E 02 5.836E 01 2.786E 01 1.269E OJ 2.693E DO 3.21~E-DI 

8 2.294E 02 2.294E 02 2.112E 02 1.769E 02 1.299E 02 7.075E 01 3.3BOE 01 J.S38E OJ 3.231E DO 3.791E-01 

9 2.605E 02 2.605E 02 2.39BE 02 2.009E 02 1.476E 02 8.041E 01 3.843E 01 1.749E 01 3.661E 00 4.261E-01 

10 2.818E 02 2.818E 02 2.595E 02 2.174E 02 1.597E 02 8.704E 01 4.160E 01 1.893E 01 3.959E 00 4.592E-01 

II 2.926E 02 2.926E 02 2.695E 02 2.258E 02 1.659E 02 9.041E 01 4.321E 01 1.967E 01 4.112E 00 4.762E-01 

12 2.926E 02 2.926E 02 2.695E 02 2.258E 02 1.659E 02 9.041E 01 4.321E 01 1.967E 01 4.J12E UO 4.762E-01 
~· 
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Fig. 8 (continued) 

SAMPLE PROBLEM FOR NIGHT~ARE -- BSR GAMMA HEATING 

FAST FLUXII,JI 

II 12 

o. o. 
2 e.776E-04 o. 

3 3.488E-03 Q. 

I, 083E-02 Q, 

I, 744E-02 Q, 

6 2o205E-02 Q, 

2.668E-02 0 • 

3.095E-02 0. 

9 3.447E-02 Q. 

10 3.696E-02 0 • 

II 3. 825E-02 Q. 

12 3.825E-02 O. 

SAMPLE PROBLEM FOR NIGHT~ARE -- BSR GAMMA HEATING 

SLOW FLUXII,JI 

3 6 8 9 10 

. o. o. o •. o. o. o. o. o. o • o. 
2 t.826E-OI 6.826E-01 1>-~65E-01 5.517(-01 4,412E-01 3.253E-01 2.517E-01 1,880E-01 8.870E-02 1.812E-02 

5.316E 00 5.316E DO 4.nn 00 '•.194E 00 J.255E 00 2.272E 00 1.671E 00 1.170E 00 4,693E-IJI S.IHH-02 

3.90RE 01 3.908E 01 3.o01E 01 3.030E 01 2.287E 01 1.527E 01 1.071E 01 6.903E 00 2.137E 00 2.95H-01 

5 7.590E 01 7.590E 01 6.986E 01 5.862E 01 4,449E 01 3.583E 01 3.046E 01 1.918E 01 4.667E 00 5.327E-01 

6 5.450E 01 5.450E 01 5.019E 01 4.226E 01 3,311E 01 3.606E 01 4.269~ 01 2. 799E 01 6.531E liD 7.040E-01 

6.606E 01 6.606E 01 6.086E 01 5.131E Dl 4,046E 01 4.581E Dl 5.59DE 01 3.672E 01 R.396E IJO 8.767E-01 

8 7.885E 01 7.885E Dl 7.267E Dl 6.143E 01 4.858E 01 5.523E 01 6.755E 01 4.438E 01 1.007E Ul 1.034E DO 

9 8.905E Dl 8.905E Dl 8.21DE Dl 6.956E Dl 5.513E 01 6.273E 01 7.676E 01 5.042E 01 1.141E 01 1.163E DIJ 

10 9.629E 01 9.62?E 01 8,879f. 01 7.525E 01 5,966E 01 o.~9UE 01 8.310E 01 5.45BE 01 1.234E 01 1.253E DO 

II IO.ODOE Dl IO.OODE 01 9,221F. Dl 7.816E Dl 6.197E Dl 7.053E 01 8.632E 01 5.67DE 01 1.281E 01 1.300E 00 

12 IO.DODE 01 ID.OODE 01 9.221E 01 7.816E Dl 6,197E 01 7.0HE 01 8.632E 01 5.67DE Dl 1.2BIE 01 1.300E DO 

SAMPLE PROBLEM FOR NIGHT~A~R~E~---~B~S~R_G~A~M~.H~A~H~E~A~T~I~N~r.-------------------------------------------------------------

SLOW FLUXII,JI 

II 12 

o. o. 

2 2. 256E-D3 D. 

9. 240E-03 O. 

2.826E-02 O. 

5 4.588E-D2 Q, 

6 5.809E-02 O. 

7. 038E-02 0. 

8 e.I69E-02 D. 

9 9.10DE-02 O. 

10 9.757E-02 0. 

II I,OIDE-01 Q, 

12 I.DIDE-01 D. 

.) 
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Fig. 8 (continued) 

SAMPLE PROBLEM FOR NIGHT~ARE -- BSR GA~MA HEATING 

TOTAL FAST GROUP PRODUCTION 2.10B17E 04 

TOTAL SLOW GROUP PRODUCTION 2.94462E 05 

TOTAL FAST GROUP ABSORPTION 1.72j17E 04 

TOTAL SLOW GROUP ABSORPTION 2.99394E 05 

TOTAL FAST GROUP TOP LEAKAGE B 7.77789E 01 

TOTAL SLOW GROUP TOP LEAKAGE 1.64304E 01 

TOTAL FAST GROUP RIT LEAKAGE R 6.05367E 01 

TOTAL SLO~ GROUP RIT LEAKAGE# 1.29097E 01 

TOTAL FAST GROUP HOT LEAKAGE # 0. 

TOTAL SLOW GROUP BOT LEAKAGE # 0. 

REGION ABSORPTIONS 

SAMPLE PROHLtM FUR NIGHT~ARE -- BSR GAMMA HEATING 

SOURCE II, J I 

6 

o. 
a. 

a. 
o. 

o. 
a. 

8 u. 
o. 

9 o. 
a. 

10 u. 
o. 

II 0. 

12 

a. 

o. 
o. 

-o. 
B.I33E 00 

6.J04E DO 
6.104E DO 

7.455E 00 
I. 455E DO 

2 

-o. -0. 
H.i33E 00 8.133E DO 

O.i04E 00 6. lUliE 00 
6.104E DO 6.104E 00 

7.455E 00 7.455E DO 
1.455E DO i.USSE DO 

8.907E 00 8.9UfE 00 H.YO/E 00 
8.903E 00 B.903E DO 8.903E 00 

1.006E 01 1.006E 01 1.006E 01 
1 .uooe 01 1 .uuoe 01 1 .uuoe or 

I.OBHE 01 i.OBBE 01 I.OBBE 01 
I.OBBE 01 1.088E 01 1.088E 01 

I • I 30E 0 I I • I 30E 0 I I. I 30E 0 I 
1.130E 01 

1. J 30E 01 
o. 

I • 130E 0 I I. I 30E 0 I 

I • I 30E D I I • I 30E 0 I 
o. o. 

-o. -0. 
f.4BOE DO t.486E 00 

5.621E DO S.621E 00 
5.621E 00 5.621~ DO 

6.867E 00 6.867E 00 
O.BOIE 00 6.86/E DO 

6.2UBE 00 B.2UHE DO 
8.205E 00 8.205E DO 

9.273E 00 9.273E 00 
Y.213E DO 9.2/3E 00 

1.003E 01 i.OU3E 01 
I.003EOII.003EOI 

1.042E 01 1.042E 01 
1.042E 01 1.042E 01 

1.042EOIJ.042EOJ 
o. o. 

-0. -0. 
6.2BIE DO 6.281E 00 

4. i30E 00 4. 730E 00 
4.7j0E DO 4.730~ 00 

5. 787E 00 5. 7H7E 00 
S.IBIE 00 S.787E 00 

o.v33t au o.Y33t au 
6.931E 00 6.933E 00 

7.850E 00 7.8S3E 00 
i.BSOE DO 1.853E DO 

8.492E DO 8.496E DO 
8.492E 00 8.496E DO 

8.82aE Oa 8.824E 00 
·a. BlUE DO a. a24E DO 

s.a2DE DO 8.824E 00 
o. o. 

5 

-0. -u. 
4.161E DO 4./0IE 00 

5.689E 00 3.689E 00 
3.689E 00 3.689E 00 

4.538E UO 4.53HE DO 
4.538E DO 4.538E 00 

5.452E 00 5.452t 00 
5.452E 00 5.452E 00 

6.188E 00 6.1BBt 00 
O.JBSE DO O.JBBE DO 

6.696E DO 6.696E 00 
6.696E DO 6.696t 00 

6.955E 00 6.955t 00 
6.9SSE 00 6.955E Dll 

6.955E LID 6.955E 00 
o. o. 

'I 
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Fig. 8 (continued) 

SAMPLE PROBLEM FOR NIGHT~ARE -- BSR GAMMA HEATING 

SOURCEII,JI 

6 7 8 9 10 

o. o. o. o. o. o. o. o. o. o. 
-a. o. o. -0. -0. -o. -0. o. o. -o. 

2 o. o. -0. -0. -o. o. -a. -u. -a. -a. 
-o. -o. -o. -0. -o. -o. -0. -0. -o. -0. 

3 -0. -0. -o. -o. -0. -0. -0. -o, -0. -0. 
-c. -a. -0. o. -o. -o. ·0. -0,;, o. -0. 

-o. -u. u. o. -u. -0. -o. -0. o. -0. 
-o. -o. -o. -o. -o. -o. -0. -0. -0. -0. 

-0. -0. -0. -0. -0. -o. -o. -o. -o. -0. 
'•' 3. l9BE O(FO. -a. -a. -D. -a. -a. -o. -[1. -0. 

6 3.881E uu-u. o. -a. -a. -u .. -06 -a. -a. o. 
3.881E oo-o. -o. -0. -(1. -o. -o. -o. -o. ~o. 

" 4.941E on-n. -0. ·0. -o. -o. -o. -0. -u. -0. 

•' Q.9QIE oc=o. -11. -0. -o. -o. -0. -0. -o. -u-:-

S.YSBE 011-0. -a. -u. -u. -a. -0. -u. -o. -a. 
5.958E 00-0. -0. -0. -0. -o. -0. -0. -o. -o. 

9 6.767E oo-o. -0. -0. -0. -o. -o. -0. -0. -0. 
li. lli 7E oo=o. -a. -a. -D. -a. -a. -0. -0. -a. 

10 I. 325E 00-0. -0. -0. u. -0. o. o. -o. -0. 
7. 325E oo-o. -0. -0. -0. -o. -o. -0. -0. -0. 

II 7.609E oo-o. -fl. 
r .ec9E oo-u. 

12 i.OOVE 00-0. o. o. -0. o. -0. -0. o. -u. 
c. o. o. o. o. o. o. o. o. o. 

SAMPLE PRO~LEM FOR NIGHT~ARE -- 8SR GAMMA HEATING 

SOURCE 11 0 J I 

.I 
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Fig. 9. Sample Problem; NIGHTMARE Output. 

'SAMPLE PROBLEM fOR NIGHTMARE - BSR GAMMA HEATING 

BSR GAMMA HEATING AL-l CORE ONLY 

TARGET RADIUS 2o4130E 01 TARGET HEIGHT 8o3818E 01 TOTAL POINTS 240 

11 COLUMNS • RAD 1 US 71o62 CMo 11 ROWS• HEIGHT Blo47 CMo 

CALCULATED BETWEEN 

2o49 CMo AND COLUMN 6 RADIUS 22o40 CMo 

ROW 6 HEIGHT ·58.03 CMo AND ROW l~ -HEIGHT Blo47 

-o. DEGREES AND 180.000 DEGREES 

X a SUMMATION Of MUIIl*DCil 

GAMMA DOSE FROM ENERGY GROUP 1 

GAMMA DOSE FROM ENERGY GROUP 2 

GAMMA DOSE FROM ENERGY GROUP 3 

GAMMA-.DOSE .FROM· ENERGY .GROUP · 4 , 

GAMMA·DOSE :FROM·-.ENERGY~-cGRoUp;· .5 .. · 

GAMMA DOSE .FROM' ·ENERGY· ·.GROUP·. ··6• · 

GAMMA· DOSE· :FROM·· ENERGY .. • GROUP: 7 

TOTAL GAMMA DOSE FROM ALL GROUPS 

EPSILON .. 0 

o. 
o. 

o. 

o. 
o;.., 

Oo· 

o •. 

o. 

SAMPlE .PROBL'EM,'fOR'·NIGHT:MARE>c':-- ·BSR ,GAMMA -HEAT.ING..-. 

BSR.GAMMA·. HEkHN.G ·AL,.,l'. ·FRON.T: HALF Ot;:·.REAC. 

EPSILON "'0o2.5 

o. 
o. 

o. 

o. 
o •. 
o. 

o. 

X a MUC ll*D(ACI 

EPSILON "' 0 

3o35519E-Ol 3o35519E-Ol 

lo60011E 00 lo79302E 00 

2o10043E 00 Zo36292E 00 

lo89.90·3E,Ol:.- 2.o08·21'0E:-Ol. 

1o30865E-O-l·.··. lo45160E.,Ol··· 

5o36205E: 00'.' 5o949-79E QO·.: 

TARGET RADIOS 2.4130E 01 TARGET HEIGHT So3818E 01 TOTAL POINTS 400 

11 COLUMNS• RADIUS 7lo62 CM• 11 ROWS, HEIGHT- 8lo47 CMo 

CALCULATED BETwEEN 
/ 

coLUMN 2 RADIUS 2.49 CMo AND COLUMN 11 RADIUS 7lo62 CMo 

ROW 2 HEIGHt ~5.24 CMo AND ROW 11 HEIGHT 81o47 

-o. DEGREES AND 89o997 DEGREES 

X a SUMMATION Of MUIII*DIIl 

GAMMA DOSE FROM ENERGY GROUP 1 

GAMMA DOSE FROM ENERGY GROUP 2 

GAMMA DOSE FROM ENERGY GROUP 3 

GAMMA DOSE FROM ENERGY GROUP 4 

GAMMA DOSE FROM ENERGY GROUP 5 

GAMMA DOSE FROM ENERGY GROUP 6 

GAMMA DOSE FROM ENERGY GROUP 7 

TOTAL GAMMA DOSE FROM ALL. GROUPS 

EPSILON' "' 0 

3o08894E-Ol 

lo50262E 00 

2.79686E 00 

6o84962E-01 

2o06819E-01 

lo67070E-01 

1ol9422E-01 

So78665E 00 

EPSILON -OoZS 

3o08894E-Ol 

lo69553E 00 

3ol7747E 00 

7o6l903E-01 

lo853,77E-01 

lo337.18E-Ol 

6o49l51E 00 

X a MUIIl*DIACl 

EPSILON "' 0 

2 o.9716BE-O l 

lo50655E 00 

2o8.1287E 00 

6o90912E-Ol 

2o08426E-Ol 

1o 6817.1E-O 1 

1o20390E-01 

5oB0449E oo 

EPSILON a0,25 

2o97l68E-Ol 

lo69947E 00 

3o19349E 00 

7o67852E-Ol 

2o31222E-Ol 

1o86478E-01 

lo34685E-01 

6o51036E 00 

.. 
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Fig. 9 (continued) 

SAMPLE PROBLEM fOR NI~HTMARE BSR ~MMA HEATIN~ 

BSR ~AMMA HEATING AL-l TARGET AUG-60 

TARGET RADIUS 2o4130E 01 TARGET HEIGHT Bo3818E 01 TOTAL POINTS 800 

11 COLUMNSt RADIUS 7lo62 CMo 11 ROWSt HEIGHT 8lo47 CMo 

CALCULATED BETWEEN 

COLUMN 2 RADIUS 2o49 CMo AND COLUMN 11 RADIUS 7lo62 CM• 

ROW 2 HEIGHT 1So24 CMo AND ROW 11 HEIGHT 8lo47 

.... -o • DEGREES AND lSOoOOO DEGREES 

X = SUMMATION Of MUill*DIIl X . MUIIl*DIACI 

t:PSIL.ON = 0 EPSILON =0·25 EPSILON = 0 EPSILON .. o.zs 
GAMMA DOSE FROM ENERGY GROUP 1 3•57432E-Ol 3o57432E-Ol o. o. 

GAMMA DOSE FROM ENER~Y GROUI5 2 lo61049E 00 lo80340E 00 o. Oo 

GAMMA DOSE FROM ENER~'i' GROUP 3 3o01059E 00 3o39121E 00 o. o. 

GAMMA Dose FROM ENERGY GROUP 4 7o'7428BE-Cll B • 51229E-Ol o. o. ::·. 

GAM~ Dose FROM ENERGY GROUP 5 2• 36044E-Oi 2o5884CE~Ol o. ·o. .!i~\:. 

GAM~ DOSE fROM ENER~Y GROUP 6 1•9136~£-01 2o09670E-Ol o. o. ··~,': 

GAMMA DOSE fROM ENERGY GROUP 7 
~~t!J~ .},_• 

l•31262E-Ol l•ltSS~;HIE-01 o. 0• 
;.r 

TOTAL GAMMA DOSE FROM ALL GROUPS ~t31147E 00 7.o1734E oo o. 0• 
• ·~if 

;;·_-

.. 
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UNCLASSIFIED 
ORNL-LR-DWG 64465 

~-+--~--+--1--~-1--~----r----------r--------~--~r-------------,__2 

CD 

~-+--~--+--1--~-1--+-----r---------~------------~r-------------~3 

2 3 4 5 6 7 8 9 10 11 12 
J 

Fig. 10. Geometric Mesh for EQUIPOISE and NIGHTMARE Calculations of 
Sample Heating in the BSR. Regions shown were used to specifY nuclear 
properties (the core consists of regions marked 3, 4, and 5). NIGHTMARE 
mesh is I from 2 to 11, J from 2 to 11. 

~ 
I 
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Appendix A 

COMPARISON OF RESULTS WITH EXPERIMENT (BSR) 

In the course of checking out the NIGHTMARE code, heat-generation 

rates were calculated in targets in the BSR for which experimental de­

terminations5 are available. The rectangular core was simulated with a 

cylindrical core as follows: actual core: 18 in. deep X 15 in. wide X 

24 in. high; nuclear equivalent cylinder: 8.82-in. radius X 24-in. height. 

A critical, homogeneous core was established for a fuel concentration 

of 9.4 X 1019 atoms of u235 per c:Ii13 , using the GNU6 one-dimensional, mul­

tigroup code. Homogeneous poison was added to reduce keff to 1.0 from a 

clean value of 1.0734. A perpendicular buckling of 0.00171 was applied 

to the fuel region only, equivalent to adding an extrapolation distance 

of 7.5 em 011 this region; axial leakage in the reflector was neglected. 

An EQUIPOISE two-dimensional, two-group calculation was made, em­

ploying ·the two-group nuclear constants generated by GNU. Since the fuel 

region and reflector had each been subdivided into two regions for the 

GNU calculation, variation with radial position of the fast-group prop­

erties was in part taken into account; this same variation was assumed 

to apply axially. It was found that keff was 0.99606 without modification 

of the nuclear properties. 

The following assumptions were made for the heat-generation calcula­

tions: 

l. A fission product delayed-grumna source of 6.75 Mev/fission was 

distributed (geometrically) in the same way as the prompt-plus-capture 

gamma source in the fuel region. 

2. Delayed gammas from aluminum of 1.782 .Mev (core and Al target) 

and delayed betas having an average energy.of 1.249 Mev (E = 2.856) 
max 

were assumed. 

5T. B. Fowler and M. Tobias, EQUIPOISE-2 -A Two-Dimensional, Two­
Group Neutron Diffusion Code for the IBM-7090 Com uter, ORNL CF-60-11-67 

Nov. 21, 1960 • 
6c. L. Davis, J. M. Bookston, and B. E. Smith, GNU-II- A Multigroup 

One-Dimension.Diffusion Program, GMR-101 (Nov. 12, 1957). 

.. 
' I. 

• f_:.J.,_ 
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3. The target was assumed to be sufficiently small for flux depres­

sion at the target to be neglected. 

4. Heating from radiation generated in the target itself is calcu­

lated by using an escape probability for a cylinder having a uniform iso­

tropic source, and neglecting buildup. 

5. It was assumed that there were l.25 photons per capture in H20 

of 2.0 Mev as opposed to the more accurate 1.0 photon per capture of 2.2 

Mev. 

The fluxes of photons having discrete energies were established at 

three raqial locations from prompt-plus-capture gamma-ray sources by the 

NIGHTMARE code. This calculation was made for the whole reactor and also 

for the core only, using 800 and 280 mesh points respectively. 
' 

Heat-generation rates in targets of aluminum, iron, and lead were 

calculated from these photon flux values and EQUIPOISE neutron flux levels 

at. the target locations~ . Result'S. of calculat·ions are compared with. ex-· · 

perimental results 5 in Table A.l.and. in Fig. A.l. Certain data: used are 

given in Table A.2. 

The actual radial positions of targets have been used in these cal­

culations. In the reactor the targets were located.opposite the narrow 

side; therefore the. distances. usedin.the calculation.from the reactor 

edge to the targets. are greater than in the .actual. experimenta·l situation. 

This difference would be expected to cause the calculated heating rates 

to be somewhat low. 

It is worth noting that a relatively large mesh spacing is associated 

with only 800 mesh points; with each point is associated an appreciable 

volume. The calculated result may be expected to be slightly on the low 

side due to this large mesh spacing, even though a value of € was used to 

account for the effect of a finite mesh. 

In this calculation it was found that only 7.3% of the captures in 

the fuel region occurred in fission products and control rods. Therefore 

the high-energy gamma-ray source associated with capture in the rod is 

not very significant. If there were an appreciable amount of cadmium in 

the reactor at the time in question, then this additional contribution 

would increase the heat-generation rates by an amount which would increase 

in significance with distance from the core. 

•. 

.. ~: 
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The calculated results are considered to be sufficiently in agreement 

with observations to warrant general application of this code to problems 

of local heat generation in reactors. 

Radius 
(em) 

24.13 

33.02 

45.72 

24.13 

26.95 

30.48 

33.02 

38.10 

45.72 

Table A.l. Heat Generation in Targets in the BSR 

Heat.Generation (w g-1 Mw-1 ) 

Source 

Calculated 

Aluminum 
Target 

Prompt + capture + activation 0.1219 
gannna 

Delayed fission product gamma 0.0657 

Target gamma + beta 0.0108 

Total 0.1984 

Prompt + capture + activation 0.05001 
gannna 

Delayed fission product gamma 0.02155 

Target gamma + beta 0.00370 

Total 0.07526 

Prompt + capture + activation . 0.01663 
gamma 

Delayed fission product gamma 0.00670 

Target gamma + beta 0. 00037. 

Total 

Experimental 

0.02370 

0.219 

0.132 

0.0745 

Iron 
Target 

0.271 

0.173 

0.105 

Lead 
Target 

0.332 

0.175 

0.090 

0.043 
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Fig. A.l. Comparison of Code Calculation Results with Experimentally 
Measured Structural Heating in the BSR. Calculated result includes prompt 
and capture gammas, fission product delayed gammas, and target capture and 
decay gammas and betas. 
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Table A.2. Data for Target Heating Calculat~on in the BSR 

~ Phutons 

Photons Produced Fission 

Produced per Product fl E(a) (Mev/cm) f!T(b) (cm-1 at 60°0) Energy Neutron Delayed e 
(Mev) per Capture Gamma Al Fe Pb Al/H20 ; Al/H20; Neutron in (~hotons (p;2,7) ( p;7 .85) ( p;11,353) H20 Al l.O 0.7 Production Fuel Mw- sec-1 ) ' :· ~ 

Region 
-

0.5 1.56 0.3924 lU X 1016 0.03875 0.1155 0.564 0.0323 0.228 O.lJO 0.1129 

l o·.82 0.4287 10 X 1016 0.0733 < 0.207 0.454 0.0305 0.165 0.0978 0.0859 

2 0.4$4 0.2726 3.18 X 1016 0.1244 0.366 0.66 0.0257 0.116 0.0708 0.0629 

4 0.102 0.0596 0.12 X 1016 0.2168 0.704 1.524 0.0210 0.0838 0.0524 0.0469 

6 0.0193 0.0156 0.3072 1.092 2.604 0.0185 O.CJ?l6 0.0450 0.0404 

ll n.oo1n o.0£5£ U3J9 1.52 3.8413 0.01,'/l 0.0656 0.0414 O.OY/1 

10 0 0 0.494 1.96 5.27 0.0163 0.0620 0.0392 0.0351 ... 

(a)Linear energy absorption coefficient times energy. 

·, (b)Linear total absorption coefficient. 

.. 

~~' 
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Appendix B 

PROPERTIES OF MATERIALS FOR USE IN REACTOR 
HEAT-GENERATION CALCULATIONS 

Definitions 

Z = atomic numbers; for mixtures, the equivalent Z used must correspond 
to the actual attenuation properties of the mixture 

~ = total linear attenuation coefficient, cm-1 

' 
proportional to density 

for a material 

~e = linear energy absorption coefficient, cm-1 proportional to density 
' for a material 

~/P - ~ jp =mass energy absorption coefficient, cm2 /g, independent of 
e 

density 

Note: for ~/p ; ~ jp ·input, it may be desirable to use one of the fol­
e 

lowing: 

~ jp, in which case heat-generation rate calculated is in photons/g, 
e but the NIGHTMARE total is meaningless because the results for 

each energy group must be multiplied by the energy before they 
can be summed; 

~, in which case heat-generation rate calculated is in photons/cm3 , 
e but the NIGHTMARE total is meaningless; 

E~ jp, in which case heat-generation rate calculated is in Mev/g, 
eand the total is correct; 

E~ , in which case heat-generation rate calculated is in Mev/cm3 , 
eand the total is correct (here E is the group ~hoton energy, Mev). 

Conversion Factors 

1.603 X 10-13 w-sec/Mev = 1.0 

3.38 X 1016 fissions/Mw-sec = 1.0 

3.6 X 108 (rads/hr)/(w/g) = 1.0 



H 

Be 

B 

c 
0 

Mg 

Al 

Ti 

Fe 

Ni 

Cu 

Zr 

Cd 

I 

Xe 

Pm 

Sm 

Eu 

Ta 

Pb 

Th 

u 
Pu 

Target Material 

H20, p ; 1.00 at 20°C 

p ; 0.974 at 80°C 

p ; 0.917 at 150°C 

Concrete, p a 2.3 

p ; 2.6 

p ; 3.0 

Barytes, p ; 3.5 

D20, p ; O.R26 at 280°C 

29 

Table B.l. Linear Total Attenuation Coefficients, ~ 

Density Atoms per 
(g/cm3) barn-em 0.5 Mev 

l.R46 

2.0 

1.671 

1.74 

2.70 

4.50 

7.854 

8.90 

8.09 

6.44 

8.65 

4.94 

7.7 

5.24 

16.6 

11.347 

11.5 

18.7 

16.1 

(0.066R?.) 

0.1233 

O.lll3 

0.0838 

(0.03341) 

0.0431 

0.0602 

0.0566 

0.0847 

0.091J 

0.0842 

0.0425 

0.046:; 

0.0234 

(0.0024) 

(0.030) 

0.0308 

0.0208 

0.0553 

0.0330 

0.0298 

0.01.73 

0.0406 

0.0193 

0.143 

0.161 

O.J46 

0.0772 

0.150 

0.228 

0.0368 

0.660 

0.772 

U.741 

0.557 

0.792 

0.470 

0.050 

0.783 

0.832 

0.580 

2.15 

1.73 

2.04 

3.47 

3.17 

0.0965 

0.0939 

0.0887 

0.201 

0.226 

0.259 

0.326 

0.0719 

1 Mev 

0.0141 

0.104 

0.118 

0.106 

0.0565 

0.109 

0.165 

0.265 

0.470 

0.547 

0.523 

0.373 

0.500 

0.285 

0.030 

0.444 

0.465 

0.322 

1.08 

0.795 

0.873 

1.46 

1.32 

0.0706 

0.0687 

0.0648 

0.147 

0.165 

0.188 

0.217 

0.0526 

~ (cm-1) at Energies of 

2 Mev 4 Mev 6 Mev 8 Mev 10 Mev 

0,00982 O.OU648 

U.U726 0.0491 

0.082 0,0559 

0.0742 0.0509 

0.0394 0.0275 

0.0767 0.0547 

0.116 0.0838 

0.187 

0.334 

0.389 

0.372 

0.266 

0.357 

0.202 

0.021 

0.309 

0.323 

0.225 

. 0.730 

0.521 

0.554 

0.'.!13 

0.816 

0.0492 

"0.0480 

0.0453 

0.102 

0.114 

0.131 

0.152 

0.0367 

0.142 

0.259 

0.305 

0.294 

0.222 

0.308 

0.178 

0.019 

0.278 

0.292 

0.202 

0.669 

0.485 

0.513 

0.842 

0.747 

0.0340 

0.0331 

0.0312 

0.073 

0.083 

0.096 

0.120 

0.0253 

0.00502 0.00418 0.00363 

0.0391 O.OJJ4 0.0300 

0.01.~8 0.0387 0.0349 

U.0411 0.0359 0.0326 

o.o226 ·o.o2oo o.Ol84 

0.0465. O.U423 ·o.0399 

0.0716 0.0656 0.0620 

0.129 

0.240 

0.285 

0.275 

0.217 

0.308 

0.181 

0.019 

0.289 

0.304 

0.210 

0.708 

0.505 

0.533 

0.880 

0.775 

0.0276 

0.0269 

0.0254 

0.062 

0.072 

0.084 

0.112 

0.0206 

0.123 

0.234 

0.279 

0.271 

0,211 

0.318 

0.188 

0.020 

0.300 

0.317 

0.220 

0.741 

0.535 

0.563 

0.927 

0.824 

0.0242 

0.0235 

0.0222 

0.056 

0.066 

0.078 

0,109 

0.0180 

0.121 

:0.232' 

0.279 

0.272 

().226 

0.330 

0.196 

0.021 

0.318 

0:333 

0.231 

0.785 

0.571 

0.599 

0.998 

0.877 

0.0220 

0.0215 

0.0202 

0.053 

0.063 

0.075 

0.109 

0.0164 

,j, •' 
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Table B.2. Linear Energy Absorption Coefficients, ~e' for Target Material 

Target Material 10 Mev 
Densi~ Atoms per 
(gjcm3) barn-em 0.5 Mev 

~e (cm-1 ) at Energies of 

1 Mev 2 Mev 4 Mev 6 Mev 8 Mev 

H (0.06682) 0.00660 0.00622 0.00523 0.00395 0.00328 0.00284 0.00255 

Be 

B 

c 
0 

Mg 

Al 

Ti 

Fe 

Ni 

Cu 

Zr 

Cd 

I 

Xe 

Pm 

Sm 

Eu 

Ta 

Pb 

Th 

u 
Pu 

H20, p = 1.00 at 2o•c 

p = 0.974 at 8o•c 

p = 0.917 at 150°C 

Concrete, p = 2.3 

p = 2.6 

p = 3.0 

Bal~es, p = 3.5 

Th02 (5000 g of Th per liter) 

1.846 

2.0 

1.671 

1.74 

2.70 

4.50 

7.854 

8.90 

8.89 

6.44 

8.65 

4.94 

7.7 

5.24 

16.6 

11.347 

11.5 

18.7 

16.1 

0.1233 

0.1113 

0.0838 

(0.03341) 

0.0431 

0.0602 

0.0566 

0.0847 

0.0913 

0.00842 

0.0425 

0.0463 

0.0234 

(0.0024) 

(0.030) 

0.0308 

0.0208 

0.0553 

0.0330 

0.0298 

0.0473 

0.0406 

0.0491 

0.0550 

0.0505 

0.0263 

0.0509 

0.0777 

0.127 

0.231 

0.272 

0.681 

0.216 

0.338 

0.235 

0.0231 

0.398 

0.428 

0.302 

1.273 

1.128 

1.428 

2.47 

2.29 

0.0329 

0.0319 

0.0302 

0.069 

0.065 

0.060 

0.119 

0.642 

0.0457 

0.0520 

0.0465 

0.0249 

0.0478 

0.0730 

0.117 

0.207 

0.242 

0.492 

0.168 

0.230 

0.146 

0.0142 

0.219 

0.230 

0.161 

0.577 

0.454 

0.532 

0.903 

0.831 

0.0311 

0.0302 

0.0286 

0.065 

0.062 

0.058 

0.087 

0.251 

0.0387 

0.0440 

0.0397 

0.0210 

0.0412 

0.0626 

0.102 

0.183 

0.213 

0.355 

0.148 

0.203 

0.116 

0.0120 

0.181 

0.190 

0.133 

0.450 

0.330 

0.363 

0.602 

0.543 

0.0262 

0.0254 

0.0241 

0.056 

0.052 

0.048 

0.074 

0.174 

0.0305 

0.0349 

0.0319 

0.0174 

0.0351 

0.0543 

0.0949 

0.176 

0.208 

0.201 

0.158 

0.224 

0.135 

0.0141 

0.209 

0.220 

0.152 

0.516 

0.381 

0.410 

0.684 

0.600 

0.0214 

0.0208 

0.0197 

0.047 

0.044 

0.041 

0.073 

0.1\1~ 

0.0263 

0.0300 

0.0279 

0.0156 

0.0330 

0.0512 

0.0965 

0.182 

0.218 

0.213 

0.173 

0.250 

0.151 

0.0156 

0.241 

0.254 

0.176 

0.602 

0.434 

0.463 

0.766 

0.676 

0.0189 

0.0183 

0.0174 

0.044 

0.042 

0.039 

0.077 

0.214 

0.0235 

0.0276 

0.0258 

0.0147 

0.0320 

0.0499 

0.0981 

0.190 

0.228 

0.222 

0.187 

0.274 

0.165 

0.0174 

0.252 

0.279 

0.194 

0.660 

0.481 

0.509 

0.840 

0.748 

0.0175 

0.0169 

0.0161 

0.042 

0.040 

0.037 

0.080 

0.233 

Table B.3. Total Linear Attenuation Coefficients, ~, for Some Mixtures at 80°C 

Target 
Material 

Be (5% H20) 

Al/H20 0.75 

l.O 

l.25 

4.0 

Fe/H2 0 l.O 

4.0 

Ni/H20 = l.O 

= 4.0 

0.5 Mev 

O.l4l 

O.l5l 

O.l6l 

0.168 

0.201 

0.377 

0.547 

0.433 

0.636 

l Mev 

0.102 

O.llO 

O.ll7 

0.122 

0.146 

0.269 

0.390 

0.308 

0.451 

~ (cm-1) at Energies of 

2 Mev 

0.0714 

0.077l 

0.0820 

0.0858 

0.102 

O.l9l 

0.277 

0.218 

0.321 

4 Mev 

0.0483 

0.0548 

0.0584 

0.0613 

0.0737 

0.146 

0.214 

0.169 

0.251 

6 Mev 

0.0385 

0.0461 

0.0493 

0.0517 

0.0627 

O.l33 

0.197 

0.156 

0.233 

8 Mev 

0.0329 

0.0416 

0.0446 

0.0469 

0.0572 

0.129 

0.192 

O.l5l 

0.228 

0.0220 

0.0259 

0.0245 

0.0141 

0.0315 

0.0494 

0.101 

0.196 

0.238 

0.233 

0.198 

0.294 

0.178 

0.0189 

0.288 

0.302 

0.210 

0.720 

0.527 

0.556 

0.928 

0.815 

0.0166 

0.0161 

0.0153 

0.040 

0.038 

0.036 

0.084 

0.253 

lO Mev 

0.0296 

0.0388 

0.0417 

0.0440 

0.0539 

0.127 

0.190 

0.150 

0.227 
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Table B.4. Parameters A, B, and C for Energy Absorption Buildup 
Factor in the Equation 

BU. (f.l.d) ::::; 1.0 + A. (f.l.d) + B. - (f.l.d) 2 + C. (f.l.d)3 
~,n ~,n ~,n ~,n 

for a Point Isotropic Source 
--

Parameters A, B, and C for Energies of 
Material 

0.5 Mev l Mev 2 Mev 4 Mev 6 Mev 8 Mev 10 Mev 

A. 
~,n 

H20 (f.l.d < 15) 0.840 0.970 0.830 0.589 0.460 0.381 0.312 

z 
2 0.22 0.97 0.76 0.65 0.54 0.45 0.39 
4 0.44 0.98 0.76 0.63 0.51 0.42 0.36 
6 0.64 0.99 0.76 0.60 0.48 0.40 0.34 
8 0.83 1.00 0.76 0.58 0.46 0.37 0.31 

10 l.Ol 1.01 0.76 0.56 0.43 0.34 0.29 
12 1.19 1.02 0.76 0.54 -0.41 0.32 0.26 
14 1.32 1.03 0.76 0.52 0.38 0.30 0.24 
16 1.42 l.O!.f 0.76 0 .. 51 0.36 0 .. 28 0.22 
18 1.50 1.05 0.76 0.4SJ 0.34 0.26 0.20 
20 1.55 1.06 0.75 0.47 0.33 0.24 0.18 
22 1.59 1.07 0.'75 0.46 0.31 0.22 0.17 
24 1.62 1.08 0.75 0.44 0.30 0.21 0.16 
26 1.64 1.09 0.75 0.43 0.28 0.20 0.15 -· 
28 1.64 1.10 0.74 0.42 0.27 0.19 0.14 
30 1.64 l.ll 0.74 0.41 0.26 0.18 0.14 

•. ,, 

32 1.63 l.ll 0.74 0.39 0.25 0.17 0.13 
34 1.61 1.12 0.73 0.38 0.24 0.17 0.13 

''.·· ¢'• 

36 1.59 1.12 0.73 0.37 0.23 0.16 0.13 
38 1.56 1.13 0.72 0.36 0.22 0.16 0.12 
40 1.53 1.13 0.72 0.36 0.22 0.15 0.12 
42 1.49 1.13 0.71 0.35 0.21 0.15 0.12 .. 
44 1.44 1.13 0.71 0.34 0.21 0.15 0.12 
46 1.39 1.13 0.70 0.33 0.20 0.14 0.11 
48 1.34 1.12 0.70 0.32 0.20 0.14 0.11 

~ 50 1.29 l.ll 0.69 0.32 0.19 0.14 0.11 
52 0.24 1.10 0.68 0.31 0.19 0.13 0.11 
54 1.19 1.09 0.67 0.30 0.18 0.13 0.10 
56 l.lS 1.08 0.67 0.30 0.18 0.13 0.10 
58 1.10 1.06 0.66 0.29 0.17 0.12 0.10 
60 1.05 1.04 0.65- 0.29 0.17 0.12 0.10 
62 1.01 1.02 0.65 0.28 0.16 0.12 0.10 
64 0.96 1.00 0.64 0.27 0.16 0.11 0.10 
66 0.91 0.98 0.64 0.27 0.16 0.11 0.09 
68 0.87 0.96 0.63 0.26 0.15 0.11 0.09 
70 0.82 0.94 0.62 0.26 0.15 0.11 0.09 
72 o.r/8 0.92 0.62 0.25 0.15 0.11 0.09 
74 0.73 0.90 0.61 0.25 0.14 0.11 0.09 
76 0.69 0.87 0.61 0.24 0.14 0.10 0.09 
78 0.65 0.85 0.60 0.24 0.14 0.10 0.09 

... 
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Table B.4 (continued) 

Parameters A, B, and C for Energies of 
Material 

0.5 Mev l Mev 2 Mev 4 Mev 6 Mev 8 Mev 10 Mev 

B. 
~,n 

H20 (!J.d < 15) 0.600 0.175 0.037 0.0015 -0.0035 -0.005 -0.0055 

z 
2 0.53 0.126 0.055 0.05 0.05 0.05 0.05 
4 0.50 0.125 0.053 0.04 0.04 0.04 0.04 
6 0.464 0.125 0.051 0.03 0.03 0.03 0.03 
8 0.436 0.124 0.049 0.015 0.015 0.015 0.015 

10 0.402 0.123 0.047 0.010 0.010 0.010 0.010 
12 0.367 0.121 0.045 0.005 0.003 0.002 0.001 
14 0.336 0.120 0.043 0.007 0.005 0.003 0.002 
16 0.305 0.118 0.041 0.008 0.006 0.004 0.003 
18 0.275 0.116 0.039 0.011 0.008 0.006 0.005 
20 0.244 0.113 0.038 0.013 0.010 0.008 0.007 
22 0.215 0.109 0.037 0.015 0.012 0.010 0.009 
24 0.188 0.105 0.036 0.017 0.014 0.010 0.009 
26 0.160 0.100 0.036 0.019 0.015 0.011 0.009 
28 0.142 0.094 0.036 0.021 0.017 0.011 0.009 
30 0.103 0.088 0.036 0.022 0.018 0.011 0.009 
32 0.091 0.082 0.036 0.023 0.019 0.010 0.008 
34 0.070 0.079 0.036 0.023 0.019 0.010 0.008 
36 0.050 0.067 0.036 0.023 0.019 0.009 0.007 
38 0.031 0.058 0.036 0.022 0.018 0.009 0.007 
40 0.014 0.050 0.036 0.022 0.018 0.008 0.006 
42 o.o 0.041 0.036 0.021 0.017 0.007 0.005 
44 -0.013 0.032 0.036 0.021 0.017 0.006 0.004 
46 -0.025 0.022 0.036 0.020 0.016 0.005 0.003 
48 -0.035 0.013 0.036 0.020 0.016 0.004 0.002 
50 -0.043 0.004 0.036 0.019 0.015 0.004 0.002 
52 -0.048 -0.005 0.035 0.018 0.015 0.003 0.001 
54 -0.053 -0.013 0.032 0.018 0.014 0.003 0.001 
56 -0.056 -0.020 0.028 0.017 0.013 0.002 0.001 
58 -0.058 -0.027 0.025 0.017 0.012 0.002 o.o 
60 -0.060 -0.033 0.022 0.016 0.011 0.001 -0.001 
62 -0.062 -0.037 0.018 0.015 0.010 0.001 -0.001 
64 -0.063 -0.040 0.015 0.015 0.009 0.001 -0.002 
66 -0.064 -0.043 0.012 0.014 0.008 o.o -0.003 
68 -0.065 -0.045 0.008 0.014 0.007 -0.001 -0.003 
70 -0.066 -0.047 0.005 0.013 0.006 -0.001 -0.004 
72 -0.067 -0.048 0.002 0.013 0.005 -0.002 -0.005 
74 -0.067 -0.050 -0.002 0.012 0.004 -0.002 -0.005 
76 -0.068 -0.051 -0.004 0.011 0.003 -0.003 -0.006 
78 -0.068 -0.052 -0.006 0.010 0.002 -0.004 -0.006 
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Table B.4 (continued) 

Parameters A, B, and C for Energies of 
Material 

0.5· Mev l Mev 2 Mev 4 Mev 6 Mev 8 Mev 10 Mev 

c. 
~,n 

H20 (JJ.d < 15) 0 0 0 0 0 0 0 

z 
-· 2 0 0 0 0 0 0 0 

tj. 0 0 0 0- 0 0 0 
6 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 

~ 

10 0 0 0 0 0 0 0 
12 0 0 0 0 0 0 () 

14 0 u u 0 0 0 ·o 
16 0 0 0 0 0 0 0 
18 0 0 0 0 0 0 0 •'. 

20 0 0 0 0 0 0 0 
.,,·,_ 

22 0 0 0 0 0 0 0 
24 0 0 0 0 0 0 0 ~': 
26 0 0 0 0 0 0 0 ~ 
28 0.0001 0 -o.oooi 0.0001 0.0001 0.0001 0.0001 

,, 
30 0.0002 0 -0.0002 0.0002 0.0002 0.0002 0.0002 . \ .. ;,, 
32 0.0003' 0 -0.0002 0.0004 0.0003 0.0003 0. 0003 :•'. . '-1: .. ' 

34 0.0005 0.0001 -o.0003 0.0005 0,0004 0.0005 0.0005 
... ,,, 

.i:.,~. 36 o.ooog 0.0001 -0.0004 0.0006 0.0005 0~0008 0.0008 
38 0.0010 0.0002 -0.0005 0.0007 0.0006 0.0010 0.0010 ~: .. :, ·. --~~·i 
40 0.0012 0.0002 -o.0005 0.0008 0.0006 0.0012 0.0012 
42 0.0014 0.0003 -0.0006 0.0008 0.000'7 0.0013 0.0014 
44 0.0015 0.0004 -0.0006 0.0009 0.0008 0.0014 0.0015 

.... 46 0.0016 0.0005 -0.0006 0.0009 0.0009 0.0015 0.0016 
48 0.0017 0.0006 -0.0007 0.0010 0.0010 0.0016 0.0017 
50 0.0018 0.0007 -0.0007 0.0010 0.0010 0.0017 0.0018 . 

c• 52 0.0019 0.0008 -0.0006 0.0010 0.0011 0.0017 0.0019 
54 0.0020 0.0009 -0.0006 0.0010 0.0012 0.0018 0.0020 
56 0.0021 0.0010 -0.0006 0.0010 0,0013 0.0018 0.0020 
58 0.0022 0.0010 -0.0005 0.0010 0.0013 0.0019 0.0020 
60 0.0023 0.0011 -0.0004 0.0010 0.0014 0.0019 0.0020 
62 0.0023 0.0012 -0.0004 0.0009 0.0014 0.0020 0.0020 
64 0.0024 0.0013 -o.0003 0.0009 0.0015 0.0020 0.0020 
66 0.0025 0.0014 -0.0002 0.0009 0.0015 0.0020 0.0020 
68 0.0025 0.0015 -0.0001 0.0009 0.0015 0.0020 0.0020 
70 0.0026 0.0016 o.o 0.0008 0.0016 0.0020 0.0020 
72 0.0026 0,0017 0.0001 . 0.0008 0.0016 0.0021 0.0020 
74 0.0026 0.0018 0.0002 0.0008 0.0017 0.0021 0.0020 
76 0.0027 0.0018 0.0003 0.0007 0.0017 0.0021 0.0019 
78 0.0027 0.0019 0.0004 0.0007 0.0018 0.0021 0.0019 

4, 

, 
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Table B.5. U235 Capture and Fission Gamma Source 

(v 2.44, cra = 513 barns, vcrf = 1070 barns, 

cr = 74.5 barns, thermal at 80°C.) 
c 

Prompt Fission 
Energy 

(Mev) 
Photons 

per 
Fission 

a Photons per 
Neutron 

Production 

Prompt Capture 
(photons/nonfission 
neutron capture) 

Prompt Fission + 
Delayed F~sion 

Product 
(photons a/neutron 

production) 

0.5 3.80 1.56 3.50 3.02 

l 2.00 0.82 2.837 2.23 

2 1.18 0.484 0.383 0.90 

4 0.25 0.102 0.0374 0.12 

6 0.047 0.0193 0.0048 0.021 

8 0.0032 0.00131 0 0.00131 

10 0 0 0 0 

7.2802 2.98661 6.7622 6. 29231 

~f input. 
b See Table B.6. 

Table B.6. Typical Fi::;:;ion Product Delayed Gamma SourcP. 

Energy (Mev) Photons per Fission Photons per Mw-seca 

X 1016 

0.5 3.0 10 

1 3.0 10 

2 1.0 3.4 

4 0.04 0.14 

6b 0.003 O.Ol 

7.043 23.55 

~quivalent to 6.68 Mev/fission, or 94% of infinite time level of 
7.1 Mev/fission. 

b6 Mev is above the usual energy limit of delayed fission product 
gammas, and this source therefore can be used as an upper bound. 
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Table B.7. Capture Photons a 

~, Element 
Average Binding 

Energy in Product Capture Gamma-R8lf Photons per Neutron Capture at Energies of 

Nucleus (Mev) 0.5 Mev 1 Mev 2 Mev 4 M.ev 6 MP.V 8 Mev J.O Mev 

H '") ..,.., 
,_.;...&- (1.25) 

~ 

D 6.26 1.1 

Be 6.81 0.50 0.80 
BlO u .. 45 1.20 0.30 0.06 0.01 
c 4.94 0.30 0.41 0.50 

Mg 9.24 0.70 0.40 0.59 1.10 0.25 0.11 0.01 
Al 7.72 0.23 0.77 0.21 0.35 

Ti 8.25 0.50 1.00 0.29 0.20 0.90 0.03 
Fe 7.72 0.68 0.40 0.35 0.30 0.25 0.41 0.03 

Ni 8;41 0.20 0.04 0.05. 0.14 0.30 0.60 0.10 

Cu 7.76 1.73 0.40 O.GU 0.23 0.22 0.48 
Zr 7.94 1.20 0.60 0.40 0.40 0.05 

Ag 6.78 0.79 0.62 1.37 . 0.58 0.16 

Cd 9.05 0.5 0.10 0.40 1.45 0.30 0.02 
Xel35 

8Jnl49 8.00 3.59 0.60 1.50 0.45 0.05 0.01 

Eu 6,45 0.81 0.70 1.76 0.38 0.05 
Dy (6.5) 0.50 1.90 0.50 0.20 

Ta 6.05 0.50 1.80 0.40 0.10 

Au 6.45 0.50 1.20 0.35 0.35 

Pb 7.29 0.15 0.80 
~ Th 5.2 0.86 0.93 1.66 0.13 

aComplete experimental data are not available in the literature for many of these eleru.ents; 
therefore a reasonable il.:i.stribution of the binding energy han been made herein. 

·-, 
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Table B.8. Beta-Particle Energy Associated with Decay of Product(s) a Formed upon Neutron Capture 

Energy (Mev) 

Material (Isotope of 
Principal Principal Main Product Average 

Principal Capture) Beta of Any Beta of Disintegration Beta 
Product, Main (total) per 
Maximum Product Capture 

Boron (B10 ) 13.4 0 0 "'0 

Sodium (Na23 ) 1.39 1.39 5.51 0.555b 

Aluminum ( Al27) 2.87 2.87 4.65 l.25c 

Titanium ( Ti 48) 2.1 0 0 0.01 

Iron (Fe56 ) 0.462 0 0 "'0 

Nickel (Ni58 ) 2.1 0 0 "'o 
Zirconium (Zr90 ) 1.91 0 0 0.01 

Silver (Ag107 + Agl09) 2.24 1.77, 2.24 1.77, 2.88 0.88 

Cadmium ( Cd 11.3) 1.61 0 0 "'o 
Europium (Eu151 ) 1.88 o, 1.88 o, 1.88 0.1 

Dysprosium (Dy164 ) 0.8 + 0.42 0.8 + 0.42 2.1 0.41 

Gold (Au197 ) 0.96 0.96 1.37 0.32 

Thorium ( Th2.32) 1.23 1.23 1.23 0.42 

Uranium ( u2.38) 1.21 1.21 1.28 0.41 

~xcludes transitions of long half-life. In a material such as Eu, the 
beta energy increases with exposure (on a basis of one capture in the material). 
Also the gamma rays produced in decay may make available significant energy for 
local heat generation. Deactivation energy is not included in the main product 
disintegration energy (causing capture gamma rays). 

b Also one 2.75- and one 1.37-Mev decay gamma per capture. 
c Also one 1.78-Mev decay gamma per capture. 
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Appendix C 

.EXAMPLE OF EXTENSION OF A NIGHTMARE RESULT 
TO OBTAIN ADDITIONAL INFORMATION 

The heat-generation rate at the inside edge of a pressure vessel 

(which is located outside a thick water blanket) is known as a function 

of energy from a NIGHTMARE calculation. It is desired to obtain the heat­

generation rate at the outside edge of this steel pressure vessel, which 

is 7 i:o.. thick. The effective distance from the core source to the blanket. 

edge is estimated at 66 in. (The core source is all-important at remote 

distances, except when appreciable neutron absorption occurs in another 

region such as a steel shield or control rod, resulting in high-energy 

Gao.fJLUl·e, aC'tivation, or decay ga.rrtmas.) 

Solution 

The ratio of the gamma flux' at the outside surface to that at the ~ 

inside surface will be determined and applied to the heat generation rate 

at the inside surface for each energy group. A preliminary calculation 

using the energy buildup-factor equation ·indicates that this factor is 

dependent only on the material adjacent to the point of interest in this 

situation. 

., 
•· 
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Table C.la. Surmnary of Calculations To Extend NIGHTMARE Result 

Heat-Generation (cm-1) J..Ld (mean free paths) Energy (a) J..l 

(Mev) Rate at a 
(w/g) H20 Fe H20 Fe Total 

0.5 8.743 X 10-6 0.0939 0.660 15.74 12.58 28.32 

l 1.104 X 10-4 0.0687 0.470 11.52 8.96 20.48 

2 1.014 X 10-3 0.0480 0.334 8.05 6.36 14.41 

4 1.557 X 10-3 0.0331 0.259 5.55 4.93 10.49 

6 2.174 X 10-3 0.0269 0.240 4.51 4.57 9.08 

8 6.439 X 10-4 0.0235 0.234 3.94 4.46 8.40 

Total 5.51 X 10-3 

(a) a = inside edge of pressure vessel. 

Table C .lb. Swnmary of Calculations To Extend NIGHTMARE Result 

BU -j..L<\r Heat-Generation 

Enerf 
-j..L<\r (a) 

BUFej:BUH20 
e 20 I 2o 

(Mev BUFe BUH20 X "' Rate at b 
H20 Fe (w/g) 

0.5 180 180 1.0 290,000 3.44 X 10-6 ~o 

1 35 60 1.74 7,770 2.24 X 10-4 ~o 

2 10 18.7 1.87 578 3.24 X 10-3 3.28 X 10-6 

4 4.3 7.5 1.74 139 1.26 X 10-2 1.95 X 10-5 

6 3.0 4.9 1.63 96.4 1.69 X 10-2 3.68 X 10-5 

8 2.43 3.55 1.46 86.4 1.69 X 10-2 1.09 X 10-5 

Total 7.05 X 10-5 

(a)b = outside edge of pressure vessel. 
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