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ABSTRACT

A routine was developed for the IBM 650 computer

to cbtain a least sqguares fit to data obtained in

a subcritical reactor. The routine can cbtain (1)
a hyperbolic gine fit when the absolute experimen-
tal uncertainty of the data is of the same magnhi-
tude at each point, (2) a hyperbolic sine fit when
the relative uncertainty is the same at each point,
and (3) a J_. (kr) fit when the relative uncertainty
is the sams at each point.

External Distribution according to
TID-45C0 (10th Ed.)
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COMPUTER CALCULATIONS ON EXPONENTTIAL DATA

INTRODUCTION

The material buckling of the lattice of a thermal reactor
can be determined in a subecritical assembly that has an external
source of neutrons. If the lattice is contalned in a cylindrical tank
wlth a symmetric source of neutrons at the bottom, the assembly 1is
called an "exponential and the neutron flux at any point 1n the assem-
bly may be expressed asi

oo J
elr,z) = igl A, sinh xi(x-—z)Jo(;’i r')
This equatien holds 1f the points (r,z) are taken at equivalent lattice
posltions. Here, x 18 the extrapolated height and R 1is the extrapo-
lated radius of the assembly; jo i is the ith zero of JO,-the Bessel
function of zero order. ’

If the data are taken sufficientiy far from the source, only
the first ferm in the series is needed. The egquation then becomes

J.o,l
o(r,z) = A sinh x(x-z)Jo =T

where J, 1 = 2.4048. The material buckling of the lattice is then
2
given by B2 = (2.4048/R)2 - (2

The manual calculation of ¢ and R from the experimental data
taken in such an assembly is very tedious and time consuming, since
many runs are made on a given lattice in order to decrease the experi-
mental uncertainty. The use of a medium-speed or high-speed computer
can eliminate the tedium and can provide results soon after the data
are taken.

SUMMARY

A routine for the IBM 650 computer was developed to obtain
the best f1t to axial data taken with a traveling monitor(®) (Type 1),
to axial data taken with folls (Type 2), and to radial data taken with
foils (Type 3). The routine can also obtaln relative activities of
foils, corrected for epithermal neutron background (Type 4), and un-
corrected (Type 5). The computations are performed 1n the fixed deci-
mal mode and ylield a best fit by least squares.

This code uses approximately 1550 storage locatlons, includ=~
ing 150 positions for a hyperbolic sine and {O(x) subroutine{as, and
%6 locations for an exponential subroutine ‘®’% For any gilven problen,
a maximum of twenty experimental points can be used. The maximum
value of the argument of the hyperbolic sine is 6.9. Two variations
of the routine are used, one allowing greater accuracy if x(x-z) 5_4.4
and the other allowing k(x-z) to reach 9.2, with less accuracy in the
computation.

T




DISCUSSION

To eliminate manual computations as much as possible, the
routine to compute the bucklings was amplified by a subroutine which
processed raw experimental data into numbers used by the least squares
routine. The basic data desired in the latter routine were thermal
neutron fluxes as a function of heilght or radius in the exponential
tank. Since the neutron source used at SRL!'%*) contributed a signifi-
cant fraction of nonthermal neutrons, a correction had to be applied
to the raw data. This was accomplished by obtaining neutron fluxes
with and without a cadmium shutter between the source and the assembly.
Subtraction of data taken with the shutter from those taken without
the shutter provided the thermal neutron flux.

Neutron flux data were obtained from the activation of in-
dium foils, or from a movable ion chamber, hereafter referred to as
the "traveling monitor."{}} The foils were counted in sequence such
that each foil produced approximately the same number of counts per
unit counting period. Thus, it was assumed that the relative uncer-
tainty of each experimental point was constant. The data from the
traveling monitor were recorded on a Brown recorder. It was assumed
that the uncertainty in these data resulted primarily from reading the
chart, and was thus the same for all points, independent of the magni-
tude of the flux.

Five subroutines are available. The user designates his
cholce of one of these by inserting the digit corresponding to his
problem 1nto the proper storage.

Because 1t 1s necessary to process raw data before entering
the least squares routine, the processing routines will be discussed
first, followed by the three least squares routines. The numerical
designation of type follows the chronological sequence of programming.

TYPE 5: RELATIVE FOIL ACTIVITIES-NO SHUTTER CORRECTION

The activity fi(t } of a foil at a time t, minutes after the

completion of irradiation is given by:

e (t) c,/a _ K(ti-to)
i‘Yo c.T
i
1 -
a
where
¢y = number of counts of the ith foil, minus background
a = counting time in minutes for the 1ith foil
T = counter dead time in minutes
A = decay constant for indium foils in min *?
ti = elapsed time in minutes from the completlion of the

lrradlation to the commencement of counting




The subtraction of background counts from the foll counts
before making the dead-time correction is a good approximation for
low backgrounds.

The value of t. 1is chosen to increase the range of arguments
for the exponential subroutine.

A sample input data sheet and the resultant output from a
Type 402 IBM Accounting Machine are given in the Appendix. A maximum
of twenty foil activities can be utilized in one run.

TYPE 4: RELATIVE FOIL ACTIVITIES-WITH SHUTTER CORRECTION

The foll activation, due to thermal neutrons, at time to+ %
minutes after the completion of the irradiation 1s given by:

-A&
_ . 2
£y =e £(t,)
a‘—a)
- '
B ci/a e?\(t:.L to) o ci'/a' My -ty +
- C.T c1p €
1 - — 1 - =
a al

P = ratio of source strength for the unshuttered experiment
to that for the shuttered experiment. This quantity is
calculated by the IBM 650 from the relative activities
within a set of normalizing folls.

Primed and unprimed variables refer to the experiments with
and without a cadmium shutter, respectively.

_ Sample. input and output data are shown in the Appendix.
Abbreviations NS and S refer to unshuttered and shuttered data, re-
spectively.

TYPE %: RADIAL BUCKLING DETERMINATION-FOIL DATA ONLY

The extrapolated radius c¢f the subcritical assembly, R, was
obtained by assuming that the thermal neutron flux could be fitted by
the fundamental Bessel function Jo(xr), where R = 2.4048/k.

The data were obtained from foils, each counted at such a
time that all foils had the same relative uncertalnty. Thus in fitting
the theoretiecal curve by a least squares analysis, the relative error
was minimized. The condition which applies toc this treatment demands
that

N 2
.
Ej = E: R | be a nminimum.
i=1 AJO(Kri)




0E aE3
By setting gp= = 0 and 5= = 0, one obtains
N
- f.r.d, (kr,)
g}(’c) = Z (AJO(J'CI’:L) _fj) :i 11 % =0
i=1 [JO(}CI’i)]
N 2 N
£ f.
where A = Z __ 1 - Z i
1=1 [Jo(xriﬂ 1=1 J_(kr,)

The routine computes gB(Kl) =), 85 (k) = ay, and linearly
extrapolates or interpolates from these results to obtain K- Then,
from g3(x5) = a3, and g3(xe) = a,, one obtains k) by the same process.

The system 1s considered to have converged when lKn+1" £, £.10—4.

Sample Input and output information are given in the Appen-
dix. The relative error at each point, f,/J_(kr;), is included in the

1 (Y >
rint-out, as well as €2 = s E r,-AJ_(xr.)
P ’ -2 \& 1770 T

TYPE 2: AXTAL BUCKLING DETERMINATION-FOIL DATA ONLY

The data obtained from the foils in the exponential should

fit a curve A sinh k(x-z;) in the vertical direction. Previous ex-

perience with an IBM Card Programmed Calculator had shown that a three-
parameter fit for A, k, and x led to values of x that were incompati-
ble with the value of moderator height plus the theoretical extrapo-
lation distance, which is 0.71 times the transport mean free path for
the moderator. Thus, the routine was developed to obtain a least
squares fit for A and k. The value of x was supplied by the user of
the routine.

The system of foil counting was the same for Type 2 runs as
for Type 3. Thus, it was required that

N fy 2
E2 = Z - be a minimum.
i=1 LA sinh k(x-z,) .

oE, 3E,
By setting—SK—-= 0 and vl C one obtalns




£, (x-z;)cosh k(x-2,)

N

N N
where A = Z fi Z fi

1=1 [%inh x(x—ziﬂ 27 {10 sinn k(x-24)

The routine to obtain k¢ is iterative, and similar to that
for Type %. Three separate routines are available. They are used
when Max[ﬁ(x~z[]< 4.4, ¢ 7.5, and ¢ 9.2. The accuracy in the compu-
tation of kx decreases when the larger values of the functlon are en-

countered.

sample input,and output data are shown in the Appendix. It
should be noted that €~ is not the function that 1s minimized, since

N >
2 1 h ad _]
e = x> E;;[fi A sinh k(x zi)

TYPE 1: AXIAI, BUCKLING DETERMINATION-FOR TRAVELING MONITOR RESULTS

A value of the axial buckling, -«®, was obtained from travel-
ing monitor results by fitting the data to a curve of the form A sinh
k(x-z). Again, the least squares f1t was obtained for A and «, while
the value of x was supplied by the user of the routine. Limitations
on x are the same as given for Type 2. Since the absolute error in
fi was the same for each value of Z45 the quantity

N 2
E, = ;L[fi-fk sinh ;c(x—zi)]
OE, JE
was required to be a minimum. For 5= = 0, and vl 0,
N
gl(m)== 2: [A sinh K(X—Zi)_fi] (x-z4)cosh K(X—Zi) =0
i=1
N N
where A= ;é; f, sinn k(x-z5) + E;; sinh x(x-zi)

Sample input and output data are given in the Appendix.




FLOWSHEETS AND PROGRAMMING

The Appendix contains the flowsheets used in the programming.

The L-1 load routine(®) is used to read the input data into
the IBM 650.

Copies of the program deck and details of the programming

are avallable upon request.

R. R. Haefner
Thecretical Physies DiVlSiOh
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FOIL NO. LOC.

SAMPLE INPUT_DATA

Run Ne. 1076

TYPE |

Without Shutter

- REMARKS

O

-
O

Run No. {With Shutter)

o O O

Counting Time: Minutes (No Shutter)

]

Power Ratio (without shutter: with shutter
Type 1 (. XXXHO00000)

X XXX. XX00000

Type 1, 2, 3, or 4

(@R o TN | N (]

O lo I NP |l lo |o

Moo 1€ o o o |o

Number of Points
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O

\J

Mo Day Year
Date: XX XX XX 0QQ0

<

O
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(o) . XXXX000000
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(@]
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C o o |lo o o o o

3 o oo o &b o o |4 ic

o o o Jo IH o o |l | |C

Run No. 000000XXXX (No Shutter)

[ TR A TN Voo IR BN N NN L6 N TS VA A o

—

C.:T Counts Time, Minutes
171 XKXXX XXX XX

-
b

1 XXH .. XH00000

[ T

—

OOOOOOOOOO\O\O\O\D\OO\D\O\O\O

o o (oo | |y P & N[

P e = =
P
[}

o lo jo |l |l |lo |o jo o | | |0 o |©o |[© 1O

(@]
[
[

[}
-
o | [e23 )| = | o

clontn o o bn o lo |lo b= o o |[= |lo |Jolo |w i [© |2 |V

o |O @] < O
'_l
l_.J

—
—
O

(Yo T e T 6 T (YR €S T e N o o T [ 2 B R el N I N IR © I o (S IS S R0 e B L

-

Exponential Fit

DATE PAGE
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Type 1
Run No. 1076 (Continued)

FOIL NO. LOC. REMARKS

olilzlo]l |4ls]s €11:T11

ol1(z(afl_|7l2l6l {ejolofolo] %11

olilzl2] |¥|3]s Ci0tTp

olile|s] |716/2]| {ololololo] %2

olilz]u)l |4jols €13: Ty

olalels|l |7lal7l lololololoy %13

olilefsll |3l8]o CryiTyy

olalz|7ll |8]|3]|2| |ololofjolol “1u

olilzls| |3]5]5 ©15'T15

ol1lz]9ll |8]6]|8] lololololo] %15

ol1l3iol |3]3]o] Ci6: T

ol1|3]1] |9lolz| llololololo] Zis

ol1]32]| |3|ols C17°Ty

ol11z/3i |9lslel lolelololof %17

ol11z4| |=/8]s “18'T13 _
0[1]3]5 al7il4| {ololoj0io 218

ol1lzsll [2]6!5 197 T1g

ofx!3|7] 11 0lole| lolololo|o| %19

ol1l3lal [2]|x(s Co0:Tag

ol1l3lall1lolxls| llolololololl — Ze0

Ol1]4{0C O|10] 0/ 0jofo[0]|0|0f Counting Time, Normallzing Feils: Minutes
Ol1i4]1 Normalizing Foils A (No Shutter) CaiTy
JHAE B ‘g'Ty
oj1||3 C CoiTg
Ol2|x|d D °p:Tp
oliinls E ‘g Ty
Cl1]4]6 F CF:?F
clils|7llcle [olo]olo]o]olo Number of Normalizing Foils (No Shutter)

DATE PAGE 2
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Run No. 1077
With Shutter

FOIL NO. LOC. REMARKS
171717 Normallzing Foll A With Shutter CA:TA
1i7l7(8 B " LTy
171709 ¢ ST
1171810 D " " Cp: T
117181 E " " Cpi T
1l718]2 F " ! CpiTy
1|718|3(cl0|0]0C
1718400 |of0 Number of Normalizing Foils (with shutier)
171815 0|00 Counting Time, Shutfer Run: Minutes
1]71816 7111[5 C1:Ty Shutter Run iiiiis Eiﬂ?xx_
l7isirl 17lilo Cp:Ty
171818 |7]0ls 575
1718191 16lals Cy:Ty
1|7i9lo| ielg)o G5 %5
1|7l9]a ] |elslo 676
1l7lol2]l |s|8lo Cr:T;
17l ls| |6]7]5 s g
1lrlois| |6]7]0 C9:1q
virle sl slslo C10:T1g
1l7lals || |6ls]0 €122
1l7leir !l |sluls C12:The
117 o |8 6| 4]0 €137y
17819 613]0 CiniTy
118]ololl |6l2]0 ©15'T15
1/8lol1] |el1]o ©16'T16
18]ol2]| |4|lols €17:T17
1/8lolsll [slols ©187T18 N
118]ols]l |5lglol C19'T19
1‘8 0[5 51810 Ca0*Teo

Exponential Fi1t DATE PAGE 3
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-3
na
IO FOAWN O] 0= NOUT O \0 =000

-3
M
I FOW O V- OO =0 4= 00\

e
S
A

Date

PRINT-QUT FOR TYFE 1

NS Chart Reading

09150
08600
08000
Q7500
06950
06500
06100
05750
05350
05005
OUESD
04350
04055
03800
03555
03300
03050
02850
02653
02459

£y

.8814
L8267
L7669
LT17h
.6626
L6181
.5781
.543%3
-5035
L4655
LA3hE
ok
L3754
. 3504
. 32614
L3013
L2766
L2570
2376
.2186

CoOO0OOQO0OOCoOoOCOoOOo OO COOOoO

55 1
Type

.01955

Kappa

170

X

£,/A sinh

OOCOOHHMFOHOHHHOOOHOKO

C00.

13-

S Chart Reading

07150
07100
07050
06550
06500
06800
06800
06750
06700
06600
06500
06450
06400
06300
06200
06100
06050
05950
05900
05800

. 9980
. 0031
. 9995
L0024
.9928
.9951
L9984
. 0068
. 0035
. 0055
. 0984
.0023
.9986
. 0026
. 0083
.C019
.9936
L9968
.9968
.9952

oohT

2
€

NS Run #

1076
1076
1076
1076.
1076
1076
1076
1076
1076
1076
1076
1076
1076
1076
1076
1076
1076
1076
1076
1076

1077
S Run #

Pwr.

Q00Q0
00000
00000
C000Q0
00000
Q0000
00000
00000
00000
00000
Q0000
00000
Q0000
Q0000
Q0000
0000C
00000
00000
00000
00000
Ratio

. 04690
. 04690
. 04690
LOUB90
. 04690
L0460
L0690
. 04690
. 04590
. 04690
. 04690
. 04690
. 04690
. 04690
L 04690
. 04690
046350
. 04690
. 046990
.0k690

13224

A



1084

Without Shutter

Run No.

INPUT DATA

TYPE 2

SAMPLE

REMARKS

LOC.

FOIL NOQ.

&
9 _
+ )
P
=5
Q
w2
)
9 !
al B %)
- o —|Q
2= (@] | FE)
=i o als
~ =] L 1q
oy . R e
5 S|= O
ol w o i H o
=P @ %] O
—t U B s O
gE 1 2)2d g
~—{ W f\.mnm
L o =) .
R E oy >4
L 33 Q| e H
Bl gloo = o =
S5 Al O =+ aH O =
o = o Al O =
1% AHQO| O % = ol oflam
=0 O of -« O O [+ a4
o 0 © o iR =g
Bloay W O - = b O |3 g
A o 2l M lgHEl ml 8135
II\T..I_W\MHJ .
TR | o] -
b @t @]
| als H., . o
o i | = Q —
= ] 4} - = o ha =+ [Tal O t~ o o) £
olo o ol ol v~ £ E B =] =] =] B = = ) o
=} =l= ol pmto ol e - CG] e MY .. = .- Ly e O e | ] .- o O A
3 [o] HolN= NN = @ |~ = | —] | oy N = o B WoR N b~ ™ o N on N — N
ml Ol H LA EHl =1 A i ko | N o [} [&] [ & &) [ &) &) &) [
ol = o o d al o of o =] o o ©| o o 0] ¢ of O] o) 0] o) @} © ol o o o O ©
ol ™ o o o o o o] o] o v o N o n o v o A o 4 © | o] o ol o o | o
ol af of of d o o of of of o o W o al © B o] N O] N O] L] o & ol x| o M o
ol A of o d o of of ol 4l v o] V| o w| o & o] A of ™} & ) ol 2y o w|l o M o
ol o o d o o W i of of o] o ¢ o] of O] 9] of ) O] ) O] &) 2 Al ol Al ol Al ©
ol o o o o ol 41 ] Sl 21 v o | o =| o v o] W o | ol o o W ol ol &l & ©
ol o @ Ol o] of ol ol @1 al n] = o | o o ] W abf ] ov @] W A o] cof Ov O] A
ol o © n O o ol o O o @ W o o ] v o] of ™ o ol ) o] O sfpond | bl e
ol o] © + o o o | of = of & O © of ) @ W 0] b M O b N ol i~ | = o
O] O] My lOO00011111010101010202030
ol A of o =+ v wl | o o o A o W | ol 1 @0 oy O] A A 1y A Wi b= | O
o™ o o o o ol o o ol o] o] of o o of o o] o 9 O] A 4] 4 - e | e
OOOOOOOOOO11111111111111111111
ol o ol o o o o o] ¢ of of o of o o of o of ©f o O ©| O ©j © ol ol ol o] o
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. 1084 (Continued)

Type 2
Run No

PAGE 2

DATE

-15-
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Run No. 1234
With Shutter

FOIL NO. LOC. REMARKS
Urlzlzlslz bl v ol ol 1)l ¢ Normallzing Foll A With Shutter CA:TA
1l7lzi8li=is 3161l ol 43l Q B " " Cy:Tq
zlzlollzlelofojo ] 1)o7l 6l ¢ ¢ " G
171810 D " CpiTy
171811 E " " CpiTyg
1174812 F_° " CpiTy
17183 llolo [olo|efojooio]o ’

1718l llo]o lololofolo]o]o] 2| Number of Normalizing Foils (with shutter).
1171815130 |olojolo]o|0lo]0f Counting Time, Shutter Run: Minutes
l7lelefulzle s liol sialslo Cq Ty Shutter Run ii‘;i;is Y}I‘cglfxx
1l7lel715l6 o515 i o 6] 8] 2] olf C2: %2

1l7lela]zle |5 v lo |l o 7|8 ol o] ®3° T3

117815 l3lols I8 ls | o 8 u| 6l of Cu* ™

117010 laln e lo e 1l 5ol 8l o) ©3° "5

1l7lolil1izlolo e 1] 6ol 6l ol “6' %6

1lriolelileielols 1l 7ol slo) %77

17lals 1|26 l6 |7 1] 7| 5| 8 o] “8°Ts

10709 |1 |3]1 o b5 v o] 8l 5| 7] o] ®9* %o

1170005 111 b5 e lo 11l ol 56l ol “10° 10

1|7 lolelizlipololzlol 3|50 ©11: T

irlozlalolslols |2l 1l 7l 1l of C1eiTie

17l 8 lol7le lulo | o] slel2lo] “13° 23

L1705 19 llol7 jule lo | ol 6|6l 2l o] CaniTis

18]o]o C15:T15

1]810]1 Ci6:T16

118]0/2 C17:T17

1/8]o|3 Cig:T1g

1|8[o|% C19°T19

118]ol5 Co0iT20

Exponential Flt DATE PAGE 3
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No. of Norm. Foils NS Norm. Foil Data 3 Norm. Foll Data

NS 5 Counts Time Counts Time
6. 21807 3020 27164 10110
6.3 21091 3350 35316 10420
£.% 195849 3570 22990 10780
6.3 19434 000 00C00 00000
6.3 19176 4230 00000 00000
6.3 17506 1660 00000 00000
Z4 NS Foil Data S Foil Data

108.5 14625 5650 heg1h 05480
102.2 14533 6620 36035 06810
95.9 133401 8250 Z23U0 Q7800
89.5 14307 9550 20586 08460
83.2 15066 11210 14202 15080
76.9 17557 12210 12998 16060
70.5 19289 13830 12295 17050
64 .2 25015 14480 12667 17380
57.9 27580 16400 11954 18370
51.5 3U750 1738C 11530 19360
hg,p hozg6 19070 1101C 20350
38.8 51739 20080 10305 21710
32.5 60516 21750 07249 25620
26.1 57202 25450 C746S 26620
19.8 45187 30250 07840 PT620
13.5 61067 51240 o8ohL 28750
zq ry fi/A sinh NS Run # Pwr. Ratic
108.5 0.0050 1.1001 1084 23676
102.2 0.0072 1.0476 1084 .23676
g5.9 0.0094 0.9251 1084 .23676
83.5 0.0148 0.9684 1084 .23676
83.2 0.0222 0.9753 1084 23676
756.9 0.03%33 0.9825 1084 L23676
70.5 0.0%89 0.9645 1084 .23676
Gh.2 0.0743 0.9859 1084 23676
57.9 0.1105 0.9857 1084 L2Z6TH
51.5 C.1648 0.9829 1084 L23676
ks.2 0.2464 ¢.9886 1084 L22676
28.8 0.3713 0.9958 1084 23676
Z22.5 0.5504 0.9932 1084 23676
26.1 0.8418 1.0157 1084 .23676
19.8 1.2508 1.0153 1084 23676
13.5 1.9233 1.0504 1084 .23676
8-09 55 2 06265 145 000.6486 1234 .000G4
Date Type Kappa X e? S Run # A
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(2]

FOIL NO.

SAMPLE INPUT DATA

TYPE 3

Run No. 001
Without Shutter

REMARKS

e}

Run No.

(With Shutter)

Counting Time:

Minutes (No Shutter)

o o o |O

Power Ratio
Type 1 {.XXXHXO00CO0)

(without shutter:

with shutter

X;

XX, XXO0000

Type 1,

2, 3, or 4

Number of Points

(=]
(@]

] OUO (3 o ) o

Date:

Mo
XX

Year
X

Day

XX C00C

.
o

O IC |00 P o © (g |@

OOOOO'OOOO
Q

o joc ook I o o

. XXXX0O00000

O |o |0 o |0 © 0 |© O |

(@]
[

o Jo | [elo b 0 o o |o

o o o |2 o
[

)

0000COXXXX

{No Shutter)

[ AN NN Ko s BN £ I o 2NN LU LI S0 G AN AV - e

i

Counts
XEAXX

Time, Minutes
MEX LXK

XXX . ¥X00000

= [ e

=

o 1 jo |+ |0 N (=

o M o N o M

=

—
= |~ |lo |Jo |l lo jo o Jo |l | (o v v |[w |0 o o o N N N

- o o |oo [~ o o = a0 o |-

= = = = e

=
i
n

—

111

PR I KIS Fo N NI o S EVRN [ T VS " S I P K B R PSR o (O S Y
n M o o (e o o o oy = oy = o o
= N v Jo |l [+ o =9 | - o [ v [+

o [0 io [ o [P [0 |® |Jo P (o |P o | o
[ o < O o pA o 1o |lo [ o N (o v (¢ & JC

o O |Jlo | lo M O |[F |Jo M
o [ o [0 1o M o o (o o

o]
0
0
Q
0]
0
O
0
0
o]
0
0
0
9
0
0
0
C
0
O
0
0
O
0
0
0
Q
0
0

foo T R I Mo ATNE N 1 B B = L

10

1]1
111
111
131
1]1

0

\O

Exponential Flt
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Type 3
Run No. 0001 (Continued)

FOIL NO, LOC. REMARKS

clilzlo €11:T1a
0lilz]1 olofojolo] %11
ol1]z]z C12:T1p
of1lzl3 ololofolo) %o
ol1|z]n C13:T1
ol1]z2]5 olojololo| %13
0l1]2]6 CayiTqy
olile|7 ojolololo| %
o|l1lzi8 C15:T15
ol1i2|9 ololololo]  %s
ol1]si0 C16:T16
ol1]3|1 oloiclolo| “Zis

- o{1]3]2 Ci7:Ty7
oliiz|= ciolololo %7
ol1]3|u ©18:T18 _
ol1l3]5 ololololo| “Zs
ol1i3l6 C19°T1g
olil3|7 ololoiolo] %19
0l1(3]8 Coo' Too
ol1]3]9 clolololol  %eo
Clijd|ollziofofoolojojololofl Counting Time, Normallzing Foilg: Minutes
olals]1fo|5|ki2]|6]0|o]|0|0|0| Normalizing Foils A {No Shutter) “aiTa
0{1|4]2 B CpiTy
0/1]4]3 C CeiTg
ol D CpiTp
oliluls E Cri Ty
ol1]ul6 F Cp'TF
ol1|t|7llolololo|olololo]o] 1] Number of Normalizing Foils (No Shutter)

DATE PAGE 2
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Run No. 0002
With Shutter

FOIL NO. LOC. REMARKS
171717 slolzlo o 0 Normalizing Foil A With Shutter CA:TA
1i7l7lel izl alo] |28lslo B " " CpiTp
zlzlall l7l8Bhjo| I=lolelo c " " Gt
1]7]810 b T Oy
171811 E 7 " CpiTy
17182 F_ T CpiTp
1|71813ljc o jololo|oloolo o
1(718tL|0{C Joio|0fo[0|0[0] 3] Number of Normallzing Folls (with ghutter)
117185210 |C|o[0lo|0]|0|0|C) Counting Time, Shutter Run: Milnutes
1l7lelellilos Blo | |7leiofo] “1 ™1 Snutter Run  Jounss  COEe
Ll7l8l7lale bl o | |7]3lslof “2iTe
1i7lelelils b bloll [7lslolo] ®2' T3
17811l ok P 716]5]0 CuiTy
1i7loloflsje b6l |718lalo] %575
lzlelilililr Bl 7lels|el %' 6
17lglelilszb ol 18l1]ool °7° ™7
17lols iz bl || [8,2]5]0] %88
117 lo b Cq:Tq
1|7l's C10°T10
1]7lal6 C11:T1
117 o |7 Ci1piTip
107 lo 8 Ci15iT13
1|79 CiniTaiy
1]8]o]o0 €155
1]8lol1 C16:T16
1|8|o|2 C17:Tay
EE €18:T18
1| 8|o|u €15:T19
1]8/0|5 CooiT20

Exponential Fit DATE PAGE 3 \
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PRINT~OUT FOR TYPE 3

No. of Norm. Folls N3 Norm. Foil Data S Norm. Foll Data
NS S Counts Time Counts Time
1.3 05426 08020 02700
1.3 00000 07510 2850
1.3 00000 07810 03000
1.3 0000C 00000 00000
1.3 OO0 00000 00000
1.3 00000 Q0000 00000
ry N3 PFoill Data S Foll Data
1g.5 L6660 21760 10530 07200
he. 2 47410 22450 ' 12660 07350
Wy 5 44310 23270 13390 Q7500
ho.r ho610 23980 12090 Q7650
8.8 kog70 24980 1460 07810
32,0 45140 25%30 11730 07950
23.5 46800 26000 13350 08100
15.4 L5570 26670 13410 08250
ry £y fi/A Jo NS Run # Pwr. Ratlo
hkg.5 0.4159 1.0221 1 47991
he.2 0.4595 1.0121 1 47991
b5 0.4%742 0.9925 1 L7991
10.7 0.4764 0.9002 1 47991
28.8 0.5740 1.0364 1 Arggl
2.0 0.6570 1.0330 1 Rt loxl
23, C.7252 1.0053 1 47991
15. C.7695 0.9850 1 47991
10-03 55 3 L03089 0CO 000.6516 2 .08279
Date Type Kappa 2 3 Run # 10714
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Run No. 0001

SAMPLE INPUT DATA

Without Shutter

TYPE 4
FOIL NO, LOC. REMARKS
olololo olollolololo|o
clolofa olollololo 0 3|l Run No. (With Shutter)
ololalz olollojololo|o]|| Counting Time: Minutes (No Shutter)
Power Ratioc (without shutter: with shutter
clol9]® Qllojofc|oio| Tvpe 1 {.XXXKOD0C00)
clclolu olojololo]|l X; XXX, XX00000
ololgls oloflofolo|o|y || Type 1, 2, 3, or &
010|916 Olzfofofo|0 |0 Number of Points
Mo Day Year
0181947 6|55 |0]0|0 |0 Date: XX XX XX 0000
0(0(9(8 ollololofolof «{°) . XXXX000000
0l0]9]9 ol ollolglolg |7 | Run No.  000000XXXX (No Shutter)
g7 Counts Time, Minutes
]10[0 918l 1ppslo]f "1 ).0.0.0.0.4 KL XX
ol1iola ololololo| %1 XXX . XX00000
olilol2 1l6] lilolofo| C2:Te
olilol3 ololololo] 22
:T
ol1iofs 819 250 033
ol1lols ololclolo] %=
ol1lo|6 olsl l2lslslo | “n' "
ol1lol7 ololololo| “u
ol1]0:8 615 bl il ®5iTs
ol1lo]9 ololololo] %s
ol1l1]o 6l Blblof 6T
ol1i1]1 olojololo] %6
olilaiz 6lell bbbl 7
011113 ololeloio| 27
0i1l1ly 702 |+lojojo| Cs:Ts
olii1ls ololololol “%s
E 3l6] Wlslolol %o T
ol1l1]7 olololololl %
C,~tT
0(1(1]8 63| 48 [1jol 710" "1C
olil1lo olololo Z10
DATE PAGE ]

Exponential Fit




0001 (Continued)

Type 4
Run No.

REMARKS

L.OC.

Minutes

PAGE 2

DATE

-23-

Oill4loll 3o(cloojolole|0ic] Counting Time, Normallzing Foils:
olalulall Walalzlolils|7l7loll Normelizing Foils A (No Shutter) ©a'Ta
ol1lk|7lolo|olo|olololo]|ols || Number of Normalizing Folls {No Shutter)

— o Y =+ oy O b @ o o
— — — — — — — — ~— Qd
B A B =] Ne | | s RgT o|lB | MB | oe | oolB| o
. | s | . — —| e [ e | e —| [ e | .- Al
| N all ™ fia BN B B BN w1l woley o B o B B N N O =3
1 — —]| — — ~— — — — 8V
w & O W &) O O © O &)
Ol ol 9 o O of 9 o o] o o o of of o of o o of o o o o o o
N ol M o F| o O o wal o v o o o o o o x| o ol o o o
N ol 9 of M o v o ol of W o | of Al o d ol © o 4 o M WO o,
D o Y of Y of Y o - o o o ~ o w of « o o o U N R
(o] j@] o) o} O o o} Q o O — — i p—
=+ ey e — n b 0 O Y L w Wi Ol H oW
o © - =+ V) ) ™~ = a2 w Al o A @
— 0 < o) O = \O - O — t4 | = oo b~
o = o o — — ) =+ ] O o = A o n
Py o ™ ™ ™ T3 I3 B i o 0o o m
o | w = i b o of o A af W 2] ] el - | o af b= w
ol ol o o af o ol o ol ] W W W ] o = =] =| = =
™ — — ~ | — — — — — — — — —i 1 — — = — —i| — — — — [
ol o o O ol of of o o o o o o o o o o o ol o o o o

FOIL _NOC.




D003

Run No.

With Shutter

REMARKS

Loc.

FOIL NO.

| N
4 E
iy © -
o 154
< M o A ™ [ o B
B | H|H|EH]B] & o =
. . . “n . ae &2 [\
<| m o A K o
&3 njo || o &i ke =3
B ol
I o el K
) 2 =|lc =
- ~ 3 e
L = = = = = O X
ja] 0 0D g
o - c
“ o &
e [
+ = = = = = ol o
- af @ 3
= Fo) R N
P e
< | mlole @] & 15/ I I
A S o
— | ] L
.m m 13
3
& g m &
o )
] =
a E
pa Gy
m © % | o) -] ol o ©
. ol 1A s e I A S It BT Ml ) IR
o Rl E e B S N BN T B Ye o oNe | eEle | B e BjE BB B e
= o glB |BH B |6 B ] B LJ BB | S0 BT N T BT BT ST BTSN BELN
& =l = i . v . e | e I o N V] BEREN R Te | BN B N ol ) @)
o 1 I B B B B e N e B e e = e B e = I Bl Rl B N
= Z Sl lo|lold|jo|loio |o|loio |vlo|lo|o|@ |2 2|9 |22
51 o] ol ol ol o o] © o] o of o] o of o] of o] o] oj o[ o] o] @ 2] 9 @] ©] ©
= nl ol =~ o]l o of of o of | o Wy o v | <© ol vy o o o vy o Of wnf oy
Sl ol al ]l of o] of of o e of ~f & | A ] oL O N~ ] =] ] o A =
] ol o ] Al W of o ol w mp o Al oA A o] o A AN w0 ol o] o o o o Y
o] Al Al o o] o o ©
ol ol o af af =l @ o € of w| | = | A o ol wl A | o o A ol o b oo
4| o] = =] o] of ©f o ol o n| | @ w of O n = tq F| Ol b by D 1 Wy W
al ! ] o =2 of o o o w o m o vy m | O] 0 A =] A A © w| | O @ W
ol o] W =2 o] o o o of o ] ey il o =] | = A N A EREES e BT B
w0 O O \O \O n o e) Ny
- o o o A o = = W ool = o o] o Al @l o 2] v o =l o gl S Al N M A
b~ b 4 O] o] oo | | | o W 0]l 0l o ol o O O O OF O Oy On ol O] O Of O] O
I S I TS I [N [ N [ O I N [ O I e S e B e O S D Mol Mo e I Tl
) N S Y R R Y I Y R ) U (R [ B ) e e B I ) e M) A M IO RS A B

PAGE 3

DATE

Exponential Fit
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No.

of Norm. Folls

NS

VYOOV

g-06

VOV 2

Date

PRINT-QUT FOR TYPE 4

Type

NS Norm. Foll Data

Counts Time
49179 13770
51755 13420
54216 13000
61400 14150
58811 14600
55785 14970

NS Foill Data
2798 01850
2716 01900
2589 02250
2503 02680
4065 02950
AT6R 03400
3062 03750
2772 04000
3136 o490
8763 QU810
9184 05590
8883 05920
21015 06340
20041 06680
21965 07020
21063 07350
36675 07750
34740 081C0
37645 08500
36135 08840

Relative Activity

83277100
88G20200
82282700
89227700
154790900
188851000
215105000
207201200
722246400
726159300
860644900
873102900
24138832800
2408249600
2783390800
2794014400
5367419200
5306386900
6100101300
6111884900

55 4 0 00000 000

D5

3 Norm. Foil Data

Counts

59240
63580
63138
64842
g24a2
58321

3609
3358
%318
3087
5564
5501
5207
5050
Lgis
hh7a
hhiy
h164
5272
haro
4881
4508
4os5
3827
3778
3535

NS Run # 10~

3 Foll Data

1

el el Sl e S S SNy S S I R U S

he Y

&
=
s
3

3k

Pwr.
.03602
03602
. 03602
.03602
.03602
03602
.03602
L03602
.03602
.03602
.03602
. 03602
. 03602
.03602
.03602
03602
.03602
.03602
.03602
.03602

Time

19140
19550
19860
22270
21200
23280

02900
03250
03800
ok150
01300
01650
02150
02500
o4 600
04950
05350
05700
08100
06450
06850
07200
09100
09450
09850
10200
Ratio

. 00000




SAMPLE INPUT DATA Run No._ 0091

TYPE 5 Without Shutter
FOIL NQ. LOC. REMARKS

ololslollojololololololclolo

clolairllololololofc Run No. {(With Shutter)

ololalzlisloloiolollojo|ololo]| Counting Time: Minutes {No Shutter) _
Power Ratic {witheout shutter: with shutter

010133 ololo]o |00} Type 1 (. XXXXO00000)

ololg|s ololololol % XXX.XX00000

oclolalslloloiololofololo]olb]| Type 1, 2, 3, or 4

olglglaliojololojaololo|0|0| Number of Pcints

otegi7ii2folr]ol|m 500|003 Date: ;g}o( }%Eéy Y}%E(w 0000

ololg |8 alololojolo] (@) . XXXXO00000

otoigiofololololelolo |[OF 11 Run Ne. 000000XXXX (Ne Shutter)

olilolo|| jslolz|s| l2|o|sle] “1°%2 o T§§§{XXMiHUtES

ol1loli ololololo| & XXX . XX00000

ol1lolzl |slslglal l2lujolol Co:T2

olijol3 ololololo) 22

oliloltl |slalole] j2i7|5]o] %5 T3 _

olilels ololololo| %=

ol1lol6f |slslzlal [3la]oloy “uiTu

olijo|7 ololojolo| 2u

olilolall |2i7lalel [315lolel ©5° s

ol1lo|g ololololol “s

olililoll l2lslsia] |5i8ls]o] %66

o112 ololololol %6

olililz! l2lelel7] lul2|olo] %7 %7

oli|1]3 ololoojoll %7

oliliia] l2lulslsl |uls|7loll “g8'%8

olililm olololcloll %8

ol1|2]6] 22lsl6l7| |6 |2]6 0l “9°"s

ol1lil7 oiolojola] %

ol1lilslasle|uls] [7lel1lo] 107 Tao

ol1i1|e ololololof %10

Exponential ¥it DATE PAGE 1
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Type 5
Run No. 0091 (Continued)

FOIL NO. LOC. REMARKS
ofijzjoll2l1lz]s|u] 7l l6]|o] 117 T1a
ol1l2]1 ololololo] %11
oi1lefzll2jote |t 3] i8|3]|clo] C12Tip
ol1le]s olololoio] %
olalelull I7isls|8ll |8 is|slo] C13°T1s
ol1]z]s clolololo] %13
olilelsll |7l3le|x] I8|9l7]/of C143T1y
ol1l2|7 ololololal %1
olilzlsll 18l3lu]7d lol11lo] “15:T15
olilzle olololololl %5
olilzlol [ 7l78lzll lols|x|o] C16° 16
ol1]3]2 ololofolo| %6
olr|siz]al1lrlelul1lolols]ol C1riTaT
ol1133 ololololo| %7
olilz|4lulolulzlella]ol=l 710l 187 18 _
cli[3]5 cloiololo 218
0l11316] 5|55 |8 /o fa1lo| 72| o) “19° 10
olilz|7 olololcle] %9
olilslalsleluls|ifalilolslol C20Too
0l1l3l9 ololololol %0
0111410 01010 01021010101 Counting Time, Normalizing Foilg: Minutes
ol1lul1 Normalizing Folls A (No Shutter) Ca’Ts
ol1lule B “piTy
o|1|x]3 c Co:Tg
ol1lx|u D °p: Ty
Ol1lklR o CE:TE
Ol1]46 P CF:TF
ol1]xl7lojo |00 0foiololo Number of Normalizing Foils {No Shutter)

DATE PAGE 2
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10-10

Date

PRINT-OUT FOR TYPE 5

Foil Data
Counts Time
5934 02050
5394 02400
5392 02750
5828 03100
2796 03500

2664 03850
2697 04200
auns G470
22667 06260
18945 Q7610
21254 07960
20243 08300

7558 08640
7324 08970
8347 091190
7784 09640

L1797 10030
Joldee 10370
%3689 10720
B2h5] 11060
Relative Activity

55

422743800
439167400
467038100
45085600
239101900
238246800
252289300
2hO758500
2825023500
2796027300
22809551000
Z265081300
1256886000
1270342400
1475724000
1472136200
8659883000
8715297900
7537578400
7573648300

5 0 00000

Type

0c0

28~
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