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ABSTRACT

The SPEC-4 computer code was developed in the United Kingdom to éolve
the spectrum unfolding problem for spherical gas-filled proton-recoil
neutron spectrometers. This report describes the ORNL version of SPEC-4
which has been applied to the analysis of data from the Tower Shielding
Facility. Recent modifications are described which largely pertain to
the graphical output routines. In addition, the input requirements are
presented in considerable detail including suggestions and recommendations
based on actual operating experience. Finally, auxiliary programs are
discussed which can aid the SPEC-4 user.



I. INTRODUCTION

A. Background

The SPEC-4 computer code was developed by P. W. Benjamin,
C. D. Kemshall, and A. Brickstock at the Atomic Weapons Research Establish-
ment (AWRE), United Kingdom, to solve the spectrum unfolding problem for
spherical gas-filled proton-recoil neutron spectrometers. The original
) réport] and source program (consisting of the SPEC-4 master routine and
subroutines SPEC2S, SNIDOW, and VSMTH) were combined with other related
reports and packaged for distribution by the Radiation Shielding Informa-
tion Center (RSIC)Z. Like all good codes, however, SPEC-4 was promptly
modified for local use at ORNL - in this case, by R. M. Freestone. His
motivation was to adapt the RSIC code to analyze gas proton-recoil
measurements made at the Tower Shielding Facility (TSF), and to add special
editing and graphical output routines. The purpose of this report is to
provide formal documentation of the evolution of SPEC-4 at ORNL, and to
detail input requirements. Also, helpful guidelines based on accumulated
experience are presented which should aid the user in the selection of
input parameters and interpretation of results.

B. Method of Solution

An effective method for measuring neutron spectra in a low-power fast
reactor is the measurement of the energy distribution of recoiled protons
in a gas-filled proportional counter. Combined with a detailed description
of the detector response, the measured proton-recoil data can be numerically
translated to yield the incident neutron energy distribution. The primary
purpose of the SPEC-4 code is to determine detector responses by calculating
proton-recoil energy distributions from monoenergetic neutrons, and then
to unfold measured proton-recoil spectra to yield the corresponding
continuous neutron energy spectra. Thfs method has been in use for a
number of years to measure neutron spectra in the energy range 1 keV to
3 Mev. The required input data includes the measured proton-recoil



spectrum, the relevant counter parameters, and an estimate of the neutron
spectrum above the highest measured energy.

The basis for the analytic method used by SPEC-4 to calculate response
functions is derived from the fact that monoenergetic incident neutrons
produce recoiled protons with a'retangular-shaped energy distribution. The
"presence of the detector walls, and the geometric effects of charge
collection cause the idealized rectangular distribution to be distorted;
however, for spherical detectors, these distortions can be calculated
almust exactly. Unce the detector response has been calculated, the
measured data can be unfolded using conventional differentiation techniques
‘to yield an estimate of the incident neutron f]uxldistribution. Because
of the near-rectangular distribution of proton recoils, even neutrons with
energies greater than the’upper energy 1imit of the gas counter will induce
some proton recoils within the counter and hence produce an undesirable
signal. For this reason, SPEC-4 requires an estimate of the neutron flux
above the upper 1limit of the counter in order to remove the corresponding
"background" portion of the measured data. The basic steps executed by
SPEC-4 are:

(a) Calculate the proton-recoil distribution due to

ncutrons above the highest measured energy. The
high-energy flux may be estimated, calculated, or
measured (e.g., with an NE-213 spectrometer),
(b) Calculate a matrix of proton-recoil response
functions corresponding to neutron energies within
the measurable Timits of the detector,
(c) Subtract the "background" data calculated in (a)
from the measured data,
(d) Unfold the net proton-recoil spectrum calculated in
(c) using the response matrix calculated in (b).
Since both steps (a) and (b) must account for the response distortions
due to the detector geometry, a reliable solution can be expected from
- SPEC-4 only for detectors having the‘same geometry, i.e., spherical.



C. Application to the TSF Experiments

The following discussion is a general description of the application
of SPEC-4Ito the TSF experiments. An internal correspondence written by
R. M. Freestone (included as Appendix A) was used as a reference.

The data which SPEC-4 is designed to unfold are pulse height distri-
butions obtained with spherical, gas-filled, proton recoil proportional
counters, called Benjamin counters. At the present time, three counters
are used at the TSF (SP-28, SP-26, and SP-25), each with a radius of
2.32 cm. The SP-28 counter is filled with pure hydrogen gas to a pressure
of 10 atmospheres and is used to measure neutrons in an energy range from ‘
about 0.200 to 1.5 MeV. The SP-26 counter is filled with pure hydrogen
gas to a pressure of 3 atmospheres and is used for neutrons in an energy
range from 0.100 to 0.300 MeV. The SP-25 detector is filled with pure
hydrogen gas to a pressure of one atmosphere and is used for neutrons
between 40 keV and 0.200 MeV. It is possible to measure to lower energies,
but electronic discrimination against - gamma-rays must be employed.

Normally, a set of data from the TSF consists of a foreground and a
background run for each of the three detectors. The data is acquired
using a conventional 255-channel pulse-height analyzer, and then recorded
in tabulated form and also punched on paper tape. The paper tape is sub-
mitted to the ORELA PDP-10 computer by TSF personnel to obtain a deck of
punched data cards. These cards along with a "fact sheet" are delivered
to the data analyst for subsequent unfolding. The "fact sheet" contains
the normalization and calibration data needed as input for the SPEC-4
code. The analyst then has the responsibility of producing the unfolded
spectrum in three formats: tabular 1isting, graphical plot, and punched

cards.

D. Recent Modifications .

For the present study, several relatively minor modifications were
made to the existing ORNL version of SPEC-4. No changes were made to the



basic algorithms, rather only the output routines were revised. In terms
of printed output, several edits which had been added at ORNL for diagnostic
reasons were deleted. Also, the routine CILE2, which computed the final
unfolded spectrum in a 51 energy-group structure frequently used at ORNL,
was deleted since it gave unreliable results in the overlap region between
detectors. Ihe tinal output table giving the unfolded spectrum and error

estimates was reformatted for corvenience.

In terms of graphical output, the plotting routines which were added
by R. M. Freestone were entirely replaced with updated routines. The new
routines use the DISSPLA graphics software3 which provide greater flexibil-
ities in plot construction, A second important feature of the DISSPLA
software is that it allows for post-processing of the plot data, so that
the SPEC-4 job becomes independent of plotting devices, and one of several

DISSPOP routines4 are used to generate a plot on any graphics device.

It should be noted that several other modifications could have been
made to SPEC-4, but insufficient time prohibited such improvements.
Specifically, the input requirements could be greatly reduced by elimating
data such as the methane parameters since the methane detectors are no
A longer used at the TSF. Also, all fixed dimensions could be converted to
flexible dimensions, and run-time allocation of memory storage space could

he installed.



IT. INPUT REQUIREMENTS

A. Card Descriptions

The input to the SPEC-4 program contains data used to specify the
energy range values for protons in hydrogen, experimental and analytic
correction factors which incorporate the physical characteristics of the
hydrogen filled detectors, range-radius correction factors, and the
measured pulse-height data from each experiment configuration. Original
generalities in the input such as the methane energy-range data are still
required, although they are not used for TSF applications.

Below is a 1ist of the data input including card number, format,
parameter name, and description. '

Cards 1-31 (6F12.6)
E(J), RH(J) Hydrogen range/energy data. [See Data Note #1]

Cards 32-62 (6F12.,6)
E(J), RC(J) Methane range/energy data. [See Data Note #1]

Card 63 (12)
NSM Number of values in each of the next three arrays.
[See Data Note #2]

Cards 64-65 (10F7.0)
CFE(J) Experimental correction factors. [See Data Note #3]

Cards 66-67 (10F7.0)
CFS(J) Calculated correction factors. [See Data Note #3]

Cards 68-69 (10F7.0)
ROR(J) Range/radius correction factors corresponding to the
CFE's and CFS's. [See Data Note #3]
(Note: The‘preceeding'input always remains fixed for TSF measurements.
The following data may change for each case.)



Card 70 (110)
NSPE The number of points in the input neutron spectrum to
follow. [See Data Note #4]

Cards 71-77 (6E12.5)
FU(J) Input spectrum values, in order of ascending energy in
units of flux per unit lethargy. [See Data Note #4]

Cards 78-84 (6E12.5) .
u(J) The energy midpoints in MeV corresponding to the FU(J)'s.
[See Data Note #4]

Card 85 (15A4)
TPLOTI First line of plot title. [See Data Note #5]

Card 86 (15A4)
TPLOT2 Second line of plot title. [See Data Note #5]

Card 87 (7F10.0)

CAL Analyzer energy calibration in MeV/Channel. [See Data
Note #6]

BBIAS Analyzer back bias in "channels.," [See Data Note #7]

EBOT Lowest energy to be analyzed. [See Data Note #8]

EMAX Maximum energy to be analyzed. [See Data Note #9]

CH Number of channels for each pulse-height spectrum,
[See Data Note #10]

SMT Numerical smoothing option 1.0 - smoothing; 0.0=~no
smoothing. [See Data Note #11]

RTST Flag indicating that more runs follow.
RTST = 1.0 implies more to come
RTST = 0.0 implies this 1s last run

Card 88 (5F10.0) |

RAD Counter radius in centimeters; for TSF experiments this
number is always 2.32.

GPH Gas pressure of hydrogen in atmospheres at 15°C. [See
Data Note #12] ,

GPC Gas pressure of Methane in atmospheres at 15°C. [See

Data Note #12]



RES Detector resolution in percent. Unfolded épectrum will
_ be binned according to RES. [See Data Note #13]
RCF Range correction factor. [See Data Note #14]
Card 89 (12)
ITIMES SPEC-4 offers the option of successively processing

several sets of data using the information from Cards
90 and 91. ITIMES is the number of separate runs which
is usually equal to 1.

Card 90 (20A4)
TLE A title card describing the experiment configuration
being analyzed. It can be obtained from TSF fact sheet.

Card 91 (4F12.5, 12, 3x, 12)

FTIME The foreground data normalization factor. '[See Data
Note #15] -

BTIME The background data normalization factor. [See Data
Note #15] .

FGAIN No longer used.

BGAIN No Tonger used. -

NOVFLO Number of overflow cards that involve wrap-around data.
[See Data Note #16]

NFLAG A signal to indicate the existence or nonexistence of a

background run. NFLAG=0 indicate background data;
NFLAG > 0, sets all background to zero.

Cards 92-117 (A4,A2,6x,10F6.0)
FCTS The foreground data. [See Data Note #17]

Cards 118-143 (A4,A2,6x,10F6.0)
BCTS The background data. [See Data Note #17]
Cards 87-143 are entered three times with the data corresponding to each
of the three counters SP-28 (10 atm), SP-26 (3 atm), and
SP-25 (1 atm) in that order.



Cards 258-260 (20A4)
TITL Title printed and punched on final unfolded spectrum.

Card 261

This title should be comprehensive, including all three
detectors. If the user does not use all three lines
for the title, blank cards must be substituted for the
unused cards.

Blank card

This concludes the input deck.

B. DNata Notes

At present, 92 va]ueé of range-energy (R/E) data for protons in
hydrogen RH(J), and pfotons in methane RC(J) are input. The
energy E(J) is input in units of MeV, and RH(J) and RC(J) are
the ranges of protons in centimeters at 1 atm pressure and 15°C.
The values are input in order of increasing energy for both
hydrogen and methane. These cards are always input.

The present vaiue for NSM is 12 which is generally recommended.
The benefits derived from increasing this value are not great
enough to warrant the amount of work it would take to do so.

The CFE(J)'s, CFS(J)'s, and ROR(J)'s are correction factors
SPEC-4 utilizes to calculate the wall effects on the proton-
recoil distribution. The code uses an analytic expression,
essentially exact, to calculate the wall effects. However, 1t
was found that the analytic results did not agree with experiments
using monoenergetic neutrons, and that the disagreement was found
to depend, in part, on the ratio of the proton range to the
radius of the gas counter. Therefore, a set of correction
factors (the CFE's, CFS's, and ROR's) were obtained through a
series of curves, and are used to correct the analytic results.

A more detailed analysis of the correction factors along with
their tabulated values are found in Section 7 of the SPEC-4
manua]z. These values are always input.



4.

R. M. Freestone settied on a value of 15 as a convenient number

for NSPE. This number is dependent upon the energy group structure
of the input spectrum, which should range from about 0.9 MeV to

10 MeV. NEVER input values for this spectrum over 10 MeV, since
this will cause the code to give bad results. With the group
structure currently used for the NE-213 spectra, 37 points and

the corresponding energy group midpoints are input to SPEC-4.

The energy midpoints are input in units of MeV, while the
NE-213 spectrum (or equivalent) is input in units of flux per
unit Tethargy. This requires a supplementary calculation since
the NE-213 spectrum 15'usua11y provided in units of flux per MeV.
The conversion of the spectrum to flux per unit lethargy is
performed utilizing the following equation

¢(E) (E;-E,)
(V) = Ta(EvE)

where E; and E, are the energy boundaries corresponding to the
energy midpoints at which the ¢(E)'s are tabulated. The high
energy spectrum is input in order of ascending energy.

These two title cards will appear as the plot title produced

at the end of the run. The titles should give adequate descrip-
tion of the plot and each line may be up to 60 characters long
including the dollar ($) sign which must appear as the final
character in each line.

Each of the detectors, SP-28, SP-26, and SP-25 contains an alpha
source deposited on its collector wire. The alphas deposit an
equivalent proton energy which is dependent on the gas pressure.
This energy deposition, divided by the channel number of the
centroid of the observed alpha peék, determines the value of CAL.
However, the channel containing the centroid of the alpha peak
must be corrected for the zero channel. Therefore, the zero
intercept value given on the TSF "fact sheet" should be subtracted
from the channel containing the alpha peak. Below is a téb]e of
the proton energy due to an alpha source for the 10, 3, and 1T atm
detectors.
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Hydrogen
Detector Gas Pressure Proton Energy
SP-28 10 atm 4.57 MeV
SP-26 3 atm 1.35 MeV
SP-25 . 1 atm 0.407 MeV

BBIAS is the compliment of the multichannel analyzer zero error
(intercept). It is the quantity to be added to the indicated
channel to give the true channel. For example, if the analyzer
channel corrcsponding to zero energy is channel 2, then BBIAS=-2.
Therefore, the negative of the zero intercepl repurled un the
"fact sheet" should be input as BBIAS.

EBOT is the lowest energy (in MeV) to be analyzed. This parameter
is one of the few parameters that can be legally juggled to |
accommodate the data. The value for EBOT can best be determined
by visual examination of the raw data. A semilog plot of the raw
data normally appears as a superposition of two Tines: one line
with a large neqative gradient at low pulse-heights, and one line
with a small negative gradient over the remaining pulse-heights.
The Tow pulse-height contribution is from gamma-ray events, and
EBOT should be chosen to exclude these channels, In the most
recent work, an EBOT of 0.27 MeV, 0.17 MeV, and 0.05 MeV have been
used for the SP-28, SP-26 and SP-25 detectors, respectively. How-
ever, these values should not be used without first visually
examining the raw data.

EMAX is the parameter that determines the maximum energy to be
unfolded. If left blank on the input card, EMAX is set internally
to 1.4 MeV for the 10 atm SP-28 detector. For the subsequent
counters (SP-26 and SP-25), the code uses EBOT and a fixed over-
lap of two resolution widths to determine EMAX values. If EMAX

is entered explicitly, the input value will be used, which must

be in units of MeV. '

Care should be taken on how EBOT and EMAX are selected.
First, they should not be too different from the counter ranges



10.

11.

12.

13.

1

mentioned in Section I.C. of this report. Secondly, if the auto-
matic feature is used, EBOT for the SP-28 detector determines
EMAX for the SP-26 detector, and EBOT for the SP-26 detector
determines EMAX for the SP-25 detector. Therefore, the user
must carefully select the values for EBOT. In any case, the
resulting ranges should be compared against the raw data to
assure exclusion of the gamma-ray and alpha peak contributions.
Also, the overlaps in the unfolded spectrum should be visually
inspecfed.

At present, a 255-channel pulse-height analyzer is used to record
the data. Therefore, CH = 255.

If SMT = 1.0, smoothing of the raw data before processing is
performed in the subroutine VSMTH using the "travelling average"
method. Only if the raw data were especially good, and maximum
resolution was desired, would no smoothing be considered. The
penalty for smoothing is reduction in resolution, typically

from 10% without smoothing to 15% with smoothing. Therefore,
the value input for SMT will directly influence the value for
RES (see Data Note 13). At present, there is an internal param-
eter, NBCH, which specifies a lower channel cut-off for smoothing.
This avoids the unnecessary smoothing of the unwanted gamma-ray
contribution. The value of NBCH is currently 25 which should be
adequate for most cases. If unusually high or low gamma-ray
fields are encountered, it may be desirable to change the value
of NBCH.

GPH is the gas pressure for hydrogen, and depends on which
detector is being considered. For the TSF experiments GPH is
equal to 10 fur SP-28, 3 for SP-26, and 1 for SP-25. It is
input in units of atmospheres. .GPC is always zero since none
of the detectors used in the TSF experiments contain methane.

RES is the desired unfolding resolution. The counters have an
inherent resolution of about 8%, but the data are seldom good

enough statistically to take advantage of it. As stated in °
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15.

16.

17.
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Data Note #11, the value of SMT will determine the value for
RES. If no smoothing is used, RES can be 10%. However, if
smoothing is used, RES should equal 15% due to the penalty for
smoothing. RES is input in units of percent.

The range correction factor (RCF) is used by SPEC-4 to help .
bring the code-calculated response function closer to reality.
It is presently used only at higher values of ROR. When ROR
exceeds 1.5, the ranges in the R-E tables for hydrogen and
methane are multiplied by RCF, and these values are used to
produce the modified response functions. RCF is detector
dependent: the values are 1.10 for the 10 atm SP-28 detcctor,
1.03 for the 3 atm SP-26 detector, and 1.00 for the 1 atm SP-25
detector.

Ihe toreground and background data normalization factors are the
product of the measurement live-time and the reactor power.

These numbers are reported on the "fact sheet." FTIME and BTIME
should be input in units of s-kW. The normalization of the NF-213
spectrum (see Nata Note 4) must also bc in these units.

The parameter NOVFLO is used to accommodate wrap-around data.
The multichannel analyzer can only count up to 999,999 counts
per channel, and, if Lhe number of ¢ounts exceeds this value,

it starts back at zero which causes erratic behavior of the
data. However, wrap-around usually occurs only in the gamma-ray
contamination, and therefore, it is of 1ittle importance. This
data is usually not analyzed since it is cut off by EBOT. How-
éver, if the user wishes to fix the wrap-around data, an integer
input equal to the number of cards of fokeground counts in
10F7.0 format is placed here. There has not been any background
wrap-around data to date and therefore there is no input to
accommodate it.

The pulse-height data is input in the specified format if NOVFLO
is equal to zero. If NOVFLO is not zero, NOVFLO number of cards
are read in A4,A2,4x,10F7.0 format. At present, there are 26
cards of raw data for each run (with 255 channels).
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III. JCL REQUIREMENTS

Below is a Tist of the job control language (JCL) needed to run
SPEC-4 utilizing a variety of post processors for graphical output.

// JOB CARD
//*CLASS CPU91=25S,1P=1.2,REGIPN=270K,CARDS=50
/*OPTIONS PAGE=62
// EXEC SPDASCR
//SYSIN DD *
T.XXXyyyyy.anyname
//SPEC EXEC PGM=SPEC4,REGION=270K,
// PARM='S1=60,S@p=51,SP=52,19=-1,IU=-1,EP=-1,EU=-1,FD=-1"'
//GP.STEPLLIB DD DSN=X.DTI46103.PRPG,DISP=SHR
//GD.FTO6FO001 DD SYSOUT=A
//GP.COMPAUT DD DISP=(NEW,CATLG),
// UNIT=SPDA, SPACE=(4000,(300,30),RLSE),
// DSN=T.xxxyyyyy.anyname ’
//G@.FTO7F001 DD SYSPUT=B
//G@.FTO5F001 DD *
(Data)
(Post-processor)
//

The data set names in the temporary data sets (T.xxxyyyyy.anyname)
are described in the programmers guide. The letters xxx correspond to the
user ID and yyyyy correspond to the users charge number.

The user has several options in choosing a post-processor to produce
the plot output from the SPEC-4 program. There are a few limitations,
however, on the use of one of these post-processors. The three post-
processors given below will likely satisfy most plotting needs.

The JCL for the Gould plotter is given below. The user cannot obtain
a punched deck of the unfolded spectrum when using the Gould plotter since
the plot data is transmitted as punched output. - In the standard JCL for
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the job, insert a "/*ROUTE PUNCH REMOTE7" after the "/*PPTI@PNS" card.
Also, the "//GP.FTO7F001 DD SYSPUT=B" card must be changed to "//G@.FTO7
FOO1 DD DUMMY." The post-processor JCL is as follows:

//GPLT EXEC GLDPLT,REGION=110K

//COMPIN DD DSN=T.xxxyyyyy.anyname,DISP=SHR

//FT05F001 DD *

DRAW=1-END

/*

The CPMPIN data set must correspond to the CAMPPUT data set defined pre-
viously.

Running jobs using the Gould plotter will allow quick examination of
the plot. When the user is satisfied with the results, he can submit a
job to be plotted on the 763 or 925 Calcomp piotters. Using either of
these two units, the user can also obtain a punched deck of the unfolded
spect}um for further use. Therefore, the "/*RPUTE PUNCH REMPTE7" card
should be removed, and the "//GP.FTO7F001 DD DUMMY" card should be changed
back to "//GP.FTO7F001 DD SYSPUT=B." Below is the JCL for the 925 Calcomp
plotter,

//DSKPLT EXEC PGM=PPPD92,REGIPN=110K,CPAND=EVEN
//STEPLIB DD DSN=SYS2.DISSP@P,DISP=SHR
//FTO6F001 DD SYSPUT=A

//COMPIN DD DSN=T.xxxyyyyy.anyname,DISP=SHR
//GP.FT49F001 DD UNIT=IN2pU2,DISP=(NEW,KEEP),
// DCB=SYS2.DISKDCB,

// SPACE=(3208,(90),RLSE),DSN=PLATRUT _
//PL@TSUBS DD DSN=SYS2.JGSPL@TH,DISP=(SHR,PASS)
//FTO5F001 DD *

DRAW=1-END

/*

The 925 Calcomp plotter uses a ball-point pen with a default color of
black.
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Below is the JCL for the 763 Calcomp plotter.

// EXEC PGM=PPPD76,REGI@N=110K

//STEPLIB DD DSN=SYS2.DISSP@P,DISP=SHR
//FTO6F001 DD SYS@UT=A

//COMPIN DD DSN=T.xxxyyyyy.anyname,DISP=SHR
//GP.FT49F001 DD UNIT=IN2QU2,DISP=(NEW,KEEP),
// SPACE=(TRK,(20,2),RLSE),DSN=PLPTQUT,

// DCB=SYS2.DISKDCB

//PLPTSUBS DD DSN=SYS2.JGSPL@TH,DISP=SHR
//FTO5F001 DD *

DRAW=1-END

/*

The 763 Calcomp plotter uses a black felt-tip pen giving a high quality
plot suitable for reproduction.



~ THIS PAGE
WAS INTENTIONALLY
LEFT BLANK -



17

IV. OUTPUT FROM SPEC-4

The output of the TSF version of SPEC-4 has been considerably expanded
from the RSIC version. Much of what is printed has been added as a means
of monitoring the performance of the code and the data manipulation
technique. '

The code first prints the Range-Energy tables for protons in hydrogen
and protons in methane. Errors in inputting the gas pressure will show
here. The high energy input spectrum is printed next. This is the input
spectrum (NE213 for SP-28 run) along with the energy midpoints. The
input spectrum is followed by a table of Response Correction Factors.

These factors are calculated in the code using the input correction factors
and other inbut parameters dependent on the particular detector. If the
last entry in the right column is much greater than 2.5, then there is
probably trouble with the value of EBOT. Adjusting EMAX and EBOT has a
direct effect on the values for the Response Correction Factors.

The next table of Output is the differential of the response matrix,
followed by a number of diagnostic parameters which require a detailed
study of the code to utilize. This output is generated by subroutine
SNIDOW.

The output of subroutine SPEC2S is printed next, followed by the
tables of the raw input foreground and background counts. A second set
of smoothed foreground and background counts is printed which represents
the results of the subroutine VSMTH. The '"net" pulse-height spectrum,
i.e., the difference of the smoothed foreground and background counts is
printed next, followed by a table of the high energy pulse heights distri-
bution. This latter table is the high energy input spectrum converted
into pulse heights. A normalized difference spectrum is printed next
which is equal to the smoothed net spectrum minus the high energy contri-
butions. An edit of some input parameters is printed next followed by a
binned spectrum which is presented as the calculated spectrum. This is
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the final result for the particular detector being analyzed, and is the
input spectrum for the next detector (at lower pressure).

The above sequence of prints is performed for each of the three’
detectors used in unfolding a hydrogen spectrum. After the three sets of
prints, a summary edit is produced labeled "Output Spectrum Ordered by
Detector." This table is headed by the final three title cards, and
presents the final results for each detector starting with the 1 atm
detector and proceeding to the 10 atm detector. The punched card deck
which is produced from the run will contain the same information as this
table, but in two formats. One format is column-oriented and corresponds
exactly to the printed output, while the other format is row-oriented for
convenient input into auxilary programs.

The final table printed is titled "Output Spectrum Ordered by'Energy."
This table presents the same information as the previous table except that
it is ordered strictly by increasing energy. This format has its
advantages, but does obscure the overlap regions.

The final edit pertains to the plot output. If any problems were
encountered in the plotting routines, an error message will be printed in
this section. Also, a summary of the plot parameters such as axis lengths
and step sizes are given.
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V. OPERATING EXPERIENCE AND RECOMMENDATIONS

Several recommendations based on accumulated operating experience were
included in the input data notes (Section II.B) and output descriptions
(Section IV). This section is intended to expand on those comments.

The first thing a user should do is plot the raw data. Since the
raw data is supplied to the analyst in the form of punched cards, it is
relatively easy to feed the cards to a simple computer code for automatic
plotting. A sample program to perform such a task is listed in Appendix
B along with a sample plot. This plot can serve to locate EBOT, and also
to identify any anomolies in the data such as bad data points or mis-punches.
The user should look for the data to be a fairly straight line between the
low-channel gamma-ray contamination and the high-channel alpha peak. Any
significant bumps or dips that occur in this straight line region will
cause poor results.

The second thing a user should do is tabularize his input data for a
particular case. This step involves setting up a table of input param-
eters, and a table of the high energy input spectrum and corresponding
energy midpoints. An example of this type of procedure is included in
Appendix C. Performing this step gives the user quick reference to the
input for a particular configuration and also an easy way to check his
input. Finally, the user keypunches the data and runs the calculation.

" As stated earlier, the only parameters the user can vary are the
selections for EBOT and EMAX. Almost all other parameters are determined
from data on the "fact sheet." In the input data notes (Section II.B)
some past values for EBOT were discussed. These values are intended as
guidelines, the actual values should be determined from visual examination
of the raw channel data. Although EBOT is input in units of MeV, it can
be related to channel numbers by dividing by the value of CAL. EMAX is
presently set at 1.5 for SP-28, and left blank for SP-26, and SP-25. This
allows the code to use the automatic overlap routine for the SP-26 and

SP-25 detectors.
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The energy limits on the plot produced by SPEC-4 are currently set at
0.04 MeV and 2.0 MeV. Therefore, if the user extends the analysis range
outside of these 1imits, the code should be changed to accommodate the new
Timits. This requires a trivial change to subroutine SCALE.

A sample SPEC-4 case is given in Appendix C including a listing of the
card input, portions of the printed output, and the resulting spectrum
"plot. Finally, Appendix D gives a listing of a source program which can
be used to read the punched output from SPEC-4 to produce a printed edit
of the unfolded spectrum identical to the final table produced by SPEC-4,
and also produce a SPEC-4 type plot.
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Appendix A
A Brief Guide to the SPEC-4 Unfolding Code

R. M, Freestone, Jr.
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The purpose of this note is to provide a simple "cookbook" for
running the TSF version of the SPEC4 code, used to unfold neutron spectra
over the energy range from approximately 8 keV to 1 MeV. The organization
following some general remarks, will follow the deck stacking exactly.

The data which SPEC4 is designed to unfold are pulse height distri-
butions obtained with spherical, gas-filled, proton recoil proportional
counters, called Benjamin counters, having a radius of 2.32 cm. At the
present time (November 1976) two counters are used, although as .many as
four were used in earlier measurements. One counter, identified as SP28,
is filled with pure hydrogen gas at a pressure of 10 atm, and is used
in the higher energy end of the spectrum. The other counter, SP24, is
filled to a total pressure of 3 atm with a mixture consisting of 85% H,,
10% CH, (methane), and 5% nitrogen.

A normal set of data from the TSF will consist of one run with SP28
in so-called one-parameter mode, one run with SP24 in one-parameter mode,
and two runs with SP24 in two-parameter mode, for a total of four. In
one-parameter mode the data are acquired simply as counts vs pulse height,
with a conventional pulse height analyzer. To describe the two-parameter
acquisition, a mention of the events within the counter is necessary.

Both recoil protons resulting from neutron-hydrogen collisions and elec-
trons, usually from gamma-ray interactions in the counter walls, are
created. Since the maximum energy that an eleétron can deposit is

defined by its flight along a diameter of the counter, gamma rays can

be discriminated against in one-parameter analysis by simply discarding
from the-analysis all data below the maximum possible electron pulse.

This treatment obviously sets a lower energy limit on one-parameter
analysis since low energy protons will be undistinguishable from electrons
of proportionate energy.

It has been noted, however, that pulses due to electrons have a
slower rate of rise than equally energetic pulses due to proton recoils.
In two-parameter analysis both the magnitude of the pulse V and its
rate-of-rise, dV/dt, are measured and stored using the TSF ND4420
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minicomputer-based system as a 32 x 128 array of dV/dt vs. V. (Actually,
dv/dt/V is stored, but the effect is the same.) A typical dV/dt/V "slice"
will have a strong peak due to electrons at the left, with a slow tail
which extends under a peak due to protons at the right. Before the two-
parametér data can be analyzed by SPEC4 it must be preprocessed to remove
the electron contribution. This is done external to SPEC4 by a short
code ca]]ed GSTRIP.

We now proceed to a detailed description of the input to SPEC4. TSF
data is presently output on paper tapes which are submitted by TSF per- °
sonnel to a DEC-10 program called "TSF" which produces a deck or decks
of punched data cards. The cards are routinely delivered to Bldg 6025.
More or less simultaneously (accent less!) F. J. Muckenthaler delivers
to the data analyst a "fact sheet" giving all of the information required
to unfold the data. In the discussion below, card numbers will be used
as section headings. We begin immediately after the "//GO.FTO5F001 DD *"
card

Cards 1-31 (6E12.6)
Ninety-two values of range-energy values for protons in hydrogen.
These cards are always input. '

Cards 32-62 (6E12.6) ‘
Ninety-two values of range-energy values for protons in methane.
Always input.

Card 63 (12)
NSM: The number of values in the three arrays to follow (12 at
present, and I see no reason to change).

Cards 64-65 (10F7.0)
CFE: Experimental correction factors. The code uses an analytic
expression, essentially exact, to calculate wall effect correc-
tions. It was found that for unknown reasons the analytic results
did not agree with experiments using monoenergetic neutrons. The
CFE's and the CFS's that follow correct the analytic result to
agree with experiment.
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CFS: Calculated correction factors. See above.

Cards 68-69 (10F7.0)
ROR: Range/radius correction factors. Part of corrections noted
above. To this point input.has been standard and unvarying. We
now begin the input which varies from job-to-job;

Card 70 (110)
NSPE: The number of points on the input spectrum to follow. I
have settled on 15 as convenient.

Cards 71-73 (6£12.5)
FU: SPEC4 computes the contribution to the pulse height spectrum
from neutrons having energies greater than the upper 1imit of
analysis and subtracts it out. It therefore requires an estimate
of the higher energy spectrum, Ideally, this should be an NE213
spectrum measured under the same conditions as the proton recoil
spectrum. In practice this is not always available, so a "nearly
alike" spectrum or a calculated spectrum must be used. A SPEC4
result is not usué]]y very sensitive to this input. FU must be
in units of flux/lethargy units. I use:

_ (E)AE
¢{u) = 1h%EI/E57

Cards 74-76 (6E12.5)
U: The midpoints in MeV of E;, Ejy, above.

(Eg + AF = E)

Card 77 (10A8)
TPLOT: A title for the Tog plot produced as part of the output.
(DISKPLOT).(10A8)

Card 78 (7F10.0)
CAL, BBIAS, EBOT, DUMY, CH, SMT, RTST. CAL is the detector cali-
bration in MeV/channel. SP28 contains an alpha source deposited
on its collector wire. The alphas deposit an equivalent proton
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energy of 4.57 MeV. This number, divided by the channel number
of the centroid of the observed alpha peak, gives CAL.

SP24 contains 5% Ny. The '“N(n,p)1“C reaction with thermal neutron
deposits 611 keV of energy in this peak. Obviously, 0.611/channel
number will give CAL in MeV/channel. This is the method used for
one-parameter data. For two-parameter datalthe previously mentioned
fact sheet gives the energy in keV corresponding to channel 128.
In current practice this is usually ~220 keV for the low gain segment,
- n55 keV for the high gain run. BBIAS is the complement of the
| multichannel analyzer zero erraor, It is the'quantity to be added
to the indicated data channel to give the true channel. For example,
if the analyzer channel corresponding to zero energy turns out to
be channel 2, BBIAS = -2. |

EBOT is the lowest energy to be analyzed in the run being treated.
This is sometimes a delicate choice. Although theoretically the
counters have a definite gamma-electron energy upper limit, intense
gamma fields tend to smear the gamma peak to higher pulse heights.
A suitable EBOT can usually be chosen by plotting fhe raw data and
noting the point at which the high and steep gamma peak joins the
relatively slowly diminishing proton curve. However, any unfolded
result showing a peak at its low energy end should be carefully
examined for possible gamma contamination. In my most recent work
I have used an EBOT of 270 keV for SP28.

DUMY is presently an unuscd constant. In the oriyinal version of
the code it was EMAX, the maximum energy to be unfolded. In the
present version EMAX is set to 1.4 MeV for the SP28, 10 atm data
by the code, and automatically for later runs. CH is the number
of channels vl dala - 255 for 5PZ8 data.

SMT is the smoothing option. SPEC4 offers via subroutine VSMTH the
option of smoothing the raw data before processing. Traveling
averaye smoothing 1s used. 1 have found smoothing to be nearly

For SP26 use 1.35 MeV/channel number; for SP25 use 0.407 MeV/channel
number. (From RMF notes of 4/9/74 - Runs 1389C, 1389B, 1390D, and 1390C)
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always desirable. Only in a sitdation where the raw data were
super-good and maximum resolution was desired would I consider not
smoothing. SMT < 0., do not smooth. RTST is-the flag indicating
that more ruhs follow. RTST = 1., more to come; RTST = 0., this
is last run (of a set of four). '

79 (7F10.0) ,

RAD, GPH, GPC, RES, RCF. RAD is the counter radius--2.32 cm. GPH
is the hydrogen'gas pressure in atm:, 10 atm for SP28. GPC is the
methane gas pressure, 0. for SP28.

RES is the desired unfolding resolution. The counters have an
inherent resolution of about 8%, but the data are seldom good
enough statiética]]y to take advantage of it. I have used 10%, but
15% gives the most believable results. RCF is a range correction
factor used by SPEC4 to help to bring the code-calculated response
functions closer to reality. For SP28 it is 1.10; as will be seen
later, it varies according to the particular detector.

80 (12) |

ITIMES: SPEC4 offers the option of successively processing several
sets of data’ us1ng the information from Cards 80 and 81. ITIMES

is the number of runs, but since the TSF never rep11cates runs,

'ITIMES is always 1.

81 (10A8)
TLE: A title card describing the particular data set being analyzed.
Obtained from F.J.M's fact sheet.

82

“FTIME, BTIME, FGAIN, BGAIN, NFLAG. (4F12,5,5x,12).

FTIME is the foreground normalization factor, the product of live
time and reactor power. Units are min*W.

BTIME is the background normalization factor, as above.
FGAIN, BGAIN: Historical remnants; not used.

NFLAG: A signal to indicate the existence or nonexistence of a
background run. If NFLAG is nonzero, background is set to zero
in column 55. '
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Cards 83 to 108 (12x, 10F6.0)
255 channels of data

If a background run was made, the cards comprising its 255 channels
fb]]ow immediately--no blanks or signals. At one time I included. .
an option for correcting for gain differences between foreground and
background but found that with usually only fractional channel
differences between the two, and using smoothing, this option was
more trouble than it was worth.

This completes the processing of one run. The program (RTST = 1.)
will go back to the format of card 80 and should, or will, read in the
data for a one-parameter run with SP24. The same cautions with regard
to EBOT exist. RCF is 1.07 for SP24. There will be 255 channels of
data for this run.

The code is so written that an automatic overlap of two resolution
widths is made in going from one run to the next. This overlap region
should be examined with care in the output. Often troubles with gamma
contamination may be discovered in this region. A second problem,
particularly with data having poor statistics, is that sometimes the
tail of the N, calibration peak may contaminate the high-energy end of
the SP24 one-parameter distribution. In such cases the only remedy is
to go back to the raw data and by observation juggle the EBOT's to get
into "clean" areas.

After processing the SP24 one-parameter data the code will again
return to the format of card 80 to find the parameters for the next run.
Since this run is the output of GSTRIP operating on the 32 x 128 array,
the number of channels, CH, will be 128.

A final return to the format of card 80, this time with RTST=0.,
completes the processing of a four-run Benjamin counter spectrum.

The last three cards in the input deck should be a title for the
tabular output of results. If three cards are not needed, pad with blanks.



A-9

The output of the TSF version of SPEC4 has been considerably expanded
from that available wifh the original version available from RSIC. Much
of what is printed has been added as a means of monitoring the perfor-
mance of both the code and the data acquisition techniques.

The code first prints the range-energy table. Errors in inputting
the gas pressures will show here.

The high-energy input spectrum is printed, followed by the response
correction factors. If the last entry in the right column is much greater
than 2.5, there is probably trouble with EBOT's.

Next is printed the differential of the response matrix, followed
by a number of values which really require a detailed study of the code
to utilize. They probably could be scratched.

The output of the subroutine SPEC2S, the high energy contribution
to be subtracted, is printed. It is again printed in a normalized, more
easily used form below as "High Energy Pulse Heights to be Subtracted."

The raw foreground and background counts, followed by the smoothed
net counts, are printed. '

The normalized difference spectrum is printed. This is the input
spectrum minus the high energy contribution.

Finally, a binned grouped spectrum is printed, followed by the
real result, the unfolded spectrum "Calculated Neutron Spectrum."

The above are prinfed for each of the four runs. At the finish a
neat, ordered table of results is printed followed by some binning
information and finally by the spectrum in the commonly used 51-group
structure. |

A 1og Calcomp plot is also produced.
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The final output is a punched card replica of the result table
to be used to produce reproduction quality output when needed (my program
"EDIT").
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Appendix B
Listing of the RAWDAT Program
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A source Tisting of a sémp]e graphics program for plotting "raw" ‘
pulse-height data is shown in Fig. 1. This program uses DISSPLA graphics
software and the associated post processors. Although the purpose of most
of the input parameters is obvious from the parameter name, IPTS requires
additional explanation. IPTS specifies the number of data points which
are to be read in a F7.0 format rather than the usual F6.0 format. Normally,
IPTS = 10 * NOVFLO where NOVFLO is the overflow paraméter input to SPEC-4.

Usually, RAWDAT will produce 6 plots: a foreground and a background
plot for each of the 3 counters. Sample plots are shown in Figs. 2 and 3
which display the foreground and background data for a 3 atm detector.
Visual examination of the plots shows the relatively straight line between
the low-channel gamma-ray contamination and the high-channel alpha peak.
Hence appropriate values of EBOT and EMAX can be obtained from the plots.
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DIMENSTON X (255),Y(255) ,XLABEL (4) ,YLABEBL(S),TITLE1(15),TITLE2(15)
DATA NPTS, IMARKR,INAME, IHT1,IHT2,NMARK,HITB/255,8,100,-3,2,-1,.18/
DATA XLASBFPL/UBCHAN,UHNEL ,4HNUNB,UHERE /
DATA YLABFL/4HCOUN,4HTS P,YHEBR C,8HHANN,UFELS /
CALL CTCMPRS
S R2AD(5,100,END=99) IPLT, IPTS,NLINE,NDATA, PAGEX, PAGFY
READ (5, 200) XPHYOR, YPHYOR, XAXIS,YAXIS ,XORIGN, XSTEP, YORIGN, YNX
RE4D (5,300)TITLEY, TITLE?2
100 FORMAT (4 (2X,I4),2(2X,P6.0))
200 PORMAT (6 (2X,P6.0) ,2(2X,E8.0))
300 PORMAT (15a4)
DA 10 I=1,NPTS
10 x(1)=I
“IF(NDATA.RQ. 1)GO TO 40
IF(IPTS.FQ.0)GO TO 83
RBAD (5,400) (Y(I) ,I=1,IPTS)
400 FORMAT (10X,10F7.0)
A3 IPTS1=I9TS+1
BEAD (5,500) (Y(I),I=1PTS1,NPTS)
500 TORMAT (12X,10PG.0)
D 70 J=1, NPTS
IF(Y(J).EQ.0.0)Y(J)=1.0
70 CONTINUF
WRITE(6,50) :
50 PORYAT (5X, 'THE RAW DATA FROM THF MCA T0 BE PLUTTED')
WRITE(6,30)Y ;
30 FORMAT (10 (2X,FPR.0))
40 CALL DBGNPL (IPLT)
CALL PAGE(PAGEX,PAGEY)
CALL PHYSOR (XPHYOR,YPHYCR)
CALL MARKER (IMARKXR)
CALL GRACE (0.0)
CALL HEIGHT(HIT®)
CALL TITLF ()H ,1,XLABTL,INAME,YLAB2L,INAYE,XAXIS,YAXIS)
CALL HEADIN(TITLF1,INAME,THT1, NLINE)
CALL HEADIN(TITLE2,TNAME,IHT2,NLINF)
IP (YORIGN+YNYX.ED.0.0)GO TO 91
YMTN=YORTAN
YMAX=Y MY
GJ LU 92
f1 YMIN=Y (1)
YMAX=Y (1)
no 29 J=2,NPTS
IF(Y (J)« LT.YMIN) YHIN=Y (J)
1P (Y {J) .GT.IMAX) YMAX=Y (.])
20 CONTINUT
92 SRTTE(6,60) YNIN,YHMAX
60 PORMAT (2X, "YNIN="P8.0,54, 'YMAX="FE.0)
CALL ALGPLT(YMIN,YMAX,YAXIS,YORIG,YCYTL)
CALL YLOG{XORIGN,XSTEP, YORIG,YCYCL)
CALL DTIFBM(XAXIS,YAXIS)
CALL GURVE (X, ¥Y,NDT5, NMALK)
CALL ENDPL (IPLT)

GO TO 5

99 CALL DONFPL
sTUp
END

SURROUTTNE NTTPRM (X3 ,V1)
TSTZF=0.10

CALL FRANK

CALL BLNK1(0.0,YA-TSIZE,0.0,Y3,0)
CALL GRID(0,1)

CALL RESET (*BLNK1*)

CALL 3LNK2 (0.0,XA,0.0,YA-TSIZE,D)
CALL GRID(1,0)

CALL RESET (*BLNK2')

RETURN

END

Fig. 1. Source Listing of the RAWDAT Program for Plotting Pulse-Height
Data from the Hydrogen Counters.
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Appendix C
A Sample Problem for SPEC-4
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As described in Sections I and II, SPEC-4 requires as input an
estimate of the neutron flux above the highest measurable energy of the
gas detectors. For most TSF applications, this spectrum is provided by an
NE-213 measurement made under the same conditions as the hydrogen counter
measurements. The unfolded NE-213 spectrum is normally expressed in units
of n/(cm2.s.kW-MeV), i.e., flux per unit energy. In order to convert the
energy flux to a lethargy flux as required by SPEC-4, a simple calculation
is required. Table 1 shows the results of a flux conversion for a sample
NE-213 spectrum. '

When performing a SPEC-4 calculation, it is generally good practice
to tabularize the required input parameters for easy reference. Table 2
shows a sample table including the usual source which provides the input

values.

A listing of the input for a typical SPEC-4 calculation is given in
Fig. 4. The corresponding output from SPEC-4 is listed in Fig. 5. Only
the output from the 10 atm detector is given, for brevity, and also the
final edit of the full spectrum from the three detectors. Figure 6 shows
the plot which is produced by SPEC-4 including the estimated errors.. If
poor overlap between the detectors is observed, EBOT may have been impro-
perly chosen, or the data may be in error. Small discrepancies in the
overlap can always be expected. | '
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Table 1. . Conversion of NE-213 Spectrum from Energy to Lethargy

NE-213 Case: 7773B,C Spectrum Modifier only

; | Eyg=FLp :
ELB(MeV) -EMid(MeV) ]nZEUB/EL85 o(E) ¢(U)
1 0.859 0.907 0.907 4.511+1¢€ 4,092+1
2 0.957 1.007 1.006 4,452+1 4.478+1
3 1.057 1.107 1.106 3.897+1 4,308+1
4 1,157 1.205 1.206 3.413+1 4,116+1
5 1.257 1.310 1.308 2.988+1 3.910+1
6 1.361 1.412 1.411 2.662+1 3.755+1
7 1.461 1.511 1.510 2.440+1 3.684+1
8 1.560 1.610 1.610 2.278+1 3.666+1
9 1.660 1.710 1.710 2.117+1 3.620+1
10 1.760 1.813 1.816 1.942+1 3.528+1
11 1.872 1.932 1.943 1.751+1 3.402+1
12- 2,016 2,100 2.106 1.567+1 3.174+1
13 2,198 2,296 2,296 1.251+1 2.872+1
14 2,397 2.497 2.498 1.028+1 2.568+1
15 2.601 2.703 2,700 8.527 2.302+1
16 2,801 2.898 2,898 7.403 2.146+1
17 2.998 3.098 3.096 6.481 2.007+1
18 3.197 3.297 3.297 5.639 1.859+1
19 3,399 3,601 3.500 1.907 1.71841
20 3.604 3.707 3.705 1,333 1.605+1
21 3.807 3.906 3.917 3.984 1.560+1
22 4,029 4.153 4,165 3.536 1.473+1
2?3 4.303 4.454 4.45] 3.445 1.534+1
24 4,603 4,752 4,749 3.070 1.458+1
25 4,897 5.042 5.044 2.685 1.354+1
26 5,194 5.34h 5.343 2.329 1.244+1
27 5.496 5.645 5.642 2.027 1.144+1
28 5,792 5.938 5,942 1.713 1.018+1
29 6.096 6.254 6.249 1,398 8.736
30 6.405 6.556 6.550 1.176 7.703°
31 6.697 6.839 6.866 1.032 7,087
32 7,037 7.236 7.259 8.714-1 6.326
33 7.486 7.767 7.733 6.940-1 5.367
34 7.986 8.237 8.239 5.552-1 4,574
35 8,497 8.758 8.751 4,194-1 3.670
36 9.010 9,261 9.253 3.236-1 2.994
37 9.501 9.741 9.748 2.526-1 2.462
38 10,000

3Lower boundary of energy bin.
bUnfo]ded NE-213 neutron spectrum, normally in units of

n/(cm2.sekW-MeV).

“Read as 4.511 x 10'.

1



C-5

Table 2. Fact Sheet for Hydrogen Counter

Configuration: Spec Mod only
Detector: SP-28; 10 atm

Card # Columns Parameter Value Sourcea
1 1-2 NSM 12 1
2 1-10 NSPE 37 1
3 1-10 " CAL 0.0090513 2

11-20 BBIAS -1.8 2
21-30 EBOT 0.270 3
31-40 DUMMY 0.0 1
41-50 CH " 255.0 1
51-60 SMT 1.0 3
61-70 RTST 1.0 3
4 . 1-10 RAD 2.32 1
11-20 GPH 10.0 3
21-30 GPC 0.0 1
31-40 RES 0.15 3
41-50 RCF 1.10 3
5 1-2 ITIMES 1 1
6 1-12 FTIME 503.0 (kW-s) 2
13-24 BTIME 195.2 (kW-s) 2
25-36 FGAIN X 1
37-48 BGAIN X 1
49-50 NOVFLO 0 3
54-55 NFLAF 0 3

8Source of input value: 1 = normally fixed

supplied by TSF experimenter

w N
1

determined by detector and/
or condition of data.
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35.0

140.
170.
170,
25%.
3s0.
500.
650,
800.
959.
1200,
1409,
1709.
1600.
2590.
3509,
5090.
6<09,
8000.
9500.

1.22
un. o
1.0
17.24
9.0
1.6

1.32
99y.9
1.122
62.50
0.15
1.8

Fig, 4.
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1.5 0.0195
3.0 0.0310
6.0 0.04990
9.0 0. 0645
15.0 9.0910
25.0 0.128
4n.0 0.174
55.0 0.220
79.0 0.266
35.0 0.313
1Mn.0 n.3k2
125.0 0. 455
150.0 0.551
175.0 0.662
200.9 9.780
275.0 1. 220
400.0 2. 13
550.0 1.57
700.0 5,35
A90.0 7. U6
1000.0 9.7
1250. 14.6
150C. 20.2
1750, 26.4
200C. 33.8
27504 59.0
4000. 118.
55040, 210,
700C. 32¢.
8500. h66.
10000, 752.
1.5 . 0070
3.0 .0101
6.0 .0179
9.0 . 0220
19.0 . 0307
25.0 . 0420
40.0 . 0565
55. . 0710
70. . 0850
85. - 100
190. . 115
125. . 140
150. . 165
175. . 199
200. . 210
275. . 330
400, .575
55N. . 940
700. 1.39
850. 1.92
1000. 2.50
1250, 3.0
1500. 5.02
175). Ao 49
2000. 8. 24
2780, 4.4
4nN00. 27.9
5500. 49,4
7000. 76.3
8500. 108.
10000. 142,
1.75 2.06 2.52
1.50 1.785 2.16
0.45 0.60 0.75

3.448
2.762

0.90

600.0
759.0
900.0
1100.
1300.
1600.
1200.
2250.
3n00.
4500.
$000.
7500.
3000.

110.
1390.
160.
180.
225,
300.
4s50.
600.
750.
900,
1100.
13049.
1600.
1800.
2250.
innn,
4500.
6009.
7500.
9020.

5.155
T 3.84

1.1

1

7.692
5.405

1.25

0.0235
0.0275
0.0545
0.0690
0.1010
0. 144
0. 190
0.236
0.282
0.329
0.1400
0.475
0.598
0.682
0.920
1.370
2.57
4.12
6.02
R. 204
11.7
15.6
22.5
27.8
41.3
70.3
146.
246,
370.
518,

-.0082
-.0130
-0190
-0235
-N340
. 0470
U610
+ 0760
- 0905
« 108
« 125
- 145
« 175
. 195
- 255
. 375
. 690
1.07
1.5%
2. 12
3.00
31.95
5.60
6.85
10.0
16.7
34.5
57.8
86.5
20.

13.89
8.13

1.4

Input Listing for SPEC-4 Sample Problem.

CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CABRD
CARD
CARD
CARD
CARD
CARD
CAHD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
CARD
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37 POINTS FROM NE213 RUN 7773B AND 7773C ON 2/28/79 FOR JOJHCAO1

40,3182 44_.7953 43.0781 41,1573 39.1011 37. 5541
36.8478 36.6579 36.1980 35.2312 34.0220 31.7437
28.7165 25.6790 23.0186 21.4550 20.0680 18.5910
17.1750 16.0500 15.6050 14.7250 15.3370 14.5790
13.5430 12.4420 11.4380 10.1770 8.7358 7.7032
7.0869 6.3256 5.3670 4.57u44 3.6699 2.9944
2.4624
. 90594 1.0066 1. 1069 1.2947 1.3095 1.4121
1.5107 1.6100 1.79395 1.8125 1.9323 2.1000
2.296 1 2.49313 2.7026 2.39%4 3.0975 3.2965
3.5009 3.7074 2.9061 4.1528 4.4540 4.7521
5.0422 5.3459 €. 6453 5.92%0 6.2542 6.5557
6.9390 7.2352 7.7365 8.2364 8.7578 9.2613
9.7411
SPECTRUNM MODIFIER SHIELD CONPIGURATIONS
RUNS 1459A,1458A,14601, 14608, 1461N8, 1461NA/ $JOJHCAD1S
003051297 -1.8 0.34 1.5 255.0 1.0 1.0

1

2.32 10.0 0.0 15.0 1.10

RUN 1459A W BKGD 14583 sSp-28 (10 ATY) ZFRO CH=1,8;ALPHA CALIB=506.7

1459
1459
14592
14592
14597
1459
1459
14591
1459
W59
14592
1459
1459
1459
14594
1459
14592
14591
1459
1459
1459,
1459A
14591
1459
1459
145917
TULKA
14532
1458
14583
14582
14584
14582
14581
145834
14589
14582
1458
1458A
14587
1458
14583
1459
1458

503.0 195.2 2 0

1769 4744 12767 47623 445808 854610 713035 558905 5176451021071
13489071141026 9498CS3 793766 669342 S68488 4AS5341 421146 380305 351262

021328907307250290163271719258042245514233097220428209152196135
0311830321712141589366152083145527139151132309125578119431113057
041107130102234097069092429088965084930081942078412076093073688
051071901069549067063064899063159060790058599056478055071052677
061051175043467048014045917044538042856041861039940038726036917
07103568903407503330£032256031124030035029133028385027215026365
081025466024/81N024015023060022404021360021404020792020222019605
09101926R801908101821701760201744R016303016245015703015272014821
101014391014037013431013331012947012576012173011734011251010873
11101061801040301003800967900947100920R00829830008744008362008140
1210073490077180075520072990069640N07089006693006457006328006098
131005999005687005631005455005243005113005013004796004720004651
14100450100430600415500411000402200383R003671003482003525003321
151003329003251003112002933002905002814002698002599002494002415
1610024 28002382002253022151002038002032001958001845001820001747
1710017630016R200 16 16021448001434001397001359001374001284001239
1”2100122600113%001104001123001072000911000973000911000850000842
191n000792000784000732000668000679000627000592000583000547000513
201000517000451000439000473000428000392000353000375000345000325
211000319000305000253000281000241000230000194000179000195000179
221000183000147000141070132000111000120000102000091000077000069
231000074000049000060000053000052000040000045000029000041000036
241000035000023000027000031000036000033000029000029000021000032
000020000032000020090026000018010000
U0I00006900024200105C033066041521038344049796170419143012104854
0110791000613670476420378350310500255%91020350019485017856016237
021014731013525212261011380010687009717009127008370007772007233
031006617006237005858005454H05144004314004364004162003914003617
041003512003194003113002917C€02796022627002599002427002484002301
051002260002209002078001296002004001930001811001718001646001587
061001477001453001525001320001265001241001217001170001171201057
N710010270C1109001021000°36000962000885000861000860000787000812
021000748000696200693000660000€629000613000591000581000538000565
091000512000518000463000431000437090394000383000378000349000326
1010002290003230003070002950002520002540002%8000224000243000261
111000225000235000260000212000200000210000185000174000204000202
121000180000192200174000188000165000159000137000158000150000138
131000122000110000117090125000115000105000134000121000092000111
141700100000096000097003073000063000067000073000089000074000058
151000067000066000066000053000058000061000052000053000055000054
161000049000039000045000037000051000043000042000038000045000035
171000133000024000034000031000027000030000035000019000022000025
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03
04
05
06
07 -
08
09
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
01
02
03
o4
05
06
07
08
09
10
11
12
13
14
15
16
17
18
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14534 121000025000023000026000016000022000014000021000016000018000012 19
14582 191000015000016000011000014000013000910000011000014000014000008 20
14587 2010000160C000900000€0700190700110020090009090000100000090000 10 21
1458 211000006000007000008000008000079000003000006000004000003000003 22
1458A 221000004 00000500000400000200000R8000006000004000004000006000004 23
1458 231000903000005000200500000600000100N004000004000005000004000006 20
14584 241000003000002000005070005000004000001000003000003000005000000 25
14582 000006000005000003000007000004002000 26
.004527163 -1.8 0.17 0.0 255.0 1.0 1.0
2.32 3.0 0.0 15.0 1.03
1
RUN 1460A W BKGD 14603 SP-26( 2 ATM) ZERN TH=1.8; ALPHA CALIB=300.0
1398.0 493.6 2 0

14602 5547 22296 131936 984237 971103 602571 326483 195540 208576 643819
14601 12305251093860 912520 765271 651930 S63169 494530 434130 384266 343113
14601 021313506294770279984270447261124251682241589231389220247209784 03
146014 031199919189138176865169663162509158177155346153113147779143372 04
14604 081139888124813131308126601123557119149116259112790109545107184 ns
14601 051104649102788100252097241094933(92691088R93036652083647080771 06
14601 N61078429075138072185069185066534064391062243060986059351N5RN5K 07
14601 071056336055234054219052944050774049660049038047212046526044883 08
14601 081043450042405040804039615038975037994036855035771034861023738 09
14604 09103321503231903147€030816030058029095028773028124027774027011 10
14604 10102655902601402546U4024548024145023925023204022873022264021607 1"
14601 111021203020986020274019858019820018898018510017888017537017219 12
146047 1210167690163050162040155820151950147340143650142350135830113360 13
1460 131012774012726012211012068011516011159010979010504010393010085 14
14601 1410098400094 7300916 1008R41008782008559008173007947007994007518 15
14601 151007409007271906937006724006710006284006165006113005923005814 16
14607 161005491005539005305005081004924004762004718004551004311004266 17
14601 1710041620039510039360N03779003737003622003461003402003339003147 18
1460A 181003140003045002862092784002783002627002577002517002429002326 19
1460a 181002217002181002112002082001°61001897001847001716001620001776 20
14602 201001565001487001513091510001637001355001250001233001146001201 21
14604 2110011400010850010260010099009790009330009010008700008150010795 22
14601 22100075°000762000734000677000659000576000646000648000531000533 23
14602 231000554000477000499000376000443000421000402000357000325000351 24
14604 2410003100 029900026 1000256000260000246000209000209000213000217 25
14€0A 00020500919900020200019R8000174010000 26
314608 0010003300017810533750735120308240199580507R4167 786135647 104428 01
314603 01108043906191504 €R3€036T745029574024065020755018087016405014R80 n?
814608 021013612012621012057011165010776010032009567008853008482008148 03
R 14608 0310076690071250069510N6768006494006078005931005627005608005266 ou
2314608 N41005089005052004R75004593004399004187004203004014003797003642 05
814608 051003449003242003297003205002940002895002716002734002526002535 06
314608 061002422002305002158002125002074002090001888001916001812001698 07
314603 N710016600016650015480914880015020171394001311001341001314001251 08
310608 081001190001218001185%001122001109001N260010390003AINNNARLNNNART na
314608 091000394000895000836000833000849000775000770000763000742000725 10
314608 101000719000721000647000666000622000593000631000638000629000602 n
314603 111000550000538000513000520000559000494000473000494000452000476 12
314608 1210004210004269004090004430003920004000003383000385000371000319 13
314698 131000325000284900327000310000294000289000276000254000271000259 14
314608 141000240000250000220000245000208000120000192000211000174000197 15
314608 151000209000187000164000184000147000164000148000177000141000133 16
314603 161900153000132000129000139000124000147000118000116000113000125 17
214608 171000107000122000095000099000077000086000072000072000093000068 18
314608 181000067000064000062000057000068000052000056000057000060000050 19
814608 191000043000034000049000038000044000037000032000041000033000049 20
3146038 20100003600004000002920004300002R000939000034000036000037000032 21
314608 211000036000039000033000235000043000044000031000039000049000042 22
314608 22100003700003500003200503700003900905100002900004100005300004 1 23

Fig. 4. Cont'd
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3146018 231000030000034000038000041000030000026000032000028000034000036 24
314608 241000034000029000026000032000025000030000019000026000025000028 25
814608 000029000016000027000020000024 002000 26
.00130u4879 -1.3 0.906 0.0 255.0 1.0 0.0
2. 32 1.0 0.0 15.0 1.00
1
RUN 1461NB W BKGD 1461NA SP-25( t ATM) ZERO CH=1.8;ALPHA CALIB=228.3
1727.0 873.4 2 0

1461NN 3860 14665 116402 762561 740779 524927 352818 196518 5257541169766
1461N8 1050256 874493 725003 596873 489825 399180 323104 263315 221227 192019
146 1NR 21171A70156751147370140304135308130238125385120537117388114167 3
1461NB 31109910107105103871100935 97911 ©3751 89263 86054 81412 78558 4
146 1NB 41 75704 72237 6837€ 65750 63110 61303 59175 57226 55620 5u611 5
146158 51 53624 52811 51971 50789 50353 S01S7 49271 48333 47865 46884 6
146138 61 46064 u5142 44227 43520 42696 41450 40627 39569 39153 38218 7
1461N8 71 37413 36583 35650 34911 34172 32983 32553 30898 30326 29696 8
1461%8 81 29022 28564 28352 27677 27709 27244 27035 26514 26393 25914 9
146148 91 25420 24991 24R6€ 20612 24276 23947 23460 23276 22916 22684 10
1461NB 101 21995 21814 21687 21246 20858 20817 20228 19966 19588 19370 1
146188 111 18877 18543 13278 17860 17959 17306 16996 17226 16709 16628 12
1461NR 121 16222 16135 15824 15687 15547 15409 14905 146638 14593 14412 13
1461NB 131 14105 13648 13700 13613 13279 12995 12739 12519 12223 12183 14
1461NB 141 11716 11641 11482 10937 10723 19599 10338 10343 10030 9871 15
1461NB 151 9789 9341 9201 9077 8684 8707 8278 8273 8019 8176 16
146188 1€1 7690 7707 745€ 7514 7469 7333 7083 6909 7002 6812 17
1461NB 171 6767 6642 6552z 6243 6243 6047 5931 5953 5765 S645 18
1461NB 181 S436 5474 5314 5430 5135 5301 5063 5042 4859 4821 19
146188 191 4719 4663 44OC 4352 4249 4181 4139 4034 3809 3834 20
146188 201 3753 3672 3600 3657 3479 3399 3290 3413 3277 3082 21
1461NR 211 3084 2969 2925 2958 28R1 2846 2806 2587 2431 2547 22
146188 221 2578 2551 2251 2136 2305 2149 2194 2192 2041 2144 23
1461NB 231 2088 1991 1909 1363 2028 1785 1708 1685 1664 1603 24
146180 2049 1594 1572 1562 1574 1499 1419 1461 1421 1324 1250 25
14618 251 1378 1238 1161 1307 1187 26
1461NA 1 322 1385 30084 75516 44531 32055 40513170532157475126607 1
14618 11102499 83523 66602 53146 41933 33183 26361 21356 17733 14788
T461NA 21 13214 11809 10720 10116 9328 9927 8286 7987 7753 7301 3
146184 31 6848 6537 6331 6016 S5TS58 5304 5245 4943 4804 4622 4
1461NA 41 4194 4394 u414e 3956 3919 3710 3795 3502 3585 3444 S
1461NA 51 3225 3269 3184 3105 2959 2990 3062 2780 2744 2610 6
1461NA 61 2645 2583 2502 2406 2346 2323 2261 2198 2225 2108 7
1461HA 71 2164 2053 2048 2091 1877 18364 1819 1779 1730 1730 e}
1461NA f1 1732 1693 1564 1631 1542 1548 1557 1553 1456 1484 9
T4EINA Q1 w70 1334 129¢€ 1387 1373 1278 1256 1253 1296 1223 10
1461NA 191 1210 1199 1102 1117 1170 1133 1064 1113 1004 962 11
146 1NA 111 1024 1007 930 976 933 902 U2 914 821 865 12
1461NA 121 844 777 797 797 802 780 768 720 648 709 13
146 1MA n 660 613 671 630 62F 627 600 617 597 543 14
146 19A 141 601 557 519 525 459 539 487 435 452 478 15
14618 151 4uy 440 422 389 442 457 405 408 380 376 16
1461NA 161 381 362 359 361 364 360 339 298 326 314 17
14€1NA 171 317 286 304 291 301 271 282 271 260 231 18
146107 181 236 258 220 229 224 234 259 206 180 213 19
1461NA 121 202 195 198 182 199 164 167 183 156 171 20
146 1NA 201 162 158 15€ 165 158 150 142 139 138 151 21
14€1NA 21 146 a0 101 125 125 154 123 116 95 84 22
1461NA 221 132 130 4€ 57 103 87 65 92 107 - 87 23
146 1NA 231 69 100 . 60 83 120 52 68 73 61 56 24
146 1NA 241 50 53 69 55 89 67 67 73 27 57 25
146183 251 u2 50 SE 54 53 26
RUNS 1459A(8K3D 1458a),SP-28 (10 ATKE); 1460A(BKGD 1460B) ,SP-26 (3 ATH);

146 IN3 (RKGD 146 1NA) ,SP-25(1 ATM) A-CALIB (1461C-1461D(Y ATHM)); DET 460CH
ON CL BEHIND SPEC MOD NE213 INPUT SPECTRUY=7773B,C ON 2/28/79 :HCAO1

Fig. 4. Cont'd



E

0.001¢0
0.0015
0,092
0.0025
0.0030
0.00u40
0.0050
0.0060
0.0070
n.00A0
u.ouY0
0.0102
0.0125
0.0150
0.0175
0.0200
0.025%
0.0300
N.0359
0.0400
0.0us50
0.0500
0.06%0
U.0A00
N.0658)
0n.0700
06,0759
0.0900
0.0850
0.0900
N.095)
0.1000
0.1100
0.1200
o120
N.1300
0.1409
0.1500
0.1600
0.1700
n.1750
0.1800
0.1300
N.2000
N.2280
0.2500
2.2750
0,3000
0.3500
0.4000
N.u500
N.2007
N.5500
0.6000
0.6500
0.7000
0.7500
0.8000
7.8500
0.9000
0.9509
1.0000
1.1009
1.2000
1.25¢0
1.3000
1.4000
1.5000
1.6000
1.7000
1.7500
1.8000
1.901400
2.0000
2.2500
2.50N0
2.7500
3.0000
3.5000
4.0000
4.50C0
5.0000
5.5000
6.0000
6.5000
7.0000
7.5000
].0000
8.50N00
9.0000
9.5000
10.0000

RANGE ENERGY DATA

H

0.C147
0.C195
0.0235
0.0272
7.0310
0.037%
9.04135
0.0499
0.0545
0.C57%
J.unun
0.0630
0.0800
0. 0910
0.110
0. 1100
0. 1230
0. 1640
0.1600
0.1740
0.1307
H.20930
2.2200
0.2369
0.2519
0. 26A0
0.2820
0.2770
0.13130
0.22°0
N.3460
0.3620
0.4000
0. 43R0
U. 4550
0. 4750
0.%140
0,551n
0.5980
0. 6U00
0.€620
N.6820
3.7300
0.7800
0.9200
1.0500
1.2200
1' 3700
1.73100
2.1300
2. €701
3. 0500
3.5700
4.1201
4.7200
5. 2500
6£.C200
8.7200
7. 4600
8. 2400

14. 6000
15. €000
17. €070
20. 2000
22.5000
25.0000
26. 4030
27.9000
0, v
33.F000
41,3000
50.6000
59,0000
70. 3000
92.82000
118.0000
146.C€000
177,00l
210.0000
246. 0000
285.¢000
326.0000
370.0000
417.0000
466.0000
519.0000
628.0000
752. 0070

PCHY

0.0050
0.0070
0.0082
0.0097
0.0101
0.0130
0.0155
0.0170
0.0190
0.0205
y.u22v
0.0235
0.0275
0.0317
0.0340
0.03¢7
0.0420
0.0470
J.0515
0.0565
0.0610
3.0660
0.9719
0.0760
0.080%
N.0RS0
3.0905
0.09%0
0.1000
0.1050
0.1100
0.1150
0. 1250
0.1350
0.1409
0. 1450
0. 1550
N.1650
0.1750
n. 1850
0. 1990
0. 1950
0.2050
0.2130
0. 2850
0.2900
N.3300
0,3750
0.4700
0.5750
N.AINN
0. R100
0.9400
1.0700
1.22170
1.3900
1.5500
1.7200
1.9200
2.1200
2.3200
2+5000
3.noo00
J.u%hun
3.70%0
2.9500
4.4500
5.0290
5.6000
6.1500
6.u%uY
6.8500
L1 A1)
8.2u00
10.0000
12.2900

14. 4000

16.7000
22.0000
27.9000
34.5000
43.6000
4%9.4000
57.9000
6F.7000
76.2000
A6.5000
$7.2000
10R.0000
120.0000
132.2000
143.0000

c-10

RANGF

0.0015
0.0020
0.002u
0.0027
0.0031
0.0023
0.00u43
0.0049
0.0054
0.0059
U.uubu
0.0069
0.0080
0.0091
0.0101
0.0110
0.0128
0.0144
0.0160
2.0174
0.0190
0.0209%
0.0220
0.0236
0.0251
0.0266
0.02A82
n_.0297
0.0313
0.032%
0.0346
0.0362
0.06800
0.0638
0.0455
0.0475
0.0514
0.0551
0.0598
0.0640
0.0662
0.06R2
0.9730
0.0780
U.tuzy
0.1050
0.1220
1.1370
0.1730
0.2120
0.2870
0.3050
043570
0.,4120
0.4720
0.5350
0.6020
u.672U
0.7460
0.8240
N.9160
0.9910
1.1700
1.4600
1.M600
1.5600
1.7600
2.0200
2.2500
2.5000
2.5400
2.7800
j.1000
3.3800
4.1300
5.0600
5.9000
7.0300
9.2800
11.8000
14.6000
17.7060
21.0000
26,6000
28.5000
32.6000
37.0000
41.7000
46.6000
S1.8000
62.8000
75.2000

Fig. 5. Listing of Output
from SPEC-4 Sample Problem.



4.09187 01
3.4022E 01
1.5605F 01
7.09698 00
9.0694E-01
1.9323r 00
3.906 1" 00
6.8390% 00

INPUT SPECTRUN

4.478KE 01 U.3N7RE 01
3.1744E 01 2.9716R 01
1.47258 01 1.5327F 01
6.32568 00 5.36702 00
1.0066E 00 1.10692 00
2.1000E 00 2.2961E 00
4.152AE 00 4.4540F 00
7.2352E 00 7.73€52 00

4.11578 01
2.5679F M
1.4579% 01
4.5744E 0O
1.20472 00
2.49882 00
4.7521% 00
8.2364EF 00

RESPONSE COBRECTION PACTORS

EMID SNIDOW
0.3236 1.0580
0.3779 1.0685
0.4416 1. 0874
0.5230 1.1153
0.6181 1. 1622
0.7224 1.2236
0.8492 1. 2152
1.0013 1.4709
1.1801% 1.7278
1.3840 2.1u70

2XPT

1.2642
1.2761%
1.2917
1.3145
1.3668
1.4385
1.5437
1.7175
1.9977
2.5041

3.51017
2.3019E
1.3543¢8
3.6699e
1.3096¢"
2.7026E
5.0u22e
8.7578¢g

01
01

00
a0

00
00

3.7S54E 01
2. 1455E 21
1.24428 01

3.6848E 01
2.0068E 01
1. 1438 01

2.7944% 00 2.4624E 00
1.4121E 00 1.51078 00
2.8984E 00 3.097SE 00
5.3859E 00 S.6453B 00
9.2613E 00 9,7411E 00

MATRIY OF MONOSNERGETIZ NRUTPON DIFPERENTIAL REBCOIL PROTON DISTRIBUTIONS

5.03802-01 0.0 n.0
3.0408p-02 3.9909e2-01 0.0

0.
0.
2.1235E-02 2.1854E-02 3.1273E-01 0.
1.5291P-02 1.51152-02 2.0%898-02 2.

D00

jeniz-01

1.1026R-02 1.11417-02 1,47068-02 1.8346%2-02
8.5169E-03 A.5567%-03 1.14)7F-02 1.39608-02
6.4226B-03 6.6389P-93 A, EU60E-03 1.0955%-92
5.14898-03 5.2100R-02 6. €8AIP-03 7.9%44P-023
4.1229E-03 J.B167E-03 4.<U25E-03 7.3777E-03
1.52202-03 4.9316%-03 4.5181E-03 S.4777e-03

RANGE/RADIUS= 0.91C

MODIFIED SNIDOW VALUFS

0. 11817 O
0.53512 00

0.10R9FE 0 0.1037E 01
0.5853E 00 0.53CSF 00

FS (J) VALDES

0.0

0.78°5% 00
2.1579 01
0.2368E 01
0.315RF 01
0.3947F 01
0.47372 01t
0.5526F 01

0.7895e-01 0.157%9% 00
0.8684E N0 0.7474=° 00
0.1659F 0v 0.1727% 01
0.2447e 01 0.2526E 01
0.3237% 01 0.3316% 01
0.40262 01 DJ.4105E 01
0.4B816¥ 01 0.4895e2 01
0.56058 01 0.S5684e 01

EN(I) VAL7ES

0.1539€ 01
0.2558% 01
0.44158 01
0.7620E 01

0.1618E 01 0.163972 01
0.27028 01 0.2853F 01
0.4663F 01 0.4924% 01
0.9047E 21 0.8499E 01

FS (J) VALUES

0.20011E-91
0. 11341E-01
0.268R3E-02

0.231008-01 0.221752-01
0. 10651E-01 0.95405R-02
0. 196518-02 0.13361E-02

20000
Soooo

25 (J) VALUES

0.24440B 01
0.24221F 00
0.409508-01

0.228502 21 0. 19649e 01
0.20410E 00 0.16321E 00
0.32835e-01 0.252538-01

0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

1.7982€-01

1.5298¢&-
1.2017€e-
9.6701VE-~
7.601TE-
7.1292E-

02
02
01
03
03

TOP VALUE=s 1.23690

0.9908E 0
n.u832% 00

0.2363%7 00
06.10262 01
0.1816E 01
0.2605F 01
0.3395¢ 01
0.4184F 01
0.4974E 01
0.57638 01

0.1776E€ 01
0.30132 01
0.5200E 01
0.8975% 01

0.21074E-01
0. £55652-02
0.922848-03

0.163962 01
0.13%418 00
0.190738-01

0.7395¢
0.4349E

0.31588
0.1105e
0.1895E
0.26%UE
0.3474F
0.4263E
0.5053F
0.59u2¢

0.1855%2
0.3182¢
0.5492E
0.9479g

00
0n

01
01

01

0.19846E-01
0.757828-02
0.55860P-03

0.0
0.0
0.0
0.0
0.0

0.13757¢
0.12131E

01
0o

0.125208-01

0.0

1.3497e-01
1.27478E-02
1.0635e-02
7.8964E-03
7.0418E-03

0.8986E 00
0.38T4E 00

0.3947E 00
9.1184F 01
0.1974E 01
9.2763E 01
J.3551E 01
0.4342E 01
0.5132 01
0.59212 M

0.1987g2 21
0.3361E 01
0.58008 01

0.18520E-01
0.66775e-02
0.31362e-03

0.10174 0%
0.10299E 00
0.80752E-02

9.9931E-02
1.33737-02
1.1624E-02
9.4649%-03

VW= "dO0O0DOOOO

0.8515E 00
0.3406E 00

0.4737= 00
0.12638 01
N.2053E 01
0.2842% 01
0.36328 M
0.08421E 01
0.5211E 01
0. 60008 01

0.2056e 01
0. 3549t 01
9.6125€ 01

0.17110E-01
0.58223E-02
0.17457E-03

0.70883e 00
0.85769E-01
0.449748-02

3.6659E 01
1.85918 11
1.0177E 01

1.61002 00
2.2965e 00
S.9380% 00

966 E-02
613E-02

OD=O0O0D2O0S0ICQC

0.78958 00
0.29732 00

0.5526% 30
0. 13u2E 01
0.21327 01
0.2921F 01
0.3711e
0.4500% 01
0.52898 01
0.6079E 01

0.21722 01
0.3748E 01
0. 6469E 01

0.15784E-01
0.50579g~-02
0.652478-04

0.508962 00
0.72963E-01
0.193708-02

3.6193E
1.71758
B8.7358E

1.7095E
3.5009E
6.2542F

9352E-02 0.0
405E-03 1.0863E-02 3.1893E-02

0.7401%
0.2555E

J.6316E

0.1421¢e -

0.2211e
0.3000E
v.3789p
0.4579p
0.5368E
0.615A8R

0.229%¢
0.39S8E
0.6832E

[<X-N-N-~N-N=R-g-]
IR IR

VOOOCOOOO

01
01
00

00
00
00

00
00

01
01
01

0.14352r-01

0.432068-

02

0.126338-08

-

OO0
[-N-R-N-K-)

0.4803au 2

00

0.60773B-01

0.0832762-

0.0

03

3.5281p
1.6050E
7.7032E

1.9125¢%
3.70748
6.5557¢

0.6905E
0.209SE

0.7105e
0.1500¢%
0.2289¢
0.3079¢E
0.3868E
0.4658%2
0.54477
0.6237E

0.2422¢
0.4180F
0.7215¢

0.13066EB-
0.35755E-

0.0

0.29933E

0.502R8SE~

01
00
00
00

00
00

0o

01
01

01
01
01

01
01
01

01
02

00
01



OUTPUT OF SPPC

-2.9172E~-04-1. T410E-0U
2.31542-02 2,3048P-N2
2.2076%-02 2.1950E-02
2.0732-02 2.0641R-02
1.93358-02 1.9183FP-02
1.7769%-02 1.7606R-02
1.6206P-02 1.6054P-02
1.4596E-02 1.4432E-02
1.32948-02 1.2952%-02
1.1A92E-02 1.15552-02
1.0347E-02 1.0220E-92
9.12558-03 9.0125R-03
7.9991E-03 7.38682-23
6.9317E-03 6.82R2E-03
5.9370%-03 5.A3897-13
S.0476E-03 4.9637%-03
4.2000R-03 4. 1744B-03
3.3005E-03 3.19862-93
2.3571E-03 2.2741R-13
1.6142F-03 1.5477R-03
1.7368E-0) 9.R3598-04
5.9426F-04 5.5244R-94
1.7609E-04 1.36272-04

POREGROUND TIME= 503
POREGRONIND COURTS
1760, 47ua,
134R907. 1141026,
32A8907. 307250.
183032. 171214,
107130. 102234,
71901, 695049.
51175. 49467,
35689, 3407S.
25466. 24R81.
19268. 190A1,
14391, 1aM7.
10618. 10403,
7949, 7719,
5999. G687,
4501, 4306,
3329. 3251,
2428, 2382,
1763. 1682.
izen. 1138,
. 192, TRa,
517. 451,
3wy, 305.
183. 147
7a. 89.
35. 23.
20. J2.
DACK4ROUND COUNT3
69, 242,
79100. 61367.
14731, 1352S.
6617, G217,
3512, a9y,
2260. 2209.
1477. 14513,
1097. 1109,
748, 696,
312. 314,
129, 1713
225. 235.
180. 193,
122, 110,
100. 9.
67, 66.
49, 3a.
n. 24.
25. 23,
15, 16.
16. 9.
6. 7.
4. 5.
3. S.
3. 2.
6. 5.

2s

2.3999F-~02
2.2942P-02
2.18323E-02
2.0500p-92
1.90308-02
1.7444R-02
1.5902gE-02
1.4276E-02
1.2812F-02
1.1818p-02
1.00928-02
8.€996%~-02
7.77458-n3
6.72497-03
5.74932-03
4, £7838-n2
4.0289%-03
3.0963r-03
2.19198-03
1. 4813e-n3
9.3040F-04
5.1162E-04
9, 24578-05

2.3R86E-02
2.2836E-02
2.1697p-02
2.0259Eg-02
1.A873E-02
1.7282r-02
1.5747%e-02
1.4129E-92
1.2671P-02
1.1282g-02
9.96u7E-03
8.7866E-03
7.6621E-03
6.6243P-03
5.6616R-03
4,7937P-01
2.94342-03
2.9947e-03
2.10808-01
1.41498-03
8.96498¢E-04
4.68R1F-040
5.0643E-05

.00 BACKGROUND TIY®=

C-12

2.3781E-02
2.2729E-02
2.15718-02
2.02198-02
1.8726R-02
1.71208-02
1.55820-02
1.39R18-02
1.25318-02
1.11458-02
9.8372P-03
9.67367-03
7.55218-03
6.5261E-03
5.5738E-01
4.70912-01
3.95788-03
2.89318-03
2.02508-03
1.35592-03
9,45162-04
4.26992-04

2.3677R-02
2.2623E-02
2.14448-02
2.00798-02
1.8574E-02
1.6969P-02
1.5418e-02
1.3833e-02
1.2390€E-02
1.1009E-02
9.7096E-03
9.5607E-03
7.4487E-02
6.4279E-03
5.4860E-03
4.6244B-03
3.7723E-03
2.79122-01
1.9466E-03
1.30278-03
8.0334°-04
3.8517B-04

2.35728-02
2.2517e-02
2.1318e-02
1.9937e-02
1.8415E-02
1.6815R-02
1.5254E-02
1.3685e-02
1.2250R-02
1.0872e-02
9.592te-03
A.U483E-03
7.3453e-03
6.3297P-03
5.3983E-03
4.5398e-03
3.6967R-93
2.6894E-03
1.8801E-93
1.24952-03
7.6153E-04
3.4336E-04

2.34678-02
2.24118-02
2.119119-02
1.9792e-02
1.8253E-02
1.6663E-02
1.5089e-02
1.35388-02
1.2109E-02
1.07368-02
9.46uu8-03
8.3360E-03
7.24198-33
6.23168-03
5.3105E-03
8.4552e-03
3.60128-03
2.6061e-03
1.8136E-03
1.19638-03
7.197tg-04
3.0154E-04

2.33638-02
2.23058E-02
2.10648-02
1.9640E-02
1.8091E-02
1.6511E-02
1.49258-02
1.3390R-02
1.1968E-02
1.0602E~02
9.3514p-02
8.2217E-03
7.1335e-03
6.1334P-03
5.2228E-0)3
4.3705E-03
3.50428E-03
2.5231E-03
1.7472e-03
1.18312-03
6,77898~-04
2.5972E-04

2.3258e-02
2.2198B-02
2.0923e-02
1.9487e-02
1. 7930B-02
1.6358B-02
1.47618-02
1.3242g-02
1.1828E-02
1.0475-02
9.2385e-03
8.11148-03
7.03512-03
6.0352e-03
5.1350B-03
4.2855e-03
3.40202-03
2.4401E~03
1.6807E-03
1.09002-03
6.36078-08
2.1791E-04

8.82508-26~-3.2993E-05-".4R11E-05~1. 166 2B-04~1, 584UB-N~2.00268-04
-2.4207B-0u-2.83809p-0u-3_23871E-0u-3.67538-04-4.0930E-04-8.511AE-04~4,92988-04-5.34798-04-5.766 1E-08-6. 1843IR-0Q
~6.602UE=-04-T7.0206P-04~-7,4388E-04-T.A569E-04-8.2751E-0U-A.6933E-04-9.11142-04-9.5296E-08-9,.947TE-04-1.0366E-03
-1.0794E-03-1.12028-03-1.16208-03-1.20798-03-1.2457E-03

135.20

EXPERINENT NUNBER 1459A

12767,
949nr91,
290163.
15A866.
€7C63.
67063.
48014,
33309.
24015.
18217,
13431,
10038,
7582,
5631.
4155,
Ini.
2253.
1616.

20.

47623,
7913766,
2717119,
152089,
72429,
64899,
45917,
32256.
23060.
17608.
13331,
9679.
7?7949,
5455,
4110.
2989.
2151,
148,
12vu.

26.

4450808,
669342,
258042,
145527,
9896S.
63159,
4453R,
It124.
22404.
17448,
12947,
9471,
AAAL.
5243.
8022,
2905.
2038.
14348,
wis,
679,
428,
C264Y.
1M1,
s3.

36.

1.

854610, 7
568488. 4
285514, 2
139151, 1

84920.

60790.

42856.

300135,

21R8€0.

16803,

12576.
9208.

- 1089,
5113,
3R38.
2814.
2032.
1397.

yil.

EXPERINENT NUMBER 1459A

1060.
4T€u2.
12261,

5050,

3113,

2078.

169248,

1021,
693,
ug 3.
307,
260.
174,
17,
97,
66.
us.
4.
25,
1.

35064,
37815,
11280,
Susu,
2917,
1994,
1120,
936.
%60,
a3l
2qs.
212,
189,

125. -

73.
53.
27.
1.
14,
14,
19,
A,
2.
6.
'3

7.

61521,
31050.
10687,
5144,
2796,
2004.
1265,
962.
£29.
431,
252,

200. .

165.
115,
63.
58.
51.
7.
22.
13.
1.

BERITS
25591,
9717.
4814,
2697,
1930.
172U,
88s.
613,
394,
254,
210.
159.
105.
67,
f1.
43.
.
14,
10.
a.

3.

6.

4,

1.

13035. 559905.
835341, 421146,
33097. 220428.
32309, 125578.
31942. 78412,
58599, 56478,
41861, 39340.
29133. 28385,
21404, 20792,
1624S. 15703.
12173, 11734,
8980. 8744,
ARRA1T. AUST.
5013. 4796.
3671. 3u82.
2688, 2599.
1958, 1845.
1359, 1374.
913, Yir.
599, SR3.
3s8. 378.
194, 179.
102. 91.
a8, 9.
29. 29,
49796. 170418,
20350. 19485,
9127. 8370,
8364, 0162,
2599, 2027,
1811. 1718.
1217, 1170,
861. 860.
591. 581.
383 37H,
288, 224,
185. 174,
137. 159.
134, 121,
73. B9,
52. 53.
42, 38,
kLN 19.
21, 16.
1. Tu.
9. 10.
6. 4.
4. 4.
4. S.
3. 3.
Cont'd

517645.1021071.

380305.
209152,
119431,
76093.
55071.
38726.
27215.
20222.
15272,
11251,
8362.
£378
4720.
3525.
2094,
1820.
1284,
83U,
547,
345,
195.
77.
u1,
21.

143012,
178%6.
7772,
3914,
2484,
1646.
17N,
787.
538.
34y,
283,
2046,
150.
az,
74.
55.
45.
22.
18,
14,
9.

3.

6.

4.

5.

351262.
196135,
113057,
736R8.
52677,
36917,
26 365.
19605.
14821,
10873,
‘80,
6098,
4651.
3321,
2Q18.
1747,
1239,
842,
513.

104853,
16237.
7233.
3617,
2301,
1587.
1057,
e12.
365.
i2b.
261
202.
138,
11,
SR,
S4.
35.
25,
12.



RESOLTS FROM SUBROUTINE VSHTH

1769.  aTau,
1348907. 1141026,
330986. 315994.
184965. 174060,
110033, 104943,
72503. 70034,
51728. 50063.
36636, 35374
26215.  25425.
19613.  19065.
14751, 14334,
11063, 10743,
A253.  8017.
6206.  6931.
4647. 4512,
3863, 3360.
2504, 2465.
1836, 1779,
1309, 1263,
903. 269.
604, 579,
386. 368.
236. 223.
134, 126.
68. 53,

20. 32.

69. 202,
79100. 61367,
15199, 13881,
6920, 6353,
3594, 3uo2.
2291, 2198,
1560.  1505.
1092.  10S5.
765. 737.
526, 503.
350. 336.
249, 242,
187. 182,
160, 135,

' 101. 98.
72. 70.

52. 50.

37, 36.

2. 25.

18. 18.

13. 12,

9. 9.

1. 6.

5. 5.

4. 4.

6. 5.

SHNOOTHED POREGROUND MINOS

1591.
1145078,
301920.
167381,
100772,
66626.
47709.
33819,
24244,
18263.
13850.
10421,
1772,
S846.
43Ph.
32%.
24 1%,
1744,
1242,
856.
571.
362.
218,
121,
58,

<

4120.
9828913.
380225,
157688.

96178.
64374,
46184,
32654,
23524.
1776R.
13467,
10121,

T5u9.

5682.

4261,

3180,

23135.

1687.

11938,

823.
547,
345.
207.
114,

53.

19.

12767. 47623
989€93. 793766.
295284. 277516.
164064, 155063,
100159, 95688.
67694,  65450.

48393, 46770,

38163,  33002.

20€70.  23989.

18532, 18013,

13929, 13533,

10432, 10131

7789.  7568.

5e61.  5695.

4381.  u2Ss.

3260.  3162.

2387, 2312,

1725. 1668,
1218, 117s,
e3s. rO3.
€55, 531,
350. 334,
212, 201.
19, 12,
sq, su.
20. 26.
1060. 35064.

a7642. 37835,
12726. 11703,

5926.  5533.

3226, 3066.

2110, 2041,

1450, 1398,

1019, 984,

1. 686.
483, 466,
324. 313,
238, 228.
176. 172.
131, 127,
94. 91.
68. 66.
49. 47.
3s. 3a.
24, 23.
17, 16.
12 12.

9. 8.

6. 6.

5. 5.

u. 4.

3. 1.

BACKGROUND

10036. 0.
827127, 696271,
363493, 2n7389.
14R795. 150R06.

91846, BT7B8.

62235. 60189.

44656. 43167,

31537, 30466,

22839, 22222.

17286. 16818,

13093, 12729,

9828.  954u.
7334, 7126,
5523. 5363,
6133, so020.
3085.  2994.
2262, 2191,
1635. 1581,
1155, 1,
791. 761.
=24, 501,
324. 32,
196. 185,
106. 100.
4o, UL’
12. 8.

C-13

445908,
669342,
261765.
146990.
91540.
£3288.
45193,
31891,
23294.
17510.
13149,
3837.
7354.
5533.
LARAN
3067.
2238.
1612,
1132,
774,
508,
318,
190.
106,
36.

18.

61521,
31050.
10790.
5170.
2920.
1966.
1349,
950.
661.
445,
302.
221.
167.
123.
88.
63.
45.
32.
23.
16.
1.

B.

6.

S.

8.

8.

287278,
599331,
331960,
133667.
840 14,
58222,
41717,
29442,
21591,
16362,
12371,
9267.
6925.
5216.
3904.
2904.
2121,
1529,
mnie.
733.
479.
297.
175.
92.

26.

B.

Fig. 5.

854610,
S6A488.
287403,
139676.
87707,
61199,
43652,
300828.
22626.
17019,
12791,
9553.
7187,
5375.
4011,
2975.
2167.
1558,
1091,
Tau.
ugé.
302,
180.
Qv

33

38344,
25591,
9969.
4835.
2789.
1R93,
1301.
917.
636.
428,
292.
215,
162.
119,
85.
61.
4a.
3.
.22,
15.
11.
8.

6.

6.

1.

755804,
5025u44.
221716,
1272147,
80521.
56322,
40299,
2R464.
20987.
15817,
12038,
9999.
6729.
5068.
3791,
2817,
2054,
178,
1015,
T04.
458,
282.
165.
86,

30.

Cont

713013s.
510626.
233971,
132950.
B4175.
59175.
42156,
29812,
21984,
16541,
12426.
9276.
6945,
5222.
3894.
2985,
2098.
1505.
1051.
AN
464.
289.
170.
90.

29.

49796.
23024,
9222,
4529.
2669.
1821.
1256.
8RS,

157.

30.

584719,
451296.
210207,
121279,
77297,
54483,
38921,
27532,
20405.
15483,
11698,
8738.
6540.
4925.
3682,
2732.
1988.
1428,
997,
676.
437.
270.
155.
79.

21,

'd

558905.
456947.
221129,
126721,
80920.
$7216.
40705.
2RBUS.
21364.
16076.
12071,
9008.
6761.
5072.
3780.
2796 .
2031,
1454,
1013.
685.
443,
275.
160.
84,

29.

170418,
20633.
8539.
4258.
2560.
1751,
1232,
854.
589.
394.
274.
203.
153.
112,
80.
57.
41,
29.
20.
14.
10.
7.

5.

4.

3.

119764,
403780.
100128,
115748,
74322,
52704.
37581,
26645.
19%45.
15060.
11367,
8485.
6367,
4785,
3575.
2648.
1925.
1379.
QRa,
648.
417,
256.
14€.
73.

21,

517645.1021071.

410371,
208675.
121011,
77911,
55321.
39300.
27923,
20761%.
15622.
11726.
8749.
6571,
4926.
3€70.
2710.
1965.
1405.
975.
657.
423.
261.
151.
79.

21,

143012,
18527.
7913,
4027.
2u61.
1684.
171,
823.
567.
378,
265.
197.
1u8.
108.
7.
56.
40.
28.
20.
14.
10.
7.

5.

§.

S.

149125,
362631,
188284,
110633,
71571,
50981.
36283,
25801.
193n00.
14647,
11063,
824n.
6189.
46un.,
3871,
2567.
1863.
1332.
Q24
622,
398.
243,
138.
69.

8.

371929,
196577.
115278,
517,
53496.
37983,
27045,
20178,
151981,
11390,
8497,

6 286.
4785.
3568,
2626.
1901,
1356.
<€38.
630.
404.
248,
w2,
73,

32,

104854,
16729,
742,
jao1.
2368.
1621,
1131,
794.
545.
64,
257.
192,
144,
104.
75.
54.
38.
27.
19.
13,
9.

7.

5.
o

0.

32.



HIGH ENPRGY PULSE HEBIGHTS TN BE SUBTRACTED

~2.0746F 02-9,22058 01 1.2706% 04 1,26S0B N4 1.2595E 04 1.2539F 04 1.2484F 04 1.,2429E OU 1.2373E 08 1.2318E
1.2262% 04 1.22072 04 1.2tSOB 04 1,.2094E 04 1.2038E 04 1,1982F 04 1.192SE 04 1,1869E 04 t.18138 04 1.1757e
1.1692P 04 1,16258 N4 1.1558FE 04 1.1491E 04 1.1428E 04 1.1357E 04 1.1290E 04 1.1223E 04 1.1156E 04 1.1081E
1.10078 04 1.09328 04 1.0857% 04 1.0783E 04 1.0708E N4 1,0633E 04 1.0559E 04 1.0482E QU 1,0401E 04 1.0321E
1.020608 04 1,0159B 08 1.0079E 04 9.99%12 03 9.9175E 03 9.8369E 03 9.7529F 03 9.6672E 03 9.5815F 03 9.4958E
9.4101E 03 9.3244F 03 9.2387F 03 9.15302 03 9.0673E 03 8.9863% 03 8.905S6E 03 8.72502 03 8.T443E 03 8.6637E
8.5930F 03 8.5024%2 03 A.4217® 03 A.3396E 03 B8.2526% 03 8.1656E 03 B8.0785E 03 7.99152 03 7.90458 03 7.817SE
7.7305E 23 7.6434B 03 7.S609E N3 T.4827E 03 T.4045E 33 7.3262B 03 7.2480E 03 7.1697E 03 7.0915E 93 7.0132¢
6.9)S50E 03 6.8598E 03 6.7AS4E 03 6.7109E 03 6.6365E 03 6.5620E 03 6.4876E 03 6.4 1318 03 6.33I87E 03 6.26u4E
6.1921E 03 6.1197E 03 6.0474E 03 S.9751E 03 5.90272 03 5.8304E 03 5.7580E 03 S.6857E 03 S.6152E 03 S.5477E
S.49012 03 5.812AR 03 5. 34SOE 03 5.2775P 03 5.20998 03 S.1424EB 03 S.074BE 03 5.01252 03 4.9527E 03 4.89282
4.8330F 03 4.7732% 03 4.7133E 03 4.6535E 03 4.S937E 03 4.5339E 03 4.UT4UE 03 Q.4 1998 03 4.3554E 03 3.2959E
4.2364E 03 4.17708 03 4.11752 03 4.05808 03 3.9997e 03 3.9349E 03 3.4902E 03 3.81354E 03 3,.7806E 03 3.7259E
3.67118 03 3,61648» 03 3.S616F 03 3.5083e 03 3.4563p 03 3.8083E 03 3.35232 03 3.3003e 03 3.24838 03 3.1963B
J.1443E 03 3.0923E 03 3.0649E 03 2.9985E 03 2.9520B 03 2.9055e8 03 2.8590B 03 2.81258 03 2.7661R 03 2.7196E
2.67332 03 2.6285E 03 2.5836F 03 2.5388E 03 2.4940E 03 2.4492E 03 2.40442 03 2.3595B 03 2.31478 03 2.2697E
2.22848% 03 2.17918 03 2,.1338g 03 2.0AB5E 03 2.0432F 03 1.9979E 03 1.9525E 03 1.90722 0) 1.8559E 03 1.80192
1.7480E 03 1.69G1E 03 1.6401E 03 1.58628 03 1.5322E 03 1.487838 03 1.4243E 03 1.3803EF 03 1.3363E 03 1.2923e
1.24838 03 1.20448 03 1.1604E 03 1.1164E8 03 1.07252 03 1.03098 03 9.9573E 02 9.60538 02 9.2532E 02 8.90122
8.546912 02 8, 1971E 02 7.84S508 02 7.4930E 02 7.1810E 02 6.8993F 02 6.6176E 02 6.3359® 02 6.05432 02 5.7726E
5.49098 02 S5.2092B 02 4.9276E 02 §4.6976k 02 4.4761E 02 8.2506E 02 8.03322 02 3.81172 02 3.59022 02 3.3687e
3.14738 02 2.9258% 02 2.70483E 02 2.468292 02 2.2614E 02 2.0399B 02 1.818SE 02 1.5970E 02 1.3755B 02 1.11541E
9.3261% 01 7.11182 0% 4_.8966E 01 2.6R21E 01 4.6738F 00-1.78732 01-3.9621E 01-6.1766E 01-A.3914E 01-1,0606E
-1.28218 02-1,50352 02-1.7250F 02-1.9865F 02-2.1679e 02-2.3894E 02-2.6109¢ 02-2.8323F 02-3.0538F 02-3.2753E
~3.09678 02-3.7182E 02-3.9397E 02-3.1612E 02-4.3826E 02-9.60418 02-u4.82562 02-5.0470R 02-5.26858 02-5.489008
-S5.71188 02-5.93298 02-6. 1SN4E 02-6.3758? 02-6.5973F 02
NORBALI STNG PACTOR = 8. 2762F% 0S
304.5 24,0 -585.7 -2774.9 60251.9 163035.4 125519.9 23544, 1 7 29996.6 162003.7
248483.6 212920.6 17A765.6 150074.6 126629.6 107605.1 96376.3 85965.9 76952, 1 69588.5
63619.6 58917.6 55042.4 51737.7 48813.3 46142,2 43632.5 41216.4 38853. t 36538.5
34300.9 32191.0 30256.7 23520.6 26971.2 25572.14 24286.5 23090.2 21985. 8 20896.0
19858, 2 19868.2 179135.7 17063.3 16 253. 2 15504.6 14815.7 14182.0 13597. 4 13055.6
12550.3 12075.1 11624, 8 11194.9 107382.0 103913.0 9997.4 9624.8 9264.6 8918.0
8582, 2 8265.5 7948.0 7639.5 7340.5 7048.6 £765.2 6490.6 f224.9 5968.8
5722. 4 5486.1 5259,1. 5041.3 4833.8 463A.5 4449.3 427N.9 4104.9 394S5.4
3796.7 3655.1 1521.3 3402.3 3280.4 3164.0 3052.9 2946.4 2843.2 2743.9
PLT 2555.0 2uRS5.2 2378.1 2294.2 2212.5 2133.2 2056.3 1993, ¢ 1907.5
1835.9 17€6.7 1699.5 1634.2 1570.9 1512.5 1452.8 1393.8 1336.0 1280.0
1225.7 1173.0 1122.0 1072.7 1025.2 ¢79.4 935.2 892.8 852.0 813.0
775.5 739.7 705.6 673.0 6ut. 6 610.8 581.) 5955.4 528.2 502.1
477.1 4c3.2 430.2 407.9 386.0 365.0 344.9 325.6 307.1 289.4
272.5 256.3 239.8 224.0 208.R 194.3 180.4 167.2 154.6 143.8
132.3 120.9 110.1 aq_Rr 90.0 80.6 71.8 63.3 55.3 47.8
40.R 34.9 28,1 22.4 17.1 12.3 7.9 3.8 1.5 0.1
-0.9 -1.6 -1.0 -1.1 -D.R -0.2 0.7 -0.2 -0.9 -1.3
-1.5 -1.4 -1.1 -0.% 0.3 0.9 n.3 -0.1 -0.2 ~-0.1
0.2 0.8 1.3 2.5 3.3 3.1 3.1 3.3 3.6 4.1
4.9 h.17 6.8 6.9 6.9 71 7.4 7.9 a.6 9.4
10,4 11,5 12.7 1w, n 15.5 17.2 19.3 21.2 23.1 25.2
27.1 29.7 32.2 3u.7 37%.3 00,0 42.8 45.6 4R 6 51.6
Sn.7 §7.9 61,1 4.5 67.9 71,2 Tu.7 719.2 8.1 1Sels
09,4, ~l.2 7.1 101.0 101.0 107.7 110.5 115.4 117.3 127.4
126. 3% 134,13 137,17 Wi, b
BON 1G59A ¥ BKGD 1458\ SP-28(10 ATM) ZBRO Cid=1.8;ALPHA CALIB=506.7
BBIAS=-2.80 CHANNRBLS: 2SS, SA0OOTH= 1., BOTTON ENRRGY = 0.3400 BEV
HYYDRNGEN PRESSURPR=10.00 CARBNN "RESSURE= 0.0 BESOLOTION= 1S,
GROUPED SPECTRUN OF SLOPES PER NONITOR COUNT
ANYITOR MAIUNT = 503,
CALIBRATION = 0.00906344
INDICATED ENERGY nIn SIGHA GBOUOPED ERROR®e2
CHANNEL BONNDARY . ENERGY SPECTRUM INTERNAL EXTERNAL
36 41 0.2968 0.350R 0.3236 7.71 6897.820 0.47218 24 0.2533E 05
42 47 0.3508 0.4051 0.3773 7.1%2 4864.188 0.359u8 N4 0.21792 05
48 55 0.40%1 0.4776 0.4414 6.58 3901.771 0.24808 04 0.10758 05
56 65 0.4776 0.5683 0.5230 6.02 3380.144 0. 16508 04 0.2791E 0O&
66 76 0.5683 0.h680 0.6181 5.51 2653.002 Ce V100E NU 0.2772E 04
77 0o 0.6G6R0 0.77G7 0.7224 5.07 1636.105 0.7200E 93 0. 1980 04
89 104 0.7767 0.921R 0.8492 4.65 1286.914 0.4060B J3 0.4838E 03
105 122 0.9218 1.0849 1.0033 4.25 882.818 0.2324E 03 0.3100E 03
123 143 1.0849 1.2752 1.1801 3.89 486.627 0.11932 03 0.1361E 03
144 167 1.2752 1.4927 1.3840 3.57 224.640 0.5627¢€ 02 0.5794E 02
Fig. 5. Cont'd



Cc-15 -

CALCULATED NEUTRON SPECTRUN 064-0u-80

ENBRGY PLUX / PLUX / PLUX / 0/0 BRBOR

BOUNDARY GRODP NEV L2THARGY TRTERNAL EXTERNAL
0.2964 0.3508 1. 1440E 04 2.10362 05 6.7905E 04 1.19 0.59
0.3508 0.4051 1.0195F 04 1.8747% 0S5 7.07312 04 1.44 0.74
0.8051 0.8776 1.00K4E 04 1.3280E 05 6.11298 04 1.59 0.80
0.4776 0.56813 1. 1489E 04 1.2676E 05 6.6124E 04 1.50 0.75
0.5683 0.66R0 1.2173E 08 1.2210% 05 T7.5310E 04 1.54 0.77
0.6680 9.7767 9.5383F 03 8.7699% 04 6.3230B 04 2.1 1.06
0.7767 0.9218 9.8922E n3 . 6.8215% 04 5.7790E 04 2.09 1.04
0.9213 1.084° 1.0103e 0y 6.19312 04 6.2000B D4 2.18 1.09
1.0A49 1.2752 9.3099E 03 4.36608 04 5.14102 Ou 2.74 1.137
1.2752 1.4927 7.0436E 03 3.2391e 04 4.4723E 04 3.34 1.67

SUNNED PLUX= 0. 1002F 06
SUR NP AV COONTS OYER INDICATED CHANNPLS = 0.3776601E 07

OUTPUT SPECTRNN READY POR NEXT SPEC 4 RUN AT LOWER PRESSURE

NSPE = 42
0 PO
3.2356E-01 6. T7905E 04
3.7795e~-01 7.0731E 04
4.4139E-01 6.11298 04
5.2296R-01 6.61247 04
6.1813E-01 7.5310E 04
7.2236E-01 6.32308 04
8.49248-01 5.7790E 04

1.0033E 00 6.20008 04
1. 1801E 00 5.1 10E 04

1.3840% 00 4.4723% 04

1.4121E 00 4.4223E 04

1.5107¢ 00 4, 3391F 04

1.6100E 00 4.31688 04 h
1.7095r 00 4.26268 04

1.81258 00 4. 1546 04

1.9323r 00 4.0064e 08 .
2.1000E 00 3.7381E 04

2.2961E 00 3.3816% 04

2.48988E 00 3.0239E o0&

2.7026E 00 2. 7106F 04

2.0984E 00 2.5265E 04
3.0975e 00 2.3632e O4
3.2965E 00 2. 1892E 04
3.5009e 00 2.0225E 04

3.70748 00 1.8900F 04
3.9061R 00 1.8376r 04
4.1528E 00 1.73%0E 04
4.45408 00 1.806%E 048
4.7521E 00 1. 7169E 04
5.04227 00 1. S948F 04
5.3459E 00 1. 4651FE 0OU
5.6453% 00 1. 24698 04
S.Q1AR0F 0N 1.198uP No
6.2542E 00 1.02972 04
6.5557E 00 9.0711E 03
.6.8390F 00 8. 34548 03 .

7.2352E 00 7.4439% 03

7.7365E 00 6.22012 03

8.2364E 00 5.3R867E 03

B.7578E2 00 4, 22162 03

9,2613E 00 3.5261F 03 ) .
9.7811E 00 2.68997F 03 ’ .

***NOTE: The preceding output is repeated for the 3 atm
and 1 atm detectors

Fig. 5. Cont'd



JQUTPIT SPECTRNN CRDRREM FBY DETZCTOR

RUONS 14S9A(RBRGD 14584), SE=23 (10 ATY) ;
TU6INB{BKGD 14614A) ,SP-25(1 ATN)
DN CL BEHIND SPYC

N
1 1
1 2
1 3
1 4
1 5
1 A
1 7
1 e}
2 1
2 2
2 1
2 Ll
2 S
2 [}
3 1
3 2
3 3
3 4
3 5
3 [}
3 b
3 b
3 a
I 10

OUTPUT SPECTRNM ORDERED BY ENFRGY

RUNS 14S9A(BKGD 1459A),SP-29(10 AT%) :
146 I1NB(RKGD 1461RA) ,SP-25(1 ATY)
0N CL RPHINT SPEC 49D

N

ENPRAY aNitynagy

(4=V)
0.057¢ 0.0678
0.0678 0.0786
0. 0786 0.0930
0.0930 0.1092
0.1092 0.1290
0.1290 N.1524
0. 1524 N.1794
0.1794  9d.2100
0. 1525 N.1797
0.1797 N.2114
Q2344 N.2h74
0: 2476 Az n29
0.2929 N.3427
U, 3427 D105
0.29%u 0.350¢2
0. 3508 2.49051
0.4051 0.4774
0.u4776 0.5683
9. 5697 0.6680
0.6680 0.7767
0.7767 0.9218
0.9219 1.08349
1. 0849 1.2752
1. 2752 1.4927

ENERGY BOUNDARY

{ARVY
0.0570 0.0673
D.0678  0.0706
0.0786 0.0930
n Na3n 1092
n.1092  0.1290
0.1290  A.1524
J.1528  0.1794
0.1525 0.1797
0.1794  0.2100
0.1797  n.2114
. 21104 N, 2a%4
n.2u76 19,2929
0.2929 0.3u27
0. 2984 7.3304
0.3477  0.4015
0.3508  0.4051
U.8UST UL
0.4776 0.56R1
N, 8AAY o ARAN
0.6680 0.7767
0.7767 0.9218
0.9218  1.0843
1.0849  1.2752
1.2752  1.4927

o4-ny-9a0

1460A (BKGD 1460B) ,SP~26 (3 ATH) ;

A-CALTB(1461C-161D(Y ATM)); DET 460CH
40D NE213 INPUT SPPCTRUN=77733,C ON 2/28/79

rIOY

(N/ (CH2%S*NFVeKW)

2.8 13188
8.8067R
4.5769%
2.7269"%
4.4959%
3.7236E
2. 19768
2. 3405
- 2.1724¢8
2.2900F
2.36128
2.9024m
2.26U0F
1.9239=

2.1036%
1.8747%
1. 1880%
1.2676E
1.2210%
R.T6T9F
6.8215€E
6.1931%2
4,.3660F
3.23m18

PLOX
(N/{CN2eg5e

8.8133RE
§.2067%°
4.5768¢E
? 1?R9F
4., u959%

3.72361
2.1996°
2.1724¢
2.3305%
2.2800%

2. 3802y
2,902up
2.2640°%
2. i03BE

1.9239g

1.87478
1.38%0%
1.2676%°
i.22108
R.7699E

6.8215%
6.1931E
4.3R602
3.2381%

Fig.

THCAO0Y
FRRNQ
(?ERCENT)

05 1.76
05 1.9
05 2.96
a5 4,97
05 2.7
05 3.01
05 4.9
05 4.45
05 2.24
05 2.08
a5 1.9
09 i.ya
05 1.78
ns 1.90
05 1.19
05 t.48
05 1.59
05 1.50
95 1.54
04 2.1
0u 2.0°
04 2.18
ou 2.4
ou 3.3
04-04-19

14604 (BKGD 1U60B) ,SP-26 (3 ATH);
A-CALIB(1461C~1461D(1 ATH));
NF213 INPUT SPECTRON=7773B,C ON 2,/28/79

DET 460CH

THCAO?Y
ERROP
UEVEEW) ) {PERCENT)
a5 1.76
05 1.94
05 2.96
ns u 97
s 2.M
03 J.on
05 4.90
05 2.24
05 4.45
05 2,09
04 .98
0s 1.39
05 1.78
0% 1 14
05 1.9
05 1.48
05 1. 5%
05 1.50
1y [P}
ou 2.1
ou 2.09
ou 2.1R8
o4 2.74
04 3.3
]
5. Cont'd



PLOTTIhG COMNENCING

4eceveocccncccccans

eeess. DISSPLA VERSION 7.5 .....
NC. OF FIRST PLOT100

PLCF NO. 100 RITH THE TITLE
SPECTRUNM MODIFIER SHIBLD CONFISURATIONS
H4AS SBEN CCHMPLETED.

2LCT ID. READS
PLOT 100 12.54.01 PRI 4 APR, 1989 JOB=JOJPLT? . ORNL DISSPLA V%R
NATA POR PLOT

RC. NP CORVES DRAWN

HORIZ. AXIS LENGTH R.5 INS.
VERT. AXIS LENGTH 6.0 INS,

HORIZ. ORISIN 0.4000%-01 VERT. ORISIN 0.2000E 05
HOBIZ. AXTIS LOG

CYCLZ LENGTH 5.00 INS./CYTLE

VERT. AYIS 1CG

CYCLE LPNSTH 3.53 INS./CYCLE

LOCATION OF CURRENT PHYSICAL ORIGIN .

. XK= 1.50 Y= 1.00 INCHPS .
- PROM LOWER LEPT CORNER OF PAGE .
ERD DISSPLA -~ 1835 VECTORS GENERATED IR 1 PLOT PRAABS.

Fig. 5. Cont'd
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FLUX (n/(cm?xsxMeVxkW))

210"

10

10

JRNL-CWG-80-12243

SPECTRUM MODIFIER SHIELD CONFIGURATION
RUNS 1459A,1458A,1460A,14608,1461NB,1461NA/ #JOJHCAO!

Ll T L SN B | - 1 L) 1 1 i | SR
n —t—t— -
- -
y ]
- - .
L .
b .
- — B
——
- =
j2 LR ] 1 K 1 L | | i T v LA | o
4+10 10 - 10

NEUTRON ENERGY (MeV) _
Fig. 6. Final Spectrum Flet from the SPEC-4 Sample Problem.
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Appendix D
Listing of the BENJPLT Program



THIS PAGE
WAS INTENTIONALLY
LEFT BLANK
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A source listing of a sample follow-up program for plotting SPEC-4
results is given in Fig, 7. A listing of a sample input is given in Fig. 8,
which consists of cards which are punched by SPEC-4, excluding the final
two title cards. These titles can be the same ones used as input to the
SPEC-4 case. As with RAWDAT (App. B), BENJPLT uses the DISSPLA graphics
software and post-processing of the plot data. Besides producing a plot
identical to SPEC-4, BENJPLT also prints an edit of the unfolded spectrum
in a format identical to the final output of SPEC-4. Therefore, BENJPLT
is especially useful for providing publication-quality listings and plots
independent of the original SPEC-4 case.
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BENJPLT =-PLOTS BENJAMIN COUNTER SPECTRA OUT OF SPECY CODE

COHHON/PASS/PAGEX,PAGEY,XPHYOR,YPHYOR,HITE,INAHE,XAXIS,YAXIS,

1 NLINE,IHT!1,IHT2,NCNT, NPMX,NTITL,NLABL,NPT2

DINENSTON IDENT(19)

NCASE=130

CALL CGCMPRS
998 RRAD(5,501,END=999) IDENT,NCNT

CALL CONTRL(NCASFR)

NCASE=NCAS K41

GO TO 998
999 CALL DONEPL
501 FORMAT (19A4,14)

STNp

END

SUBROUTINE CONTRL(NCASE)

CONTRL PERFORMS ALL THE CALLS TO AND FROM TAE SUBROUTINES

COMMON/PASS/PAG®X ,PAGEY ,XPHYOR,YPHYOR,HITE, INAME, XAXIS, YAXIS,
1 NLINE,IHT1,IHT2,NCNT, NPMX,NTITL,NLABL,NPT2 )

DIMENSION EBD (60,3),FLX (67,3),ERFLX(60,3),NPT(3), TITLEY (15)
DIMENSION TITLE2(15) ,XLABEL(7) ,YLABEL(7),XVEC({120),YVEC (120)

SET DEPAULT AND RFAD CONTRCL 2?ARAHETERS

PASEX=11.0
PAGEY=8.5
YPRYOP=1.5
YPHYOR=1.0
HITE=0.18
INAME=100
XAXIS=8B.5 ’
YAXIS=6.0
NLINE=2
IAT1=-3
I{T2-2
IP (NCYT.®D.0) NCNT=3
NPMX=60
NTTTIL=18
YLABL=7
NPT2=120
Y CALL DATRD (EBD,FLX,ERPLYX, NOT)
CALL SCALE(EBD,FLX,ERFLX,NPT)
CALL PLTSET(EBD,FPLX,BR¥®LX,NPT,NCASE,TITLE1,TITLE2,XVEC,YVEC)
RETUORN
END

SUDROUTINT SCALD(BUD,PLK, BRRLK,NDPT)
SCALE CALCULATES THE MINIMUM AFD MAXINUM VALUES OF THE INPUT DATA

CNMON/PASS/PAGSX, A GEY,XPUYOR,YPHYOR, HITE, INA4E, XAXIS, YAXIS,
1 NLINE,IHT1,IHT2,NCNT, NPMX, NTITL,NLABL,NP42
COMYON/LIMIT/ XMIN, YMAX, YMIN,YNAX

DIMENSION ERD (NPMX,NCNT),FLX (NPMX,NCNT),ERFLX (NPMX, NCNT)
BINZNSINN NPT [NCNT)

YMIN = 0.0U

IMAX = 2.00

YAIN=PLY (1,1) *(1.0-BERPLX(1,1) /100.0)

YMAX=PLX (1,1) * (1.0+ERFLX(1,1) /100.0)

DD 20 K=1, NCNT

II=NPT (K)

DO 30 J=1,7T

FAIGH=FLX (J,K) *(1.0+ERFLY (J,K) /100.0)

PLOW=FLX (J,K)* (1. 0-ERPLX(J,K) /100.0)

Fig. 7. Source Listing of the BENJPLT Program,



IP(PHIGH.GT. YMAX) YMAX=FHISH
IP(PLOW.LT.YMIN) YMIN=PLCW
30 CONTINUE
20 CONTINUE
YMAX=YNAX*1.10
YMIN=YMIN*0.90
RETURN
END

SHURROUTINE DATRNM(E3D,PLX, ERPLX,NPT)

DATRD IS USED TO READ THE HYDROGSN SPEBCTRA DATA PROM CARDS

aan

CNMMON/PASS/PAGEY,PAGFY ,XPHYOR,YPHYOR, HITE, INAME, XAXIS, YAKIS,
1 NLINE,IHT1,IHT2,NCNT, NPMX,NTITL,NLABL,NPT2
DTMENSION EBD (NPMYX,NCNT), FLX (NPMX,NCNT},RRPLY (NPMX, NCHNT)
DIMENSION "ID (20) , NPT (NCNT)
WRITF (€,600)
no 10 I=1,3
READ(5,501) ID
19 WRITF(6,601) ID
WRTTE(6,602) ‘ : . .

DO 100 K=1,NCNT .
READ (5,502) NPT (K)
NPQ= NPT (K)
NPT 1=NPT (K) +1
READ (5,503) (RBD(I,K) ,I=1,NPT1)
READ (5,504) (PLX (I,X),I=1,NPQ)
READ (5,503) (ERPLX (X,K) ,I=1,NPQ)
190 CONTINUE

DO 200 K=1,NCNT
WRITE(5,603)
RN = NCNT = K + 1
KK = NPT (KN)
DO 200 J=1,KK :
200 WRITE(6,604) J,28D(J,KN),EBD(J+1,KN),FLX(J,KN),ERFLX (J,KN)

c 0

501 FORMAT (20A4)
S02 PORMAT (I3)
S03 FORMAT (10P8. 4)
S04 PORMAT (3X,6E12.5)
600 PORMAT (1H1)
€01 FORMAT (1H ,20AW) ’
602 PORMAT (1HO,7X,24 N,5X, 1SHENERGY BOUNDARY, 13X,4HFLUX,16X,5HERROR,/

1 20X,SH(MEV) ,12X,18H (N, (C12%S*NEV*KW)) ,6X,9H (PERCENT))
603 PORIMAT (14 ) :
604 FORMAT (16 ,7X,I2,6%,F6.N,3Y,P6.4,10X,1PR10.4,10%,0PF7.2)

RETURN

END '

SABROUTINE PLTSET(EBD,FLX,ERPLX, NPT, NCASR,TITLE!, TITLE2, XVEC,YVEC)
c
€ PLTSBT PERFORMS PLOT SETUP AND EXECUTION

a

COMMON/PASS/PAREX,PAGEY,XPHYOR,YPHYOR, HITE, INAME, XAXIS, YAXIS,
1 NLINPR,IHT1,IHT2,NCNT, NPMX,NTITL,NLABL,NPT2

COMNON /LINIT/XNIN,XMAX, TMIN, TMAX

NIMENSION TITLE1(NTITL) ,TITLE2 (NTITL),XLABEL (7),YLABEBL(11)
DINENSION EBD (NPXX,NCNT), FLX{NP¥X,NCNT),ERFLX (NPNX, NCNT)
DIMENSTON NPT (NCNT),XVEC (NPT2},YVEC (NPT2)

DATA YLABEL/UHNRUT,4HRON ,UHENER,UHGY (,UH()M(,YHE)V),4HS /
DATA YLABEL/UHFLUX,4H ((N,4H/(CY,UH!2HO,UH.5(2,4R ' EXH,UHX (*S,
1 4H*)M(,UHE) V(,LI*K) N, 4H)) S /

Fig., 7. Cont'd
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aaa

aaa

601
602

501
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READ (5,501) TITLR1,TITLE?

CALL BGNPL (NCASF)

WRITE(6,601) ]

WRITE(6,602) XMIN,XMAYX,YMIN,YMAY

PORMAT (THO, 11X, *XMTN? 15X, ' XNAX* , 154, ' TMIN®, 15K, *YMAX"', /)
PORMAT (1H ,194 (7X,F12.5))

CALL PAGE(PAGEX,PAGEY)

CALL PHYSOR(XPHYOR,YPHYCR)

CALL GRAC®(0.0,0.0)

CALL HETGHT(HITF)

CALL YAYANG (0.0

CALL SIMPLX

CALL MIXALF('L/CSTD')

CALL ™MX3ALF('INSTRUCTION',1H!)

CALL TITLE (14 ,1,XLABEL,INANE, YLABPL,INANE,XAXIS, YAXIS)
CALL HEADIN(TTTLR1,INAME, IHT1,NLINT) ’
CALL HFADIN(TITLE2,INAME, THT2,NLINE)

CALL ALGPLT (XMIN,X4AX,XAXIS,XOR,XC)

CALT. ALGPLT(YMIN,YMAX,YAXIS,YOR,YC)

CALL LCGLOG (XCR,XC,YOR, YC)

CALL DILPRA(XAXIS,YRXIS)

CAIL HMISTP (EBD,FLX,ERPLX,NPT, XVEC,¥VEC)

CALL ENDPL (NCASE)

PORN AT (15A4)

RETORN

END _
SURROUTINE DTIPRM (XA,YR)

DTIFRM WILL FPRAME THE PLOT AND ADD TICK MARKS INSIDE THE BOX

TSIZE=D. 10

CALL FRAME

CALL BLNK1(0.0,XA-TSTZE,0.0,YA,0)
CALL GRID(O,1)

CALL RESET (*BLNK1')

CALL BLRK2 (0.0,XA,0.0,YA-TSIZE,Q)
CALL GRID(1,0)

CALL RESET (*BINK2')

RETNRN

END

SUBRONTINE HISTP(EBRD,FLX,RRPLY,NPT,¥VEC,YVE)

YISTP SETS THE INPUT DATA IN A PORMAT FUR HMISTUGKAY PLUTTING

HU

40

60

1

COMMON/PASS/PAGEX,PAGRY ,XPHYOR,YPHYOR, HITE, THAME, XAXIS, YAXIS,

NLINE,IHT1,IHT2,NCNT, NPNX,NTITL,NLABL,NPT2

DTMENS ION EBD (NPMX,NCNT), PLX (NPMX,NCNT) , NPT (NCNT) , XVEC (NPT 2)

DISENSTON TYEC(NPT2) ; ONTLX (MDPMX,NCNT)
My 40 Ks1, NONT

LL=NPT (K)

po 50 J-1,LL

AVEC (2#3-1) =FBD(J,K)

XVEC (2%J)=EBD (J+1,K)

YVEC (2%J- 1) =PLX(J,K)

YVEC (2#%J) =PLX (J,K)

CONTINUE

CALL CORVE (XVFC,YVEC,2*LL,0)
CONTINUE

DD 60 K=1,NCNT

MM=NPT (K)

PO 60 J=1,44

EMo (EBD (J, K) 4EBD (J+1,K) ) /2.0
FHI=PLX (J,K) * (1.0+3ZRFLX (J,K) /100.0)
FLO=FLX (J,K)* (1.0-ERFLX (J,K) /100.0) .
CALL RLVEC (ENM,FHI,EM,PLC,0)
CONTINTE

RETU RN

END

Fig. 7. Cont'd



nURS 1459A,584,60A,600,618B,61¥A; SPEC NOD ONLY/#JOJHCAOQ?
RUNS 14594 (BKGD 1458A),SP-28(16 ATM) ; 1460A (BKGD 1460B) ,SP-26(3 ATY);
186188 (BKGD 1467N1) ,SP-25(1 ATY) A-CALIP(1861C-1461n{1 ATH)) ; DET 360CH
ON CL EPYHIND SPPC MOD ¥E21) INPOT SPECIRUM=77738,C ON 2/28/79 :HCAO1
10 CATA PCINTS THIS ROUN
0.2968 (.3508 0.805' 0.8776 0,5683 0.6680 G.7767 06.9218 1.0889 1.2752
1.8927
2.107608 65 1.87468% 05 1.388082 05 1.267S9E 05 1.22100P 05 8.76993E 0&
€. 821497 04 6.193072 08 4.26602% 08 2.23809F 0& '
1.19 1,88 1.9 1,50 1.58 2.11 2.09 2.18 2.7 3.38
6 LATA PCINTS THIS RON 4
0.1525 G.1797 ¢.2114 0.2876 0.2929 0.3827 0.8015
2. 172432 ¢S 2.28003% 05 2.261172 05 2,90238F 05 2.268008 05 1.92394E os
. 2.o2% 2,08 1,93 1,39 1,78 1.90
8 CA1TA PCINTS THIS "ON
0.0570 0.0678 0.0786 0.0930 0.1092 0.1290 0.528 0.179&4 0,2100
8.833837 05 8.80671% 05 8,57682F 05 2.72687E 05 4.89591F 0S5 3,72362B 05
Z,16S57% 05 2, 380495 05
1,76 1.94 2.94 4,97 2.1 3.09 8.90 8. 85
SPECTRON MCDIFIER SHIELD CONFIGUR ATIORS
ROKS 1859A,145R4, 14601, 18€0B, 146 1RB, 126 1N2/ #9J0JHCAO 1S

Fig. 8. Listing of Input Needed for BENJPLT.
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