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ABSTRACT 

The SPEC-4 computer code was developed in the United Kingdom to solve 
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. 
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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 

~ ~~port1 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) 2. 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 it 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 ~roton-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. This 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 
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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 
dlmust exactly. Once the detector resporise has been calculatPd, the 
measured data can be unfolded using conventional differentiation techniques 
·to yield an estimate of the incident neutron flux distribution. Because 
of the near-rectangular distribution of proton recoils, even neutrons with 
energies greater than the upper energy limit 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 limit of the counter in order to remove the corresponding 
"background" portion of the measured data. The oasic steps executed by 
SPEC-4 are: 

(a) Calculate the ptoton-recoil di stri but ion due to 
neutrons above the highest measuretl 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 limits 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. 
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C. Application to the TSF Experiments 

The following discussion is a general description of the application· 
of SPEC-4 to 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, proto~ 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-1 O computer by TSF personnel to obtain a deck of 
punched data cards. These cards along with a 11 fact sheet 11 are delivered 
to the data analyst for subsequent unfolding. The 11 fact sheet 11 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 listing, 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 
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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. lhe tinal output table giving the unfoided spectrum and error 

estimates was reformatted for cor.venience. 

In terms of graphical output. the plotting routines which were added 
~Y R. M. Freestone were entirely replaced with updated routines. Th~ nPw 

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 
longer used at the TSF. Also, all fixed dimensions could be converted to 
flexible dimensions, and run-time allocation of memory storage space could 

be installed. 
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II. 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 list of the data input including card number, format, 
parameter name, and description. 

Cards 1-31 (6Fl2.6) 
E(J), RH(J) Hydrogen range/energy data. [See Data Note #1] 

Cards 32-62 (6Fl2.6) 
E(J), RC(J) Methane range/energy data. [See Data Note #1 ] 

Card 63 ( I2) 
NSM Number of values in each of the next three arrays. 

[See Data Note #2] 

C~rdS 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.) 
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Card 70 (110) 

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

Cards 71-77 (6El2.5) 
FU(J) Input spectrum values, in order of ascending energy in 

units of flux per unit lethargy. [See Data Note #4] 

Cards 78-84 (6El2.5) 
U(J) 

Card 85 (l 5A4) 

The energy midpoints in MeV corresponding to the FU(J)'s. 
[See Data Note #4] 

TPLOTl First line of plot title. [See Data Note #5] 

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

Car.d 87 
CAL 

BBIAS 
EBOT 
EMAX 
CH 

SMT 

RTST 

Card 88 
RAD 

GPH 

GPC 

(7Fl0.0) 
Analyzer energy calibration in MeV/Channel. [See Data 
Note #6] 
Analyzer back bias in "channels." [See Data Note #7] 
Lowest energy to be analyzed. [See Data Note #8] 
Maximum energy to be analyzed.· [See Data Note #9] 
Number of channels for each pulse-height spectrum. 
[See Data Note #10] 
Numerical smoothing option 1.0 ··smoothing; O.O•no 
smoothing. [See Data Note #11] 
Flag indicating that more runs follow. 
RTST = 1.0 implies more to come 
RTST = 0.0 implies th1s 1s last run 

( 5Fl 0. 0) 
Counter radius in centimeters; for TSF experiments this 
number is always 2.32. 
Gas pressure of hydrogen in atmospheres at 15°C. [See 
Data Note #12] 
Gas pressure of Methane in atmospheres at 15°C. [See 

Data Note #12] 



RES 

RCF 

Card 89 
!TIMES 

Card 90 
TLE 

Card 91 
FTIME 

BT I ME 

FGAIN 
BGAIN 
NOV FLO 

l~FLAG 

(12) 

(20A4) 

7 

Detector resolution in percent. Unfolded spectrum will 
be binned according to RES. [See Data Note #13] 
Range correction factor. [See Data Note #14] 

SPEC-4 offers the option of successively processing 
several sets of d~ta using the information from Cards 
90 and 91. !TIMES is the number .of separate runs which 
is usually equal to l. 

A title card describing the experiment configuration 
being analyzed. It can be obtained from TSF fact sheet. 

( 4 Fl 2. 5, I 2, 3x, I 2) 
The foreground 
Note #15] 
The background 
Note #15] 
No longer used. 
No longer used. 

data normalization 

data normalization 

factor. ·[see Data 

factor. [See Data 

Number of overflow cards that involve wrap-around data. 
[See Data Note #16] 
A signal to indicate the existence or nonexistence of a 
background run. NFLAG=O 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,lOF6.0) 
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. 
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Cards 258-260 (20A4) 
TITL Title printed and punched on final unfolded spectrum. 

Ca rd 261 

This title should be comprehensive, including all three 
detectors. If the user does not use all three 1 ines 
for the title, blank cards must be substituted for the 
unused cards. 

Blank card 
This concludes the input deck. 

FL Data Notes 

1. At present, 92 values of range-energy (R/E) data for protons in 
hydrogen RH(J), and protons 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 l atm pressure and 15°C. 
The values are input in order of increasing energy for both 
hydrogen and methane. These cards are always input. 

2. 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. 

3. 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 rangP. 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 
manual 2. These values are always input. 
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4. R. M. Freestone settled 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 lethargy. This requires a supplementary calculation since 
the NE-213 spectrum is usually provided in unit~ of flux per MeV. 
The conversion of the spectrum to flux per unit lethargy is . 
performed utilizing the following equation 

<1>(E) (E1-E 0 ) 

cf>(U) = ln (E1/E
0

) 

where E1 and E0 are the energy boundaries corresponding to the 
energy midpoints at which the <1>(E)'s are tabulated. The high 
energy spectrum is input in order of ascending energy. 

5. 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. 

6. 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 rlP.position, divided by the channel number of the 
centroid of the observed alpha peak, 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 table of 
the proton energy due to an alpha source for the 10, 3, and l atm 
detectors. 
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Hydrogen 
Detector Gas Pressure Proton Energy 

SP-28 l 0 atm 4.57 MeV 
SP-26 3 atm 1.35 MeV 
SP-25 l atm 0.407 MeV 

7. 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 channP.l. For example, if the analyzer 
channel corresponding to zero ~nergy is d1d11111::!l 2, then 1313IAS=-2. 
Therefore, the negative of the ze1·0 i11tercept r·l::!f.JUrLl::!tl u11 the 
"fact shP.P.t." should be input as BBIAS. 

8. 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 lines: one line 
with a larqe neqative gradient at low p11lse-heiahts, and one line 
with a small negative gradient over the remaining pulse-heights. 
The low pulse-height contribution is from gamma-ri'ly Pvents> and 
EBOT should be chosen to exclude these channP.l s. In the most 
recent work, an EBOT of 0.27 MeV, 0.17 MeV, and 0.05 MeV have bP.en 
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. 

9. EMAX is the parameter that determines the maximum energy to be 
unfolded. If left blank on the input card, EMAX is set internally 
to l .4 MeV for the 10 atm SP-28 nP.tector. 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 
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mentioned in Section I.e. 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 
inspected. 

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

11. 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. 

12. 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 l 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. 

13. 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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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. 

14. 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 
ptoduce the modified re~pnn5e functions. RCF is detector 
dependent: the values are 1.10 for the 10 atm SP-28 detector, 
1.03 for the 3 atm SP-26 detector, and 1.00 for the 1 atm SP-25 
detector. 

1 ~. I he foreground 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. 11 FTIME and BTIME 
should be input in units of s-kW. The normalization of thP NF,-213 
spectrum (see n~t~ Note 4) must also be in these units. 

16. 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 the number of counts 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 little importance. This 
data is usually not analyzed since it is cut off by El30T. How­
ever, if the user wishes to fix the wrap-around data, an integer 

input equa 1 to the ~-l:JD.1.!?_~~ Qf cards of foreground 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. 

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

II JOB CARD 
//*CLASS CPU91=25S,I0=1.2,REGI0N=270K,CARDS=50 
/*0PTI0NS PAGE=62 
II EXEC SPDASCR 
//SYSIN DD * 

T.xxxyyyyy.anyname 
//SPEC EXEC PGM=SPEC4,REGION=270K, 
II PARM= 1 SI=50,S0=51,SP=52,I0=-l,IU=-l ,E0=-l ,EU=-1 ,FD=-1 I 

//G0.STEPLIB DD DSN=X.DTI46103.PR0G,DISP=SHR 
//G0.FT06F001 DD SYSOUT=A 
//G0.C0MP0UT DD DISP=(NEW,CATLG), 
II UNIT=SPDA, SPACE=(4000,(300,30),RLSE), 
II DSN=T.xxxyyyyy.anyname 
//G0.FT07F001 DD SYS0UT=B 
//G0.FT05F001 DD* 

II 

(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 .. ln the standard JCL for 
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the job, insert a 11 /*ROUTE PUNCH REMOTE?" after the 11 /*0PTI0NS 11 card. 
Al so, the 11 //Gi}. FT07F001 DD SYS0UT=B 11 card must be changed to 11 //G0. FT07 
FOOl DD DUMMY. 11 The post-processor JCL is as.follows: 

//GPLT EXEC GLDPLT,REGION=llOK 
//C0MPIN DD DSN=T.xxxyyyyy.anyname,DISP=SHR 
I I FT05 FOOl DD * 
DRAW=l-END 
/* 

The C0MPIN data set must correspond to the C0MP0UT data set defined pre­
v·iously. 

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 plotters. Using either of 
these two units, the user can also obtain a punched deck of the unfolded 
spectrum for further use. Therefore, the 11 /*R0UTE PUNCH REM0TE7 11 card 
should be removed, and the 11 //G0.FT07F001 DD DUMMY" card should be changed 
back to 11 //G0.FT07FO.Ol DD SYS0UT=B. 11 Below is the JCL for the 925 Calcomp 
plotter. 

//DSKPLT EXEC PGM=P0PD92,REGI0N=ll0K,C0ND=EVEN 
//STEPLIB DD DSN=SYS2.DISSP0P,DISP=SHR 
//FT06F001 DD SYS0UT=A 
//C0MPIN DD DSN=T.xxxyyyyy.anyname,DISP=SHR 
//G0.FT49F001 DD UNIT=IN20U2,DISP=(NEW,KEEP), 
II DCB=SYS2.DISKDCB, 
// SPACE=(3208,(90),RLSE),DSN=PL0T0UT 
//PL0TSUBS DD DSN=SYS2.JGSPL0TH,DISP=(SHR,PASS) 
//FTOSFOOl DD A 

DRAW=l-END 
/* 

The 925 Calcomp plotter uses a ball-point pen with a default color of 

black. 



15 

Below is the JCL for the 763 Calcomp plotter. 

II EXEC PGM=P0PD76,REGI0N=llOK 
llSTEPLIB DD DSN=SYS2.DISSP0P,DISP=SHR 
llFT06F001 DD SYS0UT=A 
llC0MPIN DD DSN=T.xxxyyyyy.anyname,DISP=SHR 
llG0.FT49F001 DD UNIT=IN20U2,DISP=(NEW,KEEP), 
II SPACE=(TRK,{20,2),RLSE),DSN=PL0T0UT, 
II DCB=SYS2.DISKDCB 
llPL0TSUBS DD DSN=SYS2.JGSPL~TH,DISP=SHR 
llFT05F001 DD* 
DRAW=l-END 

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

!' -· 
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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 
tee hni que. 

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 input 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 11 net 11 pulse-height spectrum, 
i.e., the difference of the smoothed foreground and background counts is 
printed next, tonowed 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 



18 

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. 11 This table is headed by the final three title cards, and 
presents the final results for each detector starting with the l 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 anomalies 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. 11 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 limits, the code should be changed to accommodate the new 
limits. Th1s 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 aiso produce a SPEC-4 type plot. 
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The purpose of this note is to provide a simple 11 cookbook 11 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 (No~ember 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% H2 , 

10% CH 4 (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 electron 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-paramete~ 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 11 slice 11 

will have a strong peak due to electrons at the left, with a slow tail 
which extends under a peak due to protrins at the right. Before the two­
parameter 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 called GSTRIP. 

We now proceed to a detailed description of the input to SP~C4. TSF 
data is presently output on paper tapes which are submitted by TSF per­
sonnel to a DEC-10 program called 11 TSF 11 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 11 //GO.FT05F001 DD * 11 

card 

Cards 1-31 (6El2.6) 
Ninety-two values of range-energy values for protons in hydrogen. 
These cards are always input. 

Cards 32-62 (6El2.6) 
Ninety-two values of range-energy values for protons in methane. 
Alwa,ys 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 (IlO) 
NSPE: The number of points on the input spectrum to follow. I 
have settled on 15 as convenient. 

Cards 71-73 (6El2.5) 
FU: SPEC4 computes the contribution to the pulse height spectrum 
from neutrons having energies greater than the upper limit 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 b~ used, A SPEC4 
result is not usually very sensitive to this input. FU must be 
in units of flux/lethargy units. I use: 

Cards 74-76 (6El2.5) 
U: The midpoints in MeV of E1 , E0 , above~ 

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

Card 78 (7Fl0.0) 
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% N2 • The 14N{n,p)l 4C 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 data the 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, 
~55 keV for the high gain run. BBIAS is the complement of the 
multichannel analyzer zern Rrror. 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 hav~ 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 the 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 
exam1ned for possible gamma contamination. In my most recent work 
I have used an EBOT of ~270 keV for SP28. 

DUMY i5 presently an unused constant. In the ur·iyinal vers1on 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 ur dclLa - 255 for SP28 data. 

SMT is the smoothing option. SPEC4 offers via subroutine VSMTH the 
option of smoothing the raw data before processing. Traveling 
averaye smooth1ng is used. ,l 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, 13898, 13900, and 1390C) 
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always desirable. Only in a situation where the r~w 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 runs follow. RTST = 1., more to come; RTST = 0., this 
is last run (of a set of four). 

Card 79 (7Fl0.0) 
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 statistically to take advantage of it. I have used 10%, but 
15% gives the most believable results. RCF is a range correcti~n 
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 parti~ular detector. 

Card 80 (12) 
!TIMES: SPEC4 offers the option of successively processing several 
sets of data.using the information from Cards 80 and 81. !TIMES 
is the number of runs, but since the TSF never replicates runs, 
!TIMES is always 1. 

Ca rd 81 ( 1 OA8) 
TLE: A title card describing the particular data set being analyzed. 
Obtained from F.J.M's fact sheet. 

Card 82 
· FTIME, BTIME, FGAIN, BGAIN, NFLAG. (4Fl2,5,5x,I2). 

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. 



Cards 83 to 108 (12x, 10F6.0) 
255 channels of data 
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If a background run was made, the cards comprising its 255 channels 
follow 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. ThP rrncirrym ( R.T$T · = l.) 
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 N2 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" are~~. 

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=O .• 
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. 
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The output of the TSF version of SPEC4 has been considerably expanded 

from that available with 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 pro~ably 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." 

T_he raw foreground and background counts, fa 11 owed 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. 11 

The above are printed 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 log Calcomp plot 1s 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 listing of a sample 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 fro~ 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 parameter 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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DU!E NS HlN X (2 55), Y (2 55) , XLABEL (4) , YU.BEL (5) 1 TI'l'LE1 (15), TITU:2 (15) 
~l\TA NPTS,IKARKR,INl\KE,IHT1,IHT2,NKl\RK,HITE/255,8,100,-3,2,-1,.18/ 
DlTI\ XLASP.L/4RCH~N,4HNEL ,4HNOMB,4HER1 I 
D'TI\ YLABP.L/4HCOUN,4HTS P,4~ER C,URHANN,4PEL$ / 
CUL ".:C"'PRS 

5 R~A0(5,100,END=~~)IPLT,IPTS,NLI!IE,~OATA,PAGEl,PAGEY 

READ(5,200)XPRYOR,YPHYnR,XAXIS,YAXIS,XORlGN,XSTEP,YORIGN,Y~I 
RE,D(5,300)TitLE1,TITLR2 

100 "0R!'!l\T(4(2X,I4),2(2X,l'6.0)) 
200 FORP!!\T(6(2X,P6.0),2(2X,f8.0)) 
300 POR!'!AT(15Ali) 

D'l 1 0 t= 1, !IPTS 
10 X(I)=I 

·tf(ND,TA.P.Q.l)GO TO 40 
IP(IPTS.P.Q.O)GO TO 83 
!'l'!AD (5,400) (Y (I) ,I= 1,Il''!S) 

400 FORMl\T(10X,11JF7.0) 
A3 I?TS1=I1?TS+1 

RF.!\D("i,500) (Y(I) ,I=IP'rs1,NPTS) 
500 l'ORMl\'!'(12X,101'6.0) 

on 70 J"l;tlPTS 
IF (Y (J). E','.O. 0) Y (J) a 1. 0 

70 CO!ITlNUP. 
llRI':'E(6,50) 

~o POR:!l\T (5X, 'THE RAW DATA FRO~ THP. !'!CA 'I'O BE PLU'rT.t:D') 
ll'lITE(6,]0)Y 

30 PORKAT(10(2X,Pll.0)) 
40 CALL UGNPl (IPLTl 

C\LL P'GE(PAGEX,1?1\GEY) 
CALL PHYSOR(l~~YOR,YPHYCR) 
CHL MARKER (IllARKR) 
::ALL GRACE(0.0) 
Cl\ LL ff EIGHT (HIT!':) 
C~LL TITLF(lH ,1,XLAS~L,INl\!'!E,YLAB~L,INA!'!E,XAXIS,YAXIS) 

CUL 'iH.OTN(TITLF.1,INA!1E,!HT1,NLINl'!) 
CALL ll Fl\ DI N ( T I TL!'! 2 , J N ·' !1 E, IHT 2 , NL I NF.) 
I"(YORIGN+Y!1X.EQ.0.0)GO TO 91 
Yi'I TN ;;VnR Tr. N 
Y"!!\ X=V"llC 
t;j 'l'U 9L 

111 Y!llI~~Y (1) 
Yl'IAX=Y (1) 
00 20 .J-=2, NPTS 
Il" (Y (JI. LT. Y!1It0 YllI!l=Y (J) 
11' (! (J) .~1'. Y'IAX) YKl\X=Y (J) 

i:O CO !!'1' l !!11::: 
92 WRTTE(6 1 60)YKIN,YMAX 
60 POR'IAT(2X,'Y~IN='PB.0,5X,'Y~~~=·~e.01 

CALL ALGPLT(YMIN,Y"IAX,YAXIS,YORIG,YCY~L) 
CALL YLOr.(XORI~N,XSTEP,YORIG,YCYCL) 
C~LL OTIFRl'l(XAXIS,YAXIS) 
~ALL cunVE(X,V,NPTG,NK~GK) 

r.:l\Lt. iNDPL (Il"J.T) 
r.n TO 'i 

9q CUL DONl'.PL 
S'l'Ul:' 
END 

SllRROllTT~R OTTVRM(JA,Y') 
TSI'!:F=0.10 
CUL ll'RJ\Hlt 
C'LL BLNK1 (0.0,H-TSIZE,0.0,Y!l.,0) 
CALL GRID(O, 1) 
CALL RESET( 1 BLNK1 1 ) 

C!\Ll. 1LNK2 (0. O, XA,O. 0, YA-TSIZE,O) 
CALL GR!D(1,0) 
CUL RF.SET ( 1 BLNK2') 
Re:T'U!IN 
ENO 

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 l 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: 77738,C Spectrum Modifier onJy 

a 
Eua-ELB 

cp(E)b ELB(MeV) . EMid(MeV) ln{EualELB) <P (U) 

l 0.859 0.907 0.907 4.511+1C 4.092+1 
2 0.957 1. 007 1.006 4.452+1 4.478+1 
3 1.057 .1. 107 1. l 06 3.897+1 4.308+1 
4 1.157 1.205 1.206 3.413+1 4. ·116+ l 
5 1.257 1. 310 1.308 2.988+1 3.910+1 
6 l • 3fi l l. 412 1 .411 2.662+1 3.755+1 
7 l. 461 1. 511 l. 510 2.440+1 3.684+1 
8 l . !:iGO l .GlO l .GlO 2.278+1 3.GGG+l 
9 1. 660 l. 710 1. 710 2. 117+ 1 3.620+1 
10 1. 760 1.813 1. 816 1. 942+1 3.528+l 
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 l. 859+ l 
19 3,399 3.501 3.500 ~.907 1. 718+ l 
20 3.604 3.707 3.705 ~.333 l. 605+ l 
21 3.807 3.906 3. 917 3.984 1. 560+ l 
22 4.029 4. 153 4.165 3.536 1. 473+ 1 
?.1 4.303 4.454 4.451 3.445 I. 534+ 1 
24 4.603 4.752 4.749 3.070 1. 458+ l 
25 4.897 5.042 5.044 2.685 1. 354+ l 
26 5.194 5.346 15.343 2.329 1. 244+ l 
27 5.496 5.645 5.642 2.027 l. 144+ l 
28 5.792 5.938 5.942 1. 713 1. 018+ l 
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.B3 6.940-1 5.~67 
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 

alower boundary of energy bin. 

bUnfolded NE-213 neutron spectrum, normally in units of 
n/(cm2•s•kW·MeV). 

c l Read as 4.511 x 10 • 
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Table 2. Fact Sheet for Hydrogen Counter 

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

Card # Columns 

l 1-2 
2 1-10 
3 1-10 

11-20 
21-30 
31-40 
41-50 

. 51-60 
61-70 

4 1-10 
11-20 
21-30 
31-40 
41-50 

5 1-2 
6 1-12 

13-24 
25-36 
37-48 
49-50 
54-55 

Parameter 

NSM 
NSPE 
CAL 
BBIAS 
EBOT 
DUMMY 
CH 
SMT 
RTST 
RAD 
GPH 
GPC 
RES 
RCF 
IT IMES 
FT I ME 
BTIME 
FGAIN 
BGAlN 
NOV FLO 
NFLAF 

Value 

12 
37 
0.0090513 

-l.8 
0.270 
0.0 

255.0 
1.0 
1.0 
2.32 

10.0 
o.o 
o. 15 
1. 10 
l 

503.0 {kW·s) 
195.2 (kW·s) 

x 
x 
0 
0 

asource of input value: l = normally fixed 

a Source 

l 
l 

·2 
2 
3 
l 
l 
3 
3 
l 
3 
l 
3 
3 
l 
2 
2 
l 
l 
3 
3 

2 = supplied by TSF experimenter 
3 = determined by detector and/ 

or condition of data. 
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1. 0 0.0147 1. 5 o. 01'J5 2.0 o. 0235 CARD 01 
2. 5 o. 0272 l. (l 0.0310 4. 0 0.0~75 CARD 02 
5. 0 0.0435 6.0 o. 0!4qo 7. 0 0.0545 CARD 03 
fl. 0 o. 0595 9.0 0. 0fj45 1o.0 0.0690 CARD 04 

12. 5 o. 0800 1c;.0 0.0910 17. 5 o. 10 10 CARD 05 
20. 0 o. 110 ~5.0 0. 128 30. 0 0. 1414 CARD 06 
3 5. 0 o. 160 41l.O o. 174 45. 0 o. 190 CARD 07 
50. 0 o. 2 05 5"i.O o. 220 60.0 o. 236 CARD Of! 
65. 0 o. 251 7().0 o. 266 75.0 o. 282 CARD 09 
'30. 0 o. 2 'J7 'l5.0 o. ] 1] 90.0 o. 329 CARD 10 
qc;.o o 141'; 1110,0 n .. 3112 110.0 o. 1.100 c·AR D 11 

120. 0 o. 143 'l 12 c;. 0 0.455 130. 0 o. 475 CARD 12 
140. 0 o. 514 1"i0.0 o. 551 160. 0 o. 598 CARD 1J 
170. 0 o. 64:1 175.0 o. 66 2 180. 0 0.682 CARD 14 
19ll. 0 0.730 200.0 0.7130 225.0 o. 920 CARD 15 
250. 0 1. 050 2"'"i.O 1. 220 300.0 1. 370 CARD 16 
350. 0 1. B 1400 -~ 2. n 450.0 2. 57 CARD 17 
500. 0 J. 05 c;c;o.n l. 57 600.0 4.12 CARD 18 
650. 0 ''· 72 700.0 5.3? 7'i!). !) 6. 02 CARO 1q 
P.00. 0 6. 7?. f!'lO. 0 7. 4f1 900. 0 fl. 24 CARD 20 

9 50. 9. 16 1000. 0 9.11 1100. 11. 7 CARD 2 
12 ::JO. 13. fi 12 50. 14. 6 1300. 15.6 CARD 22 
1400. 17. 6 1 'iO c. 20.2 16 00. 22.5 CARD 23 
Pl)O. 2 'j. 0 17 r; o. 26.4 11100. 27.8 CARD 24 
190:). 31. 0 200 c. 3 3. fl 22 so. 41.3 CARD 25 
2500. 50. 6 27'i0. ';'J .o 3000. 70.3 CARD 26 
. J500. 92. A 14000 • 11 8. 4500. 1146. CARD 27 
5000. 1 77. ssno. 210. 6000. 246. CJlRD 2£1 
6')01). 2 05. 700C. )21j. 7500. 370. CARD 29 
8000. 417. 8500. li6f.. 9000. 51A. CARD 30 

. q5QO. 6 2R. 10000. 752. CARD 31 
1. 0 • 0050 1. 5 • 0070 2. 0 • 0082 C'RD 32 
2. 5 • 00<}7 3.0 .0101 4.0 • 0130 CARD 33 
5. 0 • 0 1 c;5 6.0 • 0170 7. 0 • 01 QO CARD 34 
A. 0 - 0 205 <!.O • 02 2() 1o.0 • 0235 CARD 35 

12. 5 • 1)275 15.0 .0.107 17. 5 • 0340 CARD 3f.i 
20. 0 • 0367 25.0 • 0420 3 r). 0 .0470 CARD 37 
B.O • 0 51 ".I 40.0 • or; 6'.i 4 5.1) • IJ6 l 0 CAHO 38 
51). • ')660 55. • 0710 60 • • 0760 CARD )') 
6 s. • ORO"i 70 • • 0"!50 75 • • O'J05 Cll.RD 40 
~o. • 0950 85. • 101) QO • • 105 CADD 41 
'Vi. • 1 rn 10 0 • • , , '.i ,, o. • 1Z :I c A!!. [I 42 

121). • 135 125. • 140 130 • • 14 5 C ABO 43 
14.J. • 155 150. • 16 5 16 o • • 175 CARD 44 
170. • 105 175. • 1<ll') 180. • 19 5 CARD 45 
1 "I). . 205 20(). • 210 2~J • • 2JJ CA!D 46 
251. • 290 275. • 3 30 300 • • 375 CARD 47 
35!). • 4 70 1400. • 575 450 • • 690 CARD 148 
50'l. • fl 10 55(). • 940 600 • 1. 07 CARD 49 
155n. 1. ?. 2 100. 1. 39 7"i0. 1. <;') C:ARn "iO 
800. 1. 7 2 850. 1. 92 900. 2. 12 CUD 51 
951. 2. 3 2 1000. 2. 50 1100. 3. 00 CARD 52 

'I .t'UIJ. J. ~ '.:J l .l 'Jll. j. ILi · , JOIJ. '.i. g5 CH~D 53 
, 140 '). ~- 115 1500. 5.02 1600. 5. 60 CARD 54 
1 70'). 6. 1 'l 17 50. '5. 145 1 BOJ. 6. 85 CARD 55 
, c;oo. 7. ')O 2000. R. 24 2250. 10. 0 Cl\RD 56 
~ "i'lO. 1 2. ~ ? 7"10. 11L U JOllO, 16. 7 C All ll 57 
3 500. 2 2. 0 (j 000. :n. q 4500. 34.5 CARD 58 
5 001). 4,. 6 5500. 4Q.4 6 00'). 57.B CARD 59 
6 ~01). 66. 7 7 000. 76.] 7500. 86. c; CARD 60 
ROOO. <J7. 2 8500. 1 OR. 9000. 120. CARD 61 
9500. 132. 2 10 01)0. 1(j3. CARD 62 

12 CARD 6:1 
1. 22 ,_ 12 1. 51 1.75 2.06 2.52 3. 'l'Hl 5.155 7.692 1J.89 Cl"E 
Liil. 0 999. q CFE 

1. 0 1.122 1. 285 1. 50 1.785 2. 16 2. 76 2 3. 8 4 5.405 8. 13 CPS 
17. 214 6 2. 50 CFS 

o. 0 o. 15 o. 30 0.45 0.60 0.75 I). 90 1. 1 1. 25 1. 14 ROB 
1. 6 1.8 ROR 

Fig. 4. Input Listing for SPEC-4 Sample Problem. 



37 POINTS PROM ~E21j 
uo.~102 44.7'l5S 
36.847R 36.6579 
28.7165 25.6790 
17.1750 16.0500 
13.54]0 12.4420 
7.086Q 6.3256 
2. 46 24 

• 90694 
1.5107 
2.2%1 
3. r;no 9 
5.0422 
6. 'l 39 0 
q.7411 

1 • 00615 
1.6100 
2.49flil 
3.7074 
5.3459 
7.2352 

Rn'i 7773B 
lj].0781 
36.1980 
23.0186 
15. 6050 
11.4380 
5.3670 

1. 106 9 
1. 7{)9 5 
2.7026 
:!. 90151 
':. 6453 
7.7365 

C-7 

AND 7773C 
41. 1573 
Js.2:H2 
21.4550 
14. 7250 
10.1770 

4.5744 

1.?1)47 
1.8125 
2.39'!4 
4.1528 
5.93130 
8.2364 

ON 2/28/79 FOR 
39.1011 
34.0221) 
20.0680 
15.3370 
8. 73 51.l 
3.6699 

1. 3091) 
1. 93 :t! 3 
3.0975 
4.4540 
6.2542 
8.7578 

JOJRCA01 
37.5541 
31."'1437 
18.5910 
14. 5790 
7.7032 
2.CJ944 

1.4121 
2.1000 
3.2965 
4.7521 
6.5557 
9. 2613 

SP!CTRU~ MODIFIF.Il SHI~LD CONFIGURATION$ 
RUNS 1459A,145AA,1460\,14608, 1461N!l,1461NA/ l.JOJ HC AO 1$ 

255.0 .oogo51297 -1.a o.34 1.5 1. 0 1. 0 
2.~2 10.0 o.o 15.0 1. 10 

BrJN 1459A q BKGD 1451!1. SP-28(10 An) ZF.1'.W CH=1.A;ALPHA CALIB=506.7 

1459 !\ 
1 459A 
1459A 
1459~. 
1459.a. 
145CJA 
14 59 a. 
14591\ 
14 59A 
14 59 A 
14 59 ~ 
14 591\ 
1 459 A 
14 ':9 a. 
1459A 
14 59 A 
14 59 A 
14591\ 
1459 ll 
14591\ 
1459A 
1II59A 
1459A 
1451A 
1459A 
1459A 
1 4 ~H!\ 
1458A 
14 58 !\ 
145AI'\ 
1458A 
1458A 
1451'.l~ 
14581\ 
1458 ~ 
145'H 
145AA 
1 458!\ 
14 S!:!A 
1453!1 
14 58' 
1 4 SA!\ 
145'l .I'\ 
14 SAA 

503.0 195. 2 2 0 
1769 4744 12767 u7623 4451308 854610 713035 558905 5176451021071 

13489071141026 9498~3 793766 6693U2 568488 4R5341 421146 380305 351262 
02132890730725029016327171Q258042245514233097220421.l209152196135 03 
03118303217121415'l1661520A91455271J9151132309125578119431113057 04 
041107130102234097069092429088965084930081942078412076093073688 05 
0510719 0 10 6 95 4906 706 30 64 89 906 315906 0790 05 85990 56 4 7'!0 55 07105 2617 06 
061051175049U67048014045917044538042A56041861039940038726036917 07 · 
0710356890J4075033Joeo122560311240300J502913302R3A5027215026365 00 
081025466024RA102401':023060022404021'l60021404020792020222019605 09 
09101926A019081018~170176080174µ80168030162U5015703015272014821 10 
101014391014037013431013331012947012576012173011734011251010873 11 
11101061801040301003€009679009U7100920R008q80008744008362008140 12 
1210079490IJ771Roo15c;200129900696400708qoo6693006457006328006098 13 
131005Q990056870IJ5631005455005243005113005013004796004720004651 14 
14100450100430600415500411000402200383A003671003492003525003321 15 
1stoo3329on3251003113002qagoo2905002s140026qsoo2s99002u94002415 16 
1610024280023A20022530021510020l8002032001958001845001820001747 17 
1,100176300168200161~0J1448001434001397001359001374001284001239 18 
1A100122600113'l00110400112000107~000911000973000911Q00850000842 19 
19100079200078400073200066A000679000627000599000583000547000513 20 
201000517000451000439000473000428000392000358000375000345000325 21 
211000319000305000253000281000241000230000194000179000195000179 22 
221000183000147000141000132000111000120000102000091000077000069 23 
231000074000049000060000053000053000040000045000029000041000036 24 
24100003500002300002700003100003600003JIJ00029000029000021000032 25 

000020000032000020000026000018010000 26 
UU100006900024200106C03~0640~152103834404g796170418143012104R~4 01 
011079100061367047642037A35031050025591020350019485017856016237 02 
021014731013525012261011380010687009717009127008370007772007233 03 
03100661700623700585€005454005144004314004364004162003914003617 04 
041003512003194003113002917C02796002697002599002427002484002301 05 
051002260002209002078001~96002004001930001811001718001646001587 06 
06100147700145300152':001320001265001241001217001170001171001057 07 
0710010q70C1109001021000036000962000885000861000860000787000A12 08 
0A10007480006q6000693000660000629000613000591000581000538000565 09 
091000512000518000463000431000437000394000383000378000349000326 10 
101000:.29000323000307000295000252000254000288000224000243000261 11 
11100022500023500026000021200020000021000010sooo174000204ooo202 12 
1210001aoooo1930001140001a'looo16sooo1sciooo13100015eooo150000130 13 
131000122000110000117000125000115000105000134000121000092000111 14 
14100010000009600009700007300006301)0067000073000089000074000058 15 
1510000671)00066000066000053000058000061000052000053000055000054 16 
1~10000490000391JOOOU5000037000051000043000042000038000045000035 17 
17100003300002,000034000031000027000030000015000019000022000025 1B 

Fig. 4. Cont'd 
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1~1000025000023000026000016000022000014000021000016000018000012 
191000015000016000011000014000013000010000011000014000014000008 
201000016ocooo900000~010019oryoo1100~009000009000010000009000010 
21100000600000700000POOOOO'IOOOOry9000003000006000004000003000003 
22100000400000500000400000200000A000006000004000004000006000004 
23100000300000500000~000006000001000004000004000005000004000006 
241000003000002ooooosoryooosooooo4000001000003000003000005oooooo 

14 5 3A 
145'1A 
14581\ 
145A\ 
1458A 
1451'\B, 
1458A 
145AA 
.004527163 

00000600000500000300000~0000040J2000 
-1.R 0.17 0.0 255.0 1. 0 1. 0 

2. n 3.0 o.o 15.0 1.03 
1 
RU~ 1460 A W 

1198.0 
BKGD 14603 SP-26(., \T!1) 'ZER') ":H=1.8;ALPHA CALIB=JOO.O 

493.6 2 0 
1460A 
14601\ 
14601\ 
1460~ 
1460A 
14601\ 
14601\ 
146<}:\ 
14601\ 
14 60A 
1460A 
1460A 
14 60!\ 
1460A 
1460 A 
146011 
14601\ 
1460 I\ 
1460A 
1460A 
1460 ~ 
1460!\ 
14601\ 
1460A 
14 60A 
14€01\ 
fl 146013 
q 146 09 
814609 
A14608 
~1460" 
814608 
'I 1460l'! 
3 1 46 OB 
'l l q6Q" 
'I 1460B 
g 14609 
31460a 
1\ 1460B 
'I 146:JB 
'I 1460B 
'114608 
'11460!3 
91 q60fl 
814608 
Fl 14608 
'114608 
314608 
314608 

5547 22296 131936 984?.17 97110J 602571 326483 195540 208576 
12305251093'160 912520 165271 651910 563169 494530 434130 3'14266 

0213135062947702799Aq2704472611242516B2241589231389220247209784 
0 31 19 99 191B313A17696<;15 % 6 9162 50915fl1771553 46 15311314777914 3372 
041139A8813481'113130e126401123557119149116259112790109545107184 

0

05110464910278A100252097241094933C92691088A930A6652083647080771 
0610784290751380721RS0691R506653406439106224306098605q]5105A056 
0710569160552340542190529440507740496600490)8047212046526044883 
08104345004240504080403961S0389750J7q940368550]57710J486103J738 
09103321503231q0)147EOJ~A16030058029095028773028124027774027011 
10102655q026014025464024'i48024145023925023204022873022264021607 
11102120302098602027401985A019820018898018510017888017537017219 
12101676901630501620q015582015195014734014365014235013583013360 
111012q7401272601221101206'1011516011159010979010504010393010085 
141009A4000947qoo916100AA410087'1200A5590081730079q7007994007518 
1~1007409007271006937006724006710006284006165006113005923005814 
161005491005539005305005081004924004762004718004551004311004266 
111004162003q5100393Eoo111900313100162200346100340200333900J147 
18100314000304500286P.002784002783002627002577002517002429002326 
1910022170021A1002112002082001°61001897001847001716001600001116 
201001565001487001513001510001437001355001250001233001146001201 
211001140001085001026001009000979000q33000901000870000R15000795 
22100075000076000073400067~000659000576000646000648000531000533 
231000554000477000499000376000443000421000402000357000325000351 
2410001100C0299000261000256000?.60000246000209000209000213000217 

0002osooo1q90002020001qA000114010000 
0010003300017810533790735120108240199580507A4167786135647104424 
011080439061915046A~E0167450~9574024065020755016087016405014RRO 
021013612012621012057011165010776010032009567008853008482008148 
0310076690071250069510~6768006q94006078005931005627005608005266 
041005089005052004875004593004399004187004203004014003797003642 
05100344900324200329700320S002940002895002716002734002526002535 
061002422002305002158002125002074002090001888001916001812001698 
071001660001665001548001488001502001394001311001341001314001251 
0~10011~00012180011~500112~00110900107fi0010l900096100096U000917 
0910009940008q500083600083300084900077500077000076J000747.000725 
10100071900072100064700066600062200059300061100063'100067.qooo6o2 
1110005soooos1aooo513ooos2000055900049qooo413000494000452000416 
12100042100042600J40900o441ooo1qgooo40000031Aooo3A5000311000319 
1J1000325000284J003270001100002q4000289000276000254000271000259 
141000240000250000220000245000208000190000192000211000174000197 
1510002090001Fl70001640001R400014~00016400014'1000177000141000133 
16100015100013200012qooo11900012400014100011Aooo11000011100012s 
17100010700012200009500009~0000770000~60000720000~200009J000068 
1~1000067000064000062000057000068000052000056000057000060000050 
19100004300003400004900003R000044000037000032000041000033000049 
20100003600004000002900004900002~000039000034000036000037000032 
211000036000039000033000035000043000044000031000039000049000042 
22100003700003500003300~03 7 000019000051000029000041000053000041 

Fig. 4. Cont'd 
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C-9 

814608 231000030000034000038000041000030000026000012000028000034000036 24 
g1460B 24100003400002qoooo26000032000025000030000019000026000025000020 25 
81460'9 000029000016000'l27000021)000024002000 26 
.001"!0487'l -1.~ 0.06 o.o 255.0 1.0 o.o 

2 • .J2 1.0 0.0 15.0 1.00 
1 

RUN 1461NB W BKGD 1461NA SP-25( AT1') ZE»O CH=1.8;ALPHA CALIB=228.3 
1727.0 873.4 2 0 

1461Nn 3860 14665 116402 .,62561 740"'79 524927 352818 1%518 5257"i41169766 
1461N9 10~0256 874493 725003 596873 489825 399180 323104 263315 221227 192019 
1461NR 211716701567511473.,014030413530e11023R125395120537117388114167 3 
1461NB 31109q101071051038711'l0°35 97911 °3751 89263 86054 81412 78558 4 
1461NH 41 75704 72217 6837€ 65750 63110 61303 59175 57226 55620 54611 5 
1461NB 51 53634 52811 51971 5078Q 50353 "i0197 49271 48313 47865 46884 6 
1461N8 61 46064 45142 44227 43520 42696 41450 40627 39569 39153 38218 7 
1461NB 71 37413 36583 35650 34911 34172 32983 32553 30898 30326 29696 8 
1461~9 81 29022 28564 28352 27677 27709 27244 27035 26514 26393 25914 9 
1461NB 91 25420 24091 24R6E 24612 24276 23947 23460 23276 22916 22684 10 
1461NB 101 219q5 21814 21687 21246 2085A 2()817 20228 19<166 19588 19370 11 
146ns 111 18877 18543 1a210 17860 17<159 17806 16996 17326 16709 16628 12 
1461N8 121 16222 16135 15824 156'l7 15547 15409 14905 1466'3 14593 14412 13 
1461N8 131 14105 131548 13700 13613 13279 12'}95 12739 12519 12223 12183 14 
146.lNB 141 11716 11641 11482 10°37 107')3 1'l599 10338 10343 10030 9871 15 
1461NA 151 9789 9341 9201 907"' 8684 8707 8278 8273 8019 8176 16 
1461NB 161 7690 7707 745e 7514 7469 7333 7083 69()9 7002 6812 17 
1461NB 171 6767 6642 655~ 6343 624.1 6047 5931 5958 5765 5645 18 
1461NB 181 5436 5474 5314 5430 5135 5301 5063 5042 4859 4821 19 
1461NR 191 4719 4663 4400 4352 4249 4181 4139 4034 3809 3834 20 
1461N8 201 3753 367~ 3600 3657 3479 3399 3290 3419 3277 3082 21 
1461NR 211 3084 2959 2925 2958 28A1 2846 2806 25R7 2431 2547 22 
1461NB 221 2578 2551 2251 2136 2305 2149 2194 2192 2041 2144 23 
1461NB 231 2088 1q91 1909 1363 2028 17A5 1704 1685 1664 1603 24 
1461N~ 241 1594 1572 1562 1574 14Q9 1419 1461 1421 1324 1250 25 
1461ND 251 1378 1238 11151 1307 1187 26 
146i»A 1 322 1385 30084 1551ic, 44531 :nos5 40513170532157475126607 1 
1461NA 11102409 83523 66602 53146 41°33 33183 26361 21356 17733 14788 2 
1461NA 21 13214 11809 10720 10116 9328 9027 R286 7987 7753 7301 3 
1461NA 31 6848 6537 6331 6016 575A 5304 5245 4943 llR04 4622 4 
1461NA 41 4194 43o4 414e 3o56 3919 3710 3795 3502 3585 3444 5 
1461NA 51 3225 3269 3184 1105 2959 2990 3062 2780 2744 2610 6 
1461~A 61 2645 2"i53 2503 2406 2346 2323 2261 2198 2225 2108 7 
1461NA 71 2164 2053 204A 2091 1877 1364 1819 1779 1730 1730 8 
1461NA A1 1732 1693 1564 1631 1542 1548 1557 J553 1456 1484 9 
14E1NA 91 1470 1334 1296 1387 137J 1278 1256 1253 1296 1223 10 
1461NA 101 1210 1190 1109 1117 1170 1133 1064 1113 1004 962 11 
1461NA 111 1024 1007 980 976 933 902 942 914 821 865 12 
1461NA 121 844 777 7<17 7q7 802 780 768 720 648 709 13 
1q61NA 131 660 613 67q 630 62~ 627 600 617 597 543 14 
1461NA 141 601 557 519 525 459 539 487 435 452 478 15 
1461NA 151 444 440 423 389 443 457 405 40'l 380 376 16 
146HIA 161 381 362 359 361 364 360 139 298 326 314 17 
1461NA 171 317 286 304 291 301 271 282 271 260 231 18 
1461NA 181 236 258 220 2n 224 234 259 206 180 213 19 
1461NA 101 202 195 199 1A2 199 164 167 183 156 171 20 
1461'1A 201 162 158 15E 165 15A 150 142 139 138 151 21 
1461NA 211 146 AO 101 125 125 154 123 116 95 84 22 
1461~A 221 132 130 46 57 103 87 65 92 107 87 23 
1461NA 231 69 100 6'l 83 120 52 68 H 61 56 21l 
1461NA 241 50 58 69 55 89 67 67 78 27 57 25 
146Ua. 251 42 50 "if: 54 'l1 26 

RUNS 1459A(RK:;D 1458A) ,Sl?-28110 ATP:); 1460A (DKGD 14608) ,SP-26 (3 AT!!); 
1461N'.J(°RKGD 1461NA),5P-25(1 AT!'!) A-CALIB(1461C-1461!'>(1 AT!!)); DET 460CI! 
ON CL 1EHIND SPEC MOD NE213 INPUT SPECTRU1=7773B,C ON 2/28/79 :HCA01 

Fig. 4. Cont'd 



C-10 

R.~NG~ EN ERf:Y ilATA 

E 1~ PCllQ aANGP. 

0.0010 o. ( 1Q7 0.0051) 0.0015 
0.0015 O. Cl q!:. 0.0070 0.0020 
0.00.IJ 0. 0235 0.00~2 0 .oo 24 
0.0025 o. 021~ o.ooq 7 0.0021 
0.0030 o. 0] 10 o.o 101 0.0031 
0.0040 o. 03 7 5 o. o no 0.0033 
0.0050 0.0415 0.01'5 0.0043 
o.oo~o o. 04qo o. 0170 0.0049 
0.0070 0.1)545 0.01~0 0.0054 
ll.Ol)qO 0. C515 o. o 205 0.0059 
u.Uu~o (.1. unl4:'1 V.U.l.lU U.llUbQ 
0.010() o. C6 ~o o. 0 23 5 0.006q 
0.0125 o. oqoo 0.0275 0.0080 
0.0150 o. 0910 0.03P 0.00~1 
0. 0175 0.1010 o. 0]40 o.o 101 
0.0200 o. 1100 (). 03~7 0.0110 
0. 0251) o. 12~0 O.OQ20 o.o 128 
0.0300 o. 1440 O.OQ70 0.01QQ 
I). 0 351) o. 161l0 J. 0515 0.0160 
O.OQOO o. pqo o.osr,5 ll.017Q 
0.0450 o. 1901 0.0610 o.01qo 
0.0500 !l.20~u 0.0660 0.020~ 
o.os•o o. <~01) 0. 0710 0. 0 ~20 
u.u~oo o. 2Jon o.ono 0.0'36 
~.06~~ 0. 2510 o. o qo5 0.0251 
0.0700 o. ?6~n n. o~so Q.0266 
0.0750 o. 2~ ~() ~.0905 0.0282 
0. 0 ~00 o. 2170 o.oq•,o n. 02 q1 
o.oeso O. l1l0 I). 1000 0.0313 
o. oqoo 0.22~0 o. 10)0 0.0321 
o .oqs,1 I). ]460 0. 1100 0.03Q6 
0.1000 o. 3620 0. 1150 0.0362 
O. 1 lOJ O.QOOO o. 1250 .J.0400 
o. 1200 0.43~0 o. 13so 0.0438 
11., .l~(J u. ij')50 u., qu,1 0.0455 
I). 1300 o. Q750 o. 1 Q50 0. 04 75 
o. 140, o. ~140 o. 1550 0.0514 
O. 1 SO!l n. ~SM IJ.1650 0.0551 
0.1600 o. 5980 0.1750 0.0598 Fig. 5. Listing of Output o. 1700 o. r,400 n. 1 8'j0 0.0640 
IJ. 1750 o. f.620 o. 1qoo 0.0662 from SPEC-4 Sample Problem. o. 1qoo o. fiB20 o. 1 q5o 0.06 ~2 
o. HOO 0. HOil o. 2 050 0.1)7 30 
0.2000 o. 1000 o.2no 0.0780 
:'l. 2 l ~,j Ii. <llOu u. 2 ~·\11 u .. uuiu 
0.2501) 1.0500 0.2900 o" 1050 
J.2750 1. 2200 o. l 301) 0.1220 
O,~OM , '~71"10 o, J 7'jQ q, 13 70 
0.]500 1.'100 0.4700 0.17)0 
o. 4 ooo 2. 1300 o. 5 750 0.2130 
ll. 45110 2. •100 o. 6 qnn 0.7570 
o. 500~ .l. 0~00 O. R 100 0.1050 
o.<;soo 3. 5700 Q, 9 QOO o.J~7o 
o. 6001) 4. 120~ l. 0700 0,412n 
0.650J 4. 7200 1. 22~0 0.47 7.0 
o. 1000 5. ~500 1. J 900 0.5)50 
0.7501) ~. C200 1. 5500 0.6020 
O.SOM "· 1l(J\j i. 12l1U U.61llJ 
0.RSJO 7. 4600 1.noo 0.7460 
0.9000 8. 2QOO 2. 1200 0.8240 
0.9500 q_ 1600 2. 1200 n.9160 
1. 0000 9. 9100 7,, 5000 o.~q10 
, • 1000 11. 7006 3. IJOOO 1.1700 
1.2000 13. ~000 -~ .. ij '\~HJ 1 •. <blJO 
1. 2 sco 14.MO!l 3. 7000 1.•1coo 
1. JOOO 15. fOOO 3. q500 1.,600 
1.4000 11, to10 4. 4 snn "'1600 
1.5000 20. 20!!0 5.02~0 2.0200 
1. 6000 22.~000 5. 6000 2. 2500 
1.7000 25. 0000 6.1500 2.5000 
1. rfj00 zn. •o.~o a.u.,uu l.bQllU 
1. 8000 27. 9000 6.R500 2.7800 
1. qn,1n \I , 1'11 .. 1"ti"1 '· ~UUll J.1000 
2.0000 33. F.000 9.2400 3. 3 800 
2.2500 41. 300.0 1 O. OOIJO Q. 1300 
2.SOllO so. 6000 12.2000 5.0600 
2. 7500 5q.oooo 14. 40no 5. 9000 
1.0000 70. 3000 16.7000 1.0300 
3.5000 92. MOO 22.0000 Y.2uuo 
4.0000 118. 0000 27.9000 11.9000 
4. so co 146.COOO 34.SOOO 14.6000 
5. 00 00 I 1·1. UUUll Ql.H~O 17. 70M 
5.5000 210. 0000 •1q.uooo 21.0000 
~. 0000 2 46. 0000 57.qooo 24.6000 
6.SOOO 285.COOO H. 7000 28.51'00 
7. 0000 326. 0000 7~.~000 32. 6000 
7.5000 370.0000 R6.5000 37.oooo 
q.oooo 4 11. oono 97. 7000 41.7000 
8.5000 Q66.0000 lOA.0000 46 .6000 
9.0000 519. 0000 120.0000 51. ROIJO 
9.5000 628.0000 132.2000 62.8000 

10.0000 752. 00~0 143.0000 75.2000 



C-11 

!~PUT SPECTRU" 

4.0q18~ 0 1 4.47ME 01 4.307AE 01 4.1157P. 01 3. ~ 10 1'P. 01 J.;554E 01 3. 6848E 01 3.61\58E 01 J.6193 E 01 ).~2q1P- 01 
l.4022E 01 3.1744E 01 2. q716P. n1 2.567qr: 01 2.3019E 01 2.1455E 01 2. 006RE 01 1.85918 01 1. 7175E 01 1.60SOE 01 
1.5605P. 01 1.4725E 01 1. 53 ?7P. 01 1.457qF. 01 1.l543E 01 1.2442E 01 1. 14381? 01 1. 0177E 01 8.7J~8E 00 7. 70J2E 00 
7.0qn qE 00 6.3256E 00 5.3670~ 00 4. 5744E 00 3.6699E 00 2. ~944~ 00 2.4624E 00 
9. 06q 4E-O 1 1.11066E no 1.106'o>E 00 1.2047E no 1.J096P. 00 1.4121E 00 1.5107E 00 1.6100E 00 1.1oqs8 00 1. 9125P. 00 
1.QJ23P. 00 2.1000E 00 2.2961E 00 2.4qA8E 00 2.7026E 00 2.8984E 00 J. 09"'5E 00 ?. 2%5E 00 J .5009E 00 J.7074E 00 
3.90fi1P 00 4.152AE 00 4.4540P. 00 4.7521~ 00 5.0422E 00 s. 345q8 00 5. 645) E 00 s. 9380P, 00 6.2542P. 00 6.5557E 00 
li.RJ90P. 00 7.2352E 00 7. 7U5E 00 8. H64E 00 8. 757AE 00 q.2613E 00 9. 7411 E 00 

RESPONSE COBRECTION FACTORS 

E"ID SNIDOV EIPT 

0.3236 1.0540 1.2642 
o. 3779 1. 06RS 1. 2761 
o. 4414 1. 0874 1. 2917 
0. 5230 1. 1153 1.3145 
0.6181 1. 1622 1. 3 668 
0. 7224 1. 2236 1. 4385 
0.8492 1. ?152 1. 5437 
1.00ll 1. 4709 1. 7175 
1. 1801 1. 727q 1. 9977 
1. 3840 2. 14 70 2. 5041 

•~TRU OP ~ON'l~N ER~ fTt': NP.OT PON DI FPER ENTI AL RECOIL PROTON DIS TRI BllTIONS 

s.oaaoe-01 o. 0 o. 0 o.o o.o 0. 0 0. J o. 0 o.o o.o 
3.040~E-02 3. q909E-01 0.0 o.o o.o 0.0 o. 'l o.o O.D o.o 
2. 123 SE-02 2. 1854E-02 3.127JE-01 0.0 o.o n.o D.O o.o o.o o.o 
1.~291P.-02 1. S 1 l~E-02 2. 0~~9E-02 2.JP11~-01 o.o 0.0 O.il o. 'l o.o 0.0 
1.1026P.-02 1.1141~-02 1. 4706E-02 1. 8]46~-02 1. 7982E-01 o.o o.o o.o o.o o. 0 
9.5169E-03 A.5567~-03 1.14J7F.-02 1. 3960E-O ~ 1.5298E-il2 1.34971?-01 o.o 0. 0 o.o 0.0 
6.~226E-03 6. 6JR9P-0) A. f460E-Ol 1.0955?.-02 1. 2017E-02 1.2747E-02 9.q931E-02 o.o o.o 0.0 
S.1U89P.-OJ 5. 2 IOOP.-0~ 6.fRf\1F.-03 ... ~94~P,-03 q.6701E-OJ 1.0635e-02 1. 33131'-02 1. 0966 E-02 ry_ ·l o.o 
4.1229E-ll3 3. R167E-03 4. ~42~E-O 3 7. l777E-OJ 7.6437E-OJ 7.8964!-03 1.1624E-02 1.1613E-02 4. 9352E-02 0.0 
1.~nn!-03 4. 9316¥.-03 4. ~1R1E-03 ~. 4777E-03 7.12S2E-OJ "'· 0418E-Ol 9.464q!-03 9.840~P.-OJ 1.0R6JE-02 3.1A9JE-J2 

R IMGE/~ ADJOS= o.q1c TOP VALOE= i.21690 

~OOIFIED SNIDOW VALUfS 

0. 114 1;: 01 o.1oq<1r. 01 0.1037E 01 O. QQORE OJ o. 0.)95P. 00 o.8q%E 00 O.R51~E 00 0. 7 ~95 E no 0.7401~ 00 0.6905E 00 
o.~JS1~ 00 0.5851E 00 0.53C5R 00 n.4R.l2~ 00 0.4349E Oil O.J874P. 00 o. 3406 E 00 o. 2911?. 00 0.2555E 00 0.2095E 00 

F.S (JI VALQE5 

o.o O. 7R95E-01 0.15i9~ 00 0. 236 ~~ 00 0.3158E JO O. 394 7E ilO o. ~7)7~ 00 o. 5526! JO J. 6l16E 00 0.7105E 00 
O. 79°5E 00 0.%8UE 00 0. ~ 4 74 ~ 00 0.1026~ 01 0.1105E 01 0. 1184P. 01 0.17.63E 01 0. 1342E 01 0.142H ·C1 0.1500! 01 
J.15HE 01 0.165AF. 01 0.1111~ 01 O. 1R 16P. 01 0.189SE 01 0.1974E 01 II. 20~3E 01 0.21321' 01 0.22118 111 O. 22A9E 01 
0.2368E 01 0.2447E 01 II. 2~26E 01 o. 7.605P. 01 0.26q4E 01 ~.2763E 01 o. 2842~ 01 0.2921P. 01 0. JOOOE 01 O.J079E 01 
0.315AP. 01 0.3237" 01 o. 3316'!' 01 ll.3395E 01 0.3474P. 01 •1.JS~~E 01 0.3632E 01 0.3711F. 01 J.3789P. 01 0.3R68E 01 
o. 194 7E 01 0.4026! 01 0.4105E 01 0.4184F. 01 0.426JE 01 0.4342E 01 0.4421E 01 o. 4500P. 01 0.4579E 01 0.4658! 01 
0.47.17E 01 0.4816P. 01 0.499~P. 01 0.4974P. 01 0.5053F. 01 O.S1l2E 01 0.5211E 01 0.5289E 01 0.5J6RE 01 0.54471' 01 
0.5526P. 01 0.5605P. 01 0. 5684E 01 0.576JE 01 O.S842E 01 0.5"'21E 01 0.6000! 01 0.60BE 01 0.615RE 01 0.6237P. 01 

F" (I) VALOES 

0.15J9E 01 0.1618P. 01 0.11.i97E 01 o. 1776 g 01 0.1855'!: D1 0.1947E 01 O. 2056E 01 0.2172E 01 0.22Q4E 01 0.242H 01 
o. 255q~ 01 0.2702E 01 0.2853P. 01 O.J013E 01 O.J1R2E 01 O.J361E 01 O.JS49E 01 0. J748E 01 0.3958E 01 0.4180E 01 
0.4415E 01 0.4663f. 01 0.4924E 01 0.5200E 01 0. 5492 E 01 o. seooE 01 ry.6125E 01 o. 64698 01 0.6832E 01 o. 7215~ 01 
0.7~20E 01 o.qo41E ?1 0.A499E 01 O. 89 7SR 01 0.9479E 01 

l'S (J) VALUES 

11. 24011E-ll 1 0.23100E-01 o. 22175~-o1 D. 21074E-01 O. 19846E-01 0.18520E-01 0.17110£-01 0.157848-01 o. 14352.P.-01 0.130661'!-01 
0.11~41E-01 o. 10651P.-01 o. 95405P.-02 n. P5565E-02 o. 75 782E-02 0.667751'-02 O. 58223E-02 0.50579E-02 O. 43206E-02 O.JS755E-02 
O. 26RA3E-02 O. n6S1E-02 O. 13%1E-02 O. n284E-03 o. 55860P.-03 0.31362E-03 O. 17457E-03 0 .652478-04 n.12633E-04 o. 0 
i.o o. 0 o. 0 o.o o. 0 o.o o.o o.o o. 0 o.o 
o. 0 o. 0 o. 0 o.o. o. 0 o.o o.o o.o o. 0 o.o 
o.o o. 0 o.o o.o o. 0 o.o 11.0 o.o o. 0 o.o 
o.o o. 0 o. 0 0.0 o. 0 o. 0 o. 0 J.O o. 0 o.o 
o.o o.o o.o o.o o.o o.o o.o o.o o.o o.o 

ZS (J) VA LO ES 

O. 2444 OE 01 0-22850E 01 o. 19~Q'IP. 01 0.16396E 01 O. 13757E 01 0.10174E 01 O. 70883 E 00 0.50896E 00 o. 40311i ! 00 0.299338 00 
o. 24221P. 00 0.20410E 00 0.16l21E 00 o.13q4a 00 0.121318 00 0.10299'1! 00 0.85769E-01 0. 72 9631!-0 1 o. 607731!-01 0. SO 2A5E-O 1 
o. 409508-01 O. 32 RJSE-0 1 O. 25253E-01 0.1907JE-01 O. 12520E-01 0.80752E-02 o. 4491118-02 0.19370£-02 o. '32761!-03 o.o 
o.o o. 0 o.o o. 0 o. o· o.o o.o o.o o. 0 o.o 
o.o o. 0 o. 0 o.o o. 0 o.o o.o o.o o.o o.o 
0.0 0.0 o. 0 o.o o. 0 o. 0 o.o o.o o. 0 o.o 
o.o o. 0 o.o o. 0 o. 0 o.o o.o o.o o.o o.o 
o.o o.o o. 0 o.o o. 0 o.o o.o o.o o. 0 o.o 

Fig. 5o Cont'd 



C-12 

OUTPOT OP SPf.C ~S 

-3.Q172E-04-1."'14M8-04 2.39QllF.-02 2.3R86E-02 2.37A1E-02 2.36"'17P.-02 2.35728-02 2.3467e-02 2.33638-02 2.3258e-02 
2.3154E-02 2.304Af.-1)2 2.<942P.-02 2.2A36E-02 2.2729E-02 2.2623£-02 2.2517E-02 2.2411?-02 2.2305£-02 2.2198£-02 
2.20"'16!'-02 2.1<15010-02 2.1q23E-02 2.1697P.-02 2.1571?.-02 2.1444E-02 2.13188-02 2.119H-02 2.10648-02 2.0923£-02 
2.rl1~2E-02 2.0641P.-02 2.0500P.-02 2.0J5QE-02 2.021~P.-02 2.00"'IU-02 1.9937E-02 1.97921!-02 1.9640£-02 1.9487e-02 
1.9Jl5E-02 1.9183P.-02 1.9031)E-02 1.q8HE-02 1.8726E-02 1.85741!-02 1.A415E-02 1.R253E-02 1.80918-02 1.7930B-02 
1."176q<:-02 1.7606E-02 1.7444E-02 1.728lP.-02 1.7120!-02 1.696qP.-02 1.6815P.-02 1.6663!·02 1.65111!-02 1.63588-02 
1.6206F.-02 1.6054!'-02 1.~902E-02 1.5747E-02 1.ssq20.-02 1.541A!!-02 1.51548-02 1.50898-02 1.49258-02 1.4761e-02 
1.4596E-02 1.443?8-02 1.4276E-02 1.4129E-n 1.3Qq1~-02 1.3S3JE-02 1.368~8-02 1.J538E-02 1.J3QOP.-02 1.32428-02 
1.3'l~4E-02 1.2952F.-02 1.2812F.-02 1.2671P-~l 1.2531E-02 1.2390E-02 1.22501!-0l 1.21098-02 1.19688-02 1.18288-02 
1.11\Q28-02 1.1555!'-02 1.141AP.-02 1.12A2E-02 1.1145f.-02 1.10098-02 1.08728-02 1.07168-02 1.06028-02 1.04751!-02 
1.1l147E-02 1.0220E-'l2 1.0092E-02 9.0647E-03 9.A372E-03 9.70%8-03 ?.59218-03 9.46448-03 q.l5UP.-Ol '1.23858-03 
9.1255E-03 <l.0125E-03 R.E9%~-0! 8.78668-03 9.6736¥.-03 9.56078-03 A.4483E-03 8.33608-03 8.22118-03 8.111118-0l 
7.<1<1<11E-03 7. 986A!'-Q3 7. 7745P.-l)J 7.61\218-03 7.5521P.-03 7.44878-03 7. 34538-03 7.241QE-B 7.1JA58-03 7.0351!'-03 
&.<IJ17E-OJ 6.82AJP.-03 6.7241P.-03 6.~24lP.-03 6.521\1E-03 6.42.,n-03 &.3291P-03 6.23168-03 6.1334e-03 6.03521!-03 
5.<1170~-03 5.AH9!'-i3 5.1493~-03 5.6616P.-03 5.5H8E-0.l 5.48608-03 5.39AlE-OJ S.11058-03 5.22288-0J 5.13508-0l 
5.0476E-03 4.9631)<:-03 4.F1A3P.-OJ 4. 7 03H-Ol 4.7091E-Ol 4.62448-03 4.51988-03 4.45528-0l 4.J705E-03 4.28558-03 
4.2000~-03 4.11448-03 4.02AQP.-03 J.<1434E-03 3.q578E-03 3.7723E-03 3.6S67P.-03 3.6012E-03 3.5042E-03 l.4024E-03 
].10058-03 3.1986!!-0J 3.096q~-'l3 2.994?2-03 2.8931£-03 2.7912!-03 2.6894E-03 2.6061E-03 2.52318-03 2.4401E-03 
l.J571E-OJ l.2741P.-'13 2.191'1E-01 2.1080E-Ol 2.0250E-03 1.94668-03 1.88018-03 1.8116E-03 1.1472E-03 1.6807E-03 
1.6142P-03 1.54771".-03 1.481.lE-nJ 1.414qP.-03 1.3559?.-03 1.30271!-03 1.2495?-03 1.1963E-03 1.1431!-03 1.09001!-03 
1.'lJ68E-03 9.AJ5QP.-04 9.J040P.-04 8.969AE-04 9 0 4516?.-04 8.0334!-04 7.~1538-04 7.19718-04 6.7789£-04 6.J607B-04 
5.9426~-04 5.5244P.-04 5.1'16lE-04 4.68A1P.-04 4.2699Z-04 3.8517E-'4 3.43368-04 l.01548-04 2.59728-04 2.17918-04 
1. 760 9E-04 1. 34 27?.-04 9. 245,P.-0 5 5. 064.l E-05 8. 82'>0 E-)6-3. 2993E-05-.,. 4q 11 P.-05-1. 166 2E-O 4-1. 58448-0Q-2. 00268-04 

-2. 4201E-ri4- i. 8]9QE-!\4- l. 2~ 7 iE-0 4- ~. 67 S)E-04-4. 0'1]4E-04-ii.5j1 l\E-04-4. <i2 9A!Hi4-S. 3 479 8-04-5. 766 1E-04-6. 18438-04 
-6.6024f.-04-7.0206P.-04-7.4J8BE-04-7.R569E-04-8.2751E-04-R.693JE-04-9.1114!-04-9.5<96E-04-9.9477E-04-1.0366B-03 
-1. o17q4E-03-1. 1202'!-0J-1. 1620?.-0 1-1. 20 ''l?.-OJ-1.2457 E-03 

POHEGROO~D TI~E= 501. 00 8,CKG?.OUND TI,•= 105.20 

l'OBE•iROU ~ll COUNTS EX Pl'.RI~ENT NU~B 8~ 1459A 

1760. 474Q. 12767. 4 7623. 445~09. 85461 o. 713035. 55q905. 517~45.1021071. 
134R907.1141026. 949R9l. 79 ]766. 669342. 568488. 495341. 421146. 380305. 351262. 

32 8907. 307250. 2'!0163. 211719. 258042. 245514. 233097. 220428. 209152. 19~135. 

183032. 171214. 15R866. 15208Q. 145527. 1.19151. 13230<1. 125578. 1191131. 113C57. 
107130. 1022H. ~1 C6 l. n42<1. 9R965. 849~ 0. 31942. 78412. 76093. 7J 6R8. 
71901. 6954 9. 6106 3. 64899. 63159. 60790. 58599. 56478. 55071. 52617. 
51175. 49467. 4R014. 45<117. 445JA. 42856. 41861. 39940. 38726. 36 917. 
35689. 34075. 33 JOq. 12256. 31124. 300 35. 29133. 28385. 27215. 26 365. 
2 5466. 24Rq 1. 24015. 23060. 22404. 21R60. 21404. 20792. 20222. 19605. 
19268. 190R1. 1A217. 17608. 17448. 16803. 16245. 15703. 15272. 14 821. 
14391. 14'>17. 13 431. 13331. 12947. 12576. 12173. 11734. 11251. 10873. 
10618. 1040 3. 1003R. 9619. 94 71. 9208. 8980. 81411. 8362. ·0 140. 

.,quq. 771~- 75'i?. 7?99. 696U. 7nR9. 6691. 6U'i7. 6l7R 6MA, 
5<199. 'i687. 5631. 5455. 5243. 5113. 5013. 4796. 4720. 4651. 
4501. 4306. 4155. 4110. 4022. 3R38. 3611. 3482. 3525. 3 321. 
3329. 3251. 3113. 2989. 2905. 2814. 2688. 2599. 2494. 2415. 
242R. 2382. 2253. 2151. 2038. 2032. 19511. 1845. 1820. 1747. 
1163. 1682. 1616. 1448. 1434. 1397. 1359. 1374. 1284. 1219. 
illG. I I Jt°J. I IUlf. 11 ~U. 1ule. ~I I. ~l.J. ~I I. B!IU. B4l. 
792. 71!4. ·H2. 66R. 679. 627. 59<1. 593. 547~ 513. 
517. 451. oq. 473. 428. 392. J58. 375. 3115. 325. 
11~. 1DS. 253. 281. 2Q1. 230. 19,. 179. 195. 1711. 
183. 147. 141. 132. 111. 120. 102. 91. 11. 69. 

7A. A9. 60. 'il. 'il. uo. A'i. ?9. 41, 16 
35. 23. 27. 31. 36. 33. 29. 29. 21. 32. 
20. 12. 20. 26. 1R. 

~ACK•lROUNO COUNT:J EXPERI"gNT NU~RER 14'j;"iA 

69. 242. 1060. 35064. & 1521. )~3 44. 4~796. 170418. 143012. 104954. 
7q100. 61367. 47t42. .)7815. 31050. 25591 • 20350. 19485. 11856. 16 237. 
14731. 13525. 12261. 11 !80. 101\81. 9711. 9121. 8370. 1112. 7 233. 

6617. G2 J1. sor;o. 'j4'j4. 'j1q4. 4014. 4364. 4162. 3914. 3617. 
)'i17.. )194. 311 J. 2917. 27%. 26?7. 2599. 2427. 2484. 2 301. 
2260. 220<1. 2078. 19<1~. 2004. 1930. 1811. 1718. 1646. 1587. 
1417. 14'il. 1 'i7'i.· 1170. 1?6'i, 124 1, 1117, 1J1Q, 1171. 1057. 
109i. 1109. 1021. q .l6. 962. 885. 861. 860. 181. e12. 
74q, Q96, ~93, ~60. 'i<9. ~13. 591. 561. 536. 56~. 
, 12. '1~. •a 1. •l I. • .\1. H•. .l1lj. )1>i • H~. Jlb. 
17<1. 17.l. 107. 7<1'i. 25?. 254. 2ee. 224. 243. 261. 
225. 2 35. 260. 212. 200. 210. 185. 174. 204. 202. 
1 qo. 193. 174. 1 RR. 165. 1 ~9. 137. 15q. 150. 138. 
122. 110. 111. 12'i. ' 11~. 10 '.i. 134. 121. Q2. 111. 
100. 96. <17. 13. 63. r.1. 7 3. 8<1. 74. 5R. 

67. 66. 66. 53. SR. ~ 1. 52. 53. 55. ~4. 
4<1. 3Q. 45. -~7. ~1. 43. 42. 38. 45. 35. 
.ll. 24 • .14. 11. ?1. 10. l'i. 19. n, 2'i. 
25. 2.l. 2~. 1~. 22. 14. 21. 16. B. 12. 
15. lb. 11. 14. n. 10. 11. 14. 14. A. 
16. <I. Q. 1Q. 11. <I. 9. 10. 9. 10. 
6. 1. q. R. ~- 3. 6. 4. l. 3. 
4. 5. 4. 2. 8. 6. 4. 4. 6. 4. 
3. 5. s. 6. 1. 4. 4. 5. 4. 6. 
3. 2. 5. 5. 4. 1. .l. 3. 5 • o. 
6. 5. 3. 1. 4. 
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RESULTS PRO" SOB SO OH NE VS ft TR 
176q. Q744. 12767. 4 7623. 445~oq. 854610. 7130 35. 558905. 5 176Q5. 1021 071. 

1348907.1141026. 949e9J. 793766. 669JQ2. 56RQ 88. 510626. 4569Q7. 410371. 371929. 
3Q0986. 31599Q. 295:<84. 277S16. 26176 <;. 24740). 233971. 221129. 20867S. 196577. 
184q6S. 174060. 164064. 1<;SO63. 146990. 13%76. 132950. 126721. 121011. 115378. 
1100 33. 104943. 100159. 95688. q1540. 87707. 8417S. 80920. 77911. 7S 117. 
72S03. 700 JR. 6 76QQ. 654 50. 6J28q. 611Q9. 5917S. S,216. 55321. SH96. 
<;1728. 50063. QR 393. 46770. 45193. 43652. 421S6. 4 0705. 39300. 37 9, 3. 
36634. 3S374. 34163. 33002. JH91. 30828. 29812. 2R845. 2792.J. 27045. 
26215. 2';Q25. 24E70. 2H89. 23294. 22626. 21984. 21364. 20761. 20 178. 
19613. 19065. 18~J2. 18013. 17510. 17019. 16541. 16076. 15622. 151~1. 
14751. 14334. 1 H2q. 1 ]<;JJ. 13149. 12791. 12426. 12071. 11726. 11 390. 
11063. 107QJ. 10432. 10131. 9837. qss1. 9276. 9008. 87Q9. ~497. 

R253. 8017. 7789. 756A. 7)5Q. 71 Q7. 6q4S. 6761. 6S71. 6 386. 
6206. 6~ 31. <;e61. 5695. 5SJJ. 5375. 5222. 5072. 4926. Q 78S. 
4647. 4512. Q 381. 425S. QI 31. 4011. 3894. 3780. JOO. l ~68. 
346). 3360. 3 260. 3162. 3067. 2975. 2q8s. 2796. 1710. 2 626. 
2S44. 246S. 2 JR7. 2312. 22 38. 2167. 2098. 2031. 1965. 1901. 
1RH. 171q. 1725. 166A. 1612. 15~8. 1<;05. 1454. 1405. 1 356. 
1309. 126 ). 121~. 117<;. I 132. 1oq 1. 1051. 101.J. 975. ~18. 

903. "69. eJ5. POJ. 774. 744. 714. 69S. 657. 630. 
604. 579. ~55. 531. SOP.. •86. 464. 44.l. 423. 404. 
3 86. 36R. 350. JJQ. 318. 30 2. 289. 27S. 261. 248. 
2 36. 223. 212. 201. 190. 190. 170. 160. 151. 142. 
134. 126. ,, 9. 112. 104. Q,. 90. 84. 79. 73. 
68. 6 ). 59. ~Q. 36. 3 3. 29. 29. 21. 32. 
20. 32. 20. 26. 18. 

69. 242. 1060. 35064. 61521. HJQ q • 49796. 170418. 143012. 1048S4. 
79100. 61367. 47642. J ,8 35. 310SO. 2<;591. 23024. 20633. 18527. 1~ 72q, 
1519q. 13881. 12726. 11701. 10790. 9969. 9222. 8539. 7913. 7 34 2. 
6~24. 6H.l. S926. 5533. 5170. 4835. 4529. 42S8. 4027. 3801. 
3594. 3402. 3226. 3066. 2920. 2789. 2669. 2560. 246 1. 2 368. 
22q1. 21oq. 211<>. 2041. 1966. 1A9J. 1821. 1751. 1684. 1621. 
1560. 150S. 1450. 1l9A. 1349. IJO 1. 1256. 1212. 1171. 11l 1. 
1092. . 1055. 1019 • 984. 950. 917. 885. 854. q2J. 794. 

765. 737. 711. 686. 661. 636. 613. 589. 567. 545. 
524. 50.J. 483. Q64. 445. 42R. 410. 394. 378. J6Q. 
350. ))6. 324. 313. 302. 292. 283. 274. 265. 2S7. 
2Q9. 2Q2. 23Q. 228. 221. 215. 209. 203. 197. 192. 
187. 182. 176. 172. 167. 162. 157. 153. 148. 1QQ. 
1QO. 1J<;. 131. 127. 12 ). 119. 115. 112. 108. 104. 
101. 98. 94. 91. 88. 8S. 83. 00. 11. 75. 
72. 70. 6R. 66. 63. 61. 59. 57. 56. SQ. 
s2. so. 49. 47. 45. QQ. 42. 41. 40. 38. 
37. 36. 35. JQ. 32. 31. JO. 29. 28. 27. 
26. 25. 24. 2 J. 23. 22. 21. 20. 20. 19. 
18. 18. 17. 16. 16. 15. 15. 14. 14. 13. 
13. 12. 12. 12. 11. 11. 10. 10. 10. 9. 
9. 9. q_ 8. 8. 8. 8. 7. 7. 7. 
7. 6. 6. 6. 6. 6. 6. 5. 5. 5. 
5. 5. 5. 5. 5. Q. 4. Q. 4. q; 
Q. Q. 4. Q. Q. 1. J. ). 5. o. 
6. 5. 3. 7. Q. 

SftOOTH ED PORE~ROOND ftfNOS BACKGROUND 

1591. 4120. 10036. o. 2P.12n. 755804. S84719. 119764. 1 4912S. 750879. 
1145078. 9n893. 827127. 696271. sq9.lJ1. S02544. 4S1296. Q03780. 362631. 32R e22. 

ao 1q20. J80~J~. J6J•l9J. JP359. JD960. JJ,, 1 s. J1020,. 1nq12s. 188284. 177657. 
167381. 1S768R. 1QR79S. 140R06. 133667. 127217. 121279. 11S741l. 110633. 105504. 
100772. 9617 9. 91 P.46. 87788. 84014. 80521. 77297. 74322. 71 S71. 6 9 01 s. 

6f.626. ~4374. 6 2 2 35. 60189. SA222. %322. 54483. 52704. S0981. 49 320. 
47709. 461 R4. Q Q 65 6. 43167. 41717. 402\19. 38921. 37S81. 36283. 3S C29. 
3 391q. Jl6<;4. 11537. 30466. 2qQ42. 2R464. 27S32. 2664S. 25801. 2<;000. 
2 4244. 23524. 22en. 22222. 21S91. 209 87. 20405. 19qqs. 19300. 18773. 
18263. 177611. 17 286. 16818. 16)62. 15917. 1548]. 15060. 14647. 14 244. 
13850. 13467. 13093. 127'2q. 12371. 12038. 11698. 11367. 110• J. 10 729. 
10421. 10121. 9828. 9544. 9267. q999. 87 38. 8485. 8240. R 002. 

7772. 7S•9. 7 J34. 7126. 6925. 6729. 6S•O. 636 7 • 6189. 601S. 
5846. 5682. 5523. 536S. S216. 5068. 4925. 478<;. 4648. Q 516. 
43 A6. 4261. 41B. 4020. 3904. 37\11. 3682. 3575. 3471. 137S. 
3?.76. ] 1 Sil. 3085. 2q9q, 2904. 2817. 2732. 26Q8. 2567. 2 488. 
24 11. 2315. 2262. 2191. 2121. 20S4. 1988. 1925. 1%3. 180). 
1744. 1687. 1635. 1581. 1529. 1Q78. 1428. 1379. 1332. 1286. 
1242. 1PA. 11'i'i. 111 u. 107U. 10J5, q<J7, 960, 924, 890. 
8S6. 821. 791. 761. 733. 704. 676. 648. 622. S96. 
571. 547. ~2 4. 501. 479. 4 5 A. 437. 417. 39q, 380. 
162. HS. 32R. 312. 2 97. 282. 270. 2S6. 243. 230. 
218. 207. 196. as. 175. 16S. 1SS. 14~. 138. 129. 
1 21. 114. 106. 100. 92. 86. 79. 73. 69. 63. 

58. 53. qn. 44. 26. 30. 21. 21. 9. 32. 
~- 19. 12. 8. fl. 
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'llGH EN~RGT PULSE HEIGHTS rn eE SUBT~'C'!'ED 

-2.0746E 02-Q. 220SE 01 1. 2"'1l6'P. 04 1.26508 04 1.2S95E 04 1.25J9E 04 1.21184! 04 1.2429! 04 1.ll7JE 011 1.2J18B 04 
1. 2262P. 04 1. 22071! 04 1. :<150E 011 1.2094E 011 1.20J8E 011 1.1982! 04 1.19251! 04 1.1869! 04 1. 181 J8 04 1.17571! 011 
1.1692R 04 1. 16251! 04 1.15S8E 04 1 .1491E 04 1.14211E 04 1. 13571! 011 1.12908 04 1.122JE 04 1.11568 04 1.10811! 04 
1.1007P. 04 1.09J28 04 1.oq51,.. OU 1.078lE 04 1.0708E 04 1. 06 JJE 011 1.0559E 04 1.0 4821! 04 1. 011011! 04 1.03218 04 
1.ll240E 04 1.01591! 04 1. 00791! 04 9.99~1E 03 9.917S8 OJ 9. 8J698 03 <l.7529E OJ 9.6672B OJ 9. 5815P. OJ 9. 49581! OJ 
9.4101E 03 9. 3244P. 03 9. 2J87F. 03 9.1S3~8 OJ 9.067JE 03 B.986H 03 8.9056E OJ B.q250E OJ 8. 7 44 JE OJ 8.66l7E 03 
B.59JOP. 03 8.5024E 03 P.. 11217'P. OJ A.JJ96E OJ 8.25261': OJ 8. 1656E OJ 8.078SE OJ 7.'1915! 0.l 1. 904 SE OJ 7.811SE OJ 
7."'305E n 7. 6434E 03 7. ~609E l)J 7.4e27E 03 7.4045E ()J 7. 3262E 03 7.2480E 03 7. 1697E 03 7.091S! ~3 7.01321! OJ 
6.91508 03 6.8598E 03 6.7A54E OJ 6. 7109E 03 6.6J658 OJ 6. 56208 OJ 6.4876E 03 6.41318 OJ 6. B878 03 6. 264118 OJ 
~.1Q218 036.11978 03 6. 0474! 03 5.'1751! 03 5.9027E OJ S.830118 OJ S.7S80! 03 S.6857! 03 S.61S2E 03 s. 5477! OJ 
S.4~01E 0 3 5. II 1261! 03 s. J450! 03 S.2"'75E 03 5.2099! 03 5.142111! 03 5.0748! 03 S.012S! OJ II. 9S27E 03 4. 89281! 03 
4.83JOP. 03 4. 77321! 03 11. 713 3E 03 4.6535! 03 4.S9l7E OJ II. S339! 03 4.4744E 03 4.4 149E 03 4. 355118 03 11. 29 S9E OJ 
4.2364E 03 4. 17701! OJ 4.1175! 03 11.0580! 03 3.99978 03 J. 91149! OJ 3. q9022 OJ 3.A354B OJ J.78068 OJ 3. 72598 03 
J.6711E OJ J. 61611" 03 3. ~616E 03 3. 50831! 03 3.4563! 03 3.1101131! 03 3.3523! 03 3.3003! 03 3.2118J8 OJ 3. 19638 03 
l.1443£ 03 3.0923E 03 3. 04491! 03 2.998SE 03 2.9520! OJ 2. 9055E OJ 2.8590! 03 2.81251 03 2.7661! 03 2. 7196! 03 
2.6733! 0 3 2. 628SE 03 2. 5836! 03 2.538AE OJ 2.11940! 03 2.11492! 03 2. 4044! OJ 2.35951! 03 2.311178 03 2. 26971! 03 
2.22UP. 03 2. 1791! 03 2. 1]Jq! OJ 2.0R85! 03 2.0ll32P. 03 1.9979B 03 1. 952S8 03 1. 9072! 03 1. 85S9E OJ 1.8019! OJ 
1.7480! OJ 1.69111 E OJ 1. 6401E OJ 1. 5R62E 03 1.53228 03 1.117838 03 1.42113! 03 1.3 803! 03 1. 3363! OJ 1. 2923! OJ 
1. 248 3E OJ 1.20441! 03 1. 16048 OJ 1. 1164 E 03 1 .0725! OJ 1.0J09! 03 9.9S73E 02 9.605J1! 02 9.25328 02 8.90121! 02 
8.5491! 02 8. 1~!11E 02 7. e11SOE 02 7.4930! 02 7.1810E 02 6. 8993! 02 6.61161! 02 6.3359! 02 6.0541! 02 5. 71262 02 
s. 490 9! 02 5.2092E 02 4. 92768 02 ll.6976P. 02 4.Q761! 02 ,_ 251161! 02 '· 0332! 02 3.8117! 02 3. 590 2E 02 3. 36871! 02 
J. 14731! 02 2.925AI! 02 2.70113! 02 2.11829! 02 2.261QB 02 2.03998 02 1.8185! 02 1. 5970! 02 1. 37558 02 1. 15111B 02 
9.3261P. 01 7.111111! 01 II. e966E 01 2.61121! 01 4.61J8P. 00-1.7•73! 01-3.9621! 01-6.1766! 01-q.3914g 01-1. 0606! 02 

-1.2821! 112-1. 50351! 02-1. 7250F. 02-1. 91165! 02-2.1679! 02-2.38911! 02-2.6109! 02-2. 832ll! 02-3. 0538! 02-3. 2753! 02 
-3~ii967! 02-3~11821! 02-3. 93978 02-11.1612! 02-11.38268 02-11.604;! 02-4.8256! 02-5.04108 02-5.26851 02-s. 49ooE 02 
-5.71111! 02-5. 93291! 02-6. 15•11e 02-6.37581! 02-6 .59131'! 02 

ROq~lT.I STNC: PlC'l'OR = <;. n~n o~ 

3°4. 5 Q2 4. 0 -SAS. 7 -2174. 9 60251. 9 163035.11 125519.9 235411. 1 299%. 6 162003. 7 
2484R3.6 212920.6 17R765. 6 150074.6 126629.6 107605.1 96376.3 85965.9 71;95 2. 1 695Q 0. 5 

6.163 'l. 6 5~917.6 55042." 51737. 7 48813.3 46142. 2 43632.5 41216. 4 38853. 1 36538.5 
3430 o. 9 3219 1. 0 10256.7 29520. 6 26971.2 25572. 8 24286.5 230 qo_ 2 21985. 8 20896. 0 
19858.2 1986A.2 17915. 7 1706 3. 3 16 253. 2 15504.6 14815.7 14182.0 13591. 4 13055.6 
12550. 3 12075. 1 11624. 8 111q4_9 10782.0 1036).0 9997.4 96 24. 8 Y264.6 89, 8. 0 
85~ 2. 2 8265.5 7948.0 7639.S 7340.5 7048.6 6765. 2 6490. 6 fi224. 9 5968.8 
5722. 4 5486.1 5250.1. 5041.3 4833. 9 463~.5 4449. 3 4271. 9 4104. Q 3945.4 
1796. 1 365 5. 1 1521.3 3402.3 3280.4 J164.0 3052.9 2946.4 2843. 2 274 3. 9 
2~U "'· R 2~55.0 2" ~5. 2 2378. 3 2 2 94. 2 2212. s 2133.2 2056. 3 1991. 1 190 7 • 5 
183 s. 9 1766. 7 1699.S 16 34. 2 1570.9 151l. 5 1452. A 1Hl. 8 13l6. 0 12110. 0 
122 5. 7 1173.0 1122. 0 1072.7 1025. 2 ~73.4 935. 2 e 92. s 852.0 813. 0 

775. 5 7)9.7 705. 6 67 ). 0 6UI.~ 610. A 581.3 5c;s. Q S28. 2 502.1 
477. 1 4~ ). 2 430. 2 407.Q 386. 0 365.0 34•.9 .l 25. 6 307. 1 2R9.4 
27 2. 5 256.J 2J9.8 224. 0 208.~ 194. 3 180.4 167. 2 154.6 14 l. 8 
13 2. 3 120. q 110. 1 qq• A 'lO. ll 80.6 71.R 63. 3 55. 3 47. 8 
40." 34 •. , 2H. 1 22.4 17. 1 12. 3 7.Q 3.8 1. 5 o. 1 
-o. q -1. 6 -1.0 -1. 1 -0.R -o. 2 0. 7 -o. 2 -o. Q -1. J 
- 1. s -1. 4 -1. 1 -o.s O.J o.~ l).J -o. 1 -0.2 -0. 1 

o. 2 o.q 1. ~ 2.5 3. 3 l. 1 .l. I 3. 3 3. 6 4. 1 
4. q ~ •• 1 6.A 6.g 6.9 ., .1 7.4 1. 9 8. 6 9. ' .. 

1 n. • 11. s 12. 7 14.0 15.S 17. 2 19. 3 21. 2 2 3. 1 25.2 
2 7 .. 'I 29.7 J 2. 2 l'I. i P.3 qo. o 42.R 45. 6 4R.6 51. 6 
511. 7 57.• 61. J 6•1. li 67.9 71. J 7•1.1 1CJ. 2 BJ. 1 n S. (, 
~ ~- 4. ~ ). 2 ~7., 101.0 101. 0 101. 1 , 10.~ 11~. 4 117. 3 127.4 

126. I IH."I 1n.·1 141. 6 

BON 1115oA V BKGD 145RA SP·2P (10 &T~I Z!RO Ctt=1.8;lLPHl CALIB=506. 7 

aens=-2. qo <:HlN"~LS: 2 55. S"OOTH= 1. BOTTO" EN'P.RGY = 0.3400 REY 
'iTDROi;BN l?R!SSUPf.=10.00 CAPellM "Rl!SSURE= 0.0 B850LOTIO~= 15. 

GRO~~ED SPlCTRU~ OF SLOP~S P!R "ONITOR COUNT 

ftQ~ITOn ~'lOllT • SOJ, 
CALIBRATION = o.ooqo6l44 

INDICATED 8~ERGY "IO SIGftA GBOO?l!D ERROB••2 
CHAN ~EL en!INDAFY ENEPGY SPECTRUft INTERNAL l!ITl!R~AL 

36 41 0.2%4 0.350R 0. 3236 7.71 6897.820 0.4721! 14 0. 25lJE 05 
42 47 o • .l500 o. 4051 0.37'7·) 1. 12 4864.189 o. 35941! 04 o. 2179P. OS 
48 55 0.40~1 o. 4 776 0.4414 6.58 3901.171 0. 2480R 04 0.10"'5B 05 
56 65 o. 4 716 0.5~~3 fl. 5230 6. 02 33110.144 0. 16SOE 04 0. 2791! 0, 
66 76 0.5683 o.~600 0.6181 s. 51 2653.002 C.11008 1)4 o. 27728 04 
77 00 O.o GGr.O o,~7G7 0. 7224 ~.o~ IC.JG. I 0~ 0. 7 200! 0 3 0.1990! 04 
9q 104 o. 7767 o. 0 21 ~ 0.8492 4.65 1286.914 0.40608 J3 0.4838E 03 

105 12~ 0.021~ , • 0849 1.0033 4. 2 5 882.818 0.23248 03 o. 3100! 03 
123 143 1. OA4Q 1. 2752 1.1801 3.89 486.627 O. 1193E OJ O. 13618 03 
144 167 ,_ 2752 1. 4927 1. 3 840 3.57 224.640 O. 5627 8 02 0.5794E 02 

Fig. 5. Cont'd 
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CALC"ULATED NEUTRnN SPECTRU~ 

ENERGY FLUX I FLUI I 
BOUNDARY GROOP ftEY 

0.2964 O. 350 B 1. nQOE 04 2. 10J6a 05 
0.3508 o. 4051 1.0195E 04 1.874H 05 
O.Q 051 0. q 116 1.0064E 04 1.3880E 05 
o. q 776 o. 568 3 1.1489E OQ 1. 26 76 E 05 
0.5683 O. 66RO 1.217JE 04 1. 22 lOP. 05 
o.~ 680 ~. n67 9. 5383£ 03 e. 76991! 04 
0.7767 0.9218 9.R922E I)] 6.8215~ 04 
0.921~ 1. oaqn 1.010JE 04 6. 19311! 04 
1.0 R49 1. 275 2 ~.3099E 03 4. 36601! OQ 
1.2752 1.4927 7.04]6E 03 J.2381E 04 

su ~~en P LUX= o. 100 2r. 06 

5U! "P ~AW COO!ITS OVER I~flICA'!ED CHAN~PLS o. 3776601£ 07 

OOTPUT SPECTBijft READY FOR NEXT SPEC 4 ROH AT LOWER PRESSURE 

NSPE = 42 

PU 

3. 2 356£-01 6. 790~F. 04 
3. 7795E-01 7. 0731E 04 
4.4139!!-01 6. 11291! 04 
5.22%F.-01 6. 6124P. OQ 
6.181 JE-01 7.5310!! 04 
7.2236E-01 6. 3230£ 04 
q.492QE-01 5. 7790E 04 
1.0033!! 00 6.2000E 04 
1.1A01E 00 5.1410!! 04 
1.3840P. 00 4.4723~ 04 
1.4121E 00 4. Q22 3E 04 
1.S107E 00 4 0 J391R 04 
·1.6100E 00 4.3168£ OQ 
1. 7095P. 00 4. 2626£ 04 
1.8125!! 00 4. 1~46E 04 
1.9J23F 00 Q. 00641! 011 
2.10001! 00 3.7H11: 04 
2.29612 00 3.3816£ OQ 
2.Q988E 00 3. 0239£ OQ 
2.7026£ 00 2. 7106P. 04 
2.89841! 00 2.52651! 04 
3.0975£ 00 2. 36321! 04 
3.2965E 00 2. 18921! oq 
3.5009E 00 2. 02251! 04 
3. 7074£ 01) 1. 8900F. 04 
3. -.o61R oo 1. R3 76P. 04 
4.1528£ 00 1.131101! 04 
4.115QO!! 00 1. 80611! OQ 

4.7521E 00 1.11ME 04 
5.0422P. 00 1. ~q48F. 04 
~.]459E 00 1. 4651F. 04 
5.6453P. 00 1. 3469?. 04 
~.qlROP. on 1. 1qqqp, nu 
6. 2 542E 00 1.on1~ 04 
6.5557E 00 9. 0711E 03 
6.8390F. 00 A. 3454P. 0] 
7.2J52E 00 7.4469~ 03 
7. 7365E 00 6. 3201P. 03 
8.2364E 00 ~.3A67E 03 
R.7578E 00 4. ~216E 03 
9.2613E 00 .l. 52~1F. Ol 
9.7411£ 00 2. E917P. 03 

PLOl I 
L!THARG! 

6. 7905£ 04 
7.0731£ OQ 
6.1129£ 04 
6.6124£ 04 
7.5310£ 04 
6.J230E 04 
5.7790E 04 
6. 2000! 04 
5.1410£04 
4. 4723E 04 

0/0 EBBOR 
JBTERIAL EITEPIAL 

1. 1q 
1.4A 
1.59 
1.50 
1. 54 
2.11 
2.09 
2.18 
2.74 
3.14 

0.59 
0.74 
0.80 
0.75 
0.11 
1.06 
1.04 
1.09 
1. 37 
1.67 

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

Fig.· 5. Cont 1d 
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O'JTP:JT SPECTRO~ 08DP.REr> P.Y DET?.CTOR 

RONS 1459A(RKGD H~~A),SF-2•(10 AT•); U60A(BKGD U608),SP-26(J AT"); 
1461NA(eKr.o U61~A) ,SP-2~(1 AT~) A-CALTe(1461C-14610(1 AT")); DET 460C" 
vN CL AFllINO SP~C ,OD NI21J I~P'IT SPP.r:T3U.,=777J3,C ON 2/28/70 :HC.~01 

P.~PRr.Y qo11~n1qy P.T If'( evvnv 
(~?.V) (N/ (C"2•S•"F.V• KW)) (?EBCENT) 

1 0. 05 7 c 0.0618 q.AJ1q?. o~ 1. 76 
2 0. 06 78 0.0786 q.H061P. o~ 1. 94 
3 o. Q7% 0. O a JO 4. 5 76q?. 05 2.96 
4 o. 09.10 o. 1 002 2. 7269'. ~5 4.97 
5 0.1012 0. 1 290 u.uq59~ 05 2. 71 

1 ~ o. 1290 o. 1524 1. 7236E 05 3. 01 
1 o. 152 11 ~- 1 79•1 2. 19q5e or, 4.~o 
1 ~ o. 1794· n.2100 2. )A()5~ o~ 4.45 
2 1 o. 152~ 0. 1797 2. 1724£ 05 2. 24 
2 2 0. 17 9 7 o. 2 114 2.2~u0F 05 jl,()R 
2 J 0. 21111 ~- j/176 J.H12E 115 1,'lf'J o. ~ .. .,.(, thi!'12'1 !. ,0!1; .. oi I. I~ 

o. 2929 0.3427 2.2640F. 05 1. 78 
:!. u. J11:r1 !J. 'I 01 'l 1. 92)')~ n; 1.ao 

1 0. 2%4 0.350• 2. 1036?. 05 1. 19 
J 2 O. J50A !l. 4 U51 1.A747~ 05 1. 48 
3 J o. 4051 0. 4 776 1.~8AO~ 05 1. 59 
J l o. 4 7 76 0.~6A3 1.2676E 05 1. 50 
3 5 o. 56 q~ 0.66RO 1. 2210~ OS 1. 54 
) 6 0.6680 0.7767 ~- 76~QF. 04 2. 11 
3 o. 776 7 o. ~ 21 q 6. 8215£ 04 2.0° 
1 G o. n1~ 1. oq4q 6. 1931~ 04 2. 1A 
3 1. 0849 1.27~2 U.3660E 04 2. 7 4 
1 10 1. 2752 1 ,492? J.2Jq1E 04 3. 34 

OUTPl!f SPECT~ll~ ORDERED BY EN~3GV 04-04-•0 

R!l~S 145~A(8KGO 145~A),SP-B(10 U".); 1460A(JKGD 14608),SP-26(3 AT"J: 
1461NB(RKGO 1461NA) ,SP-25(1 AT,) A-OLTB(1461C-14610(1 AT")); DET 460C" 
o~ CL RPMINr SPEC ,'l(l Nf213 INPIJ'!' SPECTR0"=7773U,C ON 2/28/79 :HCA01 

£NF.RGY 80UNDA~Y PLOX P.OBtlP 
(~P,V) (N/1c,2•s•,gv•~1111 <na~e~Tl 

1 o. 05 ?0 O.IJ6H 8. B JJRE I)~ 1. 7fi 
i o. 06 7• o. o 7e6 9.•0~7? Ofi 1. 0•1 
J o. 07q6 O.Oa3o 4.57&8E o~ 2. 96 
~ n nq1n n 1097 7 ?76q• n~ " q7 
5 n. 1oq2 o. 1290 4.U959P. 05 2. 71 

6 o. 1no ~- 1524 '· ~ 2l0[ 0, J-01 
7 J. 1524 1. 1704 2. 1996P. 05 4.90 

0. 152~ o. 1797 2. 1724~ o~ 2.24 
q o. 1794 0.2100 2.3~05~ 05 4.45 

10 o. 1707 o, 2 114 ;1,Z~OQ~ Q~ 2.Qq 

II 1L 2114 1"1. 2U't\ 2.Hi2r. (I~ i. 9~ 
17 0.14?~ ~. 2 92~ 2. 902UE OS 1. 39 
1J 0. 292° 0.)427 2.2640~ 05 1. 78 
14 o. 2qou ·J.BO~ '· ill"l~r. o~ I. 1~ 
15 0. 34 ?7 o. 4015 1.0239E 05 1.~n 

1~ 0. 350~ n.4051 1.e747E 05 1. 4~ ,, 
U.4U~1 U.4 I lb 1.JMMO! 11~ 1. 59 

1~ o. Q776 o.55q3 1. 2676~ 05 1. 50 
M 11. l\P.~' 1"1. ~~A1"1 L .J..J 11'.tli: 1,19; ,_..,,, 
2n 0. i;5 AO o. 7 76 7 q_ 7609E 04 2. 11 

21 o. 7767 o. 9 219 6. e215~ 04 2.09 
22 0. 921A 1. 0849 6. 1'131E 04 2. 1R 
23 1. OR49 1. 2752 4. 3i;5oe 04 2. 74 
24 1. 2752 1. 492? 3.2381e 04 3. 34 

Fig. 5. Cont'd 

~' 



C-17 

PLOTTING co~"ENCINr. 

••••· DISSPL\ VERSION 7.5 ••••• 
NC. OF FIRST PLOT100 

PLcr NO. 100 WITH THE TITLE 
SPECTRU" ~ODIF!ER SHIELD CONFI~URATTON~ 

~AS ~EEN CC,PLETED. 

~LCT ID. ~HOS 
?LOT 100 12.SQ.01 F9I q APR, 19P~ J09=JOJPLT1 • ORNL DISSPLA V~R 7.5 

~AU FOR PLOT 

~C. "I~ <:IJ~VES OPAWN 

HORIZ. A~IS LENGTH 
VERT. UIS LENGTH 

~ .. 'l I NS. 
&.O INS. 

HORIZ. OH~IN O.QOOO'l-01 VERT. OFI~!N 0.2000E 05 

~OBIZ. UIS LOG 
<:TCL~ LE~GTH 5.00 I~S./CY<:LE 

HRT. AUS LCG 
CYCLE LP.N;TH J.53 INS./CYCLE 

LOC\TION OF CURQENT PHYSICAL ORIGIN 
• l= 1.50 T= 1.00 INCHFS • 

PRO" LOWER LEl'T CORNER OF PAGE 

ERD DISSPU -- 18J5 VECTORS GENERATED IR 

Fig. 5. Cont'd 
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JRNL-DWG-80-12243 

SPECTRUM MOD I Fl ER SH I ELD CONFIGURATION 

RUNS. 1459A.1458A, 14,60A .14608, 1461NB, 1461N A./ # J 0 J HCA01 

10
6

-----.------........ --------------------------..----------------

............. 

............. 

3 
~ 

* > v 
~ 

* (/] ("') 

* 
I _, 

('I (X) 

E 
0 
~ 

10
5 

"'-.... 
c 
~ 

x 
:::> 
_J 
u._ 

2•1d~---.------....... ----------------------------------------~ 4*1Cf
2 10-1

- -10° 
NEUTRON ENERGY (MeV) 

Fig. 6, Final Spectrum Plot from the SPEC-4 Sample Problem. 
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Appendix D 

Listing of the BENJPLT Program 

• 
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D-3 

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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c 
C B E N J P L T -PLOTS 9ZNJA!IIN COUNTER SPECTRA OUT OF SPEC4 CODE 
c 

CO,!ION/PASS/PAGEX,PAGEY,XPHYO~,YPHYOR,HITE,INAl'IE,IAXIS,YAIIS, 
1 NLINE,IHT1,IUT2,~CNT,NP~!,NTITL,'ILABL,NPT2 

DH!F!NSION IDENT(1<l) 
NCAS E= 100 
nLL CC!IP!lS 

998 RRAD(5,501,END=9qq) IDENT,NCNT 
CALL CONTRL(NCASE) 
NC~Si,,llCAS1i'•1 

GO TO 99q 
99'l C.UL DONEPL 
50 1 FO ~I'! AT ( 1 q A 4 , I 4) 

STriP 
EllD 
SUBROUTINE CONTRL(NCASE) 

C CONTRL PERFORl!S ALL THE CALLS TO AND FROl'I TTIE SUBROUTINES 

COl'll'ION/PASS/PA~EX,PAGEY,XPRYOR,YPHYOR,HITE,INA~E,IAXIS,YAlfS, 
1 NLI'IR,IHT1,IHT2,NCNT,NP~X,NTITL,NLABL,NPT2 . 

DIMENSION EBD(60,3) ,FLX (6:1,3) ,ERFLX(60,3) ,NPT(3) ,TITtE1 (15) 
DHIE'ISION TITLE2(15) ,XLABP.!L(7) ,YLABBL(7) ,XVEC(120) ,YVEC(120) 

C SET DE!" AULT A ND RF.AD CONTRCL ?ARAt1ETERS 
t; 

r. 

PA,:;EX= 11. 0 
!'AGEY=!l. 5 
!PHY0!!=1.5 
YPHYOR=1.0 
lfITE=O. 18 
INA~ E-= 100 
XAXIS=B.5 
Y.11.l(I 5=6. 0 
NLINE=2 
IRT1=-3 
IHT2-2 
IF (NC~'!'. ~:!).O) NCNT= 3 
NP~X=60 
N'l'T'l'T.= 1'i 
%P.BLm7 
NPT2=1iO 
CALL DATRD(EBD,FLX,ERFLX,N~t) 
CALL SCALE(EBD,FLX,F.RFLX,NPT) 
CALL PLTSET(F.BD,PLX,ER!"LX,NPT,NCASE,TITLE1,TITLE2,XVEC,YVEC) 
R":<rU RN 
END 

~un~OUTIN~ GCALB(IlOD,PLK,B~PLK,NPT) 

C SC~LE C~LCUL~TES THP.! ~INI~Ul1 'r.D ~AXI .. U11 VALUF.S OF THE INPUT DATA 
r: 

C~~!ION/PASS/PAG~X,PAGEY,XPUYOR,YPHYOR,HITE,IHA"F.,XAXIS,YAXIS, 
1 ~LINF,IHT1,IHT2,NCNT,NP!IX,NTITL,NLA!lt,NPT2 
C~"~ON/LI~IT/X8IN,!ltAX,Y~IN,Yl'IAX 
DTl1ENS ION EBD (NP .. X, NCNT), FLX (NP11X, NCNT), ERFLX (Nl'l'IX, NCNT) 
OIM~NSION NPT(NCNTI 
X!IIN = O.OU 
X!IU = 2.00 
Y;Htf=l"LX (1.1) "'(1. 0-ERPLX (1 1 1) /100. 0) 
Y'."!AX=PLX (1, 1) * (1.0+ERFT.X (1. 1) /100.0) 
DO 20 K=1, NCNT 
II= N PT (K) 
DO 3 0 ,J= 1, :r.t: 
FAIGH=FLX(J,K)*(1.0+F.RFL!(J,K)/100.0) 
PLOll=FLX (J, K) * (1. 0-ERl>L X (J, Kl /100.0) 

Fig. 7. Source Listing of the BENJPLT Program. 

(' 



c 

IP(PHIGH.GT.YKAX) Y!!AX=FHI~H 
IF(PLOW.LT.Yl'IIN)Y,IN=PLCW 

30 COHINOE 
20 CONT J"NU E 

YKU=Y1!\X* 1. 11) 
Yl'IIN=Y !'IIN• O. 90 
R"P.'!'URN 
!"ID 

·• 

0-5 

S!IBROUTINE DATRI'( Fi3D, PLX, ERPLX, NP'!') 

C DATRD IS OSED TO READ THE HYDROG~N SPECTOA DATA PROP'! C\RDS 
c 

c 

c 

c 

C011!!0N/PASS/PAGl'!~,PAGP.Y,XPttYOR,YPHYOR,HITE,INA'.1E,XAXIS,YAXIS, 

1 NLINE,IHT1,IRT2,~CNT,~PKX,N'!'ITL,NLABL,NPT2 

DTl'l~NSION EBD(NP,~,NCNT),~LX(NPl'IX,NCNT),~nrLX(NPMX,NCNT) 

DI11l'!NS YON ·rn (21J), N!>T (NCNT) 
WR!TP. (€,600) 
no 1 o I= 1, J 
READ(5,5t)1) ID 

1() IHHTF (6,601) JD 
WRTTE(6,602) 

DO 100 "'.=1,NCNT 
READ (5,502) NPT(K) 
NPQ= N!>T (K) 
NPT1=NPT (K) +1 
RU0(5,503) (F.Bn(I,K) ,I=1,~P1'.1) 
READ (5, 504) (P'LX (I,!<), I= 1, NPQ) 
READ(5,503) (ERF!.X(I,K) ,I=1,NPQ) 

110 CONTINOe! 

DO 2'l0 K=1,NCNr 
WRITE('i,603) 
KN = NCN"!' - K • 
KK = ~PT (KN) 
DO 21)0 .1=1,KK 

201) WRITE(li,604) .l,l'.:~D(J,KN),·EBD(J•1,KN) ,FLX(J,KN) ,EBFLX(J,KN) 

'3l>1 FORMAT (20A4) 
502 FORl'IAT (I3) 
503 FO!{!!AT(10P8.4) 
!:04 FOll'!AT(3X,6E12.5) 
600 POR!'IAT (1111) 
601 P03!!AT(1H ,20A4l 
602 F~R~AT(1H0,7X,2H N,5X,15ttENERGY BOUNDARY,13X,4HP'LUX,16X,5HERROR,/ 

1 20 X, 5H (P'! EV) , 12X, 1 RH ( N l(C'.12• S•'.'IEV• KW) ) , 6 X, q H (PERCE NT)) 
60J F0Rl'IAT(1H) 
604 rnqMlT(1H ,ix.I2.6,,F6.~,3X,P6.4,10X,1~e10.4,10X,OPF7.2) 

RETURN 
END 
SflBROUTINP. PL TSE~ ( P.B D, F LX, ERFT.X, NPT, Nr. ASP., TITL El, TITL.E2, XVEC, YVEC) 

C PLTSET PERPOR ,.S PLOT SETUP AND EXECUTION 
c 

co~~ON/PASS/PAr.F.X,P~GEY,XPHYOR,YPRYOR,RITE,INA .. E,IAXIS,YAIIS, 
1 NLINP.,IHT1,IHT2,NCNT,NP~X,l{T!TL,NL~BL,NPT2 

CO,.l'ION/LI~IT/X~IN,X~AX,Y .. IN,Y~AX 
l')I~E NS ION TITLP.1 (NTITL) ,TITLE2 (NTTTL), XLABEL ("'),!LABEL ( 11) 
DI~RNSION EBD(NP~X,NCNT),FLX(N~~X,NCN~),ERPLX(NP~X,NCNT) 

DI~BN!:iION NPT(NCNT) ,XVEC(N!>T2) ,XVP.C"(Nl:'TL) 
!:>.PiTA XLABEL/4HNF.UT,4HRON ,4HEl{ER,4HGY (,4H () ,.(,4HE) V) ,4H$ / 
DATA YLADEL/4HFLOX,4H ((l{,4H/(C,,4H!BH0,4H.5(2,4R!EXH,4Hl(*S, 

1 411•)1'!(,4HE)V(,4rI•K)W,4H))$ I 

Fig. 7. Cont'd 



c 

!tf.\D (5,501) TITL'P.1,TITL1:2 
CALL SGMPL (NCTiSF:) 
WRITE(6,601) 
llRITE(fi,602) Xl'IIN,XMH,YIUN,Y!'IAJI'. 

D-6 

60, l'O, IHT ( 1HO , 11 x, • x II TN I , 1 s x, • X!U x. , 15 ;(,. Y1'1I N. , 15 x, I y l'I A I I,/) 
60 ? 1"0 R !'I AT ( 1 H , 1o4 (1 X, F.1 2. 5) l 

C\LL P\GE(PAGF.X,DAGEY) 
C~LL PHYSOR(XP~YOR,YPRYCR) 

CALL GRAC!(0.0,0.0) 
r:HL HEIGHT (HIT?.) 
r;'l\ I.I. HUNG ( 0. 0) 
CUL SIJl!PLX 
CALL IHXAL F ( 1 L/CSTD 1 ) 

CALL !'IX3ALF( 1 INSTRUCTION',1H!) 
CALL TITL~ (1H , 1, XLABEL,I,.AllE, YLASEL,INA!'IE,XAXIS, YA XIS) 
CALL HEADIN(TITL~1,INA~E,IHT1,NLIN!) . 
CALL H!ADIN(TITLE2,INA,E,IHT2,NLINE) 
CUL ALGPLT (Xl'II~, '!C1AX, X AXIS, XOR, XC) 
CALL ALC:PLT(Yl'IIN,Yl'IAX,YAXIS,YOR,YC) 
CALL LCGLOG(~CR,XC,YOR,YC) 

C'~L V!IPR~(XAXIS,YAXI~) 
CAI J, ltJSTP ( EBD, FLX, ER'PL X, NPT, XVEC, YV ~C) 
C.l\LL Et40PL (NC ASE) 

501 ~OR~UT(15A4) 

RP.'1'0RN 
ENlJ 

SUBROUTINE DTIFRM(XA,YA) 

C DTIFRl'I WILL PRAME THl'! PLOT AND AnD TICK ~ARKS INSIDE THE BOX 
c 

TSIZE=O. 10 
CALL FRAl'IE 
CALL DLNK1 (0.0,XA-TSIZE,0.0,YA,0) 
CALL C:RID(O, 1) 
CALL RESET( 1 BLNK1 1 ) 

CALL BLNK2(0.0,XA,0.0,YA-TSIZE,O) 
CALL GllI0(1,0) 
CALL RESP.T (' BU!<2') 
Rl'!TITJlN 
l!N!) 

SOB ROfJT INE III STP ( El:1D, FL X, F.l'IP Llt, N'PT, 1.Vf!C, Y V l:'.C) 

C ~ISTP SETS THE INPti! DATA IN A FOR~A~ YUH ~LSTU~MA~ PLOTTIMG 
c 

C0"1MON/PASS/PAr,EX,~AGEY,XPHYOR,YPHYOR,HtTF.,IHAl'!E,XAXIS,YAXIS, 
1 NLINE,IHT1,IHT2,NCNT,NP"IX,~TITL,NLABL,NPT2 

DT"IENS ION EBD (NP,..X,NCNT), l"LX (NP!H', NCNT), NPT (NCNT), XVEC(NPT2) 
fJI"l~H.5IOtf TVEC(''l"T2) ;DlHLl(llPl'IK,HCNT) 
f)r) 40 K• 1, !'ICN'f 
LL=NPT (K) 
DO 50 J-1,LL 
XVEC (2•J-1)=F.RD(J,K) 
XVEC (2•J)=F.BD(J+i,K) 
YVEC (2•J· 1 )'"'PL1C (J 1 K) 
YVEC (2*J)=PLX (J,K) 

~ll Ct.JNl'lNU:": 
CALL CORVE(XVFC,YVEC,2*LL,0) 

40 CONTINUE 
DO 6 0 K= 1, !fC NT 
l'!"l=NPT (K) 
[)(') 6 0 J = 1, !'!!'! 
Jl!'la (EBD (J, K) +EBO (J+ 1, K)) /2. 0 
FHI= FL X (J, K) * ( 1. 0 + ~R FL X (J, Kl I 100. 0) 
FLO=~LX(J,K)*(1.0-EP.PLX(J,K)/100.0) 

C~LL RLVF.C (E11,FHI,El'!,l'LC,0) 
fjl) CONTIRTTE 

RETURN 
ENO 

Fig. 7. Cont'd 
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0-7 

iow~ i459A,58&,F.OA,601,61NB,61WA; sr!C PIOD OHLY/IJOJHCA01 
RUWS 14~9l(BltGD 14581.),Sl"-28(111 UPI); 1460A(BltGD 1!l60B),SP-26(3 l':l'I); 
11J61MB(BltGD 1116 1 In) ,SP-2"(1 AT!) A-C:UIE(1461C-14611')(1 ATll)); D!T 460Cll 
OW Ct B!RIWD SPFC PIOD ~!21~ I~PO! SPEC~BU~•7773B,C OR 2/28/79 :RC&01 
10 tl~l PCIMTS ~HIS ~nN 

0.29611 0.3S08 0.40S 1 0.11776 0,5683 0.6680 0.7767 0.92,8 1.0849 i.2752 
1. 119 '.21 

2.10,60E OS ,,87468~ 
F.e21119~ o4 6,19307! 
1,19 1,118 1."i9 

6 tA!A PCIR!S TRIS FUN 
0.1"i2S 0.1797 0.2,1'l 
~17243~ OS 2.28001~ 
2.24 2.oe 1.9R 

8 tA~A PCIRTS ~RIS ~U~ 

OS 1,38804Z 05 1.26759! OS 1.221001 05 8.76993! 04 
Q4 Q.~6602R 04 3,238091 04 

1.~o 1.54 2.11 2.09 2 .18 

0.2476 0.2929 o.3427 o.4015 
05 2.361,7! OS 2.90238! OS 2.26•001 05 1.9239•! 05 

1.39 1,78 1.90 

O.O"i70 0.0678 Q,0786 0,0930 Q,1092 0.1290 O.~S24 0.179• 0,2100 
8,83383~ OS 8,80671~ 05 4,S7682E OS 2.72687! 05 11.49591! 05 3.723628 05 
2.1sc;sn OS 2. 3RO!l9:: O"i 
1,7€ 1,9'l 2.9~ 'l.97 2.71 3. 01 

SPECTRO" llCDIFIER SHIELD CONFIGU~ATIOIS 
Rnws 14S9A,1!lSAA,~460\,14F.OB,1461WB,1461~l/ IJOJHCA01S 

Fig. 8. Listing of Input Needed for BENJPLT . 
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