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K-EDGE DENSITOMETER (KED)

USER MANUAL

by

James K. Sprinkle Jr. and W: hcr J. Hansen

ABSTRACT

In 1979, a K-edge densitometer (K.ED) was insudled by the Safeguards Assay

group fkom Las Alamos National Laboratory in the PNC nqmcessing plant at

Tokai-mura, Japan. It uses an active nondestructive assay technique, KED, to

measure the plutonium concentration of the product solution. The mcasurcmcnt

uncertainty of an assay depends on the count time chosen, but can be 0.5% or bet-

ter. The computer hardware and software were upgraded in 1992. This manual

describes the operation of the instrument, with an emphasis on the user intcfiace to

the software.

I
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KED USER MANUAL INTRODUCTION

WELCOME TO THE K-ED~E In this chapter, you will learn
DENSITOMETER

“ how this manual is urganizd
● the measurement principles of the densitometer,
● how to start up the system, and
● guideli~s for the menu operation.

GENERAL

AUDIENCE

This document describes the operation of the K+dge densit-
cxneter (KED). Other related manuals= the KED Haxd-
wam Manual, the KED Software Manual and manuals for
the commercially available components and modules. Addi-
tional information, including the results of measurement
campaigns and pformance evaluations, is in the references.

lhis manual is divided into thnx parts:

● lle fnt part (Chaps. 1 and 2) intrcmiuccsyou to tie
KED, provides an oveniew of the features, and tells you
how to get started The options in the shti menu will be
discussed This inclu&s how to request a measurement
and how to printout the instrument’s activity logs. It is
written for the ~rators who use the instrument rou-
tinely.

“ The second part (Chaps. 3 d 4) explains the options in
the full menu. This pan is intenchx,lfor the instrument
supervisor the operator who is to be the resident expem
It discusses tile mmiiatle wivancexloptions, which may
require more knowledge fbr proper use. Fm example,
you will Ieurt to print and edit the pammeter file and the
calibration Option.

“ The third part (Chaps. 5 and 6) contains the analysis
physics imd instrument settings. You will Iea.mabout
calibration procedures and trouble shooting. It is
intended to be a rc,sourceof additional information.

“ Them might be a README.KED file on the computer.
This updates t.hcdocumentation af!er the user manual has
gone to prim.

2



KED USER MANUAL INTRODUCTION

MEASUREMENT TECHNIQUE ‘h KED measurestk ccmccntrationof plutoniumsolu-
tions. Itprovicks pmciscaswys ofmlutions&50@m
5(NI(#L m result is intkpncknt d the quanti~ of other
elements in the solution, but h methmircquimsthatthem
k no suspended solids a brbblcs. Two msulta arc com-
putOd-‘IIEyam equivaht fm the typical productsolutions
b the Tokai-muraplant. T& “cxtraplatcd” rcsuh is bet-
ter if tbre arc ~ cmccnuations of other nuckar matmials,
such as 100@ of uranium.

W KED instrumentmcasum plutoniumconcentrationby
monitaing h transmissionsof two gamma rays thatbracket
k plutoniumK-abscqxicmcc&. This is possible because
in general the gunma-ray aansmission duough a fixed sam-
pk inmases as the gamma-rayenergy inmeases. However,
wlmnthe imwing gamma-raymergy passes an absaption
*. tk transmissionalnuptly C&CaScs. m energy of
& absmption-s is ~ to -h ckmnL
Selenium-75 pmvkks agtumnarayof 121.1 &V and ‘7(33
ea~mmyofl~.1 kcV; thcscbrackctthe
plutoniumK-edge at 121.7 kcV.

“h KED uses a * fitting protxss with response funclions
to cktcrmk the inMWics of the cksimd gamma rays. Self-
calibmtionof the response funclion parametersis prfbrrncd
duxingthe measurementswith no sample pmscnt.

MEASUREMENT PROCEDURE An assay consists of two independentconccnwationmca-
smemcnts. Tlw results must be Lonsistcnta else the sample
is checked fcx bubblesand then measmd a third time. Each
conccntmtion mcasumnmt Itquircs the use of two gamma-
fay transmissionsources. Thm’cfotiian assay consists of
either fouror six data acquisitions. The self-diagnostics that
the ICEDpfams on c.uchmcasummcnt am described in the
appendix.
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MEASUREMENT PROCEDURE on a priodic basis, tk intcnsi~ of k transmission!mms
(Comt.) is mcasmd with m sample in the assay position. The

%r8ight-thrcmgh”matsurcmcntsyicklnctpcak arcasthatam
udastlECknominaW in the tmnsmissitmcakuhions.
n Stfaight-rhluugbm ummenrsmaybe chmen to occur
autanaticdy cad day at ~~ hoursor by operatorrcqmiL

Mditionalpcriodk mmsUrunentsammfdctovcrifypmper
instrumentmspnse These maybe @cxrncd without a
sample, m with stable, well-known items.

STARTING THE SOF1’WARE To ~ fi’omsystem halts or other *VUC problems, use
the Clrl-altdclctc Canbinahh (XPOW * Cullputlr m fm
10sandthcnonagain. Tltcprodurc totumonthcpowcr
isintk KEDHardwaxc Manual.

‘m Complm will auamakdyslatt tklcmsoftwc
wbcnitispowrcdup. ~start-upproccm takcalor
2 min. If the computer is not running* software, the
KEDwftwarccan &star4bytyping

CLxmKAx-]
KED[ENTER].

The fnt screen on tk CRT will be the one shown below.

.,

LOS ALAMOS NATIONAL LABOFWTORY

I K-edqe Densitometer at Tokai-mure, Japan I

“Version 1.00 1

Release November 9, 1992

Enter date (MM/IID/YY) 11/09/92

Fht. er time (HH:MM:SS) 12:25:5E

Adlust. t.hu system Date 1 f. necessary
[ 1 to pariirnct.c.rs [F1O] to saw IEsc] ! u c:tincwl /(*xlt

s



STARTING THE SOFTWARE The date and time can b adjusted if necessary. When the
(cont.) date and time arc~ push the F1Okey. The computer

will theninitializ the Canbcna S1OOMCA.

Initialization If the initialhtion of the computer-MCA communications is
not successful, the oprator is prcscntcd with t.k following
red dialog box:

Faiiure To Initialize

ERROR

MCA not responding
Continue without MCA operations
Retry MCA connection
Abort KED software
Switch MCA Board number from 1 -> 2

ff the M(2AC&IUIOtbc initim

first,try a software reset: type ctrl-altdclctc. This will
cause the system to reset the dcviccs on the cunputcr back
plain and then rcstm the computer operating system.

second, try a hardware reset: power down the computer,
wait 10s, and power up the computer.

did, make sure the S-100 is configured correctly and seated
in the back plane slot commly.

The last choice, switching thr MCA board number, is not
used on this implementation. The KED uses MCA board
no. 1.

TIE program tics to initialize the printcn an crm message
appears if the printer is off or off-line.

[f the dtita bases arc not fmm~ the softwurc wili cmatc thcm
und provide n wurning rncssuge.

If Ihc initialization ISsuccessful, Ihc KED shon menu will Ix
dispiuycd, as shovm IX1OW.All nm[iuc opcmtions ctin hc

h
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Failure To Initialize sckctcd from this menu. ‘Tlwoptions in the shcnt menu will
(cont.) h diSCUSSCdin Chap. 2.

MENU OPERATION

option SCkctiom

K-Edw Dana!lwrwtar- Short Maw

PLlatuaaauramantq

All other options of the KED system will be discussed in
chap. 3.

The short KED menu is a pulldown-window format with
four headings. The headings can lx selected by pressing the
“kft” or “right” WTOWky.

MEASUREA4EIW 1 ARCHTVES BPARAMETER I MENU- 1
. . . . . . . . . > < -----------

“right” IMTOWkey “kft” arK)w key

Under each heading them arc scvcrxdoptions that maybe
.sckctc.dby using the “up” and “down” a.mowkeys to move
the cursor to the dcsimxloption and pressing ENTER to acti-
vate the sckctd option.

Selecting an oplion displuys a diulog box with [he pssiblc
actions for he option. Ikfwdts arc built in with many of the
inputs; a default response, if onc is nvailuhk. is listed in the
Munk af[cr Ilw question. Ihc opcrtuor ctin modify the
inputs.

7
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KED USER MANUAL INTRODUCTION

Data Entry The operator may coma a response by using the “up” or
(cont.) “down” arrow key. The “home” key will bring the cursor to

the top of the box; the “end” key will bring the cursor to the
bottom of the box. tice the cursor is at the incmect
xesponsc, dw operator carI correct the response.

F1O

F2

ESC

To Stop m Assay

Whenall the entries in the dialog box are correct, press F1O
to have the cunputcr accept the entries.

The R function key is used to show the twceptabk inputs of
the highlighted entry. ~c “up” and “down” mow keys can
move the cursm to the desired inpu~ The ENTER key will
enter the input into the highlighted entry.

The opcram can rccovcr h incomectly selected options
with the ESC key. It will rctum the oprator to the main
menu so the operatcx may select an option.

During the data acquisition, pressing ESC will bring up the
following dialog box:

iAssay suspended !
Quit
Quit with Analysis
Resume Measurement

Moving the cursor to the iIppIvprimeoptionwill enable the
o~rator IOquit or msumc the asmy.

During Mu enwy, the ESC key will bring IIp tic following
didog hex:

n



Darhg Data Emry

(Comt.)
Warning

.:E$C> iS normally used
to cancel all changes

Resume editing
Cancel changes
Save changes & exit form

Moving the curser to the appropriate opt.km will enable the
opcratw to quit or cancel changes.



USING THE SHORT MENU In this chapter you will learn about

● hlcaswl dents
● Archives
● PararnCtcrs
● Menu/Exit

K-Edaobuttonmtw - ~Ort kU

E%==
BsckOrOund
Strdght-Throuoh
MC BIBS
NC ProclBbn

IziKrl I Pam-w I

I

The shmt menu has four headings. Ilcsc will be discussed
in the next four sections.

MFAWJHEMENT ]ARCHIVES IPARAM13EK ~ Mi3’dlJ/EXrr4

MltASIJRttMliNT OPTIONS” Five typx of measurements can be mudc with the K-edge
densitonmtcr under the short menu. These will hc di.scus.sd
in Ihc next five subsections,

MEASUREMENT

Assay
Background
Straight-Through
MC Bias
MC Precision

10



To Stop ● Measurement

CoUnt Times

During arty data acquisition, pressing ESC will bring up the
following dialog box:

Aswty suspended 4
Quit
Quit with Analysis
Resume Measurement

After moving the tumor to tk appropriate choice (Quit, Quit
widt Analysis, or Resume Measurement), pressing crctum>
will cause the selection to b Wivatcd

The precision of a cunputcd result is dcpcndcnt on the
~isions of all of the measurements used to compute the
msuh. Therefm, the ccunt times used for the assay,
straight-through, and background measurements all affect
the precision of the assay. Better precision can lx obtained
with longcf count times, up to a limit of <I.?%.

Count times for the straight-through and background runs
arc used fm c~h assay that follows them until those mea-
surement typs arc mpcatcd This causes the results that
share straight-through data to lx correlated, Background
effects and conclations am usually negligible for the Tokai-
mura product solutions (>2(M)g/L).

Counl times far the different measurement types am setin
the parameter file. 71cy cun bc changed in Ihc edit option
under the pamnctcr heading in the full menu.

“Ilc Assuy Op[iori is used for the meawcment of samples
with un unknown plutonium concentration. Selecting Ihc
Assay Oplion displays the following diuh)g box:

II
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KED SHORT MENU
~~

AuSay

(cont.)

Assay Information
r

Operator:
Sample ID:

Remarks:

The user enters the operator and the sample identification.
Up to 16 characters am allowed for the operator Ill and up to
32 charactersarc allowed for the sample ID. The fust eight
charackrs of the sampk ID am used to creak the tllc name
when spectral data arc written to a disk file. Up to 40 char-
acters arc allowed fcu the remarks. If the information is not

correct in any ftel~ the user may usc the mow keys and the
[delete] key and typ the information agairt. When the
information is correct, press FIO to proceed. Next, the
software will ask the operatorif the sample is in place, ready
for measurement.

cauot Time. It is recommended that the assay count time
be shorter than the straight-through count time, unless the
saaight-thmugh measurement is repeated bcfm each assay.
This will reduce the magnitude of the correlations ktwccn
different assay results. The count til..e can bc changed under
the PARAMETERS Option (See page 33, the Count“rilne
option under the PARAMETERS Option in the chttptcr on
the Short Mcm.I.)

Mmsurcment RcmIltn We. All rcsuhs (peuk areas, errors,
etc.) fnmi BIImcwucmcnts arcwmmmtically stored in the
file

Kl{l) INI.I)A”I’

“Ibis file is to hc distinguished fnm] the ruw dn[a files thnt M-C
diwusscd liilCr.



KED SHORT MENU ●

SpectralData Flte Name. If the Write Data to disk feature
is selcctal (in the Default Option u.mkr the Parameter head-
ing), two data files arc written for each assay, Tlw file name
convention for tach assay is

xxxxxxxx.Snn 7% source
xxxxxxxx.Cnn 57C0 source

wherexxxmxxx = fmt eight characters of the sample iden-
tication and

n = run number of assay.

The run number is automatically increased in increments of
one to prevent ovcnvriting previous data files with the same
file name, for up to 99 files. The software will not check all
output dcviccs, this automatic increment will be applied to
the fit output device, which is expected to be the primary
archive on the hard disk. If the Write Data to disk is
selecti the hard copy printout will show the names of files
written successfully to disk.

Display During Acquialtbn. While a measurement is in
progress, the template that is seen on the computer display
indicates the fxcset count time am! the time remaining fw that
C&Macquisition. Some nwasummcnrs require multiple data
acquisitions. Af~erthe acquisition is finishc~ the display
indicates which calculation is undmvay or if the printing to
hard copy is active.

1“!
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KED SHORT MENU

fhmpla Printout (Normal Output)

Tokai-mura K-Edge Densitanete= NSD

IAEA

Sample ID: mnpty Masureubent Type: ASSAY

@erator: Jaws *asur-nt Date: 92.08.30

Remark: let us try another output format

Straight-Through Date: 92.08.01 Constants File Date: 90.01.01

Live time (Se-75) E 60s Live time (Co-57) = 60s

s~y Of Re9ults
Pu concentration (g/ml)

AMlysis method tested: Simple

Cycle Simple &thod Extrapolation
.------ -------------------- ,-----------------------

1 226.61624 +/- 2.85414 226.R8812 +/- 2.83475

2 228.32866 +/- 2.76485 228.4”)076+/- 2.74800

Average 227,55555 +/- 2.00G0O 227.55555 ./- 2.00000
Z1 0,90 CJ.89

--- Assay C@icn PASSED ---

Thcmed@n@Uouf willalsoincluclcthc nctpcaka.rcas
~cwhcycl.c, titiskfilc~mcs,tiak~r. The
hcadcrincludat!w sample ID,thcopcrator, thcmcasure-
mentdme,aw~ thccoumtimcs.

14
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Ssmple Printout (Normal Output) (cont.)

Tokai-mura K-Edge Densitaneter NSB

IAEA

Measurement Type: ASSAY

Measurement Date: 92.08.30

Constants File Date: 90.01.01

Sample ID: 123456789012

Operator: NAGANO
Remarks:

Straight-Through Date: 92.08.01

Data Files: 12345678.S01

12345678.CO1

a:\subdirec\12345678.SOl

a:\subdlrec\12345678.COl

b:\oct92\subdlrectory\12345678.SOl
b:\oct92\subdireccory\12345678.COl

Live tlrne(S0--75)= 300s Live time (Co-57) = 288s

Energy Isotope Net Peak Area Normalized Area
------- ------- ------- ------- --------- ------------------ -

88.036 Cd-109 158540.0 +/- 408.98 1.00000 +/- 0.00258
121.115 Se-75 44929.0 +/- 231.99 0.28339 +/- 0.00164
136.000 Se-75 163945.0 +/- 416.05 !.03409 +/- 0.00374

Eneryy Isotope Net Peak Area Normalize Area
------- ------ - __________ -------- ------ - ------ --------------

~8.036 Cd-109 150773.0 +/- 398.40 1.00000 +/- 0.00264
122.060 co-57 909976.0 +/- 969.54 6.03540 +/- 0.01720

Simple Extrapolated
--------------------- --------------_----_

Calibration constant (cc/g) 6.12345 +/- 0.12345 6.12345 +/- 0.12345
Sample concentration (g/l) 1.11 +/- 1.49 1.06 +/- 1.42

Long Printout. The longpnntou tisintem.icd fordiagnostic
reports or t.mddcshooting. It @n~sthc intemdamvducs
from Ihc CUICUIWions and the results of each diagnostic test,

Background Ahuckgmund memurement is doncwith nosample inthe
meusumment positionandwith bothtmnsmission smuresin
theshielda lpositim. “~cbuchgf~}und isc(mlputdf(~ullof
Ihcpksused in thcinstnwncm: the Wf.036,the 121,115,

Is
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B~ck#round the 122.060, the 136.(XIO,and the 279.528-keV gamma
(cont.) peaks. It also checks for a weak plutonium signal, using the

59.5-keV gamma ray from ~lAm and the 129.2%kcV
gamma ray from 239Pu. A low background is important for
assays of low-plutonium concentrations, but not for solu-
tions of >150 @. Selecting the Background Option dis-
plays the following dialog box:

/
Background Information

A
Operator:

Sample ID: BACKGROUND

Remar’ks:

v

The user enters the operator identification as requested and
any comments desired waler Remarks. If the information is
not ccxrecL use the arrow keys and the [delete] key and type
the information again. When the information is cmrcct,
press F1Oto prtxeed. NCXLthe softwwxcwill ask the opera-
tor to verify that the sample measurement chamtm is empty:
ready for the background measurement.

Recommended Frequency. ‘I’his measurement technique is
relatively insensitive to background A background mea-
suremem should be done every 2-3 days, if solutions of low
concentration (<150g/L) aw to lx measured.

Count Time. This measurement technique is relatively
insensitive to background, but very short count times for the
backgmmd memmement will ticct the precision of the
following assays. A minimum of XXIs is mcommcnded for
each biwkground measurement.
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Measurement ReNIlts Fite. All results (peak UWM, errors,
etc.) from all measurements are automatically stmed in the
m

KED_D13DAT

lhis file isto be distinguishedfrom the raw data files thatam
discussed later.

Warniog LimiL The background count rates at selected
gamma-ray energies are checked against a warning limi~
which is stored in the parameter file. if a limit is exceeded
the corresponding warning message is printed in each assay
that follows the background measurement. If this happens,
the source of the background signal should be removed.
~ warning will remain in effect until the background mea-
surement is mpated without failing the diagnostic test.

Spectral Data Fite Name. If the Write Data To Disk feature
is selected (in the Ikfault Optiun umkr the Parameter head-
ing], the file name will be of the form

BGYYMh4DD.Bnn

Wtnm YY = year,
MM = month,
IXl = day of the month, and
nn = run number,

Display during Acqu&itiom While a measurement is in
prugmss, the template that is seen ~I he computer display
indicates the preset count time and the time remaining fm that
data acquisition.

17
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Sample Printout (Normal)

Tokai-mura K-Edge Densitaneter NSB

IAEA

Measurement Type: BACKGROUND

Operator: Sprinkle Measurement Date: 92.09.30

Remarks: This is the operator’s remarks.
Constants File Date: 92.09.2EI

Data Files: None
Live time (Blank) = 60s

--- Backg~ound Option PASSED ---

‘I%cmediumprintoutwill alsoinclude the net peak areas.
The lcmg printout will also include the results of the diag-
nostic tests.

Straight Through Astraight-through mcasurerncntisdone withnosarnplein
the chamber and with a dataacquisitionfrom both transmis-
sion SOI.UCCS.The results will be combined with the mea-
surement reSUIL%f.mmsucceeding samples to compute the
sample transmissions for each. The 88.035kcV gamma ray
is again used to normdim the other gamma-ray intensities to
ccmwt for dead time and pileup effects. Selecting the
Straight-Through Option displays the following dialog box:

Straight-Through Information

Sample ID: Straight-Through
Remarks:

lx



Strml@t Throogh ‘Tbc userenters the oprator identificationas rupstcd and
(cont.) any comments dcsifcd unda Rcrnarks. If the infcamation is

ncx~ U* dw amow keys and the [dclctc] ky, and type
the infmation again. When the inf-ation is cmcct,
press F1Oto proceed. NexL the software will ask the opera-
tor to verify thatthe sampk mcasurcmcntchamberis empty,
ready fm the straight-throughmcasurcmcnt.

~mtded Freqwmy. A h!raight-through mcasurcmcnt
is rcquimf at rcgtdar i.ntcmals. llc maximum time allowed
bctwccn straight-through mcasurcmcnts is adjustd in the
parameter file. The hqucncy of straight-through runs is
daily or weekly. The software has the capability to automat-
ically initiate a straight-through mc-aaurcmcntach day at
(XkOOhours. This allows long count times when the instru-
ment is mrrttally *.

Coam T- T%c prcci~ion of the straight-through mca-
surcmcmis mom impcmantthanthe frcqmcy with which it
is dcm. Results !knn the straight-througharc USCCIfor each
assay thatfokws tkm until the Straight-llrough Option is
mpcatcd Successfully. Thcmforc the results that sham
sbaight-duuugh data arc COHCMCd.Each straight-through
mcamrcmcnt should bc run for a long time so that its statisti-
cal precision dots not contribute significantly to the statistics
precision of the trammission mcasummcnt used to compute
an assay result. The straight-tltmugh run should be con-
ducted for at Icast 10(K)to 2(XXIsfa both sources.

Count times fcx straight-duuughtuns am set in the parameter
fik. lltcy can Ix changed in the Fdit Pararmcr Option.

Mcmuremcn[ Rcaults Fk All results (pak areas, cmors,
etc.) from fdl mcusurcmenL%arc Rutomalicdy stmcd in the
fik

KED..DB.DAT

T%is file is N)lx distinguished from the mw duta files, which
am discussed later.

Iv



Warning Llmit& The normalimi count rates from the
121.1-kcV gamma ray (75SCsource) and the 122.1-kcV
gamma ray (57(h source) ate compared to the rates ohtai.ncd
in the previous Straight-lluough mcasummcnt, with a cor-
rection for the half-life decays. If the ratesarc consistent,
the limit is passed If the rates arc not consisten~ a warning
is printed that specifks the offending source, and successive
mcasurcmcnts will include a repetition of that warning. Now
tit the lWCMwill afkt bth Uansmission W3UICEnorm&
id rates. Afl.crany new source is installed, 1~~ T%3c,
or 57C0, two successive stight-through measurements will
met the expected value and confm it.

Spectral Data Fltc Name. If the Write Data To Disk feature
is selected [in the Lkfault Option un&r the Paxarnctcxhead-
ing), the fik name will be of the form

STYYMMDD.CM
STYYMMDD.Snn

Wtm’c YY=ycar,

MM= month,
DD = &y of the month,
C or S denotes tlw 57Co or 75Sc source rcspwtivcly,
and
nn = run number.

20
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!hmph Printout (Normal)

Tokai-mura K-Edge Densitaneter NSB

IAEA

Measurement Type: STRAIGHT-THROUGH

@erator: Willie Measurement Date: 92.09.30

Remarks :
Constants File Date: 92.09.28

Data Filts:None
Live time (Se-75) = 60s Live tinw (Co-57) = 60s

--- Straiqht-Throuqh Option PASSED ---

‘llcmcdiumprinmut wi.llalsoincludcthe nctpcakarcas.
The kmg printout will also include the results of the diag-
nostic tests.

MC-Bh A mcasurcmunt control-bias run is done mgulsrly as part of
the rrwmrcmcnt ccmtrol progmrn. This measurement can be
done with a plutonium foil, a plutonium sample, or a tmua-
lum foil. The use of a tantalum foil fm both transmissicm
sources will provide a result that is very nearly zmo. But
pl~ing a thicker tantalum foil into the transmission beam fm
tk 57C.msource can simulate a plutonium assay, The fol-
lowing dialog box is prc.scntcd after the MC-13itis option is
Xkctcd

J MC-Bias Information

PaF---’



MC-Bias llw opcraux must select one of the sample ID’s that have

(coot.j been previously set up in the parameter file. Usc of the R
button will suggest what choices arc available.

After the mcasurcmcm,the assay result is compared with a
rcfercnm vak stcmedin Lhcparameter fdc. The aamc result
(simpk or cxtrqmlakd) is used for this test as has been
selected for the bubble test. (S- the Assay Crkrion
paramekrs in Chap. 4- EDIT PARAMETERS.) The differ-
ence between the assay resultand the refercnccvalue (in
units of Lhchismcal stamlard deviation of the mcasumment)
is compared to warning and action limits. If tlw warning
limits arc not pasd subsqcnt assays arE accompanied by
a warning in the results. If the action limits arc not passed,
funk usc of the Assay Option is not allowed until the MC-
Bias Option is cxccutcd successfully. A negative value for
the historicalstandardckviation will turnthis test off. Five
mfercncc values arc stcuedin the parameters,-h with a
SarnplcIDm

RecammemdatFre UBCY. An MC-Bias measurement is
rcquinxl at mguhu krvals wirh the maximum tic allowed
bctwccn bias runs being setin the parameter fik. A single
MC–Bias measurement of one of the rcfcrcncc ikms is
recommended to bc dcmcweekly during periods of heavy
U.SCof the dcnsitomc[rr. othcnvisc wc recommend that a
single MC--Bias measurement pmccdc any sample mcasure-
menL$after the bsitome!cr has been idle.

Count Time. The count times arc store.d in the parameter
file, They can Imchanged using the PARAMETER Option.
The count times should bc simih.r to tho,w u.scdfor routine
assnys.

Rdwmm Vdac. The assay result of an M(!–l]ius smnplc
may nctiIx the Nnmcus its acnud plutonium content hcc:tusc
lhc sumplc gc(nnctry is (.liffcmnl from Ituu of u wdmion,
‘llIcmftMc,the foil slNmldlx mcasmrd vm-ypm.ciscly uftcr
cvrry cnlihr~lion Imd lhc rcfcrmx wduc in Ihc pmnmctcr ilc
shoulc!bc Updmdh (her u period of Iimc (w vcml ycnrs) k
quivnlcnl viduc t}fthe foil Inuy Iw known. ‘!lK



Reference Value. (cont.)
mcasummcntresultwill bedirectlydkcted by a change in
the calibration COIWUIL Both foils should be checked this
way.

Hbtorbcal Standard Devlmth. The historical standard
deviation of the foil datais detenninexiby examining results
obtainedover extended periods of time. It should include all
contributionsthataffect the assay with the exception of
variationsin sample depthand sample-vial variations. This
precision will vary slowly with time as the transmission
sources decay.

Warning ●d Actbm LlmiW ~e difference between the
MC-Bias assay result and the foil rcfcrcnce value, in units
of the historical standardLdeviation, is compared against
warning and action limits, assuming nornml distribution,
These limits can k adjusted in the parameter file under the
Meammrnent Control Option.

I Limit
1P

robablhty of Not Exceeding
Limb

&n. waLuut

*1,% tddes v U,Y3W
(N)stdd ev 0,9544

*3.(X’)std dCV
f)() std dCV

nni
YIL

,,..~I

This test is scnsilivc to how well the historical standard
deviation is known. If the proposed standard &via~ion tkxs
not include all long term and systematic errors, this test will
fuil mom often than suggesmd by the table. An cmr of 3(%
in tic historical standard dcviution can change the rcsuhs
from the 4 o Icvcl m Ihc 3.0 Icvel.
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Spectral Dah FUr Name (cont.)

MBYYMMDD.Sm
MBYYMMDD.CM

Wkm W=year,
MM= month of yew,
DD=dayoftkmonth,
cm s Cknotea%0 a we rcqxxtivcly, m:
nn m ~n num~.

Sam* t%latoa~ ‘k pintout is the same as that uaod for
an ASSAY, except that the MeasummcntType is MC-Bias,
and a rnmaagcis @ntai w tk very end of the printoutsmt-
ing wiwthcrM MC-Bias runPASSED or FAILED,

Tokal-mura K-Edga Densitaneter NSB_

IAEA—— —

Sample ID: Ta 7 7 Measurement Type: K-BIAS
Operator: WalZ – Meammirnent Dat’e: 92.08.30

Rerruirka: <up to 40 characters allowecb

Straiqht-Throuqh Date: 92.08.01 Constant.a File Date: 90.01.01
Data Files: None
Live time (Se-75) - 500s Live time (co-57) = 650s

Simple Mt,rapldt(?d
-------------------- -------- ------- -----

C,I11 bra:. Ion const ant (cc/q) fi.12:!4(J 4/- 0.00120 6,4Y?1O 1/- 0.00210
.Samp]c {xmcnnt. r tat 1orl (u ‘A) 200.00 +/- 20.00 ?22. ?7 ~1- 22.22

--- W-11{ S1:IOIIt Ion I’AXE1) ---

‘Mc medium printotu will im4ut~ Ihc net pmk areas. Ii will

also include IIWmcmurcd mmh, the crnpwml rmuh, und Ilw
hiswicnl sInnd,urdkintilm,

?4
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Sampte Printout (cont.)

If the MC-Bias test fails the WARNING or ERROR l.imi~a
messagestaringthetestinfumationisprinted The LONG
PRINTOUT is for diagnostic purpoacs. It includes tlw mea-
sured and expected values of all diagnostic tests.

MC-Preclslo- A mcasurcmcnt control--precision run is &nc regularly as a
part of the mcasurcrncnt control pro-. This mcasurcmcnt
can h done with any .wunplem an empty chamber. The
rnessurwncnt consists of multiple runs as spccifkl in the
parameter fik. Ilw nssny results from these runs arc ana-
lymd statistically to verify thatthenmbrn variations
obscmcd arc consistent with those pmdictcd from counting
statistics. Tlw test can fail in two ways. The fmt mode of
failureis wlm the calculatedv* propagatedfrom
counting statistics is incarecL The formulas for these errors
have been thoroughlytcstd and w do not believe thatthis
potentialsourceof failure is present. ‘k wmnd failure
mock will be because of instabiliticsjn the wuntingckctron-
iw. This is indicated when the obsmmd measurement vari-
ance from rcpcatcd runs is largerthanthe propagated
variance.

Recommended Freqwscy. A mcasurcmcnt control-preci-
sion squcnct is requim.dat regular intctwals with the maxi-
mum time allowed bctwccn squnccs being set in the
pararnmr file. A rncwmrcrncnt control--procisitm run
squaw should be carried out monthly. This test may bc
tumcd off by sclcctirtg a negative value fm the frequency in
the I:AilParameter Option.

(’ount TImc. t%c count times for the T~Scnnd S7C0 duta
acquisitions am WI in the pammctcr file.

Numb of Runs. The numlxr of runs is SC1in the pur:nnc-

tcr file. Allmvcd VUIWSwill hc displuycd when Ihc opcmtor
presses the 1:2humm. Ilw wlcction is msh-ictcd hccausc the
Iimils on lhc chi-squttre test depend ulxm Ihe nmnlwr of
cycles, [n gcncml, u wmdl numhcr of shtm c[mnl time
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N~mber of Runs (cont.)

mcasumrnentscan pass the statisticaltests more essily. A
largenumber of kmg count-time mcastnements is a more
stringent ksL

Warning md Acticm Limits. The standard deviation of the
replicate mcasummcnts is compamd to the standard &wation
estimated from the counting statistics of a single run. The
value of the resulting chi-square/@gee of hcdom is tested
against warning limits at 95% mnfkknce and action limits at

99% confidence. ‘1’k3c limits arc fixed in the software
Failure of* warning limit will cause a warning to be
printedfm cvq succeeding measurementtyp, until the
MC-Precision Option is successfully passed Failure of the
action limit will cause the syskm to notallow assays until
k MC-Frccision Option is successfully passed or a wsm-
ing limit level is achieved. lWs test may be avoided by
sckcting a negative time fcwthe repetition rate.

Spectral Data File Name. If the raw data arc written to
disk, the fik nsmc will

MPYYMMDD.Snn
MPYYMMDD,Cti

Where YY = year,

MM= month,

lwofthcfbrm
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sample rrlmtout (NormBl)

Tokai+wra X-Ec@e Densitaneter NSB —

IAEn

Sample ID: Ta77777 measurement Type: K-PRECISION

Qerator: Jme; --- Measurement Date: 92.08.30

Remark:
Straight-Through Date: 92.08.01 Constants File Date: 90.01.01
Live time

Nmber of

(se-75) = 60s

measurements:

Average result (g/l)

Live time (Co-57) = 60s

X-Pre4Jion Test Sumuary

6

Simple Extrapolated
------------ ------- ------------ ----

200.00

Standard Deviation (g/l) 1.11

Reduced chiaquare 1.00

Analyaia mathod teated: Simple

Error limits for Reduced chisquare
Warning limits fur Reduced chlsquare

-- NC-Precision

222.22

1.00

0.99

>0.11 and <3.09

>0.21 and <2.4!.

@tion PASSED --

ARClllVE!i OPTIONS

~rchivts .-J

An mhivd fik of [tw mow mm 5(X)mcumcmcms is kept
on Ihc sysmn disk. WhcII Ihc Iilc is fall, Ihc oldrst IIICJI
surcmm is rcphmd hy the IWWMmeamcmcnt. “Ilw

1’1
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List AU8y LOS contcntscan & listion tlw opratortmninal, pintcd on the

(Corn.) line prinkr, a written to a file in ASCI1 fcnmaL

When this optim is selcctc4 the fbllowing dialog box is

shown:

List MC Log [

1-”-
List ‘entri6s between two dates
List n entries
List all entries I
Return to main menu I

Afmr selecting cm of these options, amther clialog box will

be ~scn~ wbrc the operator spcifies which output fm-
mat is&sired The following dialog box will be prcscntd if
the opcmtm chooses ● da&range:

List MC Log

Range (dates) From: 53.01.02
To: 92.12.12

Output to Screen: Y
Output to Printer: N

OJput to File: N
File Name:

% user can SCICCIhxnn thmc output dcviccs. Any combi-
nation c;m lx dcctcd. I%my-threechamctcrs arc dlowcd
fm l~ilr Name of the ASCII file.

2U
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Sample Output

Tokai-mura K-Edge Densitometer

Type
----

MC-P
MC-P
nc-P
MC-P
MC-P
MC-P
MC-B
ST
B
MC-P
MC-P

Sample ID
------------

item
item
item
item
item
item
Ta77

St;a~ght -Thr
Background
test
test

Operator
----- ---
Jim

Jim
Jim
Jim
Jim
Jim
Wilber
Hooter
Hooter
Wilber
Wilber

Result (g/l)
----------------
220.40 +/- 0.90
220.00 +/- 1.23
220.00 +/- 1.23
220.00 +/- 1.23
221.00 +/- 1.23
220.22 +/- 1.23
123.45 +/- 12.34

E/S
---

E
E
E
E
E
E
s

123.45 +/- 12.34 S
123.45 +/- 12.34 S

Measurement Control Log

MC
-------

Passed
Passed
Passed
Passed
Passed
Passed
Failed
Passed
??

Failed
Failed

Cycle
------ -

Average
5/5
4/5
3/5
‘/5
1/5
1/1
1/1
1/1

Average
121/121

Date
---------

92.10.02
92.10.02
92.15.02
92.10.0?
92.10.02
92.10.02
92.09.30
92.09.09
92.09.09
92.09.01
92.09.01

llwmeasummenttypc ofAssayisindicatcd inthcfmtcol-
umn. ?’hercsultpintcdinthefourthcdunnisfiorncithcr
the simple mcthal cmthe cxtrapolatd method. The selected
methcdis listcdin thcfifth column un&rthc E/Shcading. E
indicates the extrapolated-method rcsuh was selected.

This option is similar to h List Assay Log Option, but lists

only measurement contrcd measurement t~s: MC-Bias,
MC–Prccislon, Backgrouti and Straight-Through mca-
surcmentsm

When this option is sckctccL the following dialog box is
shown:

List MC Log

List entries between two dates
List n entries
List all entries
Return to main menu

After selecting one of these choices, a dialog box will tu
presented so tie opator can chwsc theouIpuI formals.
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List MC LOE
(Comt.)

List MC Log

Range (dates) From: 53.01.02
To: 92.12.12

Output to Screen: Y
Output to Printer: N

Output to File: N
File Name:

The user can select frm three output&vices. Any combin-
ation can be selected. Faty-three charactm am allowed
for file Name ,4 LfCASCII fde.

Sample Output

Tokai-mura K-Edge Densitometer

Type
----

MC-P
MC-P
MC-P
MC-P
MC-P
MC-P
A
A
A
A
MC-B
ST
B

c
c
MC-P
MC-IJ

Sample ID
------ ------

item
item
item
item
item
item
123456789012
123456789012
123456789012
123456789012
Ta77
St;a~ght-Thr
Background
std 001 002
std 001 002
t.t’?st

test,

Operator
--------

Jim
Jim
Jim
Jim
Jim
Jim
Jim
Jim
Jim
Jim
Wilber
Hooter
Ilooter
NISHIDA
NISHIDA
Wilher

Wi ll)er

Result (g/l)
-.--------------
220.40 +/- 0.90
220.00 +/- 1.23
220.00 +/- 1.23
220.00 +/- 1.23
221.00 +/- 1.23
220.22 +/- 1.23
220.40 +/- 0.90
220.00 +/- 1.23
221.00 +/- 1.23
220.22 +/- 1.23
123.45 +/- 12.34

6.0000 +/- 0.001
6.0000 +/- 0.001
123.45 +/- 12,34
123,45 +/- 12.34

E/s
---

d
E
E
E
E
E
E
E
E
E
s

E
E
s
s

Quality
------ -
Paased
Passed
Passed
Paased
Passed
Passed
Passed
Passed
Passed
Passed
Failed
Passed
??

Paased
Pas3ed
Failed
Failed

Measurement Log

Cycle Date
-. ----- ------ --
Average 9~.lo.02

5/5 92.10.02
4/5 92.10.02
3/5 92.10.02
2/5 92.10.02
1/5 92.10.02

Average 92.10.01
3/2 92.10.01
2/2 92.10.01
1/2 92.10.01
1/1 92.09.30
1/1 92.09.09
1/1 92.09.09
2/5 92.09.08
1/5 92.09,08

Average 92.09.01
121/121 92.09.01

~ist)pti[)nwillall(}w thcuscrtorcvicw all sixofthcmca-
sunmlcn llypcsi nsqucn[iiilordcr, When this option is
sclcctcd, lhc following dialog hox is shown:
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List Measurement Log

(Comt.)

List MC Log A
List entries between two dates
List n entries
List all entries
Return to main menu

After the operatorselects one of these options, a dialog box
will be presented

List MC Log

Range (dates) From: 53.01.02
To: 92.12.12

Output to Screen: Y
Output to Printer: N

Output to File: N
File Name:

The user can select fmn three output devices. Any combi-
nation can be selected Forty-threecharactersam allowed
for Fik Name of the ASCII fdc.
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Sample Output

Tokai-mura K-Edge Densitometer Measurement Log

Type
-----

MC-P
MC-P
MC-P
MC-P
MC-P

MC-P
A

A
A
A

MC-B
ST
B
c
c
MC-P
MC-P

Sample ID
------ ------

item
item
item
item
item
item
123456789012
123456789012
123456789012
123456789012
Ta77
St~a~ght-Thr
Background
std 001 002
std 001 002
test
te3t

Operator Result (g/l)

Jim
Jim
Jim
Jim
Jim
.7im
Jim
Jim
Jim
Jim
Wilber
Hooter
Hooter
NIStiiDA
NISHIDA
Wilber
Wilber

PARAMETERS OPTIONS

Miscellaneous Constants

220.40 +/- 0.90
220.00 +/- 1.23
220.00 +/- 1.23
220.00 +/- 1.23
221.00 +/- 1.23
2211.22 +/- 1.23
220.40 +/- O.9U
220.00 +/- 1.23
221.00 +/- 1.23
220.22 +/- 1.23
123.45 +/- 12.34

6.0000 +/- 0.001
6.0000 +/- 0.001
123.45 +/- 12.34
123.45 +/- 12.34

E/S
---

E
E
E
E
E
E
E
E
E
E
s

E
E
s
s

Quality
------ -

Passad
Passed
Passed

Pas9ed
Passed
Passed
Passed
Passed
Pas%ed
Failed
Passed
??

Passed
Passed
Failed
Failed

Cycle
-------

Average
5/5
4/5
3/5
2/5
1/5

Average
3/2
2/2
1/2
l/1
I/l
l/1
2/5
1/5

Average
121/121

Date
--------

92.10.02
92.10.02
92.1O.O2
92.10.02
92.10.02
92.10.02
92.10.01
92.10.01
92.10.01
92.10.01
92.09.30
92.09.09
92.09.09
92.09.00
92.09.08
92.09.01
92.09.01

Uscradjustablcparanwtersarcwxcsscdwit.hthe pmmctcrs
option. l’lmshort mcnuallowsaccess totwosubsctsof
pammetcrs. Scc Chapter4, Parametcrs0ptions, forinfor-
mationoncomplcte access.

\
Parameters 7
Misceltanams

A
CountTimes

llisoption allows theusertochange somcpararnctcrs with-
out a password. Thcsechangcs amstotiin theparamctcr
file. When thisoption issckckd, the following dialog box
is shown:



InstrumentTk
EfaUlt Rint IX*:

IJncspcrpagc:
Wrik SpectralDatato Disk:

-1:
Z;:. .

- d:
Autanatic Ik@ound:

AUtornak straight-m’Ough:

T&ai-mura Kuigc Densitometer
Namal
58
N
C:kkai

Nom Hour: 22:(M)
Weekly Hour: 23:59

ktrumt Title. This allows the oprator to change fhc
titkdiaplayed onthctoplinc ofthcvi&otcrminal display
Whik tllc Softwareis in Use.

Hat LeveL The printoutIcvcl can bc normal, medium, and

long. Any warning cu cmcwmessages fmm k diagnostics
arc @d fa all pfintout levels.

Nonrtd - The namal-lcvd printoutconsists of a header
section and a rcsuhs accticm,followed by any diagnostic
messages. This will bc the most fiequcntly used output.

Medium - Tttc medium-level pi.ntout inch,uks the net peak

areas in ddit.im’l to the namal outpuL

fang - The long-level printout inchics the rncdiumprint-
out. In ddition, informationfm all of the diagnostic tcsta
is printed.

Debug - 77x &bug-print kvcl incltdcs channel by channel
GutPutfrom the regions used to cktcrrnincthe net peak areas.

Llmw pw pn~. This parameter controls the number of
lines pcr line-ptintcr page, We rcc(mnmend 58 fm a laser
tiler and 64 for a dot mmrix printer.

Write Spcctrsl Dm.a to Diuk. If this vah.!c is chttngcd to
No. no qwxra.1data will k writtenduring any mcnsum-
mcnt. This is Ihe m.cmnmendeclchoice. If this value is



Count Times

Write !fipectral Dsta to Dlak (cont.)

changed to Yes, the dimtorics spccifled in the next four
lines will lx used. TRcrcwill be a maximum of fourcopies
ofcach spral tile writtento dit%rcntdiskUixmcxy
chdccs. A blankin any row wiil indicate fewer copies.
Please note thal writing datati diskette is not a tast process.
@ fdc can be writtenduringthe mcasurcmcnts,and the
multiple copies can k gcncmtd affcrall measurementsarc
complete. Only tk firstdiskklircctosyis chcckai for pmvi-
ous use of the filename. If a match is foun~ the m number
is incrementedto avoid ovmvriting t.hcfmt file.

Automntk Bachgrmmd. TB D

Automatk Straight-Through. T B D

Mthis option is selected, the following dhdog box is prc-
scnud Use W arrowkeys to move to the entry of interest,
then type k new count time desired.

‘hunl Timesm Seconds

Meaauremonl Type Nurnborof No Sours co-57 sa-75
Mea8urernenls

Away 2 500 500

Background 1 300

Straight-Through 1 2000 2000

MC-Biaa 1 300 300
MC-Precision 15 500 500
Calibrate 10 100 100

Ilw numhcr of mcmwcmcms tuktlthe mcmurcmcnt ty~s am
listed for infmmuion pIIrposcs, Nci~hcrcm k chungcd in
this option.

MliN[l/EXIT OPTIONS” ‘Ihwc options nllow Ihc mcr 10swilch hclwccn the long nnd
shw-fmenus or 10exit I% KIH) progrum.

M



MENU/EXIT OPTIONS

(Comt.)

@El

Exit

TIE KED software has two menus:the short menu and the
full menu. Togo fran tk short to tlw full menu mquircs
selecting this option unckrthe M.ENU/EXITheading.
Apprr.wcdcqmatoridcntif~ation is requiredfcx this option to
b exercised (lxvcl 1 privilc~). When the KED is in the
full menu, this opticmbcomcs Go to Shcm Menu; no pass-
WOK!is mquimdto go from the full to tie short menu.

To exit tk KED software, usc tk EXIT opticm. Approved
operator identification is quid for this (kvcl I privilege).



KED FULL MENU

USING THE FULL MENU Lnthis chapteryou will learnabow the options in the full
menu. ‘llw parameter menu will be discussed in the next
chapter.

rAssay

-ground
=ral@t”Through
MC B*
MC Prccldwl
CnlE?alo

K-Edw DumttonWu - Fult~

Z=lfW$5E)IE5B
Wrlta ASCJI Log Ftk
Copy Sfmctrd Fllos
Inlttdlw rww dWotlo I

In the full menu. there arc five object hcudings. AruJlysLvis
ii new hetiing not foumi in the short menu. OIIly options
not di.scusscd in the short menu will hc discussed here,
except that the options under tk pummetcr hcding will hc
discussed in (’h~p, 4,

MKASIIKNMKNT 01’”1’IONS”



KED FULL MENU

MEASUREMENT O~lONS Ilwrc are six options in the measurement heading, one more
(Comt.) than in the short menu: calibrate.

(hllbrmtt 71w Calibration Option is similar to an MC-Prccisicm
Option. Repeated measurements arc pctfmncd on a calibra-
tion solution, and the average result (both calibration con-
stams) is printed cnttat the end of the option. Statistical tests
arc ma& on the mc.asumncnt SCL

OPrrator Emtrlu. In ddition to the usual entries, the
opcmttx is mquircd to enter the plutonium ccmmttration in
gmms per liter. If the uncertainty in he concentration is
entered for the sigma (sample concenwation), the msuh will
incltdc that in the error estimation.

Cahbrate Information
I

Opuattx

Sampk ID:
Sampk Ckmccnuatmn (g/0:

sljqna@/1):
Remarks:

/

(:wnt Tlma and Numbw of (“yck. Wc rccomrncnd
counting long enough so that the unccrtninty in the cidihn~-
tion c(mstnnt is AOUI four times Icss thtin tlw uncertainty in a
typical ltssny, up to (), I %, ‘he count Iimc an he chmqp.i in
the PAKAMI{II{R (lrnmt Time Opli(m, the nurnhcr of cyulcs
ctin lx set in the PARAMIHIN? I:NitI’mamcter Opti(m under
lmalibruti(mtxmstmls.



KED FULL MENU

output (Will.)

infcxmation and was useful as the program was being writ-
ten and fm the initial testing.

Sample Summary Printout.

Measurement Type: CALIBRATE
Sample ID: Pufoil#l Measurement Date: 92.11.05
Operator: Jim Cycle: 5

Remarks : testing tighLor FWHM limits
Straight-Through Date: 92.11.03 Ccmstants File Date: 92.11,05
Live time (S%-75) - 300s Live time (CO-57) - 300s

Calibration Sumnary

Analysis Method tested: Simple

Number of Measurements: 5

Simple Extrapolated
_____--------- ------------

Average Result. (CC/g): 6.0000 6.1000
Standard Deviation (cc/g): 0.0610 0.0600
Reduced Chlsquare: 1.67 1.66

ARCHIVES OPTIONS”
Read Spectrum This option can be used to recall a spmrum frtm disk and

plttcc it into the S l(XHxmrd memory. The file fmmtt is the
format specified by Canbmti for lhc S I(M). ‘Fhis function is
4tlsoavailable under the S I(M)software. It is of little usc
unlcssthc uscrcankx}kat thcspcctrum. ‘llcopcratorrnust
specify thecomplcte filcnamc including thcdisk unit. Scc
the section on Spcctrd Display for dirccti(ms to oh.servethe
qmctm,

‘Ilis option cun lx used to wntc a spmxrum from the S I(M)
mcrmq 10 the disk. ‘Ilc file f(mnul is the fonnnl spcc~ficd

I)y (’IMIIICMI for tk S I(M). “Ibis functi(m is IdsOuvniluldc
under Ihc S I(N) sl)flwnrc, “Ilc user cnn usc Ihr S I(X) w}ft
wnrc m kmk tit the spmma Inlcr. ‘IIIc ,qxmmw mufil spmily
Ihc umnplclc file Immc including dish uni[.
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REANALYZE OPTIONS

~

From Dbh when this option is sckctd * following dialog box is
shown:

Analyals from DiskI
Operator:

Sample ID:
Sample Spectral Files

S9-75:—-..
co-57:

REMARKS:k

‘l’his n~ion mquims the opermw 10supply the sarnpk fik
nsrncs. llw software will search for IJICSCfiles. If the files

am nut fcwti, the software will indica~ which ones need to
lx ent- correctly. We nxxxnmad fhat k opcrwu use
the REMARKS 10qmcify why the analysis from disk is

king done.

lk priItIouI of this upti[rn is ainlilar w Ihc rcguhu assuy; [hc
names of tk fil~ Cmwhich k analysis is IM.scdm
included.



Pe8h Areas This option allows the o~ratnr to detcnnine the peak areas
in a single spctrum stored on disk. When this option is
rcquestc4 the following dialog lmx will be shown:

J Analyze Peak Areas [
SDectrum file name: 1 c:\

Which source: Blank
Vary FWHM coefficients: N

In tlus optitiv, the program will use the sptrum stored in
the mcmmy of tk S 1(XIif the entry for the spcctmm file
name is empty. The opmor can select the blank, 7~Se, or
57co me # infomatim and fitting region” with which

to ana.lyu the spcmm. llc “vary FW1-iMcw~icients” is
not used for the summation mcthud of &tcrmining the net
peak area. If peak fitting is selected for determining the net
peak area, then the opemtor can control whether to vary the
FIVHM cocffiiicnm. ‘k FWHM parameters may all k
allowed to vary, or only the first tenm may be allowed 10
vary, or all FWIiM parameters may be fixed, See the
Appendix for a tIiscussion of u’c FW! [M puramcter
definitions,

4(1



KED PARAMETERS OPTIONS

GENERAL Ln this chapter you will learn these things about k pamme-

tcr menu:

● Hr)wto editptUAUnCtCrS

● How to print parameters, and
● How to print the history of parameter changes.

The parameter fflc is the key to the KED system.

til)l’1” PAkt AMli’1’ttEtS

EE=l
Il%nt Pamfn&s

[,istChimec t{istorv I

“Ilx Miscclluncmus und Count “I”imesOp[ions huve hc.cndis-

cuwxxl in (!hup. 2 as pm of the ~hoti menu, “l”hcAm three

(Jplilms um dIs4wsw.1 txh)w,



KED PARAMETERS OPTIONS

EDIT PARAMETERS
(cont.)

Edit Which %ramoters? i
Peak Information
Peak Fitting Regions
Peak Fitting Constants
f%lHM & Cendds

Measurement Control
-Operator Passwords
Return tn Main Menu

‘The fmt two options use a mm ~ncral format than the
other options. llcy rcquim different values for c=h trans-
mission suumc configuration. Three types of transmission
source cdigumtions exist:

1. Background or no source,
2. 7%% Sc)urcc,ltnd
g, 57c~ ~u~~a

The informatiim in these two options must be consistent.
The -wk ammcs hat the region numlm is consistent

betw-en the lwu options, The other options arc indcpcmht
of the transmission source.

13wh Ihc Peak Information option and the Peak I;itting
Rcgitms opmn list Ihc ~)armctcrs in sprcud-sheet from,

(Jw [hc upumddown amws to ch:mgc hctwccn rows. (JSC
III. UIh imd lcfI um}w keys to chunge hctwccn cells. “1’oedit

tili .Ithrr pimmlcmrs, lhc tumor is moved twtwccn cntricx hy
t!IC tl~l Ullll &)WII II!TOW kcyx.



KED PARAMETERS OPTIONS

Peak lmformation W ~ fitting constants &pnd on which transmission

soum in the Geneva mechanism is being usai. Diffucnt
*fitting pammears am alkmwci to vary for the analysis of
-h source. When the H Infamaticm Option is sclecte4
tk following dialq box wi!l be shown:

Edit Peak Information for
Blank source
Se-75 source
~Co-57 source
Return to Edit Menu I

“fhcuscrsclmsth c~ofspcctmco rrespndingtothc
ppamma to be edited and pressesen=. l?K fdbwing
dialog box is shown wlwn tk 57G source is selected:

Pk holqm M Brmnchi~ ha k lkl lkt I.Jd
No N- Emrgy Ratio Fiml Sumnl For For For

‘1 Cd-l(W SS.036 0,000E+MM) O
2 Co.si

o Y
122.060

Y N
O.LNbOE+fMKl O 0 Y Y N

3 C’O.57 136.471 0.000EHKMJ O 0 Y N N

Notatkm ID tbc Peak hformatiw I)laiq Box. !$everal

fcatumi of the lxutk fitting software arc not ncmswy fbr Ilw
KI?Dand arc not implentcntod in this software version.
Ackiitiunal infommkm is in Appmdix A: - Fitting.

Am FIXCd 10 i%. Not wed in KA!D.
Area Summed with Pk. Mt med in KEII.
Used for Energy, These piks urc U.SCLIfor the energy

colilwntion.
IJ.sul for i~WllM. The.sc pcnh we used for the ~jll]

.Withh I kdf Maximum cdihmti{m.
[Jscd for Shape. “hCSC peuks tire USd for the pcuk

shu~ calitnntimi if the apprqwintc pmmwtcr is SCIunckr the
Peak t;iuing ~onsumts option.

4\



Notation In the %~k Information Dialog Box (coni. )

Peak Flttlng itCgiODS

l%c Used for Energy and Used for FWHM features yield the
values required for thediagnostic tests. See the IWHM &
Ccntroids (Diagnostic Peaks) Option.

If ~ak fitting is being used (see the Miscellaneous Patamc-
tcrs Option), the Used fm Energy, RVI-IM, or Shape
parameters defer to the Energy, -M, or Shap pararne-
te3 FREE settings in the Peak Fitting Constants Option.

Addlingor llektlns Peaks. I%aks arc added by typing at
the end ofthc table; when the F1O key is pushed to ~pt all
entries, the program wiU amtngc h paks in mdcr of
asccndinb energy. Raks can be tilctcd by typing m {0.0)
fa tie pak cmgy. It is important that the itinrmat.ion in
this option be consis~nt with the Mk Fitting Regions
option.

The rcgian ofinterest constants depend on which transmis-
sion soutcc in the @tcva mechanism is being used Differ-

ent peak fitting regions am required fw e~h some. S= the
A~ndix A: Mk Fitting for mm information. When the
Rak Fitting Regions O@m is scl=tc4 & following dialog
box will h s$own:

Edit Peak Fitting Rigiong for:
Blank source
se-75 source
Co-57 source
Return to Edit Menu

Ilw u,scrselects the type of spectra cmtsponding to the
pimimctcrs m h edited and prnscs enter. ‘[he folk) wirlg
diulog box uppctux when the 7s.Scsource is sclcctcd:
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Peak Fitting Regions
(Comt.)

FittingRegion Infarrnation (’sSe source)

Region [Filling Range] [Background 1 Bkgb Bkgd
ems

66.9 89.3 86.3 86.3 a9.4 89.4 5 5
: I 19.7 123.7 119,0 119.0 124. 124. 5 5
3 134.C 138.0 133.5 133.5 13s.5 138.5 5 5
4 277.0 282.0 276.5 276.5 282.5 282.5 5 5

The parameters are explui.rtedin the Appendix. ‘Theyare

c llc boundaries of the peak region for each gamma ray,
● The positions of he background regions around each

gamma my,
“ The number of points in cxh background region, and
“ The type of backgroundfw,ction used to fit the contin-

uum uncha-the gamma ray peak.

Notation Used In the Peak Fittin8 Regions Dialog Box.

All region data arc staed in k piuametcr file in energy units
so thauthey arc independent of the system energy calibration.
One must enkr all four background regions, but they need
not be unque or indepcn&nL For example the same back-
g-mundregion maybe entered twice or two background
regions can overlap. If they overlap, the duplicated points
am used only once in the backgmwnd fitting. If two ikntical
regions are entered, only one set of points is used in the fit-
ting, that is, they am not double weighted, The number of
points per backgmmd region is the same for each region.
The actual number used in the fitting in any given ama of the
spectrum can be adjusted by overlapping the regions or
placing two regions adjacent to cuh other.

.

The types of background functions are rcluted to the TERMS
purarneter as follows.
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Notation Used in the Peak Fitting Regions Dialog Box

(cu’IL)

TERMS Type of Bkg Functicm

1 Horizontal (zero slope) straight line
2 Straight line with slope and intercept
3 Sloping straight line with step function
4 parabola with step function
5 Step function with zero slope

Regions are analyzed in the oder they are listed.

Adding or Deleting Regions. Regions can be added at the
end of the table; when the F10 key is pushed to accept all the
entries, the pmgmrt will arrange “Acregions in ascending
order by energies. Regions can be cklcted by zeroing the
low energy. his impcnta.ntthat the information in this
option be consistent with tie information in the Peak Infor-
mation Option.

Moving Between Cells. Use thr up and down amows to
change between rows. use the tat) and left arrow keys to
change between cells.

Please note that the pk fitting is disabled in this
application.

Peak Idtting Constants Thisoption allows the operator to change the @-shape-tit-
ting constants used in the unalysis. Detailed description of

the peak-shape constants can be found in Appendix A. The
printout for the Fitting Constants (’lpti(xl is shown below:

M
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Peak Fittinc Constants

(coat.)

Peak Fitting Constants

Peak Fit: N
Energy Calibration Constants

Gain (KeV/channel): 0.075
Offset (KeV): -0.0426

Energy Parameters FREE: Y
FWHM Calibration Constants

FWHM**2 = Al + A2*E
Al = 12.12345
A2- 0.025

FWHM Parameters FREE: Y
Tailing Constants

Tall = T[exp(Tl + T2”E + (T3 + T4*E)’8ch))*ro Ilof
T1 (tailing amplitude): -.208425

T2 (tailing amp.(energy)): 0.0010728
T3 (tailing slope): 0.V477

T4 ( tailing slope (energy)): -0.4
Tailing Parameters FREE: N

hJumber of Iterations: 2

In the KED program, the peak shupc determination should
k performed during the 7% pcm.ionof th~ straight-through
run. Pleti - note thut the units are incmriste~t in this

application. The units for the FWHM constants we

channels, not energy in keV. If any of these parametcr$itre
setFREE, thc~ ~achof IIW spectrum types under the Pcuk

Information Option must :;pecify which peaks am used for
the puramemr fit, The initial delcnninm.ion of these pammc-
ters is mti a trivial cxercisc, The Pc.akArciI Op!ion in the

REANALYSIS menu may or may not% useful for those
who allcmpt this excrci,sc. Pletuc mm lhut the peuk fit.

tin~ i.vdisuhledinfllisupp!icufion.

47
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Peak Fit (cont.)

mmmation method. 71w measurement precision will be
smaller for he summation method. In addition, the setup
and mainmmncc of the peak fhang parameters is not easy.
We recommend setting this parameter to No. F%.zse now

kt the peak jltnhg is disabled in h% application. No is
the CAY possible respmse.

Number of Iteratbu h FIL If peak fitting is used, the
number of imraricmscan k restricted The itctntion involves
adjusting the b=kground under the peak(s) by Icmking at the
residual fnnn the fit, then repeating the fitting pmxss.
other applications have sugptcd that no benefits am found
after two m three itcratioms.

FWHM & Centroldu In each sptztmm, specified ~aks am chccktxl fm mdution,
position, md intensity. l’lmsc diagnostic clmcks arc spcci-
ficd with this option. A @ntmt of k diagnostic peak dia-
log box is shown below:

FWHMc Cantcoida (Diugnostlc Peaks)

Transmission
Source
Blank
Se-75
Se-’ j
se-l!)

CO-5”1
CL)-57

Peak Cent roid Limit
Energy (Channel +/- Tolerance)
00,036 1157.1 2.0
a8.036 1157.1 3.0

121.110 1629.0 2.0
L36. C90 1842.5 5.LI
88.036 1157.1 2,0

122.060 1644,6 3.0

FWHM 1~mlt
(Channels)

9.4
9.4
9,9
10.1
9.4
10.4

Des i ted
Prwision (1)

0.5
0.2
0.2
0,2
0.2
0.2

k ccnt,roid limit (pnsition) check is a tw(>sidcd test
kxm.sc the spcclrd con drift in either dirmxion. Ilw Iimils
on k peak ccntmid mu~[ he (uirly tighi when using the
region-of”intermt summwion mcthml m dctcnninc i)u lmk
urw Mausc in the pcuk fitting, he ~rogrum dctenninex dw
cmxgy calibriition fm cuch spectrum. St) if Ihc peak ccmroid
hm chungcd by scvcrd chunml~, the rcsuhing pcuk urc:l
would slill hc Corrcclm



FWHM & Cemtroidm

(cost. )

Operator Passwords

Stabilizer Settlings

(hill
Imak(’hmnd:

Wmhw Wdlh:
Kungc:

!wc:
Yen)

I*A (.%wmck
wilmkWWuhh:

Umllgc:
SIWC”

I’m: I

The limits on the peak ccntmid andFWHM am printed in [he
medium and long printout options.

Oprator pixwword privileges arc divided intr) wo levels,

k’el 1. ~ first kvcl dlOWS the OpC~tOr to change
lxtween tk fuU menu @cquims the opcrata’s name) aml the
short menu (no restriction).

IAVCI z The second level allows the o~rator to select the
Edit Parameter Option. With kvel two privikgc, om can
change the calibration consrants, as well as tlw passwoids

that control access to tlm calibration constants. The Level 2

capability allows the facility to limit wxcss to aiticid fcatums
of the KED software.

The controlsof the stabilizr arc set with this option. Note
that each transmission source amditicm rquircs different
gain-stabili~r parameters, The stabilimr manual &scribes
the parameters.

Stmbiliw Swings

Iw$nnmd

3HY.4
II
0,500
(Xr

11s7
II
(),5(M)
(.hl

.*-75

W.!
17
().5(M)
m

1157
II
(),5(M)
(h

Ii/m&lItluc: WH)

(%-!!7

I H57
II
(),!W)
(h

1157
II
0.S4U)
(h

Pmly: Nmc
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Callbratlon Constsnts In this option, the calibrw.icm constants can be changed The

calibration constant dialog box is shown below.

Calilnalicm Cons4an15

Simple Mchd: 6.1234 i .a)12
E.MrapolMilrm M8LtnXk 6.4321 * .~~ I

Calibmlkm Me: 92.11,30
Nnlwr of ~ pcrswulmrk 10

The numtcrof measurements per standanl is chmcn from a
list that appears wbn C.IWF2 buttcm is pressed. The replicate
mcmmrcments MC checked for consistency,

Assay Test Crlterlo- Tlw Atumn bubble test fm each assay has two parameters as
explained in the appendix. The dialog box is shown below,

Awy TestCrkritm

Two McauuwnmtI’m (Sigm): 3,1H
Ttnc M casummn[ Tcm(sigma): I .95

Analysisnwhd u) @d: Simple

Please note that the user must ,sclcctwhicii result is tested,
We rammmend that the simple result & u.sat.

Meacurcmmt (“ontrol When k measurement c(mtrul pu.rwnctm arc sdcct.cd irorn
the edit menu, a choice must be mu& with the following dia-
log l’m:

Iiuckywuntl & Struight-”llnmgh

Ilias & Pmcisi(m
Kctum [() Iilit Menu

W)
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Measurement Coatrol - most recent mc~surement of the type has ftiled a diagnostic,
Bmckgroumd& Slrn~ght- su~rvisor action is needed m proceed. An example of the
Through Background & Straight-Through diitlog box is shown

(cont. ) below.

McasuremmCmrd - Bmkground& Slraighl-llmugh
Bdgmlmd

D9ystelwml Ckks
Dateof lastCtmk

HI
PC&Energy: 121.1

Warning Limit: 0.(KN5

w)
92.3,16

M2 43
122,1 59,5
O.ms O,(K)1O

StmighbThrough:
h)’S tKIWM ckks 7

Dateof lastcheck: 92.3.16

se-75
Halftifc(days): 118.452

PnxisiOnofctwzk (%): (),50

#4
129,3
0.0(.ICM)5

co-57 Cd-l(B
2’.’1.651 WI.(m
os0 (),50

Fwr peak regions, specified by energy, can be checked in

the background spectra, If the normaliti counts cxcced the
slecified value, a warning is primed.

The program compares each background or straight-through
measurement with the precedingmeasummen[Of thesame
type. If the change in garnma-riy intensity is not consistem
with the praiicte~ htdf-life deciIy, the opmttor is wut-ned.

M(” ftlm & Prcrlslon For ettch of these n~eusurcment Iypes, there is a muximum

lime allowed kfore the nlewummcnl lype must he repeutcd
successfully, When this time is exceuld ml the cheek h:ui

not bun prformcd, uri assay will not he pcmlitt.ed. If the
most rcccm measurement of one of these typs ftiilcd the
diagnostic lCSIS,Ihcn supvi~my uclim is required to
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MC Bias & Precision perfornl an assay. An example of the measurement control

(cont. ) dialog box is shown below.

Mcaumcmcnl Cwu.rol- Bias& Prcciston
Bias:

Daystxtwecnctwctux 90
M Oflml check: 92.3.16

#2 #3 M Hs
Bim mpk identificabon: %7 Ta7/15 Ta_7_7 Puo1 Pu02

slan&m.tVak 220.12 240.12
Hiti Uandard&vialh: 2.tK)

O,(MI 201.12 Omrm
2.00 2.00 2,(KI 0.00

Prtxisim
h)W btWCt%l ckkw ~

Daeoftusldmck: 92.3.16
Numbwof Measure-mms: 25

The opritor mays It up to five different standard identifi-

cations and values for the MC–Bias Option. When the MC-
Bias Measurement Option is exercised, the sample ID will be
chosenfrom this list.

The number of measurements for an MC-Rcision opmm
cunbe seluxed from the list SCCnwhen the F2 buttonis
preswd. A Ia.rgcrnumberof me~surementsyields a more
precise estimate of the Wmdard dcviution of the measure-
ments, consequendy the [es! limits are tigh[er for thut cme.

Pill NT PARAMIWKIItS “Ibis option :dlows the opmtor 10 print the pu.ramtm-mused
in the pn)grim, The pn)griui] can either print uII the plKIImC-

ters or it cun pmt different purumeter groupings. The fol-
lowing ditilog box will he shown when this op[i(m is

sekcmd:

\)
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PRINT PARAMETERS
(Co,t.)

9 Print Which Paramatarn? I

All of Thrm

[ Peak Information I
1 Peak Fittina Raaions I

~I Onerator Passwords
ITwm-E&’Peak Fittin Constants

1 Stabilizer Settings [
Calibration Constants
Assay Test Criterion
Measurement Control

~ Count Times

Miscellaneous Constants

All of them

Return to the Main Menu I

The opation of these options is similar to the Pklit l%wame-
tcr Options, except that the output will be printed instead of
allowing the oprator to change the parameters.

This option allows the OpcrW)r to print all the pammtcrs

u.scdin the KED program, rxcwpf jivr the oper~tor puRs-
word~, The user muy OISOchoose to print a subset of the

pummetcr tile.

KED Parameter File 13-May-92 16:11

Pmh Informalbn (Dackgfound)

F% Mops P@ Branchl~ Area Ama MUM
Nlhlwm En.rgy Flallo FIxod Sumrwd For For t or

— .JcLE!IL_lYIJ!! Pk
I Am241 50595 0 000[- $000 0 0 NNN
? Cd109 nn.me 0.000E 0000 0 0 Y NN
:1 S*.75 121 115 0000 E.+000 o 0 N N N
4 C057 12?. ofio 0 0001:*000 0 0 N N N
!I Pu 739 129290 c1Ooot”*000 0 0 N N N
II C05? 136.4/1 o 000[ +()()0 0 0 N N N
/ so /g 2 ?9 571! 00001 *000 0 0 N N N



KltD PARAMt!Tl!ltS OPTIONS”

All of Them

(coat. )

Peak Information(So.; ~ Source)

n Iadopa w Branching Area Ar.a w-u
lb B&m Enwgy Ratio Fixd Sumnmd For For For

TO Pk Wtth Pk Fw FWHM ~

1 Cd-109 SS.038 0,000 E+OOO O 0 VYN
2 S0.75 121.115 0.000 E+OGO O 0 YYN
3 S0.75 136.000 0.000 E+OOO O 0 YY N
4 S0.75 279,528 0.000 E+OOO O 0 YN N

Peak Informatbrr (Co-57 Sourca)

Pk Iwope Peak Branching Ar.a Area WUu
MNml’m Er’mgy Ratio Flxd Sumnmd For For For

TO Pk w-
1 Cd-109 80,038 0.000 E+OOO O 0 Y Y N
2 Co-57 122.080 0,000 E+OOO O 0 YY N
3 Co-57 136.471 0,000 E+OOO O 0 Y N N

Fllllng Regbn Inlormatbn (Background)

m [Filling Rangal [Eack~round I w-
~-~
1 57,5 61.5 57,0 57.0 62.0 82.0 5 5
2 88.0 09,3 88.3 08.3 00,4 Og.4 5 5
3 110.7 123,7 119,0 110.0 124.0 124. O 5 5
4 120,1 130,4 127.6 127.6 130.5 130.5 5 5
5 134, f) 138,0 133.5 133,5 130,5 130, S 5 5
6, 2?7,0 202.0 270.5 270,5 282,5 202,5 5 5

Filling Re~bn InformalIon (75se source)

Ragion [FIlllng I’langt] [(3~ckground 13kgd IkQti
F &zJ~-—JbUUMlLIaIlXla

1 86.9 80.4 09.4 5 5
~1 1197 123.’/ 1100 !1O.O 124. 124, 5 $
3 1340 130.0 1335 1335 1385 1305 5 5
4 ??70 2020 2/6, S 21H!5 2H25 2n25 5 5

Flllh~ Rogbn Intormnlkm (~~Co sourco)

Hqirm [1 Illing Ilanfp] [Ihlckgfollncl
*M .-Ilieh~...-lL.lL ,._–&.. J ....-..t_..-..~.--... -.-.. _-..=l~l.~D%
I Ha Q 803 till :1 na :1 nlJ 4 He 4 5 !I
.>.. fig. r I;!:J. / 1100 1100 174 124 !) !J
:4 1:14 n tnno t :1:) !) 1335 I:IH5 1385 !! !1

%1
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All of Them

(cont. )
Peak Fitting Constants

Energy Calibration Constants
Gain (KeV/channel): 0.069999 KeV/channel

Offsel (KeV): 7.05699 Kev
Energy Parameters Free: Y

WHM Calilxatlon Constants
FWHM”-2 = Al + A2”E + A31E

al: 25.6178 a2: 0.028649 a3: -9976.6563
FWHM Parameters Free: Y

Tailing Constants
T1 (tailing amplitude): -3.90650

T? (talllng energy): 0.0150908
T3 (tailing slope): 0.34008

T4 ( GaussIan Roll-off): -0.40000
Talllng Parameters Free: Y

FWHM & Centrolds(DlagnostlcPeaks)

Transmission
%urca
Blank
se-75
se-75
se.75
co 57
co-57

Peak
Enalgy
88.036
08.036

121,110
136,000

80.036
122.060

Purl:

Cenlrokt Umil
(Channel +/- Tolerance)

1157.1 2.0
1157.1 3.0
1629.0 2,0
!842.5 3.0
1157 1 2,0
1644,6 3.0

Stablllzor %ltlngs

Bachgrourti so-75

3893 3893
II 17
0,500 0.500
off m

1157 1157
11 11
().500 0.500
(41 01

FWHM Ilmll
(Chanrmls)

9.4
9.4
9.9
10.1
9n4
10,4

Desired
Preclslon (%1

0.5
0,2
0.2
0.2
0.2
0.2

I Hmd HMO: :!(-)0

co 57

1857
11
0,500
al

1157
II
0.s00
01

Pnllly: mw
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All of Them
(cont. )

Calibration Constants

Simple Mthod: 6,1234 f .0012
Extragmlati@nMethod: 6.4321 k .0021

Calibration Date: 92.11 30
Number of measurements per standard: 10

Assay Te~t Criterion

Two Measurement Test (sigma): 3.18
Three Measurement Tesl (sigma): 1.95

Analysis method to test: Simple

Measuremanl Control - Background & Straight-Through
Background:

Days between checks: 90
Date of last check: 32.3.16

#1 #2 #3 #4
Peak Energy: 121,1 12!2.1 59.5 129.3

Warning Limit: 0.0005 0.0005 0.0010 0.00005

Straight-Throbah:
Days between chedw: 7

Dale of last check: 92.3.16

Se-75 co-57
HalWe (days): 118,452 271.651

Precision of check (%): 0.5 0.5

Measurement Control - Bias 8 Precision
Bias:

Days between checks: 9 u
Date of Iasl check: 92.3.16

#1 #2 #3 #4 #5
Bias sample identiflcalion: TaO/7 Ta7/15 Taxxx

Standard Value: 220.12 240, t2
Puol PU02
201,12

Hlslorlcnl standard dcwiation: 2. 2, 2.
Warning Limit: 2.c)r

Error Limit: 4,00

Cd-109
464.00

0.50

PrOclsion:
Days batwoen chtis 50

Ode Of kXl chock: 92.3,16
Numtwr of Motisuromenls: t 5

v}
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All of Them

(cont. )
Count Times in seconds

Measurement Type Number of No Source co-57
Measurements

Assay 2 500
Background 1 300

Straight-Through 1 2000

MC-Bias 1 300
MC-Precmion 15 500
Calibrate 10 100

Miscellaneous ~nSlanlS

Instrument Title:
Print Level:

Write Data 10 Disk:
Automatic Background:

Automatic Straight-Through:
Peak Fit:

Number of Iterations in Fit:

Tokai-mura K-Edge Densitometer
Normal
N
Daily Hour: 22:00
Weekly Hour: 23:59
N
2

LIST CtiANGE HI!$TONY

Se-75

500

2000
300
500
100

Write Data to Disk:Directory

This option allows the opcmmr m prim the history of

changes made on the KED system. II keeps a history of tic
changes m~ to the pwarnctcr file tmd which mcasurcmcnt
conlrol runsarc performedon the system.

f:lachcnuy llSLS fhc date id time and the commem the qmri-
u)r entcmd. A hard copy cun hc obtained by adjusting the

clispl:iy tind then using the Iprint scmcnl bumm.



KED SPECTRAL DISPLAY

GENERAL To see the MCA spectral display, one must exit the KED
software. This can be accomplished in two ways.

Method 1 requires that the user start Windows 3 and the S-
lCKJsoftwi~ kfom starting the KED sof[waxe. Then the
user can collapse the display to an icon. his releases the S-
l(H)board so tkmtthe ICEDprogram can attach to it. When at
the DOS prmpt, the user can stan the KED prt3gramas
notmaJ, collapse the KED program to an icon, ami then tog-
gle between Kl?lll and the S- 1(M)display icons. Once the
Windows pac)ngc is started, tie user can toggle into and out
of Windows 3 by typing ctrl-alt. This type of exit to DOS
will not detach the S-1(K)board. If the user then runs KED,
eventually the system will stop because of a conflict between
the two pi-s of software competing for the S- I(K)Imard.

Method 2 requires the user to run either the S- 1(KIsoftware
under windows or the KED softwm. The user ~rforms an
EXIT Oplion of the fust program before sting the other
one.

In any event, typing “WIN” 10a IXIS promptwill startWin-
dows 3.0. Then the usm activates the S-1(XIbutton with the
mouse to start the S- 1(XIsoftware

Source Spectra Spectra from the three radioactive sources m in the next
three figures. The I’NCd is the rate-loss source and the
1111.03(]-keVgamma rtiy is expected to be present in every
spectrum, T~ 75Seand 57C0 u.mthe two transmission
sources,

Please note Ihnl lcud shields cun flumcwe M“72,8,74.7,
84.4, tind 114,9kcV, while mngstcn can fluoresce w 51t.0,
59,3, 67.2, ml 69. I kcV. Some l(WCdsources are isoi~tiilll-

inuted wilh 11~’nCd,which hus h gwnmti my at 26.3.7 kcV.
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APPENDIX A:
KED ANALYSIS ALGORITHMS

GENERAL

ANALYSIS ALGORITHMS OF

THE KED SOFTWARE

Peak Region Summation

Back#rouod Determhmtlon

ln theappendix, you will learn about

‘ Analysls physics of ICEDsoftware,
“ Amplifier gain and ADC zero adjustrncn~
“ ~ibration,
“ FEIR dctcrmi.naticm,and
c Trouble shooting.

We mcommcnd the usc of rhc ROI summation mcthaj over

@ fitting for applical.ions that have gamma-ray* that
am isolated by energy. ?hc net peak area determination has
a smaller u.mnainty and it is simpler to implc~cnt. The
dctcnnination of the tail @on of the peak shape parameters
is difficult to perform and quite sr “ive to which peaks are
Seloctcd.

The nc[ pk area is determined by subtracting the b~k-
gmund from the mcasum.d counts, channel-by-channel. The
net counts are summed over the region of intmst to obtain a
rcsulto

l%ur background wgicm CM bc specified, Each region is
tlw same width. Each region is soecificd by the starting

channel. If chc user prefers 10 u two backgrmm~ regions,
the first and sccorMiregions should Ix identicalWI the third
and fourth regions should be identical,

A choice between five functions to fit tk background con-
tinuum is offemi by the terms pummetcr:



APPENDIX A:
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Backgrou~d Determination

(Comt.)

o
1

*

3

4

5

kwmiLul
no background - the background is all zmx
flat b~kground - the background is the average

of W counts in the first region
Iirtcar Iwkground - t.hckkground is a maight

h connecting the average counts in the fimt
IWO rcgicms

linear step - tltc bwkgrourd is a )tcp
superimposed on a sI*

cxpmcntial - the background will bc an
expmcntia.1 function fit to the two
background regions

flat step - the backgrotml will lrtakc a smcmh
transitionh theavcmge of tk counts in
k fmt regicm to the average of the coums in

k Sccortdrcgi’on

The choicz of ~kground region is mom impmtant for the
fitting of multipl~ pks that overlap. The KF~ was dcliv-
crcd with tcnns set to five.

fkrgy calibrwion is performed for cvcrj spectrum. Ruk

ccmtmids for all * in the energy calibraticm list arc

mdcd to carry out rk segment-by-segment linear ctwrgy
calibration. In dlit.km, Ik centroids of s~ifti paks arc

cumparcd to diagnostic limits for cwh spctrum type. The
pak ccntrttis arc found by fitting a quadrdtic in channd
number to Ihc net cuurm. Tlw fining mrtgc is five channels
wick, ccntcru.i orl [k channel wtwtc tk default energy ctdi -
bramn prcdkts thepeak will k. l%c energy calibrwion is
thenussu:w.i m lx Iitmarbctwan each pair of erwrgy cxdi-
Imtion pks in [he list,
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FWHM Dctermimlim 0.25 ● HT on the higher energy side of the centroid, where
(cont. ) HT is the height of the peak shape.

K-EDGE DENSITOMETRY The net wak areas, resolutions (FWHM), and centroids are
calculated from the raw data in the same way for all garnma-
my instruments. The e algorithms have been carefully
clwcked and should IMJCbe modified withcwt careful consid-
eration and rigorous testing to ensure no possibility of m
error. The measurd net* areas from the five different
data acquisitions follow some conventions, B represents
peak area results from the background measurement, AOrep-
resents results from a straight-through measurement with no
sample present, and A represents results from an assay, MC,
auto cycle, or calibration measurement wih a sample. The
b~kground measurement is one acquisition widl ii ) trans-

mission soutce (blank), all other measurements are based on
two acquisitions with the selenium and cobalt sources. The
value in parentheses is the ganma-ray energy associated
with the peak arc& and the letter indicates which source wus
lil place.

The measum.dnet peak areas from the five different data
acquisitions are

from the twckgruund:

B(8U)
8(121)
B(122)
fl( 136)

fwn the cobalt source, st.riiight-thnmgh (no sample):
A()(811,C)

A()(122,C)
from the selenium source, stniight-~hn~tlgh (no sumplc):

A()(Xti,S)

Ao(121,S)
A()(136,S)

from Ihe cohull s4mrcc,snmplc memurcmcm:
A(lW,{’)
A(122,(:)

!mm lhc selenium source, smnplc nm:lsurcfncnt:

A(IIII,S)
A(121,S)
A( I .10,s),

td
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K-EDGE DENSITOMETRY Notes: a net peak area conesponding to the fHLkeV gunma

(coat. ) ray from the l(WCd rate-loss source is obtained in each
acquisition and the five different values must not be mixed
up. There is a 136keV gamma ray from both 57C0 md
7%e; we use the net ~ak area from the 75Se.

Two methods are used in this instrument to calculate the

plutonium concentration from the measund net peak areas.
The simple method was implemented in 1979 in Tokai 1. II
works quite well, but has a small bias if them are large

quantities of other SNM present. Forexample, 100@ of
urmiurn gives the same result as -1.5 @of plutonium. me
extrapolation mmhod avoids that bias for a small increase in
the measurement uncertainty. However, the samples at the
Tokai plmt am believed to never have significant quantities
of high-atomic-number impurities. In the Simple Metro

euh net @am is ncnmalid by the corresponding rate-
Ioss-source net peak area:

B(122)
that is B(122,n) = —

B(IIW)

or ~1(122, C,n) =
4(122,C)

4)(R%C)
A(121,S)

orA(121,S,n)=
A(IHI,S) “

No buckgnmnd suhtmction is Imuk for ~he&msitornetry

meusuremcnt. Scverul rewsonssupport this:

(1)

(2)

(J)

(If
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K-EDGE DIINSITOMKTRY Three transmissions arc computed, T(121 ), T( 122), and

(cont. ) T( 136), Each tmnsmission is computed in tic fam given
explicitly fnr l21 kcV:

A(121j
T(121)=—

AO(121)

A(121,S)

A(88,S)

- 4,(121,s)

AQMM)

The rclucive uncertainty in tlw transmission ut 121 kcV is

,?g!w!l=zy!!w!l+q?w
T-(121) A-(121,S) AZ (HH,S)

+*’]+*

whmc dx) is the absolute uncertainty ( I sigma) in x, Ilis

can also lx written M

4’/(121)1 = fl:[A(121,hs)] +o:[A(Hti,.s)l

+0:[4)(121,s)1 + o;[/l@w’)1 ,
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K-EDGE DllNSITOMKTKY

(Comt. )

d;[’f(121)] = a;[A(lzL$]+ u;[A(8%s)] .

A half-life correction is md to correct for the elapsed time
between k straight-through measurement and h assay.

CF (half life)= cxp(a” e~) where

A = the decay constant for the isotope involved
in(2)

and
= half - life (isotope),

et = elapsed time .

Ilw units in this application will bc days for half-life and
elapsed time. Three m half-lives involved: one for l[~Cd,
one for 75Sc, and one for ‘7Co. The 7SSCtransmission
wducs will be cmwxxcd by the rutio of the 7~Sc to l(W
comcclions.

[“F(T121) -- 1cx~A(.fe) ● et

ex~A(Cd)’ef]

exp[A(.%)WJ
(“/’”(1”[36)= —-----

expl A[( “d) ● M]

Cxpp(( “o)● W]
(-/m(Y”122) = .“ -. .— ... .-

cx;~a(( ‘d) ● ffl

“lllCtClfl~ IIIC Ililll life cmrcctcd Villlll”!i, T“, llK:

h“l
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K-ltDGE DENSITOMETRY

(cont. )

T’(121) =T(121). CF(T121)

andsimilarlyfor T( 122) and T( 136), The relative uncer-
tainty in the transmissions is unchanged by this comction.

W absolute unartainty is

uf7’’(l2l)] = @(121)] .cF(T121)

and similarly for u[T’(1 22)] and ~T’(1 36)1.

The simple result fm tlw dcnsit(nncby measurement is calcu-
Iutcd from tiw two transmissionsT(121 ) and T’( 12?):

~ = 7’(122). . — . .
T’(121)

-In(k)
conccntnuicm = — ,

k

where k is Ihc culihrtition corumnt. Ihe reltiti w unccrttiinfy

in he simple mct)td rwmll ix calculutcd from the rclulive

unccrmimics in the two tnmsmiwions:

M



APPENDIX A:
KED ANALYSIS ALGORITHMS

K-EDGE DENSITOMETRY

(co-l. )

EXTRAPOLATION T() THE

In(-In(T))

k
In R

=
conccnuation

a2(k) = U*(R) + tJ2(concenwalion)

~ {~ln(ll)]}’ co=nUation2 “

In(-In(l)) vs. In(E)

ln(121.1) 111(122,1) lrq126.o)

In(E)

In Ibis mrlhml, thr mwwnissi[ms uhovc and below the K

edge me cxtrapulaic~ 10 the edge energy UI 121.7 kcv. “Ilc
cxmphli(m is vc~ newly Iinc:u in Inl -In(’lli vs 111(/:I
spucc. ‘he Iwo Transmissions idmvc Ihe edge, 1“’(122 ) A
“/”’(I M), m used Ilt cxfrqolalc ltt T,,f I 2 I .7), whm Itw :1

(kII(Mr% lhc viill~ #M}Vt lh~Cd~c.

1111111(/;,)1““(’ 111[111[’/””( 122)]] * (1 (’) ln~ 11111”(I W)i]
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EXTRAPOLATION TO THE EDGE

(cont. )
ln(121 .795) - ln(136.fMl)

where L =
ln(122.06) - In(l 36.(M)

= 1.02W978

and 1- C = -0.02(M978

The fcmmda for the uncertainty in Ta is

fY;(Ta) =

~= {-+*’
a2(T’) ,n2(Ta)

u(x)
where ar(x) = -—

x“

The slope deterrni~d above f.hcedge is used below the ed~c
with the transmission determined below the edge, T“( 12 I ),
m determine T~( 12 1.7). The slope is actunlly different, but

the bias this assumption introduces is very small.

ln[-ln([~)] = fJ(ln{--hl[T’(l22)]} - hI{-ln[T’(136)]})

+ln{-ln[lm’(121)]}

ln(121.795) -ln(121.11 S)
where 1) = .—. —... ---—

111(122.06) - ln(l .10,(X))

Q -(),()5 177257

“I%ct(mlltllil tin lhc unccrlmmy in ‘Ij, is

II)
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t?XTRAPOLATION TO THE EDGE

(cont. )

U*(G) _ ,n2(T.

[

D4Y;[T’ (122)]
d%) = ~-

ln2[T’ (122)]

~2=2

+
41T’(121)

+ ln2[T’ (~36)] + In [T’ (lzI)]

The extrapolated result is

concentration 1 =

+&J]

kl

when k 1 is the calibration constartt. Note that the two cali-
bration constants kl and k are different. We will ignore the
small correlation between Ta and Th that is a consequence of

using the same slope; Lheref= Ihe uncenainty in concenwd-
tion 1 is

~, = ~u(lzl’v
T~(121 ,7)
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EXTRAPOLATION TO THE EDGE
(cont. )

,1=2WI
concentration 1

a2(kl) = a2(Rl) + u2 (concentration)

@- [Rl ●ln(Rl)]2 conccntration2

FW the special case with no sample, the transmission should
be I .m. The uncertainty in the counting statistics can
cause the transmission to be slightly different fkom 1.000(M.
If the trartsmission is greater than 1.0, then it is not pssible
to perform In(-In(T)), where T = transmission. If any of the
three transmission values T12 1, T1 22,orT136 exceed 1.0,
then we extrapolate in ln(~ vs ln(n space.

-ln(Ta) = C{-In[T’ (122)]} + (1 - C){-In[T’ (136)]}

where C is defined atxwe. The formula for the uncertainty in
Ta is

cf(Td) = r2(f[T’ (122)] +( I -C)2U:[Y”’ (136)1 ,

-ln(Th) = D{-IcIT’ (122)1 + In[T’ (136)]} - In[T’ (121)1

a;(l~) =D+f[’1”’(122)]+D%;[’1”’(130)1

+O:p”’(in)]
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Tantalum Foil ‘Ihe use of a tantalum foil in h.h transmission measur-
ements(121. 1 und 122.1 keV) will result in an answer ve~

C1OSCto zero. However, placing a tantalum foil into one of
the transmission measurements or two foils of different
thicknesses into the two transmission measurements will
give a nonzcro result. This allows a vtilcat-ion of the KED
instrument without using plutonium. In fac$ if the foil is

stable and it is measured precisely, this test of the K.ED is
quite rigorous.

The 88-keV gamma ray from the lWCd rate-loss source is
analyzed in each spectrum. The 88-keV net peak area is

used to normalize all other net peak areas obtairwcl from Lhat
spectrum. Consequently, the uncertainty in the 88-keV net
peak area a.ffkcts the uncertainty of every normalized net
peak area and subsequently all calculations using the net
peak areas. The 88-kcV count rate should be greater than
5(X) counts/s to allow reasonable measurement prc-cision in
the K-edge densitometer.

The rate-loss source should lx filtered to reduce the low-

energy x-rays. Without filtering, these x-rays can conrnbute
to pileup peak and bias the net peak area determination of
the waks used for the tissay. Filters cr.n IM chosen so that
the count rate in the WLkeV net peak ma will be approxi-
mately IfXX) counts/s and the total count me will be less than
twice the lULkcV count rate. Fly selecting between copper,

kass, tin, andcuimium as a tiller material undchangingthe
thickness between O.’j and 2.0 mm, the user can optimize the

lULkcV net peuk WI und almost eliminate the low energy x-
ruy peaks.

The lf~Cd source und the filters will have to be uijustcd

annually to pre.serveud.cqmc mcusummcm precision. A
new 1(%1 rute-loss Souredwill Ix iquimd every 4-5 ycurs

us the source hus a 453-day Imlf-life, To uchicvc udcquiItc

mcusurcment precision, wc suggest thut u new lfNC.d rulc-
Ioss source he specified N} huvc I (X)-2(X) pCi of i~~tivi[y.
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AARON’S BUBBLE TEST FOR There has been some experience with bubbles in the den-

AS S,4YS sitometer samples. Therefore two measurements of each
sample are compared. If r-heyagree, the ~~erage is accepted.
If they do not agree, the sample is mixed and measured a

third time, “Wewill assume the measurement uncertainty is
the same for all measurements in this comparison. This test
was developedby Aaron Goldman and Envin Kuhn.

first msuh is X 1 * S1 (km simple methcxi)
second result is X2 * S2 (b simple method)
average of results is X = (Xl + X2)/2
test parameter is ZI = (IX 1-X21)/S 1
if 21<3.18, then average rcsuh is accepted

am wer =x*(sl /1.414)
end of assay !

The final output will contain the following infcxmation:
each measurement result
the tesl msuh
whether the test passw
the average result

if ZI 23. It!, then prompt operator to:
plea,seremove sample,
check sample for bubbles,
place sample into assay position
perform third measurement
thid result is X3 * S3 (from simple method)
avemge of rrsulLs is now

~=(xl +x2+x.1)/J
the value farthest from A is x*
test porameter is:
i!!= (l&- x*l)/sl
it 22< 1.95 then accep~011three nnswcm (note ZI >3. IN)

answer = E* (S1 / 1,732)
Cnd of Msuy !

“Iltc find output will c(mtain the following information:
each meusumriient rcsuh
thetcslRSUII

whether the tCSi pdssed
Ihc LLvcmgc result

it 1.(J5<7,2 < .?.lH, dl~ll re.lcct x*
:nlswcr= (Xl +Xl*lJ/2*(Sl / 1.414)
cud (It- Ws;ly

‘IIK finnl~wll)ulwill c(ml:lin Ihc f~dl{~wingiflf(MllliUioll:
ciK-h Illr;lsllm.fllrllt mull

the 1(.s1Irsuh
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AARON*S BUBBLE TEST FOR whetiler the test passed
ASSAYS the average result

(cont.)

if 22>3.18, sample is out of control
must perform DA on this sample

The final outputwillconfainthefollowing information:
each measurement result
the test result
whether the test passed
the avenge result

Please make the two test values, 3.18 and 1.95, parametem
the operator can change in the long parameter change.

MC-PRECIS1ON TESTS

ChLSquare Test The MC-Precision test requires the acquisition of multiple
measurement mulls. The average and standard deviation of

the sample arc then computed. The chi-squa.m/degree of

freedom, or the reduced chi-squart is

2 (std *V of sample)2
z=

(Est. std (kV)r

Ilc VUIUCof the chi-squiuddcgree of ftmhrt is tested

against wwning limits at 95% confichce and action limits iIt

99% confidence. These limits are fixed in the software,
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Chi-Square Test

(cont. )

Number of degrees of
measurements frce&n

n

.—

5 4

6 5

7 6

8 7

9 8

10 9

15 14
21 20
25 24

31 30
41 40
61 60

121 I 20

95% confidence

X20.025 X20.975

0.12
0.17
Oil

0.24
0.27
0.30
0.40
0.48
0.52
0.56
0.61
0.67
0.76

2.79
2.57
2.41
2.29
2.19

2.11
1.87
1.71
1.64
I .57
1.48
1.39
1.27

99% cmfk.lence

X20.(M)5 X*O.995

0,05 3,72

0.08 3,35

0.11 3.09
0.14 2.90
0.17 2.75
0.19 2.62
0.29 2.24
0.37 2.00
0.41 1.90
0,46 1.79
(),52 1.67
0,59 1.53
0.70 1.36

FailuIe of the warning limit will cause a wtuning 10 be
printed for every succmiing measurement type, until the

MC-Precision Option is successfully pawed. Fuilure of the

action limit will cause the system to not allow assays until
the MC-Precision Option is successfully passed or u warning
!imit level is achieved. This test may be nvoided by selecting
u nonpositivc time for the rcpaition rite.
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lNTROOUCTION Itmight ~m cksirable UIhave calibration solutions span-
ning the mcasurcmcnt range of tk insuumcm (5-500 ~).
However, it is generally imptwtical to do so. Below ah!
1(N)g/L the statistical precision korncs paR enough to

require excessively lon~ runningtimes to obtaina meaning-
ful calibration ~ision (O.1% RSD). Above 400 gL them
can be problemswith keeping the plutfmium in solution.

W user shIki also note that extensive evaluationsexist in
the limatutc; not evay facet of the instrument’spformancc
mquircsfiqucnt rcpctitkm.

71w physics of the mcasutunent does not mquircthe calibra-
tion mamrialsto spantlw range of the instrumentfor every
calibrationattempt. In&cd, a singk point &cs provide a
good calibration ~~he concentration of the stmArd is
known accurately. It is rccommentki that a minimum of
two solutiom of diftkcnt concentrationbe used to calibtmc.
This CMprovicka quali~y check on th WCuracyof tk con-
centration chid far the stanckw :.

‘l%cuser should lx aware of he potential forcorrelationsif a
straight-throughor backgroundmcasurcmcntis u,scdfor
mnrc thanone calibmti mcasurcmcnlof onc or mm Wn-
dards. A bar calibmtioncan often hc obmincd with mom
mcuucmcnts undrnorcmmdunls,

DATA ACQUISITION

P1.ol DA”I”A

Mtic a new b~kground mcm,mcment.

Before mcwwing thesmdards, make u str:lighr-thmugh
mcusurcmcnt,Courufor ut least2(NX)~f(x cinchtrunwuiw
skrn source. We suggcw [hatthe user nttuin mcwumcmcnt

uncertainties of npproximumly ().1% for cuch of the nortnul -
id net peak umm HI 122. I nnd 121.1 keV. I’Ic fixedtimc~
in the pumrnctcr file may him m he dumgcd to nllow Itlis.

Aquirc dm from cwh cdilmuim Sdutilm wmlnnl. t J.sc
[he (“dilmliun (~)rion udcr [k long menu. ‘ITc ( !illihrntilln
( )pl; m will rcquexl inpul of lhc phmmium Cl)lKTfllriltil) ll,
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KED CALIBRATION

PLOT DATA 7%c autocycle runs under the Calibration option prw.tuce an

(cont. ) average va.luc for the cali~ration cwwtant. This result should
be inde~ndent of sampje, concentration, or operator.

Out.liers n Jy indicate an incorrect standard value for the
claimed concentration, a ~-iscription cmor, or variability in
simple-vial dimensions,
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CALIBRATION HISTORY

EAG
Comment:

Cancallmial * Nwnba d

me8SIMCrnMLS

Calibfuicm
Comlanl

— —
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KED CALIBRATION

CALIBRATION HISTORY

(Comt.)

Date:
Operator:

.—

Comment:

Concantratbn k Number of
measurernenls

Calibration
COnslan[

U( I



APPENDIX It:
K ED CA LIRNATION

CAL1BRATION HISTORY

(cont. )

D~~e:- ——
operator. —

Comment:

\
Cmccnumial t Nwnh d Calilnnhm

Inrawwnulls ConslmI

I

,

I

.

HI
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INTRODUCTION In this appendix, we list additional infurmtion about crmr

messages, problems solved during developmen~ and
(maybe) oher useful hints.

MULTICHANNEL ANALYZER The MCA can be set with internaljumperstomuhipk
addmsscs.Thissystemassumesthefactorydefault. If tlw
compurcrhasproblemsfting the MCA, the software will
offer the choice to switch to the second address. his is not
used in the K-edge software.

If the communications ktween the MCA and cumputer have
a problem, reset both by turning off the power. If the com-
munications problem recurs twice, a hadware failure is
indicated

COMPUTHt

Dl(;I’l”Al. STAttll.lZlfN

The computer sometimes locks up; the symptomisthat the
kcylxmrd will not respond m any commtmd(suchas NUM
LOCK).

l~e computeram be smnetime~be unlockedbv pushingthe
(YRL, AL’F,and DEL keys simultaneously, If this dries not
unlock the c(mlpmer. then push the computer frmntpanel
switch 10mm the power off. Wait 10s after turning the
power off to allow the disk drive to stop. ‘l”henturn the
lmwer ON and wuit fm the operating system m get smrtcd.

If u probkm ix suspccml with the stahili~cr, check k
switch .sellingsnnd cm:~putcr i-uerfuce cnhlc. Be sun the
numuailrmsot~ ~witch is se! I() rcmo[e.

‘III: (’;mlxm l!2.12 stubilitir ctin lt~k up. III his umditi(m,

it d(m II(II iK!JU!4~Ihe ~flinam! Zero. II (l[WSnot reslxmd 10
my fnml prowl humms, “1’umin~ils ptwcr [}ffund lhcn :m
will rmcl il. “Ilis Cilll h d(w t)y pulling il 5 cm {M c~fIhc
NIM hin ilil(l IIICII pushing ii l)ii~”kin, wi[hout turmng [hc
NIM hin {Ill.
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DIGITAL STABILIZER stabilim k locked up. To unlock it, remove the unit from
(cont. ) he NIM bin mcmwntarily. This shouldunlock the unit.

The initial adjustmentof k systemgain and zcm to place
the garnma-rsypeaksinto the&sired channelsisdifficult.
After the initial iuijustrnen~ k system should not rquirc a
change unless the detector, A.DC,m amplifier is changed.
In that case, wc suggest that the operator manually set the
T5~ SO- in~ psitiofl using tk source control intctf-e

chassis. Tlwn turn the stabiliur switch on the front panel to
manual male and tum the zero and gain switches to off.
Acquire a spectrum using the Canbma MCA program.
Adjust tlw amplifier gain to fix the 279S28-kcV peak in
channel 3893. Adjust the ADC 7sro to fix the 88.036keV
peak in chamwl 1157. Repeat flu gain and uro tijusuncnt
until tlw two peaksare within two channels of tlw cmrcct
channels. Turn the stabilimr switch from manual m remote
(this will override the gain and ~ro switches). Check the
fim KED mcasurcmcntto verify that theccnuoidspassthe
diagnostictests. [f they do not, repeat this prucd.wc.

(;tiNEVA MFX’HANISM

MKASIINEI} STANIBAltl)

IWVIA”I”I[)N K%(’tittl)!i
EXlmti(”TKl) VA1.llti

The KED program can be used with no communication to
Ihe Geneva mechanism interface, Sutrt the program with the
addhionul command, -G, in the subdirectory Nokiti.

c:\tokui>KKD -(i{return}

“1% ( icncvti mechanism intcrf:~ceLXInhe UMYI in u SUUML

iihmc mdc, Scc the Diagnostic Software Sc:ll(m in [he
“Ilouhleshntiing appendix f[w Hdescription of III(. lest pro.
grum f;T,

“Iltis prohlm Call\tulvc SCVCrill CilllSCs.

( I ) I luring Ihc iniliid tcslin~ in 19-/9, Ilk syslcm shitwcd
:ul underlying inwd)illly II( (),2%.

.. ,
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MEASURED STANDAR.) (3) The uncertaintyin the XIual standarddeviation of n
DEVIATION EXCEEDS resultsdqmds on n. If n <25, perhapstryagain with
EXPECTED VALUE a larger value.

[coat. )

u(u) 1
.sqrt[2(n- 1)]

(4) perhaps the sampleit changing. Bubblesor
precipitationin the liquid can cause results to vary.

CORRELATED RESULTS The uscof a sir:le straight-through measurement for scveml
sample assays IS~ommompractice. Note that this results in
cmrclatcd values fm those results that sham the same
straight-through mcasurcmcnt. If the uncertainty in tlw
straight-through mcasurcmcnt ctmtributcshalf of theunccr-
luinty in the wway,a plot of the rcsuitsshowsinteresting
biastrends. ‘his “problem” seemsto berediscoveredby
each new user. We tecommendttw U.SCof very long
straight-throughmcasurcrncnts,

TRMPRRATURll EFFECTS ON The K+e densitometer does not measure the swmplc tcm-

DKNSITY perutum. “llcreforc a correction fist the cm~t~of tcmperu-
tum is nm pcrkrrd. A measurementof a sitmplcwith a
tcnlpcrwurcmuch grcwcr than room tcmpcrwum might
uppr 10be biu.. if he rcsuh is uppiied m tankstit ronm
Icmpcru:urc. [f thissitutilioniscncountemd,Ilw optlor
musl txmtcl for Ihc tknsily vimiittio:lhcausc of tcm~ratum
diffcruwcs,

l) IA(;NOS’11(” SotI-lWAttli S(NIICsl~uii~litid ICSIpq;r:uns huvchccnbuilt Iimtesting
spccilic fci~lurcsused in Ihc Iargc Kill I pn]grnrn,

( I I ( ;’1”is u pntgrnm10Icsl IIlc p:mdlcl illWfiKC 11)Illc

U.rJnsmissi(m !kmwc (iCINNiI Mc~l~i\llisltl. ‘[”1)usr it,

l’irsl rxit ttw Illilill pl)glillll KI{IJ. “Illc?uswikh lo Ihc

Sdhliwm’y MIAIIINCSI d Iypc ~t.



APPENDIX C:

Name-GT gl -- Geneva Mechanism TesL F40gram

Synopsis. g[ [- 123] [-m] [-a] [-l~osirion:

Dewription. C( provides the user with a way to control tl
Geneva Mechanism. The Computer/Manual toggleon the
Geneva Mechanism must be in the Computer position to
enable computer control.

I

Ie

A N may have up to three parallel ports installed Gener-
ally, one of these is connected to a printer. The Geneva
Mechanism com,ects to the PC through one of the available

parallel ports (lJTl, LIT2, or LPT3). The user tells gt
which port to use by selecting one of the port options: -1 for
LFT1, -2 for LPT2, or -3 for LPT3. If noneof the portsare
specifiecLLFTI is usedby default.

‘he Geneva Mechanismmotor can be controlled dirtct.ly by
the -nl option. Whcii selected, this option will turn on the

motor immediately. The motor will continue running until
the user hits any key, The position lights can be activated to

track the motor while it is rwming by using the -a option
together with the -m option.

The Geneva Mechanism position lights may be controlled
directly by the -1option. An explicit posilion ( 1,3, or 5)
mtiy be selected using position. If no posifion is s~cifimi,

positioa I is used by defmdt. When selected,this option
will turn on [h light immediately. Ilw light will mmuin on

until the user kits tiny key.

“he C&tcva Mechimism mow may lx sent m ii pwiculw
positkm using the p (}pti(m. An explici~ pmtion (1, 3, or 5)

mtiy be scleclml using p(~sili~MI. It’ m) positi(m is s[mcllicd,
position I is used hy dcfiIulI. When selccmd, d~isoplion
mows the moIor m the selected p)sition; the posiii(m lights

trwk the motor its i[ IIIOVCY.
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Examples.

H -7 Displays a usage message,

gt -p3 Using IJT! Geneva Mechanism moves to
position 3 (57C0 source).

gt -2 -p3 Using LPT2 Geneva Mechanism moves to
position 5 (blank source).

gt -2 -m Using LPT2 turns cm motor (until user hits a
key, stopping motor),

gt -2 -m -a Same as previousexample but also turningon
position lights as motor moves.

gt -3-11 Using LIW3 mm on light for position 1 (T5Se

source) (until user hits a key turning the light
off).

(2) P1O is a program to test the parallel I/O ports. To use
it, first exit the main program IUD. Then .. ...

(3) DST is a program to ~st the digital stabilizer communi-
cations. TO use it, fmt exit the main program KED.
I%en switch to * Noka.iiest subdirectory and type cist.

Nfime-DST dst — Gnbma 8232 Digiud Stabilizer Test Program

Synopsis. dst I -p@or/]] [ -blbtudJ] [-eloln ] [-glzl [-
k[pwk]l [-w[wimfowl] [-r[range]] [-s[starelj [-v].

Desdptbn. Dsf provides [he user with a way to control
the Canberra 8232 Digital Stitbilizer. The Remote/Nlanuul
toggle on the Digital Sutbiliur must & in dIe Remote posi-

tion to enable computer contmd.

The IXgitalStabilimr cnnnccts to the PC through one of the

available serhd ports (L~M 1 or (.XlM2). Please note !hat
this requires a custom cable between the Digiud Smbilim-
imd the PC. The usertellsdy~which port to usc by selecting

the -p option. t\II explici[ port ( 1or 2 for COM I or C0M2,
trspectively) may he Seleclcd using port, [f no port is speci-
Iict!, C(JM I is used by default. Ille biild rate is selccIcd
using the ./) option, t3iIud rti[cs of XX), 12(N), 24(N), imd
%00 are supported, If no htiud is specified M() is used by

dcfuu!I. The purity is .selcctcd usil~geither [hc -r, ~~,or n
[q)litms I(Jch(mse rvcn. [Al, or m) pnrily, rcspmmvcly. II

m~p;mity is selc(.!~~i,even is used hy (Ici’,itlll.

w)
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Demription (cont.)

The user chcmes to communicate with either the Gain or
h controls of the Digital Stabilizer by selecting either the
-g or -z option, respectively. If neither is spec!.fi~ Gain is

used by default.

L)st always gives the ctment settings of either the selected
Gain or ~. If the user chooses to set one uf the settings,
At will also read back the reskzi settings. The peak may
be setusingthe -k option. Possible peak values are O to
19999. The window may be set using the -w option. The
range may be set using the -r option. Possible range values
are O (for Full), 1 (for Half), 2 (for Quarter), or 3 (for
Eighth). The state may be set using the -s option. Possible
ware values are O (for oft), 1 (for Hold), or 2 (for On).

Verbose detail of the serial communications between the
Digital Stabi.li- and the PC may be enabled using the -v
option. The option is primarily tor debugging purposes.

Examples
&t. ? Displays a usage message.
dst lJsing COM 1 at 3(X) baud with even parity,

repcwtscurrent pain wrings.

dst -b9600 -O Using COM 1 at %00 baud with odd parity,
repcxls current gain settings.

dst -p2 -n -z Using CY3M2 at 3(X) baud with no parity,

repcwtscurrent mw settings.
dst -n -z -k1233 Using COMI at 300 baud with no parily,

reports m.mtnt zero settings, sets the 74x0

peak to 1233, and reports the modified zero
.settirrgs.

(4) TIOOS - h a program m ........... “I’() usc il. first exit

[he mum progrtim KED. Then .....

(f) []B DUMP is Mprob~am 10 rcm.iimd print the K 111)

dutnbwse, KJU [IB.lIA”I”, which cm[iiins the h:wk-
ground tind swuight- through rcsuhs. To usc it, firi[
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Examples (cont.)

exitthemain
printer use

program .-l). To send output to the

c:hokai>DB_DUMP KED-DB.DAT >PRN

ERROR MESSAGES

The KE13 program can be starredwith some feature dis-
abled If you do not want to use the interface to the Geneva
mechanism, add the option -G to the command line that
starts the program

c:Mokai>KED -G

To override the diagnostic tests, which block certain actions

after a test failure, add the option -0 to the command line [hat
starts the program:

cAfokiii>K’ V -O

We huve uttempted to make the e- messages complete and

se~f-cxplwuttory, Please contact the safeguards assay group
at Los Alarms if you need b.elp: Jim Sprinkle
(505)-667-4 I8 I or Widt Hunsen (505) 667-W 1X

Two levels i)f enw’wam;rtg messtiges arc used in
progrum. IJlue messages are not us serious m red mt’SSilgCS.

$km)c blue messages inform the user [hut the program is
busy, while ~m~e uppcur its wnrnings. A wurning limit is
chosen such [bitt mwwionul fiil.setilumls [wcur. A fiil~

alarm mte, 1! 2-5% is considcrml ucccptablco Rcd mcssapcs
indiwlc ii II1OIE serious pII)t’)lCIll. Red lIICSSil~CS USUUIIY

rcqllirc Ihc Ilser m perform u rrpttir m adjuslmcnt, “Illc Iin]ils

for nx! IIIcssn~cs iIrc clI().scrt Y.()[hat !UISC i~l[lml r;ucs :Ire Icss

IIMI1 ().5’XI.

Hi+



. (“/’” /----. ~;”. $” (-,”’ P 0. / - -
/

IA-UR-93- 655

Titb:

Author(s):

Submitted 10:

MASTER
)

Ii!uulluti flF lHIS nocumw Is IINI.IMIT~

Los Alamos
NAIIONA1 I AIIOIIAIOIIY”

WIDER AVAllABILl~ OF PARMIM AND RECENT
IMPROVEMENTS TO PARMIIA

Jean L. Merson and Lawrence Rybarcyk

Computational Accelerator Physics Conference
Pleasanton, CA
February 22.26, 1993

,
I

1.,,

(CAP93)

. . .
IL-

, -.’

,- -

........... =. ,“.-. . . .. . . .=

Ion AlmInJINzMnd I dnmtikny, ● 11IIllmInlIwm IWIHIWW@ld IWWWI~ mIIIIJWVII , m OImIQtiClIV ltm IJIMV91BIIV {II(:dlhwmh~ Ihn IJ h lb~~lllwlll III I IWIUV

IHMIIII cmhm.! W /411!II Ml ~ Ily aimI@IIXI d Ih IWIIdO,IhmpIhhhtI Imr.qthiam Ihmt1A (J !; (hWWIIIUIIl idUUIn n IIImmh141nIW, II#V h-n bmIIM b
@lhdl IN 1~MUhlC4’1 h @hdld khtll [d ltlin I.t)llhlhilhll. [H h) dblW lllklq b {h) RI). k t)% (iOWl~lllllll lMIIl~_* 1Ill! Ion Alnllnm Nalmnd IAlrmlllwy
l~l~91n@lnltk IMIhhdl_ ldaIIllfv lhl~ millh ❑m WIMh ptklllllull lWIkWIIIU IMlmpwumIII Ih II !; lhplll!Mnll III I IMHW . . ...



WIDER AVAILABILITY OF PARMIL.4 AND RECENT
IMPROVEMENTS T() PARMILA a

Jean L. Merson, AT-7 and Lawrcncc J. Rybarcyk, MP-6
Los Ala.mxs National Laboratory

P.(). Box 1663
Los Aknos, NM 87545

.4BSTR.ACT

I)ARMII,A (I%ww Am] klial Motion hi Ion Lin(w Accdmatws) is a (lrift-

t utw linar [m,) ion- hwmI dynamics cA’. Owr its lwg lib’, many vmim~
Ilhvt’ d(w(do:)t’d. ‘1’hr Los Alitmos Aw(kdor [%x1(s f :roup (list rilmtw a v(’r-

sloll, fol which ii Illimlld’ is iLV;Li]ilt)lt’. [IIII(+s Otlm-wis(* spm-ilid, all nwlltions

d’ PA I{M 11.A in this docuIIImIt rdm to that 1,/\/\(!(;-(liHtril)llttwl vmwion. [;litil

r(wnt IJ, Illlis (l(NUIIIImIt.d nml dist.rilmtd wrsion fuwtiomwl only uldm ( “1’SS.

[ !wrs who wistwd to run 011 il difliwllt 01)( ’rill ing systmI nwdml to cmlvrrl thr

(xMI(’I lIrtI)stI]v(w. llA]{ hill. A IKM {)l){’l’ilt!-s IIII(b~ [JNI( :OS, il IINI(-]) I]mrr wi(kly

ilVililill)lf’ ( !l{ /\}- ol)(’rittitlg S~St (’111, illl(l uldm Vl\4X/\’hl,S. ‘1’his I)illwr dmwrilm
St)lllt” lit%’ f(’iltllr(?i t)f 1IIf’ Ct)(l[’q iLll(l giws flirtv-l iotm h)r ol)tilillillg t 11(’IIlilllllill ikll(l

I II(I ! ! Nl( ‘(IS ikil(l \’hl S vt”rsit)lls of tlII* (-[)(1(..

IN’I’I{OI)(!(’’I’ION”

1



SCALED SFDAT.4 INFORhl.\TION

CHOICE OF ROLITINE TO GENER.+TE LIN.+C



‘(gnlcn .le, 10,00]” i-ud recompiling. Similarlyq Lh(’ phase Iilililcan lx’cllang~xl

I]ychanging tlw value assigned to S1’kll NV il] th(’ routilw and recompiling. This

a~signment occurs inmmdiatmly afkr tlw Comllwnt ‘gem’ratr ]inac-.

NEW OUTPUT FILES

TWCJ additional output filw not dorunwutrd in thc Il]itllliiil arr now availnldr,

‘rho filelthllTT contains I00%, !)O(XI, and I IIIS mllittamw. as will w {] and $ ill

L}It*x-xprimc, y-yprilnc MI(I pllas(’-mwrgy I)hms{’ s]wc(’ plan(w at (’il~ll cf?ll, and tlw

nulnlmr of particks that Iiaw’ not IMI(*lI10s1. 10 tllill point..‘[’11(’[iloiswrit.t.rllI)y

sulmmtinr EMIT,

I’OWT’IIJE ccmtains ttw pmwr rcquirrnwnt, in mcgawatt,s for rarll cc’ii illld Lllr

cullmlativr powrr rquirmmwt to tlml. cdl in tlw tank. It is writl(vl hy sul)routinc

(:1; NI,IN2.
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give coordinate input file name.

tape25

what is dimension of cord on input file?

6

give first four letters of type of particle.

try <prot>,<deut>,or <hmin> or <atop> to exit code.

hmin

want to use synch energy-synch phase <y> <cr>?

if <cr>, will use wbar-pbar calculated in this code.

Y

read from tape5 synch energy 5.0504 mev

synch phase -0.6981 radians

do you uant a full range analyais? <y> or <cr>

Y

parmila ehort input file

do you want plot output ? <y> or <cr>

Y

do you want histograms plotted? <y> or <cr>

Y
do you want plots of fitted gaussian distribution? <y> or <cr>

Y
to change dlstr]bution llmits enter any or all xl,xpl,yl,ypl,phlmin,phimax,

wlow,whigh,npar, namelist format. namelist name=limitu

$limlts$

do you want sample emlttance plots” <y> or <cr>)

Y
10 change plot llmlts enter any or all xmx,xpmx,ymx,ypmx,wmx,prnx

uw Ilamcll:;t,tormat. rli]ln(~ll~l l~ilm[q 1:; m,axti

$lllilX!l$

pll}t dorlu. p,i~{q:; = ]1, word:;= 10!)17

g[”iq)hl(::;c1 = II

END OF DISSPI.A11.0 !)00:!,I)I{IVEH:;!~OO:l-- 20!)19VkX:T(U{:;IN 10

1’1,[]”1’:;.

IIUN (IN 1/1:!/:):! U:: IN(; :: El{l Al, N(INIIFH{ :!!)4!, A-l’ 1.[1:: AI. AM(I!; NAT1[)NA1.

1,AINII{A”HII{%

PIUll)RltTAl{Y :;OF”I’WARE Ptlol)[l(;l” [)1: (X!M1’[1”1’hJt A:;!W:lATE:;, IN(:,

!)”/(;:1 V1]ITUAI. !:’I”(lNA(;I{IWH;EI{EN(:I”:!:;“/ IU{AI)!;; O Wl{l”rE::,



CONCLLHOXS

‘1’hc manual, the UN1( :0S version of I)ARhlILA. or the VAX/VhlS version

can be obt.aincd by stmdiug a request to The Los Ala rtN~sAccclcrat or Code (.;mup

by one of the meam+ gi vtvl below’,

Mail request to:

Los Alanms Acc14cralor (kk (;roup (LA .J\(’(: )

hlail stop lltlXi

1.0s Alalnos Naticmal ],almral ory

1AM :\laIIIos, NOW hlrxico ~75.15
[!s:\

I’h(mc:

(F05) (i(ii-!)13 I

S(’lllt”llllll”l” :J:i. I!I’I;J)

!iI. l’.Nlc’1lzc’1;111(1

(:l”oll l)(lf(’1111(’!i.’”

Ililry l!l,s ”;)

..
1



[4] Thon]as 13. W'a]]gler, private collll]]ullicatio] l, Oct()berl99l

[5] c:mrge I1. Ncuscllmf(hr, privat(~c(~1]lxnu1lication,Dtvenlhcr2l,l!)92


