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GENERAL This user manual describes the Los Alamos waste drum

shufflers. The primary purpose of the instruments is to

assay the mass of 235U (or other fissile materials) in drums

of assorted waste. It can perform passive assays for

isotopes that spontaneously emit neutrons or active assays

using the shuffler technique (described below).

AUDIENCE This user manual is intended for people who operate the

shufflers.

OTHER DOCUMENTATION Other manuals by Los Alamos and commercial manufactur-

ers dealing with the shuffler are listed below.

1. Martin Marietta Portsmouth Waste Drum Shuffler

Hardware Manual, Los Alamos

2. Martin MariettaPortsmouth Waste Drum Shuffler

Software Manual, Los Alamos

3. Compumotor Model 3000 Controller User Guide,

p/n 88-003181-05

4. Compumotor O13erator'sManual, AX Drive, p/n 88- i
006938-93

5. Compumotor A Drive User Guide, p/n 88-006937-04C

6. Compumotor Plus User Guide, Indexer/Driver Version,

p/n 88-007488-02D

7. EG&G Ortec Model 4001C Modular System Bin

Operating and Service Manual

7. EG&G Ortec Model 4002A Power Supply Operating

and Service Manual

8. EG&G Ortec Model 478 2-kV Bias Voltage Supply

Operating and Service Manual

10. Micro Switch Installation Instructions for FM Approved

DC FY Proximity Sensors, PK 82740

11. Catalog Sheets for Motion Technologies' Motor,

Type 12 FGT, Model 6T15012001

PMR474(R) 1
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OTHER DOCUMENTATION 12. Jomar Systems JSR- 11 Electronics Package Operation

(cont) Mant_d

13. IBM Personal System/2 Model 70 386 Quick Reference

and Reference Diskette

14. IBM Disk Operating System Version 3.30 Reference

Manual

15. IBM Disk OigTating System Version 3.30 Users Guide

16. IBM Disk Operating System Version 3.30 Quick
Reference Card

17. 3+ Installation and Configuration Guide, 3Com

Corporation, p/n 2789-00

18. 3+ Administrator's Guide, 3Com Corporation,

Volume I, p/n 2788-01 and Volume II, p/n 4471-00

19. NetBIOS Supplement, 3Com Corporation, p/n 3254-00

20. 3+ Menus Reference Guide, 3Com Corporation,

p/n 1963-01

21. 3+ Messages Reference Guide, 3Com Corporation,

p/n 4472-01

22. 3+ Share User Guide, 3Com Corporation, p/n 1694-01

23. 9570 Wedge Reader Operator's Guide, Intermec,

p/n 050682 Version B

24. 1620A Laser Scanner Operator Guide, Intermec,

p/n 045 205

25. 9570 Wedge Reader Quick Reference Card, Intermec,

p/n 047857

MEASUREMENT TECHNIQUES

Uranium The shuffler measurement technique for uranium (or any

other fissile material) relies on counting delayed neutrons

emitted seconds to minutes after fission events induced in the

drums by neutrons from an irradiating 252Cf source. The

252Cf source irradiates a drum for a few seconds and is then

withdrawn to a shielded position so the delayed neutrons can

be counted for a few seconds. This process is repeated,

PMR474(R) 2
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Uranium shuffling the source to and from the drum, until the desired

(coat) number of d_layed neut¢3ns has been counted. The mea-

sured count rate is correlated with the 235U mass in the drum

through calibration with standarddrums. Other isotopes of

uranium, also fission, and 238U is generally the next most

important contributor to the delayed neutron count; when dif-

ferent enrichments are being measmed, the effect of enrich-

ment must be included through calibration or a calculated

correction.

Much more technical information on the the¢_ of shufflers

is presented in the Los Alamos National Laboratory report

LA-12103 (May 1991) by P. M. Rinard, "Shuffler

Instruments fur the Nondestructive Assay of Fissile

Materials." P. brief overview of the capabilities of shufflers

for 55-gal. drums is presented in the Los Alamos National

Laboratory Application Note, "The 252Californium

Shuffler," (March 1990).

A user commands the instrument through the keyboard of a

computer. In the electronics rack are high- and low-voltage

power supplies for the neutron detector tubes, a 12-channel

sc,_lerfor timing and counting pulses from amplifiers con-

nected to the neutron detectors, the stepping motor indexer, a

lamp controller, a printer, and assorted electronics to condi-

tion signals to and from the computer.

A drumto be assayed is placed on a wheeled cart and rolled

into the assay chamber. After a retaining peg is placed in the

chamber and the doca"is closed, the source can be moved

into the assay chamber under control of the Indexer upon

command by the computer. The computer notes the state of

a proximity switch in the door and will never ask to move

the source if the door is open; if told to move the source

when the door is open, the code inside the Indexer will not

PMR4740t) 3
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Uranium do so because it too checks the state of the door's proximity

(coat) switch.

A stepping m_t_r turns gears thatdrive a cable attached to

the source. Proximity switches watch for overtravel of the

cable and shut down the stepping motor when an overtravel

occurs. The reverse overtravel sensor also indicates when

the source is stored in the center of the storage chamber.

"the stepping motor Indexer has parallel input and output bits

that are used to transmit information between the computer

and peripherals. The states of the proximity switches are

read by the computer from the input port and the status

lamps are set through the output port. The Indexer has its

own internal code consisting of several types of operation

that can be accessed individually by the shuffler's computer;

examples are moving the source to or from a drum, scanning

the source along a drum, and setting or reading parallel bits.

Communication between the computer and the Indexer is

over a serial port.

When a measurement is commanded, the appropriate portion

of the computer's code sets the status lamps on the shuffler

body, clears the sealer's channels of counts, checks proxim-

ity switches for the 252Cf source's cable ,md the door, and if

everything is in order, proceeds with the measurement.

A drum is surrounded by eight banks of large delayed-

neutron detector tubes and two small flux monitor tubes that

respond to delayed neutrons from the drum when the source

is returned to the storage chamber and neutrons from the

252Cf when it is irradiating the drum, respectively. Each

bank of tubes is connected to an ampfifier board built around

the AmpTek amplifier integrated circuit. The signals from

the amplifiers are counted by the 12-channel scaler module.

PMR474(R) 4
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Uranium Whenthecomputer'sclock esfimv._esthata countingtime

(cont) periodis finished,the 12-channelscaleris read. Channel0

gives theprecisecount time to the nearestmillisecond and

otherchannelsprovidethecountsin the eight delayed-neu-
trond_.tectorbanksand the two flux monitors. These raw

dataareusedby the dataanalysisportionof thecode to gen-
erate an assay result.

Plutonium and Other Fissile Plutonium, UF 6, or other spontaneous emitters of neutrons

Materials can be assayedthroughpassive reutron counting. These

neutronsoriginaw_m spontaneousfissions or (0_,n)reac-
tions. The shuffler's neutrondetectionelectronics is used

butthe totalsignal is muted to a shiftregisterelectronics
package0omar Systems JSR-1I). The shuffier's software

is not usedfor passive counting;a separatecomputerpro-

gramcontrolsthe datacollectionandanalysis.

The use of the shufflerelectronicsfor passive assays will not
be described furtherin this manual.

MEASUREMENT CONTROL

Internal As partof every assay, some internalchecks aremadeauto-

maticallyto ensure that the shuffler'scomponentsare operat-

ing properly.

If anybankof neutrondetectors has no counts, there has

beena problemwith that bankor the scaler board. There are

eight bankscountingdelayedneutronsandtwo individual
flux monitordetectors.

Ratiosof counts fromdetectorbanksarecomputedand

comparedto expectedrangesof valuesin a parameterfile of

thecomputer. The ratiosmust be withinthe rangein the

parameterfile for the assay to be considered "normal." The

same is truefor the ratioof the two flux monitors,although

PMR4?4(R) 5
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Internal the use of these monitors during assays is optional (specified

(conO in the parameter file).

If the serial communication link to either the scaler boardor

the Compumotor Indexer is lost, the shuffler's computer

informs the user through the video monitor and assays can-

not proceed until the problem is fixed.

The Compumotor Indexer performs its own internal checks

on its operation and signals the shuffler's computer if it finds

a problem in the stepping motor system.

Measurement control options are available m the user

through the menu on the video monitor.

A Precision1and Bias Check may be performed by placing a

standarddrum of known 235U mass in the shuffler and

assaying it repeatedly. The average assayed mass and the

precision of the assays are compared to ranges of values in

the parameter file. If either check is failed, the whole test

must be repeated. A second failure requires the assistance of

a supervisor before further assays can be taken.

The precision portion of the above check may be performed

without the bias portion. This allows the use of a nonstan-

dard drum whose 235U mass is not well known. The preci-

sion is calculated but not compared to any value in the

parameter file.

A StandardCheck is requir_ of the operator on a schedule

specified in the parameter file. An assay is first made of an

empty assay chamber, the result should be below the specifi-

cation in the parameter file. A second assay is then made on

a standarddrum, with the result again being compared to a

standardvalue in the parameter file. Failure to pass these

PMR474(R) 6
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Procedural tests aftertwo attemptsrequiresthe assistanceof a

(coat) supervisor.

SAFETY FEATURES The only unusual hazard associated with a shufflercomes

fromthe 252_ source. This isotope emits gammarays and

neutronsspontaneouslywith a half-life of 2.64 years, lt is
doublyencapsulatedin stainlesssteelcapsules thathave been

used as standardcontainersfor many years afterthorough

testing by OakRidgeNationalLaboratoryand Westinghouse

SavannahRiver Company.

The bulk of the shuffler'sbody is shieldingfor the 252_

radiation. The shieldinghas been selectedfor a nominal

600 _tgof 252Cf. The dose ratefrom the source at a given

locationdepends on the sourceandmeasurementpositions

and whetheror notaveragesaretakenover positionand/or
time.

The initial recommendedsize of a new 252Cfsourceis

600 _g. If a person were 1 m from an exposed sourceof
thissize with no interveningshieldingwhatsoever,the dose

rates received would he 1404mrem/iu"from neutrons,

84 torero/brfrom gammarays, and thus a totalof

1488 torero/hr. If a personwere2 m from this size source
for 10 s, the dose receivedwould be (1488 mrem/hr)(1m/

2 m)2(10/3600 br)= 1.03 torero. The shuffler's shielding
reducesthis dose rateto values indicatedin thenext

paragraph.

Duringan assay the source shuffles between its normalstor-

age positionand an assaypositionin the rearof the assay
chamber. The sourceis securedto a flexible cable, whichin

turnis moved by a steppingmotor and gear. If the shuf-

fler's doorwere to be opened while the sourceis in the assay

position,there could be littleshieldingbetween the source

PMR474(R) 7
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SAFETY FEATURES and theperson. A proximityswitch on the door is provided

(cont) that senses thatthe dooris open or closed. An electronic
interlockandthe softwarewill notallow an assay to begin

un'_ilthe door is closed. If the dooris opened duringan

assay, the sourceis automaticallywithdrawninto its shield
and the assayis terminated.As indicatedby the examplein

theprecedingparagraph,the dosereceived by someone

openingthe doorwill be muchless than 1 mrem. As soon

as the door is openedeven a crack,the so,ce will start

moving awayfrom thedoor andinto the storagechamber.

By the time the dooris openedenough for someone m stand

by the open endof the assaychamber,the source will be
within its shield.

The positionof the 252(.'/'sourceis controlledby the

CompumotorIndexerandthe shuffler'scomputer. Three

proximityswitchesprovide informationon key positions of
the sourceby detectingthefree endof the cable.

One proximityswitch signals when the sourceis in its

"stored"position at the centerof the storagechamber. This

switchis checked many times duringan assay for safetyrea-

sons andalso to ensurethat the sourceis awayfrom the

assay chamberwhile delayedneutronsarebeing counted.

Shouldthe steppingmotor system notreturnthe sourceto

thisstoredpositionto within a small fractionof an inch, the
Indexerwill automaticallycausethe motorto take the few

steps requiredto position the sourceproperly.

A secondproximityswitchis just beyondthe otherextreme

positiontakenby the sourcewhile it irradiatesa drum. This
is a "forwardovertravel"switchandif the source's cable

uncoversthis switch, the Indexer immediatelystopsthe

steppingmotor.

PMR474(R) 8
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SAFETY FEATURES The third proximity switch is slightly beyond the store posi-

(cent) tion proximity switch and serves as a "reverse overtraver'

switch. If the sovxce's cable uncovers this switch, the

Indr_xerimmediately stops the stepping motor. The proxim-

ity switches are sensed by the Compumotor Indexer and by

the shuffler's computer. The Indexer will respond to the

ovem_vel signals independently of the computer, it automat-

ically stops its o_m motion ff an overtravel occurs. The

Indexer code responds to the door and store switches, but

the code must be running (which is necessary to operate the

shuffler). The shuffler's computer monitors all these

switches and *.akesappropriate actions based on their states.

PMR474(R) 9



LOS ALAMOS WASTE DRUM SHUFFLERS SHUFFLER HARDWARE
USERS MANUAL OVERVIEW

I II I iii I • III I II Ill I II I TI III I I [I]1

GENERAL The shuffler's hardwarehas three separate components. Ali

of these components are discussed in more detail later in this
SHUFFLER HARDWARE OVERVIEW section of the

manual.

1. The fh'st component is the shuffler body, which consists

of these three sections:

a. astoragechamberwiththesteppingmotordrive

system;

b. anassaychambercontainingtheneutrondetector

ml)cs,signalamplifiers,andturntablerotationmech-

anism;and

c. doorsgivingaccesstotheassaychamber.

2. The secondcomponentistheelectronicsrackwiththe

high-voltageandlow-voltagesupplies,signalcondition-

ingmoduleswithstatuslamps,thesteppingmotor

Indexer,rotatordriverandcontroller,andapower

conditioner.

3. The thirdcomponent includes a computer and printer on

a table.

BLOCK DIAGRAMS Electrical drawing 68Y-155750 D200 is a block diagram

showing the electrical components and their

interconnections.

PHOTOGRAPHS AND FIGURES Figure 1 is a photograph of the shuffler's body as seen from

the front. Figure 2 shows details of the driving mechanism

for the 252Cf source. Figure 3 is a photograph from the

front with the doors open.

PMR474(R) lO
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PHOTOGRAPHS AND FIGURES

(cont)

Fig. 3. The storage chamber of the
shuffler is viewed from thefront
with the stainless-steel shroud
removed to reveal the components
of the drive mechanism.

/

Figures 4-7 are sketches and a cross section of the shuffler

from various perspectives. The main components are

labeled.

The electronics rack is shown in Fig. 8.

ACTION FLOW When power is applied to the electronics rack, the

Compumotor Indexer retrieves and runs a program already

stored in its internal EEPROM if the Indexer has been set up

properly. From the Indexer's main menu, push SETUP,

then AUTORR: the AUTORCL and AUTORUN parameters

should be set to YES. Return to the main menu by pressing

the MENU button twice. Then press STORE to save this

new setup and the START to run the lndexer's code.

12
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ACTION FLOW

(c ont) Front View
(Top Shroud Removed)

Revtq'M

Store OvertravelSensor

Storage
Motor Gears Chamber

_Encoder L Sensor

Take-up

Tubing

D-_._- t a I ,.._

f Amy

Chamber

I

Fig. 4. The major components are idemif_d on this sketch of
the shu_er' s front with the doors closed.

Meanwhile the computer boots itself and automatically runs

the shuffler code if this line is in the MS-DOS

AUTOEXEC.BAT f'fle: "Pons.EXE" (or simply "Ports");

the quotation marks are not to be included.

A user communicates with the computer through the key-

board, the video monitor, a printer, and a bar code reader.

1.3



LOS ALAMOS WASTE DRUM SHUFFLERS SHUFFLER HARDWARE
OVERVIEW

USERS MANUAL ,, ,

ACTION FLOW

(c ¢ n t) Front View
(Top Shroud Removed)

Store ReverseOvertrsvti

_Su_n. I

i
Take.up _ _,. / _ Stmnu I

Se_r_ i , I I . / Sensor

H Cf.3._I

Dm' _p{Guide

I I -Ia
i
u
i
N
g

Le_nd

RolIIIolI/
i iii

Fig. 5. The major components are k_ngf_d on tns sketch of the s_f-

JTer' s _ont with the doors open. The components below t_ _oor level
arealsoimulicate_

The computercommunicateswith theCompumotorIndexer
and the Los Alamos scalerboardthroughseparateR5-232

seriallines. If necessary,the programfor the Indexer may
be downloadedinto theIndexerover the seriallineand then

storedin theEEPROM.The printeris attached to another
serialline.

The computer checks that communicationswith the Indexer,
the scalerboard,and the printerare functioningproperly. If

thereis a problem,the useris so advised.
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ACTION FLOW

(cont)
Top View of Interior

i ll|l __

Iron Shield_
Reflector Cf.252

Guide Tube Cd-Covered_

Monitor Flux Monitor II

Turntable

Rotation Delayed
Sensor Neutron

Detector
Banks

DOOr

Door Door
Sensor

Fig.6. The shu_er'sassaychamberhasbeensectioned
horizontallyand isviewedfrom above.A drum restson

theturntableand rotateswlu'lethe2"_2Cfsourceirradiates

it.Afterthesourcehasbeenremoved,thedelayed-neutron
detectorbankscountdelayedneutrons.Thefluxmonitors
count neutrons from the 252Cfsource during the irradia-
tion.

The user is asked for anidentifier (name,company num-

ber,...) and then a password; the password is not echoed
to thescreen. If this informationis valid, the shuffler's

computer notesthe commandlevel for the user (an operator,

a supervisor,or a manager)and presentsan appropriate

menuof options. Only a managerhas the option of creating

or modifying valid useridentifiers and passwords.
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Side View
ACTION FLOW

(cont)

Fig. 7. The shuffler is viewed from the side with the
storage chamber's shroud in piace. The gamma-ray
ports have polyethylene plugs that may be removed Storage Chamber
to allow the measurement of activation gamma rays

from the object being assayed.

i

Door

Assay Chamber
"7

Gamma-ltPorts'y _ __-

Fig. 8. The electronics rack for the
shuffler has these components,from top
to bottom: a JSR-11 for passive neu-
tron counting; a NIM bin whose mod-
ules are described below; the Indexer for
the drive motor; blank panels; and the
rotation motor controller.

The NIM bin has these modules,

from left to right: a Los Alamos status
indicator module for the source cable,
rotation motor, and door sensor; a Los
Alamos status indicator of whether or
not the shuffler is in use and an audible
alarm to warn that the source is not
stored when the door is open; a Los
Alamos dual +5 V supply; a Los
Alamos 12-channel scaler; and two

high-voltage power supplies.
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ACTIONFLOW The threecommandlcvcls andtheiroptions arcdescribedin

(coat) detail laterin thismanual. In gcncral terms,therearcoptions
to pclrformassays,performmcasurcmcntcontrolandsafety
checkson the shufflcr,modify theoperatingparameters,

reviewpast data,andexercise diagnosticroutines.
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INTRODUCTION The proper settings of switches and dials for the electrical

components are listed in this section. Most of the electron/cs

is in the rack shown in Fig. 8. More details on the compo-

nents and their inwrconggctions are given in the companion

Hardware Manual.

The settings recommended below are for normal operation.

Deviations from these settings should be made only for good

reasons and after careful consideration of the consequences.

Some changes could make the shuffler inoperable while oth-

ers could invalidate the currentcalibration.

POWER CONDITIONER The power conditioner at the bottom of the electronics cabi-

net has an ON/OFF switch that should be ON.

NIM BIN The ON/OFF switch of the NIM bin should be ON.

HIGH.VOLTAGE POWER There are two identical high-voltage power supplies for the

SUPPLY detector tubes.

Cable Connections Rear Panel:

The cable labeled HIGH VOLTAGE should be attached to

the HIGH-VOLTAGE connector.

Nothing should be attached to the INHIBIT connector.

Switches and Dials Inside Chassis:

The POLARITY switch should be set to POSITIVE.

Front Panel:

The LED on the frontpanel should indicate a POSITIVE

polarity.

The high voltage for the detector tubes should be set at

1680 V. To have this value, the KV switch should be set to

PMR474(R) 18
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Switches and Dials 1 (1 kV) and the ten-tm'n potentiometer for 680 (680 V).

(coat) The potentiometer should be locked and not changed.

The ON/OFF switch should be set to ON. lt is not neces-

sary or even desirable to set the high voltage to zero before

turning the power supply on or off.

Any change made in the high-voltage setting is likely to
invalidate the calibration of the shuffler.

LOW-VOLTAGE POWER SUPPLY Ther,_ are no internal adjustments in this module that pro-

vides +5 V to the AmpTek amplifiers inside the junction

box.

Front Panel:

The ON/OFF switch should be ON.

The LED should be ON.

There is a test point to confirm that the output voltage is

indeed +5 V.

Rear Panel:

The cable labeled "+5 V" should be attached to the con-

nector.

ABC SWITCH This switch mutes one of the computer's RS-232 communi-

cation lines to either the shuffler's indexer or the JSR-11

shift-register counter in the electronics rack.

Front Panel:

The toggle switch should be set to SHUFFLER for shuffler

operation.
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ABC SWITCH Rear Panel:

(coat) Three 9-pinD-connectorsshouldbe insertedinto thesockets
with the correspondinglabels. Fromtop to bottomthese are

"NCC" (nemroncoincidence counter),"S_ER," and
"COMPtYIER."

SHUFFLERSTATUS LAMPS Two signalssrc prominendydisplayedby a statuspanel
above the shuffler's doorsand show the currentstainsof the

shuffleroverall. The same lamps arc indicatedon a Los
AlamosNIMthatalsocontainsanaudiblealertthatthe doors

areopenandthe sourcemay be exposed.

Red Lamp The red lampis on when a measurementis in progress. This
includesthe passivebackgroundcountthatprecedesthe

active interrogationusing the 252Cfsource. Openingthe

doorwhen the red lampis on will abortanymeasurementin

progress.

If for some reasonit is felt necessary to open thedoor when

this red lamp is on, independentverification shouldbe made

that the source is indeed stored. The store lamp on a NIM in

the electronics rack will be on if the Compumotor Indexer is

on and the source is stored. The LEDs on the scaler board

NIM front panel shouldbe flickering slowly from back-

ground; if they are on steadily, the source is not stored.
Furthermore, if the end of the source's cable is visible above

the store position proximity switch and the scalerLEDs are

flickering slowly, the source is safely stored. To be sure, a

gamma-raymeter can be held between thedoorsas the doors

areslowly opened;if the meterreading increases,the source

may be presentand thedoors shouldbe closed.

When a user exits the shufflercode, both shuffler status

lamps are turned off.
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Green Lamp When the shuffler code is running but a measurement is not

in progress, the green lamp is on. This indicates that the

door may be opened to load or unload a drum. During a

measurement, the green lamp is off (and the red lamp is

on).When a user exits the shuffler code, both shuffler status

lamps are turned off.

SCALER MODULE This scaler has 12 channels. Channel 0 is used as a timer

and is on continuously. Channels 1 through 8 count pulses

from delayed-neutron detectors and flicker at a slow rate

when the source is stored but are on steadily when the

source is inside the assay chamber. Channels 9 and 10

count pulses from the flux monitors while the source is irra-

diating a drum. Channel 11 is not used.

Front Panel:

The lamp for channel zero should he on continuously, lt is

counting the internal clock's rate of 10 kHz.

A test point is available to check the internal +5 V supply.

Rear Panel:

Of the 12 connectors, only those labeled channels 1 through

10 should be connected. They should be matched to cables

labeled SCALER 1, SCALER 2,..., SCALER 10; these

are connected to delayed neutron detector banks 1 through 8

and then flux monitors I and 2, respectively.

Here are the physical locations of the delayed-neum3n detec-

tor banks: left door (SCALER 1), left side (SCALER 2),

left rear (SCALER 3), fight rear (SCALER 4), fight side

(SCALER 5), fight door (SCALER 6), top (SCALER 7),

and bottom (SCALER 8).

PMR474(R) 21



LOS ALAMOS WASTE DRUM SHUFFLERS COMPONENT SETTINGS
USERS MANUAL AND CONNECTIONS

I II II I I

SCALER MODULE The left flux monitoris notcoveredbycadmiumandcorre-

(coat) spondsto SCALER9. The right flux monitoris covered

withcadmiumand correspondsto SCALER10.

The outputconnector of SCALER0 provides the sumof

signals from channels 1-8 thatthenenters the JSR-11 for

passive counting.

The 9-pin connectoracceptsthe cable labeledSCALERfrom

the computer. This is the serial communicationslink.

COMPUMOTOR INDEXER

Switch Settings The ON/OFFswitchis locatedon thefrontof the Indexer

and shouldbe on. The greenstatuslamp shouldbe ON.

Program A Los Alamosprogrammustbe runningwithin the Indexer

for the shufflerto operate. This programcontrols the step-
ping motorindependendyof the shuffler'scomputer. For

example, the 252Cfsourceis placedin its storeposition by

the Indexerwhile theshuffler'scomputerwaits for a signal

fromtheIndexerthat the procedurewas completedsuccess-

fully. If anoperationis not completedwithin anexpected
time interval,the computerassumes the operationwas

unsuccessfuland generates anerrormessage.

The programto be runby the Indexerhas beencreatedout-
side theIndexerand is called"PORTS.PGM." lt is down-

loadedinto the Indexerby selecting themenuoption

"Diagnostics/DownloadIndexer." The useris promptedfor
the nameof the code to be loadedinto the Indexer, that name

is "PORTS.PGM"for thecode suppliedby Los Alamosand

shouldbe given exacdy as shown(without the quotation

marks).
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Program The communicationportsof the Indexermust be set cor-

(coat) re,cOy. Fromthe SETUP option select RS232; the baudrate

shouldbe 9600 with 1 stop bit, 7 databits,even parity,and

DTE selected. If a changeis neededto havethese choices,

be sureto pressthe ENTERbuttonto have the changes
used. FromtheSETUPoption selectREMOTEand set

TEXTto OFF, ridsis the correctsettingfor downloading

andrunningthe code.

The Indexercode canbe storedin the Indexer'sbattery-

backedmemorywith the SAVE option in the Indexer's
menu.

COMPUTER AND MONITOR The ON/OFFswitch shouldbe ON to both the computerand
the monitor.

PRINTER The printer'sON/OFF switch should be ON and the ON-

LINE lampshouldbe ON to indicateit is readyto receive

signals. If the printeris off line, the computerwill pause the

first time it triesto write to the printerand presenta message

aboutthe printeron the screenafterwaiting a few seconds.

AMPLIFIER/SCAs A discriminatorhas been seton each AmpTekamplh_ier/SCA

unitmountedinthe junctionbox. These shouldneverneed

adjustinff,moredetailson them aregiven in thecompanion
hardwaremanual.
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UNIFORM IRRADIATION The purpose of this shuffler is to assay the masses of 235U

inside waste drums and other containers. This requires

irradiatingthe chums throughout their volumes as uniformly

as possible. If there are inhomogeneities in the 235U distri-

bution, the measured response will still give a correct assay
value.

Uniform _ation requires relatively high-energyneutrons.
Thermal neutrons would not penetrate the dense materials

within the drums, and the response would depend only on

the nature of the material on the skin of the drum contents.

(The mean-free-path length of thermal neutrons in 235U is

only 0.03 cm.) The neutrons from 252Cf are high enough in

energy to penetrate the matrix within each drum, and the

materials of the assay chamber were chosen to make the fis-

sion probability as uniform as possible throughout the vol-
ume of each drum.

The assay chamber is lined with cadmium to prevent thermal

neutrons from entering the chamber. Neutrons from 252Cf

or 235U could otherwise leave the chamber, become thermal-

ized in the polyethylene around the detector tubes, re-enter

the chamber, and (with high probability) cause fissions on
the skin of the drum's contents. These thermal fissions

would dominate and distort the assay process.

Uniform irradiationrequires a sacrifice in the total fission

rate for a given size of 252Cf source; high-energy neutrons

are less likely to cause fissions than are thermal neutrons.

Fortunately the 252Cf size could be increased to make up for

the drop in fission probability and the source would still be

fairly small.
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UNIFORM IRRADIATION A potential problem with irradiation by high-energy neutrons

(coat) is the production of delayed neutrons from 238U instead of

235U. However, only a small fraction of the neutrons from

252Cf have enough energy to cause fissions in 238U. Monte

Carlo calculations indicate only about 1 fission in 23812for

every 25 fissions in 235U even if there is no moderating

material within a drum. Most of the fissions in 238U are

"stimulatedby fast neutrons released after fissions of 235U

rather than from 252Cf neutrons directly; there is no way to

eliminate this source of high-energyneutrons from inside the

drums themselves, so the effects of 238U must be accounted

for as part of the calibration of the drums.
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SAFETY FEATURES The earlier section called SAFETY' FF.,ATURES should be

understood before startup. The modest hazards are easily

avoided when understood.

POWER SWITCHES Ali power switches may always be left on. If power to the

electronics needs to be turned off, a single switch controlling

power to all the equipment may be turned off.

The motor driving the 252Cf source may be turned by hand if

the power to the motor is off. Power to the motor alone can

be removed by unplugging the power cord entering the

power/signal box on the side of the computer. Compumotor

recommends that the power connector entering the power

driver not be disconnected because the conductors may be

damaged; the driver is the black box with cooling fins

mounted on the front of the storage chamber inside the

stainless-steel shroud.

At this point, power to ali other components of the shuffler

should have also come on. If the NIM bin power is noton,

the scaler NIM will not be able to respond to an inquiry from

the computer and will lead to an errormessage when an

attempt is made to communicate with the scaler.

When power is applied, the various lamps on the front pan-

els of the different NIMs should have the ON-OFF patterns

described earlier.

COMPUTER BOOTING Turning the power on to the computer initiates the booting

sequence if the AUTOEXEC.BAT fde has the line

"Ports.EXE" that automatically starts the shuffler code.

Configuration Files The same code is used on boththe X-326 and X-744G

shufflers, but there is one hardwaredifference that is

reflected in what arecalled the "configuration" fdes read by
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Configuration Files the code. The stepping motor of the X-326 shuffler takes

(coat) 500 encoder steps for an inch of 252Cf travel, while the

servo motor of the X-744G shuffler takes 625 steps for an

inch of travel. The _ configuration file for a shuffler

must be present for the code to read.

The name of the configuration file is PORTS2.CFG for both

shufflers. There are seven lines in the configuration file. lt

is an ASCII f'tleand can be edited by any ASCII editor. Its

contents can be checked simply with the IBM-DOS com-
mands TYPE PORTS2.CFG or PRINT PORTS2.CFG.

Each line has information for the shuffler code plus com-

meats explaining the significance of the line. Here is a typi-

cal listing for the X-744G shuffler (shuffler number 2 at

Portsmouth):

PORTSMOU'I_ SHUFFLER /* program name */

1.0 /* version number */

November 25, 1991 /* release date */

',No.2 /* instrument id */

Y /* rotation table installed: Y or N */

8.5 /* rotation table delay time */

625.0 /* steps-to-inches conversion */

The last line has the number of steps per inch, which differs

between the two shufflers. The instrument ID will be No. 1

for the X-326 shuffler and the rotation table delay time may

differ slightly between the two shufflers.

To stop the rotation turntable with the proper orientation, a

bolt on the table triggers a proximity switch and then a cer-

• tain wait time is needed to achieve that orientation. After that

delay time the power to the table's motor is cut.
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SIGN ON After the shuffler code executes, the user is asked for an

identifier (name, company number,...) and then a pass-

word. Both of these items are "case sensitive," meaning

NIM bincapitalization is important. For example, "sharon"

and "Sharon" are different words and not interchangeable.

As a user enters a password, it is not echoed to the screen.

If a mistake is made in either item, the user is returned to

MS-IX)S and may try again by executing the code by typing

"Ports."

A manager must maintain the list of valid identifiers and

passwords and establish which are operators, which are

supervisors, and which are managers. When someone logs

on, a set of menu options will be made available that arc

appropriateto that user (most limited for operators, complete

availability for managers, and complete availability except

for identifier/password access and control for supervisors).

The next screen generated by the shuffler code shows the

date and time, which can be changed if they are incorrect. It

is very important that at least the date be correct because it is

used to correct for the decay of the 252Cf source.

The format of the date is "mm/dd/yy." An example is

11/12/90 for November 12, 1990.

The format of the time is "hh:mm:ss." Examples are 10:33,

10:33:00, 10:33:27, and 09:22 (but not 9:22).

MENUS AND FORMS One of three main menus will appear on the screen, corre

Main Menus sponding to the access level previously assigned by the man-

ager for the person who has signed on. Operators, supervi-

sors, and managers have different menus.
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Main Menus The main menu of options is displayed across the top of the

(coat) screen. A message line on the bottom of the screen shows

the keys that can be pressed to move through the menu and

select suboptions. Different suboptions drop down as the

highlight is moved with the horizontal arrow keys. A sub-

option within an option is highlighted with the vertical arrow

keys.

In general, moving through menus, lists, and forms is done

with arrow keys and the Return or TAB keys.

The FI0 key is used to accept the information on the screen.

If a menu optionis highlighte_ the F10 key indicates to per-

form that option. If a list is displayed, the FI0 key indicates

that the item in the list thatis highlighted is to be selected. If

a form is displayed, the F10 key indicates that the entries in

the form are to be used.

Forms Some suboptions lead to forms that require information from

the user. The bottom line of the display indicates how to

move through the form, how to accept the current values in

the form, and how to exit the form. Pressing the Return key

or TAB key steps through the items in the form. The vertical

arrows cause the cursor to move vertically. The values

shown in the form are accepted with the F10 key.

The supervisor's and manager' s form, following the selec-

tion of Archives from the main menu, has three items. There

are several possibilities for each item; the user may press the

F9 key to get a list of the possibilities and not have to

remember how they are spelled. The desired entry is

selected from the list, not typed in from the keyboard. The

bottom status line on the screen reminds the user of this pro-

cedure.
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Forms If entries in a form have been made but the user wishes to

(coot) exit the form without these changes going into effect, the

ESC key can be pushed. The user will then be asked to

confirm that any changes made to the form are indeed to be

ign_

Lists When a list is presented, the vertical arrow keys allow

scrolling through the list. The F10 key causes selection of

the highlighted member of the list.

There is one "lisf' that differs in character from the descrip-

tion above. When a list of archived data is displayed on the

screen there are no choices to be made except to scroll

through a list longer than the screen can show. To exit this

list, the ESC key must be pushed. The status line on the

bottom of the screen again prompts the user of these actions.

POWER DOWN The only action needed to power down the computer is to

flip the ON/OFF switch to OFF. The monitor and printer

have individual power switches.
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GENERAL An opemt_ can perform several types of measurements, do

safety checks, and log off the computer. These are now

described in detail.

MEASUREMENTS The purposeof the shuffler is to assay waste drums for their

235U contents, but other measurements are pv-,vided to

check the operation of the shuffler and to help calibrate it.

Assay The purpose of this option is to perform an assay on a drum.

The computer has a dialog with the opc_ratorbefore the mea-

surement beduins.

The shtufflerdoe_ not know ff the drum is actu_dlypresent in

the assay chamber, so it asks the operator if the O=_umis in-

side. If the answer is "no," the assay is ab_,rtedand the

main menu returns.

The second request is for the drum's ID. This can be

entered through the keyboard or the bar code reader. The

first two characters are used by the code to select one of sev-

eral possible assay parameters. A set of parameters can be

(by a supervisor or manager) appropriate to the size

andmatrix materialof a type of drmn;a different calibration

is needed for each type. If the user enters _ lD whose first

two characters do not correspond to a known drmn type, the

operator is so informed and the option menu reappears.

The assay measurement will begin immediately if the prox-

imity switch on the doors indicates that the doors are closeO,.

If the doors are open, the operator willberemindedtoclose

them and the user can continue the assay after closing the

doors.
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Assay The display on the monitor tracks the progress of the assay.

(cent) A background count is first taken, followed by the shuffling

of the 252Cf source to al_ma_ly irradiate the drum and

count delayed neutrons. The suttus lamps mounted on the

shuffler's body also track the assay in a gross way; the green

status lamp is off andthe red lamp is on during

measurements.

When the assay is fmished and the result acknowledged by

the user, the option menu reaptcars and the green status

lamp should be the only lamp on.

Standard Check A Standard Check is a combination of two assays whose

expected results are well established. The operator can do

this check at any dme, but if the dme interval since the last

check exceeds a value stored in the computer, the computer

will refuse to do any measurement other than a standard

check. If for some reason it is necessary to do some other

measurementbefore the standardcheckrequirementis satis-

ricci,any supervisoror managerhasdc option to override

the requiremenL

The first assay is done with an empty assay chamber (no

drum present). This is to confirm that the assay chamber is

free of fissile material that would lead to an incorrect assay

of a drum. The result is expected to fall within a range (near

zero) placed in a parameterf'fleby a supervisor or manager.

The second assay in a StandardCheck is with a standard

drum whose assay result has been well established. The

result of this assay is compared to a reference value (also

stored in a parameterfile) and is expected to statistically

agree with the reference value at a specified confidence level.

Mathematical details are presented in a later section

(STATISTICAL CHECKS).
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Standard Check Ifeitherof these assays is outsideits acceptablerange,the

(cont) StandardCheckhas bccn failed. The operatormust rcpe_t
theentirecheck. If a second failureoccurs, theopermor is

toldthata supervisoror manageris neededandthe operator

is automaticallylogged off thecomputer.

Bias and Precision Checks These checks arcmade by a seriesof repeatedassays on a
drum of known235Umass. (Thiscould be the same drum
used in the StandardCheck,but need not be.) The number

of"assaystakenis set in the parameterfile by a supervisoror

manager.

Whenthe series of assays is f'mished,the averageresult and

the standarddeviationarecomparedto expectedvalues

(within specifiedconfidencelevels) storedin theparameter
file. Detailson this arein the STATISTICALCHECKS

section.

Precision Check The PrecisionCheckis simi/arto theBias and Precision

Checkjust described. But in this case there is no expected
assay result for the drumand the 235Ucontentof the drum
need not be known.

The averageassay value and the standarddeviation of the

seriesof assays aredisplayedfor the user. This check is

neitherpassed norfailed.

Calibration Data The assaydataanalysisrequirescalibrationcurves basedon
measuredcount rates fromspecialdnans whose 235U con-

tents andenrichmentshavebeen previouslydetermined.

These calibrationdrumscan be assayed underthis suboption

and the data analysis of thecount rateswill end with cor-
rectedcount rates rather than235Umasses. With the known
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Calibration Data muses andnewly measuredcountrates,new calibration

(cont) curvescanbeconstructed.

A supervisor or manager should make sure that the flux

monitors are properly used while takingcalibrationda_

The matrixinside thestandarddrumswill probablybe
knownandNO flux monitorcorrectionshouldbeapplied;

thisissetin theAssayDiagnosticsectionof theparameter

file for this typeof drum.

Plant Communications At theendof ameasurement,the shufflcr'scomputermay

attemptto transmitthefollowing list of informationto the

processcomputer. Whetheror notan auemptis madeis

conuolled bya parameterset by a manager.

DmmID

Cun_ntDate

Current Time

Operat,,rID
Name of current parameterfile

Date of currentparameterfile creationor modification

Timeof currentparameterfile creationor modification
Raw backgroundcountsin delayed neutronbank#1

Raw backgroundcounts in delayed neutronbank#2

Raw backgroundcounts in delayed neutron bank#3

Raw backgroundcounts in delayed neutronbank#4

Raw backgroundcounts in delayed neutronbank#5

Raw backgroundcounts in delayed neutronbank#6

Raw backgroundcounts in delayed neutronbank#7

Raw backgroundcounts in delayed neutronbank#8

Raw backgroundcounts in flux monitor#1

Raw backgroundcounts in flux monitor#2

Backgroundcounttime

Raw assaycounts in delayedneutronbank#1

Raw assaycounts in delayed neutronbank#2
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Plant Communications Raw assay counts in delayed neutron bank #3

(tout) Raw assay counts in delayed neutron bank #4

Raw assay counts in delayed neutron bank #5

Raw assay counts in delayed neutron bank #6

Raw assay counts in delayed neutron bank #7

Raw assay counts in delayed neuuon bank #8

Raw assay counts in flux monitor #1

Raw assay counts in flux monitor #2

Total count time for delayed neutrons
Total count time for flux monitors

. Type of measurement: assay; standardcheck; bias & preci-

sion check; precision; calibration

Correctedcount rate

Grams of 235U (zero if no calibration curve applied)

Uncertainty in the assay value
Errornumber

A Standard Check will generate two sets of results, one for

the empty chamber and another for the standarddrum. Each

set will give the information in the above list. Each assay in

the set of assays of a Bias and Precision Check or a

Precision Check will also generate the information in the
above list.

ASCII Data File A special data file called"ASCll.DAT" can be added to after

every measurement. A manager can manipulate this file

more easily than the binary file used by the data base. These

data can be read by an ordinary editor;,and a supplementary

code called "DataPrep.EXE" can read the file, printthe file,

perform analyses, or make files of selected data suitable for

spreadsheet and plotting programs.

This data file should regularly be copied to a disk using a

meaningful name. If a copy is made each day, thatday's

date could be used for the name: data from April 30, 1991,
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ASCII Data File would have a name "043091.DAT," for example. After

(cont) copying the file, it should be deleted using the MS-DOS
command: "del ASCH.DAT."

If the dam file is not dele_l regularly, it will continue to

grow in size. Disk space will become wasted and editors

will eventually be unable to open and read it.

The data format used in "ASCII.DAT" is this:

Type of measurement (alphanumeric characters)

Item ID (alphanumeric characters)

Date andTime (mm/dd/yy hh:mm:ss)

Operator's ID (alphanumeric chm'acters)

Enrichment percentage (number)

Background counts of channels 1 through 10, one per line

(numbers)

Background count time (number)

For each shuffle,...

Forward transfer time (number)

Irradiationtime (number)

Reverse transfer time (number)

Count time (number)

Counts of channels 1 through 10, one per line

(number), channels I through 8 are for delayed

neutrons, channels 9 and l0 are for flux monitors

Blank line to separate measurement data

SAFETY CHECK This check is not required of a user by the shuffler's com-

puter at any particular time. The equipment involved has

been reliable throughout extensive testing and use, but it is in

the best interest of ali users to perform the check on a regular

interval. The safety check has several steps to test important

hardware features; the steps are now described in the order

they are taken. If any of these checks fail, they must be
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SAFETY CHECK repeated. If tl_rc is a secondfailure,theoperatoris forced

(cont) to seek thehcllpof a manageror supervisor.

Door Interlock The computerchecks thatthe 2.S_ sourceis stored. If it is

mx. theCcz_pvmmwrImicxcris commandedto store it.The

opcratoris askedto open the shufficr'sdoorsandto tell the

computerwhen thedoors arcopen. "lhc shufficr'scomputer

then checks that thc &x_' proximityswitchagrccsthattlm
doors areopen.

The operator is askedto close the shuffler's doors and to tell

the computerwhen the doors are closed. The shuffler's

computer then checks that the doors' proximity switch
agreesthat the doors are closed.

2S2cf Proximity Switches The shufficr'scomputerchecks thatthedoorsareclosed. If

they are not, the operatoris asked to close the doors. When
theproximity switch indicates thatthedoors are closed, the

checkof the 252Cfsource's proximity switches begins.

The252Cfsouav.eis moved into the assaychamberto clear

boththe storeandtheforwardovertravelproximityswitches;
thedistancetadcenis set by a supervisoror managerin the

parameterfile. The source is thenreun_ed to the storeposi-
tion.

The sourceis then moved ontothereverse overtravelswitch

andfinally returnedto the store position again.

Status Lamps The compumrmmsoff both lampsandasks the operatorto
confirmthatthey arcin fact off.

The computermms on the red stains lamp andmms off the
green statuslamp. The operator is asked to confirm that the

red lamp is on and that the green is off.
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Status Lamps The computer turns on the green status lamp and turns off

(cont) the red status lamp. The operator is asked to confirm that the

green lamp is on and that the red is off.

DIAGNOSTICS These options are designed to exercise specific portions of

the shuffler to aid in checking their operations without the

additional complexities of a measm_ment. The Indexer's

code can also be downloaded into the Indexer through a

Diagnostics option.

Test Door Proximity Switch The doors' proximity switch can be tested by selecting this

suboption and following the prompts given on the monitor.

This test is identical to the Door Interlock check previously

described under the Operator's Safety Check.

Test Californium Proximity The store and two overtravel proximity switches are tested

Switches for their responses to the free end of the 252Cf source's

cable. This test is identical to the 252Cf Proximity Switches'

check previously described under the Operator's Safety

Check.

Test Status Lamps The two status lamps can be exercised for proper operation
through this suboption. This test is identical to the Status

Lamps' check previously described under the Operator's

Safety Check.

Store Californium Selecting this suboption causes the 252Cf source to return to

its store position. Even if the source is already stored when

this suboption is selected, the source will be moved a short

distance and ,hen stored again.

The Store Californium suboption is a convenient way to

return the source to the store position from an arbitraryposi-

tion; it does not require the user to know the distance from

the store position.
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Move Californium The252Cfsourcecan be moved anarbitrarydistancewith

this suboption(topositions between store and forward-
overtravellocations). The distanceis alwaysfrom the

source's currentposition andis given in encod_ stepsfor

theshufflerin BuildingX-326 where there are500 encoder

steps perinch of travel,or inmotor steps for theshufflerin

BuildingX-7,_tG wherethere are625 steps per inch. A

positive numberof stepsare takentowardthe assay chamber

awayfromthe storedposition;a negativenumberof steps

aretakenawayfrom the assay chambertowardthe stored

position.

If the specificationfor the Building X-326 shuffler is to take

5000 steps with 500 steps meaning 1 in. of travel,the source
moves 10 in. towardthe assay chamber (assuming the for-

wardovertravelswitchis notuncoveredby the cable); if it is

next specified to take 1000 steps, the source moves another

2 in. towardthe assaychamber;if it is then specified to take

-2500 steps, the sourceis pulled 5 in. awayfrom the assay
chamber;,the netdistance moved is +10 + 2 - 5 = 7 in. in the

directionof the assay chamber.

The acceleration (motor steps/s2) and velocity (motor

steps/s)can also be specifiedfor the move. The Indexer

requires that these be given in units of motor steps, even if

encoder steps are used to specify the distance to be moved.

There are 25 000 motor stepsper revolution for the stepping

motor on the BuildingX-326 shuffler and 5000 motor steps

per revolution for the servomotor on the Building X-744G

shuffler. Fast motions typically use accelerationsand

velocitiesin the millions; slow motions typicallyuse accel-
erationsand velocities in the tens of thousands. If an accel-

eration or velocity is requested thatis beyond the limit

imposed by Compumotor, the Indexer automaticallyrounds

the value down to the limit and proceeds with the motion.
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Move Californium to Test Selecting this suboption initiates a series of steps. This

Position provides a simple check on the elecu_nics by comparingthe
countratesin thedetectorswith historicalvalues.

The user is asked what count time (in seconds) is to be usod.

A background count of thatdurationis then taken, after

making surethe sourceis in its storeposition and will not
conu'ibuteto the count.

The sourceis nextmoved towardthe assay chamberby the

distancespecified in a parameterfile (the standardtest posi-
tion)anda secondcountof the same durationis taken. The

source is then stored.

The backgroundcountrateis subtractedfrom the second
countrateand a correctionfactorfor thedecay of the 252Cf

sourceapplied.

A reportof these numbersis given to the userthroughthe
video monitorand the printer.

Count with No Californium Whenthis suboptionis selected, the supervisor is asked for
Motion the durationof the count(in seconds). The count is then

startedregardless of the positionof the 252Cfsource or the

doors' positions. (Radiationsafety requires that the source

be stored when thedoors are open. As long as the stepping

motor Indexer is on and running its code, the source will

alwaysbe stored automaticallywhen the doors are not com-

pletely closed.)

At theend of the count time, themonitor shows the readings

of the scaler board's 11 channels (0 through 10). Channel

zero's displayed value is thecount time in seconds.
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Full Printout A measurement done after this suboption has been selected

will generate a printout on the printer showing the raw data

just gathered and ali the intermediate values in the data anal-

ysis. Every step can be checked for the expecte_ effect.

This suboption stays in effect until a second selection of this

suboption turns the feature off. A message box on the moni-

tor informs the supervisor whether the feature has just been
turned on or off.

Print Last Results When this suboption is selected, the data in the computer's

memory from an assay are reanalyzed and the results sent to

the printer.

If Full Printout is ON, the full set of data and data analysis

are printed. Otherwise, only two lines summarizing the

assay are printed.

Test Rotation Motor The rotation motor for the turntablecan be toggled ON and

OFF by selecting this suboption.

Set Parallel Each bit of the parallel output port in the Indexer can be tog-

gled individually after selecting this suboption, ft'he signal

from the computer to toggle a bit is sent over the serial link

between the computer and the Indexer.) The bits control
these hardware items:

Bit 1 Red lamp, Machine ON

Bit 2 Audible alarm

Bit 3 Rotation motor

Bit 4 Green lamp, Machine OFF

Bit 5 No effect

Bit 6 Both lamps and the rotation motor
Bit 7 Both lamps, the rotation motor, and the alarm
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Set Parallel The signalfromthecomputerto toggle a bitis sentover the
(cont) serialllnl,:_tween the computerandthe Indexer.

Watch Parallel The bits of the parallelinputportin the Indexercanbe exam-

ined individuallyafterselecting this suboption.

The bits correspondto thesehardwareitems:

Bit 1 Forwardovertravel sensor

Bit 2 Store sensor

Bit 3 Reverseovertravelsensor

Bit 4 Door sensor

Bit 5 Controlrotationmotor

Download indexer The code for the Indexercan be taken froma computerfile
and downloaded into the Indexer. The user is asked for the

nameof the file; the file supplied by Los Alamos National

Laboratoryis named "Ports1.PGM"for the X-326 shuffler
and "Ports2.PGM" for the X-744G shuffler.

Write ASCIIdata An ASCII file of"raw" data can be writtenafter everymca-

surement. This suboption toggles that activity on and off.

EXIT After selectingthisoption, the operatoris askedto confmn

thatthe intentis trulyto exit thecode. If the answer is "no,"

themainmenuoptionsreappear. If the answeris "yes," he

is logged off.
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GENERAL The supervisor has ali the options of an operator, plus the

ability to perform measurements even though it is time for a

Standard Check or a check has failed, plus the ability to alter

parameters that affect the operation of the shuffler.

MEASUREMENTS This is identical to the Measurements' option for an operator,

but an assay may be taken even though it is time for a

Standard _k or a StandardCheck has just been failed. If

a supervisor elects to do _.measurement under one of these

unusual conditions, he or she is reminded that a check has

not been passed and asked if he or she wishes to continue

with the measurement. If the response is "no," he or she is

returned to the supervisor's menu; otherwise, the measure-

ment is performed.

SAFETY CHECK This Safety Check is identical m the operator's in every way

except that if it is failed twice the supervisor can still exercise

ali the menu options.

ARCHIVES Results of previous measurements (of ali types) are saved in

an archive file for later review. The number of entries in this

file is given by a parameter in the General Parameterfile

underthe subheading Archiving and Communication

Parameters.

Each archival entry has the list of information given earlier in

the section OPERATOR'S OPTIONS/Measurements/Plant

Communications. In addition each entry shows whether or

not the data were successfully transmitted to the plant's

computer.

When this file is full and a new measurement has been com-

pleted, the oldest measurement result is erased from the file

to make room for the newest, unless the next oldest result

has not been written to the process computer.
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ARCHIVES When the archive file is full andcommunication with the

(coat) plant's computer has been active, the next assay's results
will be stored and the oldest dataremoved from the file.

When the archive file is full andcommunication with the

plant's computer has been inactive, another assay cannot be

taken. Data not yet sent to the plant's computer cannot be

removed from the archive file (and thus lost), so a new assay

is not allowed.

To take new measurements with an archive file full of results

not transmitted to the planfs computer, the archive file must

be emptied. This is done with a data base utility called

"IDA." This is run from MS-DOS. After typing "IDA,"

select "OPEN" with the horizontal cursor keys and push

RETURN. The only file name likely to be displayed is

"dB_UMON," so accept that file name by pushing

RETURN. Next select "INITIALIZE" and push RETURN;

a warning will be given that ali data in the file will be lost,

but this is the intent so type "y" for "yes" and push

RETURN. Select "QUIT" and push RETURN to leave

"IDA."

Log Search Type When the technical supervisor selects the Archives option,

he or she can select to review ali the data, only assay results,

only standard checks (either empty or with standard drum),

only bias and precision checks, only precision checks, only

calibration data, only data not yet transmitted to the process

computer, or only measurements that were completed with

an internal malfunction detected.

Search Mode Once the search type has been selected, the amount of data of

that type to be reviewed can be restricted in two ways. A

number of the most recent results can be requested, or

beginning and ending dates and times can be specified.
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Searek Mode If beginning and e lg dates and times are to be used, the

(coat) supervisor is prompted for _ beginning date (dd-mm-yy

format), the beginning time (hb:mm), and then the ending

= date and time.

Display Device The data can be sent to th, '.video screen, the printer, both the

screen and the printer, or a disk file. If a disk tAe is

selected, the ASCII file named "OUTPUT.DAT" is created.

To return to the main menu, push the F10 or ESC key.

PAP_AMETERS A large number of parameters are used to specify the opera-

tion of the shuffler. A few features are inflexible (for

example, the number of mc¢or steps per inch) and a few oth-

ers are in the _pumotor Indexer's code that can only be

changed with some reprogramming in the Indexer's lan-

guage (for example, the details of the process called by the

Store Californium Diagnostic suboption).

The manager first selects one of these actions to take with

some parameters: Edit, Print, List the Change History, or

Print the Change History. The Change History is a collec-

tion of notes entered by managers after changing parameters;

if nothing was entered, that note is blank.

There is a set of general parameters that are independent of

any specific drum (aside from the standarddrum) that may

be assayed. There is another set of parameters for each type

of drum that a supervisor or manager wishes to define. The

maximum number of drum types allowed with the software

delivered with the shufflers is 18.

General A manager who selects to edit the General Parameters sub-

option next chooses from a list of categories of parameters.

_¢-hi_ de___'._tw,._dbelow°
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General Arehivin| Parameters. Maximum Number of Measurement

(eont) Results to Archive Locally. A database in the shuffler's

computer will retain the number of measurements given here,

assuming the memory limitations of the computer are not

exceeded. The main purpose is to store data while the

EtherNet connection is down and data cannot be transmitted to

the plant computer. This number can range from 1 to 9999;
1000 is recommende_

Send Results to Plant Computer [Y/N]. Any attempt to send

measurement results to the plant's process computer is con-

trolled by this parameter. If the choice is not to make the

attempt, the shuffler can be operated as a stand-alone instru-

ment. The results will be archived on the shuffler computer's

hard disk and will be transmittedautomatically to the process

computer if the communication link is ever activated. This

parameter is either "Y" for yes or "N" for no.

If the communication link does not exist, this parameter should

be set to "N." Otherwise there will be delays and error

messages that complicate the operation of the shuffler.

Bias and Precision Parameters. Number of BiasPrecision

Assays. A number of repeat assays will be made on a stan-

dard drum that has an established assay value. That number is

specified here. The range is from 2 to 9999. The statistical

check is better with a large number of assays, but the time

allowed for the check may cause a small number to be used.

Three may be sufficient but five is better and fifteen is better

yet.

Time Delay Between Assays (sec). After an assay, the drum

continues emitting delayed neutrons for a few minutes. The
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General next assay will begin with a background count, so it is nec-

(coat) essary to wait for the emission of these delayed neutrons to

essentially cease. The range of the delay is 0 to 9999 s. A

time of 240 s is recommended; shortertimes atc likely to

cause incorrect backgrom_ls and assays.

Expected Average Assay Result. The average of the

repeated assay results is expected to have this value, k must

be determined from previous experience with the drum.

The range of values is 0 to 9999.9999 g. The value depends

on the item selected for use in this check.

Confidence Level Percentage for Detecting Bias Failure.

This parameter is the probability of not declaring that an

assay differs significantly from the expected value when

indeed that is the case. This is written as 100(1 - (x/2)%,

where l(X_% is the probability of declaring a difference
when in fact no difference exists. The range of values is

50% to 99.99%, with 95% recommended.

Expected Standard Deviation of Assay Results. The stan-

dard deviation of the repeated assay results is expected to

have this value. This value is determine by many previous

assays. The range of values is 0 to 9999.9999 g, but the

actual value must be determined from experience with the

drum selected for use in this check.

Confidence Level Percentage for Detecting Precision

Failure. This parameter is the probability of not declaring

thatan assay differs significantly from the expected value

when indeed that is the case. This is 100(1 - a)%, where

100¢¢%is the probability of declaring a difference when in

fact no difference exists. The range of possible values is

50% to 99.99%, with 95% recommended.
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General NuclearConstants. The nuclear constants given here are

(coat) standard values determinedandused by nuclearphysicists
fordecades. The delayedneutronconstantsaregiven in
detailin theLos AlamosNationalLa_m-y report

LA-12105 (May 199I) by P. M. Rinard,"Shuffler
Instrumentsfor the NondestructiveAssay of Fissile
Materials."

252CfDecay Constant (per day). The decay constantof the

sourcein unitsof reciprocaldays is needed to normalizethe
measuredcountratesto a referencedate. The decay constant

is In(2)dividedby the half life. The currentacceptedvalue

is 0.0007172 d'l; thiscorrespondsto a half life of 2.646 y.

Z<2CfDecay Reference Date. Count rates will be
normalizedto thisdateto makeit seem thatthe source

strengthdoes notdecay with time. The calibrationcurves
shouldbe basedon this same date. ff this date is changed,
old calibrationcurvesarc invalidandnew ones shouldbe

developed, lt is notnecessarythat this date be thedatewhen
thelastcalibrationwas made,although thatis a reasonable

choice. The formatof the date is dd-mm-yy.

235UPrecursor Group Fractional Yields. The delayedneu-

tronsfrom235Uaredescribedby the productionof six

groupsof precursornuclides. The fractions of the totalpre-

cursoryield thatfall into each grouparegiven hereand are

unlikelytoever needchanging.

The recommended yields, starting with group1, are
0.000210, 0.001420, 0.001280, 0.002570, 0.000750,
0.000270.

235UPrecursor Decay Constants. The decay of each

precursorgroupis takento be exponentialandthe six decay
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General constants are specified here and are unlikely to ever need

(coat) changing.

The recommended decay constants, starting with group 1,

are 0.012440, 0.030510, 0.111400, 0.301400, 1.136000,

3.014000 s-1.

Item Type Parameters. Number of Types. An item in this

shuffler is a drum. The number of drum types that might be

measured is specified here. The number cannot be greater
than 18.

Names ofDrum Types.The namesofthedrum typesarc

givenhere.The firsttwocharactersarccompar_ withthe

firsttwocharactersinadrum'sID,whicharcexpectedto

specifythedrum type.

Standard Check Parameters. Maximum Time Between

Checks. If the lime interval since the last StandardCheck

exceeds this value, an operator is forced to do a Standard

Check before doing any other measurement. This interval

can range from 0 to 999.99 days, according to the plant

operatingrequirements.

Empty Chamber Expected Assay Value. This is the value

expected from the first partof the Standard Check where the

assay chamber is empty. The range is from -999.9999 to

9999.9999 g; a value of 0.0000 g is recommended unless

holdup material is known to be present.

Acceptable Deviation from Empty Chamber Assay. If the

empty-chamber assay value differs from the expected assay

value by more than this amount, the check has failed.

Otherwise the check passed. The value can range from

-999.9999 to 9999.9999 g.
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General Assay Value of Standard Item. This is the value expected

(coat) from a standarddrum using the set of parameters appropriate

to that type of drum. The range of values is from 0 to

9999.9999 g. The value that should be used depends on the

item selected as the standard.

Confidence Level Percentage for Detecting Failure. The

measured and expected assay values for the standarddrum

will differ. This parameter sets the probability that the dif-

ference is statistically consistent with a true difference of

zero. The range of probabilities is 50% to 99.99%; 95% is

recommended.

Test Position Parameters. Standard Californium Test

Position (Inches from Store). This is the distance in inches

to be moved from the store position toward the assay cham-

ber. This distance is used in the "Move Californium Source

to Test Position" suboption of the "Diagnostics" option of

the main menu.

This distance can range from 0 to 90 in., but 30 in. is rec-

ommended. This gives a reasonably high count rate that

gives a good precision in only a few seconds of counting,

but there is no possibility of electronically saturating the

detector tubes.

Acceleration. lt is not necessary to move the cable with the

highest possible acceleration for this check. An acceleration

of I 000 000 steps/s 2 is recommendexl.

Velocity. lt is not necessary to move the cable with the

highest possible speed. The recommended velocity is a

leisurely 50 000 steps/s.
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General ltem Specific Parameters. For each type of drum there is a

(cont) separateset of parametersspecific to thatdrum type. The

properparametersmust be used for a type of drumand the
first two clmractersin thedrum'sID areused to make the

selection.

Before discussing the parameters,a review of the assay and

irradiationprocessmay be helpful. An assay uses a set of

"shuffles"; e_ch shuffleconsists of moving the sourcefrom

the store position, irradiatingthe drum,returning the source

to the store l_sidon, and counting delayed neutrons. The

totalnumber of delayed neutrons counted depends on the

number of shuffles in an assay.

Eachassayis precededby a backgroundcountwith the drum

in piace and the sourcestored.

For a fixed time in which to completethe assay, the amount
of time used for the backgroundcount, the various times

within a shuffle, and the number of shuffles in an assay
must be selected. The recommended precedure is to select

values thatminimize the relativeuncertainty in the assay

result. The process for doing this is described in

Appendix B.

IrradiationStrategy.The simplest way to irradiatea drum

is to piacethe sourceacrossfrom thecenterof the drumfora

few seconds. However, the ends of the drumwill receive

less irradiationthanthe center andif the densityof uranium

is not uniformthroughoutthe druma systematicerrorwill

have been introduced to the assay result. For example, if the

density at one end is low and the irradiationof the end is also

low, the assayresult will be higher than it should. The

sensitivity to inhomogeneity is poor with this simple irradia-
tion scheme.
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General A second irradiationstrategy is to bring the source quickly to

(coat) the top of the drum and scan the source along the length of

the drum during the irradiation time. Short pauses at the

extremes of the scan can help make the irradiation uniform.

This is the scanning strategy implemented for these

shufflers.

The goal is to have generated a uniform distribution of

delayed-neutron precursors when the source leaves for its

storage position. The density of precursors will then track

the density of uraniumthroughout the drum and the delayed-

neutron count rate will accurately follow the mass of ura-

nium present.

This scanning strategy has several parameters. Where are

the extreme positions of the scan relative to the drum's ends?

How long should pauses be at the extreme positions? Some

experimentation with a drum can be done to determine the

optimum strategy.

The parametersof the next section include those n_ for

scanning: "Source Transfer Distance" to get the source just

short of the drum quickly; "Pause Time at Scan's Top

(Start)" and "Pause Time at Scan's Bottom (FarPoint)" to

give the ends extra irradiations; and "Number of Scans per

Shuffle (One-Way)," "Scan Acceleration," "Scan Velocity,"

and "Scan Distance" to determine just how the scanning is to

be done.

If scanning is not to be done, the "Number of Scans per

Shuffle (One-Way)" should be set to zero. The irradiation

time will be only the "Pause Time at Scan's Top (Start)."

This is not a recommended mode of operation.
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General Asmy Parameters. Some of these parameters are different

(coat) for the X-326 and X-744G shufflers because different peo-

ple made different choices a year or so apart. A comparison

of assay values with the two sets of parameters has shown

no noticeable effect; the same assay value resulted from the

two sets of assay parameters. Either set of parameters could

be used on both shufflers.

Transfer Distance (inches). This is the distance in inches

the 252_ source will move rapidly toward the assay

chamber to startan irradiationof a drum. The range of

values is 0 to 99 in.; the actual distance depends on the

geometry of the drum and the scanning procedure, but is

likely to be close to 60 in. For a 32-in. high 55-gal. drum,
the recommended distances are 56 in. for the X-326 shuffler

and 60 in. for the X-744G shuffler.

Transfer Acceleration. This is the acceleration in motor

steps/s2 to be used in transferring the source toward the

assay chamber to startan irradiationof a drum. This should

have the largest value possible without causing the motor to

stall; this is determined by trial and error. The possible val-

ues are from 0 to 9 999 999; experience during development

indicated a maximum acceleration for reliable motions to be

800 000 steps/s 2.

Transfer Velocity. This is the velocity in motor steps/s to be

used in transfering the source toward the assay chamber to

start an irradiation of a drum. This should have the largest

value possible without causing the motor to stall; this is

determined by trial and error. The possible values are from

0 to 9 999 999; experience during development indicated a

maximum velocity for reliable motions to be 100 000

steps/s.
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General Number of Shuffles Per Assay. This is the actual number of

(cent) shuffles that will be used for an assay. This should be the

same as the nominal number of shuffles per assay unless there

is a very good reason to the contrary. The assay will be most

accurate when the two numbers are the same.

The number can range from 1 to 9@,the best value matches the

nominal number of shuffles per assay. The number used

during development of the X-326 shuffler was 28 while the

number used for the X-744G shuffler was 34. A comparison

of the results from the two sets of assay parameters showed

that the same assays results were obtained. The precision of

an assay is improved by increasing the number of shuffles; the

precision might be furtherimproved by also extending the

background count time.

Nominal Number of Shuffles Per Assay. This is the normal

number of shuffles used in an assay and can range from 1 to

90. If the actual number of shuffles to be used is changed

from this nominal number (perhaps to shorten the assay time),

the delayed-neutron count rate will be adjusted automatically in

the data analysis to simulate the result from using this nominal

number. New calibration curves are thus not needed.

The accuracy of this adjustment is difficult to estimate and it is

highly recommended that the number of shuffles actually used

be equal to this nominal number.

Nominal Delayed-Neutron Count Time. The desired count

time is entered here. The actual time is likely to deviate from

this nominal time by a millisecond or so; differences this small

are not important. The range of values is from 0 to 999.999 s;

during development a time of about 9 s was used and is

recommended.
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General Nominal Irradiation Time. The expected time of irradiation

(cont) of the drum during one shuffle is encere,d here. This entry

does not determine the irrad/ationtime used by the code; it is

used only in calculating a correction factor for slight irregu-

larities in timing and when the number of shuffles per assay
is different from the nominal value.

The irradiationl_'ne is a combination of these scan

parameters:

N = Number of Scans per Shuffle,

D = Scan Distance,

A = Scan Acceleration,

V = Scan Velocity,

PT = Pause Time at Scan's Top (Start), and

PB = Pause Time at Scan's Bottom (FarPoint).

lt can be assumed that the scan has a constant velocity

throughout because the acceleration is large and the velocity

rather slow. The scan time is thus ST = D/V. The approxi-

mate irradiationtime is then

ti = N(PT + ST + PB + ST)+ PT.

There is a f'malpause at the top before the irradiation is

finished.

There is some additional time for transferring information to

and from the Compumotor Indexer and within the comput-

er's operating system, so the actual time is slightly greater

than expected from the above list of parameters.
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General The best way to determine the Nominal IrradiationTime is to

(cont) select a reasonable set of scan parametersand make a trial

"assay" with the Full Printout turnedon. The actual irradia-

tion times will be printed. Use the average value of ali the

times as the Nominal Irradiation Time. (To quicken this

process, nonessential parameters can be modified; select a

short background count time and choose 5 or so shuffles per

assay instead of 25.)

The range of possible values is 0 to 999.999 s; during

development, the scan parameters were selected so that the

irradiationtime was about 11 s and is recommended.

Nominal Forward Transfer Time. Based on values seen on

full printouts, an expected transfer time for the source into

the assay region is entered here. This is used along with the

other nominal values to adjust the delayed-neutron count rate

for irregularities in the source motions. The range of values

is 0 to 999.999 s. The actual value must be found from

experience as displayed on long printouts and depends on

the forward transferdistance, the acceleration, and the

velocity. During development, with a transferdistance of

60 in., an average time of 1.988 s was found.

The forward transfertime includes data analysis and screen

update times as well as the time needed to move the source

into the irradiateposition. It is thus longer than the nominal

reverse transfertime. The forward transfer time for the fLrSt

shuffle is always shorter than for the rest of the shuffles of

an assay because there is no dam analysis or screen update

before moving the source for the first time.

The temptation to minimize wansfer times by using the high-

est possible accelerations and velocities should be resisted.

The assay result will not be improved to an important extent
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Geuerai and the 252Cf source transfermechanism will undergo

(coat) unnecessary wear. A forward transfer time of 1.5 to 2.0 s is

a satisfactory compromise time.

Nominal Reverse Transfer Time. Based on values seen on

full printouts, an expected transfertime for the source from

the irradiation position to the store position is entered here.

The range of values is 0 to 999.999 s. The actual value must

be found from experience as displayed on long printoutsand

depends on the forward transferdistance, the acceleration,

and velocity. During development, With a transferdistance

of 60 in., the time of 0.780 s was found. This is actual time

used in moving the source because there is no overhead time

from calculations or screen updates as there is for the for-
ward transfer time.

Scan Distance in laches. This distance is related to the

length of the drum, but is likely to be somewhat longer than

the drum. The high-speed forward transfer distance may

deliberately bring the source short of the firs.t,end of the

drum. The scan distance should then be the length of the

drum plus twice the short distance. The overscans on the

drum'sendscangiveamorebalancedirradiationtotheends

relativetothedrum'scenter.

A distanceofzeroisallowed,inwhichcasenoscanningis

done;thisisnotrecommende_ The rangeofvaluesis0 to

9999.99in.Duringdevelopmentthescandistancewas

33in.fortheX-326 shufflerand29in.fortheX-744G

shuffler.

Scan Acceleration (stepss2). The range of values is 0 to

9 999 999 steps/s2; the practical limit found during devel-

opment was 500 000 steps/s2 and is recommended.
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General Scan Velocity (stepss). This need not be a large velocity. If

(coat) the motor has 25 000 steps/revand the scan velocity is 25 000

steps/s, the scan distance will be traversedat the speed of 8
inJs. If the scan distance is 12 in., the distance will be

traversed in 1.5 s. The range of values is 0 to 9 999 999

steps/s. The scan velocity depends on the scan distance, the

motor's steps/tev, and the pause times at the top and bottomof
the drums. For the X-326 shuffler, 150 000 steps/s was

used, while for the X-744G shuffler 14 375 steps/s was used.

Number of Scans Per Shuffle (One-Way). This is the number

of slow one-way scans that will be made throughthe drum's

lengthduringa single shuffle. Eachone-way scan startsat

one endof a drumand finishesatthe otherend. The purpose

is to irradiatethe drumasuniformlyas possiblewith

essentially a point sourceof neutrons. The nur_iberof scans

may be zero, implying thatno scanswill be done. The
numberof one-way scans should be an even number(2, 4, 6,

...) for best operation. The range of values is 0 to 998.

Duringdevelopmentthe numberof one-way scans was six for
the X-326 shufflerand fourfor the X-744G shufflerbecause

differentpause times wereused.

Pause Time at Scan' s Top in Seconds. When the source is at

theextremeof its scannearest the storeposition, a pause can

be made to irradiatetheendof the drum. This can help

balance theirradiationalong the drum'slength. A pause time

of zero is allowed. The range of values is 0 to 999.9 s.

During development, a time of 0.7 s was used with theX-326
shufflerand 1 s with theX-744G shuffler.

.

Pause Time at Scan' s Bottom in Seconds. When the source

is at theextremeof its scanfarthestfrom the storeposition, a

pausecan be made to irradiatethe end of the drumclosest to
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Gentral the doors. This is an option that can help balance the irra-

(tout) diation along the drum's length, A pause time of zero is

allowed. The range of values is 0 to 999.9 s. During devel-

opment, a time of 0.7 s was used with the X-326 shuffler

and 1 s with the X-744G shuffler.

Assay Backgr_ _d Count Time in Seconds. The time to be

used for the passive background count at the startof an

assay is specified here. The range of values is 0 to 999.9 s;

during development, a time of 270 s was usea.

Rotate During Assay. A drum should be rotated during an

assay, so the response here should be "Y" for "yes."

Assay Diagnestks. After the assay data from a drum have

been collected, some checks are automatically made to find

obvious malfunctions. These parameters are needed for

those checks.

• Expected Delayed-Neutron Ratios. The counts from one

bankof delayed-neutron detectors are compared to the

_ counts from a symmetrically placed bank. Their ratio is

expected to have the value specified by this parameter. The

range of values is 0 to 99.9999; the ratio should be close to
1.00.

If the actual ratio differs from the expected value by more

than a specified percent, a malfunction is declarex£ An

allowed deviation set too small will rnvduce false malfunc-

J tion indications; a value of 20% is recomruended, but experi-

ence may lead to a better value.

Use Flux Monitors. This indicates if flux monitors are to be

used in the data analysis. The usual purpose of flux

monitors in shufflers is to adjust for varying amounts of
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General moderating and absorbing materials in the assay chamber, lt

(coat) should be best to operate with the flux monitors and this

parameter should be set to "Y" for "yes."

Allowed Percent Deviation of the Cycle Correction

Factor.. As a check on the overall consistency of the

shuffles in an assay, a cycle correction factor is computed

that compares theeffect of theactual timings to the effect of

the nominal timings. If ali the nominal values given above

actually occur in an assay, the cycle correction factor is one.

In practice, the timings may differ by a few milliseconds and

the cycle correction factor is some number close to one

(usually well within 0.5%, depending on how well the

nominal parameters match the actual values).

If the calculated cycle correction factor differs from unity by

more than the percent given here, a malfunction is declared.

This could indicate a problem with the timer or the source

transfer system, or a number of shuffles per assay that dif-

fers greatly from the nominal number.

The range of values is 0 to 999.999%; a value of 1% is rec-

ommended. If the cycle correction factor is less than 0.99 or

greater than 1.01, first examine how well actual times match

the nominal times; if there aredifferences, adjust the nominal

times and see if the problem disappears. It should be possi-

ble to select parametersso thatthe cycle correction factor is

routinely much less than 1% from unity.

Flux Monitor Dead Time in Microseconds. The dead time

of the flux monitor detection electronics is given here and

used to adjust the flux monitor count rate. The range of

values is 0 to 9.99999 _s; it is recommended that the value

be 0.9 I_s.
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General Count rates in the delayed-neutron detector banks are too

(coat) low to need a dead time correction.

Bias Correction. Bias Correction Parameters. There

should normally be no need for a bias correction. But pro-

vision is made to correct the interpolated mass m to a bias-

conected mass mCoias) in this manner: m(bias) = a2 m2 +

al m + ao. The range of values is -9999.99999 to

99 999.99999.

Normally ao and a2 will be zero and al will be one, implying

no bias correction.

Bias Correction Parameters' Variances and Covariances.

There are three variances andthree covariances to be entered.

If there is no bias correction, ali variances and covariances

are zcro.

Calibration Parameters, The user is first shown the num-

berof enrichments thatexist and is asked to select one

enrichment for editing.

Number of Enrichments. Each drum type has a family of

calibration curves; each curve corresponds to a different

enrichment value. The maximum number of enrichments for

a drum type is 10. The actual number of enrichments for

each type is entered through this suboption.

Which Enrichment Table. For each item type there may be

more than one enrichment. Each enrichment has its own

table of parameters. These parameters are then edited for

each enrichment.

Enrichment Value. The value of the enrichment is given

here.
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General Important Note: It is necessary that the data on the vari-

(coat) ous calibration curves for a drum type be entered with

ascending enrichments. For example, assume a drum type

has four calibration curves at 5%, 15%, 27%, and 58%.

The parameter"Number of Enrichments for Each Drum

Type" is four. The Number 1 set of "Calibration

Parameters" must correspond to the 5% enrichment, the

Number 2 set to 15%, and so on. If this procedure is not

followed, the interpolation routine will give incorrect results.

Calibration Parameters. For each enrichment of each drum

type, there are four calibration parameters (ao through a3)m

be entered for this functional form: [corrected count rate] -

a3 m3 + a2 m2 + al m + ao, where the corrected count rate

is in counts/s and m is the drum's mass of 235U in grams.

Zeros for any of the parameters are allowed. The ranges of

the parameters are -9 999.99999 to 99 999.99999.

Calibration Parameters' Variances and Covariances. For

each enrichment and each drum type, there are four variances

and six covariances to be entered. If a parameter is set to

zero because the corresponding dependence on mass is to be

ignored in the calibration curve, the variance and the covari-

ances involving that parameter should also be zero.

Normalization. Normalization Factor. This factor should

be one unless there is a very good reason for another value.

For example, if it is known thatone delayed-neutron detector

has gone dead and it is necessary to continue assays before

repairs can be made, the normalization factor should be set to

about 24/23 so the calibration curves based on a full set of

detectors still have validity. (In this example, the ratio of

counts between the two banks will be affected and the

expected ratio should be changed also.)
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General Any needfor a normalizationfactorotherthanone means

(tout) thatthe normalprecisionandaccuracyexpectedfromthe

shufflerareprobablynolongeras good as they werebefore
theproblemarose.

The rangeof values is 0 to 999.999, but withoutgood cause
the value shouldbe set to 1.000.

Uncertainty in the Normalization Factor. The uncertainty

in the assay resultswill includewhateveruncertaintyis

includedhere. A zerovalue is allowed. The rangeof values
is 0 to 999.999; theroutinevah!e shouldbe 0 and this is
recommended.

EXIT This is identical to the EXIT option for an operator.
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GENERAL A managercan do ali thata supervisorcan do plus control

the list of user identifiersandpasswords. Thereforethe

Measurements,SafetyCheck, Archives,and Diagnostics

options will not be describedagain.

USERS' PASSWORDS Edit UserAccess Control. Only a manager can control the

identifiers,passwords,and levels of access for the users.

Theremay be more than one manager. The code supplied
allows themaximum numberof users to be 15.

A tableis presentedto a manager,each line has a username,

the correspondingpassword,and the level of access. A
level is indicatedby a number:.0 foranoperator,1 for a

supervisor,and 2 for a manager.

Theinformationin the tablecan be editedby typingoverthe

currentinformation.The TAB and RETURNkeys cause the

cursorto move throughthe different fields of the table.

EXIT This is identical to the EXIT for anoperatoror a supervisor.
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GENERAL This data analysis is performed after the data gathering pro-

cess for an assay.

GROSS COUNT RATES After the measurements for an assay are completed, the sums

of the delayed-neutron counts in the eight scaler channels are

AD 1 through AD8 (A for assay, D for delayed neutron, and

a scaler channel number); each is a sum of the counts from

each individual shuffle. The total delayed-neutron count is

their sum: AD = Al:)1 + AD2 + AD3 + AD4 + AD5 + AD6

+ AD7 + ADS. The total count time TD is the sum of the

individual shuffie's count times. The raw delayed-neutron

count rate is draw = AD/TD.

The flux monitors are treated individually and then in combi-
nation. One is cadmium covered and the other is not. Their

count rates are computed individually.

BACKGROUND SUBTRACTIONS The counts and the count time from the background portion

of an assay have been retained by the code and are now sub-

tracted from the gross count rates.

The background rate in the delayed-neutron detectors is

bd = (BD 1 + BD2 + BD3 + BD4 + BD5 + BD6 + BD7

+ BD8)/TB, where BDx is a background count in delayed-

neuu'on channel x and TB is the background count time.

The background-corrected delayed-neutron count rate is thus

di = draw ""bd.

The background rates in the flux-monitor detectors

(cadmium covered and bare) are treated similarly but indi-

vidually: bfc = BFIlTB and bfb = BF2_B. The back-

ground-con'ected flux monitor-count rates aref2c =fIe - bfc

and f2b - flb - b/b.
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2$2Cf DECAY CORRECTION The 252Cf source decays exponentially with the decay con-

stant _, specifi_ in the General parameter file. The calibra-

lion data were taken using a particularreference date for the

source when the source had a certain size (the reference date

might not be the date on which the calibration data were

taken, but it could be). The current size of the source is

smaller, so the count rates are adjusted to correspond to the

size of the source on the reference date.

The decay-conected count rates are d2 = di e ;tTand

f2 = fl e ;LT,where T is the number of days between the

reference date and the measurement date.

FLUX MONITOR CORRECTION lt is an option in the parameter file under Assay Diagnostics

to use or not use a flux monitor correction. The normal pur-

pose of a flux monitor is to adjust thecount rates for varia-

tions in moderating and absorbing materials in the object

being assayed.

If the matrix within a drum is known, and a calibration has

been done using that matrix, it is more accurate not to use the

flux monitor correction and simply to use the calibration

curve.

If the matrix is not known, or a calibration has not been done

with that matrix, the only option is to use the flux monitor

correction and the calibration curve for unknown matrices.

The flux monitors count neutrons while the 252Cf source is

inside the assay chamber, so these count rates are much

higher than rates from delayed neutrons. The f2 is thus cor-
rected for the loss of counts while the detector tubes recover

from a previous neutron interaction: f3z = f2x e'SA, where 8

is the detector's dead time and "x" is either "b" or "c."
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FLUX MONITORCORRECTION The flux-monitor-correcteddelayed-neutroncountrateis

(coat) d3= d2/(fBare/fCd" )IRfaare/fcd],"' wherethefunctionp
is

a2r2+anr+aO.Theparametersinp arenotaccessible

through the Parametersmenu option in the code. They
shouldnotbe changedwithoutan extensive study.

If the flux monitors arenotused, then d3 = d2.

CYCLE CORRECTION Ideally the time durationsof the variousportionsof anassay

would notvary amongassays. In practicethey have slight
variations;a largevariationindicatesa malfunctionthat
shouldbe called tothe user's attention.

Thecycle correctionfactoris calculatedfrom the timesmea-

suredfor each activityof anassay and is comparedto a ref-
erencevalue calculatedwithnominal values given in the

parameterfile. If the cycle correctionfactordiffers from

unityby more than a value set in the parameterfde, a mal-

functionis suspectedand anerrormessage is given to the

operatorand associatedwith the assay result.

Duringthecalibrationmeasurements,a certainnumberof

shuffles per assay was used for each measurement. It is best

to continue usingthatnumberthroughoutali subsequent

drumassays. But if for some reason adifferent numberof
shufflesis desired,the cycle correctionfactor will attemptto

makeup the difference. Achange from 20 to 18 shuffles,

for instance,will not give a correctionfactormuch different

fromone and the accuracyof the results shouldnot suffer

much. However, changing from 20 to 5 shuffles will make

the acc',h-acysuspectbecausethe cycle correctionfactorwill

be relativelylarge.

The cycle correction factor is (Dnominal/D).Dnominalis ca]-
_..,_ us the ,,,,-_,_,;n_l ,_,,n_o P.xldt..h.en,,ml.u_ r_f ,_h,,ffl_,,_
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CYCLE CORRECTION per assay; D is a similar calculation but uses the actual num

(cont) ber of shuffles and the times measured during each shuffle.

If Dnominalwere multiplied by the fission rate induced in the

material and by the delayed-neutron detection efficiency, it

would be the calculated delayed-neutron count rate from an

assay.

_ _-_-J(1-e "_j'i ' )
Dnominal-- _=__1_,j k Xe'_vtrXl-e "_'jtc

(1)

l'e"LJ t- (l_e-;_jti2-J

The sum overj is over the six groups of delayed-neutron

precursors. The flj are the fractional yields of delayed neu-

trons from the six precursor groups and the _.jare the decay

constants of the six groups. The nominal times for one

shuffle are these: irradiation, tj; reverse transfer to store

position, tr; count time, tc; forward transfer to irradiate, tj'.

The nominal time for one shuffle is ¢ = ti + tr + tc + rf. The

nominal number of shuffles per assay is n.

A term contributing to D is calculated after each shuffle of an

assay. The actual times dta'ing shuffle s are tis, trs, tcs, tfs;

their sum is 'ts. After shuffle number s, the new term for D

is this sum over the six precursor groups:
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CYCLE CORRECTION

(cont)

6

D(s)=X.Pj(s_l-e-_tJtcs I (2)
j---t

where

fl-L(1-e_tJtisXe-_tJt"sl+Pf(s-l)e-_J(tfs+tis+trs) (3)_(s) = Zj_,

Pf(s)= PJ'(S-1)e-_tJ:rs +XjflJe-;tj(trs+tcs)( 1- e_tjtis) (4)

pi(0)= 0 (5)

D is the sum of the D(s) over ali s.

The cycle-cortex:ted count rate is d4= d3(DnominalID).

NORMALIZATION The normalization correction should routinely be one, imply-

ing that no normalization is applied.

The normalization-c_ delayed-neutron count rate is

d5 = NF ds.

INTERPOLATION From the corrected count rate d5, the mass of 235U in the

drum is interpolated from calibration curves, lt is required
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INTERPOLATION that the calibration data used to generate the curves encom-

(eont) pass the enrichment and mass of the drum. This means that

extrapolations will not be done.

The general expression for the interpolation relates the cor-

rected count rate d5 to the mass of 235U in a drum. From the

corrections described just above, this expression is

d5 = (draw - bd )e_'T( fBare / fCd )-P(faare/fCd )

(DnominaI / D)(NF)= f(m,{a}),

where f(m, {a }) represents the calibration function with the

mass m and a set of parameters {a}. In this case, the cali-

brationfunction is a third-order polynomial.

Calibration for a type of drum uses a set of &mns containing

different 235U masses at each of a set of 235U enrichments.

From the corrected count rates d5 from each drum, a family

of curves is generated for that type of drum; each curve is for

a particular enrichment.

The interpolation of an assay result mi from a new d5 begins

by selecting the family of curves according to the drum type.

Ali the curves have the same functional form, but each curve

has its own set of parameters. From the count rate d5 two

masses (ml and m2) are interpolated from the calibration

curves whose enrichments (el and e2) bracket the

enrichment of the drum. Another linear interpolation is then

made between ml and m2 on the enrichment to get a single

mass corresponding to the count rate and the enrichment of

the drum.
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BIAS CORRECTION This correction should not be needed routinely. Despite ali

the above _ons the assay results might still be in error

by some predictable amount. The cause may or may not be

mgterstood, buta bias correction factor BCF in the form of a

second-order polynomial is provided.

The final 235U mass in a drum is then mfuml = g(m, la }),

where {a} is a set of parameters for the bias cotr_tion f-unc-

don.

ASSAY UNCERTAINTIES Three uncertainties are calculated for each assay: random

(av), systematic (as), and total (¢Yt).They are related

through this sum: (¢rt)2 = (Or)2 + (as) 2.

Random Uncertainty Random uncertainties arise forming fluctuations that are

inherent and unavoidable because of the nature of the items

being measured. The random uncertainty is often called the

precision of the instrument.

A shuffler has several sources of random uncertainties.

Some arise from factors in the expression for d5 given

above: there are fluctuations in the count rates of delayed

neutrons and their backgrounds and also in the measured

count rates from flux monitors and their backgrounds

(assuming a flux monitor correction is made). More difficult

to assess are uncertainties in the correction for the decay of

252Cf, in the measured times in the cycle correction, and

mechanical variations.

The uncertainty in the correction factor for the decay of

252Cfis taken as a random uncertainty here for the following

reasons. If the source of error were simply an imprecise

value of the decay constant, the uncertainty would be sys-

tematic. That error is assumed to be negligible. The other

source of en'or is in calculating the number of days sinoe the
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Random Uncertainty reference date. Thealgorithmuses anintegernumberof

(cont) days for the intervalandthusan assay in the evening has the
samedecay correctionfactoras an assayin the morning.

The amountof errordependson the timeof day. Fortu-

nately, the magnitudeof the erroris quiteunimportant

comparedto other uncertainties.

The cycle correctionfactoruses themeasuredtimes forvari-

ous segmentsof an assay. These times no doubthave ran-
dora variationsthatlead to randomuncertaintiesin d5. It is
difficult to determine the size of thevariations in the times,

butrepeatedrunsthatdisplaythe times have shown them to

rarelybe morethan a millisecondand thus these variations

lead to unimportantvariationsin dt. This uncertaintyis

ignored in this erroranalysis.

Mechanicalvariationsarisefromdifferences in thegeome-

triesused in assays. The252Cfsource may not stop in

exactly the samelocationeverytimeeven thoughthe same

numberof motorstepswas taken, the flexible cable towhich

it is attachedmay bendslightlydifferentlywithin the guide

tube fromone time to another,or it may spiral throughthe

gearteeth a shortdistance. In practicethese variationshave

been foundto be very small. If the calculatedrandomuncer-

tainty is the same as the measuredprecisionof the instru-
ment, these mechanicalvariationsare having no significant

effect; this has been the experiencewith recent shufflers.

Systematic Uncertainty Systematic uncertainties arise from the corrections to the data

and from interpretationsgiven to the data. The systematic

uncertaintyis sometimescalled the bias; the word"bias" is

also used with othermeanings,so its meaning shouldbe

carefullysought in the context of its use.
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Systematic Uncertainty . The most important source of systematic uncertainty is the

(cont) calibration process. Any errorin the calibration curves will

affect ali assays that use those curves.

If a normalization factor or a bias correction other than unity

_ are applied, it too will introduce systematic uncertainties into

. ali the assay results.

Total Uncertainty The total uncertainty is the square root of the sum of the

squares of the random and systematic uncertainties. An

expression for the total uncertainty is developed below and-_ then expressions for the random and systematic uncertainties
aretakenfromii.

Using the explicit expressions for the various functions, the
relation between the count rate and the 235U mass is

d5 = (draw - bd )e%T(fBare / fCd )-l_ fBare/fCd ) (Dnominal/D )

(NF) = a3m 3 + a2m2 + alto + a0.

The uncertainty in m is desired and the variance of m has this

expression:

t-d -sJ% +2 2 t"FUiJtasJ'ai<'J"(6)l J
_

The o'ijarecovariancesifiisnotequaltoj,andarevari-

ancesifiequalsj;these_e obtainedfromacurve-fitting

....v''-'-_'""- ur,ed to .,.,. ,.,, p_'v_-r'..et_sai. 'rh_..,,_,,'*;sl d,-riv,_
411

tives can be expanded into simple expressions. The two
t

z
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Total Uncertainty derivatives of m are evaluated first, followed by the more

(tout) complex variance of d5.

1 1 (7)

_k _k

d<_ kdd5Jt,a<_J (8)

The variance of d5 dependson variances from ali the factors

in the expression for d5.

draw-b d +'_ +_,"_)

: +tdfj
(il)

,,, )2D._-bs

This general variance expression can be split into random

and systematic terms.

_ PMR474(R) 74



LOS ALAMOS WASTE DRUM SHUFFLERS
USERS MANUAL ASSAY DATA ANALYSIS_

Iii II I iii ii i IIIIIII ii IIll li Ipq I iiIII I I I i i I I

Total Uncertainty

(cont)

[( 2do2= 1 d5 _(..raw+bd

ts3J s,--hs
(12)

j_l°_mk )( d_-_aj) (13)

The variance from thecycle correction factor is taken to be

zero because of the good precision in the timing of shuffler

events.

. The uncertainty in the mass is thus

O'm= #_2+ _ 2 . (14)

If a bias correction is necessary, it introduces additional

systematic uncertainty. The bias function is g(m,{ a}) and

has parameters bi with covariances aaiaj. The uncertainty
in the bias-corre¢__rex!mass is
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Total Uncertainty

(cent)

<,J:  tgjtNj, bibj (15)

FULL PRINTOUT When the Full Printoutoption under Diagnostics is selected,
ali the raw data and the intermediate values of the dataanal-

ysis process are sent to the printer. The purpose of the

example given next is to show the format of the Full

Printout; the numbers shown are not necessarily typical nor

should be expected from assays.

Measurement type: ASSAY drum lD: TEST 19-Nov-1991 13:35:05

BACKGROUND RAW DATA

Background count time = 269.402400

Background flux monitor 1 Counts = 14

Background flux monitor 2 Counts - 9

Background delayed neutron 1 Counts = 887

Background delayed neutron 2 Counts = 762

Background delayed neutron 3 Counts = 721

Background delayed neutron 4 Counts = 775

Background delayed neutron 5 Counts = 861

Background delayed neutron 6 Counts = 828

Background delayed neutron 7 Counts = 1958

Background delayed neutron 8 Counts = 1031

RAW DATA FOR EACH OF 34 SHUFFLES

Forward Time (s) = 0.776600 Irradiation Time (s) = 11.272700

Reverse Time (s) =0.783400 Count Time (s) = 7.916400

Flux Monitor i Counts = 2173598

Flux Monitor 2 Counts = 1282356
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FULL PRINTOUT

(coat)

Delayed Neutron I Counts = 61

Delayed Neutron 2 Counts = 55

Delayed Neutron 3 Counts = 54

Delayed Neutron 4 Counts = 59

Delayed Neutron 5 Counts = 63

Delayed Neutron 6 Counts = 62

Delayed Neutron 7 Counts = 74

Delayed Neutron 8 Counts = 44

Forward Time (s) = 1.997800 Irradiation Time (s) = 11.254900

Reverse Time (s) = 0.774700 Count Time (s) = 7.478800

Flux Monitor 1 Counts = 2170100

Flux Monitor 2 Counts = 1281584

Delayed Neutron 1 Counts = 61

Delayed Neutron 2 Counts = 64

Delayed Neutron 3 Counts = 64

Delayed Neutron 4 Counts = 67

Delayed Neutron 5 Counts = 49

Delayed Neutron 6 Counts = 52

Delayed Neutron 7 Counts = 76

Delayed Neutron 8 Counts = 42

Forward Time (s) = 1.879300 Irradiation Time (s) = 11.271300

Reverse Time (s) = 0.779100 Count Time (s) = 7.576500

Flux Monitor 1 Counts = 2169659

Flux Monitor 2 Counts = 1281992

Delayed Neutron 1 Counts = 55

Delayed Neutron 2 Counts = 71

Delayed Neutron 3 Counts = 62

Delayed Neutron 4 Counts = 79

Delayed Neutron 5 Counts = 71

Delayed Neutron 6 Counts - 48

Delayed Neutron 7 Counts - 73

Delayed Neutron 8 Counts = 42
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FULL PRINTOUT

(cont)

...[shuffles 4 through 33 are not shown here; the following is shuffle 34]

Forward Time (s) = 2.13800000 Irradiation Time (s) = 11.267600

Reverse Time (s) = 0.779100 Count Time (s) = 7.321500

Flux Monitor 1 Counts = 2168657

Flux Monitor 2 Counts = 1284331

Delayed Neutron 1 Counts = 74

Delayed Neutron 2 Counts = 71

Delayed Ne,_,_t_,'cr,3 Counts = 82

Delayed Neutron 4 Counts = 46

Delayed Neutron 5 Counts = 54

Delayed Neutron 6 Counts = 60

Delayed Neutron 7 Counts = 66

Delayed Neutron 8 Counts = 39
SUMMED DATA FOR 34 SHUFFLES

Forward Time (s) = 54.067800 Irradiation Time (s) = 382.962400

Reverse Time (s) = 26.442600 Count Time (s) = 257.207100

Flux Monitor 1 Counts = 73780831

Flux Monitor 2 Counts = 43602093

Total Flux Monitor Counts = 117382924

Delayed Neutron 1 Counts = 2316

Delayed Neutron 2 Counts = 2299

Delayed Neutron 3 Counts - 2228

Delayed Neutron 4 Counts = 2171

Delayed Neutron 5 Counts = 2283

Delayed Neutron 6 Counts = 2416

Delayed Neutron 7 Counts = 2646

Delayed Neutron 8 Counts = 1491

Total Delayed Neutron Counts = 17850

RAW COUNT RATES AND UNCERTAINTIES

Flux Monitor Ratio (1:2) = 1.692140

Delayed Neutron Ratio (1"1) - 1.0(0)0(O
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FULL PRINTOUT

(cont)

Delayed Neutron Ratio (1:1) - 1.000000

Delayed Neutron Ratio (1:1) = 1.0(0)O0

Delayed Neutron Ratio (1:1) = 1.0(0)0(O

Delayed Neutron Rate (cps) = 69.399 +/- 0.519

RESPONSE CORRECTIONS

BACKGROUND and Cf-252 DECAY

Flux Monitor Background Rate (cps) = 0.085

Delayed Neutron Background Rate (cps) = 29.04

Background Corrected Flux Monitor Rate (cps) ffi 306512.84

Background Corrected Delayed Neutron Rate (cps) = 40.361

Reference Date = 26-SEP-90 CurrentDate _. 19-Nov-1991 13:35:05

Number of Days Since Reference Date = 419.55

Decay Constant (l/d) = 0.0007130

Decay Correction Factor = 1.348700

Cf Decay Corrected Flux Monitor Rate (cps) =: 413393.98

Cf Decay Corrected Delayed Neutron Rate (cps) = 54.435

DEAD TIME

Delta (microseconds)= 0.900

Dead Time Correction Factor = 1.3176654

Dead Time Corrected Flux Monitor Rate - 544714.9538244

FLUX MONITOR

Flux Monitor Correction Factor = 5.341

Flux Monitor Corrected Delayed Neutron Rate (cps) = 54.435

CYCLE CORRECTION

Nominal Number of Shuffles per Assay = 34

Nom. Fwrd. Time (s) = 1.988000 Nora. Irrad. Time (s) = 11.262000

- Nom. Rev. Time (s) = 0.780000 Nom. Count Time (s) = 7.007000
_
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FULL PRINTOUT

(cont)

Dsum(nominal) = 0.55850

Dsum = 0.58301

Correction Factor - 0.95796

Cycle Corrected Delayed Neutron Count Rate (cps) = 52.1463

NORMALIZATION

Normalization factor = 1.00000 +/- 0.00000

Normalization corrected delayed neutron count rate = 52.14626

INTERPOLATION

c = a3 m^3 + a2 m^2 + al m + aO

el = 94.50000 aO = 0.00000 al = 13.33000 a2 = 0.00000 a3 = 0.00000

CV[0,0] = 0.000e+00 CV[0,1] = 0.000e+00 CV[0,2] = 0.000e+00 CV[0,3] = 0.000e+00

CV[1,0] = 0.000e+00 CV[1,1] = 1.689e+01 CV[1,2] = 0.000e+00 CV[1,3] = 1.000e+00

CV[2,0] = 0.e(tde+00 CV[2,1] = 0.000e+13_ CV[2,2] = 0.000e+00 CV[2,3] = 0.000e+00

CV[3,0] = 0.000e+00 CV[3,1] = 1.000e+00 CV[3,2] = 0.000e+00 CV[3,3] = 1.130(O+0

e2 =94.50000 a0 =0.00000 al = 13.33000 a2 =0._ a3 = 0.00000

CV[0,0l = 0.000e+00 CV[0,1] = 0.000e+00 CV[0,2] = 0.000e+00 CV[0,3] = 0.000e+00

CV[1,0] =0.000e+00 CV[1,1] = 1.689e+01 CV[1,2] =0.000e+00 CV[1,3] = 1.000e+00

CV[2,0] = 0.000e+00 CV[2,1] = 0.000e+00 CV[2,2] = 0.000e+00 CV[2,3] = 0.000e+00

CV[3,0] = 0.000e+00 CV[3,1] = 1.000e+00 CV[3,2] = 0.000e+00 CV[3,3] = 1.000e+0

ml = 3.91195

Uncertainties: random = 0.0596 systematic = 1.2061 total = 1.2076

m2 = 541.21797

Uncertainties: random =0.0596 systematic = 1.2061 total = 1.2076

drum e = 94.5000

Interpolated Mass (g) = 3.9119

Interpolated Sigma = 1.2076

BIAS CORRECTION TO ASSAY

Bias Correction Mass = a3 mA3 + a2 mA2 + ai m + aO

a2 = 0.00000 al = 1._ aO = 0.00000

-
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FULL PRINTOUT

(cont)

CV[0,0]= 1.0000 CV[0,1]=0.0000 CF[O,2] =0.0000

CV[1,0] =0.0000 CV[1,1] = 1.0000 CF[1,2] =0.0000

CV[2,0I = 0.0000 CV[2,1] = 0.0000 CF[2,2] = 1.0000

Bias Corrected Mass (g) = 3.9119 +/- 1.2076

The first line of the long printout gives the type of measure-

ment, the ID of the drum, and the date and time.

The type of measurement in this case is ASSAY, but it could

be BIAS AND PRECISION, PRECISION, or

CALIBRATION.

The assay result and error status code are given on line 2.

These ftrst two lines am normally printed even if a full print-

out is not requested.

The BACKGROUND RAW DATA shows the count time,

the counts from each flux monitor, and the counts from each

of the delayed-neutron detector banks.

Each shuffle of the assay has its own set of times and

counts. Each set is printed under the heading RAW DATA

FOR EACH OF 34 SHUFFLES. (The number "34" will be

the number specified in the Assay Parameters form of the

parameter file.) The measured times to move the source

forward, to irradiate, to move in reverse, and to count am

printed. The counts in the flux monitors are done during the

irradiation time; the counts in the delayed-neutron detectors

am done during the count time.

_
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FULL PRINTOUT The forward time of the first shuffle will always be shorter

(eont) than the forward times of ali the following shuffles because

there is less "overhead" (storing the source, doing calcula-

tions, writing to disk) for the first shuffle. There are no

adverse effects from this minor timing irregularity.

Also note that the delayed-neutron count rate increases as the

shuffles progress. More delayed neutrons are counted in

each shuffle as there arc more previous shuffles that have

generated long-lived precursor nuclei. An equilibrium rate is

approached as the assay progresses.

The times to perform the various actions and the counts

gathered during each shuffle are added together and printed
as SUMMED DATA FOR 34 SHUFFLES.

From the summed data, the RAW COUNT RATES AND

UNCERTAINTIES are calculated. Ratios of counts are

taken for the flux monitors and delayed-neutron detector

banks. The ratio of the "bare" to "Cd-covered" flux monitor

counts is given first. The banks used in the next four ratios

depend on the entry made by a supervisor or manager in the

Assay Diagnostics form of the parameter file. In this exam-

ple, bank 1 was always compared to itself. It is more useful

to compare banks 1 and 6 (the doors), banks 2 and 5 (sides

near the front), and banks 3 and 4 (sides near the back). The

fourth ratio should duplicate one of those just given; it is not

reasonable to use banks 7 and 8 (top and bottom) as a ratio

because the matrix material and the vertical position of the

fissile material strongly affect this ratio, making it highly

variable. The delayed-neutron rate is the sum of the counts

from ali the delayed-neutron channels divided by the
summed count time.
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FULL PRINTOUT Various RESPONSE ,_DRRECTIONS are now performed.

(cont) The effect of each is given. This is especially useful in

checking the data analysis step by step.

The BACKGROUND AND Cf-252 DECAY corrections are

applied to both the flux monitor anddelayed-neutron count

rates.The measuredbackgroundratesfromthefluxmoni-

torsand the delayed-neutron detectors are given and then

subwactcdfrom the rawcount rates to give the background

corrected count rates.

The correction for the decay of the 252Cf source is done by

adjusting the count rates to what would have been measured

on a reference date specified in the General parameter file.

The Reference Date is printed along with the Current Date.

The correction for the source decay proceeds by finding the

number of days T between the reference date and the current

date and calculating eZT, where _ is the decay constant (in

units of d-l). This exponential is the Decay Correction

Factor shown on the printout. This factor is then a multiplier

of the two count rates with the effects shown on the printout.

The high-count rates in the flux monitors during irradiation

mean that some neutrons will be missed because the detector

was "dead," that is, had not recovered from the previous

neutron interaction. The DEAD TIME correction factor

makes up for this loss. From the raw flux monitor count

ratefl, the co_ection factor is e_l, where 6 is the dead time

parameter in the General parameter file. The long printout

shows 8 in microseconds, the correction factor, and the total

flux monitor count rate after the correction factor has been

applied.
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FULL PRINTOUT The FLUXMONI'IDRconection is a methodof adjusting

(cont) the delayed-neutroncountratesfor theeffects of varying

matrix(nonfissile)materials. A supervisorcan set a parame-

ter so that theflux monitorcorrectionis notappliedto the

delayed-neutrondata. Thatchoice was made in thisexample
so that even thoughthe flux monitorcorrectionfactoris

5.341, the Flux MonitorCorrectedDelayed-NeutronCount

Rate is unchangedfromthe CfDecay CorrectedDelayed-
NeutronRate.

The CYCLE CORRECTION is a technique tomonitor the
behe,:Aorof the shuffler by comparing the results of the

acr._alevent times to theresults of the expected event times.

A formulausing thenominaltimes in the parameterfile cal-

culates the expected count rate,aside froma constantthat

depends on the sourcestrengthand detectionefficiency; the

same formulais then used with the actual times to get a sec-
ond value. The ratio of these two calculated values is the

CorrectionFactor. If the nominal times matchthe actual

times, the CorrectionFactorwill be less than 1% away from

one. The printoutshows the nominal numberof shuffles in

the assay and thenominal times. Dsum(nominal)is the

value calculated with the nominal values, while Dsurn is the

sameafterusing filemeasuredvalues. The Correction

Factor in this case is fartherfrom 1 than necessary, meaning
thatbetterchoices of the nominal times could be made. The

Correctio_Factoris then appliedto the delayed-neutron

count rateand theresult is printed.

NORMALIZATION is provided but should rarely (if ever)

be needed to modify the count rate, The normalization factor

here is one (with no uncertainty) and does not change the

count rate (or contribute to the uncertainty).
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FULL PRINTOUT The resultsofINTERPOLATION onthecalibrationcurves

(cont) are shown. The form of the curve is printed along with

enrichmentsandcorrespondingsetsof parameters(with their

covariances).Inthisexample,themwas reallyonlyone

enrichmentcurve;botharefor94.5%enrichmentandthatis

thesameastheobjectbeingassayed.The twomasses,ml

andm2,arethesamebecausethetwo calibrationcurvesare

the same. When there are two different calibration curves,

there will be two different interpolated masses (ml and m2)

corresponding to the two enrichments (el and e2) that flank

the enrichment for the drum (e). The Interpolated Mass in

this example is the same as ml and m2 because e = e 1 = e2.

The BIAS CORRECHON TO ASSAY willgenerallyhave

noeffecton theassay'smassbecausetheparametersareset

tosimplymultiplythepreviousmassby one.The capability

ofdoingabiascorrectionisprovidedbutitisnotexpectedto

bcnecessary.On theprintouttheformoftheBiasCorrect-

ionFactorisgivenalongwithitsparametersandcovari-

ances,assetbya supervisorormanagerintheBiasCorrec-

tionparameterfile.The BiasCorrectedMassisthefinal

resultforthcmassofanassay.
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GENERAL The two measurement options of Standard Check and Bias

and Precision Checks involve statistical tests to determine if

the checks were passed or failed. Details on these tests are

presented in this section. The techniques are taken from
these three references:

1. S. -T. Hsue and T. Marks, "Measurement Control

Program for NDA Instruments," in Proceedings of the

Conference on Safeguards Technology: the Process-

Safeguards Interface (U.S. Department of Energy,

Chicago Operations Office, New Brunswick

Laboratory, Argonne, IL, 1984), pp. 422-425.

2. A.S. Goldman and R. S. Marshall, "Fine Tuning of a

Measurement Control Program at the Los Alamos

National Laboratory," Proceedings of the Conference

on Safeguards Technology: the Process-Safeguards

Interface CLI.S.Department of Energy, Chicago

Operations Office, New Brunswick Laboratory,

Argonne, IL, 1984), pp. 426-432.

3. M.G. Natrella, Experimental Statistics, National

Bureau of Standards Handbook 91 (U.S. Department of

Commerce, National Bureau of Standards, 1963).

When a test with a confidence level is used, it is useful to

know that a higher confidence level makes the test easier to

pass. The range of acceptable values is wider at 99% confi-

de,nee than at 95% confidence; a 65% confidence x-angeis

much more narrow than a 95% confidence range, so the test

is more stringent. Common practice uses 95% confidence,

but experience with false failure rates may dictate another
value.
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STANDARD CHECK The assay result with a standard drum is expected tO be mstd,

witha percentconfidence level of c (typically95%). The
actualmeasurementresultis m :!:o.

The test for agreementbetweenmsutandm uses a value of
Student'st for the confidence level c and an infinite number

of degrees of freedomdf (well approximatedby 1000 in the

code).

If the percentconfidence level is c, the fractionalconfidence

level is c _=cii 00. Tablesof Student'st deal with the

parameter_ whichin this case is relatedto c by

(1 - a) --=c _.

The correspondingt hasthe parameter

(I-W2)=(I+c3/2.

For example, if c = 95% then c'= 0.95, a = 0.05, and (1 -

¢M2)ffi0.975. If a tableof Student's t is consulted, there

will be a column labeled t0.975and a row for infinitedegrees
of freedom; the vr..lueof t is 1.960.

A tableof selected t values is not built into thecode for the

shuffler. A calculationis availablethat is more flexible; the

user is not limitedtoone particularconfidence level. The

formulais from M. Abramowitzand I. A. Stegun,

Handbook of Mathematical Functions, (Dover

Publications, Inc., New York, 1965), p. 949, Eq. 26.7.5.
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STANDARD CHECK The calculation of Student's t requires the width of the

(coat) central portion of a normal distribution corresponding to the

specified confidence level c. Equation 26.2.23 in

Abramowitz and Stegun (13.933) shows how to find this

width xp:

c" = c l lO0

xc = _[ln(l / c'2)],

co + qxc + c2z¢
Xp = Xc --

1+ dlXc + d2xc2 + d3xc 3'

cO= 2.515517, Cl =0.802853, c2 =0.010328,

di =1.432788, d2 = 0.189269, d3 = 0.001308

Student's t is then calculated with this formula:

,:x.+,.(.,)/<,s+,_(x,.)/:+_(_<.)/<:
+,,(-,,)/<:,

gl(X) = (X3 +X)/4

,_cx):(_:+,6:+_.)b_
g3Cx) = (3x 7 + 19X5 + 17X3-15X)D84

g4(x) = (79X 9 + 776X 7 + 1482X5 -1920X 3 - 945X)/92160
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STANDARD CHECK The standardcheck is passed with a percent confidence c if

(cent)

I(mstd-m)/c_ < t.

Otherwise, the check is failed.

BIAS CHECK The average result of n repeated assays on a standarddrum

is e_ted to be maw, with a percent confidence level of c

(typically 95%). The actual average found is m with a stan-

&_d deviation of o.

The bias check again involves Student's tl_a/2 at the confi-

dence level c, but this time with n-1 degrees of freedom.

The bias check is passed if

[mave - r_ < t o/ [_.

Otherwise,thecheckisfailed.

PRECISION CHECK The expected standarddeviation from n repeated assays on a

standard drum is Oexp,with a confidence level of (l-a)

(typically 0.95). The measured standarddeviation is o'.

This check r_uires a value of Z2(1-00 for df = n-1 degrees

of free._m. The formula for Z2 is taken from T. D. Sterling

and S. V. Pollack, Introduction to Statistical Data

Processing (Prentice-Hall, Inc. Englewood Cliffs, NJ,

1958), p. 289.
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PRECISION CHECK It requires the width Xp again, which is calculated as given

(cont) above.

_t

- 3

Z 2 = dr{1- 2/(9df)+ Xp_[2/(9df)]}.

The check is passed if

(¢Yexp/a) 2 < Z 2.

Otherwise, the check is failed.
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INTRODUCTION The correctionbetweenthe shuffler'sresponse (corrected
countratealS)and the235Umass m in a drumis established

throughthecalibrationprocess. The calibrationprocess

determinestheparametersin the expressionrelatingcount

rateto mass, alongwith theirvariancesandcovariances.

Each typeof matrixdrumcan have a uniquesetof calibration

curves correspondingto differentenrichments. Eachcurve
is deducedfrommeasurementson wen-characterizedcali-

brationdrumsof a particularenrichment. Therangesof
mass andenrichmentsof the calibrationdrumsmustinclude

the rangesof the drumsto be assayedlater.

If the matrixin a drumis unknown,or known but has not

been used in calibration, a "universal" set of calibration

curves can be used. Thiscalibrationwas deducedatLos

Alamos froma studywith 28 differentmatricesanduses the

flux monitorsto approximatelydeterminethe natureof the

matrix. A correctionis thenappliedto the measured

delayed-neutroncountrate. Thisprocedurewill not be as

accurateas usingcalibrationcurves specificallygeneratedfor
a malrix,butit is availableto handle the uncalibrateddrums.

s

CALIBRATION DATA Before selectingthe "Measurements/CalibrationData" menu

option, thepropervaluesof themeasu7:r_entparameters

shouldbe setor verifiedbya technicei ._upervisor. These
values shouldbe identicalto thoseth_t will be used laterin

performingassays on the productiondrums;the accuracyof

the assays dependson this.

Here is a list of parameters that affect the calibration:

General Parameters

Nuclear constants

252Cfdecay constant
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CALIBRATION DATA 252_ decay reference date

(cont) 235U precursor group fractional yields

235U precursor decay constants

Drum-Specific Parameters

Assay parameters

Assay background count time

Source transferdistance

Source transfer acceleration

Source transfervelocity

Nominal number of shuffles per assay

Nominal forward transfer time*

Nominal irr_liation time*

Nominal reverse transfer time*

Nominal delayed-neutron count time*

Number of shuffles pcr assay

Number of scans per shuffle

Scan distance

Scan acceleration

Scan velocity

Pause time at scan's start

Pause time at scan's far point

Rotation

Assay Diagnostics
Flux monitor use

Reference flux monitor count rate*

Dead time

Normalization

Nomlalization factor

Bias Correction

Bias correction parameters

*The parameters with an asterisk can be determined by doing
an assay of a calibration drum with the full printoutOption
on. The other numbers on the full printout should be
ignored.
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CALIBRATION DATA Unless thereareextenuatingcircumstances,the normaliza-

(cont) tionfactorshouldbe one and the biascorrectionparameters
should leadto a bias correctionfactorof one (a2 = 0, al =

1, and ao = 0).

Calibrationdatacan now be taken. There can be as manyas

10drumtypes. Eachtype may haveas many as 10 different

enrichments. Ateach enrichmentof each type there should
be severaldifferent235U masses.

CALIBRATION CURVE At each enrichment of each drumtype, the measuredcount

ratesd5 andgiven 235U masses m are fined to this relation:

d5 = a3m3 + a2m2 + aim + ao.

Forlow massesexpectedin waste drumsthe calibration
curve shouldbe linear. The a3 anda2 parametersarethen

zero. Assays withanemptychamberhave shown that ao
v,ill also be zerounless there is contaminationor holdup

within theassay chamber.

If hundredsof gramsof 235Uareinside drumswith a mod-

eratingmatrix,the slope of the calibrationcurvedecreases

and the a2 parameterwill be negative. With kilogramquan-

tifies in a moderatingmatrix,there may be enough multipli-

cationto cause a positive value fora3.

Curve-fittingcodes forpolynomials arewidely available, but

the code chosen mustalso generatevariancesand covari-

ances as well as the parametersthemselves.
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ERROR MESSAGES AND The shuffler can detect certain internal faults and provide

RECOVERY messages on the printer for study by the operator and

supervisors. An error message number is stored with the
measurement result in the archival flies.

The first set of messages refers to rather general errors and

those that might arise from the data analysis. The same

errors can be generated in more than one place; an errormes-

sage in the 500 range _ from a general location while those

in the 1000 range are from the data analysis. The 20(_

range is for communications with the plant computer; the

4000 range is for problems with the 12-channel scaler board;

the 8000 range is for problems with the stepping motor sys-

tem.

512 and 1024 Error in analysis.

An error in the dataanalysis such as an attempt to divide by

zero would generate this message.

The currentdata are lost. The code is still fully available to

perform another measurement. To try to document the

problem, a supervisor can turn on the Full Printout and per-

form a duplicate measurement.

513 and 1025 General error.

This message was provided as a general purpose "catch-aU"

in case a routine was exited with a status value not covered

by another errornumber.

It was not found necessary to implement this error message

in the current software, so the message will not appear and

norecoveryis required.
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514 and 1026 Forward overtrav¢l sensor not working.

The code did not receive the expected signal from the for-

ward overtravel sensor. This is most likely to occur during

the sensor-test portion of the Safety Check. During normal

operation,the overtravel sensor signal is always covered by
the Teleflex cable.

Measurement results are unaffected by this errorand the

impact on the safe use of the shuffler is slight. Even if the

source is driven past the forward overtravel switch, the cap-

sule is physically unable to leave the assay chamber.

However, if the forward overtravel switch is inoperable,

there will be unusual wear on the cable and gears when the

capsule strikes the floor of the chamber. The stepping motor

may stall, but if it does not, the gears will slip on the cable

until the Compumotor Indexer is turned off.

The switch can be tested electrically, positioned closer to the

cable, or replaced. Details are in the section on

PROXIMITY SWITCHES.

515 and 1027 Store sensor not working.

The store sensor is very important and must be working to

do assays. The end of the Teleflex cable is carefully brought

over this sensor when the source is stored.

The switch can be tested electrically, positioned closer to the

cable, or replaced. Details are in the section on

PROXIMITY SWITCHES.

516 and 1028 Reverse overtravel sensor not working.
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516 and 10211 The code did not receive the expected signal from the reverse

(cont) overtravel sensor. This is most likely to occur during the

sensor-test portionof the Safety Check. During normal

operation, the overtravel sensor is never covered by the

Teleflex cable.

Measurement results are unaffected by this error and the

impact on the safe use of the shuffler is slight. Even if the

source is driven past the reverse overtravel switch, the cap-

sule is physically unable to leave the storage chamber.

However, if the reverse overtravel switch is inoperable,

there will be unusual wear on the cable and gears when the

capsule strikes the physical stop at the end of the sensor

block. The stepping motor may stall, but if it does not, the

gears will slip on the cable until the Compumotor Indexer is
turned off.

The switch can be tested electrically, positioned closer to the

cable, or replaced. Details are in the section on

PROXIMITY SWITCHES.

517 and 1029 Item ID does not match with a known parameter f'de.

An item is whatever is being assayed; for this shuffler it is a

drum. The drum ID entered by the bar code reader or

through the keyboard does not match any of the IDs entered

by a technical supervisor in the parameter file. The first

characters of an ID are assumed to identify the chum type.

If the ID was entered properly, a technical supervisor can

view Edit Parameter/Gener-,fl/ItemType Parameter and add

this item type to the list.

518 and 1030 Delayed-n ',utroncount time is not positive.
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518 and 1030 The delayed-neutroncount time used in thedataanalysis

(cont) shouldalways be positive. This timemightbe nonpositive if

thereis a problemwith the scalerboardor communications
with the boardor with the parallelinput porton the Compu-
motorIndexer.

An assaywith the Full Printoutwill show the earlier point at

which the count is not positive. A supervisorcan use the

suboptionsunderDiagnostics to exercise the scaler board

undersimple conditions to study the problem.

519 and 1031 Irradiatetime is not positive.

This errorhas muchin commonwith error 4102 because the

timerand the countersharethe same electrical hardware.

A supervisorcan use the suboptions under Diagnostics to

exercise the scalerboard's timerundersimple conditions to

study the problem.

520 and 1032 Backgroundcount time is not positive.

The backgroundcount time should always be positive. This

time mightbe nonpositive if there is a problemwith the
scalerboardor communicationswith the boardor with the

parallelinputporton the CompumotorIndexer.

A supervisorcan use the suboptions underDiagnostics to

exercise the scalerboard undersimpleconditions to study

the problem.

321 and 1033 Flux monitor count rate = 0.0.

The flux monitorcountrate duringirradiationof a drum
shouldnot be zero.
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$21 snd 1033 The scaler boardor thedetectortubecircuitrymay havemal-

(cont) functioned. A s_or can exercisethe flux monitors

throughthe Diagnosticsoption.

$22 and 1034 Calculated DSUM = 0.0.

In the data analysisa sum is computedfor use in correcting

the delayed-neutroncountrateforslight irregularitiesin the

timing of events. This sum shouldnever be zero. No
knownconditionsexist thatwould make this sum zero, buta
check is madeof its value beforeit is used asa divisor.

A programmercanu_ a debuggeron the data analysisrou-
fine to examinevalues being used.

S23 and 1035 Numberof countsfromdelayed-neuu'onbanknotpositive.

The numberof countsin the delayed-neutronbanksshould

always be positive. Thisnumbermightbe nonpositive if

there is a problemwith the scalerboardor communications

with the boardor with the parallelinputport on the

CompumotorIndexer.

An assay with the FullPrintoutwill show theearlierpoint at

whichthe count is not positive. A supervisorcan use the

suboptionsunderDiagnosticsto exercise the scalerboard

undersimpleconditions to study the problem.

524 and 1036 Ratio of counts fromdelay"d-neutronbanksout of range.

The counts from delayed-neutronbanks 1 and3 areadded

and comparedto the sumof counts in banks2 and4. This

error arises if the ratio is outside the range specifiedin the

parameterfile for the drumbeing studied.
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$24 and 1036 An assay with the Full Printout on will show ali the data

(coat) involved in this check. If there is noise in one or more

banks, the large number of counts will reveal it.

$2S and 1037 Number of counts from flux monitor bank not positive.

The number of counts from the flux monitors should _ways

be positive. This count might be nonpositive if there is a

problem with the scaler board or communications with the

or w;,ththe parallel input port on the Compumotor

Indexer.

An assay with the Full Printoutwill show the earlier point at

which the count is not positive. A supervisor can use the

suboptions under Diagnostics to exercise the scaler board

under simple conditions to study the problem.

$26 and 1038 Ratio of flux monitor banks out of range.

The count from flux monitor one is divided by the count

from flux monitor two. This error arises if the ratio is out-

side the range specified in the parameter file for thedrum

being studied.

An assay with the Full Printout on will show ali the data

involved in this check. If there is noise in one or more

banks, the large number of counts will reveal it.

$27 and 1039 Nominal DSUM is less than or equal to 0.0.

A nominal value of DSUM is computed as partof every

assay, using nominal values of timing parameters. The

value is always positive; a nonpositive value is an error. The

nominal DSUM is purely calculational in natron;measured

data are not used.
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$27 and 1039 These parametersshouldbe examinedfor correctness:

(cont) nominal forwardtransfertime, nominal irradiationtime,
nominalreversetransfertime,nominal counttime, nominal

numberof shuffles perassay, nuclearparameters(delayed

neutronyields a_ddecay constants).

528 and 1040 Enrichmentvalue notwithinrange.

The enrichmentof a drumto be assayedmust fallbetween
two enrichmentsfoundin thecalibrationdamfor thattypeof

drum. Extrapolationwill notbe done, so anerroris gener-
ated.

The enrichmentsfor thattypeof drumcan be reviewed as

partof thecalibrationparameters.The firstcalibrationcurve
musthave the lowest enrichmentand the rest of the enrich-

ments shouldfollow in ascendingorder.

529 and 1041 Interpolationconvergenceerror.

A generalized,versatileinterpolationroutineis used to inter-

polate the drum'smassfrom the two calibrationcurveswith

enrichmentsflanking the drum'senrichment.A numerical,

iterativeprocessis used that in principlecan fail to converge.

If convergenceis not foundafterthenumberof iterations

builtinto the code, this message is generated.

Thiscode uses simplelinearinterpolationand the conver-

gence should neverbe a problem. A programmercan use a

debuggeron the interpolationroutineto examinevalues
being used.

530 and 1042 Lampnot operating.
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S30 and 1042 During a Safety Clw_k,theuseris asked to check the proper

(cont) operationof the smmslamps. If the userindicatesa prob-
lem, this erroris generated.

A lamp mightbe burnedout or signals mightnot reach it

from the computerand the outputparallelport of the

Compumowr Indexer.

$31 and 1043 Door switch failure.

During SafetyCheck the useris asked to open the doorsand
then to verifythatthe doorsareindeed open. If the doors'

proximity sensordoes notagree that the doors areopen, this
erroris generated.

The switchcan bete_,;tedelectrically,positioned closerto the

cable,or replaced. Detailsare in the sectionon
PROXIMITYSWITCHES.

$32 and 1044 Dc_closed sensor malfunction.

During Safety Check the useris asked to close the doorsand

thento verify that the doors are indeed closed. If the doors'

proximity sensordoes notagreethatthe doors areclosed,

this erroris generated.

The switch can be tested electrically,positionedcloser to the

cable,or replaced. Details arein the sectionon
PROXIMITYSWITCHES.

533 and 1045 Fatal hardware error.

This is apotentialerrormessagefrom the coBectdataroutine

to handle unspecifiederrors. It is not implemented.
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SM and 1046 Bias measurement failed.

The bias pan of a Bias andPrecision check failed the statisti-

cal test. If the test is performed at the 95% confidence level,
statisticians tell us that the test should fail 1 time out of 20

(5% of the time). ,

Relevant values are given on the printerand can be checked.

Parameterscontrolling the test can be checked in the parame-

wr file under Edit Parameters/t3eneral/Bias and Precision

Parameters.

$35 and 1047 Precision measurement failed.

The pr_sion part of a Bias and Precision check failed the

statistical test. If the test is performed at the 95% confidence

level, statisticians tell us that the test should fall 1 time out of

20 (5% of the time).

Relevant values are given on the printer and can be checked.

Parameters controlling the test can be checked in the parame-

ter file under Edit Parameters/General/Bias and Precision

Parameters.

$36 and 1048 Standardcheck failed.

' An assay with a standard drum performed as part of the

Standard Check was outside the range specified in the

parameter file. If the test is performed at the 95% confidence

level, statisticians tell us that the test should fall 1 time out of

20 (5% of the time). If the test is attempted on a drum other

than the standarddrum, the test is likely to fail.
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$36 and 104S _etcrs controllingthe test canbe checkedin the_e-

(coat) terfile underEditPmmetcrs/_nenl/Smndard Check
Parameters.

$37 and 1049 Reverse transfer error.

If the Compumo_ordoesnot completethereversetransfer

motion(rapidlyrettwningthe sourceto its store position) in a

reasonabletime, this errormessage is generated.There is a
serioushardwareor electricalmalfunctionthatshouldbe cor-

rectedbefore assays shouldcontinue.

A supervisorcanexercise theequipmentthroughthe

Diagnosticsoption of the main menu.

$38 and 10$0 Emptycheck failure.

An assay with anempty chamberperformedas partof the

StandardCheck was outside therangespecifiedin the

parameterfile. If a drumor a certainamountof holdup

materialwas presentin the chamber,the test is failed.

Parameterscontrollingthe test can I_ checkedin theparame-
terf'deunderEditParameters/Genenfl/StandardCheck
Parameters.

$39 and 1051 Cyclecorrectionfactorerror.

A cycle correctionfactoris calculatedas partof everyassay
to correctmeasuredcount rates for smallirregularitiesin the

timingof the variousportionsof an assay. A maximum
deviationfromone is set in theparameterfile andthiserror

message is generatedwhen thecycle correctionfactoris out

of thatrange.
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539 and 1051 If the range is set too small, false "alarms" can be generated.

(coat) Nominal times and the number of shuffles must be as close

as possible to actual values, as shown on Full Printouts.

After the proper setting of nominal values, the cycle correc-

tion factor should routinely be within 0.5% of one.

$40 aad 1052 Normalization factor not 1.

This is not so much an error as a reminder that this assay

was performed with a normalization factor applied to the

count rate just before the interpolations from the calibration

curves. The normalization factor should normally be one

and have no effect on the assays.

541 aad 1053 Not used.

542 and 1054 Archive full--oldest data not transmitte_

The number of measurements that will be retained in the

archives is set in the parameter file. Normally these results

are immediately transmitted to the plant computer, when the

archive is full, a new result is added by dropping the oldest

result. If the oldest result has not yet been wansmitted, it is

not to be dropped; a new assay is simply made impossible to

do and this errorgenerated.

The size of the archive can be increased by a supervisor.

When communications with the plant computer revive, old

data not yet transmittedwill be sent and new measurements

can proceed.

543 and 1055 Assay not okay---bias measurement failed.

The previous bias measurement was outside the expected

range and thus the bias check was failed. A supervisor has
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S43 aad lOSS taken an assay without first passing the bias check, so the

(coat) assay is flagged with this status code.

544 and 10S6 Assay not okay--standard check failed.

An assay as part of a previous standard check was outside

the expecteA range and thus the standard check was failed.

A supervisor has taken an assay without fLrStpassing the

standardcheck, so the assay is flagged with this status code.

S4S and 10S'/ Assay not okay--safety check failed.

A safety check was previously failed. A supervisorhas

taken an assay without f'n'stpassing the safety check, so the

assay is flagged with this status code.

The next set of errors deals with the process control
database.

2048 Network down.

If the shuffler's computer cannot communicate with the net-

work, this message is generated.

If the network is in fact not down, the communication link

between the computer and the network must be faulty.

2049 Bad item.

For this shuffler, an item is a waste drum. This message

states that the II) of a drum was not acceptable.
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2049 Thegiven ID may havebeenin error,the ID may notexist in

(eout) a database.

2050 Itemis in the wrong piace in the process.

If a drumshouldnotbe assayedin theshufflerat this stage

inthe process, this message is generated.

The drumshouldbe sentm its properpiaceor thedatabase
altered.

20$1 Datawerenotstored.

A measurementwas completedbuttheresultcould notbe
transmitted.The datawill remainin the shuffler'sarchive

with this message attached.

20s 2 Datastored,but itemis at the processholdpoint.

This flags ameasurementresultthat thedrumhas been

assayedbut is now at a holdpoint in the process.

2053 Datastored,butthe item is rejected.

This flags a measurementresult that the drumhas been

assayed, butthe drumis now rejectedfrom the process.

20S4 Processcomputerdatabaseerror.

This is a general-purposesignalthatan undefinederrorhas

occurredwith theprocess-computerdatabase.

PMR474(R) 106



LOS ALAMOS WASTE DRUM SHUFFLERS TROUBLESHOOTING
USERS MANUAL SUGGESTIONS

I I I II I I II I I l [ iii I I I

2054 The next Set of messages deals with the 12-channelscaler

(cont) board.

4096 Scaler responded successfully.

This is moreof a statusmessage than anerrormessage. It is

u'_d by the shuffler'scomputerinternallyto give assurance
that actionswiththe scalerboardarecorrect.

409 7 Invalidchannelnumberfor scaler.

If thecode attemptsto de_ with a channelnumberoutside

the rangeof valid numbers,this message is generated.

A codingerrorhas beenencounteredthatmust be corrected.

4098 Not enough bytes sent to scaler.

When the scalerboarddoes notreceive the propernumberof

bytes fromthe shufflercomputer,it returnsthis message to

the shufflerandpasses it along to the user.

Whenthe shufflercode is started,it attemptsto communicate

with the scaler NIM. If power to the NIM is off, this com-

municationis impossible and thiserrorwill be generated the

next time the scalerNIM is accessed. Exit thecode and give

power to the scaler NIM;thenrestartthe code.

Communicationsmay be testedeasily by a technical supervi-

sorwho has access to the Diagnostic/Countwith No
CaliforniumMotionoption. A counttimeof 1 s will quickly

force communicationswith the scaler. The displaywill
show the counts in thechannels if the communicationwas

successful;otherwise, an errormessage will appear.
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4098 If theproblempersists,turningthe power off to the NIM

(cont) bin,exiting the shufflercode, turningpower on to the NIM,

and restartingthecode may clearthe problem;thequickest

way to find out is to use the Count with No Californium

Motionoptiondescribedin the previousparagraph. If the

problempersists,the most likely cause is with the hardware
of the communicationlink. A malfunctionof the scaler

boardis anotherpossibility.

4099 Scaler number is unknown.

An unrecognizedparameternumberhasbeen sentto the
scaler.

A coding errorhas occurredand must be corrected.

41O0 Invalidport numberfor scaler.

An attempthasbeenmade to communicatewith the scaler

boardthroughthe wrong serialport.

A codingerrorhas occmredand must be corre_tecl.

4101 Scalerport notopen.

An attempthas been made to communicate with the scaler

without firstopening the properport.

A coding errorhas occun_ and must becorrected.

4102 Errorin communicating with scaler.

This is a general-purposemessage that could notbe more

specific about the communicationsproblem.
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410 2 The board should be tested with standarddiagnostic elec-

(cont) tronics tools.

410 3 Problem with scaler.

A problem has arisen that could not be identified.

The communications link could be at fault, a coding error

may have a,,isen,or there may be a hardware problem on the
scaler board.

The next setof messages concerns the Compumotor step-

ping motor system.

$19 2 Compumotor responded successfully.

This is more of a status message than an error message. It

indicates that NO erroroccurred during an operation

requested by the computer.

819 3 Compumotor did not respond.

If the Compumotor does not signal the completion of an

action in a reasonable time period, this error is set.

The cause might be a failure in the Compumotor system or a

requested action with a poor choice of parameters. For

example, if a forward transfer is requested but the accelera-

tion and velocity are very low, the action will not be com-

pleted in the usual small amount of time.

819 4 Invalid Compumotor register.
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8194 The shufflercode passes values intoregisterswithin the

(cont) CompumotorIndexer, these valuesareused by the Compu-

motorcode. If the specified register is outside the rangeof
valid values, this erroris generated.

A codingerrorhas occurredwithinthe shuffler'scode. That

portionof the code mustbe correcte_

g 19 $ Invalid motor axis.

If the shu_er code requestsaction bya Compumotormotor

axis thatdoes not exist, this erroris generated.

A codingerrorhas occm'redwithin the shuffler'scode. That

portionof the code mustbe corrected.

819 6 Invalid write to Compumotor.

If a communication is not understoodby the Compumotor,it

returnsa signal that stimulatesthiserror message.

The communicationlink may be faultyor a programming

errormayhave sent anunintelligiblemessage.

8197 Move didnotcomplete.

A transfer(forwardorreverse)ofthesourcewasnot

accomplishedinareasonabletime.

There could be a malfunctionin the Compumotorsystem or

the accelerationorvelocity parametersfor performingthe
move areset too low.

819 8 Scan did not complete.
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S19s The sourceis scannedthe lengthof the drumduringirradia-

(coat) tion. If the scanwas notperformedin a reasonabletime,
thiserrormessage is generated.

There couldbe a malfur,ction in theCompumotorsystemor

theaccelerationor velocity parametersfor performingthe
scanareset too low.

s 199 Step ratioinvalid.

This signalsan incorrectvalue of a parameterinternalto the

code. Shufflersalways use a fixed ratio and this errormes-

sage will not occur.

s200 InvalidportnumberforCompumotor.

The serial portassignedto the CompumotorIndexeris
invalid.

The shufflercode mustbe correctedto use the correctport.

8201 Compumotorportnot open.

Communicationwith the CompumotorIndexeris not occur-

ring.

The cableconnectingthe computerandthe Indexercould be

faulty,the Indexermight be in an incorrectmode to receive
thecommunication,or the serialcommunicationboardin the

computermight be faulty.

$202 Errorin findinghome.
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8202 The Con_pumotor system could not position the free end of

(cont) the Teleflex cable above the store proximity switch, thus

placing the soun:e in its store position.

A supervisor can exercise this operation in a simple way

through the Diagnostic option. The switch may be faulty,

the Compumotor Indexer may be malfunctioning, or the

code inside the C¢_pumotor may have been altered.

s203 Err_ in communicating to Compumotor.

This is a general-purpose errorwhen communications with

the Compumotor are unintelligible.

Cables, serial boards, and external noise could cause the

problem.

20 4 Compumotor error.

When the Compumotor signals thatan errorhas occun_

and it could not be deciphered into a specific problem, this

errormessage is generated.

The Compumotor can be exercise_ :]u_oughits own control

panel or through the shuffler's Diagnostics options to try to

isolate the problem.

820 s Door ope_--source movement not allowed.

The Compumotor was commanded to move the source., but

the doors' proximity switch indicated that the doors were

open. The code in the Indexer will not move the source.
This is an errorcondition.
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820S If the doors are in fact closed, the proximity switch could be

(coat) at fault, as could be the circuitry between the switch, the

Indexer, and the shuffler's computer.

s206 Bad branch register value.

If the Indexer is told to run a routine of its internal code

starting at a nonexistent point, this error is generated.

Either there is a coding error in the shuffler's code or the

communications failed to transmit the value correctly.

820 7 Move aborted-- overtravel sensor reached.

If a move was terminated by the overtravel sensor before the

move was completed, this error is generated.

Probably the user sets a distance for the move that could not

be completed. Otherwise a malfunction of the Indexer could

be suspected.

PROXIMITY SWITCHES A proximity switch can be tested by moving the cable (or

doors) off the switch and activating the switch with a piece

of metal (such as a bolt or screwdriver).

There should be 12 V supplied to the switch from the NIM

bin power supply. If this is not present, the switch cannot
function.

A voltmeter across the output of the switch will show its

operation. With iron in contact with the switch, the voltage

should be 0 V; with iron removed, the voltage should be

6 V. If the switch does not respond properly, it must be

replaced.
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PROXIMITY SWITCHES If the switch does respond properly to the iron test but not to

(coat) the cable (or doors), undo the locking nut and screw the

switch closer to the cable (or doors). Only one half turnat a

time should be used before testing the switch with the cable

(or doors).

The position of the switch must be carefully set_ The switch

screws into the mounting block; the tip should just come in

contact with the Teleflex cable or the doors. The Teleflex

cable slides on the switch, but the switch must not obstruct

the movement of the cable. A little wear on the tip is normal,

but if the cable has worn through the black plastic tip, the

switch was too close to the cable and the switch should be

replaced.

SCALER BOARD LAMPS The scaler board receives TIL signals from the Amplifier/

SCAs inside the electronics junction box. These signals are

used to flash the LEDs on the front of the scaler NIM while

they are being counted in 10 scaler channels.

The channel 0 lamp should be on continuously because this

is responding to a 10 kHz clock inside the NIM. Channels 1

through 8 receive signals from delayed-neutron banks.

Channels 9 and 10 receive signals from flux monitors.

Channel 11 is not used and its lamp should remain off.

At very low count rates, the individual flashes of the LEDs

are apparent,but at even moderately high count rates the

LEDs are on continuously. This continuous illumination

should not occur when a drum and the 252Cf source are not

present in the assay region. The spontaneously emitted neu-

trons from a drum may or may not be at a sufficient rate to

turn the LEDs on continuously.
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SCALER BOARD LAMPS If a detector bank has failed, its correspondingLEDcould be

(couO eitheron ali the timeor off ali the time, dependingon the

mode of failure. Ineithercase, a problemis indicated. The

damanalysisprocesschecks for unusualdetectorbank

counts andshouldalso indicate a problemthat theLEDcan

identifymoreclearly. A technicalsupervisorcanuse the

Diagnostic/Countwith No CaliforniumMotionsuboptionto
check the operationof the detector banks.

If moisturehasenteredanelectronicsjunction box andis

causing high-voltagearcing, there will be noise in thesignal

from thatjunction box. The dataanalysis process with the

LEDs could identify thisproblemand both partsof the
StandardCheckarelikely to be failed. A technicalsupervi-

sor can use the Diagnostic/Countwith No Californium

Motion suboptionto check theoperationof the detector
banks.

INDEXER COMMUNICATIONS If communication with the Indexer is not workingproperly,
check these settingsunderSETUP/RS232: baudrate =

9600, 1stop bit, 7 data bits, even parity,DTE. Under
SETUP/REMOTE,TEXTshouldbe set to OFF.

MOTORDRIVERFAULT In unusualcircumstancesthe Indexermay be askedto move
the sourcein a mannerthat leadsto a faultin the motor

driver,an examplemightbe to move the sourceatveryhigh
speed well beyondanovertravelswitch. If thisoccurs,

recoverby (1) unpluggingthepower to the motordriver,

using the powercordgoing into the Power/Signal box on the

outsideof the assay chamber, (2) turningpowerOFF and

then ON to the Indexer,and then (3) plugging the power
cord backinto the Power/Signalbox for the motordriver.
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LUBRICATION The Teleflex cable should be oiled with Pro Tech Metal

Trealment every six months if a shuffler is used regularly;

every year if used irregularly. This can be done by wiping

Pro Tech into the forward overtravel sensor while moving

the shaft of the motor by hand (motor power off) or while

the motor is driving the cable at low speed (use the Move

Californium option of the Diagnostics menu). This does not

directly apply oil to the source capsule end of the cable, but it

is not worth the additional radiation exposure to oil this por-

tion.

If the source and cable are removed from the shuffler and

placed in a temporary cask, the capsule and the nearby por-

tion of the cable can be swiped with oil while being removed

or replaced in the shuffler.

VOLTAGE TESTS Test points are on the Los Alamos National Laboratory

NIMs, and these should be checked once a month.

The NIM bin itself has test points that should be checked
once a month.

JUNCTION BOX DESICCANT The electronics junction boxes have desiccant in capsules

that screw into the lid. These capsules are revealed after

removing the cavity cover plate, the source spindle, and the

cavity liner, lt is not necessary to remove the junction box to

replace the desiccant.

The central spot in the clear top of the capsule shows the

relative humidity of the desiccant within the capsule. If the

spot is blue, the humidity is low; if the spot is pink, the

humidity is high. High humidity may lead m arcing across

some high-voltage components and generate noise in the

signal lines. A pink spot does not necessarily mean that
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JUNCTION BOX DESICCANT arcing will occur, but it is prudent to replace thedesiccant

(cent) capsule.

Aroundthecenu'aispot areindicatorsof threelevels of the

ambientrelativehumidity. A pink sectorshows therelative

humidityoutsidethecapsuleand inside thejunctionbox.
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ASSAY TIMINGS AND ESTIMATION OF PARAMETERS

The Purpose When a fixed amountof timeis availabletocompletean
assay, how muchof the time will be spent on background
countingandhow muchon irradiationanddelayed-neutron

counting mustbe decided. Thisappendixwill outlinethe

procedurefor makingthisdecision. This is condensedfrom

the analysis given in theLos AlamosNationalLaboratory

reportLA-12105 (May 1991) by P. M. Rinard,"Shuffler
Instrumentsfor theNondesu'uctiveAssay of Fissile
Materials."

Thecriterionis to selecttimes thatminimizetherelativepre-

cision of thedelayed-neutroncount.

The Model The numberD of delayedneutronscountedin a time interval

Tc is the measurednumberof counts C minusan estimateof

the backgroundcountsB. TheB is estimatedfroma previ-
ous backgroundcount;if Bb is the numberof counts in the

backgroundcounttimeTb, then

D=C-B=C-Bb(T,ITb).

Therelativeprecisionsquaredof D is

ao/D = (o'C2+ aB2)ID.

The varianceof C is _ = D + Bb(Tcffb); that of B is

Bb(TcJTb). The relative precision squaredof D is thus
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The Model This is betterexpressedin termsof rates andtimes by using
(cont) D = d Tc and B = b Tc, whered is the delayed-neutronrate

andb is thebackgroundrate. In termsof these rates, the

squareof therelative precision is

(,,oi,D)- + +

A parametersearchis madefromthis equation,usingknown

values when possibleandkeeping unknownparameters
within reasonableranges.

The variationof the relativeprecisionwith changes in the

parametersis ratherslow and many choices arenearly

equivalent. Prudencedictatesthat a set of parametersis
favoredff it uses fewer shufflesper assay, thus drivingthe
hardwareless often, lt is consideredbetterto sacrificesome

of therelative precisionfor lower shuffle numbers.
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