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fIBSTRfiCT

We have adapted the Los Alamos flASS1 account-
ing system for use on an IBM PC/fIT+ at thf~ rIJals
Manufacturing Facility (Ff’lF) at Argonne National
Laboratory-West (APIL-WEST) in Idaho Falls, Idaho.
Cost of hardware and proprietary softw?.re was less
than $10,000 par station. The system consists of
three stations between which accounting informa-
tion is transferred using ?1OPPY disks accompany-
ing special nuclear material shipments.

l’he programs were implemented in dBhSEIII*’p
and were compiled ushg”’the proprietary software
CLIPPER.$ Modifications to the invantory can be
posted in just a few minutes, and operator/compJ-
ter interaction is nearly instantaneous, ~fter
the records are buikt by the user, it takes 4-5
seconds to post the results to the database files,

h l~ernion of this system was specially
adapted and is currentl~ in use at the FMF facil-
ity at Wgonne National ’Laboratory in Idaho Falls,
Initial satisfaction is adequate and software and
hardware problams ara minimal,

INTRODUCTION

In the -10 or so years subciequent to the
adoption of on-line computer systems for mat6rial
accounting, significant proqress has been made in
developing user friandly and effective oyn.ems,
fit Los Alamos, for !nstance, 50 man-years of
effort by Ferman Kelso et al, has culminated in
the currant tlASS systam for tracking Los Alamon
upecial nuclear material (SNM)i This computer
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system, running on equipment originally valued at
about $750,000, can keep track of tens of thou-

sands of inventory items involved in 20,000 or

more changes per month.

Paralleling these developments has been a
trend to ever more powerful, compact, and inexpen-
sive personal computers with a wide array of effi-
cient and effective software for data handling
tasks. In particular, the IBM PC and i*s clones
have led to a standardization in both hardware
and software in this size niche.

There has been, and is, a need for small
materials control systems that can keep track of
several hundred inventory items undergoing 500 to
1000 alterations per month. Moreover, there i~ a
need for intelligent terminals for the larger
machines that can relieve the big machines of the
chores of data entry and verification,

We set out to determine if an IBM PC/AT,
vi lued at about $9000, could be used as a small-
system central computer in a materials accounting

system. It can,

HARDWARE

Farly teats on an IBM PC/XT convinced us that
th~ project was possible, The XT, though capable,
was slow enough to annoy a nimble-fingered typist,
We thus believed that a more capable and faster
computer would provide a more acceptable product,

WQ chose to implement the accounting p~,ckage
cm an IBM PC/ftT, We configured the systam with a
30 MO hard disk, 2MB of RM memory, two floppy
drives (standard and high density), and an inter-
face board, The latter is used to connect the
computer directly to a digital balance so that
weighingu may be read directIy by the computer.
A system was ●lso purchased with two BernoulllN
drtves in lieu of the hard disk. This system,
which ham removabla media, has the ●dvantage OP
allowing smnsitive information to be easily se-
c~red when not in use, The cost of the latter
syetem was 97200$

MTrademark of X&-EGA Corporation, 1821 WOSt 4000
South, Roy, Utah 84067,



SOFTUARE

MS chose to use dBASEIIT as the major imple-
mentation language because it is a highly compe-
tent and widely respected product. Other similar
systems are now on the market that should be con-
sidered for any new PC based systems. dBfV3EIII
is a relational-like database system. The lan-
guage can be used interactively, or procedure
files (program9) can be written.

Compilers are available for this lar~guage
that promise higher operating speeds and more
security. With just the compiled code available
in the computer, it is less easy to modify the
data files without use of the intended cod+! with
its internal checks, balances and audit trails.

Me tried the Winter 1985 version of Clipper
by Nantucket Software systems and found it effec-
tive and easy to usae The compiled code ran sig-
nificantly faster than the interpretive version.
IIs an enample, the most annoying delay in posting
a change to the database occurred during the writ-
ing of the transaction information to a floppy
disk, This operation averaged 9,2 seconds for 20
separately invoked write operations. The same
test with the compiled version gave a 2,6 second
averaga, This is 3.5 times faster, Other time
savings at-a not as remarkable but were not needed
in thu first place, The overall time for posting
a typical single update has dropped from about
10-12 seconds for the interpretive version to 4-5
8econds for the compiled version,

THE FUELS MANUFACTURING F91:lLITY

The Fuels Manufacturing Facility (FMF) pro-
duces metal fuel assemblies primarily for the test
reactor E9RII. Pins are cast from alloys of ura-
nium and sometimes plutonium, These pins are
encapsulated in jackets to become elements, and
thaae in turn ●re combined into fuel subassen+
blies.

Special nuclear materiel (SNM) is received
from the Special Materials Department (SPM) of
ANL-UEST, This material is alloyed with other
materials, induction-melted, and injection-cast
into glass molds,

The as-cast fue! pins are romouad from th~ir
molds, sheared to length, and then sent to dfwlher
unit for autoradiagraphy and other tests, The
scrap materials remainirt~ are incorporated into a
materialn balance,

The acceptable pins are placed into sodium-
filled, ttainless-staul jackets and welded %hut,
These alements ●re then transferred to SPM where
thny ●re stored for later use, The alamunt.s are
●ventually returned to the FMF where they ara
incorporated into fuel a@8emblies, On occasion,
rejected ●lsments are disassemble for recovery,

The current ●ccounting ny8tem involves gener-
●tion o? paper report, for entry into the hN1.-w1de
6PM oystom, This system has proved more than

adequate for global accounting purposes. It does
not, however, provide the detailed reporting at
the workbench level that is desirable for closer
accountability and for better production and crit-
icality control.

MRSS SYSTEM

We chose to adapt the MASS system to our PC
needs rather than start over. hs stated earlier,
the MASS system represents 5(J man-years of design,
programming, and testing. It has gainad accept-
ance in a highly complex production environment.
We thus secured permission from its architect,
Ferrnan Kelso, to adapt tt for our use. He also
kindly supplied listings and machine readable
copies of the current implementation.

fls a development approach or design philos-
ophy, KQISO reduced all possibla opwations that
tha MASS system was to perform to their least
common denominator, thus generic operations.
There are a limited number of generic operation~
necessary to maintain an inventory in a batch-
oriented environment. Each o? these generic oper-
ations is called a transaction and is listed
below.

1. Items need to be moved (MOVE)

2, Items need to be split into two or more sub
items (SPLIT),

3. Material from one existing item needs to be
added to an already existing item (CCX’WINE
INTO EXISTING),

4, Material from two or more items needs to ba
combined to creata a new itam (COMSINE INTO
NEW) ,

5, Non essential information in an inventory
record needs to be changed, perhaps For a
correction to other transactions (MODIFY:,

These five basic operations, and some sliyht
variations are all that IS needed to hmndle most
production environments,

RECORD OF TRANSACTIONS

Th@ U8Q or application of thesQ gOnOriC opQr-
atlons is known as ● transaction, All transac-

tions are recorded in ‘he following manner, The
record of th~ transaction conl,ain~ !I!v1,N []~rts,
called image: , The FRC+4 image containn the af-
fected lnventor~ record as it will appaar aftar
modification, The TO imaqe contains the !nventory
record as it will appear after modification, The
XN image contains information about the nature
and amount of the change, Thesa three parts taken
together constitvta the transaction record itsalf,

The transaction record is saved to ● file of
transaction recwds, ●nd machinsry in the proyram
then uses this rQcord to update the inventory ~ile
itself,



(f?)

(B)

(c)

(o)

(E)

(F)

(G)

(H)

R1l computer transactions proceed similarly.

One or two inventory items are selected and
found .

The records are copied to the appropriate
images. .

The comvuter asks for and records the amount
of material transferred.

The TO and FROM images are adjusted accord-
ingly,

Additional changes to the TO item are re-
quusted and posted to the image,

The XN image is <on~tructed.

The three images aru posted to the transac-
tion file.

The images are used to update the inventory
files,

ADAPTIONS TO MfiSS FOR ANL USE

Several changes were made to adapt the MllSS
system for flNL-4#EST use. The MASS system ,jses a
separate record for each component of SNM in an
item. Thus an item that contains both ur.inium
and plutonium will be represented by two siiparate
records, and machinery in the P16SS code as~ures
that when one record is affected, the other is
also affected,

This complication is necessary in a fdcility
wher~ a dozen or more types of SNM may be encoun-
tered on a regular basis, RNL-WEST, on the other
hand, uses only uranium and plutonium, Because
file size was not a limitation in this applica-
tion, we elected to incorporate separate fields
in the records to keep track cf uranium, Ura-
nium-235, plutonium, and plutonium isotopics,

The F’MSS system requires that an individual
user enter a password at the baginning of a work
session He or she is then able to execute as
many traneactione as desired, The user th~n is
ernpected to log off to prevent another ueer from
deliberately or inadvertently u8ing thQ eystem
under the first per?on’a authority,

We elected to require that a six-character
password be entered as the first step in executing
●ny transaction fifter the pas~word in entered,
tho computer checks its files to daternine who
the individual 10 and whether this individual is
allowad to execute that transaction, This may
become an annoyance to operator, but provides what
we believe is ●n extra necessary level of c~lrllrol
ovor users,

The original MRSS system as implemented at
Lo: Alamos does not yet provide an ability to deal
with collections--it~ms that are associated with
other Items in some kind of assembly or subNoown-
bly< Fortilnatalv, Ko~so had finished the initial

design work for adding this feature and was gen-
erous in helping us adapt his techniques to the
pre!]ent application.

Basically, we handle collections using two
files-the regular INVENTORY file and a second
file called COLLECTIONS. Th@ records in both
have exactly the same structure and include a
fi~ld containing the collection name. When a
collection, is first created, a new inventory
record i> created with a non-blank collection
name field, The item just added to ,this collec-
tion is removed from INVENTORY and added to COL-
LECTIONS after adding the collection name to the
collection name field. Its SNM content is added
to the record in INVENTORY that represents the
colloctionc

When new items are added to the collection,
their SNM content i~ added to the record of the
collection maintained in INVENTORY. The inventory

record of the item is deleted from INVENTORY and
added to COLLECTIONS, again with the name of the
collection inserted,

Thus , an examination of INVENTORY will show
two kinds of items: those with no collection
names and those with collection names, R collec-
tion name will appear only once in INVENTORY. The
items without a collection name are individual,
discrete items not associated with a collectio~,
The items with a collection name are indeed col-
lections, and the SW content of the record re-
flects the total SNM content of the constituent
piece$ , COLLECTIONS then has the individual
records for the individual items making up this
collection, These can easily be accessed for any
purpose.

The MASS system allows ma.erial to be Trans-
ferred batween accounts and subaccounts. This lJ

possible because one computer is keeping track of
all material, and users in each area have access
to the same computer,

The FMF proces8 areas are not currantly con-
tiguous, wrd it was not considered reasonable to
string coaxia! cable betwaen the87 areas. We thus
developed a uyatem that relies on floppy disks,
which accomptiny each tran8fer, to carry the infor-
mation needed to update one computer with infor-
mation fr]m another.

Fortunately, the administrativ~ system at
ANL-WEST ha8, for many years, required that when
SN?I ie moved from one area to another, the mate-
rials balance area (MBA) custodian physically
inspect the transferred material and provide
approval on a form accompanying the material, It
ia thus easy to have a floppy disk accompany those
forma and to have thrr fl~ll custodian read this
!nfurmation into hia computol ●t the timo he ln-
SPQCLU the tranafer, In tt}l~ way, his computer
la as current as the la~t tranafer made, Uecaur)e
transfers take pltico several times a day, he ra-
mainm quite current In ●ddition, t+a tranefar
of data by dl.sk rather than by wire appearo to be
a benefit with respect to physical serurity,



This approach also provides some progra!maing
simplification. In a system where everyo~e has
access to the same files, techniques have to be
incorporated that prevent one person from acting
on a record while another person ?s doing so.
Updating of tha computer may not take place as
the work is accomplished, and a sacond processing
step may be reportad to the computer b~rwe the
first has been posted. Our approach automatically
prevents these problems From occurring without
needing software to prevent it.

The PMSS system assumes that splits and com-
bines will involve only a few to a dozan items to
be combined or split at a time. FMF, however,
has a key processing step where as many as a hun-
dred pins may be created from a single batch. To
create each of these items using the original IIWSS
machinevy would be too time consuming,

We elected therefore to violate the principle
of genericness of the PMSS system to provide a
specialized ~ransaction package that allows one
item to be more automatically split into many
items. The operator enters a minimum amount of
information before datebase update occurs, and
then tho 100 or so transactions are run without
operator intervention, freeing him or her fur
other activities, Even at. 5 seconds per update,
100 updates represents nearly 10 minutes of com-
puting,

Similar programs have be~n developed for
putting fuel pins in jackets and recwxiing test
information on pins and elements, The modular
nature of the original MfISS system dest(Jfl made
theee adaptations easy to perform, Where MASS
has a routine thet identifies and locates a q~ngle
record, we have had only to develop a routine that

gaeks out and copies a group of records. Then,
instead of a single pass with tho transaction
building and pouting machinery, we perform thq
operations repeatedly until each racord has bean
hand led.

RNL-PC/DYtlAC DESIGN STRUCIURE

ANL-PC/DYIWC is mtrdctured into three lavQlri of
locations+ The primary locatior. (called SUBFAC
in files and m-aubfac in ● memory variable) u~rien
with major changes in admirlistrative responsibil-
ity, In versions halow 2,0, subfac is conatent
●nd is ‘FMF’,

The secondary location it ctilled ROCM in
files ●nd m-room in memory variables,

Tho STRTION location 1s the glov~ bon or
workbuoch level of designation, It is ●ssumed to
b* equivalent to th~ zones that have been optici-
fiod at ANL-WE6T for criticality control,

fi file LOCATIONS koops track of the allowabl~
r,ombinatio.~s Of sub?ac, room ●nd gtation, In?or-
r~tiu)l is also maintained on total plutonium and
IJranium contmt ●s wall ●s criticality limits and
total cm. Tht lattar is calculated using U-235 +
qmpu,

In the ANL-DYMC system, the birdcage, bon,
or storage drum is handled as an object with a
seven-lett~r designator that can be moved from
location to location, R file CONTAINER k~eps
track of tha location, seal, & d,,’ seal date as
wall as the contents and limits, ;A field in the
CONW17NER file, called moveable, /ndicates whether
or not the user may move the cage or drum. Each
inventory item contains a container field that is
blank if an item is not in a cage or dr(lm but
contains the container designator if the itam is
in a cage or drum,

Whenever a transaction is executed, the LOC6-
TIONS and CONTAINEP fileu are updated for pluto-

nium, uranium, and Sh#l ccntent and piec~ count,
“rho number of cages in a location is also main-
tained, Criticality safety is then verified for
limits on these values,

A1l users are assumed to have access to all
stations within any room for which they have per-
mission; that is, access is controlled by room,
This control is vented in the password file, which
keeps a list of aar.h room for which a bona fid~
user has access,

Inventory control is on serial number, New
values are determined by the computer,

The inventory item in ANL-DYtlAC contains both
plutonium and uranium fields and fields for their
isotopic amounts, This is in contrast to MASS,
which allows only orw SW type per invmtory
item, and hence two or more inventory recorde per
blended item, We calculate new enrichments for
an inventory item after detarmininq the amount of
uranium and U-235, and Lhe amounts of plutonium
and Pu-imo in the new item. Enrichment-235 =
100*U - 235/U and Enrichment - PtJ = 100*Pu-iso/Pu,
A1l values are carried in gram urlits and rounded
to tha nearast ona-hundredth,

Each item han associated with it a batch-no,
This batch-no ties the item to an isotopic and
chemical ana]yeis maintained in the file RN61.VSES.
If two items with different batch ,numbers are com-
bined, the -omputer forces the user to deoiljnate
a new batch name ●nd calculates the batch analysie
for it by performing a mixing calculation, The
results are recorded in the ANALYSES file,

The AMOUNT subroutine iu uuad to obtain
weight values fr’(m tha uaar or from inStr(Jlll14rltS

coupled to the instrument, Tho MOUNT subroutine
must be designed to return tha following fields
in public variables:

rn-,tw*n :1 tared weight o? conta!ner if measured
m-uran = thu ●mount of uranium transferred
m_pun = the amount of Dlutooiurn transferred
m-u235x = the ●mount of U-235 transferred
m-puln~u = the amount of plutonium Isotopics

transferred
m.,alloyx = th- amount of alloy transferred
m-calcnum = the calculation option used to determ-

ine the above
m-mescod = tn. detignmtion o? the safogudrdu in-

strument us~d.
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This program is not used for f13SPLITPINS.
Rather tha subroutine PINS. PRG interacts with t.ha
user to create a flla (pins) of information that
is later used by the 63 option to upd~te the
database.

Ths-DY?lAC user is presentcid-ith a number ;f
possible option:, via displayed menus, designated

bv the letters fl, B, C, D, Q, and S. The list of
options is as follows:

UU+lfifq~~uw
(1) Modify a single item
(2) Move a single item
(3) Make individual pins froma set
(4) Split a casting batch into several major

parts (SPLIT)
(5) Add toa casting batch (COMBEX)
(6) Cr~atea casting batch (C@lBNEW)
(7) Post status of pins
(0) Post results of a chemical analysis
(9) Put pins into jackets

*B MENUU++U

(1) Put items in a cufll.i+iner
(2) Take items out of a container
(3) Rove a container to a dif+erent zone
(4) Ship a container to a differer,t room
(5) Receive a container from a different room
(5) Post receipt fora shipped container
(7) Ship a small item to a different room
(8) Receive a smnll itam from e different room
(9) Post receipt for a small item

WC HENIJM++l
(1) Create a new collection
(2) Add to a pre-existing collection

(3) Remove items from a collection
(4) Put pins into jackets
(5) Po8t st~tus of (Ilmunts

M+lo MENUU-N+

(1) Receive an item Prom outside FMF
(2) Send container and its items GutSide FMF
(3) Create a new container record

(4) Post transactions from anoth~r computar
(5) Enter an analysis r~cord
(6) Place ● seal on a single item
(7) Place a seal on a container
(8) Force move an itam
(9) Force move a container

_ MENU**
(1) Look up an inventory item
(2) List contain~r items
(3) List collection items
(4) Liwt inventory for station
(5) Look up batch analysis
(6) List all items in a batch

M-s MLpJU MM

(i) Fixupa password record
(2) Fix upa location rwcord
(3) Craatea new PHI) item
(4) Modify ●n item

Note, that operations involving items by
themselves are in Plenu h. Operations involving
containers are in Menu B. Operations involv?.rtg
adding and remouing items from collections are in
Menu C. Menu D is not accessible to most opera-
tors, It contains the operations restricted to
the MBA custodian. Menu S is used only by the
system manager to initialize the system and to
correct problems that develop. The existence of
this menu is not even indicated to the regular
user, Menu Q provides the opportunity to ask
que~tions of the databases and to prepare report~
and forms.

Each transaction has Its cwn routine. This
program gathers data from th~} user, any interfaced
instruments, and the database to prepare three
single record files: XNII’IAGE, FRIflfrGE, TOMWGE.

XNIMAGE contains the information about what
changes are occurring. The FRIPIAGE shows how the
item from which material was taken will look after
the transaction is complete. Similarly, TOIMAGE
shows how the item tc which material is beinq sent
will look after the transaction takes place.

Once the~e r~cords are prepared, the menu

option program calls the routine DBUP. This rou-
tine adds further information to XNIM9GE and then

updates the databases by calling a series of t’ur-
ther subroutines, WRITETRfIN records the trans-
action in thg TRhNSf+CTION file. LOCNfrCCT ~pdates
the location inventory and checks for criticality
safety violations CONThCCT does the same thing
for containers, MIXBRTCH calcul~tas the new ele--
mental and isotopic analysis for the batch and
upciates the batch record in the FINALYSES file
DBUP1 is then called twice to update the INVEN-
TOR’(, HISTORY, and COLLECTIONS files for both the
TO item and the FROft item. The menu is then dis-
played so that the operator may make a new choice,

SHIPPING BETWEEN ROMS

The shipping, receiving C;IU receipting oper-
ations roquiro some explanation. When a set of
items is shipped, it must be in a container. The
B4 option prepares a floppy disk that hae on it
All the INVENTORY records contnined in the con-
tainer and the associated ANALYSES It also #ldds
to the floppy ● list of al! transactions that !]ave
been made subsequent tn the last shipmwt made
from the sending computer, The INVENTORY records
are adju%ted in the sendjng computer to indicate
that the items have been sent to a different loca-
tion, cut the records are not yet deleted,

This floppy is carried with the container to
the MB* custodian, He or she uses this floppy to
run D4, which posts the transactions to this cen-
tral computer and preparen the floppy to be raad
by the rnceiving computer,

The floppy and containur are then sent on to

the receiving computer, which runs option B5 to



receive the items. This program adds the records
of the items to its INVENTORY file and updates

its other app~opriate files. It also prepares a
receipt file on a floppy disk. fit this point,
emch inuentory record in tho shipped container
exists in both the sender’s and receivei-’s cow
puter,

.

The floppy is now ~eturne~ to the MB6 cus-
todian’s computer for option L and then the
sender’s computer, where option 86 is run to po~t
the receipts. The shipped items are now deleted
from the INVENTORY file

IMP1.EFIENTflTION

Many attempts tu
counting systems have

of the sender.

develop good on-linss ac-
failed to recogni~e the

need for C1OSU cooperation between the developers
and users of software systems, The principals of
this project were well aware of this pitfall and
worked carefully to circumvent such difficulties
arjsing he,-e,

This is being accomplished in several ways,
Overall management of the project has been in the
hands of hNL-WEST, They have specified the timing
of the project and have secured the resources in
hardware, software, and personnel. T}w first
designs were made by Los hlamos but served only
as a draft $w flNL to mvdify,

Once the final design was decided upon, AF~L

assigned a programmer to work with Los Alar,los

staff with
menu query

particular responsibility for the Q
options. Successful preparation of a

query requires a thorough understanding of the
databases structure and program philosophy, Re-
port generation, however, is completely separate
from data acquisition once a design has been
agreed to. Thus , the programmer developing
queries can learn the system at his or her pace
withc,ut delaying the initially more knowledgeable
staff working on the remainder of the code, The
same individtiai also provided training for the
other ANL st~~r Au are to u~e the system and
translated their suggestions and criticisms back
to Los Alamos for fine tuning of the code.

i4NL also assigned a process supervisor to

work with Los filamos in adispti~ the l+lF Operating

Procedures manual to reflect th. steps taken by
the technicians to put the necessary data in the
computer. The interaction of the Los Alamos pro-
grammers and the process supervisor greatly clari-
fied reality for both parties,

The care taken in close coordination haa paid
good dividends. Implementation is going smoothly
and complaints and disaffected parties are at a
mirimum.
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