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ABSTRACT

We have adapted the Los Alamos mass! account-
ing system for use on an IBM pc/ATT at tho Fuals
Manufacturing Facility (FMF) at Argonne Rational
Laboratory—Wast (AML-WEST) in Idaho Falls, Idaho.
Cost of hardware and proprietary softweire was less
than $10,000 paer station. Tha system consists of
three stations between which accounting informa—~
tion is transferred using floppy disks accompany-
ing special nuclear material shipments.

The programs were implemented in deaserrr’’
and were compiled using the proprietary software
CLIPPER.S Modifications to the inventory can be
posted in just a few minutes, and operator/comp.-
tar interaction is nearly instantaneous. After
the records are built by the user, it takes 4-5
soconds to post the results to the database files.

A version of this system was specially
adapted and is currently in use at the FMF facil-
ity at Argonne National ‘Laboratory in Idaho Falls.
Initial satisfaction is adequate and software and
hardware problems are minimal,

INTRODUCTION

In the ~10 or so yaears subsequent to the
adoption of on-line computer systems for material
accounting, significant progress has been made in
developing user friendly and effective sys.ams.
At Los Alamos, for instance, 50 man-years of
offort by Ferman Kelso et al. has culminated in
the currant MASS systom for tracking Los Alamos
special nuclear material (SNM). 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 thaese daevelopments 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 clonaes
have led to a standardization in both hardware
and software in this size nichae.

There has been, and is, a need for small
mataerials control systems that can keep track of
several hundred inventory items undergning 500 to
1000 alterations per month. Moreover, there is a
nead for intelligent tarminals 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 $8000, could be used as a small-
system central computer in a materials accounting
system. It can.

HARDWARE

Farly tests on an IBM PC/XT convinced us that
the project wes possible. The XT, though capable,
was slow enough to annoy a nimble-fingered typist.
We thus believed that a more capable and faster
computar would provide a more accaeptable product.

We chose to implement the accounting peckage
cn an IBM PC/AT. We configured the system with a
30 M8 hard disk, 2MB of RAM memory, two floppy
drives (standard and high density), and an intaer-
face board. The latter is used to connuct the
computer directly to a digital balance so that
waighings may be read directly by the computer.
A system was also purchased with two Bernoulli®
drives in lieu of the hard disk. This system,
whichk has removable media, has the advantage of
allowing sansitive information to be aeasily se-
cured when not in use, The cost of the latter
system was $7200,

WTrademark of IOMEGA Corporation, 1821 West 4000
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SOFTWARE

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

Compilers are available for this language
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 usa of the intended code with
its internal checks, balances and audit trails.

We tried the Winter 1985 vaersion of Clipper
by Nantucket Software systems and found it effec-
tive and easy to use. Thae compiled code ran sig-
nificantly fastar than the interpretive version.
As an aexample, 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
average. This is 3.5 times faster. Other time
savings ara not as remarkable but were not needed
in the 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
seconds for the compiled version.

THE FUELS MANUFACTURING FACILITY

The Fuels Manufacturing Facility (FMF) pro-
duces matal fuel assembliaes primarily for the test
reactor EBRII. Pins are cast from alloys of ura-
nium and sometimes plutonium, These pins are
encapsulated in jackets to become elements, and
these in turn are combined into fuel subassem—
blies.

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

The as-cast fuel pins are removad from their
molds, sheared to length, and then sent to anulher
unit for autoradiography and other tests. The
scrap materials remaining are incorporated into a
materials balance.

The acceptable pins are placed into sodium-
fillad, stainless-staeul jackets and welded shut.
These elements are then transfaerred to SPM where
they are stored for later use. The aelements are
evontually returned to the FMF where they are
incorporated into fuel assemblies, On occasion,
rejacted elements are disassembleu for recovery.

The current accounting system involves gener-
ation of paper reports for antry into the ANL-wide
6PM system. This system has proved more than

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

MASS SYSTEM

We chose to adapt the MASS system to our PC
neaeds rather than start over. As stated earliaer,
the MASS system represcnts 5U man-years of design,
programming, and testing. It has gainad accept-
ance in a highly complex production environment.
Wae thus secured permission from its architect,
Ferman Kelso, to adapt it for our use. He also
kindly supplied listings and machine readable
copies of tha current implementation.

As a devalcpment approach or design phiios-
ophy, Kelso reduced all possible operations that
tha MASS systeam was to perform to their least
comnon denominator, thus generic opaerations.
There are a limited number of genaeric operations
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. Itams need to be moved (MOVE).

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

3. Mataerial from one existing item needs to be
added to an already existing item (COMuINE
INTO EXISTING).

4, Material from two or more items needs to be
combined to create a new item (COMBINE INTO
NEW) .

5. Non essential information in an inventory

record needs to bae changed, paerhaps for a
correction to other transactions (MODIFY.

These fivae basic operations, and soma slight
variations are all that 1s needed to handle most
production environments.

RECORD OF TRANSACTIONS

The use or application of thease generic oper-
ations is known as a transaction. All transac-
tions are rezorded in *he following manner. The
record of the transaction contalns !''vve parts,
called image.. The FROM image contains the af-
fected {nventory record as it will appear after
modification. Thae TO image contains the {nventory
record as it will appear after modification. The
XN image contains information about the nature
and amount of the change. These three parts taken
together constituta the transaction record itself.

The transaction record is saved “o a file of
transaction recurds, and machinery in the program
then uses this record to update the inventory file
ftself,



All computer transactions proceed similarly.

(A) One or two invantory items are selected and
found.

(B) Tha records are copied to the appropriate
images. . )

(C) The comouter asks for and records the amount
of material transferred.

(D) The TO and FROM images are adjusted accord-
ingly.

(E) Additional changes to the TO item are re-
quusted and posted to the image.

(F) The XN image is ~onstructed.

(G) The three images arw postaed to the transac-
tion file.

(H) The images are used to update the inventory
filaes.

ADAPTIONS TO MASS FOR ANL USE

Several changes werae made to adapt the MASS
system for ANL-WEST use. Thae MASS system uses a
separate record for each component of SNM in an
item. Thus an item that contains both uranium
and plutonium will be represented by two saparate
racords, and machinery in the MASS code assuraes
that when one record is affected, the other is
also affacted.

This complication is necaessary in a facility
where a dozen or more types of SNM may be encoun-
tared on a regular basis. ANL-WEST, on the other
hand, uses only uranium and plutonium. Because
file size was not a limitation in this applica-
tion, we elected to inccrporate separate fields
in the raecords to keep track cf uranium, Ura-
nium-235, plutonium, and plutonium isotopics.

The MASS systam 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 transactions as desired. The user then is
expected to log off to prevent another user from
deliberately or inadvertently using the system
undar the first person's authority.

We elected to require that a six-character
password be entered as tha first step in executing
any transaction. After the password is e¢ntered,
thoe computer checks {ts files to daternine who
the individual is and whether this individual is
allowed to axecute that transaction. This may
become an annoyance to operators but provides what
we believe is an extra naecessary level of cuntrol
over usars.

The original MASS system as implemented at
Lo: Alamos does not yet provide an ability to deal
with collections—items that mre associated with
other items in some kind of assembly or subausem-
bly. Fortunately, Kelso had finished the initial

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

Basically, we handle collections using two
files—the raegular INVENTORY file and a second
file called COLLECTIONS. The records in both
have exactly thae same structure and include a
field containing the collection npame. When a
collectionn 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 ccllection name to the
collaction name field. Its SNM content is added
to the racord in INVENTORY that represants the
collection.

When new items are added to the collection,
their SNM content is 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 insaerted.

Thus, an examination of INVENTORY will show
two kinds of items: those with no collection
namaes and those with collection names. A collec-
tion name will appear only once in INVENTORY. Tha
items without a collection name are individual,
discrate items not associated with a collaectior.
The items with a collection name are indeed col-
lactions, and the SNM content of the record re-
flects the total SNM content of the constituent
pieces. COLLECTIONS then has the individual
records for the individual items making up this
collection., These can aeasily be accessed for any
purpose.

The MASS system allows ma erial to be lrans-
ferred between accounts and subaccounts. This 13
possible because one computer is keeping track of
all material, and users in each area have access
to the same computer,

The FMF procaess areas are not currently con-
tiguous, and it was not considered reasonable to
string coaxial cable betwaen thes? areas. We thus
devaloped a system that relies on floppy disks,
which accompany each transfaer, to carry the infor-
metion needed to update one computer with infor—
mation from another.

Furtunately, the administrative system at
ANL-WEST has, for many years, required that when
SNM is moved from one area to another, the mate-
rials balance area (MBA) custodian physically
inspect the transferrad material and provide
approval on a form accompanying the material. It
is thus @asy to have a floppy disk accompany these
forms and to have the MBA custodian read this
Information into his computer at the time he in-
speclys tha transfer. In thiv way, his computer
is as current as the last transfaer made. Because
transfers take dluce several times a day, he re-
mains quite current In addition, the transfer
of data by disk rather than by wire appears to be
a benefit with respect to physical serurity.



This approach also provides some programming
simplification. In a system where aevaeryone 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 second processing
step may be reportad to the computer befuvrae the
first has been posted. Our approach automatically
prevents these problems from occurring without
needing software to prevent it.

The MASS system assumes that splits and com-
bines will involve only a few to a dozen items to
be combined or split at a time. FMF, howaver,
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 MASS
machinery would be too time consuming.

We elected therefore to violate the principle
of gaenericness of the MASS system to provide a
specialized ¢ransaction package that allows one
itam to be more automatically spiit into many
items. The oparator enters a winimum amount of
information before database update occurs, and
then tha 100 or so transactions are run without
operator interventicn, freeing him or her for
other activities. Even at 5 seconds per update,
100 updates represants nearly 10 minutes of com-
puting.

Similar programs have becn developed for
putting fuel pins in jackets and recnrding test
information on pins and elements. The modular
nature of the original MASS system desiyn made
these adaptaticns easy to perform. Where MASS
has a routine that identifies and locates a «ingle
record, we hava had only to develop a routine that
saeks out and copies a group of records. Thean,
instead of a single pass with the transaction
bullding and posting machinery, we perform the
operations repeatedly until each record has been
handled.

ANL-PC/DYMAC DESIGN STRUCTURE

ANL-PC/DYMAC is structured into three lavals of
locations. The primary locatior. (called SUBFAC
in files and m_subfac in a memory variable) varies
with major changas in administrative responsibil-
ity. In versions halow 2.0, subfac is constant
and {8 'FMF',

The secondary location is called ROOM in
files and m_room in memory variables.

The BTATION location 1s the glove box or
workbunch level of designation. It is assumed to
be equivalent to the zones that have bean speci-
fied at ANL-MWEST for criticality control,

A tile LOCATIONS kaeps track of tho allowamble
rombinatio s of subfec, room and station. Infor-
wation is aleo maintained on total plutonium and
uranium content as well as criticality limits and
total €NM. The latter is calculated using U-233 +
A"Py,

In the ANL-DYMAC system, the birdcage, box,
or storage drum is handled as an objact with a
seven—letter designator that can be moved from
location to location. A file CONTAINER kaeps
track of the location, seal, & dJ seal date as
wall as the contents and limits.;fﬂ field in the
CONTATNER file, called moveable, indicates whether
or not the user nay move the cage or drum. Each
inventory item contains a container field that is
blank if an item is not in a cage or drum but
contains the container designator if the item is
in a cage or drum.

Whenever a transaction is executed, the LOCA-
TIONS and CONTAINEP files are updated for pluto-
nium, uranium, and SNM ccntent and piece count,
The number of cages in a location is alsc main-
tainad., Criticality safety is then verified for
limits on thaese valuas.

All users are assumed to have accese to all
stations within any room for which they have per-
mission; that is, access is controlled by room.
This control is vested in the password fila, which
keaps a list of each room for which a bona fidc
user has accaess.

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

The inventory item in ANL-DYMAC contains both
plutonium and uranium fields and fialds for their
isotopic amounts. This is in contrast tc MASS,
which allows only one SNM type par inventory
item, and hence two or more inventory records per
blended item. We calculate new enrichments for
an inventory item after determining the amount of
uranium and U-235, and che amounts of plutonium
and Pu-iso in the new item. Enrichment-235 =
100%y — 235/VU and Enrichment — Pu = 100%Pu~iso/Pu,
All values are carried in gram units and rounded
to the nearest one-hundraedth,

Each item has associated with it a batch-no,
This batch-no ties thae item to an isctooic and
chemical analysis maintained in the file ANAIYSES.
If two itams with different batch numbers are com
bined, the ~omputer forcas the user to deslynate
a new batch name and calculaies the batch analysis
for it by performing a mixing calculation. The
results are recorded in the ANALYSES file,

The AMOUNT subroutine {is used to obtain
weight values from the user or from Instruments
coupled to the instrument. The AMOUNT subroutine
muist be designed to return the following fialds
in public variables:

m_terex = tared welight of container if measured

m_uran 2 the amount of uranium transfaerred

m_pux = the amount of plutonium transferred

m_u238x = the amount of U-23% transfarred

m_puisox = the amount of plutunium {sotopics
transfurred

m alloyx = the amount of alloy transferred

m_calcnum = the calculation option used to deter-
mine the above

m_mascod = tne designation of the safaeguards in-
strument used.



This program is not used for A3SPLITPINS.
Rather the subroutine PINS.PRG interacts with the
user to create a file (pins) of information that
is later used by the A3 option to update the
database.

The. DYMAC user is presented with a number of
possible optione, via displayed menus, designated
by the letters A, B, C, D, Q, and S. The list of
options is as follows:

WA MENUWHK

(1) tiodify a single item

(2) Move a single item

(3) Make individual pins from a set

(4) Split a casting batch into sevaral major
parts (SPLIT)

(5) Add to a casting batch (COMBEX)

(6) Create a casting batch (COMBNEW)

(7) Post status of pins

(8) Post results of a chemical analysis

(9) Put pins into jackets

HHNB MENUMEN

(1) Put items in a containar

(2) Take items out of a container

(3) Move a container to a different zone

(4) Ship a container to a differert room

(5) Receive a container from a different room
(5) Post recaipt for a shipped container

(7) ship a small item to a different room

(8) Receive a small item from a» different room
(9) Post receipt for a small item

NG MENUR

(1) Create a new collaction

(2) Add to a pre-existing collection
(3) Remove items from a collaection
(4) Put pins into jackets

(5) Post strtus of al.munts

RIRD  MENU MR

(1) Raeceive an item from outside FMF

(2) Saend containar and its items cutside FMF
(3) Create a new container record

(4) Post transactions from another computer
(5) Enter an analysis raecord

(6) Place a seal on a single item

(7) Place a seal on a container

(8) Force move an itam

(9) Forca move a container

Wk MENUNMH

(1) ook up an inventory iton
(2) List container items

(3) UList collaction itams

(4) List inventory for station
(5) Look up batch analysis

(6) List all items in a batch

HHRG MUNY N

(1) Fix up a password record
(2) Fix up a location racord
(3) Create a naw PHD item
(4) M™Modify an {tem

Note, that operations involving items by
themselves are in Menu A. Operations involving
containers are in Menu B. Operations involving
adding and removing items from collections are in
Manu C. Menu D is not accessible to most opera-
tors, It contains the oparations raestricted 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
questions of the databases and to prepare reports
and forms.

Each transaction has its cwn routine. This
program gathers data from the user, any interfaced
instruments, and the database to prepare tnree
single record filas: XNIMAGE, FRIMAGE, TOLMAGE.

XNIMAGE contains thae information about what
changaes are occurring. The FRIMAGE 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 being sent
will look after the transaction takes place.

Once these records are prepared, the menu
option program calls the routine DBUP. This rou-
tine adds further information to XNIMAGE and then
updates tha databases by calling a series of fur-
ther subroutines. WRITETRAN records the trans-
action in the TRANSACTION file. LOCMACCT updataes
the location inventory and chaecks for criticality
safaety violations. CONTACCT does tha same thing
for containaers. MIXBATCH calculataes the new ele-
mental and isotopic analysis for the batch and
upgates the batch record in the ANALYSES file.
DBUP1 is then called twice to update the INVEN-
TOR'?, HISTORY, and COLLECTIONS files for both the
TO item and the FROM item. The manu is then dis-
played so that the operator may make & new choice.

SHIPPING BETWEEN ROOMS

The shipping, raceiving z.w receipting oper-
ations raquire some explanation. Whan a set of
items is shipped, it must be in a container. The
B84 cption prepares a floppy disk that has on it
all the INVENTORY records contained in the con-
tainer and the associatcd ANALYSES. It also sdds
to the floppy a list of al! trantactions that have
been mauve subsequaent tn the 1last shipment made
from the sending computer. The INVENTORY raecords
are adjusted in the sending computer to indicate
that the items have Leen sent to a diffaerent loca-
tion, wut the records are not yet deleted.

This floppy is carried with the container to
the MBA custodian. He or she usaes this floppy to
run D4, which posts the transactions to this cen-
tral computer and prepares the floppy to be read
by the receiving computer.

The floppy and container are then sent on to
the receiving computer, which runs option B% to



receive the items. This program adds the records
of the items to its INVFNTORY file and updates
its other appropriate files. It also prepares a
recaipt file on a floppy disk. At this point,
ewxch inventory record in the shipped container
axists in both the sender's and raecaivei's com—
puter. *

The floppy is now returned to the MBA cus—
todian's computer for option L and then the
sender's computer, where option B6 is run to post
the receipts. The shipped items are now deleted
from the INVENTORY file of the sender.

IMPLEMENTATION

Many attempts to develop qood on-line ac-
counting systems have failed to recognize the
naed for closw cooperation betwean the develcpars
and users of software systems. The principals of
this project were well aware of this pitfall and
worked carefully to circumvent such difficulties
arising hea.

This is being accomplished in several ways.
Overall management of the project has been in the
hands of ANL-WEST. They have specified the Liming
of the project and have secured the resources in
hardware, software, and personnel, The C(irst
designs were made ky Los Alamos but served only
as a draft for ANL to modify.

Once the final desion was decided upon, ANL
assigred a prourammer to work with Los Alanos

staff with particular rasponsibility for the Q
menu query 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 beaen
agreed to. Thus, the programmer developing
queries can learn the system at his or her pace
without Zalaying the initislly more knowladgeable
staff working on the remainder of the coda. The
same individual also provided training for the
other ANL staff who are to use the system and
translated their suggestions and criticisms back
to Los Alamos for fine tuning of the code.

ANL also assigned a process supervisor to
work with Los Alamos in adapting the FMF Opaeratirg
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 has paid
good dividends. Implementation is going smoothly
and complaints and disaffected parties are at a
mirimum,
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