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SACRD: A DATA BASE FOR FAST REACTOR SAFETY COMPUTER CODES -~
GENERAL DESCRIPTION

N. M. Green2
V. M. Forsberg
G. B. Raiford
J. W. Arwood

D. B. Simpson
G. F. Flanagan

ABSTRACT

SACRD* is 2 data base of mnterial properties and other
handbook data needed in computer codes used for fast reactor
safety studies. Dsta are availsble in the thermodynamics,
heat transfer, fluid mechanics, structural mechanics,
aerosol transport, meteorology, neutronics, and dosimetry
areas. Tabular, graphical and parameterized data are
provided in many cases. A general descripcion of the
SACRD system is presented in this document.

INTRODUCTION

The SACRD data base effort was initiated in 1975 to provide a central
computerized data collection for use in fast resctor safety cosputer codes.
Initial intentions weve to encompass "handbook" and other nonproblem-
dependent data related to LMFBRs, especially at extreme conditions where
little or no data are avaiisble; however, the scope was subsequently
expanded to cover other advanced reactor concepts needing property data
at accident conditions.

The advantages of 3 central data buse are many. A single source of
data makes it easier to compare results from different calculational

schemes, since all codes can use identical data. An evaluated reference

R

#SAC*D is an acronym for Safety Analysis Computerized Reactor Data.
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source ramoves the problem of having to justify the use of a set of data,
since the data have already received a thorough screening and review.
Host importamnt, however, is the improvement and expansion of the available
dita vhich can be assured with a data base that is maintained on a con-
timing basis. It was in consideratiom of these reasomns that the Division
of Reactor Research and Technology (RRT) of the L:partment of Energzy (DOE)
requested Osk Ridge Natiomal Laboratory (ORML) to accept the responsibility
for establishing and coordinating activities relative to the SACRD dats
base.

SACRD is organized much slong the same lines as sewveral other
successful dats coliections, in particular the Evaduated Nuclz2ar Data
File (EMF)' and the Mclear Systems Materials Handbook (WSME).? Like
these, the SACRD effort is directed by a central committee composed of
experts snd interested parties from govermment, universities, natiomal
laboratories and industry. This committee, called the Safety Analysis
Data Coorainating Group (SADCG), coordinates the activities of a number
of subcommittees, whose primary zesponsibil’ties are in the data evalua-
tion area, A list of the current SADCG members is included in Table I.

A subcommittee is typically composed of five to en members. Present

committees are:
Thermophysical Properties Committee,
Structural Mechanical Properties Committee,
Fuel Mechanical Properties Committee,
Aerosol Transport Properties Committee,
Radiological Data Committee,
Neutronic Data CO-ittee:, and

External Code Interfaces and Formats Committee.

f




Table 1.

SADCG Members
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The successful eveluation snd utilization of the data bank will be
dependent, to a large extent, on the performance of these committees.
In order to avoid duplicatiomn, the SACRD committess include indi-
vidusls vho are also members of similar committees for other evaluation
efforts. This ensures that the SACRD evalustion work will focus on
extending and augmenting existing data to cover the "extreme” rsanges

needed by the reactor safery analyst.

DATA MAMAGEMENT
The data in SACRD, with the exception of meteorology- and dosimetry-
related psrameters, are man3ged by the . . . mtu,’ a modular program-

ning system developed at Ssvannah River Laboratories.

SACRD Datz Under JOSHUA Control

——te—

A major JOSHUA fea_ure is the general data base manager used to
catalog and retrieve data from the large data banks needed by the appli-
cation modules in the system. The cataloging schemes used in its dates
banks are particularly attractive for SACRR data, because they are both
simple to use and, since all date are cataloged separate from the data
itself, can be searched very efficiently. Figure 1 illustrates the
relationship of a computer program to a JOSHUA data bank.

Most property data in SACRD are classified according to five
qualifiers:

1. File - an arbitrary division of the dats iato groupings which
correspond to the type of“dats; e.g., Thermodynamic, Structural
Mechanics, Heat Transfer, etc.

2. Property - the property or function.
3. Material - the isotope, mixture, compound, etc.
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Fig. 1. Relation of computer code to JOSHUA data bank.

4. Version - the version of the data.

5. Type -~ the kind of information desired, which presently can
include:

a. abstractual information,

b. tabular data,

c. parawmeterized data.
These qualifiers are designated by eight-character alphanumeric names
which, in most cases, can be chosen to make sense. A portion »f an
index of a very small subset of data taken from the NSMH is shown in
Fig. 2. 1n this listing the version abbreviation "NSMH" is seen on
the top line, and the material abbreviations are alphabetically arranged
in the left-most columns, with the property abbreviations alphabetically
arranged and indented under these. It will be noted that A1-6061 is aa
abbreviation for Aluminum-6061, NAK for sodium-potassium, etc., while

CHCGMP stands for chemical composition, CV for c,» the specific heat at

constant volume, etc. (It should be noted that the SACRD user will have

to concern himself only with these special abbreviations when he communi-

cates directly with the data base using one of the SACRD interactive



VERSION NSMH-=NUCLEAR SYSTENS MATERI ALS HANDBC(CKX
M ATERI AL I ANDEX
AL-€EC61e ALUMINLM ALLOY

606
CHCOMWP . CHEVFICAL CC”OSI VYION/STOICHI CWETEVY/CRYSTAL

STRLC TURE
RA. REDULCTICN OF AREA
TEs TOTAL ELONGATION
UTSe W TIMATE TENSILE STRENGTH
¥Se VYIELD STRENGTH

A2e¢, STEEL A-2¢¢&
CHCOmP

s CHENICAL CCMPOSITION/STOICHI CRETRY/CRYSTAL

STRUC TURE
Ke THERMAL CONDUCTIVITY
POISRAT+» POISSON®S RATIO
RAe. REDUCTICN OF AREA
€M, SHEAR MODULUS (NODWLUS OF IlGlDl'l'.
SR, STRESS~RUPTURE STRENGTH
TDe THERMAL DIFFUSIVITY
TEs TOTAL ELONGATION
UTSe UWLTIMATE TENSILE STRENGTH
YMe YOUNG®S MOOWUS (MODLLUS CF ELASTICITY)
¥Se VIELD STRENGTH

16 EL I
03 NN 1880 ss

CHCOH’. CHEVICAL COMPOSI YICN/STOICHICVETRY/CRYSTAL

STRUCTURE
Ko THERMAL CONCUCTIVITY
MRTPs MININUM SPECIFIED FROPERTIES
FFe PRODUCT FORNS/APPLICABLE SFECIFICATICA
POLISRAT., POISSON'S RATIO
RA. REDUCTION OF AREA
M, SHEAR MODULLUS (MODUWLUS OF RIGIDITY)
SWELLING. SHELLING
TOo THERMAL DIFFUSIVITY
TE. TOTAL ELONGATICN
UTSe ULTIMATE TENSILE STRENGTH
¥YMes YOUNG*S MODULUS (MODULUS CF ELASTICITY)
¥YSe YIELC STRENGTH

7
! "tu&&?etr&;mu CONPOSITICN/STOICH]I CHMETRY/CRYSTAL

STRUC TURE
Ke THERMAL CONDUCTIVITY
MSPe MINIMUM SPECIFIED PRCPERTIES
FFe PRODUCT FOFMS/APPLICAELE SPECIFICATICN
POISRAT, POISSON'S RATIO
FAe. REDUCTICN OF AREA
M. SHEAR MODULUS (MODUWLUS OF RIGIDITY)
ERe STRESS~RUPTURE STRENGTH
TDe THERMAL DIFFUSIVITY
TEs TOTAL ELONGATION
UTSy ULTIMATE TENSILE STRENGTH
YMe YOUNG*S MODULUS (MODULUS CF ELASTICITY)
¥Se VIELD STRENGTH

MCS, MEDIUM CARBON EL
* CHCONE s CTE

CHEMICAL COMPOSIVICN/STOICHICMETRY/CRYSTAL

- e - e

aCY

ACPY
AA

ACPT
ACT
ACPT

ACPT
ACY
ACPTY
ACPT
ACY

AA
ACPT

rCPTY
ACPT

ACT
ACPT
CPY

rcet
ACPT

Fig. 2. Abbreviated listing of SACRD data taken from the Nuclear Systems
Materials Handbock to {llustrate use of eight-character qualifiers.




terminal programs. In other cases his verbal or written requests will
be translated by SACRD personnel into the proper terminology.)

Figure 3 illustrates the hard copy services presently available
from SACRD.

Catalogs listing the contents of the data base will be issued
periodically. 1In the early phase of Version 1, these issues will be
made every three to six months, “epending on the amount of new data put
into the data base during a period. Current listings of the data base
contents will be available upon request at any time intermediate to the
fssue of the normal catalogs.

It is intenc..d that each property in SACRD have an abstract that
identifies the data source, tells when the evaluation was made, lisis
references, and addresses any obvicus shortcomings in the evaluation,
etc. Figure 4 is an example of a SACRD abstract.

The schemes used to store tabular data are most efficient when the
property is given in curvilinear form. Provisions are included to allow
the "curves” to vary as a function of an arbitrary number of independent
variables. This is accomplished by splitting the tabular data into
several parts: a "'contents” entry that catalogs all the fixed indepen-
dent variables (names and units) for all curves; and tabular entries for
each curve. This keeps the data structures very simple, while providing
a scheme that can handle a very general situation where a property may
vary with one or more variables. Figure 5 is an example of a "contents”
entry; Fig. 6 {s a listing of the first of the two curves for the
ultimate tensile stress daia for steel with 2-1/4X Cr and 17 Mo.

In some cases, cvaluation groups have taken the trouble to determine

parameterized forms to fit property data. 1In SACRD, the fits are put into
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] E BATERIAL=S-CR PRIPERTY=UTS
s rn'!'SIOI'—‘I CONTENTS

990200 P08 000S 0SS SRR OS2 00000SRRG RO ARG RAORR AR GIR iSRS

YUARE oTrs

YORITS RPA
aoeEs K
CUATE 08/08/78
SENTRY 3
BLEVEL 2
IXDEP INDEP INTERPOLATION
VARIABDLE VAKIABLE BETREEN
LEVEL BARE USITS LEVELS e
1 STATE BSOSE FLAT
2 RANGE SONE PLAT

THE YALOES OF THE INDEPEWDENT VARIABLE(S)
AB

EWTPY STATE(NONE)

RANGE (VO% )

SOLID EYPECTED VALJE
; SOII:{D OPPER LINIT
3 SOLID LOVER LINIT

Fig. 5. SACRD contents entry for ultimate
tensile strength of steel with 2-1/4% Cr and 17 Mo.

the datz base in the form of FORTRAN subprograms. This tvpe of entrv has
the advantages of being ready for use by a cr.mputer code needing the prop-
erty data and of being able to handle practically any imaginable fit.
(Version 1 SACRD data will not have many parameterized entries, as much
of this release was formed by combining NSMH data with data from the
Proportics for LMFBF @ifety Analysis® Handbook. The fits in the NSMH do
not extend to the higher temperatures covered in the latter handbook.)

Any of the abstractual, tabular, or parameterized SACRD data will

be listed on request for members of the safety analysis community.

3
‘.12:‘,, .
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L] oehe® S000 P08 00000 00RO S80S P ROSGPSOS

s® PILE AATERIAL=S-C8
VERSION=1?

PROPENTY=UTS

TABOLAR )

TBANE uTs

YONITS RPA

XBARE 28

TONTTS

sievel 2

VARTABLE VALUE UsITS
uTs (TABULATED) (1)
TERP (TADULATED) x
STATE SoLID wose
RABGE EXPECTED VALWE soNE

1 IFTERPOLATION RABGE(S)
APE IF TWNIS RECCRD

BREAK IBTERPOLATION
WABGE POINT BETSEES LEVELS

1 25 FLAT

25 POINT(S) ARE GIVED

TYPE IF VAP,

DEP. VARIADLE (V)
IND. VARIABLE {X)

PIIED ISD. VAR,
PIYED INSD. VAR.

POINT TEAP (K) 0TS (1PA)
1 .98150 02 5.0800
2 %.23120 02 -.ns1os 83
3 3.89150 02 -.1;uon 03
8 3.73150 02 -.g 60D O
5 3.981%D 02 8.57800 02
6 8.23150 0z -.gsggo 02
7 8.a815D 05 8.58500 02
] 8.73150 0 -.2 ggn 02
3 s.9815D 02 88 D 03
| 5.2315) 02 8.62200 0
1 $.88150 02 8.6387D 02
%2 2.13159 02 -.so;go 02
13 .931 0 os s, 71D 0
18 6.231% 0 8.72700
1% 6.8815D 02 s. 717D 0
16 €.7315 02 8.68200 0
17 9.95150 0« -.21100 0
18 22315 32 .. ;ggo 8
19 7.88150 02 8.37%0
30 7.73150 02 -.1033» 02
1 7.98150 02 .9800D 0
; g.¢31 D 02 . ;389 8
.~51 D C2 . 0
] 8.73150 02 #8100
] 8.98150 02 . 333D

Fig. 6. SACRD tabular data

tensile strength of steel with 2

for ultimate
1747 ¢r .nd 17 Mo.
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These listings can be collected by matevial, by property, by dat» type,

etc., or in any reasonable listing order. (Requestors should note that

' a complete listing of the data base requires s stack of output 0.3 to
0.6 meters — SI umits — high. PFuture complete distributions will proba-
bly require microfiche or alternate forms for coxpacting this large
volume.)

In addition to the listings, plots can be made of the tabular

entries in the data base. A complete set of plots of SACRD data will be

issued periodically. Current copies for data not in these reports can
be obtained on user request.

Interactive facilities are provided for the user with a teletype-
compatible terminal. With these programs, a remote user can display any
of the types of information listed above, except for the plots. These

programs are under continuous development with many modifications to

mdike them easier and more convenient to use. In most cases, "prompters”
from the program give enough inforsation (combined with a listing of

SACRD abbreviations) to allow even a novice user to communicate with the

data base. In addition to the display functior, these programs contain
provisions for the user who wishes his data output in units other than
the SI units employed in most of SACRD. A user's guide for the inter-

active program is available on request.

SACRD Data Not Under JOSHUA Control

In some areas, the scheme implemented for SACRD using JOSHUA will
not interface efficiently with the kinds of data an’ data requests
expected. In most cases, the user knows exactly which properties, which

materials, and vhich kinds of data he wants. There are few cases vherein he
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wishes to request all property da.a on a particular mcterial or all
materials which have a specific property, because most of what he will
find will have little relevance for his particular problem. This situa-
tion is ideally covered by JOSHUA where one can pick a list of important
qualifiers with which to catalog the data; these catalogs are separate
from the data, making for efficient searches.

In the dosimetry area, the concept of a material, a property, a
version, and a type of data still applies, but this is not the way a user
wants to access the data. In a dose rate calculatioa, one generally
wants all of the data that can be included. Typically, several hundred
radionuclides, each with its own haif-life, selection of particles
emitted, decay chains, etc., must be considered. It is asking too much
for the user to have to make individual requests for so many items.
"Universal” requests can be made using JOSHUA software, but each separate
entry still would have to be cataloged in the JOSHUA data directories.
This would lead to a large data storage overhead. (In fact, in many cases,
these directories would require more space than the data itself.)

Therefore, for these and other considerations, data for dosimetrv
and meteorological calculations are not presently stored by JOSHUA. In
these areas, data are stored in online disk files in a form very closely
related to the input streams of the various computer programs generally
used in these areas. ¥or exanple, COMRADEX-III® is used for many dosime-
try and radionuclide transport calculations in fast reactor safety
studies. The file of COMRADEX-related properties contains dose factors
by radionuclide and body organ and Pasquill factor data, among other

things. These files can be listed by smali display programs which produce

'

oo
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edits such as shown in Fig. 7. These programs n:y ultimately be

tailored for intersctive commmication to these special files.

Among the specisl (non-JOSHUL\) files presently available are:

I.

II.

I1I.

A file o .RDOS-II® relsted data. For esch radiomuclide
it cont: is:
a. the nuclide neme
b. the decay constant
c. dose conversion factor for submersion in air
d. dose conversion factor for submersion in water
e. dose conversion factor for curface exposure
f. doee conversion factor for food
g. dJdose conversion factor for drinking water
h. concentration of element in meat
i. concentration of element in forage
j. concentration of element in soil
ete.
A file of INREM’ related data. For each radiomuclide it
contains:
a. effective half-lives by body organ
b. effective absorbed energies by organ
c¢c. inhalation uptake fractions by organ
d. ingestion uptake fractionm by organ
e. wmaximm permissible concentrations in air and water
for soluble and insoluble material

A file of EXREM-III® related data. For each radiocnuclide
it contains:

a., important B's emitted per decay

5. 1important positrons emitted per decay

¢. 1important photons emitted per decay

d. important conversion electrons emitted per decay

In addition, it contains much information related to possible
decay pathways of important radionuclides.
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IV. Two files related to COMBADER-III. The first file includes:

s. Pasquill dats
’ b. fifty-year commitesnt dose factors by radionuclide and
organ

The second file contains the Begulatory Guide 1-109° Dose
Factors by radiomsuclide and orgam.

V. A file of abstracts on computer codes related to the methodology
of calculating dose rates, etc.

Computer listings of the data in these files can be obtained upon
request.




—

17

DIRECTION OF USER REQUESTS
Potential SACRD users may direct their requests

Virginia M. Forsberg
P. 0. Box X
Building 2031
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
Phone: (615) 483-8611, ext.
FIS 850-0577

or N. M. Greene
P. 0. Box X
Building 2031
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
Phone: (615) 483-8611, ext.
FTS 850-0%77

or G. F. Flanagan
P. 0. Box X
Building 6025
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830
Phone: (615) 483-8611, ext.
FTS 850-6000

or comments to:

3-0577

3-0577

3-6000
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