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

N. M. Greene 
V. M. Forsberg 
G. B. Raiford 
J. W. Arwood 
D. B. Siapson 
G. F. Flanagan 

ABSTRACT 

SACRD* is c data base of Material properties and other 
handbook data needed in coaputer codes used for fast reactor 
safety studies. Data are available in the theraodyneaics, 
heat transfer, fluid Mechanics, structural Mechanics, 
aerosol transport, neteorology, neutronics, and dosimetry 
areas. Tabular, graphical and paras*terized data are 
provided in aany cases. A general description of the 
SACRC systea is presented in this document. 

INTRODUCTION 

The SACRD data base effort was initiated in 1975 to provide a central 

coaputerlxed data collection for use in fast reactor safety coaputer codes. 

Initial intentions were to encoapass "handbook" and other nonprohlem-

dependent data related to LMFBRs, especially at extreae conditions where 

little or no data are available; however, the scope was subsequently 

expanded to cover other advanced reactor concepts needing property data 

at accident conditions. 

The advantages of a central data b&se are aany. A single source of 

data eakes it easier to coapare results froa different calculational 

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

*SAC*D Is an acronya for Safety Analysis Coaputerixed Reactor Data. 

1 



2 

source r-anvtt the problea of having to justify die use of a set of data, 

since the data have already received a thorough screening and review. 

Host important, however, is the Isaroveaent and expansion of the available 

data which can be assured with a data base that is naintained on a con

tinuing basis. It was in consideration of these reasons that the Division 

of Reactor Research and Technology (RET) of the Department of Energy (DOE) 

requested Oak Ridge National Laboratory (ORHL) to accept the responsibility 

for establishing and coordinating activities relative to the SACRD data 

base. 

SACRD is organized auch along the sane lines as several other 

successful data collections, in particular the Evaluated Nuclsar Data 

File (EHDF)' and the Nuclear Systems Materials Handbook (HSHB). * Like 

these, the SACRD effort is directed by a central coanlttee conposed of 

experts and interested parties fron government, universities, national 

laboratories and Industry. This conmittee, called the Safety Analysis 

Data Coordinating Group (SADCG), coordinates the activities of a nuaber 

of subcoanlttees, whose primary tesponsibil'.ties are in the data evalua

tion area. A list of the current SADCG Members is included in Table I. 

A subcommittee is typically conposed of five to ten nenbers. Present 

consult tees are: 

Themophysical Properties Coaaittee, 

Structural Mechanical Properties Coanlttee, 

Fuel Mechanical Properties Coanlttee, 

Aerosol Transport Properties Coaaittee, 

Radiological Data Coaaittee, 

Neutronlc Data Coaaittee, and 

External Code Interfaces and Formats Coaalttee. 
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The successful evaluation sad utilization of the data beak will be 

dependent, to a large extent, on the perforaance of these coanittees. 

In order to avoid duplication, the SACID rnaalttees include indi

viduals who are also aeabers of siailar coanittees for other evaluation 

efforts. This ensures that the SACKD evaluation work will focus on 

extending and augmenting existing data to cover the "extraae" ranges 

needed by the reactor safety analyst. 

DATA MANAGEMBrr 

The data In SACKD, with the exception of meteorology- and dosimetry-

related parameters, are managed by the - . L system,3 a nodular program-

nlng systea developed at Savannah River Laboratories. 

SACRP Data Under JOSHUA Control 

A major JOSHUA fea.ure is the general data base manager used to 

catalog and retrieve data froa the large data banks needed by the appli

cation nodules in the systen. The cataloging schemes used la its data 

banks are particularly attractive for SACK!) data, because they are both 

simple to use and, since all data are cataloged separate from the data 

itself, can be searched very efficiently. Figure 1 illustrates the 

relationship of a computer prograa to a JOSHUA data bank. 

Most property data in SACID are classified according to five 

qualifiers: 

1. File - an arbitrary division of the data Into groupings which 
correspond to the type of'data; 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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Applications 
Program 

JOSHUA 
Data 
Management 
Routines 

JOSHUA Data 
Base 

Data Base 
Directory 

Data 

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. parameterized data. 

These qualifiers are designated by eight-character alphanumeric names 

which, in most cases, can be chosen to make sense. A portion of an 

index of a very small subset of data taken from the NSMH is shown in 

Fig. 2. In 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 Che property abbreviations alphabetically-

arranged and indented under these. It will be noted that Al-6061 is a.i 

abbreviation for Aluminum-6061, NAK for sodium-potassium, etc., while 

CHC0MP 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 
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VERSION NSMH NUCLEAR SYSTEMS MATERIALS HAK08CCK 
PACE 1 

M A T E R I A L I * 0 E X — — — 

A C - 6 C 6 1 . ALUMINUM ALLOY 6 0 6 1 
CHCOMP. CHEMICAL C C N P O S I T I O N / S T O I C H I C F E T R V / C R V S T A L 

STRICTURE A 
RA. REOLCTICN OF AREA CT 
T S . TOTAL ELONGATION CT 
U T S . ULT IMATE T E N S I L E STRENGTH CT 
V S . Y I E L D STRENGTH CT 

A 2 E 6 . STEEL A - 2 E 6 
CHCOMP. CHEMICAL C C N P O S I T I O N / S T O I C H I C M E T R V / C R Y S T A L 

STRUCTURE A 
K . THERMAL CONDUCTIV ITY ACPT 
P O I S R A T . P O I S S O N ' S RAT IO ACPT 
RA. REOUCTICN OP AREA ACPT 
S N . SHEAR MODULUS CMOOULUS OF R t G I O I T Y l CPT 
SR. STRESS-RUPTURE STRENGTH CT 
T O . THERMAL O I F F U S I V I T Y CPT 
T E . TOTAL ELONGATION CPT 
U T S . U L T I M A T E T E N S I L E STRENGTH CPT 
VM. YOUNG'S MODULUS CMODULUS CF E L A S T I C I T Y } CPT 
V S . Y I E L D STRENGTH ACPT 

1 6 0 9 . INCpNEL 1 6 0 0 
B R I N E L L . HARDNESS ACT 
CHCOMP. O E C I C A L COMPOSI T I C N / S T O I C H I CfETRY/CRYSTAL 

STRUCTURE AA 
K. THERMAL CONDUCTIV ITY ACPT 
MRTP. M IN IMUM S P E C I F I E D PROPERTIES AA 
F F . PRODUCT FORMS/APPLICABLE S P E C I F I C A T I C * A 
P O I S R A T . P O I S S O N ' S R A T I O ACPT 
RA. REDUCTION OF AREA ACT 
SM. SHEAR MODULUS IMODULUS OF R I G I O I T Y l ACPT 
S M E L L I N G . SftELLlNG A 
T O . THERMAL D I F F U S I V I T V ACPT 
T E . TOTAL ELONGATION ACT 
U T S . U L T I M A T E T E N S I L E STRENGTH ACPT 
V M . YOUNG'S MODULUS CMODULUS CF E L A S T I C I T Y ! ACPT 
V S . Y I E L D STRENGTH ACT 

""CHCSMPTC.-EMIC'AL C O M P O S I T I C N / S T O I C H I C H E T R V / C R V S T A L 
STRUCTURE AA 

K. THERMAL CONDUCTIVITY ACPT 
MSP. M IN IMUM S P E C I F I E D PRCPERTIES A 
F F . PRODUCT FOPMS/APPLICABLE S P E C I F I C A T I O N A 
P O I S R A T . P O I S S O N ' S R A T I O / C P T 
RA. REOCCTICN OF AREA ACPT 
SM. SHEAR MODULUS (MODULUS OF R I G I D I T Y ! CPT 
SR. STRESS-RUPTURE STRENGTH ACT 
T O . THERMAL D I F F O S I V I T Y ACPT 
T E . TOTAL ELONGATION CPT 
U T S . ULT IMATE TENSILE STRENGTH PT 
VM. YOUNG'S MODULUS (MODULUS CF E L A S T I C I T Y * fCPT 
V S . Y I E L D STRENGTH ACPT 

M C S . MEDIUM CARBON STEEL 
CHCOMP. CHEMICAL C O M P O S ! T I G N / S T O I C H I C C E T f i Y / C R V S T A L 

Fig. 2. Abbreviated l ist ing of SACRO data taken from the Nuclear Systems 
Materials flandbook to illustrate use of eight-character qualifiers. 
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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 

periodfcally. In 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 

issue of the normal catalogs. 

It is intenc_-*i that each property in SACRD have an abstract that 

identifies the data source, tells when the evaluation was made, lists 

references, and addresses any obvious 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 is a listing of the first of the two curves for the 

ultimate tensile stress daia for steel with 2-1/42 Cr and 17. Mo. 

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

parameterized forms to fit property data. In SACRD, the fits are put into 



SACPD 
Computer 

System 

JOSHUA 
Data 
Management 
Routines ' « — 
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Data 
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Data Tabular 

Data 

p = f(T.x,v) 

Parametric 
Data 

Fig. 3. Hard copy SACRD services. 
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SB F l i t BATE*JAL=S-C» P»PEPTT*BTS 
VEPSIOIM1 COiTESTS 

TMBF UTS 
TOUTS RM 
I BARE TESP 
IOiTTS J „ _ „ _ 
CCATE O V O I / 7 * utrrrr J 
•LEVEL 2 

IKDEP I»DEP IBTEIPOLATIOII 
VMUMtLE U k U t l l BETBEEII 

LEVEL MPE OBITS LEVELS 

1 STATE UOMt FLAT 
2 MUGE >0*E PLAT 

THE VALUES OP THE IIDEPE*DE«T VA*IABLE(S) 
ABE 

zwm STA?E(»O«E» *»IIGEPOT;EI^_ 
___ SOLID "" E7PECTED VALUE 

2 SOLID OPPES LIST? 
3 SOLID LOVER LI SIT 

Fig. 5. SACRD contents entry for ultimate 
tensile strength of steel with 2-1/42 Cr and 17, Mo. 

the date base in the form of FORTRAN subprograms. This type of entry has 

the advantages of being ready for use by a computer 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 

Properties for LMFB:: Safety An-il'jzis* 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. 

w£ 
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SB PILE RATUIAL*S-CB PROPERTl-UTS 
VERSIOM1 7ABDIAB 1 

TBARE 
T BRITS 
IBARE 
io»rrs 
VLEVEL 

BTS 
•PA 
TEIP 
I 

2 

VARIABLE VALOE WRITS 

OTS (TABULATED) RPR 

TERP (TABULATES) K 

STATE SOLID ROBE 
RABCE EXPECTED VA1RE BORE 

TYPE Of fAP. 

DEP. VARIABLE (T) 
IRD. VARIABLE ( I | 

PIfED IRD. VAR. 
PIfED IRD. VAR. 

1 IRTERPOLATIOR RARCE(S) 
APE IR TRIS RECORD 

BREAK IBTERPOUTTOS 
RARCE POIBT BETBEEB LEVELS 

25 FLAT 

25 POIS?(S) ARE GIVER 

POIRT TERP(K) 

1 2.98159 02 
1.23150 02 2 
2.98159 02 
1.23150 02 

3 3.5*150 02 
• 3.73150 02 
5 3.98150 02 
6 4.23159 02 
7 • • • 8 1 5 0 02 

• .73150 02 8 
• • • 8 1 5 0 02 
• .73150 02 

1? • . 98150 02 1? 5.23159 02 
1 5.V015O 02 

'.? 5.73150 02 
5.98150 02 
8.23150 02 13 
5.73150 02 
5.98150 02 
8.23150 02 1 * 

5.73150 02 
5.98150 02 
8.23150 02 

15 6 . M 1 5 0 02 
16 6.73150 02 
17 8.98150 0-i 

7.23150 32 18 
8.98150 0-i 
7.23150 32 

19 7.*8150 02 

fl 7.73150 02 fl 7.98150 02 

3! 8.23150 02 
8-58150 C2 
8.73150 02 » 

8.23150 02 
8-58150 C2 
8.73150 02 

25 8.98150 02 

0TS|TPA) 

5.0*000 02 
• .86100 92 
R.7290D 02 
• .63800 02 
• . 5 7 8 0 0 02 

55C00 02 
5I50D 02 

0 02 
. . . . 0 02 

• .6*200 02 
• . 6 5 8 9 0 02 
• .69200 02 
• .71TI0 02 
• .72700 02 
• . 7 1 7 0 0 02 
•.6830D 02 
• . 61700 02 ::)m & 
!:!?»? 

Fig. 6. SACRD tabular data for ultimate 
tensile strength of steel with 2 1/&? (,r .mH It Mo. 
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These listings can be collected by Material, by property, by dats type, 

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

a complete listing of the data base requires a stack of output 0.3 to 

0.6 *eters — SI units — high. Future complete distributions will proba

bly require Microfiche or alternate forms for compacting 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 

make thea easier and more convenient to use. In most cases, "prompters" 

from the program give enough information (combined with a listing of 

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

data base. In addition to the display function, 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 Wot 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 which kinds of data he wants. There are few cases wherein he 
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wishes to request all property da.a on a particular material or all 

materials which have a specific property, because most of what he will 

find will have little relevance for his particular problea. 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 calculation, one generally 

wants all of the data that can be included. Typically, several hundred 

radionuclides, each with its own half-life, selection of particles 

emitted, decay chains, etc., must he 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 dosimetry 

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. Vor example, COMRADEX-III5 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 small display programs which produce 
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edits such aa shown in Fig. 7. These program **y ultimately be 

tailored for interactive rn—11 cation to these special files. 

among the special (ooo-JOSHUA) files presently available arer 

I. A file o :SD0S-II6 rel*ted data. For each radionuclide 
it contt, is: 

a. the nuclide name 
b. the decay constant 
c. dose conversion factor for subversion in air 
d. dose conversion factor for subversion In water 
e. dose conversion factor for .rurface exposure 
f. dose conversion factor for food 
g. dose conversion factor for drinking water 
h. concentration of eleaent in neat 
i. concentration of elenent in forage 
J. concentration of elenent In soil 

*tc. 

II. A file of IHEEM7 related data. For each radionuclide it 
contains: 

a. effective half-lives by body organ 
b. effective absorbed energies by organ 
c. inhalation uptake fractions by organ 
d. Ingestion uptake fraction by organ 
e. max! nun i-ermlaalble concentrations in air and water 

for soluble and insoluble aaterlal 

III. A file of EXREH-III8 related data. For each radionuclide 
it contains: 

a. iaportant 0's emitted per decay 
b. Important positrons emitted per decay 
c. iaportant 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. Ttoo f i l e s related to COanaKZ-III. lbs f irs t f i l e Includes: 

s . Ptoquill dsta 
b. fifty-year i n — l f t dose factors by radionuclide and 

9 K second f i l e contains tint nesalatory Guide 1-109* Dose 
Factors by radionuclide and organ. 

V. A f i l e of abstracts on consulsi. codes related to the nethodology 
of calculating dose rates, etc . 

Gosputer l i s t ings of the date in these f i l e s can be obtained upon 
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DIRECTION OF USER REQUESTS 

Potential SACRD users say direct their requests or consents to: 

Virginia M. Forsberg 
P. 0. Box X 
Building 2031 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 
Phone: (615) 483-8611, ext. 3-0577 

FTS 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. 3-0577 

FTS 850-0577 

or G. F. Flanagan 
P. 0. Box X 
Building 6025 
Oak Ridge National Laboratory 
Oak Ridge, Tennessee 37830 

Phone: (615) 483-8611, ext. 3-6000 
FTS 850-6000 
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