
- j 

;f. *: 
CRN15280 

NEUTRON PHYSICS OIVISI8N 
Progress Report 

'?:-'tly\>;>\ T ' .Vr ; 



BLANK PAGE 



""»«»" 



» . « . 

Pf: 

<*• 

* * * * ? 

K L *'** C L ,°*' %r, "* «»*r^~~~ 

A M 

« • * 

1 



Reports previously issued in tfcf s series ere as follows: 

0ML-20B1 Nrfod Ending September 10. 1956 
OMl-2309 Period Ending September 1 , 1957 
0RM.-26O9 Period Ending September 1 , 1950 
0ML-2S42 Period Ending September 1 , 1959 
0M.~3016 Period Ending September 1 , 19f0 
0ML-3193 Period Ending Septtmber 1 , 19(1 
MM.-3360 Period Ending September 1 , 1962 
0M.-3499, Vols. I and I I Period Ending August 1 , 19S3 
0RM.-3714, vols. I and I I Period Ending August 1 , 1964 
OMl-3858, Vols. I and I I Period Ending August 1 , 196S 
0RM.-3973, Vols. I ano I I Period Ending Hay 3 1 , 1916 
0RWL-4134 Period Ending Hay 3 1 , 1967 
0RM.-4280 Period Ending Hay 3 1 , 1968 
0WH.-4433 Period Ending Hay 3 1 , 1969 
OftNL-4592 Period Ending Hay 3 1 , 1970 
ORNL-4705 Period Ending Hay 3 1 , 1971 
ORNL-4800 Period Ending Ray 3 1 , 1972 
ORIHL-4902 Period Ending Hiy 3 1 , 1973 
0RNL-49O7 Period Ending August 3 1 , 1974 
0RNL-5101 Period Ending October 3 1 , 1975 



OMFKTS 

Introduction «nd Sunmary . . . . . «*» 

1. !£AS»JREP€HTS OF CROSS SECTIORS ASS RELATED QUALITIES 

1.1. Heasurenent of Seutron Transnissiom fron 0.52 e¥ to 4.0 fceV Through 
Sc»en Samples of " *U at 40 a 3 

D. K. 01 sen, G. de Sausswne, R. B. Perez. E. 6. Silver. 
R. «. iMfle, and H. Weaver 

1.?. Precise Heasurenent awl Calculation of * 'U Reutron Transmissions . . . 3 
D. K. Olsen, G. de Savssure, R. 8. Perez, E. G. Silver, 
r. C. DifUippc, R. H. Ingle, and H. Heaver 

1.3. Resonance Parameters of the 6.67-, 20.*-. **l 36.8-eV levels 
in : i * » • 3 

D. K. 01 sen. 6. de Saussure. R. E. Perez, and F. f. Cifilippn 
1.4. Hion-Resolwtion Heaswenent of the '*U to " u Fission 

Cross-Section Ratio Between 2 and 25 Be* :» 
F. C. Difilippo. R. B. Perez, &. de Sawsswre, D. v.. 01sen, 
and R. U. Inqle 

1.5. The '"*u Subthreshold Sewtron-induced Fission Cross Section £ 
F. C. Difilippo, R. B. Perez, 6. de Sawssure. 0. K. 0!s«.% 
and P. U. Iw.le 

I . t . Beat-on Capture Cross Section or t>lntoniui>i-?40 !" 
L. K. Weston mi J. H. T.-wJrf 

1.7. Ueutror, Absorption Cross Section of Areric»;f;-241 SO 
L. U. Weston and J. H. Todd 

1.8. Beasi*reraenl f.f the Neutron Capture ««! Fission Cross S«:-_v»'-n<, if 
'Pu and • u, 0.02 eV to 200 kev, the Keutr.-r Capture Cross 

Sett inns of • *A». 10 to 50 keV, tnd Neutron Fiss-;;w ,'..-v. --, 
Sections of • ''U, 5 to 200 keV i0 

P. Gwin. E. G, Silver. 0. u, Inqlp, .*wt h. Weaver 
1.9. The Energy Depender e of the Rett Iron Absorption ar.<} ?i-,,;- n 

Cross Sections of !irarsiwr.-235 and Pluionitt">?39 Below I »»'»' 
and the Hescntt .- Factors i i 

K. (iwtn 
1.10. Report of the Work inn. Group «n Absolute Ti'.siw. Mev.i*recients . 12 

R. W. Pet lie 
1.11. fieutrnn Capture Cross Section of 'Co in tor Energy Ran̂ e 

2.5 - 1000 keV 12 
R. P. Spencer aid R. L. Wack1 in 

1.1?, Secondary Neutron Spectra fro« rjeutrnn Interactions in a Thick 
Carbon Sample . . . . . . !j 

G, l. Jfor̂ an 
1.13. Cross Sections for the Al (::,*;.} and !•][-.,>••) Rett I ion 

Between 1 and 20 MeV , i.i 
G. t , Wor<j:in and F, G. Percy 

1.14. The Cui',x<) Reaction Cross Section for Incident rjeufrrn 
Enrrqics Between 0.2 and 20.0 MeV . . , . . . . , . , . . . . . | j 

6. T, Chapman 
1.15. The Wo(..,fX.) Reaction Cross Section for Incident %eutron 

Energies Between 0.2 and 2 n.O HeV , . . . . , . . . . 14 
G. L. Morqan and F. f«e*r>an 

1.16. The Crf.•.,*.) Reaction Cross Section for Incident Ueutrnn 
fnernfe* Between 0,2 and 20,0 HeV , , . . , . . . J.J 
G. L. Worqan and E. flewHian 

»i< 



\.\1. Th» f ( i . » ) Reaction Cr*M Section far txMMt 
Energies lat»0on 0.2 and 20.0 NOT 1< 

1.18. The RftU.r<) tcacttea Cross Section far I K M M 
Chtrftn tet«ten 0.2 and 20.0 Re* IS 

6. L. Morgan 
1.19. ft Re-lleas*remc*t of the Remtron Induced t w lay Production Cross 

Sections for Iron in the Energy Range «50 ktf -_ c n •_ 20.0 Htf IS 
6. T. Chapman. 6 . I . N»r§M» end F. 6 . Perey" 

1.20. neutron-Induced Gamma-Ray PVodmttien in Leed-tO*- for 
Incident-Reutroa Energies BetNcen «.9 end 0.0 He*, end in 
Ki'«ith-209 for Incidemt-Reotron Energy >f S.( W 2f 

I. K. Dickens 
1.21. Use of QRElA for Scattering ^ w t w i t s in tlw He* Region I» 

f . 6 . Percy 
1.22. High-Resolution Rwtren Scatlerine, Experiments at O K I * 16 

II. E. Kinney end J. U. NcCeaaell 
1.23. High-Resolution Fast-Neutron Gamne-Rey Production Crass Sections 

for Iron up to 2100 kef 10 
U. E. Kinney and F. 6. Percy 

1.24. Woasurtmtnt of the Neutron Total Cross Section of Sodium 17 
0. C. Larson. J. A. Kerrey, and "I. W. Hill 

1.25. Measurement of the Neutron Total Cross Section of Sodium 
from 32 keV to 37 *** 19 
0. C. Larson. J. A. Harvey, and R. H. Kill 

1.26. Measurement of the Reutren Total Cross Section of Fluorine 
fro® S elf to 20 HeV 19 
0. C. Larson, C. N. Johnson, J. A. Harvey, and R. U. Hill 

1.27. Meawreiaent of the Rcutroa Total Cross Section of Silicon from 5 eV to 730 kcV 20 0. C. Larson, C. H. Johnson, J. A. Harvey, and R. w. Hill 
1.28. 0RELA Performance 20 

T. A. Lewis 
1.29. Calculations Pertaining to the Design of a Preevncher for a 

I50-*feV Electron Accelerator 20 
P. G. Alsmiller, Jr., F. t. Alsmiller, and J. Barish 

1.30. Status Report to the EROA Rue 1 ear Data Committee *i 
f. G. Percy and J. C. Gentry 

1.31. Fission-Product let* and Gemma Energy Release Quarterly Progress 
Report for October-Dec ember 1975 21 

J. K. Dickens, T. A. Love, J, W. RcConnell, J. F. Emery, and 
». W. Pee H e 

1.32. Fission-Product lata and tana* Energy Release Quarterly Progress 
Report for January-Keren 1976 ZZ 

J. K. Dickens, T. A. Love, J. M. RcConnell, J. F. Emery, and 
R, W. Peelle 

1.33. Fission-Product lete and Gamma Energy Release Quarterly Progress 
Report for April-Jtne 197* 22 
J. K. Dickons, T. A. Love, J. U. RcComtelt, R. K. Freestone, 
J. F. Emery, and R. H. Peelle 

1.34. Fission-Product tete and Gamma Energy Release Quarterly Progress 
Report for July-Septemeer 1970 , , . . , . , . . . . . , . , . . . . . . u 

J. K, Dickens, T. A, Lovt, J, H. RcConnell, R, H. Freestone, 
J, F. Emery, and R. H. Peelle 

1v 



• 1.35. Decay Heat of -" u Fission Products by Beta- and { M M ^ 
Spectrometry , J J 

J. K. Dickens. T. A. lose. J. U. HcComell. and R. U. Peel!* 
1.36. Fission-Product Bet* and ( m Decay-Energy Be I ease iUtes for 

the Tine Period 2 sec to 4 hr Following Thermal-!leutron Fission 
of %vtf 21 

1. U. Peelle. T. A. Lowe, J. U. FfcCoaaell. and J. K. Dickens 
1.37. A Simple Method for Determining. Absolute Disintegration Rates 

for Some Radionuclides 2 e 
J. K. Dickens 

1.38. The Decay of >n»j ^ 
J. K. Dicktns Md T. A. Love 

1.3». Cross Sections for Caam-Ray Production by Fast neutrons 
for 22 Elements BetMce* 2 • 3 and Z * 82 15 

J. K. Dickens. 6 . L. Korean, 6. T. Chapman. T. A. Love. 
E. I R M R , and F. 6. 

• 

2 . CROSS-SECTI0W EVALUATIONS ARC THEORY 

2.1. An Evaluation of Seutron and Gamna-Ray-Production Cross-Section 
Data for Lead 2t 
C. Y. Fu and F. G. Percy 

2.2. Calculated Neutron Cross Sections for Cu and 8b up To 32 ReV 
for Neutron Damage Analysis 29 
C. T. fu and F. 6. Perey 

2.3. Consistent Calculations of (r.,yl and (r.,r.J Cross Sections 
for Ca-40. r . I - 20 WeV 29 
C. f. Fu 

2.4. Compilation of Pheno*wnological Optical-lode) Paraneter* 30 
C. Pt. Perey and F. 6. Perey 

2.5. The ENDF/B-IV Representation of the Uraniuw-238 Total neutron 
Cross Section in the Resolved Resonance Energy Region . . . . . . . . . . 30 

G. de Saussure, D. V.. Olsen, and R. B. Perez 
2.A. An Evaluation for ETOF/B-IV of the Seutron Cross Sections for 

} ,Ml from 82 eV to 25 keV 3 0 

R. W. Peelle 
2.7. Requirements on Experirent Reporting to Ktet Evaluation fieeds 31 

R. W. Peetle 
2.8. SUR, a Program to Generate Error Covariance Fi>s 31 

F. C. DifiHppo 
2.9. The Analytical Continuation of tne Propagator 31 

R. B. Perez 
2.10. A Hew Perturbation Formalism for thr Complex Width"; and Poles 

of the Transition T-^atrir . 33 
8. B. Pere* and G. de Sauiiore 

2.11. Calculated Mucleon Spectra at Several fintfe*. from 192-, 500-, 
700-, and 900-HeV Carbon-12 on fron-56 34 
H. V. Bertini, R. T. Santoro, And 0, H. Hermann 

2.12. Comparison of Measured Neutron Spectra with Predictions of 
an Intranuclear-Cascade Model 34 

Aaron Galonsky, R. R. Dnering, D. M. Patterson, and 
H, W. Rertini 



3. CROSS-SECTIOB PROCESSING, TESTIR6, M B SOSITIflTT « ^ I X S 

3.1. ABM: A Nodular Code 5yste» f»r Generation Coupled Hultffr«vp 
Seutmn Ganwa Libraries fro* EHDF/B J7 

It. K. G r i m , J. L. Lucius, I. *. Petrie. H. E. Fori, III. 
J. C. White, and R. Q. lirifM 

3./. Production and Testing of the G » Fe»-Greup Coupled 
Seutron-Gaiipu Cross-Section Library 3? 

0. C. Eartin*. J. ft. Knight. J. V. Pace. III. and 
R. Roussin 

3.3. Modification Rrjpfeer One to the Coupled lOOn-21- Cross Section 
library for EPR Calculations 38 

W. E. Ford. Ill, ft. T. Santoro, ft. U. ftoussin, and 
S. n. Plaster 

3.4. Kultiqrnup Data Conoonly Available for Fission and Fusion 
Reactor Shielding 3S 

R. U. ftoussin 
3.5. Proire%% on the Valioalion of the CTft Hultigroup Data Package 4? 

ft. '*. Rous*in. C. R. Weisbin. J, E. White. S. H, Greene. 
R. Q. Wriqht, and J. E. Writjht 

3.6. fflf!.*. A MtiqroKp Interpretation of Suclear X-Settior.s from 
E".DF/3 ~. . . ." 43 

C. fi. aeisbin. P. D. Soran. ft. E. RacFarlane, 0. R. Harris. 
ft. J. laBauve, J. S. Hendrieki. J. E. White, and R. B. Kidman 

3.7. The Role of "Standard" Fine-Croup Cross Section Libraries 
in Shielding Analysis , 44 
C. R. Weisbin. ft. W. Roussin, E. K. Ob low. 0. E. CuMen, 
J. E. White, and R. Q. Wriqht 

%.?. nulf.iqrc^p Time-Dependent Delayed Gamna Spectra frow Fission 
,wd Activation of Uranium and Plutonium 4$ 
0. W. Hermann, N. A. Bjcrfce, and C. R. Weisbin 

;.•}. Data Testiwj of the 126/36 Seutron-Ganwa EM0F/S-!y Coupled 
t.ibr try for LRFBft Core and Shield Analysis 47 
J. E. White, R. Q. Wright. I. R. Williams, and C. R. Wekbin 

3.10. General Status of Accuracy of ETOfVlV Cross Sections for 
IHFBR Shielding Calculations 49 
R. E. Baerker 

3.U. Activities of the Shielding Subcommittee of the ERDF/B Cror.s 
Section Evaluation Working Group . . . . . . . . . . . . . SI 
3. W. Roussin 

3.12. Secer.t Prcgre>!- at ORftl in Determining Nuclcar-Oata 
Requirerents for Fast Reactor Shield Design Using 
Advanced Sensitivity Techniques . . . . . . . 52 

E. M. Oblow and C. R, Weisbin 
3.13. Fast Reactor Shield Sensitivity Studies for Steel-Sodium-Iron 

System , 52 
E. H. Oblow and C. R. Wcisbin 

3.14. Application of FOftSS Sensitivity and Uncertainty Hethodology 
to Fast Reactor Benctnark Analysis S3 
C. R. Weisbin, J. H. NaraMe, J. L. Lucius, E. H. 0blow, 
r. R. Hynatt, R. W. Peellc, and F. 6. Pcrey 

3.15. The Importance of Neutron Data in Fission Reactor Applications . . . . . $6 
E. W. Bonn, H. Henry son, H , J. Hardy, Jr., R. Roussin, 
and C. Weisbin 

# 

vi 



3.16. Compilation of Sensitivity Profiles for Sever*! CSC»& Fast 
Reactor Senchaarfcs 56 

J. H. Kirable, J. I . Lucius, «nd C. R. tieisbin 
3.17. Performance Parameter Uncertainties for a l*rqK LWBR 57 

J. H. Karaule **J C. R. Ueitein 
3.18. Sensitivity Analysis of TRI-2 Lattice Parameters with 

Ensnasis on Epithereat "U Capture 58 
E. T. Tonlinson, 6. de ieussure, and C. R. Ueisbin 

3.19. Actinfde Transmutation: Cross Sections, Methods aid 
Reactor Sensitivity Studies 60 

G. U. Pterrison, T. J. Burns, and C. R. Ueisbin 
3.20. Propagation of Uncertainties in Fission Cross Section Standards 

in the Interpretation and utilization of Critical Benchmark 
HeeswrcMents 62 

C. R. Weisbin and R. u. Peelle 
3.21. Future Directions for Sensitivity-Based Data Assessment 63 

C. R. UeisMn, I. R. Oblou. and J. H. Karabte 

4. IRTEGRAL EXPERIMENTS AT© THEIR ANALYSES 

4.1 . Analysis of the TSF-FFTf tnconel Experiment: Calculations of 
Reutron Transport and Secondary Gansta-Ray Production and 
Transport in Inconel 69 

R. E. Haerter, S. Ifchtda, and Lorraine S. Abbott 
4.2. Analysis of the TSF Three-Dimensional Stored-fuel Experi-*nt 

for the CR8* 69 
R. L. Chi Ids, Saroaret B. E«nett, F. R. Syn,»tt, and 
Lorraine S. Abbott 

4.3. TSF Measurements of rieutron Tmnsrission 7r,"ouyh ?.r AI-L'Tr-S 
Lower Axial Shield Ro'.kup 70 

C. E. Clifford, F. J. ffcckfcnthaler, And P. **. Stevws 
4.4. Analysis of TSF Experiment with AI-UTSS Lower Ax».»i '.hi.ii 

nockup 70 
R. L. Childs, V. C. Baker, F. ft. ?*yn.itt, and LoTairr: r>. Atoott 

4.5. Experimental Studies of hatfiatinn H»:ttiOj sn Iror. ,-rl ^t siok-ss 
Steel Shields for the CR3R Project 71 

C. E. Clifford, F. v. "ucker th'.Ifr. *. I. Verier, 
P. U. Stevens, R. K. Abele, r». '.. L>ir.or.%, T. J. *-Ac, 
and 8. J. Dristoll 

4.6. Analyses of TSF Experinents on Radiation reatimj in Iron *nd 
Stainless Steel CRRR Radi,tl Snir̂ In Hri(>i»r>s ;;-,{«•?, <» H-l '4-ir..-
uioinelcr Cnllirated Bear. So«*«v.e 7! 

R. t. Haerker and T. J. Burns 
4.7. Weasu'wrient ami Calculation of Secondary Gar.* Rays Rev*Kin>i 

frori Exposure of Fp, Pn, and HO lo top AREPR-i Spectrum . . . . . . . . 72 
A. S. Wakarious, '•», E, Ford, t i t , rind K. ». Twrr.-;u!! 

4,?.. Secondary Gama Ray Purdue t'..>n in !•—,n ard Tttif.ura! Th«riur. 
fron Californiwr Fission Spctrw \tuirons 72 

A. S. Wakarious 
4.9. fieutron Total Cross Section Checks for Iron, r.nror>iur,, 

fjirh-l, Stainless Steel. Sod in- and Carbon . , . . . . . . , . . , . , . 7, 
R. E. Maprktr, C. t . Clifford, ,md F, J. HutkenthaJer 

4.10. A Deleminafon of the Neutron Enerrjy and S;>*ti*i Distributions 
of the fJeutrnn Bear frnr the 7SR-I1 in tnc Larrjp $*#•; Shield . . . . . . 7j 

C. E. Clifford and F, .J. Muckenthalcr 

v i i 



4.11. Measurements am* Calculations of Rastraa Fluaas Thrombi « 
Stmmlattaa of the C M tfcitr Aatal Shielding 74 

ft. C. Raarter ami F. J . lajcJnwtkalar 
«.i2. comparison* or c n r - i u *m ERBF-IV Data «fui Esanriaamu 74 

ft. I . Ritrtar 

• 

4.13. $82. Eiperiaaat en Secondary 6—« Bay Pradnctiea Cross 
Sections Arising from Tlnwnal-leimtrnn Capture, fa Each ef 
14 Oifferent Elements Mas a Stainless Steel 7§ 

ft. E. Maerfcer 
4.14. S83. Eiperkwnt OH Secondary Caama-ftay Prudactian Crass 

Sections Aurigtd Over a FasManitron Sa*etrem far lack 
of 13 OWar t r t Elements Pirns a Stainless Steel 7% 

ft. E. 
4.15. Analysis af a Fa*l-»in llewtren-Streening Experiment ta Ttst 

Methods far Calcalatinf Rtutren Demi i t *• « • SCfft Grid r i a l * 77 
C. 0 . Slater and H. S. EamKt 

4.16. Analysts ef matron Scattering *md Bammi ftay Predvctiem 
Intaoral Experiments an Nitrogen far Rtatroa Energies 
from 1 t e U W 77 
S. ft. Cramer and E. 1. Oblaw 

4.17. Analysis of a Neutron Scattering and Gemma-Ray Production 
Integra'; Experiment on Oxygen for Remtron Cntrfits front 
I to 15 W! 78 
S. ft. Cramer and E. 1. Obion 

4.18. Comparison of Reasurements and Calculations far OftRL Integral 
Seutron Scattering Expernient for [ran 7g 
S. R. Cramer and £. M. Obion 

4.19. An E*p«riinental System for Providing Data to Ttst Evaluated 
Secondary Neutron and Ganaa-Ray-praduction Cross Sections 
over the Incident Neutron Energy Range from I to 20 MeV &l 
G. I. Morgan, T. A. Love, and F. G. Party 

4.20. Transport Calculations of neutron Wave Experiments in 
Subcritfca! Assemblies SI 
F. C. Oifilippo 

S. DEVELOPMENT OF METHODS FOR SHIELD AftO REACTOR ^RALTSES 

5 . 1 . Shielding Methods Development in the United States 85 
F. ft. Mynatt 

5.2. The DOT IV Variable Mesh Discrete Ordinates Transport Code . 85 
W. A. fthoades 

5.3. Comments on the DOT 3.5 and DOT 4 Codes 8f 
W. A. Rhoades 

5.4. The FSSAM Data Transmission Package for IBM 360/370 Computers . . . . . . 87 
w. A. Rhoades 

5.5. Users G»idt to M0RSE-SGC 87 
5. K. Praley 

5.6. A User's Guide for LAVA as Issued with M0RSE-SGC 88 
S. K. Fralty 

5.7. The Roles of the Event Value and the Point Value in 
Monte Carlo Importance Sampling . . . . . . . ... 88 
J. S. Tang, T, J, Hoffman, and P. R. Stevens 

vfii 



Spatial Channel theory — A Technique far Selerpinin*} the 
3 i r f t i o n * l Flow of R*dution ThrougH Sr*ctor System 

» . L. Ui l l iaes and « . U. Engle. Jr . 
A Linear Triangle Fini te Eleaent Fomilat iof for ?Mti«r?Mi> 
fieutron Transport Analysis with Anisotropic Scattering 

I . A. U l l t * and J . C. Rofcinson 

A Discrete Angle - Fini te Eleaent F;*n»»lati©n . . 
R. A. l i l l i e and J . C. Robinson 

A Ct*pwt*tfon Svster for fee tear Reactor Core Analysis 
6 . R. Vondy, T. B. Fowler. 6 . '*, Cunningham, *nd I. « . P<etr«e 

Input Data Requireaenti for Special Processor) in the 
Conpvtetien Systen Containing the VESTURE Sieutr.«nics Code 

0. R. VMNfy, T. 8 . Fowler, and C. U. Caaningfeaw 
Programing Practices and Computer Code development 

D. R. VowJy 
Iterative Solution of the Diffusion and ". Finite E!er**«t 
Equations 

C. T. Temtinton. J . C. ieoinson. and 3 . R. 7©ndy 
Calculation of Reactivity Changes Owe to Bubble Collapse 

T. J . Hoffn#n and I . n Petrie 

«. ABAUSES TOR SPECIFIC S*ST£*S OR APPLICATIONS 

The Calculated Performance of Various Sti"*ctural Z-.trr<,:]% 
in Fusion-Reactor Slankets 

ft. I . K i ! l i * s s , R. T. S#nt<*ro. »r.t T. A. Gabriel 
Uncertainties in Calculated M*at?n«j *n« ?.ad;*t^:r ?*'•.-»•:»• 'r 
the Toroidal Field C«i* of a Tofcar4» r. *;-*ri-crita! f ^ w 
Reactor Owe to neutron Cross-Sect'«« irr>>r\ 

P. G. Alvr i l t fr , .Jr., .?. £ari ,h . -tr-.rt C. •». *>-'.:M-> 
Flextronics And Photonics C-*i. TSI*vif»r*» '«r the Tci.t- ii 
Experiment*! Power Pe«»cC'ir 

P. T. S,»nlf)rov V. C. Bafrer, and ,;. ", U r r c . 
Kor.te Carlo Analyst' i f the £ffer.v» <>' Shielr} ».;»•<>'••»*.:->:'. 
on the Pfrfnrrance of «s ?<»*.ar.a-. ;,\inti P>a<.tcr 

P. T. r>antsro, J. S. T-iiw. P. r.. A1.::-•• i i»r. v . . -r>: 
J. !*. Rarr.es 

"fcw.Iear Engineering, ^arl •• r f 'Mv 'X*' *•"'•=;»> *«Mr-i» 
Experimental Power Peat.tor Stv;. - f)7f . 

C. A. F!an*a*n, E. r>. F.t-t11%. !*. :.. .vitf. , •!. * . '".<f"-;1. 
B. T. 'lanloro, J . L. Scott, J. '.. Hat',"»•. ',. '.;. C :r.u>", 
and R. *i. Chelae* 

fieutranies Calculations for" the TFT1* *#«• .f.rv' f-.#M~ Jr.T<.*.^f«. 
P. T. Santnm itnd R. f». A l v i i l e r , Jr. 

The £LW) (Junpy Torus Pf i t t ' i ' 'FDTP} te'erer.t*; Df>'—,f 
0, 0 . Wr.Alpes, *i. A. '.<.***,, ; . s . B e t l i s . C. L. ':i.'Iri?:f. 
E. F. Ja«njtr, D. B. >'.sr ;n. ;.. '*. r^r, , ;. r_ p.,,j„. rjA . 
R. T. Santoro. D. A. Siwnf;, M. • . W-i't,, «. T. '^n, 
L. H. LidsV.y. D. A. Eh*,t, ] . .. 'rrriri^, 3 , ^. i ^ U r , 
A. P.*nt, f. E. Pof..->> . nr.fi f. i;. i'-nrr. 

'^diatinn-Dnm^'je Calr.uldf.ion',: f n - n r / r'nock-rm At<»'- <*.;>«».:t».i, 
Displarpr-.nnl RatM. and ^s-^rn'ltn • ion 9H!.O% 

T. A. G^hriel, J. D. Arbfjfjcy, i«'! %. ". f,rf»cn»? 
The Spatial V^rirtf,ior. of th^ D>f -?':•• [wr. |y .mrj "„,'. fY" H.'.t*r.ri 
in the Exonrinrnt-)! 'inVjr* n* .•. U'D.r,; Urn'rnr. »ni),tli<>r. 
Damage Facil ity . 

P. G. A f w i i l l r r , J r . . ,iml J. ^r*',f i 

http://Rarr.es
http://nr.fi


6.10. The Application of Neutron Transport Codes to the Transport 
of neutral Atom* in Plasmas 101 

J. H. Rarabl* and E. 1. Ob low 
C D . Tbdeling the Edge of * Tokaawfc Plasma I Of 

J. 0. Callen, E. C. Crume. H. C. Howe, C. 6. Ret ley. 
A. T. (tense. E. M. Oblow. and E. T. Tsaaa 

* . ' ? . Calculated Performance of Iron-Argon and Iron-Plastic 
Calorinete 5 for Incident Madrons with Energies of 
5 to 75 Ge< 107 

T. A. Gabriel and U. Schmidt 
6.1.,. The Calculated Response of a liquid-Scintillator 

Total-Absorption Hadron Calorimeter 107 
P. T. Santoro, J. D. Amburgey, and T. A. Gabriel 

6 .U. Chart** Hadron and Lepton Currents Produced by Low Momentum 
U 3'SeV/c) Charged Pions in Al. Fe, and PB Targets 10? 

P. S. Beiser, T. A. Gabriel, and J. 0. Amteraey 
6.15. Calibration Calculations of Hadronic Cascades Induced by 

High-Energy Huons in Iron/Plastic Calorimeters 100 
T. A. Gabriel and J. 0. Awburgey 

6.!6. Hadronic- and Electromagnetic-Cascade Discrimination in 
a Thin Lead-Argon Calorimeter 108 

T. Jensen, J. 0. Amburgey. *nd T. A. Gabriel 
6.17. 'leutron Kerma Factors for H. C, 8, 0 , and Tissue in the 

Energy Range of 20 to 70 MeV 108 
R. 6. Alsmiller, Jr . , and J. Rarish 

6.IB. Preliminary Report on the Promise of Accelerator Breedino 
and Converter Reactor Symbiosis (ABACS) as an Alternative 
Energy System 105 

F. R. Mynatt, R. G. Alsmiller, Jr. , J. Barish. T. A. Gabriel, 
D. E. Bartine, T. J. Burns, J . A. Martin, N. J. Saltmarsh, 
and E. S. Bettis 

6.19. Feasibility of Denatured IMFUTS 109 
T. J. Bums and 0. E. Bartine 

6.2C. Thorium Assessment Study Quarterly Progress Report for 
First Quarter Fiscal .977 Ill 

I. Spiewak, D. E. Bartine, V. J. Burns, J. C. Cleveland, 
and W. E. Thomas 

6.21. On Nuclear Furl, ,4ass Balances, Conversion Ratio, 
Doubling Time, and Uncertainty 112 

D. R. Vondy 
6.22. Multidimensional LWR Benchmark Probities . 112 

rt. R. Wagner, H. FionaMftn, R. R. Let, 0. A, Meneley, 
B. Hicheelsen, I. Misfeldt, 0. R. Vondy, a*d H. Werner 

6.23. HTGR Neutronics Benchmark Problem . 114 
R. G. Steir.ke, D. R. Vondy, and M. V. Gregory 

6.24. Benchmark Analysis of LMFSR Nuclear Oesign Methods 116 
E. Kujawski and H. S. Bailey 

6.25. Subcriticality Calcjlations in Support of the Reactivity 
Surveillance Procedures Experiments for the FTR Engineering 
Mockup Facility 116 

D. L. Selby and G. F, Flanagan 
6.26. System for Assay of Fissile Content of Spent LMFBR Fuel 

Subassemblies . . . . . . . 117 
G. L. Ragen, R. S. Booth, T. J. Burns, J. D. Jenkins, 
C. R. Heisbin, and L. R. Williams 



• 6.??. Calculation of the Fra<*f>entati©o of v*0 by Capacitor 
Discha- : Senegal! ibriu» Node! H9 

R. G. .*lsailler, Jr . , R. B. Perez, and J. Bari*n 
i .28 . Where Are Me and Where Are Me Going in Reactor Shielding ! l* 

F. C. Haienschein 
S.2*. Review of Methods for Analysis of ."neutron Strearir™; in 

the F*st Fly* Test Facility Reactor Design 12C 
F. R. tynatt 

(.30. A Sundry of the QRNL Shield Design Supporting Analysis 
for the FFTF 122 
U. U. Enolt, Jr., F. R. Hynatt, Margaret 6. E<w»tt, and 
n. L. HiUi#es 

6.11. Application of an Advanced Shielding Analysis System to 
Gas Cooled F-,*t Reactor Designs 123 

C. C. tartine and I. R. William* 
(.32. Analyses »f the Preliminary In-Vessel and Enclosure Shield 

Syste» Designs for the Clinch River Breeder Reactor 
(July, 1973 - July, 1W5) 124 

U. U. Ennle, Jr. , L. R. Uilliam'., J. K. Swar>»s. 
F. R. Nynatt, and Lorraine S. Abbott 

$.33. Review of ORFtt. Radiation Shielding Analyses of the '<ut 
Flw Test Facility Reactor {1975-1976} 124 

H. U. Engle, Jr. , Margaret B. Erariett, Lorr-tine S. Abt-ott, 
and F. R. Nynatt 

6.34. Transport Cal-mlatiom and Sensitivity Analyses for 
Air-0*er-6«Hind and Air-Over-Seawater Weapons 
Environments 12? 

J. V. Pace, III, D. E. Bartine, and F. R. Kyn<*tt 
6.35. Evaluation of Init ial Lo.»dinn Counting Rtste 3*t.i frsr 

Experinents with the Koclr-Up Core for IKK F^st F5:*y 
Test Facility 125 

J . T. Kihalcjro, C. C. T i l l e t t , arri 0. Selhy 

7. INFORMATION AVI VMS A'iD D11TWIMJ*I*•:. 

7.1. Central Conpulei i*ed Data &.»se for Liquid "et<il T->'-i In iU-r 
Reactor S«fety Codes . . . . 129 

H. Alter, G. F. Flan*!ctn, ,mrt X. ". Oreeno 
7.2. The SACRD U«ta Sasr <il 0,tt Rida? '«i",i<n,ii t,»biir.it'»ry ]^-, 

F B. Sadler and ft. f4. Greene 
7.3. The [nforswiion Center dr, a Tethnii..!! Irs'. it!*r«> i,:r ifvir,.; 

A W;er Community !3I 
Betty F. Maskewit* *nd Retty McGill 

7.4. The Radiation Shielding Information 'enter -- An 
International Technology Resource 134 

Setty F, Maskewit*, D, K. Trut>.y, ft. '*. ?ous<tr., and 
Betty L. KcCill 

7.5. Radiation Transport and SHi**It?in;i Information, Cra.pulcr C»>i;es, 
and fluclear jMta for Use in CTR V-itrr.nH.s He<-,ear.;h and 
Development ].-,; 

R. T, Santoro, B. F. Maskewiti, P. W. Roij^iin, and 
D. K. Trubey 

7.6. RSIC After 14 Years—'Where Do ••• f',« (Vow Here? 13c 
D. y. T'jrbcy, B. F. "a'.kewitz, and P. w. Rous-, in 

x i 



• * * * — *** * l — * » * ft—*«1 *W»wrt«| twHwHH* 

1 . W MMt» J* J» CrtcHM. M, J . IfcCtefa, « t l / l » CtKfc 
I. H» ftfawttvy «* C—jwfi «Utr* to fecit* Mrtfctet: MM 

I* It Mrf MM C i a | t l » A r M , . , , , 
I . L. Matt, Ik J. Mt£l*f»» Ml J. J. Irtct** 

m$m**m CMrt. . ^ . » » . • , » * • . . 
•ttfilfc «tf *r*ft»St«*l Attfvtttai » » * » • » » „ » 

* k r t i * » m* f tp * * » f i « m t t t feitNtfftc * * * * * . . . . . . 

»M 



SBaass^vesk 
tut 

«*.A t»* 
*•**• 

* .** 

•Sin «*P;m*nH» ** 
r«iML%*5! «-w»!?V36l M^SU*^ 

fc'^jsrs^" - • " f t * * * " 

|^Kw*«,• 
. « » 



3F0 RESEARCH PROGRAM. OCTQKI 31 . IWS - t U M M * a . I f f? 

Studies for ERGA Division of Reactor Qrwlop«**t_ aM Dmja t ra t t JA 
Cross-section neasurements "for" the fissile "and "fertile" •ttttrtals * 
Cross-section reasurer«ents for low- and Hediw-A nuclides 
Cress-section evaluations and uncertainty studies 
Cross-«.ectsen :>rocessin«? 
Cone analysis nefed development 
Shield analysis '-.-thed development 
Sensitivity an i/sis rethod development 
Core neutron?_s studies for fast reactors 
Shielding a-aK-seS for FFTE and CRER 
SnieJcin^ e*?erir tits *wi analyses 
Waste rana^erent studies 
Nuclear safet/ data base 
RSIC-LWJ* studies 

Studies for ERDA Division of Unclear Research and Apylicatiows 
Gas-Cooled Fast Reactor sMeldiev? experin^ts and analyses 
Analyses of GCFR shield designs 
Tho'i ir assessment studies 
Thoriurs and uranium fuel cycles in fast breeder reactors 

Studies f. r ERQA. Division of ftucjear Fuel Cycle *mi Production 
6as-Cooled Reactor studie' "" * " 
Thorisr- uti l ization studies 
5*fe<}uaids calculations 
*ctinid> transmutation calculations 

Studies for_ ERBA Division of Ratjnetic Fusion Energy 
PIas.--» node! in*} 
rieut'-onics studies for EPR, TSS. DPR. and EST 
WE integral shielding experiments and analyses 
R5!C-?4F£ activities 

Studies fcr ERDA Division of Physical Research 
Transport caic jlations fo«- hirrn-enerny particles 
Ioniza:inn calorireter design 
Accelerator breeding studies 
Cross-section reasure*ents and evaluations for fusion and fissior reactors 
Studies of neutron capture in actinide »*astes 
QRElA r>r-fration and iRiprovements 
Work Supported hj fcRDA Division o_f Biomedical and Environmental̂  ResearchLi*»J.tn W* HEW/FDA 

Bureau of Radiological "Health and the Society offtuclear Ftedlcine} 
tioredical Cor-putino. Technology Infnrration Center (fcCTiCl 

Studies for r*uc?ear Regulatory Co«*-i<sion 
Fission-product decay heat studies 
Fission-product transport calculations - UO2 fragmentation calculations 
RSlC-'iRC activities 

Work Performed for Defense ttuclear Agency 
Cross-sect ion reasure.~ents an<t evaluations 
Cross-section processing and litrary development 
Radiation transport code maintenance 
Inteorat experirent analysis 
Transport calculations 
PS1C-W*A activities 

Other Studies 
RSIC survey of shielding reeds of nuclear power "industry for EPRI 
Cross-section sensitivity analyses of therrrsal reactors for EPRI 
TFTR neutronics calculations for Princeton University 
Preliminary calculations of atrospheric diffusion of particles released at low altitudes 

fORUt Enoloratorv Studies Procram) 
Advanced fuels sensitivity studies (ORW. Exploratory Studies Program) 
Improvement of tank model inn code 'or Ballistics Research laboratory 

xfv 



• 

o f f e n s i v e * . i c ! i d e . . 

Our ir'; ;«"A_ „?ttf~r £K«S''; ; » V ; : T n >• V«:»---": : . . : • '•••.. • -. •"- • • • r " . 
p*wte<J to ir.cSj-1* *-*-ponsi:>!iiV.- '"• t a r r . : r : ..* f - -»'•-.? i' • : . * • - • » • • " . r-
v a l i d a t e neutron! '* •;•»!•; i l i t i o n s f -r fx - r 5 a »-.••-% ;• : ••-•:,;•":. ? -.•-.• - j * : r' 
ss»"|netic fus ion energy •Jevices . Tne ;«r*er »;--;:*-*. "• f : ;••:•".: . : !.t • .: • 
n e u r o n i c s calcuSat ior .s for specif'- . 1T».•:.€•'.. - : . - : • - . " . : • • ' ! . :• ";.-.- >•'•••-." 
a c t i v i t i e s ir. »SIC. 

One Of the longes t Standing ; r-j'^a: -s «3'*-.'" •'<_• V-.'•' .». * - . . : . . "•.•:-< • 
sored by ER3A's j i v ' S i o r o f Physical -.ese-irrn. * i " 5 - :• - ' . * • ' • • • . - • - • . ; ' 
t i o n s of the transport o f high-er^'-iy :»a»-:i:Ies. . — J ? : . : - • r-••-•*•: : v : ..-•-
c e l e r . t o r d e s i g n s . *"'• the afsiT"5 of v.r.i^at i:-r. . : ! - ' • • -••:.-»- •"«* - ' • : « • > ••••• 
various hi'jh-ener-;/ p a r t i c l e s . '.>''•' ai'.r. •.:»)«•.-• -s ••: . • - - * • • :• ~ - . . : . ; • • -
s e c t i o n s of i n t e r e s t to f i s s i o n and f„sir»r. »•-.•<.ti"- . • : : ; : . :«• : *• '" •• -•• * 
added reas - . rerer t s carr i ed r>i»t ir. i . t B ^ - r . - i . ' " : r .-.. .-.••• • - • -*.. : ••. 
s t u d / n e u t r o n c i p t a r e in a t . t i r ' i ' t e ss . ts t ' - ' . '.• *iZ\'.% - . "'•• :•••'•:*• • :- : • . 
t h e Oafc Si . l ' je £Iec?ri>* l i - * - . t r (,• < <U-r,?^r ••2f;."._ .. . .• ;. - •• - . ; • • • 
DPS. f-j«-,1ir';. « e n - t v r<t.**«<'iy per*•••.r-«-> : • ; : . » .. ;• . -.• : . . . . - • - • * 
of f i s s i l e - - r f t e r i a i . * i i i n ..-vj'il •*«•**•:••; ;'••< .1 " :• .• . • : • : . 

Trw £r»r*A j w i s i o n sf Siorf>,i5f. :i an»i j r . . i t . - • . - • • ; ' i . .. .. • • -
o f o^r pro. - jrars . [SEES, a . i " t . s» . • .«• • ' . - ••••- *-• —* ; . •'- .-• : . • - • . - - : 
and tn«- j O ' - i e t / o f Y s c i f a r 't-dii m . . . . ; - • • • , •»• • •••: -.'. " : .' • . '•- • • •• 
n a t i i ' i (.i-r.re;r 'r.CTIC, .-.•r.t • r. ^ t . « ' : ; !•". '">•: * ; • • • .• ; - . : • • • •• : 
in >-.or-;.»••'.'. i o n * i .r. ' ,• • r ; , t i . i ' - " • - ' ; ' . "I :• : - '. • • ' • • • • • 

t h e ?«0 t e n ! > - S , »r; n . ( v . . r.rar. ,f*-r--.--: i*-• ! : :» • '• :' . • ••' - • . • .• •• • 
a Tef.nwilOTy '•>*',n-jrr.+ .̂-f;-.,;. ''-'. .-.-••• ». • • . " ' ••. :• ; - • • • : ' . . : •• 
C'-'it'-r',. l>;dpr •."!', • r > » " ; • ,-. 1". " : • • ; : ! • ! • • ' l • • • • • : • • *• . • : • • • • 
t h e '•'« ' f - jr y ' - " . ! - i ' . . r . ' .-i i i • '•,-" . : "»•' "•• '.- "• r .• • " • • . 
KDK). '.' •-. • '-r.r.-f wi 1 : >.;»•'• • • • . : - " . ! : ; : • . ' . f • • • : • • - . *• • • - ." • - '.-
Trar.sf'-r "o", T>?.. '• r •:»•.:•'.. .•> s; ..- • •;•• • •• . .•: :• • • • • '.• •• •• • • 
^.ernfrt! ».i '•• •..•f ; . f i r •: r.')»:?r.r ' ' «:>.''••• • . '.:'•• • • • ' • • . ' ' " . ' • 
c e n t e r . i r" t ' - i n - ; i . trrw- . ; , ,". ;,. - "* ,r, :<••• • .? :•> : •• ".- . 

" A C 4 ! V > .' o r r i r. , . . - . • • : , . ; ; ; : • • .• ; r : • : . • . : • • • - . • • • . . • . - ' • . . • • ' 

as-,r>c nr>«i ,.i r.r, •••• •:,.,../ * • . : - ; . • . ; . • . ;• • : : • • . . . • • •.- • .• • . • 

r-ent-,. 

^•jr in'; t i e jn\ f . t'- -•.•!' ••>.•• " ; . ' • ' • " : • • • • • : ' . : • • " ' . : • 
D e f e n s e " j c l e a r Anenr > w i . h • ,• i* . .-.•;—r? r : :•••.-, • • :• • :'• : ••• :• .• 
r ^ r j i a t i o n fr^r.-.^or* -.,>• ^ U ' l ' w i! ' • ' . • • ; , ' -if•• : • • ; . . : .•.::•'. •• •• i • 
a n a l y s e s , 'J'* cont 'n- . ies to . . . ; , , . . • •>-<• i ' - ' - ' : - • • . . . - . - • • '•;•.•• 
and the "wiintenaLce of »ne Mi.r.r*- : •••!'< ...-,:< ''••'•>'•: '• . • : • : • • • . ... • : . . •• 
St'jdy f o r D.V in »r,ir-, t h e tr jn . ; . r -r* •? r f ! ; i ' - - ..—.: • : .- • . i ' 

D-irinn t h i s r<»i)Oriin'j ;irr:<\<'. «••• r.i .•<• - s i . ' : » • • ' .•--<••: '.-. ' .:••• •• •• • • . 
P ; i / er R e s e a r c h I n s t i t u t e :t>*'.;. -'.'.'. •>•',< -i . r . - - . > " • •••.:•••• • ;• • < • • 
S h j e l d i n r j w e d s of tne n . ' . l ^ . i r ;»w<r ir,.-; , "f . . ,i* : ,•• ••• : • • . : • . -:'.:".•,• 
formed a nir't>er o f c.ross-s«-. r i o ' -.:-r.-, i • • . ; • . .-.:< .'••-,•• , • ,• ••,.,-• •' » • < • : . • •• 
r e q u e s t o f and wi'.h the '.m>i>r' of : » • ; . . - ( * -. ' • • : , . • - • . • • . . ... •?••: . . , , r<r , | . r - .r . 
a l s o c a r r i e d 0;;t A ' ^ r i e s o f n«.;,:r->nii , . .! , ; • ' : • •' , ••• •• ' . . . , . , » • . , . - . . • . 
R e a c t o r ( t r T R ) . And fnr th#> j . '.. .'•»••> : ..,;'• , : '•>•• • ,t ' ; ,: . .• . , , „ , ,. 
t r ipr ivpr .ents i r a f.-tnt c o d e M i ' , ••••:»• 'f.; # .-,• ' • : :<•..•; ; ••: • • i r i n * . . 

T h i s r e p o r t i n g per io - t has . l l sn •.<-«•• •>-. i r - • M ' I - . - * '<i: ' ,'.;•• ,.- ',< r 
p l o r a t o r y Sf . i idies fr.^.jran. One i i • - - • . . - ' . • : . • . .<T- . i ' i v i - . r , : . ,.-.*.• ", -. > 
i n i t i a t e d w i t h a c a l c u l a t i o n f o r fro ;•';:.» . ; , . r , . , - i f,,.;- n ' i - i l < . ; > rr-'-r-' 
The 'jf.her i s an at l fv-pr »o rtevci":1 • " • ! < ! . . i t . - . : i ' i» . . •••.<• i -. * * ,-.: ->r >' , r , r i 



«t la* altitudes through the > » n m m to distances as treat M 150 h». tat* of tkm 
studies have UK possibility Of a***!**.!** to** iaptrtaat traart*%. 

Finally, there is a possibility Chat * t - i l l lata at tatagtd la a artfroa Ct dtvtlta 
models for calculating t a t af the fawfrtaataul affects af #a increased use at catl a» 
M twro j source. A* anticipated artaiaa associated wit* sue* aa ta t r tau U cat build­
up within tat atmosphere af 0»j which would allow tatrgj et ta t t r the abanaatrt hut wavM 
prevent i t fro* escaping. Thus the tvor tp n pi retort af tat ataaspbtn would tacreast 
with possibly catastrophic results. 

Fro* the above i t is obvious that the atatraa Physics Of vis ton i f W f i l i d in • 
Nunbtr of pro-am sponsored by several agencies aat that many af the programs htva avtr-
lapping areas. This, of course, is Mutually beneficial i t cat various spowers, pad ia 
sose cases has al lout*} an captation of several af cat research areas saat t r i t t t atlau. 

Research Areas 

^ w e a e n t s , of S/utrpw Cross, factions. tad **}**** ."jn>3t|tiat_; 
Cross-Section Evaluations 

The Division's program for aeesuring neutron cross sections end related quantities 
at Ott'wA i the 0*1 Ridge electron Linear Accelerator) has continued, both for the fer t i le 
end fissile mterials .aportant to fission reactor programs and also for nuclides im­
portant to fission and fusion reactor shielding. Seat of the wort is described in the 
papers reported in Section I of this report, but other similar studies have not yet 
reached the reporting stage. 

Included in this research *r^t have been experiments to Measure the ratio of the 
fission cross section of ' I I to the fission cross section of - ' U. These aetsureaents 
are n«s complete and together with other experiaents performd in the recent past have 
resulted in a remarkably coherent body of data which i t is believed both wi l l satisfy 
fast reactor needs for - ' V fission cross sections and wil l f ive a detailed high-
resolution exhibition of the subthreshold fission resonance behavior. Kt have found a 
subsUntial aroint of fine structure in the region between i .7 e» and the fission plateau 
in the y&i range. In the region of aost practical iaportance. greater than a few 
hundred teV. tuo or three txperinents. including ours, agree conclusively and even at 
lov.'-er-erv;/ regions, nfrcrt there is less overlap of the measurements, no disagreeaents 
are apparent. 

'3rasurer*nts of the transmission of neutrons through • t* samples having a large 
r*r.<i« of thicknesses, performed at the 150-r station of ORCtA, have also been coapleted 
and a resonance analysis has been performed through 4 keV. I t is believed that this 
analysis using the several sample thit.*nesses is one of the aost coaprehensivt ever per-
fcred. f- concurren*. effort in Selgii* has also provided a rich new base of expert-
penta! data on neutron transmission through 11. Kith these data, a new evaluation of 
resonance parw<eters we *rt perforring for the Version V release «f the Evaluated 
Nuclear D*ta File -EriOF/F-V) wil l be a very soundly based and definitive job. 

Other measurements completed art those begun fn 197S to neesure *j>f • ' Pu and ' U 
in the region below a few electron vo'ts. Additional aeasureaents of '{I) wil l focus on 
the region up to several *4eV- For these new ftasurenents we have built a second scin­
t i l lat ion tank with son* improvements over the old one, and later we will attempt to 
measure its absolute efficiency to permit a redetermination of the spontaneous fission of 
v for • -Cf, 

An experimental effort to determine the capture and fisston cross sections of some 
of the actinides with A • ?39 has progressed, with papers on *'Aa and ; ' * * u having 
already been published and a paper on •"***,, undergoing review. He art performing the 
EhDF/B-V evaluations for ; ' : » u and : ' : P u . For these evaluations we are collecting data 
from around the world, and in an attempt to rectify some of the long-standing uncertain­
ties in the fission cross section for •" * u , which displays marked subthreshold resonance 
behavior, we ourselves have recently conducted additional measurements for • ' 1 , , B u fission 
with a new fission chamber, but the data have not yet been analyled. Work is continuing 
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EX«F/B-Is .jjta *t<i wiri-:.jsi.' refer.-*** tc, *s the ~~~ :•:•"-.•-.. ;•-- r '~" c L. J'd rore recently 
as VITA."-:*-:, the ^i&rar? is i-e»ir} Su:j«?,te2 tc i sme=>tv.- . ."'-:.^;.-r srccedur* :<-. 
**ich at least ei^nt <J»ff*rent organizations are w r t K ^ i t : * : : . ?-* '. ; : r j rv is rove 
•wailatle fro* "SIC'S 3ata Library Collection ,3tC-4!;. .*nd 's tei-.« sreser.ted *s a :>cs-
Sifele standard for 3SVX blanket design e*i L̂ TSR core *tvJ s^ieTd arc: Te^s. 

T«o subsets of th* 171-36 library fsawe also bee*: deve-lODed d«4 are in *s*» iotn of 
idiich wil l be released through RSIC in the «**r f i t * re . > e is a 126-36 set tailored 
primarily for LfSBR calculations, and the other is a broad-<srouo 45-lf set sshich c*f K 
used on relatively s*»l! computers. Secently. EPS! las re«*ested that the 45-16 set re 
tested as a possible standard for !ight-«ater reactor srielair.g talciilatic-r.s. 

In conjunction with the 171-36 cross-section set and its s>;*ets. «* have developed 
* nonter of u t i l i t y codes which perr.it the users to select options tar self -srnel i* ig. 
Soppier broadening, group collapse, etc. This activity is con ti'.a inc., .sort alreadv 
having begun on updating the libraries with EF4DF'£-V data. The «>Jate-,i aersien t i l l 
include covariance fi les and new data types such as activation ;ross sections, delayed 
radiation production, gas production data. etc. Recently s«e have used tne Ofir.tr; code 
ftp generate trultigroup tine-dependent delayed qtermrkf spectra fror f;ss:on and act i ­
vation of uranium and plutoriuw?. ffeltigrouo cross-sect ic* files for the OniGtK actinide 
libraries have also been updated based on processed data fror recent re-evaluations in 
BBF/B forsat. He have also published kensa factors and r e a r ' saectra. 

Stork on other cross-section sets has also proeressed. Th*. EP1 coupled library con­
sisting of 100 nestron groups and 21 gaera-ray nrouos. developed for E^DA-D^Ti Korl at 
0*JH. h*s undergone its second modification, and the few-group yif. library [V neutron 
•roups and 21 ga»wa-ray groups) that ^ s fceen in :*se for sow* time *as off ic ia l ly 
documented. 

Testing of the adeouacy of the ESDF/B-IV data far sn*eM-?n *rc- ic- ' i r -s t-.r^w:r 
their use in calculations that analyze TSF ej!perir»*,t5 n*s : ' : -en larried ">.*. i" 
addition, no continue to be active participants ir, the '.rrss-> e,.t. •' t«'.tir.n pronr.^ of 
the C5E«G Shielding Subcommittee. 

By now the F0ftSS syster. introduced in our List :,r-.cress r^-cr". ••' - rodular code 
System for studying the sensitivity of calculated r^tvere- . .-,* <.': r»v:Mr svsters to 
the cross sections used in the calculations, hai 'jr.derwie cr>' >: i—•*: e • urther develop­
ment and extension. As it w*s descriS^ed areviously. F̂ RSS arr.v:•«.«*-*. ».er!: .Ttions :n 
the selection of codes th^t ;.o<tid t-e .i$««i successivelv t: ??-rf'-r~ » '<.-' : ?-v : t / -»n<} 
uncertainty analysis of » niven syster. They inc:-I'ied "A-'^ * .r ' :rr•- :»--j:,r cross-sen tan 
processing, c>des for coll!«i>'.ini the cros*. ser.tio^-, -ntr, f,-»:*>'• -.r ..r . tjilr.red f or the 
particular protilea. cevdes f>r perforrfr.f; the f.rar'.jvrt ,[•>*• : • * . • : I . . .I-st'o'- tc 
Obtain the desired responses, and f inal ly, a code 'or deterri' ?•: •-,.. ' ,tr, ' ;t ivitv i,f 
the responses to Specified cnar.ge^ :n the cross s-:ct-'or. "'>«• • . r - e " -^•r-z^n nf m?ss 
has several additional nodules which «.er̂  ^eveloDd t<"> ^»t'.r,t ••• '.,•.*»• . tr^Sility in 
tNr projection of uncertainties wi the rfefiri'ic- o' : rc , . - •• •• •- r^.-.j',. "he !*;TE>? 
Module, an extension of the Italian »"*!£SA co l̂e. .̂ ! 1 av.« i'!er:;':-,;<iti-^. nf f»* :;r.cert*irties 
on the data responsible for the uncertainties or. c-̂ e respo".'f . "r.r.-r.-<>r. the calculated 
uncertainties and tnultigroiip cross se'.tiw, fft aa'^'.r.ei <r •-« ; •« !• f ir.'.--rr-at'r'n 
gained from appropriate intear^l e<ceri-e* ,ts. -'r-fne.- r•.-•,;*> a:i':u n tne FOPSS svstcr.. 
.'WTCWCKER, pemits the solution of tne >r.̂ crse proLier- tir»« " . . a c^|..-.action to 
determine the accuracy with whic.n nur.lear dat* rust :..«.• rea-. ,r<*d if. >r-ier for i t to be 
wed successfully in calculating parameters of ». qiven rea,.'or'shield syster; to within 
Me accuracy set r>y ies"jn cnter:s . re'. *wt".e' -ncj-j-e. :•!•."!'.•'... p«r-Mts .m-iin*' 
projections of changes in response ^ss^ciate'l Wt*". <• rr;s',-'.<;,-.t'.->n r^-cvalu.it'in^. This 
tool is expected to he .-.ed m the ev<lv.*ti'>>> -»̂ d i-*ta testr i - -t FTF •.-';. 

fk»w having a complete one-dir:t>r,j-on^l FA?S5 svsten, .;r *re ;n the rrr.cess of pre­
paring a user's f-anual and wrilinfl A driver te l'"i -si! the t̂oJi*?«?s. I f tf<e 'Vjtn»"ated 
Syjten can then be shown to reprod,«»ce results already o.'tainrd with ».ie successive use 
ef the individual ^hdules fnr a sar;oic protler. (the anal/sis of lODI'.'AS. i t wil l !»e re­
leased for distribution throitfjh Rs,jc. Tirinq the past /ear, the one-^irrensionvl system 
h#j also been ar;^ ied to a series of calculations for * tnerrsl reactor of interest to 
the Electric Powr Research Institute, and to several fast reactor l)cnchnarks designated 
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by tht Cross feet ion Evaluation Harking Group (CSEUG). Tht mest recent application of 
tht system Has bttn in tht assessment of tht motet or uncertainties i« standard cross 
sections as they propagate through othtr cross sections (for example, ty ratio measure­
ments) i« tht analysis «f reactor systems. 

At tht sant t in t FORSS is being extended further. I t is being developed in both 
diffusion *nt transport c»4ti for two-dimensional core physics problem. end, in fact, 
has already bttn epplitd to a realistic two-dimensional model of a large UVM system. 
in addition, efforts to develop a time-dependent system art under Mty. 

Tht application of tht rtcontly developed "channel thtory- in tht F9RSS system is 
also being MOrfccd on. not only with rtsptct to tht contributes (particles that con­
tribute to tht rtsponst) flowing through chamois in spact but also with rtsptct t t 
tht ir flowing through chanatls in energy. Tht aquations devtlepttf for tht contribotuns 
look vty men lifct fluid-flow equations, and no art currently attempting to develop a 
theory for tht contributon f ie ld . Once channel theory is incorporated into FOtSS. 
the system wi l l yield t h r u dimensional plots showing the spatial and energy ref ions 
allowing the centributons to reach the location of interest. 

I t also appears that FORSS sensitivity techniques developed for plasaa physics 
problem relating to the interactions of neutral atoms are ^nry startler to sensitivity 
studies required for light-water reactors relating to wpscattering. Finally, we hope to 
extend our sensitivity work into the *n» of non-linear equations which wi l l allow 
econometric modeling (energy systears analyses}. Here the equations ere nry similar to 
those being used in the Division for reactor safety analyses (see below). 

The applicability of the F0*SS sensitivity analysis system to shielding experiments 
has been demonstrated since our last reporting period by one-dimensional sensitivity 
analysts of 21 different configurations of steel , sodium, and iron. measurements of the 
neutron transmission and gamma-ray producticn and transmission in each of these con­
figurations hed been analyzed in two-dimensional puma try with the DOT discrete ordi nates 
transport code using the SO-group IHFW neutron cress-section set developed several 
years ago. In order to update thtst results, the configurations were recalculated with 
tht ent-dmensional code /.KISS using both the 50-group set and the later ORFE-QRQO 171-
group neutron set, «fd the ratios between the two were used to scale the two-dimensional 
fluxes. Considering the resulting ratios of these fluxes to the measured fluxes, which 
were in the range between 0.75 to l .S, we *rt performing sensitivity analyses for each 
configuration to tr> to determine what causes the disagreement. *y the time the f i rst 
five configurations were completed, i t was apparent that deficiencies ei isttd in the 
sodium cross sections in the region of tht 300-ktV window and that the high-energy 
elastic and inelastic scattering data were suspect for both iron tmi sodium. Subse­
quent measurements at Oft&A for sodium (set above) resulted in significant changes in 
the sodium cross sections which wi l l be incorporated in the EBOF/i-V evaluation. These 
changes did much toward reconciling the experiments and their analyses, and i f upon 
completion of the sen*.it?vity analyses for a l l ?\ configurations we observe a consis­
tency between tht experiments and calculations, wt wil l be able to state with confidence 
that they represent the best set of two-dimensional steel-sodium-iron benchmarks avail­
able for shielding, especially since with the reactor source and detectors available at 
tht TSF the entire energy range of interest is covered and the configurations used were 
sensitive to essentially a l l the sodium and iron cross sections. 

Integral tx^rimewts and.Their .***J>,y>e» 

During this reporting period the analyses of several TSF experiments performed 
earlier to'support the design of the CUM were completed. Among these was a " thr j t -
dimensionel stored-fuel" experiment in which tht region between the CMft core and the 
reactor vessel was mocked up. including a region located outside the radial shield for 
the temporary storage of fuel assemblies. The primary purpose of this experiment was to 
determine the enhancement of the fast-neutron fluxes outside the vessel wall due to f is­
sions in the stored fuel. Other analyses completed were for an experiment in which an 
early design of the lower axial shield for the demonstraHon plant was tested and for ex­
periments performed to test the neutron total cross sections and the gemme-ray-prMuction 
cross sections included in the EHDF/I f i les for several materials. 
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In addition. the in i t ia l analysis of earlier experiments ?e>"forr*d VJ study radiation 
heating in iron and stainless steel configurations s:>Tulattn*; tie C%&* radial shield was 
concluded and published. However, i* this analysis the agreeraent betweer. the oeasurements 
and calculations was considered to be ooor; moreover, the acree«ent between the t«*rm©-
luminescent dosimeters (TLBs) and the ion chamber used in the experiment was not good 
tnougw. nor even the agreement betaten the two types of TlDs (The CaF 710 and the LiF 
HO differed by as much as 20 . ) Since our goat had bee.- to measure the heat within *n 
accuracy of 5 in order to meet the criterion of Westinghouse/ARD that they know the 
famine within 10 with a 95 probability, i t was mandatory that the discrepancies be 
resolved. Me spent several months examining our measuring techniques by comparing the 
fen) TlOs and the ion chancer in pure gaweia-ray fields produced by four different sources. 
Thrownh nodifications indicated by these studies, we were able to irprove our techniques 
IB «h» point that for the pure §imna-r»y f ie ld ! three instruments *g.ee within 5. w»th 
• Standard deviation of less than 2 . We then performed additional neavjjrements at the 
tSF nsinf only stainless steel in the configurations. The result was that the heatina 
neasnrenents and calculations, the latter empla>ing the latest cress-section val'jes. as a 
function e-f the Stainless Steel thickness agree to within 5 . At relatively large dis­
tances beyond the configurations, they s t i l l disagree by as r*vch as 25 . but this is 
attributed te inadequacies in the calculations net hod for such large thicknesses. 

Anether experiment which was initiated during the last reporting period >ut extended 
Into the current one employed configurations that racked up the tipper a«ial shield of v » 
M R . In the f i rs t series of measurements for this experiment, the r.ockup consisted of 
45 cm of stainless steel followed by up to 45? c* of sodia*? a»»d up to 61 cr. of carbon 
steel. Later design changes in the CRBR prompted a second .»>ries of "V/asurenents in which 
Hit stainless steel thickness was reduced to 30.S cr and the cart*-., steel thickness was 
Increased to ft* cm. This experiment has underrate rigorous anal/sis wni.n included sen­
si t iv i ty studies that in turn prompted reineasure^ents of sodi'jr cross vections (see dis­
cission above}. 

Two other CK£R experiments have been perfonned in recent norths but have not yet been 
analyzed. One was an investigation of the neutron streaming that cnj'.d be expected through 
and around a sodiuc coolant pipe fr«w the reactor to regions near the heat exchanger. In 
tile experimental configuration n steel pipe having two *K)-deg bends v*nd f i l l ed with sodium 
carbonate and surrounded by Kaylo insulation passed through four concrete "chokes" (con­
crete walls of various thicknesses) and neutron neasurersents were made at various locations 
•long the passageway with and without the pipe in place. 

The other unanalyzed CJM experir*nt was perform to deterrine how much the thick­
ness of the radial shield couJd be reduced i f intone! were substituted for stainless steel, 
the reduction being necessary i f a parfait core design is adrcted. 'n the experiment 
measurements were m»4e behind 13-. Z5-. and JS-r.i? thicknesses of rhe two inaterials. and 
the results indicated that using inconel instead r»f steel would reduce the dose to one-
hi l f of that re* l i *e* if suinless steel were used. 

The analysis of a pro to ty pic experiment performed at the TSF for the GCF3 has also 
been completed. This experiment was designed to investigate neutron streaming through 
content channels in a region similar to that from the GCFR core to the grid support plate 
located above the core. The analysis indicated that neutron streaming in the latt ice had 
Men observed in the experiment and i t could be bracketed with two-dimensional discrete 
ordinates calculations, the homogeneous nodels giving lower estimates and the heterogeneous 
nedels giving upper estimates. Nbnte Carlo calculations were applied to core considerably 
closer to the experimental results, although the Pfonte Carlo calculations *re nore d i f f i ­
cult to set up and to perform. 

He *rt now designing, through analysis, a prototypic GCF9 grid plate shielding e*. 
pertinent to simulate the neutron transport from the core up through the axial blanket and 
through th« grid plate shield to the grid plate. Its purpose will be ( I ) to verify our 
abil ity to calculate the streaming out of the core, (?) to verify the effectiveness of 
the grid pl-iie shield in its current design, and (3) to verify our abi l i ty to calculate 
the effectiveness of the grid plate shietd. I t is expected that this wi l l be the f i rst 
experiment to r«movt the TSF from its Standby status. 
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I* the «eantir«. the Division is initiation, another expet i w n u l shieldim) pmgrem. 
As V*ri of th« E«OA-0*M Program, we have be** given tn» responsibility *»* providing 
the data, rethods. and prototypic measurements required for verification »f tmt • *» -
ironies design of the shield and blanket for the TSS {the neat step), which f t expected 
to be the f i rst break-even fusion device built . (The conceptual design htr MM? W fs 
beinq developed in a joint progra* by General Atomic and OR*., wit* the final design 
scheduled for I9"2.} The experiments d i l l be similar to integral experiments which 
were performed by the Division in earlier years far DM (see papers 4 . I t - * . I S ) , but Mi l l 
be on a larger scale. The neutron source will be provided by the d(T,kHe)n reaction, with 
the deuterons produced by a 300-keV generator housed in a relatively swall cONCrete-welled 
rooR. The wort to date has consisted in doing son* preliminary shielding studies in Ike 
room and performing preanalyses to design the experimental configurations. The newtro* 
attenuation is expected to be on the order of 10*. of which 10' wi l l be geometric attenw-
ation and 10' wi l l be niateri*l attenuation. He wi l l use Nf-213 spectrometers and detec-
tors that respond over a broad energy range (Bonner balls). The etperimer.t the f i rst 
/ear Mill be a >saterial attenuation experiment, using a generic toroidal shield configu­
ration of laKinated iron and hydrogenous material (berated polyethylene representing 
water). Subsequently we wi l l perform neutron streaming eiperinents. since the «any holes 
that wil l be present in fusion reactor shields wilt probably comprise the dominant shield­
ing problems. 

The division's current development of shield analysis Methods continues to consist 
of long-terns efforts on the maintenance and improvement of the existing discrete ordinates 
am* Monte Carlo transport codes, specifically the DOT and HORSE codes. As has been pointed 
wt*. previously, a major effort has resulted in Version IV of the DOT code, which has the 
capability for solving Tarqer problem meshes with less fast memory, ant i t allows the 
radial spatial nesh and directional quadrature to vary with axial position so that the 
computation work can be concentrated in the most important spatial regions. The latter 
featurr wi l l allow stre*rinq oroblems to be calculated at much lower cost than has bee* 
possible previously. DOT-IV is now fully operational and is being used regularly within 
the division. I t should be available for IHFKR contractors during lv?7. 

In the meantime, a new version of the 00T-III code, called DOT 3.5, has been re­
leased. I t incorporates son* of th» features of DOT-IV. and. in fact, was developed 
primarily as a test vehicle for th^se features. 

During the past year we nave also published a users' guide fnr the version of the 
TORSE code that substantially reduces the computer core sire that must be used for solving 
problems with large cross section storage requirements. Called HORSE-SGC (for Super 
Grouped Cross Sections), thi* version of NORSE also includes an improved combinatorial 
geometry package and a computer rotfe that transforms AMSR cross-section libraries to the 
***** worring library formal. 

Other work on Monte Carlo transport has resulted in an improved technique for im­
portance sampling in deep-penetration problem. This study has shown that for some 
cases expressing the importance of a particle in tems of its entering a collision event 
(event-value function) rather than in terms of its leaving an event (point-value function) 
results in substantial variance reduction. 

Another very important factor in shield development methods has been the application 
of spatial channel theory, which is a technique that reveals the channels through which 
particles flow to contribute to the calculated response. Channel theory is based on the 
observation that only a portion of the particles emitted from a source actually contri­
bute to the response and further that of the particles that contribute, called cpntributpnt, 
SOrae are more important than others. !n channel theory the contr*hutoos are not* onTy****** 
identified, but their course through the s«»eld is charted. Channel theory has already 
become a standard part of the ORW. shielding program. 

In the development of core analysis methods, Version I I I of the dtffosion theory 
neutronics code VENTURE has been released and is available for use on the 0RR1 computers, 
both locally and via remote terminals by General Electric ami Westir.jhouse/ARD. Application 
testing of another neutronics code has allowed selection of a difference formulation for 
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4ppH. 4 t i .* to <Pr$-.Jic*t.ei T e w w t r i f i rbsl -**+\ jiir f-f f v "-Jr-tr f i r . i t * * l * e * n t *p&rn*t,1l 
in » * r t . Bathe* «-iabor*> exco'jr*- ..a;.-*:-: * • t* u •»•:» *•»*' ?*:-:«- :-. the uc*3e stodale c * ! ! * d 
SU3KIE3 wh;ch «as dese'apeo" to a . ' * ' . * * . * r i . - t / of ift;*nimr\ T»> T>;.-e t«e t'Diia e<Sa«a?i3n* 
and oenerate auxi l iary r e v e t s . ?*»«-«• and re^atett c<rt^s * r t jse«! ! ' i s i r ^ l f aedular 
cMe SjTStee which allows 4 reactor »t is lory tft !ie fc.ll-.Med. >#• #-ff->rJ csnt inaM toward 
•nfiaitcin? this analysis capabi l i ty . tr> s*t»sf./ the rart'ds fc*si*i ^rc i,1wT»fied i * i p ^ ! > 
cat ion. and t» sat is fy the reo^irenefit1* far <«c>c^*«tatton a-d *<-er srstrsitt iowt. 

In ether work a f i n i t e ele**»nt forF«,?ano* , . t J ! 5 « m ~ J Cifserica-l fore ©f t.«e trans­
port eolat ion was developed to obtain appro•in*te ^jnernaS •,:>!»:io*s tt» neutron :=-a»s* 
port problems. The fe rn i ia i ion is tsase-.: OR the >*<.*• ft* I in*-**- taaran-^e-type polynar iaU 
aswj • general treatment of anisotropic scattering »*<, ir^l.^deg ?.„ *c^,lfc#irc d iscret * * 
ordinates ' l ike approximations. In * re lated fcwt \*?*T*\r f o r r « i a t i o n . * J d r a t > t 
l * f ra *§r - type polynomials Mere employed to span the sp*;.*s doesain. Linear anisotropic 
scattering vet treated by rtwevim; the ang-jlar wari*t>l# <t»nc * second-ftrder <^*erU* t 
hananic eaoansion. 

F i n a l l y . • tecnniaue M s Been developed whuh is les< c o r * l - . # t e d in. those o^fere* 
»r»v io* i ly f«r calculat ing the react iv i ty changes result ing .'ror me collapse of a la rqr 
owwber • * swall bubbles in an L*fB» core. Ir. this Tec-wi-^,** t * * c e * i i * i o * s i tes ir. the 
babble s y * l l » « r * reduced to * se? of cross s e c t i o n *»«! The'r prf>MM! i t i e s . and : * * 
prcblea. which is stochastic in nature, is ssl.ert isitn * t te t t r r in ist * ! . c*!caI*tit>R {see 
i t u n s i a * of «pp! ic«t i3n below}. 

<te*Tyses for Specific Sytt—s or ftpplic«tians 

The *n*Iys*s performed by the j i # : s i n n for '.zerifir. %/sUr--, or *;* i !<:*r:or-, *i*we 
b t tn m*f *nd » * r i e4 . *s «m*ld be ex^fctwt by t»re <Ji*er-,if ie*t !nf»re^:» a? the sswnsorin^ 
•qtht ics- S» * d * i t i « « to the c*lc»!*U*Mn of <•*;»;<• ir^ftts i i s c ^ f - - ! *ccve. the *»v»ljrsr-. 
h»»e included r * d i * ( i o n d«n*^e. nentrorti.-,. ^nd p U i M >-«de?in>f st *sli«"i for -.pe^r'iL 
fwfien eneroy devices: «e$i«« c«1cwU:ions for ioniMtir.r. co lor i r^ ters ; se«**-*i t * I r . „ -
lotions of hi oh-energy per t i c le t r *nsp«rt ; c*Icuitv*.io«ss ffir fue l - ' * c > ^ I f w M - . i s i " . : *«4 
newtronics M i shielding c**CM«!ttons ff>r f ission rtucnrs. p!;.^ a w r %3+t »*! s t a 4 J « . 

AntJN| the c* lc» I * t ions for fustsn w»erqy i{e»«ce4 sm < .r'.'.s-seitv-vr s e r i i i i . - = ty 
ttady Kh*t f t * * th« »ncert»i"»tfe$ i"- he#tf»w *od r*di*t'cr> •i»e*nt; r*ip,-<-.es in 4 : # r e i d * l 
f i t l d co i l of * tofe«*k e*oeri«enl#! onxer re*ctor tn*t e»ere J-<? lr> -*n «rrt i int!es i " i n * 
iron »JV» carbon cross sections us«H in (!« '.»lci»UtiAns. Th* res . I t s ::'li%*Z*d * r-i-r-
t d n t i t i v i t y i« the enerify -rrayp cnr.ttin'nft JH» !4>%V ^narce. I f ^4 i * t i r t r . ^ c* ' . ;>t* j*on 
wot n*de of the spotiftl v«r i * t ion nt the »i*i«*»je *•«**<*'* *«-1 ••:*- rr«vj*:f?v> : - the **-jtr?-
nt*te< »ola«t of * l i { 3 . n ] r.eatron r#(ti*t»«n d«n"j« f * C ' i i t / . **>.? tn .«i ; «,^er*ne^t-»Hs*s 
in « i set l ino r#tfi#ti^»i-d*s«f* effects due to he*»y rttril -,»rae4 r»*rt ?<.!»* :»ro4»c«4 fcy 
d i f ferent neutron environotnts, spetif»i .#Hy :» t iwt e^ciwi•.<•*!.• thus*! ir fusion e-t^r^y 
devices, « recoi ! i * u &*st deveiopes d^rinq tne previa-** r*oort in« oerioa n*s r « ŝ een 
Mode « v * i l * b l e . 

The ntsitronic* c#Ict»'*l»o«s a*rfor»ed for jhe fusion *ner^y ?rOftr*r Mve been cnn> 
Ctrned with fo«r differ«rnt devices: th» CW llxpcrimnt*} Pmter (»e«etor); the TS5 {The 
d t i t S t tp ) . which ho* rep!«<ed the £PR; »he fRT UJiso Surpy Tr . ra i ) ; 4rtd the t r *» ( the 
T«fc*«H|ic F « i o n Te ' t »e#ctor to be Bui l t «t Princeton Universi ty) , for th<- f r R . :%%, «nd 
OTK one-di"ension«I neutronic #n<f fthotanir c*lr.»!*tiorr, »m»e yielded cnpp«riso«)s o ' the 
M c l e * r perforRmm:^ of several arqposed bl*nfeet *nd shi t ld designs. For the TfTR - . i« i !«r 
eolCtflotions were w*de to obtain prel iKin*ry est ieu'e^ of «w-** of the effects of r # d U t i o a 
9a the optrjition #nd .'itinten#ncc of the ne«tr*J b«-*r i i ; K M r . Th* r*dj^r.ic»s e^nsiflered 
w»re the U«WeV neutrons produced by 3-T re*rtif»n'. ir. The 5»!<'.-vi #n4 ?.6«Br» neutrons r- rc-
tfwted by ")«0 r u c t i o n s in the c»!nrir-eter *n«t !>.r r«>«ir.if^.t:t>,»t*-r.>n fee** <<#s!p. This st^dy 
Is beino contiowed in norr deta i l with bnfh fao-^i-^rist^r^! »nd »r>ree-di^5ension*I r^!c«»-
l#tion*-. 

Another study in this profr** •»*-. ?<er-r, ,» Hnr.tr r*r\n urut'i/'.H to e ' . i iR»;r th»* ef fects 
on the perforwince of « ,1-T Tok*!;<«k * ision rmrAnr that penelrnrinns '.hrnuf}h T^P M * n t e t -
*h ie ld 4SSe»*1y would h-4»e. A nr+*l "An/ of these pr-nr?rations w i l l r u s t in fhe 4 * t e r $ ! y . 
SO*e 0 ' them very M r w , *nd r^di^tion - . t r r^ r in ; fhrou-ih ther: r o i l d rr-.uff in e i tcrt i ive 
heatinn *mt radiation dana^e in v i t a l rorjwinnnts. part ic i t lar ly in tyrr«jrr:i( Tf c o i l s . 
(Sen abowe discussion of fusion en'rf'jy »**i>rrirer,fal shir ld inn proorar- recently hel»»n.) 
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H * fMtaarf # * 4 » H * | S t * * * ! «&>**§ tfctt « t p * t t * | ported now M W ; C M H M of o 
,T«iO# * * J p * t i c o t i t * of * c*lc*i*t to« Of I * t f t i imt tO* • * *yf**tMt 0«M* vitMhk 
ft*COf D0H0V * * * * * 

l « OMOtMtr wtt t , * HKir t * * «*to*o*t<*v ptrfor—« irtt* Uw MEK codt fMft>-t«t»ly 
import Cod*? t i . »fct in Uu* doiifs of ta»fa§tftft ettortattors ffcpt M H » t Out tovroj 
*orifta& Mkft<«troj # o r t * N « 8** « • * « « « • * • * • * • • r l k r y tor t . Tin colorftapton «r» 

* few b K H to;**? t*o*o «*f«ii vf*» fftt t tgt t iWHOTl to • ttajnf* or ptosttc tctot f t * 
MMr o*d t w t ( t**cfc «e»oct a * * * * * e * t # i * t t oorots * mdfw c t w t t t f o i of • I t e r a n t 
to**"* of U K ftWtctrtc « n t r t e l on* ft M**y st«*r»f«o ootortol. 9rtf,*»olly iron « • • 
0m U * p t t f t r m * tosorotr, tot <t*p*r****U « t a * * t # coaplottd ot COM t * W i t m l o n d * *0 
HtbUttMfr ptrforart » / •» * * * • »***» t *»t ***% <*#t# t * • t o * o* tt* otaorotr wi t * t iqot i 
i**9* « » $ 4*«t*«ir«t, W* o«Wfc»UfO fc#**l <**t f#At f i i * i » » * • ! ! t t t « r t» i n * * " « M i 
l***n» t» t*R tvt t tc t**rojr ?»tt wOel* • r t tnpr i t f ot toil « t otatto* totrojr. *s • r M « H , 
f * f * I * l 0 * «*t? * t * t • lor-JftT »t*Nt1 OMf ttS «t»»f»f f*» « f t l Ot to* * * * * * . I t MM ***»*§-
U A M I B»t w i s * * f>m ur.m** t a d t o t » ! l l «MP» • * opproafaototy o**oi to t * *s* f ro* 
|*Lt3fc3t tto&tfOMt. 

T»* >wt: t w ' * « !c> !» t i *M »* t i l t VMmmn »• Wf> ** j r fy ptr t f t to* or* m i * * * 
: ^ * l 1 v *!» don* * * rerpott frw> otaor «r*»pi. fat***)** w t t sarfcs »f tfttcrtt* w<* -
^-^•t« c*»c»Utia»i c%rr««^ <»» l» *W fa INf 4nto» »f tk t skteMfaf ' • r W* W^trtotK^ll 
'.a***? (f t«« «0^«e? <t«ctr«ti *cct1<r»tar at |fi» t t '«r»Urv »f N K Y M T SciKKt M M t 1 * 
-~«INNMM t»i 90Q Me¥, wi «*n» *̂-1jr U U t * t « # rt?K*l* f«M te *rt*w»**e W*t twnr»te sM«l«> 

-' ««9 * *e*r t *o»rfrt MKHB &Mp\ fer titt pr«fM«l i^*Sr f pr»UM star««e rtnfs * t KraMlwvcn 
, jfc'.i<*«i i«b^r»tcry (?*.C*i».€) t» rt*Wf -vim.* ttw r*4i*ti«K fma i«*«C«tf «ct««Hy i» 

>:' *»* twe * M P V to * P M.ct»Ufc :* t*vt* {"-»* «*•») **t«^ ti>t IQO^Stf pr»t»» IMMH kts fef«R 
" « M p U . ' ' «Hi t fgn. **r3» ,'ki»wln. * v ^ r " » ! • « ' ! f* mlUtr, fKtttrt M « t taM obuinwl 

t# meu'rw*. ir tr.» tPNtrfy *%a§» Zw te 70 Mtt i» t t ; M t to **4 t * tkt ««• of wwtro«a in 
~ «C«c«r *»mmtHm*Sy * f lh« f«rwi (»t«N»? Acewl*r*t»r i«fcor«tory, *n4 tff fftr«NCi*l cross-

OATtfaA w u $T4*c teen t*?c*!* t t * »»W> f!»t iotrooot^tor U S C M I * « 4 t ftCC'7 for CMfMrfson 
«»th ewer mental * • « • oil^.nea * l Plcikfftw S t * l t 9->t««nfty. He Mote r«c«tttlr eataofe* 

;<. 9 ' c»j?*fetHt»« for ;»1->i#l>«9 i»tnMwcl«»r eosc^lts »y c«Mpl«ti«§ U « tftwtiepiKAt of 
t f« tot^-wjrjy t « & KICC wwirJi *H«ws in ! * f » «to * t l * KCC*7 code's -3-(Wr wergy 
lus i : . 

Th» itMjh-tnffrgiy »-&*r »tTC »lo«oi o» iwprt»H r»T« fit • pr*\mii*ry study of th* 
'. jpwju* Uy of 4t«eT»»f^| «n ocCAltmlor orMOfnf «wd coovorttr rtoctor syooiottc %y5tom 

i^«C".; »i «s <t!t»r»»tt** t» r *? t fef#o*tr rt«ctor<«. TMs sU4y. I d ! ojr o«r Division 
s?#*f w.1 i»cla«iin| tl»r fr#»tfcip*ti*» of lowkors of otlwr divisions, Imtodtd toroot 
»V»i&» tUKlies w»..tb r«« i f«1 c*UuUtiO»« of tint ntofitt ioni of orotons ooi»f iote the 
fr - 'Mr/ ur^ct tr r r i * *r« nt»ir*ft$, JW» »f th» nnvnux •»{«§ into • blonktt of dtolovtd 
v*ni jm to prodaco elbtoofaet for t r t * fho^tw* to omdoco 2 ) % ) . «oothtr osrt of thi» 
*us> ffrffif^od w1t»in ?jr Civision m% th * ccn«iotr«tion of sovtrol typos of converter 
« «*-::><•?.. *itft *M * » * * *?ows 4«l oeondK^Ci *f Vkt towoltto syweiosis prtstntod. the 
MVZ *twJy «ss prso^Ui *y t l » turrtnn Mtionol toiCtm ovtr tnt proliftrotion of 
f ^ i « r wt»p2ft* tn.1 tovit>rf»t « c i « i t ? lhroo|o •** 'Jitft *nd tot of »lt»t»*tw, »«d p»rtie* 
olt*' s:t««i.i0»» mi *«io*OS'V» Eft *JHP i«9ta«tntoMo«i >f U * " V u dtnotwrttf f««T cycle 
st * d-narreMt. 

in a f.1o>eV rolottd sswiy, wt now *»l*tntd t i t f t ts ib iHty of ostng tNt dtnotwred 
i**,,>.i>v ? b t { c y c l t ^ r CsW i^i<ti<i»> with on tntroy porfc. Tht onvisiened scenorio is tnot 
$ .*"j>trtccod »r*» »rtn M "HUMivh** for tot locot.ion Of f»t l rtproctssing »n« f#6rk#« 
t*«S f « t H » f « j «wi *ltft for convorttr rttctort (rrctntly r t f t r r td to «s "trtnsmwttr" 
«Mctorv} «M(cn JKCfcxr- ' " U in tno»<w> v*nil* cunsvwiwj plutoniun. * w t W > . ovtsido tnc 
Ptr.r,tUi *r*$ m*U opf * t» on tfc* (>m«turtd fwt wnicn wewld ot rttomod to the rt-
« r f * t e « ir«« hv rtpv-e^i^s^S o.** r*«RM? Of tot pl«tOni«M, »*hich ttan would be foferi-
«tt<d «s fm\ fft.* < feonrtrttr r m t n r . Stvtrot ^t^tr studits ort olso undtr noy to 
WA t ie f*0^5*b*t *s«f of tttoriMO *n fiwl ty t l ts . 
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The Division's core analysis code VCftfUAI has also teen applied to several problems 
•ferine, this reporting period. One is • large-scale three-dimensional light-water 
r « K t * r benchmark prowler originally de f ine fey the 1*71 IAEA panel en burnup physics 
mt Subsequently adopted end adapted fey the Senchnerk Problem Committee of the AM Kathe-
Wtfcs en* Computation Division. fEMRJnf has produced a reference solution to this pre*-
to* for test in) other cedes. 

tEKfwtf is also one of three finite-difference cedes that have been applied to an 
M l beachnerk problem defined for a Meli-tenpereture oes-ceoled reactor. A simplified 
••del of the Fort St. t rain Kioh Temperature Gas-Cooled Reactor (HT6R) Mat chosen, with 
solutions to be obtained both in toe dimensions and in thee dimensions. Thus far solu­
tionis have been obtained for the two-dimensional problem, with the results from the three 
codes fa pad agreement. 

Finally, vfKlanf is beine applied to problem defined by the laree Cere Code lvalue-
tfaa Martian Creep of the Reactor Physics Branch of EWJA-DnHO. The in i t ia l problem is a 
-representative" 1200-Hi(e) LRU* ia a toe-dimensional radial geometry. Again the codes 
test* an the sea* celculetienel Method and vsinf the sane multieroup constants are in 
Substantial agreement. 

The Division has also performed several core neotronics calculations for the CR8R-
Among, these have been calculations en which to base the development of methods for moni­
toring the ini t ia l cere leading. This is a particularly acute problem bee .use the count 
« t « far the btfianfan-ef' l i fe cere wil l be so low. Several monitoring methods nave been 
proposed to the CRBR Project bath by ewr division and the Instrumentation and Controls 
Division, and next year we expect to be engaged with the I a C Division in a cooperative 
program to explore in depth several techniques for init ial loading. 

In other aevtroaics work, we performed an analysis of the CRBR ex-vessel fuel-
essenbly storage tank with the "ante Carlo code CHERIE/KENO to determine how near c r i t i ­
cal i ty a new design proposed by Atomics Internationa! would be. The results indicated 
the condition* were sufficiently close to cr i t ical i ty to merit redesign nf the tank. 

In addition, we performed calculation* to verify the absolute count rate of the CPJ1R 
source level flux monitor (SLFPt) during reactor startup, and we carrier! out an analysis of 
an SUB experiment on the 1PPK-S at Argonne National Laboratory fAfH.). In addition, we 
did an analysis of the uncertainties associated with the proposed use of the SLFK by 
westinghouse/ARD. [This work is similar to that performed earlier for the Fast Flux Test 
Facility 'FFTF) and published during the current reporting period.] During this reporting 
period, we also initiated studies en the reactivity associated with bowin ,̂ of the CRBR 
core, such as wil l occur during startup; however, owing to design changes in the core 
these studies were postponed after only preliminary results had been obtained. 

In related LHFBP reactor safety work begun by the Division in 1975. efforts hav» 
continued on the development of a flbnte Carlo three-dii«ensional gsiasi-static kinetics 
cede for use in the analysis of severely disrupted cores, but progress has been slow 
owing to unexpected convergence problems in the code. 

Studies of the reactivity associated with the collapse of bubbles produced by stain­
less steel vaporizing in a medium of molten fuel have also continued u»ing both discrete 
ordinates and Nbnte Carlo techniques. In the discrete ordinate* technique the bubbles 
•ere modeled discretely, while in the "ante Carlo technique they were represented statis­
tically. The Hbnte Carlo method provded upper limits on the reactivity that were lower 
than those produced by the Behrens' method, indicating that the Behrens' method, which 
can be applied more easily, is indeed conservative. This led to the development of our 
Own simpler technique Csee discussion above) which retains a statistical represmtation 
Of the bubbles. Preliminary results obtained with this method, which has the advantage 
of being applicable to mulliregion, multigroup and partial bubble zone problems, ag;ee 
with those obtained with the Behrens' method. 

In addition, the reactor safety studies have included the comparison of variou: 
methods for neutronics analysis of severely disrupted iMFBR cores. The bases of compari­
son included k e f f values and material worths. Preliminary results indicate that diffusion 
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toeary methods aay i t fmtecartto units* c l ts t t t toat i ta is f i ve * to a t * * Spec inf. Studies V I 
•put *»«» bt§*» * • **** * r t * to t a n m t p p t t a i toads appttcwtt to tot analysis «ff p t r f t f t 

tn another safety-related state at ceapltted a* in i t ia l strips t f c*lcul*ttt*» to 
aid in the analysis of * s t r ies t f MC reactor safety —pertaiut* to a t ptrferatd * t 0 M U 
In toe experiments 00} Map!** »•*» i » t r i f i a t i i by * capacitor i t icaseat. M i w r 
calculations wtet performed to predict Sato awnt t t i ts M tot aatuat «r tes a*d Mm** 
prodded, tot number of I f au l t freaawts. * tc . 

The ^ v i s i o n also participates i n • safeguard stoay to wMcb at tee coatiaatag to 
aid in the development of * system far assaying toe f i M i I t canton* a f sptat UVS* fuel 
assemblies i» fuel reproctssia} plants. The system caattfwpf f t • so-called "active 
interrogation" system i n -Hie* neutrons are introduced in to t a t feel t a t toe r t s a l t t a f 
f issions ere detected, wi to toe design precluding toe i n t l p j a i n t a* c r i t i c a l ctai i t i t f ts. 
Ai r i n i t i a l work consisted of f e a s i b i l i t y calculation* fer tot systo*. * * i t«r current 
part ic ipat ion consists o f caIcutat ions of toe detector response far specified configura­
tions. Ue ere also doing calculat ion* for a proof-of-principle experiment to fee performed 
f* the (Mat f ana C Div is ion. 

In the * re* of radiat ion transport torac?-. s l i i t l ds . toe Division he* continued to 
apply the COT discrete ordinates and tot "WSC "ante Carlo transport coats to predict tot 
penetration of reactor radiations through shields, aaf, to a lesser extent, to predict 
toe transport of weapon* radiations through toe atmosphere. In toe reector shie ld analy­
ses, channel theory has been included as an integral part of toe calculat ions-

Our analyses for the f fT f were completed i n I f f * wi th the reporting o f too tddf-
t tonal 'er ies of cat eolations: One was an extension of *t> ear l ier study to determine 
effects on the maintenance f loor dose rates of pipe and duct penetrations through a 
concrete shield instal led in the upper region of toe reattor cav i ty , and the o t te r was 
designed » determine whether radiat ion streaming upward through saps in the head coa-
par&nrnt shield would enhance the dose rates on the operating deck. Both calculations 
indicated a need for addit ional shielding. 

The f i r s t three series of shielding calculations for toe CR8P. Mere also reported. 
The f i r s t series concentrated on the lower axial shield and indicated that a substantia) 
reduction in the shield thickness could he real tared. The second and t h i r d series were 
"full-assembly" series in which dose rates on the reactor head were calculated for 
several reactor cavity shield desinns. Subsequent OCR shielding work has centered on 
determining the adequacy of the SlW fo r monitoring the beginning-of - l i fe (BOt) core 
during shutdown. Since the SlF* w i l l be located outside the reactor vessel wi th con­
siderable intervening shielding and the inherent source of the B01 core w i l t not have 
yet b u i l t up, i t w i l l be very d i f f i c u l t for the StFPf to "see" neutrons during} shutdown. 

In our support of the shielding analysis program for the 300-W»(*) demonstration 
aodel of the Gas Cooled Fast Breeder Reactor proposed by General Atonic Corporation (GAJ, 
we have performed calculations for a new reference model to ana lyre both the proposed 
radial shield >n4 the lower axial shield. These have included two-dimensional cross* 
section sens i t iv i ty analyses with the SWAm.AKl-VJf> system and also channel'theory 
calculations that showed how neutrons from the core were transported to »ni into the 
WW (prestressed concrete reactor vessel). In addi t ion, these calculat ions, which w i l l 
be used by GA as a basis for new reference designs on the radial and lower axial shields, 
yielded gaana-ray heating and dose-rate information at the tendon posit ion beyond the 
l iner . Future e f for ts w i l l be directed at establishing the GCFn neutron leakage spectra 
both at the bottom of the core and at the top of the gr id p late. These, then, w i l l 
become the sources of lower and upper axial shielding calculat ions, respectively. 

F ina l ly , the HORSE Ptonte Carlo code and the time-dependent ASfSI* code (TW) have 
been used to calculate time-independent and time-dependent radiation f ie lds produced in 
the at'i/sphere by weapons bursts for DNA. These follow ear l ie r two-dimensional 00T 
calculations of the neutron and secondary gaaaa-ray f i e l ds , including cross-section 
sensi t iv i ty studies, produced by weapons at varying heights above tot ground and sea 
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Iwfownation failyt H «"i B i « r fbtttio* 

In addition » performing research per s*. the RentrOB Physics Division leaf a§0 
f l t t f ftod that In erd*r t» avoid unnecessary duplication of research efrorts and/or lost 
I ta t t» library stwrclm. f t w»* Mandatory th»t the results of research fn a f ive* f f«l# 
i t • r fMf t t t f i« # usable M i readily available Banner. I t MIS this recognition that 
j w w j t l l aw t t to fc l f i l t i i t within the 01 vis ton »f the •ediattoji Shielding Information 
Center ( IMC) o w • decode oao end the subsoeoent erganiiatiow of the MoHedfcal Cow-
pottof TechMlnr I»*»n<itio» Center (ICTIC) in 1*75-

In t M proof—* reporting period, f t nts announced that the Division was also 
tefttdtfaf a safety analysis towpetarfwd reactor data base (SACTO) which would provide 
tapvt for eperoxiaettly 100 fast reacWr safety analysis codes M M in existence. In 
0 * e*snine period (aeoot 1-1/i years) the process of collecting and collating the data 
•Mi pwttlMf f t aa tMt>QR Machines hot resulted f» the handing over to • Safety Analysts 
tote Caordinetfog f r * *p (SAWC) • * torsion 0 of the base, which contains themophysical 
properties of notorial! foportant for safety analysis. The cooriinotiM group, chaired 
•y the Mooter of o«r Division who loods too safety dot* base ef for t , is -owpoted of repre> 
sootativos fro* industry, ooivorsitios, regulatory bodies, national laboratories, and 
CUBn. and f t is responsible for the evaluation ani approval of the data released. The 
dot* eventually to bo relcosod wil l describe the physical properties of reactor core 
Materials ( t - § . . Our—ijMonies. Material Strenfths, heat transfer, mass transport) and 
also Meteorological, cheafcel. dosfnetry. neutronics. and aerosol transport data, in 
addition. SACRO w i l l centoin bibliographic and reference Materials, f i l e s for coerwnly 
used Correlations and variables, benchmarks for data tes t ing , and f i l es containing new 
b*t Monfrvotoottd oat*. 

The wanaoewent system for the SACR0 data base is the computer system JOSHUA tnat 
nos developed at Savannah River Laboratory. JOSHUA i s a modular code system consisting 
of approximately ISO separate codes linked together. Interact ive terminal display 
capability under time-sharing operations is being iMplemente*! to f a c i l i t a t e easy user 
access to the data base. I t is expected that Version I of SACRP w i l l be rel~*sed to 
osers in late W 7 . 

A related but new data base which w i l l soon be inili&r&J by the Division is a 
Reliability Data base, which w i l l include s ta t i s t i cs on the r e l i a b i l i t y of various nuclear 
plant components as determined from experience with operarinq *-eai t o n . Specifications 
for this data base wil l be presented to E8DA on Kay I . 1977. for review. 

RSIC, now in i t s 15th y%tr, continues to be our largest ar.rt -<-sf wi.ieiy userf infor­
mation center. Established to prorote the exchange of shields^.: technology, ir acts as 
a resource base for both government and c i v i l i an aun t i es in '••'• united Vc.tes and in 
foreign countries and performs such divers*- functions as provifii-.:; ?>ir?lvv;raphic i r f o r -
nation; test ing, assembling and d is t r ibut ing computer r.odes; pr«gur i n - . rest ing, and 
d is t r ibut ing multigroup cros^-section l i b ra r ies , b&fn f in*"qri>,n- w.t broad-group; co l ­
lect ing ani d is t r ibut ing other type-, of data bases; holding s«^ir.«rs f. educate tuc 
Shielding coMPtutiity on part icular techniqsies, espe«.*iU/ corp.»fer te'.'tr.igjes; hel;>in<j to 
establish shielding benchr-arV problems and shielding '.tandarrts; an.-i general V providing 
problem assistance to requestors. 

Results frorr sone of the R"i!C ac t i v i t ies dt»riru; »h»-- ' „ r r « f i ' r--g ,*'•<'•; 2»-ri^d nave 
already been ci ted in this surotary. in part icular , t i e -airir'-nanf* <>' an ••va! aled neutron 
cross-Section f i l e for the Defense Nuclear Agenc/; t*te de/*1 Indent ar..-j r - s ' i ' . . ir, co l ­
laboration with other Division staf f nserbers. of tr.e r.ti& f«-*-';m..- Iv.r-.r,-, t e FPP 
100-neutron and ?I-garna-ray group iibmry, and ?he !7!- 'e. i*ror an! M - ; r r a - r a / group 
VITA"Ifi-C l ib rary . The release to and through RS!C of otrier tv;"» '•' data tases **'> also 
been mentioned. RSIC has continued to part icipate in the wnrk •' *.'•*> 'f»G Shielding 
Subcorrirr.ee. with the Subcorwitfee presently bein'j ^haired t , ,»r «$:: s taf f r-eriber {n 
addit ion, P.SIC perfonsed a survey of the radiation firorec'.if.r.. ' - r t l i i l i o r transport, and 
Shielding needs of the nun I ear power industry, and in A p r i l , l i fW, ennd*. ted a seminar 
0« radiat ion energy spectra unfolding technique',. One staff ;-;f.rner nas also been act ively 
involved with ERDA in developing radiatinn prore'.rion and shielding sr,»ndards fror the 
overall management viewpoint. Another signi f icant anconi I ishrient during the ytnr is that 
Our bibliographic information (SA«JS; is now on »£Crt*«, so that acey , to the information 
is now possible from a l l over the world. 
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I» tftt wo* of t—jottr cede*. KK published «U fourth ohloa* of aom/tSK-U. 
•Rich toclwdes abstract* tor cade pocUoas CCC-lot tweweh Ctt-»J. B R ' t tositteoce fft 
4* "open M i l * polity hat * M * aet* toward fetttfUttef the in Chun* * f lOMjoto' «*»*-
4 t toiler stance m dot* ••chenee. has alto eoea Warn. 

Sort** i m . M M * the* *000 totte* roewestt M «*C resulted to W B ••fevwt* 
activities {)l.&WM*to§ day), which f t * H increase. The *e*ttr • » • • ' f i l e * t i t SN 
ffeowMts (Selective Oisteatoatton *f Infer** t too). «M emftej I t * eajaajMjr newsletter W 
**!•» rwxteteott. 

I t ft ebvtoet that aw Center's continued oof tfty t» f i l l aw h t m i h i Mjowtr «f 
reejeetts without stoeff scant increase* to their t u r f (the OMjroo tooto dojeelten, ttoe. * • 
njMMtts f t * years) f t to * )«*** • » * • * . the r w . l t of the dlialopMH #f in off tttoot 
•Ml inpotrttot odwtoittretfve t u f f . teceaniftaa I M t . the •fett le* dortoe, **** post 
j w r effectively m i l l the aaMeistrattv* t u f t e«no«rt fro* toleiy i»Mt eaomttoot 
•Ml place* tMM to M eowiwistretive ***r«1J#- identified « the TwJMttl to-SOurce 
•*»•». This fvoue wet Own reejuestfd U eoyfvfM t to* tar fencttont to* K t K . 

*s was pointed out to ear l « t preercss reoort. KTIC «N etUotfshet to t f f f tt> 
collect, oreaninr, evaluate, end dtssewtoetc toforoatto* oo cenewttaf, tochnotoey to bto» 
•edicine in general MM) noclee*- nedtcfne to particular. 

The pest yc*r has been • frowth yMV for BCTIC, which currently Ms I t CO* poctaojot 
and 3 date libraries available for distribution. The KTIC newsletter, published hi-
aoothty, now reaches * distribution of over 1206 persons, es coMjired U only I M to 
BooMdur I97S. to an etteapt to acquaint the nodical cownwnity with f t t •paratte*. 
fCTfC suff otnoers ft»ve 9i»e» prtseoUtiOMt to scoerol oMfentt OM! foierojtfOMl 
oro*niz*tiof«. iwtlotffM} t t* Society for Canpotcr rMiciot, tot Assoctotton for Cooo^fof 
notninery. tntf toe totemotioool Atomic Cotray ItotNcy. lo MNfttoo, portootl cooUcts 
Mm ocen «*oe «t sever*! bionNlic*! cooootiittj fnsutlotioot, MMl over SSO roMjttU M i t 
MM* received for foformtfoo. cades. O u , or other ICTIC serrfces. 

One of KTIC's cast sioofficoot occooolistooots oorfof toe pott yeor MOS toe pooli-
cotioo of its first volooe of • «irectory of conevter wtert to nocleor •nlkfot (Report 
«WUiCTJC-l). Tnis MKuoeot fs oesfooMf to focflfute ciwiiicottoo «O»M| torrent oM 
protpectfee users of coopnters to nocleor nedicine. to identify oreos of to won totorett. 
•Ml to ointoize deolicotton of effort. 

Discussions *re under my uftn sever*I orojnintions, foclmliMf the oottootl liorory 
Of Hedicine md the IMPS Bevelop-esf Cowitt-e. to expend BCTIC's Semites to other 
oreos of the hior?dic*J twowifty. 

As would be expected, the *vofI*eilfty of the Technical ftesetrth 6ro*p hot provided 
topetus to the esUbl ishnent of other information centers within the Oivision. Oerfnf 
the past y**r neootiotfons with the Mwcleor Reqwlotory Conetssfon led to an ooreeaent for 
setting up <n WC Ht«t«r*d ter« iepetf tory (WC-rtR) which will §» Into operation to I t l« . 
Thts center will oe «n inteorol port of URC's LOCA Meet Transfer OtU look. Its functions 
will be to Accept row r*«ured d»U from the llowdown Hoot Transfer Testine »roer*wt, 
after the dau n*vt been pieced in a conoon foraat elsewhere, and (hot to provide a coo-
non source of raw daU for hK's regulatory and safety research areot and for the nuclear 
power industry. 

In the meant toe, a feasibility study is eeing oerfomed withi- ASIC en the possi­
bility of establishing a second htC center under TUG. This centet ould be a conpvting 
contract support center which would accept, test, and distribute codes for safety analyses 
• f nuclear fuel shipping casks. In the feasibility study, KSIC hat alrootfy accepted the 
responsibility for dfstooinatino the mltlareue *>nte Ctrl* criticalUy code KlnTJ'Iv. I t 
wi l l , in addition, work with the user cooMonity and code developers to advance the tech­
nology in this field. 

Lorraine S. Abbott 
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1.1 MCASUROSaT OF SEUTRQB TWttWlSSlWlS FROM 0.S2 eV TO 4.0 *•* 
TH*PU» SEttH SAMPLES OF *'J AT 40 •* 

0. K. 01 sen G. de Saussvr* R. B. Perez C. 6. Silver 
R. U. Ingle* H. weaver 

neutron transmissions through 1.S-. 5-. 10-. 30-. 100-. 42S-, and 1425-nil staples 
• f depleted *'J were measured from 0.S2 eV to 4.9 ke¥ using the OKU pulsed electron 
tfnac neutron source and tiee-ef-flight technique with a 1-mm Li-glass detector with a 
flight path of 40 m. The measurements ere tabulated and compared with transmissions 
calculated fron the ES0F/B-IV total cross section. In addition, the 1425-rril trans­
mission from SO to 300 eV is compered with transmissions calculated by using rultilevel 
formalism, and some neutron widths »n eatracted with area analysis and compared with 
those fro* previous measurements. 
• 
Research sponsored by ERDA Division of Reactor Development and Demonstration, LWFBR 
Program. 
Institute for Energy Analysis. Oak Ridge. Tennessee. 
Instrumentation and Controls Division. 

1.2 PRECISE "EASUREKST A."© CALCULATION OF ~U SEUTR0R TMRSRISSIOnS* 

&. l. '»:sen 6. de Saussure R. B. Perez t . h. Silver 
f. C. Oifilippo* R. U. Ingle H. Weever 

(Ab-Tract of P*I*.T pv&ilished in f-irch, 1+17, issue of Z-JC Z&ir Sci *•!>€>• ml Ei*:im—r:n-tt 

The transmissions of 0.52- to 40Q0-e» neutrons through 3.62-, 1.0B-. 0.254-. 0.0762-, 
0.0254-, 0.0127-, and 0.0036-cm-thick samples of depleted "u have been measured at *2 m 
with a 1.0-sc. Li-glass detector using the Oak Ridge Electron linear Accelerator pulsed 
neutrr-: source. In order to obtain resonance parameters, these seven transmissions from 
U.52 to 1086.3 eV have been simultaneously least-squares shape-fitted with a nultilevel 
•reit-wigner cross-section formalism with "picket fence" terms to account for truncation 
effects. This simultaneous f i t yielded a - per degree of freedom near unity. Aver«ged 
over this energy range, an s-wave strength function of 0.968 • 0.036 x 10" and an 
effective radius of 0.944 • 0.005 x 10* ;' cm were obtained. In addition these trans­
mission data yielded »n average radiation width of 23.1 - 1.0 meV for the 12 lowest-
energy s-wave resonances with radiation widths of 23.0 • 0.8, 22.a • 0.8, and 2Z.9 • 0.R 
neV for t.ie 6.67-, 20.9-. and 36.3-eV resonances, respectively. The derived radiation 
widths for these three resonances *rt shown to depend on the cross-section formalism 
employed. 

Research sponsored ty ER0A Division of Reactor Development and Demonstration, LHFBR 
Prograr. 
Institute for Energ> A,-.*lysis. Oak Ridge, Tennessee. 
An IAEA fellow from Comis'.on Nacional Energia Atomica, Argentina. 
Instrumentation and Controls Division. 

1.3 RESONAntE PARAMETERS OF TH| 6.67-, 20.9-, ARO 36.8-eW LEVELS IJI V 

0. K. 01 sen G. de Saussure R. B. Perez F. C. Difiltppo 
(Reprint of Trann. Am. .v»cl. .«oc. 2S, 4<**. Mn 

The EN0F/B-IV ? "U cross sections (WT-1262) yield an effective capture resonance 
integral in strongly self-shielded situations which is too high. 1 This situation suggests 
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that the HBF/t caotonr widths for the f irst few t i M I tue l * may be toe torn. »Ke»t 
gfeftA W M M M I ef transmission ttwoufh - '*» • * - * bee* m l y H r f with • multilevel 
f i m l i to dete-mi** the oereMotars ef the L i t - . 1 0 . * - , M i M.fr-ef level* . These three 
level* provide t * of the infinitely dilute capture r t i m m iutoerel. 

The data consist of transmissions Uweufm l . t t - . ! . « • . 0.2S4-. 0.0JW-. 0.08*4-. 
;.5:«T7*. ami O.OOJft-cm « « I samples. These seven trenamtssieaf were i W m m i l y 
anelyMd ever a w ; m i M M t n wit* the loast-ltoa-ei computer cede SPmV wmle* a t t t i N 
teussien resolution end Peppier >r»doninn «uj employ* • « H U m l Ireit-wlomii crest-
Sec t ie* furmatiSir with "picket fence*- term* U account f i r 4 t t U M levels, unth tu*mf 
an* unbound. In addition to the resonance parameters, toe cede allows the effective 
radius, normalisations, backerounds. an* picket fence t i n s to to f i t ted p K i t i i i . 

to effective radius of 0.*4» * 10"- cm we* obtained. i i U f H l M •* 9m details 
of the torn* levels, by f i t t tnn the transmission data from SS to $00 ef. The crest 
section of the emtrey rente* of interest from 0.52 to SS.O ef i f sensiHue to the enmwl 
levels. Botfc the t w effective radius ef O.fCS a 10*"• CM end e minimum to .-" wet 
Obtained for this lowest euermy renin* wit* e picket fence of ben** levels entemfin* 
from -80 ef to - • - Fieure 1.3.1 Shows this f i t . 

0m*K.-0mt> *»-**J0§ 

0 5 !0 »5 20 25 JO 35 40 «5 50 55 
Ef4ERGY (eV) 

Fio. 1.3.1. Simultaneous least-squares f i t with the Multilevel coMpwter code, SlOt, 
to neutron transmission fro* 0.S2 to SS.O ef throeeh 3.W-. 1.0*-, 0.2S4-, 0.07W-, 0.C2S4-, 
0.0127-, 0.003S-CM tansies of ' U. For clar i ty, the f i t to the date from the 0.0742-. 
0.0254-, end 0.0127-CM samples is not shown. 

Table 1.3.1 compere* the neutron end radiation widths fro* this f i t with these con­
tained in CN0F/1-IV. The errors immediately following these widths ere the statistical 
Standard deviations from the f i t . The numbers in parentheses ere deviations corresponding 
to the uncertainty in the effective floppier temperature, i . e . . 300" * S"K The statistical 
standard deviations for the widths ere m i l . However, the widths depend stronoly on 
the cross-section model end parameters, end the statistical errors contain no estimate of 
tht systematic errors in the date. The uncertainties associated with systematic errors 
in the data are estimated to be an order of meonitude larger than the statistical errors 
quoted in Table 1.1.1. I t is concluded that radiation widths smaller then those contained 



s 

to OBf/t-tf «r* rehired tc rtproi»ct these traavritstt* data. THest smaller captor* 
wfdffM we*ld sigmifleemtly redmce tkt discrepemctes between calculated am 

intte/rals. 

temle 1.3.1. RfevCraa ami radtatiem width* 

tfSt-sajrtres f i t nor/t-iv 
C {«*} r . ( - t f ) 

Pi 
: .{••*) r (me¥) 

C.(7 
lO.t 
31 . t 

l.«K • 
10.lt 
33.H • 

.OK {- .001) 

.01 (- .03) 

.03 (• .0$) 

n.n : .0* (• .02} 
.«* {• -02} 
.03 (- .02) 

1.50 
It.SO 

31.1 

zs.c 
26.1 
26.0 

* 
Research Sponsored by CROA Division of Reactor De»»lopment end Demonstration, LWW 

An IAEA fellow from CemHten Keciomal Cnergta Atomic*, Argentina. 

1. Ail estemded discission M this problem H contained in the various papers of • 
>. -'»•'• , „ ' - . x v •; • ~ , Breotheven Rational Laboratory, B3l-!tCS-504$l, ed. . 
S. rearlstein, 1975. 

2. 0. K. 01 sen, 6. de Saw*sure, t. 6. Silver, end R. B. Perez, -"> * ;..- -
'.-:-•,*»., Broofcha»en BfttfoMl Laboratory. BIR.-3CS-S045!. p. 95. ed.. S. Pearlstein, 

197S; D. K. Olson, 6. * SavSiure, C. A. Silver, and 8. 3. Perei. Vans. Am. Rocl. 
Se*. 21. SOS ( W S ) ; and 0. K. 01sen. 5. de Seussure. R. E. Perez, £. C. Stiver, 
R. U. Inqi*. and M. UMvtr. *HNti«lH>it of Neutron Transmissions fror. 0.5? eV to 
4.0 kt¥ Tlreweh Seven Sample* of "U at «0 *," 0RJR./T»»-52% (January. 1976}. 

3. 6. de Sawssvr*. 8- R. Olsen, and R. B. Perez, to be published. 

4. M. A. tetfte. Rev. Hod- Phys. f. 69 (1917!; alio H. A. Bethe and 6. PlacKfc. Phys. 
Rev. SI, 450 (1939). 

5. W. R. that. ..'•-'« .-.- » • '•*' :•..- * .-• •- • • ••• , Breokhevrn rational Laboratory. 
tft\-RCS-SQ4SI, p. 2*4. ed.. $. PearHtein. 1975. 

1.4 Nltt-RCSOlUTlOR HfASURWMT Of W "U TO U FSSSIOS CROSS-SECT 108 RATIO 
BCTUC£R 2 A30 25 NtV* 

F. C. Difilippo R. t . Perei C. de Seussure D. K. 01 sen R. U. Ingle* 
(Reprint of Tr*ns. Am. .Vac.', .?«*••. 7 4 , 44<>, '.57c s l i .m .•»;«ri»r-i n;' j\»f»-' r r -wvn ' rv} ,»s 
Specialist*' Xcrtinr «n r-»*t Zr-itmr. CT'IX* Stations >.' • ' ' , • " . " , • '".'.•, .»,•>• • " , : i , 
Jtine ll'io. i<>7*, Ar tmutf "-%t:tnui'. ,r»tJ>i>r.|£or;», trvi lab'.ir.it--1. :t% A.'.';.-"'•?>!, p . H4} 

Tbtrt art persistent discrepancies a«ong recent neasurenrrts of the "U fission 
cross section in the energy region from threshold to about 30 KeV.'--' Sor« of these 
discrepancies have been attributed to inconsistent entrty scales. We describe here a 
Mgh.rtSOlvtion •teasurewent performed at ORCLA with particular emphasis on determining 
•n accurate energy scale. A fission chamber divided into two sections, one with *U 
(2 pBM in other uranium isotopes) and the other with high-purity - U. was placed at a 
40-a flight path. The linee was pulsed at 800 pps with S-nsec wide neutron bursts. 

A cartful energy calibration was performed through five carbon resonances which allow 
an accurate determination of the initial time delay of the time-of-flight scale. The 
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esteae* e*er a wf4t m m scale; to eerttariar. t*» teeatificatte* «f tftt 
'*U swfctkreskaltf rtMUMCtl at ?t\ «V al ia** • pr tc f l * eeterataetiea ef U * fliffct-

path leaetfc. 

After correct ta* UK ceaattae, rates ta hath StCtiem ef the f ts i te* cheater far 
ttae losses. beckwrewMt. «ai scatter*** ta Utt chanter walls. U * *H ta - ' v 0 flssie* 
cre*s>sectia* ratio Mas eMatat i at tack ceaareeat taaiaj patat. This ratte we 

l i n e ta the M l « e of 0.412 at *-S • * * / 

* comparison with tke i a U of tehrw et a! . (111). Caates et a l .~ (Harwell). 
Cferjecks {Kerlsrwhe}, an« Unpens' (ML) ere presentee- ta ffes. 1.4.1 aatf 1.4.2. 

as OftNL-fH* 7§-t0370 
i 1 1 1 r — r ~ 

\ TYPICAL ERROR BAND 

T T T T 

a7 

\0.6 
• 

0.5 -

0.4 

*•« 
* t -
• • * . -• • •• • • • • • 

•••• 

• 1 - 2 

# _ » 

l i t 

* . f . 

• ORELA 
- LLL 
• HARWELL 
• ANL 
• KFK 

X X X X X X 
6 8 

f (MtV) 
10 12 

Fig. 1.4.1. Ratio of ? 1»U fission cross Section to 7 " U fission cross section. 
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ORNL-OWG 7*-t03*9 
Q . 0 i — — « - — — - j - r -j - , — - - - T —- y • - - • - T — - ••- -r - --<, 

| TYPICAL ERROR BAND 

0i7 

\0.6 
8 

IT 
• - • - . 

. • « ORELA 

0.5 u A HARWELL 
- KFK 

0.4 -i. t_. 
13 15 17 19 21 25 25 

£" (MeV) 
Fig. 1.4.2. Ratio of U f ission cmis *.ection to ' I S ' . ' . T ."--.'. <etr ion. 

Up to 7 KeV Owr rat ios and those of ILL and ft**L are c G ^ i s t " * ! . hut i lohpr than thrive 
•# Harwell and Karlsruhe. Above I? HeV our ratios and 'ha-,e T u ; . »*rwr>f. ,»nd 
K»rlsrohe *re #11 consistent. I f the various data sets ar«> rerr.r-.*] < *»,1 to A conro* val ie 
• I 2.5 PteV, the agreement below 7 WeV i', '-proved. but the a-:ree~en' a» M^h «vw>rr:'.»% 
f j destroyed, as must be expected because o ' the d i f e ' T c e s in ',h*:>e r ie tww th« tf.irioits 
fata sets. 

In conclusion, our ratios below 7 Herf tare* well w'th t hee i f LLl **d AM. fttwvp 
1 HeV. Ovr rat ios l i e between the above two reaiurw-ent',. 

Research sponsored by E*OA Division of Praetor Development and Demonstration, L v r "? 

A* IAEA fellow from Cortision ftacional En*rqia Atonica, Argentina. 
Instrumentation and Controls Division. 
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1. r. C. Off flips*. - V * . a Preerea ta ieaereta frrer C m f i w t Files." 0tm-TIM2t) 
(1974}. (The decunent c w u i n e complete list ef references a* the 
• f the ; "U fission eras* section.} 

• 

2. J . M. Bearcat. 6. H. Carliaa, aai i . H. Bauer. -b**tre* Induced Fistiea Cats Sectiens 
af " U . ~u» - HW, aai • **U with Respect ta : ' - B , - .-j^.*. :..--. .•* .**>;. *.- > : J » 
. . . • «• * • . ^ .-.. BBS Special Paftlicatiea 42S ( W S h vol. I I . p. M l . 
Also UCH.-7W1* {WSVaai private cemniteatiea. 

J. J . II. HaadOHS. Swl. Sci. Cme. 49. 310 (1972) end Mbcl. Set. Cam. 58. 255 (1?7S). 

4. H. S. Ceates. 0. t . Seythtr. ami n. H. Pattendea, .-»... ->:.;-. . : -.,.;.-..-- > « 
.-.--• ...- .-:: - . . ; .... « $ Spatial Putlttetioa 425 ( I t U ) . vol. I I . p. 518. 

5. I * arc indebted ta J. u. Bthroas far RFK data aitafaad ay private camnuatcatiui 
fraa S. Cier jacks (ltTf). 

i . H. P. reenitz. letter ta tat participants af the CSfwS Tata Fare* neetin* (Rurca I f . 
197i). 

l.S TO "U SWTMHSHOIB RfOTMW-IRSUCCO FISSION CROSS SCCTIOR* 

F. C. Difilippe' R. I . P*r*< 6. da Samara 
0. t. Olsea P.. U. taflt 1 

(Kvprinc of r r i i s . An. Suci. See. i J . 49$, 1*7*-; * i s« x w u r u of p*p*-r ?iv».-n .*t fnt-r-
iMCion*i Conference on the- Interact itxts nt Scvtrans with Sucle-i. Jui» *«». i»7*. 'umnril. 
n*ss*chusvzt\. M*i pu!>lixl*-4 in f*rt* rrr rvpnrt f(ssF-7r»7fVr-'J, j». .-tolj 

Subthreshold fission ia the - '*« nucleus hat been measured ay S*Ihert ami Bergen, 
•loch et a l . , - «ad Blons.' Ut rtpart her* rcctat hiuh-reselution Measurements perforata" 
at the OREL* facility far atatraa energies between MO af aad 2 flef. The ORCU was 
operated at 800 pps with aaatraa bursts 30 asac wide aai a power af 40 Ml aa target. The 
resolution was 2 ef at M0 ef ami 500 ef at 100 kef. Tat dttectar was a fission cheater 
divided in two sections. The first sectian ceateined 4.5 f af - "y (2 PP* ef -MHl) aatf 
the second section had O.fS g af highly earfchad - lHf. 

The tin*-of-flight spectrum between M0 ef ami 100 kef is Shawn ia Fia. 1.5.1. The 
data were reduced to fission cross sections by a ratia measurement to the • "U ctaat 
rate and the ENOF/t-If evalifation of the 'U fissioa cross section. 

The avera9e swtthreshold fission cross section between 10 and 100 kef was feend to 
be 44 - 6 .5, which conperes well with the valves of 50 • 15 „b aad 41 • l i »• obtained 
by Silbert and Bergen- and Block et a l . , respectively. 

Between MO ef and 57 ef, 28 subthreshold fission clusters were clearly identified. 
The fission clusters at 721 ef and 1.2 keV were resolved into five and four resonances. 
respectively. 

The present results have been interpreted on the basis of Strutinsky's* double-
hunped fission barrier and the formalism of Ueioaann' and lynn.* The •vtraat level 
spacing for the Class I I levels was 0.. • 1.8 kef. This yields C.. • 1.8 "ef for the 
height of the second minimum of the fusion barrier above the e/oend state. 

The fission areas for the two resolved clusters art in good eerteaent with tht data 
of Block et a l . A value of 1.4 • 0.3 met was found for the fission width of the 721-ef 
resonance. For the unresolved fission chanters the evereoa fission width of the Clasr 
I I levtls was found to be <ri>>> 0.8 • 0.2 «tf. The distribution of tht Class I I fission 
widths was • , -distr1bution\tnnsist«nt w f t n the presenct of two rpen fission channels. 
Fro* tht present value of <rl'>, the Hi 11 •wheeler forauta and SpechtV systeattict for 
the life tine of the shape fission isomers, one obtains a value of 8.3 Htf for tht height 
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gm+k-emr* it-trsi 

I.I ]. J , 
5 *C 

H | . l . S . I . 3 t » & * » . in fec t * « StfblhrtthhoK f i s - i o n . 

• f the stCW* terrier tatf * v* lve of 0.7 Hey for the inverse curvature of the stceMl 
t e r r i e r , l o th tttvtf ore in fObo* oyeewint with the evaluation of £««;» «* * » . " 

Fro* the Mfhoentrqy Otto * » * the ntvtron binding 9f*r$f in the *"« «wcle»S. M 
OOptr bo** * Of the heiqht of the f iss ion borr ie r wis estimated a t i . l MM. This indicates 
|h«t the hetofct of the f i r s t b o r r i t r is e i ther equal to or s e l l e r than ( . 1 Hr f . 

• ts torch sponsored by UBM Division of fteactor Develoonent *nd atfwnstraUor.. I W M 
*vtjf/ree>. 
no M i * f t l l f w f r o * Coxissien Sacional Ent re j * Atomic*. Argentina. 

loslroMtnUtion and Controls d iv is ion. 

1 . n. 6 . St lbert and D. * . toroen, rhys. *ev. C*. ??C {1971* . 

» . C. Itocfc t t o t . r rhys. Rev. U t t e r s 3 1 . 2*7 ( ! 9 7 1 j . 

J . l i o n s , C. H t tv r . and 0 . Poy*. . . • .-.- •• 
WaiMnqton. Kirch 197$. p. M Z . «WS-42S (I97S5. 

V. H. Struttnsky, fcicl. »hys. AW. « f . (5967). 

H. Wei^EWHi, if. H»ys. ? M , 7 (»9*3) . 

J. I . Lynn, *(ft£.ft$a<H (19*8). 

K. J. Spechl. Phyjica Script* 10A (1974). 
I. 9. Bosk ct •!., • •./..... . 
.,..-•, O. 8. IA£A.$K-17«/Mt (1973). 

Vol. 1. 
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i.» K«raa c*»?w CCHJ sccr o* or »i«t«Mi«-.-240* 
L. H. Mhtw J. 4. Tee* 

( A i s t r * r * v f ;*>?<?.' «*• * * #"»*Jiv.'«l i n Xu;i«ar S*i««c» and Faaineerii*rl 

The "*'•> average ca*>twr« c r * n uttitien was e-esured fre» TOO eV to 350 kef. The 
w<3^ section w»s njrua'.i/ed at themal-neutron t*?rattt {0.02 tp 0.03 *7) tntf this 
no.T«':»tittn *«:> canftrma at the l.0t-e7 nrsonen:e by the black resonance technique. 
Ifc*. («•• gid** *T«tron linear Af<e!er*i».- COftfLA) * s wstd at the source of poised 
**>**< -v.^. *•>- t.i»tsre qassie-ray 4etcctcr used wet the "total eneroy detector" which is e 
mdif-.cat^-'K. of t*u» "**t;»-**e detector, 'he shape of the neutron flua ms Measured 
ra.at*-^ to tnt : 3{-,5> cross tac'fea up w 2 ke» and the "UC*. . ) at hieber neutron 
3 * r ^ e » . The result-;, of the t*ei.*re*et.t define t ie averao* capture cross section of 

Vi i.tfer « w'Jt neutron «ner*y rioe^ ».n an acortcy of about 8-, which is significantly 
oe'.ter than previously kt*m. The n r u H i indic-ttt that the ENDF/fMV evaluation is 
itx>A 2S !ew »aw? 30-k?7 nevtrea enet«y. The cr»ss section is important in fast 
P» far-It*! r*»«*»Gr». 

• 
te#sea>ch .;pensore<f hi FFJ* "i ivsic* o* Steector Development and Demonstration, l"FBR 
Pr^raw. 
'.n^\i<^if.uV'j*t i>.d Controls Division. 

»..' 'SCl'TROr. AS5C^T!C» CROSS 5E:TI0H OF AHtRiciUH-241 

I . * . Veston J . *t. Todd 
(A}>3tr*ct *:" f. '*«J. S c i . r »7 . 6 i . J5 * . 197b) 

Tfc* •''*» neufoer afrorptico crow section, »hich is predominantly capture, has 
fce^» iw»os«r"«: frr.r 0 gi a* to »7w ke¥ neutron enerjy. The Oak Ridne Electron Linear 
*rce{f*r«i«r ?CP£lA) w> u.>ed as the saw*:* of pu>-<»d neutrons. Resonance parameters 
'.V.1X) rm*e ^een derived for the data «? to SO eV. The capture oaune-ray detector used 
»*j t"*» total e**r.jy <*etector," which is »-nodifi:etion of the Moxon-Rae detector. 
This detsctrr refj-fred chat th»» events be weighted by t l» i r pulse height in the detector 
and thi»t •>* m**. efficiency if the deter.tor be lc»>. The cross section was normalired 
*t thcnr?; r«jtr;w cr.erntes (0.02 to 0.01 ef J, am* the shape of the neutron flux was 
••»wviiT"t relative to the 5 ' - , . ) cross section in to 2 ke» and relative to the ; l i ( > „•) 
cr >s sec tig* at hior*r r.^utrtw ?nero*;e* The results of the measurement indicate a 
1 ?•»*•• rrrss »erti-.n * ?*>','i oet^en &..» and TOO e» than has been previously indicated 
MA. *fi ^p^rcc^ati/ hitter cr.:.sr. ser.t'iw (by 10CT tit 100 ke¥) from 20 to 370 keV. 

* 
Rese'rcr. sponsored by CkW. Civisio; of Kcictor Stvelopnent and Demonstration, INTBR 

Jnstrumenl.-iior. atv* Controls Division. 

1 8 *L?ZJim.H: OF !h£ r,tfiWSi WVM km FISSION CROSS SECTIONS Of ; 5 > u ATO • " U , 
0.02 cV TO /̂-O keV, T"? r»£..'T?S» CAPTURE C*»'SS SECTIONS OF '''Aw, 10 to 50 keV, 

A:<C wprrw;-* n*>s;y. CRO'*S SECTIO*S OF ' ^ U , 5 TO ?OO kev 

R. Cwfn ; . S. r . i l . » r R. ... I n ^ l ^ * K. Weaver 

"iti-g neiitron e^jor^tion arnJ ii-sMi* .t*,v, :v:- if>m for ' r 'Ru and '"''U have been 
*•«,»»*>iff over ;he reutron energy r»nq» ' " v '>/>? . / c.o 200 keV. In addition, the neutron 
c .ptjre cross section for •'•''hi **: •••mwvt frw> 10 to SO keV and the fission cross 
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s-ct inn " ;j was measured from 0.1 to 100 keV. normalization of the "Pu and - 'J data 
•as mas* over the energy region f r o * 0.02 to 0.4 eV to the ETOF/B-III neutron cross 
sections for thes* isotopes. Hat 1159 and 1157. respectively. The capture cross section 
for • "Ao MIS normalized using the saturated resonance method for the 4.9-eV resonance. 
For U f ission the nomal i / a t ion Mas made using the results of weston e t a l . The 
neutron flux Mas Measured using the : 9(> . . ) react ion; the energy var ia t ion used for this 
reaction was that given in ENDf /B- I l l . 

The pulsed neutron bean for these measurements M I S generated using the Oak Ridge 
Electron Linear Accelerator. A large l iqu id s c i n t i l l a t o r about 40 m fro~- the neutron 
source Has used to detect the prompt gamma-ray cascades result ing from neutron absorption 
in the sanple. The t ine interval between the burst o f neutrons and the detection of the 
absorption event was used to establ ish t * s neutron energy scale. The sasp.es of the 
f i s s i l e isotopes Mere contained in m i l t i p l a t e (pulse) ionization chambers and those 
neutron absorption events detected in coincidence with a pulse fror the ionizat ion 
chancer were defined as f ission events. 

In general , for "'̂ Pu and - * U , these experiments indicated lower neutron f iss ion 
cross sections than contained in ENOF/B-111 for energies above 10 ke7. The measured 
valuer, of the ra t io . , neutron capture-to-neutron f i ss ion , for "'Pa iqm within errors 
with those derived from EOTF/B- IH, Hat 1159- For the present measurements the uncer­
ta inty or. . for "Pu is about 11 at 10 keV and increases to about 30 at 100 keV. 

The experimental results for the neutron capture cross section for Au ire about 
15 lower than the EN&F/B-W values. The measured values of '.he r a t i o of '.he neutron 
f ission cross section for "U to that for 'U j r e tjenerally higher than rhe F'iDF/B-It: 
values by about 5 . 

* 
Research sponsored by ERDA Division of Reactor Development and Demonstration, IWF3R 
Program. 

Inst i tu te fcr Energy Analysis, Oak Ridge, Tennessee. 

Instrumentation and Controls Division. 

1.9 THE ENERGY DEPENDENCE OF THE NEUTRON ABSORPTION ftND FISSIO'J CROSS SECTIONS 
OF URANIUH-235 AND PLUTONIUM-23? BELOW 1 eV Kl?, THF WESC0T* . FACTORS* 

R. r»win 

iAbstrj'SZ of :;iri. :•'._-:. rr.i. ••', . '.'.•, .'*"• ' 

The energy dependence of scne experimentally derived neutron absorption and f ission 
cross sections of • ' U and "Pu »rc compared with the EWF/P.-IV results over the energy 
range fron 0.005 to 1.0 eV. Wescott ^ factors are presented as calculated f ror the 
experimental data The experimental results published previously were normalised to 
ENDF/B-III values for - f and • . 

Research sponsored by ERDA Division of Reactor Development and Demonstration, IMFBR 
Program. 

http://sasp.es
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1.10 REPORT Of THE UORKIK GKOUf On ABSOLUTE FISSION *ASU*B«BTS* 
1. u. Peelle 

(Introduction or" P*p*r present**.' i t S f w s a i i s t s * *ecC<i»? an r * i t .vutroa Cross Sections 
• f ••"' l . - : " i \ - -f , * a * • *'Pu» June M - M . l*7» . Ar<fonn« " « : o « » ; La*ot*t«rv. « M 
pufeii^-W i n AXi,-7i>-*>. p . 4SOJ 

As a result of the importance of the problem *r» • greet wealth of direct fission 
cress section data has been venerated within the last two decades. Yet. even for U-H5 
fission, sen* of the recent measurements by experienced expert/, differ one fro* the other 
b. several percent. The spread originates in the great difficulty of the measurements. 
Values presented for the first tin* at this meeting should contribute to the eventual 
clarification of which fission cross section values should b* taken as nost nearly 
correct. 

For the considerations in this report we include as "direct" Measurements both ike 
true absolute measurements and the measurement* which have been performed relative to 
various cross section standards such as n-p scatterinf and. below 100 keV. the U-6(n. 
alpha) and B-lO(n.alpha) reaction cress sections. The cowiittee chose to limit its 
attention to the energy region above 20 keV except to the extent that values obtained at 
lower energies determine the normalization at energies greater than 20 keV. 

Several general experimental problems were discussed, and then subcommittees were 
formed to deal with the U-23S(n.f) cross section in the various energy regions and with 
direct fission measurements on the other nuclides ot concern. 

The remainder of this committee report is organized according to the topics 
considered. 

Research sponsored by EROA Oivision of Reactor Development and Demonstration, IMFSft 
Progran. 

1.11 NEUTRON CAPTURE CROSS SECTION Of -Co III THE ENERGY RANGE 2.5 • 1000 keV* 
R. R. Spencer R. I. Hecklin 

(Abxtr-ct of :.tpt'r prvavntKit <ft InternaCion*J Conference on Che Interactions of .Vcutrons 
with .VJJciri, J-jl-.f «.•-*, i»7» ' , Lrtwell, K*s.fschiist-tts, and published -n ERDA TIC report 
COZF-7t;>715-p;, ;,. IJfri; 

The neutron capture cross section of ' Co was measured in the keV energy region 
using a pair of fluorocarbon liquid scintillator geswa-rey detectors in conjunction witr 
the Oak Ridge Electron Linear Accelerator (ORELA) pulsed neutron source. With tin*-of -
f l ight resolution of 0.2 to 1.0 nsec/meter, over 160 resonances below 85 keV were observed, 
for which capture parameters were derived. Total radiation widths were determined for 35 
known s-wave resonances yielding <: > , - » 0.66 eV (16 resonances) and <: > , , - * 0.46 eV 
(19 resonances). Correlations (coefficient, . 0.3) between the radiative widths and 
neutron reduced widths were observed at a 90 confidence level for s-wave resonances of 
either spin state. These correlations along with structure observed in the ivtrayti 
capture cross section of cobalt near 500 keV and a similar correlation reported* for 
capture in the isotope ' Hi »rt suggestive of intermediate structure effects in the cap* 
ture process. 

• 
Research partially sponsored by ER0A Oivision of Physical Research. 

1. R. G. Stieglitz, R. w. Hockenbury, and R. C. Block, Muel. Phy*. A163, 592 (1971). 

2. H. Beer and R. R. Spencer, Nur.l. Phys. A240, 29 (1975). 
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1 . 1 2 SCCOKDMY NEUTRON SPECTRA FRO*. NTUTROH ISTERACTIORS !* A 
THICK CMMM SAKHE* 

G. L . Morgan 
I Abstract o* OBit TTr-WJ.;. Xarch. : * " ; 

The spectra of secondary neutrons produced by neutron interactions in a thick 
(-1 neon fret path) sanple of carbon have been measured as a function of the incident 
neutron energy over the range 1 to 20 HrV. A linac (ORELA) Mas used as a white r^utron 
source with a 48-ti flight path. Incident energy was Jeterwined by tuse-of-fliaht. while 
secondary spectra were obtained through pulse-height unfoldinq techniques. The results 
cf the neasuronent are conpared to calculations based on the current evaluated data 
f i . e (EMV/B 1274). 

Research sponsored by Defense Ruclear Agency. 

1.13 CROSS SCCTIOBS FOR Tht Al(. „-. ) and Al (•_-.} REACTlOn 
6ETKEE8 1 A30 20 MeY* 

6. I . "organ F. G. P*rty 
<Ai>srr*rt -jf Or'.vi., 7.7-i24- ' . Jjr.uur;. i > i , in<i of "-.u-i. :-.-;. : : : . - . • ; , ; ; ~ . .' 

Differential cross sections for the production o* secondary neutrons and photon 
frow alwainum have been measured at 127 (lab) for incident neutron eneraie' in the 
range 1 to 20 WeV. An electron linac u s used .s a neutrpn source with a vnite specter. 
Incident neutron energies were determined >sir,j tire-of-fliaht techniques for a sow»-c*-
to-sarple distance of 48 r. Secondary spectra were deterrined by unfolding t*<? r:.!s>}-
height distributions observed in a fiE-213 scintillation counter. The res«Us Are cor;\ire* 
to the current evaluated data f i le (ESOF/B-IV. "AT U M l . 

• 
Research sponsored by Defense fiuclear Agency. 

1.14 THE Cu{-..-.) REAC'IOfJ CROSS 5ECTI0K FOR If̂ IDf.M :;['jTR0% fiERGIES 
BETWEEN 0.2 ASD 20.0 HeV* 

G. T. Chapnan 
int'fir ii-'t ".* ''+7.7. T.V- '•; '. '"•, •' : r: IT :, . •"• • 

Differential cross sections for the neutron-induced Tars-a-ray production fror. copper 
have been measured for incident neutron enemies between 0.2 and T"." Mw¥. The Oafr 
Ridge Linear Accelerator (0RELA) was used to provide the neu'rtm", and a *ia! snectror*ter 
to detect the ganra rays at !?5 . The data presented are the douMv dif'rrer.Mal cross 
section, .-'• • .'.:.•, for o.anna-ray energies between 0.3 and 1C.& MeV for coarse intervals 
in incident neutron energy. The intt»nrated yield of oanra ravs of er.rr'-.ies irea'er than 
300 keV with higher resolution in the neutron energy is also presented. !h<» experimental 
results are compared with previous neasu'-erents ;-ade at 0REI.A »n<\ with the fv*!.»ated 
Neutron Data File (ENDF/B-lV. KAT 12)5). 

• 
Research sponsored by Defence Nuclear Agency. 
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1.15 Tht not- - - • ) REACTION CROSS SECTION FOR IhCIDCHT NCUTR0R ENERGIES 
BETWEEN 0.2 MD 20.0 KtY* 

6. I . Morgan E. Newman 
.«:-."=:r*rt u: • * s i . TJf-5<?»7. E 3 a r - J i * > , D»-c«=fc«»r. >7S; 

differential cross sections for the neutron-induced gamma-ray production fro* natural 
ao'vbdenwn have been measured for incident neutron energies between 0.? and 20.0 Rev". 
The Oak Ridge Linear Accelerator (ORELA) was used to provide the neutrons and a Ral spec­
trometer to detect the gamne rays at 125 . The data presented *n the double differential 
cross section. . for gamma-ray energies between 0.3 and 10.( RW for coarse 
intervals in incident neutron energy. The integrated yield of gamma rays of energies 
greater than 300 keif and higher resolution in the neutron energy is also presented. - The 
experirwntai results *rt coopered with the Evaluated neutron Data Files (ERDF). 

• 
Research sponsored by ERDA Division of Physical Research. 
Physics Division. 

1.16 THE Cr{. .„-.) REACTIOK CROSS SECTIOR F0* IRCIDCRT NEUTRON ENERGIES 
BETWEEN 0.2 AM) ?Q.O ReV* 

G. L. Morgan E. Newman 
lAi.-Ptr*r--t '«.•" "T?.vi./TJr-5"»#, r.SttF-2}2, ..*.*mwrw. iV?*,) 

Differential cross sections for the neutron-induced gaama-ray production from natural 
thromimR have been measured for incident neutron energies between 0.2 and 20.0 "*V. The 
Oak Rid^e Linear Accelerator (ORELA) was used to provide the neutrons and a Nel spectro­
meter to detect the ganou rays at the laboratory angle of 125 . The data presented *rt 
the double differential cross section, • -.-. for gamma-ray energies between 0.3 and 
tO.6 HeV for coarse intervals in incident neutron energy. The inU-grated yield of gamwa 
rays of energies greater than 300 keV and higher resolution in the neutron energy is also 
presented. The experimental results *rt compared with the Evaluated Neutron Data Files 
(EWOF;. 

• 
Research sponsored by ERDA Division of Reactor Development and Demonstration. LRFBR 
Program. 
Physics Division. 

1.17 THE V(> ,.-.) REACTION CROSS SECTION FOR INCIDENT NEUTRON ENERGIES 
BETW.EN 0.2 AND 20.0 ffcV 

E. Newman" G. I. Morgan 
(Abstract of eW.'.X/T*-5 99, MDT-J31, April, 197*-) 

Differential coss sections for the neutron-induced g**p»e-ray production from natural 
vanadium have fwer. measured for incident neutron energies between 0.2 and 20.0 MeV. The 
Oak Ridge Linear Accelerator (0RELA) was used to provide the neutrons and a Nal spectro­
meter to detect the gaum rays at 125". The data presented ere the double difftrenti*} 
cross section, • , for gemna-ray energies between 0.3 and 10.6 NtV for coarse 
interval', in incident neutron energy. The integrated yield of gamma rays of energies 
greater than 300 keV and higher resolution in the neutron energy is also presented. The 
experimental results are compared with the Evaluated Neutron Data Files (ENDF). 
« 
Research sponsored by ERDA Division of Physical Research. 
Physics Division. 
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1.18 The • * ( - —'•> REACTIO* CROSS 5ECTI0R FOR tr.UDE"iT «D;T«KVi OTCI-S 
SETWEER 0.2 ATO 20.0 SeV* 

(•. L. Morgan 

D i f fe ren t ia l cross sections for the neutron-induced «jar«a-ray production fror. natural 
•awoane.se have been measured for incident neutron energies between C\? and 2 0 . - " * ¥ . The 
Oat Ridoe Linear Accelerator {ORELA1, was used to provide the neutrons *wi a *5al spectro­
meter to detect the oawsa rays a t 125 . The data presentt l are the doable d i # * e r e « t i a l 
cross sect ion. . • ,\ : . : , for ffanoa-ray energies between 0.2- and l f \ 6 me1.' *or coarse 
intervals in incident neutron enerey. The inteorat«d y ie ld <*f i*^«a r« /s of energies 
greater than 220 keV with higher resolution in the r.eutron e w a y is also presented- The 
experimental results are compared with the Evaluated *ieutro« Cita F i les ' E W - . 

• 
Research sponsored by ERDA Division of . .ysical Research. 

1 . 1 * * RE-WEASUREHERT Of THE 3EUTR0R-IRDUCED Umtk-W PRODUCTion CROSS SECTISS 
FOR um m THE ENERGY RABGE *.se kev - * ?c. r: wev* 

6. T. Chapean ft. L. Korqan F. G. Per*/ 

tAS-itr-nri ci."* p.v;. T.T-'4.'* . "-:.'., . "~- • 

Values of the qar*w)-ray production cross section"; for neutron interaction', witr iron 
as reported by previous investigators have d i f fe red ivy AS T»ch as * 'actor o f I.S •>»-
•ore a t neutron energies greater than about S MeV. Reca«<e of this (iiscrepancy. f.|w> 
measurements have beer, repeated at OR̂ tt. usim: the ORtLA *s a sulse* sov:«? o* r,«»i'ror.«; 
with energies between SSO keV and 20 HeV. The- data -ere ^btainrd ^s'oc a \ a l ' * ! ; r,.irr»-
ray spettroneter oriented « t an an«?le of '.?^ <letr**s to the inc'.l-n? nettror fc<«a-. ?*».• 
sample wis positioned in the bear at a distance o" *? . 1 c :-eters '»on fn* n<n*rror snare*. 
The result ing da ta , presented as d i f f e r e n t i a l cross s e c t i o n ' . '; fnr rv-ra rav. 
between 0.7 and IG.S WeV. show <jood *iree<-ent with sore rtrevi'Vis'v puM i<**•-{ * * > T * . v»? are 
s ign i f icant ly d i f fe rent fror- previous ??*tt. ^easurer-ents f r r r,e-j»r--ir r^^'—.io', :r--..'e»- r*an 
S BeV. 

• 
Research sponsored by Defense 5ucl*ar Aienrv. 

1.20 CROSS SECTIONS FOP GAWKA-SAY PRODycTIO'. •'.¥ FAST V.jTSGrjS 
FOR 22 tlEMENTS SCTWE'; / 3 AM - - -.:* 

',. f . i>ij>.ens 0. L. Morgan r>. T. !>ap-'ar- * . •",. L-ve 
f . 'irwran F. ">. f>r ty 

Cross sections for the production of iam nj', wit^, :.3 l').5 '<*>'. have hern 
measured as a function of neutron energy over the r * r ; e ' . 1 20.0 '•<•». ".i-sults 
were obtained for 22 elements which arc <.orr-oniy encountered in 'he calculation of rad i ­
at ion e f fec ts . The measurements were natfe >isin»j a heavily shielded "«.«» <Jetef:f.or in 
conjunction with the white neutron spectra fro* 'he '••,» - i ' l^e f icctron Linpar Acc».-h"-»tor. 
Incident neutron energies were determined tiy l i - e - o f - f 1 \<\hi. mvr a a7->- f l i g h t t>a?h v.nilo 
gaisna-ray eneroy distr ibutions were obtained fror ;>ulse-hr«iht unfnldinr; iv<.kn\w.. 
Elemental d i f f e ren t i a l cross sections *r^ prose^'.ed for \.\, <'„ *., f , ffy, A l , S i . ,« , , . 
Cr, F e t M* t Co, Zn, %h, Ho, An, Sn, Ta, » , A«, and f. . 

• 
Research sponsered by fhe Defense V^clear A(;enr.y and by the f.RDA Division of Fr-.vsii.al 
Research, 

Physics Divis ion. 

http://�awoane.se
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1.2! US£ Of ORClA FOR SCATTER18K SE*5U«E«.-5TS M ?MC * * RCCIOR* 

F. G. Perey 
jjii..t.-*.-r <#,-' :a-.-.tt.^ ••^:-i f j '^yf l twi .»: / i » T : c * a rhus.-ci* 5**-;%-:^ =•--•;:».-

Unite neutron sources produced by electron linear accelerators have treat potential 
f c scattering Measurements in the "*f region, where previously •onoenergetic neutron 
sources f-'on Van de Graarf have alnost exclusively been used. The very short and intent* 
neutron bursts available at OREL* *n quite suitable for a variety of eiperinents mine, 
flight paths of 40 aeters or more with uell colligated beams. Recently experiments nave 
been conpteted on elastic and inelastic scattering of neutrons up to a few •*¥ uith 
incident neutron energy resolutions up to an order of magnitude better than normally done 
on H*n de Graaffs.- Examples of data obtained Mill be shown and the implications of these 
d a u for practical applications, as well as the physical information regarding nuclear 
structure revealed by these data, will be discussed. En another experiment- neutron and 
gamma-ray emission spectra were observed up to 2C 1*Y incident neutron energy uiinn thin 
samples in a ring geom- try. These data span the region of 8 to 20 •*« which is difficult 
to cover with nonoenergeti? sources except at about 14.5 KeV. These experiments provide 
d a u of a type not previously available to test the validity of various nuclear models. 

Research sponsored by ESDA division of Physical Research. 
1. See paper 1.22. 

1. 6. L. Morgan and f. G. Perey. to be published. 

1.22 MIGH-RESOLUTIOB SEUTROW SCATTERING EXPERIWSTS AT ORELA* 
W. E. Kinney J. •». NtConnell 

tAi*::ltact nf pwm-r pr*-s<-nt-->i .it !ntt:rn+tioa.tl i"on;'-r-.nc>- on f.V- fnt.-r^c' :oar- or '.'•-»" r-wis 
W;?~:I Uitvlvi, .'jit *>—*, 1*7:-. .VwrJi , V-tss+chazvltsi 

Sodium, silicon, iron, and carbon neutron elastic differential scattering data taken 
with resolutions of 0.2 nsec/m at the Oak Ridge Electron Linear Accelerator (r*ELA) 
have been reduced to cross sections fro* 500 to 3000 keV in 1-keV intervals using C T 

as a standard. The data, acquired at a 40-«i f l ight path at 8 angles 'row ?4 to 1SS . 
were taken in a two-dimensional array of tine-of-fl ight vs pulse height, inelastic con* 
tributions were eliminated by using data from successively higher pulse-height groups. 
"wltiple scattering corrections were obtained from Nonte Carlo calculations. After cor­
rection, the d*ta were fitted to obtain Legendre expansion coefficients. Pertinent data 
acquisition and reduction details »n given and results shown. 

Research sponsored by ERDA Division of Reactor Development and Demonstration. LWBR 
Program. 

1.23 HJGH-RESOLUTIOfc FAST-!JEUTR0H GAMM-RAY PRODUCTION CROSS SECTIONS 
FOR IR0B UP TO 2100 keV# 

H. £. Kinney F. G. feny 
(nfcst.Mc.'f or ;'.i,"'T ::,itmit.ttyri UIT jo'irit-t! pub! icjt ion) 

High-resolution gamma-ray production cross sections for the 346-k*V gemma r*y of 
iron have been rvasured up to an incident neutron energy of 2100 keV. The measurements 
were performed using the Oak Ridge Electron Linear Accelerator as the neutron source and 
obtained by a ratio measurement to the Li 477-keV gamna-ray cross sections. Three KC-213 
detectors were used at 30, 90 and 125 to derive the total inelastic cross sections and 
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the aaojuUr distr ibut ions. The 12*0 angular distr ibut ions measured with *bo<tt 3.1 » j « / e 
resolut ion shew considerable f luctuations as a 'unction of eneroj over the resonances 
seen i n t M inelastic cross sections. The results are coopered to the ESOF'B-IV evalua-
l i e n , high resolution d a u at I K and, a f ter suitable averaging, with recent neneneraetic 
neutron source data which average over the structure esperinental lv. The general con­
sistency of the data » i t h recent eeaswronents. using d i f fe rent techniques *»i norr-al i*a-
t ion procedures, indicates that our knowledge of th is important cross section for f iss ion 
reactor applications M y now be itnown to en accuracy better than 10 . This is a s i g n i f i ­
cant achievfeent in vfea o f the vide scatter of e a r l i e r data on such a f luctuat ing 
cross text ion. 

Research sponsored by t*0A Division o f Reactor Development *ni QenOtHtration. L.V3R 
Proqrae. 

1.24 REASUMBC.T Of TH£ ntUTROR TOTAL CROSS SECTIOR OF iOOlUH* 

D. C. Larson J . A. Harvey "5. a . H i l l ' 

5*ece»t sensi t iv i ty analy.es for the CPBR upper *> i *1 shield indicate that 40 of 
the integrated tissue dose sens i t i v i ty to the sodiur total neutron cross section cures 
fror. the interference s i n i n m of the 300-ke". resonance. Kith the lar^e quantit ies of 
i?^«id sodium coolant present in the CW* . the cross-section rtinis-ur. for this resonance 
takes on new signif icance. Recent thick-sample rea-,urei"sents no sodiar> c in in* fcy Srown 
e t a l . show a signif icant discreoancy with 'he present ESDFTt-lY evaluation fftr the 
30G-*e7 resonance. The evaluation in this region is based on The data o ' Cierjacks 
e t a l . , " which show a "such sharper «-.inissu^ than revealed fcy the -eas-jrerent o* Srown. 
In addition to the 190-keV resjn«nce probler. no higft-r«se'u f.ion r.Val rr^ss-section data 
were avai lable fror, 40 »eV to 100 keV. leading to l a r i e uncertain;-.' estr-ates for this 
energy region in the evaluation. 

In order to provide consistent hiqh-resolytion data 'or th* t.'.r.F:?••'* evaluat ion, as 
wel l as to ver i fy the high-revolution data of Cierjacks. we have re*vjr*«d the transmission 
Of neutrons through « ?,.l-cr ( 1 / - * 4.90 b/ator) sanpte of Dure sodiar 'rar 4? keV to 
20 He'.". The transaitted bear was detected by a 'tt-110 proton recoil detector located * t 
the 200-as f l i g h t path of the Oak Ridge Electron Linear Arc*leratnr 'OftfLA'. A S-ns 
electron beam burst width was used, with a repet i t ion rate of ~QC sec- . T * e data were 
corrected for dead-tine ef fects (rwifiruc of 9 in the ^ross section at 1.1 "&?.',. and 
background (varying frnc O.i-O.Z between 199 keV and ? *eY. r is inn to I at " We.]. The 
50,000 channels of transmission data were Si i i tabl / averaged to improve counting s t a t i s t i c s 
whi le preserving the resonance structure and were then converted to cross section versus 
energy. 

Figure l .?4.1 shows a corparison of our data 'averaied ever 10 channels) with the 
present ERDF/B-IV evaluation frop 190 *.o 310 ke'.'. the rei ion of rost serious disanreenent. 
We Observe eight resonances in this region, four of which have not been seen in previous 
transmission Measurements. Resonance energies are . T . ] . ? . r i i . 23f>.*.* 2^*>.S. 2 4 1 . 1 , * 
2 9 8 . 1 , 29*1.4* and 305.2* keV. where the asterisk labels th* new resonance*. 'n F in . 
1 .24 . / the present data near the VW-keV n i n i r v - 'averted zvr 10 rh, nnels} *rf compared 
with data of Brown e t a l . - and with the E*»DF/S-:v evaViaticr. Total ( s t a t i s t i c a l • 
Systematic) errors ( typ ica l ly -3 for the 1PEI.A data' nrr- shown. The laraesf deviation 
Of the present data fron the evaluation in the vir.ir.itv of 'he -inirwir is -12 . 

http://analy.es
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In surmary. the present weasurewcnt po'nts Out Several i r « < for isprovereit *«t the 
lad'.vc evaluation for E53F/B-V. the wost ir.pertant bei<Kj the broadening of the rinirajr at 
» » keV. 

fttsearch sponsored by ETOA Sivision of Reactor De*eIopr«nt i n «l Demonstration. l*F§ft 
ry*9r«B. 
PfcysiCS Division. 
lastrmHi'.Tation and Controls Division. 

I . F. it. ObloM. "Survey of Shieldina Sensit ivity Analysis Development and Applications 
Proqran at OR*.." OR«iL-T«t-517«. (January 1976K 

7. P. H. Brown. B. I . Q«*an. J. J . Heiss and ». C. Slock. "#asurerent of neutron Total 
Cross Sections of Sodiur. **»r Tini**. Trans. AF. *Ju:l. Soc. ??. Sf>5 ,'»«7V,. 

3 . 5 . C. Patk and T. A. P i t t e r l e . "Evaluation of Sodi-.*--23 :*utron Data for the E';3F/B 
Version III f i l e , " Appendix A. «AR3-3'T45T4E-?. ;«estirHi*io*jse idvanced Reactors Division 
(April 197?). and ESDF/B-iV. "*T 1156. Tational 'ieutron Cross Section Center. 
Broothaven national Laboratory, uoton. > w York (1974;. 

4 . S. Cierjacks. P. Forti . 0. Kopsch. I . Kropp. J. '.eve and l<. vnsel*. -!«.*< e-soTution 
ToUl tieutron Cross Sections Between 0.5 to 30 *e* . Karlsruhe report *T*'-TtOC 
(June 1963). 

1.2S KEASUREHEST OF THE lEU'ROS TOTAL C=0SS 'EfTIO*: >" 5CD:W 
F»*jP 3? ke; TO "57 * e . * 

D. C. Larson ,'. A. Harvey *.. *. Hi l l ' 
;Ai.:-r,.- ..-• • > • . ; . .-•••- . ; . - - : - r . . • ' 

The neutron transmission through a '.l-<— sample of pure sorti r *as ^ e n ^e*s.ire<l f ir 
neutron enenfies between i? .5 keV Md 37.* weV. **«* ")*k Pidce Electron ..•*«»•• Accelerator 
(MELA) was used to provide the neutrons, which were /Jetectec! at the :"%- 'li<tf!t ?ath bv 
a BE-HO proton recoil detector. The experirental res-.il •- ar«» raf«*l*ted *-i rcr-rared 
with the total cross section in the ESOF/E-IV ' H e 'or sodijr. 

• 
Research sponsored by E°DA Divi'-irvn o ' s«M-tor •>-.-»»''-p-*"-*. nM y--^-tr,'i-r.. :"F? = 
Proqrai*. 
Physics Division. 
Instrumentation and Controls Tivi'.ion. 

1.26 MEASUREMENT OF THE '»E!!TR0'< TOTAL CROSS SIZ".J% OF FL'-0R!*.E 
FOQ" «> • ; TO ? r Ve." 

D. C. Larson C. M. Johnson J. .'•. "»rv<>< %. W Mill 

TJeutron transmissions thrnunh Te'lnn (CF ] an<1 rarbon have been reasurerf f.o provide 
hitjh-resolution transmission and r.rnss sections "or fluorine fr.-tr 1 eV to ?"• MeV. The 
Oak Rid^e Electron Linear Accelerator fORflA) was .iscrt for the neutron source, *h*> :.f-r, 
fli<|ht path with a 'Li fjlass (tetector was used for the lnw-ererny reasurenents, an^ ine 

http://res-.il


200-c fliajtt path with a n£-HO detector was used for the higher energy -*easur«F*nti. 
The various Background contributions «ere carefully studied and »rt discussed in deta i l . 
?•* 2339 resulting values are tabulated and coRpored with the current KDT/l-tv evaluation. 

• 
Research sponso. .-d by ERO* Division of Physical Research and Defense Nuclear Aaency. 
Physics Division. 
Instrumentation and Controls Division. 

1.27 "XASUftCKST OF THE NEUTRON TOTAL CROSS SECTI3N OF SILICON 
FROH 5 r? TO 730 k»V* 

S. C. Larson C. H. Johnson J . A. Harvey R. W. Ki l l ' 

: i i « t r « : o ; ~>i'Xu.'TX-j*.ltm "nv*x»i*-r. 2 »"«; 

r^utron transmission throuah natural s i l i con samples has been measured for neutron 
energies between 5 e'i and 730 ke¥. The Oak ?ido* Electron Linear Accelerator (Oft EL A) 
M*> used to provide the neutrons. The '.Q-s f l ight path with a "Li "lass detector was 
used for the '.aw energy ^asurement. and the 2V)-w f 1 iqtit path with a HE-110 detrctor 
was use*! for the higher energy •teasurer'ents. The 1.433 resulting values *rt tabulated 
and compared with the current EKOF/B-IV evaluation-

Research sponsored by Defense rtuclear Agency. 
Physics Division. 
Instrumentation and Controls Division. 

1.28 ORELA •ERFORBWCE* 

T. A. Lewis 

This report presents the most recent information concerninn the performance of OREL* 
that would be o' interest «.o experimenters. Included are characterist ics of the beam ir. 
term of both time *nd intensity and descriptions of systems routinely used to Monitor 
these beam character is t ics . Far example, with klystron power and *a«imum electron nun 
output current at norirwl values and for pulse repetit ion rates in the ran<je above 800 pps. 
output, bear energies per pulse vary fro*. S j for 2.S nsec-wide pulses to 32 j for 10 nsec 
pulse", and 65 j for 40 nsec puis ts . 

• 
Research sponsored by ERDA Division of Physical Research. 
Instrumentation and Controls Division. 

I.29 CALCULATIONS PERTAINING TO THE DESIGN OF A PREBUHCMER FOR A 
ISO-HeV ELECTRON ACCELERATOR 

R. C. Alsmiller, Jr. F. S. Alsmiller J. Barish 
f«j>tr.i«.t m )R.vi.,TM- -419, m prms) 

Results derived from calculations based on a one-dimensional b a l l i s t i c model *n 
presented to indicate the extent to which a current pulse of ISO-keV electrons containing 
1 C of charge and having a duration of 15 nsec (FWHM) can be bunched in a 2.5-cm-radlut 
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conducting cylinder by a coabination of voltage g*PS followed by a drift space. The 
•vacHo* corrent U bo useful nvst be accelerated by *» testing accelerator (OREL*), so 
the calculate* retails include estimates (upper and lower Units) of the fraction of the 
beached bean that will be accelerated. It i» found that with !0 voltage caps, each 
bating • linear voltage change fro* 20 kV to -20 fcV over the deration of the pulse, the 
15-asec {FwHH) pulse can bt reduced to a poise of '4 nsec (Fleet) in a length 375 or end 
that SO of this bunched pulse will be accelerated by OfttU. 
• Research sponsored by ERDA Division -t Physical Research. 
Ceaooter Sciences Division. 

1.30 STATUS R£P0tT TO Thf EROA SUCLEAR DATA COWUTTEE* 
Compiled and Edited by 

F. G. Ptrey J. C. Gentry 
i'A&str«cc »i rutzL'TX-HS*), «?•*«, i*7«; *^sn jxtitrjet o: •"*:;& 73-5S H. "Jrc-i. :•>"; 

These reports Mere prepared for the ERDA-r©C and cover work performed at ORKl since 
Hay 1*75 and Hay 197ft, respectively, in areas of nuclear data of relevance to the U.S. 
applied nuclear energy prolan. The reports were rosily generated through a review of 
abstracts of wort cowpletcd to the point of being subjected to sore for* of publication 
in the open literature, fornal ORRL reports, 0MB. technical memoranda, progress reports, 
or being presented at technical conferences. As ouch as possible we have reproduced the 
conplete abstract Of the original publication with only minor editing, in a few cases 
progress reports were written specifically for this publication. T*e authors have 
Selected the materials to be included in these reports on the basis of perceived interests 
Of ERDA-3DC ffienbers and cannot claim completeness. 
• 
Research sponsored by ERDA Division of Physical Research. 

1.31 FtSSKW-PROOUCT BETA AW GAWR ENERGY RELEASE Q'mriSlf PROCESS REPORT 
FOR OCTOBER-OECEWER 1975* 

J. K. Dickens T. A. Love J. W. WcConnell .1. ' . Enery °. ». Peelle 
,'Aas : r.icr of 'W.vt rv- .•'.', .'••ir.iar-., ."••"»! 

Preliminary experimental information for beta-ray energy release fron fission-product 
decay following thermal-neutron fission of ' U has been obtained for cooling times 
between 3 and 14,400 sec. The data were obtained as pulse-height spectra for beta 
energies between 0.25 and 3 MeV using a two-crystal scintillation spectrometer, and were 
unfolded to give beta-ray energy spectra of moderate resolution. Two irradiation tir.es, 
:• • 2.4 and 100 sec, were studied. The energy release data were obtained by integrating 
the observed spectra and then estimating the contribution for 0.25 Pfc»v. Difficulties 
encountered in this first experiment using the beta-ray detection equipment »rt discussed. 

Previously reported preliminary genma-ray spectra have been compared with spectra 
Calculated using spectral information in the EWF/R-IV data fi le for 180 fission products. 
Several comparisons are presented for • • » 110 s»c. As expected the comparison is nit 
^try good for short cooling tirces, but is encouraging for . 2000 sec. 

Research sponsored by Nuclear Regulatory Commission. 
Analytical Chemistry Division. 
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I .3* FtSSKM-raOOUCT BETA MO GmWM ERCKV RELEASE QUMTCHT MOOCH REHWT 
rot JMKMRY-mKN I t K * 

J. K. Dickens T. A. love J. II. McComaeU J. F. Imtty R. U. Pee Me 
i*bsir--.-r of WZ&'x-firT.Tf-it. ."£«. i*?*/ 

Several important aspects of the overall program to determine fission-product energy 
release rates using spectroscopic methods are presented. These aspects include: (a) 
fabrication of a sample holder for the beta-ray mean* —eats having an absorbing layer 
between sample and detector of S mg/cm ; (b) a meesui vmnt of the aaniavm probable loss 
of the fi5Sion-gas product I ; and fe) a new determination of the absolute intensities 
of the principal x and gamma rays in the decay of %^% in equilibrium with l*Tc". 

• 
Research sponsored by Unclear Regulatory Commission. 
Analytical Cheristry Division. 

1.33 FiSSlOR-PftOOUCT BETA AMD GO** EXKT RELEASE QUMTEnlT nOSKSS REPORT 
FOR APRIL-J«IE »»7S* 

J . K. Dickens T. A. love J . U. HcCen*eli R. PJ. Freestone 
J. F. Emery R. W. Peelle 

Several important aspects of the overall program to determine fission-product energy 
release rates using spectroscopic methods *rt presented. These aspects include: (a) study 
of possible lass rf f issio.. $ « • * ind the impact upon the measured energy release rates; 
(b; improvement in data trtmfer from lite PP»-IS data-acquisition conpvter to the TOP-10 
data-reductier conpwter; and (c) efficiency caiiVation of our *0-cms Ge(li) detector. 
In addition, the final data-taking run for beta enemy release was completed. 

• 
Research sponsored by Nuclear Regulatory Commission. 
Analytical Chemistry Division. 

1.34 FlSSIOff-PROOUCT BETA AM) CAMW EBERGY RELEASE QUARTERLY PROGRESS REPORT 
FOR JULY-SEPTEMBER 1976* 

J . K. Dickens T. A. Love J . w. NcConnell R. R. Freestone 
J. F. Emery R- «• reelle 

tAt>*tr*ct of onut./:itmr.r.,>7n-t.',. :*~c*mibcT, I97*i 

Gamma-ray energy-release data for thermal-neutron fissioning of the fuel element 
"U were obtained f o r waiting times 2 < :. « 14000 sec. These data were processed to 

give modest-resolution gamma-ray energy spectra vs *... The resulting spectra have been 
integrated to give integral gamma-ray energy-release'data. Beta-ray data obtained during 
the previous quarter were processed to give beta-ray energy spectra for waiting times 
2 < • . «•' 14000 sec. Some of these spectra have been compared with existing data; the 
quality of agreement varies between poor and vtry good. The beta-ray spectra have been 
integrated to give integral beta-ray energy-release data. 
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Total t N t r f y . r t i t M * * » U w*r» t/bUi**4 by t w x i w t the &e**-r*r m t r ^ . t l N W 4 » U 
wltH th t beta-ray w r f * » » * • • * • * • « * • * * • * • * * * « t * ^ ] r - r t l * « » 4ata h*w« »«e* c«e»*r«4 
U J wi th Cht current AM D»C*y H N t StaagaW. {»} «i t* i m » l ! » • ' c*TH.?»'Jo«i »s i« * 
C«rr«*t fc*tt f i l e s of f i t i i w u p n f c c t « i l * . * • * {«} n i t * resul t * » f o t t e r r»te»t * * s » r i -
• t * t i . T h * » c « 9 * r i ( t M lwt* rSt I t tet ly fn> C « W t '.• the carrewt standard ' « r 
- . < 400 U < . «t a t l l at r»*)ucti«a » f the i * c e r t * i » t i * i assigned to the $ t « f c r t . 

• 
ftrw*rtk %pmn*r*4 fcy Sactear Revelatory COMission. 

I f t O l y t U * ! ChtRi j try Division. 

L I S SfttT «AT Of g riSStOK H0OUCH 1? KTA- «S0 W W - M * Sel;*»0ntTt?" 

4 . C. Dickens T. A. Low J . U. * :C8«n*n * . a . ?ee!!e 

i*&str-«i.'t >>r r-jr—r :r> .-i-nr —; .«r •""--err.': ?»*A,-r-T .>.i.---" - ." a ••-- .--»•- -.-. '-••---":.-?.-. . - ' - - ; • — ; - * S~-! . 

Heat release f ror the decay of f ission orotfvttt is an fc--peru-.t sossrs-e nf a f t e r -
Skwttfewn power for which accurate e s t a t e s are required. &*sicnr*«* r*perK-eel* * e 
rep**rt an * re r e h i r e d to establ ish the c red ib i l i t y «sf --*ir»ti«r< ratca'.ations !»ie<t or. 
present or future fission-product f i l e s a*wj perhaps to allow ee»i««er,e«ts 3* the f i l e - , 
in l i s * regions for which the present f i l e s contain ap3ro*«~*tiiw.s. 

The fast - rabbi t f a c i l i t i e s of the 3a» Sidqe *es»arc*s *eact.»r were es-jsleye* to i r rad ia te 
I - to 1 0 - 5 S#»9!es of »; 'or nor-ina! periods of ! . ! ~ . and K-* sec. t r w ; * re-ease was 
Measured as early as 2 sec following the e*d of the i r r a ^ i a t i o - . '*•- r«»!e4se4 r^ne* * * s 
Observed usinq the techniques of nwclear ssjecrroscopy to permit ^r - - * ' * t» afeservatiens »•" 
Omitted beta-ra / and tareta-ray spectra in successive "»~* intervals fn!tn»:iai ine e»vf of 
irradiat:••- ?. To obtain the t9 ta ! dec** heat, the r e v i t - . i m 'oer '^a x*-rr- integrate*! n w r 
ewer«sy ana -e beta- and i»nr+-r»y res>*ts *ere ^»rf~ed tonefser. •"•.,? -»:'"<»<*f5ts*l -larra-
r*y s>*c?ri >r« valuable ' * for sensin*; stnexpected hack'sm-jr-'t.. > V r r r ^ i - f i j e : r*«e 
a b i l i t y to co. !5ute tr>» tr*n-.port of .larra•!-*_,: *^ier<;;j * r » - * '•*"; «•*«—*-•. *-.<; ;<" *nf 
si*nt*|estiw; spec i fk c*se'. *nr w*«ic?' the *i'.-.'"">r-?ro**rt If^ay * : ! * sho:.!-* ^ i -p rwie l . 

• 
Research ^'(nn-.orei b/ V j c ' e * ' *»-:»5*:or / rn-tri^'.jor>. 

f>. X. PeeHe T. A. »^ve '. * . ' c " i n « f ' ; .". • . *»c*«Mr!S 

lSwVi.iTi - i . " ; » ; • . " *• ' .'• r r » - • ; > - • ; . i . " , ' . - r . ».-. " . . . • . - • • ' . ." •: • . • • • • : : • • • • 

A-i :. --T •», . ' " - 7 r .•';.•; " . ' < : ; • . , '.It:.' 

Both the reactor com»nir/ and t^e r»k ' 'c arc cop.r.TP.ei <ro.* .i *!.•:*>•••*•»<:a' p**.-*ar 
accident in which there i'% r i ' - t a l a f ' i a •:a?* r .;p:p*i' - f*i,.-,-r •>•. »•>.#> ':;>» nf 1 i - p ' - w a v r 
coolant to an opera ' in i core-err.iJ|' p^wr reactor. " ' - r i ' i -i»' ',v.».err i-. ' v c"f»»v >»>'n.-; 
fed into the '.H;»t-down core hy the f iss ion- ; rM^ct ~r~»- *r.A ;»>"«-••*. e - ' " . e r s !ra?^r^ 
in the fi#el for several t*fJ:»"»ar!'J second', ' o i ln - 'p i : *,',»*'fn»«p. -v».-.i.-» 'i.-rr,- ,••,% ;'r'<c»dure>. 
u t ' l i / e the current £3$ S standard' -u' . t ipl iert t-v '. .T ' - e f e r r * ! ».-\ *•- A'.*; • ?1 ' T? 
determine these entry/.rclra'^ r*l*>\ in safet / *n»iy.»-. n' , i i ; k , .»»' .< '<' re* -Tnrs. r«*<:enr 
f*Derir^ental result" " ' indie*** '*>4t »''> * /"> '*. '•„.il*> c/»n-.ery.j'ive: in addi ' -o ' i . 'h r r r 
is concern over the lac* of precision associated w't*". '*<*• present standur**. 

0i*r experineot was designed to oMain -.rec'ral dis'rstm'.inns of i«r»-a and he'a radia­
t ion {separately} as a function of Ti-e foltowmn short M ?o t-V! srr i r r i d i a t i n n periods 
Of U by thermal neutrons. *he:.p 1*!.* er?hasi/e contr i^i f ions fnv- short - l ived f i ss ic r 
prodiKti »»hifh have not beer well-studied hy radiochemical 'ec^ni^i'ies. 



« i : Mwctr* Have beer integrated to obtain t*u total energy release as a function 
a* »ir»»liai*oi. t ' r * [••}, t»«* f&UoMin) fissitn t i the initiation of the measurement 
»r . ; , **c »h* c<Kint*nq t ic* ( • . ! . This measured total energy-release function is desio-
nâ .ed mi .-( .-, .. -.,/. Ft" in* -.ases mhtrt -_. ' :.- and -.. • .. -•(- -, - - , : . } / • . 
repr»se*ts t*>t enerav-releas"* rate at * « ?- - *C5 *•-•• • * . ) following in essentially 
ir^»*ntii*c«, r.i)--st of fissions, in thH i9ami w data have been compared to similar 
u*ta souined frarc sjaoatiQ.*. t^tcuUUOM' of fiv.ion-prodMCt decay energy release for 
$t«Mi r* / i and beta rays (separately). 9>*r go—>-ray data are larger than calculated 
data fcr t 23 sec, i^^ well with calculation; for 25 • : - 900 sec and - 9000 sec, 
and are smaller thin ralcu1a:t«R for 900 -• - < ttKO sec; the largest difference, 20 , 
CA.z-iTs *l • - 2.7 i fd iCCO J K . Our beta-ray -lata are larger than calculated data 
tor 1^ sec. snaile*- ty 15" for 20 ' * > 500 -ec» and in good agreement fcr - 800 
set. 

Th« «">tfVtrr3 Jar* nave bse* summed to «"*frevwit total decay power as a function of 
t :*e •,. fcllf..»':j fhut-<ot»n of » •'« - ..) how irradiation. By adding the AlfS-standard 
'^^5ion-cro(kict decay •*=*«»" for :ime-»fter-;h*tdo*n of 14400 sec to our data results in 
« direct rmc{wri«or erf ou* deli to the frrwer.t AS! Standard. This comparison is sho*n 
M f ;$. I . 'tS.I. !ICie t».*t for - < 10% s*c the e^asured portion of the ordinate dominates. 

OK 7t-tTtC« 
-T-rn;t»», 
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9. 1.39,1. Casperfson of present «?xpi.*iroenta1 results with the current ANS 
d for fissioi-uro'tyct Cecav heat fcr thermal-neutron fission of • ' U. 
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Results of two other recent experiments''- »re very similar to ours when properly com­
pared to the ARS standard, lie conclude that the presently used "ARS • 20 " is an 
•xtreffiely conservative r««res*ntation of the fission-product decay power for "U thermal-
Atutron fission. 

Research sponsored by Nuclear Regulatory Commission. 

1. "Decay Energy Release Rates Following Shutdown of UraniUP-Fueled Thermal Reactors," 
Proposed AtlS* Standard. Approved by SubcoMRi ttee AMS-5. October 1971. Revised 
October 1973. 

2. J- K- Dickers. T. A. Love, J. w. HcConneil. ?.. M. Freestone, J . F. Erery, and 
R. U. Peelle. "Fission Product Beta and Gamna Energy Release Quarterly Progress 
Report for July-September 1976," 0RHL/?tUREG/TM-65 (Deceiver 1976). 

3. S. J. Friesenhahn. !». A. Lurie. V. C. Rogers, and U. Vagelatos. U-235 Fission 
Product Decay Heat from 1 to 10 Seconds," EPRI NP-180. Project 392-1 Final Report, 
Prepared for EPRI by IRT Corporation {February 1976J. 

4. J . L. Yarnell and P. J . Bendt. "Decay Heat by CaloriRtetry," Los Alamos Scientific 
Laboratory Report no. LA-UR 76-2036 {undated}; report submitted to the Fourth 
Hater Reactor Safety Research Information Meeting held September 1976. 

5. These calculations were carried out using the ORIGEN code for an irradiation period 
of 10*- sec. A description of the ORI&Etl co4e is giver, in J\ J . Bel l , "ORIGFH -
The ORW. Isotope Generation and Depletion Code,' 0RNL-«62.e. (May 1973). R. Schenter 
and T. R. England have performed similar calculations obtain mo essentially 
identical results with the ORIGEM calculation (private co-r;unication, 1976). 

1.37 A SIMPLE METHOD FOR DETERMINING ABSOLUTE DISINTEGRATION RATES FOR SOME RADIONUCLIDES* 

J . K. Dickens 

A method is described for determining absolute disintegration rates for certain 
electron-capture isotopes usinq x-ray-qantna-ray sumr.inq in a sinn'e ^ian-resrlution 
detector. The method does not require knowledge of detector efficiencies nor of rjirra-
ray branching ratios. Results obtained for ' l r . are presented in which a source of 
10500 disintegrations/sec was calibrated to an estimated accuracy of ' . 9 jsinfi a 
200 mm intrinsic Ge detector. 

• 
Pesearch sponsored by Nuclear Regulatory Cwrnssior-. 

! . 3 « THE DLTAf OF ' " O * 

J. K. Dickens T. A. Lovo 
! ? \ i : , : r i . ? .'•: ••>?• .v;. ' v f - ; ' ' • - ' . ' . , '>:-.: <r ;, . •"' 

Relative intensities for K x-rays and gapma ra/s cnandtini fror 'Mo in equilibrium 
w, .n its "Tc* daughter have been measured using several Ge photon detectors. Combining 
these intensities with an evaluated set of electron-conversion coefficients has provided 
a set of absolute intensities for the observed garcna rays. The absolute intensity for 
the dominant 140.5-keV ijaima ray in 'Tc was detemined to be 90.7 • 0.6/100 "Mo dis­
integrations for "Mo decay in equilibrium with decay of the "Tc* daughter. 
• 
Research sponsored by Nuclear Reoulatory Co-mission. 
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1.39 riEUTRGK-iriDuCEO GAUM-RAf PMXJUCTIOS IN LEAO-iJOJJ FOR I%CIO£:iT-%EUTP.Ofi 
ENERGIES BETIMES 4 .9 AMD 2.0 »eV. ASIC IS BISWTH-209 

FOR iriCIDCnT.REUTROil ENERGY OF S.4 Me7* 

J. K. Sickens 

Interactions Of neutrons with ~Pb have been studied by measuring photon production 
cross sect ions . Gaana-ray spectra were obtai-ted at incident-neutron energies of 4 . 9 . 
S.4, 6 . 4 . 6.9S, 7.45 and 8.0 NeV Mtth a :-r*y letector system ut i l i z ing a *8-cc Ge{Li) 
detector, nearly monoenergetic neutrons were obtained from the 0( ..- ) reaction usi^g 
deuterons obtained from the (pulsed) C*k Ridge rational Laboratory S-KV Van de Graaff 
accelerator. Time of f l ight was used to discriminate against pulses due to neutrons and 
background radiation. Extracted differential and total ine last ic cross sections have 
been coopared with previous comparable measurements and with data from the ERDF/B evalua­
tion with generally satisfactory re su l t s . Tiew information on the level structure of 

Pb is reported. 

Data were also obtained at .•; - 5.4 ?fei/ for * sar.ple of natural bismuth, and new 
information on the level structure of "Bi was obtained. Differential -ray production 
cross sections were obtained, and the totat inelast ic cross section at - S.4 KeV was 
deduced fror: these data. 

Research sponsored by Defense Nuclear Agency. 
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2.i M F.VAIUAT:OR Of yeurtm ARO 5AW»-RAY-H»OIXT!OS 

CROSS-SECT lOtl DATA FOR lEAO* 

C. T. Fu F. G. Rerey 
i'A»str«*c: of Azoo. v j [ i * .7u».-J. ' . j r j Tti '.•-.< .'• . •« •, . •" 

A Survey was natfe of the available information on neutron and gaama-ray-production 
cross-section Measurements of lead. From these and fro* relevant nuclear-structure 
it formation on the Rb isotopes, MO prepared i tco—endtd neutron cross-section data sets 
for lead covering the neutron energy range from 0.00001 eV to 20.0 HeY. The cro<s sections 
•re derived from experimental results available to February 1972 and fro* calculations 
based on optical-nodel, DMA and Hauser-Feshbath theories. Comparisons which show oood 
aoreonent between theoretical and experinental values art displayed ?r a number of graphs. 
Also presented graphically are saoothed total cross sections. legendre coefficients for 
angular distributions, and a representative energy distribution of aa-ra rays frv 
resorance capture. 

• 
Research funded by Defense Nuclear Agency. 

2.2 CALCULATED &EUTR0R CROSS SECTIOftt FOR Cu Afffl lb '„? TG 32 Me. 
FOR REUTROfi DAMAGE /UALYST.* 

C. T. Fu F. G. Pert/ 
IAi>:itT,Mc-z iii puTt-r . : a i c : t r . - ; *or ;r.rr»».' :ni 1 :<.-,• :•-:.: 

Cross sections for neutron interaction with Cu and 'it, with e~o»H'.i\ or '.'**(.'.*•: •->' 
light particles fror binary reactions, in calculate*; for wy.rnr e^frnirs 'r.v •' :-• 
12 He¥ for estimating recoil probability densiti'S fyr t*ie ana\,.-.r, r.* -u-n :•• •••:••:-
•tents with a Be(..«) neutron source. %«clear -rcxie] parareters w*»r<- *?. '• :s.\<--. " •-.-^ - . 
the available cross-section data around 14 'Mi. He1. i'»- 3rod-xticr. <<r,\', -..'.-rir,", »••'•• 
also calculated for ' Cu for neutrons below 2"i r*eV. is an i 1'j^'.ra'>or -,' :*•*• ••>,,.-•-
Feshbach method for calculating tertiary reaction crc.s s?.: t i T H . 

• 
Research sponsored by ERQA Division of .'hysiral Sesearc*. 

?.3 co^isiEf*: CALCULATIONS or f-...-; A:;D :-..- 'y.y- •••;-:-,•/ 
F̂ R Ca-4C, - 1 - ?' veV 

C. Y. r';» 

Cross sections of neutron interaction » i t * 'Ca and '.he subsequent projection o' 
gaema rays are calculated and compared with experiments. Various r.ur]>>nr -o>icK arp 
judiciously applied for the calculation. The M,>user-Feshbach theory for Mr.ary rear. Mens 
is extended to include tertiary reactions, whic^ *rr important »or • Ca 'ror ]" re ?r v 0 . 
Continuum-level spins and parities are included in the narra-ray-production calculation 
to conserve angular momentum. An extensive measurement of canr^-ray-r^Mjc'."on cos', 
sections, available after al l model parameters were fired, is used to t*-,* t*e srHic-
tabil i ty of the models, particularly in the hiqh-eneray ranie, where tertiary reaction 
contribute significantly. 

• 
Research sponsored by Defens* Nuclear Aiency. 
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2.4 COWILATIOR OF rntNOHCaOLOGIUL OPTICAL-MODEL MMWITCItS. 19M-197S* 

C. M. rerty f. 6 . Perey 

Presented here is a compilation, with bibliography, of optical-model parameters 
determined by f i t t ing elastic-scattering annular distributions for various incident 
partic.es including heavy ions. I t includes parameters from previous compilations back 
to !9S4 and fror an extensive literature search in the leading journals and publications 
in nuclear physics up to June 1975 inclusively. 

Research sponsored by EROA Division of Physical Research. 

2.5 THE £HDf/8-i¥ REPRESENTATION OF THE UMNIUP1-23S TOTAL flEuTROS 
CROSS SECT IDS in THE RES** \rED RESOnARCE ERER6V RE6I0K* 

G. de Saussure 0. I. 01 sen R. B. Perez 
.«*•.;•."•.-; i: "uci. <c: . ;~a:. i l . •i'V, 297'} 

The E3DF/B-I".' prescription fails to represent correctly the *U total (and 
scattering} cross section between the levels of the resolved range. He show how this 
representation can t>e improved by properly accountinq for the contribution of levels 
outside the resolved region to the cross section at enemies inside the resolved region, 
and by substituting the more precise eultilevel Breit-Migner formula for the presently 
used single-level forcula. tie illustrate the importance of computing accurately the 
Ennina in the total cross section by comparing values of the self-shielded capture 
resonance integral corputed with ESDF/B-IV and with a more accurate cross-section model. 

• 
Research sponsored by ER5A Division of Reactor Development and Demonstration. LMFSR 
Pro(,r«r. 

: .6 AS EVALUATION FOR ESDF/B-IV OF THE HEUTROW CROSS SECT IONS 
FOR U FROM 32 eV TO 25 keV* 

R. W. Pcelle 

Capture and fission rr 0ss sections for • ' U in the "unresolved resonance" enemy 
region were evaluated to permit determination of local-average resonance parameters for 
ihe i';DF/B-IV cross-section f i l e . Microscopic d-»ta were examined for infinitely dilute 
averagt fission and capture cross sections and also for intermediate structure unlikely 
to be reproduced by statistical fluctuations of resonance widths and spacing* within 
known laws. Evaluated cross sections, averaged over lethargy intervals greater than 
0 . 1 . were obtained as an average over selected data sets after appropriate renormeliia-
tton. Estimated uncertainties in given for these evaluated avgrang cross sections. 
The "intermediate" structure fluctuations common to a few independent data sets were 
approximated by straight lines joining successive cross sections at 120 selected energy 
points; the cross s.ctionj at the vertices were adjusted to reproduce the evaluated 
tvtnqe cross sections over the broad energy regions. Data sources and methods *rt 
reviewed, output values *re tabulated, and some modified procedures *rt suggested for 
future evaluations. 

Evaluated fission and capture integrals for the resolved resonance region $rt also 
tabulated. These are not in agreement with integrals based on the resonance parameters 
of ENOF/8 versions I U and IV. 

Research sponsored by EROA Division of Reactor Development *ni Demonstration, LMF8R 
Program. 

http://partic.es
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2.7 KQUIROCSTS OB EtfMMOT »£rt»TI!« TO JCE' EVALUATION l££l»* 

I . U. Peel ie 

• ' V . " v . • '*• . *:W - V a . J-JI»»- .*#-!»*. ;•*"-. Ar wisn»- "*r: •»-•**.' I_i£or-iiP.—-, ir..f r,;.* : ; -.':* i 
i n A3X-7—*J. ? . *?:.• 

To define Ut* requirements placed by the evaluation of nuclear cross sections upon 
the reporting of •aperwenul results. * oodel of part of the evaluation process is 
presented. The nedel is a straightforward application of nondiagonal weighted least-
squares estimation to a»«raoe cress sections in the energy regions where the shape of 
the cross section is not five* by theory- To coabine in a logical way the e i ist int jrvaU-
ated information Mich one or nor* no* sets of experimental results, the estinated 
ceveriance aatria of each eaperinenter's results needs to be known on »n appropriate 
n*sh. The liklihood that each e«peri*«nter way underestirwte the uncertainties in his 
results does not re—»e the need for hir to record fer users the estinated magnitudes 
and correlation patterns of these uncertainties. 

• 
Research sponsored by EMM Division of Reactor Development and Demonstration. !»F?C 

Prooran. 

2.?, 5UR. A PROGRAW .0 GEWiUTE EPRO*. ZiyUHieX.' FILES* 

F. C. S i f i l i p p a 

iAastr*:t .-»/ 'W.vj. 'rx- ;;•, r.ir.-.1:. ."•"•• 

Covariance Matrices were calculated for 'he r'J. -:Pu. *rv« -,, 'fusion cross 
sections and for the *U. - " Pu. -Pu. and ' Pu capture cross -.«"••. inn*. A corDuter 
prolan was written which uses the evaluated E30F/B data files and :he -#»%ured or evalu­
ated (from other evaluations) cross sections for the calculation ->' '.he jncertainty T . e v 
An effort has been aade to sake the output o' the pro*sr*r consH?*>«? mi**", the EIDF. 5 
error files fornat. A user's nanual for the present cod* an<* r*'rr*nc^ j'ili/ed in th* 
COvariance netri* calculations *rr qiven. 
• 
Research sponsnr?d by EPOA Division of Peactor Devclopr-ent and >*-or-;-_r*iion, L"F3 S 

Pnxjran. 
On assir)nnent fron Comision Tiacional <le tr.erqi* Atdrica. ^rvntina. 

2.9 THE ArjAlVTICAl C0"iTI%UA'!Tr; OF ?"F P ^ P R M T O R * 

P. B. Pere* 
M b s r r . i c r '•.' /••/-• T ;*'•">•'•'*•**• • ' r - > ;.-:'»T.-;-tf.i';..i." " •.•».*• .--.-«•- «n •»:•• ;.-;?• r.i -r ;..•.-)••• ,; 
"••aCron.-; wir.T .Vuc.'••:, ./;."•/ ' • - » . .' >"' , .V>w»-.'.", '•.».•;.•.•.#.•••;•;•:. , -r.t , . i .v' ;:;*.";.:•;»•• :.-; .= . - :« r." " 
trftnrt <""•;• • -?» <>"i ',-."."•. ;•. ;•»'•*. ' 

In neutron interaction studies, the Vu^ann series expansion of the lippnann-
Schwinger equation for the Green's function (propaiator) of a system leads to the classical 
expansion for the resolvent kernel. (,: ,:') 

{ ; ; • ) • -c; . ; • ) • . - ( . ; ; • } > f:; ;•<.•.;••) ; • (>• - • } • . . . -w 

with 
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•Acre is the coupling constant. -(. :) the interaction operator a«wj ;{."_--} the free 
propagator. The functional series (1) can be recast in term of »olterra's powers by 
composition: 

:"{) 0>) ']' L?{) ...;V'.:i,)l ....1.-~:--) CD 

in the form 

itth 

(«) 

(S) 

The series {4} is a functional hypergeometric series, convergent whenever 
The Analytic*! continuation of the hyperqeometric series (4) leads to 

" ~ L . . • • - . 1 ' 

*l— i •(> 1 *!•" 1 
where ;" is a negative power by composition, satisfying the relation ; " . ; * * * 
'*. iie define the Strom* couplinq operator, .. by the relation 

* • 

so that the resolvent kernel is given from Eqs. (4) and (6) by 

' - (- - ) ' : - (?) 

The definition (5) of lite strong coupling operator is equivalent to the integral equation 

f j ..(.-.--••) -,{--••) (.-•-.-•) • - : ••{.-- ; • ) . («) 

From (ft) and (7) the propagator is given as a power series of the inverse of the counting 
constant. The generalised resolvent equation, Mockel,' 

:.. , . ::. (9) 

is satisfied both by the series expansion of the propaoator (1), valid for small values 
of the coupling constant, and by the strong coupling expansion (7). Hence, the latter is 
the analytical continuation of the usual Neumann series for the propagator. 

Research sponsored by ERDA Division of freactor Development *nJ Demonstration. LMFM Program. 
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1. ». foHerra. :•".. ;" > - " •-.-•.-, p. 99. Oover Publications Inc.. !*5*. V * ?cr*. 

2. *. ttockel. J. Rath. Phys. 3 . 2318 (!%7). 

2.10 A !«U PtRTURBATIM FORMAL [5* FOR THE COMPLEX WIDTHS ASD POLES OF THE 
TRMSITIOR T-!»TP:x* 

R. B. Perez G. de Saussure 
tAbstr+ct of p-tprr rrt-se-att^J jt trx- Xnt-T.-v«r:'c«; -̂v..-*•----, >.-. r;;,- ;-r. r.«.-t::-.-!•.- >r 
£«wCr«M» vis.i ,.-at:.'o;. -si.'*. ••-.*. .""»'•, ^ » c - ; ^ . .?is.*.i ..-:.;«<•• --'-. a.i; r:.-i .":.c\-t-i ;.- r.-.'V; 
r«-»rc C"TC".s"-7«-»:7i:—1-2. p . i-*-"7; 

The T-c*trix of nuclear reaction theory can be written in the 'on--

• £ m 
•here . . . is the couple* idth for channel • an<j . the conaiex poles of the transition 
T-watri*. Me have shown that, in terms of a parameter [?, • • 1;. tr.e complex widths 
and poles of the T-eiatria *rt obtained via the solution c' the two coupled Vol terra 
equations 

. . ( > " •• 

iftO 

. { 5 - •<°> - / o 

where .. (0) is the real partial width of <?--.atri« theory ao-; . " ;•. -•••»r. in r.er~s 
of R-raatrix parareters by 

.(0) • : . - 2 - • ^ 

The matrix elerents. . . - , arp functions of the cor-ple* width',. . . . ,>n-; ?re interaction 
*?tween the initial R-piatrix states. In the present 'cr-ali '- the ir.tf-.K'ion contains 
both changes in the hamiltonian operator and the bcuodarv conditions. The con.-eraence 
of the method depends on the ratio of the elerents of the interaction matrix to the spacinc 
of the conplex poles rather than on the sare ratio expressed in te-rs of the spar inn of 
the R-matrix poles on the real a»is, a* i'. the c*'.» in the usual perturbation approach. 

THe present method has heen applied to neutron cross section calc.r "cions in cases 
of large level interference and to the studv of inter-ediate structure pivrovena. 

Research sponsored by ERDA Division of Reactor Development and Deronstraticn. L^SS 
Program. 

1. R. B. P'rez and G. de Saussure. fh.s. Pev. CK;. 1?.7 M W } . 

2. E. P. Wiijner and L. Eisenbud, Phy.s. Rev. 17, ?!> (1944). 
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2.11 CALCULATED WUEOR SPECTRA AT SEVERAL ANGLES FROM 192-. 500-. 
700-. ASD 900-»*Y CARWn-12 On iMR-56* 

K. '•. Bertini R. T. Santoro 0. W. Hermann 
. A.-.-.:.-..o: ..-.-' ?::. TV-'-i-i. fi-brutr-;. i:»r». *nd of ?h-js. ?-*-.-. Ci4. W . I*?*) 

Tieutron spectra were calculated as a function of anqle between 0 and 110 for : C 
on Fe at 192. SCO. 700. and 9O0 He». Proton spectra were calculated for the s a w 
angular range but for oely 192-"*V • t on Fe. The nost s ignif icant property of these 
spectra i s that there i s w appreciable metier nf n*-s»r©«s emitted *ith energies greater 
than the incident er.ergy per micleon at a l l 'titgles investigated. 

Research sponsored by IROA Division of Physical Research. 
Corp-jter Sciences Division. 

2.1? COKPARISOS OF HEASURCD TEUTROH SPECTRA KITH PREOICriCWS OF 
AK IHTRAWKXEAfi-CASC/DF. "OOEl* 

Aaron Galonsky R. R. Doerinn 0. M. Patterson 
K. m. Bertini 

ini-sZi-n:: '••: :'U-iS. ••••:•. v'J ' . "•»-•*, .' '"•• > 

".eufon spectra res-ltiroj fror Dor;bardreni u f targets of "**a, ~lr, - Sn, and 
?b with 4;-MeV protnrs have been neasured at r^ny angles between 0' and 160 1. 

Int.v,';jci»-<jr-cascade Monte Carlo calculations predict too r,any Mrjh-energy neutrons 
ir. t*e forward -tirection and too few neutrons, particularly high-energy neutrons, at 
ar ;les -jr-.-iter 'han •*£ . Beyond Y1' the underprediction is by factors of 10 to 100. 
For di ;ie-int»qraf.ed spectra, however, there is reasonable agreement between theory and 
experirerit. 

Research sponsored by ERDA Division of Physical Research. 
Cyclotron Laboratory and Physics Department, Michigan State University, East Lansin-, 
Michigan, and Institute fur Kernphysik 6cr r>rnforschungsanlage Jul'ch, 0-517 Julich, 
West Gemany. 
Cyclotron Laboratory and Physics Department, Michigan State University, East Lansing, 
Michigan. 
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1.1 M M : ft Mf tUt t O K S « I « f t * W C M f « CttJKIJf A U T I S M * 
«eraoB-oMt iiMMiis raw w / i * 

». n. ( r t e V J . 1 - twice*' l - R. N t r i * ' 
U. I . fee*. I f f J . I . Write t . Q. Ur ie l * ' 

f«frscr«ct •-* aest/nt-iTiX. tare* :»?-• 

• » I I t • aeeeler lystan for pretfncine, C*ele« n»ltiere«p notion § — • ere** section 
m.%. tostc mt*rm am t * » * cress-section net* for a m «r* ettefne* free f » 7 i 
tteverfes. rent « M N t l y nte* oparetiOJ* r«o*fre* to f w i t i eni cet lease n*Ui«re«e 
crest-section K U *r« provieetf in tot syttos. 

« W l l fttftfftly oMnneitoini". nestren free* strec tores. • » • * • • * * •» structorn. *»» 
•eaention ereert u represent enfsetrcpic precet*CS ere «U Arbitrary an* Ifvitatf only by 
* * , f l *b le ceneoter care oaf bailee. The basic processes pro»ioae' « » 1 C»J eeaerete •wUf-
eyeee neutron crest tactions; (*"} uonaroto neltffreep eanea crest sections; (i) q M f l U 
fPaei y i t l i * f t r | — l proiatiae, neutron interactions; («} canbint neutron crest section*. 
§MNft ere** taction*. *e i eeene yieltft tut* final 'couple* sets ' ; (S) eerfer* one-tfisom-
tt«a*1 i i tcreto M f M t H tr,n*aort «r i f f f * * tea theory calculation* for neutron* an4 
fjaanes M i . an Option. eellae*e tat ( 1 H sections to * broti-frsup structure, »sie§ the 
*-e-itaeusion*l r t v t l t l at ueiefctino, functions; {•) plat crest sections, on option, to 
faci l i tate the "eveteetie*" of * particular n»lttereup set ef ante; (7) upit l t ens «eiu-
tein — It»group cress-section l ibrerie* in Sack * nanaer a* to a*te i t not only easy to 
caaeint M M iata with previously processed eata tot also to da i t in a sin§le pass on toe 
coaeeter; eni (it) output neltiereup cross sections in convenient fonsat* for otiter cooes. 

• 
leseorch sponsorei by Stfense Qwcloor Agency. 

'CoBevltr Sciences Division. 

3.2 mOWCTIOK *W TCSTIBC Of THC OfiA FEU-MOC* COUflEO 
mmm-w* »oss-secnoR LIBWWV* 

D. E. Bertint J . X. tn i jh l J . V. P«ct. M l ' ?•- Sous*in 

A sute*of-t>»>ert cress-section librtry h*% bee.» l#»tlopei for in* D«fmse V I M ' 
Afency in t 37-21 weetron-gwn entrgy group str jcUrt th«t c«n &t used ?or r*di«tion 
tronsoort cakuUtions on nest «v*H*b!t cenputer f *c i l i t i es . 54%ei on 4*U ftx* cne 5f«ft 
Morkinf Cross Section Liorory *ntf the E«*Iw*te4 Tmclwr 3*t« F i l * , the Iisr*ry conUin', 
cress sections for }& nvcliees th«t wi l l be xpeetetf tr* Mteert to reqvlorly. ?t« eecurcn-
Mtion presented here includes descriptions * f tyeic»l sources *mf responses in the 37-21 
Structure •no' results Of ceapirttive c*Ic»Utions perfemetf for testing purposes. TH« 
llornry is Ovoiloble through the R«tfi«tion S^ieldimj Infor»»tion r>nter «t 0«k Pid^e 
RtCionol leborotory. 

• 
testorch sponsored by Defense r«cle*r An*ncy. 
Cenpwtrr Sciences Division. 
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1 3 *«W:FICA'I0R RU9MR W I D T H CttPUO IOOn-21. CROSS SEGTIOR 
uvwu rw t n CAICUUTIOBS* 

V. T. Fori. i l l* R. T. Santera R. if. Raussin 0. R. Master 
(A& tn*?e .».* t * S f / T K - I 3 4 : . ."torch. i»7*>; 

Th» fcr* »•«:>«-fcir*tt!d 100 |>omi meurrer. and 21-group gamma-ray cross-section 
***orj has Leer, voiif:e4 by tfc» addition of del* for 20 materials, by the addition of 
reaction cre«:* section* for calculating trUivn a*! helium protection. and by the addition 
jf teenft fKU'>. The £** 104-grttsr master crats-sectfer. library has bee* modified by the 
tf&ition «rf tiU tor !? Keteri&is. Vxedjrjs used to generate these cross sections and 
tfc» oro-»f»;;at.cn cf the libraries »rc described. 
* 
•eseercr sponsored fty E3LA Di>iste» of Rtonffttc fusion Enorfy. 

*Cjo^uttr Sciences 5i vision. 

3.4 HutTlfiROU? MM CBl?«»l.f VAIL ABIE FOR FISSIOR 
*K0 FUSION RCACTCS SiltUOIK* 

R. U. Raussin 
antaaacy or" pa jet t o w f<rts-.»l.«tr a t Amt« »c..;. V«t .; •*» -«:~.i^i..? A.—™- .*T«*:C:r.;, „'.;.%;,' I J - i 7 . 
*;#77. W^ Vorfc Ci -ii/ 

Mtigroup oaia sets cansB0r.1v available far fission and fusion reactor shielding 
•folicitions hate both advantages and proble-i associated with them. A status report on 
«»f.tv>rou? sets in this particular *«5 ':>sion is appropriate because recent trends *rt 
towaro *.\i't\qrauf sets which altevi;*.* some of the problem and *rt more suited for use in 
f <c!e*r data assessment. 

As is described ^ a different session i t this Meeting, the Radiation Shielding 
Information Ct-:er {RSIC) has been i.'ve'ved since 19M in the packaging, documentation, 
end d*ttr j*tiyn of nultigroup data fnr shielding applications through i t s Data Library 
CO'>.uon 'OLC).2 

Host mul'.'group data se.» <n RSIC »rt of U.S. origin. However, international agree­
ments exist wh ch alio* c*rhdno»:, in most instances, of computing technology (including 
multigroup dati). fjr e.'KKOie, the Nuclear Energy Agency Computer Program Library (l»EA-
CfL) in Ispra, \U'j, distributes many libraries' obtained through RSIC, and vice versa. 

A brief description of selected nultigroup libraries from the RSIC Collection is 
.•;. .- !i> Table 3.4.1. It can be seen Mat most were generated for a certain design appli­
cative or analysis and were then made commonly available through a center like RSIC. A 
w,4T w - s substantially by avoiding the production cost if he can apply such a library to 
•.Js prsijtci. Some users have no choice but to try to apply an existing set to problems 
for ynicn the library was not designed. Among the common drawbacks of these problem-
dependent libraries arc that needed materials *rt missing $n6 the wrong group structure, 
resonance self-shielding and temperature dependence trn used. 

In some older libraries, particularly coupled neutron and gamma-ray sets, inconsis­
tencies in energy balance exist. Problems with the DU-23/CASK and DLC-36/CLAM were 
recenfly noted by Kaira and Oriscoll.'' Recent trends are alleviating some of these prob­
lems. Later versions of the Evaluted Nuclear Data File (ENOF/B) have neutron and garana-
ray production data for many materials (not true for data sources for DLC-Z3 and -36), 
thus improving the chances for consistency in energy balance. 

User needs have dictated the mora flexible form of newer libraries. They contain 
•ere detailed reaction information and more versatile retrieval capability which allows 

http://cansB0r.1v
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t l * «ttr to do his OMH self-shielding and tenoerature corrections, group collapsing, etc. 
With these tools, sore detailed analyses con be performed, including sensitivity studies. 

Exanples tre OU-40/LIB-tV in CCCC" fornet. 0U-43/CSJU. in AHPI format. *mt the 
R.C-41/fITMtM-C* and DLC-42/CLEM" libraries in a combination of CCCC and AH>x formats. 

The availability of these newer, «ore consistent, and nore flexible libraries in­
creases the capability of the individual user to solve a wider variety of problems. En 
Addition, the appearance cf date sets containing coveriance Matrices- (DLC-44/C0VERX) and 
sensitivity profi les- (XC-45/5E*P*0) enhance his chances for participation in nuclear 
data sssessnent. 

Research sponsored by ERO* Division of Reactor Development and Demonstration, EkDA 
Division of Magnetic Fusion Energy, Defense Nuclear Agency, and nuclear Regulatory 
Ceamissien. 

I . B. F. Kaskewitz. 0. K. Trubey. R. U. Roussin. and C I . NcGill. 'The Radiation 
Shielding tnfomatira Center - An International Technology Resource,'' see in 
this report. 

I . R. U. Roussin, "Abstracts o' the Data Library Packages Assembled by th* Radiation 
Shielding Information Center," WUL-RSIC-30 (1972). 

} . HEA-Crt, "KUIR Index of Kuclear Programs," 1976, KCA Computer Program Library, 
Casella Postale W.IS, 21027 - Ispra (Varese), l u l y . 

4. H. S. iCalra and n. J . Qriscoll, "Gaana Keating in LHFBR Media." COO-2250-13 (1976). 

5. R. B. Kidman and R. E. KacFarlane, "LIB-IV, A Library of Group Constants for rtuciear 
Reactor Calculations." LA-6260-MS (1976). 

6. B. H. Carmichael, "Standard Interface Files and Procedures for Reactor P*ivsics Co&.s, 
Version I I I , " LA-5486-KS (1974). 

7. W. E. Ford, I I I . C. C. Webster, and R. H. Westfall, "A 21?-Voup 'citron Cress-
Section Library in the AHPX Interface Format for Critical Uy Sdfetv Studies,' 
ORKL/CSD/TK-4 (1976). 

8. N. H. Greene, J. I . '.icias, L. M. Petrie, w. I. Ford, ! ! ! , .;. F.. »hit*», ansJ -'. ;. 
Wright, "AMPX: A Modular Code System for Generating Coupled 'Jul tin roup -^j'.ron-
Gamma Libraries from ESDF/B," 0RW.-TK-37O6 (1976). 

9. R. W. Roussin, C R. weisbin, J. E. l»hite, 'i. V. f.reene, R. ". Wricjht, and J. '••. 
Wright, "The CTR Processed Wultigrtup Library for "icutror.ics Studies," ORM.-PSIC-37 
(1976). 

10. C. R. Weispin, R. W. Roussin, J. E. *h i te , and R. Q. Wri.-jht, 'Specification of 
Pseudo-Composition-Independent Fine-Group and Crwposition-Dep^nd^nt Fine- and P.road-
Group LWFBR Neutron-Gamma Libraries at ORML," 0RNL-TM-SU2 (£'iOF-2?41 ;1975). 

11. J. D. Drischler and C. R. Weisbin, "Compilation of ffoltigroup Covariance Matrices for 
Several Important Reactor Materials," 0RM./TW-556* i!977;. 

12. J. H. Harable, J. L. Lucius, and C. R. Heisbin, "Cnrr.pilation of Sensitivity Profiles 
for Several CSEWG Fast factor Benchmarks," 0R?»L/TM-S560 (ENDF-Z34) (1977). 



TaMe 3.4.1. Characteristics of selected MUU1 group data sets 'row the RSIC collection 

of W.C 
Contributor 

(Oatt) Description 
Purpose or Origin of Origin*) 

Library Validation 
2/1006, 

24/SlNEX 
OWiL (1973) 

S/HALIMARK. 
14/AIR 

ONNL (1971) 

8/SP-3. 
8/BP-6 

OWH. (19*9, 
1972) 

17/NM. 
18/NAS 

OWH. (1972) 

23/CASK UCNO, OWft., SAI 
d»73) 

26/W-N-KRMt WWC, NASA-WC 
(1974) 

28/CTK OWN. (1973) 

29/NACKLI8 U. WISC., OWN. 
(1974) 

31/FEWG1 OWtt. (197«) 

33/WMTAGC LASL (197ft) 

3S/EURU6 ES1S, IKE 
(1976) 

36/CLAW LASL (1974) 

37/EPR OWIL (1976) 

Nout. Xs, lOOg, P,; ill materials; AIC/DRRD via RSIC 
S1NCX M s tNOf/B-lll reaction Xs 

Coupled Xs (22, 18), Pj; air, 
ground 

Couplod Xs (22, 18), P,; air, 
polyethylene 

Coupled Xs (86, 33), P,, N60; 
Neut. Xs, IOO9, Pj. sodiwn 

Coupled Xs (22, 18), ' 5; many •aterlals 
Coupled XS (52, 13), P,; Many 
Materials 

Coupled Xs (62. 21), Pj; Many 
Materials 

Newt. kerM*. IOO9; M«ny Materials 

Coupled Xs (37. 21), P.; ONA 

Neut. activation xs, lOOe, CTR 
structural 6 coolant materials 

ONA air and air/ground work 
at own 

ONA Mtthods OovelepMont work 
at own 

ONA integral expt.; IMF88 
integral enpt. 

AEC/OM. work at ONNL 

MANL-developed oate systea 
for NASA-KSFC 

ACC/OCTR work at O W n 

ACC/OCTR work at U. Uisc.; 
plus RSIC collaboration 

ONA<sponsored for users 

CROA/KTR-sponsored LASl 
activation library 

Neut. Xs, IOO9, Pji nany Materials European shielding benchMert 
program 

Couplod Xs (30, 12), P.; many 
Materials 

Coupled Xs (100, 21), P.; Many 
Materials 

AEC/OMA weapons effects 
calcs. at LASL 

EAOA/CKFE work at ORNL on 
ouperiMontal power reactor 

Roforonce set froM 
ENOf/l-l-ll, .III 

Banctwark air transport 
codes 

ANS shielding benchmark 
Nes. 3 antf «; OWn-
RSIC-26 

Successful analysts of 
experiments 

Analysis of shipping 
cask 

Nuclear rocket shield-
ing analysis 

CTR standard blanket; 
wi#o use in CM—ww i ty 

Analysis of UMNAK 
fusion reactor design 

Analysis of air and 
concrete problems 

LASl RTPR analysisi 
wide use in community 

Analysis of iron bench-
Mark eapts. 

Weapons effects 
analysis at LASL 

Analysis of E M fusion 
reactor design 



Table 3.4.1 (continue*) 

Kumber/.Seme 
of W.C 

40'llS-lV 

42/CLEAR 

43/CSRL 

44/COYERX 

45/SENPRO 

Contributor 
(Oale) 

LASL (1976) 

41/YlTANlN-C ORNt (1977) 

OWIL (1977) 

UCNO (5977) 

ORU (1977) 

WNL (1977) 

Description 
Neutron Xs, SO9; all materials; 

CCCC. ISOTXS. MKOXS, OlAUS 
format 

Coupltd X* (171, 34); all 
materials; AMPX and CCCC 
formats 

Coupled Xs (126. 36); all 
Materials; AHM and CCCC 
formats 

Neut. Xs, 2189; all materials; 
AMPX interface format 

Coveriance matrices; I26g 

Sensitivity profiles; 12eg 

Purpose or Origin of Original 
library 

EROA/1*00-sponsored ftr LMfftR 
core analysis 

EROA/OPtfE-DtDO-sponsored f»r 
CTR neutrentes 

EROA/DA00-DHFE-sponsored for 
INFRR core and shield 
analysis 

MRC criticalUy safety work 
at Oak Ridge 

EROA/UftOO sensitivity program 
at ORNL 

EKOA/WW sensitivity prtfrw 
at ORNt 

validation 
Reference set from 
INOf/B-IV CSEWi 
CCeC methods testing 

Selects problems In 
CTR community 

CSEWC diU testing; 
CCCC metneds U s ting 

Applied to II solution 
systems 

CSfttt fast critical 
benchmarks 

CSCM6 fast critical 
benchmarks 

Oak Ridge National Laboratory (r<NI). Union Carbide Nuclear Division Computing Technology (UCNO), Westtngheuse Astremuclear 
Laboratory (UANt). Marshall Space Flight Center (MSIX), U. Wisconsin IU. Wise), Los Alamos Scientific Laberatory (LASL), 
European Shielding Information Service (ES1S), Institute for Nuclear Energy, Stuttgart (IKI), Science Applications, Inc. (SAI), 
'unless otherwise noted, the library format Is that used by discrete ordinate* codes like ONCTRAN AND AN IS*. 
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J.i rSOOtSS OR TMC MUQATIOn Of TH£ CTt HATICROUP DATA PACKASC* 

ft. II. Roossin C. R. tieisbtm J. E. Unite' B. It. Greene" 
R. Q. Wright' J . I . Wright 

(iu-print of Trans. As. Sael. Soc. 2J, i i 4 , i»7*J 

Specifications for a general-purooce CTR Processed Hultigrevp Cross Section library 
(HCSL) - mr* developed by collaboration betMeen CTR nevtreafes controctors ond the 
Radiation Shielding Information Center (RSIC). To obtain UK flexibility seogmt. the 
neutron cross section processor MNP mis wsed to generate tne neutron cross sections end 
nodules of ARM- MOT* used for the gemma-ray cross sections. Tne primary detest fomot 
chosen M I the ARW master interface for neutrvn and gauma-ray cross sections with appro­
priate ARM nodules for manipulating, self-shielding end merging into coupled cross section 
libraries. Output is else) provided in CCCC' neutron cross-section fomots with coupling 
codes for self-shielding the CCCC neutron dote end merging thorn with the ARM e*mme-rey 
dot* to obtain coupled cress sections. This was done by sharing production costs and 
computing technology with the Shielding and Reactor Physics Analysis Group at Ohm in 
their ERDA-D8R0 sponsored cross section Horary generation work.' !n order for the user 
to util ize the fall flexibility offered, various retrieval and Manipulation program are 
available for merging, coupling, collapsing, editing, resonance self-shielding, and 
otherwise manipulating the library. 

A validation effort in support of the PRCSl data package stowed appropriate because 
of the new types and quantities of data and retrieval prograns which were written, adapted 
and/or modified in the course of this development. A seating, attended by representatives 
Of the installations listed in Table 3 .5 .1 , was held at Oftnt to discuss procedures for 
such a validation effort. The goals of the effort ere to test the validity of the output 
of the neutron and gamM-rey processing cedes and to denonstrate the various retrieval 
programs that support the library. So ati«"*K was node to separate processing appro*i-
mations from nuclear data deficiencies in the basic triOF/B Library. The participants 
volunteered to perform one or wore calculations chosen from the l i s t given in Table 3 .5 .1 , 
provide feedback on problems encountered with codes or data, make comparisons with calcu­
lations using other data libraries, and report the results jointly in documentation to 
sccsupir.y the finai version «f the library. 

Table 3.5.1. Listing of the participants in the validation effort and the 
calculations which will be performed with the CTR Date Package 

Participants 

Arc/Mine rational Laboratory Oak Ridge National Laboratory 
futtelle Northwest Ltboratory Princeton Plasma Physics Laboratory 
Lawrence Livenwre Laboratory University of Wisconsin 
Los Alamos Scientific Laboratory Uestinghouse Fusion Power Systems 

Calculations to be Performed 

CTR Standard Blanket Benchmark (0RRL/TH-4i77) 
ANL-TEPR (ARL/CTR-75-2 and ASL/CTR/TH-Sl) 
Japanese Experiment (Noel. Sci. Eng., August, 197$) 
He*le Experiment 
LLL Pulsed Spheres (UCRL-74277, Rev. I . 1973) 
RTPR Benchmark 
Hymen Experiment (Texas Symposium, 1972) 
TfTR 
C and Fe Rinc, -xperiments (0RHL/TH-41S7, -4193) 
University of !'. .iois Fe Sphere (Washington, D.C.) 
Princeton Re'ccoce Design (HATM050) 
UtMAK-IU 

*A11 participants will calculate the CTR standard blanket and one or more of those listed. 
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The M i * variety of prea>te»s to be calculated Mil l provide m extensive test of the 
MCSt data package and useful comparisons of results obtained Mien other cross-section 
libraries. As a* eaaaple, the f i rs t OML resoles in this effort calculated * tr i t iun 
•neding ratio of 1.6! (1.03 in l i - 6 , 0.58 in l i - 7 ) in the CTR standard blanket benchnrk 
•S tM the PKSL c—jliod U * valve »r 1.S7 {0.9» in l i - « . 0.S8 in Li-7) using the 0LC-
37/tPR (generated by IOCS of tht W * I systea}. The reason for this difference is being 
investigated end the resolution of the question wi l l be doc**"ted to provide valuable 
Insight to the prospective user. Possible cavsti include differences in processing 
nethods. high energy Metghting spectrin), and temperature used in the thermal group Kaa-
uellien sptctrwn. 
• 
Research sponsored by EROA Division of Pbgnetic Fusion energy. 

^Computer Sciences Division. 

1 . 1 . U. Reussin. C. R. Ueisbin. J . E. Write. 3. K. Greene. **d R. H. Johnson, "Develop­
ment, Generation and Testing of the OCTR Fine-Group Cross Section library," Trans. An. 
ihjcl. Sec. 2 1 . 120 (ltTS). 

2 . R. H. Rovssin. C- R. Weisbin. J . I. Write, **. X. Greene. 3. Q. aright, and J . E. 
Urignt. "The CTR Processed Kiltie/one Cross Section Library." 0RNL/8SIC-37 (1976). 

3. C. R. Ueisbin. P. D. Soran. D. R. Harris, *. J. LaBauve. and J. S. Hendrix, *M!W A 
Hultigroup Interpretation of Nuclear X-Sections." Trar.;. An. \ucl- Soc. 16, 127 {1973). 

4 . R. ft. Greene, J . L. Lucius, L. It. Petrie. d. E. Ford. H I , J- £- »»Ue, and R. 3. 
Wright, "AMPX: A Nodular Code Systen for Generating Coupled fiilti^roup Neutron-Garana 
Libraries front tROF/B," 0RM./TH-370C {1976}. 

5. B. It. Carnichael. Conpiler. "Standard Interface Files and Procedures for Reactor 
Physics Codes. fersion I I I . " IA-S436-HS {1974}. 

6. C. R. Ueisbin, R. U. Rous*in. J. I. Wi;..e, and R. Q. driest, "Specification for 
Psewdo-Coaposition-Indepewdant Fine-Group and Composition >pende^.* Fine and Sroad-
Grcup INFER Deutron-GaMna Libraries at am,," 0RSI-7H-5142 (1975). 

7. '•'. £. Ford, III, 8. T. Smnlvro, H. •». *w»s»ir., ssd 0. R. ?Ust?r, Modification 
NuMber One to the Coupled I00n-21. Cross Section library." Oftr.L-**-5249 {1976}. 

3.6 « i r» , A auiTIGROUP imnTr*TATIGR OF '.UCIEAR 
I-SECTIQRS FROH ES0F/6* 

C. R. Ueisbin P. 3. Soran' H. I. Kacf*rlane" 
0. R. Harris^ S. J. LaBeuve .J. S. ffendricks 

J. L. White' P. B. Kidnan 

KINI calculates fine-group averaged infinitely dilute cross sections. self-shielding 
factors, and group-to-group transfer matrices fron EfWF/B-lV data. Its primary purpose is 
to generate pseudo-composition independent rw'»tigroup libraries in the standard CCCC-JIJ 
interface formats for use in the design and analysis of nuclear system. Mir.x incorpo­
rates and improves upon the resonance capabilities ~.f existing codes such as ETOX and 
CRORUH and the high-Legendre-order transfer matrices of ETOG and SUPERT0&. Croup struc­
ture, Legendre order, weight function, temperature, dilutions, and processing tolerances 
»rt a l l under user control. Paging and variable dimensioning allow very large problems to 
be run. >th CDC and IB* ver.ions of mux are availatle. 

• 
ORW. j -ticipation sponsored by ERDA Division of Ptactor Development and Demonstration, 
IHFBR Program. 
Los Alamos Scientific Laboratory. 
Computer Sciences Division. 

file:///ucl-
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3.7 T t C W U O r -STMMJT F K - O W CROSS SCCTtOa LtewmtlCS 
» BOCttlaS iMLISIS* 

C. R. Weisbin R. U. •eauta C. N. Okie*. 0. C. Col lea" 
J . C. amita* R. 9. aright' 

(JiBi i fy mf ptmer » ft* prv*e«t«rf *t r i f t * ritcuematianel COafcrmasw mm Bvmtmr S.ii*l4imm. 
Amril IB-12. 197?. Knmmrili*. TV.nactmi«l 

The Divisions of NMattfc Fusion Energy (ORFE) « K Reactor Oeveleamamt end eanmwtre-
ttea ((WOO) of tRt U.S. Caere* Research end Development Adniuistretiea (C"B*) have ja ia t ly 
Sponsored the development e a 171 noutrea. I t | — H r«y f r o * m i l lanpii i t iea inde­
pendent cross-section l i b r a r y - 1 based open CaW/l - I f .*• This library is intended ta.Jt 
generally applicable to fusion blanket end u f > cor* mi shield analyses, f a * f peel of 
this paper is to ( I ) eweloato this library mi i ts past performance'"* in I f f M af MS. 
Shielding mi Reactor Physics' standard* far cress-section date sets. (2) review Me 
nature af the problem indtnedajnn af tfea Horary in tans af group structure mi wetehtiag 
foactiaa selection, (3} indicate mm the group band concent> caa ft* exploited to eatead 
the rang* of applicability of this l ibrary, aai (4) document the carreat l iattatiaas af 
and anticipated extensions to this processed data f i l e . 

Current MS standards' set forth "specifications far developing, preparing, and docu­
menting nuclear data sets." The 171/34 library was created with the intent af meeting 
these established procedural and technical reenirameats- In particular, the processing 
codes (and associated nultigroep faraats) employed hare been tested aai ere available on 
both IBR and COC coaputers. RSIC roojuireaents far date packaging have ensured coaforaanca 
with docunenution and quality central retirements. £mof/t-I¥ dato were used, their 
primary limitations being the lack of tons-;ehantive f i les far karma factors, coveriaace 
f i l e s , and actiniae and activation cross sections. The choices af croup structure aad 
weighting function were guided by the results af sensitivity studies aad the details af 
these choices e l i c i t the east concern regarding the range of applicability af the library. 
Successful results fron three a*jar ERM-speesered activities in data mi processing 
aethods testing by nine Major laboratories and the feedback froa diverse application 
programs indicate that the range of applicability way be broad enough te ojualify this 
library as a orner*>>y applicable data set far fast reactor aad fusion analysis. 

For shielding problems characterized by a strong spatial dependence af the self-
shielding factor and iaportont energy regions with significant cross-section fluctuations, 
the group-band approach has bean demonstrated'* to produce more reliable results for 
calculated penetration. The required group-bend cross sections, directly obtained froa 
the 171/36 library, would eliminate the • -ambiguity- ! inherent in a •ondarenko "standard" 
library by explicitly defining cross sections for any material without iteration. The 
usefulness of the method" is tested in this study for an LMFM shielding problem charac­
terized by deep penetration through sodium aad iron. 

Research sponsored by CROA Division of Reactor Development and Demonstration, LnfiR 
Program, and ERDA Division of Magnetic Fusion Energy. 

* Lawrence Livemore Laboratory. 
Computer Sciences Division. 

1. R. w. Roussin, C. R. Weisbin, J . £ , White, H. PI. Greene, R. 0- Wright, and J . ft. 
Wright, "The CTR Processed Hultigroup Cross Section Library." ORRL/RSIC-37 (1976). 

?. C. ft. Weisbin, R. W. Roussin, J . E. white, and R. Q. Wright, "Specifications for 
Pseudo-Comoc«ition-!neependiiet Fine-Group and Composition Dependent Fine and tread-
Group LHFftR Neutron-Gemma Libraries at OWH," ORRl-TH-5142 (197S). (Note that the 
126 groups are a convenient subset of the master 171 library.) 

3. R. w. Roussin, C. R. Weisbin, J . E. White, N. M. Greene, and R. H. Johnson, "Develop­
ment, Generation and Testing of the OCTR Fine-Group Cross Section Library," Trans. 
Am. Hucl. Soc, 22, 820 (1975). 
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«. 0. Career. C. Dwafertf. *af S. reartsteta. IReY-lO? Oat* Femes aai Procedures for 
t i* ( t i iNM KBCIMT B«t« Fii*. nor.- im-vs-setfs (inr-ioz) (October wsj. 

S. J . C. W i l t . R. Q- U r f f M . L. • . Wfllieas, and C. R. weisbin. "Oat* Testing of the 
\nm Rootroo t o — EROF/O-IW Coapletf library for UTW Cor* and Shield Awelysis.' 
Traas. Aw. Ibjcl. Soc. 23. 507 ( 1 * H ) . 

I . R. U. Revssia. C. t . Mtisoio, J . E. I f t t t t , S- R- Greene. R. 0- BrigM. m* J . B. 
Urffht. t r w n i oa «»* Velteetfee of too CI1 Roltiereup l e u racbeee.' Trpns. fe. 
Reel. Soc. 23. H O f f f ) . 

7. ABS-6.1.2. -Mevtro* oof f i—i ffiy Cross Sections end Related Group-Aver:^? «•• 
Derive* Data. i« Mo Caerejr Raaee owl for "ateriels of Interest in Sue tear =>adi tion 
Protection,- Merttea, troop of * W - « . Cbairaea. 0. R. Harris. 

I . "nwclrer BoU Sots for Reactor Oesie* Calculations." American "Utiofwl Standards 
i n t i t u l e Standard R*U. 03 January 23. 1*74. 

f . D. t . U l l e a . "Application of the Probability Table Method for fttltiorowp Calcula­
tions of Rootron Transport.- Reel. Sci. Eiwj. SS. 387-400 {1974}. 

10. C. F. Plechety, "Hbnte Carlo Calculations of Citron Transport :;f.ing Oe Probability 
Table nethooV Trans. A*. Swel. Sec. 23. 526 ;i976}. 

11. H- S*f*». .; ,'J»:.VJ .--\;.«:>r." ."-".•.-.•.-. .„-; . -* . .->: • - . - " - . - . pp. 503-512. Pergaron 
Press. Oxford (i»75). 

3.8 HULTIGROUP TIlRI-OrKSOIRT DELAYED GMttt SPECTRA FR0K FISSION 
ABO ACTIVA110R OF URASIUK AH0 PlUTOfUuH* 

0. U. Kernann H. A. Ejerke C. S. Weisbin 
i.s'aonjr . -jf p*r*.r to in- fr>~<.?»r-j\i J t /V>.r:c.»r. '..:<:'.•••\T : r ' * : ; • • - , /..-.,-;ui: • • : • - : . . - . ; , .";•.• : . " - . ' " , 

The purpose of this paper is to report calculated time-dependent delayed 'japr.a-ray 
spectra from neutron-induced fission and capture in isotopes of -iranion trA slutonium. 
The multigrowp spectra were generated with the ORIGEfi code fror E%DF P-IV ,»nd prelii--
inary E30F/B-V f i les in a 36-growp energy structure for use irs design Analysis with the 
126/36 INFER and 171/36 DfO"E- coupled cross-section libraries, -rior to this time. LRFBR 
reactor designers typically nave not included spectral information for delayed -jannsa rays 
arising frow activation of '•"•i ( i . e . . neutron capture leadinq ta "J <snd Tip). and 
have used a single -U-based spectrum for the fission <jarwa rays, independent of the 
fissioning species. ' • As a result of this work, isotope- and incident-energy-dependent 
Kultigroup delayed fission ganna-ray spectra, as well as delayed gama-ray spectra fro* 

"U captve, *rt now in use at GE and H/ARD for the determination of in-core heating in 
nuclear rtactor components and crit ical experinent analysis. 

While a total gemna-rey energy yield of 6.1 neV. fission Has been used in the past by 
designers,' our multigroup library shows a broad ranqe of energy yields for the various 
isotopes consi<J*red. For ' U thermal fission, the tot y*eld is s t i l l 6.1 :4eV; however, 
we find 4.9 HeV, 6.1 WeV, 7.9 WeV, »nd 5.0 HeV for ' T i theraal fission, U fast 
fission, "U fast fission, and 'Pu fast fission, respectively. There is also a large 
difference between the energy yields of fission and capture, with the "U capture chain 
contributing 0.24 NeV/capture. Although delayed ganna-ray heatinq from U capture is 
only S of the total -''U heating in the LMFBR core, the assessment of U activation is 
essential for blanket heating analysis. 

Figure 3.8.1 is a plot of the delayed qwm-rty spectra integrals over an infinite 
(10' seconds) decay time. Various differences trt: evident between the delayed fission 
o*t»a-riy spectra from • "U and • -"Pu fast fission and the previously used • "U spectrum.-
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while the ' u and - T-t spectra *n similar, the ' u spec true is considerably harder. 
Th* delayed gaccsa-ray spectrun following neutron capture in U is also displayed in 
Fig. j.&.l and is seen to be r-«ch softer than the spectra of fission qaara rays. 

>.e delayed gama-ray spectra fro» both fission **& capture *r9 very sensitive to the 
lir-its of integration over decay ti«e, with the "eon gama-ray energy varyine, by a factor 
of two over the tine range 0 to 10" sec. Tor this reason, we have provided 5E and w/A*D 
with separate spectra integrated over the tin* intervals fro* 0 to 10. 100. 1000. MOO. 
10 . !~, , and 10 sec. 

3 » W l - 5 « v *T-J«TT 

: *.*. J 1 * S.ST i V~, .j"i 

Tv;. i.f..\. Delayed f(aw.»i-ray spectra integrals ov*»r infinite time. 



In conclusion, the delayed $acKta-ray spectra developed in t h i * aorl represent a 
s igni f icant addition 10 current rnwltigraup cross-secticr. l i b r a r i e s . I t is no* ;.gssibie to 
include 9a»ta-ra> spectra separately for d i f fe rent decay t i r e in te r .a ls an<l d i f fe rent 
f issioning or capturing species. Recent forcat extensions, SJCB AS the EXPGSL f i l e , allow 
these data to be used in three-diirensic burnu£ and depletion codes such as :U3*.E3. 
F i n a l l y , this data set is now being appned by Gt and * ARD to in-core gaara-ra, heat ' rs 
analy*>s. 
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"ne '>>/'.k> ?-.ranc* of the i ?.LiA 'Jivisiir. at "r-acVjr :• /•;'. p- r r t .;'r: »•: o"\*r,*t; ' .n «,»>; 
sponsored the devclopr-cnt of a '."6/36 ne;>tror J I T M c >;'•»>; ' l i r t r . ' >--;ve<: * V v - -Y ' f • - ; 
data. Tne rjt-t*iled specifications >.-• ; . . '...-!crtj-.n of ;.v? tail'•••••(! ;«• .ip '.rr..c• i»n>, \n<i 
processing rethois have a!rea<Jy t>een docj.-.enrc't. *^c ;.<r:.•-'.»; •• •'-.•-, ; .JCF' i°. "o :••-
scribe t i e testing arojrar ani rf;->j't'. oht^in*rd to !,:'.» !••• •»'", . " r r ' " j ;.tir. .• ,,f,f i lor.. »> 
in the l ibrary performance for a variety i f ir;f>r?ar.? . VFLP •,-••«_• jr.-: ',*•.«»•!.-! ,»;.;,; i. j f ion r , . 
Such testing clear ly invoJ.-ej 'r* v i l i d i t / "'f the #;«•:••» :'.r.r : . - : . '•!»•» >n ; :r>(- ; ••-; r,-ir.-j 
techniques erplovcJ; as J (.on-.-Mijercf1, The v,il i i a ' i o r ; r -^ ; r r i , . i - i l ^ r>»«r •.r-.'-.virlfro.! 
conplcte. r^owever, since the testing fnr j ',Hr*r,- ;>' 'n i ' . •.).•«• ;, .. 1', n v ! c r r . ;• .* 
prere<jiii%ite to i t i u^e flnd .K.ctfifancc, i t \:;<e-\rs .••>! ."ibl- f.-. v>-:-arWf t h.i- • si< i i . i t - . ' ia' i 
experience f.o <fate which incljdc^ CSLWG •"'*'.».> T.' :d*.i test in--;. <•,->- ;.,;ri<;^';i < ' ,-i»-o, >••'•-.*»»} 
cross SCCtioni to "ca'.'jreripnts ' • r>f irt-ra-ray pr'^If... . i.-,n .ror,-. .ection', , *'xr.i ; r;ir.f'. in-; 
rethods test ing, and comparison r.f .aicji.^tior-, *c ~f<r>jr<v«>r.t'1 c r lo'.e *>,ro.t.;ti rr . i . t 
Sf.cel/sodi'jr/'itcel shields. ' ^win-; to r.p'i-: c l i ' i t a ' i & n - , . , M . I / 'n-'. ' rpsul;.-. fi-cr "n> *•'•-.• 
two c*n be fJescribed here. 

Integral rp>ul t i for sevcr.il cicjenvd'.ue'. -»n-j r<M ti^n r.iv- r .st i" . <»rf ;-rc•.>••!"..•(.; i>-, 
Table 3.9.1 for *,u fast c r i t i c a l .r,ser-.l>l i c . " " .vW. ; . rr , : i_; i'.r,-. ,f f < s . , ; , r , ; , , 

http://uepart.--.ent
http://ii.it-
http://sevcr.il
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Table 3 . 9 . 1 . Eigenvalues and reaction ra te rat ios calculated using ESDF/B-IV 

ft* Assc«*lies U Asseablies 

JEZEBEL m-6.'U 2 r f t -3 / l l G001VA 

0.9926 0.9999 1.0053 1.0052 

ZP8-6/7 JPR-2/5) 

k e f f c o r r e c t e < * 

Diffusion theory 0.9889 0.9670 

Transport theory 0.9SS5 0.9919 

C / E . • • ? , ' • f 0.959 0.944 

C/E, -f f 0.922 0.906 

C/E. c/ f 1.029 

C/E. c / - ' f 1.073 

0.9969 1.0080 

0.9999 1.0053 

0.917 1.015 

1.007 0.959 

These calculations do not include recent improvements in unresolved quadrature schemes 
suggested by A'M. which have been shown to reduce the eigenvalues { e . g . . k for ZWJ-6/7 
is decreased by 0.4 } . 

Ui lute f j c r i t i c a l assemblies art: low { i ) r e la t i ve to those containing U. The calcu­
lated,-e»oerir;cnt fC/E) ra t io of 1.073 for V . / ' f is consistent with independently calcu­
lated nverpredictions of breeding ra t io (C/E breeding ra t io I ) re la t ive to those con­
taining t . The calculated/experi.-nent 'SiI) ra t io of 1.073 for " c / - ' f is consistent with 
independently calculated overpredictions of breeding r a t i o (C/E breeding ra t io 1.076 of 
which 5.4 wit-, due to an over predict ion of c/ - ' f using E'JDF/B-JII). The central r a t i o 
and total breeding have been shown to exhibit equivalent c o s s - s ^ t i o n sens i t i v i t i es . 
The integral parameters in Table 3.9.1 art also consistt . i t with those deduced at *e«er*t 
other laboratories. (The dispersion in results between various laboratories for the 
eignevalue is 0.4 . ) 

As a check on the gamma-ray production cross sections in the 126/36 coupled l ibrary 
over the f u l l range o ' incident neutron energies, a comparison was ^atfe with Fe. Ma, and 
r»i measurements performed at the Tower Shielding F a c i l i t y of 0RNI. For thermal-neutron 
capture, there appears to be no serious discrepancy between measurements and values of 
gamwa-ray production derived from our nultigroup l ib rary . The measured and multigroup 
processed integrals over gamna-ray energies above 1 HeV art wi th in the experimental error 
( 1 5 ) . The C/E rat ios due to thermal capture in Fe, f«a, and Ni were 0 .991 , 0.UK7, and 
1.06 respectively. Although the integrals compare favorably with the measurements, there 
are deviations outside the experimental error for some gamna-ray groups. Differences 
well 0'i*side the estimated experimental error ( -30 ) art observed for gamma-ray production 
ar is ing from neutron interactions above 1 MeV. The differences noted in the representative 
materials above arc the subject of continuing study. 

In addition to the fine-group composition-dependent l ib ra r ies jenerated for each of 
the c r i t i c a l s in Table 3 . 9 . 1 , <• fine-group composition-dependent l ibrary for analysis of 
problems related to CRBR has been prepared. Also, * ta i lored 39/16 oroad-group subset 
has been developed. Testing programs art currently being defined for these l i b r a r i e s . 

The results above represent only a small sample of the experience obtained to date. 
In l ight of the generally favorable results obtained, par t icu lar ly for fast reactor core 
analysis , the Radiation Shielding Information Center has packaged the l ibrary along with 
aux i l ia ry processing programs and sample problen: for general d is t r ibut ion . 

Research sponsored by ER0A Division of Reactor Development and Demonstration. LMFflR 
Program. 
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3.10 SERERAl STATUS OF ACCURACY OF EWF/JV CROSS SECTIO'.S f0» LWFB3 
# 

jftcL^w*'*v wnvt>w> * • v>i*4 

R. E. Baerker 
iSuttr.j::/ o f /M/»-r re- .»«.• ;r--<-.-.if •-<* . ,- /.:;ri:; i . . " • • • : • . : ••.• /.-.- r . Mr. '. . : . , 
June" U'i". i->77, ::.•*• •>».-•. i ' j f ; j 

The accuracy Of E3DF/IV for use in shielding calculations is f.ir superior to that of 
any previous set of EBDf evaluations, tot only nre the neutron t'-tal cress-section ieinim* 
letter represented (of the greatest importance in deep-penetration snieHin'-, calculations}, 
but for the first tie* many of the more important nuclides present in LWi-H snieidino con­
figurations have gamma-ray production cross sections as wo!I. If we li"-it ourselves to 
the nuclides of primary importance in IMFGP shielding problems, we need only consider 
tedium and the major constituents of im.onel, rild steel and stainless steel iron, 
chromium, and nickel. 

At the outset we must distin<juish between cal.'u'atinnal dis.v:rer«-e«:s with t**e 
results of highly integral e*perinents caused by usinr, a p<-or ;roi>r sTfi.'t-»rf- and/or an 
inaccurate transport method and tisin'j inaccurate hasi' data. This a~t;r.alen<-«» is seldom 
t«sy to separate, out the group structure effect can often be ascertained t*y sinple one-
dimensional "scalinq" calculations of an integral exprH'pr.t us inn, two > n-/, section sets 
- one the broad-grouped set used to calculate the r.or plete e».perfrenf an-! roc of.hrr a fine 
group set sufficient to describe the important details in toe basic data discovered by a 
sensitivity analysis. AT »rnatively, the baste data can t>e use! directly in * "point" 
Rente Carlo calculation if the statistics in the results Are adequate. Obviously, the 
transport calculation must have acceptable accuracy, and for 'he deep-peneiratfon problems 
Me at Oak Pid favor the method. 
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Generally speaking, the conclusion ippoariwg in Tabic J. 10.1 o n derive* from 
simple integral eiperuetMis that do not suffer free troop structure effects or transport 
errors in their analysis. "" 

riuciide 

Sod i jr.: 

Ta»lt 3.10.1. States of EM*/IV cross sections 

(0.0253 e») 

Adqequate to be 
re-evaluated 

InaeeojMte near the 300-kev 
•f a ten*; perhaps -i>" tat 
IOH above 1 lief; needs to 
be re-evelueted 

iiiefcel 8 too high for all Adequate 

Chroniur. Probably adequate 

Iron Generally adequate with 
perhaps -20 adjust­
ments for 1.5 ' "• S 
He¥ 

Adequate 

•info* should be 20 
loner in range 40 keV-4 
•*¥; needs to he re­
evaluated 

Poor; minima should be 20 
lower in ranee 10 kcV-S 
PleV; needs to be re-
evaluated 

Generalty adequate; perhaps 
4 too hiqh in the ranges 

1-3.2 WeV and 4-S *V; 
niniea are well represented 
in the rwqt 20 keV-l •»'* 

A recent re-eteasurenent has been perforated; see D. C. Larson. J. A. Harvey, and .1. w. 
Hi}?. "Measurement of the Neutron Total Cross Section of Sodium from 32 keV to 37 «eV," 
ORBl-TH-Sbl* (1976). 

iiespite the significant inaccuracies ir. the nickel and chromium cross sections indi­
cated in Table 3.10.1, they become of f*r less significance when combined with iron in 
Stainless steel because of the fil l ing in" of the minima by the iron. Errors in the 
stainless steel neutron total cross sections average from 2 to 6 high over the ranee 
10 keV-5 «*V. 

As an example of the accuracy of calculations based on EN0F/IV cross sections in a 
deep-penetration problem, let us consider comparisons with the upper axial shield experi­
ment, where neutron transmissions through up to 47 cm of stainless steel followed by 
4(0 cm of sodium and 62 cm of mild steel were Measured." Through up to attenuations of 
the order of 101-', a broad-group set produced disagreements of at most a factor of 3.3, 
and for most of the configurations the calculations were within 30", of the Measurements. 
A fine-group set reduced the maximum disagreement to only a factor of 1.7, with impact 
directly on inaccuracies in the basic ENOf/IV data. By folding fine-grove sensitivity 
functions of the experiment with the error fi les present in EROF/IV sodium and iron, 
estimates of a factor of about 2 uncertainty were obtained.' 

Research sponsored by EROA Division of Reactor Development and Demonstration, IWW 
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3.11 ACTIVITIES Of Tht SHlCUUBG SUSCJWttTTIE OF THE ESDF. f. 
CROSS SCCTIOK El*U»Ti«3 JORKtSl GROUP* 

ft. **. ifeussin 
f Paper to ««• j -reseat^i <*t -;:"*f.'» {aSeriMt:9.n.i* ." s.-:r% rvS.--' :•--. . - ' - j . — ; • - .-•.:• .:..-..-. 

April lt-22. I ' * 7 ? , r.-sfur.-. ZIv. T.-.-j.-.t-.--.-.-v' 

The Shielding Subcommittee of ti«e> Cross Section Evaluation '-'•rkinrt >c * ISL»j ««:, 
esteblishei in 13C8 at the request of the CSEwG chairman Sol ?earlstei" t^ *«MP er.sjre 
Mat the concent Of the E."«0F/B .roii-sectwr. Jiirar/ Mas *d*«#s*at*- for ire*ii".; s*H«.!dir..; 
problems. 

Early work of the SsifecorKTttee concentrated on devisin.7 forest far janra-ray in fr ­
action and production data, as well as providing programs for testing the cleric.** an<j 
physics consistency of the f i les . The Radiation Shielding Infomatior. center 'Hi'.i', 
collaborated directly *»th evaluators on behalf &f the rational >u.r<>* Cros* f^".io" 
Center (riTiCSC; to be'jin testing and adding data sets to te fed into Jhc official V^f ~ 
libraries. **»ese efforts, which were sponsored by AEC-ISJDT inn* •?.i£-.,r.:.r.i> ;.ere a^r-ented 
greatly through the iefense -Wclear Agency proyrar-- of establishing * working tross-
section library in t'Sif formal. The effort concentrated on evaluation an.* testim; cf 
materials of interest to -3A prolans and providing these for inclusion ir. :*» t'.r.F ' 
library. 

Shielding data testing efforts, as a part of the CSEKU Data Te^ti'!'; ^ . .ra . - . rtri? n-,m 
also an integral part of the Shielding Subconri'.tee effert. ^rocel^res tor wirir,!; *n<i 
approving the shielding benchmarks were devised i>y Shietdin-i v*tKOir'!ttee rubers, rut*-
lestimj benchmark experiments have been docur-ented and an*l J:I:4, a ^ tit* ~os? r«cerf 
results for ENOF/B-IV are as reported as part of »%Dr-230, ' Ser.-'.nrark >-st:n-: of •:.:.*,'[•.-.,'. 

Current and future activities of the subco.-*-i Ue»r inclose » ;•• .iamt; sensitivity 
coefficients for selected shielding eaperinents to t\a -siu r.-:v r••**!-w.or--,. .:'. WK.>en-
tation and analysis of new benchBiarks for ' jst reactor intcir .\ »«;,.?: ir^ms, r̂»,j ,* 
expanding formats and procedures as indicated by *he needs of tie r.«>er cornet:y rf 
EKOF/B users. 

It is expected that rauch of the new activity of the rMp!din.; v.*br.orr i t > e *ill be 
on behalf Of the controlled thereonvclear research ifj'--', ncarronii.% enrr-unity in t»ie .irea 
of new evaluations via the CTR *>rkiwj I ibr*ry and the 'Jocurentstior, and analysis nf r.ew 
integral benchmarks for fusion sources and Paterials. 

ORW. participation sponsored by [ROA Division of factor >vi:lppr>nt ar<t :,«-onsTration 
and the Defense r«clear Agency. 
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3.12 RECENT PWGttSS AT C*H IB DCTURtRIK HUCIEAR-OATA RCqUltlMWTS ' < * W T REACTOR 
SHOO UtMW US1S6 AOVAMCED SEBSITIVITT TEQRUQUCS* 

C. K. <*:*» r. R. ueiskfn 
(Arts tract of f^>?r presented a t /ntern«tioo«l A rant c Energy A^mcy -'teeeiiwj Mi Viftvrenti+i 
ami Iitttijral Micl-sar O i u Hopiireacats f«r Shi*14inf Cajcvlacian*, Oc-Mber I i - 2 5 . i*7*. 

The sensitivity analysis of a large sedfum-frea-Steel integral experiment and a 
blanket gamma-ray heating experiment bat recently been completed, allowing estimates to be 
Mde of the impact Of nuclear-data uncertainties on fast-reactor shield design. Prelte-
inary error f i les for ERuf/B-tV iron and sodium daU were used for the f i rs t time to 
estimate the effect of data uncertainties on shield performance. An in i t ia l attempt we* 
also »wte to a*j»rtt iron a#rf s«M-*» r.re«s<>?erH<m data %o tM t tbf refenlaten* »«i meesure* 
integral results were in agreement. Significant discrepancies in both the iron and sodium 
data above 1 PeV are indicated by these studies and supported by the analyses of other 
clevant integral experiments. Recent measurements of the solium total cress section in 

the sever*! hundred keV energy rang* have also had a large effect on the calculated re­
sults. A fu l l discussion of the relevant discrepancies found in the analyses of several 
integral experiments wi l l be presented in the ful l paper. 

In the course of the above-mentioned studies new methodologies for sensitivity 
analyses, uncertainty estimation, cross-section adjustment, and determining nuclear data 
requirements for shield design were developed and tested, For sensitivity work in gen­
era l , the basic concepts of "channel theory" were recently worked out to i l lustrate the 
paths taken trhotwjh a shield system by the radiatior ultimately responsible for the 
detector response of interest. In addition, cross-section adjustment procedures analogous 
to tho'e developed in Italy have for the f i rst time been implemented in the FORSS code 
syster- at ORftL. These procedures allow estimates to be made of the cross-section data 
responsible for discrepancies found in analyzing integral experiment results. Procedures 
have also been worked out to use adjustment to estimate the effects of integral measure­
ments ate differential cross-section data in meeting design constraints on shield perfor­
mance. A 1! of these new areas wil l be discussed more thoroughly in the ful l paper to be 
presented. 

• 
Research sponsored by EROA Division of Reactor Development and Demonstration, iMFBH 
Program. 

3.13 FAST REACTOR SHIELD SENSITIVITY STUDIES 
FOR STEEl-SOOIUM-IRON SYSTEMS* 

I. \*. Ob low C. R. Weisbin 
(.S:inrvir^ of pa/vr f.o foe presented -»t Fifth International Conference on Enactor Shielding, 
kptil 11-ii, 1077, KnoxviJ.it;, T-nnt-ssce) 

A sensitivity analysis of a number of integral measurements on a heterogeneous 6-m 
steel-iodsum-irrn fast reactor shield mockup was performed to determine the adequacy of 
the oasic nuclear cross-'.ection data for sodium and iron. The study was based on a fine-
group ENCF/B-IV neutronics cross-section library and utilized the complete sensitivity 
Analysis capabilities of the FGRSS code system. Preliminary ENOF/B-tf error fi les for 
sodium and iron were also used to determine calculational uncertainties for the analysis. 

The ini t ia l results of the sensitivity study, given in the form of sensitivity pro­
f i l e s , indicated that the measurements were sensitive to a wide range of nuclear data 
covering <*n entrjy ranqe from a few eV to 10 MeV. Such measurements, therefore, represent 
excellent benchmarks with which to test calculations of fast-reactor shield performance. 
literal irvMvidj*! cross-section features which were found to be important included: 
nigh-energy (5-10 kiV) anisotropic elastic scattering in sodium and steel, the SOO-keV 
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•ad 300-keV total cross-section minima in sodium, the 24-keV total cross section minimum 
fa iron, and elastic slotting down crass sections from 1 key to I eV in both sodium and 
iron. 

In tht uncertainty analysis, the sodium and iron error f i les were used to estimate 
tht confidence limits within which tht measured neutron transmissions cc*ld be calculated. 
Results here indicate that in most cases the cross-section uncertainties lead to uncer­
tainties in *ht measured integral daU of 100 or more. Such Urge uncertainties make i t 
di f f icul t to aeet shield design constraints based solely on calculated results using 
differential data only; integral experiments art s t i l l needed to reduce uncertainties. 

In tht final phase of study, the reported disagreements between calculated and 
measured results were used as the basis for a t r ia l cross-section adjustment. This step 
was taken to see what changes could be made in the basic nuclear data to significantly 
improve tht agreement. Results here indicate that reasonable changes (within the reported 
crass-section uncertainty bounds) could be made to the high-energy elastic cross-section 
data for iron and sodium and the total cross sections of these two materials in the 
vicinity of the minima at 500 ktV, 300 keV. and 24 keV. Sew differential cross-section 
measurements for sodium and integral measurements for iron in these energy ranges support 
these general conclusions. 

• 
Research sponsored by ERQA Division of Reactor Development and Detr»nstration, LOTBR 
Program. 

3.14 APPLICATION OF FORSS SENSITIVITY ARC UNCERTAINTY WETHO0O10GY 
TO FAST REACTOR BCSCiCTARK AfiALYSIS* 

C. R. Weisbin J. H. Karable J . L. Lucius E. ••. OMu* 
F. R. Hynatt P. '•- Peelle F. r,. Ptrey 

(P-print of Trans. /• .- . ; . ' J C . ' . & •••-•. •?•*, *»:•-". -'•>?•; <• •"•• » . -J- . I : •; <.•: •-"..' 7"- • • , :':.".'7"-.*.'r , 

F0RSS; is a code system used to study relationships between cross sections, integral 
experiments, performance parameter predictions, and associated uncertainties. This paper 
presents the first results of applying F0RSS to fast-reactor benchmarks. Specifically, 
for various assemblies and performance parameters, the nuclear data sensitivity is com­
puted by nuclide, reaction type and energy, 'iiclear data accuracy requirements to neet 
specified performance criteria jt minimum experimental cost are deterrrined. Uncertainties 
induced by nuclear data art quantified using preliminary, enerqy-dependent relative 
covariance matrices (evaluated assuming EN0F/8-IV) which were nor included in earlier 
reported work."-' Results of integral experiments art *r,corporate<J resulting in improved 
uncertainty estimates of reactor performance for devices being designed. 

The sensitivities of performance parameters for the 7PR-C/6A. ZPR-6/7, and G0DIVA 
CSE4G fast-reactor benchmarks- to important partial cross sections were computed using 
transport theory in 126 groups. For example, the total relative sensitivity of k in 
G00IVA to 'U fission is 0.659, while the total relative sensitivity of the central U-
capture-to- Pu-fission ratio in ZPR-6/7 to -'Pa fission is -1.073. Comprehensive 
libraries'' of energy-dependent coefficients in a computer retrievable format have been 
documented and released for distribution by 'SIC and '.r,r/c. 

Recently, standard formats and procedures were established within the [';DF,: .yster 
for the processing- ' of evaluated, correlated energy-dependent uncertainty information 
into multigroup covariance matrices. Files have been processed for U( ,.-'!. \j{ • , . ) , 
• '"'Put-,;•), 'Pu(',r), and 'Pu( ). [*he Current file for • 'P«» includes- estir.df.es of 
the correlated uncertainties to reference %tandard$, conservatism where the -easur^enf s 
art sparse, and ratio measurement correlations between Puf> ,;'} and Pu(- ..)]. 

The determination of the accuracy required of multigroup nuclear da'a to ensure at 
minimum cost a given accuracy in calculated performance parameters is cfcaracteri/ed by the 
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following: (1} a set of performance parameters . with specified accuracy requirement* 
: . , (2) » set of proposed experimental cross sections with estimated correlation tutrix . 
and variable standard-deviation vector .- to b* determined. (3) a set of sensitivity co­
efficients . ' . relating the cress sections to performance pameters .-. and (4) a cost 
function (.-) which gives «n estimate of the cost of experimental measurements as a func­
tion of the variable standard deviations --. The optimization calculation finds the 
standard deviations required of the experimental measurements in order to find a minimum 
cost subject to the constraints imposed by performance parameter accuracy requirements. 
Using an existing code for nonlinear optimisation H i t h nonlinear constraints,- - the 
following problem is solved: 

Find -- which minimizes "{--) subject to the constraints 

Here . • is the transpose of .". and .•' is a diagonal matrix, the diagonal elements of which 
are components of the vector „-. lased on our estimated correlations and standard devi­
ations, a conclusion to be drawn is that design accuracy goals of O.S in - and 2 in the 
central - ~c/-''f ratio in conventional nixed o.<ide IHFBR cores (neutronic behavior similar 
to ZPR-6/7) are unlikely to be attained in tht neat 5-10 years i f the nuclear data is 
based only on microscopic measurements and the level of effort an the most crucial cross 
sections is not increased dramatically. Incorporation of integral-experiment results is 
required, directly or indirectly, in calculating reactor performance. 

Inclusion of integral measurements in uncertainty estimation introduces correlations 
(heretofore unknown) in the covariance data which reduce the overall uncertainty •'•" 
for designs with similar neutronic sensitivities. Consider, for example, the measurements 
in ZPR-6/7 of • and of central "U-caiture/ Pu-fission with assigned uncorrected 
standard deviation ( 1 ) of I and 2 percent, respectively. Standard deviations in calcu­
lations of these two parameters for similar systems are reduced from 3.5 and 8.6 to 
0.82 and 1.8 , respectively, when the integral data are included in a cross-section 
adjustment, which changes the basic multigroup f i l e less than one standard deviation. 
Elimination of any significant downward adjustment in the - "U capture cross section can 
be effected only by significant upward revision in the reported ZPR-6/7 capture/fission 
ratio and/or its uncertainty. Changes to may be accounted for without resort to large 
changes in the '"-capture cross section by including additional reaction types (e .g . , 

'U inelastic) in the adjustment. 

« 
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K-I74C, Union Carbide Corporation. Unclear Division Computing Technology Center. 
Oak Ridge. Tennessee (Hay 30. l « e ) . 

3.15 THE IIVORTAnXE Of ntUTROK OATA IR FISSION REACTOR APPUCAUOKS* 

C. M. total' K. Henryson. I l l ' J . Hardy. Jr.* 
R. Roossin C. Ueisuin 

(Aitsf.af.-c of ?*f»-r pr>sr-ntvd ac Iat*rrn*ttonal Cunfitrvnev w. f . v Jnci-r«ctians of .?t-wtrons 
with .Vut-ivi, Jui'j • • -» . i * 7 v # bmntrii. .^ssacftusvCes, and f«bi iS .V- i :-i EMM T/C r.-port 
COBF-7b07ii-P2. p. 1127} 

The neutron data required to completely analyze fission reactors includes many 
isotopes and covers a broad energy range. In both fast and thermal reactors, the neutron 
inventory is a fine balance determined by the fission properties or ' U. :**tu. and - -*U 
and by the capture cross sections of - -U. fuel materials, structural uaterials aad 
coolant Materials. In fast reactors, the spectrum of neutrons ranges from I keV to 3 MrV 
and is influenced by the elastic and inelastic scattering properties of **U and the 
structural and coolant materials. For neutron shielding applications, the important 
neutron data includes the total cross sections of structural and coolant Materials in the 
NeV range. 

The impact of these basic nuclear data in fission reactor applications is nost 
suitably described by sensitivity analysis. For example, sensitivity coefficients com­
puted for a typica' large plutoniuu-fueled fast reactor indicate that a percent increase 
in the - ' 'Pu{- .;') cross section translates into a O.S* increase in >, a 0.7* decrease in 
the breeding ratio, and 0.71 decrease in the sodiun coolant reactivity wortr. 

Integral data tests of EROF/B-lv on the theme!-reactor benchmarks indicates that 
there »re no major deficiencies in the H.-O and • V U cross sections for thermal system. 
However, k p f f is underpredicted for lattices of slightly enriched systems with en indica­
tion that cpithermal-to-thermal '*U capture is overpredicted. Fast-reactor benchmark 
tests generally yield a less reactive system for plutonium-fueled reactors compared to 
uraniun-fueled reactors and the capture rate in - "U relative to the fuel fission rate is 
generally overpredicted in large systems. Shielding benchmark tests indicate a wide range 
of deficient neutron data, especially the total elastic and inelastic cross sections of 
iron, oxygen, and sodium in the high-energy range. 
• 
Oftttt. participation sponsored by ERDA Division of Reactor Development and Demonstration, 
IMFBR Program. 
Argonne National Laboratory. 

*Bettis Atonic Power Laboratory. 

3.16 COMPILATION OF SENSITIVITY PROFILES FOR SEVERAL CSEUG 
FAST REACTOR KNCHHARKS* 

J . H. "arable J . L. Lucius* C. R. Weisbin 
IAhstr*et of n&NL-5262, F.kDF-i14, Hatch, 1977) 

Sensitivity profiles of the multiplication factor and several central reaction rate 
ratios for five CSEWG fast-reactor benchmarks, ZPR-6/7, ZPR-0/6A, ZrK-3/11, ZPR-3/SoB, and 
GOOIVA, *rt presented in graphic form and in tabular form using SENPRO format. A summary 
table of total relative sensitivities for each of these five benchmarks is also given. 

Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFP 
Program. 

+Computer Sciences Division. 

http://Aitsf.af.-c


S7 

1.17 PUraHMKE MMCTCI UOZitTAJ STIES FOR A IARCC L i f t * * 

J . N. Htrable C. R. Utisbia 
iSamatry of papvr t * fee j»r«s«*c«rf * t Anmni .T.-etiiv «f Aat r ic jn "jci-«*r >oe: t-r-
.tone 12-17. 1977, -Vt-*r f o r i Ct ty j 

This paper reports uncertainties in performance oar a t t a r s ef a large INFER which 
result f ro* eactrttffttfes in both nuclear data and relevant integral experiments. The 
current effort i * tfce f i rs t analysis of this type actually applied to a realistic two-
dtaensienel aeatl «f an UtJBt using evaluated coveriance f i les base* upon EROF/B-lv. 

A werttini model of a 1200-HUe UtTBR was the oasis of a Wtss system sensitivity 
and uncertainty analysis. A four group cross-section sot was used in conjunction with the 
ffHftnf- diffusion theory eode to obtain sensitivity coefficients for the Multiplication 
factor :• a** the breedine ratio. The sensitivities were obtained with respect to 
7 H W(*. . - t ) . *Hl(» . . - 1 . • -*»(:.?). - J^»(>..;-} ami the neutron yield T in • Vu. Previous 
SIndies ; hove shown these to be ana**, the nest important cress sections for these two 
performance parameters. 

Calculation*! and experimental results from six integral experiments designated as 
CSCHC benchmarks' wore included in the analysis. These were ZPR-6/7 * . ( c/~r). 
l*tr r f ) , and ZPR-1/Sel k. { - ^ f / ^ f ) , ( - - ' f . ' - ' f ) . where the parentheses iaply central 
reaction rate ratios for fissiwa ( f ) and capture (c) respectively. Sensitivity coeffi­
cients for these were obtained in the four-group structure by collapsing previously 
Obtained 126-group coefficients.' 

Covariance f i les for the five nuclear data types as determined fror. basic differ­
ential cross-section weasurwerts were used to obtain standard deviations for the multi­
plication factor and breeding ratio (SRJ of the l200-"*Je node I as shown in Table 3.17.1. 
One-standard-deviation estimates for k and CR due exclusively to uncertainties in the five 
nuclear data types are 3.1 and 6.9 respectively. After including the integral experiment 
results from ZPR-6/7 and ZPR-3/S6B in an adjustment procedure which minimized the weighted 
differences between calculated and measured values, a new covariance natrix was obtained. 
By folding the sensitivity profiles with the revised covariance r-atrix, the calculated 
Standard deviations for fc and Bit of the 1200-RUe node I were reduced to 0.97 and 3.2 
respectively. The considerable reduction in the calculational uncertainty depends strongly 
on the uncertainties assigned f> the integral expcHn-ents (taker, here as 1 for k and 2 
lor central reaction rate ratios). 

Table 3.17.1. Relative standard deviations of performance Darar«ters in percent 

Reactor 
System 

Multiplication 
Factor 

Breeding-
3atio (• c / " f j ( - f / - ' f ) ( • - ' / • f ) (• f/ f) 

ZRR-6/7 3.67 8.19 4.96 

m+/T 0.66 1.71 1.33 

ZRR-3/56B 3.62 3.49 6.23 

ZOR-3/S6B; 0.61 1.41 1.44 

1200 HU(e) 
model 3.14 6.93 

1200 Mw(e) 
model' 0.97 3.23 

'Breeding ratio is here defined as (capture in fertile)/!absorptions in f issi le) : 
( *c • : '"c)/(-*a * ••* * a) . 

'Based on covarianccs of cross sections adjusted to include the data of the integral 
experiments. 
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Conclusions to be drawn from these calculations are: (1} Integral eaperiments art 
presently rehired in the design of large LhTM-tyae reactor* in order to achieve accept­
able standard deviations in performance pari—iters; (2) error analysis of the integral 
eaperiaents ere extremely important and have a direct bearing an the standard deviation 
of the calculated performance paraneters; and (3) based on current estinated cevariance 
f i les for differential and integral data and based en oar calculated 2-0 sensitivity 
coefficients, the uncertainties in k and Bit performance for the 1200-We LAW nodel *n 
1 and 3 . respectively. 

• 
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3.18 SEKSITlVITY ANALYSIS OF TRX-2 LATTICE PARAMETERS WITH EMPHASIS 
ON EPI THERMAL - "U CAPTURE* 

E. T. Tocilinson* G. de Saussure C. R. Ueisbin 
iS.ircuti . o: jX/A-r ro » • ^tuSuMcd -it nivtiMi .Ti.-eei»; o f '.fa- naaerican .Vucietfr Society, 
Jan:- 12-17, l<y7i, ;./•«,• York t"; cy; *Iso summary of report to iw published *s KfKI'HP -221 

Overprediction of epithemal '"U capture in water-moderated lattices using ETOF/B 
data has been a long-standing problem1 basic to the prediction of neutron economy and 
conversion ratio in light-water reactors. 

The objective of this paper is the determination of a recommended representation of 
the 'U capture cross section based upon available differential and specific integral 
data and the quantitative determination of the sensitivity of thermal uranium lattice 
(T»x-?; performance pa. u *ters to the cross-section shape, magnitude, and representation 
with enphasH on the first four resolved s-wave resonances. Sensitivity profiles and 
t'.variance matrices developed for • 'U capture and - ' U fission permit a quantitative 
assessment of performance parameter uncertainties due to concomitant uncertainties in 
nuclear data. 

The E'W/B-IV "U cross sections' were modified based on recent measurements and 
analysis not available to the EROf/B-lV evaluators. ' ' The change from ENDF/B-IV to the 
recommended cross sections is described below. 

The values of the capture widths of the levels at 6.67 eV, 20.9 eV, and 36.b eV were 
inenqed from their EWF/E-IV values of 25.6 mV, 26.8 mV, and 26.0 mV, respectively, to 
23.0 mV. The values of the neutron widths of the levels at 20.9 eV and 36.8 eV were 
changed from their ENDF/B-IV values of 8.8 mV and 33.1 mV to 10 *V and 33.S mV, respec­
tively. Minor modifications were done to the scattering and capture smooth f i les , ' and 
the resolved s-waves levels were treated with the multilevel Breit-Wigner formula rather 
than the single-Uve) formula. 
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A tentative adjusted le t of cress-sectio* dot* was obtained, which is consistent with 
tat aicroscosfc M u r M D t t end winiwites tht weighted differences between Our calculated 
««f Vm neeswred velvet of tht perfamanco parentttrs for TM-2. Th* actual adjustments 
to the i ' n . w i f i H data w«r» •iotacl such that the i uonmndtJ evaluation, be^-d solely 
•son differential •easnrnmntt. could be Mtd without adjustment while maintaining con-
sistent aortcntnt with calculated Tl l -2 performance. 

In T»ble 3.18.1 wt compare the experimental values of the aain 7RX-2 performance 
parameters with values computed with EmVF/B-l* end with the "reconmndtd" and the 'ad­
justed*' sets of cross sections. 

Table 3 . IS . I . Experimental and calculated values of TRI-2 performance parameters 

Sarple 
wc wmc iidcd Wjusted Vthods 

Parameter Experimental E»f/B-!V Data Set Data Set Difference 

k . f f 1.0000 1.0012 1.0046 0.0035 I.CGC3 0.0009 •0.009 

:-- 0.837 - 0.016 0.867 0.843 • C.0G7 0.845 • 0.006 •*.Q2 

0.0614 - 0.0008 0.0602 0.06G? 0.001? 0.610 0.9006 •C.9CQ9 

0.0693 0.0035 0.O69B 0.06% • 0.0003 0.069R 0.0001 • 0. r:0 3 

CR 0 647 0.006 0.64S 0.637 • 0.005 0.643 • C.003 •0.006 

The uncertaint ies given for the computed quantit ies *rt due to uncertainties in 
nuclear data and were obtained from the F0RSS systen* by folding the sens i t i v i ty p r o f i l e 
wi th the error covarience matrix. » : ' A "sample rethods difference" was obtained t>y 
cooper i no. two independent c a l c u l a t i o n s - using the sane 'i*t« set and -ay it- interpreted as 
an estimate of the error in the calculat ion due to "-ethods i q e a e l r i c r e i c l i n g , - j i t i -
ureup treatment, e t c . ) . 

The a * i n conclusions of this study *rt that the results of recent r«.a«^rerer>t> v.-.-
eest a modification o f the EHOf/B-IV representation of the lew-energy cross sections o« 
• '*W; calculat ions of TRX-2 performance paraineters rwte with t»»e reconrendei cross '•<•..-
l ions y ie ld results in f a i r agreement with the "teasurenents; and u n e r t a i f - i e s . I M :•:•• 
methods ere as large or larger than those due to nuclear data. 

Research sponsored by U e c t r i c Power Research Ins t i tu te . 
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University (October, 1976,. 
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7. - fe t t Formats em* Procedures for the OCT Neutron Cross Sec t i e * l ibrary." N. K. Drake. 
I d . , WL-S02M (ItTO). 

t . 6. R. lief sofa et » 1 . . 'Application of FQRSS Sensitivity end Uncertainty *thodolegy 
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10. He or* indebted to R. U. Peelle for an error cevariance matrix for U-23S. private 
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11. u. Rotheastftin, 'Thermal-Reactor Lattice Analyst " * * • • OSF/I- IV OaU •*««•» "ante 
Carlo Resonance Reaction Rates." Rwcl. Sci. En§. St. » " (Apri l . I t * * ) . 

3.19 ACTIIIIK TRARSMUTATIOk: CROSS SECTfORS, KTHQQS 
AND REACTOR SERSITIflTY STUDIES* 

6. U. Morrison' T. J . torus C. R. Uetsoin 
(frpzinc of Trans. As. "acl. Soc. - J . 5 « , 2*7*/ 

One of the potential techniques of disposal of long-li«ed radioactive actinide wastes 
from fission reactors is the transmutation of these nuclides into f issi le isotopes in a 
reactor. Subsequent fission yields highly radioactive hot relatively short-lived fission 
products which can be disposed of using conventional storage techniques. In order to 
evaluate the feasibility of this Method of disposal, one needs to quantify the effect of 
the transmutation on the actinide hazard and the sensitivity of the fission reactor 
performance parameters to the actinide recycle. 

Sone preliminary investigations in the area of actinide transmutation have been done 
previously.'-*' However, Much of the nuclear data available at the tine of these calcula­
tions can best be described as incoBplete. In addition, the calculations used a simpli-
fied reactor Model. Recently tht Savannah River Laboratory7 has prepared a new evaluation 
of actinide nuclear data which provides considerably nore infernal ion. The purpose of 
this paper is to describe the results of a feasibility study of this actinide trensmuta-
tion technique using this nore recent evaluation. In particular, *e : 

1) Develop multigroup actinide libraries based upon EROF/ft-IV supplenented by 
the recent SRL evaluated data. 

2) Specify the reactor models to be util ized for detailed transmutation and 
sensitivity studies. 

3) Compare actinide generation and production results using different reactor 
wodels ( i . e . , the tero-diMonsfonal approximation employed by ORIGEn" versus 
the more rigorous space-depondor-t depletion capability of CITATION). 

4) Perform sensitivity analysis of the effect of actinide recycle on reactor 
performance parameters such as * . , . , breeding rat io , etc. 

Two multlgroup cross-section libraries were developed using H I M , 1 7 a 1?§-grovp set 
for fast reactor studies and an 84-group thermal reactor library. Isotopes ;«ngtng from 
; -Th to ; , , E s were considered. The cross sections have ben checked both visually and by 
comparison with existing ORIGIN f i les . [Resonance integrals ware verified where appli­
cable.] I t must be pointed out, however, thai *ven these libraries ere clearly prelim­
inary in nature since there ere many energy regions for which experimental data ere non­
existent. 
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The effect af actinia* recycle on reactor eoeratiae orfe-maac* oaraaeters wit 
eaelytei «sf*t the •enerelixei linear perturbation capability of the FQtSS'- syste*. The 
tffexts of bath the ejeMtfty of recycle* actiniae* M i their ptacanfmt within the "trans-
•wtettea" reactor Mtrt cauMmri. "1§ere J-U. l illustrates t* t sensitivity of the 

ffaf rat i* f« a sfanpliffei (ttM-reffe*) fast-reactor aeeel to Vm replace***! of u 
--«• oa ON ana far ate* basis. (Statlor -oeraj otponiont profile* are available for 
wxliios fa the actiniae chain.] The total fractional chen§e in the breetfin§ ratio 

(par to ^ ! A B svbstitutei) enenats to -t.O s 10* , with t j of the effect attributable to 
the : ! *U roaevel. "omits for other reactor p i n t tors at well as other ectinide nuclides 
b*re also been obtaine*. 
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Fig. 3.1*.I. Breeding ratio sensitivity profile. Solid line', indicate negative 
values. 
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3.20 PROPAGATION OF UNCERTAINTIES IN FISSION CROSS SECTION STANDARDS IN THE 
INTERPRETATION AND UTILIZATION OF CRITICAL BENOftVK MEASUREMENTS* 

C. R. Weisbin R. W. Peelle 
(Abstract of p*i*-i to be pn-scntud <tt Int'.-rnmtiorml .'»,-*.*raiist.-; Sifaposivr. •*> .'.'••utran 
Standards and Applications, Karch 1$-U, 1)17, -jtion.il Burma of ::r*n»Ur<i.-;, <^nth*-rr.bur<f. 
."f.ir,-ijn.i; 

This work explores the constraints imposed on the U(-,.) standard (proposed ENOF/B 
Version V) by information deduct4 from clean integral measurements and demonstrates how 
uncerUinties in fission cross section standards propagate in an uncertainty analysis and 
interpretation of those experiments. The question of what a significant improvement in 
the accuracy of the ''U(.,;') standard would accomplish is addressed in the limited 
contest of analyses of G00IVA and JEZEBEL measurements. 

The CSEWG integral benchmark results and uncertainties were updated in accordance 
with more recent information. Sensitivity coeficientt were developed and used to estimate 
calculated results which should be obtained using tht subsequent release of "U(-,;'), 
•''«(»:.;"). and - ''Pu(».,;') *t version V status. Covariance filet were evaluated and pro­
cessed for all important cross sections with the sole exception being inelastic scattering 
for all levels and the continuum. 

http://0nL.TR.4224
http://-jtion.il
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Uncertainties due to U» l 5U(*:,J") standard, MOT* estimated to comprise w e then Half 
• f the calculated uncertainty for cr i t ical i ty and • ' • . / 5 . > . spectral index in JEZEBEL 
M well as GOOIVA, though the JEZEBEL assembly contained no' ' *u . «e are not able. at 
this t i n * , to predict cr i t icel t ty or -:-*s / " - - . > to anywhere near the accuracy obtained 
by direct a t o w t w t t . an* therefore the iott fral results are significant to our analysis 
capability. Inclusion Of integral information free GODItt and JEZEBEL in an adjustment 
procedure M M effect:** in reconciline. a l l parameter* other than - '. J - > . Measurement 
In JEZEBtl for which current calculations and nveswrwntnt *r% in disagreement. The adjust* 
• l e t procedure wed* chaanes of less than one sUndard deviation in tH* cross sections for 
: i «('-»:*). ; , HI(«..- .J. • ! | M ( - . , ; 1 . J HI{>., . ) . and 5 * r u ( ' , ; ) . including an increase of 1.5 
for the '«(•.».•') cross section above 1.3 KeV. This specific ad jus Com t result cculd 
c henna, with inclusion cf inelastic covariance f i l e and nust be viewed cautiously *t thU 
turn. 

•esearch sponsor** by EMM Division of Reactor Drveloonent and Demonstration, LHPBR 
Profrar. 

3.21 FUTUK OiRECTIORS FOR SERSITIWT-BASED DATA ASSESSKE?iT* 

C. R. weisbin E. •». Oblow :. H. "arable 

J»n*> 12-17, 1*77, : . tv Yatk i ' : t } i 

The purpose of this paper is to identify priority development retirements for 
sensitivity-based uncertainty estimation and data assessment. The key research areas 
discussed arise fro* near-terra needs in the QRHl EORSS developnent ef'ort but *r* ob­
viously cannon to investigations under Mty at SPI,- ASt, U S l . and elsewhere. The 
application areas *rt broad and include fission and fusitn. core and shield analysis. 

Significant expansion of the evaluated and processed ccrariante fi les is essential 
for further Jcvelopment in this f ie ld. ETiOF,'?,-".' is expected to ;ncl.*ie uncertainties for 
a large mnber of materials as well as cross-section uncertainties Educed ihrovgh ratio 
scasurenents relative to standards and uncertainties in individual r«".o!/eti resonance 
parameters. Covariance f i l e data and formats *rt needed for secondary ei*rty and angular 
distributions as well as unresolved resonance region i«tr*r*ters. -JfttUtt uncertainty 
analysis absolutely requires- that a corcplenentary effort be undertaken tG quantify 
uncertainties associated with integra' experirents. In idtittion. cost/benefit analysis of 
new differential and integral reasurenents ta i ls for • ' • • quantitative ostirates and 
functional dependence of the projected cost for each new <-easi»rer-*nt. ^asonable results 
for the specification of cross-section measurement priorities will only be achieved if 
there ere clearly stated design criteria arrf the knowledge deduced fror integral experi­
ments is factored into the "inverse probter" (ref. I; -solution. 

Intensified effort is required in the identification and separation of method; ana 
data uncertainties. Techniques for generating sensitivities to nuclear data f i l e param­
eters- (rather than group-averaged quantities; wil l receive increasing attention, as will 
the definition and inclusion of methods bias ;n the adjustment process. Production u%r. 
of 2-D and even 3-D sensitivity analysis is vital tar application to real design problem. 
The methodology for collapsing sensitivity profiles sn4 covariance matrices needs to be 
expanded. Horeover, i t may be possible lo develop production capability which extends the 
accuracy of sensitivity analysis beyond first-order perturbation theory. This should t>e 
explored. Hethods for generating sensitivity profiles including constraints ( i . e . . 
k-reset) for existing systars (e .g . , crit ical assemblies) need to be investigated. 

with the development of such a powerful analytical tool, the desire to broken the 
scope of its Application to related, and nore complicated problems, is inescapable. 
Extension of sensitivity analysis into the lisie donain * for fuel c/cle analysis is 
clearly inportant. Automated shield optirri/atipn techniques arc being developed and 
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wi l l be t t t M M to car* analysis. Sensitivity theory is mm being applied to to* eetiaal 
selection ef *vlti«reep tnsrgy beuaderies. ! , ; Finally, no discipline w M at cap ia t * 
without edeeuete decu*e*Utiea af i ts cenewter cedes, sane-le ereelaajs, standard l ibraries, 
etc. A* associated diff iculty is siaply coping and preserviag the haft aaaeat af iater-
nation being generate* end analyzed. 

Sensitivity and uncertainty analysis has eseeaded greatly ia tat last fiva years. 
Rech has been dene, end Much reneies to be dene. 

Research sponsored by EROA Division af Reactor Oevolepnant end Doneiutratiea. IRFM 
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4.1 ARMLttlS OF TMC TSF-FFTF IM3MCL EMKRIKfJIT: CALCULATIONS OF KEUTMM 
TMRSrOtT AM) SCCONOART CAffM-HAY rHOOUCTIOR MO TPJWSPORT IN IRCORCL 

t . C. Roerfter S. Uchida~ Lorraine S. Abbott 
(Abstract o f 0*3L/T*-49S9. » y . i » 7 * / 

This report describes the analysis of an experiment performed at the 0*M. Tower 
Shielding Facility to investigate the neutron-attenuating and ginni-ray-producing prop­
erties of income' and to provide an experimental base for testing the cross sections of 
nickel, the primary constitMcnt of intone!. In the experiment, rectangular sl*es of 
taconel 2*1/2 and S in. thick were positioned in a reactor bean behind a spectrum modifier 
and neutron and gamma-ray measui smuts were made at various locations beyond thx configura-
tions. In the analysis, the configurations were nocked op in cylindrical ocometr/, with 
the cylinder axis coinciding with the bean axis. Calculations of the neutron count 
rotes and energy flaxes were performed with the DOT discrete ordinate* ;ode in combination 
with the analytic first-collision code GRTURCl and the last-collision code FALSTF. Tne 
calculated Bonner ball coont rates were 7 to 37' higher than those measured on the axis 
24 in. behind the configurations, the difference being greater for the thinner configura­
tion. Similar discrepancies occurred between the calculated and measured hydrogen counter 
energy fluxes 12 in. behind the configurations, but for the nMifcer energies covered by 
the MF.-213 spectrometer, the calculated neutron energy fluxes for a position 19 ft behind 
the configurations were lower than the measured fluxes and the discrepancies were greater 
for the thicker configuration. 

Calculations of gamma-ray energy fluxes, performed for an Nal spectrometer location 
45 deg from the reactor beam, were divided into two parts: DOT calculations of the 
secondary gamma rays produced within the configuration*, and OGRE Honte Carlo calculations 
of core gamma rays scattered from the cor'igurations. The calculated and measured total 
fluxes for both configurations agreed within -30' except at high energies, where the 
calculations were 60 to 65' too high. This indicated that the gamma-ray production cross 
sections for nickel were adequate except for the 8.5-«eV and/or 9-Kev capture qanww rays. 
• 
Research sponsored by ERDA Division of Reactor Development and Demonstration, LMfBR 
Program. 
Hitachi Research Laboratory, Hitachi, Limited, Hitachishi, IbaraH-ken, Japan. 

4.2 ANALYSIS OF THE TSF THREE-DIWHSIOHAL STOREO-FUEL EXPERIMENT FOR THE CRBR* 

R. I . Childs Margaret B. Emmett F. R. Mynatt Lorraine S. Abbott 
(Abstract of OR.Vt-5i*7, September, 197-J 

This report describes the analysis of a Tower Shielding Facility experinent performed 
to study the transport of radiation through a mockup of an early shield design for the 
Clinch River Breeder Reactor, the radiation source hwing a cnllimated beai» of reactor 
neutrons modified to have the enerjy spectrum of a fast reactor. The mcerup mv»»r«i the 
radial regions between tne CRBR core and th- reactor vessel wall , including a rer-.ion 
outside the radial shield in which fuel assemblies were to be itored temporarily. M 
particular concern in this design was the enhancement of the fast-neutron fluxes outside 
the vessel wall due to fissions in the stored fuel. The experiment yielded direct infor­
mation on the degree of enhancement and its analysis served as a test of the ovulat ional 
technique and nuclear data used to predict stored-fuel contributions to the neutron 
fluxes in the CRBR reactor cavity. In the technique the two-dimensional discrete ordin-
ates code DOT is coupled to the three-dimensional Monte Carlo code MORSE. the latter 
required to accurately describe the geometry of the stored-fuel region. Whpn this 
approach was applied to the experimental configuration, 'he calculated an! reasured fluxes 
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Mere in mineral agreement. However, far some configuration the calculated flines were 
30". lower than the measured flutes, and the cause of this inconsistency h*s net jet been 
determined. 

Research sponsored by EMM Division of Reactor Development and Demonstration. iMFe* 
Program. 
Computer Sciences Division. 

4.3 TSF KASUREKKTS OF mfUTNft TMWS*ISSIQ* THROUGH Ml AI-INTM 
LOME* AlML SHIELD ItXKU** 

C. E. Clifford F. J. Huckeuthaler ». R. Stevens' 
(Abstract of OKML-5l7$. in press) 

This report describes the results of an experiment perforce* at the ORNL Tomer 
Shielding Facility to measure neutron transmission throng* a mockup of a blanket-shield 
assembly designed by Atomics International for the lower axial region of the Liquid Metal 
Fast Breeder Reactor demonstration plant. The neutron source for the experiment mas 
a colligated beam from the Tomer Shielding Reactor II modified to simulate the energy 
spectrun of a fast reactor. The mockup contained a U0 blanket region and a sodium-flow 
transition region, both of which were penetrated by a cylindrical plug simulating various 
conditions in a central control-rod channel, plus upper and lower grid plates separated 
by a sodium plenum region. The objectives of the experiment were (1) to provide an 
experimental btse to evaluate the adequacy of calculational techniques for predicting 
neutron streaming through control rod penetrations and (2) to determine the neutron attenu­
ation in the unperturbed lower axial shield. Measurements were made of the fluence and 
energy spcitta of neutrons both within and emerging from several different configurations 
comprised of sections of the mockup. The complete set of data obtained in the experiment 
*n presented here. 

• _ 
Research sponsored by ERDA Division of Reactor Development and Demonstration, LNfBR 
Program. 
The University of Tennessee. 

4.4 ANALYSIS OF TSF EIPERIKEKT WITH AI-LHFBR LOWER AXIAL SHIELD HOCKUP* 

R. L. Chi Ids V. C. Baker' F. R. Hynett lorrtint S. Abbott 
(Abstract nf OHHL-5179, .fujy, I97t>) 

This report describes the analysis of an experiment performed at the O M L Tower 
Shielding Facility with a mockup of a blanket-shield assembly designed by Atomics Inter­
national for the lower axial region of the Liquid Hetal Fast Breeder Reactor demonstration 
plant. The neutron source for the experiment wot a col (wasted beam from the TSF reactor 
modified to simulate the energy spectrum of a fast reactor. The mockup contained a U0 7 blanket region and a sndium-flow transition region, both of which were penetrated by a 
cylindrical plug simulating various conditions in a central control-rod channel, plus 
upper and lower grid plates separated by a sodium plenum region. Measurements of the 
neutron energy flux were mad* with various detectors beyond the blanket and transition 
regions and at locations within the full configuration. The analysis was performed with 
the DOT-lit dtscrete ordinates transport code in two-dimensional cylindrical geometry. 
Calculated detector responses were in good agreement with the measured responses in the 
tnergy region from 10 fceV to 1.4 HeV and were in reasonable agreement at higher energies 
(within 30?). At lower energies, however, the calculated responses wire lower than the 
measured responses by factors of two to five, and the reason for the disparity has not 
yet been determined. Applying stainless steel damage factors to the calculated fluxes 
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beyond I M «f *he cemfiourations indicated that neutron streaming through a central sodium-
filled control-red channel in the lower UC- blanket reoion of a reactor could considerably 
increase the radiation damage alone the axis of a stainless steel grid plate. 

•rsearch sponsored by EMM Division of Reactor Development and Demonstration. CRBR 
rTOOra»-

Conputer Sciences Division. 
The University of Tennessee. 

4.S EWUHERTAL STUDIES OF RADIATION HEATING IN IRON AND STAINLESS STEEL 
SHIELDS FOR THE CRM PROJECT 

C. E. Clifford F. J. ffuckenthaler R. E. ffeerker P. R. Stevens R. K. Abele' 
6. 6. Simons' T. J. Yule* W. J. Driscoll* 

(Abstract of OteiL-iif-l, rvbruan. l?7~: prel iminary rrpnrr :ssw-i •».« ns.vL/Txr—t-»»S, 
Jamwrii, 1976} 

This report describes a series of radiation hee'ing measurements in heavy-metal 
shield configurations performed at the Oafc Ridge National Laborstory. Simultaneous 
measurements were -nade by personnel fron the Argonne Rational Laboratory, fror. the 
hmssaclwsetts Institute of "technology and from the Oat Ridge Rational Laboratory. The 
experimental techniques being evaluated involved the use of calciur- fluoride (Car } and 
lithium fluoride ( LiF) themcluminescent dosimeters (TLDs) and a hitih-pressure arion-
krypton filled ion chamber designed and built by the Oak P.idoe National Laboratory 
Instrumentation and Controls Division. Intercorparison of the eaperinental results aid 
comparison with calculation provides a meaningful evaluation of these ejpe'irental tech­
niques for measuring the energy depositions. 

It Mas shown that the Lif-Ti0 measurements and tie ion chanN»r results mere sbo^t 
14" higher than the CaF -TLD i-easurements. The calculations were found to b*- »'.**»*. P-5 
lower than the CaF,-TLD measurements for the iron cwifiouration and abcat 15-.?^ Icwr 
than the CaF -TLD Measurements for the stainless steel configuration. Even greater dis-
parities were found between calculation and neasurerent for the lif-TLP an.-f ion chamber 
dosimeters. 

• 
Research sponsored by ERDA Division of Praetor DpvHopr-ent an<j Demonstration. LW5? 
Program. 
The University of Tennessee. 
Instrumentation and Controls Division. 
Aroonne National Laboratory. Idaho Falls. 
Argonne Rational Laboratory, Chicago. 
Massachusetts Institute of Technology. 

4.6 ANALYSES OF TSF EXPERIMENTS OK RADIATION HEATI'tG Vi IRC; ASD STAINLESS STEEL CRBR 
RADIAL SHIELD HOCKIJPS USISG A l5-l/4-in.-DIAVTTffi f.Ol.i.I«AT!:n REAM SOURCE* 

R. E. Kaerker T. J. Burns 
(Al<st.t i_-r , . ' "•••.;/7V- ' . .V' 1 , f : n - , .' C > 

This report describes the results of discrete ordinate', calculations usinq a standard 
design cross section set that were pade of the neutrnn and n»rr» -m/ fluxes throughout 
several of the iron and stainless steel configuration', in the CRBR radial shield rockup 
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radiation heating oipariweats porfacaad «t the Tewer Shteldfag Facility <• W * . Cam­
paris*** of the calculated heating rates with tie QML-CaT; TlD measured values shew 
•gi e—eat te within *10K taiaapaat the ire* ceafigwretten and *ISt throeghoet the stain­
less steel configuration. Camperisens af the teaaer hall caeettag rates aad geame-ray 
spectra behind each ceaf igwrattea else shew similar agrcoaemt. A sensitivity analysis 
ef the irea ceefigurattea indicated that the gamma-ray heetteg was east sensitive ta 
neatrea transport threafh the spectral nadifier aad blanket that immediately precede the 
irea, and that the gemma-ray heating far each detecter was extremely lecalited, arising 
fram gemma rays predated within aaevt S ca af the detectar. 

%eseerch sponsored by EM* Oivtsiea ef •eacter Development and Daaeastratiaa, U f M 
Fregrem. 

4.7 mKsmmxt MO CALCUUTIOR OF sccoaantr mm NATS KSULTIIB; FROH 
EIFQSORC OF Ft. Ph. MO H ;0 TO TNC AM M M SFfCTMPT 

A. S. NMariaxV W. C. Ford. I l l * K. t . Terabull* 
(Abstract of 0*SL/TH-S*7I, in press; 

Integral experimnts were performed ta measure the angular distribatiea ef secondary 
gamma rays produced when various thicknesses of Fe, Fb. and K:.0 saaples were exposed te 
hare and te fcX-flltered neutron beams fraa the Peseerch teacter of Egypt. For selected 
experiments, naltigroup coupled newtron-eanes cross sections end a discrete erdinetes 
transport theory code (D0T4FI-H) were wsed to calculate the secondary gamma rays aad the 
transport of priaary aaaaa rays. Integral ceaparisans between the calculated and measured 
spectra were favorable. 

Graphical comparisons of the aeasored flux for various angles of incidence of the 
nevtren betas on the saaples. for various angles of exit on the transaitted side of the 
saaples. aad for various sample thicknesses »rt shown. The cooperisons shew that the 
aagolar distribution of secondary game* rays for the three asterieis changes slightly 
with « change in the angle ef beam incident on the senate bat increasing the angle between 
the norml to the sanple and the detector by *0* decreases the measured secondary gamma-ray 
flux tip to a factor of two. 

An investigation was node to determine the consequences of using single scatter 
Coapton theory verses using discrete ordinates transport calculations to estiaete the 
priaary gaaaa-ray contribution to the aeasured photon spectra. 

> 
ORAL participation sponsored by EMM Division of Reactor Development and Demonstration, 
U F M Prograa. 
Atonic Energy Establishment of Egypt. 
Computer Sciences division. 

4.8 SECONDARY GAMMA RAT MbXUCTIOR III IKON AM) NATURAL THORIUM 
FROM CALIFORNIUM FISSION SPECTRUM NEUTRONS 

A. S. Makeriousf 

(Abstract of 0**X/lW-5«75, ftarcn, 1*77) 

Measureaent of the secondary ojeme-rey spectra froa the interaction of a • "••"Cf 
fission neutron spectrum with iron saaples of different thicknesses *nd a "'-Th sample 
have been performed at the Tower Shielding Facility at OML. A 5-1n. by 5-in.-diaa Nal 
(Tl) scintillation spectrometer was used. The aeasured or 0.846-feV gaaaa ray from 
neutron Inelastic scattering in iron was compered with calculations using the differential 
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values of cress sections M a function of incident neutron energy. This is an integral 
check far these differential c m s sections. Thorium, as far as we knew, had not been 
investigated Refer* f * r this fast-neutron aaeioj range. Even though a peak at 0.184 NeV 
was few**, i t M M fe l t that th* resulting large cross-section value obtained aide i t 
highly i f r e l d l l d that the gamma ray can* from a fast-neutron interaction. Search for 
ether possible neutron-induced gum* rays was very di f f icul t Owe to the high intensity 
• f naturally radioactive eanw rays from chorion i tsel f . 

Research sponsored by ERDA Division of Reactor Development and Demonstration. uejBR 

*tanic Energy Establishment of Egypt. 

4 . t htUTROR TOTAL CROSS SECT I On CHECKS FOR IRON. CNROmiRI. RICKEL. 
STAIRLESS STEEL. SOOIUR ARO CMatM* 

R. E. Roerfcer C. E. Clifford F. J. nuckentheler 
IAbstr»ct of OHUL-SOl). April, I*7») 

Util izing detectors in good geometry at the Tower Shielding Facility behind various 
thicknesses of iron, chromium, and nickel provided experimental data for checking neutron 
tatt t cross sections of these elements. In addition, data behind a type 304L stainless 
steal and carbon were also obtained, as were some data behind sodium. These data were 
then compared with data from the total cross-section files of both versions I I I and iv 
of EROF/R. Results of these comparisons indicate version IV to be generally superior to 
version I I I . but further improvement in version IV is possible for a l l elements tested. 
In particular, minima in the total cross sections for both chromium and nickel a-* 
apparently s t i l l poorly represented in version IV for all energies above 10 keV. 

Research sponsored by EROA Division of Reactor Development and Demonstration. LMFBR 
Program. 

4.10 DETtiWIRATIOR OF THE NEUTRON ENERGY AND SPATIAL DISTRIBUTIONS OF THE 
HT'jTf JR tEAH FROM THE TSR-II IH THE LARGE BEAM SHIELD* 

C. E. Clifford F. J . Muckenthaler 
(Abstract of GfHi^/TX-5225. J*nmrv, J ' 7 I , J 

The TSR-II reactor of the ORRL Tower Shielding Facility has recently been relocated 
within a new, fixed shield. A principal feature of the new shield is a beam port of con­
siderably larger »rt$ than that of its predecessor. The usable neutron flux has thereby 
been increased by a factor of 200. 

The bare beam neutron spectrun behind the new shield has been experimentally deter­
mined over the energy range from 0.8 to 16 NeV. A hiqh level of fission-product qamma-
rey background prevented measurement of bare beam spectra below O.e KeV; however, neutron 
spectra in the energy range from 8 keV to 1.4 MeV were obtained for two simple, calculable 
shielding configurations. Also measured in the present work were weighted integral flux 
distributions and fast-neutron dose rates. Results »re presented in detailed tabular 
form and, where feasible, in the form of graphs. 

» 
Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR 
Program. 
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4.11 KASUtCTWTS MB CJU.CUUTIOBS OF RfUTnt* tUOK THROUGH * SIHJlATIOm 
OF THE C W UPPER Alttt, SMiaDIK* 

R. C Haerker F. J . ftjckenthaler 
•Reprint of T r « s . Am. sacl. Sac. 23, ill. I97f>; *Iso summmrv of p*pmr to be presented at 
fifth /nCeriutionai Conference- on Reactor Shielding. April 1»-12. 1*77. Knomriile. 
T H i w r !•««•; 

Heasuri—nts. using a 4- in. Bonner ba l l , have bet* mode of the neutron fluxes pene-
•.rating a simulation of 00ft upper axial shielding at the Toner Shielding Facility. This 
shielding is one of the determining factors in the biological dose to personnel on the. 
to? deck. The simulation consisted of a 45.7-cn-thick slob of SS-304 followed by a series 
of *ndiam tanks having a total thickness of 457 en followed by slabs of carbon steel «n 
to C O cm thick. Heasuii—nts were node behind the stainless steel , behind intermediate 
thicknesses of 152 cm. 305 cat. and 457 cm of sedinm (with the stainless steel in place), 
and behind various thicknesses of the carbon steel following both 305 en and 457 cm of 
sodiun (also «ith the stainless steel in place). 

Since the attenuation of the ful l configuration is of the order of 1 0 l : , the source 
bean fron the TSR-II had to be intensified over that fron an earlier arrangement.: By 
replacing the old collimator arrangement with a shorter one and opening up the collimator 
to the ful l diameter of the core ( M cm), the intensity MOS increased by a factor of 
200. The maximum operating power level capability was also increased from 100 kU to 1 Mi. 
Thus, maximum surface integrated fluxes were enhanced by about a factor of 2000 over these 
using the old collimator. 

The neutron source emerging fro* the new large beam shield can be represented as a 
disc source. The energy, angular, and spatial distribution of this source was determined 
by normalizing ANISN calculations of the pressure vessel leakage to free-f ield measure­
ments u'ing the large beam shield.-"' 1 The adjusted disc source reproduced almost al l of 
the free-field measurements to within -10". 

Calculations of the fluxes'* through each configuration of the upper axial shield 
using the disc source were performed using DOT.- A 51-group P, representation of ENOF/IV 
cross sections was employed. A forward biased 100-angle quadrature set was used in lieu 
of a first-collision source procedure. The geometry of each calculation included the 
collimator and also the shielding around the sides of the configuration. A comparison 
of the calculated and measured results is shown in Table 4.11.1. 

From Table 4.11.1 i t appears that, as anticipated by preanalysis, the 51-group cal­
culations underpredict the Bonner ball reaction rates for neutrons transmitted through the 
larger thicknesses of iron following the 457 cm of sodium. For these thicknesses, 
sensitivity analysis has shown' the transport to be governed by three processes - neutron 
transmission above 3 HeV through the stainless steel, nctron transmission through the 
300-keV window in sodium, and neutron transmission through the 24-keV window in iron. The 
51 -group set is known to be deficient in the latter two regions because of the broad-
group structure, and from comparisons with NE-213 measurements made behind the stainless 
steel, i t is apparently deficient in the f i rs t region as well . 

Research sponsored by ERDA Division of Reactor Development and Demonstration, IHFBR 
Program. 

1. R. E. Maerker and F. J . Huckenthaler, "The Absolute Neutron Spectrum Emerging Through 
a 15-1/4 in. Collimator from the TSR-II Reactor at the Tower Shielding Facility," 
ORhl-Trt-4010 (1972). 

2. C. E. Clifford and F. J . Pfctckenfftlftr, "A Determination of the Neutron Energy and 
Spatial Distributions of the Neutron Beam from the TSR-II in the Large Beam Shield," 
ORNL-TN-5225 (1976). 
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Tabic 4.11.1 Comparison of calculated aiMj Measured 4- in . Somter ball 
couttiwa rates 

Counts/sec/watt 

Configuration' Calculated Measured Ctlc/Mtas. 

45.7 cm SS 2.25(2): 2.73(2) 0.83 
45.7 cm SS • 152 CM Ha 1.14(2} 1.57(2) 0.73 
45.7 CM SS • 305 CM Ha 1.70(0} 2.70(0) 0-63 
45.7 CM SS • 335 CM H» * 15.2 CM Fe 2.87{-2) 3.43(-2) 0.84 
45.7 CM SS • 305 CM Ha • 30.5 CM Fe 7.35(-4J 8.08(-4) 0-91 
45.7 CM SS • 305 CM Ha • 45.7 CM Fe 1.37{-4) 1.90(-4) 0.72 
45.7 OB SS * 305 CM Ha • 61.0 CM Fe 5.42(-5) 8.58(-5) 0.63 
45.7 ca SS • 457 CM Ha l.W(-Z) 2.03(-2) 0.69 
45.7 o S S « 457 CM Ha • 15.2 cm Fe l-34(-4) 1.14(-4) 1.17 
45.7 CM SS • 457 CM Ha • 30.5 CM Fe 1.49(-6) 9.78(-7) 1.53 
45.7 CM SS • 457 CM Ha • 40.6 CM Fe 1.54(-7) 473C-7) 0.33 
45.7 o»SS • 457 CM Ha • 50.8 cm Fe 4.85(-8) 3.08(-7)' •M6 
45.7 o» SS • 457 CM Ha • 61.0 cut Fe 2.67(-S) 7.93(-*r 0.34 

'All configurations except the 45.7 cm SS were backed by a 12.7-cm void followed 
by a 30.5-cm-thick slab of lithium hydride when the -Measurements were performed. 
The detector was placed in the center of the void. For the 45.7 cw SS con­
figuration, the Measurements (including other detectors not mentioned here) 
were Made in air 168 CM behind the slab. 
Read: 2.25 x 10 : . 
One of these Measurements is probably in error. Judoinn from the slopes of 
the two curves behind 305 cm and 457 cm of sodium, one miqht Tuess the measure­
ment behind 61.0 cm of iron is about a factor of 2 too low. Kany of these 
measurements will be repeated at a latter time. 

3. R. E. Haerker and F. J . Mucfcenthaler, "The Absolute rjeutron Sppctrujr. Emerging Through 
the Large lean Collimator from the TSR-U Reactor at the Tower Shielding Facility," 
0RW.-TW-5183 (1976). 

4. Calculated fluxes were converted to 4-in. Bonner ball counting rates using the 
response function appearing in R. E. Kaerker, L. R. Williams. F. R. Mynatt, and 
R. PI. Greene, "Response Functions for Bonner "all Neutron Detectors," 0R?U.-T«M45! 
( W l ) . 

5. H. A. Rhoades and F. R. Nynatt, "The DOT/III Two-Oinensional Discrete Ordinates 
Transport Code." ORHL-TW-4280 (1973). 

6. F. R. Mynatt, private communication. 
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4.12 COMPARISONS OF EWOF-Ul MO ER9F-IV DATA *r;m EXPERIMENTS* 

I . C. Mnerlter 
f lntreduction of paper included in aSL-aCS-2Jllf , OWT-JJO. Vtoi. 1 , Much. i*7*; 

The benchmarks wsetf to test EkV-lV data, as well as earl ier ERW-III data, or* 
tat following. S0T1-5. the -hreemsticr series which test ta t nevtrmn total cross 
section in the range 1 - 10 Hot for iron, oxygen, nitrogen, setfiam, aatf stainless steal; 
SDTa. which tests the eaama-ray production crass sections aristae, from thermal >neatreii 
captare in iron, stainless steel , nitrogen, aatf letftem; S0T7, which tests tae gamma-ray 
production cross sections averaged aver a knew fast-aeetrta spectrum in the ranee 
1 - 15 He* far iron. sUinless steel , oxygen, aatf saiiaa; SOT10. which tests tat neutron 
crass sections between 2 ani 14 HtV ay measoviag t iae-ef-f l ight spectra through several 
mean free paths of a large n maker of aatarials; aatf SDT12. which tests the neatraa crass 
sections between 1 ef antf 15 "*» for setfiwa by measuring neutron spectral floats aatf 
weighted integrals af these flouts behind various thicknesses af satffaa op to antf including 
15 f t . These benchaarks art tfescribetf in EROF l i t . 1*7. I f * . 1C9. aatf 170 far SDT1-5 
respectively, in CM* 17e antf 177 for S0Tt-7. in UCIO 1(372 for SDT10, antf in EM* IS9 
for S0T12. The participants in this data testing include ML M M ORRt for SDTl-5, LASl 
and OWL for SDTa-7, LLL for SDT10. and ORRL for S0T12. 

Research sponsored by EROA Division of Reactor Development an - ionstration, LMFBJt 
Program. 

4.13 So2. EXPERIMENT OR SCCOROMtT GAjRft.RRY PRODUCTION CROSS SECTIONS 
ARISING FROPJ ThtRmL-REUTROU CAPTURE IR EACH Of 14 DIFFERENT 

ELEMENTS PLUS A STAINLESS STEEL* 

R. t . Hatrker 
(Abstract of >JKHUm-i30i, l-HDF 337, ..*nuary, 1976} 

The experimental and calculation*! details for a CSEMG integral data-testing 
shielding experiment are presented. This particular experiment measured the secondary 
gamni-ray-production cross sections arising from thermal-neutron capture in iron, nitrogen, 
sodium, aluminum, copper, titanium, calcium, potassium, chlorine, silicon, nickel, zinc, 
barium, sulfur and a type 321 stainless steel. 

• 
Research sponsored by ERDA Division of Reactor Development *«d Demonstration, LHFBR 
Program. 

4.14 SB3. EXPERIMENT ON SECONDARY GAJW-RAY PROOUCTION CROSS SECTIONS 
AVERAGED OVER A FAST-NEUTRON SPECTRUM FOR EACH OF 13 DIFFERENT 

ELEMENTS PLUS A STAINLESS STEEL* 

R. E. Kaerker 
(Abstract of ORNL/TH-S204, EKDF 33$, .TjniMrv 2976; 

The experimental and calculation*? details for a CSEUC integral data-testing 
shielding experiment *rt presented. This particular experiment measured the secondary 
oamae-ray-production cross sections averaged over a fast-neutron spectrum for iron, 
oxygen, sodium, aluminum, copper, titanium, calcium, potassium, silicon, nickel, zinc, 
barium, %v\1w, and a type 321 stainless steel. The ganwj-ray production cross sections 
were binned into M).5-MeV wide gamma-ray energy intervals. 

Research sponsored by ERDA Division of Reactor Development and Demonstration, LhTSR 
Program. 
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4.1S MMLTSIS OF A FUCl-NN KUnM-STRCMtlK C V O I f O T TO TEST METHODS FOR 
ancuuTiK Kirman mm TO TO GCFI GRID PLATE 

C. 0. Slater H. B. Emmett' 
{Tuminr» of •*£*' to ft* presented at FiftA International Conference on Reactor SajtM;i»?. 
April 1»~22. 1977. tjneaviJie, Tenntsse*.- early part of Analysis summarized bv C. 0. 5.?at«j» 
and D. £. lirtiM in paper presented at Annual .•Meting o.' American -Vjelear .Society, 
June ii-i». 1976. Toronto, Ontario, Canada, and in GCtt-76/37. Sovembvr. 197*-) 

In shielding analyses for General Atomic's Gas Cooled Fast Reactor,: a primary con­
cern is the damage to the grid plate caused by neutrons streaming through the tona. 
wrroH. low-density coolant passages between the reactor's fuel pins. This type of 
problem severely challenges presently developed transport methods since an accurate three-
dimensional description of the geometry is possible only with the Monte Carlo method and 
even then a detailed description, plus the time requirements. Mould probably exceed 
Current computer capabilities. 

To provide an experimental base for testing less-detailed streaming calculations, 
an experiment designed by Gn and OML was performed at the ORNL Tower Shielding Facility 
for a fuel-pin lattice hewing a void fraction comparable to that of the GCFR. The experi­
mental array, positioned in a reactor beam modified to simulate a fast-reactor neutron 
Spectrum, consisted of 894 1.3*-enriched U0 : fuel pins (11.5-mn-dia*. by 137I.6-mm-long) arranged on a triangular pitch inside a 0.459-m-ID steel pipe surrounded by water. The 
pins were supported by three ?.77-mn-thick steel grid plates. Neutron flux raeasurements 
made along an arc 9.144 m beyond the array indicated a strong streaming effect. 

Two-dimensional discrete ordinetes analyses of the experiment were performed, first 
with a homogeneous model and second with a heterogeneous model that consisted of annular 
rings of void and fuel. As expected, the first calculation under-predicted the experiment. 
The second overpredicted by factors of 2 to 4, indicating that upper limits of streaming 
can be established by this method. Subsequent work on refining the nesh and source 
distribution, together with better techniques for obtaining radiation levels at points 
outside the assembly, have incroved the results. 

A limited Nonte Carlo aralysis a^so overpredicted the experiment for the one detector 
point calcualted, but less so than the two-dimensional calculation. Further study of 
the nonte Carlo method indicates that with a simplified geometry and specially developed 
calculational techniques closer agreement with the experiment can be achieved. 
• Research sponsored by ERDA Division of Nuclear Research and Applications. 
Computer Sciences Division. 
1. Bruno Pelland, "Physics Design of a Gas Cooled Fast Breeder Reactor Demonstration 

Plant," GA-10509, General Atomic Company (August 1971). 

4.16 ANALYSIS OF NEUTRON SCATTERING AND GAKHA-RAY PRODUCTION INTEGRAL EXPERIMENTS 
ON NITROGEN FOR NEUTRON ENERGIES FROM 1 TO IS KeV* 

S. N. Cnmtr E. H. Oblow 
lAbstrtct nf ORSl/TX-5210, March, .'>7< , jn<.' n: p,i;-: :o »•»• pufciss'icrJ in Zucivar iV:• nc 
and Emjinvtrin-f) 

Honte Carlo transport calculations were made to analyze the results of two integral 
measurements of neutron scattering and gamna-ray production from liquid-nitrogen samples. 
The experimental data from Intelcom Radiation Technology and Oak Ridge National Laboratory 
were given as angular-dependent NE-P13 detector count rates of neutrons and garora rays 
scattered from a spherical nitrogen dewar pulsed with a 1 - to 20-HeV neutron source. ORNL 
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results a l so included unfolded neutron and want-ray spectra as a function of detector 
angle in broad incident neutron energy bins, Hultigroup Rente Carlo calculations using 
the HORSE code and EN0F/1-U nitrogen cress-sect ion data uere made to analyze a l l reported 
resu l t s . Conparisans of calculated and Measured results indicate no •ajar def ic iencies 
e x i s t in the ENDF/B-IY gamma-ray preduction data , in contrast t o the conclusions drawn 
fron stimnes in prior years. Def ic iencies , however, were found in the neutron data. 
prinarily in the e l a s t i c and ine las t i c data above 9 Hef and the e l a s t i c antuler distr ibu­
tion data around S •*¥. 

• 
Research sponsored by Defense Nuclear Agency. 

4.17 ANALYSIS OF A NEUTRON SCATTERING AND GANM-RAY MW0CCT10N INTEGRAL EVCRtPCNT 
ON OXYGEN FOR NEUTRON EKRGIES FRO* 1 TO IS Net* 

S. R. Craner E. If. Oblow 
(Abstract of (#XL/TX-S53i. September. i*7*i 

Monte Carlo calculations were performed to analyze an integral experiment on a l iquid-
oxygen sample to determine the adequacy of the neutron-scatteirng and gatwa-ray-production 
data for oxygen. The experimental results included energy- and angular-dependent RE-213 
detector count rates and secondary pulse-heiqht spectra for scattered nrutrons and gamna 
rays. The sample was a spherical dewar of liquid oxygen pulsed with a 1- to 20-NeV" 
neutron source. Pulse-height data were unfolded to generate secondary neutron and gamma-
ray-production spectra as a function of angle in broad incident-neutron energy bins. 
Analysis of a l l the reported data was based on multigroup Monte Carlo calculations using 
the NORSE code. Results indicate that the current EROF/B-IV neutron and ga—a-ray-
production data for oxygen above 1 NeV appear to be in good order. The only major d i s ­
crepancy uncovered was related to neutron scattering and ganwa-ray production fron f i r s t -
level ine last ic-scatter ing interactions. Calculated results for the production of 6-NeV 
gamma rays from the 6-HeV f irs t inelast ic level in oxygen appear to be low by around 
SO at energies above the inelast ic threshold. Likewise, calculated secondary neutron 
spectra for incident neutron energies above 6 NeV *rt uniformly low at energies corre­
sponding to neutrons having had f i r s t - l eve l inelast ic-scattering events in oxygen. 
Additional def ic iencies in the oxygen cross-section data ere indicated for ine last ic 
scattering from the cluster of discrete levels in the 12- to 13-ReV range and for e l a s t i c 
scattering at very small angles at energies above 2 MeV. The s i ze of the ine las t ic d i s ­
crepancies *rt larger than the 20 to 30' order of error indicated for these cross sections 
in the EKDF/B-IV uncertainty f i l e s for oxygen. 

• 
Research sponsored by Defense Nuclear Agency. 

4.18 COMPARISON OF MEASUREMENTS AND CALCULATIONS FOR ORNL INTEGRAL 
NEUTRON SCATTERING EXPERIMENT FOR IRON 

S. N. Cramer E. M. Oblow 
(Reprint of Trurm. Am. Xucl. Soc. 21, *0f<, 1976; also mnwrif of on/it/Tt-i'j-fi, Vnvrmber, 
1971,) 

Calculations of ar. integral neutron-scattering experiment on an iron sample have 
been performed using the ENOF/B-IV data se t HAT 1192 (ONA MAT 4192). The neutron source 
incident on the sample ranged from 20 NeV to 1 NeV. Comparisons between experimental and 
calculated results »rt given as neutron count rates and neutron secondary energy spectra. 

The experimental sample consisted of six adjacent iron rings, each 0.62 cm thick and 
of Increasing diameter away from the source of the incident neutron beam. The smallest 
and c loses t ring to the source was 15.3 cm ID and 20.34 cm 00. The largest ring was 
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10.34 at tO and 25.31 on 90, with the radii of the other rings increasing in steps ef 
0.504 en. An KC-213 detector. i.2? en a 4.CS CM. was piece* in the center of the rings 
(creatine en approitnately 90-dee, scattering angle} and was shielded by a shade* bar from 
the incident neutron been, fere details of the expertaentel setup ere given in ref. ] . 

The calculations uere done using the W W nuU> group Rente Carlo code. The ;ross 
sections were processed 6/ the *•*» cede system into a 177-growp st-ucture ef equal lethargy 
spacing front 0.3 •*¥ to 20 He* using a P. expansion. Results of the count rate comparison 
are shown in Fie. 4.18.1. The count rates have been converted to incident energy dependence 
from the neutron flight tines in the 47-* bene tube. Figure 4.18.2 shows flu> spectra 
comparisons for the 12- to 13-*** , 13- to 14-"*V, and 14- to 15-JMf incident energy bins. 
The spread in the calculated values indicates one standard deviation. 

,r* a ;•»*-„-;» -.; •»• 

S 

„.-»."" 

Fig. 4.11.1. Count rate comparison for the 0R'»L iror rir-; •r*en»"*I ««p»»rtiert. 
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Fig. 4.If '. Flux spectra comparisons for the ORfil iron ring integral experiment. 

It i; seen from the figures that there is good general agreement between the calcula­
tions and experiment. The lower incident energy spectra comparisons are similar in 
agreement with those shown. The count-rate calculation in Fig. 4.18.1 differs little 
from that using previous data evaluations. However, the high incident energy flux spectra 
calculations, such as shown in Fig. 4.18.2, are in much better agreement with experiment 
than calculations using previous iron data evaluations (set, for example, ref. 2). The 
earlier ENDF/B data sets grossly underpredicted the spectra in the valley between the 
elastic and inelastic scattering peaks for incident energies above 7 MeV. By adjustment 
of the secondary energy distributions in NAT 1192, these discrepancies seem to have been 
removed. 

Research sponsored by Defense Nuclear Agency. 
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1. 6. L. Morgan, T. A. l ove , and F. G. Perey. "Integral Neutron Scattering Measure­
ments r iron from 1 to 20 * ¥ . " ORNL-TM-4193 (1973). 

Z. S. .1. Craaer, R. If. Rovssin. and E. M. Oblow. "Monte Carlo Calculations and Sensi­
t i v i t y Studies of the Tine-Dependent Neutron Spectra Measured in the ILL Pulsed 
Sphere Program," 0RM.-TH-4072 (1973). 

4.19 AN EIPERIMERTAL SYSTEM FQI PROVIDING DATA TO TEST EVALUATED SECONDARY 
NEUTRON AMP GAWW-W-PA0OUCTI0n CROSS SECTIONS OVER THE INCIDENT 

NEUTRON ENERGY RANK FROM I TO 20 MeV 

G. I . Morgan T. A. Love F. G. Percy 
(Abstract of Xael. Instr. methods 13$, 125, 1975} 

A system i s described which allows simultaneous measurement of secondary neutron and 
gamma-ray production cross sect ions . Measurements can be made rapidly over wide energy 
ranees. An electron linec i s used as a neutron source. Annular scattering samples located 
47 m from the neutron source are viewed by a NC-213 s c i n t i l l i t i o n counter. Multiparameter 
data acquisition i s done b" en on-l ine computer for incident neutron energies from 1 to 
lOHtV. 

Research sponsored by Defense Nuclear Agency. 

4 . 2 0 TRANSPORT CALCULATIONS OF NEUTRON WAVE EXPERIMENTS IN SUBCRITICAL ASSEMBLIES 

F. C. Difilippo* 
(Abstract of paper szbixi tt*d for journal publication) 

A recent neutron wave experiment in a thermal multiplying assembly w'th and without 
control rods has been analyzed numerically in terms of transport theory. The code TASK 
was used for this purpose. The present study dealing with a highly enriched, compact 
multiplicative system indicates that the dispersion law of the assembly is very sensitive 
to transport effects and to the estimation of the leakage of the fast-neutron population. 
The present calculations nf neutron wave propagation in multiplicative systems shows 
that this technique can be used as a highly sophisticated experiment for inf.qral checks 
of neutron cross section sets. 

Comision National de Energia Atomica. 
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S . l SHIELDING KTIC OCVCLOmCWT III THE 1*1 TED STATES* 

F. R. Hynet t 
ffii—iry of ii*rit*4 p»p*r ce be presented *t Fifth Xne«ri»Cianai Conference on Reactor 
SM+Uimf. April 19-22. 1977. ntorvill*, Tennessee) 

The rate of shielding Methods development in the U.S. ha; slowed in the period 
since the 1972 meeting in Paris. The current development program consists tersely of 
lone-term efforts on the major Monte Carlo and discrete ordinates codes and maintaining 
optrotijw of existing code versions. Where practical (primarily in cross-section 
processing and sensitivity analysis), shielding needs have been combined with core 
physics needs. 

Cross-Section Processing is primarily concerned with producing coupled newtron-oanma 
libraries in general-purpose or specific problem-dependent group structures. A major 
change in the AMPI system has been the replacement of the XLACS-ftlTAht neutron modules 
based on the herdheim resonance self-shielding method with the MIM-SPHIM. neutron 
modules based on the londarento resonance self-shielding Method. This allows produc­
tion of a single library suitable for both LMFBR core physics and shielding. IASI is 
developing the WOT (MINIO) system based on the Bondarenko approach. 

Deterministic Methods rely primarily on the discrete ordinates codes ANISR and DOT. 
A major effort has resulted in the DOT IV two-dimensional discrete ordinates code which 
employs zone-dependent spatial and angular mesh and multiple-hierarchy computer storage 
to greatly increase problem size capability and reduce computer memory size required. 
The variable mesh feature allows calculations of streaming problems at much lower cost 
than that achievable with the existing discrete ordinates codes. LA5L finite element 
codes OHETPJM and TRIPLET are being used more extensively. The TRIDENT coOe in triangular 
U'l geometry may be especially useful for CTR toroidal geometry problems. 

Monte Carlo Methods rely primarily on the multinroup code HORSE. The latest version 
MORSE-SGC'employs an updated combinatorial geometry package and super-grouped cross-
sections so that computer memory requirements are greatly reduced. Improved albedo 
features and a library of albedo data art being prepared for NORSE. DOMINO is s t i l l 
being used for DOT-MORSE coupling at a surface. Development of a volume coupling code 
is needed. 

Sensitivity Analysis and Generalized Perturbjition Theory methods have been developed 
to • high degree cf competency. The original SWANLAKE capability is now part of the 
FORSS code system which has all sensitivity analysis capabilities, including uncertainty 
analysis and cross-section adjustment for one- and two-dimensional geometries using trans­
port theory solutions. FORSS can also be used as a generalized perturbation code for 
Shield design *nd optimization. Channel-theory analysis examines the flow of particles 
in space and energy and is very useful for desiqn and evaluation of complex shields. 

Progress in many areas seems promising. Nevertheless, mch remains to be done, and 
the task of preparing comprehensi/e shield design codes or parameterized design guides 
has not been started. 
• 
OftML development sponsored by ERDA Division of Reactor Development and Demonstration 
and Defense Nuclear Agency. 

5.2 THE DOT IV VARIABLE MESH DISCRETE ORDINATES TRANSPORT CODE* 
W. A. Rhoades 

/Summery of paper to bv presenter* at fifth International Ctnfrr'>m:e on Praetor SlUrlHinq, 
April 10-32, 1977) 

DOT IV has been added to the DOT series of discrete ordinates transport codes. The 
new code features completely reprogrammed logic structured to take advantage of special 
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features of IBR-3*0/370 and COC-7M0 computers. Special attention has been given to 
inter-computer adaptability, and to cemoetability ttith other cedes developed by EROA-RDD 
Physics Branch. 

Special features include options to allow the first space nesh to vary with the 
second space dimension, to allow the directional Quadrature to vary with either space 
dimension and with energy, and an efficient blocking scheme to allow solution of problems 
holding only a portion of the space mesh in memory *t a time. The variable mesh features 
concentrate the computation*! work in areas of greatest interest, e.g.. a streaming gar. 
while the blocking allows very large problems to be solved as a unit without excessive 
memory requirements. 

Other novel features include an improved formulation of the "weighted-difference" 
method of flua extrapolation which remans certain difficulties experienced with previous 
models, a method of removing negative sources generated by the finite cross-section 
exoansion, and a "cylindrical" boundary condition intended for use in cylindrical cell 
problems. 

On IBM computers, small assembler-1anguage packages more than double computing 
speeds. Special disk-manipulation packages allow the blocked solution to proceed without 
undue I/O delays. On CDC equipment, the slow memory is used to hold blocks of flua and 
source data, which are then moved in strings to a fast-memory working area. 

On problems <*ich can also be solved by DOT III. the DOT IV central processor (CPU) 
speed is quite comparable to its predecessor. The code can often capture iffl of the CPU 
time running in competition with other jobs on the IBH-3eO/195, even with its space 
problem broken into several blocks. 

Research sponsored by ERDA Division of Reactor Development and Demonstration. InTftR 
Program. 

5.3 COrPtHTS OR THE DOT 3.S COOC* 
W. A. Rhoedes 

(R'-prmt. ol payer published in S£CV 3ulltitin ::.2. Proqtam Crmtput.ur Library iV-wjiettrr 20, 
9, I>7b> 

A new release of the DOT III code, now available from the Radiation Shielding Infor­
mation Center, differs from the previous versions in such important ways that all previous 
vers TO.-. > should be replaced as soon as practical. The new version is called DOT 3.S. It 
was developed for these purposes: 

(1) To provide a test vehicle for several new ideas to be used in fOT IV, 
(2) To provide a code which would facilitate checking between DDT III and 

DOT IV, and 
(3) To make new developments available to the user on »n interim basis until 

DOT IV is ready for general use. 
Surely, the most significant change is a marked improvement in convergence on many 

deep-penetration problems. As an example, a test problem which failed to converge in the 
zones of interest in 30 iterations on DOT III. On DOT 3.S, pointwise converged to 0.01 
in 8 iterations using DOT 3.S. New features in the control input section allow some 
flexibility in the rebalance method. A type of damping which adds an appropriate amount 
to cell boundary flows to smooth the results is used. 

The control parameters art input using the FIDO format, and have been reordered to 
agree with GRTUNCL and DOT IV. The space allocation is maOt at execution time, so that 
the code adapts itself to fill the region size available to it on IBM equipment. 

http://Crmtput.ur
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In the 1«S array, a "C" entry Mltcts the Macroscopic Material for each tmt. Input 
ead output data sets arc handled Much as before, except that the cross-section input unit 
f t now road in. naffer space for a l l daU sots except card input and printed output is 
specified by the partaotor MUT. 

The weighted difference Model in this version, developed by i. U. Engle. J r . . has 
oven thoroofhly tested. At Oak Ridge, we use i t for ajn deep-pen Oration problem. Its 
slightly slower cowputation speed is aere than ceaoonsated for by the iaprored convergence 
and accuracy af results. Son* users report better results wsinf the linear node! for 
eigenvalue calculations, howeaer. 

Fortran substitutes for a l l asseMbly-language routines i re supplied. CK users 
should find that the Methods used to adapt previous versions of 90T I I I wil l be successful 
on this version also. Adaptation to WIVAC should be t r i v i a l . 

An update to 0 M V T I M 2 M describing this revised version is planned. In the nean-
tfne. examining the printout fron a sanple problon. together with notes supplied with the 
code, is sufficient to indicate how to use the code. 

Research sponsored by EROA Division of Reactor Development and Qenonstration, LHFBR 
rVogran. 

5.4 TIC FBSAH DATA TRANSMISSION rAOAGE FOR IBH 3*0/370 COMPUTERS* 

*- A. Rhoedes 

The FBSAH subroutine package provides rapid raovsment of large b'ocfcs of data directly 
between user storage arrays and magnetic disk data sets. '*o buffer space is required. 
Large reductions in data transmission tine and nuaoer of I/O requests can fee obtained. 
Moves can be concurrent with each other and with computation. * 'or* of ranior access ?s 
available. A demonstration program provi-?** a thorough test of all features. >.e 
package is intended for use by FORTftA.. programmers with little or no assembler Uncage 
experience. It should be operable on most IBH-340/37O machines. '. sarnie application to 
an I/0-bound code is oiscussed. The use of three concurrent fon.'ions entirely e'.i lr.rtted 
the real tine associated with data transmission tasks b, allowiw, the*1 to proceed r ,n-
cwrrently with other t*sks. 
• 
Research sponsored by ERDA Division of Reactor Development and Demonstration, LHFBR 
Program. 

5.b USERS GUIDE TO HORSE-SGC* 

S. K frale> 
(Aistraci of *;.i '.".:•**-7, ".re:., . •*> > 

The HORSE-SGC (Super Grouped Cross Section) code is a version of the WORSE code 
which -»s the cere size requirements to solve problem with large cross-section 
Storag nents. This version o' the MORSE code is available with both an improved 
conbtn* geometry package and a KEftO geometry package. Other changes f. e also been 
inpleme- .n the code to make problem formulation more convenient. 

Research sponsored by Defense ftuclear Agency. 
*Computer Sciences Division. 
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5.6 * US£I'S GUIBE K» LAW AS ISSUED UITH KWSE-SfiC* 

S. K. Fraley 
(Abstract of OHML/CSO-ll. Jam*. 1*7*1 

LAVA (Let ARISR Visit ARM) is a computer cede which wi l l transform. MISS cross-
section libraries to the *J#1 working library f a m t . This version of LAW is • stand­
alone program issued with the MDtSE-SGC code which accepts only cross sections in the 
ATM wortiwe library format. 

Be search sponsored by Defense nuclear Agency. 
Coxfwter Sciences Division. 

S.7 THE ROLES OF THE EVERT VRLOi At* THE POIRT VALUE » 
HOHTE CARLO IRPORTAtTE SAWLIHC* 

J . S. Tang' T. J . nuffneV P. R. Stevens' 
(Sumwtarv of paprr t€* in- pr<-sent«Tf at Annual Xertimr of American Muclear Society. 
JufH- 12-17, 1977. v.-w York Cittt, and at Fifth Interna ional Co»rVr«Mc<r on Ite-ac-t'jr 
Shielding. April 19-22. 1977. Knomvill*. Tenmssrr-; also smmmmru »f paper Co **• publish** 
in April issuv of \&cl*?*r Sci*-nc- and QKinwrfM .md of report f*ML/TR-54l4. J*if-m 197*>1 

To obtain a Monte Carlo solution of a deep-penetration radiation transport problem, 
importance sampling is required. The adjoint function has been shown to be a good 
importance function.'*" However, to fully wtilit* the adjoint information, a distinction 
must be wade between two adjoint functions the event-value function and the point-
valve function. In this paper, the proper use of these functions in Rente Carlo importance 
sampling is discussed and illustrated. 

The distribution of radiation particles can be described in term of the density of 
particles entering events (collision density) or in terns of the density of particles 
leaving events (emergent particle density). Likewise the inportance, i.e., the expected 
contribution of a particle, can be expressed as the inportance of a particle entering an 
event (event-value function) or as the inportance of a particle leaving an event (point-
value function). 

By requiring that the importance of a particle be conserved along its flight path, it 
can be shown'*'' that the adjoint flux. i.e.. the solution of the integrodifferential form 
of the adjoint Boltzmenn equation, is the inportance of a particle leaving an event. The 
adjoint flu*. :•(?.*-'•, is tne dependent variable that can be obtained with Most deter­
ministic computer codes when adjoint calculations *n performed, e.g., AHISR' and TOT". 

The event-valje function. v(r,"), r*n be obtained from the point-value function. 
5*(r,"). by noting that the inportance of a particle entering an event is the sum of the 
contribution of the particle at the event site and the expected contribution of event 
Survivals, i.e.. 

f X.fp."-*-) . 
*(r.-) - ;(r.) • J •- x-fT/.y- ••<r'''> • W 

where ze and i, *rt the differential scattering and total cross sections, respectively, 
and r is the collision density response function. 

The random-walk procedure used in Rente Carlo calculations consists of alternately 
selecting the velocity of a particle emerging from an event (collision process) and 



8f 

stltctiiMj the pMit ioa of the «e*t event (transport process). Since in the collision 
process one selects parameters correspoiNllmj to the eaeramt particles, the point-Mine 
fwnction should be used to bias this selection. Sioce in the transport process, one 
selects the collision sites, the event-valwe function is the appropriate biasing foaction. 
f l a t i s . the adjoint flax is the appropriate biasing function for the selection of the 
aneratnt particle velocity, bat not the praptr function for biasina the transport process. 
The transport process should be b'ased with the event-valve function obtained froa the 
••Joint flax with Eg. (1) . 

An indication of the variance redaction associated aith the ose of the event-value 
feactiea to bias the transport process M M obtained in the analysis of the prablan shown 
in Fig. 5.7.1 Adjoin; flaxes were obtained far the adjoint soarce with the discrete 
•rdfaates cade DOT. A Nonte Carlo calculation was peifotwed for detector 1 with the 
N B K * coapater cede in which the adjoint flax was ased to bias the transport process; 
the saae calcalation was then repeated with eveet-valne biasing. The variance was redaced 
by • factor of seven when the cveat-valae function M M used. These calculations i l l u ­
strate the necessity of the proper use of th* adjoint information in performing Monte 
Carl* calculations with importance biasiiwj. 

• 
Research sponsored by EMM Division of Reactor Development and Deaonstration. LHW 
Praaran. 

Xaaputer Sciences Division. 
The University of Tennessee. 
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3. R. R. Covey*, f . R. Cain, and t. H. Tost. "Adjoint and Importance in "onte Carlo 
Application." Rati. Sci. Eng. 27. 219-234 (1967}. 

* . J . S. Tanf, P. R. Stevens, and ' . J. Hoffmen, ""ethods of Mbnte Carlo Biasing Using 
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f . H. w. Eagle. "A User's Guide for ASISR." K-1963 (1967). 

7. H. A. Rhoades and F. R. Pfynatt, "The DO"-1II Two-Dimensional Discrete Ordinate* 
Transport Code," ORNL-TH-4290 (1973). 

t . E. A. Straker, P. W. Stevens, D. C. Irving, and V. R. Cain, -The W I F f<vfr>: A 
Nultioroup Neutron and Gaaaa-Ray "onte Carlo Transport Code," 0»r«.-45fl5 (1970). 

5.8 SPATIAL CHAWiEL THEO*' A TECHNIQUE FOR DETERMINING THE 
DIRECTIONAL FLOW OF RADIAHOfJ THROUGH REACTOR SYSTEM* 

H. L. Williams W. W. Engle. Jr. 
iSumury rf paf*r to br pn.-m.-ntM *t ! :fih InT'-rn.i'. !or,.t: Cnnf, rr-nc- rui f.'-.tctor Shtriiisn^, 
April It-22, 1977, Knoxvillr, r«.n.V'Ss<r ; *i*o n-.tm.r-i of <ip:;;.'7M-'-4-~, J-.ilu, :<*7t , .mi 
of .Vuci. Sci. Fns. t2, 92, 1)77) 

A general description of the nature of problems enuuntered in reactor shield design 
is surprisingly unified. Simply stated, the goal of a shieldinn calculation is to deter­
mine the output response at some point within the reactor system due to an input source. 

http://pn.-m.-ntM
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The response may be any physically observable quantity such as a biological effect or an 
electrical impulse registered on a meter, but in every case it is merely a manifestation 
of some portion of the imput source that has been transfonned into a phenomenon which is 
perceptible to the senses. Lying between the source and the response regions is an art* 
of extreme geometrical complexity, composed of structure, pipes, control systems, and 
shielding. An understanding of how particles emitted from the source traverse this geo­
metrical maze and *rt finally converted into an observable response is essential in 
ascertaining effective shield location. 

For this reason, a technique known as spatial channel theory has been developed to 
reveal the important "channels" through which particles flow to contribute to a response. 
Spatial channel theory is based on two observations. First, for a given response, only 
a portion of the particles emitted from the source will end their histories at the 
response-detector, and these particle., ere the only ones of interest for that particular 
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response. T N* •*"«** *** extraneous and only tend to mask the behavior of the contributing 
•Articles. which may be a m i l fraction of the total population. Second, even among the 
contributing particles, certain ones Mill produce a larger physical effect then others 
upon the detector. Therefore, it is desirable to associate a 'partial response" to each 
contributing particle. This can be done by applying the "importance"* property of the 
adjoint flu* to the neutron population, and. when that transformation is performed, the 
resulting pseudo-particle is called a .-Km"-:.:;*., havi.-̂ j units of "response contribution." 
The flux arising from this particle is called the jH-*r..-̂ «--.-~: •_-. or *N> - >.-~"; :<;.>. .-"_-, 
and it has units of •vspense/cm-'-sec. 

Coatributons have several interesting characteristics. Because they have units rf 
partial response, a plot of the contributon flux r*«e&U t;ve channels followed by the 
response as it flows through the reactor. Also, since contributons *rt related to con* 
tributing particles, they can never be lost. All c*>tributons emitted from the input 
source must pass through any closed surface around th» source as they stream toward thr 
response location. Furthermore, the leakage per secontf of contributons through the 
surface must equal the total response. 

This technique appears to have great potential in two dimensional analysis )f complex 
systems, since it furnishes insight into the radiation transport process which i. not 
available from a forward or adjoint calculation alone. 

Cha-wwil-theory calculations have already been applied successfully in FFTF. CRBR. 
and GCFR shielding studies and have become a stadard part of the ORTiL shielding program. 

Research sponsored by ERDA Division of Reactor Development and Demonstration. 

5.9 A LINEAR TRIANGLE FINITE ElErTERT FORMULATION FOR KUlTIGROUP 
NEUTRON TRANSPORT ANALYSIS WITH ANISOTROPIC SCATTERS* 

R. A. Lillie J. C. Robinson 
(At,str*ct of OP.v: 7W-57fi, Jbrc/i, :•?"• J 

The discrete ordinates method is the most powerful and generally used deterministic 
method to obtain approximate solutions of the Boltzmann transport equation. However, as 
presently formulated, it is both restricted to orthogonal qeoretries and susceptible to 
producing ray effects. 

In this work, a finite element formulation, utilizing a canonical forr of the trans­
port equation, is developed to obtain both integral and pointwise solutions to neutron 
transport problems. To facilitate its application to nonorthcjonal planar qeoretries. 
the formulation is based on the use of linear triangles. A oeneral treatment of aniso­
tropic scattering is included in the formulation by employing discrete ord nates lifce 
approximations. In addition, multigroup source outer iteration technio'ios »re er-ployed 
to perform group dependent calculations. 

The ability of the formulation to substantially reduce ray effects anri its ability 
to perform streaming calculations are demonstrated by analyzinn a series of test problems. 
The anisotropic scatter inn and multigroup treatments used in the development of the 
formulation art verified by a number of one-dirensional comparisons. These comparisons 
also demonstrate the relative accuracy of the formulation in predicting inteoral parareters. 

The applicability of the formulation to nmorthogonal planar geometries is demon­
strated by analyzing a hexagonal type lattice. A snail high leakaqe reactor model is 
analyzed to investigate the effects of varying both the spatial ~esh and order of angular 
quadrature. This analysis reveals that these effects are nore pronounced in the present 
formulation than in other conventional formulations. However, the insignificance of these 
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effects is diMMtrated by analyzing a realistic reactor configuration. In addition, 
this final analysis illustrates the importance of incorporating anisotropic scattering 
into the f in i te element formulation. 

'•esearch sponsored by EMM Division of Reactor Development and Oononstration and The 
University of Tennessee. 

^The University of Tennessee. 

5.10 A DISCRETE ARClE - FIMTE R O O T RMNBUTKM* 

R. A. L i l l f e J . C. Robinson* 
fSumnary of paper to fee presented a t Annual .Vert in? at American SWriear Society, 
Jim* 12-17. 1*77, Set fork CityJ 

The discrete ordinates nethod as generally formulated is susceptible to producing 
flnx distortions in weakly scattering media. These distortions, comnonly called "ray 
effects." are doe to the discretization of the direction variable in the divergence tern 
of the transport equation. Ray effects *r* not encountered with deterministic Methods 
that do not consider the annular donein nor with those which treat the angular variable 
as a continuous variable. However, these methods ere nost often not adeojuate in obtaining 
realistic solutions to shielding problems where streaming is of primary concern. 

The purpose of this paper is to describe a multigroup f in i te element formulation 
which partially mitigates ray effects and which appears cabable of performing strewing 
calculations. The formulation, which is similar to the cubature approach of Kaper et a ! . . : 

is based upon the application of a discrete-ord:nate$-like approximation to the nono-
energetic second-order canonical for* of the transport equation. Linear Lagrange 
polynomials are used to represent the spatial dependence of the even and odd parity fluxes 
over a general triangular mesh grid. 

Th* abi l i ty of the present formulation to substantially reduce r»y effects is demon­
strated for a simple one-group problem by the flux comparisons in f i g . 5.10.1. The 
discrete angle-finite element (DAFE) and the discrete ordinates (DOT) calculations *n 
denoted by .-'•; and .'•• respectively. The smoothness of the :. curve illustrates the absence 
of r*y effects, whereas anomalous humps or flux distortions are present in the .'„ and 
.7* discrete ordinates results. 

Ir> Fig. 5.10.2, results ere presented for a problem in which a f lat source region 
is adjacent to a region containing a void. Although the l\ and c. curves are comparable, 
the .". and .;..-. results indicate that both curves underestimate the flux peak. In addi­
tional calculations, a simple clustering of the available f u and r„ directions in a 
narrow band about the X axis resuUed in overestimates of the flux peak. For these 
cases, the discrete angle - f ini te element formulation appears capable of providing a 
viable means of reducing ray effects and predicting flux peaks in streaming gaps. 

• 
Research sponsored by EROA Division of Reactor Development and Demonstration and The 
University of Tennessee. 
The University of Tennessee. 
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S.ll A COHFUTATIOR SYSTEM FOR SKIEAA REACTOR CORE A3ALTSIS* 

0- R. *0»dy T. I . Fowler 6. H. CuMiinqhen L. H. Petri* 
{nfcssr«ce o.* "»Si--5i 5*, :K rrvsst 

This report doc wants * * ,»te* which contains computer coies *s nodules developed to 
evaluate nuclear reactor core perfarHonce. The diffusion theory approximation to 
neutron transport eiy be Applied with the VESTURE code tre*tine up to three dimensions. 
The effect of expMure nay be determined with the BURRER code. allowing depletion calcula* 
tioos to be a*de. The features and requirement* of the syste* *re discussed and aspects 
coanon to the coaputetiCMl nodules, but the letter are docursnted elsewhere. User 
input dot* requirements, dote f i l e aM*e«*ent. control, a«d the nodules which perfor* 
•tnerel functions an described. Continuing development end implementation effort is 
enhancing the analysis capability available locally and to other installations fror 
mnote terminals. 

• 
Research sponsored by ERM Division of Reactor Develop .̂ >t and Demonstration, i."F5? 
•reeren. 
Computer Sciences Division. 

5.12 IKPUT DATA REQytREKESTS FOR SPECIAL PROCESSORS '.% *«t OWVAT I0r. SYS'EX 
COSTAINIK THE VESTURE *iEUT»0T.::S CCDE* 

D. R. Vondy T. B. Fowler r,. «. Ci-sr.ie~<%tr 
tAb::tr+t:t of •'*:.?.• 22 *. .v.-.-.-r.'-. . . -

Thii report presents user input data rec.-iressents 'or certain special processors 
in a nuclear reactor computation systen. These processors »jener*lly re*4 data in forrattei 
fora and generate binary interface data f i les . ~>on* <U:* process j-<» is 'tone TO convert 
from the user-oriented form to the interface f i l e forrs. *r.e .'•!.";".Sf tiff-isicx rheory 
neutronics code and other computation nodules in this syster »se tr.e interface 4*t* f i les 
which *rt generated. 

• 
Research sponsored by EROA Division of Reactor IWMopr-er.t and je-onsfation. !»TS3 
Rronram. 
Computer Sciences Division. 

5.13 PROGRAWURG PRACTICES "iQ COW'JTFR CiCF :.FVtL'-?V£'.T* 

3 . R. Vondy 

This report presents recowendations to pronra<ver', A*-/*-'.?.•:•'•.<•". cty-puter eo<!es. These 
»rt of special importance in effort on thnse codes w îch * i l ' K«> ;»*,er! at other installa­
tions on other computers. Many of the code eK-hano* prAM«~-. are addressed, Certain 
local routines »rt described which perforr special tasks, "any -»f which »rt> r.ot possiMe 
within the scope of the Fortran lanwaie. 

Research sponsored by £»?DA Division of Reactor Development and :>^oostra?ion, ;,WFvS 
Program. 
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S.14 ITERATIVE SOLUTION Of THE DIFFUSION AND P, FINITE ELEMENT EQUATIONS* 
E. T. Tomlinson J. C. Robinson 0. N. Vondy 

(Abstract of ORSL/TM-5224. February, 1976, and of paper to be published in June issue of 
Uucle^r Science Md Engineering 

The purpose of this work is to de/elop a method for obtaining solutions to the time-
independent Boltnenn neutron transport equation am triangular grids with nonorthogonal 
boundaries and anisotropic scattering. A functional is developed from the canonical form 
of the ouHigroup transport equation. The angular variable is then r u m m d by expanding 
the functional in spherical harmonics retaining only the first two moments and limiting 
the anisotropic scattering to be linear. The finite element method is then implemented 
using quadratic Lagrange-type interpolating polynomials to span the spatial domain. 

The resultant set of coupled linear equations is then solved iteratively. The 
applicability of convergence acceleration techniques developed for the finite difference 
method are tested and implemented where appropriate. 

Finally, a number of numerical experiments *rt performed to evaluate the performance 
of the proposed method. The results *n compared to results obtained by various esta­
blished methods. In all cases, agreement is excellent. 

Research sponsored by EROA Division of Reactor Development and Demonstration, LNFBR 
Program. 
Computer Sciences Division. 
The University of Tennessee. 

5.15 CALCULATION OF REACTIVITY CHANGES DUE TO BUBBLE COLLAPSE* 
T. J. Hoffman" L. W. Petrie" 

(Suemmni of paper to be presented at American nuclear Society Annual Heretinq, June 12-17, 
1977, ,'«ew York City) 

Calculations' based on Behrens' method2 indicate that a substantial increase in 
reactivity may accompany the collapse of a larqe number of small bubbles in an LNFBR core. 
More sophisticated transport approaches1"' to this problem have encountered several dif­
ficulties: the large number of bubbles requires many mesh points; the desired effect can 
easily be masked by the movement of fuel to regions of oreater (or lesser) importance; 
the reactivity is desired for a random distribution of spherical bubbles. This paper 
describes a transport approach to this problem which avoids the above difficulties bv 
using the "subgroup"'' or "probability table"7•' method. 

Consider the transport of neutrons in a system that contains a uniform (random) dis­
tribution of bubbles in a compressed fuel mixture (bubble system). The probability that 
the neutron will travel a distance .-. through the compressed fuel and undergo its next 
collision in /.-. of the fuel 1s 

f<z)dz • Z^"*" ••* , ( 1 ) 

where £& I S the total cross section of the compressed fuel; i .e . , !/, » l f f / ( l - i ) , where 
lu is tne total cross section of the fuel in the homogeneous system (the system in which 
the fuel has expanded to f i l l the bubbles) and * is the void fraction. Since bubbles are 
present, the neutron's f l ight path, g, will be longer than a. The lengthening of the 
f l ight path will be the product of the number of bubbles encountered along s, n, and the 
mean chord length of the bubbles, ", i . e . , 
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J = .-: • .*. . (2) 

If ~ denotes the probability of L-jbble encounter per unit distance along -., i.e., 
5 * a/"(l * «), then the probabil.ty of encountering •-. bubbles will be a Peisson 
distribution: -

(3) 

.- is determined with Eq. (2) by selecting r. fror Eq. (1) and > fror Eq. {3}, the 
probability distribution function (pdf) for the next collision site in the bubble system 
is 

U • !)(•• - "•) 

The corresponding pdf in the homogeneous system is 

_ v • 

:..(.rj « V ; '"" . (5) 

These distributions, ' (•) and : (-•), have the sasie ̂ ean value, l/i - However, 
their second moments *rt different. It is this change in the second "went, and hence in 
the migration area, that causes the change in reactivity when the bubbles collapse. 

Equation (4) can be viewed as the transport of neutrons in a system with a variable 
cross section, •..- One first selects a cross section from a distribution (•.) and then 
uses this cross section to select a distance from 

/;(••) = V •" ^ • (6) 

If : (•- ) is properly distributed, then the distribution of collision sites from Eq. (6) 
will be the same as that from Eq. (4). Following the procedure used by 'iikolaev to 
treat neutron transport in the unresolved energy region, we let 

;,-,) - J ; . •(:_.. - I.) . (7) 

The distribution of collision sites will then be 

The : -'s and i-'s art determined in such a manner that the moments of . (••), Eq. (4), 
*rt conserved, i.e., 

/ r- /J.-) !.; • ...» £ ~ , f .• ,(.•) ... , • -• 0.1,2 ,... (9) 
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By reducing the distribution for collision sites in the bubble system to a set of 
cross sections and their probabilities, i . e . , a probability table. 7 we art able to solve 
the problem with discrete ordinates.* Hence, a solution to a stochastic problem is 
obtained with a deterministic calculation. 

The results of a one-qroup calculation (!...- * 0.28 cm" 1. -.£.- * 0.0075 as - ' - , -"- = 1.488, 
. • 0.2) for a bare cylindrical core ( * 74.?5 cm. •.- - 91.44 ch) art shown in Ta&le 
5.15.1. The reactivities calculated with this probability table approach. -:- . . . were 
obtained with the discrete ordinates code, DOT.-' The agreement with the reactivities 
predicted with Behrens' formuia for "closely-spaced holes," "'o-hrens* ' s M c e , ' e " t -

Table 5.15.1 Reactivity changes caused by 
bubole collapse 

Bubble Radius 
(en) 'Behrens 

0.25 0.0027 0.002S 
0.50 0.0053 0.0055 
1.00 0.0105 o.onc 2.00 0.0207 0.0220 

With tne approach developed in this paper, the reactivity associated with bubble 
collapse can be calculated for reflected, nwltireqion. partially molten INFER cores as 
well as boilinq in LWR. This approach is not limited to one-group problems. 

Research sponsored by ERDA Division of Reactor Development and Demonstration, LMFBR Proqran. 
Computer Sciences Division. 

1 . R. B. Nicholson and G. L. Goldsmith, "Design Basis Accident Studies," C00-2286-3 
(1974). 

Z. D. J. Behrens, "The Effect of Holes in a Reacting Material on the Passage of Neutrons," 
Physical Society of London Proceedinqs 62, 607 (1949). 
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4. 0. J. Sheaks, F. G. Munno, and H. Shimizu, "Reactivity Variations Associated with 
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5. R. A. L i l l i e , "Informal Report on Bubble Collapse Reactivity Effects Using Discrete 
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10. W. A. Rhoades and F. R. Mynatt, "The DOT-III Two-Dimensional Discrete Ordinates 
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i . I TME CALCUUTTO • [ • rCWMH OF UH19& STMKTUML mTC*MLS 
I I FUSIOMEKTOt tlAfJSTS* 

N. L. Williams ft. T. Seataro T. A. Gabriel 
Mfcseract • * Suci . Tech. 29 , J M . i»7« . antf «tf 0$mL/tH-S03i. Decnker. i»75; 

The calculated aaclear performances of niobium. SS-304. end aiaaaic-10S as structure! 
materials fa a canceptmel D-T fusion-reactor blanket model arc compared. For tacit struc­
tural material, tke tritium breeding rat io . tke enargj deposition rata. the operating 
dose, the time iapaaimca of the eeutrea-iaduced act ivi ty. tke t ia t dependence of the 
dese from the activation projects, tkt time dependence of the aaclcar afterbeat. ead the 
atomic displacement rata ar t calculated. Emphasis is placet' aa the nuclear response ia 
tka f i r s t stractaral mall to tkt selected stractaral material for aa assumed neutron wall 
laediag of 1 MkV*2. Takiaf fate account a l l of tka nuclear responses. S5-3C4 appears to 
b* a reasonable choice as tkt stractaral aattr ial far fusion-reactor application. 

• 
••search spansartd by E M M Division of "agnatic Fusion Energy (through ( M l Fusion 
Energy Oivision). 

( . 2 WCCRTAIRTIES I I I CALCULATED HEAT I K AM) RADI/TIOn QMWGE 

Ift THE T0WI0AL FIELD COIL OF A TOKAMUC EXKftlHEftTAl POWER 

ftEACTOt DUE TO NCMROh CROSS-StCT10* EURO'S* 

R. G. A lsmi l la r , J r . J . b r i s k C. R. Weisbin 

(Abstract oi OKSL/7M-519*. Xarch. 1?7*) 

Calculated results *r% presented of the uncertainties in the neutron scalar flux, 
the energy deposition per unit voluae. and the displeceaerts per aiow in the toroidal 
field coil of a totamek experimental power reactor due to neutron cross-section errors 
ia iron and carbon which art aajor constituents of the blanket-shield-coil configuration 
considered. The calculations were carried out using perturbation theory to obtain sensi­
tivity profiles for the various cross sections of interest, and these profiles were then 
coabined with cross-section error estiaetes, including correlations, to obtain the un­
certainties. 

Eack of the three responses - the neutron scalar flux, the energy deposition per 
unit volume, and the displacements per ate* - is found to be very sensitive to the cross 
sections in the energy group which contains the source ( 14 HeV since a D-T source is 
assumed), and each of the responses is found to have a relative H*n4*r4 deviation of 
approximately 100* doe to neutron cross-section errors in iron. 

Research sponsored by ERDA Division of Magnetic Fusion Energy (through ORKL Fusior. 
Energy Division). ^ 

6.3 HEUTROWICS AND PH0TQ3ICS CALCULATIONS FOR THE TOKARAK 
EXPERIMENTAL POWER REACTOR* 

R. T. Santoro V. C. Baker* J. H. Barnes* 
(Abstract of OKNL/Tft-5466, in press; also abstract of paper presented at 9th Symposium or. 
Fusion Technology, June 14-1$, 197t>, narmisch-Paitr-nkirchcn, Federal Rrpublic of O.T.'wnyj 

The results of one-dimensional nevtronic and photonic calculations that compare the 
nuclear performance of blanket and shield designs proposed for use in the Tokemek Ex­
perimental Power Reactor are presented. The nuclear analysis was carried out for both 
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nonbreeding and tritiwn-breedimg blanket modules to t— « n i the spatial variations of the 
radiation flux and energy distributions, nuclear heating, radiation damage, and tritium 
breeding, tionbreeding blanket ••dales that contain potassium pirns SS-316 or potassium 
only as toe energy-absorbing medium and breeding blanket-: that use lithium as tint fertile 
Material were evaluated as a function of the first-well cooling scheme. 

Research sponsored by ERQA Division of Magnetic Fusion Energy (through OPJR. Fusion 
Energy Division). 
*The University of Tennessee. 
Computer Sciences Division. 

6.4 NORTE CARLO ANALYSIS OF THE EFFECTS OF SHIELD PFJFTMTIONS 
OH THE rfRFOJMMCE OF A TOKMWC FUSION REACTOR* 

R. T. Santoro J. S. Tar/ R. 6. Alsmiller, Jr. J. R. Barnes' 
(S-ararv of p*i*--r to bv pr"S<?nto«J «»t the Fifth /nccrn*tj«««al Confcrt.-nc»? on 8 « c w r 
Sh:-jitiiit*f, April iS-UJ. 1)77, Kitoxvillc, T-snnessce) 

Calculations have been performed using the Monte Carlo radiation-transport code 
WORSE1 to estimate the effects on the performance of a D-T burning Tokamak fusion reactor 
resulting from radiation that streams through penetrations in the blanket-shield assembly. 
The number of penetrations, as well as the size of sane of these penetrations, is appre­
ciable, so the capability of the blanket and shield in attenuating the plasma neutron and 
secondary-gamma radiation is reduced. The radiation that streams through these penetra­
tions can lead to intolerable nuclear heating and radiation damage in vital reactor 
components, particularly the cryogenic toroidal-field coils that surround the reactor and 
the cr/opuRping surfaces inside the injee'rr. 

This paper summarizes the results of Monte Carlo calculations that were carried out 
for a representative fusion reactor having a rectangular neutral-beam-injector port 
(30 x 70 CBI ) passing through the blanket and shield. The plasm region, blanket, shield, 
and toroidal-field coils were represented using cylindrical geometry having dimensions 
and compositions corresponding to those of the Experimental Power Reactor."' The 
radiation transport was accomplished using coupled 35-group neutron, 21-group gamma-ray 
cross sections obtained by collapsing the 100n-21, cross-section library.*'' Energy 
deposition was estimated using fluence-to-kerma factors generated by HACK/ and radiation 
damage was computed using atomic, displacement, and gas-production cross sections gener­
ated by the code RECOIL.7 

The nuclear heating and radiation damage to the toroidal-field coils adjacent to the 
injector pc-t were estimated using forward and adjoint Monte Carlo methods. The presence 
of the neuUvl-beam-injector port leads to increases in both the nuclear heating and 
radiation dariage in the toroidal-field-coil windings by factors of SO to 100 over the 
same responses in fully shielded windings. 

Research sponsored by ER0A Division of Magnetic Fusion Energy (through ORNL Fusion 
Energy Division) 
Computer Sciences Division. 
1. E. A. Straktr. P. N. Stevens, D. C. Irving, and V. R. Cain, "The MORSE Code a 

Multigroup Neutron and Gemma-Ray Monte Carlo Transport Code," 0RNL-4&8S (1970). 
2. M. Roberts et al., "Oak Ridge Tokamak Experimental Power Reactor Study - 1976," 

ORNL/TM-5572-SS77 (1976-1977). 
3. R. T. Sentoro, V. C. Baker, and J. W. Barnes, "Neutronics and Photonics Calculations 

for the Tokamak Experimental Power Reactor," 0RNL/TPI-S466 (March, 1977). 
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4. 0. ft. Plaster. R. T. Santero. ami II. E. Fort. H I . "Coupled 100-Sroup Neutron and 
2i-Group Gamoa-Ray Cress Sections for Eft Calculations," 0RW.-TK-4*72 {1975}. 

5. U. E. Ford. III. ft. T. Santoro. R. U. Rovssin. and 0. r. 'taster. "ffooification Number 
0n% to the Coupled lOOa-21. Cross Section Library for EPR Calculations." 0RSI/TII-S249 

i. R. A. Abdou. C. W. Reynard, and ft. Q. Wright. "HACK - A Computer Program to Calculate 
Neutron Energy Release Parameters (Fluemce-te-Kerma Factors} and "Jultigroup Neutron 
Reaction Cross Sections from Nuclear Data in EROF Format." QRNl-TH-3994 (1973). 

7. T. A. Gabriel. J. 0. Awburgey, and R. R- Greene. ~»adiation-Damege Calculations: 
Primary Recoil Spectre, Displacement Rates, and Gas-Production Rates." OftftL/TR-5160 
097i); also Hucl. Sci. Em}. 61, 21. 1976. 

t.S nuCLEAR ENGINEERING. PART « OF THE OAK RIDGE TOKARAK 
EXPERIMENTAL POWER REACTOR STUOY 1976* 

C. A. Flanaoan, Editor 
E- S. tettis* K. L. '^atts1 J. T. Husford «. T. Santoro 
J. I. Scott J- S. Ma'.ion* S. D. Clinton1 R. S. Cheriack" 

(Abstract of OR.Vt7.f-i57>, :>~j.-sifi-r. H7<) 

The Experimental Power Reactor (EPR) studies which have been perforr«ed at Oak Ridge 
Rational Laboratoty (ORRO. at Argonne 'ialional Laboratory fAM.). and at the Get .era] 
Atomic Company (GAC) during the iast two years have investigated the design and develop­
ment aspects associated with a large tokar̂ fc designed to produce significant power at a 
hie* duty cycle, to be operated in the rid-1980's, and to be the precursor of a fusion 
Demonstration Reactor Plant (Demo). 

At ORNL, the first year was devoted to scoping studies. At the emt of this effort, 
a reference concept was selected. During the past year, the reference concept has been 
pursued in more depth; based on these more detailed investigations, rajor research and 
development needs have been identified and documented. 

The results of the past year's design effort in the nuclear engineering areas are 
documented in this report. The discussion covers naterials considerations, first radiation 
wall, mechanical design, neutronics, heat transfer, and tritium harjiinr.. Five companion 
reports being issued as parts of this composite tPR report present inforr^tjon in the 
other discipline areas. 
• 
Research sponsored by tRD* Division of Magnetic Ftsion Energy ''nroij'jn OR'iL Fusion 
Energy Division}. 
Westinghouse Electric Company. 
Consultant. 
Engineering Division. 
Retals out Ceramics Division-
Chemical Technology Oivsion. 
Burns and Roe, Inc. 

http://OR.Vt7.f-
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6 ( atUTRORKS CALCULATION FOt TM| TTT1 aEUTRJU. UM MUCCTORS* 

R. T. Saatere R. C. Alsafller. Jr. 
{Abstract of mmt/TX-StM. Jay, 197*> 

Cstiaetes. based entirely on om ftewiwel transport calculations, of sea* of the 
effects of reflation en the operetta* eat aatnteaeace of the aentrol been injector for 
tho ToUMh Fusion Test Reactor (TFTR) to be beilt ot the rlesae Physics tihintory of 
•riacetea University ore presented. Radiation effects doe to 14<HM matrons preence* ty 
B-T reactions to the plesae i r t o i t i Z.fc-HH neutrons predate* by ^-0 reactions fa the 
celoriaeter en* io the tharp* dojatorea been damp ore ceastesre*. The resolts present** 
here ore intended to indicate potential roifotfoa problems rother thoa to he an occarote 
estimate of tho meemito** of tho octaol roifotioa effects thot will eaist ia the otciaity 
of the fiool iajectars. This is particularly tree since the results presented here ore 
ease* on early iajector design 4*10, soae of which ore a* loafer applicable. 

for 14-Hr* aoatroas. estfaotos ore given of (1) the beating en* activation of the 
toroidol field (Tf) coils adjacent to the injector poru; tt) the activation of the 
injector superstructure; oai (3> the beating ia the cryepeael assemblies, for 2.••Re* 
aeatrons, estfaotes ore given of (1) the activetien of the caleriaeter structure, end (2) 
the dose rotes ia the vicinity of tho charged otuteroa heoa damp. I t is to he noted that 
ao estiaote is given here of the octivotiea of the chtraot-oaateroa beading aegeet siact 
ot the tfae these calculations were perform* ao design for this magnet aos available. 

•^search sponsored ay CROA Oi vision of Hi ant tic Fusion Energy (through ORRL Fusion 
Energy Oivision). 

i.7 THE CUR) MHPY TORUS RCACTOR (CRTR) REFIRCRCE DCSI 
0. 6. lfcAleest R. A. Uckon* E. S. lettis' 
C. L. Hedrick' E. f. Jaeger 0. R. Arisen 
L. W. Owerf J. F. Roberts' R. T. Sontoro 
IF * " * ^(^oWPw H. 1. Watt** H. T. Teh* 
L. *. Lidsky* D. A. East* J. S- Herring* 
0. L. Koplon A. rent' 

P. 8. Rum* 
R. E. Potok* 

(Abstract of OfWL/Tn-5669, November. 197;, and of Trans. Aa. Sacl. Sac. 24, 42, 1976; also 
abstract of paper presented nt American Unclear Society Srconi Topical mutiny on t>-
Technology ot Controlled nuclear Fusion, September 2l-2i, 1976, Pichlantt, U*xhin>ftoti) 

The goal of the ELMO lumpy Toms Reoctor (EITR) study is the evaluation t,f the ERT 
confinoarnt concept as the basis for developnent of • commercial fusion power reoctor. A 
aultidiscipHnary, self-consistent treatment of ERT reactor seeling end design has been 
completed end • reference design (EIIR-4S) has been developed. This design, eased on a 
realistic plosao aodel end relatively conservative engineering pereaeters (i.e., 1 ftf/a-
nevtron aoll loading and a 7,3 T Maximal toroidal field), is a steady state, ignited-aode 
system with high plasaa power density and aspect ratio. The total theme 1 power of 
EIIR-48, exclusive of blanket Multiplication, is 4000 Hi; the desion is based on « standard 
aodvle and the design power level for a particular plant is determined by the nuaber of 
nodules used. Several design variants have been investigated in detail to illustrate the 
effect of neor-tero and advanced technologies and to illustrate the design freedoa offered 
by devices with low field and high aspect ratio. The high aspect ratio simplifies nany 
aspects of the design, nest notably those associated with remote Maintenance, accessi­
bility, and repair. It appears that a commercially successful EBTR could be constructed 
with only slight advances in existing technology, if the present understanding of the 
physics con be extrapolated to the reactor regime and does not differ markedly from the 
model developed for this study. 
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0 a m participation sponsored by ERQA Oivisioa of Magnetic Fusion Energy (through 
V M L Fwsiea Energy Division). 
*Ex«e*mwcleer Co.. lac. 
'fusion Energy Division. 
'Consultant. 

ZC*Bpitcr Scitacts Division. 
'Engineering D i v i s i o n . 
, M»ssech«se t t s I n s t i t u t e o f Technology. 

e .B RAOIATIORMJAMASE CALCULATIONS: PRIMARY KROCK-0N ATOM SPECTRA, 
DISPLACEMENT RATES. AMD GAS-PRODUCTION RATES* 

T. A. Gabriel J . D. Anburge/ ft. If Greene" 
(Abstract o f -VucJ- S c i . Ei*?. 6 J , 21. 197*, and of 'XtSL/TX-5i<-v. "arch. I9?v) 

A heavy charged-particle recoil data base [primary knock-on aton (PICA) spectra] and 
a* analysis program have been created to assist experimentalists in studying, evaluating, 
and correlating radiation-damage effects in different neutron environments. Since ex­
perimentally obuintd controlled-thermonuclear-reactor-type neutron spectra *rt not 
presently available, the data base can be extremely useful in .elaticg currently obtain­
able radiation damage to that which is anticipated in future fusion devices. However. 
the usefulness of the data base is not restricted to just CTR needs, "tost of the elements 
of interest to the radiation-damage community and all neutron reactions of any signifi­
cance for these elements have been processed, using available EHDF/S-IV cross-section 
data, and ere included in the data base. Calculated data such as primary recoil spectra, 
displacement rates, and gas-production rates, obtained with the data base, for different 
radiation environments ere presented and compared with previous calculations. 

• 
Research sponsored by EROA Division of Magnetic Fusion Energy (through ORM Metals 
and Ceramics Division). 
Computer Sciences Division. 

6.9 THE SPATIAL VARIATION OF THE OARAGE ENERGY AW) GA!. PRODUCTION 
IN THE EXPERIMENTAL VOLUME OF A Li(. ,>:) 
NEUTRON RADIATION DAMAGE FACILITY* 
R. G. Alsmiller, Jr. J. Parish' 

(Abstract of oa.Vt/TW-5554, October, I9">i, and of papv: to br published :n .Vucirv»r 
TechnoJovy) 

Calculated results ere presented of the variation with position in the experimental 
volume of a Li(. ,•:) neutron radiation damage facility of the damage energy and helium and 
hydrogen production in copper and in niobium when this volume is partially filled with 
experimental samples. The neutron nonelaslic cross-'-ection data at the higher energies 
(/15-20 HtV) needed to ctrry out the transport calculations mere obtained from the intra­
nuclear-cascade model of nuclear reactions. 
• 
Research sponsored by ERDA Division of Magnetic Fusion Energy (through ORNL Fusion 
Energy Division). 
*Computer Sciences Division. 
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6 . 1 0 THE JVFLICATIQK OF NEUTRQB TRARSKftT CODES TO TIC TtJUBPORT 
pf wurwL ATOMS in KASHAS 

J. M. Htrable C. II. Oolew 
i Abstract of oiai^T.t-5i*4. F-briury, 197*. aiwf of Zucl. Sci. Eh?. »i. 90, I»7t; 

The application of the linear BoltZKWt carnation as used in reactor and shieldiimj 
problems to the transport of neutral atoms in a Tokomak-type plasma has been studied. 
The method was found to be generally valid with some limitations because of possible 
noni sot ropy of the plassa medio*. 

Effective cross sections for the iiterection of neutral atoms with an isotropic 
plasma were calculated and applied to the transport of hydrogen in a typical O M k plasma. 
The outer wall was found tn have a significant effect on the hydrogen concentration. 
Research sponsored by EMM Division of Magnetic Fusion Energy. 

6.11 ffOOELING THE EDGE OF A TOKAMUC PIASM* 
J. D. Callen E. C. Cru*e~ H. C. Howe' G. G. Kelley" 

A. T. Nense" E. H. Oblow K. T. Isaac," 
tSuncary of p*:- t ?,r- i.?ac-•*! .it .s".^«5ia3 on r.dsaj X*J2 J.->r-.-raction, 'Vtober 1*-J?, I?7«, 
Julich, fV.if-rji ."••ridtijc ot •"•• r.-ar.̂ ) 

A substantial fraction of the ohmic heating input power in tofcemaks is radiated, 
primarily at the plasma edge through low-Z impurity line radiation, by using a time-
dependent ionization ami recombination model, we find that if low-Z impurities a n sta­
tionary they probably do not radiate enough power to account for the observed power loss. 
Thus, we infer, in corroboration with some specific impurity transport measurements on 
tokamaks, that impurities must be recycling from the wall deep into the plasma and out 
again, on time scales not much longer than the energy containment time. The (neo)classical 
influx of impurities provides an inward transport mechanism, but the outward transport 
process is unknown. However, a recent and more exact (no mass ratio expansion) impurity 
transport calculation- has shown that a "temperature-screening" effect may inhibit or 
reverse the influx of low charge states of low-mass impurities. A similar quandry occurs 
in gas puffing experiments where the electron density at the plasma center rises rapidly. 
We have performed detailed calculations of the neutral transport in the plasma edge, 
including energy-cascading, reflection and a proper accounting of the (small) power lost 
via charge-exchange through an ANISIt-type (XCDR») transport code. We find that the 
density rise observed cannot be explained by the combination of neutral influx and par­
ticle diffusion. 

In order to explain these apparent paradoxes, we hypothesize a "new" transport model 
based on the generalized theory of dissipative trapped-electron inabilities. In this 
model, the anomalous transport is in addition to neoclassical transport and affects only 
the "cross-field" processes of particle diffusion and electron heat conduction. In the 
resultant model the electron temperature is determined by the anomalous electron heat 
transport, as usual. However, with regard to apparent paradoxes discussed above, the 
particle density is determined by balancing the inward Hart pinch with the outward 
anomalous particle diffusion; the impurity density results from balancing the inward 
classical diffusion against the outward anomalous diffusion. The inward Ware pinch is 
found- to be sufficiently rapid to explain the density increases observed in OftRAK gas 
puffing experiments, and in AlCATOR, at least up to 4 x JO- * cm". The impurity balance 
that obtains from the balancing of the classical influx (or outflux') against the anom­
alous outflux and its dependence on the boundary conditions in the plasma edge will be 
discussed. 
• Research sponsored by EROA Division of "agnatic Fusion Energy. 
Fusion Energy Division. 
1. K. T. Tseng and E. C Crume, "Temperature Screening Effect in Two-Ion Species 

Pfirsch-Schluter Transport," 0WH/TH-53o6 (1976). 
2 . h. C. Howe, "Evidence for a Density Pinch in Tokameks," paper at DPP-APS, San 

Francisco, November 15-19, 1976. 
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6.12 CALCULATED PERFORMANCE OF I RON-ARGON AND IRON-PLASTIC 
CALORIMETERS FOR INCIDENT HAOROKS KITH ENERGIES CF 5 TO 75 GeV* 

T. A. Gabriel U. Schnidt 
(Abstract of OK»t-TJT-5ii>5. FvotiM*zj. i9H. jnd of ::JC! . J.-isrr. r-zioxs 134. .\"i, ;••",; 

The calculated responses of iron-argon ami iron-plastic calorimeters for incident 
•ad*ens with enerfies of 5 to 75 Get *n presented. The responses calculated tre energy 
resolution *s energy, energy resolution vs the thickness of the sampling plates, the 
angular and spatial root-nean-sojuere deviations (i.e., the ability to determine the 
incident particle's entrance angle and taped point), and the spatial properties of the 
average and individual herdronic cascades. *one comparisons »n n*de with experirenut 
data; however, the aain purpose of this paper is to provide specific design information 
for these types of calorimeters. 
• 
Research sponsored by ERQR Division of Physical Research and by the Biindesministeriur 
f i r Forschung und Technologic der BRO. 
Institute of Expertaental Nuclear Physics, Nuclear Center and University, of Karlsruhe, 
Karlsruhe, Federal Republic of Germany. 

6.13 THE CALCULATED RESPONSE Of A LlQUlQ-SCiriTlUATOt 
TOTAL-ABSORPTION MORON CALORIMETER* 

R. T. Santoro J. D. Amburgey T. A. Gabriel 
iAi>str<*ct of fJH3L.'T.V-3ii,2, J j / w r : , ."*/-., Jnrf >>: \:xi. I:.j.zr. :.'•;...>.•.•- .' i-i. .-"". 

The calculated performance of a large-volume, a l l - l iq«id-scint ; l la ior calorireft-r 
for incident pions having momenta in the range r>f 3 to 20 Ge'.Vc is presented. Tne cal­
culated scintillation pulse-height distribution, energy deposition, leaka^f er.err,/, am 
pulse-height resolution as a function of pion energy in given. Calculated &nn experi­
mental pulse-height distributions *rt compared for 20-GeV/c incident piens. 

Reseercr. sponsored by EROA Division of Physical Research. 
Conputer Sciences Division. 

6.14 CHARGED HADROTi ARD LEPTOK CURRENTS PRODUCED SY LO.-MOMENTUM 
(•3 GeV/c) CHARGED PIOSS Ifi A l , Fe. AND Pt> TARGETS* 

P. S. Beiser' T. A. Gabriel i- 0. Anbur;ey 
/•,.• ;:.'jcr of #.v:. TX--77, ;.._••--•,• .-, . •'• 

Calculations have been carried out to deterrine the spatial impendence o f charged 
hadron and lepton currents produced by low-rorentun •• 3 Ge.'.'t, r̂ .-trqea &ions in Al. Ft-, 
and Pb targets. Even at the lowes' rnonentur <-a1ue; considered . .i. &f.'•<. .>, there is 
l i t t l e difference between incident positive pions ana negative :<\on'> with respect to the 
average spatial dependence of the charged current. 

Research sponsored by ERDA Division of Physical ^search. 
Oak Ridge Associated Universities undergraduate '••searc: trainee. 
Computer Sciences Division. 
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c.is CALIBRATION cMxauaima OF NAORSMC CASCADES IRWCED 
I T HIGH-ENERCT raws w IROR/PUSTIC CAUJRWTCRS* 

T. A. Gabriel J . D. Anfevrpi/ 
(Abstract of OtGUTX-5+15. Oecvmber iff*. *ad of p+p*r to he pohiisbtd im Jtac-i«*r 
Iastn*Knts ana A-tnarfsJ 

Calculations have been performed to determine the response • * an iron-plastic cal­
orimeter to •won-imJuced nuclear interactions. The calculated data inclode energy 
resolutions and avirage pulse-height signals as a function of energy transfer, w r m j 
transfer angle, and spatial-interaction point. 

Research sponsored fey EMM Division of Physical Research. 
"Conou:er Sciences Division. 

i . l i KA0KNMC- AID ELECTRflWGKTIC-CASCAQC DISCRIMINATION 
in A THIR LEAO-ARGOH CALORIRETER* 

T. Jensen' J. D. Awbwoe/ T. A. Gabriel 
{Abstract uf ORZUTX-S679, Ft*raarv» 1977. and of paper to b- published in Suciear 
lastrum.-nts and Methods) 

Calculations have been carried out to detenune Methods or a conbination of Methods 
for discriminating between high-energy (,-lS GeV) hadrons and leptons or photons incident 
on a thin lead-argon calorimeter. Some of the Methods considered involve fluctuations in 
shower development, the centroid of the shower, and ratios of the pulse height obtained 
from various locations within the device. Of these, the latter appears the Most pronisina. 

Research sponsored r»» EROA Division of Physical Research and by The University 
of Rochester. 
"The University of Rochester. 
Computer Sciences Division. 

6.17 NEUTRON KERN* FACTORS FOR H, C, N, 0, ARO TISSUE 
IN THE ENERGY RANGE OF 20 TO 70 HeV* 
R. G. AlsMiller, Jr. J. Barish" 

(Abstract of ORZL/TX'5702, aercuR&t-r, i#7e>, and of paper to hv published ««.-<ith 
Physics) 

Calculated kerwa factors (kerma per unit fluence) in the energy ranae of 20 to 
70 HeV based on nonelastic charged-particle-production cross-section data obtained from 
the intranuclear-cascade model of nuclear reactions mrt given for H, C, N, 0 , and tissue. 

Research sponsored by ERDA Division of Physical Research. 
fComputer Sciences Division. 
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i . I t MKUMIMtT If HAT Oi IME WOWSf Of ACCElEIATO*. tKEOI*£ AKQ C0R3ERTEK 
REACTOR SMIIflSIS (AAACS) AS Ml AUEOJbUin CBCRST STSTEH* 

r. • . **•*". stody Cr**p icadtr 
Tar***, "hytfct Studies - • . 6- Alvrftler. Jr . . J. 3*rish.' Md T. A. Gabriel 
•ucloer CMfianrtaf - 0- C tortfe* M i l . J . Bums 
Accelerator Detifft - J. A. R*rtt* and li. J. Saltaorsh 
NKt Transfer and Htcnaefcal DtSlM - I . $. Retti* 

f4&stf*cc * f ««M."rW-S7*i}. r*«ru>rv, i*77» 

A pretvninery study hot be** porfoild to evaluate th* previse of •cceterate*' 
breodinn M i converter rwctir sjabfetic system (AtACS) as M alternate fission power 
mfc—toy which um •*•* foil utilization of the cnerqy content of (iror.it*: and thorium 
nets. MtaCS H , therefore, considered ** e» alUmetiv* to fast breeder reactors for 
«aie*din* our m r w supply. An ennlenetion i t «iv*n of the f w i M n u U of *c- -leritor 
bruudtnf in which "Hi or * ' > • f i t t i l t feel i t produced in * uroet/btanket systert as a 
result of irradiation wit* 0* intense hfoh-energy proton beon. Seutronics and he*t 
trontfer analyses ore pdifor nod for tore* Accelerator breeder concepts Used on tech­
nologies of the ltojrtd "tUl f*St breeder, nolle* sa l t , and «*s-coo?ed fast breeder 
root tors. Sever*! converter reactor* are considered, end the BOSS flows and economics 
Of the conplete Synbiosis ore presented. Particular attention is given !( the potential 
o iwtoee t of -MACS relative tc the fast breeder reactor in the areas of *crent safety 
and in the inalenentetton of the > ! 0 - *« denatured fuel eye!* as * proliferation a»d 
diversion deterrent. Advent***? end disadvantages of the present accelerator brttder 
concepts ore sunnerifed Md development needs ore indicated. 

• 
Research funded by ERDft Division of Physical Research. 
Cenpwter Sciences Division. 
Physics Division. 

^Consultant. 

6.19 FEASIBIllTr OF OCSAT'jRtD IBF3*'i 

T. .1. Burns J. [. Eariine 

1977, :;-w York C:tj) 

The use of denatured fuel in nuclear reactors has been proposed as a possible reans 
for alleviating ten* of the safeguard concerns of t»w nuclear fuel cycle. In such a 
fv«t, the f i ss i le conpontnt would not be chORically separable Iror the rest of the fuel, 
further, such a fuel would bo subject to enrichment Hnitations to prevent direct use as 
weapons Material. This paper Su*»*»rues the results of a study directed at investigating 
the possible use Of such a fuel { U diluted with U) in an LHFBft. 

The reactor utilized for this study was based on a c<merci*l-s»/ed [1200 "+»{rjj 
conceptual desfor. Tht standard two-lone Pu-fueled core surrounded with depleted wr*nim 
blankets was taken as the rtfer«ace case. Preliminary calculations on the EOt core were 
done by Substituting the denatured fuel in p l*« of the reference core fuel. The radial 
blanket was also replaced by thorium oxid*.. Ite results of some of these calculations 
*rt sunnarized in Table ( .19.1. Also Ululated *rn --on* of the results of an analysis of 
a heterogeneous model in which thoriu* racial blankic assertlies art intersperse* with 
core asseablics. 

http://iror.it*
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Table (.19.1. Calculation*! results for IHFIR models 

Reference 
Denatured 

Reference Homogeneous Heterogeneous 

! . Model 

a. Fuel Pu/*"U ;3 3U/.J9g 2 3 i 0 / : 5 * u 

b. Radial Blanket ^i«U " T h 2 " T h 

c. Internal Blanket ^ 2 T h 

d. Core F iss i le Inventory (kg) 2933 2512 3241 

e. Internal Blanket Fraction 33.9" 

I I . Performance Parameters 

a. k 1.0369 1.0369 1.0369 

b. Core Assembly Conversion Ratio 0.917 0.836 0.355 

c. Breeding Ratio 

1. Core Assemelies 

2. Axial Blankets 

0.906) 
} 1.107 

0.201 ) 

0.831 | 

0.189 1 
.020 

0.350] 
} 0.431 

0.081 1 

3. Radial Blanket 

4. Internal Blanket 

0.222 0.214 0.310» 
} 0.783 

0.473 1 

Total 1.329 1.234 1.214 

As indicated in Table 6.13.1, the prinury penalt> in using denatured fuel in the 
reference LHFBR is a significant decrease in the breeding ratio for both denatured cases 
given. Similarly, the doubling time for both reactors is greater than for the reference 
reactor, although this effect for the two-rone case is somewhat ameliorated by a smaller 
fissile inventory. The heterogeneous model, while requiring a larger fissile inventory, 
does, however, dramatically alter the isotopics of the bred fissile material (64 ' " u vs 
17. for the two-zone case). Even for this case, it is evident that the denatured IMFBR 
may not be viable as a stand-alone reactor since the plutonium bred as a consequence of 
the denaturing process is unavailable for recycle in the denatured reactor. Moreover, 
even if alternate designs increase the n U breeding ratio to a value greater than unity, 
a source of : ;' JU for the initial core will <till be required. 

(iwing to these considerations, a symbiotic system Such as *. iat depicted in Fig. 
6.19.1 is envisioned. The denatured reactors wculd operate in dispersed locations. All 
fuel reprocessing would be confined to a safeguarded *rt». Also located within the safe­
guarded area would be reactors designed to utilize the plutonium produced in the denatured 
reactors (which is not allowed outside the safeguard *rt» after reprocessing) to produce 
-"•1U. The mass balances involved in such a symbiosis will be discussed, with particular 
emphasis on maximizing the number of outside denatured reactors supported per inside 
"converter" reactor. 
• Research sponsored by EROA Division of Nuclear Research and Applications. 
1. H. A. Feiveson and T. B. Taylor, "Security Implications of Alternative Fission 

Futures," Bull. At. Scientist 32, 14 (December, 1976). 
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Fig. 6.19.1. Fissile flow diagram of denatured LWFBR fuel cycle with fertile 
thorium. 

6.20 THORIUH ASSESSMENT STUDY QUARTERLY PROWESS REPORT 
FOR FIRST QUARTER FISCAL 1977* 

I. Spiewak, Program Directo-" D. E. Bartine, r>-o ;•-*- vrtna';er 
Contributors: 

T. J. Durns J. C. Cleveland ». f. "*ird'» 
t'Ait±-Xt*:' ' l l r.V:, 77.- - . ~, " ••: :., . '•'• 

The objective of this program is to contribute r.o 'he f-'.v; in-; asses-.'ent of the 
potential role of thorium fuel cycles for rtllev'atir^ ^ a f e w ' d i -.onccrns. Srenarios 
include (1) no fuel recycle permitted, 2'; fue' ^ec/cle per^ i L f d only in secure regions 
("energy parks") with denatured 'chemically nonseparablej fuel', only outside thes<? 
regions, and (3) no l imi ts on fuel recycle. A further objective is to provide nu< W-.ir 
mass balance data on HTGR's required by [RDA contractors for coryarative cost-benff ir 
studies. 

Research sponsored by ERDA Division of Viclcar ^search and Amplications. 
Engineering Technology Division. 
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6 . 2 1 OK NUCLEAR FUEL, WJW IALANCES, COWERS IOR IttTIO. 
OOUetlRC TIME M B URCERTAISTT* 

D. R. Vondy 
iAbscr*ct of OBSL/Ttt-SQiO, .Vow**.!", 1*7*1 

There is considerable interest in the performance characteristics of nuclear power 
plants. Concern ever availability of fuel frea ore leads directly to emphasis on the 
development of plants Mhich breed fuel. This study addresses certain aspects of analysis 
of performance of and projections for nuclear reactor power plants. 

Research sponsored by E R M Division of Reactor Development and Demonstration. 
LHFBR Program. 

6.22 HuUlOIMERSIOML lift BCROMRRK PROBLEMS 
M. R. Wagner H. Fiimemann R. R. Lee' 0. A. Mtneley* 
6. Richeelsen* I. ffisfeldt* 0. R. Vondy U. Werner" 

<F<-sTiaC oi Tr*ns. Aa. .Vuci. Soc. 2 J, 211. 1976} 

Ore of the functions of the Benchmark Problem Committee of the ANS Mathematics and 
Computation Division is to provide reliable solutions to well-defined mathematical bench­
mark problems in reactor statics. In particular, the establishment of solutions to 
large-scale three-dimensional (3-D) light-water reactor benchmark problems is needed to 
serve as standards for the verification of design codes and for the detailed error 
analysis of cakulational methods. 

The Benchmark Problem Committee has therefore adopted a 3-0 two-group diffusion 
theory problem that was initially defined by Micheelsen and other participants of the 
1971 IAEA panel on burnup physics. In Nay 1973, preliminary result'- obtained in 1972 
using 17 computer codes in 7 countries were reported.1 This paper summarizes the general 
characteristics of this 3-D IAEA benchmark problem and the status of the work presently 
being done by members of a benchmark Subcommittee in an effort to generate reliable, 
high-precision results for this and a related 2-0 IAEA problem. 

The problem specification7 was chosen such that coarse-mesh and nodal codes can be 
easily applied. The 3-0 IAEA problem represents a quarter-core of a medium-size PUR with 
two radial enrichment zones and a total number of 177 fuel elements (full core). The 
core is reflected by pure water without a stee? baffle. The dimensions of the fuel 
subassemblies »rt 20 x 20 x 340 cm. A number of partially and fully inserted control 
rods, represented by absorber added to certain subassemblies, cause a strong nonseparabie 
power distribution. In addition, the existence of a very large thermal flux peak in the 
reflector makes this a very difficult and challenging problem to solve. On the other 
hand, by the specification of homogenized two-group cross sections, the exclusion of 
nuclear feedback effects, and the choice of clean, fresh core conditions, phenomena that 
*n not to be emphasized by this benchmark series art avoided. 

During the past few years several authors have investigated the 2-D subproblem, and 
in 1975 a number of relatively accurate reference solutions were published.** More 
recently, finite-difference precision calculations with VENTURE (ref. 4) (mesh size 
h - 0.62S cm) mi P0Q-7 (ref. S) (h - 0.5 cm) of the 2-D IAEA problem provide a best 
eigenvalue estimate of 1.02958 • 0.00001 and « peak-to-average power value of 1.5132 • 
0.0006 in the core at locations 31, 31 (cm). A second peak of 1.5333 is found at the 
core/reflector interface, position 130, 55.5. 

Table 6.22.1 summarizes the data for eigenvalue and peak power density for the 3-D 
problem that hive been obtained by members of the subcommittee using five computer codes 
based on different cakulational methods. The generation of well-converged, reliable 
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fine mesh finite difference (FOH) solutions, containing in one case well over i pillion 
mesh points fer the quarter cere, proved to be a severe but successful test "' the auto-
Mted iteration and restart procedures. Good agreement, within 3 x 10"-. is found in the 
eigenvalues obtained with nosh-centered and comer-mesh FDR codes. However, a noticeable 
discrepancy remains in the peak power value. This difference is consistent uith earlier 
2-0 studies.1 which also revealed a systematic difference between the two finite-difference 
approximations, indicating a somewhat better accuracy of the mesh-centered formulation 
for this particular problem. 

Table 6.22.1. 3-0 IAEA benchmark problem results 

Peak/A 
Value 

Computer 
Code 

Method. Order of 
Approximation Mesh Eigenvalue 

Peak/A 
Value 

iverage Power 
Location 

ftimmE- Finite-difference method, 
mesh centered 

17 x 17 x I f 
34 x 34 x 38 
68 x 68 x 76 

102 x 102 x 114 
Extrapolation 

1.02913 
1.02864 
1.02887 
1.0289e 
1.02*T03 

2.567 
7.504 
2.408 
2.376 
2.354 

•00-7 Finite-difference method, 
corner mesh 

34 x 34 x 38 
60 x 68 x 76 

1.03)54 
1.02S13 

2.039 
2.266 

35, 
32. 

35. 170 
32. 175 

FEU 30' Finite-element method, 
2nd-order Lagrange 
interpolation 

16 x 16 x 13 1.02917 2.296 
2.426 

32. 
130, 

32. 174 
56, 178 

IQ580X'*7 Nodal-expansion method, 
4th-order polynomial 

9 : .9 x 19 
17 x 17 x 21 

I.02875 
1.02903 

z An 
2.356 

30. 
30. 

30, 170 
30, 170 

5th-order polynominal 9 x 9 x 19 
17 x 17 x 21 

1.02916 
1.02910 

2.3«i 
2.341 

30. 
30. 

30, 170 
30. 170 

cueor Flux-expansion method, 
3rd-order polynomial 

9 x 9 x 19 
17 x 17 x 19 

1.02888 
1.02895 

2.387 
2.340 

50. 
50, 

30. 170 
30. 170 

The regaining three solutions of Table 6.22.1 were calculated with higher order 
coarse-mesh cod?s with quHe l%rq? Mesh spacing?, definite conclusions about the "uelity 
of these solutions ca.", only l#e drawn after a detailed comparison with the reference FOH 
solutions has been made. Nevertheless, the data in Table 6.22.1 and its convergence with 
mesh spacing indicate that finite element methods and improved higher order coarse-mesh 
techniques can produce accurate solutions for large-scale 3-D reactor problems with 
considerably reduced computing costs. 

ORNL participation sponsored by ER0A Oivision of Factor Development and Demonstration, 
LMFBR Program. 
Kraftwert Union, Germany. 
Combustion Engineering. 
'Ontario Hydro, Canada. 
nDanish AEC. 
The University of Munich, Germany. 
1. 8. Hicheelsen and H. Neltrup, "The 3D IAEA Benchmark Problem," RIS0-H-'572 (1973). 
2. H. R. Wagner, "Current Trends in Multidimensional Static Reactor Calculations," 

C0HF-750413, 1-1, Proc. Conf. Comput. Methods in Nucl. Eng., Charleston, S.C. 
(April, 1975). 
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3. I. Hisfeldt. "Solution of the Multioroup Neutron Diffusion Equations by the Finite 
Element Method." RISO-M-1809. July lt7S. Banish AEC. Research Establishment RISO. 
Denmark. 

4. D. R. Vondy. T. B. Fouler, and G. W. Cunningham. "YERTUK: * Code Block far Solving 
Multigroup Neutronics Problems Applying Finite-Difffere* e Diffusion-Theory Approxi­
mation to Neutron Transport." 0RRL-SO62 (October, 1975). 

5. V. R. Ladwell. POQ-7 Reference Manual. «*PD-TH-«78 (January 19S7). 

6. H. FirHHriiann. "A Consistent 3odal Method for the Analysis of Space-Time Effects in 
Large IWR's." MRR U S . p. 131. Proc. Joint HEACRP/CSW Spec ia l i s t s ' Meeting on Hen 
Developments in Three-Dimensional ?«eutron Kinetics . Garchi>wj. Germany (Jan. 22-24, 
197S). 

7. H. Finnecann and M. R. Wagner. "The Nodal Expansion Method: A New Computation*! 
Technique for the Solution of Multidimensional Neutron Diffusion Problems." IAEA 
Specialists' Meeting en Methods of Neutron Transport Theory in Reactor Calculations. 
Bologna. Italy (Ftov. 3-S. 1975). 

8. S. Ungenbuch, U. 'Taurer, w t H. Uemer. "Simulation of Transients with Spac»-
Dependent feedback by Coarse flesh Flux Expansion Method." HRR 14S. p. 173, Proc. 
Joint "iEACRP/CSH! Specialists' Meeting on 'Jew Developments in Three-Dimensional 
%eutron Kinetics, torching. Germany (Jan. 22-24. 1975). 

6.23 HTGR REUTROfUCS BEHCHMARK PROBLEM 
R. 6. Steinke D. R. Vondy «. V. Gregory* 

(>-r.r;rit nt Trans. An. %'ici. Sot. 21, JOV, l'*7t>> 

The purpose of the high-temperature gas-cooled reactor (HTGR) Mcutronics Benchmark 
Problem is to provide a static neutronics problem in triangular (hexagonal) geometry for 
which accurate solutions can be documented. These solutiors will then provide a valuable 
means for checking the accuracy and efficiency of triangular-geometry static neutronics 
codes throughout the industry. 

A simplified model of a Fort St. Vrain-size HTGR was chosen for this purpose. The 
salient features of that design have been retained within the model. Maintaining a 
realistic level of model complexity is important for code validation since the ultimate 
purpose of these codes is the analysis of such models. 

The first level of problem definition, the Benchmark Source Situation,1 provides a 
physical description of the problem. A three-dimensional (3-D) reactor model was chosen 
with 60-deg rotational symmetry in the horizontal plane. The reactor is modeled as a 
lattice of homogeneous, hexagonally shaped fuel elements surrounded by a graphite re­
flector. Two different core • imposition layers *rt defined aiially. A control rod 
pattern consisting of a half-inserted centra• rod and a ring of six fully inserted rods 
is specified. Temperatures and isotopic compositions *rt given for initial hot con­
ditions. 

The second level of problem definition, the Benchmark Problem, proceeds from the 
source situation in further specifying a fully def'ned problem. From the given source 
situation, a number of benchmark problems can be defined. Two problems have been speci­
fied to date: a 2-D proolem in the top half of the reactor and a 3-D problem. Both 
problems involve reducing the source situation by specifying four energy groups, spatial 
transport based on diffusion theory and a zero-flux outer boundary condition. Appro­
priately averaged macroscopic reaction rate cross sections *re given for each composition. 
Contributed solutions for each problem *rt to have as primary results the neutron multi­
plication constant k c f f , iteration and time requirements, neutron balances and the fission 
rate density and fluxes both hexagon averaged and along traverses. Possible additional 
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results far the 2-9 problem are the above primary results for three other controlled 
states of the reactor (with the central rod removed, all rods removed, and all possible 
reds inserted). 

The third and final level, the Benchmark Problem Solution, is the documented solution 
Fmr * tenchmart Preble*. At least two independently evaluated solutions (by different 
cedes progrimmiid by different people) »rw required for the acceptance of the Benchmark 
trebles. These solutions oust be sufficiently accurate and give or approach, through 
error refinenent, the sane result. 

Solutions contributed to date have been for the 2-D problem. A prelininary coarse-
=*sn calculation on the 3-0 problem has been performed, but fine-mesh 3-0 calculations 
involving Vrz i^rticipetion of others Mill be needed to obtain acceptable solutions. 

The 2-0 problea has been solved by the authors using f*-t rinite - difference dif­
fusion theory cedes 6 M M (Crcgory. Slfc).-»5 VCRTUnt (fr.ney. <*».}. and EU6180 {Steinke. 
6AC). GKfHHI and VCHTUK solve mesh-centered difference equations, while EUGIEO solves 
difference equation* for an interfac.-centered nesh. Mesh element grids ranging from 1 
to 54 nesh points per hexagon (mp/h) have been analyzed. <9ff values from the contributed 
solutions ere given in Table 6.23.1. Comparing the 4ft-mp/h EWGISO solution with an 
estimate for the actual solution obtained by extrapolating the three BUGISO solutions to 
zero-mesh size indicates that i ts maximum flux fractional errors trt 1 :n the core and 
<$' (-2 , thermal group) in the reflector. This level of accuracy in the 4a-wp/h SUG130 
end S4-rp/h VESTURE solutions is felt to be sufficient for acceptance of the 2-D Benchmark 
Problem. 

Benchmark problem specifications and their documented solutions will be dinributed 
at the meeting. 

Table 6.23.1. Neutron multiplication constant k ,f from contributed solutions 
of the 2-D HTGR benchmark probler 

GRIMNX 

Computer Prograir Coarse Kesh Standard VENTURE BUGiPC 

1 1.11321 1 .12725 1 .1272b 

3 1 .11735 1 .12102 1 .15672 

E q u i v a l e n t Number 6 1 .11363 1 .12023 1.1?D27 

Number o f Mesh 12 1.11777 

Per Hexagon 24 '. .11929 

48 1 .11815 

54 i . 1 1 9 0 0 

0R?H. p a r t i c i p a t i o n sponsored by ERQA D i v i s i o n of Reactor i i eve lopnent and D e m o n s t r a t i o n , 
IKFBR Program. 
General Atomic Company. 
Savannah River Laboratory . 
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1. Benchmark Problem Coanitte*. "Araoame Lome Center: Benchmark Problem Beak." Ml-?«1t 
and Saapl. 1 (19M and 1972). 

2. H. C. Honeck aad J . u. Stewart. "Siaaltanseas Line Over-Relaiatien (SlOR) in 
Hexaaaaal Lattice." C0RF-7209Q1. loo* '.. p. 253 (1§72). 

3. H. L . Dodds. J r . , H. C. Honeck. aad 0. E. nestetler. "Coarse-lbnh Method far Two-
Diaensional Rised-Lattice Diffusion Theory Calculations." Trans, an. and . Sot. 
2 1 . 233 (1§75). 

4. D. R. Vondy et a l . . "VCRTURC: A Code Block for Solving rfaltigreup Rcatreaics 
Problems Applying the Finite-Difference Diffusion-Theory Appro*iaation to Xeatrea 
Transport." ORKL-SOtt (1»7S). 

5. u. R. Davison. "BUCIM/KTM. A Two-Dimensional. Triangular Mesh. Hattiaroap Dif­
fusion-turnup Code for Use in the Design of ISO* Rotationally Symmetric HTGR Cores." 
GA-A12674 (197S). 

6.24 BCRCMWRK ARAtTSIS OF LPFRR NUCLEAR DESIGN rCTNOBS* 

E. Kujawski H. S. Bailey 
(abstract of paper to i*.- presented at the American Sitelear Society Malhtmat ics ant 
Computation Division Satioaal Topic*! !t--etimf. March 29-JO, 1977. Tucson, mtiamta. 
and of paper o be published -.a "jci-ar Science and cnyiaet-riny; this pap»r reports 
W S S benchwm'k calculations p^-rfaraed in the .V"wtron Physics Division by D. 9. Vondy. 
T. B. Fowler, and <;. K. Ciatniatj'rjmf) 

The Large Core Code Evaluation Working Group has been organized for the priae aia of 
testing and validating neutronics codes and methods for use in the analysis of large fast 
reactors. For the initial problen stati - neutronics calculations were perforaed on a 
"representative" 1200-fRie LNFBR 'n a two Jimensienal radial gloat try. The initial results 
representing the cooperative effort cf the participants are summarized. Various codes 
and Methods using few-group diffusion theory ere intercoapared. The calculationel Methods 
*rt in substantial agreement provided the sane nvltigroup constants ere used. This 
effort is to be further pursued and broadened to investigate specific effects such as 
Ra-voiding. 
• 
ORRL participation sponsored by EROA Division of Reactor Development and Dcnonstration. 
LNFBR Program. 
General Electric Company, Fast Breeder Reactor DepartMtnt. Sunnyvale, California. 
Coaputer Sciences Division. 

6.2S SUBCRITICALITY CALCULATIONS IN SUPPORT OF THE REACTIVITY SURVEILLANCE 
PROCEDURES EXPERIMENTS FOR THE FTR ENGINEERING PRXKUP FACILITY* 

D. L. Selby G. F. Flanagan 
(Abstract of OKHL-SObl, October, I97t>) 

The results of discrete ordinate calculations *r» summarized. These were node at 
ORNL in support of the analysis of the subcritical experiments perforaed on the Fast Flux 
Test Reactor Engineering Nockup Critical located at Idaho Falls. Results indicate good 
agreement can be obtained between the simple modified source multiplication method and 
ether more complex reactivity determination methods such as inverse kinetic rod drop or 
noise analysis provided accurate detection efficiencies can be calculated. The point-
wise (zone-wise) convergence of the fluxes is givtn particular attention as a major 
problem in obtaining "accurate" detection efficiencies. 
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••March Sponsored by C U M Oivisia* of Reactor Development and Oeaonstratior.. CRSR 

t.2S SrSTER r « ASSAT OF FISSILE CORTEKT OF SPEfcT 
UVtt FUEL SuUSSOVLICS* 

6. I. Rage/ 1. S. Booth* T. J. Burns 
J. D. Jenkins* C. R. Ueisbin I. R. tflliams 
imeptiat of Trias. An. Xucl. S-JC. .?.», ?>, i*7«J 

A system ««s cmnceptmally de* '«"•< ('**• *-**-1) to nondestructirely assay the toUl 
fissile content of a spent LNFW fjel subassembly as it enters the head end of a fuel 
reprocessine. plant. This system will help the plant operators to achieve better process 
control, criticality prevention, accountability, and safeguard of fissile materials. 
IbthoMtical analysis of this system, using the ORIGER and ARISN codes, indicates that 
a real-tine assay can be achieved with an uncertainty of 1-5 of the total fisstle content 
Of each subassembly for a plant throughput of S tons/day (2-4 subasseablies/hr}. Other 
assay system have been unsuitable for assaying spent U*~BR fuel subasseNtl ies because of 
(I) interference by high neutron and gamma backgrounds fro* the fuel and (2; poor pene­
tration of interrogating and/or signature radiations through the massive subassemblies. 

The basic principle of this system is that an interrogating sub-*«V neutron source 
[produced in the D.O by a {>,- ) reaction] is closely coupled to a spent fuel subassembly 
and the higher-energy signature neutrons, produced by fission of the fissile nuclides in 
the fuel. ere detected by counters that *r* shielded by lead against garsr-a rays from the 
fuel and the gamma sources ( in Fig. 6.26.1). Tie it her the detectors nor the fertile 
fuel nuclides respond significantly to the interrogating neutrors. the subassembly is 
assayed as it is drawn either continuously or stepwise through '.he central cavity of the 
system {overall radius and active length each *5 an;. The a'rangenent is similar to 
that of Itenlare *t el." 

Each of the 12 :--Ru- Rh sources (-;/. * 1 y) contains about 50 r, of R u. the amount removed in the plant from one core-type subassembly. O-r-i .ays fror these sources 
produce, in the D.O, interrogating photoneutroo ( * 0 °S %»¥) intense enough to produce 
a fission neutron signal in the fuel which exceeds tne neutron ttfCkqrouiHS in the fuel. 
This background is mainly due to neutrons from spontaneous fission, but it also contains 
neutrons fro* (.,-) reactions and from self-interrupt ion by photcneutrons produced in 
the 0.0 by gaona rays from the TJ«.1 to reduce the self-interrogation background, and th* 
adjacent B.C attenuates low-energy neutrons that would not properly penetrate the fuel. 

The detectors (gas filled, proton recoil} *rt biased to :et their detection threshold 
above 0.08 He'/, but as low as practical. This setting increases their detection effi­
ciency and minimizes their discrimination against f U s ion nenlr ••„-.* that have lost energy 
jy scattering in escaping the fuel. The gamma-ray dose rate at ".he detectors is limited 
to a tolerable 1 r/hr by the massive outer leal shield. 

Calculations indicate that the fissile assay sensi'.ivity 'counts per fissile atom) 
varies -4 over the entire cross section of an liffM subassembly, either core or blanket 
type. Averaged over a subassembly, the sensitivity is only 23 neater for a core vs a 
blanket type. The count rates *rt high, so for 1 counting statistics a core subassenbly 
may require 10 sec and a blanket subassembly 1 min. 

The authors conclude that this syster could assay spent INFER fuel subassemblies for 
total fissile content with an uncertainty of 1-5 at the high throughput rate of a plant 
having i capacity of $ tons/day. The equipment should be relatively inexpensive and 
practical for use in a commercial fuel reprocessing plant. 
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Fig. 6.76.1- Partial cross section of nondestructive assay systf 

Research sponsored by ERDA Division of Reactor Development and Dtwmstration, LHFBR 
Program. 
'instrumentation and Controls Division. 
1. M. J. Bell, "ORIGEft The OftNL Isotope Generation and Depletion Code," Oft*-4628 

(Hay, 1973). 
2. U. W. Engle, Jr., "A Users Manual for AKISN, A One Dimensional Discrete Ordinance 

Transport Code with Anisotopic Scattering," K-1693 {March, 1967). 
3. H. 0. Menlove, R. A. Forster, and D. L. Matthews, "A Photoneutron Antimony-124-

Beryllfun System for Fissile Material Assay," feci. Technol. 19. 181 (1973). 
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(.27 CJUGiUTlOK Of THE FRAOCKTATIOK OF JO. £> CAPACITOR 
DISCHARGE: MMEQUlUMItiH HOOCL* 

8. 6. Alwil ier . Jr. R. 8. Perez J. Sarish 
lAiscuvC oi f«:t,T'iif,. TX-XJ4. sarcfc. :»77.» ^ 

A oodcl bated on phas*-sp*ce considerations is developed to describe the fragmentation 
•f 00- by capacitor discharge - i . e . . to predict such quantities as the anount of gas and 
If4*id produced. the nvobtr of liquid fragments, the masher di'.tribution of the molecules 
in the liquid fragments, the kinetic-energy distribution of the gas and liquid fragments, 
etc. The model presented here cawwt give a unique numerical prediction of all of these 
••entities based only on the initial-state specification, but it does enable al! of these 
•jKMtities to be expressed in teres of the **tn<i* internal energy of a gas nolecule in 
the final state, the average binding energy of a U0 molecule in a liquid fragment in the 
final state, and the average number of molecules in a liquid fra-??ent in the final state. 
• 
Research sponsored by feci ear Regulatory Corrission. 
Computer Sciences Division. 

6.28 WHERE ARE UE AR0 WERE ARE i£ GOING IS REACTOR S-IELLK* 

F. C. flaienscheir 
(AirStr*ct nf kt-ysmtU- *«4r-:zs to :-..• ;.'> ....-nr.-c .it .; :.•;:. .'.-::••••:».«?; .-;». ' .-.: r- :. .-• r. j_-:..r 
Shi'il-tia?, April lt-22. 2v77. i'.natf.': li•:, ?• x*.-ss- • 

The field of reactor shielding shows signs of raturity ar.fi yet it retains a definite 
vigor. The choice between "empirical" and "transport -etho<ls for sdvin--: shielding 
problems has largely been resolved in favor of the latter. r:«:cent wides,>r«ra<S neutron 
Streaming problems in L*s have illustrated rather clearly ihe <Jai»'»er', of overrelianc* 
upon "simple' methods. 

Transport methods *rt only as good a; the input nuclear data, ."•ata f i les and 
mil ti group sets art being inprovtd and tested anainst integral or^rinents. ** -ray note 
international cooperation in performing T.encnsiark" integral tests. Sensitivity analysis 
is increasingly used to define accurately additional data needs and to U'ustrate, for 
example, those neutron energy regions in sodijr. and iron which are cf transcendent 
importance. Channel theory offers to illustrate with e>jual clarity those paths in spac* 
which determine the radiation response of interest. 

Part of the needs for transport-method development have beer, basically wet; e .g . . 
those for one-dimensional and two-dimensional calculations iexchjdinq streaming}. Other 
needs, however, art barely met with ninirum efficiency; e .g . , '.treanin'-, and other three-
dimensional requirements, methods »or effectively coupling calculations, and shield 
optimization. Sensitivity analysis falls in *n »r.termed?a:e c*re<iory. Additional 
development continues but apparently at a reduced ;-<tce. 

Problems ressain in "balancc-of-plant" shielding for :»-; , : ,• :hf>se *re not perceived 
to warrant the development of new !!?ethods, A; least by f .'.ii^; a:;»nts in the '.!.%. Hore 
concern is expressed about the radiation levels ca.sed By residua"' radioactivities which 
inhibit system maintenance. 

For IMF BR shielding, the major pro&lf'S include ntutrrn transmission through un­
precedented thicknesses nf Stainless Steel jid sodium, strearim; through vessel-rappo-t 
regions and oolent passages for loop-type reactors, and activa.ion rf sodiur it the 
secondary loop of pot-type reactors. 

http://ar.fi
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Fusion reactors appear to be inevitably quite complex with shield and blanket regions 
fall of teles. Streaming through these teles aad subsequent scattering of radfattoa to 
beat m e supertonductieg — a n t s will tend to doainete the shielding problro. at least 
far Tokaaafcs. Problems of induced radioactivity will increasingly fee* those calculating 
fusion-? actor shield performance. 
1. J. 1. Rathbun. "FFTF Shielding Design and Analysis Summary Report.' HRR0-2171-S4 

(June. 1975). 
2. Lorraine S. Abbott aad F. II. Hynett, -Review of ORRL Radiation Shielding Analyses 

of the Fast Flux Test Facility Reactor." 0PJR.-5Q27 (July. 1*75). 
3. E- A. Strafcer et al.. -The HOtSC Code - A Hnltiarovp Reutron and Gaaaa-Ray Hbate 

Carlo Transport Code.' 0PJR.-4S8S (1970). 
4. n. B. Emnett. 'The HORSE N M U Carlo Radiation Transport Code Systoa," dflm-4972 

(February. 1975). 
5. R. B. Eaaett. C. E. Bwrgart. and T. J. Hoffman. 'D0MNO. A General Purpose Code for 

Coupling Discrete Ordinetes and Monte Carlo Radiation Transport Calculations." 
WWL-4B53 (1973). 

0.29 REVIEW OF METHODS FOR ANALYSIS OF atUTROR STREAM *£ 
IS THE FAST FLUX TEST FACILITY REACTOR OESIGH* 

F. R. Kynatt 
(Ik-print of 7r*as. Am. .Vuci. Soc. 21. *2i. 1977) 

Al 1 of the iaportant shielding problans encountered in the FFTF design acre geomet­
rically complex, and aany of these problem exhibited streaaing effects in which iaportant 
compnnents of the transaitted radiation Mere doainated by pone trie attenuation. •'-
These streaaing effects present a aethods paradox because their presence. «hen imbedded 
in bulk aedia attenuation regions, produces a coaplex problea, although the streaaing 
problem when isolated is usually quite staple. 

Figure 6.29.1 shows a drawing of tm %-l aodel of the FFTF which extends axial ly from 
the core aidplane to the top of the maintenance floor and radially froa the reactor 
center line to a depth of 30.48 ca into the concrete priaary shield. The streaaing zones 
*rt the reactor cavity, the reactor cavity :hicld zone, and the vessel support systea 
zones. The actual aodels used for the latter two nra »rt audi aore detailed than shown 
in Fig. 6.29.1 but are not shown because of lack of space. It is useful to consider this 
problem as consisting of four steps: 

(1) Calculation of the source entering the reactor cavity. 
(2) Calculation of the reactor cavity. 
(3) Calculation of the reactor cavity shield. 
(4) Calculation of the vessel support systea. head, and Maintenance 

floor shield. 
The actual analysis nay combine some or all of these steps, but they each have different 
aethods requirements. 

Step 2 of the problem, the reactor cavity, is a large cylindrical ennulus completely 
surrounded by steel, concrete, and sodium, and is fod from Step 1 by a source centered on 
the Inner cylindrical surface at tht midplane and having an axial height (full height et 
half maximum) of approximately 2 m. Experience with several alternate calculations of 
the reactor cavity show that it is Mere of a scattering cavity than a streaming path. As 
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Fig. 6.29.1. Hfutron dose-ritt contours from step 1 of DOT r-i c#lcu1*tion$ 
of FFTF. Units *rt mrem/hr. 
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such. low-order discrete ordinate* or albedo hte te Carlo are the most e f f i c ient Methods. 
Because the reflection fro* the cavity -a l l s significantly affect the flu* levels neor 
the surface of the vessel, the cavity problem must bo incorporated i» or closely coupled 
«ith the Step I source problem. Also, the required result from the cavity problea is an 
angular n** distribution for input to the next probleu step, -ar those reasons, the 
cavity «.as included in the low-order {S.) discrete ordinates source calculation which 
extended axially frou 0 to 532.42 cm and radially front 0 to 555 a*, [nclodiuf the cavity 
does not substantially increase the computing time for this problem. 

Step 4 MOS calculated uith adjoint discrete ordinates (COT l i t ) using a biased lee-
aiujle quadrature to handle the streaming conponent. Step 3 was calculated uith the 
three-dimensional Konte Carlo code NCR5C'*- coupled both to the source fro* Sup : and 
the adjoint response fro* Stop 4 nit* DQHIRO.* The three dimensional calculation uas 
veriTieo in a simplified tin dimensional form with * DOT III biased leo-onoje quadrature 
calculation. The fractional standard deviation on the NORSE calculations was typically 
10 to 25 and the HOkSE-DOT cases agreed within in . 

The methods used for this problem were the most cost efficient possible. Rem develop­
ments *uch as the DOT IV code with zone and group variable quadrature and an adjoint 
difference coupling technique would substantially reduce the computer time needed and 
increase the accuracy of the solution of this problem. 
• 
Research sponsored by ER3A Division of Reactor Development and Demonstration. LHFBR 
Program. 

6.30 A SifWtRY OF THE ORHL SHIELD DESIGN SU»*0«TIRG AMLTSIS FOR THE FFTF* 

». V. Engle. Jr. F. R. Hynatt ftargaret t. Emmett' R. L. Williams 
i i - m i r - ; of p*:-r : -J ii- ; r- .•;• tz-xi . it ?:fzh Ir.Z'-raat ;tn*i s* >nf<-r>-no- on F-actnr .-' •.;«.-;«*•:**, 
.".;••:«' i*-J2, l.'~7, Kaoxv. I '.- , T--an>-ss—." 

From 1969 through early 1976. the >utron Physics Division of the Oak Pidge Rational 
Laboratory provided supporting analysis for the Shield design of the Fast F.ux Test 
Facility now under construction near Richland, Washington. The lead design for the FFTF 
was the responsibility of Westinghouse Advanced Reactor Division (HARD). Several basic 
problems were apparent early in the design. Within the reactor vessel, steel and sodium 
provide all of the bulk attenuation between the core and the reactor head compartment. 
Initial calculations indicated that large errors and uncertainties existed in the cross-
section data for these materials. The physical size of the system precluded a detailed 
description of the entire geometry for a single computer calculation. The complexity of 
the geometry required a verification of existing calculation*! techniques. 

The cross-section data problem and the geometric complexity resulted in two types of 
experiments at the ORNL Tower Shielding Facility: the measurement of radiation transport 
through bulk samples (simple oeometry) of i<nportant FFTF materials and the measurement of 
radiation transport through mockups of specific geometric regions of the FFTF. The 
large, complex geometry required the development of techniques for coupling both forward 
and adjoint discrete ordinates calculations with dissimilar mesh and angular quadrature 
and refinement of existing techniques for coupling three-dimensional Monte Carlo calcu­
lations with both forward and adjoint (sometimes simultaneously) discrete ordinate' 
calculations. 

The resulting data and techniques were applied to several specific problems in the 
FFTF. As an example, the first coupu-d calculations of the complete system revealed that 
the reactor cavity was a significant streaming path between the side of the vessel and 
the head compartment. The identification of this streaming path led to the realization 
that the source multiplication of the stored fuel inside the reactor vessel was another 
serious problem. As a result, a majority of the ORNL effort was expended on the analysis 
of various reactor cavity shield (RCS) designs. Uith the inclusion of the RCS and 
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•edi f icat ion* U lb* rtK.fr vessel S—PTt System, the d t w rate* above Us* closer* heed 
e*r* reduced by aeereatattely 10" -

Research s,«e»ser*d by EMM Division of Reactor 3evelooaent end Seasons crat I «•', UVtM 
reeeren. 

'Ceoeeter Sciences Divisiee. 

t . J l AWUCATIOB OF M RBMUKXO SnlELDIRC Aa&iTSIS SnTEK 
TO GAS C00U3 FAST REACTOR DCSIGSS* 

9. i. Sartine L. R. Williac* 
(Savoury • * ?*p*r s« *«? PTKS«.-IIC«J <«: F^fzh rnCi-rftatiuaa; *:*nz~rr--> ur. .=• j^-r >r .•.•.;.. ;..-..-. 
April l$-22m 1977. £n»>vi;iv. 7V-nn«£.$«rJ 

In i t s Shielding ereereB for General Atopic's r *< fooled Fast abactor. ORSl. R*% 
develaoed a* advanced shielding analysis systea that incor$*.»'*te* the i » t « t analysis 
lechniojwes for converging to * Shield design cocoa:ible with other 4«i<y. oeraveters. 
s-vch es thou dictated by cooling and structural r*ip«ir««aent*. material compatibility. 
t t c . Basically the analysis l y s l e* consists in applying the various techni<iues in a 
logical steatnee to * f ive* design, thereby <jeneratin<} * !*rge body of data to serve as 
M information base for * Subsequent design by 5ft. The f i r s t s t e j *s a J i ! C t ' > ^rdinates 
radiation transport calculation for a two-diasensional ncdel of the reactsr syster. Tfce 
resulting neutron end genna-ray fluxes ore then converted to isoplsts «f the -ripom.es of 
concern (radiation denage. heating, e t c . ) and these *re used to "locate region-, in the 
systtn at which those responses ore higher than a 1 lowed by predetermined constraints . 
Seat , adjoint calculations ore performed for the regions of concern, and the r^sultin^ 
adjoint flu*e*. together with the forward flukes, trr used in rhanne!*theory calculations 
to detereine the physical paths followed by the part ic les Ira.r'.n-; frgr- the core to 
those regions. In addition, the adjoint and forward f!<.**es ore used ;r. sens i t iv i ty 
calculations ".a decernine the importance of the cross sections used m :•>*• '.'ansport 
calculations as functions of the 'h ie ld materials and part ic le ener^it i . Final ly, the 
sens i t iv i ty results *rt u t i l i zed in the forr of linear pert-trsatton the"*"/ U: predict the 
e f fec t of changes in the shield composition and position on fhe v a r i e s r*.?©r.ses. 

The SySlO*, using fHWl/s DOT, FA3G, and VtfASlArE '.tmr^-jKtr <.*fc-s fir the transport, 
channel -theory, and sens i t iv i ty calculat ions, respect ive! / , has t>e»-* arclied to successive 
reference models for the GCFR. On the basis of ilata obtained ?ar ">.e f i r i t -xjde', GA 
redesioned tfce Outer radial shield and reduced i t s thickness by '. f t . wiln a corres&oridim; 
reduction in the radius of the ptrstressed concrete reactor vessel ?;».']. C*tca!ttions 
for the second node I confimed the redesign with respect to hi'je-ener^ nrairor. fl »»es 
and PCRV heating, but revealed problors with respect to tnc thers-^I-neatror. fi«»es asrd 
fanm-ray heating in the region of the lower heliur channel. > addition, excessive 
gmr^-ray iieatim; occurred at the position n f the teedjn !ab»-icant inside the »C*.' '*»*!. 
In al l cases the probloR was found to be ds*t to ".ne Wer^a!w^tior. af hi9h-energy ne.:rons 
streaning under the radial shie ld , and. n the case r.f ihe ".eatin*;, to their sjbsr<ji*^r.: 
capture with the concomitant e ission of <;m r*i<>. > i s i^di'.a?ed the r.«*e.j fc-r erter-
s ive redesign of the lower shield region, wMc'-. "•« i r . i t i ^ ; ^ ;ipcn ' ec ' ip t of \>r ••<*.. 
data. Other design-ana lys i s -redesign iterations in»>eren' in *»-.» analysis syster sore 
caused by changes in basic design parar-eters JS:K •.•;n'ir.'.^- mi it ;ne e»pec"^tior> that 
they wil: corverqe upon tn acceptable deronstra'.iors c a ' i :*rA'.:;r\. 

• 
Research sponsored by ERDA Division of '«ic!'>ar '--%ctn." arS. A;»;!katior.s. 

1. "?00-W<{ej Gas-Tooled Fast iireeder ^eacto" :-•.•?-<>«st-^:ion :'.r:n», - «-".! jOi1, jt,:< \„, 
1974). 

2 . U. A., fchoades and F. H. Hvnatl, ' • e ;)OT.;il T*o-;.irensinr.a! discrete rdir.arr". 
Transport Code,' 0RVC-TK-4Zac : i973; . 

http://rtK.fr
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3. K. 1. Williams and F. B. Sadler, "The FANG Angular Folding Code far Channel Theory 
Analysis." 0RNL-TH-S228 (to be published). 

4. 0. E. Bartine, F. R. Rynatt, and E. H. Oblow, "SUANLAKE. A Computer Code Utilizing 
ANISN Radiation Transport Calculations for Cross Section Sensitivity Analysis," 
0f«l-m~3tf09 ( My 1973). 

6.32 ANALYSES OF THE PRELIMINARY 1R-VESSEL ARO ENCLOSURE SHIELD 
SYSTEM DESIGNS FOR THE CLINCH RIVER BREEDER REACTOR 

(JULT. 1973 -JULY, 1975)* 
U. U. Engle, Jr. L. R. Williams J- H. Swanks' F. R. Hynatt Lorraine S. Abbott 

(Abstract of OPJtL/TH-533i. .<fcirch. 197KI 

The first three series of calculations in ORNL's radiation shielding analysis program 
for the Clinch River Breeder Reactor 'CRBR) are described here. The initial calculations 
concentrated on the neutron fluxes in the toner axiat region of the reactor vessel. the 
results of these and subsequent calculations leading to a substantial reduction in the 
tnickness of the loner axial shield. The second series consisted of "full-assembly" 
calculations for a CRBR system that closely resembled the Fast Flux Test Faiility, uti­
lizing the sane vessel support system, in-vessel stored-fuel modules, and reactor ca.ity 
shields. The third series began with a CRBR design having a much-simplified vessel 
support systea and no stored-fuel modules or reactor cavity shields, but when initial 
calculations yielded lose rates above the reactor head that were excessively high, a B,C 
shield was reintroduced in the reactor cavity. At the same tine the vessel support 
system was redesigned so that a portion of the support ring set on top of the concrete 
support ledge. A subsequent calculation for the new design with the B:.C shield showed that the dose rates were not adequately reduced, and more shielding was added in both the 
upper and lower sections of the support ring. With the added shielding, the dose rates 
were greatly reduced but were still above the criteria. A re-evaluation of the head com­
partment access requirements by WARD led to a relaxation of radiation criteria. The next 
ane'ysis sequence will evaluate the dose levels and uncertainties based on the new 
criteria. 
• 
Research sponsored by ERDA Division of Reactor Development and Demonstration, CRBR 
Program. 
Operations Division. 

6.33 REVIEW OF ORNL RADIATION SHIELDING ANALYSES OF THE FAST FLUX 
TEST FACILITY REACTOR (1975-1976)* 

W. W. Engle, Jr. Margaret B. Enanett Lorraine S. Abbott F. R. Mynatt 
(Abstract of OMiL-:>l<sti, OPHL-!>027 ,\<idf;ndun, Junv, 1970) 

This report is an addendum to an eariicr .!<••.. >••>••; RNL-5027) that describes the 
shielding design support analyses performed by Cr'M for i-te Fast Flux Test Facility 
FFTF). Since that document was published, two aoU*ti»fWl series of calculations have 
een performed: one was an extension of an earlier itwd) to determine effects on the 
Mintenance floor dose rates of pipe and duct penetrations through a concrete shield 
nstalled in the upper region of the reactor cavity; and rnother was designed to determine 

whether radiation streaming upward through gaps in the hr»d compartment shield would 
enhance the dose rates on the operating deck, which is located roughly 2.5 m above the 
maintenance floor. In the f i rst series of calculations i t was found that adding shielding 
rbove each of the three SISI transporter slots in the reactor cavity shield reduced the 
fredicted dose rates at the maintenance floor level by 33 from 2.74 • 1.91 mrem/hr to 
..82 • 1.27 mrem/hr. 1 is Is to be compared with a criterion of a dose rate maximum of 
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2 mrem/hr on the Maintenance floe. In the second series of studies significant neutron 
streaming through gaps in the head compartment shield w*s observed - to the extent that 
the predicted mt.^iar total dose rate at the operating deck level is 1.9 • 1.6 mrea/hr. 
• 
Research sponsored by EROA Division of Reactor Development and Demonstration, LKFBR 
Program. 

6.34 TRANSPORT CALCULATIONS AND SENSITIVITY ANALYSES FOR AIR-OVER-GROCNO 
ANO AIR-OVER-SEAUATER WEAPONS ENVIRONMENTS* 

J. V. Pace, III" D. E. Bartine F. R. Hynatt 
fSuanary of pap».-r presented *C Symposium on Vuli*.-r*bilitv and Survivab. 1: z^ o.»~ /••_-.';.«; ,±r..i 
Surface T a r g e t s , October 2b-2t, 1976, Silver Spring, :ter~!jr.d) 

Two-dimensional neutron and secondary ganna-ray transport calculations and cross-
section sensitivity analyses have been performed to determine the effects of varying 
source heights and cross sections on calculated doses. The air-over-ground calculations 
demonstrate the existence of an optimal height of burst for a specific ground range. 
They also indicate under what conditions air-over-ground calculations are conservative 
with respect to infinite air calculations. 

The air-over-seawater calculations showed that the seawater both reduced the neutron 
flux and softened the neutron spectrum to a greater extent than the ground. Tut while 
the neutron dose was decreased, the gamwa-ray dose was enhanced. Further investigation 
revealed that not only did the hydrogen content increase the qarca-ray dose, but also i t 
slowed the neutrons to be captured in the trace element chlorine which produced large 
numbers of gamna rays with energies primarily in the range 6-3 HeV. 

The air-over-ground sensitivity calculations save a ryriad of results and vital 
information. The sensitivity predictions for the ground indicate that not only could the 
ground thickness be decreased for calculational purposes, but also that hydrogen content 
was very important, thereby making the amount of water :n the ground olay a rwijor role. 

Additional information showed whether P or P cross sections were necessary to keep 
the results within one percent of those with P cross sect ;on',. The 'ensitivity analysis 
also indicated the System height required for problems with defined scree ^eiqhts and 
ground ranges, and the effect of the degree of Legendre angular expansion of the scat­
tering cross sections (P ) on the calculated dose. 

The results from the above calculations have added trerondously to the already 
available knowledge of two-dimensional weapons effects calculation-, and should enable the 
users of 2-D transport codes to 'how a savings ir\ tire and r.oney on future work. 

» 
Research sponsored by Defense Nuclear *cjency. 
Computer Sciences Division. 

6.35 EVALUATION OF INITIAL LOADING C0UNT!Nf, 3ATE LATA FROM EXPERIMENTS 
wITri THE MOCK-UP CORE FOR THE FAJ* FL'J> TEST fACUITY* 

J. T. Nihalczo ''•• r- ' i l l e t t ' ';.. SHby 
lAl.r-Uttct of ' •« .Vi '•?.- ' . .: , ">rj;., . • " , , . i .v : . .* '. ;c. ' . :•••:•:.. •'•', • . ' . . ' , '.'••''.) 

The modified source multiplication method was used to detemine the r e a c n ' t y f •• 
the count rate data as fuel assemblies were removed fror the em;interim; .Lockup i.err c r 
the FFTF. The count rate was monitored with a fission -Jetecti/i in tne ten'.rr o: tn> ore 
and rn each of the three shieid lobes (sinulatimj the low-level flu* npnitorN . s trc '..'>''*-$ 
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assembly Mas unloaded to simulate, in a reverse manner, the proposed initial loading to 
critical for the FFTF. Some conclusions fro* this interpretation are: (1) The inverse 
count rate from a fissijn counter in the center of the core is an excellent nay to Monitor 
the initial loading of ine reactor. (2) The inverse count rates fro* each of the lew-
level flux Monitors *n not adequate for •nonitorinq the initial loading since they were 
not a smooth function of the number of fuel assemblies loaded even after correction for 
changes in detection efficiency. (3) The reactivity versus fuel loading (obtained from 
the interpretation of the inverse kinetics rod-drop calibration at 0.8 dollar subcritical) 
was not a smooth function of the fuel loading because of difficulties in calculating the 
required changes in detection efficiency for detectors in the shield; however, a similar 
interpretation for the in-core detecto: showed a smooth dependence of reactivity on fuel 
loading. (4) The reference asymmetric leading pattern for startup does not present any 
interpretation* 1 difficulties with a tHector in the core, and, thus, the symmetric 
loading pattern has no real advantages *ith en in-core detector and requires more time. 
(S) The initial startup of the FFTF should be monitored with an in-core detector. These 
conclusions 4rt consistent wi JI those obtained at the PFR in the United Kingdom, with an 
in-core detector, and at the Phenix reactor in France, with a detector outside the core. 

• -*» 
Research sponsored by ERDA Division of Reactor Development and Demonstration, CRBR 
Program. 
Instrumentation and Controls Division. 
Fnergy Research and Development Administration, Washington, D.C. 
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7.1 CEHTRAL COMPUTERIZED DATA BASE FOR LIQUID HETAL FAST BREEPER REACTOR SAFETY COOES* 
H. Alter G. F. Flanagan H. H. Greene 

(SJ.•try of paaer prfit.-nlt.-d JC incorn*c:on** Confert-ncv on f'.*se 3,-.actor S-ift?t..- Jn« H.%»ccor 
P h y s i c s , Oceoder 5 - * , l ? 7 o , Cnic*.jo. Illinois. *a& dC r:fz..i 3:,nni*l International COMTA 
Confvrenc*. Jan*.- li-Juij I. 197v, aoaldt:r. Coior<*>; 

Introduction. Since the middle sixties, the *rt* of LHFBR safety analysis in the 
United States was expanded considerably- Starting with a few Bethe-Tait disassembly 
code* such as RARS ; in 1H7. the safety analysis field today includes well over 80 codes. 
These ranee from codes which nodel detailed phenonenological events such as DEFORM-' to 
production-oriented codes such as VERUS.- As the codes become more detailed and diverse, 
the need for a wide variety of data increases. These data cone from several sources such 
•s universities, industry, the Department of Defense, the fctional Aeronautics and Space 
Administration, the Energy Research «id Development Administration (ERDA). the Ruclear 
Regulatory Commission (RtC). the Rational Bureau of Standards, and others. Kany tines 
the search for and evaluation of data from such diverse organizations is tine consuming 
and requires subjective conclusions on the part of the safety analyst -

For the Fast Flux Test Facility Preliminary Safety Analysis Report (PSAR) and the 
Final Safety Analysis Report (FSAt), the safety analyses were centered at a few national 
laboratories or private vendors. Even anong these few organizations, the data considered 
"best" for * particular situation differed significantly, especially on equations of 
state and high-temperature properties. The problem intensified with the safety analysis 
for the Clinch River Breeder Reactor PSAR where several more organizations be:ame involved. 
It is expected that the Prototypic large Breeder Reactor projects will experience the 
sane problem. These problem were brought into perspective by Dr. H. Be the, who, while 
reviewing ERDA's safety program, emphasized the lack of a comon data base for safety 
analysis. Such a data base should provide a consistent, efficient and referencedle 
source of data for LHFBR safety inalysis. 

SACRO. In the spring of 197S, Oak Ridge Rational Laboratory (ORMi was asked by 
ERDA to define and develop this data base. It was to be computerized and user oriented 
so as to take advantage of the sophisticated data retrieval methods currently available. 
It has been named the SACRO (Safety Analysis Computerized Reactor Jata) base. 

SACRO will gather, evaluate, and distribute the necessary non-design-r<iate;t data to 
perform safety analysis for all Ce'.eoories from initiating events through dose analysis 
and post-accident heat removal, the data will be structured by type, property, and 
material. ft will be available to the user in tabular, parametric, and graphical forms. 

In addition to evaluated basic data, SACRO will contain bibliographic and reference 
nateriali, as well as files for commonly used correlations and variables. fien-nmarks 'or 
data testing will be specified for the user. In addition, there will be a file con­
taining new but nonevaluated data. 

The evaluated data will be coordinated by the Safety Analysis Data Coordinating 
Group (SAOCG), which is made up of experimentalists and analysts from industry, univer­
sities, national laboratories, and government agencies. SAOCG currently has six data 
evaluation subcommittees covering the following areas: Fuel Mechanical Properties, 
Structural Mechanical Properties, Aerosol Transport, Themo-Physical Properties, Neu-
tronics, and Radiological Dose Data. The members nf the "valuation subcommittees will be 
responsible for creating, collecting, and evaluating the data in SACRD. In addition to 
the evaluations groups, there is a subcommittee to oversee computer code interfaces, 
teneinal interactive systems, and formats. 

In its early stages, SACRO will distribute the data in report jnd computer printout 
form, and later by interactive terminal display, and possibly by prepced code data input 
packages. 

http://prfit.-nlt.-d
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9*t* Management. The data mn»gtment in SACK) is handled by the JOSHUA system 
developed by Savannah River Laboratories. JOSHUA i» a nodular code system consisting of 
seme !SC separate computer codes linked together by an Operati.ig System providing data 
management, terminal and job execution fac i l i t ies . 

The data management schemes are accessible through staple FORTRAN statements which 
relieve the computer code developer of f i l e searching. All data under the manageatnt 
schemes *r* catalogued in directories which an automatically scanned "hen data is 
requested. Random access input/output is employed throughout. Each record is named by 
a string of alphameric qualifiers which are generally chosen to describe meaningful 
attributes of the data. For example, an abstract record in SACK) would be named with 
the following qualifiers: 

FIlE.MW:3T».nMERIAL.VERSlON.ABSTRACT 

where the periods act as delimiters. FILE is the f i l e name. rROKRTT is the physical 
property name. MATERIAL is the material name, VERSION is the version nf the evaluation, 
and ABSTRACT names the record type. A request for the abstract of the version 1 heat 
transfer (HT) property thema: conductivity (K) data of ' ' *u \ (0238) might then be 
written: 

HT.K.'J?33.l. ABSTRACT 

These simple, meaningful nanes serve to identify the data when i t is read or written; the 
user never concerns himsr I f with the actual location of the data. 

Special record structures have been defined for SACRD. These include provisions to 
allow specifying data in matrix fom to arbitrary order. Attention has been taken to 
ensure a l l data is completely identified by abstracts, names, units (S I ) , creation 
dates, etc. 

Conclusions. The f irst version of SACRD is scheduled for completion by December 
1977. However, partially evaluated data wi l l be distributed to selected safety analysts 
in late 1976. 

Research sponsored by ERQA Division of Reactor Development and Demonstration, LHFBR 
Program. 
U.S. Eneriv Research 'nd Development Administration, washinnton. DC. 

I 
Computer Sciences Division. 

1. V Hirakawa, "BARS. A Two-Dimensional Excursion Code." AP0A-19R (1967). 

2. A. watanabe, "DEFORM I I : Mathematical Analysis of Elastic, Viscous, and Plastic 
Deformation of a Reactor Fuel Pin," ANl-JWMl (Aug., 1973). 

3. J. F. Jackson and R. B. Nicholson, 'VENUS I I : An LHFBR Disassembly Program," 
ANL-7951 (Sept.. 1972). 

4. H. C. Honeck, "The JOSHUA System." 0P-13B0 (Apri l , 1975). 

7.? THE SACRD DATA BASE AT OAK RIDGE RAT(ORAL LABORATORY* 

F. B. Sadler N. W. Greene 
{Siumaff eif /n/ier to tw prrsr-nrrvl 4t Association for Computer Machinery SouthrASt-ra 
Rr-j ion.il Hrfr.in-7, April lt-20, 1<>77, nilrrxi, Mism»%ippi) 

Oak Ridge National Laboratory is presently designing a data base system for the Energy 
Research and Development Administration (EROA) which contains all of the "handbook" type 

http://ion.il
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information needed to perforr safety analyses on liquid «etal fast breeder reactors 
{IflFSR}. These data span such diverse areas as physical properties data {thersodynarics. 
strength of naterials. heat transfer, nass transport}, meteorological data, cheeical data, 
dosimetry data, neutronics d a u . and aerosol transport ^ata. The data base is required 
to accomodate the needs of safety analysts who mst keep pare with fie U*tv?. pronrjr 
which is anticipated to grow rapidly during the next two decade*. * central da'a oas« 
will help ensure consistency of results between various organizations «nd will serve to 
improve the s u t e of 3»uch of the already evaluated data. Mhen co».*>leted - 1*7?, the 
SACRO (Safety Analysis Computerized Reactor Data) system will allow a safety analyst rapid 
access to its data via m o t e tine-sharing teminals. 

The DaU Base Hanasewent System (MRS) chosen for the SACHS data b*se was a system 
developed at Savannah River laboratory named JOSHUA. l i s system, although of the "hone 
grown* variety, has oany of the sore sophisticated features incorporated in the full-scale 
OnKSs available on today's market- These include an efficient Merarchial data aanager 
with record level security, a terminal monitor for tine-sharing applications, and a pre­
compiler for batch FORTPAK applications. However, unlike these general-purpose data-
aanagenent system, the JOSHUA syster. supports a relatively ' i . r t dan structure. A 
fixed structure can have either a good or bad overall effect -*• tn* efficiency of the 
implemented data base, depending on whether or not the data f it naturally into its struc­
ture. In our case, the mainly scientific tyoe data of SACTO fit very nice'* into JOSHUA'S 
pre-defined structure; whereas, if a purchased 36?S were used, a snail anaur.r of retrieval 
efficiency nay have had to be sacrificed. 

The paper, which this writ - suroarizes. wi':- cive sone -ore ^c»--.romd of the 
JOSHUA data manager and the typt of data for nhich it was designed. *r'lowed fcy its cor-
parison with the general purpose type DB*5. 

Research sponsored by EROA Division of Reactor Development and "Tor.Mrf ton. :.*?S>C. 
Program. 
Computer Sciences Division. 

7.3 THE IJJFOHKTIOri CENTER «S A TECHNICAL I'S'IT rE -Tilf-iVA A <l= C'̂ .̂MTy* 

Betty F. Maskewitz Betty %:r.'.U 

iExcerpts tTOG .• **»?-•* pi' • "'•-: «" «-•• r:.-t:. :'•«-•: •*: • z '.:.: :-:••• .-" • - .- - />.-S.T,.M.' 
Confiyrt-Ttci'. •'Kijti'f -*-•», '.'~w. -r.ir. • r • . - ;- . - . -o, ,'. •::•.*:.. i ' 

The information analysis center concept was artic-jlated t/ ̂  '.dec* " o ^ of scientists 
called together by the President of the United States ir iv/.. "'•air«»(t r>, -'•. **. Weinberg. 
Oak Ridge ftational Laboratory {0R"*L), the cor-ittee sported '"at science -ust undergo 
a social reorganization to enable it to regain unif iptl even •"no-jc*-- i*. r.cntirues to 
grow ... The beginnings and the shape of this reorganization can r?e discerned in the 
emergence of scientists who *re primarily handlers of ir.f<*r~atian who sift, retrieve. 
and analyze the information created by others and w*o. in so doim. synthesize new informa­
tion based upon the individual findings of others. 

ORfR. led in the pioneering effort to nak* the envisioned concept cor* alive, and its 
Radiation Shielding Information Center (RSIC) is a viable example of this effort. 
Functioning within the Neutron Physics Division, PSIC has low? been enoaged in shielding 
and radiation transport research. It is a technical institute srrvinc. since early 1961. 
the international scientific community engaged in research and development for thp desion 
of shields that provide protection fnxr biological and physical darj-je due to ionizinn 
radiation from nuclear reactors, radioisotopes, nuclear weapons, accelerators, etc. 
The Center's personnel collect, orgarize, evaluate, packaoe, and disseminate ra'iation 
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protection ant* shielding information to anyone whose work require* Such information. In 
general, all information concerned with the transport Of ionizing radiation is cowered, 
with partial coverage of the areas of radiation instrumentation «nd neutron theme! izatio*. 

% « of RSIC naterial is distributed currently to more than 1500 persons, of whom 
about 24 *n located in countries other than the United States. The MIC newsletter is 
mailed to individuals in 39 different nations of the world. Sore than 3003 separate 
letter* of request were received in FT 75, requiring more than 1263 separate activities to 
satisf/ the request*.. In return, we ask for information and the cooperation of the inter­
national shielding scientist in making the information analysis cent*- an efficient 
technical institute. 

RSIC also treats the complex computer codes and associated data libraries required 
for radiation transport calculations as an inseparable part of shielding information... 
Computer code and data exchange has had a tremendous impact on shielding technology." 

By the nature of its functions and the manner in which it implements them, RSIC con* 
tributes substantially to tne unification or 'he community engaged in the various areas of 
radiation transport and shielding. The dissemination of information to otherwise unre­
lated users is in itself a unifyinq activity. RSIC, however, promt*es a closer rela­
tionship between the Center and user. Cocmunication channels between the Center and the 
worker in the field *n kept open and extensively used. Rany RSIC projects have bene­
fitted by the active participation of the Center's users. Seminar-workshops, topical 
meetings, policy advisory committees, review articles, and data collection and management 
activities point to an industry-wide cooperative enterprise. The RSIC fore* is both an 
information exchange . diun and a focal point for the initiation >-nd o^pnization of new 
activities and the identification of new leadership in the field. 

Early voluntary informal efforts at providing guidelines for good documentation of 
computer prrxp-ams. «nd for programming practices to facilitate exchange .--as evolved into a 
fori*! standards effort under the auspices of the American nuclear Society (MS). Two 
standards have been published; •' a third has become an MSt standard.7 An RSIC staff 
member has been a motivating force behind and a participating member in the effort since 
the beginning. 

RSIC is also involved in work on shielding standards. A s^aff mtiJer i s chairman of 
the MS Standards Subcommittee on Shielding, ANS-6, whose goals *n to establish standards 
in connection with radiation shields, to provide shielding information to other standards 
groups. «nd to prepare recommended sets of shielding data and test problems. 

We can claim some credit for the advancement of the state-of-the-art in shielding 
calculations. Our insistence on documenting code development and our assistance given to 
the code developer while he is documenting his work is well known. Our encouragement for 
the use of higher-level programming languages to facilitate exchange, and for the use of 
standards in programming practices, is also well known. We *rt quick to refute the 
claiming of proprietary interests which would withhold programming efforts from free 
exchange. In shielding, this tr»nd has been kept to a minimum. You will find interesting 
code development from the private sector in the RSIC collection. 

In addition to providing a center with the total information spectrum, RSIC handling 
of computer codes as an essential part of shielding information has additional benefits. 
We can he of greater assistance to the shielding research man. We supply the bibliography 
with abstracts for his prior study; we suggest calculation*! methods to solve his particu­
lar problem which requires the use of the computer; we help him select the computer program 
best suited to his problem and to his computer environment, and we give him assistance in 
making i t operable at his installation. We spend a great deal of time trouble-sbootirwj 
while a customer is seeking a solution to his problem. And, when we review the report of 
his research at a later time, we have more insight as to how he got his results. 

We also make a difference to tr* code developer. If his work is of interest to a 
large number of people, we save him time, effort, and expense. He prepares his code 
material once for us, gives us a workshop, and we then handle the requests. He "freezes" 
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kit wart at a give* level to place it in the public dentin and goes full speed ahead 
exploiting and developing his own Merit; Nhen he reaches a new plateau. He freezes again 
and updates the current cede package. Itany tines, contributors have retpested that we 
tend to imam their code packages of a certain level, because in their own advance code 
development they took a bad torn and want to begin again fro* the earlier point. 

Maintaining close relations with the American Huclear Society [MS) has also been 
a neons of unifying and serving the shielding cannunity. Active participation and leader­
ship in the M S Shielding and Dosimetry Division by •enters of the RSIC staff has served 
to increase the usefulness of both the Center and the Society. 

He -eve previously stated that the Center's cooperative activities have not been 
limited to the United States. Shielding information travels in all directions across 
the oceans. Various exchange agreements exist between nations. The United States Energy 
••search and Developnent Administration (EMM) and the Organization for Economic Coopera­
tion Development (OCCD) Nuclear Energy Agency (RCA) have exchanged computer program* 
and cross-section data since 1943. Their agreement has been extended to third parties 
under defined circumstances. International conferences on reactor shielding provide new 
impetus to fruitful exchange and to further unite the shielding community across all 
national boundaries. A fifth such conference is now being planned. We also collaborate 
with CURATOR'S European Shielding Information Service (ESIS) in such international infor­
mation exchange. 

RSIC will continue to vigorously pursue its fission within the context of flourishing 
international cooperation and to value highly the deepening understanding between nations 
engaged in common research as being beneficial to all society. 

• 
RSIC is sponsored by ERQA Division of Reactor Development and Qeronstration. EROA 
Division of Magnetic Fu>i«» Energy, the Nuclear Regulatory Core.ission. and the Defense 
nuclear Agency. 
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7 .4 THE RAO I AT [OH SHIELDING IRFOMMTIOR CEUTE* M IRTERMTIORM. TEQWM.OC? RESOWCE* 

B e i t y F. ftaskewitz D. K. Trvbey R. U. Ro«S'.«n B e t t y I . NtGi l l 
,Susz~~ar-j or ruper t o *»• p?t?st.-ne-<i j * Ar»-r:o»n .?u<ri--jr .Society A n n u l Xer-tina. .Tain- 12-17, 
1*77. ::••*/ vorft Citv) 

The •Udî îw." Shieldino Infornatio- Cenver {RSIC)"> is a technical institute serviag 
the international shielding community. It acquire*, selects , stores, ref ieves , evalu­
ate. , analyzes, synthesizes, and* disseminates information on shieldino and ionizing 
radiation transport. The major activities include: (1) operatina a computer-based infor-
aation syster. and answering inquiries on ra«H»tion analysis. (?} collecting, 'hacking 
out. packaging, and distributing larce computer codes'* and evaluated and ir^cessed data 
libraries.' The data packages include nultiqroup coupled neutron-ga—n-ra/cross sections 
and kenaa coefficients, other nuclear data, and radiation transport benchmark problem 
results. 

Tne fundamental rati%nal underlyi;m the code and data activities is the "open code 
or data package"--ope« io ir^provenent and to technical vrytiny (see Fig. 7.4.1). 

The radiation treated by the majority of the codes is eiti»er neutron or gamna radia­
tion or both, but sore codes treat charged particles. The types of oeofetry treated 
vary widely, with rwtny codes *'.lowin a oeneral three-di-iensional georetry. 

For convenience, the available codes art arovped into two classes: (1) those 
treating radiation transport and identified by Computer Code Collection (CCC) numbers, 
and {2) those perfonsin* auxiliary data processing useful for other radiation analysis 
purposes and identified by Peripheral Shielding Routine (PSR) numbers. The numerical 
methods applied in the CCC codes are pnnarily discrete ordinates (one and two dissensions), 
Honte Carlo {up to three dissensions), and kernel integration (generally three dimensions). 
The renaming in'.j^e removal-diffusion (Spinney). «oments. spherical harmonics, and 
invariant e^beddinq transport, theory codes, plus niscellaneous codes to calculate fission 
product buildup, release *ntl resulting dose: stoppin" power; optimization; sensitivity 
analysis; and others. 

The PS8 codes include codes for rjltigroup cross-section Generation and handling, 
prediction of cross sections with nuclear models, experimental energy spectra unfolding, 
optinization, plotting, couplinq discrete ordinates and Honte Carlo results, random number 
generation, and other functions. 

In addition. RSIC is involved in many data activities, with most emphasis being 
placed on nuclear cross-section data. Through cooperation with various agencies. ffSIC 
assists in improving '.he adequacy of basic evaluated cross-section data and packages and 
distributes various types of data libraries useful in radiation transport analysis. The 
emphasis of the effort is on the improvement of calculational tools available to the 
shielding analyst. 

TK* Center assists in the acquisition, checkout, and review of "shielding" cross 
sections in END? format which may ultimately be placed in the ERDF/B f i le . RSIC also 
maintains and di:tributes the Defense Nuclear Agency (MA) evaluated cross-section library. 
This is a working library in CNOF format whose content can be modified ami revised as 
often as the evaluitor deems such changes to be necessary. A similar function has also 
been established at RSIC on behalf of EROA's Division of Magnetic Fusion Energy (OWE). 
Evaluated data from both the ONA and DHFE libraries art submitted for inclusion in the 
latest version of EriDF/B. 

For workaday problem solving, it has been found useful to qenerate and f.-'lect multi-
group cross-section sets, and to package, document, and distribute them in a format 
suitable as input to the most-used computer codes. Each data set, packaged as a unit, 
carries a Data Library Collection (DLC) n<imber. As with the code packages, a particular 
data package does not remain static but is subject to revision, updating, and expansion 
as required. Such changes are announced in the RSIC Newsletter. Other data in the 
collection include gamma-ray interaction cross sections, neutron-induced gamma-ray pro­
duction spectra, fluence-to-kerma coefficients, radioactive decay spectra and decay schemes, 
and detailed output from transport calculations. 
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A continuing oroject. in cooperation witK the American Nuclear Society, is to collect, 
edit , and publish reference data in the for* of "benchnork problons.~~ The objective is 
to compile in convenient fom a lurittd number of well-documented problems in radiation 
transport, mhich wi l l be useful in tcstiaa computational methods used in shielding analysis. 

Lists of selected codes awl data packages or* oiven in Table 7.4 .1 . These are 
typical of the aost used hot not necessarily the best for any particular application. 
Further information on these or any other codes or 4a t* *n available fron RSIC 
request. 

RSIC is sponsored by EROA Division of Reactor Oe-olopnent and Demonstration, EROA Division 
of Haonetic Fusion Energy, the Sue1 ear Regulatory Commission, and the Offense Suclear 
Agency. 

Table 7.4.1 Typical code and data pockaoes 

1 . ftewtion/Gamma-ray Transport 1 Dimension 
Discrete Ordinate* 
taltigroup 

CCC-42/DTF-I* 
CCC-W/MISn 
CCC-124/AS0P (optimization) 
CCC-130/DTF-M (X-ray) 
CCC-204/SWRUWE 

(sensitivity analysis) 
CCC-235/1W (activation) 

2 Dinensions CCC-222/TUOTRAR t l 
CCC-230/TRIrlET 

(triangular nesh) 
CCC-276/0OT 3.5 

Monte Carlo 3 Dinensions CCC-JrO3/H0RS£-CG (aultioroupj 
CCC-127/SAW-CE 

2. Hultiorowp Cross Section 
rr".essors 

3. Kernel Integration 

4. Spectra Unfold-ng 

5. Fission Product Inventory 

iieutron PSR-13/SUrERTOG 
rSR-S2/mCK (kenna factors) 

Gamma Ray PSR-51/SMUG 

Coupled P»-63/«>X 

3 Dimensions CCC-48/0AO 
CCC-94/KAP VI 
CCC-213/ACRA 

(radioactive cloud) 

«SR-t7/FER00tt-C00LC 
PSR-41/WZE 
CCC-112/SAA0 I I 
CCC-233/CRYSTAL BALL 

CCC-217/0RIGE" 
CCC-225/REST 
CCC-237/BUHP 2 

6. Nultigroup DaU Libraries Neutron 

Coupled 

DLC-2/100G 
(100-group fron EHOF/B) 

DLC-33/M0NTAGE 
(100 group activit ies) 

DLC-27/IHPX01 i l04-n,22- ; ) 
XC-31/FEM61 (3.'-n,2l-,) 
DU-37/EPP (100-.i,21->) 
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1. 0. C. Trvbey. "Tbt Radiation Shielding Information Center--A Technical Information 
Service for Nuclear Engineers.- mucl. Emg. Design 9. 392-S (19*9). 

2. I . F. Raskcttitz. 0. K. Trvbey. I . U. Amwssin. F. H. Clark. "The Radiation Shielding 
Information Center: A Unifying Fere* in the International Shielding Cennwnity.-
fourth International Conference on Reactor Sh'eltfioa. Per i ; . France. October. 1972. 
C0oT-7?ICI«. VOL I . ef. 2IS-22S-

3. 0. K. Trwbty and tetty F. Iteskewitz. "Computer Codes for Shielding Catenations--19§9.' 
Rocl. I n , . D M ion 10. S0S-I7 {19*9). 

«. ottty F. Hetkewitz. and 0. K. Trwoty. 'Computer Codes for Sheidting Celculatiors--
1970." Heel. Cne. Design 13. 4U-9 (1970). 

S. ettty F. Kkskewiti. Francis H. Clark, end 0. K. Trubey. -Computer Cooes for Shielding 
ami Related Calcnlarions-1972/ aoc*. log. Design 72. 334-341 (1972). 

f . I . U. Roussin, 0. r. Truoey. end Rett/ F. naikCMttz. "Oat* Activities of the Radia­
tion Shielding Infarmetion Center." Fourth International Conference on Reactor 
Shielding, 'o r is . France. October. 1977. CORf-721019. t o l . «. pp. 1191-1201. 

7. A. 1. rrof io. Editor. "Shielding l*nth«erk Problem.' 0RW.-RSIC-25 !US-S0-9) 
(Sop. 1 . !97J. Sop. 2. 197S). 

7.S AAQIAT10R TRANSPORT AM) SWElOlRG MFOJWRTIQB. C0W«TE* C00CS. ATO ."SUClEAR DATA 
FOP (ISC III CTR HCUTROBICS RESEARCH AND OCVCLCPfĈ ?* 

A. T. Sontoro I . F. Kaskewitz R. H. Roussin D. K. Tmbey 
I 'MsCr^ce o: ptipe-r » r e w » t « r f J t 9tk S-sn?osLw. an Fjs;nr, 7«v.%v>ii>r;, '».-»• 24-I§. I »"• , 

The activities of the Radiation Shielding Information Center (RSIC) of the Oak Ridge 
Rational Laboratory »r^ being util ized in support of fusion reactor technology. The 
najor activities of RStC include the operation of a computer-based information storage 
and retrieval sy*t<«, the collection, packaging, and distribution of large conputer codes, 
and the compilation and dissemination of processed and evaluated da?i l ibraries, with 
particular emphasis on neutron and gamma-ray cross-section data. The Center has acquired 
13 ye.rs of experience in serving fission reactor, weapons, and accelerator shielding 
research communities, and the e*tens ion of its technical base to fusion reactor re^earc* 
represents a logical progression. RSiC is currently woriring with fusion reactor resear.-hers 
and contractors in conputer code development to provide tested radiation transport *nA 
shielding codes and data library packages. Of significant interest to the CTR community 
art Ue 100 energy group neutron and 21 energy group ganma-ray coupled cross-section data 
package (01C-37) for neutronirs studies, a comprehensive 171 ftntrny group neutrou *nd 
31 energy group ga*ma-ray coupled cross-section data base with retrieval programs, 
including resonance self-shielding, that *rt tailored to CTP application, and a data base 
for the generation of energy-dependent atonic displacement and gas production cross 
sections and he*vy-r?rtfcle-recoil spectra for estimating radiation danage to CTR struc­
tural components. Since 1964, the Center has been involved in the international exchange 
Of information, encouraged *nd supported by both governnent »nti interagency agreements; 
ene" to achieve an equal ty viable »nd successful pronrar in fusion research, the reciprocal 
exchange of CTR data and computing technology is encouraged and weloned. 

• 
Research sponsored by EROA Division of Magnetic Fusion Energy. 
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7.6 RSIC AFTER 14 YEARS--WHERE DO WE GO FROM HERE?* 
0. K. Trubey 3. F. Kaskewit2 R. g. Roussin 

'. b s t n c t of paoer to be f<rcsenteti at Fifth Internat-onai Ct>ni-jr-nc«- on f a c t o r Shi'.-Id inf. 
Zr>ril lt-22. IV77. KnomilU! 

During the fourteen years since the Radiation Shielding Information Center (RSIC) 
s:.arted operations, many changes have taken place in the nuclear industry, both government 
aid CMsercial, and in shielding technology. Military and space applications of radiation 
transport technology have waxed and waned, but computing applications and the need for 
e'aborate computer codes and nuclear data for the commercial nuclear power industry have 
i icreased manyfold. 

The rationale for RSIC operations has been the recognition t f the need for government 
t pronote the ex hinge and transfer of shielding technology to tdvance the state of the 
i r t . With the present need to neet energy denands through nuclear power, and concurrently 
to minimize radiation exposure to operating personnel and the public, there is great need 
to increase radiation analysis capabilities among the ut i l i t ies aid other segments of the 
industry. Yet, because of government cost-recovery restrictions ind Electric Pt<*er 
Research Institute (EPRI) precedents, there is • widening gap bt>b«en what is being done 
and what ;s needed. 

During 1975, RSIC had a contract with EPRI (Electric Power Research Institute) to 
integrate shielding and technology information exchange of tne nuclear power industry 
with that of the government and its contractors. Included in the «ork performed by RSIC 
on behalf of EPRI was a survey of the radiation protection, radi.ition transport, and 
shielding information needs of the nuclear power industry. S ch rnwds include computing 
technology, nuclear data, special information needs, such as is«iim product and "crud" 
transport, and expansion more generally into radiation protectior ireas su:h as environ­
mental radiological analysis. 

* 
RSIC is sponsored by ERDA Division of Reactor Development and Dei Titration, ERDA 
Division ot Magnetic Fusion Energy, the Nuclear Regulatory Commission, and the Defense 
Nuclear Agency. 

7.7 ABSTRACTS OF DIGITAt COMPUTER CODE PACKAGES ASSEMBLED BV THE 
RADIATION SHIELDING INFORMATION CENTER (VOL. : * ) * 

Betty McGill Betty F. Maskewitz C. Marie An;.l»wiy 
Hemma E. Conolander Henrietta R. Mendrickscn' 

fA/<.'> t r a c t at •.mUX.-KSIC-li, Vol. IV, ./.inuary, J'Kt,' 

0RNL/RSIC-13, Volumes i-IV. is * loose-leaf report series containing the abstracts 
of digital computer code packages assembled by the Radiation Sh ie ld i j Information Center. 
Volume IV includes abstracts for code packages CCC-lf'.t through CCC-<51. The purpose of 
the abstracts is to give to a potential user several criteria for dec ding wh»ther or not 
he wishes to request the code package. In general, each abstract desiribes the nature of 
the problem solved and the method of solution, cites any restriction, or limitations, 
describes computer hardware and software required for local implementation, and cites 
references and gives credit for the code development and contribution to the center. 

The report is indexed by code package name and by code package r>j»ber for the 
abstracts published in Volume IV only, and by keywords and key phrase', for the entire 
computer code collection, CCC-1 through CCC-269. 

• 
Research sponsored by ERDA Division of Reactor Development and Demon: '.ration, ERDA 
Division of Magnetic Fusion Energy, the Nuclear Regula^ry Commfssior, and the Defense 
Nuclear Agency. 

http://radi.it
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7.3 SURVEY OF RADIATION PROTECTION. RAHATICN *PA=*iS»^r..AT^ ShlE.DISG 
IflFORfcVTTOR %£EDS Of THE NUCLEAR PCMEft iSOUSTRs 

Betty F. Pteifcewiti 0. K. Trubcy R. * . ft^s^in Setty L. *C&ill 

The report documents the results o* * <*«•••/ r-ade fey the Radiation Shielding Infor­
mation Center (RSIC) of the radiatio* protection, radiation transport and shielding 
information needs of the nuclear power industry. Eighty-three installations were covered, 
including public and private u t i l i t i e s artn7tecturjl-engineering and other consulting 
firms and ind/Aduals who serve thpr, a«d vendors. A general summary provides the infor­
mation and technology environment tif eacft responding installation for a better under­
standing of the needs expressed. This is fallowed by separate sections which delineate, 
respectively, the computing technology needed, nuclear data needs, suggestions for RSIC 
operation*,, projects, and services to f i l l expressed needs, and references for the 
technology cited in the report. 

Thfc analysis -evealed sever*! rtistinct trends: 

1 . Tnere is a need for we*!»deftned benchmark calculations relevant to the u t i l i t y 
industry. 

2. tew and improved dit* libraries are needed. Included are evaluated and processed 
c m s sections, i 4 d n ^ tive decay nuclide data, irradiated fuel data, albedo Jata, 
etc. 

3. Hew and improved cscts development. Many want an accurate and fast code to perform 
neutron streaming studies. Almost everyone wants faŝ t codes, sometimes accurate! 
Several want a fast, accurate labyrinth code. All those usinq PSIC-packaqed codes 
want better documentation and more sample problems. 

i. Cenera' trends emerjed. Several respondents want radiation effects inforration and 
asi- f'.r the revival of '•><? Radiation Effects Information Cer.ter ;RtIC), now defunct. 
'' ny ar«. comfortjale in their working relationships with ^SIC ->nd sore suggest that 
RSIC nr;ml7e industry-wide w>rkin9 groups to see to their own needs cooperatively. 
Severai *eel that RSIC has no bounds and suggest a ^yriid of iew ;;rojpcts. 

» 
Research v 'nsored by Electric Power Researc** Institute. 

.*.* A =!EVIEi» OF RADIATIOr. ENERGY SPECTRA UNFOLDING:. PROCFLDIH&S OF A 
SEMI MR-WORKSHOP, APRIL i 2 -13, 1976 

D. K. Tru^ey, Compiler 
(A: str.n;i. <>i H'.il. ':.31C-A-, . • ' . : - • . ' , . •"• ; 

On April 12-13, 1976, the Radiation Shielding Information Center of Oak Ridge 
:*ation<il Laboratory convened a seminar-workshop on the subject of unfolding radiation 
energy spectra. More than 20 papers were presented. They describe theoretical approaches 
and practical experience in determining neutron and garrv.-ray spectra fro* responses of 
dettctwrs, yjch as NE-213 and Mai scintillators and neutron activation detectors. Taken 
as a whole, fhry represent a description of the state of the art. 

Sercinar-wo'kshoy jointly sponsored by ERDA's Division of Reactor Development and Denon 
stratior. ,v 1 b, the Defense Nuclear Agency. 
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7.10 RADIATION PROTECTION AND SHIELDING STANDARDS* 
E.J. Vatlario" 0. K. Trvncy 

{Abstract of paper to be presented a t Fifth International Ganferunc* on ftuaccor Shielding. 
April 1S-22. 1977. Kaomville, Tennessee) 

This presentation discusses radiation protection and shielding standards fren the 
overall management viewpoint, considering •.*•» development made and sent of the problems 
and issues. 

How Are Standards Developed? Hundreds of organizations *n developing nuclear and 
non-nuclear standards in the United States, of which only a snail percentage are concerned 
with the development of radiation protection and shielding standards. These include the 
American Nuclear Society. Health Physics Society. Industrial Hygiene Association and others. 
The radiation protection and shielding standards development system is described, including 
professional society involvement with the management consensus system of the American 
National Standards Institute. In the latter case, the most recent organizational changes 
will be noted. 

Enhancing the Standards Hanijitmant System. How may the standards management process 
be enhanced? In this contest the key areas to be discussed are: 

1. Defining the role of the professional societies to ensure maximum utilization 
of expertise. 

2. Encouraging greater society involvement. 
3. Upgrading the 'need" system. 
4. Time reduction of the standards process. 
5. Interface with regulatory agencies. 
6. Publication of Society vs ANSI standards. 
Some Unresolved Questions. Several questions continue to arise which will be dis-

cussedT These art: 

1. Should fundamental daU be the subject of a standard? 
2. Is a tutorial rendition appropriate in a standard? 
3. How do you treat standard reference data? 
4. Should a standard be in the short form? 
Priority Heeds. A priority need is discussed - radiation protection standards 

applicable to the design of nuclear facilities. 

Research sponsored by Energy Research and Development Administration. 
Energy Research and Development Administration. 

7.11 BCTIC - THE BIOMEDICAL COMPUTING TECHNOLOGY INFORMATION CENTER* 
Betty F. Masktwitz R. L. Heniw/ H. J. McCtain* 

(Kotc: The following summary is typical of papers presented at th* Sixth Symposium on 
the Sharing of Computer Programs and Technology in Nuclear Medicine, January 26, 1976, 
Atlanta} the Southeast Region MUMPS Users' Gr-jvp Meeting, Hay 29, 197b, Atlanta; the 
Society of Nuclear Medicine 23rd Annual Meeting, June $-11, 1976, Dallas; the Association 
for Computing Machinery Annual Conference, October 20-22, 1976, Houston; the International 
Symposium on Medical Radionuclide; Imaging, October 25-29, 1976, Los Angeles; the 29th 
Annual Conference on engineering in Medicine and Biology, November 6-10, 1976, Boston; 
the Sixth Annual Conference of thn Society tor Computer Medicine, November 11-11, J976, 
boston; the Symposium on Computer Assisted Data Processing in nuclear Medicine, Society 
of Nuclear Medicine Computer Council, January 16-17, 1977, Atlanta; and the ACM Computer 
Science Conference, January 31-Tebruary 2, 1977, Atlanta) 
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Computer Applications in biomiicim are growing in number at an increasingly rapid 
rate. Fart of this growth i : attributable to enterprising researchers &ti clinicians 
MOO purchase snail general-purpose computers ami develop the special hardware and soft­
ware needed to fulfi l l their specific needs. Another part i s accounted for by commercial, 
turnkey system purchased on a ready-to-use basis. Even these commercial system fre­
quently provide for the development o ' user program, since change is the only constant 
in the biomedical sciences. Like uroaeism. those system incapable of adaption to a 
changing enviionmnt soon die away. 

when a new computer application is described in a aejor journal (often mny Months 
after i ts development), researchers elsewhere are likely to desire to test the application 
themelves. Since software is seldon available from the authors due to tine and economic 
constraints, a bottoa-up developnent of the software my ©raw at several secondary 
installations. 

Those installations which succeed in the effort my produce improvements in the 
various aspects of the software, which my (or aore likely nay not) find their my back to 
the journals, starting the process over again. Eventually, the software my be incorpor­
ated into a co—ucial systea. 

The serious inefficiencies ir. this system became acutely obvious to the nuclear 
aedicine coanunity, the first clincal discipline to extensively implement computers due to 
the inherently digital informtion i t encounters. With tre advent of minicomputers and 
the resultant drop in hardware prices, development costs for software and special inter­
faces became the major concerns. Persons involved in this effort quickly concluded that 
independent research development projects could be clinically viable only if a concerted 
effort were made to share developments among the various installation;., erfc-Mng cost 
savings and avoiding duplication of effort. 

As a result of this conclusion. Dr. H*.nry H. Wagner, Jr. , then president of the 
Society of Nuclear Medicine, formed the SW» Computer Committee to fu"th»r tne idea of 
sharing. 

Through the efforts of this comnitt.ee a««J individuals at ORAL, the Division of Bio­
medical and Environmental Research of the Energy Research nd Developnent A£r.ir.islr*tion 
(ERQA) established the Biomedical Computing Technology Information Center (BCTIC) at the 
Oak Ridge National Laboratory in 1975 as a focal point for the sh»rir.; of computer tech­
nology in biomedicine in general and nuclear medicine in particular. ERDA shares support 
for BCTIC with the Society of Nuclear Medicine, the Food and Drug Administration's Bureau 
of Radiological Health, and the Society for Computer Medicine, organizations which have 
supported the concept since its inception. 

BCTIC's mission is "to collect, organize, evaluate, a—' disseminate information in 
computing technology pertinent to biomedicine in general, and Kuclear Medicine in 
particular." 

Specifically, BCTIC provides: 

1. A clearinghouse for algorithms, computer prograns, data, and interface designs 
pertinent to clinical and/or research biomedicine. (This service permits users 
to transfer technological advances to others at minimal erst and. in return, to 
acquire new technology from other sources.) 

2. A bimonthly BCTIC Newsletter highlighting important devetopnents in the field, 
surveying existing biomedical computer installations, noting upcoming events 
of interest, and providing a bibliography of recent literature. 

3. Seminars, workshops, and topical meetings on bionedical computing. 

4. A computerized information storage and retrieval system containing bibliographic 
citations and abstracts. 

http://comnitt.ee
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5. Promotion of hardware and software standards as they affect biomedical 
computing. 

£•. An index of equipment and clinical procedures performed at the various installa­
tions. (The aim of this Workbook of Clinical Resources is to enable users or 
prospective users of biomedical computing technology to locate other clinicians 
and researchers performing similar procedures and/or using similar equipment.) 

BCTIC's other functions are rounded in scape, making it an international technology 
resource as opposed to a program library. Over 850 requests for information and services 
have been received from all parts of the world, and the newsletter is distributed bi­
monthly to over 1200 persons and agencies worldwide. SCTIC has leveled a concerted and 
organized attack on the problems of biomedical computing technology transfer and is 
striving hard to realize its ultimate goal - improving patient care. 
• 
BCTIC is sponsored by ER0A Division of Biomedical and Environmental Research, the 
HCW/FDA Bureau of Radiological Health, and the Society of nuclear Medicine. 
Computer Sciences Division. 

7.12 DIRECTORY OF COMPUTER USERS IN NUCLEAR MEDICINE* 
C. I. H nne J. J. Erickson' H. J. NcClain D. L. Kirclr 

(Excerpt from OPSl./BCTIC-i. January. 1977) 

The .:>-!•• .':• ;" >7:«;.-.- '".T.-JV •"•: ".«,-*.:?• •' :"-" - is physically organized into two 
major divisions: a Users'' Section and a Vendors' Section. The Users' Section consists 
primarily of detailed installation descriptions and Indexes to these descriptions. A 
typical Installation Description contains the name, address, type, and size of the institu­
tion, plus the names of persons to contact within the responding department, if the 
department has access to a central computer facility for data analysis or timesharing, 
that fact is stated along with the type of equipment available. Complete descriptions are 
then given for each dedicated data processing unit operated by the responding department, 
whether the unit is commercially available or locally developed. Included *n the 
attached peripherals, languages used, modes of data collection, and other pertinent 
information. 

Following the hardware descriptions »rt listed the type of studies for which the 
computers *rtt utilized, including the language(s) used, the method of output, and an 
estiisate of how often the study is performed. 

Critical to the use of the indexes is the four-digit number appearing in angle 
brackets in the upper right-hand corner of each installation description. This is the Key 
Number, which will be used in the Indexes to locate individual installations. The instal­
lation descriptions are arranged physically in alphabetical order by state, within states 
by city, etc. (All non-U.S. installations appear following the U.S. installations, 
arranged alphabetically by nation.) This arrangement permits a user to easily locate any 
installations in his proximity, or within a given state. 

The Installation Index, which appears immediately following this text, lists the name 
of each re .ponding institution in alphabetical order, regardless of its location. With 
each name is given the key number by which the respective installation descriptioi. may be 
located. 

Following the descriptions »rt the three hardware indexes. The Central Computer 
Index lists those processors referred to by the respondees as "Central Computing Facil­
ities." The Commercial System Index lists the commercially available nuclear medicine 
data acquisition and processing systems cited, and the User-System Index lists general-
purpose minicomputers around which users have developed their own nuclear medici».c systems. 
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In each case, a given computer or system is followed by the list of key numbers for those 
installations using that equipment. 

Following the hardware indexes is the Studies Index. This index lists the different 
types of studies performed with the computer by the responding departments, again with 
lists of the key numbers for each type of study. The studies *n arranged alphabetically 
within the index. In general, they appear as an organ followed by a letter abbreviation. 
Th» letter "5" indicates "Static." "F" indicates "Function" or "Flow." "P" is "Per­
fusion." and "V" is "Ventilation." Also u*ed with heart studies are "£" for "Effusion,-
*©" for "Output." and "6" for "Gated," and for thyroid studies. "I" is used for "Image" 
and "U" for "Uptake." 

After the Users' Section is the Vendors' Section, which consists of short descriptions 
of current c—mrcially available nuclear Medicine systems as supplied by the vendors 
tiWHclves. The descriptions »rt organized identically in order to facilitate compari­
sons, with comments appearing at the end. This section is intended to be used as a 
preliminary source of information regarding the various system. As such, it is not 
intended to be (nor could it be) a fully complete and definitive description of the 
system. 

All the information included in this directory was obtained for the users and manu­
facturers by means of questionaires which were distributed by BCTIf. The very thinq 
which makes a directory of this sort desirable, i.e., the rapid growth of the discipline. 
also aakes it difficult to compile such a collection of information without including some 
obsolete data. In an attempt to reduce the amount of obsolete data and to include new 
institutions in future updates of the directory, a user questionaire is included. Mew 
and old computer users are invited amf urged to submit this form to BCTIC any time they 
feel that the data from their institution should be updated. 
• 
Research sponsored by ERDA Division of Biomedical and Environmental Research, the 
HEW/FDA Bureau of Radiological Heaith, and the Society of Nuclear Medicine. 
Computer Sciences f>ivisisr.. 
Division of Kuclear Medicine, Vanderbilt University Hospital. Nashville, Tennessee. 
Nuclear Medicine Servic*, Veterans Administration Hospital, Denver, Colorado. 

7.13 THE DIRECTORY OF COMPUTER USERS I'l BUCLEAR WEDICIfiE: 
WHAT IS IT AW) WHAT CAN IT DO FOR YO'J?* 

R. L. Henne W. J . FfcXIain J. J. Ericfeson 
(Abstrict of fstp'-T prrs'T,t'fi .»c S:npor.:ur- or. f o n p i f r ,".•?-. ••(<•: . ' I " . J .' : ••••:i:::n.- :.-. ':uc'.-,tr 
Hcrl'.cinc, Sf>ci^t'i of "ucln.tr .'&**;<.•:.'»'• • ''•r.p-ir.-r ••''•> ; : :"• . ' . \i.-.:;,ir-; '.•-'.', . " > " , A' 1 ir.: i. 

The recently published '.••- •• r- ;" —. ••• .-• ;•-- "• .-*• a joint 
project of the Biomedical Computinq Technology Information Center (RCTICJ and the Workbook 
Task Group of the SMM Computer Counr.il (fomerly Conrittee). provides the present and/or 
prospective computer user with a source of valuable information, "sine, this document. 
one can locate other installations doinn sirilar work with sirilar equipment, perhaps 
resulting in direct sharing of technology and less duplication of effort. This paper 
will detail the contents, arranqenent. and use of the Directory, and. hopefully, will 
stimulate discussion on how future is%ue$ can be rade rore valuable. 

Research sponsored by ER£M Division of Biomedical and Environmental Research, the 
HEW/FDA Bureau of Radiological Health, and the Society of Nuclear Medicine. 
Computer Sciences division. 
Division of Nuclear Medicine, Vanderbilt University Hospital. "JashviHe. Tennessee. 

http://ucln.tr
http://Counr.il
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7.14 COMPUTER Afrt I CAT I0W IB MEDICI*: A l£¥IEU* 

R. L. H I M * ' 
{Abstract of paper f te pr«.-:»«--nc«f «c Association rer CoRavCia? X*ch:n>.-ry Southeastern 
Actional Xeecia^, April l»~2C 1977. Bilomi. Mississippi) 

One result of the orowinq interest in the Application of conpwters to health care 
and biomedical research M O S the creation in 197S of the Biomedical Cempntinn Technoleav 
Information Center (BCTIC} at Oak Rid** National Laboratory. As a part of its nissfon 
to "collect, organize, evaluate, and disseminata information on conpntina technoluoY 
pertinent to bionedicine in oeneral and nnclear medicine in particular." ICTIC is 
accumulating a unique canonterized data base of bibliographic citations and abstracts 
in the field. This paper presents a oeneral review of current activity in the biomedical 
computing sciences .- . a result of initial examination of this data base and also con­
siders areas of current research which may lead to future applications. The paper also 
presents a guide to further information on biomedical competing. 

Research sponsored by EROA Division of Biomedical and Environmental Research, the 
NEU/FOA Bureau of Radiological Health, and the Society of Nuclear Medicine. 
Computer Sciences Division. 
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SCIESTIFiC AKO PMTESSIOftAl ACTIVITIES 

I . S. Abbott 

P. C. Alsint l ler . Jr . 

Chairman, t 'b«ts 2nd Technical Tours. 5th International CQP-
ferenca o. teactor Shielding, Knoxvi l 'e . April 19/7 

Neater, Admissions Comi t tee . American Hue 1 ear Society 
Nenber. EROA Advisory Pane! on Accelerator Radiation Safety 
Member, ERDA Evaluation Panel on Electronuclear Fuel Production 
Chairman, ERQA Advisory Panel on Accelerator Radiation Safety for 

Review of the Positron Electron Storage Ring Proiect (PEP) at 
SLAC 

0. E. Bartine 

C. T. Chapman 

Chairman, Program Conn i t tee. Radiation Protection and Shielding 
njwision, American Tiuclear Society 

Heraber. Finance Cowntttee. Oak Ridge Section. American Suclear 
Society 

M f e ^ r , Publications Committee, 5th International Conference or. 
Reactor Shielding, Knoxvillc, Apri l 1977 

Invi ted Paper, American nuclear Society 197$ Winter Meeting. 
"Shielding Calculations for a 30C-JW(e) Gas-Cooled Fast Breeder 
Reactor" 

Seminar. University of Tennessee, ta re* 7. i }?7 . The fJon-
Prol i ferat ion Issue: General Aspects of 'he OR'JL Program" 

^le^oer, ?JASA Cooir.ittee to review and -wke reconpend<$tions on 
proposals on gaiana-ray-astronor.y experiments or t'Oar.i the 
space shuttle during orbi ta l f l i a h t test wrf 'or i .^.yi ir -1! 
f l i g h t s , January 1977 

Co-.pleted a four-da/ intensive trx\r,-.r,r, course r>o •".<•• i%t- of tr.e 
DECSVSTEH-10 forouter Systc- . : : . of T-rn- ,;--f, > : « > r 1 }76 

^p—.h»rw ?i-5ti^r**i ProT.-sr" C r »r^tt . c ,;•-. it-., S^pr.- , . 'ntit» e j . 
Arf-rican tiuclear Society 

rV»..*>*r. E'ecutive Corr.i tf»-e. Reac'or Pn,sj,;s D i . K i o n . A f r i c a n 
'l-.»c I ear Society 

Best Paper Award of Reactor Physic. Division. Ai-eri-.-.ao "iuc''"-ar 
Society. Novenher 197s, in collaboration »>rh ?». ?. Perer. 
E. G. S i lver , R. W. Ingle, and H. wea.'-r 

J . K. Dickens Member, American Nuclear Society ' t •.r,.-*,ir,'. 
Decay "eat Staniiar* 

Invited Col lofjiiif Speaker. .>,-.r. of ?*•. '• 
"Delated Fission Product En«rc;y «•••••: • 
a loss-of-Coolant 'V.cilen:. ' »":,••;! : *"-

Referee. ' .«• ' . .-.•• "•" • • 

'.ert:ick, 

H. W. E n g l e , J r . 

G. F. Flanagan 

Invited PrtDPr, Arerii.an 'iur!<vr C':. :»•' . • • ' • * ••*'••' Vee'rr.o. 
with W. B. Errsett and M. I * i ' ! i r - , . •'•':';. r •.? •'•*• f.or-
j lex Reactor Cavity Shield in ' K e r "? 

Assistanf General Chairrcar. C'nfirenr.- -.• .".:..•>'•:•.es u, R»>ac*nr 
Ph/sics. 6a f 1 ?nt?;;r'; 'to ?>•• h*>l/| in ! / , ' - • 

Secretary. Reactor Safer/ Division Pro-ir.»- C'vsri t t e r , Ar-erir.m 
r»»c I ear Society 

Heniher, Ynufh Steering Cnii i t t " e , iV-tericao V»c.lear Society 
Menher. Technical Prograr Co>xi'/»>.., Fast Reactor Safety Con­

ference, Seattle 'to he held in !'•'•?; 
Menber. American Nuclear Society SfyMards Suhcorr i tfee on 

Reactor Physics, 11. '< 
Chairman. Pt*h I i r f r. / f.nrr:ietee. Lnsal Section. American ,'iuclear 

Society 
Chairman, Program dinr.itf.ee. Local Section, Ameriran ?<uc1rar 

Society 

http://dinr.itf.ee
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C. T. Fa 

Coordinator. OML Bimonthly Colloquial. 1976-77 
Brmber. Ph.D. Recruiting Program. ORRL. 197% 
Coordinator and teacher. Snort Course on Reactor Safety. U. of 

Tennessee. September 1*76 
Assistant Processor, u. of Tennessee. Fast Reactor Safety Graduate 

Course. Spring Quarter. 1*77 

Member. Cross Section Evaluat.on Working Group (CSEUG) Nuclear 
NbdeI Codes Subcommittee 

Referee. .".v*'«"jr> .'tC^it- PS; ."»:.-"•:..-.-•;•,_.-
Oral Presentations (4): "Guidelines for the Evaluations of Carbon 

as a Neutron Scattering Standard," Task Force on Standards /or 
ENOF/B-V. Brookhaven National Laboratory. March 1974; "Calcula­
tions of Gas Production Cross Sections for '*Fe and "Co." 
Special Nee ting of the CSCHG Standards Sbwconmittee on Neutron-
Induced Gas Production, Activation, and Dosimetry Cross Sections 
for ENOF/B-V. Los Alamos Scientific Laboratory, August 1976; 
"TNG Calculations of 11 Reaction Cross Sections for "Co up to 
3S ReV." CSEUG Nuclear "Mel Cooes Subcommittee. Hanford Engi­
neering Development Laboratory. October 1976; " : ' f la (n.y) , 
'*Fe(n,p). s*Fe(n.p) and 5*Fe(n,,) Cross Sections for Reactor 
Dosimetry," Task Force on Reactor Dosimetry for ENOF/B-V. 
•Mttionat Bureau of Standards, "torch 1977. 

T. A. Gabriel 

J. Gurm/ 

Awards Coordinator, Neutron Physics Division 
Advisor to SLAC for PEP Shielding 
Advisory to SLAC for Calorimeter Design 
Chairman. Program Committee, IAC Forum. 1977 
Member. Public Relations Committee, IAC Forua, 1975-76 
*mber. Hospitality Committee, 5th International Conference on 

Radiation Shielding 
Coordinator, IAC Forum Exhibit 

P. N. Haas 

R. 1. Naerker 

F. C. Maienschein 

6. F. Maskewitz 

"ember. Publicity Committee, Local Section, American Nuclear Society 
"ember. Newsletter Staff, Local Section, American Nuclear Society 
"ember. Ad Hoc Committee for Review of Brookhaven National Labo­

ratory Medical Reactor Operations 
Participant. IEEE Reliability Seminar, ftbrvtry 1977 
"ember. Shielding Subcommittee, CSEUG 
Member Data Testing Subcommittee, CSEUG 
Invited Paper, "An Example of Calculations with Coupled Sets and 
Simultaneous Comparisons with Experiment," CSEWG Meeting, 
Brookhaven National Laboratory 

Member, EROA Advisory Committee on Reactor Physics (ACRP) 
tr. Nuclear Energy Aoency Committee on Reactor Physics (REACRP) 
tr. University of Illinois, Department of Nuclear Engineering 

Advisory Committee 
Keynote Address, 5th International Conference on Radiation Shield­

ing, April 1977 
Organized Special Session, New York Meeting of the American Nuclear 

Society on "Definitions of Breeding Ratio (BR) and Doubling 
Time (DT)," June 1977 

General Chairman, American Nuclear Society Conference on Advances 
in Reactor Physics, Gatlinburg (to be held in 1978) 

Member. Honors and Awards Committee, American Nuclear Society 
(1976-1979) 

Member, ANS-10 Subcommittee of the American Nuclear Society Stan­
dards Committee 

Member, Executive Committee, Radiation Protection and Shielding 
Division, American Nuclear Society (1976-1979) 
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Secretary-Trtoswrer. Society of Nuclear Medicine Council on Com­
puters {197.-7/); Mminee (l»77-7») 

Mimfcer. Organizing Coraittee for the Annual Scientific Symposium 
of the Society of ** clear Medicine Council on Computers (1971-
1977) 

Member. Standards Cow t tee. Society for Computer Medicine (1977-
197») 

Member. Program Committee. 1977 Rational Computer Conference. 
June 1977. Dallas. American Federation of Information Processing 
Societies (AF1PS) 

Deputy Chairman. Sth International Conference on Reactor Shielding, 
Knoiville, April 1977 

Chairmui. publications. Sth International Conference on Information 
Processing in Medical Imaging, Vanderbilt University. Nashville. 
June 1977 

Member, Advisory Comaittee. Rational Science Foundation sponsored 
Ultrasound Tissue Signature Project. Carnegie-Mel Ion Institute 
Of Research. Pittsburgh (1977-1978) 

Renter. Committee for Review of ERDA-NEA Information Exchange 
Agreement (1977} 

Mimber. Executive Committee, GftNL IAC Forum (1477} 
UCRO Representative to the Argonne Code Center 
Archivist. HUMPS Development Comnittee 

Hynatt Chairman, Radiation Protection and Shielding Division. American 
Nuclear Society 

Chairman. Technical Program of the WATT-ec Conference. Knonville. 
1977 

Member, Program Corasittee. 5th International Conference on Peactor 
Shielding. Knoxville. April 1977 

Chairman. QRSt. CcRp-tir.5 Committee 

Peelle Working Group Chairman, "Specialists Meeting on Fait 'ieitron 
Fission Cross Sections of : % , U . :"'*U. : ' * U . and "P-j." .Im* 
1/76. Argonne National Laboratory 

Member. Normalization and Standards Subcommittee o f CSEHG 
Member, Internal Sabbatical Selection Pan*? 
Chairman, OR'JL Proposal Review Committee 
Mentor, Program Conn i t tee. Internationa! Special i'. ts Sys-.T. i;»~ 

r-n '̂ »utro« Standards and Applications. Ware') !)77 
!nvit»d Lecture. "ORELA Usage for Condensed Hatter Research." 

National Academy of Science. March 1977 
Invited Paper. "Thermal and Epithenna! • " U Me*'>ur«v-*>r.?<," 

International Specialists Symposiyn- on .Neutron Standards and 
Applications. March 1977 

Perey 'terher. ERDA Nuclear Data Committee 
rf c r ,K„ r t Cross Section [valuation Working Group tCSEWG} 
Chairman, Data Covariance Subr.orcnir.tee, CSEWG 
Invited Paper, "Use of ORELA for Scatter inn Measurements in the 

MeV Region," "Jew York Meeting of the American Physical Society, 
February 1976 

Hember, ANS 6 Subcoeimtee on SI Units 

Perez Hember, Proyrm. Committee. American Nuclear Society 

Rhoades Cochairman, Neutron Physics Division Seminars 

Roussin Chairman, Shielding Subcommittee, CSEWG 
Chaiman, Membership Committee, Radiation Protection and Shielding 

Division, American Nuclear Society 
Chairman. Proceedings, 5th International Conference on Reactor 

Shielding 
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Santoro Member. Honors and Awards Committee. Local Section. American 
nuclear Society 

Member. Putlicati ns Committee. Division of Controlled Suclear 
Fusion, American Nuclear Society 

Selby Member, Membership Committee, Local Section. American Nuclear 
Society 

Member. Publications Committee. Local Section. American Nuclear 
Society 

Neater. Editorial Staff. A3S Newsletter. Local Section, American 
Nuclear Society 

Silver Member, Education Cow i t tee. East Tennessee Section, American 
nuclear Society 

Member, Program 1onr.ittee. American Nuclear Society 
Lecture Series on "The Physics of Energy," 3RAU-EC0 Short Courses 

on Energy (four sessions) 

Trubey Chairman, 5th International Conference on Reactor Shielding, 
Knoxville, April 1977 

Chairman, dominating Comnittee. Radiation Protection and Shielding 
Division, American 'iuclear Society 

"fep-.fcer. Public Information Education Committee, Local Section, 
Ar*>rican Nuclear Society 

Chairman. AftS-6 Radiation Protection and Shielding Subcommittee. 
Standards Comrittee. Aoerican Nuclear Society 

Renter. ANS-6.5 Shielding Glossary. American Nuclear Society 
!%-»3r-r, Working Grsup or. Code Interfaces and Formats. Safety 

analysis Data Coordinating Group 

Vondy "enter, M*C Benchmark Committee, American Nuclear Society 
•Vmber. ANS-IO Standards Committee, American Nuclear Society 
nUt-mate "ember, ANSI Standards Committee, X-3. American 

Nuclear Society 
Alternate Renter, X-3 Fortran Committee, X3J3, American Nuclear 

5oc iety 
'Ipmber, EROA. Divkion of Reactor Development and Demonstration, 

Physics Branch, Large Core Methods Evaluation Committee 
Kemter. EROA, Oivision of Reactor Development and Demonstration, 

Physics Branch, Cooperative Computer Coding Committee 
Coordinator, Two-Day VENTURE Users Work si wp (December 1976) 

Weisbin Menber, ANS 6.1.2 Standards Committee on Shielding, American 
Nuclear Society 

Member, Reactor Physics Division Program Conr.ittee, American 
Nuclear Society 

Member, ANS 5.1 Decay Heat Standard Working Group, American 
Nuclear Society 

Member, Code Evaluation Wcrfcing Group, Committee on Computer 
Code Coordination 

Member. Cross Section Evaluation Working Group (CSEWG) 
Member. Program Committee, 1978 Reactor Physics Topical 

Meeting. "Advances in Reactor Physics," Gatlinburg 

Weston [valuator, :':Pu and : ' 5 P u heutron Cross Sections for ENDF/6-V 
>presentative. Neutron Physics Division, Continuing Education 

Program Committee 

Williams fnvited Paper, "Analysis of the Complex Reactor Cavn.y Shield in 
the FTR," with W. W. fngle, Jr. and M. B. Emmctt, Awican 
Nuclear Society Winter Meeting, November 1975 

http://1onr.it
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8CUTR0R PHYSICS SmSi'OR SEW.TARS AT 0*11 

D. K. OIsco M£ ». A. Ihoades suce«-«i«-«l D. C. U r « m and <". S. j i t i s h i n a* Sesinar 
Gackairarn during tb* v « r l%7k. TW following s*ainarx w r r hv 14 4«rir. j t ih«- wri.«<i 
c»v*r*ai by this rvport: 

I . C. A l s a i l l e r , J r . . Neutron Physics Div is ion, "Uncertainties in Calculated Keating and 
Radiation Umi9» in the Toroidal F ie ld Coil o f a Tokassak E*perin-ntal Power Reacto-
Oue to Neutron Cross-Section Errors ' 

I . 6. A l s f i l l e r . R. V. Peel le . JwjJtron Physics Div is ion , and T. A. Lewis. Instr-jacr.tation 
and Controls Division, "ORElA Improvement Program - The Prebuncher" 

D. E. Bar t i n e , neutron Physics Divis ion. "Design Support Analysis for the GCF3 Radial 
Shield" 

C. It. Sar t le . Australian National Universi ty , Canberra. Australia " 'L i r» . . ; fceactior.s" 

J . ftlons. Saclay. France- "Fvidence for Rotational Sands in tne - ' Tn r i ' . , : o * Cross 
Section" 

J . D. Calien, Fusion E'wrny Div is ion, "neutron Be** Heating Calculations fo- » res - i t and 
Future Tokaaaks' 

J . K. Dickens, Tieutron Physics Div is ion, "Fission Prodiitt 3ecay ^eat S«as:,r-r-er.T'."* 

6. F. Flanagan. Heutr-w pv^ ics Div is ion, and %. J?, flreene. •'o-.p-j'er S-:i«'i: ••% ."ivt-.ion. 
"IWFBR Reactor Safe** Code Data Base (SACSD)'' 

T. I. Fowler, Neutron Physics Division. "»ha; Bold Venture Can ."to f * r Ynt' 

T. A. Gabriel , Neutron Physics Div is ion, "Radiation Da*v*<;r Calr.:( l i* '^"s: PKA Spectra 
and DPA Crojs Sections' 

D. V. Gopinatn. Reactor Ses^arch Centre. Safety Researr.* Lahoratorv. ••«•;>•»:•>.ir*. JnoM.i. 
"Recent Dtvelopinerit of the Anisotropic Sourc - - Fl'ut I.f-rari'vn ~»:.*.ni •,*•• fr.r 
Radiation Transport" 

G. Hale, Los Ala*ns Scient i f ic Laboratory, "«-Yatriy. Analy-.is of "L' and : ; ' . 

J . A. Harvey. J . Halp**rin, ":. W. H i l l , and S. R*r.an. P** „•, i -'. j i v i - . i ^ n . flfElA. ':'n.?; .»n«t 
( n , , ) on $ * R i -

J . Pi. Kail f e l l , Genrcia Inst i tu te of Technology. "The turnn-ar. A:-c-r-.t.-. rt the H*>rcrn-
geneous IMFBR" 

R. A. Karam, Georqia Inst i tute of Technology. "LMFf;8 C.nf >s i ' ;n" 

F. R. Kynatt, Neutron Physic Division, "The ORfil. Lnn'j-San'je '•.>-:» .•i"-j Plan -

F. R. Mynatt, 'Jeutron Physics Division, "The Accelerator Reenter '̂ n<.»>;>t"' 

G. H. Neilson, Fusion Ener$y Division, ,-Tokar-,ik', for ?ne La/ran' 

E. PI. Oblow, Neutron Physics Division. "Ener'jy Channel Theory" 

S. P la t ta rd , Br:jyeres-le-r.h*te', Saclay and Los Alaros Scientific. Laboratory. "Neutron 
Physics at Los Alamos ano Bruy&res-le-Chiltel" 
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152 

J. B. Roberto, S.>Iid State Division. "Energy Dependence of Neutron Damage ^tt Ketals: 
Theory and Experiment Using Be(d.n) Neutrons" 

H. T. Robinson, Solid State Division. "Radiation Damage Analysis: A C»-it**:ai Assessrwnt" 

R. U. Roussin, Neutron Physics Division. "Experience with tN» OCTR/DP^- fc*tigroup 
Libraries" 

H. Saltmarsh, Physics Division, "INGRID: An Intense Neutron Generator for Radiation-
Induced Damage" 

R. T. Schneider, Nuclear Engineering Sciences Department, University of F l ' i ida. "Nuclear 
Pumped Lasers" 

R. Sinclair, Atonic Energy Research Establishment, "Recent Neutron Experiments and Up­
grading of the Linar at Harwell" 

C. 0. Slater, Neutron Physics Division, Analysis of GCFR Pin-Streaming Expe-iment at the 
Tower Shielding Facility" 

R. 6. Stokstad, Physics Division. "The Future of Nuclear Science: Progress **port from 
an Ad-Hoc Panel Established by the Committee on Nuclear Science, Nation* Academy 
of Sciences" 

A. Todd-Pokropek, i.'nivtrsity College Hospital, London, England, "IAEA Coorditated 
Research Program on the Intercomparison of Computer-Assisted ScintigrapH: Tech­
niques" 

D. K. Trubey, Neutron Physics Division, "The Role of RSIC ir. the NPD Program" 

D. ft. Vondy, Neutron Physics Division. "Application of New Depletion Capability" 

C. R. Weisbin, Neutron Physics Division, "Application of the FORSS Sensitivity ".ode 
System to Fast Reactor Analysis" 

C. R. Weisbin, Neutron Physics Division, "Moving from Sensitivity Analysis to ^certainty 
Analysis" 

D. R. Winkler, Computer Sciences Division. "The New PDP-10 Monitor - What Can It Do?" 

:h 
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•EISfR. P. $ - . T. A. C W t i a . «R» J . 0- OTQKCT 

-Charged M r w * * leptea Currents Predvctd ky ton IkjowtOJi ( O BtV/C) Ckar%«f »fe«S 
H M , * e , amd Pk Tar^ t t . " 0tNL/TI»-5477 (December l t » ) . (C.14) 

K R T I R I . Mueo M. 
"Spallation Reaction*: Calculations.- p. 27 fa "Spallation Nuclear Reactions M i 
Thefr Applications." Shon/Hirtor ( M s . ) , D. Reidel Pub. Co., OoroVtckt-Hotloai. 
197f. (197S) 

KRTIRI. N. H . , R. T. SARTOR*. MO 0. M. K M » ° * 
"Calculated Rucleea Spectre #t Several Ragles from 192-. S09-. TOO-, end 900-PkV 
Urken-12 on Ire»-5t." ORRL/TB-5161 (February 197f); P W . *e». ? 14(2). 590 
(1976). (2.11) 

CNRPHMt C T. 
"Tke Ca(n,x>) Reaction Cross Section for Incident Neutron Energies Betnee* 0.2 and 
20.0 PR*," 0ML/TH.S21S (February 1971). (1.14) 

CNtffM. 6. T. . 6. L. PQRCM. ARO F. G. PEREY 
"A ke-fteesurenent of the Neutrun*Induced Camma-Rey Production Cross Sections for 
Iron in the Energy Range S50 kglf < £„ < 20.0 PR*." 0RNL/Tlf-S416 (July 197f). (1.19) 

CHILDS, R. L - , " V. C. RAKER,** F. R. JWRATT, MR) LORRAINE S. AMOTT 
"Analysis of TSF Experiment with AI-LPFM Loner Axial Skidd Pkxkup," 0RRL-S179 
(August 1976). (4.4) 

CNILDS, R. L..** PI. B. EPiETT,** F. R. HTNATT, ARO LORRAINE S. AMOTT 
"Analysis of the TSF Three-Dimensional Stored-Fuel Experiment for the CRM," OPJR.-
5187 (September 1976). ,'4.2) 

CHIRC, J . , * * E. PI. 0R10H, AND H. GOLDSTEIN** 
"A Discrete-Energy Formulation of Neutron Transport Theory Applied to Solving the 
Discretc-Ordinates Equations," ::^1. . -~. En,:. 61 , 159 (1976). (1973) 

CLIFFORD, C. E., AND F. J . PRJCKENTHALER 

"A Deteminatior of the Neutron Energy and Spatial Distribution of the Neutron lean 
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