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Light-Water Moderated, 
Boiling Water Cooled 

Refer also to cnation(s) 286, 340 

1 
(EUR-13906) 
Summary of the dimensioning verifi
cation studies of the Phebus-FP 
experiments. Shepherd, I.M.; Markov-
ina, A.G. (Commission of the European 
Communities, Luxembourg (Luxem
bourg)). 1992. 52p. OSTI; NTIS (US 
Sales Only); INIS. 

As preparation for the Phebus-i^ 
project a set of scoping calculations 
were performed in order to check how 
well Phebus-FP is able to represent a 
severe accident sequence in a light wa
ter reactor. This report summarizes 
those calculations that deal with the 
coolant circuit between the bundle and 
containment vessel. Many calculations 
were performed by many different orga
nizations and it was found that, 
although there was considerable quan
titative disagreement, it was possible to 
simulate a severe accident sequence in 
Phebus-FP. Recommendations are 
made concerning the conduct of the 
test and deficiencies in the codes used 
to calculate the phenomena are pointed 
out. 

2 
(EUR-14037) 
Hydrogen In water-coQied nuclear 
power reactors. (Commission of the 
European Communities, Luxembourg 
(Luxembourg)). 1992. 302p. OSTI; 
NTIS (US Sales Only); INIS. 

The Commission of the European 
Community (CEC) and the international 
Atomic Energy Agency (IAEA) decided 
in 1989 to update the state of the art 
concerning hydrogen in water cooled 
nuclear power reactors by commission
ing a report which would review, ail the 
available information to-date and make 
recommendations for the future. This 
joint report was prepared by commit
tees formed by the IAEA and by the 

CEC. The aim of this report is to review 
the current understanding on the areas 
in which the research on hydrogen in 
LWR is conventionally presented, tak
ing into account the results of the latest 
reported research developments. The 
main reactions through which hydrogen 
is produced are assessed together with 
their timings. An estimation of the 
amount of hydrogen produced by each 
reaction is given, in order to reckon 
their relative contribution to the hazard. 
An overview is then given of the state 
of knowledge of the most important 
phenomena taking place during its 
transport from the place of production 
and the phenomena which control the 
hydrogen combustion and the conse
quences of combustion under various 
conditions. Specific research work is 
recommended in each sector of the 
presented phenomena. The last topics 
reviewed in this report are the hydro
gen detection and the prevent/ 
mitigation of pressure and temperature 
loads on containment structures and 
structures and safety related equipment 
caused by hydrogen combustion. 

3 
(EUR-14039) 
Hydrogen behaviour and mitigation 
In water-cooled nuclear power reac
tors. Delia Loggia, E. (Commission of 
the European Communities, Luxem
bourg (Luxembourg)). 1992. 370p. 
(CONF-9103264-). OSTI; NTIS (US 
Sales Only); INIS. 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

The Commission of the European 
Communities (CEC) and the Intema-
tional Atomic Energy Agency (IAEA), 
within the framework of their safety re
search activities, initiated and arranged 
a series of specialist meetings and 
research contracts on hydrogen behav
iour and control. The result of this work 
is summarized in a report jointly 
prepared by the two international orga
nizations entitled 'Hydrogen in 
water-cooled nuclear power reactors'. 
Independently, the Kurchatov Atomic 
Energy Insjtitute orgaru^ed a-workshop 
on the hydrogen issue in Sukhumi, 

USSR, with CEC and IAEA coopera
tion. Commonly expressed views have 
emerged and recommendations were 
formulated to organize the subsequent 
seminar/workshop concentrating mainly 
on the most recent research and ana
lytical projects and findings related to 
the hydrogen behaviour, and-most 
importantly-on the practical approaches 
and engineering solutions to the hydro
gen control and mitigation. 
The seminar/workshop, therefore, 
addressed the 'theory and practice' as
pects of the hydrogen issue. The 
workshop was structured in the follow
ing sessions: combustible gas 
production; hydrogen distribution; com
bustion phenomena; combustion effects 
and threats; and detection and migra
tion. 

4 
(EUR-14039, pp. 28-37) 
Hydrogen generation during reflood-
ing of degraded core as an accident 
management measure. Hidaka, A.; 
Sugimoto, J.; Soda, K. (Japan Atomic 
Energy Research Inst., Tokai, Ibaraki 
(Japan). Tokai Research Establish
ment). 1992. 370p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Sensitivity analyses were performed 
to investigate a possible hydrogen gen
eration during reflooding of degraded 
core which is considered as one of se
vere accident management strategies. 
The detailed accident analysis code, 
RELAP/SCDAP, was used for the 
present analysis in which the degraded 
core similar to the TMI-2 accident was 
postulated. More over the initiation tim
ing and the rate of core reflooding were 
selected as parameters of the analysis. 
Two cases for the steam flow, which 
represented realistic assumption, and 
steam starved flow, which corre
sponded to a possible case where a 
large part of fuel cladding remained un-
oxidized. From the present analyses, it 
was concluded that; (i) reflooding of de
graded core would become additional 
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source of hydrogen generation, (ii) an 
amount of hydrogen generation during 
reflooding depends on the amount of 
remaining unoxidized zirconium in the 
core and the timing of reflooding initia
tion, (Hi) in general, the eariy injection 
as possible would mitigate core degra
dation and consequently result in less 
hydrogen generation. 

5 
(EUR-14039, pp. 50-64) 
Comparisons of fathoms blind and 
open post-test predictions with the 
experimental data of HDR-H2-mlxing 
tests E.11.2 and E.11.4. Wolf, L ; 
Holzbauer, H. (Battelle-lnstitut e.V., 
Frankfurt am Main (Germany)). 1992. 
370p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93721166. 
(CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour arxl mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Battelle-lnstitut e.V., Frankfurt, FRG, 
participated with the containment analy
sis code FATHOMS, Version 2.3, in the 
blind post-test computational PHDR-
Benchmark Exercise on the HDR 
long-term hydrogen mixing experiments 
E11.2 and El 1.4. Quantitative results 
are shown in comparison with various 
data of both experiments. The levels of 
agreement for the different physical 
quantities are presented in detail and 
potential causes for deviations are dis
cussed. Upon completion of the 
exercises, it became known that the in
sulation of the instrumentation cooling 
lines had deteriorated thus providing a 
substantial heat sink. This fact led to 
rather high overpredictions by all partic
ipants. Its effect has been accounted 
for by an open post-test FATHOMS 
computation the results of which are 
compared to those of the blind compu
tations and the data. 

6 
(EUR-14039, pp. 74-80) 
Three dimensional numerical simula
tion of hydrogen distribution and 
mixing In containment. Barthel, V.; 
Grand, D.; Villand, M. (CEA Centre 
d'Etudes de Grenoble, 38 (France)). 
1992. 370p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

This paper describes the adaptation 
of the three dimensional thermal-
hydraulic code TRIO-VF to the study of 
hydrogen distribution throughout the 
containment during severe accident se
quences. The original version of the 
code has been adapted to compress
ible fluid flows that can be mixtures of 
one to four constituents, one being wa
ter steam, the others gas components 
(air, H2,...). The mass conservation 
equations of the different constituents, 
the motion and energy conservation 
equations are strongly coupled. The 
turbulent (k-e) model is used where 
transport equations of k and e are con
sidered. A wall condensation model has 
been Introduced in order to take into 
account the influence of the film resis
tance along the wall. The different 
equations and models governing the 
fluid flow are presented. Some valida
tion cases that have already been 
realized are described. A general vali
dation case on one HDR experiment 
will soon be defined and calculated with 
the new adapted TRIO-VF code. 

7 
(EUR-14039, pp. 81-95) 
Results of the PHDR computational 
Benchmark exercises on hydrogen 
distribution experiments El l .2 and 
E11.4. Wolf, L.; Valencia, L. (Battelle-
lnstitut e.V., Frankfurt am Main 
(Germany)). 1992. 370p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

International computational results of 
blind post-test computations for the 
HDR-hydrogen mixing experiments 
El 1.2 and El 1.4 are qualitatively 
compared with measured data. All well-
known containment analyses codes 
participated in the PHDR-Benchmark 
Exercises which covered a number of 
various break and injection positions 
and also encompassed different ele
ments of accident management 
measures such as outside and inside 
sprays. Potential causes for the ob
served differences between data and 
predictions are presented, both with re
spect to the provided input data as well 
as the modeling features chosen. The 
paper supplements the detailed infor
mations about the experiments by 

adding the containment code verifica
tion aspects. 

8 
(EUR-14039, pp. 141-150) 
Experimental results and modelling 
strategies for multi-compartment hy
drogen deflagration. Kanzleiter, T.F.; 
Fischer, K.; Wennerberg, D. (Battelle-
lnstitut e.V., Frankfurt am Main 
(Germany)). 1992. 370p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Recent large-scale experiments on 
hydrogen deflagration in multi
compartment geometries have shown 
considerable flame accelerations and 
pressure build-ups much higher than 
expected from the results of single-
compartment experiments in the same 
concentration range. In a number of 
parametric studies, the various factors 
determining the flame propagation be
havior were investigated. Modelling 
these processes in a lumped-parameter 
approximation is severely limited be
cause of a lack of detailed geometric 
representation, while a distributed-
parameter approximation is difficult to 
establish for realistic LWR containment 
geometries. The present paper shows 
that a combined modelling approach is 
able to resolve this problem, leading to 
a predictive mechanistic model for 
hydrogen deflagration events with prac
tical relevance. 

9 
(EUR-14039, pp. 151-160) 
Two models of hydrogen combus
tion in a closed cylinder. Tlselj, I.; 
Kodre, A.; Mavko, B. (Institut Jozef Ste
fan, Ljubljana (Slovenia)). 1992. 370p. 
OSTI; NTIS (US Sales Only); INIS. 
Order Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Combustion of non-detonating air-
hydrogen mixture in a cylindrical vessel 
is modelled by the full Navier-Stokes 
system of differential equations. Effects 
of turbulence are taken into account by 
phenomenological turbulent transport 
coefficients, chemical kinetics of the 

2 
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reaction is described by a single activa
tion term. Good agreement with 
previously published data can be ob
tained by adjustment of boundary 
conditions at the vessel walls. A more 
efficient model, based on the 
incompressible-fluid approximation is 
developed and tested. 

10 
(EUR-14039, pp. 161-172) 
Criteria for transition to detonation 
for hydrogen flames. Chan, C.K. 
(Atomic Energy of Canada Ltd., 
Pinawa, MB (Canada). Whiteshell Nu
clear Research Establishment). 1992. 
370p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93721166. 
(CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

During postulated loss-of-coolant ac
cidents in a nuclear power reactor, the 
Ha generated from a metal/steam reac
tion may leak into the containment 
building and form a combustible atmos
phere. If the gas mixture is ignited, the 
potential damage to the containment 
building and equipment within the con
tainment depends on whether the 
combustion is a deflagration or a deto
nation. Direct initiation of detonation 
requires a high-energy initiation source 
such as a solid explosive. Such a 
source is not likely to be present in a 
containment environment. However, a 
detonation can occur via a deflagration-
to-detonation transition (DDT). At the 
present time, the necessary conditions 
(or the criteria) for a DDT to occur have 
not been determined. It is not possible 
to predict a priori whether a transition 
can occur in a given situation. Re
cently, a few qualitative methods were 
proposed to assess the likelihood of a 
DDT. This paper reviews the current 
understanding of the transition phe
nomenon, and discusses the qualitative 
methods available for assessing the 
likelihood of a DDT. It briefly describes 
a recent study on turbulent/flame inter
action to establish one of the necessary 
conditions for a DDT to occur. A new 
methodology for assessing DDT is also 
proposed to remove some of the con
servatism that prevails in the other 
approaches. 

11 
(EUR-14039, pp. 173-183) 
Mechano-chemlcal model of break
away zirconium oxidation. Fridman, 
A.A.; Kirillov, I.A.; Rusanov, V.D. (Go-
sudarstvennyj Komitet po Ispol'zovaniyu 
Atomnoj Ehnergii SSSR, Moscow (Rus
sian Federation). Inst. Atomnoj 
Ehnergii). 1992. 370p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

In order to make clear the long-term 
oxidation kinetics of steam-zirconium 
topochemical reaction and fuel cladding 
behavior under severe accident condi
tions the breakaway oxidation 
phenomenon have been considered. 
Autowave model of breakaway oxida
tion have been developed. It has been 
proposed in this model that diffusion 
propagation of oxidation front is 
autocatalyzed by the oxide layer degra
dation. Within the frame work of the 
macroscopic model of quasi-brittle 
oxide layer fracture the analytical de
pendence of the breakaway oxidation 
rate coefficient, barrier layer thickness 
and characteristic crack length upon 
temperature and mechano-chemlcal ox
ide parameters have been obtained. 
Comparison of theoretical calculations 
with existing experimental data have 
shown a good agreement. Proposed 
theoretical framework and models can 
be used in computer simulations and 
analytical assessment of the hydrogen 
generation, core heat-up and cladding 
embrittlement in severe fuel damage 
accidents conditions. 

12 
(EUR-14039, pp. 196-201) 
Proving test on the reliability for 
reactor containment vessel (2) hy
drogen burning test. Takumi, K.; 
Nonaka, A.; Ogata, J.; Moriya, K. (Nu
clear Power Engineering Workshop, 
Tokyo (Japan)). 1992. 370p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Hydrogen burning test has been 
performed at Katsuta Engineering Lab
oratory of NUPEC. Some of the test 
results show good accordance with the 
previous data at SNL/FITS. 

13 
(EUR-14039, pp. 208-214) 
Electrochemical devices for hydro
gen concentration and pH 
measurements in the coolant of 
water-cooled reactors. Vakar, M.; 
Pakhomov, V. (Gosudarstvennyj 
Komitet po Ispol'zovaniyu Atomnoj 
Ehnergii SSSR, Moscow (Russian Fed
eration). Inst. Atomnoj Ehnergii). 1992. 
370p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93721166. 
(CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

In spite of the fact that much 
attention, has been always paid on hy
drogen safety of water-cooled reactors, 
accidents caused by explosions of 
hydrogen-oxygen mixtures accompany 
atomic energy through its history. Water 
radiolysis being an inherent property of 
a water-cooled reactor continuously 
sustains a possibility for dangerous sit
uations at a nuclear power plant (NPP). 
The explosion even of a small amount 
of hydrogen can lead to a severe acci
dent. It seems that today there is no 
real possibility to develop universal 
tools able to provide hydrogen safety at 
NPPs including normal operation and 
various accidents. However rather so
phisticated systems for hydrogen 
monitoring and maintaining proper pa
rameters of primary coolant circuit can 
be developed. The studies indicate that 
based on the similar type of electro
chemical technique it is possible to 
create the system of complete monitor
ing of a coolant's state and its 
interaction with inner surfaces of the 
circuit. Measurements of hydrogen and 
oxygen concentration and pH play the 
most important role here and can solve 
practically all problems in coolant-core 
interaction. 

14 
(EUR-14039, pp. 247-260) 
EPRI research on hydrogen combus
tion and control. Haugh, J.J.; Hosier, 
J.F.; Sliter, G.E.; Torek, R.C.; Wall, I.B. 
(Electric Power Research Inst., Palo 
Alto, CA (United States)). 1992. 370p. 
OSTI; NTIS (US Sales Only); INIS. 
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Order Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

For several years, the nuclear indus
try has been concerned by the potential 
for hydrogen-air-steam mixtures to ig
nite and expose the containment and 
safety-related equipment to severe 
conditions. EPRI has executed a com
prehensive program of experiments on 
hydrogen mixing and combustion, and 
equipment sun/ivabillty and has demon
strated that deliberate ignition can 
control hydrogen during severe 
accidents and that safety-related equip
ment, satisfying USNRC criteria, has a 
high likelihood of remaining operable 
when exposed to such burns. The re
sults have been used to benchmark 
new computer models for hydrogen 
mixing and combustion. 

15 
(EUR-14159) 
The assessment of containment 
codes by experiments simulating se
vere accident scenarios. Kanvat, H. 
(Commission of the European Commu
nities, Luxembourg (Luxembourg)). 
1992. 63p. OSTI; NTIS (US Sales 
Only); INIS. 

Hitherto, a generally applicable vali
dation matrix for codes simulating the 
containment behaviour under severe 
accident conditions did not exist. Past 
code applications have shown that 
most problems may be traced back to 
inaccurate thermalhydraulic parameters 
governing gas- or aerosol-distribution 
events. A provisional code-validation 
matrix is proposed, based on a careful 
selection of containment experiments 
pertormed during recent years in 
relevant test facilities under various op
erating conditions. The matrix focuses 
on the thermalhydraulic aspects of the 
containment behaviour after severe ac
cidents as a first important step. It may 
be supplemented in the future by addi
tional suitable tests. 

16 
(EUR-14230) 
A review of radionuclide release and 
transport In recent in-plle experi
ments. Harman, N.F.; Clough, P.N. 
(Commission of the European Commu
nities, Luxembourg (Luxembourg)). 
1992. 115p. OSTI; NTIS (US Sales 
Only); INIS. 

The experimental series, reviewed in 
this work, are LOFT-LP-FP-2, PBF SFD 
ST to 1-4, Treat/STEP I to 4, and 
ACRR ST-1 and ST-2. These have the 
common features of in-core heating of 
a test fuel bundle to high temperatures 
(usually with some fuel melting) in an 
experimental reactor core, and of col
lecting and analysing the released 
fission products. They were designed to 
provide detailed information on the re
lease from fuel of fission products and 
other radionuclides under LWR severe 
accident conditions, and on the chemi
cal and physical forms and transport of 
the fission products. The main aim of 
this review is to bring together, in a 
systematic way, information on the con
duct of the tests, on their successes 
and failures, and particulariy on the In
formation they generated on the 
chemical and physical behaviour of re
leased fission products. By examining 
and analysing the data from all of the 
tests together, patterns of fission prod
uct behaviour may become apparent 
and insights may be gained, which 
would not be arrived at from individual 
test results. Moreover, important 
lessons may be learned, and useful 
guidance obtained, relating to the aims 
and conduct of future experimental pro
grammes of fission product release 
from fuel and transport behaviour. The 
conclusions should be particularly rele
vant to the imminent Phebus-FP in-pile 
test series at Cadarache. 

17 
(EUR-14363, pp. 37-45) 
Pilot dismantling of the KRB A BWR 
at Gundremmlngen. Phase 1 -
Dismantling of contaminated and ac
tivated components. Eickelpasch, 
N.; Stang, W.; Steiner, 
H. (Kernkraftwerk-Betriebsgesellschaft 
mbH, Eggenstein-Leopoldshafen (Ger
many)). 1992. 207p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93721081. (CONF-9109441-). 

From 2. Seminar on practical decom
missioning experience with nuclear 
installations in the European Commu
nity; Sellafield (United Kingdom) (25-26 
Sep 1991). 

in Practical decommissioning experi
ence with nuclear installations in the 
European Community. 

The nuclear power station Gundrem
mlngen unit A (KRBA) was built from 
1962 to 1966 as the first of three 
demonstration nuclear power stations 
in the Federal Republic of Germany 
and had an electrical output of 250 
MW. In January 1977, the facility was 

placed out of operation due to an inci
dent. In early 1980 it was decided to 
decommission the facility. The turbine 
building has been emptied by disman
tling 4000 Mg of steel and concrete 
from 1983 until 1989. During the 
passed year the main decommissioning 
activities at the KRB plant have been: -
dismantling and recycling of contami
nated components in the reactor 
building - disassembly engineering of 
the reactor pressure vessel (RPV) and 
internals - development and test of spe
cial techniques, tools and machinery for 
decommissioning. All this dismantling 
works are covered by the decommis
sioning license of 1983 and its 
supplement of 1989. Dismantling of the 
neutron-activated RPV internals and the 
biological shield are not yet licensed. 

18 
(NUREG/CR-6003) 
Density-wave instabilities In boiling 
water reactors. March-Leuba, J. (Nu
clear Regulatory Commission, 
Washington, DC (United States). Div. of 
Systems Technology; Oak Ridge Na
tional Lab., TN (United States)). Sep 
1992. Contract AC05-84OR21400. 45p. 
(ORNL/TM-12130). OSTI; NTIS; INIS; 
GPO. 

This report contains a review of 
issues related to density-wave instabili
ties in boiling water reactors (BWRs). 
The report describes the types of insta
bility modes that can be expected in 
operating reactors; these modes are: 
the channel thermohydraulic instability 
mode, the core-wide instability mode, 
and the out-of-phase instability mode. 
The physical mechanisms leading to 
each type of instability are reviewed and 
documented, along with some common 
mathematical models used in stability 
calculations is reviewed. The linear be
havior of a BWR is studied through the 
use of transfer functions, and the 
nonlinear behavior and limit cycle de
velopment are studied. A summary of 
the sensitivities to physical parameters 
is also included in this report. 

19 
(VTT-TIED-1322) 
Analysis of failure and maintenance 
experiences of motor operated 
valves In a Finnish nuclear power 
plant. Simola, K.; Laakso, K. (Technical 
Research Centre of Finland, Espoo 
(Finland)). Jan 1992.199p. OSTI; NTIS; 
INIS. Order Number DE93605780. 

Operating experiences from 1981 up 
to 1989 of totally 104 motor operated 
closing valves (MOV) in different safety 
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systems at TVO I and II nuclear power 
units were analysed in a systematic 
way. The qualitative methods used 
were failure mode and effects analysis 
(FMEA) and maintenance effects and 
criticality analysis (MECA). The failure 
descriptions were obtained from power 
plant's computerized failure reporting 
system. The reported 181 failure events 
were reanalysed and sorted according 
to specific classifications developed for 
the MOV function. Filled FMEA and 
MECA sheets on individual valves were 
stored in a microcomputer data base 
for further analyses. Analyses were 
performed for the failed mechanical and 
electrical valve parts, ways of detection 
of failure modes, failure effects, and re
pair and unavailability times. 

20 
Development of fuel ID number 
imaging equipment using optical and 
ultrasonic sensors. Senoh, Makoto; 
Koga, Kazunori; Tsuchita, Kenji; 
Omote, Tatsuyuki; Yoshida, Tomiharu. 
Transactions of the American Nuclear 
Society (United States); 65: 68-69 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In nuclear power and fuel reprocess
ing plants, many fuel assemblies are 
stored in fuel storage ponds. For the 
latter plants, more than 10,000 fuel as
semblies from boiling water reactors 
(BWRs) and pressurized water reactors 
(PWRs) are stored. Realization of effi
cient, automatic verification of fuel 
identification (ID) numbers is very im
portant in those plants to reduce the 
mental load and radiation exposure for 
operators engaged in the verification 
task. The fuel ID number is carved on 
the top surface of the tie plate of BWR 
fuel assemblies and the side surface of 
the upper nozzle for PWRs. Noting the 
geometric features of carved charac
ters, the authors devised a technique 
for lighting the carved characters at a 
shallow angle (7 to 10 deg) against the 
carved surface. Underwater optical 
imaging equipment based on this tech
nique has been developed for BWRs 
and PWRs, and an imaging system us
ing ultrasonic sensors has also been 
developed to supplement the optical 
method. 

21 
Buffered tungsten reference elec
trode for LWR applications. Hwang, 
I.S.; Cutwater, J.O.; Driscoll, M.J. 
Transactions of the American Nuclear 

Society (United States); 65: 186-187 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

An alternative reference electrode for 
electrochemical corrosion potential 
(ECP) measurements, consisting of 
tungsten metal in a saturated Ca(0H)2 
buffer solution, has been developed 
and tested under boiling water reactor 
(BWR) operating conditions as part of 
the Massachusetts Institute of Technol
ogy electric utility program research on 
coolant technology in support of light 
water reactor (LWR) operations. All ma
jor BWR vendors currently rely on 
internal Ag/AgCI reference electrodes 
for in-reactor ECP measurement. Al
though adequate performance has 
been achieved in normal water chem
istry (NWC), their longevity is 
hampered by reduction of AgCI in hy
drogen concentration. In summary, 
tungsten buffered by saturated 
Ca(OH)2 solution appears to be a use
ful alternative reference electrode for 
use in LWR coolant. Further tests are 
planned, including characterization of 
the electrochemical reactions for this 
system. Development of a radiation-
resistant version is also required. 

22 
Organizational/institutional factors 
affecting performance In the nuclear 
power industry. Benson, J.L. Transac
tions of the American Nuclear Society 
(United States); 65: 110-111 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The dramatic macro experiences oc
curring at Three Mile Island and 
Chernobyl as well as the cumulative 
micro experiences represented by sky
rocketing costs and public concerns 
have demonstrated how the institution
ally and organizationally related aspects 
of the nuclear power industry have 
dominated and shaped the technical 
ones. Further, given the relatively stable 
or evolutionary nature of the technology 
as it is currently applied, these institu
tional and organizational factors contain 
the roots of most of the complications/ 
problems associated with the industry 
relative to achieving any or all of Its fu
ture performance objectives (technical, 
economic, and safety). Some technol
ogy transfer was attempted by the 
author from the field of general sys
tems/cybernetics, which was explicitly 

aimed at dealing with the organiza
tional/institutional factors, i.e., the 
problems and issues were approached 
using principles and methodology sub
stantially different from that typically 
seen from applications based on the 
more traditional paradigmic engineer
ing/industrial management orientation. 

23 
Surviving the present: Modeling 
tools for organizational change. Pan-
garo, P. Transactions of the American 
Nuclear Society (United States); 65: 
111-112 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The nuclear industry, like the rest of 
modern American business, is beset by 
a confluence of economic, technologi
cal, competitive, regulatory, and 
political pressures. For better or worse, 
business schools and management 
consultants have leapt to the rescue, 
offering the most modern conveniences 
that they can purvey. Recent advances 
in the study of organizations have led 
to new tools for their analysis, revision, 
and repair. There are two complemen
tary tools that do not impose values or 
injunctions in themselves. One, called 
the organization modeler, captures the 
hierarchy of purposes that organiza
tions and their subparts carry out. Any 
deficiency or pathology is quickly illumi
nated, and requirements for repair are 
made clear. The second, called 
THOUGHTSTICKER, is used to cap
ture the semantic content of the 
conversations that occur across the in
teractions of parts of an organization. 
The distinctions and vocabulary in the 
language of an organization, and the 
relations within that domain, are elicited 
from the participants so that all three 
are available for debate and refine
ment. The product of the applications of 
these modeling tools is not the resulting 
models but rather the enhancement of 
the organization as a consequence of 
the process of constructing them. 

24 
Using data to check model assump
tions. Atwood, C.L. Transactions of the 
American Nuclear Society (United 
States); 65: 225-226 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

This paper is an exhortation to dili
gence in checking the assumptions of 
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any model used to analyze data. Stan
dard statistical tools can often be 
adapted to check departures from as
sumptions. Two of the most powerful 
tools are standardized differences (in
cluding standardized residuals) and 
predicted-measured plots (or the corre
sponding goodness-of-fit tests). They 
are illustrated in this paper with exam
ples from commercial nuclear power 
plants. The binomial failure rate model 
was developed to quantity the rate of 
common-cause failures. Pressurized 
water reactor coolant pumps and boil
ing water reactor coolant recirculation 
pumps were analyzed. In a study of 
possible aging of active components, 
data were pooled from similar compo
nents in one system. 

25 
Sensitivity of the ^^Cf-source-drlven 
noise analysis method to fission 
content of spent LWR fuel. Krass, 
A.W.; Mihalczo, J.T.; Valentine, T.E. 
Transactions of the American Nuclear 
Society (United States); 65: 253-255 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The ^*^Cf-source-driven noise analy
sis method has been suggested as a 
method of measuring the subcriticality 
of spent light water reactor (LWR) fuel. 
A measurement of the subcritical neu
tron multiplication factor provides the 
parameter most directly related to criti
cality safety and can be used to verify 
the criticality safety margins of spent 
LWR fuel configurations. Previous mea
surements by this method have shown 
large changes in measured coherences 
for small changes in fissile mass. To 
explore this systematically, this paper 
evaluates the sensitivity of these noise 
analysis measurements to the amount 
of fission products in spent LWR fuel. 
This is of interest for validating calcula
tions for burnup credit. 

26 
Expert system for maintenance man
agement of a boiling water reactor 
power plant. Hong Shen; Liou, L.W.; 
Levine, S.; Ray, A.; Detamore, M. 
Transactions of tiie American Nuclear 
Society (United States); 65: 380-381 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

An expert system code has been de
veloped for the maintenance of two 
boiling water reactor units in Berwick, 

Pennsylvania, that are operated by the 
Pennsylvania Power and Light Com
pany (PP and L). The objective of this 
expert system code, where the knowl
edge of experienced operators and 
engineers is captured and imple
mented, is to support the decisions 
regarding which components can be 
safely and reliably removed from ser
vice for maintenance. It can also serve 
as a query-answering facility for check
ing the plant system status and for 
training purposes. The operating and 
maintenance information of a large 
number of support systems, which must 
be available for emergencies and/or in 
the event of an accident, is stored in 
the data base of the code. It identifies 
the relevant technical specifications 
and management rules for shutting 
down any one of the systems or remov
ing a component from service to 
support maintenance. Because of the 
complexity and time needed to incorpo
rate a large number of systems and 
their components, the first phase of the 
expert system develops a prototype 
code, which includes only the reactor 
core isolation coolant system, the high-
pressure core injection system, the 
instrument air system, the service water 
system, and the plant electrical system. 
The next phase is scheduled to expand 
the code to include all other systems. 
This paper summarizes the prototype 
code and the design concept of the 
complete expert system code for main
tenance management of all plant 
systems and components. 

27 
Testing program overview: What 
does a good program look like?. 
Hegedus, A.S. Transactions of the 
American Nuclear Society (United 
States); 65: 381 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A good testing program is vital to the 
safe, reliable, and efficient operation of 
a nuclear facility. A testing program 
consists of more than scheduling, per
forming, and reviewing results. It 
includes seven interrelated critical ele
ments, all of which are necessary to 
provide complete control over a sta
tion's testing program. The personnel at 
Peach Bottom atomic power station 
wanted to evaluate their testing pro
gram. The result was a report that 
described the framework for a complete 
testing program. Once the framework 
was developed, an implementation 

team was formed to develop the spe
cific plan and schedule for modifying 
the existing program to conform to the 
framework. 

28 
Operation of an In-plle loop for BWR 
radiolysis chemistry research. 
Rozier, R.; Kohse, G.E.; Hariing, O.K.; 
Cutwater, J.; Cabello, E.; Takahashi, M. 
Transactions of the American Nuclear 
Society (United States); 65: 385-386 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

An in-pile loop that can simulate boil
ing water reactor (BWR) coolant 
conditions has been operated in the 
Massachusetts Institute of Technology 
research reactor in a program sup
ported by Hitachi, the Electric Power 
Research Institute and Empire State 
Electric Energy Research Company to 
study ®̂N chemistry as one of its re
search objectives. The facility consists 
of a charging tank equipped with cover 
gas recirculation/sparging/recombiner/ 
ion exchange purification systems, from 
which a high-pressure charging pump 
supplies feedwater to the in-pile section 
via a feedwater heater. The water tran
sits an electrically heated incore 
Zircaloy U-tube, then flows to a separa
tor/outlet plenum that returns vapor and 
liquid streams to the charging tank via 
®̂N detectors followed by regenerative 

and nonregenerative heat exchangers. 
A chemical injection system is provided 
to introduce additives to the feedwater, 
and cooled taps are provided to draw 
outlet samples for determination of ef
fluent pH and conductivity as will as the 
concentrations of HgOz, ionic species, 
and dissolved oxygen and hydrogen. 
Titanium is the principal material of 
construction to minimize trace element 
contamination. 

29 
Advanced development of light wa
ter reactors. Buerkle, W. ATW, 
Atomwirtschaft, Atomtechnik (Ger
many); 37: No. 8/9, 404-409 (Aug-Sep 
1992). (In German). 

The development of nuclear reactor 
safety has followed fundamentally dif
ferent principles in the Western 
countries than in the former USSR. Es
pecially in Germany, provisions to 
prevent off-normal operation and, at the 
same time, accommodate hypothetical 
improbable accidents have always en
joyed top priority. Striving for continuous 
advanced technical development was 
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combined with the objective of relieving 
human operators of some duties and 
decesions. In increasing the number of 
passive systems, advanced engineered 
safeguards are built on proven solu
tions. In the sector of provisions against 
off-normal operating conditions, the 
safety level stays as high as it has al
ways been. Rugged engineering allows 
the containment function to be ensured 
even in a core meltdown accident. 
High-tech systems will be installed to 
optimize the man-machine interface, an 
important part of any installation also in 
the future. One of the objectives in em
ploying engineered safeguards must be 
to arrive at an overall solution which al
lows the use of the nuclear power to 
remain economically viable, (orig.). 

30 
On-line application of the PANTHER 
advanced nodal code. Hutt, P.K.; 
Knight, M.P. Transactions of the Ameri
can Nuclear Society (United States); 
65: 404-405 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Over the last few years, Nuclear 
Electric has developed an integrated 
core performance code package for 
both light water reactors (LWRs) and 
advanced gas-cooled reactors (AGRs) 
that can perform a comprehensive 
range of calculations for fuel cycle 
design, safety analysis, and on-line op
erational support for such plants. The 
package consists of the following 
codes: WIMS for lattice physics, PAN
THER whole reactor nodal flux and 
AGR thermal hydraulics, VIPRE for 
LWR thermal hydraulics, and ENIGMA 
for fuel performance. These codes are 
integrated within a UNIX-based interac
tive system called the Reactor Physics 
Workbench (RPW), which provides an 
interactive graphic user interface and 
quality assurance records/data man
agement. The RPW can also control 
calculational sequences and data flows. 
The package has been designed to run 
both off-line and on-line accessing plant 
data through the RPW. 

31 
Core monitoring and analysis with 
CORE MASTER and PRESTO at KKL. 
Doesburg, W. van; Jaliff, J.; Wiktor, 
C.G.; Borresen, S. Transactions of the 
American Nuclear Society (United 
States); 65: 405-406 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

During 1990-91, a network was 
placed into operation at the Leibstadt 
nuclear power plant (KKL) that com
prises semi-redundant data-acquisition 
processors for on-line core monitoring, 
which is performed with the CORE 
MASTER program package. The off
line demands are supported by a 
MicroVax 3500 and several Vax-3100 
workstations. The system is based on 
the three-dimensional nodal simulator 
PRESTO; the RECORD/PRESTO nodal 
methods are validated and licensed for 
use at KKL. The CORE MASTER-
PRESTO system (CMPS) is an upgrade 
of a previously installed system; plant 
data-acquisition hardware and software, 
and user interface modules (different 
for plant operators and nuclear engi
neers) were part of this upgrade. 

32 
SiMULATE-3 plant-site applications 
at Cofrentes NPP. Molina, D.; Crespo, 
A. Transactions of the American Nu
clear Society (United States); 65: 
409-410 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Cofrentes nuclear power plant (NPP) 
is a General Electric boiling water 
reactor-6 reactor located in Spain and 
currently operating on cycle 7. Since 
1989, several SIMULATE-3-based 
plant-site applications have been used 
to define target control rod patterns and 
for maneuver predictions. The actual 
calculational method involves the 
SIMULATE-3 code running on the main 
computer of the utility (IBERDROLA) at 
Madrid. Access from the plant site is 
provided through personal computers 
and communication devices. The gen
eral performance of the method is 
satisfactory, but experience has shown 
that several improvements could be 
made: using workstations to avoid 
dependence on the remote host com
puter, providing color graphic displays 
for input-output, and introducing an 
adaptive capability that would allow 
feedback with in-core instrumentation 
measurements. Future hardware con
figuration is being studied by 
IBERDROLA, while the other two im
provements are under development by 
UITESA. Data management will be car
ried out by the PISCIS tool, a graphic 
interface based on X-Windows, which 
is being extended with additional color 

screens. Adaptive capability will be pro
vided by the SIMULATE-3 adaptive 
system discussed in this paper. It is 
intended to be installed at Cofrentes on
line with the actual process computer. 

33 
Benchmarking of KRAM against the 
KRrrZ-4 BWR cores. Knott, D. Trans
actions of the American Nuclear 
Society (United States); 65: 442-444 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The KRAM lattice-physics code can 
model the true geometry of a boiling 
water reactor (BWR) lattice in as much 
detail as desired. The two-dimensional 
flux solution is performed using the 
characteristics method. The character
istics module itself has been 
benchmarked against a number of vari
ous problems and has been found to 
be very accurate, calculating eigen
values within one standard deviation of 
those from Monte Cario solutions. Solu
tions from the entire code, though, 
have not been benchmarked, although 
some analyses have been performed 
against plant operating data. These 
analyses serve more to benchmark the 
accuracy of the code package, in this 
case KRAM/PRESTO, rather than the 
KRAM code itself. The KRITZ-4 criticals 
present the opportunity to benchmark 
KRAM against measured power distri
butions and eigen-values. In this way, 
much of the methodology in KRAM, be
ginning with the cross-section library 
and continuing through to the charac
teristics solution, can be verified. In this 
paper, results are presented from the 
analyses of three KRlTZ-4 BWR criti
cals, which had been performed at hot 
conditions and contained fission distri
butions. 

34 
Development of unique ISI equip
ment for an RPV. Tokunaga, Katsumi; 
Aoki, Takayuki; Sasaki, Tsukasa. Trans
actions of the American Nuclear 
Society (United States); 65: 467-469 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A cooperative effort involving the 
Japan Atomic Power Company (JAPC) 
and Hitachi Ltd. has provided unique 
automated ultrasonic testing equipment 
for the reactor pressure vessel (RPV) of 
JAPC's Tsuruga unit 1, which is a 357-
MW (electric) non-jet-pumped boiling 
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water reactor. Using this equipment 
package at the 20th scheduled outage 
of Tsuruga unit 1, the in-service inspec
tion (ISI) performed in accordance with 
Japanese ISI standard JEAC 4205 
(similar to ASME Sec. XI) was success
fully completed. Through this field 
application, the capability and reliability 
of this equipment have been verified. 
Tsuruga unit 1 has an RPV that cannot 
be reached from the outside because 
of the limited space between the RPV 
and a biological shield. Therefore, it 
must be inspected with ID inspection 
equipment such as that for pressurized 
water reactors. A major consideration in 
the design of this new equipment was 
that it pass an ultrasonic testing head 
and arm through a very narrow gap be
tween reactor internals and allow 
precise control from a great distance 
below the RPV flange (the maximum is 
~12m below). The design philosophy 
focused on how to avoid interference 
between any reactor internals and the 
equipment during the operation. 

35 
Thickness mapping of submerged 
portions of a BWR torus using an 
ROV. Somers, T.; Bagley, J.G. Trans
actions of tiie American Nuclear 
Society (United States); 65: 469 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A methodology has been developed 
for establishing an ultrasonic baseline 
of the submerged portions of a boiling 
water reactor torus shell. A remotely 
operated vehicle (ROV) is equipped to 
deliver an array of ultrasonic thickness 
transducers to within a fixed stand-off 
from the shell. The position of the 
transducers at each ultrasound reading 
is measured and recorded using a pre
cision acoustic navigation system. The 
resulting thickness contour map makes 
it possible to visualize the condition of 
the torus shell and provides quantitative 
documentation of shell thickness at a 
large number of known locations. The 
navigation system can be reinstalled in 
the future so that by comparing future 
thickness readings acquired at the 
same location, it is possible to create a 
map of the rate of change in shell thick
ness. An ultrasonic thickness survey 
was conducted recently using a prelimi
nary version of such a system. The 
experience gained in performing this 
survey has been incorporated in the 
design of a full-scale prototype system, 
which is currently under development. 

This system will include such features 
as automatic control of the ROV based 
on the acoustic navigation data, gener
ation of three-dimensional thickness 
maps, and remote control of the data 
acquisition process from outside the ra
diation area. 

36 
Analysis of the effect of spacer 
shape on coolant flow In a nuclear 
fuel assembly. Kanazawa, Tom; 
Nishida, Koji; Yokomizo, Osamu; 
Kawabe, Ryuhei. Transactions of the 
American Nuclear Society (United 
States); 65: 489-490 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The subchannel analysis code SIL-
FEED has been developed to survey 
critical powers of a wide variety of boil
ing water reactor (BWR) fuel bundle 
designs. SILFEED is based on a film 
flow model, which calculates the pro
cess of liquid film flow depletion along 
the fuel rod surfaces. When the liquid 
film disappears, it is regarded as dry-
out. Fuel spacers affect bundle critical 
power. In SILFEED, the effect of spac
ers is assumed to depend only on their 
blockage ratio to the flow area. How
ever, spacers have a three-dimensional 
shape, and certain shapes must give 
direction to the coolant flow. For exam
ple, a flow tab is considered to have 
such a function. Therefore, bundle criti
cal power is influenced by spacer 
shape. In the present research, an 
analysis was carried out to examine the 
effect of three-dimensional spacer 
shape on coolant flow in a BWR fuel 
bundle. In particular, the effect of the 
flow tab on deposition characteristics of 
coolant droplets onto fuel rod surfaces 
was calculated by the three-
dimensional flow analysis code. Then 
SILFEED was modified by incorporat
ing the shape effect on droplet 
deposition characteristics. 

37 
Enhancing professionalism at GPU 
Nuclear. Coe, R.P. Transactions of the 
American Nuclear Society (United 
States); 65: 503 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Late in 1988, GPU Nuclear em
barked on a major program aimed at 
enhancing professionalism at its Oyster 
Creek and Three Mile Island nuclear 

generating stations. The program was 
also to include its corporate headquar
ters in Parsippany, New Jersey. The 
overall program was to take several 
directions, including on-site degree pro
grams, a sabbatical leave-type program 
for personnel to finish college degrees, 
advanced technical training for licensed 
staff, career progression for senior 
reactor operators, and expanded team
work and leadership training for control 
room crew. The largest portion of this 
Initiative was the development and de
livery of professionalism training to the 
nearly 2,000 people at both nuclear 
generating sites. 

38 
Nuclear quality assurance operating 
philosophy: A quality-oriented ap
proach. Corcoran, W.R.; Geiger, J.E.; 
Heibel, R.E.; Cotton, J.B.; Sabol, A.R. 
Transactions of the American Nuclear 
Society (United States); 65: 523-524 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Quality assurance programs have 
been part of the nuclear utility manage
ment process since the publication of 
the draft of 10CFR50 Appendix B in the 
late 1960s. The unwritten operational 
philosophy of nuclear quality assurance 
organizations focused on compliance 
with federal regulations. Adverse expe
riences, including operational events 
and extended shutdowns, prompted the 
gradual adoption of isolated practices 
extending beyond compliance orienta
tion. These practices have an 
orientation that accommodates a defini
tion of quality, a perspective of the role 
of nuclear quality assurance organiza
tions in the overall concept of 
defense-in-depth, a definition of the 
segments of the nuclear quality assur
ance mission, and recent advances in 
the understanding of self-assessment. 
Observation of these practices at vari
ous nuclear utilities resulted in a 
syntheses of practices and approaches 
into a coherent quality-oriented nuclear 
quality assurance operating philosophy 
that is not totally adopted at any one 
utility. 

39 
Chemical effects In dose rate build
up in boiling water reactor plant and 
Its analysis by means of analytical 
methods. MarchI, T.; Reitzner, U. VGB 
Kraftwerkstechnik (Germany); 72: No. 
8, 719-726 (Aug 1992). (In German). 
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The build-up of dose rate in boiling 
water reactor plant is dependent on the 
chemical data in the watersteam cycle. 
Zinc concentration, nickel/iron ratio, 
oxygen concentration and pH value. A 
precise analytical assessment of the 
chemical condition of the plant and the 
balancing of the specified parameters 
enables the effect of these parameters 
on the increase in dose rate to be eval
uated. From this, possibilities for 
minimizing dose rate build-up can be 
derived, (orig.). 

40 
Method of providing extended life 
expectancy for components of boil
ing water reactors. Niedrach, L.W. (to 
General Electric Co., Schenectady, NY 
(United States)). USA Patent 
5,130,080/A/. 14 Jul 1992. RIed date 2 
Apr 1990. vp. Patent and Trademark 
Office, Box 9, Washington, DC 20232 
(United States). 

This patent describes a containment 
for a boiling water nuclear reactor, a 
stainless steel containment, the con
tainment having a deposit of a metal of 
the platinum group of metals on the 
surfaces thereof exposed to high tem
perature, high pressure water of the 
boiling water nuclear reactor. 

41 
Operation life of on-life boiling water 
reactors. Niedrach, L.W. (to General 
Electric Co., Schenectady, NY (United 
States)). USA Patent 5,130,081/A/. 4 
Jul 1992. RIed date 2 Apr 1990. vp. 
Patent and Trademark Office, Box 9, 
Washington, DC 20232 (United States). 

This patent describes the method of 
reducing the stress corrosion cracking 
of an on-line boiling water reactor hav
ing a mixed oxide curst on the surfaces 
of the stainless steel components 
thereof which are exposed to the high 
pressure water of the operating boiling 
water reactor. It comprises: forming on 
the surface of the mixed oxide crust of 
thin coating of at least one metal of the 
platinum group of metals, and maintain
ing a concentration of dissolved 
hydrogen gas in the water which con
tacts the surface coated with the thin 
coating of the platinum group metal. 

Ligiit-Water l\/loderated, 
Nonboiling Water Cooled 

Refer also to citation(s) 24, 225, 250, 286, 
289, 304, 307, 340 

42 
(AECL-10390) 
Synergistic CANDU-LWR fuel cycles. 
Hastings, I.J.; Boczar, P.G.; Allan, C.J.; 
Gacesa, M. (Atomic Energy of Canada 
Ltd., Chalk River, ON (Canada). Chalk 
River Nuclear Labs.). May 1991. 12p. 
(CONF-9104386-). OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93603864. 

From 6. Korea Atomic Industrial Fo
rum/Korea Nuclear Society (KAIF/KNS) 
joint annual conference; Seoul (Korea, 
Republic of) (15 Apr 1991). 

CANDU is the most neutron-efficient 
reactor available commercially, allowing 
utilization of a range of fuel cycles. The 
flexibility of on-line refuelling allows fuel 
management to accommodate these 
different fuels. A synergism with light-
water reactors (LWR) is possible 
through the use in CANDU of uranium 
and/or plutonium recovered from spent 
LWR fuel. In the TANDEM fuel cycle, 
the unseparated uranium and pluto
nium (1.5% fissile) would give a burnup 
in CANDU of about 25 MW.d/kg HE, 
producing four times more energy than 
that available from simply recycling the 
plutonium in an LWR. In another poten
tial fuel cycle, uranium recovered from 
spent LWR fuel during conventional re
processing is also recycled in CANDU, 
without re-enrichment. An average re
covered uranium (RU) enrichment of 
0.9% in U-235 results in a CANDU bur
nup of at least 13 MW.d/kg U, allowing 
twice as much energy to be extracted, 
compared with that from an LWR. The 
fuelling cost for RU in CANDU are 
about 35% lower than for natural ura
nium. Additionally, direct use of spent 
LWR fuel in CANDU is theoretically 
possible, but requires practical demon
stration. AECL and KAERI are 
developing the CANFLEX (CANDU 
Flexible Fuelling) advanced fuel bundle 
as the optimal carrier for all extended 
burnup fuel cycles envisaged for 
CANDU. 

43 
(CONF-9210173-1) 
Needs for evaluated covarlance data 
for reactor pressure vessel dosime
try. Maerker, R.E.; Broadhead, B.L.; 
Wagschal, J.J. (Oak Ridge National 
Lab., TN (United States)). [1992]. Con
tract AC05-84OR21400. 21 p. OSTI; 
NTIS; INIS; GPO Dep. Order Number 
DE93000452. 

From Nuclear Energy Agency Sci
ence Committee (NEANSC) specialists 
meeting on evaluation and processing 

of covariance data; Oak Ridge, TN 
(United States) (7-9 Oct 1992). 

This report discusses new methodol
ogy for quantifying and then reducing 
uncertainties in the calculated pressure 
vessel fluences of a pressurized water 
reactor (PWR). The technique involves 
combining the integral results of the 
calculated and measured PWR surveil
lance dosimetry activities with the 
differential data used in the calcula
tions, along with covariances of all the 
quantities, into a generalized linear 
least-squares adjustment procedure. 
Based on analysis of both PWRs and 
test reactor benchmarks, substantial 
evidence now exists to support the con
clusion that, of all the nuclear as well 
as non-nuclear differential data consid
ered, ENDF/B-VI values of the total 
inelastic iron cross sections and their 
covariances are the most important 
data controlling the outcome of the 
adjustment procedure. Predicted ad
justments in these cross sections 
provided the stimulus for new measure
ments, the results of which impacted 
the ENDF/B-VI evaluation of iron 56. 

44 
(EUR-14039, pp. 16-27) 
Hydrogen production limits under 
PWR degraded core conditions: the 
status of current modelling capabili
ties and plant predictions. Lillington, 
J.N. (UKAEA Atomic Energy Establish
ment, Winfrith (United Kingdom)). 1992. 
370p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93721166. 
(CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

This paper gives the state-of-the-art 
knowledge on eariy phase hydrogen 
production during in-vessel core heat-
up. The key phenomena affecting 
hydrogen production are discussed, 
together with the status of current mod
elling capabilities. Predictions from 
selected plant calculations are given, 
ranging from code calculations incorpo
rating simple models (e.g. 1-D 
thermal-hydraulics, non-mechanistic 
melt progression) through to code 
calculations incorporating the latest de
tailed models (natural circulation, 
mechanistic melt progression). Much of 
the analysis carried out to date has 
been for intact circuit transients. Al
though, in this paper, emphasis is 
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placed on this scenario, other se
quences are also bnefly mentioned 
The mam conclusions are that among 
the code calculations there is reason
able agreement on the percentage of 
Zircaloy reacted pnor to cladding melt
ing and relocation, typically 10-20% of 
the available Zircaloy. Predictions of 
the total Zircaloy reacted in-vessel typi
cally vary in the range 25-50% The 
differences between the extremes, are 
largely due to modelling assumptions 
made on melt progression and steam 
diversion at the blockage 

45 
(EUR-14039, pp. 38-49) 
Experimental results of the large-
scale HDR hydrogen-mixing 
experiments E11.2 and El 1.4. 
Valencia, L.A.; Wolf, L. (Kern-
forschungszentrum Karisruhe GmbH 
(Germany)). 1992. 370p. OSTI, NTIS 
(US Sales Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991) 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

The El 1 tests senes covered a com
bination of important issues dominating 
the physical phenomena controlling the 
hydrogen distnbution mechanisms, 
namely large-scale, multi
compartment, geometry with 
large-sized dome volume, high gas re
lease rates, multiple steam and gas 
injection phases at different axial 
positions and examinations of the effi
ciencies of mitigative system features 
including the impact of external sprays 
at the top of the dome. 

46 
(EUR-14039, pp 65-73) 
Hydrogen distribution experiments 
for Loviisa ice condenser contain
ment. Hongisto, O., Tuomisto, H., 
Lundstroem, P (Imatran Voima Oy 
(IVO), Helsinki (Rnland)). 1992 370p 
OSTI; NTIS (US Sales Only); INIS. 
Order Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

An experimental facility has been 
constructed for studying the Loviisa ice 
condenser containment thermal-
hydraulics dunng small-break LOCAs 

and severe accidents The facility is a 
scale model of the Loviisa containment 
with linear scaling 1:15 and volume 
scaling 1:3375 The experimental pro
gram includes three phases* influence 
of the ice condenser on the contain
ment behavior dunng SBLOCAs, 
long-term behavior of the facility dunng 
small steam releases, and hydrogen 
distribution dunng core degradation ac
cidents. Experiments have been started 
in December 1990. The results of pre
liminary expenments already indicate 
that stratification and separation 
phenomena will have a significant con
tribution to the hydrogen distnbution. 

47 
(EUR-14039, pp. 96-101) 
Proving test on the reliability for re
actor containment vessel hydrogen 
mixing and distribution test. Takumi, 
K.; Nonaka, A.; Ogata, J.; Moriya, K. 
(Nuclear Power Engineering Workshop, 
Tokyo (Japan)). 1992. 370p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Hydrogen mixing and distribution test 
has been performed at Tadotsu Engi
neering Laboratory of NUPEC. Some of 
the test results show that hydrogen is 
well mixed generally in a containment 
vessel. 

48 
(EUR-14039, pp. 102-113) 
Use of the Jericho code for the as
sessment of thermalhydraulics and 
hydrogen behaviour In nuclear 
power plant containment. L'Heriteau, 
J P. (CEA Centre d'Etudes de 
Fontenay-aux-Roses, 92 (France)). 
1992. 370p. OSTI, NTIS (US Sales 
Only); INIS. Order Number 
DE93721166 (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

This paper descnbes the JERICHO 
code and gives examples of its use in 
term of analysis of hydrogen behaviour 
in large dry PWR containments. The 
first part gives a bnef description of 
physical models linked to hydrogen be
haviour, the secorvd part gives the 

pnncipal results obtained with the JERI
CHO code in the benchmark exercise 
DEMONA F2 sponsored by the CEE; 
the last part is focused on the problem 
of postinerting a large dry 900 MWe 
type containment 

49 
(EUR-14039, pp. 202-206) 
Hydrogen mitigation technical 
means of nuclear power plants. 
Baronov, G.S.; Davidov, Y.G.; Ershov, 
D.E.; Furkasov, D.E.; Kalinnikov, A.A.; 
Keller, V.D (Gosudarstvennyj Komitet 
po Ispol'zovaniyu Atomnoj Ehnergii 
SSSR, Moscow (Russian Federation). 
Inst. Atomnoj Ehnergii). 1992. 370p. 
OSTI; NTIS (US Sales Only); INIS. 
Order Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Concept of employment on light wa
ter reactor hydrogen mitigation system, 
which include hydrogen sensors and 
recombiners, are considered. Pnnciples 
of modified thermocatalytical hydrogen 
sensor is described It can function in a 
wide temperature and pressure range 
and at considerable vanation of ana
lyzed mixture composition, including 
hydrogen, steam, helium, air. Modifica
tion of hydrogen recombiner, based on 
platinum activated high porosity cell 
matenals (HPCM), is investigated by 
expenmentally and theoretically. High 
penetracity and sufficiently developed 
surface of HPCM allow to use the natu
ral convection for effective hydrogen 
recombination by sufficiently small vol
umes of HPCM Recombiner design 
and peculiarity of physical-chemical 
processes inside recombiner cause se
curity against detonation initiation. 

50 
(EUR-14039, pp. 224-239) 
Mitigation of hydrogen threats to 
large dry containments (German ap
proach). Rohde, J.; Chakraborty, A.K.; 
Huettermann, B. (Gesellschaft fuer 
Reaktorsicherheit mbH (GRS), Koein 
(Germany)). 1992. 370p. OSTI, NTIS 
(US Sales Only), INIS. Order Number 
DE93721166 (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

10 



NRT Vol 93, No 1 POWER REACTORS 
Light Water Moderated Nonboiling Water Cooled 

A large amount of hydrogen is ex
pected to be released within a large dry 
containment of a PWR shortly after the 
onset of a core melt accident. At first, 
the relevant accident scenanos leading 
to core melt and the probability of their 
occurrences have been discussed. Cal
culations of the hydrogen generation 
due to zircaloy-steam reaction and the 
reaction of molten core material with 
concrete and the local and global gas-
distribution have revealed that the 
hydrogen concentration can ennch lo
cally to an extent to pose a threat to the 
integnty of the containment. Several 
concepts of mitigation have been 
developed to limit the hydrogen con
centrations and the use of deliberate 
ignition as well as of catalytic removal 
of hydrogen have been mainly ad
dressed in this paper. In order to derive 
the maximum advantages of removing 
hydrogen a combined application of 
both using deliberate ignition and cat
alytic removal has been contemplated 
as 'dual-concept' Finally the present 
status of counter measures in the FRG 
against this threat has also been re
viewed. 

51 
(EUR-14039, pp 261-273) 
Critical review on hydrogen mitiga
tion by ignitors for large dry PWR 
containments. Kanwat, H. (Technische 
Univ. Muenchen (Germany). Lehrstuhl 
fuer Reaktordynamik und Reaktor
sicherheit) 1992. 370p. OSTI, NTIS 
(US Sales Only), INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991) 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Hydrogen release during severe acci
dents poses a serious threat to the 
containment integrity Mitigating proce
dures are necessary to prevent global 
or local explosions, in particular for 
large dry steel shell containments. A 
number of unresolved problems exist 
presently not allowing a credible predic
tion of the benefit of the installation of 
ignitors proposed for some contain
ments. Neither are hydrogen generation 
rates nor the gas distribution on or the 
combustion processes predictable with 
reasonable reliability to prove the 
benefits and/or exclude negative con
sequences of the application of ignitors. 

52 
(EUR-14039, pp. 297-304) 
Catalytic recombination systems for 
severe accidents and noise-Induced 
Ignition to detonation transition ef
fect. Kirillov, I.A.; Rusanov, V.D.; 
Fndman, A.A. (Gosudarstvennyj 
Komitet po Ispol'zovaniyu Atomnoj 
Ehnergii SSSR, Moscow (Russian Fed
eration) Inst Atomnoj Ehnergii). 1992 
370p. OSTI, NTIS (US Sales Only); 
INIS. Order Number DE93721166 
(CONF-9103264-). 

From Workshop on hydrogen behav
iour and mitigation in water-cooled 
nuclear power reactors; Brussels (Bel
gium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors 

Contemporary deliberate ignition sys
tems (DIS) for hydrogen removal out of 
containment have several intrinsic 
drawbacks and weakness. In order to 
avoid these difficulties the physical prin
ciples of the controlled recombination 
systems (CRS), oriented to achieve the 
'inherent safety' level, were formulated. 
It was proposed for the elaboration of 
the prototype of CRS to use a catalytic 
recombiners (on either porous or com
pact supports), whose structure on 
macroscopic level provides spatially 
uniform hydrogen recombination inside 
containment and on mesoscopic level 
excludes the transition from recombina
tion to ignition regime Special attention 
IS focused on safety operation of the 
hydrogen mitigation scheme in post-
accident containment atmosphere It 
was shown that the modulational insta
bility of the small amplitude external 
disturbances in a sufficiently extended 
initially homogeneous induction zone 
can result in formation of the 'hot 
spots' A minimal threshold value of in
duction zone size and its dependence 
on temperature disturbances was eval
uated Onset and evolution of a weak 
discontinuity in a spontaneous propa
gation of chemical reaction zone was 
investigated analytically. Criterion for a 
shock wave formation was received. It 
IS emphasized that scaling of hydrogen 
catalytic recombination systems (both 
under development and any advanced) 
should be done with taking into account 
the different mechanisms of sponta
neous transition to detonation, induced 
by small amplitude disturbances in the 
distributed induction zone. 

53 
(EUR-14039, pp. 324-332) 
Some aspects of hydrogen catalytic 
recombiner operation under severe 

accident conditions. Grigoriev, S.; 
Davidov, Y.; Stolyarova, G., Khodulev, 
L (Gosudarstvennyj Komitet po Is
pol'zovaniyu Atomnoj Ehnergii SSSR, 
Moscow (Russian Federation). Inst. 
Atomnoj Ehnergii). 1992. 370p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991) 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

The paper is addressed to the prob
lem of operation of hydrogen catalytic 
recombiner based on high-porosity cell 
matenal under severe accident condi
tions at NPP with a nuclear reactor of 
VVER-type. Chemical composition and 
radiation-chemical kinetics of contain
ment atmosphere, required recombiner 
capacity for various accident scenarios 
and, finally, gasdynamics of hydrogen 
oxidation process in the recombiner are 
of particular interest in this paper. 

54 
(EUR-14039, pp. 333-342) 
Hydrogen behaviour in WER - 440 
nuclear power plants in case of se
vere accidents. Techy, Z ; Lajtha, G. 
1992. 370p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors, 
Brussels (Belgium) (4-8 Mar 1991) 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

We have performed calculations for 
three severe accident sequences of the 
WER - 440 plant- small break LOCA 
with loss of offsite and onsite power 
(S2B), transient with station blackout 
(TMLB), and small break LOCA with 
ECC inoperability (S2D). The calcula
tions have been accomplished by the 
Source Term Code Package (STOP), 
modified for WER reactor applications 
Containment integrity is jeopardized 
mainly by the hydrogen evolved in 
large amounts from the zirconium reac
tion during the ex-vessel core-concrete 
interaction Intense pressure spikes re
sulting from hydrogen deflagrations for 
the S2B and TMLB sequences may 
damage the containment. Operation of 
containment sprays in the S2D 
sequence leads to a senes of deflagra
tions with smaller intensity 
Overpressurization resulting from heat 
generation and release of steam and 
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gases do not threaten containment in
tegrity for prolonged time penods. 

55 
(EUR-14039, pp. 343-355) 
A strategy for hydrogen risks in 
WWER nuclear power plants. 
Fineschi, F. (Pisa Univ. (Italy) Dipt di 
Costruzioni Meccaniche e Nuclean) 
1992 370p OSTI, NTIS (US Sales 
Only); INIS Order Number 
DE93721166 (CONF-9103264-) 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

There are three danger levels related 
to the combustion of the hydrogen 
which IS generated and released in the 
reactor containment during a loss of 
coolant accident in a water-cooled nu
clear power plant A strategy to deal 
with hydrogen risks should be based on 
three mam rules related to the 'defense 
in depth' concept. This analysis com
pares the impact that different designs 
of containment systems have on the 
hydrogen problem in WWER plants 
built in Eastern Europe. A comparison 
with Western nuclear plants is made to 
favour international co-operation for the 
solution of the hydrogen problem in ex
isting plants, wherever they may be In 
WWERs, complete pre-inerting is im
possible and post-inerting entails an 
expensive filtered venting Recombin
ers have to be installed in all plants to 
avoid deflagrations as far as possible. 
In WWERs-1000 a deliberate ignition 
system could be installed in addition to 
recombiners, while in WWERs-440 
deliberate ignition could even be detri
mental. 

56 
(EUR-14363, pp. 25-36) 
The BR3 pressurized water reactor 
pilot dismantling project. Chemical 
decontamination of the primary loop 
development and commissioning of 
equipment for the segmenting of the 
reactor Internals. Motte, F., Klein, M , 
Massaut, V.; Bourdelet, M.; Saumon, 
P; Lefebvre, A ; Scholl, K., Wille, H.; 
Operschall, H. (Centre d'Etude de 
I'Energie Nucleaire, Mol (Belgium)). 
1992. 207p OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93721081. (CONF-9109441-). 

From 2. Seminar on practical decom
missioning experience with nuclear 

installations in the European Commu
nity, Sellafield (United Kingdom) (25-26 
Sep 1991) 

In Practical decommissioning experi
ence with nuclear installations in the 
European Community 

The decontamination of the pnmary 
loop has been performed in 1991 using 
the CORD process. Three decontami
nation cycles were performed Each 
cycle compnses an oxidation step with 
permanganic acid, a reduction decon
tamination step with oxalic acid with the 
fixation of the activity on ion exchange 
beds and finally a cleaning step 
Gamma radiation dose rate are mea
sured before and after decontamination, 
using thermoluminescent detectors For 
segmenting the BR3 reactor internals, 
especially the thermal shield, three 
methods have been selected and the 
corresponding equipment has been 
developed mechanical sawing, electro-
discharge machining and plasma arc 
cutting Preliminary cold tests are com
pared for these three methods. 

57 
(KAERI/RR-994/91) 
Development of design technology 
for an advanced pressurized water 
reactor. Kim, Dong Soo, Chang, Won 
Pyo; Park, Koon Chul. (Korea Atomic 
Energy Research Inst., Daeduk (Korea, 
Republic of)) Jul 1991. 167p. OSTI, 
NTIS (US Sales Only); INIS. Order 
Number DE93605786 

The objective of the project is to lo
calize technology for the improvement 
of the reactor coolant system through 
a multidimensional thermal-hydraulic 
analysis for the steam generator and 
the pressunzer. Flow distribution analy
sis has been done for the YGN 3/4 
steam generators when steady-state 
output conditions were vaned in the 
ranges such as 100, 75, 50, and 25 us
ing three-dimensional ATHOS 3 code 
The results of the thermal-hydraulic 
analysis have been used for flow-
induced vibration analysis for the YGN 
3/4 steam generators. ATHOS 3 code 
has been modified for YGN 3/4 steam 
generator tube lane region using the 
cartesian geometry and the local poros
ity in the boundanes of the two 
adjacent cells Stability ratio for the 
tube vibration has been calculated the 
modified ATHOS 3 and ANSYS code. A 
sensitivity study for the pressunzer vol
ume change has been analyzed using 
LTC code which is for the performance 
analysis to predict an optimistic pres
sunzer volume. (Author). 

58 
(KAERI/RR-1013/91) 
Development of design technology 
for advanced pressurized water re
actor. Kim, Si Hwan, Chang, Moon 
Hee, Lee, Jong Chul. (Korea Atomic 
Energy Research Inst, Daeduk (Korea, 
Republic of)) Aug 1991. 541 p OSTI; 
NTIS (US Sales Only); INIS Order 
Number DE93605782 

In order to investigate the feasibility 
of the domestic passive reactor devel
opment, the analysis and evaluation on 
the development status, technical char
acteristics, and the safety and economy 
for the overseas passive reactors were 
carried out based on the vendor's infor
mation. Also the domestic nuclear 
technology basis was surveyed The 
analysis and evaluation of the 
development status and technical char-
actenstics were performed mainly for 
the AP-600 developed by Westing 
house and the SIR of UKAEA The new 
design concepts and system character
istics have been evaluated by utilizing 
EPRI Utility Requirement Documents 
and Lahmeyer evaluation critena. 
Based on this evaluation the recom-
mendable design concepts in each 
major system were selected. The feasi
bility for the domestic passive reactor 
development has focused on the 
safety, technology and economy as
pects, and on the applicability of the 
existing domestic technology to the de
sign of the passive reactor. And the 
development plan for the domestic pas
sive reactor was recommended in a 
step by step way (Author). 

59 
(KAERI/RR-1023/90) 
A study on severe accidents of nu
clear power plants. Park, Chang Kyu; 
Chae, Sung Ki, Cho, Sung Won. (Korea 
Atomic Energy Research Inst, Daeduk 
(Korea, Republic of)). Sep 1991. 334p. 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93605783. 

The severe accident analysis com
puter codes, such as SCDAP/RELAP5, 
CONTAIN and MELCOR are installed 
on a SUN workstation This resulted in 
reducing the amount of computing cost 
and eliminating the inconvenience due 
to use of large computer system. The 
user's guide of SCDAP/RELAP5 and 
CONTAIN codes were prepared for 
easy use of these codes. As a 
phenomenological study in severe acci
dents, hydrogen burn models adapted 
in the HECTR and MAAP computer 
codes have been examined. Also, the 
effect of the non-condensible gases on 
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natural circulation was investigated us
ing SCDAP/RELAP5. V-sequence in 
YGN 3 and 4 was assessed using 
STOP. The amount of radioactive fis
sion product release to the environment 
in this sequence is rather large since it 
is released via auxiliary building. As a 
first step to develop on accident man
agement methodology, several accident 
management strategies were reviewed. 
Especially, coolability of the degraded 
core was investigated. Scaling model 
law for DCH was developed. Standard 
cavity which can minimize the effect of 
DCH was designed. (Author). 

60 
(KAERI/RR-1030/91) 
Experimental research on pressur
ized water reactor(PWR) safety. Kim, 
Dong Su; Chae, Sung Ki; Chang, Won 
Pyo. (Korea Atomic Energy Research 
Inst, Daeduk (Korea, Republic of)). 
Dec 1991. 257p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93605784. 

The objective of this research is to 
analyze the experimental results al
ready performed in BETHSY facility of 
CEA France and to establish essential 
technologies for the future implementa
tion of both such an experiment and 
computer code assessment, which are 
not undergoing in Korea so far. The 
contents of the present study are 
divided into 2 categories; namely, anal
ysis of the BETHSY experimental data 
received from CEA, and CATHARE 
computer code simulation for the 
selected experiments, i.e. 'Natural Cir-
culation(Test 4.3a)' and '2 Cold Leg 
Break'. The later studies are performed 
under the aims of CATHARE assess
ment as well as qualification of KOSAC 
code developing at KAERI, which is the 
subject in the next year and will con
cern an adequacy of KOSAC for the 
prediction of low flow natural circulation 
and a small break transients. (Author). 

61 
(KAERI/RR-1063/91) 
Development of nuclear district heat
ing reactor. Moon, Kap Suk; Kwack, 
Eun Ho; Sur, Uk Hwan. (Korea Atomic 
Energy Research Inst, Daeduk (Korea, 
Republic of)). Jan 1991. 225p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93605785. 

The growth of the heating load over 
the 2000s can give rise to the limitation 
of fossil fuels and causes increased 
pollution so that an ecosystem destruc
tion will be felt more and more serious. 
Such characteristics indicate a need for 

a nuclear energy. The objectives of the 
project are to establish the design con
cepts and study the technical and 
economic feasibility for development 
and construction of a Nuclear District 
Heating Reactor (NDHR) with passive/ 
inherent safety concept at KAERI site. 
The pool-type was determined for 
NDHR based on understanding the de
velopment status and NDHR concepts 
from various countries and estimating 
safety, technical and economic features 
for the NDHR. It is recommended that 
the development and construction of 
the NDHR should be carried out only 
after establishment of a suitable utiliza
tion plan for the NDHR by taking into 
account upcoming problems such as 
compatibility with the existing facility in 
KAERI, practical application and com
mercial use of the NDHR afterward. 
(Author). 

62 
(NUREG/CR-5896) 
Auxiliary feedwater system risk-
based inspection guide for the St. 
Lucie Unit 1 Nuclear Power Genera
tion Station. Pugh, R.; Gore, B.F.; Vo, 
T.V. (Nuclear Regulatory Commission, 
Washington, DC (United States). Div. of 
Radiation Protection and Emergency 
Preparedness; Pacific Northwest Lab., 
Richland, WA (United States)). Aug 
1992. Contract AC06-76RL01830. 28p. 
(PNL-8102). OSTI; NTIS; INIS; GPO. 

In a study sponsored by the US Nu
clear Regulatory Commission (NRC), 
Pacific Northwest Laboratory has de
veloped and applied a methodology for 
deriving plant-specific risk-based in
spection guidance for the auxiliary 
feedwater (AFW) system at pressurized 
water reactors that have not undergone 
probabilistic risk assessment (PRA). 
This methodology uses existing PRA 
results and plant operating experience 
information. Existing PRA-based in
spection guidance information recently 
developed for the NRC for various 
plants was used to identify generic 
component failure modes. This informa
tion was then combined with 
plant-specific and and industry-wide 
component information and failure data 
to identity failure modes and failure 
mechanisms for the AFW system at the 
selected plants. ST. Lucie Unit 1 was 
selected as one in a series of plants for 
study. The product of this effort is a pri
oritized listing of AFW failures which 
have occurred at the plant and at other 
PWRs. This listing is intended for use 
by NRC inspectors in the preparation of 

inspection plans addressing AFW risk-
important components at St Lucie Unit 
1 plant. 

63 
(UJV-9670-R) 
A result of the WWER-1000 bench
mark. Vrba, L. (Ustav Jaderneho 
Vyzkumu CSKAE, Rez (Czechoslo
vakia)). May 1992. 28p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93605787. 

A calculation of the core level part of 
the IAEA WWER-1000 benchmark 
(Kalinin NPP, Unit 1, Cycles 1-6) was 
performed using the BIPR-6 code. In 
the calculation, input data proposed by 
the KASSETA code in Energoprojekt, 
Prague were used. Calculated critical 
boron concentrations and the power 
distributions, both axial and over as
semblies, are tabulated for cycles 1-6. 
(Z.S.) 19 tabs., 7 figs., 6 refs. 

64 
(UJV-9685-R,D) 
Investigations for WWER reactor 
pressure vessel neutron exposure 
evaluation in CSFR. Osmera, B. (Us
tav Jaderneho Vyzkumu CSKAE, Rez 
(Czechoslovakia)). Jun 1992. 34p. 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93605788. 

The self-consistent results of WWER-
440 reactor pressure vessel monitoring 
correspond to the mockup methodol
ogy. The calculations underestimate 
the density of neutron flux impinging on 
the pressure vessel inner wall in com
parison with the experimental data 
evaluated by means of the mockup. In 
results adopted for reactor pressure 
vessel dosimetry, the effects of the dis-
placer (effective decreasing of the 
water density in the mockup) and of air 
gaps on measurements over the pres
sure vessel thickness were neglected. 
The influence of the LR-0 tank (16 mm 
thick aluminium vessel) was disre
garded, it was also estimated by 
experiment. In the mockups of WWER-
1000 geometry a background of albedo 
neutrons was found. The effect was 
suppressed using a thick axial reflector, 
(author) 12 figs., 5 tabs., 9 refs. 

65 
Prevision de la resistance a la corro
sion sous tension de I'alliage 600 
dans I'eau du circuit primaire des 
REP (Prediction of the stress corro
sion cracking resistance of alloy 600 
in pure/primary water). Garriga Majo, 
D.; Gras, J.M.; Rouillon, Y.; Vaillant, F.; 
Van Duysen, J.C.; Zacharie, G. Clamart 
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(FR); Electricite de France (Sep 1991). 
16p. (In French). 

From stress corrosion cracking 
(SCC) tests and metallurgical examina
tions, microstructural parameters 
allowing to predict the susceptibility of 
alloy 600 tubes to SCC in primary wa
ter of pressurized water reactors (PWR) 
were determined. Whereas continuous 
precipitation of carbides at grain bound
aries has the effect of increasing SCC 
resistance, precipitation within grains is 
detrimental. This paper considers the 
relationships existing between carbide 
distribution and carbon content, grain 
size and cold work for mill-annealed 
and heat treated tubes. Furthermore 
constant extension rate tests (CERT) 
and constant load tests show that the 
strain rate is the main parameter to be 
taken into account to describe the me
chanical loading which induces SCC. 
By observing grain boundary sliding 
during the creep test at 360 deg C and 
the intergranular aspect of the corro
sion cracking it can be concluded that it 
is the intergranular strain rate that 
should be used to explain the influence 
of microstructure on SCC behavior, and 
not the macroscopic rate. 

66 
Etude bibliographlque des mecan-
ismes de fraglllsatlon par irradiation 
aux neutrons des aclers de cuves 
REP (Literature survey of the mecha
nisms of neutron Irradiation 
embrittlement of PWR pressure ves
sel steels). Van Duysen, J.C. Clamart 
(FR); Electricite de France (Jan 1990). 
86p. (In French). 

In this note, the mechanisms of irra
diation embrittlement in PWR pressure 
vessel steels is analysed and the influ
ence of metallurgical and irradiation 
parameters are also discussed. The ir
radiation embrittlement of pressure 
vessel steels, as measured by transi
tion temperature shifts, arises mainly 
from the formation of precipitates and 
clusters of point defects (dislocation 
loops, microvoids) within the grains. It 
is strongly dependent upon the chemi
cal composition; the elements which 
cause the greatest embrittlement are 
copper, nickel and phosphorous. Em
brittlement increases as the dose rate 
increases. This phenomenon seems to 
be related to the fact that the nature of 
damage depends on this dose rate. An 
increase in irradiation temperature of 1 
deg C induces a decrease in the transi
tion temperature shift of about 0.5 to 
1.5 deg C. 

67 
Etude probabiliste de surete du Cen
tre de Production Nucleaire de 
Paluel (tranche no. 3) (Probabilistic 
safety assessment of reactor unit 3 
In the Paluel Nuclear Power Center). 
Paris (FR); Electricite de France (31 
May 1990). 385p. (In French). 

A Probabilistic Safety Assessment 
(PSA) was conducted over a period of 
four years dating from 1986, on the 
French Nuclear Power Centre (NPC) of 
PALUEL. This NPC comprises four 
PWR power plants each with an output 
of 1300 MWe, commissioned between 
1983 and 1987. Reactor unit No. 3 was 
chosen for this study. This NPC is the 
first in a 1300 MWe standardized series 
following on the 900 MWe standardized 
series represented by some forty reac
tors commissioned over the period 
1976-1989. The purpose of a Proba
bilistic Safety Assessment on a nuclear 
reactor is to identity all the possible ac
cident scenarios that might damage the 
reactor and to evaluate their frequency. 
These accident scenarios, or accident 
sequences, are identified by engineers 
using appropriate methods; they are 
generally a series of system failures 
and/or human operator errors as is of
ten the case in real-life accidents. The 
accidents concerned are those which 
might seriously damage the nuclear re
actor - in particular the reactor core -
and entail the release of radioactive 
products to the environment if the acci
dent is not kept under control. In order 
to assess the probability of occurrence 
of these scenarios, their frequency is 
calculated by means of methods based 
on the theory of probabilities. Elemen
tary data, such as the frequency of 
events initiating the accident, the fre
quency of equipment breakdowns, their 
time of repair or the frequency of human 
errors are deduced as much as possi
ble from the analysis of feedback from 
experience on other nuclear plants. 
This document presents the results and 
the lessons drawn from the Probabilis
tic Safety Assessment on a 1300 MWe 
PWR power plant at May 31, 1990. 

68 
Etude probabiliste de surete des re-
acteurs a eau sous presslon de 900 
MWe: EPS 900 MWe. Rapport de 
synthese (Probabilistic safety as
sessment of the 900 MWe PWR. 
Synthesis report). Brisbois, J.; Lanore, 
J.M. Saclay (FR); Commissariat a 
I'Energie Atomique (Apr 1990). 329p. 
(In French). 

The purpose of a Probabilistic Safety 
Assessment on a nuclear reactor is to 
identify all the possible accident scenar
ios that might damage the reactor and 
to evaluate their frequency. These acci
dent scenarios, or accident sequences, 
are identified by engineers using appro
priate methods; they are generally a 
series of system failures and/or human 
operator errors, as is often the case in 
real-life accidents. The accidents con
cerned are those which might seriously 
damage the nuclear reactor - in particu
lar the reactor core - and entail the 
release of radioactive products to the 
environment if the accident is not kept 
under control. In order to assess the 
probability of occurrence of these sce
narios, their frequency is calculated by 
means of methods based on the theory 
of probabilities. Elementary data, such 
as the frequency of events initiating the 
accident, the frequency of equipment 
breakdowns, their time of repair or the 
frequency of human errors are deduced 
as much as possible from the analysis 
of feedback from experience on other 
nuclear plants. This document presents 
the results and the lessons drawn from 
the Probabilistic Safety Assessment on 
a 900 MWe PWR power plant at April 
1990. 

69 
4. Contemporary fission nuclear 
reactors and their prospects. Her-
mansky, B.; Stoll, I. pp. 106-155 of 
Energy for the 21st century. Prague 
(Czechoslovakia); Vydavateistvi CVUT 
(1992). 315p. (In Czech). 

The basic theory of fission reactors is 
outlined and the power reactor and its 
components are described. The past 
and present state of development of 
power reactors is characterized. Pres
surized water reactors of East and 
West European designs, their develop
ment, nuclear safety of power plants 
with PWR type reactors and their safety 
and protection systems are dealt with in 
more detail. (Z.S.). 7 tabs., 20 figs. 

70 
Cost control - Case study. Withers, 
B.D. pp. 269-275 of POWER-GEN '90 
late papers. Houston, TX (US); Pen-
nWell Conferences and Exhibitions Co. 
(1990). 275p. (CONF-901223-). 

From Power-Gen '90: 3rd interna
tional power generation industries 
conference and exhibition; Oriando, FL 
(United States) (4-6 Dec 1990). 

This paper presents a cost control 
case study of Wolf Creek Generating 
Station, a pressurized water reactor 
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power plant located in Kansas. The 
topics of the paper include prerequi
sites for low production costs, unit 
availability, low fuel costs, separate cor
poration to operate, maintain, repair, 
decontaminate, and decommission 
Wolf Creek Station, and measuring per
formance and controlling costs. 

71 
The Virginia Power equipment verifi
cation program. Fortin, D.J.; Jaquess, 
J.F. pp. 1277-1298 of POWER-GEN 
'90 conference papers: Volume 7 (Fos
sil plant performance availability and 
improvement) and Volume 8 (Nuclear 
power issues). Houston, TX (US); Pen-
nWell Conferences and Exhibitions Co. 
(1990). 294p. (CONF-901223-). 

From Power-Gen '90: 3rd interna
tional power generation industries 
conference and exhibition; Oriando, FL 
(United States) (4-6 Dec 1990). 

During 1989, Virginia Power made a 
major commitment toward establishing 
a total configuration management pro
gram for the North Anna and Surry 
nuclear power stations. Virginia Power 
senior management established a dedi
cated configuration management team 
that was tasked with preparation of 
design basis documents and the devel
opment of a program to verity the 
present configuration of the operating 
systems at both stations. In addition, 
the team is responsible for develop
ment of a plant equipment data system 
that will be maintained current as 
changes in the plant occur. The config
uration management team was 
organized into four function areas: (1) 
Reconstruction of design basis 
documents. (2) Development of a com
puterized information management 
system. (3) Process Analysis. (4) Actual 
physical verification of plant operating 
systems. This article addresses the Vir
ginia Power approach to equipment 
physical verification. The presentation 
also addresses the inclusion of a ven
dor technical manual upgrade program 
which is complimentary to physical veri
fication efforts and can be addressed 
as part of the overall program. 

72 
Commercializing the next generation 
of nuclear power plants. Morrison, 
B.W. pp. 1311-1317 of POWER-GEN 
'90 conference papers: Volume 7 (Fos
sil plant performance availability and 
improvement) and Volume 8 (Nuclear 
power issues). Houston, TX (US); Pen-
nWell Conferences and Exhibitions Co. 
(1990). 294p. (CONF-901223-). 

From Power-Gen '90: 3rd interna
tional power generation industries 
conference and exhibition; Oriando, FL 
(United States) (4-6 Dec 1990). 

This paper addresses Westing-
house's efforts in commercializing the 
next generation of nuclear plants. The 
author identifies a one-step licensing 
process, safe and secure radioactive 
waste storage facilities in operation, 
and predictable and stable handling of 
permitting and financial matters by 
state regulators as prerequisites that 
must be fulfilled before restoration of 
the nuclear option. The topics of the 
paper include, in addition to those 
above, the standardization of nuclear 
plant design, the French example in 
standardization, the benefits of a stan
dard nuclear plant design, financing 
and ownership of nuclear plants, and 
improving the performance of the nu
clear plants now in operation. 

73 
The EDF nuclear power plants: the 
Chooz B plant. Davesne, M.; Trottier, 
A.; Le Roux, B.; Boutray, E. de; Tzin-
coca. A.; Marteau, P. Annales de 
rinstitut Technique du Batiment et des 
Travaux Publics (France); 46: No. 503, 
49-104 (May 1992). (In French). 

France's nuclear construction pro
gramme has changed significantly in 
recent years. After the setup of units 
having outputs of 900 and 1 300 MW 
with three or four units per plant, the 
current programme is reduced to one 
unit of 1 400 MW every four years until 
the year 2 000 and even beyond, de
pending on the life of the plants 
presently in service. The present article 
focuses on the Chooz B plant: - overall 
project, - reactor building, - coolants, -
turbine building (and its structural steel
work). 

74 
How EdF has coped with vessel 
head penetration cracking. Mercier, 
J.-P. Atom (London) (United Kingdom); 
No. 422, 26-27 (May-Jun 1992). 

The cracks found in the reactor ves
sel head penetrations at early French 
900MWe PWRs (Pressurized Water 
Reactors) have posed substantial chal
lenges for inspection and repair teams. 
It has also shown the benefits of stan
dardization, with early detection on the 
oldest units enabling mitigating mea
sures to be taken at younger reactors 
in good time, (author). 

75 
IAEA programme for safety evalua
tion of WWER-440 (type 230) nuclear 
power plants. Kriz, Z. Jaderna Energie 
(Czechoslovakia); 38: No. 3, 83-87 
(Mar 1992). (In Czech). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

All information concerning the opera
tion of the units was collected within the 
fact-finding phase in February 1991. 
This phase of the IAEA programme 
was followed by phases which included 
safety missions at WWER-440 (230 
type) nuclear power plants, accom
plished in April-September 1991. The 
shortcomings found were classed in 4 
groups with respect to their nuclear 
safety implications. The safety assess
ment was particularly negative at the 
Kozloduj nuclear power plant; it was 
concluded that all the units must be 
shut down and remedial provisions im
mediately taken. Within Phase 1 of the 
IAEA programme, in the period October 
1990 - May 1991 ASSET missions 
were implemented at each site with 
WWER-440 (230) units to evaluate the 
operating events, incidents and acci
dents, over the entire operation period. 
Phase 2, to take place in 1992, will be 
aimed at supporting the countries oper
ating such units, with respect to the 
application and implementation of the 
provisions proposed, which will be en
sured by the countries' own funds and 
means, or with the assistance of CEC 
and WANG. Emphasis will be put on 
strengthening the role and technical 
means of the State Surveillance over 
Nuclear Safety of Nuclear Facilities. 
(Z.S.). 2 tabs. 

76 
Prediction of reliability factors of the 
Temelin nuclear power plant sec
ondary coolant circuit. Marko, M.; 
Fuchs, P. Jaderna Energie (Czechoslo
vakia); 38: No. 3, 94-97 (Mar 1992). 
(In Czech). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

A brief overview is presented of the 
expected reliability characteristics of 
the SKODA-design secondary circuit 
for WWER-1000 reactor units. The reli
ability factors calculated by structural 
analysis are determined for the sec
ondary circuit as a whole as well as for 
the individual technological systems, 
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the control system and the electric sup
ply system The analysis revealed that 
the turbine with the generator and the 
steam generator feed equipment are 
the major contributors to unavailability, 
whereas the control system and the 
high-power electnc supply contnbute 
effects which are at least one order of 
magnitude lower. The unit of the 
Temelin nuclear power plant can be 
expected to be shut down due to sec
ondary circuit failures for 5.6% of the 
total time of its possible use for power 
generation. The reliability factors were 
also compared with those for compara
ble facilities abroad, and a good 
agreement was found for the mam sys
tems of the secondary circuit as well as 
for the secondary circuit as a whole. 
(Z.S.) 3 tabs., 9 refs. 

77 
Mathematical model of the Temelin 
NPP 1000 MW unit feedwater sys
tem. Ubra, O , Zuna, Z. Jaderna 
Energie (Czechoslovakia); 38: No. 2, 
53-60 (Feb 1992). (In Czech) 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page 

A mathematical model is presented 
of the feedwater system of the 1000 
MW unit of the Temelin nuclear power 
plant, which has been developed at the 
Czech Technical University, Faculty of 
Mechanical Engineering The model will 
be used as a part of the whole power 
plant model, for transient and accident 
analyses. It is built up from four sub
models, which simulate: non-stationary 
flow of feedwater in the pipeline sys
tem, dynamics of the turbine-driven 
steam generator feed pumps, thermo
dynamics of the high pressure 
feedwater heating system, and heat 
transport in the feedwater pipeline sys
tem. The model applicability is 
demonstrated by several transient cal
culations, (author) 5 figs., 8 refs. 

78 
Thermophysical verification of con
tinuous hermetic sealing of fuel 
elements by coating control In the 
WER-440 nuclear reactor. Slugen, 
v.; Kalousek, M.; Rajcok, M Journal of 
Radioanalytical and Nuclear Chemistry 
(Switzerland); 164: No. 2, 71-80 (24 
Jan 1992). 

The paper deals with verification of 
the continuous way coating hermeticity 
sealing of fuel elements control by 
means of two mutually independent 
ways of verification of the heating 

courses of pnmary circuit cooler (au
thor) 3 refs.; 3 figs.; 1 tab. 

79 
Nuclear power plants maintenance. 
Revue Generate Nucleaire (France); 
No 1, 8-99 (Jan-Feb 1992). (In French) 

As the French nuclear power plants 
are multiplying and getting older the 
maintenance problem appears to be a 
key factor of their reliability The 6 arti
cles published in this issue descnbe 
some of the mam operations developed 
by the French nuclear industry in the 
field of maintenance, dealing with the 
reactor vessel, the steam generators, 
the fuel elements, the rotating ma
chines Another article describes the 
organisation settled for preserving 
safety during unit outage. At last the ac
tivities of the CETIC are described, i e. 
an important industnal facility, created 
and operated by EDF and Framatome 
for developing maintenance process in 
the field of pressurized water reactors. 

80 
Construction of Mochovce nuclear 
power plant. Spirko, M Jaderna En
ergie (Czechoslovakia); 38: No. 1, 
5-12 (Jan 1992). (In Slovak). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page 

A four-unit NPP (4 x 440 MW(el) 
WWER 440/213) is under construction 
at Mochovce In comparison with the 
same type of NPP at Dukovany, anti-
seismic modifications have been done 
in this plant design and an entirely dif
ferent automated control system for 
technological processes has been 
applied. From the very beginning, how
ever, the plant construction has met 
with a lot of uncertainties and changes 
in all Its stages. Substantial changes 
can be observed in the system of tech
nological processes control. The initially 
proposed Czechoslovak system DERIS 
proved to be unsuitable for a nuclear 
plant and an entirely different imported 
system of technological processes con
trol was chosen. For the first time in 
Czechoslovakia, CzAEC decree No.5/ 
79 about the quality assurance of se
lected technology was implemented. 
Altogether 260 individual quality assur
ance programmes for more than 1200 
types of components were set up for 
units 1 and 2. At present, the installa
tion of equipment at unit 1 is being 
completed and necessary tests are pre
pared in order that the unit can be 

started up by the end of 1993 (author) 
3 figs. 

81 
Mechanics of structures and mainte
nance of pressurized water reactors. 
Hutin, J P RFM (Revue Francaise de 
Mecanique) (France); No. 1, 49-52 
(1992). (In French). 

Electricite de France nowadays has 
in operation 34 units of 900 MW and 17 
units of 1300 MW of PWR Since the 
first unit was run, this means that more 
than 350 reactor-years have been per
formed, to which should be added the 
experience already gained on fossil fuel 
or natural uranium plants This enabled 
EDF to build Its own philosophy and a 
strategy for maintenance that are best 
suited for the specific requirements of 
the hardware with which the actual 
nuclear boilers are made-up. This phi
losophy and strategy rest upon an 
analysis which calls widely for the me
chanics of structures, to such an extent 
that major decisions concerning main
tenance depend on the ability that one 
has for resolving problems within the 
scope of that discipline. 

82 
Loading pattern sensitivity to burn
able poison availability. Sun, S., 
Maldonado, G.I., Turnisky, P.J Trans
actions of the American Nuclear 
Society (United States), 65: 67-68 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

An in-core fuel management study 
was performed utilizing the FORMOSA 
optimization code Specifically, the au
thors studied the effectiveness of 
burnable poisons independent of core 
reactivity hold-down needs for three dif
ferent objective functions' assembly 
quadrant power peaking Pmax''"*̂  mini
mization, end-of-cycle reactivity k,ff^°° 
maximization, and discharge burnup 
BU*" maximization The study con
sisted of determining near-optimum 
loading patterns with and without burn
able poison availability for each of the 
three objectives. A typical four-loop 
Westinghouse pressunzed water reac
tor was modeleid. 

83 
implementation of back-up systems 
for In-core coolant temperature mea
surements at the Dukovany and 
Bohunice NPP units. Tomik, J. 
Spravodajca - Vyskumny Ustav 
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Jadrovych Elektrarni (Czechoslovakia); 
8: No. 1,1-8 (1991). (In Slovak). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

Discussed is the experience from the 
proposed concepts and implementation 
of a back-up system of in-core coolant 
temperature measurements at the ad
vanced WWER-440 units in 
Czechoslovakia in 1987-1990, that re
sulted in enhancing their safety and 
operational performance characteris
tics. The results of tests confirmed that 
the accuracy of the system, when 
domestic measuring and processing in
strumentation was used, was equal or 
better than that of the designed system. 
The experience from the implementa
tion and use of the system should be 
applied at the new units of the Mo
chovce plant, possibly as a first step to 
a complete updating of the design sys
tem of in-core monitoring. The accuracy 
and reliability of the proposed system 
can be further improved by using mea
suring and processing instrumentation 
from developed countries, (author) 4 
tabs., 8 refs. 

84 
Safety aspects of a blackout. 
Markech, B. Spravodajca - Vyskumny 
Ustav Jadrovych Elektrarni (Czechoslo
vakia); 8: No. 1, 9-19 (1991). (In 
Slovak). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

The evaluation is dealt with of an ac
cident with total loss of both off-site and 
on-site ac power supply (blackout) for 
WWER-440/213 units. An evaluation is 
also given of the reliability of ac emer
gency sources with an emphasis on 
failures due to a common cause. Fault 
tree analysis is closely related to the 
actual history of the accident process 
considering a concurrent accident from 
loss of coolant through the main coolant 
pump seals, (author) 4 figs., 11 refs. 

85 
Structural behavior of WWER fuel 
rod claddings under LOCA condi
tions. Bujan, A. Spravodajca -
Vyskumny Ustav Jadrovych Elektrarni 
(Czechoslovakia); 8: No. 1, 20-31 
(1991). (In Slovak). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

A brief description is presented of a 
probabilistic computer model based on 
the Monte Cario simulation technique, 
which is used in computer code 
DEFOS-1. The code is designed for de
termination of the number of failed fuel 
elements and for statistical evaluation 
of fuel channel blockage in a specified 
group of fuel elements under design 
basis LOCA conditions. The way of ap
plying the code and its relation to other 
computer codes is demonstrated by the 
case of the cold-leg LOCA in WWER-
1000 reactors, (author) 2 tabs., 6 figs., 
5 refs. 

86 
A method of monitoring the fuel can 
leak tightness at WWER-440 nuclear 
power plants. Slugen, V.; Beiko, D. 
Jaderna Energie (Czechoslovakia); 38: 
No. 5, 166-169 (May 1992). (In Slovak). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

Till 1986, the leak tightness of the 
fuel element cladding at the V-1 and V-
2 nuclear power plants in Jaslovske 
Bohunice was checked solely by using 
the Canister system, in order to up
grade this testing, the Bohunice NPP 
management purchased a Sipping-ln-
Core facility from Siemens-KWU. The 
first results of leak testing using this fa
cility were obtained in 1986 at the V-1 
nuclear power plant. Since then, the 
facility has been in use during all shut
downs at both power plants, V-1 and 
V-2. In efforts to make a more efficient 
use of the Sipping facility, a continuous 
mode of the fuel cladding leak testing is 
proposed; for this, the fuelling machine 
and the Sipping evaluating device have 
to be modified. The assets of the con
tinuous monitoring are most marked 
during the rearrangement of all the fuel 
elements from the core cage, i.e. during 
the extended shutdown associated with 
an inspection of the internal parts of the 
reactor. (Z.S.). 1 tab., 3 figs., 17 refs. 

87 
Reliability analysis of the system for 
continuous cleanup of WWER-440 
nuclear power plant primary circuit 
water. Stuchlik, S.; Krus, A. Jaderna 
Energie (Czechoslovakia); 38: No. 5, 
170-176 (May 1992). (In Czech). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

A new potential for the practical use 
of the CAT-PREP-KITT computer code 

in reliability analysis of nuclear power 
plant components is outlined. The pro
cedure is demonstrated on the primary 
circuit water continuous cleanup system 
of a WWER-400 nuclear power plant. 
Variant calculations were performed for 
the two loops, TC 10 and TC 50; the 
loops were found equivalent with 
respect to reliability. The calculated reli
ability characteristics of the TC 10 loop 
indicate that with an 80% probability at 
least one loop failure can be expected 
within a year of operation. One failure of 
the facility (which need not imply failure 
of the loop) can be expected roughly in 
8 months of operation. The expected 
number of failures is low but any failure 
is significant with respect to loop failure. 
(Z.S.). 5 tabs., 4 figs., 8 refs. 

88 
Concentration of Impurities In sec
ondary water and characteristics of 
blowdown and sludge blow-off 
systems of WWER-440 steam gener
ators. Matal, O.; Tomas, Z.; Straka, J.; 
Barak, M.; Vilim, J. Jaderna Energie 
(Czechoslovakia); 38: No. 4, 135-142 
(Apr 1992). (In Czech). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

Values of impurity concentrations in 
boiler water as well as some adverse 
characteristics of blowdown and sludge 
blow-off systems of WWER-440 steam 
generators are given as obtained by a 
series of experimental and theoretical 
studies. A short overview of degradation 
effects of steam generator materials 
and characteristics of blowdown and 
sludge blow-off systems outside the 
steam generator are presented. The ef
fects of impurity concentrations in boiler 
water and blowdown and sludge blow-
off waters on intercircuit leak evaluation 
during the steam generator operation 
are briefly discussed, (author) 3 tabs., 5 
figs., 7 refs. 

89 
U-tube steam generator empirical 
model development and validation 
using neural networks. Paries, A.G.; 
Chong, K.T.; Atiya, A. Transactions of 
the American Nuclear Society (United 
States); 65: 108-109 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Empirical modeling techniques that 
use model structures motivated from 
neural networks research have proven 
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effective in identifying complex process 
dynamics. A recurrent multilayer 
perception (RMLP) network was devel
oped as a nonlinear state-space model 
structure along with a static learning al
gorithm for estimating the parameter 
associated with it. The methods devel
oped were demonstrated by identitying 
two submodels of a U-tube steam gen
erator (UTSG), each valid around an 
operating power level. A significant 
drawback of this approach is the long 
off-line training times required for the 
development of even a simplified model 
of a UTSG. Subsequently, a dynamic 
gradient descent-based learning algo
rithm was developed as an accelerated 
alternative to train an RMLP network for 
use in empirical modeling of power 
plants. The two main advantages of 
this learning algorithm are its ability to 
consider past error gradient information 
for future use and the two fonward 
passes associated with its implementa
tion. The enhanced learning capabilities 
provided by the dynamic gradient 
descent-based learning algorithm were 
demonstrated via the case study of a 
simple steam boiler power plant. In this 
paper, the dynamic gradient descent-
based learning algorithm is used for the 
development and validation of a com
plete UTSG empirical model. 

90 
Qualification of a tritium-producing 
target for light water reactor applica
tion. Apley, W.J.; Beeman, G.H.; 
Ethridge, J.L. Transactions of the Amer
ican Nuclear Society (United States); 
65: 194-195 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The Pacific Northwest Laboratory 
(PNL) currently manages the light water 
reactor (LWR) tritium target develop
ment project (TTDP) for the Office of 
New Production Reactors, U.S. Depart
ment of Energy (DOE). The project's 
objective is to demonstrate and qualify 
a high-temperature LWR tritium target 
system with fabrication and extraction 
processes sufficiently confirmed to en
sure a deployable system consistent 
with variable tritium production de
mands. The project has also examined 
and reported on technical and institu
tional issues associated with acquisition 
and conversion of the yet uncompleted 
Washington Public Power Supply 
System Unit 1 (WNP-1) for tritium pro
duction purposes; wKlP-l is a 63% 
complete, Babcock and Wilcox, 3,800-
MW(thermal), 205 assembly. 

pressurized water reactor located at 
Hanford, Washington. WNP-1 has 
served as the reference LWR plant for 
the technical evaluation and target de
velopment activities. The current 
project has conducted significant engi
neering and test activities in support of 
the evaluation and development neces
sary to provide a complete LWR target 
qualification package. The overall per
formance of the reference design, as 
measured by achieving in-reactor 
tritium retention goals, has been quanti
fied. Therefore, the high-temperature 
LWR tritium target design continues to 
represent a viable contingency option 
for future defense production of tritium 
in the United States. 

91 
Model developments on the reactor 
simulator of the Paks Nuclear Power 
Plant, Hungary. Borbely, S. Energia es 
Atomtechnika (Hungary); 44: No. 4, 
151-154 (1991). (In Hungarian). 

A reactor simulator has been built in 
the Paks Nuclear Power Plant, in a 
Finn-Hungarian cooperative project. 
The simulation program has been ex
tended by the simulation of cooling pipe 
fracture in the primary circuit and of the 
safety tower (called localisation tower) 
of the PNPP. Program improvements 
are presented that were necessary due 
to reactor unit modification or program 
errors. Model development tasks are 
outlined. (R.P.). 

92 
Effects of primary circuit water 
chemistry of nuclear power plants 
on the corrosion and activity state of 
structural materials. Bogancs, J. En
ergia es Atomtechnika (Hungary); 44: 
No. 4, 159-162 (1991). (In Hungarian). 

Water chemistry experiences ob
tained at the Paks Nuclear Power Plant 
Hungary, are summarized. Concentra
tion and size distribution of corrosion 
products are presented for both stable 
and transition primary circuit operation, 
in the startup and operation periods of 
the reactor units. Water chemistry pa
rameters influencing solution and 
precipitation of corrosion particles are 
evaluated. (R.P.) 8 refs.; 4 figs.; 2 tabs. 

93 
Response to IPE and IPEEE results 
at Palo Verde NGS. Lindquist, R.C. 
Transactions of the American Nuclear 
Society (United States); 65: 298-302 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Insights gained from the internal 
events probabilistic risk assessment 
(PRA) and from the pilot plant demon
stration of the fire-induced vulnerability 
evaluation (FIVE) have been used to 
initiate corrective actions in the form of 
administrative controls, compensatory 
measures, and plant modifications to 
reduce the risks associated with signifi
cant core-damage sequences. Palo 
Verde was a pilot demonstration plant 
for the FIVE methodology developed by 
the Electrical Power Research Institute 
and sponsored by the Nuclear Utility 
Management and Resources Council. 
Several findings emerged from the ap
plication of FIVE and have been acted 
upon to reduce the impact of fire in sev
eral compartments of the plant. 

94 
Multi- to single-group reduction of 
flux Iterations. Mueller, E.Z. Transac
tions of the American Nuclear Society 
(United States); 65: 217-218(1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Algorithms for the numerical solution 
of multigroup diffusion equations are 
generally based on a multilevel iteration 
strategy. The leakage source iterations 
are often eliminated by the adoption of 
schemes in which the coupling coeffi
cients are nonlinearly modified so that 
much simplified coupling expressions 
arise, and the iteration strategy be
comes similar to that used in finite 
difference methods. Since the leakage 
iterations may account for ~ 40 to 50% 
of the computational time if coupling 
coefficient iterations are performed only 
periodically, such nonlinear schemes 
can reduce computational times by as 
much as a factor of 2. For the 
multigroup analytic nodal method im
plemented with Wielandt's fractional 
iteration method combined with asymp
totic source extrapolation to accelerate 
with the inner iterations, the computa
tional effort associated with the inner 
iterations accelerated by a cyclic 
Chebyshev semi-iterative technique 
amounts to ~ 25 to 30% of the overall 
computational expense. This fraction is 
increased to 40 to 50% with the adop
tion of a nonlinear coarse-mesh finite 
difference (CMFD) scheme similar to 
that used by Sutton. This provides an 
incentive for adopting or developing 
methods to enhance the efficiency of 
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the inner iterations. The purpose of this 
paper is to introduce a nonlinear inner 
iteration procedure that significantly re
duces the computational effort of 
solving for group fluxes. The compara
tive results for the three-dimensional 
International Atomic Energy Agency 
(IAEA) pressurized water reactor 
(PWR) benchmark problem are given. 

95 
Eddy currents signal processing for 
steam generator Inspection in PWR 
nuclear power plants. Georgel, B. 
Traitement du Signal (France); 8: No. 
5, 373-381 (1992). (In French). 

Steam generator tubes in nuclear 
power plants are periodically checked 
by means of eddy current probes. The 
output of a probe is composed of three 
types of signals: known events (rolling 
zone, support plates, U-bend part), 
noise (mainly metallurgical noise) and 
possible flaws. The latter are random 
transients, both in arrival time and in 
shape: they have to be detected and 
then estimated, before to be fed to the 
high level stages of a diagnostic 
system. The objective of the study pre
sented is to develop a semi-automatic 
system, which could manage and pro
cess more than 1 M-bytes of data per 
tube and provide an operator with reli
able diagnostics proposals within a few 
minutes. This can be achieved only by 
cooperation of several digital signal 
processing techniques: detection, 
segmentation, estimation, noise sub
traction, adaptive filtering, modelization, 
pattern recognition. The paper de
scribes some of these items. 

96 
Building good relationships with 
neighbors of Japan's oldest plant, 
Tsuruga. Hata, Emi. Transactions of 
the American Nuclear Society (United 
States); 65: 351-352 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Since its establishment in 1957 as a 
pioneer company of nuclear power de
velopment in Japan, the Japan Atomic 
Power Company (JAPC) has gained a 
great deal of experience with construc
tion and operation of four nuclear 
power plants - one gas-cooled reactor, 
two boiling water reactors (BWRs), and 
one pressurized water reactor (PWR) -
at two sites, Tsuruga and Tokai. To gain 
the understanding and cooperation of 
the local community, the Tsuruga sta
tion must keep running. Each employee 

is encouraged to make every possible 
effort not only to ensure the safe and 
reliable operation of the two units, but 
also to ensure conscientious coexis
tence and coprosperity within the local 
community. The Tsuruga office in the 
city and the Public Relations (PR) 
Pavilion (visitor's center) at the site 
work together as an open window of 
communication with the local commu
nity. Under these basic philosophies, 
various good neighbor activities are de
veloped and carried out 

97 
Pressurized water reactor iodine 
spiking behavior under power 
transient conditions. Ho, J.C. Trans
actions of the American Nuclear 
Society (United States); 65: 378-379 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The most accepted theory explaining 
the cause of pressurized water reactor 
iodine spiking is steam formation and 
condensation in damaged fuel rods. 
The phase transformation of the pri
mary coolant from water to steam and 
back again is believed to cause the io
dine spiking phenomenon. But due to 
the complex nature of the phenomenon, 
a comprehensive model of the behavior 
has not yet been successfully devel
oped. This paper presents a new model 
based on an empirical approach, which 
gives a first-order estimation of the 
peak iodine spiking magnitude. Based 
on the proposed iodine spiking model, 
it is apparent that it is feasible to derive 
a correlation using the plant operating 
data base to monitor and control the 
peak iodine spiking magnitude. 

98 
In-plle loop tests for PWR coolant 
chemistry optimization. Cabello, E.C.; 
Kohse, G.E.; Doboe, L.; Hariing, O.K.; 
Shoda, Y. Transactions of the American 
Nuclear Society (United States); 65: 
383-385 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

For the past several years, an in-pile 
loop that simulates pressurized water 
reactor (PWR) primary coolant condi
tions has been operated at the 
Massachusetts Institute of Technology 
(MIT) research reactor to test changes 
in chemistry that will reduce corrosion 
product activity deposition on ex-core 
surfaces. The basic design can be em
ployed in any pool-type research 

reactor and represents a fairiy inexpen
sive approach to PWR coolant 
chemistry research. The loop was con
structed for an initial series of seven 
runs supported by the Electric Power 
Research Institute (EPRI) and Empire 
State Electric Energy Research Com
pany (ESEERCO) and is now in the 
middle of a three-run series sponsored 
by NUPEC. The principal focus to date 
in both campaigns has been pH opti
mization through adjustment of the 
amount of LiOH added for a given 
boron (boric acid) concentration. 

99 
Capistrano unified school district 
works with San Onofre NGS. Oster-
field, M.A.; Cramer, E.N. Transactions 
of the American Nuclear Society 
(United States); 65: 397-398(1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A unique arrangement has the sci
ence coordinator for Capistrano Unified 
School District's (CUSD) grades kinder
garten through eight (K-8) as a 
part-time contract employee at San 
Onofre Nuclear Generating Station 
(SONGS). The purpose is to assess the 
science capabilities at SONGS useful 
to CUSD teachers and to assist in mak
ing them available. This is different 
from the usual single-teacher renewal 
program or from part-time employment 
This creates several unique situations 
for SONGS and the 23 K-8 schools in 
CUSD, supplementing the existing pro
gram of optional science field trips to 
SONGS. This approach also interests 
the developing mind in science before 
being turned off by uninteresting, user-
unfriendly, bookish approaches. 

100 
Safety of the Soviet WWER-type re
actors. Laaksonen, J. Energia es 
Atomtechnika (Hungary); No. special 
issue, 321-329 (1991). (In Hungarian). 

Experiences gained with the safety of 
the WWER-type reactors in the Loviisa 
Nuclear Power Plant Finland, are com
pared with WWER-type reactors in 
other countries and with other PWR 
type reactors. The former 230 version 
of WWER-440 reactors, due to its de
sign deficiencies, poor manufacturing 
and assembling performance, and the 
lax operational discipline, are operated 
at higher risks than power plant with 
213 version reactors. (R.P.) 6 figs. 
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101 
BEACON: An application of nodal 
methods for operational support. 
Boyd, W.A.; Nguyen, T.Q. Transactions 
of the American Nuclear Society 
(United States); 65: 402-404 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A practical application of nodal meth
ods is on-line plant operational support. 
However, to enable plant personnel to 
take full advantage of a nodal model to 
support plant operations, (a) a core 
nodal model must always be up to date 
with the current core history and condi
tions, (b) the nodal methods must be 
fast enough to allow numerous core 
calculations to be performed in minutes 
to support engineering decisions, and 
(c) the system must be easily accessi
ble to engineering personnel at the 
reactor, their offices, or any other loca
tion considered appropriate. A core 
operational support package developed 
by Westinghouse called BEACON (best 
estimate analysis of core operations -
nuclear) has been installed at several 
plants. Results from these plants and 
numerous in-core flux maps analyzed 
have demonstrated the accuracy of the 
model and the effectiveness of the 
methodology 

102 
Development of a reactor engineer
ing workstation at Seabrook station. 
Tremblay, M.A.; Gorski, J.P.; Gurney, 
P.V. Transactions of the American Nu
clear Society (United States); 65: 
406-407 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The reactor engineers at Seabrook 
station are responsible for supporting 
plant operation with respect to the cur
rent reactor core design. Advanced 
assembly designs, complex reactor 
core loading patterns, and emphasis on 
efficient and safe operation puts a 
greater demand on the reactor engi
neer. The traditional use of static data 
constants and coarse core modeling, in 
light of the more complex fuel and core 
designs of today, results in less than 
optimum monitoring and predicting tools 
for the reactor engineer. The incorpora
tion of an advanced three-dimensional 
nodal code with thermal feedbacks and 
detailed spatial modeling along with the 
ability to follow current operational his
tory on a state-of-the-art workstation 

provides the reactor engineer with a dy
namic core monitoring and predictive 
tool. This approach allows for more ac
curate and efficient completion of the 
reactor engineer's tasks. Yankee 
Atomic Electric Company (YAEC) is 
currently in the process of providing ad
vanced reactor physics nodal methods 
to the reactor engineers at Seabrook 
station. The scope of this project is to 
supply a reactor engineering worksta
tion with a simplified user interface to 
an advanced nodal core model as part 
of an on-line core monitor/predictor for 
standard reactor engineering calcula
tions. It uses the Studsvik Core 
Management System (CMS), which pri
marily consists of the CASMO-3 
cross-section generating code and the 
SIMULATE-3 three-dimensional two-
group nodal reactor analysis code. 

103 
Power ascension strategy following 
a reactor trip during EOC coast-
down. Beard, C.L; Heibel, M.D.; 
Lesnick, D.C. Transactions of the Amer
ican Nuclear Society (United States); 
65: 407-409 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The difficulties associated with re
turning a reactor to the pretrip power 
level following a reactor trip during an 
end-of-cycle (EOC) power coastdown 
maneuver, and maintaining it once 
achieved, have caused utilities to aban
don the restart and enter their refueling 
outages ahead of schedule. The Com
monwealth Edison Company (CECo) 
Braidwood and Byron units have expe
rienced reactor trips during EOC power 
coastdown maneuvers and have suc
cessfully performed restarts. The 
installation of the BEACON core moni
toring system, which provides core 
monitoring, measurement reduction, 
core analysis and follow, and core pre
diction capability utilizing a very fast 
and accurate three-dimensional nodal 
code, at the CECo Byron, Braidwood, 
and Zion stations allows the reactor en
gineers at these units to accurately 
determine reactor response. The capa
bilities of the BEACON system allow an 
optimal return to power strategy to be 
developed and continuously updated. 
This paper presents a method for es
tablishing the optimal return to power 
strategy utilizing the BEACON system. 

104 
Palo Verde nuclear generating sta
tion EASEplus SIMULATE model. 

McDonald, W.F.; Reed, M.L; Fauste, 
J.L. Transactions of the American Nu
clear Society (United States); 65: 
410-411 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The Palo Verde on-site reactor engi
neers have an extremely powerful and 
accurate tool for quickly predicting the 
effects of reactor power maneuvers on 
core axial shape index (ASI) and xenon 
worth. They can analyze postulated fu
ture power maneuvers quickly and 
supply the reactor operators with valu
able predictions without having to 
consult with the off-site nuclear analysis 
group. The tool developed by the nu
clear analysis group was an advanced 
nodal code with a graphic user inter
face (GUI) driver for ease of use. The 
advanced nodal code used was the 
Studsvik of America SIMULATE-3 Ver
sion 2.20-DSI. This SIMULATE version 
was compiled for use on a personal 
computer (PC) with a Definicon Sys
tems' 50-MHz coprocessor board. The 
GUI face used was Expert-EASE Sys
tems' EASE+SIM3 Version 3.0 pre-/ 
postprocessor. The system was in
stalled on Compaq Deskpro 386/20e 
PCs located in the control room of each 
of the three units, in the reactor engi
neering office, in the nuclear analysis 
office, and in the control room of the 
training simulator. 

105 
Ouallficatlon of the ONED90 code 
with measurements from Kori Unit 4. 
Zee, S.K.; Noh, J.M.; Chang, J; Balk, 
J.H. Transactions of the American Nu
clear Society (United States); 65: 
411-413 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A personal computer (PC) and work
station based one-dimensional 
computer program named ONED90 
has been developed and used to simu
late the core transient induced by a 
series of load-follow tests for Kori unit 
4. The ONED90 code is evolved from 
the APCBOX code, which was jointly 
developed by Korea Atomic Energy Re
search Institute (KAERI) and 
Siemens-KWU. This paper highlights 
KAERI's verification effort of the 
ONED90 code. Results of comparisons 
with the actual measurement data ob
tained from Kori unit 4 are provided. 
These comparisons demonstrate that 
the code and methodology accurately 
model the anticipated core transient. 
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The ONED90 code features modern 
methods that include the analytic nodal 
method with a nonlinear iteration 
scheme based on an equivalent discon
tinuity factor for a nuclear model, 
simplified thermal hydraulics, and an 
effective depletion model with cross-
section derivatives with respect to the 
feedback mechanism for the accurate 
simulation of several days of reactor 
operation. 

106 
Critical experiments and analysis for 
ABB-CE fuel with erbium burnable 
absorber. Harris, D.R.; Rohr, R.C; 
Hayes, D.K.; Jonsson, A.; Jung, J.Y.; 
Chang, R.Y. Transactions of the Ameri
can Nuclear Society (United States); 
65: 414-415 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

ABB-Combustion Engineering Nu
clear Power (ABB-CE) has developed a 
new burnable absorber, erbia (ErgOa), 
for uniform application within pressur
ized water reactor fuel pellets in 18- and 
24-month cycle designs. Neutronics 
properties and performance are being 
assessed in a development program in
cluding critical experiments by ABB-CE 
and Southern California Edison Com
pany (16 X 16 fuel) and between 
ABB-CE and Baltimore Gas and Elec
tric Company (14 x 14 fuel). The 
subject of this paper is the critical ex
periments in the reactor critical facility 
(RCF) of RPI. Primary measured quan
tities were (a) state points of reactivity 
for various erbia-urania rod configura
tions, temperatures, and soluble boron 
concentrations and (b) local pin power 
distributions. Also measured were reac
tor safety parameters to verify safety 
analyses previously submitted to the 
US Nuclear Regulatory Commission. 

107 
Analysis of critical experiments with 
erbia-urania fuel. Jonsson, A.; Harris, 
D.R.; Chang, R.Y.; Thomsen, O.J. 
Transactions of the American Nuclear 
Society (United States); 65: 415-417 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

ABB-Combustion Engineering (ABB-
CE) has developed a new burnable 
absorber, erbia (Er203), for uniform 
application within pressurized water re
actor (PWR) fuel pellets in 18- and 
24-month fuel cycle designs. In PWR 

fuel, erbia exhibits the following fea
tures: (1) dilute absorber (moderate 
cross sections, low concentrations); (2) 
effective local power peaking control; 
(3) moderate global power distribution 
perturbation, moderate depletion rate; 
(4) effective moderate temperature co
efficient control; and (5) no special 
computational methods requirements. 
Material properties (thermal conductiv
ity, melting point, and so forth) have 
been measured with expected results: 
Erbia behaves similariy to gadolinia. 
Neutronics properties and performance 
are being assessed in a development 
program including critical experiments 
by ABB-CE, Rensselaer Polytechnic In
stitute (RPI), and Southern California 
Edison Company (SCE) and lead test 
fuel irradiations in a collaboration be
tween ABB-CE and SCE (16 x 16 fuel) 
and between ABB-CE and Baltimore 
Gas and Electric Company (14 x 14 
fuel). The subject of this paper is the 
analysis of the critical experiments 
completed in the reactor critical facility 
(RCF) of RPI. 

108 
Ex-core power range detector cali
bration using a single-point flux 
map. Frank, F.J.; Grobmyer, L.R.; Kerr, 
R.A. Transactions of the American Nu
clear Society (United States); 65: 
420-421 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Calibration of the power range chan
nels has historically been performed by 
measuring the in-core power distribu
tion using the movable in-core detector 
system and correlating the power range 
response to the axial flux difference 
over a range of axial offsets (multipoint 
calibration technique). The calibration is 
performed during power ascension 
physics tests at the beginning of the cy
cle and periodically throughout the 
cycle. This paper describes a technique 
that will satisfactorily accomplish all cal
ibration and uncertainty objectives of 
the multipoint calibration but only re
quire one data point (flux map). The 
single-point calibration technique 
eliminates the need for multipoint mea
surements while retaining the accuracy 
required for the reactor protection sys
tem calibration. This technique explicitly 
accounts for control rod insertion, fuel 
loading patterns, and fuel burnup, as 
well as any change in core design such 
as features for mitigation of pressurized 
thermal shock. Additionally, since the 

correlation of peripheral to core aver
age power is performed during the 
nuclear design of the core, the results 
can be used to provide an excellent 
prealignment of the power range detec
tors. Finally, new detectors can be 
calibrated in place during power ascen
sion and do not require recalibration 
using the multipoint technique. 

109 
Demonstration program for a mini 
In-core instrument assembly. 
Kantrowitz, M.L.; Terney, W.B. Transac
tions of the American Nuclear Society 
(United States); 65: 424-426(1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Fixed in-core detectors have tradi
tionally been used in ABB Combustion 
Engineering (ABB-CE) nuclear steam 
supply systems to provide signals for 
observation of the core power distribu
tion and on-line monitoring of reactor 
core behavior and margins to thermal 
limits. The fixed in-core detectors are 
contained in in-core instrument (ICI) as
semblies, which are inserted into ~25% 
of the fuel assemblies in the core. In 
the System 80 design, each ICI assem
bly includes a central calibration tube 
that permits access of a movable de
tector into that assembly. However, 
operating experience at System 80 
plants has demonstrated that the fixed 
detector system alone satisfies all core 
monitoring and core surveillance re
quirements. Therefore, the movable 
detector system is not needed and is, 
in fact, no longer used. However, the 
presence of the central calibration tube 
feature can be utilized to improve the 
performance of the ICls by extending 
the useful lifetime of the rhodium detec
tors that comprise the instrument This 
pafjer reports the results to date of a 
demonstration program for the mini ICl 
assemblies designed to (a) validate the 
mini ICls as equivalent replacements 
for the standard ICls and (b) refine the 
rhodium detector sensitivity depletion 
law to permit higher detector depletions 
than currently allowed. 

110 
The CASMO-4 r-z pin cell calculation 
for lattices containing gray gadolinia 
rods. Knott, D.; Edenius, M. Transac
tions of the American Nuclear Society 
(United States); 65: 428-429(1992). 
(CONF-920606-). 

21 



POWER REACTORS 
Light-Water Moderated, Nonboiling Water Cooled 

NRT Vol. 93, No. 1 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In lattice physics codes, pin cell cal
culations are performed to produce a 
flux spectrum that is then used to con
dense and, if desired, homogenize the 
cross sections of each pin cell to a 
smaller group structure In preparation 
for the two-dimensional transport calcu
lation on the entire lattice. If the pellets 
within a fuel pin are uniform within an 
axial region of the assembly repre
sented by the lattice, the pin cell 
calculation may be performed using a 
one-dimensional cylindrical geometry. 
This geometry applies to most pin 
types, including fuel pins containing 
burnable absorbers, such as gadolinia. 
These gadolinia pin types, where the 
pellets are uniform axially, are called 
black gadolinia rods. In certain ABB de
signs, gadolinia pellets and UO2 pellets 
are alternately stacked within some 
portion of a fuel rod. Such rods, called 
gray gadolinia rods, enhance the deple
tion rate of the gadolinia. For these 
designs, the fuel rods are no longer 
uniform in the axial direction, and a 
one-dimensional cylindrical pin cell cal
culation is no longer applicable. To this 
end, CASMO-4 includes the capability 
to perform the pin cell calculation using 
a two-dimensional r-z geometry. The 
r-z pin cell calculation in CASMO-4 al
lows one more degree of freedom 
when considering burnable absorber 
design for reactivity control. The use of 
the collision probability flux solution 
lends consistency to the overall model, 
and the variable mesh capability allows 
the user to place detail where it is most 
needed. The r-z geometry may also 
find other applications in the future. 

111 
Discrete rod burnup analysis capa
bility In the Westinghouse advanced 
nodal code. Buechel, R.J.; Fetterman, 
R.J.; Petrunyak, M.A. Transactions of 
tiie American Nuclear Society (United 
States); 65: 429-431 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Core design analysis in the last sev
eral years has evolved toward the 
adoption of nodal-based methods to re
place traditional fine-mesh models as 
the standard neutronic tool for first core 
and reload design applications through
out the nuclear industry. The accuracy, 
speed, and reduction in computation re
quirements associated with the nodal 

methods have made three-dimensional 
modeling the preferred approach to ob
tain the most realistic core model. 
These methods incorporate detailed 
rod power reconstruction as well. Cer
tain design applications such as 
confirmation of fuel rod design limits 
and fuel reconstitution considerations, 
for example, require knowledge of the 
rodwise burnup distribution to avoid un
necessary conservatism in design 
analyses. The Westinghouse Advanced 
Nodal Code (ANC) incorporates the ca
pability to generate the intra-assembly 
pin burnup distribution using an efficient 
algorithm. 

112 
Multicycle PWR In-core fuel 
management through one-and-a-half-
dimenslonal core modeling. Petrovic, 
B.G.; Levine, S.H. Transactions of the 
American Nuclear Society (United 
States); 65: 431-433 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The one-and-a-half-dimensional (1 
and 1/2-D) model of a pressurized 
water reactor (PWR) core employs one-
dimensional (1-D) diffusion calculation 
followed by a fast, few-step procedure 
to unfold the 1-D results into the two-
dimensional (2-D) results. A computer 
code was developed based on that 
model. The initial benchmarking has 
shown the code to be almost as fast as 
a plain 1-D code and significantly faster 
than the analogous 2-D code (10 to 
100 times for a typical problem). Yet, it 
provides results in 2-D form and better 
accuracy than the 1-D code. The model 
itself and the initial benchmarking were 
described in more detail elsewhere. The 
code has since been enhanced, and a 
multicycle analysis option has been im
plemented. This paper presents results 
of benchmarking the model using the 
actual data for three successive cycles 
of the Krsko nuclear power plant and 
complex low-leakage loading patterns. 

113 
Comparison of calculational meth
ods for ABB C-E fuel with erbium 
burnable absorbers. Chang, R.Y.; 
Gabel, C ; Thomsen, O.J.; Wengloski, 
P.I.; Hoffsplegel, P.S.; Jonsson, A. 
Transactions of the American Nuclear 
Society (United States); 65: 438-439 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In 24-month cycle designs, burnable 
absorbers are required to control the 
beginning-of-life moderator temperature 
coefficient (MTC) and to control the 
corewide radial power distribution. The 
current fuel management pattern for the 
San Onofre nuclear generating station 
(SONGS) units 2 and 3 replaces 5.4% 
of the fuel rods with BAC-AlaOs burn
able absorber rods to achieve these 
two goals. The B4C-AI2O3 rods reduce 
the core loading of uranium (and hence 
cycle length) and increase the core av
erage heat flux, which reduces thermal 
margins. ABB Combustion Engineering 
(ABB C-E) has developed a new burn
able absorber design using erbium 
oxide integral with the uranium oxide 
fuel to control the MTC and power-
peaking in 24-month reloads. Southern 
California Edison (SCE) and ABB C-E 
have initiated a cooperative program to 
determine the behavior and benefits of 
the eriiia/urania integral burnable ab
sorber design for 24-month cycles. This 
paper presents a comparison of 
physics calculational methods for the 
transitional and full-core implementation 
of 24-month erbium reloads at SONGS 
unit 2. 

114 
Radial power distribution shaping 
within a PWR fuel assembly utilizing 
asymmetrically loaded gadolinia-
bearlng fuel pins. Stone, I.Z. 
Transactions of the American Nuclear 
Society (United States); 65: 439-440 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

As in-core fuel management designs 
evolve to meet the demands of increas
ing energy output, more innovative 
methods are developed to maintain 
power peaking within acceptable 
thermal margin limits. In-core fuel man
agement staff must utilize various 
loading pattern strategies such as 
cross-core movement of fuel assem
blies, multlbatch enrichment schemes, 
and burnable absorbers as the primary 
means of controlling the radial power 
distribution. The utilization of fresh 
asymmetrically loaded gadolinia-
bearing assemblies as a fuel 
management tool provides an addi
tional means of controlling the radial 
power distribution. At Siemens Nuclear 
Power Corporation (SNP), fresh fuel 
assemblies fabricated with asymmetri
cally loaded gadolinia-bearing fuel rods 
have been used successfully for sev
eral cycles of reactor operation. 
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Asymmetnc assemblies are neutroni-
cally modeled using the same tools and 
models that SNP uses to model sym-
metncally loaded gadolmia-beanng fuel 
assemblies The CASMO-2E code is 
used to produce the homogenized 
macroscopic assembly cross sections 
for the nodal core simulator. Optimum 
fuel pin locations within the asymmetri
cal assembly are determined using the 
pm-by-pm PDQ7 assembly core model 
for each new assembly design. The op
timum pin location is determined by the 
rod loading that minimizes the peak-to-
average pin power. 

115 
Modifying scoping codes to accu
rately calculate TMI-cores with 
lifetimes greater than 500 effective 
full-power days. Bai, D.; Levine, S.L; 
Luoma, J.; Mahgerefteh, M. Transac
tions of the American Nuclear Society 
(United States), 65: 444-446 (1992) 
(CONF-920606-). 

From Amencan Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The Three Mile Island unit 1 core 
reloads have been designed using fast 
but accurate scoping codes, 
PSUI-LEOPARD and ADMARC. PSUI-
LEOPARD has been normalized to 
EPRI-CPM2 results and used to calcu
late the two-group constants, whereas 
ADMARC IS a modern two-dimensional, 
two-group diffusion theory nodal code. 
Problems in accuracy were encoun
tered for cycles 8 and higher as the 
core lifetime was increased beyond 500 
effective full-power days. This is be
cause the heavier loaded cores in both 
^^^U and ^°B have harder neutron spec
tra, which produces a change in the 
transport effect in the baffle reflector re
gion, and the burnable poison (BP) 
simulations were not accurate enough 
for the cores containing the increased 
amount of ^°B required in the BP rods. 
In the authors study, a technique has 
been developed to take into account 
the change in the transport effect in the 
baffle region by modifying the fast neu
tron diffusion coefficient as a function of 
cycle length and core exposure or bur
nup A more accurate BP simulation 
method is also developed, using inte
gral transport theory and CPM2 data, to 
calculate the BP contnbution to the 
equivalent fuel assembly (supercell) 
two-group constants. The net result is 
that the accuracy of the scoping codes 
IS as good as that produced by 
CASMO/SIMULATE or CPM2/ 

SIMULATE when companng with mea
sured data. 

116 
Flux and fluence determination us
ing the material scrapings approach. 
Basha, H S., Manahan, M.P. Transac
tions of the American Nuclear Society 
(United States); 65: 459-460(1992). 
(CONF-920606-). 

From Amencan Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The conventional approach to flux 
determination is to use high-purity 
dosimeters to characterize the neutron 
field. This paper presents an alternative 
approach called the scraping method. 
This method consists of taking scraping 
samples from an in-service component 
and using this matenal to measure the 
specific activity for various reactions 
This approach enables the determina
tion of the neutron flux and fluence 
incident on any component for which 
small chips of material can be safely 
obtained. It offers a capability for deter
mining the neutron flux for components 
such as reactor internals without de
structively removing them from service. 
The scrapings methodology was 
benchmarked by companson with the 
results obtained using conventional 
dosimetry data from the San Onofre 
nuclear generation station Unit 2 
(SONGS-2). Additionally, since the goal 
of any reactor physics analysis is to re
duce uncertainty to the extent practical. 
It IS important that the best available 
cross-section library be used The fast 
flux calculated-to-experimental (C/E) ra
tios at the SONGS-297-deg in-vessel 
surveillance capsule and the 
REACTOR-X 90-deg ex-vessel dosime
try positions were studied for several 
cross-section libraries, including 
BIGLE-80, SAILOR, and ELXSIR. 
REACTOR-X IS a pressurized water re
actor power plant currently operating in 
the US. 

117 
Two-dimensional finite element 
method large-eddy simulation for 
turbulent steam generator flow. 
Davis, FJ Jr.; Hassan, Y.A Transac
tions of the American Nuclear Society 
(United States); 65: 486-487 (1992). 
(CONF-920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992). 

A major concern in the nuclear power 
industry is failure of steam generator 

tubes Steam generator tube failure ne
cessitates plugging the failed tubes, 
forcing nuclear plants to operate at 
lower power levels. Turbulence-induced 
vibration is one probable cause of pre
mature and accelerated fretting and 
wear of steam generator tubes. There
fore, predictive capabilities of this fluid 
flow are of great potential benefit Con
siderable time and effort have been 
expended on experimental studies of 
this problem. Unfortunately, these 
expenmental studies are costly. Fur
thermore, they are subject to the 
applicability of scaling laws from the 
experiment to the actual conditions Nu-
mencal studies of this and similar 
problems may provide useful informa
tion without the considerable capital 
expenses of expenmental facilities It is 
the goal of this research to develop a 
predictive analysis tool and demon
strate Its capability for studying 
secondary steam generator flow in two 
dimensions. 

118 
Possibilities for moderating doses to 
personnel using as an example the 
latest pressurized water reactors. 
MarchI, T.; Riess, R.; Odar, S. VGB 
Kraftwerkstechnik (Germany), 72: No. 
7, 611-613 (Jul 1992). (In German) 

It has been possible to reduce the 
average dose to personnel from 
Siemens/KSU presurized water reac
tors from 5.25 man-Sv in 1980 to 1.73 
man-Sv in 1990 This change has been 
attnbutable, on the one hand, due to 
improvements in the screening and em
ployment of personnel and, on the 
other hand, very heavily on dose rate 
developments in the PWR if the dose 
rate of the latest Siemens PWRs (initial 
criticality after 1985) is compared with 
that on older plants, a reduction of dose 
rate by a large order of magnitude can 
be observed in the newer plants, (ong.). 

119 
Lower end fitting. Bryan, W.J. (to 
Combustion Engineenng, Inc., Windsor, 
CT (United States)) USA Patent 
5,132,077/A/ 21 Jul 1992. RIed date 
14 Sep 1990. vp Patent and Trade
mark Office, Box 9, Washington, DC 
20232 (United States) 

This patent describes an improved 
lower end fitting for a fuel rod containing 
fuel assembly of a pressurized water 
nuclear reactor It compnses means for 
diffusing flow between the lower core 
plate and the lower end fitting top flow 
plate below the fuel rods, which diffu
sion spreads and even flow in a manner 
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which minimizes jet flow impingement 
on fuel rods above the lower end fitting 
and therefore reduces fuel rod vibration 
and fuel assembly pressure drop. 

120 
Process and device for extracting a 
deformed heating element of a nu
clear reactor pressurlzer. Godin, B. 
(to Societe Franco-Americaine de Con
structions Atomiques (FRAMATOME), 
92 - Courbevoie (France)). France 
Patent 2666679/A/. 13 Mar 1992. Rled 
date 10 Sep 1990. 25p. (In French). 
Available from Institut National de la 
Propriete Industrielle, Paris (France). 

The heating element is cut inside the 
pressurizer by remote control and the 
section of the element is removed via 
an access port in the casing. This in
vention includes also remote operated 
cutting device and device transporter. 

121 
Process and device for returning a 
PWR fuel assembly. Amiet, P. (to 
Societe Franco-Americaine de Con
structions Atomiques (FRAMATOME), 
92 - Courbevoie (France) ; Compagnie 
Generale des Matieres Nucleaires (CO-
GEMA), 78 - Velizy-Villacoublay 
(France)). France Patent 2666680/A/. 
13 Mar 1992. Rled date 12 Sep 1990. 
25p. (In French). Available from Institut 
National de la Propriete Industrielle, 
Paris (France). 

An inverse U shaped framework sus
pended from an handling device has 
supports that fit under the cell pivots 
and lift the cell of its support. An arm 
rotates about the horizontal axis and at 
least one of its end contacts the projec
tions fixed on the external surface of 
the cell so that the arm and the cell turn 
through 180 degrees. Then the frame
work is lowered so the cell returns to its 
support. 

122 
Eddy current expansible probe. 
Piriou, M. (to Societe Intercontrole, 94 -
Rungis (France)). France Patent 
2666414/A/. 6 Mar 1992. Rled date 5 
Sep 1990. 21 p. (In French). Available 
from Institut National de la Propriete In
dustrielle, Paris (France). 

For controlling a PWR steam genera
tor tube the eddy current probe is made 
by many casings connected by helical 
springs. A transverse bore contains two 
opposed contact heads pressed out
wards by another helical spring. A coil is 
wound in the recessed waist of a core, 
detachably mounted on each head. 

123 
Baffle assembly for nuclear reactor 
core. Chevereau, G.; Bougis, J.C; Bor-
rell, C. (to Societe Franco-Americaine 
de Constructions Atomiques (FRAM
ATOME), 92 - Courbevoie (France)). 
France Patent 2666166/A/. 28 Feb 
1992. Rled date 21 Aug 1990. 15p. (In 
French). Available from Institut National 
de la Propriete Industrielle, Paris 
(France). 

The baffle assembly is made of verti
cal plates surrounding the core, tubes 
and a reinforcing structure between the 
plates and the casing. The system is 
stiffened by horizontal and vertical rein
forcing elements bearing onto the 
cylindrical casing and which are also 
welded to vertical tubes. 

124 
Configuration of WWER-type steam 
generator for tube leak location dur
ing unit shutdown. Matal, O.; Klinga, 
J.; Holy, F.; Tischler, J. Czechoslovakia 
Patent 273433/B1/. 3 Feb 1992. 6p. (In 
Czech). INIS. 

The inner compartment of at least 
one of the two primary steam generator 
collectors, whose bottom parts are 
closed with inflatable bags, is con
nected via the condensate feed tube to 
the pure condensate and deactivating 
solution distribution system of the pri
mary section of the nuclear power plant. 
Through the condensate outlet tube it is 
also connected, via the superaccident 
feed piping, to the low-pressure air dis
tribution system of the primary section 
of the nuclear power plant. All steam 
generator valves, except for the low-
pressure air inlet valve and the 
drainage valves, are closed. The leak 
site location is unambiguous, unbiased 
and sensitive, and even microleaks can 
thus be disclosed. The possible con
tamination and exposure of personnel 
engaged in the leak detection are re
duced substantially. (Z.S.). 1 fig. 

125 
Process and apparatus for forming a 
circular lip around an opening. 
Fournier, Y. (to Societe 
Franco-Americaine de Constructions 
Atomiques (FRAMATOME), 92 -
Courbevoie (France)). France Patent 
2659481/A/. 13 Sep 1991. Rled date 6 
Mar 1990. 13p. (In French). Available 
from Institut National de la Propriete In
dustrielle, Paris (France). 

Circular lip around an opening is 
made by machining a spot facing, then 
pushing back the edge using rollers. 

Rollers are held by a support that dis
places them along its axis. The angle 
that the roller's axis makes with the 
support's axis is progressively reduced 
as the support advances. 

126 
Process and device for measuring 
the inner wall profile of a tube by ca-
pacltive measure. Cazin, B.; Leteurtre, 
J. (to Electricite de France (EDF), 75 -
Paris (France)). France Patent 
2659438/A/. 13 Sep 1991. Rled date 7 
Mar 1990. 25p. (In French). Available 
from Institut National de la Propriete In
dustrielle, Paris (France). 

The device is made by a long thin 
probe having capacitive transducers 
with three axially rings with at least 3 
transducers by ring constituted for mea
suring their distances to the inner wall 
of the tube. A computer is connected to 
calculate the position of the tube's axis 
with respect to the probe axis from the 
measurements of the position of the 
centers of the 2 supplementary rings 
the eccentricity of the main ring and the 
profile of the internal wall at the level of 
the main ring. 

127 
Laser welding of a tube. Boudot, C ; 
Griffaton, J. (to Societe 
Franco-Americaine de Constructions 
Atomiques (FRAMATOME), 92 -
Courbevoie (France)). France Patent 
2656558/A/. 5 Jul 1991. Filed date 28 
Dec 1989. 6p. (In French). Available 
from Institut National de la Propriete In
dustrielle, Paris (France). 

For sleeving PWR steam generator 
tubes, the welding laser work is made 
under protection of a primary gas going 
out by the crossing window of the laser 
and under a secondary gas flowing axi
ally through the head and the tube. 

Graphite Moderated 

128 
(EUR-14363, pp. 11-23) 
Pilot dismantling of the Windscale 
advanced gas-cooled reactor - phase 
1: dismantling of tiie refuelling stand 
pipes and RPV top dome. Taylor, E.; 
Sloan, P. (AEA Decommissioning and 
Radwaste, Windscale (GB)). 1992. 
207p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93721081. 
(CONF-9109441-). 

From 2. Seminar on practical decom
missioning experience with nuclear 
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installations in the European Commu
nity; Sellafield (United Kingdom) (25-26 
Sep 1991). 

In Practical decommissioning experi
ence with nuclear installations in the 
European Community. 

Large scale dismantling began in 
1989 by dismantling the reactor refu
elling machine weighing some 470 
tons. Parts of this machine were utilised 
as a heavy lifting frame for the removal 
of the reactor top biological shield, a 60 
tons steel and concrete structure. The 
top biological shield was subsequently 
size reduced using thermic lancing in a 
temporary containment constructed on 
the reactor refuelling floor. Since 1990 
the two major operations have been to 
remove the reactor pressure vessel top 
dome arxd cut the refuelling stand pipes 
thus exposed inside the RPV, down to 
the level of the reactor hot box. Opera
tion is described and dose uptake 
estimated. 

129 
(EUR-14363, pp. 81-93) 
Remote dismantling experience at 
Windscale pile chimneys and other 
AEA^NFL facilities. Wright, E.M.; 
Jones, E.L.; Leng, J.H. (British Nuclear 
Fuels pic, Sellafield (United Kingdom)). 
1992. 207p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93721081. (CONF-9109441-). 

From 2. Seminar on practical decom
missioning experience with nuclear 
installations in the European Commu
nity; Sellafield (United Kingdom) (25-26 
Sep 1991). 

In Practical decommissioning experi
ence with nuclear installations in the 
European Community. 

This paper described recent remote 
dismantling experience at British Nu
clear Fuels Ltd and at AEA Technology. 
Three areas are considered, firstly 
transfer of proven technology from non-
nuclear industries, aimed at ensuring 
low commercial risk where tasks are 
relatively simple and radiation levels 
permit some human intervention. Work 
on dismantling the Windscale Pile 
Chimneys falls into this category. Sec
ondly the equipment developed to 
support the decommissioning of the 
Windscale Advanced Gas Cooled Re
actor is discussed. Finally a summary is 
given of the systems developed to cut, 
divert and weld a highly active raffinate 
line and to recover fuel rods within the 
Sellafield Magnox Reprocessing Plant. 

130 
(Juel-2585) 
Studies on transferring the safety 
features of the module reactor to a 
large power reactor. Sun Yuliang. 
(Forschungszentrum Juelich GmbH 
(Germany). Inst, fuer Sicherheits-
forschung und Reaktortechnik; 
Technische Hochschuie Aachen (Ger
many)). Feb 1992. 112p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93720185. 

The German industries and research 
institutions have developed the HTR 
module reactor, which is strongly char
acterized by inherent safety features. 
The power output is limited to about 
200 MWth because of its core configu
ration. It has been investigated in this 
work, whether the safety features of the 
module reactor can be transferred to 
larger power reactors. For this purpose 
the conceptual design of a ring core 
pebble bed reactor has been made with 
a thermal power output of 3000 MW. 
By means of computer calculations, the 
principal physical, thermohydraulical 
and safety features of the ring reactor 
have been studied. It has been shown 
that the 3000-MWth ring reactor basi
cally possesses the same safety 
characteristics as the small module re
actor. At reactivity disturbances, the 
reactor is shut down passively by the 
strongly negative temperature coeffi
cient. The decay heat removal is also 
realized based on the passive prinici-
ple. In the case of a total loss of 
coolant, the maximum fuel element 
temperature remains below 1600deg C; 
and consequently the retention of fis
sion products in the fuel elements is 
fully attained. The control of xenon os
cillations takes place inherently due to 
the mutual coupling between the local 
power production and the fuel tempera
ture, (orig.). 

131 
6. Reactor as a source of process 
heat. Hermansky, B.; Stoll, I. pp. 176-
197 of Energy for the 21st century. 
Prague (Czechoslovakia); Vydavatelstvi 
CVUT (1992). 315p. (In Czech). 

The generation of hydrogen using nu
clear energy, either in the form of heat 
or in the form of electricity, is briefly 
dealt with. Attention is paid to the past 
and present development of high-
temperature reactors, their layout and 
basic parameters as well as their appli
cation in technological processes (coal 
gasification, etc.). (Z.S.). 1 tab., 10 figs. 

132 
Dynamic neutronic and stability 
analysis of a burst mode, single cav
ity gas core reactor Brayton Cycle 
space power system. Dugan, E.T.; 
Kutikkad, K. pp. 1.345-1.350 of Pro
ceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

This paper reports that reactor dy
namics and system stability studies are 
performed on a conceptual burst mode 
Gaseous Core Reactor (GCR) space 
nuclear power system. This concept 
operates on a closed Brayton Cycle in 
the burst mode (on the order of 100 
MW output for a few thousand 
seconds) using a disk Magnetohydro-
dynamic (MHD) generator for energy 
conversion. The fuel is a gaseous mix
ture of UF4 or UFs helium. Dynamic 
analysis is performed using circulating 
fuel, point reactor kinetics equations 
along with thermodynamic, lumped 
parameter heat transfer and 1-D isen-
tropic flow equations. The gaseous fuel 
density power coefficient of reactivity is 
found to be capable of rapidly stabiliz
ing the system, within a few seconds, 
even when large positive reactivity in
sertions are imposed; however, due to 
the strength of this feedback, standard 
external reactivity insertions alone are 
found to be inadequate for bringing 
about significant power level changes 
during normal reactor operation. 

133 
The nuclear experience: Operational 
experience at Hunterston A/B and 
Torness power stations. International 
Power Generation (United Kingdom); 
15: No. 3, 70-72 (May 1992). 

Scottish Nuclear operate two nuclear 
power plants at Hunterston (A and B) 
and Torness. The plants were built un
der different construction programmes 
and have different historical back
grounds. Hunterston A was a 
Magnox-type reactor which operated 
for 26 years. It was shutdown in 1990 
having produced 55TWh of electricity 
with a load factor of 80.8 per cent. 
Hunterston B is a two-unit AGR type re
actor which has been operating since 
1976. Torness also is a two-unit AGR 
type reactor which has been operating 
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since 1987. The construction and oper
ation of these stations is different and is 
described. (UK). 

134 
On the main causes and circum
stances of the Chernobyl accident 
Shteinberg, N. Jadema Energie 
(Czechoslovakia); 38: No. 1, 13-20 
(Jan 1992). 

Presented at the First International 
Andrey Sakharov Congres ^eace. 
Progress and Human Rights' May 21-
25,1991. 

The main causes are described of 
the Chernobyl accident, the discussion 
of which seems to be finished. It is 
shown that important actual parameters 
of the reactor differed adversely from 
the project; this fact had not been taken 
into account in operational instructions 
and therefore it could not be known to 
the operators. Further, the general 
causes of the Chernobyl accident are 
pointed out. A major cause is the still 
non-existing fundamental law and, 
consequently, lack of definition of re
sponsibilities (it will, above all, be 
necessary to set out indivisible respon
sibility of the plant operator for nuclear 
safety). At present all participants in nu
clear power engineering share 
responsibility. Another cause of the ac
cident can be seen in insufficient quality 
assurance resulting from the fact that 
the Soviet regulatory body has not all 
the necessary powers and the indepen
dence. Closely connected with this is 
the fact that the role of the human fac
tor is overemphasized and operational 
experience is not included in design 
modifications. In general, insufficient 
safety culture as defined by INSAG can 
be stated. 6 figs., 4 refs. 

135 
Neutron diagnostics of the premises 
of the destroyed unit at the Cher
nobyl nuclear power plant by use of 
CR-39 track detectors and boron 
converters. Knizhnik, E.I.; Prokopenko, 
V.S.; Tokarevskij, V.V. Nuclear Tracks 
and Radiation Measurements (Interna
tional Journal of Radiation Applications 
and Instrumentation, Part D) (United 
Kingdom); 20: No. 2, 285-288 (Apr 
1992). (CONF-8907252-). 

From All-union conference on solid 
state nuclear track detectors and au
toradiography; Odessa (Ukraine) (2 Jul 
1989). 

Neutron detectors containing boron 
as a converter, CR-39 plastic as a track 
detector and water as a neutron moder
ator have been applied for the neutron 

diagnostics of the premises of the de
stroyed unit at the Chernobyl nuclear 
power plant. Theoretical (3.8 x 10"^ 
tracks per neutron) and experimental 
(5.1 x 10~^ tracks per neutron) assess
ments of the detector sensitivity to 
thermal neutrons were carried out. Val
ues of the neutron flux density within a 
range of 1-92 neutrons cm~^ s~^ were 
detected on the premises of the de
stroyed unit. It is assumed that the (a, 
n) reactions for oxygen and sponta
neous fission are the most effective fast 
neutron sources within the unit, (au
thor). 

136 
Chernobyl today - studies, results, 
experiences, future prospects. Bede, 
G. Energia es Atomtechnika (Hungary); 
44: No. 5, 233-235 (1991). (In Hungar
ian). 

On the occasion of the 5th anniver
sary of the Chernobyl disaster, the 
results of several investigations both 
within the Soviet Union and by interna
tional organizations are summarized, 
The radioactive contamination of the 
environment and the state of the 
entombment is overviewed. Other in
vestigations and recommendations 
presented by cooperative efforts are 
outlined. (R.P.) 6 refs.; 1 fig. 

137 
Modifications and applications of 
DSNP modules to the THTR-300 
steam generator. Sokcic-Kostic, M.; 
Scherer, W. Transactions of the Ameri
can Nuclear Society (United States); 
65: 311-313 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The dynamic simulator of nuclear 
power plants (DSNP) system is used to 
describe the dynamic behavior of the 
thorium high-temperature reactor 
(THTR)-300 power plant. Three differ
ent models of steam generators of 
different degrees of sophistication have 
been examined and compared. The 
OTSGM model stimulates an evaluated 
steam generator with a changeable 
number of nodes. The STGEN(19) 
model simulates a lumped parameter 
steam generator model. The 
STGEN(29) model simulates a 
six-node, general-purpose steam gen
erator. The most stable module with the 
shortest run time is the STGEN(19) 
module. The elaborated OTSGM model 
gives good results but cannot work with 
integration ZGEAR2 module and has 
longer run times. It should be used 

when more detailed behavior of the 
steam generator must be known. The 
third model, STGEN(29) should be 
used in simulations where it is enough 
to have pipes and defined output flows, 
while the input secondary flow must be 
given from outside. 

138 
Status of reactor decommissioning 
in France. Dubourg, M. ATW, Atom-
wirtschaft, Atomtechnik (Germany); 37: 
No. 8/9, 439-441 (Aug-Sep 1992). 

In France, decommissioning nuclear 
reactors and nuclear power plants is not 
supervised by public authorities. Con
sequently, operators are free to modify 
individual steps in line with the progress 
of decommissioning work. However, 
once a decision has been taken to 
decommission a plant, it may not be re
voked. In France, six gas-cooled 
graphite-moderated reactors are at 
present in varying stages of decommis
sioning. A key factor in these activities 
is the combusiton of the graphite core in 
a fluidized bed, for the residual volume 
of radioactive waste for final storage 
will be reduced to 2 or 1 % of the origi
nal graphite volume. This step is the 
subject of a pilot project at Le Creusot 
carried out jointly by EdF and CEA. The 
graphite combustion plant is to be built 
in Marcoule in 1993 with a maximum 
throughout of 1000 t/a. (orig.). 

139 
Calculated criticallty for ^ U / 
graphite systems using the VIM 
Monte Carlo code. Collins, P.J.; 
Grasseschi, G.L.; Olsen, D.N.; Finck, 
P.J. Transactions of the American Nu
clear Society (United States); 65: 
455-456 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Calculations for highly enriched ura
nium and graphite systems gained 
renewed interest recently for the new 
production modular high-temperature 
gas-cooled reactor (MHTGR). 
Experiments to validate the physics cal
culations for these systems are being 
prepared for the Transient Reactor Test 
Facility (TREAT) reactor at Argonne 
National Laboratory (ANL-West) and in 
the Compact Nuclear Power Source 
facility at Los Alamos National Labora
tory. The continuous-energy Monte 
Carlo code VIM, or equivalently the 
MCNP code, can utilize fully detailed 
models of the MHTGR and serve as 
benchmarks for the approximate multi-
group methods necessary in full reactor 
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calculations. Validation of these codes 
and their associated nuclear data did 
not exist for highly enriched ^^^U/ 
graphite systems. Experimental data, 
used in development of more approxi
mate methods, dates back to the 
1960s. The authors have selected two 
independent sets of experiments for 
calculation with the VIM code. The 
carbon-to-uranium (C/U) ratios encom
pass the range of 2,000, representative 
of the new production MHTGR, to the 
ratio of 10,000 in the fuel of TREAT. 
Calculations used the ENDF/B-V data. 

Otherwise l\/loderated or Un
moderated 

Refer also to citation(s) 286 

140 
(AECL-10000) 
Steam generator tube performance. 
Tatone, O.S.; Tapping, R.L.; Stipan, L. 
(Atomic Energy of Canada Ltd., Chalk 
River, ON (Canada). Chalk River Nu
clear Labs.). Mar 1992. 87p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93603875. 

A survey of steam generator operat
ing experience for 1986 has been 
carried out for 184 pressurized water 
and pressurized heavy-water reactors, 
and 1 water-cooled, graphite-
moderated reactor. Tubes were plugged 
at 75 of the reactors (40.5%). In 1986, 
3737 tubes were plugged (0.14% of 
those in service) and 3148 tubes were 
repaired by sleeving. A small number of 
reactors accounted for the bulk of the 
plugged tubes, a phenomenon consis
tent with previous years. For 1986, the 
available tubesheet sludge data for 38 
reactors has been compiled into tabular 
form, and sludge/deposit data will be 
incorporated into all future surveys. 

141 
(AECL-10388) 
Ontario Hydro experience with 
extended-burnup power reactor fuel. 
Novak, J.; Hastings, I.J. (Atomic Energy 
of Canada Ltd., Chalk River, ON 
(Canada). Chalk River Nuclear Labs.). 
Jul 1991. 17p. (CONF-910454-). OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93603876. 

From International ANS/ENS topical 
meeting on LWR fuel performance: fuel 
for the 90s; Avignon (France) (21-24 
Apr 1991). 

UO2 fuel has been irradiated in On
tario Hydro commercial reactors to a 

maximum burnup of 770 MW.h/kg U (30 
000 MW.d/TeU) at a maximum linear 
power of 58 kW/m. There appears to be 
a burnup threshold at about 450 MW.h/ 
kg U (20 000 MW.d/TeU), above which 
enhanced fission-gas release (up to 
28%), grain growth and diametral strain 
(up to 2%) may be observed, with de
fects due to stress-corrosion cracking. 
The inference is that the extended-
burnup effects are associated with a 
degradation in fuel conductivity and/or 
fuel-to-sheath heat transfer, resulting in 
acceleration of thermally activated pro
cesses. An interim burnup guideline of 
450 MW.h/kg U (bundle average) has 
been defined for Ontario Hydro station 
operation. (11 refs., 5 figs.). 

142 
(AECL-10426) 
An elasto-plastlc model for mechani
cal contact between the pellets and 
sheath In CANDU nuclear fuel ele
ments. Arimescu, V.l. (Atomic Energy 
of Canada Ltd., Chalk River, ON 
(Canada). Chalk River Nuclear Labs.). 
Jun 1991. 15p. (CONF-9106378-). 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93603877. 

From 12. annual conference of the 
Canadian Nuclear Society; Saskatoon 
(Canada) (9-12 Jun 1991). 

During high-temperature transients, 
increased mechanical contact can oc
cur between the fuel stack and the 
sheath in the axial and/or radial direc
tion. As well, there is an axial linear 
power gradient and an axial gradient in 
mechanical properties of the sheath 
specific to a CANDU-type fuel element. 
This requires a code with the capability 
to treat multiple axial segments. This 
paper describes a contact model that 
allows the elasto-plastic mechanical 
contact in radial/axial direction for multi
ple axial segments. (14 figs., 5 refs.). 

143 
(AECL-10622) 
Modeling CANDU type fuel behav
iour during extended burnup 
irradiations using a revised version 
of the ELESIM code. Arimescu, V.l.; 
Richmond, W.R. (Atomic Energy of 
Canada Ltd., Chalk River, ON 
(Canada). Chalk River Nuclear Labs.; 
Ontario Hydro, Toronto, ON (Canada)). 
May 1992. 27p. (COG-92-141.). OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93603878. 

The high-burnup database for 
CANDU fuel, with a variety of cases, 
offers a good opportunity to check mod
els of fuel behaviour, and to identify 

areas for improvement. Good agree
ment of calculated values of fission-gas 
release, and sheath hoop strain, with 
experimental data indicates that the 
global behaviour of the fuel element is 
adequately simulated by a computer 
code. Using, the ELESIM computer 
code, the fission-gas release, swelling, 
and fuel pellet expansion models were 
analysed, and changes made for 
gaseous swelling, and diffusional re
lease of fission-gas atoms to the grain 
boundaries. Using this revised version 
of ELESIM, satisfactory agreement be
tween measured values of fission-gas 
release was found for most of the high-
burnup database cases. It is concluded 
that the revised version of the ELESIM 
code is able to simulate with reason
able accuracy high-burnup as well as 
low-burnup CANDU fuel. 

144 
(AECL-10636) 
Fission-gas release in fuel perform
ing to extended burnups In Ontario 
Hydro nuclear generating stations. 
Floyd, M.R.; Novak, J.; Truant, P.T. 
(Atomic Energy of Canada Ltd., Chalk 
River, ON (Canada). Chalk River Nu
clear Labs.). Jun 1992. 22p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93603879. 

The average discharge burnup of 
CANDU fuel is about 200 MWh/kgU. A 
significant number of 37-element bun
dles have achieved burnups in excess 
of 400 MWh/kgU. Some of these bun
dles have experienced failures related 
to their extended operation. To date, 
hot-cell examinations have been per
formed on fuel elements from nine 
37-element bundles irradiated in Bruce 
NGS-A that have burnups in the range 
of 300-800 MWh/kgU.'' Most of these 
have declining power histories from 
peak powers of up to 59 kW/m. Rssion-
gas releases of up to 26% have been 
observed and exhibit a strong depen
dence on fuel power. This obscures 
any dependence on burnup. The extent 
of fission-gas release at extended bur
nups was not predicted by low-burnup 
code extrapolations. This is attributed 
primarily to a reduction in fuel thermal 
conductivity which results in elevated 
operating temperatures. Reduced con
ductivity is due, at least in part, to the 
buildup of fission products in the fuel 
matrix. Some evidence of hyperstoi-
chiometry exists, although this needs to 
be further investigated along with any 
possible relation to CANLUB graphite 
coating behaviour and sheath oxida
tion. Residual tensile sheath strains of 
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up to 2% have been observed and can 
be correlated with fuel power/fission-
gas release. SCC^-related defects have 
been observed in the sheath and 
endcaps of elements from bundles ex
periencing declining power histones to 
burnups in excess of 500 MWh/kgU. 
This indicates that the current recom
mended burnup limit of 450 MWh/kgU is 
justified SCC-related defects have also 
been observed in ramped bundles hav
ing burnups < 450 MWh/kgU Hence, 
additional guidelines are in place for 
power ramping extended-burnup fuel. 

145 
(AECL-10655) 
Extended-burnup CANDU fuel. Rich
mond, W.R.; Bunge, J.M.; Anmescu, 
V.l. (Atomic Energy of Canada Ltd., 
Chalk River, ON (Canada). Chalk River 
Nuclear Labs.; Ontano Hydro, Toronto, 
ON (Canada)). Jun 1992. 20p (COG-
92-177.) OSTI; NTIS (US Sales Only); 
INIS Order Number DE93603880. 

Interest in the modelling of extended-
burnup CANDU fuel has been prompted 
by the examinations of such fuel from 
CANDU reactors and the development 
of extended-burnup CANDU fuel for the 
future A study was done at AECL Re
search to compile a database on 
expenmental irradiations whose outer-
element burnups exceed 300 MW.h/ 
kgU. This paper descnbes the elements 
that comprise the database and dis
cusses analysis of fission-gas-release 
measurements against expenmental 
parameters. Fission-gas-release mea
surements are also compared against 
predicted results from the MOD10 and 
MOD11 versions of the code ELESIM. 

146 
(BARC-1991/e020) 
Stress-Induced reorientation of hy
dride precipitates In Zr-2.5Nb-0.5Cu 
garter springs under complex load
ing. De, P.K.; John, JT., Raman, VV.; 
Banerjee, S (Bhabha Atomic Research 
Centre, Bombay (India)). 1991 37p 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93605811. 

Zr-2.5Nb-0.5Cu garter spnngs which 
are placed between coolant and calan-
dna tubes in PHWRs experience 
complex loading due to simultaneous 
application of tension, compression and 
torus bending moment due to coolant 
tubes. The gradual pick up of hydrogen 
by the garter springs dunng service is 
likely to have hydride platelets reon-
ented under the applied stresses. In the 
present paper, the magnitudes and the 

directions of the pnncipal stresses un
der the complex loading condition 
obtained have been calculated and the 
extent of hydride reonentation 
predicted. Simulation expenments con
sisting of simulated loading of hydrogen 
(upto 400 ppm) precharged springs at 
the service temperature (300degC) and 
also in-situ hydrogen charging of the 
springs under simulated loading condi
tions have been carried out. In addition, 
hydrogen precharged springs have 
been subjected to temperature cycling 
between 50 and 300degC under com
plex loading conditions, to evaluate the 
influence of temperature variation on 
hydride reonentation. Metallographic 
examination of the hydride platelets in 
the above springs has shown an excel
lent agreement with the analytical 
prediction. Torus bending moment val
ues appear to play a significant role in 
reorienting the hydnde platelets. It has 
been observed that under normal torus 
bending moment corresponding to 90 
mm dia coolant tubes hydrogen 
platelets close to the outer nm of the 
spiral get reonented in the radial direc
tion. However, on application a torus 
bending moment corresponding to 30 
mm dia tubes, hydride platelets get 
reonented along the radial direction, ir
respective of the magnitude of tensile 
and compression loading, (author). 9 
refs., 15 figs., 1 appendix 

147 
(DOE/ER/13045-T1) 
Hydrodynamicaliy Induced dryout 
and post dryout important to heavy 
water reactors: A yearly progress re
port. Ishii, M., Revankar, ST.; Babelli, 
1., Leie, S. (Purdue Univ., Lafayette, IN 
(United States). Thermalhydraulics and 
Reactor Safety Lab.). Jun 1992. 
Contract FG02-90ER13045 56p. (PU-
NE-92/2) OSTI; NTIS, INIS, GPO Dep 
Order Number DE93000403 

Recently, the safety of low pressure 
liquid cooled nuclear reactors has 
become a very important issue with ref
erence to the operation of the heavy 
water reactors at Savannah River 
Plant. Under accident conditions such 
as loss-of-flow or loss-of-coolant, these 
reactors typically encounter unstable 
two-phase flow which may lead to the 
occurrence of dryout and subsequent 
fuel failure. An analytical study using 
the one-dimensional dnft flux model 
was carried out to investigate the two-
phase flow instability for Westinghouse 
Savannah River Site reactor. The anal
ysis indicates that the first and higher 
order instabilities exist in the possible 

transient operational conditions. The in
stabilities are encountered at higher 
heat fluxes or lower flow rates. The 
subcooling has a stabilizing effect 
except at very low subcooling. An ex
penmental loop has been designed and 
constructed to study the CBF induced 
by vanous flow instabilities. Details of 
this test loop are presented. Initial test 
results have been presented. The two-
phase flow regimes and hydrodynamic 
behaviors in the post dryout region 
have been studied under propagating 
rewetting conditions. The effect of sub
cooling and inlet velocity on flow 
transition as well as on the quench 
front propagation was investigated. The 
test liquid was Freon 113 which was in
troduced into the bottom of the quartz 
test section whose walls were main
tained well above the film boiling 
temperature of the test liquid, via a 
transparent heat transfer fluid The flow 
regimes observed down stream of the 
upward moving quench front were the 
rough wavy, the agitated, and the dis
persed droplet/ligaments. A correlation 
for the flow regime transition between 
the inverted annular and the dispersed 
droplet/ligament flow patterns was de
veloped. The correlation showed a 
marked dependence on the void frac
tion at the CBF location and hence on 
the flow regime encountered in the pre-
CBF region. 

148 
(EUR-14039, pp 184-195) 
Calculation of the pressure transient 
due to hydrogen deflagration In 
closed and vented volumes. Klazek, 
P.S. (Ontario Hydro, Toronto, ON 
(Canada)). 1992. 370p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors, 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Reactor licensing assessments for 
multi-unit CANDU containments involve 
the calculation of the pressure tran
sients due to postulated hydrogen 
deflagration. The calculation is based 
on an one dimensional consideration of 
the global mass and energy balance 
and relies on an empincal burn rate 
constant to adjust the mixture burning 
rate for momentum transfer effects The 
work presented here shows the values 
of the empincal burn rate constant 
recommended for similar kinds of calcu
lations involving vented hydrocarbon-air 
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deflagrations are applicable to calcula
tions for hydrogen-air deflagrations. 

149 
(EUR-14039, pp. 215-223) 
A simplified analysis of the effect of 
hydrogen generation following a be
yond design basis accident In an 
Indian PHWR. Venkat Raj, V.; 
Markandeya, S.G.; Ganju, S.; Ghosh, 
A.K.; Kakodkar, A. (Bhabha Atomic Re
search Centre, Bombay (India)). 1992. 
370p OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93721166. 
(CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors 

This paper presents the analysis car
ried out for the assessment of the effect 
of hydrogen generation following a Be
yond Design Basis Accident in a 
standardised 235 MWe Indian Pres
surised Heavy Water Reactor. The 
accident considered involves LOCA fol
lowed by the failure of the Emergency 
Core Cooling System and delay in 
reactor shut down. The break size con
sidered for LOCA IS 20% as this is 
likely to result in maximum core heat 
up. The effect of metal-water reaction, 
hydrogen generation and possible de
flagration have been assessed. 

150 
(EUR-14363, pp. 49-79) 
Report on the first steps of the 
remote-controlled dismantling of the 
pressure-tube HWGCR of KKN at 
Niederaichbach. Ruedinger, V ; Engel-
hardt, G ; Herzog, G.; Obst, H.J 
(Kernforschungszentrum Karlsruhe 
GmbH (Germany)). 1992. 207p OSTI, 
NTIS (US Sales Only); INIS Order 
Number DE93721081. (CONF-
9109441-). 

From 2 Seminar on practical decom
missioning experience with nuclear 
installations in the European Commu
nity; Sellafield (United Kingdom) (25-26 
Sep 1991). 

In Practical decommissioning experi
ence with nuclear installations in the 
European Community 

Dismantling operations at the proto
type NPP Niederaichbach (KKN) 
started in 1988. After removal of all in
active as well as the contaminated 
components the remote-controlled dis-
mountment of the activated pressure 
tube reactor could be started in Novem
ber 1990. These operations are 

performed inside an additional contain
ment in the reactor building with the aid 
of especially designed equipment. So 
far 50% of this phase of decommission
ing was performed successfully. Due to 
the precautions taken the radiation 
exposure of personnel as well as emis
sions to the environment could be kept 
at very low levels. 

151 
(INFO-0234-1) 
Follow-up to the accident at Cher
nobyl and its implications for the 
safety of CANDU reactors. (Atomic 
Energy Control Board, Ottawa, ON 
(Canada)) May 1990. 45p. OSTI; NTIS 
(US Sales Only); INIS Order Number 
DE93603881. 

This report updates the status of the 
nine recommendations ansing from the 
AECB staff review of the Chernobyl ac
cident (INFO-0234). SIX of the nine 
recommendations have been satisfac
torily responded to by the Canadian 
nuclear utilities and are considered to 
be closed Any follow-up actions ansing 
from the responses to the recommen
dations will be addressed as part of the 
continuing licensing process. Of the 
remaining three, one concerns the ef
fectiveness of the reactor shutdown 
systems under unusual circumstances. 
Satisfactory progress is being made 
The other two outstanding items con
cern reviews of emergency and fire 
fighting practices. Again, satisfactory 
progress is being made but the re
sponse to the recommendations is not 
yet complete Each recommendation is 
discussed separately in the body of this 
report 

152 
(INFO-0365) 
AECB staff annual report on Point 
Lepreau G.S. for the year 1989. 
(Atomic Energy Control Board, Ottawa, 
ON (Canada)). May 1990. 17p. OSTI, 
NTIS (US Sales Only); INIS. Order 
Number DE93603884. 

This report is a review by Atomic En
ergy Control Board (AECB) staff of the 
operation of Point Lepreau Nuclear 
Generating Station dunng 1989. The re
view IS based on information contained 
in the vanous documents submitted by 
New Brunswick Power under the terms 
of the Operating Licence and on infor
mation gathered by AECB staff dunng 
routine site monitoring, inspections and 
audits AECB staff considers that the 
station has been operated and man
aged safely dunng 1989. The lifetime 

availability performance of the four spe
cial safety systems is poor, and the 
initiatives NB Power is proposing to im
prove this performance will need to be 
pursued aggressively to ensure that 
these systems meet their availability re
quirements in the future. Slow response 
to AECB action items and excessive 
delays in the production of full reports 
for events reportable under the operat
ing licence indicate a need for NB 
Power to examine the organization and 
resourcing of some of its safety and 
compliance functions, (tab.). 

153 
(INFO-0367) 
AECB staff review of Bruce NGS 'A' 
operation for the year 1989. (Atomic 
Energy Control Board, Ottawa, ON 
(Canada)). Jun 1990 31 p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93603885. 

The operation of the Bruce Nuclear 
Generating Station 'B' is monitored and 
licensing requirements are enforced by 
the Atomic Energy Control Board 
(AECB). This report records the conclu
sions of the AECB staff assessment of 
Bruce NGS 'A' dunng 1989 and the 
early part of 1990. Overall operation of 
the station met acceptable safety stan
dards. Despite numerous problems and 
technical difficulties encountered, sta
tion management and supervisory 
personnel acted with due caution and 
made decisions in the interests of 
safety. There was evidence of improve
ment in a number of key areas, 
supported by pertinent indicators in the 
objective measures table. The exten
sive inspection and maintenance 
programs carried out dunng the year 
revealed the extent of component defe
neration due to aging to be larger than 
expected. Hydrogen embrittlement of 
pressure tubes, erosion/corrosion of 
steam and feed water valves, heat ex
changer tubes and piping, fouling of 
boilers and heat exchangers, and envi
ronmental damage of electrical 
equipment are examples. Continued 
aging of plant equipment and its poten
tial for reducing the margins for safe 
operation must be taken into account 
by Ontario Hydro in establishing prion-
ties and target dates for completion of 
actions to resolve identified problems at 
Bruce NGS 'A'. (2 tabs.). 

154 
(INFO-0368) 
AECB staff review of Bruce NGS 'B' 
operation for the year 1989. (Atomic 
Energy Control Board, Ottawa, ON 
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(Canada)). Jun 1990. 22p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93603886. 

The operation of the Bruce Nuclear 
Generating Station 'B' is monitored and 
licensing requirements are enforced by 
the Atomic Energy Control Board 
(AECB), which observes operation of 
the reactors, conducts audits, wit
nesses important activities, reviews 
station documentation and reports, and 
issue approvals, where appropriate, in 
accordance with licence conditions. 
This report records the conclusions of 
the AECB staff assessment of Bruce 
NGS 'B' during 1989. In general, the 
station operated within acceptable 
safety standards. Quality improvement 
initiatives started in 1989 should lead to 
improved station maintenance and op
eration in coming years. Ontario Hydro 
still needs to improve the administration 
of operating memos, deficiency reports 
and call-ups. Station management must 
ensure that shift supervisors and reac
tor first operators operate the station in 
a conservative manner at all times and 
put safety interests first when respond
ing to a unit upset. (2 tabs.). 

155 
(iNFO-0370) 
Fuel channel refilling. Shoukri, M.; 
Abdul-Razzak, A. (Atomic Energy Con
trol Board, Ottawa, ON (Canada)). Apr 
1990. 131 p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93603887. 

Analysis of existing data on fuel 
channel refilling is presented. The anal
ysis focuses on the data obtained using 
the Stern Laboratories Cold Water In
jection Test (CWIT) Facility. The 
two-fluid model thermal-hydraulics com
puter code CATHENA is also used to 
simulate experimental results on fuel 
channel refilling from both the CWIT 
and RD-14 facilities. Conclusions re
lated to single and double break tests, 
including the effect of non-condensible 
gases, are presented. A set of recom
mendations is given for further analysis 
and separate effect experiments. (67 
figs., 5 tabs., 24 refs.). 

156 
(INFO-0404) 
Recommendations relating to safety-
critical real-time software in nuclear 
power plants. (Atomic Energy Control 
Board, Ottawa, ON (Canada). Advisory 
Committee on Nuclear Safety). Jan 
1992. 22p. (ACNS-19; CCSN-19.). 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93603888. 

The Advisory Committee on Nuclear 
Safety (ACNS) has reviewed safety is
sues associated with the software for 
the digital computers in the safety shut
down systems for the Darlington NGS. 
From this review the ACNS has devel
oped four recommendations for 
safety-critical real-time software in 
nuclear power plants. These recom
mendations cover: the completion of 
the present efforts to develop an overall 
standard and sub-tier standards for 
safety-critical real-time software; the 
preparation of schedules and lists of re
sponsibilities for this development; the 
concentration of AECB efforts on en
suring the scrutability of safety-critical 
real-time software; and, the collection 
of data on reliability and causes of fail
ure (error) of safety-critical real-time 
software systems and on the probability 
and causes of common-mode failures 
(errors). (9 refs.). 

157 
(KAERI/RR-1002/90) 
Development of nuclear fuel. Devel
opment of CANDU advanced fuel 
bundle. Suk, Ho Chun; Hwang, Woan; 
Jeong, Young Hwan; Jung, Sung Hoon. 
(Korea Atomic Energy Research Inst., 
Daeduk (Korea, Republic of)). Jul 1991. 
399p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93605812. 

In order to develop CANDU ad
vanced fuel, the agreement of the joint 
research between KAERI and AECL 
was made on February 19, 1991. AECL 
conceptual design of CANFLEX bundle 
for Bruce reactors was analyzed and 
then the reference design and design 
drawing of the advanced fuel bundle 
with natural uranium fuel for CANDU-6 
reactor were completed. The CANFLEX 
fuel cladding was preliminarily investi
gated. The fabricability of the advanced 
fuel bundle was investigated. The de
sign and purchase of the machinery 
tools for the bundle fabrication for hy
draulic scoping tests were performed. 
As a result of CANFLEX tube examina
tion, the tubes were found to be meet 
the criteria proposed in the technical 
specification. The dummy bundles for 
hydraulic scoping tests have been fabri
cated by using the process and tools, 
where the process parameters and 
tools have been newly established. 
(Author). 

158 
(KAERl/RR-1028/91) 
Development of CANFLEX fuel bun
dle. Suk, Ho Chun; Hwang, Woan; 

Jeong, Young Hwan. (Korea Atomic En
ergy Research Inst., Daeduk (Korea, 
Republic of)). Dec 1991. 516p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93605813. 

This research project is underway in 
cooperation with AECL to develop the 
CANDU advanced fuel bundle(so-called 
CANFLEX) which can enhance reactor 
safety and fuel economy in comparison 
with the current CANDU fuel and which 
can be used with natural uranium, 
slightly enriched uranium and other 
advanced fuel cycle. As the final sched
ule, the advanced fuel will be verified 
by carrying out a large scale demon
stration of the bundle irradiation in a 
commercial CANDU reactors for 1996 
and 1997, and consequently will be 
used in the existing and future reactors 
in Korea. The research activities during 
this year include the basic design of 
CANFLEX fuel with slightly enriched 
uranium(CANFLEX-SEU), with empha
sis on the extension of fuel operation 
limit. Based on this basic design, CAN
FLEX fuel was mocked up. Out-of-pile 
hydraulic scoping tests were conducted 
with the fuel. (Author). 

159 
How the CANDU's are performing: 
Point Lepreau far ahead on lifetime 
basis. Nuclear Canada/Canada Nude-
aire (Canada); 30: No. 6, 3 (Sep-Oct 
1991). 

Lifetime and 1990-1991 capacity 
factors are tabulated for 21 CANDU Re
actors. Ontario Hydro and AECL have 
set up an initiative called 'Operating 
Station Support' to improve the perfor
mance of Ontario's power reactors. 

160 
Canadian standards for pressure 
components and piping of nuclear 
power plants and their link with the 
ASME Code. Masopust, R. Jadema 
Energie (Czechoslovakia); 38: No. 5, 
191-195 (May 1992). (In Czech). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

Canadian standards for pressure 
components and piping of nuclear 
power plants equipped with CANDU re
actors are dealt with. These documents 
include standards of the N285 series, 
which are primarily concerned with pro
cedures to be adhered to in the design, 
operation and inspections of the pres
sure components and piping, during 
in-service inspections, in relation to ma
terials, etc. Standards of the N286 
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series lay down requirements put on 
activities which are implemented by the 
plant operator within quality control, 
whereas standards of the Z299 series 
summarize requirements with respect 
to the quality of activities of nuclear 
power plant component suppliers. Stan
dards of the N287 series deal with 
concrete containments, whereas N289 
are nuclear power plant earthquake re
sistance standards. Links between 
Canadian standards and the ASME 
Boiler and Pressure Vessel Code are 
pointed to. (Z.S.). 1 tab., 2 figs., 4 refs. 

161 
Development of a hybrid Sn diffusion 
theory computational scheme for ef
ficient gas core reactor neutronic 
calculations. Dugan, E.T.; Alfakhar, M. 
Transactions of the American Nuclear 
Society (United States); 65: 220-221 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A hybrid Sn theory calculational 
scheme has been developed for one-
dimensional analysis of externally 
moderated gas core reactors (GCRs) 
thai improves computation time by a 
factor of 5 to 10 over calculations per
formed with standard Sn codes using 
currently available acceleration tech
niques. The GCRs exhibit unique 
neutronic characteristics that are dra
matically different from those of solid-
or liquid-fueled reactors. These include 
the very large mean-free-path (mfp) 
and lack of any significant above-
thermal neutron interactions in the core; 
the generally flat neutron flux distribu
tion in the core followed by a significant 
flux variation in the adjacent, highly 
scattering reflector; and the essentially 
complete establishment of the thermal 
neutron spectral distribution in the ex
ternal moderating reflector. Results 
from this hybrid scheme for a simple 
GCR are compared with results ob
tained from XSDRNPM-S standard Sn 
and diffusion theory calculations using 
four energy groups. 

Breeding 

162 
(ANL/CP-72040) 
Irradiation experience with HT9-clad 
metallic fuel. Pahl, R.G.; Lahm, C.E.; 
Tsai, H.; Billone, M.C. (Argonne Na
tional Lab., IL (United States)). [1991]. 
Contract W-31109-ENG-38. lOp. 

(CONF-911001-26). OSTI; NTIS; INIS; 
GPO Dep. Order Number DE92041093. 

From International conference on fast 
reactor systems and fuel cycles; Kyoto 
(Japan) (27 Oct - 1 nov 1991). 

the safe and reliable performance of 
metallic fuel is currently under study 
and demonstration in the Integral Fast 
Reactor program. In-reactor tests of 
HT9-clad metallic fuel have now 
reached maturity and have all shown 
good performance characteristics to 
burnups exceeding 17.5 at. % in the 
lead assembly. Because this low-
swelling tempered martensitic alloy is 
the cladding of choice for high fluence 
applications, the experimental observa
tions and performance modelling efforts 
reported in this paper play an important 
role in demonstrating reliability. 

163 
(ANL/CP-76370) 
Fuel cycle and waste management 
demonstration in the IFR Program. 
Lineberry, M.J.; Phipps, R.D.; Benedict, 
R.W.; Laidler, J.J.; Battles, J.E.; Miller, 
W.E. (Argonne National Lab., IL (United 
States)). [1992]. Contract W-31109-
ENG-38. 14p. (CONF-920818-6). 
OSTI; NTIS; INIS; GPO Dep. Order 
Number DE92040721. 

From Bi-annual nuclear energy meet
ing of the American Nuclear Society 
and the American Society of Mechani
cal Engineers; San Diego, CA (United 
States) (23-26 Aug 1992). 

Argonne's National Laboratory's Inte
gral Fast Reactor (IFR) is the main 
element in the US advanced reactor 
development program. A unique fuel 
cycle and waste process technology is 
being developed for the IFR. 
Demonstration of this technology at en
gineering scale will begin within the 
next year at the EBR-II test facility com
plex in Idaho. This paper describes the 
facility being readied for this demon
stration, the process to be employed, 
the equipment being built, and the 
waste management approach. 

164 
(ANL/CP-76685) 
Physics considerations in the design 
of liquid metal reactors for transura
nium element consumption. Khalil, 
H.; Hill, R.; Fujita, E.; Wade, D. (Ar
gonne National Lab., IL (United 
States)). [1992]. Contract W-31109-
ENG-38. lOp. (CONF-9209224-1). 
OSTI; NTIS; INIS; GPO Dep. Order 
Number DE92041131. 

From Specialists' meeting on use of 
fast breeder reactors for actinide trans
mutation; Obninsk (Russian Federation) 
(22-24 Sep 1992). 

The management of transuranic nu
clides in liquid metal reactors (LMR's) is 
considered based on the use of the In
tegral Fast Reactor (IFR) concept. 
Unique features of the IFR fuel cycle 
with respect to transuranic manage
ment are identified. These features are 
exploited together with the hard spec
trum of LMR's to demonstrate the 
neutronic feasibility of a wide range of 
transuranic management options rang
ing from efficient breeding to pure 
consumption. Core physics aspects of 
the development of a low sodium void 
worth transuranic burner concept are 
described. Neutronics performance pa
rameters and reactivity feedback 
characteristics estimated for this core 
concept are presented. 

165 
(ANTO-00075) 
ALMR market assessment. MacGre-
gor, P.R.; Yates, R.L. (General Electric 
Co., San Jose, CA (United States)). 
Sep 1992. Contract AC03-89SF17445. 
81 p. OSTI; NTIS; INIS; GPO Dep. Or
der Number DE93000353. 

This report examines the potential 
market size for electrical generating ca
pacity requirements from the year 2010 
through the year 2030 in the United 
States. In particular, the report explores 
the ability of the Advanced Liquid Metal 
Reactor (ALMR) to be a viable generat
ing capacity option in terms of 
competing economics during that pe
riod. In this study, the impact of cost 
sensitivities, including ALMR capital 
costs and fossil fuel prices, on the eco
nomic potential of the ALMR are 
analyzed as well. 

166 
(EUR-14023) 
Sodium fire aerosol behaviour: a re
view of studies carried out under the 
auspices of the CEC. Dunbar, I.H. 
(Commission of the European Commu
nities, Luxembourg (Luxembourg)). 
1992. 39p. OSTI; NTIS (US Sales 
Only); INIS. 

The purpose of the present report 
was to produce a synthesis of the re
sults of four studies (Reports EUR 9172 
EN, EUR 9203 EN, SESRU No. 
EF.21.12.R/88.527 and EUR 13274 EN) 
bringing out their overall contribution to 
our understanding of the way sodium 
fire aerosols behave in secondary con
tainment buildings. In particular the 
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following questions are addressed in 
the light of the information produced by 
the CONT group studies" (i) Are current 
instrumentation techniques capable of 
obtaining the data about aerosols 
needed to validate the computer 
models (ii) Is the current database pro
duced by sodium fire expenments 
sufficient to validate the computer mod
els (MI) Can the current computer 
codes predict the behaviour of sodium 
fire aerosols in hypothetical LMFBR ac
cidents with sufficient accuracy. 

167 
(FRCEA-TH-366) 
Damage of the Phenix fuel element 
dads. Realization and analysis of 
ultimate loading experiences. Valida
tion and optimization of tiie 
RAMSESii methodology. Schmidt, N. 
(Conservatoire National des Arts et 
Metiers (CNAM), 75 - Pans (France); 
CEA Centre d'Etudes de Cadarache, 
13 - Saint-Paul-lez-Durance (France). 
Dept d'Etudes des Combustibles) May 
1992. 174p. OSTI, NTIS (US Sales 
Only); INIS. Order Number 
DE93721225 

The work executed in this memory 
has for objective the evaluation, from 
test results, of the real margins coming 
from the RAMSESII methodology 
(RAMSES Mechanical Analysis Regu
lations for Structures). 

168 
(IGC-127) 
Activity report of Reactor Physics 
Division- 1991. Indira, R (ed.) (Indira 
Gandhi Centre for Atomic Research, 
Kalpakkam (India)) 1992 124p. OSTI, 
NTIS (US Sales Only); INIS. Order 
Number DE93605824 

The reseach and development (R 
and D) activities of the Reactor Physics 
Division of Indira Gandhi Centre for 
Atomic Research (IGCAR), Kalpakkam 
dunng 1991 are reported The activites 
are arranged under the headings Nu
clear Data Proceeding and Validation, 
Core Physics and Operation studies. 
Reactor Kinetics and Safety analysis. 
Reactor Noise Analysis and Radiation 
Transport and Shielding studies List of 
publications is given at the end. (au
thor), figs., tabs., r efs 

169 
5. Fast breeder reactors. Hermansky, 
B., Stoll, I. pp. 156-175 of Energy for 
the 21st century. Prague (Czechoslo
vakia), Vydavatelstvi CVUT (1992). 
315p. (In Czech). 

Basic concepts of the breeder reactor 
theory are briefly outlined. The layout of 
the fast reactor cooled with molten 
sodium IS described as are its mam 
components (coolant, fuel elements, 
control rods, reactor core, breeding 
blanket, steam generators, etc.). Basic 
characteristics are given for two fast re
actor prototypes, BN-600 and the 
French Super Phenix-1. Problems of 
safety of fast breeder reactors, eco
nomic problems of their construction 
and their prospects are also discussed. 
(Z.S.). 1 tab., 6 figs. 

170 
Prediction of ignition of glass-metal 
mixture. Pariatan, Y.; Charak, I. Trans
actions of the Amencan Nuclear 
Society (United States); 65: 70-71 
(1992). (CONF-920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992) 

The integral fast reactor concept 
developed by Argonne National Labo
ratory includes on-site processing and 
recycling of discharged core and blan
ket fuel materials. The process will be 
demonstrated using the fuel cycle facil
ity (FCF) located at ANL's Idaho facility. 
One of the processing steps is the cast
ing of metal-fuel alloy slugs Although 
alternate techniques are being devel
oped, the current reference calls for 
casting the metal into quartz molds. 
Dunng the slug demolding process, 
however, some of the fuel alloy 
remains attached to the quartz and be
comes waste. Other finely divided 
particles of alloy from this operation 
also become mixed with the glass-fuel 
waste This waste matenal is temporar
ily stored in cylindrical cans filled with 
argon gas to prevent oxidation and py-
rophonc ignition However, this mixture 
may come into contact with air as result 
of an accident and ignite The ignition 
of the mixture depends significantly on 
the heat transfer characteristics of the 
waste can, which loses heat to the en
vironment by natural convection and 
radiation Heat is generated in the fuel 
by self-heating due both to its plutonium 
content and residual fission products 
and by heating due to oxidation. If the 
heat generation rate is higher than the 
heat loss rate, the system may experi
ence a breakaway oxidation reaction, 
which IS termed ignition 

171 
Design of an intelligent materials 
data base for the IFR. Mikaili, R ; 

Lambert, J.D.B.; Orth, T.D Transac
tions of the Amencan Nuclear Society 
(United States); 65: 105 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In the development of the integral fast 
reactor (IFR) concept, there is a con
sensus that matenals considerations 
are an important part of the reactor de
sign, operation, and maintenance and 
that materials performance is central to 
liquid-metal reactor reliability and 
safety. In the design of the IRF materi
als data base, artificial intelligence 
techniques are being used to ensure ef
ficient control of information. Intelligent 
control will provide for the selection of 
menus to be displayed, efficient 
data-base searches, and application-
dependent guidance through the data 
base. The development of the IRF data 
base has progressed to the point of (a) 
completing the design of the data-base 
architecture and tables, (b) installing 
computer hardware for storing large 
amounts of data, (c) outlining strategies 
for data transferal, and (d) identifying 
ways to validate and secure the in-
tegnty of data. 

172 
Expert system determination of 
power level for EBR-II. Ballard, T.L.; 
Makowitz, H. Transactions of the Amer
ican Nuclear Society (United States), 
65: 105-107(1992) (CONF-920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992). 

The Tightly Coupled Transient 
Analysis System (TCTAS) is under de
velopment for use at the Experimental 
Breeder Reactor II (EBR-II) at the 
Idaho National Engineenng Laboratory 
(INEL) The premise is that dunng plant 
operation, it would be useful to 
compare plant conditions to values gen
erated by a simulation This capability 
could reveal inconsistent plant behavior 
such as temperatures or pressures that 
are different than expected By using 
much faster than real-time simulation, it 
could help predict possible problems 
and allow running relevant operational 
scenanos The system currently in
cludes a data acquisition system (DAS) 
that reports plant parameters each sec
ond Graphic displays for major plant 
subsystems are available for displaying 
DAS data, simulation data, and DAS 
data as interpreted by the expert sys
tem The dynamic simulator for nuclear 
power plants (DSNP) is operational and 
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has been tested. An expert system is 
currently used for interpreting DAS data 
before comparing it to DSNP data. In
strumentation difficulties have made 
some EBR-II data either suspect or 
unavailable. Other sensors are not con
nected to the DAS. These problems 
force either humans or the expert sys
tem to make assumptions in order to 
compute certain plant parameters. The 
expert system, like the experts, as
sumes steady-state conditions. 

173 
Reusable fuel test assembly for the 
FFTF. Pitner, A.L.; Dittmer, J.O. Trans
actions of the American Nuclear 
Society (United States); 65: 187-188 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A fuel test assembly that provides 
re-irradiation capability after interim dis
charge and reconstitution of the test pin 
bundle has been developed for use in 
the Fast Flux Test Facility (FFTF). This 
test vehicle permits irradiation test data 
to be obtained at multiple exposures on 
a few select test pins without the sub
stantial expense of fabricating 
individual test assemblies as would oth
erwise be required. A variety of test pin 
types can be loaded in ttie reusable 
test assembly. A reusable test vehicle 
for irradiation testing in the FFTF has 
long been desired, but a number of 
obstacles previously prevented the im
plementation of such an experimental 
rig. The MFF-8A test assembly employs 
a 169-pin bundle using HT-9 alloy for 
duct and cladding material. The stan
dard driver pins in the fuel bundle are 
sodium-bonded metal fuel (U-10 wt% 
Zr). Thirty-seven positions in the bundle 
are replaceable pin positions. Standard 
MFF-8A driver pins can be loaded in 
any test pin location to fill the bundle if 
necessary. Application of the MFF-8A 
reusable test assembly in the FFTF 
constitutes a considerable cost-saving 
measure with regard to irradiation test
ing. Only a few well-characterized test 
pins need be fabricated to conduct a 
test program rather than constructing 
entire test assemblies. 

174 
Irradiation-Induced creep of HT-9 
cladding In LMR fuel pins. Yacout, 
A.M.; Orechwa, Y. Transactions of the 
American Nuclear Society (United 
States); 65: 191-193 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Metal-fueled liquid-metal reactors 
(LMRs) with their hard neutron spec
trum have many desirable performance 
properties. To take advantage of these, 
design considerations call for low-
swelling alloys, such as the ferritic steel 
HT-9, as core structural materials. The 
steady-state performance of the fuel pin 
is limited to some extent by the degree 
of deformation of the cladding with bur
nup. Since HT-9 steel does not exhibit 
irradiation-induced swelling to design-
level fast fluences, the limiting cladding 
deformation is expected to be due to 
creep. The experimental and analysis 
activities in the Integral Fast Reactor 
(IFR) program at Argonne National 
Laboratory have afforded an opportu
nity to study the creep behavior of HT-9 
cladding. The methodology consists of 
applying precise neutronic and thermal-
hydraulic calculational capabilities to 
individual experimental fuel pins. This 
allows the creation of a rather large 
data base that relates the measured 
axial variation of the cladding deforma
tion to the calculated local neutronic 
properties and cladding temperature, 
thereby significantly increasing the 
amount of available data for developing 
correlations. For an application of this 
methodology, the lead IFR test assem
bly X425 irradiated in Experimental 
Breeder Reactor II (EBR-II) was cho
sen. 

175 
Development of unique fuel struc
tures in predefected mixed-oxide 
LMR fuel pins. Strain, R.V.; Lambert, 
J.D.B.; Arii, Y.; Ukai, S.; Shikakura, S. 
Transactions of the American Nuclear 
Society (United States); 65: 193-194 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The run-beyond-cladding-breach op
eration of mixed-oxide (MOX) fuel pins 
has been studied for 10 yr in the Exper
imental Breeder Reactor II (EBR-II) as 
part of a joint program between Ameri
can and Japan. This paper describes 
an unusual eye-of-a-needle structure 
observed at the top of the fuel column 
in 7.5-m-diam pins of 88 to 90% theo
retical density smear density that had 
been predefected in the plenum region. 

176 
The case for endurance testing of 
sodium-heated steam generators. 

Onesto, A.T.; Zweig, H.R.; Gibbs, D.C. 
Transactions of the American Nuclear 
Society (United States); 65: 328 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

It is generally believed that a nuclear 
power comeback before the end of the 
century will be through the vehicle of 
the light water reactor (LWR). The 
newer designs, with their important 
technical and economic advances, 
should attract wide interest and result 
in commercial success for the manufac
turers and their utility customers. To 
develop the liquid-metal fast breeder 
reactor (LMFBR), approximately $30 
billion has been spent worldwide, a 
third of which has been spent in the 
US. As a result of this considerable 
investment, most of the technical obsta
cles to deployment of the LMFBR have 
been removed with a few exceptions, 
one of which is the long-term perfor
mance of sodium-heated steam 
generators. Of the difficulties that have 
beset the current vintage of nuclear 
power plants, the performance of steam 
generators in pressurized water reac
tors (PWRs) was the most egregious. 
There was very little development test
ing and no model testing of PWR steam 
generators. Development occurred in 
the plants themselves resulting in many 
outages and more than $5 billion in lost 
revenue and replacement power costs. 
As a result, the electric utility industry is 
certain to exercise caution regarding 
acquisition of the LMFBR and will de
mand strong objective evidence of 
steam generator reliability. Only long-
term endurance testing of prototypic 
models under prototypic conditions will 
satisfy this demand. 

177 
Evaluation of reactivity coefficients 
for transuranic burning fast-reactor 
designs. Hill, R.N. Transactions of the 
American Nuclear Society (United 
States); 65: 450-451 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Since actinide waste management 
has received increased attention in re
cent years and since transuranics 
dominate the long-term toxicity of spent 
fuel, the usefulness of transuranic 
(TRU) burning is again being evalu
ated. Various concepts for burning 
TRUs, ranging from accelerators to 
thermal reactor recycle, have been 
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proposed. However, the integral fast re
actor (IFR) fuel cycle offers a number 
of favorable features regarding man
agement of man-made actinides; the 
behavior of actinides in the IFR fuel cy
cle was investigated. The fuel cycle 
processing techniques and hard neu
tron energy spectrum associated with 
the metal fuel facilitate TRU burning, 
and the wide range of breeding charac
teristics available in fast-reactor cores 
provides for flexibility in TRU manage
ment strategy Previous design studies 
of metal-fueled TRU burner cores have 
focused on fuel cycle and neutronic 
performance analyses. The passive 
safety behavior of burner core designs 
IS also important; thus, this paper eval
uates reactivity coefficients for a wide 
variety of TRU burner designs. 

178 
Nuclear reactors. Broadley, D.; Dostal, 
M.; Hartley, D.J. UK Patent 2247770/A/ 
11 Mar 1992. 14p. Available from The 
Patent Office, Sales Branch, Unit 6, 
Nine Mile Point, Cwmfelinfach, Cross 
Keys, Newport, NPl 7HZ. 

In control rod insertion apparatus for 
a nuclear reactor, one or more thermal 
expansion elements are inserted be
tween the control rod drive and the 
control rod, so that in the event of an 
excessive increase in reactor coolant 
temperature the control rod is moved 
into the core independently of operation 
of the drive Excessive expansion of the 
elements may be arranged to cause 
unlatching of a control rod holder from 
the drive, so that the control rod is free 
to fall into the core, but if fall of the rod 
into the core is impeded, the elements 
then push the rod into the core. Alterna
tively, expansion of the elements may 
simply move the rod relative to the drive 
into the core Various forms of expan
sion element are descnbed. (author). 

179 
Process for controlling the putting in 
place of an element transport and 
the air-tightness of the liaison with a 
structure. Seroux, N. de; Limouzin, D. 
(to Societe Franco-Amencaine de Con
structions Atomiques (FRAMATOME), 
92 - Courbevoie (France)). France 
Patent 2666440/A/ 6 Mar 1992. Filed 
date 28 Aug 1990. 15p. (In French). 
Available from Institut National de la 
Propnete Industnelle, Pans (France). 

Positioning comprises sealing be
tween the face of the container and the 
face of the reactor by continuous mea-
sunng pressure in the space between 
seals. Variation in pressure is detected 

and the measurements are compared 
with predetermined values. 

180 
Process for closing a tube of a 
straight tube heat exchanger and 
utilisation of this process. Mauget, 
C ; Giraud, B. (to Societe 
Franco-Americaine de Constructions 
Atomiques (FRAMATOME), 92 -
Courbevoie (France)). France Patent 
2665758/A/. 14 Feb 1992. Rled date 8 
Aug 1990. 27p. (In French). Available 
from Institut National de la Propriete In
dustrielle, Pans (France). 

A leaking tube, which extends straight 
between two tube plates in a heat ex
changer, IS cut from the ferrules on the 
respective plates and an elongated 
plugs are inserted through and welded 
to the ferrules to close the correspond
ing apertures in the plates. The inner 
ends of the plugs engage in the cut 
ends and retain the tube in the place. 

181 
Fast neutrons nuclear reactor with a 
thrower at the core outlet. Guidez, J.; 
Moreno, F. (to CEA, 75 - Pans 
(France)). France Patent 2659781/A/. 
20 Sep 1991. Rled date 14 Mar 1990. 
16p. (In French). Available from Institut 
National de la Propnete Industnelle, 
Pans (France). 

The reactor core wall is extended by 
a thrower that directs the flow of molten 
metal issuing from the penphery of the 
core towards the flow of metal issuing 
from the center of the core The shape 
of the thrower can take various forms 
depending of the coolant flow and the 
dimensions of the core and cover for in
creasing the thermal homogeneity of 
the metal. 

182 
Plugging indicator for controlling thie 
sodium quality. Latge, C , Lemercier, 
G.; Puech, B.; Julien, G. (to CEA, 75 -
Pans (France)). France Patent 
2659739/A/. 20 Sep 1991 Filed date 
30 Jul 1990 25p. (In French). Available 
from Institut National de la Propriete In
dustnelle, Pans (France). 

This device has and head-race pipe 
with an external part and a coaxial in
ner part. A measuring head is mounted 
movable between these 2 parts and 
has at least a thermocouple and a mo
bile grid for varying the section and the 
sodium flow to facilitate the impurities 
dissolution. This ensemble is com
pleted by a longitudinal body containing 

the main parts of the indicator and sur
rounded by a thermal exchanger to 
cool the sodium 

183 
Grab for lifting and displacing an ob
ject out of liquid metal to gas. 
Limouzin, D (to Societe 
Franco-Amencaine de Constructions 
Atomiques (FRAMATOME), 92 -
Courbevoie (France)). France Patent 
2658654/A/. 23 Aug 1991. Rled date 
20 Feb 1990. 19p. (In French). Avail
able from Institut National de la 
Propnete Industnelle, Pans (France). 

The grab has a tubular body, con
nected to a lifting mean and an axially 
sliding control of the latching fingers. 
The open lower end of the body is bell 
shaped and the internal surface is 
joined to the sliding mechanism by a 
gastight elastic bellow. The latching fin
gers operate inside the gas trapped 
inside the annular space while the end 
of the grab is immersed in the liquid 
metal. 
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184 
(CONF-9208154-1) 
System model development for nu
clear thermal propulsion. Hannan, 
N.A.; Worley, B.A.; Walton, JT.; 
Perkins, K.R.; Buksa, J.J.; Dobranich, 
D. (Oak Ridge National Lab., TN 
(United States)). [1992]. Contract 
AC05-84OR21400. l i p OSTI; NTIS, 
GPO Dep. Order Number DE92041262. 

From 43. Congress of the Interna
tional Astronautical Federation; 
Washington, DC (United States) (28 
Aug - 5 sep 1992). 

A critical enabling technology in the 
evolutionary development of nuclear 
thermal propulsion (NTP) is the ability 
to predict the system performance un
der a vanety of operating conditions 
This IS crucial for mission analysis and 
for control subsystem testing as well as 
for the modeling of vanous failure 
modes Performance must be accu
rately predicted during steady-state and 
transient operation, including startup, 
shutdown and post operation cooling. 
The development and application of 
verified and validated system models 
has the potential to reduce the design, 
testing, cost and time required for the 
technology to reach flight-ready status. 
Since October 1991, the US Depart
ment of Energy (DOE), Department of 
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Defense (DOD) and NASA have initi
ated critical technology development 
efforts for NTP systems to be used on 
Space Exploration Initiative (SEI) mis
sions to the Moon and Mars. This 
paper presents the strategy and 
progress of an interagency NASA/DOE/ 
DOD team for NTP system modeling. 

185 
(N-92-28863) 
Natural-circulation decay heat re
moval from an SP-100, 550-kWe 
power system for a lunar outpost. Fi
nal Report. El-Genk, M.S.; Xue, 
Huimin. (New Mexico Univ., Albu
querque, NM (United States)). Jun 
1992. 88p. (NASA-CR-190421; NAS-
1.26:190421; UNM-ISNPS-4-92). CASI 
HC A05/MF A01; INIS. 

This research investigated the decay 
heat removal from the SP-100 reactor 
core of a 550-kWe power system for a 
lunar outpost by natural circulation of 
lithium coolant. A transient model that 
simulates the decay heat removal loop 
(DHRL) of the power system was devel
oped and used to assess the system's 
decay heat removal capability. The ef
fects of the surface area of the decay 
heat rejection radiator, the dimensions 
of the decay heat exchanger (DHE) 
flow duct, the elevation of the DHE, and 
the diameter of the rise and down pipes 
in the DHRL on the decay heat removal 
capability were examined. Also, to de
termine the applicability of test results 
at earth gravity to actual system perfor
mance on the lunar surface, the effect 
of the gravity constant (1 g and 1/6 g) 
on the thermal behavior of the system 
after shutdown was investigated. 

186 
(NUTEK-NYEL-92-2) 
"Thermionic energy converters. Holm-
lid, L.; Svensson, R. (Swedish National 
Board for Industrial and Technical De
velopment (NUTEK), Stockholm 
(Sweden)). May 1991. 8p. OSTI; NTIS; 
INIS. Order Number DE93603792. 

Research and development work on 
thermionic energy converters (TEC) in 
the Russian Federation and USA is at 
present mainly adressed towards TEC 
equipped nuclear power reactors for 
use in space. During the last year a 
large scale cooperation has started, 
around a Topas-ll reactor which has 
been purchased by USA for tests. A di
rect cooperation also exists between 
companies in the Netheriands and the 
Russian Federation aimed towards 
more efficient converters. We have dur
ing the last year continued our work on 

the use of excited states in converters, 
and we have performed experimental 
studies of the operation of the con
verter and of the composition and 
properties of the plasma. We reach 
very low work functions on the collector 
in the presence of excited states. This 
gives very good results concerning the 
so called barrier index (figure of merit 
for converters). The process of applica
tion for a patent for this new type of 
collector with low work function has 
been initiated, (au). 

187 
(PNL-SA-20523) 
Advanced hybrid nuclear propulsion 
Mars mission performance enhance
ment. Dagle, J.E.; Noffsinger, K.E.; 
Segna, D.R. (Pacific Northwest Lab., 
Richland, WA (United States)). Feb 
1992. Contract AC06-76RL01830. 4p. 
(CONF-9208114-4). OSTI; NTIS; GPO 
Dep. Order Number DE93001309. 

From American Nuclear Society 
meeting; Jackson Hole, WY (United 
States) (16-19 Aug 1992). 

Nuclear electric propulsion (NEP), 
compared with chemical and nuclear 
thermal propulsion (NTP), can effec
tively deliver the same mass to Mars 
using much less propellant, conse
quently requiring less mass delivered to 
Earth orbit. The lower thrust of NEP re
quires a spiral trajectory near planetary 
bodies, which significantly increases 
the travel time. Although the total travel 
time is long, the portion of the flight 
time spent during interplanetary trans
fer is shorter, because the vehicle is 
thrusting for much longer periods of 
time. This has led to the supposition 
that NEP, although very attractive for 
cargo missions, is not suitable for pi
loted missions to Mars. However, with 
the application of a hybrid approach to 
propulsion, the benefits of NEP can be 
utilized while drastically reducing the 
overall travel time required. Develop
ment of a dual-mode system, which 
utilizes high-thrust NTP to propel the 
spacecraft from the planetary gravita
tional influence and low-thrust NEP to 
accelerate in interplanetary space, elim
inates the spiral trajectory and results in 
a much faster transit time than could be 
obtained by either NEP or NTP alone. 
This results in a mission profile with a 
lower initial mass in low Earth orbit. In 
addition, the propulsion system would 
have the capability to provide electrical 
power for mission applications. 

188 
(SAND-92-2049C) 
Handling effluent from nuclear ther
mal propulsion system ground tests. 
Shipers, L.R.; Allen, G.C. (Sandia Na
tional Labs., Albuquerque, NM (United 
States)). 9 Sep 1992. Contract AC04-
76DP00789. 8p. (CONF-9209177-2). 
OSTI; NTIS; INIS; GPO Dep. Order 
Number DE93000752. 

From Nuclear power engineering in 
space nuclear rocket engines; Kaza
khstan (Russian Federation) (22-26 
Sep 1992). 

A variety of approaches for handling 
effluent from nuclear thermal propulsion 
system ground tests in an environmen
tally acceptable manner are discussed. 
The functional requirements of effluent 
treatment are defined and concept 
options are presented within the frame
work of these requirements. System 
concepts differ primarily in the choice of 
fission-product retention and waste 
handling concepts. The concept options 
considered range from closed cycle 
(venting the exhaust to a closed vol
ume or recirculating the hydrogen in a 
closed loop) to open cycle (real time 
processing and venting of the effluent). 
This paper reviews the different metli-
ods to handle effluent from nuclear 
thermal propulsion system ground tests. 

189 
Toward the last frontier: A strategy 
for the evolutionary development of 
space nuclear power systems. Ben
nett, G.L. pp. 1.21-1.26 of Proceedings 
of the 27th intersociety energy con
version engineering conference. 
Warrendale, PA (United States); Soci
ety of Automotive Engineers (1992). vp. 
(CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

A number of exciting mission oppor
tunities are being considered for the 
21st century, including advanced 
robotic science missions to the outer 
planets and beyond, human exploration 
of the Moon and Mars, and advanced 
space transportation systems. All of 
these missions will require some form 
of nuclear power; however, it is clear 
that current budgetary constraints pre
clude developing many different types 
of space nuclear power systems. This 
paper reviews the specific civil space 
missions which have been identified, 
the power levels and lifetimes required, 
and the technologies available. 
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190 
Interplanetary and lunar surface SP-
100 nuclear power applications. 
Josloff, A.T.; Shepard, N.F.; Smith, M.; 
Stephen, J.D. pp. 1.27-1.31 of Pro
ceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

This paper describes how the SP-100 
Space Reactor Power System (SRPS) 
can be tailored to meet the specific re
quirements for a lunar surface power 
system to meet the needs of the con
solidation and utilization phases 
outlined in the 90-day NASA SEI study 
report. This same basic power system 
can also be configured to obtain the 
low specific masses needed to enable 
robotic interplanetary science missions 
employing Nuclear Electric Propulsion 
(NEP). In both cases it is shown that 
the SP-100 SRPS can meet the spe
cific requirements. For interplanetary 
NEP missions, performance upgrades 
currently being developed in the area of 
light weight radiators and improved 
thermoelectric material are assumed to 
be technology ready in the year 2000 
time frame. For lunar applications, 
some system rearrangement and en
closure of critical components are 
necessary modifications to the present 
baseline design. 

191 
A comparison of nuclear and chemi
cal propulsion upper-stage and 
launch systems for LEO to GEO or
bital transfers. Bailey, P.G.; Choong, 
P.T. pp. 1.351-1.356 of Proceedings of 
the 27th intersociety energy conversion 
engineering conference. Warrendale, 
PA (United States); Society of Automo
tive Engineers (1992). vp. 
(CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

In this paper, comparisons are given 
between various launch vehicles, trans
fer vehicles, and propulsion methods to 
launch satellites into low Earth orbital 
parking orbits and then into a final 
geosynchronous orbit. The studies indi
cate that a Thermionic Space Nuclear 
Power System (TI-SNPS) can have sig
nificant advantages over solar array 
power systems for both orbital transfer 

capabilities and mission applications. 
Also, by utilizing a relatively inexpen
sive Atlas HAS launch vehicle, a 
particular TI-SNPS hybrid design with a 
specific impulse of 950 sec can place a 
satellite weighing 3,511 kg into GEO 
orbit, as compared to only a corre
sponding 1,104 kg satellite capability 
when using conventional chemical 
propulsion techniques. 

192 
10 KWe dual-mode space nuclear 
power system for military and scien
tific applications. Malloy, J.; 
Westerman, K.; Rochow, R.; Socles, S. 
pp. 1.357-1.362 of Proceedings of the 
27th intersociety energy conversion en
gineering conference. Warrendale, PA 
(United States); Society of Automotive 
Engineers (1992). vp. (CONF-920801-
) • 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

This paper discusses a 10 KWe dual-
mode space power system concept 
which has been identified and is based 
on INEL's Small Externally-fueled Heat 
Pipe Thermionic Reactor (SEHPTR) 
concept. This power system will en
hance user capabilities by providing 
reliable electric power and by providing 
two propulsion systems; electric power 
for an arc-jet electric propulsion system 
and direct thrust by heating hydrogen 
propellant inside the reactor. The low 
thrust electric thrusters allow efficient 
station keeping and long-term maneu
vering. This paper will focus on the 
nuclear power system design, includ
ing: the reactor with its UO2 fuel in 
tungsten clad, 36 thermionic heat pipe 
modules (THPMs) which produce elec
tricity within the reactor and remove 
waste heat, radiation shielding, waste 
heat radiators, and reactivity control 
systems. The use of non-vented fuel el
ements for short lifetime missions 
(under five years) will be described. 

193 
100 kWe lunar/Mars surface power 
utilizing the SP-100 reactor with 
dynamic conversion. Harty, R.B.; Ma
son, L.S. pp. 1.33-1.39 of Proceedings 
of the 27th intersociety energy con
version engineering conference. 
Warrendale, PA (United States); Soci
ety of Automotive Engineers (1992). vp. 
(CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 

Diego, CA (United States) (3-7 Aug 
1992). 

This paper reports on an integration 
study which was performed coupling an 
SP-100 reactor with either a Brayton of 
Stirling power conversion subsystem, a 
power level of 100 kWe was selected 
for the study. The power system was to 
be compatible with both the lunar and 
Mars surface environment and require 
no site preparation. In addition, the re
actor was to have integral shielding and 
be completely self-contained, including 
its own auxiliary power for start-up. Ini
tial reliability studies were performed to 
determine power conversion redun
dancy and engine module size. For the 
lunar environment, the reactor and pri
mary coolant loop would be contained 
in a guard vessel to protect from a loss 
of primary loop containment. For the 
Mars environment, all refractory com
ponents including the reactor, primary 
coolant, and power conversion compo
nents would be contained in a vacuum 
vessel for protection against the COg 
environment. 

194 
SP-100 early flight mission designs. 
Shepard, N.F.; Biddiscombe, R.E.; 
Chan, T.S.; Deane, N.A.; Kirpich, A.S.; 
Murata, R.; Protsik, R.; Smith, M.A.; 
Stephen, J.D. pp. 1.41-1.45 of Pro
ceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

Early flight mission objectives can be 
met with a Space Reactor Power Sys
tem (SRPS) using thermoelectric 
conversion in conjunction with fast 
spectrum, lithium-cooled reactors. This 
paper describes two system design op
tions using thermoelectric technology to 
accommodate an early launch. In the 
first of these options, radiatively coupled 
Radioisotope Thermoelectric Generator 
(RTG) unicouples are adapted for use 
with a SP-1009-type reactor heat 
source. The thermoelectric leg height is 
optimized in conjunction with the heat 
rejection temperature to provide a mass 
optimum 6-kWe system configured for 
launch on a Delta II launch vehicle. The 
use of a SP-100-type reactor assures 
compliance with safety requirements 
and expedites the flight safety approval 
process while, at the same time, pro
viding flight performance verification for 

36 



NRT Vol. 93, No. 1 POWER REACTORS 
Mobile, Propulsion, Package, and Transportable 

a heat source technology with the 
growth potential to meet future national 
needs for higher power levels. A 15-
kWe, Atlas llAS-launched system using 
the compact, conductively coupled 
multi-couple converters being devel
oped under the SP-100 program to 
support a first ffight system launch in 
1999 is also described. 

195 
Robotic planetary mission benefits 
from nuclear electric propulsion. Kel-
ley, J.H.; Yen, C.L pp. 1.9-1.19 of 
Proceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

Several interesting planetary mis
sions are either enabled or significantly 
enhanced by nuclear electric propulsion 
(NEP) in the 50 to 100 kW power 
range. These missions include a Pluto 
Orbiter/Probe with an 11-year flight time 
and several years of operational life in 
orbit versus a ballistic very fast (13 km/ 
s) flyby which would take longer to get 
to Pluto and would have a very short 
time to observe the planet. (A ballistic 
orbiter would take about 40 years to get 
to Pluto.) Other missions include a 
Neptune Orbiter/Probe, a Jupiter Grand 
Tour orbiting each of the major moons 
in order, a Uranus Orbiter/Probe, a 
Multiple Mainbelt Asteroid Rendezvous 
orbiting six selected asteroids, and a 
Comet Nucleus Sample Return. This 
paper discusses potential missions and 
compares the nuclear electric propul
sion option to the conventional ballistic 
approach on a parametric basis. 

196 
SP-100 technology scales from kilo
watts to megawatts. Deane, N.A.; 
Protsik, R.; Marcille, T.F.; Hoover, D.G. 
pp. 2.27-2.31 of Proceedings of the 
27th intersociety energy conversion en
gineering conference. Warrendale, PA 
(United States); Society of Automotive 
Engineers (1992). vp. (CONF-920801-
)• 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

System level design studies of space 
applications ranging in power from 77 
kWt to 200 MWt have indicated no 
practical limit to the thermal power that 

can be reliably generated by a space 
reactor system based on the technolo
gies being developed in the SP-100 
program. These technologies include 
uranium nitride- fuel, PWC-11/rhenium 
bonded fuel cladding, PWC-11 struc
tural material for the lithium coolant 
boundary, electromagnetic coolant 
pumps, safety and reactivity control 
drive mechanisms, sensors, shielding 
materials, etc. at operating tempera
tures up to 1400K. In this paper the 
physical arrangements and characteris
tics of the nuclear reactor materials are 
described. 

197 
Power transmission by laser beam 
from lunar-synchronous satellites to 
a lunar rover. Williams, M.D.; DeY-
oung, R.J.; Schuster, G.L.; Choi, S.H.; 
Dagle, J.E.; Coomes, E.P.; Antoniak, 
Z.I.; Bamberger, J.A.; Bates, J.M.; 
Chiu, M.A.; Dodge, R.E.; Wise, J.A. pp. 
2.299-2.304 of Proceedings of the 27th 
intersociety energy conversion engi
neering conference. Warrendale, PA 
(United States); Society of Automotive 
Engineers (1992). vp. (CONF-920801-
) • 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

This paper addresses the possibility 
of beaming laser power from syn
chronous lunar orbits (the L1 and L2 
LaGrange points) to a manned long-
range lunar rover. The rover and two 
versions of a satellite system (one pow
ered by a nuclear reactor; the other by 
photovoltaics) are described in terms of 
their masses, geometry, power needs, 
mission and technological capabilities. 
Laser beam power is generated by a 
laser diode array in the satellite and 
converted to 30 kW of electrical power 
at the rover. Present technological ca
pabilities, with some extrapolation to 
near future capabilities, are used in the 
descriptions. The advantages of the to 
satellite/rover systems over other such 
systems and over rovers with on-board 
power are discussed along with the 
possibility of enabling other missions. 

198 
Transient and steady-state analyses 
of an electrically heated Topaz-il 
Thermionic Fuel Element. El-Genk, 
M.S.; Xue, H. pp. 2.335-2.341 of Pro
ceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 

Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

Transient and steady-state analyses 
of electrically heated. Thermionic Fuel 
Elements (TFEs) for Topaz-ll space 
power system are performed. The 
calculated emitter and collector temper
atures, load electric power and 
conversion efficiency are in good 
agreement with reported data. In this 
paper the effects or Cs pressure, ther
mal power input, and load resistance 
on the steady-state performance of the 
TFE are also investigated. In addition, 
the thermal response of the ZrH moder
ator during a startup transient and 
following a change in the thermal 
power input is examined. 

199 
SP-100 radiator design trade study. 
Ewell, R. pp. 2.313-2.318 of Proceed
ings of the 27th intersociety energy 
conversion engineering conference. 
Warrendale, PA (United States); Soci
ety of Automotive Engineers (1992). vp. 
(CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

This paper reports on a design trade 
study of the SP-100 heat rejection sub
system (HRSS) which was made. A 
system code was used to evaluate the 
sensitivity of the HRSS mass and per
formance to changes. Variations in heat 
pipe diameter and cross-section, fin 
length and thickness, armor thickness, 
and overall configuration and materials 
were evaluated. The analysis indicates 
that the minimum system mass occurs 
for the case with many small diameter 
heat pipes, with ducting that maximizes 
the fraction of the heat pipe evaporator 
perimeter in contract with it. 

200 
Fabrication of carbon-carbon heat 
pipes for space nuclear power appli
cations. Rovang, R.D.; Palamides, 
T.R.; Hunt, M.E. pp. 2.319-2.322 of 
Proceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 
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This paper reports that significant ad
vancements have been made in the 
development of lightweight, high perfor
mance, carbon-carbon heat pipes for 
space nuclear power applications. The 
subject program has progressed 
through the concept definition and fea
sibility analysis stages to the current 
test article component fabrication and 
assembly phase. This concept utilizes a 
carbon-carbon tube with integrally 
woven fins as the primary structural el
ement and radiative surface, Nb-IZr 
liners to contain a potassium working 
fluid, and welded end caps and fill 
tubes. Various tests have been per
formed in the development of suitable 
liner bonding techniques and in the as
sessment of material stability. 

201 
Progress In SP-100 tribologlcal coat
ings. Ring, P.J.; Roy, P.; Schuster, 
G.B.; Bust?oom, H.J. pp. 2.51-2.55 of 
Proceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

The SP-100 reactor will operate at 
temperatures up to 1500K in high vac
uum. To address the SP-100 needs, a 
tribology development program has 
been established at GE to investigate 
candidate coating materials. Materials 
were selected based on their high ther
modynamic stability, high melting point, 
compatibility with the substrate, and co
efficients of thermal expansion similar 
to niobium-1% zirconium-the candidate 
structural material for SP-100. An addi
tional requirement was that the 
deposition processes should be com
mercially available to coat large 
components. This paper presents the 
details regarding the SP-100 Tribology 
Development Program including back
ground information, specific bearing 
requirements, basis for coating material 
selection, testing methods and the ini
tial results covering the early years of 
this program. 

202 
DSMC analysis of species separa
tion in rarefied nozzle flows. Chung, 
Chan-Hong; DeWitt, K.J.; Jeng, Duen-
Ren; Penko, P.P. (NASA, Lewis 
Research Center, Cleveland, OH 
(United States)). (National Aeronautics 
and Space Administration, Cleveland, 

OH (United States). Lewis Research 
Center). Jul 1992. lOp. (AIAA-Paper-
92-2859; CONF-9207154-). American 
Institute of Aeronautics and Astronau
tics, 370 L'Enfant Promenade, S.W., 
Washington, DC 20024 (United States). 

From 27. American Institute of Aero
nautics and Astronautics (AIAA) 
thermophysics conference; Nashville, 
TN (United States) (6-8 Jul 1992). 

The direct-simulation Monte Cario 
method has been used to investigate 
the behavior of a small amount of a 
harmful species in the plume and the 
backflow region of nuclear thermal 
propulsion rockets. Species separation 
due to pressure diffusion and nonequi-
librium effects due to rapid expansion 
into a surrounding low-density environ
ment are the most important factors in 
this type of flow. It is shown that a rela
tively large amount of the lighter 
species is scattered into the backflow 
region and the heavier species be
comes negligible in this region due to 
the extreme separation between 
species. It is also shown that the type 
of molecular interaction between the 
species can have a substantial effect 
on separation of the species. 15 refs. 

203 
Nuclear thermal rockets - Key to 
moon-Mars exploration. Borowski, 
S.K.; Clark, J.S.; Mcilwain, M.C; Pelac-
cio, D.G. Aerospace America (United 
States); 30: No. 7, 34-37 (Jul 1992). 

The Space Exploration Initiative (SEI) 
calls for lunar and Martian exploration 
missions for which solid-core nuclear 
thermal rockets (NTRs), in virtue of their 
single-stage, fully-reusable nature, are 
ideally suited. NTRs promise double the 
specific impulse of chemical propulsion. 
A lunar mission employing a reusable 
NTR is currently being conducted by 
NASA. The NTR would be assembled 
in LEO in such a way that it remained 
'radioactively cold' during earth-to-orbit 
deployment by a heavy-lift chemical 
booster, and therefore presented no 
radioactive hazard. Also under consid
eration is a particle-bed reactor in which 
the hydrogen propulsive fluid directly 
cools coated-particle fuel spheres. 

204 
Thermohydrauilc modeling of the nu
clear thermal rocket: The KLAXON 
code. Hall, M.L; Rider, W.J.; Cappiello, 
M.W. Transactions of the American Nu
clear Society (United States); 65: 
487-489 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Nuclear thermal rockets (NTRs) have 
been proposed as a means of propul
sion for the Space Exploration Initiative 
(SEI, the manned mission to Mars). 
The NTR derives its thrust from the ex
pulsion of hot supersonic hydrogen 
gas. A large tank on the rocket stores 
hydrogen in liquid or slush form, which 
is pumped by a turbopump through a 
nuclear reactor to provide the neces
sary heat. The path that the hydrogen 
takes is most circuitous, making several 
passes through the reactor and the 
nozzle itself (to provide cooling), as well 
as two passes through the turbopump 
(to transfer momentum). The proposed 
fuel elements for the reactor have two 
different configurations: solid prismatic 
fuel and particle-bed fuel. There are dif
ferent design concerns for the two 
types of fuel, but there are also many 
fluid flow aspects that they share. The 
KLAXON code was used to model a 
generic NTR design from the inlet of the 
reactor core to the exit from the nozzle. 
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205 
(ANL/CP-74935) 
Irradiation performance of full-length 
metallic IFR fuels. Tsai, H.; Neimark, 
L.A. (Argonne National Lab., IL (United 
States)). Jul 1992. Contract W-31109-
ENG-38. 16p. (CONF-921003-8). 
OSTI; NTIS; INIS; GPO Dep. Order 
Number DE92041095. 

From International conference on de
sign and safety of advanced nuclear 
power plants; Tokyo (Japan) (25-28 Oct 
1992). 

An assembly irradiation of 169 full-
length U-Pu-Zr metallic fuel pins was 
successfully completed in FFTF to a 
goal burnup of 10 at.%. All test fuel 
pins maintained their cladding integrity 
during the irradiation. Postirradiation 
examination showed minimal fuel/ 
cladding mechanical interaction and ex
cellent stability of the fuel column. 
Fission-gas release was normal and 
consistent with the existing data base 
from irradiation testing of shorter metal
lic fuel pins in EBR-II. 
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206 
(IGC-124) 
Analysis of selected fast critical as
semblies using JENDL-2 based 
unadjusted multigroup data. Devan, 
K.; Gopalkrishnan, V.; Ramanadhan, 
M.M.; Lee, S.M. (Indira Gandhi Centre 
for Atomic Research, Kalpakkam (In
dia)). 1991. 41 p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93605831. 

In order to validate the non-adjusted 
multigroup cross section set recently 
prepared from the Japanese Evaluated 
Nuclear Data Library - Version 2 
(JENDL-2), some of the integral param
eters of several fast critical benchmark 
reactor assemblies were analysed by 
comparing the measured values with 
those predictions using this cross sec
tion set and also by intercomparing the 
values predicted by various cross sec
tion sets. The observations of analyses 
are presented in this report. The bench
mark assemblies have been chosen 
such that there is a variety in core size, 
majorfuel component, reflector used 
etc. One dimensional homogeneous 
diffusion theory model was used and 
suitable corrections were added. The 
assemblies considered were among the 
ones recommended by the Cross Sec
tion Evaluation Working Group 
(CSEWG), viz. ZPR-3-12, ZPR-3-48, 
ZPR-3-49, ZPR-3-50, ZPR-3-53, ZPR-
3-54, ZPR-3-56B, ZPR-6-7 and 
ZPR-6-6A. (author). 10 refs., 25 tabs. 

207 
(JINR-E-13-90-233) 
Pattern recognition application for 
surveillance of abnormal conditions 
in a nuclear reactor. Pepelyshev, 
Yu.N.; Dzwinel, W. (Joint Inst, for Nu
clear Research, Dubna (Russian 
Federation). Lab. of Neutron Physics). 
1990. l i p . OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93605832. 

Submitted to Ann. Nucl. Energy. 
The system to monitor abnormal con

ditions in a nuclear reactor, based on 
the noise analysis of the reactor basic 
parameters such as power, tempera
ture and coolant flow rate, has been 
developed. The pattern recognition 
techniques such as clustering, cluster 
analysis, feature selection and clusters 
visualization methods form the basis of 
the software. Apart from non-
hierarchical clustering procedures 
applied earlier, the hierarchical one is 
recommended. The system application 
for IBR-2 Dubna reactor diagnostics is 
shown. 10 refs.; 6 figs. 

208 
(KAERI/RR-1017/90) 
'The development of silicon doping 
technique by neutron transmutation. 
Kim, Huhn Jun; Kim, Yong Che; Chun, 
Byung Chil; Lee, Chang Hee; Lee, 
Jeong Soo; Seong, Baek Seek; Shim, 
Hae Seop; Choi, Byoung Hoon; Ho, 
Jong Wha. (Korea Atomic Energy Re
search Inst., Daeduk (Korea, Republic 
of)). Aug 1991. 113p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93605833. 

This project is the 3rd year research 
which develops the neutron transmuta
tion doping techniques for the large 
diameter Si ingot (max. 150mm, target 
resistivity ±5%) at the KMRR irradiation 
sleeve sites. Contents of this year re
search are design of the irradiation 
sleeve design and making of irradiation 
facility, and measurements of absolute 
neutron flux distribution. 1D-ANISN re
sult, which was developed for design of 
irradiation sleeve on the fixed position 
method, was revised by 2D-VENTURE 
code calculation, and variations of flux 
distribution due to Si ingot insertion and 
effects of Al fliler addition were studied. 
Study is in progress for optimized 
screen design according to the flux 
variation during the KMRR fuel cycle 
and evaluation of its uniformity. First 
prototype of semi-automatic irradiation 
facility was designed and fabricated, 
and is under test. Overall precision sat
isfies design goals, and improvements 
are under way for emergency state and 
their safety operations. Precise fast 
neutron measurements and its inte
grated spectrum were developed, and 
design of foil detector kits and working 
manual for the measurement are being 
prepared. (Author). 

209 
(WHC-SP-0835) 
Maintenance Implementation Plan 
for the 100K Fuel Storage Basins 
and 100N Reactor. Turner, F.R. (West
inghouse Hanford Co., Richland, WA 
(United States)). Jun 1992. Contract 
AC06-87RL10930. 70p. OSTI; NTIS; 
INIS; GPO Dep. Order Number 
DE92040796. 

The 100N Reactor and 100K Fuel 
Storage Basins facilities are located in 
the northwest quadrant of the US De
partment of Energy, Richland Field 
Office (RL) Hanford Site adjacent to the 
Columbia River approximately 35 mi 
from the city of Richland Washington. 
The 100N Reactor is a graphite-
moderated pressure tube, light 
watercooled reactor constructed in 

1959-1963. Conversion of the lOON 
Reactor to produce byproduct steam for 
electrical production was authorized in 
September 1962. The 100K Area is a 
dual reactor site constructed in 1954-
1955. Each reactor facility, K East and 
K West Reactor complexes, are almost 
identical in design, construction, and 
geographic orientation, and are sepa
rated by approximately 2,000 ft. This 
MIP includes all activities associated 
with (1) all structures and facilities lo
cated within the site area designated as 
the 100N Area, except for those facili
ties in which Kaiser Engineers Hanford 
and Operations Support Services orga
nizations are in residence, and (2) 
those portions of structures and facili
ties located within the site area 
designated as 100K that are directly 
associated with the operation and main
tenance of the fuel storage basins in 
105 K East and 105 K West Buildings. 
Specifically excluded from this plan are 
all structures and facilities (or portions 
thereof) that have been assigned to, or 
operated by, organizations other than 
the 10ON Reactor Plant Organization. 

210 
(WSRC-RP-91-0952) 
Scoping tests on the potential for 
lithium/aluminum steam explosions 
in an SRS Septifoil. Cho, D.H.; Gabor, 
J.D.; Purviance, R.T.; Cassulo, J.C; El
lison, P.G.; Hyder, M.L. (Westinghouse 
Savannah River Co., Aiken, SC (United 
States); Argonne National Lab., IL 
(United States)). Sep 1991. Contract 
AC09-89SR18035. 25p. OSTI; NTIS; 
GPO Dep. Order Number DE92040819. 

In May 1991, WSRC/SRL requested 
that ANL conduct five scoping tests in 
order to investigate the potential for 
self-triggered lithium/aluminum steam 
explosion in an SRS Septifoil. This 
work was to support the ongoing SAR 
Chapter 15 analysis for the K-reactor 
restart at SRS. The five tests were suc
cessfully completed over a two-month 
period between June and August 1991. 
The conditions for the five tests were 
specified by the WSRC designated 
technical manager. Dr. Phillip G. Elli
son. While the tests were carried out in 
an existing facility at ANL, WSRC/SRL 
provided the test sections which con
sisted of a three-foot long SRS Septifoil 
section including webbing, bottom end-
fitting, and eleven-inch long control rod 
segments. In addition, WSRC/SRL 
supplied the lithium/aluminum alloy re
quired for the tests. 
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211 
The search for advanced remote 
technology in fast reactor reprocess
ing. Burch, W.D.; Herndon, J.N.; 
Stradley, J.G. pp. 269-275 of Proceed
ings of LMR. La Grange Park, IL 
(United States); American Nuclear So
ciety (1991). 348p. (CONF-901101-). 

From American Nuclear Society 
(ANS) winter meeting; Washington, DC 
(United States) (11-16 Nov 1990). 

Research and development in fast 
reactor reprocessing has been under 
way for about 20 years in several coun
tries throughout the worid. During the 
past decade in France and the United 
Kingdom, active development programs 
were carried out in breeder reprocess
ing with actual fuels from their 
demonstration reactors being repro
cessed in small-scale facilities. Eariy 
US work in breeder reprocessing was 
carried out at the Experimental Breeder 
Reactor II (EBR-II) facilities with the 
eariy metal fuels, and interest has re
newed recenfly in metal fuels. A major, 
comprehensive program, focused on 
oxide fuels, has been conducted in the 
Consolidated Fuel Reprocessing 
Program (CFRP) at the Oak Ridge Na
tional Laboratory (ORNL) since 1974. 
Germany and Japan have also had ac
tive development programs in breeder 
reprocessing, and Japan appears com
mitted to major demonstration of 
breeder reactors and their fuel cycles. 
While much of the effort in all of these 
programs addressed process chemistry 
and process hardware, a significant el
ement of many of these programs, 
particularly the CFRP, has been on ad
vancements in facility concepts and 
remote maintenance features. This pa
per will focus principally on the search 
for improved facility concepts and bet
ter maintenance systems in the CFRP 
and, in turn, on how developments at 
ORNL have influenced the technology 
elsewhere. 

212 
SP-100 Position Multiplexer and Ana
log Input Processor. Syed, A.; 
Gilliland, K.; Shukia, J.N. pp. 2.45-2.50 
of Proceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

This paper describes the design, im
plementation, and performance test 

results of an engineering model of the 
Position Multiplexer (MUX)-Analog Input 
Processor (AlP) System for the trans
mission and continuous measurements 
of Reflector Control Drive position in 
SP-100. This paper describes the work 
performed to determine the practical 
circuit limitations, investigate the circuit/ 
component degradation of the multi
plexer due to radiation, develop an 
interference cancellation technique, and 
evaluate the measurement accuracy as 
a function of resolver angle, tempera
ture, radiaflon, and interference. The 
system developed performs a complex 
cross-correlation between the resolver 
excitation and the resolver sine cosine 
outputs, from which the precise resolver 
amplitude and phase can be deter
mined while simultaneously eliminating 
virtually all uncorrelated interference. 

213 
SUR-100 critical assembly and Its 
use at the Faculty of Electrical Engi
neering, Slovak Technical University 
in Bratislava. Hascik, J . ; Slugen, V.; 
Hinca, R. Jaderna Energie (Czechoslo
vakia); 38: No. 3, 101-106 (Mar 1992). 
(In Slovak). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 

A technical description of the system 
and its safety analyses are presented, 
and its potential in educational and sci
entific applications is outlined. The 
Siemens SUR-100 critical assembly is 
a nuclear facility with a fixed homoge
neous core and a power output of 100 
MWth. Enriched uranium, containing 
20% of uranium 235 in the form of 
UsOe powder, sen/es as the fuel, 
whereas polyethylene is the moderator. 
In none of the admissible (or possible) 
operation modes poses the critical as
sembly any hazard to its environment. 
Even the theoretically considered maxi
mum design basis accident would be 
confined to the room where the critical 
assembly is operated. In addition to ed
ucational uses, the critical assembly 
provides sufficiently intense reactor ra
diation suitable for the calibration of 
detectors in a mixed neutron-gamma 
field. (Z.S.). 1 tab., 5 figs., 6 refs. 

214 
Education and training activities at 
North Carolina State University's 
PULSTAR reactor. Mayo, C.W. Trans
actions of the American Nuclear 
Society (United States); 65: 129-131 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Research reactor utilization has been 
an integral part of the North Carolina 
State University's (NCSU's) nuclear en
gineering program since its inception. 
The undergraduate curriculum has a 
strong teaching laboratory component. 
Graduate classes use the reactor for 
selected demonstrations, experiments, 
and projects. The reactor is also used 
for commercial power reactor operator 
training programs, neutron radiography, 
neutron activation analysis (NAA), and 
sample and tracer activation for indus
trial short courses and services as part 
of the university's land grant mission. 
The PULSTAR reactor is a 1-MW pool-
type reactor that uses 4 % enriched UO2 
pellet fuel in Zircaloy II cladding. Stan
dard irradiation facilities include wet 
exposure ports, a graphite thermal col
umn, and a pneumatic transfer system. 
In the near term, general facility up
grades include the installation of signal 
isolation and computer data acquisition 
and display functions to improve the 
teaching and research interface with 
the reactor. In the longer term, the 
authors foresee studies of new core de
signs and the development of beam 
experiment design tools. These would 
be used to study modifications that may 
be desired at the end of the current 
core life and to undertake the develop
ment of new research instruments. 

215 
Minority and female training pro
grams at the Ford Nuclear Reactor, 
University of Michigan. Burn, R.R. 
Transactions of the American Nuclear 
Society (United States); 65: 131-132 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Nuclear power industry operations 
staffs are composed predominantly of 
white males because most of the 
personnel come from the nuclear sub
marine and surface branches of the 
U.S. Navy. The purpose of the minority 
and female training programs spon
sored by the Ford Nuclear Reactor at 
the University of Michigan is to provide 
a path for minorities and women to en
ter the nuclear industry as operators, 
technicians, and, in the long term, as 
graduate engineers. The training 
programs are aimed at high school stu
dents, preferably juniors. While the 
training is directed toward operation of 
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a nuclear reactor, it is equally applica
ble to careers in most other technical 
fields. It is hoped that some of the par
ticipants will remain at the Ford Nuclear 
Reactor as reactor operators, enter col
lege, and obtain college degrees, after 
which they will enter the nuclear indus
try as graduate engineers. 

216 
Neutron radiography and neutron-
induced autoradiography for the 
classroom. Aderhold, H.C. Transac
tions of the American Nuclear Society 
(United States); 65: 132-133(1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The Cornell 500-kW MARK II TRIGA 
reactor at the Ward Laboratory of Nu
clear Engineering has been used to 
illustrate the application of neutron ra
diography (NR) and neutron-induced 
autoradiography (NIAR) for solving 
problems in engineering as well as 
problems in art history. The applica
tions are described in the paper. 

217 
Use of the AGN-201M research reac
tor for probabilistic risk assessment 
education. Brumburgh, G.P.; Heger, 
A.S.; Busch, R.D.; Cooper, G.C. Trans
actions of the American Nuclear 
Society (United States); 65: 133-134 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In 1990, the use of the University of 
New Mexico's AGN-201M reactor was 
extended to augment student training in 
probabilistic risk assessment (PRA). 
This extension was in response to the 
success of a graduate-level course in 
PRA and the need for performance-
oriented training to enforce the 
concepts taught in the course. To this 
end, in addition to exposure to theoreti
cal concepts related to PRA, students 
are asked to perform a complete analy
sis of complex processes or systems 
such as the AGN-201M. This is an ex
tension of the current role of the reactor 
as a learning enforcement tool for 
undergraduate nuclear engineering ed
ucation. To date, some of the students 
have analyzed the reactor and its affili
ated systems for response to severe 
accidents and have identified potential 
vulnerabilities of the reactor under a 
maximum hypothetical release accident 
and their associated risks. Some of the 
results are discussed in this paper. 

218 
Safety aspects of the Texas cold 
neutron source. Uenlue, K.; Bauer, 
T.L.; Wehring, B.W. Transactions of the 
American Nuclear Society (United 
States); 65: 135-136 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

This paper concerns the safety as
pects and design features of the Texas 
Cold Neutron Source (TONS), which 
was designed and recently constructed 
by the Nuclear Engineering Teaching 
Laboratory (NETL) at the University of 
Texas at Austin. The TCNS fits into the 
piercing beam port of the NETL 1-MW 
Triga Mark II reactor. The major safety 
considerations for the TCNS are radiol-
ysis of the moderating material, ozone 
generation in vacuum chamber, ra
dioactivity of components, and various 
system failures. The use of mesitylene 
for the cold source moderator, a heat 
pipe to cool the moderator, and appro
priate procedures during normal 
operation and system failures allows for 
a safe and reliable operation of the 
TCNS. This new facility will provide a 
subthermal and low-background neu
tron beam that will enhance the quality 
of basic and applied research carried 
out at the NETL. 

219 
Further development around the 
Hoger Onderwijs reactor of IRI in 
Delft. Bruin, M. de. Transactions of the 
American Nuclear Society (United 
States); 65: 136 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The Interfacultair Reactor Instituut 
(IRI) was founded in 1958, and its reac
tor first reached criticality in 1963. Until 
1987, IRI was an interuniversity insti
tute, owned and directed by the 
combined universities. Since then it 
constitutes part of the Delft University 
of Technology but continues its role as 
an interuniversity institute. The main fa
cility is the Hoger Onderwijsreactor 
(HOR), a 2-MW swimming-pool reactor 
operated 24 h/day, 5 day/week. In the 
5-yr working plan of 1988-1993, much 
attention is being paid to development 
and construction of new experimental 
facilities connected to the reactor. A 
double-stacked mirror neutron guide, a 
reactor coupled source of variable en
ergy positrons, and an irradiation facility 
for activation analysis of large samples 

have been installed. Completion of a 
neutron reflectometer suitable for appli
cation to solids as well as liquids is 
foreseen for 1993. Further plans for fa
cility development will focus on the 
construction of a small beam hall and a 
three- or fourfold stacked mirror neu
tron guide to provide neutron beams to 
that hall. The IRI research program will 
be continued along the lines discussed 
on eariier occasions but with increasing 
emphasis on research using neutron 
beams and positron techniques and nu
clear technology. Major new research 
activities are focused on plant uptake of 
long-lived fission products and on the 
behavior of natural nuclides in large-
scale industrial processes. 

220 
Hydrogen measurements at ppm lev
els utilizing the modified notched 
neutron spectrum technique. Miller, 
W.H.; Brugger, R.M.; Meyer, W. Trans
actions of the American Nuclear 
Society (United States); 65: 185-186 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

One nondestructive method for the 
detection of parts per million (ppm) lev
els of hydrogen in metals in the 
notched neutron spectrum technique. 
This technique uses a filtered spectrum 
of neutrons that have been depleted of 
neutrons in given energy ranges by 
absorption at resonances in a thick res
onance absorber. This beam is then 
passed through a sample of interest, 
and the scattered neutrons are detected 
by thin foils in front of and behind the 
sample using the same resonance ab
sorber. The degree to which hydrogen 
in the sample has moderated neutrons 
from energies above the resonance re
gions back into the resonance energy 
range results in increased activation of 
the foil behind the sample. The authors 
of this paper have proposed a modified 
notched neutron spectrum technique 
and have predicted an increase in the 
sensitivity to hydrogen by a factor of 
20. This is achieved by eliminating 
much of a background activation of the 
two foils through a new experimental 
geometry. This paper describes the re
sults of experiments for this modified 
notched neutron spectrum technique. 

221 
The role of a small teaching reactor 
In education and training. Bobek, 
L.M.; Mayer, J.A. Jr. Transactions of 
the American Nuclear Society (United 
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States), 65 126-127 (1992). (CONF-
920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992). 

It cannot be simply concluded that 
because an undergraduate nuclear en
gineering program has access to a 
higher power research reactor that the 
number of BS graduates will be propor
tionately larger than a program whose 
reactor operates at a much lower power 
level. What can be concluded is that al
though smaller in size and capability, 
low-power research reactors and the 
nuclear engineenng programs they 
serve provide an important role in pro
ducing much-needed nuclear engineers 
and scientists at the undergraduate 
level. Designed and built by General 
Electnc primanly as a teaching tool for 
nuclear engineering education, the nu
clear reactor at Worcester Polytechnic 
Institute (WPI) first began operation in 
1959 The reactor power level was up
graded from 1 to 10 kW in 1969, and its 
20-yr operating license was renewed in 
1983. With the support of DOE funds, 
the reactor was converted to low-
ennched fuel in 1988. Under partial 
funding from the DOE University Reac
tor Instrumentation Program, the 
reactor control console will soon be re
placed. Since a small research reactor 
IS an ideal tool for providing basic and 
intermediate nuclear training, the incor
poration of nuclear subjects into 
traditional disciplines will consequenfly 
enhance reactor facility usage. VVith its 
continued modernization, the WPI nu
clear reactor facility will play a key role 
in meeting nuclear manpower needs 
while providing excellent and rewarding 
career opportunities for students in all 
disciplines for many years to come. 

222 
The role of the UFTR in supporting 
the Florida educational system. Ver-
netson, W G Transactions of the 
Amencan Nuclear Society (United 
States), 65. 127-128 (1992). (CONF-
920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992) 

The mission of the University of 
Flonda training reactor (UFTR) is to 
serve the regional needs of Florida and 
the Southeast for access to quality re
actor usage in a variety of areas to 
support educational and training needs 
as well as research and service, includ
ing public information about nuclear 
energy. UFTR utilization for education 

and student training is an emphasis 
area that involves a wide spectrum of 
uses for all levels of students. These 
uses include laboratory as well as 
lecture-oriented courses in many aca
demic disciplines. Evolutionary 
development of new facilities and refur
bishment of existing facilities continue 
to provide opportunities to expand on 
traditional reactor usage to support ed
ucational goals. Specialized operations 
and health physics training programs 
provide still further opportunities to in
volve a broad spectrum of faculty and 
students with reactors. The outlook is 
for continued increases in educational 
usage and further diversification of 
types of usage. 

223 
The UMR reactor outreach program 
for expanded educational utilization. 
Freeman, D.; Bolon, A. Transactions of 
the American Nuclear Society (United 
States); 65: 128-129 (1992). (CONF-
920606-). 

From Amencan Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In recent years, the University of 
Missouri-Rolla Reactor (UMRR) facility 
has been under intense financial 
scrutiny by the university administra
tion; primarily due to ever-tightening 
budgets and declines in nuclear engi
neenng (NE) enrollment In response to 
criticisms of low utilization, the reactor 
staff has developed and implemented a 
dynamic outreach program designed to 
significantly increase the educational 
role of the facility on campus. The out
reach program is based on the principle 
that the potential to provide service to 
the UMR community is far in excess of 
the present level of service. The pro
gram IS designed to identify and inform 
potential users of how their courses or 
programs can be augmented through 
use of the reactor facility The net effect 
of the outreach program is greater cam
pus communication and awareness of 
the unique capabilities as applied to 
each discipline A natural product of the 
outreach program should be increased 
research. 

224 
Use of research reactors In multidis
ciplinary education at Cornell 
University. Clark, D.D. Transactions of 
the American Nuclear Society (United 
States), 65. 129 (1992) (CONF-
920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992). 

Multidisciplinary aspects of nuclear 
science and technology form a large 
part of the research and teaching activi
ties of the Nuclear Science and 
Engineering (NS and E) Program at 
Cornell, and the two reactors housed in 
Ward Laboratory - a 500-kW TRIGA 
and a 100-W critical facility [zero-power 
reactor (ZPR)]- play a central role in 
those activities Several pnmanly edu
cational and multidisciplinary features 
of the NS and E program are described 
in this paper. 

225 
In-reactor performance of LWR-type 
tritium target rods. Lanning, D.D., 
Paxton, M.M.; Crumbaugh, L. Transac
tions of the American Nuclear Society 
(United States), 65- 195-197 (1992) 
(CONF-920606-). 

From Amencan Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992) 

Pacific Northwest Laboratory has 
conducted several 1-yr irradiation tests 
of light water reactor-type tritium target 
rods. These tests have been sponsored 
by the U.S. Department of Energy's Of
fice of New Production Reactors. The 
first test, designated water capsule-1 
(WC-1), was conducted in the Ad
vanced Test Reactor (ATR) at the Idaho 
National Engineenng Laboratory from 
November 1989 to December 1990. 
The test vehicle contained a single 4-ft 
target rod within a pressurized water 
capsule. The capsule maintained the 
rod at pressurized water reactor 
(PWR)-type water temperature and 
pressure conditions. Posttest nonde
structive examinations of the WC-1 rod 
involved visual examinations, dimen
sional checks, gamma scanning, and 
neutron radiography. The results 
indicate that the rod maintained the in
tegrity of Its pressure seal and was 
otherwise unaltered both mechanically 
and dimensionally by its irradiation and 
posttest handling 

226 
Dose rate determination of UMRR 
fuel in preparation for transportation. 
Simpkins, A.A.; Bolon, A.E Transac
tions of the American Nuclear Society 
(United States); 65: 362 (1992). 
(CONF-920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992). 
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The dose rates of the highly ennched 
uranium (HEU) fuel at the University of 
Missouri-Rolla Reactor (UMRR) were 
determined and a method for transport
ing the fuel out of the facility was 
recommended. The UMRR has been 
mandated by the US Nuclear Regula
tory Commission (NRC) to convert from 
their existing HEU fuel to low-enriched 
uranium fuel. The UMRR, which is a 
pool-type reactor, has been operating 
since Its first startup in 1959 with the 
same fuel (material test reactor MTR 
plate-type elements that contain UsOg 
in an aluminum matnx) The uranium 
ennchment is nominally 90% ^^^U. 
There are currenfly 14 elements, 1 half-
element, and 4 control-rodded elements 
in the core and 8 fuel elements and 1 
half-element in the storage pool The 
fuel IS owned by the US Department of 
Energy, and they will ultimately be in 
charge of removing it from the facility. 
Thermoluminescent dosimetry (TLD) 
was used to expenmentally determine 
the activity of each of the fuel elements 
in water, and then an analytical model 
was developed to determine the in-air 
dose rates at distances of interest. 

227 
Designs of the new SM-2, RBT-6 and 
RBT-10 in-core devices. Samsonov, 
B.V.; Aksenov, N.A.; Rogozyanov, 
A.Ya.; Seredkin, S.V.; Kungurtsev, I A. 
Atomnaya Ehnergiya (USSR); 69: No. 
6, 378-381 (Dec 1990) (In Russian). 

Designs applied for interreactor stud
ies at the SM-2, RBT-6 and RBT-10 
modernized reactors are presented. 
Description of the modernized facilities 
and new methods for conducting me
chanical tests IS given Devices for 
testing HTGR fuel elements and alloys 
are presented 

228 
DHRUVA : the versatile nuclear re
search reactor at Trombay. Sharma, 
S.K. Current Science (Bangalore) (In
dia), 62. No 6, 458-462 (25 Mar 
1992). 

DHRUVA IS a 100 MWt research re
actor with a thermal neutron flux of 
1.8x10^* neutrons cm~^sec~^ set up at 
the Bhabha Atomic Research Centre, 
Bombay It was entirely built indige-
neously and attained criticality in 1988. 
Its salient design and safety features, 
research facilities and use for isotope 
production are descnbed. (M.G B). 6 
figs. 

229 
Verification of source multiplication 
methods for HFIR subcritlcality mon
itoring. Rothrock, R.B Transactions of 
the American Nuclear Society (United 
States); 65: 426-427 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992) 

In October 1991, a special subcritical 
reactivity measurement test was 
performed at the High-Flux Isotope Re
actor (HFIR) located at the Oak Ridge 
National Laboratory (ORNL). The test 
was designed to demonstrate that the 
reactivity of a fresh HFIR fuel assembly 
could be measured in the refueling state 
through source multiplication methods 
with sufficient accuracy to verify that all 
essential shutdown margin require
ments would be met. This test was the 
final step in validating the source multi
plication method as an alternate means 
of HFIR core reactivity verification prior 
to startup in lieu of the reactivity mea
surements formeriy made on each 
fresh HFIR fuel assembly at the ORNL 
Critical Expenment Facility (CEF). 

230 
Monte Carlo verification of control-
rod worth for the Savannah River K 
reactor. Mosteller, R.D. Transactions of 
the American Nuclear Society (United 
States), 65: 440-442 (1992). (CONF-
920606-). 

From Amencan Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The Savannah River K Reactor is a 
heavy-water reactor that relies on 
control-rod movement to control its re
activity and power distnbution dunng 
normal operations. It is necessary, 
therefore, to have an accurate estimate 
of the reactivity worth of its control rods 
in order to predict the behavior of the 
reactor. Westinghouse Savannah River 
Company (WSRC) uses the GLASS 
lattice-physics code to calculate few-
group cross sections for fuel and 
control-rod assemblies in the K reactor. 
This paper compares the control-rod 
worth calculated by GLASS to that cal
culated by the MCNP Monte Cario 
program. The GLASS calculations uti
lize Its standard 37-group cross-section 
library, while the MCNP calculations 
employ continuous-energy isotopic 
cross-section libraries denved from 
ENDF/B-V. The MCNP calculations 
therefore combine the most ngorous 
analytical model and the most accurate 
cross sections currently available for 

thermal-reactor analysis Consequently, 
the MCNP results compnse a computa
tional benchmark against which the 
accuracy of the GLASS code can be 
evaluated. 

231 
Prediction and measurement of fuel 
depletion due to irradiation of HFIR 
fuel elements. Primm, R.T. Ill Trans
actions of the American Nuclear 
Society (United States); 65 446-448 
(1992). (CONF-920606-) 

From American Nuclear Society an
nual meeting, Boston, MA (Unrted 
States) (7-12 Jun 1992) 

The high-flux isotope reactor (HFIR) 
IS a highly ennched, beryllium-reflected, 
light-water-cooled and -moderated, flux-
trap research reactor. It is used to 
produce transplutonium isotopes and 
supply neutrons for scattering experi
ments. The HFIR safety analysis report 
IS currently being revised to include 
safety parameters for a rated power of 
85 MW. Inputs to this report include 
end-of-life (EOL) reactivity coefficients. 
These coefficients are being calculated 
with transport theory programs, but the 
end-of-cycle conditions are defined us
ing the VENTURE diffusion theory 
system. The methodology by which the 
VENTURE analysis was performed has 
been descnbed previously. This paper 
describes efforts to validate the 
VENTURE-calculated EOL parameters 
using experimental data for ^^'U deple
tion and comparison to other computer 
programs [ORIGEN-S] for fission prod
uct production. 

232 
Fast Flux Test Facility reactor initial 
criticallty predictions and measure
ments. Tang, E.L., Knutson, BJ . 
Transactions of the American Nuclear 
Society (United States); 65 454-455 
(1992). (CONF-920606-). 

From Amencan Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992) 

The Fast Flux Test Facility (FFTF) 
was designed to test fast-reactor fuels 
and other nonfuel materials. In its 37 
reactor cycles of operations, the FFTF 
reactor has performed very well and 
successfully completed all the 
irradiation testings with an operating ef
ficiency factor as high as 98%. Since 
FFTF IS an expenmental reactor, its 
core loading changed from cycle to cy
cle. Depending on the number of test 
assemblies in the core and their loca
tion, the core loading can change 
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significantly from an essentially homo
geneous core loading to a relatively 
nonhomogeneous or even highly 
localized heterogeneous loading. Con
sequently, the core reload design and 
initial criticality analyses were required 
for each operating cycle. The zero 
power initial critical control rod bank 
height was predicted before each reac
tor startup. The initial critical prediction 
depends on the reactivity conditions at 
the end of the previous cycle, the tem
perature feedback reactivities, the 
individual and total control rod bank 
worths for the current cycle, the 
differential rod worth profile, and the re
fueling reactivity for the current cycle 
core loading. The predicted and the 
measured initial critical control rod bank 
heights for the recent cycles are sum
marized. 

233 
Calculation of reactivity coefficients 
using AUS. Harrington, B.V. Transac
tions of the American Nuclear Society 
(United States); 65: 456-457 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The DIDO class High-Rux Australia 
Reactor (HIFAR) at the Australian 
Nuclear Science and Technology Orga-
nizaflon (ANSTO) achieved initial 
criticality in 1958. For the ffrst 10 yr of 
operation, fuel management and safety 
arguments were based on parameters 
measured during the commissioning 
period of the reactor augmented by ad
ditional measurements where these 
were thought necessary, chiefly as a 
consequence of changes in the type of 
reactor fuel element or disposition of 
irradiation rigs. In the eariy 1970s, de
velopment of the modular neutronics 
code AUS began, and in the intervening 
years, a transition from experimental to 
calculated data has occurred. This has 
been partly the result of the difficulty of 
gaining reactor time for experimental 
purposes but, perhaps more impor
tantly, partly the result of the realization 
of the difficulty of obtaining adequate 
accuracy in measurements of space 
and energy-dependent data. Experi
ence in using the code and extensive 
benchmark testing has led to great 
confidence in the correctness of calcu
lations to the point where the reactor 
can be almost entirely operated and 
managed with the use of calculated 
data. This papier briefly describes the 

present status of the AUS code mod
ules and specific problems that have 
been addressed with them. 

234 
The method for control of fission 
material content In Irradiated fuel of 
research reactors. Khromov, V.V.; Sa-
vander, V.L: Glebov, V.B.; Komlev, 
O.G.; Rukhlo, V.P. Atomnaya Ehn
ergiya (USSR); 69: No. 6, 400-402 
(Dec 1990). (In Russian). 

Calculation methodology providing 
for control of fission material content in 
irradiated fuel of research reactors, 
necessary for implementation of lAEF 
safeguards, is presented. Reactor with 
highly enriched fuel is considered. ^^U 
burnup and formation of the following 
fission products ("^Cs, ''^^Eu, ^^Zr, 
^°^Ru, ^^Ce, ^^^Cs) and (^^Cs, ^^Eu), 
combined in groups according to ways 
of their formaflon, are taken account of 
by descripflon of nuclide content 
changes. 

THEORY AND CALCULA
TION 

235 
(AECL-10146-1) 
Validation of KENO V.a for criticality 
safety calculations of low-enriched 
uranlum-235 systems. McCamis. R.H. 
(Atomic Energy of Canada Ltd., Pinawa, 
MB (Canada). Whiteshell Nuclear Re
search Establishment). Feb 1991. 32p. 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93603802. 

The criticality safety analysis program 
KENO V.a, together with a 27-energy-
group ENDF/B-IV criticality safety 
cross-section library, has been vali
dated by comparison of calculations 
with the experimental results from 
critical benchmarks dealing with low-
enriched (< 5 wt%) ^^^U systems, 
obtained both from the literature and 
from recent AECL Research experi
ments with the SLOWPOKE 
Demonstration Reactor. The combina
tion of the code and this data library is 
shown to be very suitable for criticality 
safety analyses of low-enriched ^^U 
systems, with mean values of the cal
culated reactivities being within 1 % of 
the experimental values. (6 figs., 3 
tabs., 37 refs.). 

236 
(AECL-10146-2) 
Validation of KENO V.a for criticality 
safety calculations involving WR-1 
fast-neutron fuel arrangements. 
Gauld, I.e. (Atomic Energy of Canada 
Ltd., Pinawa, MB (Canada). Whiteshell 
Nuclear Research Establishment). Jul 
1991. 24p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93603803. 

The KENO V.a criticality safety code, 
used with the SCALE 27-energy-group 
ENDF/B-IV-based cross-section library, 
has been validated for low-enriched 
uranium carbide (UC) WR-1 fast-
neutron (FN) fuel arrangements. 
Because of a lack of relevant experi
mental data for UC fuel in the published 
literature, the validation is based pri
marily on calculational comparisons 
with critical experiments for fuel types 
with a range of enrichments and densi
ties that cover those of the FN UC fuel. 
The ability of KENO V.a to handle the 
unique annular pin arrangement of the 
WR-1 FN fuel bundle was established 
using a comparison with the MCNP3B 
code used with a continuous-energy 
ENDF/B-V-based cross-section library. 
This report is part of the AECL-10146 
report series documenting the validation 
of the KENO V.a criticality safety code. 

237 
(IGC-120) 
Activity report of Reactor Physics 
Division : 1990. Mohanakrishnan, P. 
(ed.). (Indira Gandhi Centre for Atomic 
Research, Kalpakkam (India)). 1991. 
118p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93605747. 

The major Research and Develop
ment and Project activities carried out 
during the year 1990 in Reactor Physics 
Division are presented in the form of 
summaries in this report. The various 
activities are organised under the 
following areas : (1) Nuclear Data Eval
uation, Processing and Validation, (2) 
Core Physics and Analysis, (3) Reactor 
Kinetics and Safety Analysis, (4) Noise 
Analysis, and (5) Radiation Transport 
and Shielding. FBTR was restarted in 
July 1990 and the power was raised 
upto 500 kW. A number of low power 
physics experiments on reactivity coeffi
cients, kinetics and noise, neutron flux 
and gamma dose in B cells, were per
formed, which are discussed in this 
report, (author), figs., tabs. 

238 
(KAERI/RR-1071/91) 
Nuclear data evaluation and group 
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constant generation for reactor anal
ysis. Kim, Jung Do; Lee, Jong Tae; 
Min, Byung Joo; Gil, Choong Sup. (Ko
rea Atomic Energy Research Inst., 
Daeduk (Korea, Republic of)). Jan 
1991. lOOp. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93605748. 

In nuclear or shielding design analy
sis for reactors or other facilifles, 
nuclear data are one of the primary im
portances. Research project for nuclear 
data evaluation and their effective 
applications has been continuously per
formed. The objectives of this project 
are (1) to compile the latest evaluated 
nuclear data files, (2) to establish their 
processing code systems, and (3) to 
evaluate the multi- group constant li
brary using the newly compiled data 
files and the code systems. As the 
results of this project, ENDF/B-VI Sup
plementary File including important 
nuclides, JENDL-3.1 and JEF-1 were 
compiled, and ENDF-6 international 
computer file format for evaluated nu
clear data and its processing system 
NJOY89.31 were tested with ENDF/B-
VI data. In order to test an applicability 
of the newly released data to thermal 
reactor problems, a number of bench
mark calculations were performed, and 
the results were analyzed. Since pre
liminary benchmark testing of thermal 
reactor problems have been made the 
newly compiled data are expected to 
be positively used to develop advanced 
reactors. (Author). 

239 
Workshop on nuclear technology: A 
joint effort between ANS and the 
University of Massachusetts-Lowell. 
Brown, G.J.; McDevitt, M.A.; Schmidt, 
D. Transactions of the American Nu
clear Society (United States); 65: 11 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The University of Massachusetts 
Lowell (UML) (formeriy University of 
Lowell) sponsored, along with the 
American Nuclear Society (ANS), a 5-
day workshop entitled 'Understanding 
and Teaching about Nuclear Technol
ogy and Its Place in Our Society.' More 
than 30 middle and high school teach
ers from the New England area 
(Connecticut, New Hampshire, and 
Massachusetts) attended the workshop, 
which was held June 24 through 28, 
1991. Based on this experience, and 
with the expectation of replicating if not 
improving upon initial success, plans 

are now under way to offer a similar 
workshop at UML from June 29 through 
Julys, 1992. 

240 
Workshop for middle school and 
high school educators. Miller, D.W. 
Transactions of the American Nuclear 
Society (United States); 65: 11-14 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

This paper summarizes the workshop 
entitled, 'Understanding and Teaching 
about Nuclear Technology and Its Place 
in Our Society' presented at Ohio State 
University (OSU) in August 1991. The 
workshop was a collaborative program 
with the American Nuclear Society 
(ANS) taking the lead and OSU taking 
a supportive and facilitator role. The 
paper addresses the issues of program 
management and development. Be
cause the program elements provided 
by the ANS are generic to other work
shops they have sponsored, only the 
unique contributions made by OSU are 
discussed. 

241 
Tomorrow's engineers through 
teacher/student programs at Penn 
State. Davidson, C. Transactions of the 
American Nuclear Society (United 
States); 65: 14-15 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Interest in math and science in
creases when the problems and topics 
are current and socially relevant. A 
course that integrates various sciences 
requires a solid foundation in mathe
matics and an understanding that real 
life consists of an interaction of the ba
sic sciences. One topical area that 
requires the understanding of math and 
science and affects our society is radia
tion. Although nuclear issues are 
prevalent in the news, very few sec
ondary science educators receive much 
formal training in radiation and nuclear 
science. A strong push for educational 
programs on this topic by the U.S. 
Atomic Energy Commission and state 
departments of education began in the 
late 1960s and eariy 1970s. Through 
this effort, Pennsylvania State Univer
sity (Penn State) developed the Nuclear 
Concepts Institute for secondary sci
ence teachers and has continued its 
involvement with educational programs 

in nuclear science for teachers and stu
dents. From discussions with teachers 
and students along with formal and in
formal surveys, the programs have had 
a positive impact on teachers' interest 
in learning more about nuclear science 
and on students' choices to enter nu
clear engineering or a related field. The 
paper discusses the Nuclear Concepts 
Program; formation of the American 
Nuclear Science Teachers Association 
(ANSTA); ANSTA projects; other Penn 
State educational programs; and im
pact of education programs. 

242 
Nuclear science and engineering 
workshop for secondary science 
teachers. Miller, W.H.; Neumeyer, 
G.M.; Langhorst, S.M. Transactions of 
the American Nuclear Society (United 
States); 65: 15-16 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A 2-week workshop has been held 
for the past 10 yr at the University of 
Missouri-Columbia for secondary sci
ence teachers to increase their 
knowledge of nuclear science and its 
applications. It is sponsored jointiy by 
Union Electric Company (St. Louis, 
Missouri), the University of Missouri-
Columbia, the American Nuclear 
Society (ANS) student branch at the 
University of Missouri-Columbia, and 
the Central/Eastern Section of the ANS. 
The workshop focuses on two principal 
educational areas: basic nuclear sci
ence and its applications and nuclear 
energy systems. The philosophy of the 
workshop is to provide factual informa
tion without emphasis on the political 
issues of the use of nuclear without 
emphasis on the political issues of the 
use of nuclear science in the modern 
society, allowing the participants to 
form their own perceptions of the risks 
and benefits of nuclear technology. The 
paper describes the workshop organi
zation, curriculum, and evaluation. 

243 
Nuclear science and technology, a 
four-week residential summer pro
gram for high school rising seniors 
at NCSU. Stam, E. Transactions of the 
American Nuclear Society (United 
States); 65: 16-18 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 
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In 1982, the North Carolina State Uni
versity (NCSU) Department of Nuclear 
Engineering (NE Department) estab
lished a 2-week residential summer 
program on nuclear science and tech
nology for high school rising seniors to 
stimulate their interest in nuclear engi
neering as a career. The program was 
designed with the following goals in 
mind: (1) to expose the students to 
mathematics and science fundamen
tals, which are essential for a career in 
science or engineering; (2) to demon
strate the use of nuclear energy and 
nuclear techniques in areas that affect 
the well being, technical progress, and 
the shape of our society; (3) to acquaint 
the students with the resources of 
NCSU when contemplating a career in 
science of engineering; and (4) to pro
vide a relaxed setting for student-faculty 
interaction, which can provide motiva
tion and guidance toward a career in 
science or engineering and ease the 
transition from high school to college. 

244 
COBRA/RELAP5: A merged version 
of the COBRA-TF and RELAP5/MOD3 
codes. Lee, S.Y.; Jeong, J.J.; Kim, 
S.H.; Chang, S.H. Nuclear Technology 
(United States); 99: No. 2, 177-187 
(Aug 1992). 

This paper reports that the best-
estimate thermal-hydraulic codes 
RELAP5/MOD3 and COBRA-TF were 
adopted to the Apollo DN 10000 work
station and subsequently merged. This 
was done to combine the excellent fea
tures of the two codes and thus product 
a code with much enhanced capability. 
The resulting code was named CO-
BRA/RELAP5. This code has features 
in common with COBRA/TRAC or 
TRAC-PF1; three-dimensional reactor 
vessel and one-dimensional loop mod
eling capability. The merging of the two 
codes is focused on the hydrodynamic 
model and numerical solution schemes. 
In COBR/VRELAP5, the system pres
sure matrices of the two codes are 
merged and solved simultaneously. 
The merged C0BRA/RELAP5 calcula
tions are done in process-level parallel 
mode on the Apollo DN10000 computer 
with two central processing units. 

245 
Knowledge-based tool for determina
tion of few-group boundaries. Tanker, 
A.Z. Transactions of the American Nu
clear Society (United States); 65: 103 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Given a multigroup library with the 
associated set of group intervals, deter
mination of the energy boundaries 
within which the cross sections are to 
be flux weighted for few-group calcula
tions requires careful study. The type of 
reactor being analyzed and the detail 
required by the method of analysis di
rectly affect the choice of these 
boundaries. Although it is best to base 
this choice on benchmark calculations 
of the specific reactor type using differ
ent numbers of groups, suggestions 
with explanations of reasoning would 
increase understanding and shorten the 
time spent on these benchmarks. To 
accomplish this, determination of the 
few-group boundaries should be based 
on nuclear data and physical informa
tion as much as possible. However, the 
fact that different countries use different 
boundaries for the same type of reactor 
indicates that this determination is done 
partly by convention and depends 
mostiy on human analysis of calcula
tions rather than numbers themselves. 
Therefore, for automated determination 
of few-group boundaries a knowledge-
based computer program is more 
suitable than an algorithm-based one. 
In this study, a preliminary version of a 
knowledge-based computer program 
for determination of the energy bound
aries for few-group calculations was 
written in Prolog. 

246 
Condition numbers of finite element 
matrices for some typical reactor 
physics problems. Utku, H.; Christen-
son, J.M. Transactions of the American 
Nuclear Society (United States); 65: 
208 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The finite element matrices encoun
tered in many fields such as structural 
analysis are stiff and sensitive to singu
larities. Furthermore, the matrix of the 
discretized system is, in general, 
sparse and irregular. Hence, the data 
transfer of matrix elements of the finite 
element matrix may become slow and 
inefficient. These reasons suggest that 
direct inversion methods will work bet
ter than iterative methods for structural 
analysis problems, and there have been 
extensive studies on the numerical esti
mation of problem condition numbers in 
other fields. Similar work has not been 
observed in the literature for reactor 

physics problems. In this paper, the au
thors begin to fill this gap. They have 
evaluated the condition numbers for 
two well-known reactor physics test 
problems using the Loo norm. These 
results indicate that the finite element 
matrices encountered in typical reactor 
problems will not require precondition
ing to reduce the size of condition 
number of the use of elaborate error-
reduction schemes. Results reported 
elsewhere have provided numerical evi
dence of the validity of this conclusion. 

247 
Parallel preconditioned conjugate 
gradient algorithm applied to neu
tron diffusion problem. Majumdar, A.; 
Martin, W.R. Transactions of the Ameri
can Nuclear Society (United States); 
65: 209-210 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Numerical solution of the neutron dif
fusion problem requires solving a linear 
system of equations such as Ax = b, 
where A is an n x n symmetric positive 
definite (SPD) matrix; x and b are 
vectors with n components. The pre
conditioned conjugate gradient (PCG) 
algorithm is an efficient iterative method 
for solving such a linear system of 
equations. In this paper, the authors 
describe the implementation of a paral
lel PCG algorithm on a shared memory 
machine (BBN TC2000) and on a dis
tributed workstation (IBM RS6000) 
environment created by the parallel vir
tual machine parallelization software. 

248 
Improved Pi approximation for radia
tive transfer problems. Wangchang, 
A. Gu; Fan, W.C. Transactions of the 
American Nuclear Society (United 
States); 65: 214-216 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Theoretical studies of thermal 
radiation transfer require solving the ra
diative transfer equation in which the 
radiation field is described by an inte-
grodifferential equation involving six 
phase-space variables and time. Ad
vanced numerical techniques, such as 
the spherical harmonics method, the 
discrete ordinates method, and the 
Monte Cario method, have been em
ployed in the past to provide accurate 
solutions. However, these methods de
mand tremendous computer resources 
to the extent that their usages are often 
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infeasible for routine engineering calcu
lations. Consequenfly, approximate 
solution methods have been proposed, 
namely, the two- and six-flux methods 
and the diffusion of Pi approximation. 
These methods are characterized by 
their simplicity, but they often exhibit 
poor accuracy, especially when the 
medium is optically thin. The present 
method adopts the classic Pi approxi
mation as a base solution. This solution 
is then improved by the so-called 
shape and boundary correction factors, 
which are derived via a known solution 
to the transfer equation. Through these 
correction limitations in the Pi approxi
mation, most notably, the optically thin 
limit and discontinuities in the transport 
medium are greatly reduced, and high 
accuracy can therefore be achieved. In 
this paper, the authors summarize the 
application of the improved Pi method 
to a radiative transfer problem and to a 
slab criticality problem and then com
pare its results with those of other 
methods. 

249 
Nonlinear iterative strategy for NEM 
refinement and extension. Engrand, 
P.R.; Maldonado, G.I.; Al-Chalabi, R.; 
Turinsky, P.J. Transactions of the Amer
ican Nuclear Society (United States); 
65: 221-222 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The work discussed in this paper is 
related to the nonlinear iterative strat
egy developed by Smith to solve the 
nodal expansion method (NEM) repre
sentation of the neutron diffusion 
equations. The authors show how it is 
possible to save computation time by 
taking advantage of the reducibility of 
the matrices that have to be inverted 
when employing this strategy. In addi
tion, they show how this strategy can 
be adapted in an easy and efficient 
manner to time-dependent problems. 

250 
Acceleration techniques for 
the kinetic diffusion equation 
with thermal-hydraulic feedback. 
Al-Chalabi, R.M.; Turnisky, P.J. Trans
actions of the American Nuclear 
Society (United States); 65: 223-224 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In this paper, the authors report on 
work that addresses a method for 

accelerating the convergence of the it
erative method used to solve the kinetic 
form of the few-group neutron diffusion 
equation with the presence of thermal-
hydraulic feedback. The paper shows 
the total core relative power fraction as 
a function of time for a transient in
duced by injecting 50 ppm boron into a 
modern pressurized water reactor mod
eled in three dimensions utilizing an 18 
x 18 X 30 mesh. Results are presented 
for the following cases: (1) a tightiy 
converged solution using Chebyshev 
acceleration but without scaling and 
spatial shift correction, and one outer (q 
= 1) iteration per time step; (2) without 
scaling; (3) with scaling; and (4) with 
scaling and spectral shift correction. 

251 
Reproducibility and Monte Carlo 
eigenvalue calculations. Brown, F.B.; 
Sutton, T.M. Transactions of the Ameri
can Nuclear Society (United States); 
65: 235-236 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Monte Cario methods are used rou
tinely to compute the eigenvalue and 
power distribution of reactor cores and 
fuel assemblies. Reproducibility of the 
results is vital to quality assurance for 
engineering design and to the process 
of developing and verifying a Monte 
Carlo code. In this paper, the authors 
outiine methods used in the RACER 
Monte Cario code, which ensure repro
ducibility, regardless of supergrouping 
or parallel processing, and which are 
completely consistent with conventional 
scalar Monte Carlo eigenvalue calcula
tional methods. 

252 
A Monte Carlo Green's function 
method for three-dimensional neu
tron transport. Gamino, R.G.; Brown, 
F.B.; Mendelson, M.R. Transactions of 
the American Nuclear Society (United 
States); 65: 237-238 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

This paper describes a Monte Cario 
transport kernel capability, which has 
recently been incorporated into the 
RACER continuous-energy Monte 
Cario code. The kernels represent a 
Green's function method for neutron 
transport from a fixed-source volume 
out to a particular volume of interest. 
This method is very powerful transport 

technique. Also, since kernels are eval
uated numerically by Monte Cario, the 
problem geometry can be arbitrarily 
complex, yet exact. This method is in
tended for problems where an ex-core 
neutron response must be determined 
for a variety of reactor conditions. Two 
examples are ex-core neutron detector 
response and vessel critical weld fast 
flux. The response is expressed in 
terms of neutron transport kernels 
weighted by a core fission source distri
bution. In these types of calculations, 
the response must be computed for 
hundreds of source distributions, but 
the kernels only need to be calculated 
once. The advance described in this 
paper is that the kernels are generated 
with a highly accurate three-
dimensional Monte Cario transport 
calculation instead of an approximate 
method such as line-of-sighl attenuation 
theory or a synthesized three-
dimensional discrete ordinates solution. 

253 
An analytical two-dimensional neu
tron transport benchmark of the 
MCNP code. Wemple, C.A.; Jahshan, 
S.N.; Ganapol, B.D. Transactions of the 
American Nuclear Society (United 
States); 65: 238-240 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Previous work on code benchmarks 
has focused on numerical comparisons 
to experiments or other codes. Re
cently, analytical benchmarks have 
been applied to codes that solve the 
Boltzmann transport equation determin-
istically. It is also of interest to apply 
these analytical benchmarks to codes 
that produce the solution from simu
lated stochastic processes (Monte 
Cario). The MCNP code is a multipur
pose, coupled neutral, and 
charged-particle Monte Carlo transport 
code. Due to its accuracy and versatil
ity, MCNP is rapidly becoming the 
Monte Carlo code of choice in the 
worldwide research and development 
community. The recent benchmark 
evaluations at Los Alamos National 
Laboratory include several critical and 
shielding measurements for various 
neutron applications but do not include 
formal comparisons with analytical solu
tions. The work discussed in the paper 
begins to address this need by applying 
MCNP to the searchlight problem in a 
semi-infinite medium. Also, this effort 
will extend the analytical benchmarking 
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effort from personal computer platforms 
to a workstation environment. 

254 
MCNP neutron benchmarks. Hen
dricks, J.S.; Whalen, D.J.; Cardon, 
D.A.; Uhle, J.L. Transactions of the 
American Nuclear Society (United 
States); 65: 262-263 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

More than 50 neutron benchmark 
calculations have recently been com
pleted as part of an ongoing program to 
validate the MCNP Monte Carlo radia
tion transport code. The benchmark 
calculations reported here are part of 
an ongoing multiyear, multiperson effort 
to benchmark version 4 of the MCNP 
code. The MCNP is a Monte Cario 
three-dimensional general-purpose, 
continuous-energy neutron, photon, 
and electron transport code. It is used 
around the worid for many applications 
including aerospace, oil-well logging, 
physics experiments, criticality safety, 
reactor analysis, medical imaging, de
fense applications, accelerator design, 
radiation hardening, radiation shielding, 
health physics, fusion research, and 
education. The first phase of the bench
mark project consisted of analytic and 
photon problems. The second phase 
consists of the ENDF/B-V neutron prob
lems reported in this paper and in more 
detail in the comprehensive report. A 
cooperative program being carried cut 
a General Electric, San Jose, consists 
of light water reactor benchmark prob
lems. A subsequent phase focusing on 
electron problems is planned. 

255 
Experiments on convection heat 
transfer along a vertical flat plate 
between pools with different temper
atures. Kataoka, Y.; Fukui, T.; 
Hatamiya, S.; Nakao, T.; Naitoh, M.; 
Sumida, I. Nuclear Technology (United 
States); 99: No. 3, 386-396 (Sep 
1992). 

This paper reports that to evaluate 
the heat removal capability of an exter
nal water wall-type containment vessel, 
which is a passive system for contain
ment cooling, thermal-hydraulic 
behavior in the suppression arid outer 
pools has been examined experimen
tally. The following results are obtained: 
A thermal stratification boundary, which 
separates the pools into an upper high-
temperature region and a lower 
low-temperature region, is observed 

just below the vent outlet. The natural-
convection heat transfer coefficients 
(HTCs) for the downward and upward 
flows that appear inside and outside 
the primary containment vessel wall are 
measured. The condensation HTCs in 
the presence of non-condensable gas, 
which affect heat transfer between the 
wet well and the outer pool, are 
measured along the long wall. The ca
pability for decay heat removal in the 
external water wall-type containment 
vessel for a 600-MW (electric) plant is 
evaluated based on these results and 
is found to be large enough. 

256 
Analysis of approximations in the 
californium 252-source-driven noise 
analysis method. Stolle, A.M.; Mendel
son, M.R. Transactions of the American 
Nuclear Society (United States); 65: 
417-418 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) f7-12 Jun 1992). 

The Cf-source-driven noise analy
sis method is an experimental 
technique developed at Oak Ridge 
National Laboratory (ORNL) for deter
mining the subcritical multiplication 
factor k»ff in various multiplying media. 
The method has been reported to be 
successful at measuring the reactivities 
of an unreflected cylindrical tank con
taining aqueous uranyl nitrate of varying 
solution heights to a keff as low as 0.3. 
However, the analytical formulation ap
plied by ORNL to the interpretation of 
the experiment is derived from an incor
rect application of the Langevin method 
and differs from other formulations that 
have recentiy appeared in the literature. 
In a recent independent analysis of 
these solution tank experiments, the 
theoretical expression used to evaluate 
ke,f, a formulation based on a set of ap
proximations applied to the complete, 
transport-level interpretation of the 
method, did not lead to good agree
ment with the Monte Cario calculation 
of ksff at low values of the multiplication 
factor. In fact, the analytical formulation 
applied by ORNL appears to be in 
close agreement with Monte Cario. In 
this paper, an analysis of the approxi
mations used to obtain this reduced 
theoretical expression for kefi was per
formed to better understand the source 
of discrepancy between these results 
and Monte Cario calculations and to 
evaluate the limitations of the method 
for determining subcritical reactivity. 

257 
Data testing and CRiSY. Perel, R.L; 
Salmi, U.; Wagschal, J.J. Transactions 
of the American Nuclear Society 
(United States); 65: 418-420(1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The release of any new evaluated 
nuclear data file is followed by an inten
sive data testing activity in addition to 
the data testing by the evaluating orga
nization. The new cross-section library 
ENDF/B-VI has been released recentiy. 
Data checking of a new library is done 
typically in two stages. In the first 
stage, one checks the quality (accu
racy, plausibility, and consistency) of 
the published data. In the second 
stage, one calculates integral quantities 
depending on the data that are experi
mentally known with a high accuracy, 
such as the critical mass of benchmark 
assemblies, and reaction rates. Experi
ence has shown that data on critical 
benchmarks are sometimes incomplete 
or inconsistent. Therefore, the authors 
developed a critical assemblies docu
mentation system (CRISY). CRISY 
consists of an electronic spreadsheet 
(where data from the literature are 
translated to input data needed for 
transport calculations) and of an ac
companying documentation of the 
references and the analysis of the data 
in the literature that led to the descrip
tion of the assembly that was adopted 
in CRISY. This elucidates the best pos
sible description of critical assemblies 
that were published. 

258 
Revised hafnium evaluations for 
ENDF/B-VI. Wright, R.Q. Transactions 
of the American Nuclear Society 
(United States); 65: 422-424 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

An important application of the ele
ment hafnium is its use in control rods 
in nuclear reactors. For this reason, it is 
desirable to determine the absorption 
cross sections of the hafnium isotopes 
to a high accuracy. This requires that 
the self-shielded cross sections be de
termined accurately because the 
hafnium resonances can be heavily 
self-shielded. The ENDF/B-V evalua
tions for natural hafnium and the six 
hafnium isotopes were completed in 
1976. Since 1976, new experimental 
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data have become available. By utiliz
ing these new experimental data, 
significant improvements in the evalu
ated nuclear data files for the hafnium 
isotopes have been achieved. The pri
mary emphasis in this work was placed 
on the resolved and unresolved reso
nance regions, but new experimental 
data were also used to improve the 
evaluations for energies above the un
resolved resonance range. 

259 
Proposal for approximate three-
dimensional correction factors In 
two-dimensional reactor calcula
tions. Kim, C.H.; Cho, J.Y.; Joo, H.G. 
Transactions of the American Nuclear 
Society (United States); 65: 433-435 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Modern nodal methods enable one to 
perform three-dimensional (3-D) reactor 
calculations. Due to substantial savings 
in computing time and efforts, however, 
two-dimensional (2-D) reactor calcula
tions are frequently carried out for 
various fuel management scoping com
putations. The major issue here is how 
to take into account the effect of the 
missing dimension on the 2-D computa
tion so that 2-D results are comparable 
to 3-D results in computational accu
racy. One approach is the introduction 
of 3-D corrections factors into 2-D reac
tor calculations. The purpose of this 
paper is to propose an approximate 
method of determining 3-D correction 
factors with modern nodal computa
tions for the pressurized water reactor 
in mind. Axial flux profiles from model 
core computations are found to be very 
similar to those from 3-D calculation for 
the actual core. This is why 2-D ROCS 
results with approximate correction fac
tors are satisfactory. 

260 
Leakage methods for homogenized 
core calculations. Rentai Chiang. 
Transactions of the American Nuclear 
Society (United States); 65: 434-435 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The leakage between adjacent lat
tices of a reactor core is significant but 
usually ignored in the lattice homoge
nized cross-section generation. The 
authors have developed an improved 
exact leakage method and have ex
tended a leakage perturbation method 

for homogenized core calculations. The 
flux discontinuity factors often associ
ated with the use of the zero-leakage 
homogenized cross sections are not 
needed in the development. The multi-
group diffusion equation is employed 
for lattice, heterogeneous core, and ho
mogenized core calculations. 

COMPONENTS AND AC
CESSORIES 

261 
(BNL-47071) 
Independent verification of tank 
volume measurements by pressure-
volume authentication. Suda, S.C; 
Keisch, B. (Brookhaven National Lab., 
Upton, NY (United States)). [1992]. 
Contract AC02-76CH00016. 6p. (TSO-
92-1; CONF-9207102-68). OSTI; NTIS; 
INIS; GPO Dep. Order Number 
DE92040680. 

From institute of Nuclear Materials 
Management (INMM) annual meeting; 
Orlando, FL (United States) (19-22 Jul 
1992). 

Brookhaven National Laboratory has 
developed a portable pressure-volume 
authenticator** as a standard and 
means of checking the functionality and 
quality of bubbler-probe volumetric 
devices. The pressure-volume authenti
cator (PVA) consists of an automated 
electromanometer system that is con
trolled by a laptop computer, and a 
transportable volumetric artifact. A 
portable pressure gage is connected, 
via a scanivalve, to the operator's 
bubbler-probe system and indepen
dently measures all bubbler probes. 
The transportable volumetric artifact is 
a one-meter high vessel equipped with 
bubble-probes, computer controlled 
air-purge rotameters, and platinum re
sistance (RTD) thermometer. High 
quality measurements are obtained by 
use of a fast sampling technique and 
sophisticated software developed under 
this program. The computer software 
performs the following functions: (a) in
strument control, (b) data acquisition, 
(c) on-line graphical and numerical dis
play of measurement data, and (d) 
detailed data analysis. The device also 
may provide hands-on training for in
spectors and plant operators in high 
quality volumetric data collection and 
analysis. A field demonstration of the 
automated electromanometer system 

was conducted on the PETRA input ac
countancy tank, JRC-lspra in 
November 1991. 

262 
(CEA-CONF-10965) 
Presentation of the Fabrice process: 
validation by the Prisca experiments 
and refabricatlon experience up to 
1991. Blanc, J.Y.; Vouillot, M.; Royer, J. 
(CEA Centre d'Etudes de Saclay, 91 -
Gif-sur-Yvette (France). Dept. de 
Mecanique et de Technologie). 1992. 
16p. (CONF-9205116-). OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93721208. 

From International conference on ir
radiation technology; Saclay (France) 
(20-22 May 1992). 

This paper is intended to update the 
manufacturing experience in the FAB
RICE process used in SETIC/LECR for 
refabricatlon of short fuel rods for ramp 
testing. It includes the document written 
in August 1986 by Mr. Jacques ROYER 
on qualification of FABRICE rods during 
PRISCA experiments. The updating is 
constituted by the list of the rods manu
factured up to 1991, and by some 
technical considerations on this pro
cess. 

263 
(DO E/ER/13030-2) 
Damage dosimetry and embrlttle-
ment monitoring of nuclear pressure 
vessels in real time by magnetic 
properties measurement. Stubbins, 
J.F.; Ougouag, A.M.; Williams, J.G. (Illi
nois Univ., Urbana, IL (United States). 
Dept. of Nuclear Engineering). 1 Jul 
1992. Contract FG02-90ER13030. 17p. 
OSTI; NTIS; GPO Dep. Order Number 
DE93000422. 

The objective of this project is to 
develop a technique for real-time moni
toring of neutron dose and of the onset 
and progression of embrittlement in op
erating nuclear pressure vessels. The 
technique relies on the measurement of 
magnetic properties of steel and other 
magnetic materials which are extremely 
sensitive to radiation-induced properties 
changes. The approach being devel
oped here is innovative and unique. It 
promises to be readily applicable to all 
existing and planned reactor structures. 
The significance of this program is that 
it addresses a major concern in the op
eration of existing nuclear pressure 
vessels. The development of micro
scopic defect clusters during irradiation 
in the nuclear pressure vessel beltline 
region leads to an increase in material 
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yield strength and a concomitant de
crease in ductility, or ability to absorb 
energy in fracture (i.e. fracture tough
ness). This decrease in fracture 
toughness is alarming since it may im
pair the ability of the pressure vessel to 
resist fracture during unusual loading 
situations. 

264 
(EUR-14039, pp. 114-120) 
Hydrogen risk: studies about deto
nation phenomena via Plexus code. 
Forestier, A.J. (CEA Centre d'Etudes 
de Saclay, 91 - Gif-sur-Yvette (France). 
Dept. de Mecanique et de Technolo
gie). 1992. 370p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

The hydrogen risk in nuclear reactor 
is an extensive field of study which in
cludes several aspects like burning via 
deflagrations or detonations and con
tainment integrity. An extensive amount 
of work has already been devoted to 
this problem. The scope of this paper is 
to present some subjects related to hy
drogen risk which are in progress at 
CEA/DMT, associated to computation of 
detonation shock waves in confined or 
semi-confined volumes and the result
ing impulsive load on the containments. 

265 
(EUR-14039, pp. 121-128) 
Deflagration tests of an air-
hydrogen-steam mixture with not 
uniformly distributed steam. Car-
cassi, M.N. (Pisa Univ. (Italy). Dipt, di 
Costruzioni Meccaniche e Nucleari). 
1992. 370p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Almost all the experimental tests car
ried out around the world to investigate 
the behaviour of a combustion of air-
hydrogen-steam mixture, have been 
made with a uniform mixture. In the 
case of a severe accident of a nuclear 
reactor with production of hydrogen, in
side the containment of the reactor, the 
air-hydrogen-steam mixture might be 
not uniform, for example in the case 

were containment spray fails to work. 
This behaviour is clearly showed in the 
HDR experiments were stratification 
were found during the experiments. To 
examine this aspect a series of 10 tests 
was undertaken at the Department of 
Mechanical and Nuclear Constructions 
of the University of Pisa. The experi
mental apparatus used was the 
HYDRO-SH (a small apparatus of 0.5 
m^), whereas in the past almost 100 
tests of combustion of air-hydrogen-
steam mixture uniformly distributed 
were done. The new test data was 
compared with the previous tests in 
terms of pressure efficiencies. The pre
liminary results show that with a steam 
concentration less than 30% no differ
ence exist between the new and the old 
tests. With a steam concentration of 
50% the pressure efficiencies of tests 
with not uniformly distributed steam is 
greater than equivalent test where the 
steam was well distributed. 

266 
(EUR-14039, pp. 129-140) 
Flame acceleration in hydrogen/air/ 
steam mixtures in the presence of 
repeated obstacles in a closed vol
ume. Kumar, R.K.; Bowles, E.M. 
(Atomic Energy of Canada Ltd., 
Pinawa, MB (Canada). Whiteshell Nu
clear Research Establishment). 1992. 
370p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93721166. 
(CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

in Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Experiments were carried out in a 
5.7-m high, 1.5-m diameter cylindrical 
vessel to determine the effect of obsta
cles in the flame path on the flame 
speed and peak pressure. The experi
ments were performed at 100 kPa and 
128 deg C with hydrogen/air/steam mix
tures containing 12 to 20% hydrogen 
and up to 30% steam by volume. For a 
given hydrogen concentration, the re
sults indicate that the flame speed and 
the peak pressures decrease as the 
steam concentration increases. The ex
tent of reduction in flame speed, 
however, depends on the hydrogen 
concentration. The mitigating effect of 
steam on the flame acceleration is high
est at low hydrogen concentrations and 
least at high hydrogen concentrations. 

267 
(EUR-14039, pp. 240-246) 
Concept and qualification of a 
combined system for hydrogen miti
gation after severe accidents. Heck, 
R. (Siemens AG Unternehmensbereich 
KWU, Offenbach am Main (Germany)). 
1992. 370p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93721166. (CONF-9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Pursuant to the current discussion re
garding options for reducing the risk of 
loss of containment integrity following a 
severe accident, this report describes 
the concepts of controlled ignition and 
catalytic recombination. The current 
status of these two concepts is pre
sented and an evaluation performed of 
their possible applications. 

268 
(EUR-14039, pp. 274-285) 
The reaction between Hz and Oj over 
tungsten carbide catalysts. Guskey, 
G.J.; Boudart, M.; Frennet, A. (Stanford 
Univ., CA (United States)). 1992. 370p. 
OSTI; NTIS (US Sales Only); INIS. 
Order Number DE93721166. (CONF-
9103264-). 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors; 
Brussels (Belgium) (4-8 Mar 1991). 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

The stationary-state reaction be
tween Hs and O2 either in excess H2 or 
O2 has been studied in a flow recircula
tion reactor over unsupported powders 
of tungsten carbide with high specific 
surface area and microporous texture 
for up to 40 h. Areal rates, Va are first 
order in the concentration of the limiting 
reactant and zero order in the concen
tration of the excess reactant between 
273 and 600 K and near atmospheric 
pressure. Rates are referred to the 
number of sites counted by titration of 
preadsorbed oxygen with H2 at room 
temperature. This number is multiplied 
by the surface area per W atom to ob
tain Va. These tungsten carbides exhibit 
a microporous structure. A break in the 
Arrhenius diagram near 450 K is ob
served. Below 450 K either in excess 
H2 or 02 capillary condensation of 
product water causes the micropores of 
the catalyst to become blocked. Thus, 
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the reaction occurs only in the meso
pores which account for about 10% of 
the total specific surface area, Sg 
Above 450 K, water leaves the microp
ores and the apparent Va increases as 
active sites within the micropores be
come accessible to the reactants In 
excess O2 at 273 K, the first order rate 
constant of Va based on active area of 
mesopores, is two times higher for mi
croporous aWC than that for platinum 

269 
(EUR-14039, pp 286-296) 
Hydrogen mitigation using catalyst 
modules. Behrens, U ; Seidler, M , 
Wolff, U (Battelle-lnstitut e.V., Frankfurt 
am Mam (Germany)) 1992 370p 
OSTI, NTIS (US Sales Only), INIS 
Order Number DE93721166 (CONF-
9103264-) 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors, 
Brussels (Belgium) (4-8 Mar 1991) 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors. 

Large amounts of hydrogen may be 
released into the containment atmos
phere of a nuclear plant dunng a 
postulated loss-of-coolant accident 
(LOCA) NIS has developed, at the re
quest of RWE-Energie AG, a catalyst 
module that is designed to mitigate the 
released hydrogen sufficiently, provided 
a large number of these modules are 
suitably located inside the containment 
In this way during an accident, hydro
gen concentration will essentially 
remain below the limit of inflammability 
Containment malfunction due to hydro
gen combustion may therefore be ruled 
out 

270 
(EUR-14039, pp 305-316) 
Removal of hydrogen with catalytic 
recombiners dunng severe accident 
situations. Chakraborty, A K 
(Gesellschaft fuer Reaktorsicherheit 
mbH (GRS) Koeln (Germany)) 1992 
370p OSTI, NTIS (US Sales Only), 
INIS Order Number DE93721166 
(CONF-9103264-) 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors, 
Brussels (Belgium) (4-8 Mar 1991) 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors 

A passive device based on the cat
alytic transformation of hydrogen to 
water, a recombiner has been concep
tually designed to reduce the potential 

danger of hydrogen burn in the contain
ment dunng severe accidents 
Extensive expenments on small and 
large scale under temperature, pres
sure and atmospheric conditions 
simulating the severe accident situa
tions revealed positive results even in 
the presence of catalytic poisons like 
CO, I and CS2CO3 and aerosols The 
application of catalytic recombiners is 
associated with numerous advantages 
like the promotion of convection, disso
lution of stratified layers, and protection 
of the functionability of instruments by 
preventing burns This paper is going to 
address some of the results derived 
from the experiments on catalytic re
combination of hydrogen and oxygen 
from air 

271 
(EUR-14039, pp 317-323) 
Catalytic removal of hydrogen in hu
mid, hydrogen-air gas streams. 
Koroll, G W., Lau, D , Graham, W R C 
(Atomic Energy of Canada Ltd, 
Pinawa, MB (Canada) Whiteshell Nu
clear Research Establishment) 1992 
370p OSTI, NTIS (US Sales Only), 
INIS Order Number DE93721166 
(CONF-9103264-) 

From Proceedings of a Workshop on 
Hydrogen behaviour and mitigation in 
water-cooled nuclear power reactors, 
Brussels (Belgium) (4-8 Mar 1991) 

In Hydrogen behaviour and mitigation 
in water-cooled nuclear power reactors 

Performance tests are described of a 
wetproofed catalytic hydrogen recom
biner in humid and condensing 
forced-air streams The catalyst ele
ment, of AECL design, shows good 
resistance to water and achieves con
version efficiencies approaching 100% 
for hydrogen concentrations as low as 
1% with gas residence times in the cat
alyst element of 100 ms or less In 
these terms, the catalyst appears capa
ble of high- throughput hydrogen 
removal in a post-accident containment 
atmosphere 

272 
(KAERI/RR-1048/91) 
The development of detection tech
nique for fatigue crack due to 
thermal stratification phenomena in 
RCS piping. Lee, Sam Lai, Kim, By-
oung Chul, Lim, Hyung Taik, Lee, Jong 
Po, Chang, Kee Ok (Korea Atomic En
ergy Research Inst, Daeduk (Korea, 
Republic of)) Jan 1992 89p OSTI, 
NTIS (US Sales Only), INIS Order 
Number DE93605749 

Piping stress analysis has been per
formed using computer code ANSYS in 
order to find the stress profile consider
ing thermal stratification phenomena 
This kind of analysis can be a useful 
tool to assist inspection engineer to 
choose right method and area of in
spection during in-service inspection of 
nuclear power plants Mechanical fa
tigue cracks have been generated in 
order to improve detection reliability of 
defect ultrasonically since the defects 
that have been searched for are mostly 
related to fatigue cracks in pressurized 
water reactors (Author) 

273 
(KAERI/RR-1053/91) 
Permanent pool cavity seal design 
development. Kim, In Yong, Kim, Bum 
Sik, Shin, Tae Myung, Lee Moon Ok, 
Lee, Kyu Man (Korea Atomic Energy 
Research Inst, Daeduk (Korea, Repub
lic of)) Feb 1992 78p OSTI, NTIS (US 
Sales Only), INIS Order Number 
DE93605750 

The existing pool cavity seal assem
bly design of every Korean Nuclear 
Power Plant and the state-of-art of the 
PPS development of the foreign NSSS 
suppliers were surveyed, and the 
design requirements for PPS were es
tablished using those for YGN 3 and 4 
as reference The optimization tech
nique IS applied m order to get the best 
sectional shape which can minimize 
maximum stress under the design 
loads The stress analysis and the fa
tigue analysis of the developed PPS 
were carried out for the loads of each 
plant condition to evaluate the integrity 
during the plant lifetime At the same 
time the structural design was com
pared to those of the PPS of the 
foreign NSSS suppliers (Author) 

274 
(KAERl/RR-1080/91) 
Development of operating transients 
monitoring system for primary com
ponents of nuclear power plants. 
Kwack, Eun Ho, Sur, Uk Hwan (Korea 
Atomic Energy Research Inst, Daeduk 
(Korea, Republic of)) Jan 1992 159p 
OSTI, NTIS (US Sales Only), INIS Or
der Number DE93605751 

In this study, the application of on
line fatigue monitoring system for 
tracking fatigue usage in operating nu
clear power plants is described The 
system, which uses Green's function 
approach, can operate on microcom
puter like IBM compatible personal 
computers Since the developed sys
tem can be used to automatically 

51 



COMPONENTS AND ACCESSORIES NRT Vol. 93, No. 1 

compute cumulative fatigue usage in 
real time and estimate the integrity of a 
plant during plant operation, this sys
tem provides an important information 
for design improvement and contributes 
to plant life extension. The Green's 
function approach shows good agree
ment with conventional finite element 
analysis and contributes to improving 
solution technique for transient thermal 
stress problems for use in real time fa
tigue monitoring. The approach shows 
a remarkable reduction in computation 
time compared with finite element tech
nique. The system enables optimization 
of the inspection, maintenance and 
replacement, and will ultimately con
tribute to plant life extension. (Author). 

275 
(KAERI/RR-1082/91) 
Study on the irradiation damage in 
the reactor component materials. 
Choi, Sun Pil; Choi, Kwon Jae; Park, 
Moon Ho; Kang, Sang Shim. (Korea 
Atomic Energy Research Inst., Daeduk 
(Korea, Republic of)). Feb 1992. 52p. 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93605752. 

The charpy impact test has been 
studied and a theoretical expression for 
analyzing charpy impact test data was 
deduced and called the KAERI method. 
A number of surveillance data(the irra
diated charpy data) were analyzed by 
the KAERI method and we obtained the 
results that (1) all the charpy impact 
data have shown the Debye character
istics, (2) the activation energy has 
unique values and changes to other 
values by step after irradiation, (3) the 
characteristic temperature, a measure 
of brittleness, varies in a wide range of 
temperature depending upon the heat 
treatment conditions, and (4) the radia
tion embrittlement should be studied 
systematically by a traditional method 
such as the internal friction. (Author). 

276 
(NUREG/CP-OI22-V0I.2) 
Aging research information confer
ence: Proceedings. Beranek, A. 
(comp.). (Nuclear Regulatory Commis
sion, Washington, DC (United States). 
Office of Nuclear Regulatory Research). 
Sep 1992. 461 p. (CONF-920375-
Vol.2). OSTI; NTIS; INIS; GPO. 

From Aging research information 
conference; Rockville, MD (United 
States) (24-27 Mar 1992). 

This conference was held to dissemi
nate research results in the area of 
nuclear power plant aging from pro
grams sponsored by the Office of 

Nuclear Regulatory Research, US Nu
clear Regulatory Commission. The 
conference also provided an opportu
nity for engineers and scientists from 
around the world to exchange technical 
information and discuss future interna
tional cooperation. The papers and 
talks appear in the order in which they 
were presented at the conference, and 
they are grouped by technical session 
in two volumes. Volume 1 contains the 
proceedings of March 24 and 25, while 
Volume 2 contains the proceedings of 
March 26 and 27. Volume 2 contains 
21 papers and a panel discussion. The 
papers are processed separately for 
the database. 

277 
(NUREG/CR-4599-V0I.2-N0.I) 
Short cracks in piping and piping 
welds. Wilkowski, G.M.; Brust, F.; 
Francini, R.; Ghadiali, N.; Kilinski, T.; 
Krishnaswamy, P.; Landow, M.; 
Marschall, C.W.; Rahman, S.; Scott, P. 
(Nuclear Regulatory Commission, 
Washington, DC (United States). Div. of 
Engineering; Battelle, Columbus, OH 
(United States)). Sep 1992. 207p. 
(BMI-2173-V0I.2-N0.I). OSTI; NTIS; 
INIS; GPO. 

This is the third semiannual report of 
the US Nuclear Regulatory Commis
sion's Short Cracks in Piping and 
Piping Welds research program. This 4-
year program began in March 1990. 
The overall objective of this program is 
to verify and improve fracture analyses 
for circumferentially cracked large-
diameter nuclear piping with crack sizes 
typically used in leak-before-break 
analyses or inservice flaw evaluations. 

278 
(NUREG/CR-5121) 
Experimental results from pressure 
testing a 1:6-scale nuclear power 
plant containment. Horschel, D.S. 
(Nuclear Regulatory Commission, 
Washington, DC (United States). Div. of 
Engineering; Sandia National Labs., Al
buquerque, NM (United States)). Jan 
1992. Contract AC04-76DP00789. 
142p. (SAND-88-0906). OSTI; NTIS; 
INIS; GPO. 

Includes 27 sheets of 24x reduction 
microfiche. 

This report discusses the testing of a 
1:6-scale, reinforced-concrete contain
ment building at Sandia National 
Laboratories, in Albuquerque, New 
Mexico. The scale-model. Light Water 
Reactor (LWR) containment building 
was designed and built to the American 
Society of Mechanical Engineers 

(ASME) code by United Engineers and 
Constructors, Inc., and was instru
mented with over 1200 transducers to 
prepare for the test. The containment 
model was tested to failure to deter
mine its response to static internal 
overpressurization. As part of the US 
Nuclear Regulatory Commission's pro
gram on containment integrity, the test 
results will be used to assess the capa
bility of analytical methods to predict 
the performance of containments under 
severe-accident loads. The scaled di
mensions of the cylindrical wall and 
hemispherical dome were typical of a 
full-size containment. Other typical fea
tures included in the heavily reinforced 
model were equipment hatches, per
sonnel air locks, several small piping 
penetrations, and a ihin steel liner that 
was attached to the concrete by 
headed studs. In addition to the trans
ducers attached to the model, an 
acoustic detection system and several 
video and still cameras were used dur
ing testing to gather data and to aid in 
the conduct of the test. The model and 
its instrumentation are briefly dis
cussed, and is followed by the testing 
procedures and measured response of 
the containment model. A summary 
discussion is included to aid in under
standing the significance of the test as 
it applies to real world reinforced con
crete containment structures. The data 
gathered during SIT and overpressure 
testing are included as an appendix. 

279 
(NUREG/CR-5416) 
Technical evaluation of Generic Is
sue 113: Dynamic qualification and 
testing of large bore hydraulic snub-
bers. Nitzel, M.E.; Ware, A.G.; Page, 
J.D. (Nuclear Regulatory Commission, 
Washington, DC (United States). Div. of 
Safety Issue Resolution; EG and G 
Idaho, inc., Idaho Falls, ID (United 
States)). Sep 1992. Contract AC07-
76ID01570. 402p. (EGG-2571). OSTI; 
NTIS; INIS; GPO. 

This report summarizes the work 
performed by the Idaho National Engi
neering Laboratory (INEL) for the 
Nuclear Regulatory Commission to re
solve Generic Issue 113, "Dynamic 
Qualification and Testing of Large Bore 
Hydraulic Snubbers (LBHSs)." The re
port evaluates LBHS reliability and the 
need to improve that reliability. The 
INEL gathered and reviewed informa
tion regarding snubber (including 
LBHS) numbers and uses, design, en
vironmental qualification, operating 
experience, and the effects of various 
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snubber reduction programs. Limited 
qualitative and quantitative analyses 
were performed regarding potential 
LBHS single failures. A list of potential 
improvements to LBHS reliability was 
generated and each item on the list 
was evaluated by probabilistic risk and 
cost/benefit analyses. Eleven recom
mendations were made; five applicable 
to existing and future plants, five appli
cable only to future plants, and one for 
further "single-failure" research. 

280 
Program integration of predictive 
maintenance with reliability centered 
maintenance. Strong, D.K. Jr; Wray, 
D.M. pp. 1253-1276 of POWER-GEN 
'90 conference papers: Volume 7 (Fos
sil plant performance availability and 
improvement) and Volume 8 (Nuclear 
power issues). Houston, TX (US); Pen-
nWell Conferences and Exhibitions Co. 
(1990). 294p. (CONF-901223-). 

From Power-Gen '90: 3rd interna
tional power generation industries 
conference and exhibition; Orlando, FL 
(United States) (4-6 Dec 1990). 

This paper addresses improving the 
safety and reliability of power plants in 
a cost-effective manner by integrating 
the recently developed reliability cen
tered maintenance techniques with the 
traditional predictive maintenance tech
niques of nuclear power plants. The 
topics of the paper include a descrip
tion of reliability centered maintenance 
(RCM), enhancing RCM with predictive 
maintenance, predictive maintenance 
programs, condition monitoring tech
niques, performance test techniques, 
the mid-Atlantic Reliability Centered 
Maintenance Users Group, test guides 
and the benefits of shared guide devel
opment. 

281 
Outline of design and construction 
of port modification work in 
Fukushima Second Nuclear Power 
Station. Watanabe, K.; Akahori, F. 
Denryoku Doboku (Electric Power Civil 
Engineering) (Japan); No. 238, 80-88 
(30 May 1992). (In Japanese). 

This paper describes the design and 
construction of the port modification 
work in the Fukushima Second Nuclear 
Power Station of he Tokyo Electric 
Power Co., Inc. in Japan. The modifica
tion is carried out to respond to the 
enlargement of the spent fuel trans
portation ship. This power station faces, 
the Pacific Ocean and has capacity of 
the maximum output of 4,400,000 kW 
(4 units of 1,100,000 kW BWR). The 

ship which goes now into commission 
has the gross tonnage of about 5,000 t, 
the overall length of 105 m and the 
breadth of 16.5 m. The feature of this 
work was that all materials such as 
concrete caissons and concrete blocks 
used for the levee bodies were those 
reused after the previous levee bodies 
were dismantled. A newly developed 
grabing machine for tetrapods was 
used other than conventional back 
hoes, crawler cranes and rock augers, 
etc. to dismantle many kinds of levee 
body. Specifications of port entrance 
and port inside at the restoration were 
determined by studying the virtual 
model for the port calmness (wave 
height ratio of 0.17 or less) and for the 
distribution of sedimented soil, sand 
and silt. The attention was paid to the 
quality inspection of reused caissons. 3 
refs., 14 figs., 4 tabs. 

282 
Moves towards common interna
tional safety standards. Harbison, 
S.A. Nuclear Engineer (Institution of 
Nuclear Engineers) (United Kingdom); 
33: No. 2, 34-37 (Mar-Apr 1992). 

Lecture given to the North-West 
Branch of the Institution of Nuclear En
gineers on 5 February 1992. 

This article explores the roles that 
several major international organiza
tions, concerned with nuclear safety, 
play in setting international safety stan
dards for the nuclear industry. The use 
of international safety standards by 
various European countries is also ex
plored, this being considered a matter 
of pressing importance in the aftermath 
of the Chernobyl accident. Standards 
cover areas such as radiological pro
tection, maximum permissible doses of 
radiation compatible with adequate 
safety, exposure to radiation and con
tamination, and the health surveillance 
of nuclear personnel. With new reactor 
designs emerging, continued dialogue 
will be essential to ensure that ade
quate international standards for these 
innovations can emerge and be imple
mented. (UK). 

283 
Quality assured technical documen
tation for nuclear power generation. 
Ault, M.P. Nuclear Engineer (Institution 
of Nuclear Engineers) (United King
dom); 33: No. 2, 48-51 (Mar-Apr 
1992). 

Present day large scale industry in 
general is made up of highly complex 
technology subjected to many rigorous 
external controls and constraints. This 

is particularly so in the nuclear power 
industry where it is essential that mate
rials and services provided during the 
phases of construction, commissioning 
and operations, conform precisely to re
quirements as specified. Failure to do 
this could lead to unit shut-down and 
loss of income. For over 25 years, a 
central unit within the Central Electricity 
Generating Board (CEGB) developed 
an enviable reputation for the 
production of high class technical docu
mentation essential during power 
station commissioning and operations 
phases. Following privatization of the 
electricity supply industry in 1991 the 
unit became a stand-alone organization 
and since 1989 has been known as 
Technical Publications Management 
Services (TPMS). TPMS with its many 
years of experience now offers its ser
vices to industry in general as well as 
to the electricity supply industry. Work 
currently being undertaken by TPMS is 
described here. Recent contracts ob
tained for work at Sizewell and for 
Severn Trent Water indicate the contin
uing and expanding need for specialist 
documentation services, (author). 

284 
Nuclear power plants: a unique chal
lenge to fire safety. Nowlen, S.P. Fire 
Safety Journal (Switzerland); 19: No. 
1,3-18 (1992). 

The evaluation of fire safety in a nu
clear power plant must include the 
consideration of the impact of a fire on 
the operability of plant safety equipment 
and systems. This issue is not typical of 
the life safety and property protection 
issues which dominate traditional fire 
safety concerns. This paper provides a 
general discussion of the issue of 
nuclear power plant fire safety as it cur
rently exists in the USA. Included is a 
discussion of the past history of nuclear 
power plant fire events, the develop
ment of nuclear industry specific fire 
safety guidelines, the adverse experi
ence associated with the inadvertent 
operation of fire suppression systems, 
and the anticipated direction of fire 
safety requirements for future reactor 
designs in the USA. (Author). 

285 
Problems with snubbers in Western 
nuclear power plants. Masopust, R. 
Jaderna Energie (Czechoslovakia); 38: 
No. 4, 123-134 (Apr 1992). (In Czech). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page. 
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Experience is described in using 
snubbers which ensure dynamic resis
tance of NPP piping systems to seismic 
activity or to effects of other quick 
loads. As to further development in this 
field, the use of snubbers will probably 
be limited partly due to more precise 
seismic calculations of NPP piping sys
tems and corresponding seismic design 
standards, partly due to the replace
ment of snubbers with simpler types. 
The conclusions are applied to particu
lar Czechoslovak nuclear power plants, 
(author) 3 tabs., 9 figs., 39 refs. 

286 
Neural network modeling of chaotic 
dynamics in nuclear reactor flows. 
Welstead, S.T. Transactions of the 
American Nuclear Society (United 
States); 65: 210-211 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Neural networks have many scientific 
applications in areas such as pattern 
classification and time series prediction. 
The universal approximation property of 
these networks, however, can also be 
exploited to provide researchers with 
tool for modeling observed nonlinear 
phenomena. It has been shown that 
multilayer feed forward networks can 
capture important global nonlinear 
properties, such as chaotic dynamics, 
merely by training the network on a fi
nite set of observed data. The network 
itself then provides a model of the 
process that generated the data. Char
acterizations such as the existence and 
general shape of a strange attractor 
and the sign of the largest Lyapunov 
exponent can then be extracted from 
the neural network model. In this paper, 
the author applies this idea to data gen
erated from a nonlinear process that is 
representative of convective flows that 
can arise in nuclear reactor applica
tions. Such flows play a role in forced 
convection heat removal from pressur
ized water reactors and boiling water 
reactors, and decay heat removal from 
liquid-metal-cooled reactors, either by 
natural convection or by ther-
mosyphons. 

287 
Quantitative remote visual inspec
tion in nuclear power industry. 
Stone, M.C. Transactions of the Ameri
can Nuclear Society (United States); 
65: 466-467 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A borescope is an instrument that is 
used within the power industry to visu
ally inspect remote locations. It is 
typically used for inspections of heat 
exchangers, condensers, boiler tubes, 
and steam generators and in many gen
eral inspection applications. The optical 
system of a borescope, like the human 
eye, does not have a fixed magnifica
tion. When viewing an object close up, 
it appears large; when the same object 
is viewed from afar, it appears small. 
Humans, though, have two separate 
eyes and a brain that process informa
tion to calculate the size of an object. 
These attributes are considered sec
ondary information. Until now, making a 
measurement using a borescope has 
been an educated guess. There has al
ways been a need to make accurate 
measurements from borescope images. 
The realization of this capability would 
make remote visual inspection a quanti
tative nondestructive testing method 
versus a qualitative one. For nuclear 
power plants, it is an excellent tech
nique for maintaining radiation levels as 
low as reasonably achievable. Remote 
visual measurement provides distance 
and limits the exposure time needed to 
make accurate measurements. The de
sign problem, therefore, was to develop 
the capability to make accurate and re-
peatable measurements of objects or 
physical defects with a borescope-type 
instrument. The solution was achieved 
by designing a borescope with a novel 
shadow projection mechanism, inte
grated with an electronics module 
containing the video display circuitry 
and a measurement computer. 

288 
Application of the spark erosion 
technique In conversion and mainte
nance measures in the primary 
circuits of nuclear power stations. 
Neubauer, E. VGB Kraftwerkstechnik 
(Germany); 72: No. 7, 609-610 (Jul 
1992). (In German). 

Electrical conducting materials can 
be removed using an operating method 
through electro-erosion (electrical dis
charge phemomenon between the 
workpiece and the instrument) for the 
purpose of processing. When conver
sion and repair measures are carried 
out in the primary circuit, mobile spark-
erosion equipment is installed. This 
procedure is suitable especially for 
work, which, because of high radiation, 
can be carried out only under water (at 

a depth of 10 to 20 metres), or with 
components which cannot be directly 
accessed by normal instruments, (orig.). 

289 
Laser device especially for decon
tamination of nuclear reactor pipes. 
Cartry, J.P.; Clar, G.; Martin, A. (to 
Societe Franco-Americaine de Con
structions Atomiques (FRAMATOME), 
92 - Courbevoie (France)). France 
Patent 2666523/A/. 13 Mar 1992. Filed 
date 12 Sep 1990. lOp. (In French). 
Available from Institut National de la 
Propriete Industrielle, Paris (France). 

This device comprises a laser gener
ator, a flexible umbilical optical fiber 
linking the generator to an amplifier and 
transport means. 

290 
Safety design for nuclear power 
plants. Parker, L.W. UK Patent 
2246466/A/. 29 Jan 1992. 18p. Avail
able from The Patent Office, Sales 
Branch, Unit 6, Nine Mile Point, Cwm-
felinfach. Cross Keys, Newport, NP1 
7HZ. 

A nuclear power plant installation 
comprises a nuclear reactor disposed 
in an underground room and connected 
to power generating equipment on the 
ground surface by pipes. Underground 
cavities are disposed above the reactor 
room, each cavity is defined by steel 
bridgework and an unreinforced con
crete floor which supports a mass of 
mixed sand and boron powder shielding 
material. An explosive charge embed
ded within each such mass may be 
detonated in the event of malfunction of 
the reactor to fracture the floor structure 
in the cavity if the floor has not been 
fractured by the reactor malfunction, to 
cause the masses of powder to fall from 
said cavities into the reactor room and 
bury the malfunctioning reactor. One or 
more underground personnel rooms 
are connected to the reactor room by 
tunnels that contain normally open 
doors which are automatically closed in 
the event of an explosion in the reactor 
room. The masses of mixed sand and 
boron powder shielding materials may 
also be used to bury the reactor at the 
end of its useful life, (author). 
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291 
(BNL-46330) 
Effects of high thermal neutron flu-
ences on Type 6061 aluminum. 
Weeks, J.R.; Czajkowski, C.J.; Farrell, 
K. (Brookhaven National Lab., Upton, 
NY (United States)). [1992]. Contract 
AC02-76CH00016. 16p. (CONF-
9206282-1). OSTI; NTIS; INIS; GPO 
Dep. Order Number DE92040569. 

From 16. international symposium on 
the effects of radiation on materials; 
Aurora, CO (United States) (23-25 Jun 
1992). 

The control rod drive follower tubes 
of the High Rux Beam Reactor are 
contructed from precipitation-hardened 
6061-T6 aluminum alloy and they oper
ate in the high thermal neutron flux 
regions of the core. It is shown that 
large thermal neutron fluences up to 
~4 X 10^^ n/cm^ at 333K cause large 
increases in tensile strength and rela
tively modest decreases in tensile 
elongation while significantly reducing 
the notch impact toughness at room 
temperature. These changes are at
tributed to the development of a fine 
distribution of precipitates of amorphous 
silicon of which about 8% is produced 
radiogenically. A proposed role of 
thermal-to-fast flux ratio is discussed. 

292 
(NUREG/CR-4667-Vol.14) 
Environmentally assisted cracking In 
light water reactors. Chung, H.M.; 
Kassner, T.F.; Majumdar, S.; Park, 
J.Y.; Purohit, A.; Ruther, W.E.; Sanecki, 
J.E.; Shack, W.J. (Nuclear Regulatory 
Commission, Washington, DC (United 
States). Div. of Engineering; Argonne 
National Lab., IL (United States)). Aug 
1992. Contract W-31109-ENG-38. 55p. 
(ANL-92/30). OSTI; NTIS; INIS; GPO. 

Fatigue and environmentally assisted 
cracking of piping, pressure vessels, 
and core components in light water 
reactors are important concerns as ex
tended reactor lifetimes are envisaged. 
Topics investigated during this year in
clude (1) fatigue and stress corrosion 
cracking (SCC) of low-alloy steel used 
in piping and in steam generator and 
reactor pressure vessels, (2) radiation-
induced segregation (RIS) and 
irradiation-assisted SCC of Type 304 
SS after accumulation of relatively high 
fluence, and (3) update of a crack 
growth data base for austenitic and fer-
ritic steels in high-temperature water. 

Existing data on fatigue of low-alloy 
steel in LWR environments have been 
reviewed. Based on fracture-mechanics 
models and engineering judgement, in
terim fatigue design curves are being 
developed that are consistent with 
available fatigue-life data. Microchemi-
cal and microstructural changes in 
high- and commercial-purity type 304 
SS specimens from control-blade ab
sorber tubes and a control-blade 
sheath from operating BWRs were 
studied by Auger electron spectroscopy 
and scanning electron microscopy. 
Slow-strain-rate-tensile tests were con
ducted on irradiated specimens in air 
and in simulated BWR water at 289°C. 
Crack growth data on fracture-
mechanics specimens of austenitic and 
ferritic steels in simulated BWR water, 
developed in this program over the past 
eight years, were compiled into a data 
base along with references that contain 
details of test methods, material com
positions, metallographic information, 
and comparisons of data with predic
tions based on the new crack grow/th 
curves proposed for inclusion in Sec
tion 9 of the ASME Code. 

293 
Laser cladding on ID of small diame
ter pipe and induced residual 
stresses. Umemoto, T.; Morishige, N.; 
Tanaka, A.; Tanaka, Y. Recent 
Progress on Science and Technology 
IHI (Japan); No. 1, 76-81 (Apr 1992). 

A new method of YAG (yttrium alu
minum garnet) laser cladding has been 
developed. This new method is applica
ble to a small diameter piping, because 
of the good accessibility of the laser 
beam to a narrow portion through an 
optical fiber. A series of tests were per
formed on a typical small diameter pipe 
penetration of reactor pressure vessel 
to provide validity of this method as an 
IGSCC (intergranular stress corrosion 
cracking) remedy. Based on the results, 
the resistance to IGSCC of the heat af
fected zone was discussed from the 
viewpoint of heating and cooling cycle 
and induced residual stresses. Conse
quently, it was illustrated that the 
residual stresses of in-core monitor 
housing in as welded condition were 
enough high to initiate IGSCC if the 
material is sensitized. It was also 
demonstrated that the laser cladding 
through an extremely low heat can im
prove the resistance against IGSCC. 
4refs., 6 figs., 2 tabs. 

294 
Thermophysical properties of nu
clear oxide fuels. Beauvy, M. High 
Temperatures - High Pressures (Inter
national Journal of Research) (United 
Kingdom); 22: No.'6, 631-639 (1990). 

New measurements and the data 
available from out-of-pile investigations 
on the thermal properties of nuclear ox
ide fuel confirm that the conductivity of 
(Ui_yPuy)02_x can be calculated from 
the diffusivity results with sufficient ac
curacy for nuclear engineering. A 
parametric study of the conductivity of 
mixed oxides between 800''C and 
2000°C is reported, where the density 
and plutonium concentration have been 
analysed. The domain of data repre
sentative of thermal conductivity of 
(Uo.8Puo.2)Oi.96 has been delimited as 
a result of this study: the relative scat
tering for this composition up to 1600°C 
remains below 25%. Specific heat mea
surements on mixed oxides must be 
made before conductivity data for the 
other compositions and ranges of tem
peratures are proposed. However, the 
nonuniform variation of the conductivity 
with the plutonium content, described 
by several authors, is also observed at 
high temperature. The evolution of the 
defect structure in the material can be 
the cause of the increase of conductiv
ity at around 15 at.% plutonium. The 
effect of simulated fission products 
(GdaOa) on the conductivity has been 
measured and agrees with this correla
tion. (Author). 

295 
Phase diagram of the Pu-Zr system 
In the Zr-rich region. Suzuki, Yasu-
fumi; Maeda, Atsushi; Ohmichi, 
Toshihiko. Journal of Alloys and Com
pounds (Switzerland); 182: No. 2, 
L9-L14(17Apr1992). 

Letter to the Editor. NICKEL AL-
LOYS/phase diagrams; PLUTONIUM 
ALLOYS/phase diagrams; AMOR
PHOUS STATE; CRYSTALLIZATION; 
TEMPERATURE DEPENDENCE; ZIR
CONIUM ALLOYS; X-RAY 
DIFFRACTION; DIFFERENTIAL THER
MAL ANALYSIS; IMPURITIES; 
LATTICE PARAMETERS; INTER-
METALLIC COMPOUNDS; BREEDING 
PELLETS 
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296 
(JINR-R-2-91-422) 
Dependence of electronuclear char
acteristics on '^•Pu and '^U 
concentration. Barashenkov, V.S.; 
Sosnin, A.N.; Shmakov, S.Yu. (Joint 
Inst, for Nuclear Research, Dubna 
(Russian Federation). Lab. of Comput
ing Techniques and Automation). 1991. 
10p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93605760. 

In case of incident protons at Tp=1 
GeV differential and integral character
istics of electronuclear process in 
uranium reactor with Na coolant, lead 
foretarget and different concentrations 
of ^®Pu and ^ U are calculated by . 
means of the Monte-Carlo method. Ad
dition of these nuclei greatly increases 
the intensity of plutonium production 
and heat generation. At high enrich
ment, if uranium blanket is not used, 
plutonium production stops and the 
system works as a intensive neutron 
source. 3 refs.; 8 figs.; 4 tabs. 

297 
(KAERI/RR-1001/90) 
Development of design technology 
for advanced pressurized water re
actor. Chae, Sung Ki; Cho, Sung Won; 
Park, Chang Kyu. (Korea Atomic En
ergy Research Inst., Daeduk (Korea, 
Republic of)). Jul 1991. 259p. OSTI; 
NTIS (US Sales Only); INIS. Order 
Number DE93605761. 

The evaluation method of contain
ment integrity and source terms in 
nuclear power plant were systematized. 
First, PRA level 2 procedure which 
provides the procedures of the contain
ment analysis was developed. The 
containment event tree method which 
can assess the severe accident phe
nomena, the mode of containment 
failure, and source terms was 
proposed. The new proposed CET em
ployed simple event tree which is 
supported by supporting tree on 
quantification. It can resolve the inter-
dependency between top events and/or 
supporting events. Some Term Code 
Package was selected as means of 
evaluation of source terms. New guid
ance material was prepared to help 
easy use of STCP. (Author). 

298 
(KAERI/RR-1004/90) 
Development of flow test technology 
for nuclear fuel. Chung, Moon Ki; 

Cha, Jong Hoi; Yang, Sun Kyu. (Korea 
Atomic Energy Research Inst., Daeduk 
(Korea, Republic of)). Jul 1991. 264p. 
OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93605762. 

The objective of this project is to de
sign and construct test facilities for the 
thermal-hydraulic tests required in 
KAERI nuclear fuel(PWR, CANDU, 
KMRR) development program. (Author). 

299 
(UJV-9667-T) 
Simulation of the CORA-13 experi
ment by the FRAS-SFD computer 
code in blind conditions. Belovsky, 
L.; Valach, M. (Ustav Jademeho 
Vyzkumu CSKAE, Rez (Czechoslo
vakia)). May 1992. 69p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93605764. 

The CORA-13 experiment has been 
chosen by OECD-CSNI as International 
Standard Problem No. 31 (ISP-31). The 
general objectives of ISP-31 were to 
analyze the heatup and meltdown 
phase of a PWR-type fuel element in 
the CORA facility, and to examine the 
predictability and correctness of the se
vere accident computer codes used. 
This report summarizes the Czechoslo
vak contribution to ISP-31 using the 
FRAS-SFD computer code. A short de
scription of the code is presented. The 
behavior of a single fuel rod (simulator 
3.3 of the CORA-13 bundle) was simu
lated between 3000 and 4500 s up to 
the assumed onset of relocation of 
molten material, which was not mod
eled in the code. The calculated results 
confirmed the characteristic feature of 
the CORA experiments - movement of 
the hot zone from the top towards the 
bottom of the bundle. At 4500 s the 
cladding was nearly completely con
verted to ZrOg in the upper half of the 
bundle. The fraction of UOz dissolved 
in the molten cladding reached at most 
approx. 4.3%. The calculation indicated 
a significant sensitivity to the tempera
ture of tetragonal-to-cubic ZrOa 
transformation above which the oxida
tion kinetics accelerates, (author) 1 
tab., 28 refs., 34 figs. 

300 
Underwater rig facilitates PIE (post-
irradiation evaluation) of fuel. Walsh, 
M. Atom (London) (United Kingdom); 
No. 422, 28-29 (May-Jun 1992). 

Increasingly stringent safety stan
dards, and the parallel but equally 
important need to produce cheap reli
able electricity, combine to ensure that 
data collected from post-irradiation 

evaluation (PIE) of fuel will continue to 
play a major role in the operation of nu
clear units. AEA Reactor Services' new 
underwater facility is a key international 
PIE resource, (author). 

301 
Detection of leak-defective fuel rods 
using the circumferential Lamb 
waves excited by the resonance 
backscattering of ultrasonic pulses. 
Choi, M.S.; Yang, M.S.; Kim, H.C. Ul
trasonics (United Kingdom); 30: No. 4, 
221-223 (1992). 

A new ultrasonic technique for de
tecting the infiltrated water in leaked 
fuel rods is developed. Propagation 
characteristics of the circumferential 
Lamb waves in the cladding tulDes are 
estimated by the resonance scattering 
theory. The Lamb waves are excited by 
the resonance backscattering of ultra
sonic pulses. In sound fuel rods, the 
existence of the Lamb waves is re
vealed by a series of periodic echoes. 
In leaked fuel rods, however, the Lamb 
waves are perturbed strongly by the 
scattered waves from the surface of 
fuel pellets, thus the periodic echoes 
are not observed, (author). 

302 
Propagation characteristics of elas
tic circumferential waves In nuclear 
fuel cladding tubes. Choi, M.S.; Yang, 
M.S.; Kim, H.C. Ultrasonics (United 
Kingdom); 30: No. 4, 213-219 (1992). 

The backscattering of a plane acous
tic wave from an air-filled Zircaloy-4 
nuclear fuel cladding tube in water is 
analysed as a function of kia using the 
resonance scattering theory. In accor
dance with the cut-off frequencies, the 
groups of resonances are identified as 
the elastic circumferential waves corre
sponding to the Lamb plate waves. In 
order to determine accurate propaga
tion characteristics, each resonance is 
evaluated using the very small calcula
tion step, A (kia) = 0.0001, and the 
results are presented in the form of 
phase and group velocities, attenuation 
constants and angles, and backscat-
tered amplitudes of the elastic 
circumferential waves as function of the 
frequency, tube thickness and curva
ture, (author). 

303 
Hydride resistant spacer formed 
from interiocking strips. Johansson, 
E.B. (to General Electric Co., San Jose, 
CA (United States)). USA Patent 
5,130,083/A/. 14 Jul 1992. Filed date 
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15 Aug 1991. vp. Patent and Trade
mark Office, Box 9, Washington, DC 
20232 (United States). 

This patent describes a gird type 
spacer for a fuel bundle providing 
fermie spacer like cells about the indi
vidual fuel rods within a nuclear fuel 
bundle iiaving, a matrix of vertical fuel 
rods, a lower tie plate. This patent de
scribes a improvement in first second 
sets of diagonally extending strips ex
tending along opposite diagonals. 

304 
Mixing grid for nuclear fuel assem
bly. Verdier, M. (to Societe 
Franco-Americaine de Constructions 
Atomiques (FRAMATOME), 92 -
Courbevoie (France) ; Compagnie 
Generale des Matieres Nucleaires (CO-
GEMA), 78 - Velizy-Villacoublay 
(France)). France Patent 2666678/A/. 
13 Mar 1992. Filed date 24 Jul 1990. 
13p. (In French). Available from Institut 
National de la Propriete Industrielle, 
Paris (France). 

A mixing grid of interlocking straps 
has vanes extending the straps down
stream so as to deviate the coolant 
transversally. The walls of those cells 
that fuel pins occupy have projections 
that limit fuel pin vibrations, so as not to 
contact the vanes. Each wall separating 
two cells has two portions cut out and 
deformed into scooped shapes project
ing in opposite directions so as to make 
the coolant pass from one cell to an
other. 

CONTROL SYSTEMS 

305 
(BARC-1991/E/021) 
VME bus based microcomputer sys
tem boards. Chandra, A.K.; Ganesh, 
G.; Mayya, Anuradha; Chachondia, 
A.S.; Premraj, M.K. (Bhabha Atomic 
Research Centre, Bombay (India)). 
1991. 48p. OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93605767. 

Several operator information systems 
for nuclear plants has been developed 
in the Division and these have involved 
extensive use of microcomputer boards 
for achieving various functions. Stan
dard VME bus based boards have 
been developed to provide the most 
used functions. These boards have 
been fabricated and tested and used in 
several systems including Channel 

Temperature Monitoring systems. Dis
turbance Recording Systems etc. and 
are also proposed to be used in addi
tional systems under developement. 
The use of standard bus and boards 
provides considerable savings in engi
neering time, prototyping, testing and 
evaluation costs, and maintenance sup
port. This report desribes the various 
boards developed and the functions 
available on each, (author). 4 refs., 11 
figs., 3 appendixes. 

306 
(CEA-CONF-10942) 
Decision aid systems for nuclear re
actors. Evrard, J.M.; Martinez, J.M. 
(CEA Centre d'Etudes de Saclay, 91 -
Gif-sur-Yvette (France). Dept. de 
Mecanique et de Technologie). 1992. 
9p. (CONF-9203196-). OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93721162. 

From INFAUTON 92: Operational ex
pert systems; Toulouse (France) (12-13 
Mar 1992). 

The development of new techniques, 
especially in the field of artificial intelli
gence, makes it possible to design 
more powerful computerized systems, 
supporting tasks related to the design 
and operation of nuclear power plants. 
The potential contribution and perspec
tives for the integration of such systems 
depend upon whether the improvement 
of existing plants, the design of next 
generation reactors or future projects 
are concerned. We present four sys
tems which show the state-of-the-art as 
regards knowledge-based systems. The 
first system is related to the automatic 
generation of procedures dealing with 
loss of electrical sources. The second 
one aims at assisting the power plant 
utility in following the technical specifi
cations during maintenance operations. 
Finally, the last two are designed to 
help an emergency team evaluate and 
forecast the evolution of an accidental 
situation in a nuclear reactor. Perspec
tives for on-line operator assistance are 
then discussed, as well as the main 
technical themes which will make it 
possible to design such systems. We 
conclude with the difficulties which are 
encountered upon the integration of 
these tools: their validation and task 
sharing between man and machine. 

307 
(DO E/ER/12809-2) 
'The slightly-enriched spectral shift 
control reactor. Martin, W.R.; Lee, 
J.C; Ediund, M.C. (Michigan Univ., Ann 

Arbor, Ml (United States). Dept. of Nu
clear Engineering). Jun 1990. Contract 
FG07-88ER12809. 62p. OSTI; NTIS; 
INIS; GPO Dep. Order Number 
DE92040987. 

An advanced converter reactor de
sign utilizing mechanical spectral shift 
control rods in a conventional pressur
ized water reactor configuration is under 
investigation. The design is based on 
the principle that a harder spectrum 
during the eariy part of the fuel cycle 
will result in larger neutron captures in 
fertile ^ *U , which can then be burned 
in situ in a softer spectrum later in the 
cycle. Preliminary design calculations 
performed during FY 89 show that the 
slightly-enriched spectral shift reactor 
design offers the benefit of substantially 
increased fuel resource utilization with 
the proven safety characteristics of the 
pressurized water reactor technology 
retained. Optimization of the fuel design 
and development of fuel management 
strategies have been carried out in FY 
90, along with effort to develop and val
idate neutronic methodology for 
tight-lattice configurations with hard 
spectra. During FY 91, the final year of 
the grant, effort will focus on performing 
the final design calculations and contin
uing the research to develop improved 
methods for tight lattice analysis. 

308 
(DOE/ER/12824-2) 
Enhancing nuclear power plant 
performance through the use of arti
ficial intelligence. Maren, A.J.; Miller, 
L.R; Tsoukalas, L.H.; Uhrig, R.E.; 
Upadhyaya, B.R. (Tennessee Univ., 
Knoxville, TN (United States). Dept. of 
Nuclear Engineering). 15 Jun 1990. 
Contract FG07-88ER12824. 140p. 
OSTI; NTIS; INIS; GPO Dep. Order 
Number DE92040991. 

The objective of this research is to 
advance the state-of-the-art of applying 
artificial intelligence technology (both 
expert systems and neural networks) to 
enhancing the performance (safety, effi
ciency, control and management) of 
nuclear power plants. A second, but 
equally important, objective is to build a 
broadly based critical mass of expertise 
in the artificial intelligence field that can 
be brought to bear on the technology of 
nuclear power plants. This means the 
production of graduates at the B.S., 
M.S., and Ph.D. levels in Nuclear 
Engineering and related fields. The re
search undertaken for this program is 
particularly appropriate for the M.S. the
ses and Ph.D. dissertations. A third 
objective is to transfer the technology 
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developed to the "nuclear power com
munity," as well as the "scientific and 
technological community," through pub
lications in appropriate journals and 
proceedings and through presentations 
at national and international meetings. 

309 
(DOE/ER/12824-3) 
Enhancing nuclear power plant 
performance through the use of arti
ficial intelligence. Maren, A.J.; Miller, 
L.R; Tsoukalas, L.H.; Uhrig, R.E.; 
Upadhyaya, B.R. (Tennessee Univ., 
Knoxville, TN (United States). Dept. of 
Nuclear Engineering). 31 Mar 1992. 
Contract FG07-88ER12824. 34p. OSTI; 
NTIS; INIS; GPO Dep. Order Number 
DE92040992. 

The objective of this research was to 
advance the state-of-the-art of applying 
artificial intelligence technology (both 
expert systems and neural networks) to 
enhancing the performance (safety, effi
ciency, control and management) of 
nuclear power plants. A second, but 
equally important objective, was to 
build a broadly based critical mass of 
expertise in the artificial intelligence 
field that can be brought to bear on the 
technology of nuclear power plants. 

310 
(ECN-RX-91-057) 
Operational experiences on the 
Borssele nuclear power plant using 
computer based surveillance and di
agnostic system on-line. Turkcan, E.; 
Quaadvliet, W.H.J.; Peeters, T.T.J.M.; 
Verhoef, J.P. (Netherlands Energy Re
search Foundation (ECN), Petten 
(Netherlands)). Jun 1991. 14p. (CONF-
910535-). OSTI; NTIS; INIS. Order 
Number DE93603833. 

From 6. specialists meeting on reac
tor noise (SMORN); Gatlinburg, TN 
(United States) (19-24 May 1991). 

The on-line monitoring and diagnos
tics system of Borssele nuclear power 
plant (NPP), designed and established 
by the ECN Energy Research Founda
tion, has been operating continuously 
since 1983. The system is extended in 
form of multiprocessing, multi-tasking 
structure performing real-time monitor
ing, on-line reactor parameters' 
calculation, data-base preparation for 
expert systems and providing early in
formation on possible malfunctions 
even in the incipient stage making alert 
by passive alarms. The system realized 
has already been operating in the 
course of 7 fuel cycles of the reactor 
starting from start-up through normal 

power operation. An expert system op
erating on the VAX work station is 
added to the surveillance and diagnos
tics system for data base management 
of the observed physical parameters 
relevant to the NPP under supen/ision. 
The paper highlights the surveillance 
and diagnostic modules involved, in 
their actual hierarchical form in use, 
presents theoretical considerations ap
plied to the design of the surveillance 
system together with the results ob
tained through the 12th to 17th fuel 
cycles of the NPP including start-ups 
and shut-downs and reveals the experi
ence thus gained by both utility and 
ECN through the application of the sys
tem described, (author). 19 refs.; 4 figs. 

311 
(INFO-0414) 
Communications Involving the con
trol room of a nuclear power plant. 
MacGregor, J.; Cunningham, B.; 
Safayeni, F.; Duimering, R. (Atomic En
ergy Control Board, Ottawa, ON 
(Canada)). Apr 1992. 95p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93603834. 

This study investigated communica
tions within the operations component 
of a nuclear power plant, with a primary 
emphasis on control room communica
tions. A structured interview technique 
was developed following preliminary in
terviews at the plant, and pretested at 
AECB headquarters. Patterns were 
identified from questions asked on com
munications links, work relationships, 
miscommunications, procedures, instru
mentation and responses to problems. 
The study was an exploratory one, con
ducted under a limited budget, to 
provide background information and to 
identify areas for further investigation. 
The report offers recommendations 
about areas for further research. 

312 
(KAERI/RR-1009/90) 
Improvement of main control room. 
Chae, Sung Ki; Ham, Chang Sik; 
Kwon, Ki Chun. (Korea Atomic Energy 
Research Inst., Daeduk (Korea, Repub
lic of)). Jul 1991. 233p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93605768. 

Information display system, ad
vanced alarm system and fiber optical 
communication system were developed 
to improve the main control room in nu
clear power plant. Establishing the new 
hierachical information structure of plant 
operation data, plant overview status 
board(POSB) and digital indicator(DI) 

were designed and manufactured. The 
prototype advanced alarm system 
which employed the new alarm logics 
and algorithm compared with the con
ventional alarm system were developed 
and its effectiveness was proved. Opti
cal communication system which has 
multi-drop feature and capability of up
grading to large-scale system by using 
BITBUS communication protocol which 
is proven technology, were developed. 
Reliability of that system was enhanced 
by using distributed control. (Author). 

313 
(ORNL/TM-10767) 
Summary of ORNL long-term surveil
lance at the FFTF. Damiano, B.; Thie, 
J.A. (Oak Ridge National Lab., TN 
(United States)). Aug 1992. Contract 
AC05-84OR21400. 63p. OSTI; NTIS; 
INIS; GPO Dep. Order Number 
DE92040618. 

Oak Ridge National Laboratory has 
used an automated system between 
1983 and 1987 to collect and analyze 
primary system noise data at the Fast 
Flux Test Facility (FFTF) located in 
Hanford, Washington, System opera
tion and data handling are described, 
data collection efforts are summarized, 
and principal findings are presented. 

314 
Fault-tolerant adaptive control for 
load-following in static space nu
clear power systems. Paries, A.G.; 
Onbasioglu, F.O.; Peddicord, K.L.; 
Metzger, J.D. pp. 2.377-2.382 of Pro
ceedings of the 27th intersociety 
energy conversion engineering confer
ence. Warrendale, PA (United States); 
Society of Automotive Engineers 
(1992). vp. (CONF-920801-). 

From 27. intersociety energy conver
sion engineering conference; San 
Diego, CA (United States) (3-7 Aug 
1992). 

In this paper the possible use of 
dual-loop, model-based adaptive con
trol system for load-following in static 
space nuclear power systems is 
investigated. The objective of the fault-
tolerant, autonomous control system is 
to deliver the demanded electric power 
at the desired voltage level, by appro
priately manipulating the neutron power 
through the control drums. As a result 
sufficient thermal power is produced to 
meet the required demand in the pres
ence of dynamically changing system 
operating conditions and potential sen
sor failures. The designed controller is 
proposed for use in combination with 
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the currently considered shunt regula
tors, or as a back-up controller when 
other means of power system control, 
including some of the sensors, fail. 

315 
Reliability and maintenance In Euro
pean nuclear power plants: A 
structural analysis of a controlled 
stochastic process. Sturm, R (Stan
ford Univ., CA (United States)). 1991. 
239p. University Microfilms, PO Box 
1764, Ann Arbor, Ml 48106, Order 
No.92-05,728. 

Two aspects of performance are of 
mam concern" plant availability and 
plant reliability (defined as the condi
tional probability of an unplanned 
shutdown). The goal of the research is 
a unified framework that combines be
havioral models of optimizing agents 
with models of complex technical 
systems that take into account the dy
namic and stochastic features of the 
system. In order to achieve this synthe
sis, two hens of work are necessary. 
One line requires a deeper understand
ing of complex production systems and 
the type of data they give rise to; the 
other line involves the specification and 
estimation of a rigorously specified be
havioral model. Plant operations are 
modeled as a controlled stochastic pro
cess, and the sequence of up and 
downtime spells is analyzed dunng fail
ure time and point process models. 
Similar to work on rational expectations 
and structural econometnc models, the 
behavior model of how the plant pro
cess IS controlled is formulated at the 
level of basic processes, i.e , the objec
tive function of the plant manager, 
technical constraints, and stochastic 
disturbances. 

316 
Computerized control and manage
ment at the Temelin nuclear power 
plant. Mitosinka, J. ; Korec, J Jaderna 
Energie (Czechoslovakia); 38- No 2, 
46-52 (Feb 1992) (In Slovak). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10.- per typewritten page 

The proposed automation of the 
nuclear power plant control system in
cludes a division of the control system 
into three hierarchic levels, supple
mented with an additional level These 
comprise the automated system of con
trol of technological processes, the 
all-plant control of the power-generating 
process, the control of backup activities 

and of technical and economic activi
ties, and top managenal control. The 
efficiency of the nuclear power plant 
operation, i.e. attainment of the maxi
mum electncity output with minimum 
costs while secunng the required 
safety, is the pnncipal critenon in the 
design of the data model Listed are 
tasks that would lend themselves to au
tomation within the automated system 
of nuclear power plant control, and the 
basic scheme of their automation as 
follows from an analysis performed at 
the Temelin nuclear power plant (Z.S). 
2 figs., 2 refs. 

317 
Some problems of power reactor 
core control. Simonov, K.V. Ehner-
gokhoziaistvo za Rubezhom (USSR); 
No 4, 9-12 (Jul-Aug 1991). (In Rus
sian). 

Structure and principles of construct
ing the in-core control systems used at 
NPPs, are considered. Specific 
features of the system operation pre
senting primary measunng information, 
those for the systems giving advices to 
an operator and for the systems in-
cludeid to the closed automated nuclear 
reactor control system, are analyzed. 

318 
The design of intelligent support sys
tems for nuclear reactor operators. 
Bernard, J.A. Transactions of the Amer
ican Nuclear Society (United States), 
65. 103-104(1992). (CONF-92060e-) 

From American Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992). 

This paper identifies factors relevant 
to the design of intelligent support sys
tems and their use for the provision of 
real-time diagnostic information As 
such, It constitutes a followup to the 
state-of-the-art review that was previ
ously published by Bernard and Washio 
on the utilization of expert systems 
within the nuclear industry Some major 
differences between intelligent-support 
tools and conventional expert systems 
are enumerated. In summary, conven
tional expert systems that encode 
experimental knowledge in production 
rules are not suitable vehicle for the 
creation of operator support systems. 
The principal difficulty is the need for 
real-time operation This in turn means 
that intelligent support systems will 
have knowledge bases derived from 
temporally accurate plant models, infer
ence engines that permit revisions in 
the search process to accommodate 

revised data, and man-machine inter
faces that do not require any human 
input. Such systems will be heavily in
strumented, and the associated 
knowledge bases will require a hierar
chical organization to emulate human 
approaches to analysis. 

319 
Vibration and noise diagnostics of 
nuclear power plants Pt. 1. Nagy, I. 
Energia es Atomtechnika (Hungary), 
44. No 6, 276-283 (1991). (in Hungar
ian). 

Development, tasks and methodol
ogy of vibration and noise testing of 
nuclear power plants are overviewed. 
Reactor noise diagnostics methods are 
presented and their utilization at vari
ous reactors is summarized. Acoustic 
testing of pnmary circuit is also consid
ered. Special attention is paid to leak 
detection and loose parts monitoring by 
acoustical testing methods. (R.P.) 11 
refs.; 18 figs.; 1 tab. 

320 
Undergraduate reactor control ex
periment. Edwards, R.M., Power, M.A.; 
Bryan, M Transactions of the American 

^Nuclear Society (United States); 65: 
386-388(1992) (CONF-920606-). 

From Amencan Nuclear Society an
nual meeting, Boston, MA (United 
States) (7-12 Jun 1992) 

A sequence of reactor and related 
experiments has been a central ele
ment of a senior-level laboratory course 
at Pennsylvania State University (Penn 
State) for more than 20 yr. A new ex-
penment has been developed where 
the students program and operate a 
computer controller that manipulates 
the speed of a secondary control rod to 
regulate TRIGA reactor power Elemen
tary feedback control theory is 
introduced to explain the experiment, 
which emphasizes the nonlinear aspect 
of reactor control where power level 
changes are equivalent to a change in 
control loop gain Digital control of nu
clear reactors has become more visible 
at Penn State with the replacement of 
the original analog-based TRIGA reac
tor control console with a modern 
computer-based digital control console 
Several TRIGA reactor dynamics ex
penments, which comprise half of the 
three-credit laboratory course, lead to 
the control experiment finale (a) digital 
simulation, (b) control rod calibration, 
(c) reactor pulsing, (d) reactivity oscilla
tor, and (e) reactor noise 
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321 
Automated startup of the MIT 
research reactor. Kwok, K.S. Transac
tions of the American Nuclear Society 
(United States); 65: 388-389 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

This summary describes the develop
ment, implementation, and testing of a 
generic method for performing auto
mated startups of nuclear reactors 
described by space-independent kinet
ics under conditions of closed-loop 
digital control. The technique entails 
first obtaining a reliable estimate of the 
reactor's initial degree of subcriticality 
and then substituting that estimate into 
a model-based control law so as to per
mit a power increase from subcritical on 
a demanded trajectory. The estimation 
of subcriticality is accomplished by ap
plication of the perturbed reactivity 
method. The shutdown reactor is per-
turljed by the insertion of reactivity at a 
known rate. Observation of the result
ing period permits determination of the 
initial degree of subcriticality. A major 
advantage to this method is that re
peated estimates are obtained of the 
same quantity. Hence, statistical meth
ods can be applied to improve the 
quality of the calculation. 

322 
Brake assembly Including torque 
monitor. Dillmann, C.W. (to General 
Electric Co., San Jose, CA (United 
States)). USA Patent 5,131,268/A/. 21 
Jul 1992. Filed date 6 Jul 1990. vp. 
Patent and Trademark Office, Box 9, 
Washington, DC 20232 (United States). 

This patent describes a brake assem
bly for selectively braking rotation of an 
input shaft extending from a control rod 
drive having a longitudinal centeriine 
axis, the shaft being rotatable for selec
tively inserting and withdrawing a 
control rod in a nuclear reactor vessel. 
It comprises a stationary base; an an
nular bearing mounted to the base; a 
brake mounted to the bearing; a back
ing plate mounted to the bearing; a first 
braking pad fixedly joined to the back
ing plate; a rotor disc fixedly connected 
to the input shaft and disposed adja
cent to the first pad; a second braking 
pad disposed adjacent to the rotor disc; 
and means for selectively clamping the 
first and second pads against the rotor 
disc for braking the input shaft; means 
for torsionally restraining the brake in
cluding: a pin extending outwardly from 
the backing plate toward the base; and 

a spring extending from the base to the 
pin and generally perpendicular to the 
centeriine axis; and means for monitor
ing the angle for monitoring braking 
torque capability of the brake. 

323 
Reactivity control system and 
method. Dillman, C.W. (to General 
Electric Co., San Jose, CA (United 
States)). USA Patent 5,130,078/A/. 14 
Jul 1992. Filed date 11 Mar 1991. vp. 
Patent and Trademark Office, Box 9, 
Washington, DC 20232 (United States). 

This patent describes a method of 
controlling nuclear reactivity in a nu
clear reactor vessel having a reactor 
core for boiling water to produce steam 
in the vessel at a steam pressure. It 
comprises: maintaining a nuclear poi
son solution in a holding tank at an 
initial poison pressure less than the 
steam pressure during operation of the 
reactor core; channeling a pressurizing 
fluid into the holding tank, draining by 
gravity pressurized the poison solution 
free the holding tank; and channeling 
the drained poison solution into the re
actor vessel for mixing with the water to 
reduce reactivity to the core. 

324 
Control rod drive hydraulic system. 
Ose, R.A. (to General Electric Co., San 
Jose, CA (United States)). USA Patent 
5,128,093/A/. 7 Jul 1992. Filed date 27 
Mar 1991. vp. Patent and Trademark 
Office, Box 9, Washington, DC 20232 
(United States). 

This patent describes a hydraulic 
system for a control rod drive (CRD). It 
comprises a variable output-pressure 
CRD pump; a charging line disposed in 
flow communication between the CRD 
pump and the CRD; a purge line dis
posed in flow communication between 
the CRD pump and the CRD, and in 
parallel flow with the charging line; a 
hydraulic control unit (HCU) disposed in 
flow communication in the charging line 
between the isolation valve and the 
CRD and including in series flow in the 
charging line an HCU check valve and 
a normally closed scram valve, and a 
scram accumulator disposed therebe
tween for accumulating the scram fluid 
at the charging pressure during the 
charging mode; pressurizing means 
disposed in flow communication with 
the charging line downstream of the 
isolation valve and upstream of the 
scram valve; a pressure sensor opera-
tively connected to the charging line 
and responsive to the scram pressure; 
control means operatively connected to 

the CRD pump, the isolation valve, and 
the pressure sensor, and being effec
tive for: opening the isolation valve 
while the scram valve is closed when 
the scram pressure drops to the mini
mum scram pressure; and closing the 
isolation valve while the scram valve is 
closed when the scram fluid in the 
charging line and in the scram accumu
lator reaches the charging pressure. 

ENVIRONMENTAL AS
PECTS 

325 
(NUREG-0837-Vol.12-No.2) 
NRC TLD Direct Radiation Monitor
ing Network. Struckmeyer, R.; 
McNamara, N. (Nuclear Regulatory 
Commission, King of Prussia, PA 
(United States). Region I). Sep 1992. 
227p. OSTI; NTIS; INIS; GPO. 

This report provides the status and 
results of the NRC Thermoluminescent 
Dosimeter (TLD) Direct Radiation Moni
toring Network. It presents the radiation 
levels measured in the vicinity of NRC 
licensed facilities throughout the coun
try for the second quarter of 1992. 

326 
(NUREG/CR-2907-Vol.10) 
Radioactive materials released from 
nuclear power plants. Tichler, J.; 
Norden, K.; Congemi, J. (Nuclear Reg
ulatory Commission, Washington, DC 
(United States). Office of Information 
Resources Management; Brookhaven 
National Lab., Upton, NY (United 
States)). Sep 1992. Contract 
AC02-76CH00016. 329p. (BNL-
NUREG-51581-Vol.10). OSTI; NTIS; 
INIS; GPO. 

Releases of radioactive materials in 
airborne and liquid effluents from com
mercial light water reactors during 1989 
have been compiled and reported. The 
summary data for the years 1970 
through 1988 are included for compari
son. Data on solid waste shipments as 
well as selected operating information 
have been included. This report supple
ments eariier annual reports issued by 
the former Atomic Energy Commission 
and the Nuclear Regulatory Commis
sion. The 1989 release data are 
summarized in tabular form. Data cov
ering specific radionuclides are 
summarized. 
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327 
(PNWD-2017-HEDR) 
Selected Hanford reactor and 
separations operating data for 1960-
1964. Gydesen, S.P. (Pacific Northwest 
Lab., Richland, WA (United States)). 
Sep 1992. Contract AC06-76RL01830. 
276p. OSTI; NTIS; INIS; GPO Dep. Or
der Number DE93000483. 

The purpose of this letter report is to 
reconstruct from available information 
that data which can be used to develop 
daily reactor operating history for 1960-
1964. The information needed for 
source team calculations (as deter
mined by the Source Terms Task 
Leader) were extracted and included in 
this report. The data on the amount of 
uranium dissolved by the separations 
plants (expressed both as tons and as 
MW) is also included in this compilation. 

328 
(SNV-3931) 
Bladder-wrack (Fucus vesiculosus L) 
as an Indicator for radionuclides In 
the environment of Swedish nuclear 
power plants. Neumann, G.; Notter, M. 
(Swedish Environmental Protection 
Agency, Solna (Sweden)). 1991. 38p. 
OSTI; NTIS; INIS. Order Number 
DE93603681. 

Results from gamma radiation analy
sis of samples of bladder-wrack, Fucus 
vesiculosus, growing in the aquatic en
vironment of Swedish nuclear power 
plants, are presented. The concentra
tions of the main nuclides, viz. ^°Co, 
5*Cu, ^^Zn, ^Mn and "°Ag, are re
ported. Series of samples from the 
environment of Ringhals (at the 
Swedish west coast) and of Simpevarp 
(at the Baltic proper) were collected 
during the years 1979-1982 and 1981-
1982, respectively. The data for ^°Co 
and ® Ẑn were analysed using a model 
correlating the concentration of 
radionuclides in Fucus with the corre
sponding discharges. Also, on a small 
series of ^°Co data from Simpevarp, a 
model was tried based on kinetic con
stants for uptake and elimination. The 
nuclide concentrations in Fucus as a 
function of the distance to the point of 
emission was also studied, as well as 
transfer factors for the different nu
clides. Finally the accuracy which can 
be expected when using Fucus for 
checking discharges of radionuclides 
from a power plant is discussed. 15 
refs., 6 figs., 11 tabs. 

329 
The development of a carbon-14 and 
tritium gaseous effluent monitor. 
Alam, K.M.; Jester, W.A. Transactions 
of the American Nuclear Society 
(United States); 65: 38 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The object of the research discussed 
in this paper was to develop an im
proved procedure for the monitoring of 
tritium and ^*C released as gas from 
nuclear power plants. The initial phase 
involves the collection of tritium as triti-
ated water (HTO) and ^*C as carbon 
dioxide (^^062). The concept employed 
in this research is the collection of 
these gases on molecular sieves. After 
the collection step, they are quantita
tively removed from the sieves and 
trapped for liquid scintillation counting. 
Carbon-14 and tritium are environmen
tally significant radionuclides that are 
continuously released to the environ
ment from nuclear power plants. These 
two radionuclides emit only low-energy 
beta particles, and they are difficult to 
monitor. Their presence is easily 
masked by the higher concentration of 
krypton and xenon radioisotopes in the 
reactor exhaust lines. Current methods 
of "̂̂ COa collection involve the use of 
sodium hydroxide either as a solid or 
as a solution. For example, a monitor 
produced by SAtC RADeCO utilizes the 
collection COj by passing sampled air 
through ascarite (NaOH in solid form). 
A comparison between the results ob
tained using the authors' molecular 
sieve monitor with those reported for 
the SAIC RADeCO monitor is provided. 

330 
Report contradicts allegations on ef
fects of Pickering tritium releases. 
Nuclear Canada/Canada Nucleaire 
(Canada); 30: No. 6, 1-3 (Sep-Oct 
1991). 

In 1988, allegations were made of a 
supposed connection between tritium 
releases from Pickering and birth de
fects or mortality. An independent study 
commissioned by the Atomic Energy 
Control Board has entirely refuted 
these allegations. 

REGULATION AND LICENS
ING 

331 
(NUREG-0386-Digest6-Rev.3) 
United States Nuclear Regulatory 
Commission Staff Practice and Pro
cedure Digest. (Nuclear Regulatory 
Commission, Washington, DC (United 
States). Office of the General Counsel). 
Aug 1992. 612p. OSTI; NTIS; INIS; 
GPO. 

This 2nd revision of the sixth edition 
of the NRC Practice and Procedure Di
gest contains a digest of a number of 
Commission, Atomic Safety and Li
censing Appeal Board, and Atomic 
Safety and Licensing Board decisions 
issued during the period of July 1, 1972 
to September 30, 1991, interpreting the 
NRC's Rules of Pratice in 10 CFR Part 
2. 

332 
(NUREG-0540-Vol.l 4-No.7) 
Title list of documents made publicly 
available, July 1-31, 1992. (Nuclear 
Regulatory Commission, Washington, 
DC (United States). Div. of Freedom of 
Information and Publications Services). 
Sep 1992. 348p. OSTI; NTIS; GPO. 

This document is a monthly publica
tion containing descriptions of 
information received and generated by 
the US Nuclear Regulatory Commission 
(NRC). This information includes (1) 
docketed material associated with civil
ian nuclear power plants and other 
uses of radioactive materials and (2) 
nondocketed material received and 
generated by NRC pertinent to its role 
as a regulatory agency. The following 
indexes are included: Personal Author, 
Corporate Source, Report Number, and 
Cross Reference of Enclosures to Prin
cipal Documents. 

333 
(NUREG-0940-Vol.11 -No.2) 
Enforcement actions: Significant ac
tions resolved. (Nuclear Regulatory 
Commission, Washington, DC (United 
States). Office of Enforcement). Aug 
1992. 434p. OSTI; NTIS; INIS; GPO. 

This compilation summarizes signifi
cant enforcement actions that have 
been resolved during one quarterly pe
riod (April-June 1992) and includes 
copies of letters. Notices, and Orders 
sent by the Nuclear Regulatory Com
mission to licensees with respect to 
these enforcement actions. It is antici
pated that the information in this 
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publication will be widely disseminated 
to managers and employees engaged 
in activities licensed by the NRC, so 
that actions can be taken to improve 
safety by avoiding future violations 
similar to those described in this publi
cation. 

334 
(NUREG-1242-Vol.1) 
NRC review of Electric Power Re
search Institute's Advanced Light 
Reactor Utility Requirements Docu
ment - Program summary, Project 
No. 669. (Nuclear Regulatory Commis
sion, Washington, DC (United States). 
Associate Directorate for Advanced Re
actors and License Renewal) Aug 
1992. 133p. OSTI; NTIS, INIS; GPO. 

The staff of the US Nuclear Regula
tory Commission has prepared Volume 
1 of a safety evaluation report (SER), 
"NRC Review of Electric Power Re
search Institute's Advanced Light Water 
Reactor Utility Requirements Document 
- Program Summary," to document the 
results of its review of the Electnc 
Power Research Institute's "Advanced 
Light Water Reactor Utility Require
ments Document" This SER provides a 
discussion of the overall purpose and 
scope of the Requirements Document, 
the background of the staff's review, 
the review approach used by the staff, 
and a summary of the policy and tech
nical issues raised by the staff dunng 
Its review. 

335 
(NUREG-1242-Vol.2-Pt.1) 
NRC review of Electric Power Re
search Institute's Advanced Light 
Water Reactor Utility Requirements 
Document - Evolutionary plant de
signs. Chapter 1, Project No. 669. 
(Nuclear Regulatory Commission, 
Washington, DC (United States) 
Associate Directorate for Advanced Re
actors and License Renewal) Aug 
1992 516p OSTI, NTIS, INIS, GPO. 

The staff of the US Nuclear Regula
tory Commission has prepared Volume 
2 (Parts 1 and 2) of a safety evaluation 
report (SER), "NRC Review of Electric 
Power Research Institute's Advanced 
Light Water Reactor Utility Require
ments Document — Evolutionary Plant 
Designs," to document the results of its 
review of the Electric Power Research 
Institute's "Advanced Light Water Reac
tor Utility Requirements Document" 
This SER gives the results of the staff's 
review of Volume 11 of the Require
ments Document for evolutionary plant 
designs, which consists of 13 chapters 

and contains utility design requirements 
for an evolutionary nuclear power plant 
(approximately 1300 megawatts-
electnc). 

336 
(NUREG-1242-Vol.2-Pt .2) 
NRC review of Electric Power Re
search Institute's Advanced Light 
Water Reactor Utility Requirements 
Document - Evolutionary plant de
signs, Chapters 2-13, Project No. 
669. (Nuclear Regulatory Commission, 
Washington, DC (United States). 
Associate Directorate for Advanced Re
actors and License Renewal) Aug 
1992. 603p OSTI; NTIS; INIS; GPO 

The staff of the US Nuclear Regula
tory Commission has prepared Volume 
2 (Parts 1 and 2) of a safety evaluation 
report (SER), "NRC Review of Electnc 
Power Research Institute's Advanced 
Light Water Reactor Utility Require
ments Document - Evolutionary Plant 
Designs," to document the results of its 
review of the Electric Power Research 
Institute's "Advanced Light Water Reac
tor Utility Requirements Document." 
This SER gives the results of the staff's 
review of Volume II of the Require
ments Document for evolutionary plant 
designs, which consists of 13 chapters 
and contains utility design requirements 
for an evolutionary nuclear power plant 
(approximately 1300 megawatts-
electnc). 

337 
Overview of NRC plant license re
newal role. Grant, J.M pp. 1299-1306 
of POWER-GEN '90 conference 
papers Volume 7 (Fossil plant perfor
mance availability and improvement) 
and Volume 8 (Nuclear power issues). 
Houston, TX (US), PennWell Confer
ences and Exhibitions Co. (1990). 
294p (CONF-901223-) 

From Power-Gen '90' 3rd interna
tional power generation industries 
conference and exhibition, Oriando, FL 
(United States) (4-6 Dec 1990). 

Over the last several years, NRC has 
been developing a license renewal rule 
upon which the success of license re
newal for nuclear power plants will 
depend. The purpose of this paper is to 
bnefly descnbe the history behind the li
cense renewal rule that was proposed 
by the NRC in July 1990, identify the 
regulatory approaches that the NRC 
considered in developing the proposed 
rule; bnefly discuss important technical 
and procedural aspects of the proposed 
rule, and where possible, provide some 
insights regarding the rule. 

338 
The SALP process - What does it 
mean to utilities?. Roe, J.W. Transac
tions of the American Nuclear Society 
(United States); 65- 112-113 (1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The systematic assessment of li
censee performance (SALP) program is 
an integrated agency effort to periodi
cally evaluate licensee performance 
based on a review of the results of 
licensee/U.S. Nuclear Regulatory Com
mission (NRC) interfaces in a 12- to 
18-month period. The program is sup
plemental to the normal regulatory 
processes used to ensure compliance 
with NRC rules and regulations. The 
SALP process is used by NRC to syn
thesize Its observations of and insights 
into a licensee's [jerformance and to 
identify common themes or symptoms. 
As such, the NRC attempts to recog
nize and understand the reasons for a 
licensee's strengths and weaknesses. 
The SALP process is a means of 
expressing NRC management's conclu
sions and judgments on licensee 
performance. Emphasis is placed on 
considenng the reasons for a licensee's 
performance in identified functional ar
eas and on sharing this information 
with the licensee and the public. Li
censee activities are broken down into 
functional areas, each of which is eval
uated separately. The seven functional 
areas of operating reactors are plant 
operations, maintenance/surveillance, 
engineenng technical support, 
safety assessmenVquality venfication, 
radiological controls, emergency pre
paredness, and security. 

339 
Management-organization effective
ness as revealed by NRC diagnostic 
evaluation. Ross, D.F. Jr. Transactions 
of the American Nuclear Society 
(United States), 65: 113-114(1992). 
(CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

As part of the issuance of a license 
to operate a nuclear power plant, the 
U.S. Nuclear Regulatory Commission 
(NRC) determines that the prospective 
licensee is qualified to engage in the 
activities authonzed by the operating li
cense. The NRC now places greater 
importance on the effect of manage
ment and organizational effectiveness 
on operating plant performance and 
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has developed new tools for evaluation 
of plant performance and the effective
ness of license management in 
ensuring high levels of safety. The di
agnostic evaluation (DE) program was 
developed by the NRC to assess 
management and organizational effec
tiveness at operating plants. A DE is a 
broad-based evaluation of licensee and 
plant safety performance. A major ob
jective of a DE is the assessment of 
license management and organizational 
effectiveness. Plants are chosen based 
on a perceived need for NRC's senior 
management to better understand that 
plant's performance. A DE seeks to de
termine area(s) of strengths and 
weaknesses in a licensee's manage
ment and organization. In the case of 
performance weaknesses, a DE seeks 
to determine the root causes of these 
weaknesses as well as the adequacy 
and effectiveness of licensee improve
ment initiatives to address the 
significant performance weaknesses 
and their root causes. 

340 
System, structure, and component 
evaluation for life-cycle manage
ment. Hanley, N.E.; Banerjee, A.K.; 
Woods, P.B.; Perrin, J.S.; Marian, F.A. 
Transactions of the American Nuclear 
Society (United States); 65: 294-296 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In recent years, many nuclear organi
zations and utilities have studied the 
possibility of extending the service life 
of nuclear power plants beyond the 
original license period. From these 
studies, recommendations have re
sulted for maintaining the option of 
future decisions concerning operating 
license renewal. Several of the recom
mendations are considered beneficial 
to the management and operation of 
nuclear plants in meeting many of their 
near-term goals, in 1986, Public Ser
vice Electric and Gas (PSE and G) 
concluded that a full-scale nuclear plant 
license renewal program for their 
Salem 1 and 2 and Hope Creek nuclear 
stations was not cost-effective at that 
time. Rather, it would be better served 
if the nuclear plant life extension 
(PLEX) option were maintained for fu
ture consideration. To help plan for the 
life extension option, a strategic 5-yr life 
cycle management (LCM) program was 
begun. In support of the LCM program, 
evaluations for the following Salem 
structures and components were 

performed: (1) intake structures, (2) re
actor vessel support, (3) containment 
liner, and (4) containment structure (be
low grade). This paper discusses the 
systems, structures, and components 
(SSC) evaluation methodology and, as 
an example, discusses the evaluation 
performed for reactor vessel support. 

341 
Improvement in the NRC regulatory 
programs - An industry Impact sur
vey. Partlow, J.G. Transactions of the 
American Nuclear Society (United 
States); 65: 320-321 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In the fall of 1989, the US Nuclear 
Regulatory Commission (NRC) staff ini
tiated the Regulatory Impact Sun/ey 
(RIS). This effort was patterned after a 
survey conducted in 1981 to determine 
utility views on the effect of the large 
number of NRC regulatory initiatives 
and requirements imposed in the wake 
of the accident at Three Mile Island 
Unit 2. As a result of the 1981 survey, 
the NRC made a number of changes in 
its organization and regulatory prac
tices. This RIS was performed to 
improve the NRC's regulatory programs 
by obtaining the perceptions of the in
dustry of the effect of the NRC's current 
activities on the safe operation of nu
clear power plants and to assist the 
staff in determining if its regulatory pro
grams require modifications. Further 
evaluation identified three elements in 
the survey themes that caused the ma
jority of the surveys' comments. These 
elements are (a) the quantity of NRC 
requirements, (b) the amount of NRC 
on-site activities, and (c) the interac
tions between the NRC staff and 
licensee personnel. From these three 
elements, three specific regulatory ar
eas for improvement were developed: 
(1) consideration of the cumulative ef
fect of the NRC's generic requirements 
and generic communications; (2) 
scheduling and control of inspections, 
especially team inspections; and (3) 
training, preparation, and management 
of inspectors. Over the past two years, 
the staff has developed and imple
mented specific initiatives to address 
each of these areas. 

342 
industry initiatives to Improve the 
regulatory process. Gifford, L.S. 
Transactions of the American Nuclear 

Society (United States); 65: 321 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Much has been made of the appar
ent inability of the nuclear industry and 
its regulators to effectively cope with 
the many factors influencing the regula
tion of nuclear power plants. 
Nevertheless, the industry and its regu
lators have accomplished much in the 
past few years in efforts to improve the 
regulatory process. This paper high
lights three areas, in which General 
Electric (GE) has been heavily in
volved, where such improvements have 
been made or are being vigorously pur
sued: (a) advanced reactor licensing, 
(b) owners group activities, and (c) 
vendor regulatory activities. These im
provements bode well for the future, 
and much more can be accomplished 
through such industry initiatives. 

343 
Licensing reform and renewal: Part 
52, implementation for advanced 
light water reactors. McGoff, D.J.; 
Thompson, CA. Transactions of the 
American Nuclear Society (United 
States); 65: 321-322 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The National Energy Strategy (NES), 
developed by the Secretary of Energy 
at the President's direction, provides fo
cus to the Department of Energy's 
(DOE's) policy and funding initiatives. 
The NES identifies an important and 
growing role for nuclear energy as part 
of a balanced array of energy sources 
for meeting the nation's energy needs, 
especially the growing demand for elec
tricity. Two of the critical goals identified 
for nuclear power in the NES are (a) re
moving the institutional barriers to 
providing a stable, predictable licensing 
process for new plants and (b) extend
ing the operating lifetime of existing 
nuclear plants. The DOE programs to 
achieve the first goal include licensing 
reform legislation and implementation 
of the Nuclear Regulatory Commis
sion's (NRC's) regulations for licensing 
advanced light water plant designs. The 
DOE license renewal program has been 
developed to achieve the second goal. 

63 



REGULATION AND LICENSING NRT Vol. 93, No. 1 

344 
Regulatory risk coherence. Remick, 
F.J. Transactions of the American Nu
clear Society (United States); 65: 
497-498 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

As one of the most progressive users 
of risk assessment in decision making, 
the US Nuclear Regulatory Commission 
(NRC) is in a position to play an impor
tant role in influencing the development 
of standard government wide policies 
for the application of risk assessment in 
decision making. The NRC, with the 
support of the nuclear industry, should 
use the opportunity provided by its 
experience with risk assessment to ac
tively encourage the adoption of 
standard national and international 
health-based safety goals and at the 
same time accelerate its own efforts to 
implement the safety goals it has al
ready developed for itself. There are 
signs of increased recognition of the 
need for consistency and coherence in 
the application of risk assessment in 
government decision making. The NRC 
and the nuclear industry have recently 
taken a great step toward establishing 
a consistant and coherent risk 
assessment-based culture in the US 
nuclear industry. As a result of Generic 
Letter 88-20, which asks each commer
cial nuclear power plant licensee to 
perform an individual plant examination 
by September 1992, for the first time a 
risk assessment characterizing initiating 
events in each plant will exist. 

345 
Official announcement of the place 
of publication of the licence Issued 
under nuclear law for modifications 
to be made in unit 1 of the GKN re
actor station. As of August 24, 1992. 
(Ministerium fuer Wirtschaft, Mittelstand 
und Verkehr des Landes Baden-
Wuerttemberg, Stuttgart (Germany)). 
Bundesanzeiger (Germany); 44: No. 
169, 7615 (9 Sep 1992). (In German). 

Published in summary form only. 
NECKAR-1 REACTOR/modifications; 
MODIFICATIONS; LICENSE APPLICA
TIONS 

ECONOMICS 

346 
(CEA-CONF-10968) 
'Three basic options for the manage
ment of PWR waste. Malherbe, J.; 
Santraille, S.; Saulieu, E. de; Gilbert, 
R.; Alamo Berna, S.; Cecille, L.; Geiser, 
H.; Kowa, S.; Thiels, G. (CEA Centre 
d'Etudes de la Vallee du Rhone, 30 -
Marcoule (France). Dept. des Precedes 
de Retraitement). 1990. 14p. (CONF-
9009208-). OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93721211. 

From 3. European community 
conference on radioactive waste man
agement and disposal; Luxembourg 
(Luxembourg) (17-21 Sep 1990). 

Relying on the national practices of 
France, Germany and Belgium, three 
reference management routes for PWR 
wastes were drawn up and subse
quently evaluated in terms of costs and 
radiological impact. It was thus demon
strated that safety regulations and 
technical redundancies, especially for 
off-gas treatment, liquid waste process
ing and dry solid waste treatment, play 
an important part in the cost associated 
with each route. The analysis of the dif
ferent treatment options for mixed solid 
low level waste highlighted the low cost 
effectiveness of incineration as com
pared to compaction. Whatever the 
scenario investigated, the disposal 
costs of PWR wastes proved to be 
quite marginal in the overall cost. The 
radiological impact associated with 
each route was assessed through indi
vidual doses resulting from liquid and 
gaseous effluents. This theoretical ex
ercise included some sensitivity studies 
performed on a selection of important 
parameters. 

347 
(KAERI/RR-1057/91) 
Economic analysis of nuclear power 
generation. Lee, Young Gun; Lee, Han 
Myung; Song, Ki Dong; Lee, Man Ki; 
Kim, Seung Su; Moon, Kee Hwan; 
Chung, Whan Sam; Kim, Kyung Pyo; 
Cho, Sang Goo. (Korea Atomic Energy 
Research Inst., Daeduk (Korea, Repub
lic of)). Jan 1992. 156p. OSTI; NTIS 
(US Sales Only); INIS. Order Number 
DE93605954. 

The purpose of this study is to clarify 
the role of nuclear power generation 
under the circumstances of growing 
concerns about environmental impact 

and to help decision making in electric
ity sector, in this study, efforts are 
made to estimate electricity power gen
eration cost of major power options by 
incorporating additional cost to reduce 
environmental impact and to suggest an 
optimal plant mix in this case. (Author). 

348 
Information on nuclear costs. London 
(United Kingdom); H.M. Stationery Of
fice (Mar 1992). 19p. Price Pound 6.20. 

Energy Committee third report. 
In 1990 the Energy Committee rec

ommended that, in order to make full 
information available about the costs 
and prices of nuclear power, the De
partment ensure that annual reports on 
nuclear generation costs for Magnoxes, 
AGRs and (eventually) Sizewell B are 
published. There are three reasons why 
the Energy Committee regarded infor
mation concerning nuclear costs to be 
vitally important. First, nuclear power is 
heavily subsidised. Secondly, Nuclear 
Electric can have a significant impact 
on the electricity market in England and 
Wales, especially the contract market, 
influencing the prices paid by industrial 
and other consumers. Thirdly, nuclear 
power needs to regain public confi
dence if it is to continue to play a 
significant part in meeting the UK's en
ergy needs, and the greatest possible 
openness about its costs is a precondi
tion for this. A series of Appendices 
show how the information has been 
collected from Nuclear Electric, Scottish 
Nuclear, the Department of Energy, Na
tional Power and Gordon Mackenon of 
the Science Policy Research Unit at the 
University of Sussex. Some of the 
figures were available from Annual Re
ports but some, relating to different 
reactor types, had to be sought from 
the sources by direct enquiry, (author). 

349 
3. Energy In Czechoslovakia. Her-
mansky, B.; Stoll, I. pp. 78-105 of 
Energy for the 21st century. Prague 
(Czechoslovakia); Vydavatelstvi CVUT 
(1992). 315p. (In Czech). 

The development and structure of 
primary energy consumption in 
Czechoslovakia and the future develop
ment of primary energy sources are 
outlined. The role of solid fossil fuels in 
the development of the Czechoslovak 
power industry is discussed. An 
overview is presented of the hitherto 
development of nuclear industry in 
Czechoslovakia, starting from the first 
Czechoslovak experimental nuclear 
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power plant (A-1 at Jaslovske Bohu-
nice), to WWER-440 PWR's of the 230 
and 213 types, to the nuclear power 
plant with WWER-1000 reactors (Z.S.). 
4 tabs., 10 figs. 

350 
Section 112 hazardous air pollutants 
Clean Air Act Amendments of 1990; 
potential impact of fossil/NUC. Cron-
miller, R.E pp. 67-79 of POWER-GEN 
'90 late papers. Houston, TX (US); 
PennWell Conferences and Exhibitions 
Co. (1990) 275p. (CONF-901223-). 

From Power-Gen '90: 3rd interna
tional power generation industries 
conference and exhibition; Oriando, FL 
(United States) (4-6 Dec 1990). 

Control of hazardous air pollutants 
under the Clean Air Act (CAA) goes 
back several decades. Section 112 of 
the 1970 CAA as amended in 1977 
served as the national statutory basis 
for controlling hazardous air pollutants 
until the most recent 1990 Amend
ments. Following severe criticism of the 
effectiveness of the Act to address haz
ardous air pollutant issues and a pile of 
seemingly never ending lawsuits chal
lenging the regulatory process, the U.S. 
Congress has substantially rewritten 
Section 112 in the 1990 CAA Amend
ments. Many provisions heretofore 
requinng findings or regulatory deci
sions by the Environmental Protection 
Agency (EPA) Administrator are now 
automatic in the sense that the deci
sions have already been made by the 
US Congress legislatively. Thus, the 
new Section 112 has eliminated many 
of the existing regulatory obstacles, or 
safeguards; this will likely result in 
sweeping new regulatory programs 
mandating extensive controls on many 
industrial activities A much needed 
study program to address fossil fuel 
fired steam electric generating units' 
hazardous air emissions and to identify 
control alternatives to regulate these 
emissions, if regulation is required, was 
incorporated into new Section 112 Be
cause of this study, the regulatory fate 
of these units under the new Section 
112 remains highly uncertain. An exten
sive regulatory program addressing 
hazardous air pollutants of these utility 
units under Section 112 would dwarf 
electric utility costs associated with the 
new acid ram control program First, 
this paper identifies major provisions of 
the old law and the resulting regulatory 
status for both coal and nuclear power 
facilities before addressing the new 
Section 112 under the 1990 CAA 

Amendments and potential implications 
for electric utilities specifically. 

351 
The economics of nuclear power -
An overview. Hannon, L.; Bergesen, 
C ; Cono, M. pp. 261-267 of POWER-
GEN '90 late papers Houston, TX (US); 
PennWell Conferences and Exhibitions 
Co. (1990). 275p. (CONF-901223-). 

From Power-Gen '90: 3rd interna
tional power generation industries 
conference and exhibition; Oriando, FL 
(United States) (4-6 Dec 1990). 

The economics of U.S. nuclear 
power plant operation continue to be 
the subject of intensive discussion by 
industry analysts and policy makers 
alike. Statistics in Utility Data Institute's 
(UDI) nine-year steam-electnc plant 
production cost data base show that 
nuclear power became more expensive 
than coal-fired electricity in the 1986-
1987 timeframe. Since that crossover, 
the industry-average for variable opera
tion and maintenance (O and M) 
expenses for nuclear plants have 
remained somewhat higher than corre
sponding costs for coal-fired power 
plants. Analysis and understanding of 
the trends in US nuclear plant produc
tion cost performance is more important 
than ever before. If recent improve
ments in physical performance are not 
matched with a moderation in O and M 
costs, most observers feel that this will 
delay new plant orders despite escalat
ing concerns over fossil-fuel 
combustion This paper provides a se-
nes of graphical analysis summarizing 
power plant O and M cost trends using 
public information reported by power 
plant operators and compiled by UDI 
The diversity of the US nuclear plant 
population - the worid's largest - makes 
detailed analysis and comparisons of 
various plant sizes, types, and age 
classes a particularly complex effort. 
Nonetheless, the distribution of nuclear 
plant production expense indicator val
ues are an appropnate measure of the 
overall state-of-the-practice 

352 
Cost effective outage management 
(A case history). Rothenberger, G E. 
pp. 1247-1252 of POWER-GEN '90 
conference papers. Volume 7 (Fossil 
plant performance availability and im
provement) and Volume 8 (Nuclear 
power issues) Houston, TX (US), Pen
nWell Conferences and Exhibitions Co 
(1990) 294p (CONF-901223-) 

From Power-Gen '90. 3rd interna
tional power generation industries 

conference and exhibition; Oriando, FL 
(United States) (4-6 Dec 1990). 

This paper reviews the contribution of 
planning, experience, team work and 
management personnel participation on 
the job to successful outage manage
ment. The topics of the paper include a 
review of each of these areas with em
phasis that the desire to improve on the 
outage schedule can not be dictated by 
management, it must come from the 
working level people 

353 
Use of a database for calculating nu
clear power plant decommissioning 
costs. Zavrel, J.; Blazek, J.; Meny-
hardt. P.; Nulicek, V.; Vrba, M. Jaderna 
Energie (Czechoslovakia); 38: No. 1, 
27-30 (Jan 1992) (In Czech). 

English translation available from Nu
clear Information Center, 156 16 
Prague-Zbraslav, Czechoslovakia, at 
USD 10 - per typewritten page 

A descnption is given of a computer 
code for computing the decommission
ing costs of nuclear power plants. The 
code was written in the dBase IV lan
guage, input data is information on the 
equipment of the decommissioned 
power plant and on the costs of decom
missioning procedures. Output data 
include total costs, numbers of workers 
and devices needed, the collective 
doses to be expected, the quantity and 
the contamination of waste, the quantity 
of necessary matenals, and the dura
tion of the decommissioning work. The 
method of unit decommissioning cost 
factors was used for the calculation 
(author) 1 tab., 5 refs. 

354 
Managing operational paradoxes. 
Olson, J.; Baker, K.; Thurber, J Trans
actions of the American Nuclear 
Society (United States); 65: 112 
(1992) (CONF-920606-). 

From Amencan Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992) 

The economic, regulatory, and social 
environment of commercial nuclear 
power has changed dramatically in the 
last 10 yr. In addition to the increased 
regulatory pressure resulting from the 
Three Mile Island incident and other 
factors, nuclear utilities have expen-
enced increasing financial pressure 
from state public utility commissions 
and investors. To successfully manage 
nuclear power plants in today's environ
ment requires different skills and 
strategies than were required 10 yr ago. 
External pressures on the utility and 
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plant organization have created a series 
of operational paradoxes unmatched in 
the history of commercial nuclear 
power. This paper is based on a syn
thesis of findings and observations from 
a series of studies conducted by the au
thors over the past 10 yr. The authors 
identify a series of specific paradoxes 
facing managers of nuclear power 
plants and suggest several strategies 
for managing these paradoxes. 

355 
inventory management - More than 
reorder points and quantities. 
Bromenschenkel, K.E.; Hicks, R.D.; 
Wheeler, L.J. Transactions of the Amer
ican Nuclear Society (United States); 
65: 329-330 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

in today's competitive environment, 
many companies, including utilities, are 
looking for ways to keep costs down so 
as to maintain or improve their market 
position. One of the significant costs for 
a nuclear utility is its material and sup
plies inventory, which, for many, has 
continually escalated. Many of us rec
ognize that one element of any good 
materials management system is the 
ability to calculate the reorder point 
(ROP) and reorder quantity (ROQ) for 
the material so as to establish proper 
inventory levels and quantities. Never
theless, when beginning to consider the 
elements contained in these algorithms, 
it is obvious that many additional 
factors constitute good inventory man
agement. This paper conveys some of 
the necessary elements of an effective 
inventory system and the actions which 
should be taken to effectuate such a 
system. Furthermore, the interrelation
ship of these elements are 
demonstrated by considering the key 
facets of a good materials system. 

356 
Efficient plant support and inventory 
management through description 
standardization. Williamson, J.E.; 
Kowalchick, D.P. Transactions of the 
American Nuclear Society (United 
States); 65: 330-331 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Virginia Power's Nuclear Materials 
Department has developed a simplified 
method to support the power station 
needs for material and also improve its 
management of inventory. Traditionally, 

locating material through station cata
logs, manufacturer part number search, 
or stock number historical records has 
become impractical. At Virginia Power's 
nuclear sites, one can now locate 
needed material that once was buried 
somewhere in the warehouse system. 
This paper discusses: standards sys
tem development, material standard 
development, walkdown, training, and 
central cataloging and maintenance. 

357 
Managing inventory costs through 
joint procurement programs. Harian, 
T.E.; Williams, M.C. Transactions of the 
American Nuclear Society (United 
States); 65: 331 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Given current economic and regula
tory challenges, utilities are facing the 
need to manage inventories more effi
ciently, lower spare parts costs, and 
reduce the downtime associated with 
equipment failure. Two programs help
ing utilities achieve these goals are the 
Joint Procurement Corporation (JPC) 
for multicompany purchase of common 
equipment and services and the pooled 
inventory management (PIM) program 
for joint purchase and storage of nu
clear generating unit spare parts. Both 
of these are cooperative programs that 
decrease the probability of extended 
plant outages and reduce duplication of 
effort and/or inventory among partici
pating utilities. 

358 
Creating a business environment in 
Inventory management - The 
Philadelphia Electric Company expe
riences. Franks, A.J. ; Birch, H. 
Transactions of the American Nuclear 
Society (United States); 65: 332 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Philadelphia Electric Company's 
(PECo's) Nuclear Engineering and Ser
vices Department was asked to 
develop a (non-fuel) inventory manage
ment philosophy that will optimize 
inventory dollars at Peach Bottom 
atomic power station and Limerick gen
erating station. The ultimate goal of the 
project is to maximize the potential for 
the correct parts being available at the 
lowest possible level of investment. 
There are many factors that make the 
management of maintenance, repair. 

and operating (MRO) supply invento
ries more complicated than managing 
finished goods, work-in-progress, or 
raw materials. Determining correct in
ventory levels for nuclear power plants 
is complicated by the irregular demand 
for spare parts and the cyclic nature of 
demand caused by refueling outages. 
Based on the information collected, it 
was determined that PECo's nuclear 
group needed to develop policies and 
strategies to address the following is
sues: (1) inventory classification based 
on part criticality, usage, and demand 
forecast; (2) item level ordering policies 
based on classification system; (3) in
ventory performance management; and 
(4) management of obsolete/surplus 
parts. Currently, policies are being 
developed to manage surplus and ob
solete materials. Opportunities are 
being explored regarding the potential 
capitalization of critical components 
and parts. The policies established for 
classification, ordering policies, and 
performance management are being 
translated into work processes via com
mon procedures and guidelines. 

359 
New developments In investment re
covery and parts locating. Honeywell, 
A.P.; Kelly, J.C. Transactions of the 
American Nuclear Society (United 
States); 65: 332-333 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Electric utilities and other industrial 
firms are discovering that by establish
ing special investment recovery groups 
they can release scarce investment 
capital tied up in excess spare parts 
and equipment. Some of these groups 
have become significant suppliers of 
material in the industrial equipment 
marketplace. Experience is showing 
that the efforts of these groups can po
tentially produce more profit for their 
companies per incremental unit of ad
ministrative cost than any other arm of 
a company's operation. The role of in
vestment recovery groups to identify 
and profitably dispose of excess inven
tories will become more important, 
especially within utilities, because pub
lic utility agencies are now encouraging, 
even mandating, inventory reduction 
and tighter management overall. 

360 
Reasons for change - Today's mate
rial management. Guilbeault, B.D.; 
Bargerstock, S.B. Transactions of the 
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American Nuclear Society (United 
States): 65: 334 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The current generation of nuclear 
power plants is approaching middle 
age. The industry continues to stabilize 
and mature as this occurs, which cre
ates new areas of focus. This evolution 
is placing a much greater emphases on 
the business aspects of the operation 
and maintenance functions. One area 
that can provide a reasonable return to 
the operating organizations is materials 
management. Florida Power and Light 
Company has experienced these rea
sons for change. A new department 
was formed as part of the Nuclear 
Division in 1990. Performance improve
ment tasks were established using 
goals and objectives consistent with 
plant support and business require
ments. Two of the primary processes 
within the materials management area 
control the largest portion of costs to 
operating budgets: the procurement 
process and inventory management. 

361 
inventory - Dollars and sense. Sam
son, J.R. Transactions of the American 
Nuclear Society (United States); 65: 
334-336 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Nuclear utilities are becoming more 
aware of the importance of having an 
inventory investment that supports two 
opposing philosophies. The business 
philosophy wants a minimal inventory 
investment to support a better return on 
invested dollars. This increase in return 
comes from having the dollars available 
to invest versus having the money tied 
up in inventory sitting on the shelf. The 
opposing viewpoint is taken by mainte
nance/operations organizations, which 
desire the maximum inventory available 
on-site to repair any component at any 
time to keep the units on-line at all 
times. Financial managers also want to 
maintain cash flow throughout 
operations so that plants run without in
terruptions, inventory management is 
therefore a mixture of financial logistics 
with an operation perspective in mind. 
A small amount of common sense and 
accurate perception also help. The 
challenge to the materials/inventory 
manager is to optimize effectiveness of 
the inventory by having high material 
availability at the lowest possible cost. 

362 
Meeting the inventory optimization 
challenges of the 1990s. Jones, L.K. 
IV. Transactions of the American Nu
clear Society (United States); 65: 336 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

This paper outlines some of the ef
forts being taken by the new Southern 
Nuclear Operating Company to aug
ment the inventory optimization efforts 
of the parent Southern Company. 
Southern Nuclear Operating Com
pany's management is undertaking a 
multifaceted program to enhance their 
inventory practices. Key elements of 
this program include improved perfor
mance reporting, procurement support, 
and material identification. These ele
ments will enable Southern Nuclear to 
meet inventory management chal
lenges dynamically in the 1990s. 

363 
Does anything beat doing nothing?. 
Schroder, R.M.; Moncrief, E.C. Trans
actions of the American Nuclear 
Society (United States); 65: 336-337 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Experience at more than 180 gener
ating stations (including one-fourth of 
the commercially operating nuclear sta
tions) with a total of more than $1 
billion of inventory has shown that 40% 
of the on-hand inventory value is in ex
cess of the amount required to meet 
availability objectives. The methodology 
for determining these proper stocking 
quantities was the subject of a previous 
paper. This paper addresses a process 
for determining the most economical 
course of action to accelerate the re
duction of excess stocks. 

364 
Improving engineering performance 
by utilizing process indicators. 
Roberts, T.E. Transactions of the Amer
ican Nuclear Society (United States); 
65: 339-341 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The purpose of the work discussed in 
this paper was to develop engineering 
performance indicators used to facilitate 
improvement to the technical quality, 
cost-effectiveness, and delivery of engi
neering products and service. This work 
was specifically tailored for engineering 

support products and service associ
ated with operating Florida Power and 
Light Company (FP and L) nuclear 
plants. The engineering process for the 
development of plant change packages 
was reviewed to identify critical 
in-process activities. Because each en
gineering project usually deals with a 
specific component or plant system, the 
different tasks are usually technically 
unique and of varying magnitudes. Al
though each engineering product may 
employ different analytical techniques 
or industry code requirements, several 
activities in documenting the engineer
ing design process are generic. The 
quality of performance in these activi
ties can be monitored analogously to 
the steps in a manufacturing process. 
This concept builds quality concepts 
into the package in lieu of inspecting 
package quality at the end of the pro
cess. The work has resulted in a 
valuable self-assessment tool that 
serves as a basis for engineering pro
cess improvements. The indicators are 
published in a semi-yeariy performance 
report for FP and L contractors as well 
as FP and L in-house engineering 
work. Contracts have been set up to 
base fees on meeting targets estab
lished for the performance report. The 
ability to meet performance targets con
tinues to improve. 

365 
Engineering performance indicators 
in support of corporate goals and 
objectives. Prawlocki, F.C.; Holland, 
M.B. Transactions of the American Nu
clear Society (United States); 65: 342 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

In the late 1980s, a new factor was 
introduced into the equation of rate 
making: competition. Prior to this time, 
most utilities only had to prove to the 
state public service commission (PSC) 
that a rate increase was justified. Even 
this had become more difficult in recent 
years as PSCs implemented prudency 
audits as a means of determining the 
efficiency of utility management. 
Recently, however, the need for perfor
mance improvement has been initiated 
internally by utility management be
cause of the advent of competition in 
the utility environment and state PSC 
inquiries. In 1991, TVA began to realign 
its traditional program of performance 
indicators to agree with industry stan
dards and provide more extensive 
indicators of positive and negative 
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trends in performance. The INPO 
Guideline 88-016, Guidelines for the 
Conduct of Design Engineering, was 
used as the basis for most indicators. 
In addition, indicators were added to 
highlight specific corporate objectives, 
problems, or regulatory commitments. 
The indicators are being initiated in 
three phases as efficient sources of 
performance data are identified. Once 
the current baseline was established, a 
review was made of the best utilities in 
the country based on the US Nuclear 
Regulatory Commission's systematic 
assessment of licensee's performance 
and INPO performance indicators to es
tablish performance goals. As total 
quality management and cycle time re
duction programs are implemented, all 
of the organization's annual goals and 
objectives are expected to more closely 
reflect the best of the industry. 

366 
Engineering performance monitor
ing: Sustained contributions to plant 
performance improvement. Bebko, 
J.J. Transactions of the American Nu
clear Society (United States); 65: 
342-343 (1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

With the aim of achieving excellence 
in an engineering department that 
makes both individual project-by-project 
contributions to plant performance im
provement and sustained overall 
contributions to plant performance, the 
Niagara Mohawk Nuclear Engineering 
Department went back to the basics of 
running a business and established an 
Engineering Performance Monitoring 
System. This system focused on the 
unique products and services of the de
partment and their cost, schedule, and 
quality parameters. The goals were to 
provide the best possible service to cus
tomers and the generation department 
and to be one of the best engineering 
departments in the industry. 

367 
Role of QA In total quality manage
ment environment. McCarthy, J.B.; 
Ayres, R.A. Transactions of the Ameri
can Nuclear Society (United States); 
65: 355-356 (1992). (CONF-92060&-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

A successful company in today's 
highly competitive business environ
ment must emphasize quality in all 

activities at all times. For most compa
nies, this requires a major cultural 
change to establish appropriate operat
ing attitudes and priorities. A total 
quality environment is required where 
quality becomes a way of life, and this 
process must be carefully managed, it 
will not be accomplished in a few short 
months with a simple management pro
nouncement. Instead, it evolves over a 
fjeriod of years through continuous in
cremental improvement. This evolution 
towards total quality requires a dra
matic change in the quality assurance 
(QA) function of most companies. Tra
ditionally, quality was automatically 
equated to QA and its attendant proce
dures and personnel. Now, quality is 
becoming a global concept, and QA 
can play a significant role in the 
process. The QA profession must, how
ever, recognize and accept a new role 
as consultant, coach, and partner in to
day's total quality game. The days of 
the hard-line enforcer of procedural re
quirements are gone. 

368 
Benchmarking: A tool for conduct
ing self-assessment. Perkey, D.N. 
Transactions of the American Nuclear 
Society (United States); 65: 357-358 
(1992). (CONF-920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

There is more information on nuclear 
plant performance available than can 
reasonably be assimilated and used 
effectively by plant management or per
sonnel responsible for self-assessment. 
Also, it is becoming increasingly more 
important that an effective self-
assessment program uses internal 
parameters not only to evaluate perfor
mance, but to incorporate lessons 
learned from other plants. Because of 
the quantity of information available, it 
is important to focus efforts and 
resources in areas where safety or per
formance is a concern and where the 
most improvement can be realized. 
One of the techniques that is being 
used to effectively accomplish this is 
benchmarking. Benchmarking involves 
the use of various sources of informa
tion to self-identify a plant's strengths 
and weaknesses, identify which plants 
are strong performers in specific areas, 
evaluate what makes a top performer, 
and incorporate the success factors 
into existing programs. The formality 
with which benchmarking is being im
plemented varies widely depending on 
the objective. It can be as simple as 

looking at a single indicator, such as 
systematic assessment of licensee per
formance (SALP) in engineering and 
technical support, then surveying the 
top performers with specific questions. 
However, a more comprehensive ap
proach may include the performance of 
a detailed benchmarking study. Both 
operational and economic indicators 
may be used in this type of evaluation. 
Some of the indicators that may be 
considered and the limitations of each 
are discussed. 

369 
The control of operational risk In nu
clear power plant operations - Some 
cross-cultural perspectives. Suchard, 
A.; Rochlin, G. Transactions of the 
American Nuclear Society (United 
States); 65: 506-507 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

The operation of nuclear power plants 
requires the management of a complex 
technology under exacting performance 
and safety criteria. Organizations oper
ating nuclear power plants are faced 
with the challenge of simultaneously 
meeting technical, organizational, and 
social demands, striving toward perfec
tion in a situation where learning by trial 
and error can be too costly. In this pro
cess, they interact with regulatory 
bodies who seek to help minimize oper
ational risk by imposing and upholding 
safety standards. The character of this 
interaction differs in various countries, 
as does the larger cultural setting. The 
study generally pursued the question of 
how organizations operating complex 
and demanding technologies adapt to 
such requirements and circumstances, 
and how they can succeed in delivering 
neariy error-free performance. One 
aspect of this study includes the com
parison of organizational and cultural 
environments for nuclear power plant 
operations in the US, France, Ger
many, Sweden, and Switzeriand. The 
research involved in-depth, continuous 
observations on location and interviews 
with plant personnel, especially control 
operators, at one plant in each country. 

Fuel Cycle 
370 
Dissolution system reliability data 
base. Haire, M.J.; Lewis, B.E.; Nelson, 
S.C; Smith, M.S. Transactions of the 
American Nuclear Society (United 
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Sfafes;,- 65: 379-380 (1992). (CONF-
920606-). 

From American Nuclear Society an
nual meeting; Boston, MA (United 
States) (7-12 Jun 1992). 

Computerized, interactive data bases 
are becoming increasingly important in 
plant operations. Reliability-centered 
Maintenance techniques utilize the op
erational history of components to 
identify areas where maintenance re
sources should be focused. The recent 
US Nuclear Regulatory Commission 
maintenance ruling requires the identifi
cation of problematic components, 
systems and functions, fault trending, 
and other related activities. There is a 
constant demand for the determination 
of root causes of failures and the docu
mentation and tracking of the resulting 
corrective actions. Plant operators seek 
advanced methods to assist in diagnos
ing process upsets, planning 
maintenance activities, and document
ing equipment warranty information. 
This paper describes a personal com
puter (PC)-based reliability data base 
for a nuclear fuel dissolution system as 
a tool for addressing these needs. 

MISCELLANEOUS 

371 
(EUR-14363, pp. 3-9) 
Decommissioning operational expe
rience in AEA technology. Jones, 
J.M. 1992. 207p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93721081. (CONF-9109441-). 

From 2. Seminar on practical decom
missioning experience with nuclear 
installations in the European Commu
nity; Sellafield (United Kingdom) (25-26 
Sep 1991). 

In Practical decommissioning experi
ence with nuclear installations in the 
European Community. 

The UK Nuclear industry is over 40 
years old with AEA Technology which 
has been and is involved in the 
decommissioning of a wide range of re
dundant nuclear facilities: reactors, 
alpha facilities and other plants. A num
ber of different constraints affect both 
the level and type of decommissioning 
operations undertaken on redundant 
facilities. There is the regulatory frame
work within which we have to operate, 
the availability of decommissioning 
operations undertaken on redundant fa
cilities, funding and, certainly within the 

UK, the availability of viable waste dis
posal routes. 

372 
(INIS-mf-13366) 
Implementation of quality assurance 
corrective actions. (Ceskoslovenska 
Komise pro Atomovou Energii, Prague 
(Czechoslovakia)). 1992. 95p. Transla
tion of IAEA publication (Technical 
Report Series. No. 317). international 
Atomic Energy Agency, Vienna 1990. 
(In Czech). OSTI; NTIS (US Sales 
Only); INIS. Order Number 
DE93605772. 

In quality assurance practice, the cor
rective action process is often thought 
of as simply a mechanism for remedy
ing a specific non-conformance. The 
initiation of corrective action to preclude 
recurrence of the non-conformance is 
therefore frequently overlooked. This is
sue has been identified as a major 
problem in the implementation of an ef
fective quality assurance programme. 
In this connection. It may be noted that 
quality assurance practitioners devote 
about half of their time to non
conformance and corrective action 
activities and there is a need for more 
detailed guidance on this subject. The 
IAEA has therefore developed this 
Manual to serve as guidance to Mem
ber States on non-conformance and 
corrective actions. It offers a practical 
model and illustrative examples of the 
means by which effective measures 
and actions can be implemented. The 
scope of the Manual, while fully 
addressing the requirements in the gov
erning Nuclear Safety Standards 
(NUSS) programme documents, also 
covers corrective action processes 
which would more generally assist 
users in developing good practice for 
improved performance in all areas of 
safety, reliability and economics. 2 figs. 

373 
(KAERI/RR-995/91) 
Development of the design safety 
evaluation technology. Chae, Sung 
Ki; Chang, Won Pyo; Sur, Uk Whan. 
(Korea Atomic Energy Research Inst., 
Daeduk (Korea, Republic of)). Jul 1991. 
271 p. OSTI; NTIS (US Sales Only); 
INIS. Order Number DE93605746. 

The objective of this research is to 
develop a deterministic and probabilis
tic safety assessment technology for 
reactor safety. As KOSAC/MOD1 which 
has been developed for the determinis
tic safety assessment and uses one 
dimensional, 3-equation, homogeneous 
thermal-hydraulic model with drift flux 

correlation, is an early version, so there 
are some limitations for its application 
and it has not been verified sufficiently. 
For its improvement and futher verifica
tion, CATHARE computer code and 
BETHSY experiments are also ana
lyzed. The research areas of the 
probabilistic safety assessment(PSA) 
are development of a computer code 
package to perform a consistent PSA 
and computerized systems which aid 
the analysis in performance of PSA 
e.g., in the analysis of common-cause 
failure and HREP in the analysis of hu
man reliability. A new technology such 
as artificial intelligence(AI) is also uti
lized in order to improve present PSA 
technique. (Author). 

374 
(KAERI/RR-1003/90) 
The development of load-following 
technology in nuclear power plants. 
Hwang, Woan; Kuh, Jung Eui; Hwang, 
Hae Ryong. (Korea Atomic Energy Re
search Inst., Daeduk (Korea, Republic 
of)). Jul 1991. 489p. OSTI; NTIS (US 
Sales Only); INIS. Order Number 
DE93605745. 

On the 1st year of the project initi
ated since 1988, a feasibility study on 
the application of advanced load-follow 
technologies to domestic nuclear power 
plants was performed with surveying 
related literature operation strategy for 
domestic grid requirements was sug
gested, and associated design 
methodology and evaluation scheme 
were established. During the final year 
of the project, a new load-follow 
operation strategy for the Ko
rean Standardized Nuclear Power 
Plants(KSNPPs), called Mode K, has 
been developed as a major part of the 
project. The validity of its design 
methodology and evaluation scheme 
has been evaluated through the techni
cal consultation of Framatome. Also, 
the impacts of Mode K operation have 
been evaluated on fuel, core and 
system. In addition, the design require
ments for Mode K operation were 
prepared for the commercial implemen
tation phase. (Author). 

375 
(KAERI/RR-1047/91) 
The development of robot applica
tion technology in nuclear facilities. 
Kim, Seung Ho; Lee, Jong Min; Kim, 
Chang Hoe; Kim, Byung Soo; Sohn, 
Surg Won; Hwoang, Suk Yeoung; Lee, 
Yong Bum; Kim, Woong Ki. (Korea 
Atomic Energy Research Inst., Daeduk 
(Korea, Republic of)). Jan 1992. 160p. 
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OSTI; NTIS (US Sales Only); INIS. Or
der Number DE93605773. 

The goal of this project is to develop 
a mobile teleoperated system to do the 
job effectively of inspection and light 
duty maintenance work inside the 
containment buildings under severe en
vironments. This is the second year of 
the project. Basically remotely con
trolled concept was adopted to a 
mobile robot which was equipped with 
7 degrees of freedom anthropomorphic 
manipulator providing dexterous con
trol. Closed-loop schemes for solving 
the inverse kinematics of the redundant 
manipulator were investigated and de
centralized adaptive controller was 
designed for the end effector to track 
the desired trajectory. A new stair 
climbing algorithm was proposed to go 
over irregular stairs, and simulations 
and experiments were carried out. 
User-friendly teleoperated control con
sole was designed to comply with 
human engineering. Off-line program
ming technique has been developing to 
enhance the safety and efficiency in 
task assignment of robot. This research 
will in consequence be in a strong posi
tion to bid for further work in this area. 
(Author). 

376 
Operating experience with nuclear 
power stations in Member States in 
1991. Vienna (Austria); IAEA (1992). 
854p. 

This report is the twenty-third in the 
Agency's series of annual reports on 
operating experience with nuclear 
power stations in Member States. As in 
previous years, in addition to annual 
performance data and outage informa
tion, the report contains a historical 
summary of performance and outages 
during the lifetime of individual plants 
and four figures illustrating worldwide 
performance and statistical data. It is 
hoped that this report and related 
Agency publications will be useful to 
everyone concerned with nuclear 
power reactors. 

377 
7. Fission reactors of the second nu
clear era. Hermansky, B.; Stoll, I. pp. 
198-217 of Energy for the 21st century. 
Prague (Czechoslovakia); Vydavatelstvi 
CVUT (1992). 315p. (In Czech). 

The development of state-of-the-art 
safety systems for light water reactors 
is described. Attention is paid to the 
project of the PIUS (Process Inherent 
Ultimate Safe) reactor, developed in the 
1970s by the Swedish ASEA-Atom 

company, the Westinghouse AP 600 
pressurized water reactor with im
proved passive and inherent safety, 
and the simplified boiling water reactor 
(SBWR) by General Electric. Projects 
of high-temperature reactors and of 
modular sodium cooled reactors as well 
as projects involving the use of uncon
ventional fuels are also dealt with. 
(Z.S.). 1 tab., 7 figs. 

378 
Proceedings of the 4. General 
Congress on Nuclear Energy, v. 1 . 
(Associacao Brasileira de Energia Nu
clear, Rio de Janeiro, RJ (Brazil); 
FURNAS, Rio de Janeiro, RJ (Brazil)). 
1992. 496p. (In Portuguese). (CONF-
9207143-). Available from the Library 
of Comissao Nacional de Energia Nu
clear, RJ, Brazil. 

From 4. general congress on nuclear 
energy; Rio de Janeiro (Brazil) (5 Jul 
1992). 

The first volume of the 4. General 
Congress on Nuclear Energy presents 
works about transient and accident 
analysis; thermohydraulics; radioiso
topes uses; fuel cycle; shield; material 
technology; nuclear installation con
struction and reactor and nuclear 
physics. (C.G.C.). 

379 
Proceedings of the 4. General 
Congress on Nuclear Energy, v. 2. 
(Associacao Brasileira de Energia Nu
clear, Rio de Janeiro, RJ (Brazil); 
FURNAS, Rio de Janeiro, RJ (Brazil)). 
1992. 429p. (in Portuguese). (CONF-
9207143-). Available from the Library 
of Comissao Nacional de Energia Nu
clear, RJ, Brazil. 

From 4. general congress on nuclear 
energy; Rio de Janeiro (Brazil) (5 Jul 
1992). 

The second volume of the Proceed
ings of 4. General Congress on Nuclear 
Energy presents works about manage
ment of radioactive wastes; 
instrumentation and nuclear power con
trol; instrumentation for radiation 
detection and dosimetry; licensing and 
regulations; nuclear medicine, radio
therapy and radiodiagnosis; reactors 
operation; energy planning; systems 
and equipment design; fuel elements 
fabrication; radiological protection; radio 
agronomy; radiobiology; radioecology 
and radiochemistry. (C.G.C.). 

380 
Electric power development in the 
Great Bri tain. Fajbisovich, D.L. Ehner-
gokhoziaistvo za Rubezhom (USSR); 

No. 4, 30-33 (Jul-Aug 1991). (In Rus
sian). 

Data characterizing the state, devel
opment and structure of electric power 
engineering in the Great Britain are 
presented. As of the 1st of April, 1989 
the NPP registered power made up 
4898 MW at complete registered power 
of plants being 55123 MW. 

381 
Decommissioning nuclear power 
plants, a process between project 
execution and licensing procedure. 
Meeting on decommissioning in 
Karisruhe, May 7-8, 1992. Roser, T. 
ATW, Atomwirtschaft, Atomtechnik 
(Germany); 37: No. 8/9, 441-442 (Aug-
Sep 1992). (In German). 

The results of R and D work and of 
projects carried out have shown the 
feasibility of a safe dismantling and dis
posal of decommissioned nuclear 
power plant. One major aspect of this 
task, in addition to the technical prob
lems to be tackled, is the economic 
dimension involved. Out of the total of 
about 155 000 tons of waste material 
from a large nuclear power plant to be 
disposed of, about 3000 tons are clas
sified as radioactive waste material, i.e. 
only roughly 20 percent. The cost esti
mates for this task amount to DM 520 
millions. The Nuclear installations Ordi
nance determines the type and amount 
of documents to be supplied for appli
cations for licensing under the Atomic 
Energy Act. The relevant laws do not 
differentiate between activities for 
construction or activities for decommis
sioning of a nuclear power plant. 
Critical items of the licensing procedure 
include the term and definition of 'An-
lage', i.e. facility, within the meaning of 
the laws governing decommissioning, 
the lawfulness of an obligation to 
provide for decommissioning, the possi
bility of declaring atomic energy law not 
to be applicable, the extent of participa
tion of the public, and finally the 
suitability of amendments changing the 
current legal environment of decommis
sioning work. (orig.). 

382 
European decommiss ion ing exper i 
ence. Report about the EC seminar 
on practical experience in decom
miss ioning in Europe - Guenzburg 
und Gundremmingen on June 24-25, 
1992. Eickelpasch, N. ATW, Atom
wirtschaft, Atomtechnik (Germany); 37: 
No. 8/9, 443 (Aug-Sep 1992). (In Ger
man). 
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Since 1979, the European 
Community has been sponsoring 5-
year-termed R and D programmes in 
the field of decommissioning of nuclear 
installations, in order to enhance and 
expediate the know-how and practical 
performance of safe and well-organized 
disposal of decommissioned nuclear 
plant. The current third programme in 
the series includes four representative 
pilot projects, namely: The PWR-type 
reactor BR-3 in Mol, the gas-cooled 
WAGR reactor in Windscale, the KRB-
A BWR-type plant in Gundremmingen, 
and the AT-1 reprocessing plant in La 
Hague. The experience gained with 
these projects will be available for fu
ture tasks, as e.g. the decommissioning 
of large power reactors or large-size 
spent fuel reprocessing plants, (orig.). 

383 
Nuclear power plants in Europe, 
1992. Report on operation, construc
tion and planning in 19 European 
countries. ATM, Atomwirtschaft, Atom
technik (Germany); 37: No. 8/9, 
421-438 (Aug-Sep 1992). (in German), 

atw's report, 'Nuclear Power Plants in 
Europe, 1992', covers the situation in 
the nuclear power plant sector in nine
teen European countries. As per July 
1992, a total of 221 (1991: 222) nu
clear generating units (meaning power 
reactors, for the purposes of this report) 
with an aggregate 175,703 (174,535) 
MWe of installed gross capacity are in 
operation in sixteen countries, while 33 
(36) units with 31,582 (34,615) MWe 
are under construction in seven coun
tries. This adds up to 254 (258) nuclear 

generating units with 207,289 (209,150) 
MWe. Since last year's atw report was 
published, one nuclear generating unit 
has been synchronized for the first time 
with the power grid in Europe: Penly-2, 
with a 1382 MWe pressurized water re
actor on February 4, 1992. In Western 
Europe, the number of nuclear generat
ing units under construction has 
dropped to six (1991: seven) with 8627 
(9660) MWe, of which five (six) with 
7427 (8460) MWe are being built in 
France, (orig.). 
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