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Preface 

Following the nuclear reactor accident at Chernobyl in the Soviet 
Union, Secretary of Energy John S. Herrington asked the National 
Academy of Sciences and the National Academy of Engineering to put 
together a committee with expertise in reactor-safety-related disci
plines to review safety and technical issues at the department's largest 
reactors-those categorized as "Class A reactors." The Academies 
formed the Committee to Assess Safety and Technical Issues at DOE 
Reactors, which began its study in August 1986. 

At the committee's first meeting, DOE officials requested that 
the committee focus its initial efforts on the defense production 
reactors-the Class A reactors that produce plutonium and tritium 
for use in nuclear weapons. In October 1987 the committee released 
its first report, Safet!l lBBues at the Defense Production Reactors. 
The report addressed specific safety and technical issues at the pro
duction reactors and provided recommendations for improving the 
overall structure and management of DOE's safety system. 

The present volume, the committee's final report, covers the re
mainder of the department's Class A reactors. It addresses safety and 
technical issues at five federal test and research reactors-facilities 
operated by private contractors for DOE for purposes of scientific re
search, radioisotope production, materials irradiation, and the devel
opment of advanced reactor technology. The DOE test and research 
reactors include the Advanced Test Reactor and the Experimental 
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Breeder Reactor II in Idaho, the Fast Flux Test Facility in Wash
ington, the High Flux Beam Reactor in New York, and the High 
Flux Isotope Reactor in Tennessee. (In 1987 a sixth test and re
search reactor-the Oak Ridge Research Reactor in Tennessee-was 
ordered permanently shut down by DOE.) 

Although the original charge envisioned a study of safety issues 
at the DOE reactors in light of the Chernobyl accident, the commit
tee considered it more productive, given the unique designs of the 
DOE reactors, to focus on issues identified during the study. Hence, 
the committee interpreted its charge broadly, and the scope of the 
committee's two reports extends beyond a narrow examination of the 
technical lessons of the Chernobyl accident for the DOE reactors. 

In the course of its work, the committee examined extensive 
documentation on the test and research reactors from DOE and its 
contractors and conducted site visits at all five facilities. Additional 
meetings were held for briefings from high-ranking department of
ficials, from officials of the Office of Management and Budget, and 
from contractor employees on technical subjects of particular inter
est. The committee very much appreciates the assistance that was 
so generously given. 

One member of the committee, Herbert Kouts, is a long-time em
ployee of the Brookhaven National Laboratory. Because Brookhaven 
is the operating contractor of the High Flux Beam Reactor, Dr. 
Kouts excused himself from committee discussions concerning that 
reactor and played no part in the formulation of those sections of the 
report that deal with it. 

A number of events have transpired since the issuance of the 
committee's report on the defense production reactors that are ger
mane to this report. First, the department has endorsed all of the 
committee's recommendations and has taken a number of steps to 
implement them. In response to the committee's observations con
cerning the need to strengthen internal oversight, the department's 
budget request for FY 1989 included large increases in funding and 
staffing for the Environment, Safety, and Health (ES&H) organiza
tion. ES&H is developing an overall safety objective, with assistance 
from an ad hoc committee, and is undertaking revision and review 
of the system of departmental orders. DOE has signed a memoran
dum of agreement with the Institute of Nuclear Power Operations 
(INPO) that will permit the department to draw upon the breadth of 
experience that INPO has garnered in evaluating commercial nuclear 
power reactors. The department has also informed the committee 
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that the technical issues discussed in the first report are being ag
gressively pursued by DOE and its contractors. And, in response 
to committee recommendations concerning the need for external, in
dependent review, the department formed an Advisory Committee 
on Nuclear Facility Safety. By May 1988 the advisory committee 
had begun meeting on a regular basis. These are important changes 
that will benefit all the reactors, and the committee applauds the 
department's efforts. 

Second, as this report was going to press, Congress passed leg
islation that will create a permanent safety oversight board with 
responsibility for overseeing the department's defense nuclear facil
ities. Hence, the administrative structure for operating the DOE 
reactors will change in ways that are not yet well defined. The com
mittee has prepared this report to focus on issues that will remain 
significant regardless of how the administrative structure is modified. 

Third, during the course of the committee's deliberations on 
the production reactors, one of the test and research reactors-the 
High Flux Isotope Reactor at Oak Ridge, Tennessee-was shut down 
as a result of certain major deficiencies. The need to resolve these 
deficiencies has delayed restart. The situation is thus similar to 
that confronted by the committee in its examination of the defense 
production reactors; the N Reactor had been shut down for safety 
improvements in January 1987 following the publication of several 
critical reports by an outside panel of experts. (The department 
subsequently announced that the N Reactor would be placed in 
"cold standby" for an indefinite period.) The committee pointed out 
in its previous report that it had not reached any conclusions with 
regard to restart of the N Reactor. A similar disclaimer applies to 
this report insofar as restart of the High Flux Isotope Reactor is 
concerned. As noted in the committee's earlier report, 

Although the committee brings to its tuk a wealth of experience in 
the field of nuclear safety, it hu neither the legal authority nor the 
capacity to conduct the in-depth scrutiny that would be necessary to 
judge the overall safety of any of DOE'• reactors. 

Nonetheless, it is hoped that the committee's observations will assist 
the department in its evaluations. 

In examining the test and research reactors, the committee faced 
five extremely diverse facilities with different ages, missions, manage
ments, design philosophies, and degrees of modification and upgrade. 
Because the department's articulation of a safety objective and of an 
unambiguous regulatory framework is as yet unachieved-as noted 
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above, this effort is under way-the committee did not have the 
benefit of DOE benchmarks to guide in the evaluation of existing 
or planned operations. As a result, the committee hu had to base 
its judgments on its experience in the field of reactor safety, call
ing attention to safety issues that require resolution and practices 
that seem to be obsolete or out of step with accepted norlll8. The 
committee hopes that the conclUBions and recommendations in the 
report will lead to improvements at the test and research reactors in 
a variety of areu. 
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Executive Summary 

The United States operates five nuclear reactors to produce ra
dioisotopes for medical, industrial, and military purposes; to provide 
neutron sources for use in scientific research; and to conduct irradi
ation and other experiments in support of the government's space, 
fusion, and advanced reactor programs. Collectively referred to in 
this report as the test and research reactors, these facilities are op
erated by private contractors for the Department of Energy (DOE). 
They include: the Advanced Test Reactor (ATR) and the Experi
mental Breeder Reactor II (EBR-11), located at the Idaho National 
Engineering Laboratory; the Fast Flux Test Facility (FFTF), lo
cated on the Hanford Federal Nuclear Reservation in the state of 
Washington; the High Flux Beam Reactor (HFBR) at Brookhaven 
National Laboratory on Long Island; and the High Flux Isotope 
Reactor (HFIR) at Oak Ridge National Laboratory in Tennessee. 

This report provides an assessment of safety issues at the DOE 
test and research reactors. It identifies technical issues that are 
applicable to each of the reactors and offers conclusions and rec
ommendations relevant to their continued safe operation. It is a 
companion volume to an earlier committee report on the defense 
production reactors. As explained in that report, no attempt has 
been made to address whether any of the DOE reactors is "safe" or 
to define an acceptable level of risk for the DOE reactors. Although 
such matters are important, an evaluation of this kind would require 
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a balancing of costa and benefits that extends far beyond the limited 
scope and capability of this committee. Rather, the report consti
tutes an examination of a number of generic and specific safety issues 
that are important to improving the safe operation and management 
of DOE's nuclear facilities. 

The report is organized in two parts. Part A identifies six safety 
issues of generic relevance to two or more of the test and research 
reactors. These issues include the safety design philosophy of the test 
and research reactors; the conduct of safety reviews; the performance 
of probabilistic risk assessments; the reliance on reactor operators; 
the fragmented character of the DOE management structure; and the 
safety implications of the current budgetary climate for the test and 
research reactors. Part B provides an assessment of issues specific to 
each of the five reactors. 

This report, like ita predecessor, raises a number of safety-related 
issues and provides recommendations that the committee hopes will 
be helpful in resolving them. The principal conclusions and recom
mendations contained in Parts A and B of this report are summarized 
below. The committee encourages readers of this report to review 
the committee's previous volume, as many broad issues of safety 
management discussed in that volume are equally important at. the 
test and research reactors. 

GENERIC SAFETY ISSUES 

The current system of line management of the DOE reactors 
comprises a fragmented collection of contractors, operations offices, 
and programmatic divisions in headquarters . The programmatic di
visions have limited capabilities in the area of reactor safety. In 
the current system, the capacity to carefully balance programmatic 
needs against the safety needs of the reactors is modest . The struc
ture tends to disperse responsibility for safety and seems to require 
decisions with safety consequences by organizations that are divorced 
from day-to-day safety responsibility. The previous report included a 
recommendation that DOE strengthen the internal organization re
sponsible for safety oversight of the reactors-the headquarters-based 
Office of the Assistant Secretary for Environment , Safety and Health 
(ES&H) . Although the committee continues to hold the view that 
strengthening the ES&H organization is important-and applauds 
the department's efforts in that direction-it has come to the conclu
sion that the structure for line management of the Class A reactors 
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also needs significant improvement. DOE should examine whether 
line management of reactor operations ought to be the responsibility 
of a central reactor operations group within the department. 

The FFTF was recently constructed and thus incorporates a 
wide variety of safety features. The other test and research reactors 
were designed before modern safety philosophy had matured; as a 
result, they lack the full complement of redundant and diverse safety 
systems that are provided in modern commercial power reactors. In 
part this may be justified by lesser stored energy, smaller inventory 
of radionuclides, and in general more remote siting than commer"ial 
nuclear reactors. Nonetheless, the risk profiles of the five test and 
research reactors do vary significantly, and DOE currently lacks a 
clear conceptual framework for addressing safety issues at the reac
tors. The department needs to formulate a safety objective for the 
Class A reactors and determine through careful evaluation whether 
the test and research reactors, as currently configured, are capable 
of achieving that objective. The committee does not prejudge the 
conclusion; it merely urges that the issue be addressed forthrightly. 

Over time, the missions of some of the test and research reactors 
have changed, and the reactors have been modified, or reconfigured to 
conduct safety tests, in ways that are more in line with their revised 
missions than with their original ones. Some of the changes have 
occurred without the benefit of thorough external review. DOE needs 
to strengthen its requirements for the review of proposed changes to 
the test and research reactors. The reactor contractors who have 
not already done so should add independent members from outside 
organizations to their existing safety review committees in order to 
strengthen the review of safety issues. 

Because most of the test and research reactors were designed 
many years ago and because they have been modified to operate out
side their original design bases, prevention and mitigation of some 
potential accidents rely heavily on the proper and timely response 
of reactor operators. In extreme cases, operators might have to act 
in the presence of radiation or steam in order to prevent releases of 
radioactive materials to the environment. The department should 
examine the feasibility of installing equipment at the test and re
search reactors to ensure that responses to reactor accidents are not 
solely or primarily dependent on operator actions. At a minimum, 
the contractors should provide the capability to operate from remote 
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consoles outside the reactor confinements those valves that are 1� 
cated within the confinements and may be needed to prevent fuel 
damage. 

Probabilistic risk assessment (PRA) is an important method
ology for understanding and ranking the relative risks of accidents 
at nuclear reactors. It has become an important part of modern 
analyses for commercial reactors. Attitudes and approaches toward 
PRA at the test and research reactors, however, are inconsistent, 
and the PRAs that have been completed to date are not persuasive. 
DOE should require that all of the test and research reactors conduct 
PRAs using state-of-the-art techniques, complemented by state-of
the-art deterministic analyses. For its part, DOE needs to acquire 
the capability to oversee the PRA review process to ensure that re
viewers' comments are appropriately addressed. And, of course, any 
weaknesses in the plants that are revealed by the contractors' PRAs 
must also be confronted. In general, the execution of a PRA provides 
an important mechanism by which DOE and the contractors can gain 
greater insights into reactor safety systems. 

This is a time of tight budgets in the federal government. The 
Office of Management and Budget (OMB) has adopted a strategy 
of requiring safety and programmatic needs to compete for the lim
ited pool of federal dollars that has been allocated to the test and 
research reactors. While this strategy may be justified by the need 
to restrain the growth of the federal budget, it could have adverse 
safety implications unless special vigilance is maintained. To ensure 
that programmatic objectives do not intrude on the attainment of 
safety, the department should establish an unambiguous safety ob
jective with clear safety requirements, and should strengthen line 
management to implement them. The department should also main
tain effective oversight by a revitalized ES&H organization and by 
an external oversight committee. DOE should identify and defend 
requests for funding for safety needs separately from those for pr� 
grammatic needs. Finally, DOE should formalize plans for the even
tual retirement and/or replacement of the older test and research 
reactors. 

TECHNICAL ISSUES AT THE PIVE REACTORS 

This part of the report deals with specific issues at each of 
the five test and research reactors. One common theme is that, 
although modernization of safety analyses is occurring at some of 
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the test and research reactors, there appears to be no central guiding 
philosophy. The modernization efForts are guided by the diverse 
attitudes and safety philosophies of the DOE contractors, rather 
than by any apparent central departmental policy to upgrade and 
rationalize the analyses. Another common theme of Part B is that 
some of the operating contractors have not kept up to date with 
safety activities and ways of thinking about safety that have evolved 
within the commercial nuclear industry. 

Modernization of safety analyses at the Advanced Test Reactor 
(ATR) is proceeding along an appropriate path. However, there� a 
need to develop greater understanding of potential hydrogen-related 
challenges to the ATR confinement, and there are numerous acci
dent analyses that remain to be completed. These analyses will be 
particularly intricate owing to the unique design of the ATR. Ade
quate resources, sufficient time, and thorough peer review must be 
available in order for these analyses to produce credible results. In 
the ATR design, a reduction in the amount of water in the exper
imental loops results in an increase in the criticality of the reactor 
(a positive void coefficient of reactivity). This means that loss of 
water from and/or depressurization of one or more of the loops can 
result in a rapid increase in power, potentially resulting in extensive 
core damage. The committee knows of no practical design change 
that would remove this vulnerability while also allowing the reactor 
to continue to achieve its mission. Loop operators at the ATR are 
typically among the least trained personnel, are isolated from the 
main control room, and have been involved in a number of recent 
incidents. The contractor and DOE need to upgrade the existing 
training program for experiment operators, and the program needs 
to include a more careful review of existing procedures based on ex
perience operating the experimental loops. ATR management should 
ensure that experienced operators are on duty in the experimental 
loop area during each shift. 

At the Experimental Breeder Reactor II (EBR-11), there are 
currently no plans to conduct a PRA of any kind. Although the 
plant has a number of passive safety features that suggest a high 
level of plant safety, a PRA can help to determine whether the ex
pected strengths of the design, such as the shutdown cooling system, 
have unanticipated weaknesses. Even if the EBR-11 design is found 
to perform well in transient-initiated accidents, other accident vul
nerabilities may exist. The contractor should conduct a PRA that 
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includes careful evaluation of the risk of refueling accidents, the re
liability of the EBR-11 reactor protection system, and the reliability 
of containment isolation. 

The Fast Flux Test Facility (FFTF) at Hanford is in the midst 
of converting to the use of metal fuel. The FFTF fuel conversion 
presents a number of safety issues that are only partially resolved. 
Adequate resources and more realistic schedules may be needed to 
allow the completion of the necessary analytical and experimental 
work. Because operation of the reactor using metal fuel is a signifi
cant modification, in-depth reviews by the contractor's safety review 
committee, the Office of the Assistant Secretary for Environment, 
Safety, and Health, and the DOE Advisory Committee on Nuclear 
Facility Safety will be necessary. In the course of these reviews, 
particular attention needs to be devoted to analyses of transient 
over-power events and the behavior of new safety devices (so-called 
gas expansion modules) that will be relied upon after the conversion 
to metal fuels. 

The contractor is also considering a project that would transform 
the facility into a power producer. DOE should carefully weigh 
whether such a venture offers sufficient benefits to justify the added 
cost in increased complexity and difFusion of the FFTF mission. 

The FFTF contractor also needs to undertake a PRA. In light of 
the conversion to metal fuel, the PRA should examine the evolution 
of loss-of-flow and transient over-power events into core disruptive 
accidents using state-of-the-art methods. The use of FFTF's filtered 
vented containment to cope with a severe accident should be inve. 
tigated using the latest information about debris coolability, steel 
and concrete penetration rates, radioactive source terms, and the 
potential for containment pressurization. 

The High Flux Beam Reactor (HFBR) has been modified to 
operate at a power level above its original design basis. This modifi
cation has involved a significant change in the safety philosophy for 
the facility in that it has created the potential for fuel melting under 
loss-of-coolant conditions. Since many of the emergency operations 
include heavy reliance on reactor operators to respond to potential 
accidents, a realistic assessment should be made of potential doses 
to operators to ensure that adequate protection is provided both to 
individuals at the site and to the public in the event of an accident. 
In addition, the contractor's recent preliminary analyses of dynamic 
thermal-hydraulic effects during flow reversal following loss of forced 
flow conditions, and of potential reactivity accidents caused by the 
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addition of light water into the in-core thimbles, should be confirmed 
and subjected to independent peer review. Planned improvements to 
provide remote reading of water level in the core at stations where 
light water can be added to the reactor coolant system should be 
promptly implemented. 

The ffigh Flux Isotope Reactor (HFIR) has been shut down 
since November 1986 when unexpected embrittlement of the reactor 
pressure vessel was discovered. A range of management deficiencies 
was subsequently discovered. DOE must ensure that the steps taken 
to correct deficiencies at HFIR continue to be effectively implemen�ed 
both by the contractor and by the local DOE operations office. 

The HFIR pressure vessel has become embrittled, and further op
eration cannot be conducted in compliance with the original criterion 
for ensuring pressure vessel integrity. The contractor has formulated 
an alternative strategy of operation, but thus far insufficient effort 
has been applied to a realistic assessment of the consequences of 
vessel failure. The contractor should reanalyze the consequences of 
vessel failure in light of modern knowledge of radionuclide releases 
and modem methods of accident analysis. 
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Introduction 

Following the April 26, 1986, accident that devastated Unit 
Four of the Chernobyl Nuclear Power Plant in the Soviet Union, 
the Secretary of Energy requested that the National Academy of 
Sciences and the National Academy of Engineering review safety and 
technical issues at the department's Class A reactors-those capable 
of producing more than 20 MW of thermal power. The committee 
began its study by focusing on the department's defense production 
reactors and issued a report o� that subject in October 1987. The 
committee then turned its efforts to a review of the department's 
remaining Class A reactors-the Advanced Test Reactor (ATR) , 
the Experimental Breeder Reactor II (EBR-11) , the Fast Flux Test 
Facility (FFTF) , the High Flux Beam Reactor (HFBR) , and the 
High Flux Isotope Reactor (HFIR) . These are the test and research 
reactors-the subject of this report . 

COMPARATIVE OVERVIEW OF THE 
TEST AND RESEARCH REACTORS 

The test and research reactors represent three distinct groups of 
facilities. The first consists of EBR-11 and FFTF , which are under 
the budgetary and programmatic jurisdiction of DOE's Assistant 
Secretary for Nuclear Energy. They are unique in their use of liquid 
sodium metal as a coolant, and are, in fact, the only liquid metal 
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reactors (LMRs) in operation in the United States. Originally built 
as testbeds for the development of large-scale liquid metal reactors 
for use by the commercial power industry, EBR-11 and FFTF are 
primarily used to test the effects of irradiation on developmental 
LMR materials, components, and fuels, and to investigate the pas
sive safety characteristics of LMR designs. Both reactors have had 
shifting and highly uncertain missions since the withdrawal of federal 
support for construction of a demonstration LMR-the Clinch River 
Breeder Reactor project. Funding for the Clinch River reactor was 
terminated by the Congress in 1983. 

The second group of test and research reactors consists of two re
actors producing especially high neutron fluxes-the high flux beam 
and high flux isotope reactors. Both HFBR and HFIR are under 
the budgetary and programmatic jurisdiction of the DOE Office of 
Energy Research. Although HFBR and HFIR can and are used on 
a relatively small scale for testing the effects of radiation on mate
rials, they were originally built for different purposes. HFBR was 
constructed with neutron scattering research as its principal mis
sion, whereas HFIR was built with radioisotope production in mind. 
Together, HFBR and HFIR represent the bulk of the nation's invest
ment in user facilities for neutron scattering research. As befits their 
status as user facilities, both reactors have separate areas set aside 
as experiment rooms where scientists can use beam tubes and can 
collect and analyze experimental data. In addition, over the last 20 
years HFIR has been the primary U.S. source for a variety of high
assay radioisotopes with important scientific, medical, and industrial 
uses. 

The ATR falls in the third group of reactors. It differs from 
the others in mission-it is the principal irradiation facility for the 
development of advanced naval reactor fuels and materials-and line 
responsibility for the reactor is not assigned to any single DOE 
program. Budgetary jurisdiction and decisions on what tests will 
be conducted in the reactor are the responsibility of the Deputy 
Assistant Secretary for Naval Reactors, while line responsibility for 
safety rests with the Assistant Secretary for Nuclear Energy. 

RADIONUCLIDE INVENTORIES AND DECAY POWER 

The Department of Energy's test and research reactors are small 
in comparison to defense production reactors and modem commer
cial nuclear power reactors. Table 1 provides a comparison of the 
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TABLE 1 Power Levela and Radionuclide Inventories 

Reactor 

HFm 
HFBR 
EBR-11 
ATR 
FFTF 

Operatinc 
Power (MWt) 

86 
60 
62.6 

260 
400 

Commercial 
PWR 8,414 

Savannah 
River 
Reactor 2,916 & 

Fuel Mua 
(kc) 

b 11.9b 
n.a-346 d 89-46-

2,928! 

101,100( 

118,oooh 

Radionucijde 
lnventoey& 
(Ci) 

7 4.Sx107 2.1x107 7.6x108 2.4x108 8.1x10 

1.6x109 

2.2x109 

Decay Heatinc Rate (MW) 
at V arioua Times After 
Shutdown 
60. 10,000. 

2.8 0.83 
2.7 0.62 
2.8 0.69 

12.6 2.4 
20 

100 26 

164! 68! 

Radiolocically important ilotopea of Kr, Xe, I, and Ca calculated at 
shutdown for refuelinc. 

� 
e 
l 
& 

h 

i 

�..SOB. 
u;;; -All approximate value il civen neclectinc breeder material and test 
fuel. 
Rance of U metal loadinp. 
(U,Pu)02 includinc blanket material. 
uo2• 
Power typically varies from 660 MW to 2,916 MW; all values in thil row 
uaume full power operation. 
Derived on the buia of 1,240 kc of U-286 in the Mark 16 charce with an 
enrichment of 1.1 percent. 
Derived from the ratio of decay power to operatinc power for the Mark 
81 charp. 

SOURCES: Alpert et al., 1986; Church et al., 1988; Petry et al., 1986; 
Steimke, 1986; EG&G Idaho, Inc., 1988a; Arconne National Laboratory, 
EBR-11 Fission Product Inventory, 8100 MWD Q 62.6 MW Activity After 
Shutdown; Westinchouae Hanford Company, 1987x; Brookhaven National 
Laboratory, 19881; Martin Marietta EneriJ Syatema, Inc., 1987aa. 

operating power levels of a typical commercial pressurized-water re
actor, the defense production reactors operated by DOE at Savannah 
River, and the five test and research reactors. As can be seen, the 
test and research reactors operate at thermal power in a range from 
60 to 400 MW, whereas a modem commercial power reactor and the 
Savannah River reactors typically have a thermal power of approx
imately 3,000 MW. This means that, other things being equal, the 
test and research reactors pose less risk than a Savannah River reac
tor or a commercial power reactor; the systems are at lower pressure, 
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and there is less energy in normal operation to "drive" an accident 
or to disperse radionuclides. 

Table 1 also shows the amounts of fuel used in the test and 
research reactors. In new cores, the fuel mass of the test and research 
reactors is more than an order of magnitude less than that of a typical 
commercial power reactor or a Savannah River :reactor. Again, the 
smaller fuel mass, in conjunction with the lower total power, is 
indicative, other things being equal, of lesser risk. 

These differences in scale are accompanied by differences in com
plexity. With the possible exception of the liquid metal reactors 
(FFTF and EBR-11) , the test and research reactors are generally far 
less complex in design than either the defense production reactors 
or commercial nuclear power plants; they have less cable and piping 
and fewer pumps, valves, and safety systems. Simplicity is generally 
a desirable characteristic-assuming a streamlined system provides 
adequate safety protections-because of reduced aggregate probabil
ity of component failure and ease of system maintenance, control, 
and analysis. 

H core cooling were to be lost in a reactor, radionuclides in the 
reactor fuel would provide the driving force, in the form of decay 
heat, for fuel melting and accident propagation. The rates of decay 
heat generation in the test and research reactor fuels are also shown 
in Table 1. In an absolute sense, the decay heating rates produced in 
test and research reactor fuel are all smaller than those produced in 
commercial nuclear reactor fuel. Thus, the systems needed to remove 
decay heat in an accident are smaller in these reactors than in com
mercial pressurized-water reactors or the Savannah River reactors. 
However, the decay heating rates per unit mass of fuel are larger for 
the test and research reactors than for typical commercial reactors. 
This indicates that under emergency conditions the time available to 
reestablish core cooling and prevent fuel damage is shorter. Hence, 
emergency core cooling is at least as important for the test and 
research reactors as it is for commercial reactors. 

Finally, Table 1 shows the inventories of the more volatile radio
nuclides-isotopes of krypton, xenon, cesium, and iodine. The in
ventories for the test and research reactors are all more than a factor 
of 3 (and at HFBR a factor of nearly 50) less than those in a typical 
commercial pressurized-water reactor or one of the Savannah River 
reactors. Nonetheless, the radionuclide inventories in the test and 
research reactor fuels are not insignificant. Even the smallest of the 
test and research reactors contains several million curies of volatile 
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radionuclides that must be controlled during an accident. Thus, al
though the potential threat at the test and research reactors may be 
appreciably less than at commercial reactors or at the production 
reactors, design and operation must be approached with care and 
vigilance. 
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Part A 

Generic Safety Issues 
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Overview 

The Department of Energy (DOE) faces a formidable challenge 
in ensuring the safe operation of its Class A reactors for several 
reasons. First, the designs of the reactors are dissimilar to one an
other and to commercial nuclear reactors. Hence, the methods of 
analysis used to evaluate the safety of either commercial reactors 
or other DOE reactors may need extensive modification before they 
can be appropriately applied to these facilities. Moreover, the ex
tensive experience of the nuclear utility industry with commercial 
reactor operation has not been thoroughly applied to the Class A 
reactors. The department and its contractors have maintained safety 
largely through their own efforts without effectively drawing upon 
the extensive support network that exists in the commercial reactor 
world. 

Second, the majority of the reactors were designed in the 1950s 
and 1960s, and problems of physical aging, such as vessel and beam 
tube embrittlement, are now being encountered. Moreover, in the in
terval since the reactors were originally built, the demands of society 
for safety of nuclear plants have increased. Thus, although severe fuel 
damage during design-basis accidents may have been an acceptable 
risk at the time the reactors were built, the risk associated with such 
an accident may not be acceptable today, particularly if protection 
of the public would require that operators take emergency actions in 
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hazardous radiation and steam environments, as it might at some of 
the test and research reactors. 

Third, the reactors are operated under a fragmented manag� 
ment system. Responsibility for the reactors originally rested with 
the Atomic Energy Couunilsion (AEC) . Many of the regulatory and 
associated functions of the AEC were transferred in 1974 to the Nu
clear Regulatory Couunilsion (NRC) , but the responsibility for the 
Class A reactors was eventually lodged with DOE. Within DOE, the 
day-to-day management responsibility currently rests with local op
erations offices, while programmatic responsibility-including the r� 
sponsibility to seek funding for safety programs and modifications-is 
assigned to several different assistant secretaries. The transfer of r� 
sponsibility from AEC to DOE, and the division of responsibility 
within DOE, while perhaps aiding in the accomplishment of the vari
ety of missions of the department, has impeded the development of a 
coherent strategy for defining, achieving, and maintaining the safety 
of the Class A reactors. 

Fourth, as the programs have evolved, some reactors have been 
modified to enhance their capacity to serve their missions, and in 
some cases the missions have changed. For example, one of the reac
tors (HFBR) serving the programs of the Office of Energy Research 
now operates at a higher power level than specified in the original 
design. (The higher power level has yielded a greater neutron flux, 
which has increased the value of the reactor as a research tool.) One 
finds a similarly changing situation at FFTF. With the demise of 
the Clinch River Breeder Reactor program, the mission of FFTF 
has been redefined, and FFTF is now being used to conduct safety 
tests that were not part of the original mission of the reactor. In
deed, planning is under way to redirect the mission of FFTF again. 
(EBR-11 provides yet another example of a reactor with a changing 
mission.) 

Operating nuclear reactors in ways that depart from their orig
inal design can have serious safety implications. Although DOE has 
recognized this fact and has examined the safety implications of most 
of the changes that have been made, the fact remains that the de
sign changes have, in some instances, reduced safety margins. (As 
discussed below, some important modifications to the HFIR reactor 
were not reviewed and approved by DOE prior to installation.) 

Fifth, as the committee noted in its report on the defense pro
duction reactors (National Research Council, 1987], there has been 
a change in the way safety is conceived and implemented. The AEC 
placed great reliance on its reactor contractors and could do so b� 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues at the DOE Test and Research Reactors:  A Report to the U.S. Department of Energy
http://www.nap.edu/catalog.php?record_id=19106

http://www.nap.edu/catalog.php?record_id=19106


19 

cause the contractors' employees were instrumental in designing the 
reactors and had an intimate knowledge of them. As time has passed, 
some of the original contractors have relinquished operation of the 
plants, and most of the employees who were instrumental in the 
design of the reactors have retired. Concomitantly, the depth and 
strength of the contractor staffs have diminished, establishing a need 
for more formal processes to ensure safety. In addition, public atti
tudes toward reactor safety have evolved, and this has necessitated 
a departure from the more personal and informal management of 
reactors that existed in the past. DOE has had to adapt to this 
change, but has done so slowly and incompletely. 

Finally, as discussed in the previous report, the department has 
failed to articulate a coherent safety objective that clearly delineates 
the requirements that these reactors must satisfy. In the absence 
of such a clear safety benchmark, there is no well-defined basis to 
determine those areas in which improvement is needed. As a result, 
some critical decisions, including judgments as to when a particular 
reactor has reached the end of its effective life, are not guided by a 
coherent and accepted safety framework that balances the risks and 
benefits of particular missions. 

In the report on the production reactors, the committee urged 
the department to address the problems that these developments 
have created. It was recommended that DOE establish a clearly 
articulated and documented safety objective, that it specify and 
implement orders that reflect that objective, and that it maintain 
vigilance to ensure the objective is being satisfied. It was further 
recommended that the department strengthen its internal oversight 
arm (ES&H) and establish strong external oversight in a new ad
visory committee. DOE was also urged to expedite training aimed 
at restoring critical safety functions and controlling critical safety 
parameters in the event of abnormal conditions. Finally, the depart
ment was urged to address a series of other technical issues. The 
department has acknowledged the validity of these recommendations 
and has initiated actions to respond to them. While this effort is to 
be applauded, the problems are deep-rooted and will not yield im
mediately to solutions; they will require continued effort at all levels 
in the department for years to come. 

The committee's observations on the need for change have been 
reinforced by its examination of the test and research reactors. The 
previous recommendations are generally valid for these reactors as 
well. However, there are several points of a generic nature that 
deserve particular attention. 
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Conclusions and Recommendations 

SAPETY DESIGN PHROSOPHY 

Conclusion.: Several of the DOE's test and research reactors 
were designed and con.structed before modern. safety philos
ophy had matured. Some of the reactors are not protected 
by sufficient defense-in-depth mea.sures to prevent certain. 
accidents that could cause partia.l or ell!ten.sive fuel damage. 

A particular safety philosophy-termed defense-in-depth-was 
employed in the design of nearly all reactors that are operating today. 
Defense-in-depth aims to provide multiple lines of defense against 
damage and includes the incorporation of redundant and diverse 
engineered safety features that would be automatically actuated in 
order to ensure that accidents initiated by events with even very low 
probability (such as a double-ended break of a major coolant pipe) 
do not lead to damage. Modern commercial reactors not only have 
systems to control releases of radioactive materials in the event of 
fuel damage, they also have systems that are expected to preclude 
significant fuel damage. 

Although FFTF and, to a lesser extent, EBR-11 were designed 
with a high degree of defense-in-depth, accidents at the other test 
and research reactors involving single failures of reactor systems, 
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such as breaks in pipes, could lead to significant fuel melting, with 
the potential for the release of a substantial fraction of the inventory 
of radioactive material in the fuel to the confinement and pOBSibly 
into the environment. Because of the comparatively small inventory 
of radionuclides in the cores of these reactors, and the mitigative 
effect of the safety systems that are available, the consequences of 
these accidents are calculated to be small for the general public-that 
is, leBB than the dose limits prescribed by the NRC for design-basis 
accidents (10 CFR 100) . 

The HFIR, for example, does not have an emergency core cooling 
system capable of dealing with large pipe breaks. As a result, lOBS
of-coolant accidents involving breaks larger than 3 in. are estimated 
to lead to extensive fuel damage. In the event of such accidents, 
doses at the site boundary are calculated to be leBB than the NRC 
limits found in 10 CFR 100, 888Uming that 100 percent of the fuel 
is damaged during the accident but that other systems function as 
designed to attenuate the release of volatile radionuclides. 

The approach to safety used in the design of the older test and 
research reactors was characteristic of the time in which they were 
built. By virtue of their small sizes and remote locations, it was felt 
that the reactors did not represent a serious hazard to the public, 
even if an accident were to occur involving significant fuel damage. 
It is not clear, however, that such an approach is acceptable today. 
The department needs to take appropriate steps to estimate the 
probability of events involving fuel damage at the test and research 
reactors, and ensure that those probabilities are acceptably small. 

Recommeradatiora: Orace DOE establishes its raew safety objectives, 
it should carefully evaluate the degree to which the test arad research 
reactors satisfy them. Thereafter, DOE should reevaluate compliarace 
with safety objectives at regular iratervals. 

SAFETY REVIEW PROCESS 

U:nrevlewed Safety Questions 

Coraclusiora: There have beer& irastaraces at the test arad re
search reactors where desigra charages were implemerated or 
tests coraducted without the beraefit of a formal, ezterraally 
reviewed safety araalysis. 
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In its review of plant documentation at the test and research 
reactors, the committee found instances where design changes had 
been implemented or tests conducted that were outside the original 
design bases. For example, as discussed in greater detail below, at 
HFIR the contractor implemented changes to components in the 
reactor, without the requisite review and approval by DOE, that 
increased the estimated probability of a core damage accident by 
2 orders of magnitude. (This problem was subsequently rectified .) 
Good practice dictates that formal analyses of the effect of changes 
to a reactor be conducted before the changes are implemented . 

Regulations governing the implementation of design changes are 
set out in 10 CFR 50.59 for commercial nuclear power plants licensed 
by the NRC. These regulations, and the supporting guidance on their 
implementation, prescribe a process for determining whether any 
proposed change in operations or in the configuration of plant systems 
involves an "unreviewed safety question." If an unreviewed safety 
question is determined to exist, the plant is expected to complete 
and submit to the NRC for approval prior to implementation an in
depth safety analysis of the proposed change. (An NRC licensee must 
also follow very formal procedures, subject to audit by the NRC, for 
the review of changes that are found not to constitute an unreviewed 
safety question.) 

In theory, DOE reactor contractors are subject to a similar re
quirement. The department's orders include a provision that requires 
that proposed changes be examined to determine whether any unre
viewed safety question exists. If the change involves such a question, 
the contractor must submit a safety analysis to DOE for approval. 
This provision is important because it is one of the few mechanisms 
for assuring external review of changes to the DOE reactors. The 
committee found, however, that DOE has failed to provide suffi
ciently detailed guidance to the contractors to ensure that consistent 
procedures are used in analyzing proposed changes. DOE has also 
failed to closely audit contractor performance to ensure that unre
viewed safety questions are being fully addressed. 

Recommendation: DOE should strengthen its ezisting requirements 
for the analrsis of proposed changes to plant srstems, proposed changes 
in procedures, proposed ezperiments, or other preplanned deviations 
from the previouslr analrzed safetr design 6GBis in order to ensure 
that changes to reactor operations that can affect safet11 undergo a 
thorough, formal, independent safetr review prior to implementation. 
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Safety Review Committees 

Conclusion.: Safety review committees have been. set up by the 
contractors at each of the test and research reactors. These 
committees review plant safety, reactor operations, and the 
safety of ezperimen.ts. In. the case of the liquid metal cooled re
actors, they also review ezperimen.ts on. the plants themselves. 
Because almost all the members of these review committees 
are ira-house contractor employees, the committees may not 
bring sufficient independent judgment to the consideration. of 
safety matters. 

Contractors at the test and research reactors have established 
safety review committees whose members are drawn from the plant, 
the rest of the organization at the site, or an affiliated laboratory. 
(At one reactor (HFIR) the in-house committee is complemented 
by an independent review committee that draws its members from 
outside the contractor organization; however, this second committee 
was established only at the beginning of the current year and meets 
infrequently.) While the chairmen of some of the safety review com
mittees are empowered to call upon expert consultants from outside 
organizations, in practice such advice is seldom solicited. 

It is good practice for safety review committees to have a portion 
of the membership drawn from outside the operating company. Out
side membership can help the safety review committee achieve a more 
balanced and acceptable judgment on technical issues, particularly 
on contentious subjects on which there may be differences of opinion 
within the operating organization itself. Independent members can 
also supply knowledge and experience from outside the organization 
and thus provide a mechanism for the cross-fertilization of ideas. 
Moreover, the presence of experienced independent members on a 
safety review committee can provide an important measure of public 
confidence in the integrity of the committee process. 

In recognition of the important role of the safety review com
mittees and to provide a sounder basis for audits, a set of general 
criteria and guidelines applicable to safety review committees would 
be useful. It is particularly important that the committees have the 
authority to set their own agenda and are free to examine safety is
sues of their own choosing, not solely those that are brought to them 
by DOE or the contractor. To ensure that the criteria and guidelines 
for safety review committees are implemented in a consistent fash
ion and the committees are working effectively, a plan for regularly 
auditing the committees should be developed and implemented. 
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Recommen.dtJtiou: The St�/d11 Review Committees for the test tJn.d 
resetJrch retJctors should 6e strengthened 611 the t�ddition. of independent 
members. DOE should estdlish criteritJ tJn.d guidelines /or the effec
tive opertJtion. of the committees, tJn.d should develop tJn.d implement 
plt�n.s for ES�H tJudits. 

Review of Safety Tests 

Conclusion.: Although Argonne (EBR-11} tJn.d Westinghouse 
(FFTF} developed specitJl procedures for their trtJn.sien.t test
ing progrtJms tJn.d ht�d the progrtJms reviewed in.tern.t�ll11, t�l
most no eztern.tJl (outside the compt�n.11} reviews were per
formed, other thtJn. 611 DOE sttJff. 

Safety tests are typically performed with reduced safety margins 
in comparison with those in place during normal plant operations. 
It is perhaps not surprising, therefore, that there is a history of ac
cidents occurring during the performance of safety tests at nuclear 
reactors. The accidents at Windscale (England) , NRX (Canada) , 
EBR-1 (Idaho) , and Chemobyl (Soviet Union) all occurred during 
such tests. Based in part on this historical record, the committee 
believes that safety tests at any reactor should be subjected to par
ticularly careful review. 

The transient testing program at EBR-11 is intended to demon
strate the "inherent" or p&BBive safety characteristics of the metal
fueled, pool-type, liquid-metal-cooled reactor design of the EBR-11. 
By design, the series of tests involved significant decreases in plant 
safety margins and increased accident risks. In preparation for the 
test program, which began in 1984, test procedures were developed 
by the staff and were reviewed internally by the EBR-11 safety and ex
periment review committees and by the ANL Reactor Safety Review 
Committee comprising Argonne staff assigned to other parts of the 
laboratory. Temporary waivers from restrictions in reactor technical 
specifications were submitted for approval to the DOE Chicago op
erations office, where they were reviewed by a safety program officer. 
They were also reviewed for concurrence by the Idaho operations of
fice and the program office (Nuclear Energy) at DOE headquarters. 
Similar types of reviews were undertaken for the transient testing 
program at FFTF.  

An important characteristic of the reviews at EBR-11 and FFTF 
is that, for the most part, they were all performed internally. Vir
tually the only reviews of the safety tests at EBR-11 and FFTF 
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conducted by individuals outside the contractor organizations were 
those by DOE, which has very limited capability to perform this 
function. 

Prior to the breakup of the AEC, safety tests of the type con
ducted at EBR-U and FFTF would have been required to be su� 
mitted for review by the Advisory Committee on Reactor Safeguards 
(ACRS) . DOE could have used the services of the ACRS under the 
current law, but elected not to refer these tests to that body. The 
ACRS is made up of knowledgeable individuals from a variety of or
ganizations and with a diversity of expertise , thus providing careful 
external review of technical issues. With the formation of DOE's new 
Advisory Committee on Nuclear Facility Safety, an option now exists 
for similar review of significant safety tests at the DOE reactors. 

Recommendation.: Proposals to conduct sign.ificcn.t safety tests, like 
the transient test series conducted at EBR-11 end FFTF, should 6e 
carefully reviewed in. cdvcn.ce 6y the DOE Office of the Assistant Sec
retary /or Environment, Safety, end Health end 6y the DOE Advisory 
Committee on. Nuclear Facility Safety. More generally, DOE needs to 
estdlish criteria to determine the types of activities that will require 
review end approval 6y the DOE advisory committee. 

PROBABRISTIC BISK. ASSESSMENT 

Conclusion.: Efforts to produce pro6tJ6ilistic risk assessments 
(PRAs) for the test end research reactors ere uneven., indi
cating that the value of tJ PRA in. risk mcn.cgemen.t is not 
uniformly appreciated 6y DOE end its contractors. 

Attitudes toward PRA at DOE and among the contractors of the 
five test and research reactors vary significantly. The ATR contractor 
is conducting a Level 3 PRA; the HFIR contractor has completed 
a Level 1 PRA; the HFBR contractor is about to begin a limited, 
low-priority PRA activity ; and the EBR-11 and FFTF contractors 
are not planning to undertake any PRA work at all. (As explained in 
the committee's report on the production reactors, a Level 1 PRA is 
limited to calculations of the probabilities of fuel damage accidents. 
A Level 2 PRA includes estimates of the timing, types, and amounts 
of radioactive materials that could be released from the facility. And 
a Level 3 PRA includes calculations of risks to public health and the 
economic consequences of potential releases.) 
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One of the arguments presented to the committee for not con
ducting PRAs for the test and research reactors was that the reactors 
contain small inventories of radioactive materials and the associated 
risk from accidental release is very small in comparison to the risk 
from commercial nuclear power plants. Although this assessment of 
risk may be accurate, the committee nonetheless believes that the 
insights to be gained from a PRA, in understanding plant safety 
and guiding decisions on plant modifications, fully warrant the effort 
and expense involved, even for the test and research reactors. The 
argument that the small size of the reactors translates into relatively 
little risk to public health does not alter the fact that the risk must 
be strictly controlled; as noted in Table 1 ,  the radionuclide inven
tories in these reactors are not trivial. The PRA process provides 
a systematic methodology for exploring various accident scenarios 
and can lead to a better understanding of the importance to safety of 
various systems, designs, procedures, maintenance activities, and hu
man performance, and thereby can help to guide decisions affecting 
those matters. 

In the late 1970s, the nuclear power industry debated the rel
ative merits of PRA and conventional deterministic analyses. By 
the 1980s, a general consensus had developed within the reactor 
community that both deterministic analysis and probabilistic risk 
analysis should be applied in understanding and managing the risks 
of nuclear reactors. The committee does not accept the argument 
that deterministic analyses-with their reliance upon such ill-defined, 
qualitative terms as "hypothetical" and "highly unlikely" accidents
provide a sufficient basis for all safety decisions. Deterministic anal
yses simply cannot provide the insights into the relative importance 
of potential accidents or contributors to accidents as those derived 
from the use of probabilistic methods. Both methods should be used . 

The HFIR experience with PRA provides a good example of 
the value of PRA as a systematic evaluation tool. In 1985 an ad 
hoc committee at HFIR recommended certain modifications to the 
reactor to improve irradiation capabilities [Martin Marietta Energy 
Systems, Inc ., 1985a) . The first phase of the project involved redesign 
of the reactor target tower and associated reactor components in 
order to permit on-line measurements of instrumented target samples 
during reactor operations. These modifications were being completed 
when the HFIR PRA was begun. In the course of conducting the 
PRA, it was quickly discovered that a major pathway to core damage 
(one referred to as "flow blockage due to the target tower centering 
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ring coming out of its groove" ) had been created directly as a result 
of the modifications to the target tower. Indeed, the mean frequency 
of core damage attributed to this scenario was calculated to be 
very high (2.6 x 10-2 per reactor year) , and immediate action was 
taken to remedy the situation. An 0-ring was removed from the 
target tower design, eliminating the scenario of principal concern. 
Additional modifications resulted in lowering the estimated overall 
core damage frequency to 5 .1  x 10-" per reactor year. While this 
example raises questions concerning the adequacy of the original 
design of the target tower and the safety review that accompanied 
the design modification, it also illustrates the usefulness of PRAs for 
evaluating proposed plant modifications and for identifying changes 
to the plant or to the procedures that can reduce risk . 

The committee's report on the defense production reactors high
lighted several features of PRAs that can add to their credibility. 
Two bear repeating here in connection with the test and research 
reactors. 

First , by their very nature , PRAs rely heavily on the judgment 
of experts. This is one of the reasons that makes an independent peer 
review of a PRA essential. The credibility of any review, of course, 
still depends, as well, on the quality of the reviewers and the scope 
of their effort. In order to ensure a probing review, it is generally 
recognized that reviewers should be selected from diverse sources 
(e.g. , from academia, industry, and the national laboratories) . There 
are indications that some of the test and research reactor contractors 
may not be following these guidelines-in one case, purportedly 
because of problems arising from federal laws relating to the need 
for competitive bidding in federal contracting [EG&G Idaho, 19881] . 
Furthermore, in the one instance to date where external reviewers 
have been assembled (HFIR) , the committee found that the PRA 
contractor was not fully responsive to reviewers' comments, and there 
was inadequate oversight of the review by the reactor contractor and 
by DOE [SAROS, 1988; Pickard, Lowe & Garrick , 1988] . 

Second, while the overall structure of a PRA is fairly well estab
lished, there are some areas in which the methodology is still evolv
ing. A state-of-the-art PRA would obviously encompass the latest 
methodological developments in these areas, which include analyses 
of human reliability, potential external initiators of accidents (e.g. ,  
earthquakes, high winds, fires, and floods) , model uncertainties, and 
the proper elicitation of expert opinion . The analysis of potential 
external accident initiators is an essential aspect of modern PRAs, 
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and the proper elicitation of expert opinion is of particular impor
tance to DOE's reactors because of their unique designs. Formal, 
state-of-the-art methods for eliciting and using expert opinions are 
described in the technical literature, including a set of PRAs that is 
being developed for the NRC (NUREG-1 150) . 

There is a general need for an integrated approach that encom
passes the development and application of state-of-the-art probabilis
tic and deterministic analyses at the older test and research reactors. 
Consideration should be given to the development of a formal, in
tegrated safety assessment program (ISAP) , along the lines of the 
ISAP initiated by the NRC at the Millstone I and Haddam Neck 
nuclear power plants in 1985 or the ISAP-11 recently proposed by the 
ACRS. 

Recommendation: .All of the DOE Class .A reactors should have Level 
1 PR.As. The need for Level ! and Level 9 PR.As should be given 
careful consideration, particularl11 if a facilit11 is ezpected to operate 
for an eztended period of time, or if the insights the11 ma11 provide are 
needed in evaluating the costs and benefits of future modifications. 

These PR.As should be performed using techniques that incorpo
rate state- of-the-art treatment of human relitJbilit11, ezternal events, 
and uncertaint11 anal11sis and recent approaches to the s11stematic elic
itation of ezpert opinion. The11 should be subjected to a high- qualit11 
peer review, and DOE should acquire the captJbilit11 to oversee the PR.A 
review process to ensure that PR.A contractors are full11 responsive to 
reviewers ' comments. 

DOE should also consider developing a formal, integrated safety 
assessment program for the older test and research reactors. 

RELIANCE ON OPERATORS FOR EMERGENCY ACTION 

Conclusion: In response to potential accidents at some of the 
test and research reactors, reactor operators must open valves 
or scram the reactor manuall11 because there are no alternative 
s11stems to prevent core damage and fission-product release. 
In eztreme ctJBes, some of these operations would have to be 
undertaken in hazardous steam and radiation environments. 

When the HFBR is operated at 60 MW, the operators may be re-
quired to open certain valves inside the confinement in environments 
that could be hazardous to their health, in order to prevent poten
tial accidents from progressing to core damage and fission product 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues at the DOE Test and Research Reactors:  A Report to the U.S. Department of Energy
http://www.nap.edu/catalog.php?record_id=19106

http://www.nap.edu/catalog.php?record_id=19106


30 

release. At the ATR, emergency procedures require operator action 
in order to mitigate potential design-basis core-damage accidents, 
again in circumstances in which the operators might have to act in 
a hazardous environment. Procedures involving heavy reliance on 
operators have also been proposed at HFIR and FFTF and approved 
by the safety review committees, although in both of these cases 
project management overruled the proposals. 

In general, it is poor practice to rely solely or even primarily 
on operator action for essential safety functions. Indeed, it is now 
customary in the commercial sector to include automated systems 
that provide adequate margins of safety against incorrect operator 
action or against complete failure of the operators to act. Such 
systems are obviously of particular importance if operators would 
otherwise have to perform critical functions in environments that 
could be hazardous to their health and that would endanger the 
public if not performed successfully. 

A critical lesson learned from the Chernobyl accident is the 
importance of the training and retraining of reactor operators
both formal and on the job. This point was emphasized in the 
committee's report on the defense production reactors, but it needs 
to be reaffirmed here since it applies to the test and research reactors 
as well. 

Recommendation.: DOE should ezamin.e the feasibilitr of installing 
equipment at the test and research reactors to erasure that responses 
to reactor accidents are not primaril11 dependent on. operator action.. 
At a minimum, DOE should erasure that reactor operators have tl&e 
capabilit11 to operate from remote consoles outside the confinements. 
Care must be taken. to erasure that remote operation. of these valves 
cannot be accomplished prior to reactor shutdown., and more impor
tan.tlr, to erasure that in.stallation. of a remote console reduces rather 
than. increases accident risks. 

DOE MANAGEMENT OF REACTOR OPERATIONS 

Conclusion.: Management respon.sibilitr for safetr within. the 
Department of En.erg11 is fragmented. The current division. of 
respon.sibilit11 ma11 inhibit the formulation. and implementa
tion. of coherent and uniform design. requirements and opera
tional practices. 
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The Department of Energy asserts that the assurance of safety 
is a line responsibility, subject to oversight by the ES&H organiza
tion in headquarters. The report on the defense production reactors 
emphasized the importance of strengthening the ES&H organization 
to ensure that the safety oversight function is performed vigorously. 
Strengthening the ES&H organization was thought to be particularly 
important for the defense production reactors, and we hold the same 
view for the test and research reactors as well. However, the commit
tee has come to the conclusion that the structure of line management 
within DOE may also need to be improved. 

The test and research reactors are operated by five different 
contractors, with responsibility for day-to-day oversight delegated to 
"local" DOE operations offices that report to the Under Secretary. 
(Largely for historical reasons, the Chicago operations office has 
responsibility for both the HFBR on Long Island and the EBR
II in Idaho, even though there is an Idaho operations office with 
responsibility for the ATR.) In addition to contractors and operations 
offices, there are several different divisions at DOE headquarters with 
programmatic responsibility for operation of the test and research 
reactors. Two of the test and research reactors (HFIR and HFBR) are 
within the programmatic purview of the Office of Energy Research. 
Another two (EBR-11 and FFTF) are programmatically important 
to the operations of the Assistant Secretary for Nuclear Energy. And 
one reactor (ATR) supports activities that are almost exclusively 
part of the programs of the Deputy Assistant Secretary for Naval 
Reactors. 

The multiplicity of contractors, operations offices, and program
matic divisions at headquarters, along with the diversity of missions 
of the reactors, has led to considerable unevenness in operating prac
tices. The suitability of the existing arrangement is undermined by 
the absence of adequate staff in the DOE line management who are 
sophisticated on safety and operational matters, and by the fact that 
ES&H is not yet sufficiently strong to establish a unified and coher
ent safety strategy. In effect, the system relies almost exclusively on 
the skills and competence of the contractors. While the contractors 
are necessarily the first line of defense, the ultimate responsibility for 
safety must reside with DOE. 

The committee thus finds a fragmented line management struc
ture that serves to diffuse responsibility and, indeed, may result in 
organizations that are divorced from direct safety responsibility hav
ing to make decisions of immediate safety significance. For example, 
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funding decisions for the reactors, including funding for safety up
grades, are made within the programmatic offices at headquarters, 
whereas real knowledge of the reactors resides almost entirely in a 
contractor responsive to a local operations office. (The head of the 
local operations office does have an opportunity to petition the Un
der Secretary on funding matters-in efFect, to bypass the program 
offices-but this authority is seldom exercised.) Not surprisingly, 
perhaps, the current structure has failed to produce consistently 
rational approaches to prioritizing technical issues and allocating 
resources at the various facilities. 

If true line responsibility for safety is to be realized, there may 
be advantages in consolidating line responsibility in a single depart
mental entity in charge of supervising the contractors at all DOE 
reactors. This activity might be assigned to an existing DOE office, 
or it might be established in a separate operating division reporting 
directly to the Under Secretary. Such a change might enable more 
efficient use of knowledgeable stafF, help promote consistency across 
the department , and encourage and facilitate wider application of 
safety lessons among the reactors. 

There are difficulties in reorganization : the reactors have diverse 
missions, the responsibilities for funding are difFused, and there is an 
historical relationship between headquarters and the local operations 
offices. Furthermore , the advantages to be gained from centraliza
tion of reactor operations would have to be balanced against the 
disruptive efFects of such a change. Resolution of such organizational 
issues goes beyond the purview and expertise of the committee; yet, 
because these particular institutional questions can have a direct 
bearing on safety, the department should consider restructuring its 
management of reactor operations. 

Whether DOE does or does not establish a central operations 
group, two other measures would be helpful in lessening the frag
mentizing efFects of the current structure. First, in order to assist 
DOE contractors in arriving at consistent and balanced allocation 
decisions, a clear, consistent , risk-based methodology for prioritizing 
technical issues needs to be developed. Second , there needs to be a 
better means of facilitating communication among the various DOE 
organizations and the reactor contractors. 

Recommendation:  DOE should examine whether the line management 
of reactor operations can and should be made the responsibility of a 
central reactor operations group . 
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DOE should develop and appl11 a clear and connstent risk-based 
metl&odolof11 for prioritizing and allocating resources to safet11 issues 
at the Clau A reactors. 

DOE should also establish one or more annual meetings fo; ie11 
department and contractor personnel to ezplore potential solution� to 
safet11 issues at the Clau A reactors. 

BUDGETARY IMPACTS 

Conclusion: Tight budgets can be ezpected for tl&e indefi
nite future for the Department 's test and research reactors, 
creating preuures on the contractors and the Department to 
postpone needed safet11 improvements in order to maintain 
ezilting programs. 

Representatives from OMB made clear to the committee that, 
insofar as the administration is concerned, the programs that sup
port the test and research reactors will not receive extraordinary 
funding to respond to safety problems [National Research Council, 
1988) . Rather, the department will be expected to accommodate any 
funding to respond to safety (or other) problems from the budget 
allocation that otherwise would be made available for program ac
tivities. Because the activities that are being pursued at the test and 
research reactors do not have high political visibility, the Congress is 
not likely to intervene to alter significantly the OMB budget strat
egy. Although the OMB approach may be justified by the need to 
restrain the growth in the federal budget , it must be recognized that, 
absent special vigilance, such a strategy could have adverse safety 
implications. 

To the extent that funds to respond to safety concerns must be 
taken from program budgets, there will be understandable pressures 
on line management (the contractor and the DOE program offices) 
to ensure that the achievement of safety objectives does not have· 
an adverse impact on program objectives. The committee has no 
evidence that th� pressures have resulted in inappropriate actions 
by line management but believes that specific actions are needed to 
ensure that safety margins are maintained. Two actions would assist 
in this effort . 

1 .  Safet11 Framework. As noted earlier, in the 1987 report on 
the defense production reactors, it was found that the department 
had failed to articulate an operationally meaningful safety objective 
and to establish a clear set of safety requirements. The committee's 
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observations as to the need for such a framework in connection with 
the production reactors apply with full force to the test and research 
reactors, although it might be appropriate to recognize the differences 
between the production reactors and the test and research reactors 
in such a framework. In the absence of such a safety framework, 
there might be a tendency for safety to diminish over time in the face 
of budgetary pressures. Each year of safe operation may inappropri
ately be seen to justify an incremental diminution of safety margins. 
Expensive safety upgrades might tend to be deferred so that research 
or other programmatic activities will not be reduced . Limitations on 
the budget thus inevitably provide an incentive to "make do" with 
existing systems and to avoid upgrades until absolutely necessary or, 
worse, until after an accident has occurred. (Deferral of maintenance 
and safety upgrades for cost reasons occurred at the N Reactor in 
the late 1970s.) The establishment of an unambiguous safety objec
tive and of clear safety requirements would provide a benchmark by 
which to measure the adequacy of safety systems and operational 
performance. The establishment of a strong safety framework can 
thus serve to avoid any tendency to reduce existing safety margins 
at the DOE reactors. 

2. Management. The report on the production reactors em
phasized the importance of strengthening the management structure 
by which the department seeks to ensure safe operation. It noted 
the importance of the continued strengthening of the independent 
oversight of the reactors by bolstering the organization led by the 
Assistant Secretary of Environment , Safety, and Health (ES&H) 
and by establishing an external oversight committee. These rec
ommended organizational changes also apply to the other Class A 
reactors. The ES&H organization reports directly to the Under Sec
retary and does not have any direct responsibility for the missions 
of the reactors . Vigilant examination of the safety of the reactors by 
this organization-coupled with participation in the department's 
budget process-can thus serve to ensure that programmatic ob
jectives do not intrude inappropriately on the attainment of safety. 
Similarly, the examination of safety issues by an aggressive oversight 
group is important to ensure that problems at the test and research 
reactors are detected and corrected expeditiously. 

Budgetary constraints are of particular concern for the older 
test and research reactors such as HFIR, HFBR, and EBR-11. Each 
of these reactors is experiencing deterioration because of aging. At 
both HFm and HFBR, irradiation is embrittling the primary coolant 
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system pressure boundaries of the reactors. Although an exemplary 
study of plant aging at EBR-11 did not reveal any problems of imme
diate concem, over time more and more of the resources available for 
the older reactors will have to be consumed in the efFort to counteract 
aging, simply to maintain the existing safety margins. Eventually, 
given the current budgetary outlook and increasing signs of facility 
deterioration, retirement and/or replacement of the facilities is likely 
to be more cost efFective than continuing to struggle to meet the 
department's safety standards. The committee believes that it is not 
premature to undertake serious planning for the retirement and, as 
appropriate, replacement of the department's older reactors. 

Recommerulation: To ensure continued safe operation of the Class A 
reactors in the face of 6udget constraints, DOE should esta6lish an 
unam6iguous safet11 o6jective and clear safet11 requirements and should 
maintain vigorous and effective oversight of safet11 6oth 6, a revitalized 
ES6H organization and 611 an ezternal oversight committee. 

To assist in mitigating the competition 6etween safet11 and pro
grammatic goals, DOE's 6udget requests should identif11 and defend 
major safet11 items separatel11 from requests for programmatic pur
poses. 

In view of ezisting 6udgetar11 constraints and increasing signs of 
facilit11 deterioration due to aging, DOE should formalize plans for the 
eventual retirement and/ or replacement of the older test and research 
reactors. 
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Part B 
Technical Issues at the Five Reactors 
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Introduction 

The sections that follow provide brief descriptions of the five 
reactors and their recent operating histories, along with discussions of 
specific technical issues. The discussion of these issues in connection 
with any one reactor may not apply fully to the others for two 
reasons: diversity and inconsistency. 

The degree of diversity in the designs of the test and research 
reactors is readily apparent from the reactor descriptions. In addi
tion, the fact that the test and research reactors are operated by 
five different contractors with a range of technical and management 
capabilities has resulted in further diversity among the facilities. 

Although some inconsistency in the application of standards may 
be the inevitable result of the diversity among the reactors, there is 
a residuum of inconsistency that reflects the department's approach 
to management of the reactors. DOE has not provided a common 
safety framework for the interpretation of its orders, resulting in the 
disparate implementation of DOE requirements and modern safety 
standards. 

The chapters that follow also establish that modernization of the 
reactors is occurring at different paces and with different objectives; 
the tools that are being applied in conducting accident analyses differ 
markedly ; and the depth of analyses accompanying modifications and 
other proposed changes in operations varies significantly. 
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Advanced Test Reactor (ATR) 

The Advanced Test Reactor (ATR) is a light-water reactor with 
a thermal power of 250 MW. It is located at the Test Reactor Area 
of the Idaho National Engineering Laboratory, approximately 40 mi. 
west of Idaho Falls. The ATR went critical in 1967 and was raised to 
full power in 1969. Its basic mission is the irradiation of reactor fuels 
and materials, almost exclusively for the Naval Reactors Program. 
The reactor is also used to produce a small quantity of cobalt 60 
and other isotopes for commercial use. The operating contractor of 
the reactor is EG&G Idaho, Inc. The ATR has a staff of 272 , and a 
current annual operating budget of $38.5 million. 

The ATR is unusual in that the fuel is not in a compact core. 
Seen from above, the core looks like a curvy ribbon, winding in 
and around a three-by-three array of irradiation positions (see ATR 
core cross-section print and back cover) . The fuel configuration thus 
resembles the outline of a four-leaf clover. The total length of the 
ribbon of fuel around the four lobes in the core is about 11 ft. The 
largest dimension, diagonally across two opposite lobes, is 3 ft. 

The power level of each of the four lobes can be varied from 
17 to 60 MW. There are four large beryllium cylinders arranged 
around the outside of each lobe, and each cylinder has a hafnium 
absorber covering 120° of its surface. H these cylinders are rotated 
so that the hafnium faces the fuel, the local reactivity (and hence 
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the local power level) is lowered. In addition, there are six smaller 
hafnium control rods on the inside of each lobe. These rods are used 
mostly to compensate for fuel burnup. In order to minimize power 
distortion, any individual rod is usually either fully inserted into or 
fully removed from the core. Finally, for shutdown purposes there 
are six fast-acting safety rods that also use hafnium absorbers. 

There are 40 identical fuel assemblies, each with two aluminum 
sideplates angled at 45° to each other. The sideplates hold the curved 
aluminum-clad fuel plates. There are 19 plates in each assembly. The 
plates are 4 ft high by 0.05 in. thick, with the length of the plate 
arc increasing from 2.4 in. at the inner radius to 4.4 in. at the 
outer radius. Typical coolant spacing between the plates is 0.078 in . 
The innermost and outermost plates are approximately double the 
thickness of the other plates. The fuel is an intermetallic compound of 
aluminum and uranium (UAls ) · The uranium is 93 percent enriched, 
and there are 39 to 46 kg of U-235 in a fresh core. The maximum 
flux is l .O x 1016 neutrons/cm:il /s. Both the total flux and the energy 
spectrum are strongly dependent on position in and around the core. 

The reactor vessel is solid stainless steel , 12 ft in diameter and 
35 ft high, with walls 2 in. thick. Coolant water enters the vessel 
through two pipes at the bottom, flows upward in the vessel out
side the cylindrical tanks that support and contain the core, and 
enters the open part of the vessel above the core. The coolant flows 
downward through the core at 47,000 gpm. The temperature rises 
from 125°F at the vessel inlet to 167°F at the outlet, as the pres
sure drops from 355 psi to 255 psi. The fuel is designed to retain 
its integrity at surface temperatures up to 368°F, above which plate 
buckling initiates. Four outlet pipes at the bottom of the core take 
the coolant up to vessel outlet ports, and then through five parallel 
heat exchangers. Two 10,000-gal. demineralized water storage tanks 
on the ATR site are used to store primary system makeup water. 
Additional raw water storage exceeding 1 ,000,000 gal. is also avail
able for emergency addition. The secondary system cycles water at 
31,000 gpm from the heat exchangers to a six-bay cooling tower. To 
minimize accumulation of solids in the secondary due to evapora
tion, water is continually purged and replaced. The make-up water, 
which constitutes almost 10 percent of the flow, is supplied from the 
600,000-gal. inventory in the cooling-tower cold well. 

Each of the nine irradiation positions in the core contains an 
independent pressurized water loop. These loops a.re used as test fa
cilities, and each is the responsibility of an operator who is not in the 
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reactor control room. The test facilities, the major reason for ATR's 
existence, are used primarily for testing naval reactor fuels and mate
rials. Each loop has its own shielded basement cubicle containing its 
own pumps, heat exchangers, pressurizer, and demineralizers. Alto
gether the loop support facilities occupy two basement floors around 
the reactor and below the control room. 

Other available test facilities include capsule irradiation thim
bles. There are 36 small thimbles, less than 1 in. in diameter, located 
in and around the core; these are used mainly for long-term irradia
tions of materials samples. Twenty other holes in the core, up to 5 
in. in diameter, are located outside the beryllium cylinders. Thirty
four additional spaces are available in two capsule irradiation tanks 
that hang on the outside of the core-reflector tank . There are also 
facilities for gamma irradiation in the fuel storage grid of the ATR 
storage canal. 

The ATR has a confinement system that is designed to withstand 
a pressure equivalent to 7.5 in . of water. It encloses the reactor 
and its control room, as well as the operations areas for the test 
facilities and the associated elevators and stairwells. The only way 
to vent confinement pressure is through the stack. Because the 
exhaust system has no filtering capability, the stack is designed 
to close if high radiation is detected in it . Although the primary 
system can be depressurized from outside the confinement to allow 
the low-pressure emergency coolant to be added to the system, there 
is limited capability to monitor post-accident conditions inside the 
confinement after evacuation . 

The original ATR design assumed a 20-year lifetime. Monitors 
are being used to gather data on the aging of all major reactor 
systems. Present practice is to replace the core internals of the 
reactor about every 8 years. There is a program underway to produce 
a plan aimed at extending the reactor's lifetime to 45 years. 

RECENT OPERATING HISTORY 

The ATR was in its 80th cycle of operation in April of 1988. 
(One cycle consists of the installation, burnup, and removal of a fuel 
loading.) The operating schedule and annual loadings of the reactor 
are determined by the classified test program developed by the Office 
of Naval Reactors. Operating cycles are typically either of 15-day 
or 35-day duration, and between runs the plant is shut down for a 
period of 4 to 7 days. In February 1989 the contractor plans to shut 
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the reactor down for 40 days to upgrade and �place the existing 
instrument panels in the control room. 

Since reactor start-up the most significant safety-related op
erating events at ATR have included unexpected cracking of the 
beryllium reflector, which led to a 3-month shutdown in 1972 , and 
two overpressure incidents (in 1972 and 1977) in which design pres
sure limits were slightly exceeded. In addition, in 1986 a workman 
dropped foreign material into the reactor vessel that could not be re
covered. However, the event was not deemed to be significant enough 
to preclude continued safe operation. 

ATR has been continuously upgraded since 1969. Over 50 major 
modification projects have been undertaken at a total cost of $80 mil
lion (current dollars) . These projects have included upgrades to the 
plant protection system, emergency cooling water injection system, 
security system, simulator, control room, process instrumentation , 
fire protection system, seismic instrumentation, and experimental 
loops. The contractor has plans to undertake an additional 18 ma
jor modifications at a cost of $22 million during the FY 1989-1992 
period. 

TECHNICAL ISSUES 

Safety Analyses 

Conclusion: Modernization of safety analyses of the .A TR 
reactor is well under way and generally on the right traclc. 
Efforts are aimed at improving understanding of severe acci
dent behavior, particularly in relation to limited core damage 
scenarios, and developing a risk-based management system 
to support future operation and management of the facility. 
These severe accident analyses are intricate, and so a full 
understanding of the relevant physical phenomena will not 
come easily. The potential threat to the confinement from 
accidents involving hydrogen generation is not yet adequately 
understood. 

Several activities are under way using modern techniques to 
improve the understanding of the ATR, including reevaluation of 
selected reactivity accidents and loss-of-coolant accidents (LOCAs) , 
examination of severe accident behavior and potential threats to 
confinement , and execution of a PRA. These activities, as well as 
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normal operational safety and engineering reviews for the ATR, ben
efit significantly from the strong technical capabilities offered locally 
by EG&G Idaho's staff. 

Reactivity and Loss-of-Coolant Accidents 

Accident evaluations performed as part of the original design 
basis for ATR made the bounding assumption that certain acci
dents (e.g . ,  large LOCAs) resulted in 100 percent core melt [Phillips 
Petroleum Co. ,  1965a,b; Idaho Nuclear Corp. ,  1967] . Assuming 
a confinement leak rate of 10 percent per day, projected doses at 
the site boundary were shown to be less than 10 CFR 100 lim
its. Accident analyses are currently being performed to evaluate 
more realistically the extent of core damage associated with poten
tial accidents at ATR. For example, early results of the analysis of a 
reactivity transient resulting from a hypothetical 2-in . break in one 
of the experiment loops show a peak power of 1 ,000 MW and some 
core damage [EG&G Idaho, Inc. ,  1986a] . In the case of LOCAs, 
unpublished analyses by the contractor indicate that operation with 
a distribution of 30, 25, 25, and 20 MW in the four lobes of the core 
would be expected to produce fuel damage only in the high power 
lobe. However, a LOCA at power levels closer to ATR's 250-MW 
rated power, or with different power distributions, might damage the 
entire core. These examples indicate that further analyses are re
quired to better define the envelope of limited core damage accidents 
at ATR. 

Because the reactor has a high power density and the potential 
for experiencing flow instability [Aerojet Nuclear Co. ,  1975] , its re
sponse to potential reactivity accidents and LOCAs is sensitive to the 
specific ways in which power and coolant flow vary during transients. 
In the ATR, power and flow are coupled because of reactivity feed
backs that derive from expansion of the fuel and the reactivity effects 
induced by the ATR experiment loops. Furthermore, because of the 
fuel's serpentine geometry and the asymmetric distribution of power 
among the four lobes of the core, spatial effects would be expected to 
play a significant role in determining the course of accidents. These 
factors mean that modern analytical tools need to be applied with 
special care and in full knowledge of the limits of their applicability. 
Provided that sufficient care is taken in applying these tools, they 
can assist in developing a more definitive understanding of potential 
conditions that could lead to core damage in the ATR. 
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Severe Accident Behavior 

Severe accident analyses at ATR involve the examination of 
conduction cooling mechanisms and coolant How through the narrow 
gaps that exist within the ATR fuel assemblies . Unpublished analyses 
described by the contractor to the committee in January 1988 do not 
appear to adequately consider the potential expansion and distortion 
of overheated assemblies during severe accidents. Moreover, the 
analyses do not include sufficient consideration of the possibility 
that molten debris could relocate in the core; steam How could move 
molten material upward inside the voided assembly channels. (This 
phenomenon is termed "Hooding ." ) These criticisms of the ATR 
accident analyses serve to illustrate the difficulty of the effort and 
underscore the need for adequate resources, time, and peer review 
to achieve reliable analyses of severe accident behavior. They also 
highlight the need for explicit discussion in the contractor's PRA of 
how uncertainties have been treated . 

Potential Threats to the Confinement 

Potential accidents in the ATR that might result in molten fuel 
interacting with coolant would also benefit from thorough analy
sis and review. Data on fuel-coolant interaction are available from 
tests conducted in another reactor (SPERT) , but they should be 
reviewed with care before being applied to ensure that the opera
tive parameters of the tests truly correspond to ATR characteristics. 
The analysis of potential molten fuel-coolant interactions in ATR 
should also include an up-to-date examination of vessel loading and 
fluid-structural material interaction problems. The contractor is now 
attempting to determine whether these latter considerations may be 
amenable to bounding analyses. 

The examination offuel-coolant interactions and potential piping 
failures is also important in considering the potential for hydrogen 
generation, detonation, and combustion. While the ATR confine
ment is relatively voluminous, current analyses of potential accidents 
involving hydrogen generation are "nonmechanistic" [EG&G Idaho, 
Inc. ,  1988k) . Thus, analyses to date have assumed varying amounts 
of core melt , a single melt temperature, and a single particle size to 
derive a "bounding" hydrogen source term. Only diffusion hu been 
considered in analyzing hydrogen transport within the confinement. 
Condensation of steam has not been included . A severe hydrogen 
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bum could conceivably produce confinement leak rates that signif
icantly exceed the 10 percent per day rate of confinement leakage 
that the contractor has shown will restrict releases to values below 
10 CFR 100 limits. In view of this, the committee believes that 
the examination of potential accidents involving hydrogen genera
tion should be considered a high priority. The contractor is planning 
to examine in greater detail such issues as potential hydrogen release 
rates, release locations, the extent of natural circulation and forced 
convective flow, and steam condensation . This examination should 
be comprehensive in scope in order to ensure that the analyses of the 
potential for hydrogen generation at ATR are credible. 

Probabilistic Risk Assessment 

Following the Chemobyl accident , the DOE Idaho operations 
office formed a safety assessment review group to assess the available 
safety information on the ATR and to evaluate the need for any addi
tional analyses. This group recommended that a PRA be considered 
for the ATR [DOE, 1987] . EG&G recognized that a PRA could be 
used to enhance the operation of ATR in many different ways, and 
decided to undertake a complete Level 3 PRA. (EG&G has some 
experience in supporting probabilistic risk assessments for commer
cial reactors.) The contractor expects to use the PRA to develop a 
risk-based management system that will facilitate the following: 

• definition of the dominant accident sequences for the facility, 
including "external" events; 

• evaluations of the sensitivity of existing safety-related support 
systems; 

• evaluations of deficiencies in and potential interactions among 
safety-related systems; 

• evaluations of potential upgrades and modifications to im
prove the safety performance of the facility and establish a 
system for prioritizing proposed changes; 

• evaluations to improve human performance in operations, 
maintenance, training, and the development of emergency 
procedures; 

• establishment of a basis for plant life extension; and 
• evaluations of new experiments or new modes of operation 

that could have a significant impact on the safety performance 
of the facility. 
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As indicated earlier in the report , independent peer review can help 
to ensure that accident analyses and PRAs are of the necessary high 
quality. To date there has been little external input to the ongoing 
severe accident analysis efforts. 

Recommendation: Severe accident anal11ses of potential hydrogen
related challenges to the A TR confinement should be given a high 
priorit11, and the contractor should ezplicitl11 addre88 how anal11tical 
uncertainties have been treated in the A TR Level 8 PRA . DOE needs 
to provide adequate time and resources for the A TR accident anal11ses 
and PRA in order to ensure that the11 result in credible, high- qualit11 
aBBessments of plant risk. 

Experimental Loop Operatlcms 

Conclusion: A reduction in the amount of water in the reac
tor 's ezperimental loops results in an increase in the criticalit11 
of the reactor. Therefore, lo88 of water from and/or depres
surization of one or more of the ezperimental loops can result 
in a reactivit11 transient, potentiall11 resulting in eztensive 
core damage. This situation calls for particularl11 vigorous 
attention to the safe operation of the ezperimental loops. 
Well-written procedures and well- qualified and supervised ez
perimental loop operators are required to prevent reactivit11 
accidents. 

The close neutronic coupling of the experimental loops with the 
ATR reactor means that improper operation of experiments can 
have an impact on reactor safety. This accentuates the importance 
of ensuring adequate qualification and supervision of the personnel 
who operate the loops. During the committee's visit to the ATR, 
however, the experiment operators on a particular shift had very lit
tle experience. Moreover, subsequently obtained reports of unusual 
occurrences at ATR revealed errors in the operation of the experi
mental loops-at least one of these incidents, had it occurred during 
power operation, could have significantly affected the reactivity of 
the reactor. These facts highlight the need to ensure that experi
enced experiment operators are on duty during every shift , as well 
as the need for closer management audits, root-cause analyses, and 
periodic retraining of experiment operators. The latter is especially 
important after unusual occurrences in which loop operators have 
been involved. The need for careful supervision of loop operations 
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may become even more immediate a problem as more experienced 
operators leave (through retirement or for other reasons) and greater 
reliance must be placed on newly qualified personnel . 

Recommerulo.tiora: The ezistirag tro.irairag progro.m for ezperimerat op
ero.tor• •hotdd 6e •treragtheraed ora the 6w of o. co.reful review of 
opero.tirag ezperierace ora the ezperimerato.l loop•. The tro.irairag progro.m 
•hotdd iraclude empAui. ora corrective o.ctiora• ira re•poue to urauuo.l 
occurrerace• ira order to eranre tho.t procedure• for loop opero.tiora• o.re 
cleo.r o.rad up-to-do.te. Mo.rao.gemerat •hould o.Uo o.ttempt to euure tho.t 
there o.re ezperieraced opero.tor• ira the ezperimerato.l loop o.reo. ora eo.ch 
•lift. 
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Experimental Breeder Reactor II (EBR-II) 

The Experimental Breeder Reactor II (EBR-11) is a sodium
cooled fast reactor with thermal power of 62.5 MW. It is operated by 
the Argonne National Laboratory (ANL) and is located on the ANt
West site at the Idaho National Engineering Laboratory (INEL). 
EBR-II is the only test and research reactor that also generates 
electricity, supplying 14 to 15 MW electrical output for the INEL 
grid . Steam from EBR-11 is also used to heat the ANL-West facilities. 
At start-up in 1964 the mission of the reactor was to prove the 
feasibility of a metal-fueled liquid metal-cooled reactor (LMR) in 
a breeder cycle . Within a few years the equivalent of five cores of 
fuel was cycled from the reactor through an adjoining reprocessing 
facility and back to the reactor. 

In 1968-1969, the reactor was converted to a fast-reactor irra
diation test facility. Fuels and materials that are to be irradiated 
in EBR-11 are placed in core subassemblies essentially identical to 
the subassemblies holding the driver fuel elements. An EBR-II sub
assembly is a long hexagonal tube about 2 .3 in. across. The reactor 
core region consists of 127 subassemblies standing in a hexagonal 
array. Driver fuel is in approximately 57 of them, and control and 
safety rods use up another 11 .  The remaining 59 are free to hold 
specimens for irradiation. The subassemblies for irradiation tests are 
carefully located in the core; many can hold up to 91 specimens. 
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The EBR-11 fast neutron ftux ranges from 2.3 x 1016 
neutrons/cm2 /s at the core center to 0.9 x 1016 neutrons/cm2 /s 
at the core outer periphery. (Fast neutrons are defined as those with 
kinetic energy above 0 .111 MeV.) Mean neutron energy at the core 
center is about 0.4 MeV. 

More recently, the EBR-II has been utilized to support the base 
technology program for developing small LMRs. Hence, the two 
main purposes of EBR-11 are (1) demonstration of the inherent safety 
and shutdown heat removal capability of the LMR concept, and (2) 
irradiation of fuels and materials. AB of May 1988, the staffing level 
was 253. The annual operating budget has been approximately $25 
million in FY 1985, 1986, and 1987. 

EBR-II is the only pool reactor of the five research reactors con
sidered in this report . In an LMR pool reactor, the core, reftector, 
blanket, neutron shield , primary pumps, primary piping, interme
diate heat exchanger, and in-vessel fuel handling equipment are all 
submerged under the molten sodium of the primary system. The 
primary system is cooled at the intermediate heat exchanger, which 
transfers heat to sodium in the secondary system. The secondary sys
tem eventually transfers heat to water and saturated steam in modu
lar evaporators and superheaters, producing superheated steam that 
drives the turbine-generator and produces electricity for the INEL 
grid . 

The EBR-II reactor has a number of attractive passive safety 
characteristics. Because of the pool and guard vessel surrounding 
the reactor vessel, the likelihood of LOCAB at EBR-11 is extremely 
remote . A decrease in sodium density in EBR-II (such as from 
boiling) results in a more stable reactivity response than in larger 
sodium-cooled reactors. Analyses by the contractor demonstrate that 
if a gas or vapor bubble, with dimensions the width of an assembly or 
greater, were introduced into the sodium at the most adverse location 
in the core , it would produce a negative reactivity effect, tending to 
shut the reactor down. Because of the favorable reactivity behavior 
of the design, and the large margin between operating temperatures 
and fuel failure that is associated with the use of EBR-II metal fuels 
(Mark II U-Fs fuel with type 31  stainless steel cladding and Mark III 
U-Zr fuel with Type D-9 stainless steel cladding) , the reactor is able 
to respond to loss-of-ftow and loss-of-heat-removal transients without 
fuel damage, even without scramming the reactor. (Indeed, this facet 
of the design has been demonstrated in tests.) A natural-convection 
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driven, heat-removal system is capable of rejecting decay heat from 
the plant without electric power. 

The likelihood of an accident progressing to severe damage of 
the Mark II or Mark III fuel in EBR-II appears to be quite small 
because of the plant's passive safety characteristics. Collapse of 
the entire core during an accident and its subsequent reassembly 
in a uniform mass of molten fuel, as is assumed for the purpose of 
analyzing a hypothetical core disruptive accident in EBR-II, is an 
even more remote possibility. Moreover, energy absorbing structures 
have been provided around the vessel to contain the energy release 
in an accident of this type. EBR-11 also has a containment building 
that provides added assurance that a large release of radioactivity 
to the environment can be prevented, provided that the building is 
sealed (i.e. , "isolated" ) upon the initiation of an accident (see below) . 

EBR-11 is now used to develop and demonstrate advanced metal
lic fuels, a key element of ANL's integral fast reactor program. (In 
fact, unlike FFTF, it has never used an oxide fuel as the driver fuel, 
although oxide fuels have been irradiated in it in the past.) In the 
reactor's early years, reloads of driver fuel came from reprocessed 
EBR-11 spent fuel elements. Mter the processing facility was shut 
down in 1969, EBR-II used a fuel fabricated to mimic the product 
of the processing facility. The fuel was 95 percent uranium and 5 
percent "fissium." The uranium in this admixture was enriched to 
67 percent U-235 . The fissium was roughly equal parts molybdenum 
and ruthenium, with small concentrations of rhodium, palladium, 
zirconium, and niobium. (The advantage of using such alloys is that 
they exhibit less swelling than unalloyed uranium.) The fuel pins 
contain sodium in the gap between the fuel slug and the cladding to 
transfer heat efficiently to the cladding. The cladding gap accommo
dates swelling of the fuel during irradiation. 

More recently, EBR-11 has been loaded with so-called binary 
metal fuels composed of uranium and zirconium. These fuels are 
more economical to fabricate than fissium fuels, and they can operate 
at higher temperatures and to greater burnup. Tests are now being 
conducted on more advanced, ternary metal fuels that are composed 
of uranium, plutonium, and zirconium. 

The EBR-II staff recently undertook a review of plant aging to 
identify mechanisms that could potentially interfere with the con
tinued operation of the plant. A number of potential problems 
were identified, including the possibility of sodium penetrating and 
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swelling graphite-filled canisters located in the reactor head and ther
mal shield . None of the problems that were identified appeared in
surmountable. The EBR-11 plant life extension study is an excellent 
example of how to avoid future problems by systematic examination 
and proper planning. Similar studies at the other Class A reactors 
might provide similar benefits. 

In January 1988, DOE announced that it was rescinding plans 
to shut the reactor down in 1993. The present plan calls for EBR
ll to continue operation into the 1990s, completing the current fuel 
development program, demonstrating on-site fuel recycling, conduct
ing further tests of passive safety using metal fuels, and irradiating 
materials for the space reactors program. 

RECENT OPERATING HISTORY 

EBR-ll nominally operates on a 10-week cycle. Ten full-power 
weeks are followed by a 1-week turnaround time for refueling and 
minor plant maintenance. The downtime is also used for discharging 
and replacing irradiation samples. In addition, the plant is shut 
down for 4 to 6 weeks each year for more comprehensive modification, 
maintenance, and inspection. 

The operating schedule calls for the plant to be available for 
operation approximately 80 percent of the time. The actual achieved 
capacity factor has climbed steadily in the last 5 years, from 67 
percent in 1983 to 81 .3 percent in 1987. 

EBR-ll registered 43 unusual occurrence reports (UORs) in the 
last 5 years (1983-87) . There is no single major problem causing the 
UORs, although the general area of primary sodium flow control is 
a frequent contributor. Four of the UORs were caused by problems 
with primary flow indicators in the plenum. Several others involved 
reactor trips from momentary or spurious primary flow indications. 
Another general cause of UORs seems to be the jamming of moving 
parts owing to sodium/sodium oxide buildup. This has been respon
sible for two cases of shaft binding on a primary pump. (During 
the 1988 annual maintenance shutdown, the pump experiencing this 
problem was refurbished .) 

There have been 15 major modifications to the EBR-11 plant since 
startup in 1964. These have included modifications to such major 
systems as the EBR-ll fuel elements, fuel and reflector subassemblies, 
control rods, and shutdown coolers for the primary coolant system. 
Four additional major modifications are planned. One is a change of 
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the fuel composition and fuel-element cladding; another is a change 
in subusembly design to accommodate fuel burnup to 20 percent; 
the third involves installation of a developmental delayed neutron 
detection system for a joint DOE/Japanese program of oxide fuel 
performance testing; and the fourth is the implementation of an 
automatic plant start-up capability using digital-computer control 
equipment. 

TECHNICAL ISSUES 

Orgudlatlcmal Structure 

Conclusion: Quality 488Ur4nce re•ponsibilitie• 4t EBR-11 4re 
mized with the oper4tion• function, r4ther th4n being 6ep4-
r4ted in 4n independent org4niZ4tion. 

The benefits of providing a separate management chain for qual
ity assurance are generally accepted elsewhere in the DOE system. 
Such a structure can facilitate safety by providing oversight of line 
operations personnel. EBR-11 does not have a management structure 
with an independent quality assurance group with a safety mission 
separate from experimental and operational goals. 

Recommend4tion: The contr4ctor •hould ez4mine whether to reor
g4nize to •trengthen the 64fety 4nd quality 466Ur4nce function• 4t 
EBR-11. 

Probablllstlc Risk Assessment 

Concluion: There 4re currently no pl4n6 to perform et1en 4 
Let�el 1 PRA for the EBR-11 pl4nt. 

In Part A, the committee recommended that, at the least, a 
Level 1 PRA should be undertaken for each Class A reactor. Al
though the EBR-11 plant has a number of attractive passive safety 
features that serve to reduce the risk from loas-of-coolant and cer
tain transient-initiated accidents, a PRA could nonetheless provide 
important insights. For example, the operating contractor needs an 
understanding of the features of the plant that have the greatest 
safety significance in order to ensure that resources applied to mod
ifying the plant are properly allocated. In performing a PRA for 
EBR-11, the following should be carefully evaluated: 
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• The risk of refueling accidents. Because IJl.Uch of the refueling 
activity at EBR-11 occurs under sodium, the operators can
not observe what is happening. A number of incidents and 
problems have occurred during the refueling process, includ
ing dropped subassemblies and a hydrogen explosion in the 
interbuilding coffin (a structure for tr&lllporting irradiated 
assemblies out of the containment) . 

• The reliability of the reactor control systems. There is a 
history of control rods sticking at EBR-11. A second control 
system, the safety-rod system, is primarily for use during fuel 
handling, when the control rods are removed. The reliability 
of the control systems that provide reactor protection should 
be examined both for normal operation and during refueling 
operations. 

• The reliability of containment isolation. The reactor operates 
in a purge mode in which air is drawn into the containment 
by the ventilation system, provides cooling to the instrument 
thimbles and to the reactor shield, and after filtering is re
leased to the discharge stack. In the event of an accident, 
valves would have to be closed to achieve isolation. 

Recommendation: The committee recommends that a Level l PRA 6e 
performed for the EBR-11 plant and that refueling accidents and the 
relia6ilitr of the reactor protection srstem and containment isolation 
6e carefullr ezamined in the contezt of the PRA . 

Acoustic Monitoring 

Conclusion: The EBR-11 reactor has acoustic monitoring 
equipment iutalled to monitor vi6ratiou in pumps and com
ponents, 6ut the srstem is not cu"entlr in use. 

The analysis of acoustic signals is used at nuclear power plants 
to identify incipient safety problems, such u vibrations in pumps, 
crack initiation, leakage, loose parts, vibrating core internals, and 
flow blockage . Loose-part monitors, for example, are required for 
commercial nuclear power plants. Although acoustic monitoring 
equipment was installed in EBR-11 in conjunction with an earlier 
program to develop a vibration-monitoring capability, the staff fa
miliar with the equipment are no longer employed at EBR-11, and 
the equipment is not being used. 
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Recommeadatioa: Tlae coatractor .J&ould nrve11 tlae use of acoustic 
moaitoriag s11sterru at otlaer reactors to determiae tlae best use of tlae 
Bfstem curreatly iutalled in EBR-11 or Ullaetlaer iastallation of aa 
alteraative s11stem Ulould lave safet, 6eaefits. 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues at the DOE Test and Research Reactors:  A Report to the U.S. Department of Energy
http://www.nap.edu/catalog.php?record_id=19106

http://www.nap.edu/catalog.php?record_id=19106


Copyright © National Academy of Sciences. All rights reserved.

Safety Issues at the DOE Test and Research Reactors:  A Report to the U.S. Department of Energy
http://www.nap.edu/catalog.php?record_id=19106

http://www.nap.edu/catalog.php?record_id=19106


Fast Flux Test Facility (FFTF) 

The Fast Flux Test Facility (FFTF) is a 400-MWt liquid metal 
reactor (LMR) . It is located at the Hanford Nuclear Reservation near 
Richland, Washington. Since its start-up in 1980, FFTF has been 
operated by Westinghouse Hanford Company (WHC) . WHC also 
operated the Hanford Engineering Development Laboratory until 
June 1987, when DOE consolidated its contracts for operation of 
the various nuclear facilities at Hanford-including FFTF , the N 
Reactor, and the Purex Chemical Processing Plant-under WHC. 

The primary mission of the FFTF has been the irradiation of 
materials and reactor fuels. A number of natural circulation cooling 
tests have also been performed, and the contractor plans to use the 
reactor to further investigate the passive safety features of LMRs. In 
FY 1988 the operating budget of the reactor was $41 million and the 
stafF numbered about 375. 

To date, FFTF has relied almost exclusively on oxide fuels, 
although a metal fuel assembly was inserted in the reactor beginning 
in 1986 as an initial experiment to evaluate the FFTF metal fuel 
cohcept . Conversion to a full metal core is scheduled to be completed 
by 1992. The oxide fuels currently in use are mixtures of Pu02 .and 
U02 , with both natural and depleted uranium. The percentage 
of Pu02 ranges from 22.5 percent to 29.3 percent in FFTF fuel 
assemblies. The plutonium is 88 percent Pu-239, with less than 1 
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percent Pu-241 and the remainder Pu-240. The �otal weight of fissile 
material in a 7 4-element FFTF core is about 560 kg, approximately 
21 percent of the total oxide fuel weight. 

The total neutron flux at FFTF ranges from 7 x 1016 
neutrons/cm2 /s at the center of the core to 4 x 1016 neutrons/cm2 /s 
at the periphery. The mean kinetic energy of the neutrons is 0.2 
MeV; 65 percent of the flux has kinetic energy above 0. 1 MeV. The 
planned conversion to metal fuel will decrease the flux somewhat and 
increase the mean kinetic energy of the neutrons. 

The reactor core consists of 91 twelve-foot long hexagonal tubes, 
or assemblies, standing vertically in a hexagonal array. Each as
sembly consists of a hexagonal flow duct surrounding an internal 
structure. Most of these assemblies contain fuel pins; in a typical 
core loading, 7 4 of the 91 are used to hold driver fuel pins. Of the 
remaining 17 assemblies, 3 are safety rods, 6 are control rods, and 
8 are reserved for a variety of irradiation tests. The hexagonal as
semblies are each 4.6 in. acrOBB and 12 ft long, giving the total array 
a diameter of 4 ft . The reactor fuel is contained in a 3-ft section of 
the pin, providing the FFTF with a core that is 3 ft in height by 
4 ft in diameter. The 8 assembly positions available for irradiation 
testing can be instrumented with electrical and pneumatic leads that 
penetrate the reactor head. 

The FFTF cooling system has three primary loops that circulate 
liquid sodium through the reactor vessel. (Only one loop is needed for 
adequate core cooling; three loops provide redundancy and greater 
assurance of the cooling function.) Each loop has its own pump, heat 
exchanger, and secondary loop; only the reactor vessel is common to 
all three. There are 128,000 gal. of sodium in the primary system, 
flowing at 43 ,500 gpm. The temperature in the reactor vessel rises 
from 680°F at the core inlet to 938°F at the outlet. Each primary loop 
exchanges heat generated in the core with an independent secondary 
loop. Each of the secondary loops has its own pumps, and each 
has 4 air-blast (or "dump" ) heat exchangers. The FFTF design was 
reviewed by the NRC staff prior to reactor start-up. 

A series of tests conducted in July 1986 demonstrated a degree of 
passive safety with a modified FFTF core. The test series culminated 
in a test in which, with the reactor operating at 50 percent power, 
all the coolant pumps were shut down in order to evaluate the core's 
response to a simulated loss of electric power to the pumps. These 
tests were conducted without scramming the reactor and without 
operator intervention . For the purposes of the tests, 9 of the Inconel 
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reflectors immediately outside the core were replaced with so-called 
gas expansion modules (GEMs). A GEM is essentially an inverted 
test tube with argon gas compressed at the top. With the pumps 
operating and providing full flow, a standing column of sodium is 
maintained in the bottom of the tube. The column of sodium keeps 
the argon compressed at the top of the tube and serves as a neutron 
reflector. When the pumps stop, such as during the lOB&-of-flow tests, 
the pressure drops, the argon expands, and the sodium is driven down 
and out of the tube. This efFectively removes the reflector, allowing 
more neutrons to escape the core, adding negative reactivity and 
thereby tending to shut the reactor down. The need for such a large 
negative reactivity insertion to ensure safe shutdown upon lOBS of flow 
conditions results mainly from the need when using oxide fuels for a 
very rapid decrease in power (and coolant temperature) to prevent 
sodium boiling. 

In conducting these tests, the contractor was limited by the fact 
that the temperature sensors in FFTF are located 5 ft above the 
fuel. Under natural circulation conditions (but not under forced flow 
conditions) , the coolant takes a few seconds to flow from the fuel 
to the sensors, causing a time delay in the readout of core temper
ature. A safety limit of 1 ,074°F was set as the maximum allowable 
temperature at the sensors. In a test at 50 percent power and 100 
percent flow, the maximum temperature measured was 9500F at 100 
s, and was falling past 750°F at 400 s. Computer models indicate 
that without GEMs a similar core temperature would be reached in a 
lOB&-of-flow test starting from 5 to 10 percent of full power, and that 
the sodium in the primary system would approach boiling if the test 
were started from 35 percent of full power. The GEMs were inserted 
in the reactor only for the few weeks during which the lOBS-of-flow 
tests were conducted; that particular core configuration was never 
taken to full power. 

There is no separate backup heat removal system at FFTF. 
Tests in 1980 established that the FFTF design afFords sufficient 
natural convection heat removal capability to assure core cooling for 
all accidents analyzed in the safety analysis for the facility. 

FFTF has plans to shift from oxide fuels to a "binary" metal fuel. 
The new binary metal fuel will consist of 90 percent uranium (with 
enrichments in the range of 26.5 to 33.8 weight percent) together with 
10 percent zirconium. The cladding material will also be changed, 
from 316 stainless steel to HT-9 ferritic-martensitic alloy, a material 
that promises to solve the problem of radiation-induced swelling 
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that has been experienced in assembly ducts and fuel cladding used 
in EBR-11. The core restraint built into FFTF for use with oxide 
fuels will inhibit radial expansion of the metal fuel, thus reducing the 
negative reactivity provided by expansion of the fuel assemblies, so 
the regular use of GEMs is under consideration. 

The addition of a privately financed power generating capability 
at FFTF (referred to u a "power addition" ) is under study. The 
proposed power addition includes use of steam generators formerly 
designated for the now defunct Clinch River Breeder Reactor project. 
Use of two of the secondary loops at FFTF for power generation could 
yield about 1 10 MWe. 

RECENT OPERATING HISTORY 

FFTF began full-power operation in April 1982. As of this 
writing, it is in its lOth cycle of operations. Early operating cycles 
were devoted to characterization of the behavior of the mixed-oxide 
driver fuel and to test irradiations of LMR materials, components, 
and assemblies. 

As discussed above, the reactor was subjected to a series of 
transient tests during cycle 8 (February to July 1986) to investigate 
passive safety features of the reactor

,
s design. Beginning with cycle 

9, an extensive large pin mixed oxide fuel test program was begun. 
In late 1986, metal fuel testing was also initiated in preparation for 
conversion to metal fuel. 

Since 1983 the reactor has had an improving capacity factor, 
averaging fewer than three unplanned scrams per year. There has 
been only one unplanned scram or forced outage since June 1986; 
the reactor operated for 18 consecutive months from July 1986 to 
January 1988 with none at all. 

The number of plant modifications that were at some stage of 
completion at FFTF averaged about 325 throughout 1987, but was 
down slightly during the first quarter of 1988. From the beginning of 
full-power operations, there had been a history of increasing cesium 
activity in the primary sodium coolant owing to cladding and fuel pin 
failures associated with experimental irradiations conducted at the 
facility. However, recent installation of a cesium trap appears to have 
brought the problem under control. At times, the backlog of correc
tive maintenance items has been extraordinarily large (1 ,149 items 
in February 1987) , but this backlog was steadily reduced during 1987 
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until the number of outstanding requests for corrective maintenance 
stood at 496 at the end of March 1988. 

Examination of unusual occurrence reports suggests that the 
greatest problems are 8880ciated with operation of the in-vessel han
dling machine, the bottom loading transfer cask, the zero time outage 
equipment (equipment for automatically transferring essential safety 
systems to DC batteries during 1088 of oft'site power) , and various 
remote handling and cooling equipment within the interim exami
nation and maintenance cell. The latter happens to be the tallest 
hot cell in the nation. The most significant safety-related operating 
events include the following: 

• In May 1982 an error was made in a computer program &880-
ciated with operation of the in-vessel handling machine. The 
program misidentified a position in the core that was sched
uled for refueling. This resulted in the inadvertent withdrawal 
during refueling of a control rod rather than an experimen
tal test assembly. No criticality occurred, and the event was 
within the design basis of the plant. 

• In June 1982, with the reactor shutdown, a primary system 
pump running on a pony motor seized up because of the 
buildup of sodium or sodium compound deposits on the pump 
shaft. 

• In November 1984 cavitation-induced erosion of a duct on 
an electromagnetic pump, caused by operating the pump at 
excessive flow rates, led to a sodium leak. 

• In October 1985 a bottle of helium used to cool specimens 
within a materials open test assembly was inadvertently re
placed with a bottle of argon, causing overheating and dam
age to some of the specimens. 

Although FFTF has a reactor simulator on site, the existing one 
is recognized as having limited capability. Westinghouse Hanford 
plans to request additional capital equipment funds during FY 1988-
1990 to upgrade the FFTF simulator. Other planned modifications 
include the power addition; upgrades to the fire detection system; 
in-containment equipment for dealing with by-product tritium that 
would accompany future insertion of a fusion materials open test 
assembly into the core; back-up power for the zero time outage (ZTO) 
busses to permit repairs to the ZTO while the reactor is operating; 
and additional upgrades to various fuel handling equipment. 
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TECHNICAL ISSUES 

CODTerslon frmn Oxide to Metal Puel 

Conclusion: The projected conversion of FFTF from mized 
ozide fuel to metal fuel presents a number of safetr issues 
that are onlr partitdlr resolved. Resolution of these issues 
will require intense analrtical and ezperimental effort, and 
the ezisting schedule for completing them is verr demanding. 

Because DOE intends to withdraw funding for additional fab-
rication of oxide fuel, uninterrupted full-power operation of FFTF 
beyond 1991 will require conversion from oxide fuel to a new metal 
fuel. The DOE objective in converting to metal fuel is to provide 
continued support for the nation's LMR development program. 

Planning for the conversion of FFTF to metal fuel entails con
siderable analytical and experimental research, and an intensive pro
gram is under way. The analytical program includes design and safety 
evaluation of the core, fuel assemblies, and pins, while the experi
mental work (in progress and planned) includes pin tests, prototype 
assembly tests, and qualification tests in the reactor. The final design 
will depend heavily on the results of a core demonstration experiment 
that will be discharged from the reactor in early 1991 .  At that time 
there will be about 25 metal fuel assemblies in the FFTF cor�a 
limit that derives from current test procedures and that cannot be 
exceeded without formal approval of an addendum to the final safety 
analysis report (FSAR) for the facility [WHC, 1977 as amended) . 

The metal fuel under consideration will not be greatly different 
from fuel currently being used in EBR-11, for which there is a growing 
body of test data and operational experience. Moreover, the FFTF 
metal core is expected to have steady-state mechanical and thermal
hydraulic properties that are similar to the present FFTF oxide core. 
But there are a number of significant differences between the FFTF 
metal and oxide cores. Lifetime fuel pin performance will not be 
the same, several reactivity effects will be significantly different , and 
reactor transient behavior will be modified. 

The different reactivity effects will be caused mainly by the 
harder neutron spectrum (higher average neutron energy) with metal 
fuel . The harder spectrum will result in a smaller change in reactiv
ity with fuel burnup, higher neutron leakage from the core, reduced 
control rod effectiveness, reduced negative Doppler feedback , and 
increased positive sodium void feedback. Moreover, the change from 
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fissile plutonium to fissile uranium yields more delayed neutrons, 
which means that the kinetic sensitivity of the core to reactivity 
changes will be lower. (The reactor's response rate directly depends 
upon the ratio of the control change to the fraction of neutrons 
that are delayed. As this ratio is reduced, the reactor is slower to 
respond to control changes.) All these effects will have impacts on 
both transient and steady-state reactor operation. 

The FFTF staff has identified five areas of "technical challenge" 

that require special attention in planning the fuel conversion [WHC, 
1988a) . Some of these are more directly relevant to safety than others. 

First ,  postulated accidents involving loss of flow without scram 
(LOFWOS) could yield some sodium boiling and fuel damage with 
the new fuel. The contractor's analysis suggests that adverse impacts 
can be mitigated by the use of GEMs, which are designed to introduce 
negative reactivity automatically during flow coastdown [see, e.g. , 
WHC, 1988a, 1988g-i, 19881) . However, the contractor believes it 
may be necessary to restrict the normal operating power level of 
the reactor in order to obtain an adequate margin of safety between 
the predicted maximum temperature of the sodium coolant and the 
sodium boiling temperature. An alternative under consideration is 
to modify the structural design of the core to permit greater thermal 
expansion during transients. 

Second, another category of accidents could also produce some 
sodium boiling and fuel damage. These are known as transient over
power without scram (TOPWOS) accidents, and involve an addition 
of reactivity while the reactor is operating at nominal full power. The 
reactivity addition, which might be the result of the withdrawal of 
a control rod or the consequence of a seismic event, causes power to 
increase above 100 percent. The scram function on increasing power 
is then assumed to fail. Hence, power continues to increase , resulting 
in a mismatch between reactor power and coolant flow, leading to 
sodium boiling and fuel damage. 

The GEM system would not be helpful in this case because 
coolant flow would continue during such an accident. Restriction 
of the operating power level of FFTF, as well as structural design 
changes, may be necessary to mitigate the potential effects of tran
sient over-power events. 

It is not yet clear which of these two classes of accidents (LOF
WOS or TOPWOS) represents the worst case for determining design 
limits, though the GEM system is thought to render loss-of-flow acci
dents relatively harmless. Analysis is continuing, and transient tests 
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of fuel pins in the Transient Reactor Test (TREAT) facility in Idaho 
will be very important in verifying fuel performance during potential 
FFTF transients. 

Third, axial growth of metal fuel pins may limit the degree 
of burnup (maximum exposure in the reactor) that metal fuels can 
achieve in FFTF.  Recent data from EBR-11 suggest that at 10 percent 
bumup elongation of the fuel column may be somewhat larger in 
FFTF than was originally projected [WHC, 1988g) . 

Fourth, there may be an incompatibility between the new fuel 
and new cladding materials, which could provide a potential source 
of fuel failure during transients. The eutectic temperature (i.e . ,  the 
temperature at which the fuel begins to attack the cladding material 
in which it is encased) for HT9 clad metal fuel was only recently 
found to be 725°C. The contractor believes that there is sufficient ev
idence to demonstrate that cladding penetration at this temperature 
would be very slow. Furthermore, while the rate of penetration in
creases exponentially above the eutectic temperature, the contractor 
believes that there are a range of reactivity management measures 
(e.g. , use· of GEMs, limits on operating cycle length, or use of fixed 
bum able shims) that can be instituted to preclude reaching fuel 
temperatures during an accident that would result in cladding pene
tration . However, Argonne has unconfirmed data that indicate that 
the eutectic temperature may actually be 700°F [ANL, 1988) . Fur
ther experiments and analysis are necessary to establish the eutectic 
temperature and thus to determine whether there is a need to impose 
new limits on reactor operation in order to account for this effect.  

Finally, there is some evidence of strain in metal fuel pins re
moved from EBR-11 that appears to be the result of trapped fission 
gas [WHC, 1988g) . This raises the possibility of fuel deformation or 
cladding failure after prolonged exposure. If confirmed, this effect 
would limit the expected lifetime of the new metal fuel. 

Recommendation: Adequate resources and realistic schedules for an
alytical and ezperimental worlc must 6e established to resolve safety 
iBBues in support of the conversion of FFTF to metal fuel. 

Approval of an addendum to the FSAR, covering operation of 
FFTF with metal fuel, should 6e contingent on in-depth reviews 6y 
the contractor 's Safet11 Review Committee and the recentl11 formetl 
DOE Advisory Committee on Nuclear Facility Safd1J. 
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Gu hpaulon Modules (GEMs) 

Concluion: GEMs were tlemoutrated to be effective safety 
devices in loss-of-flow tests conducted at reduced power {50 
percent or leu) in tle FFTF o:ride core. Tley ma.y provide a. 
la.rge margin a.ga.iut sodium boiling for lou-of-flow accidents 
in a. metal core, but tlere a.re some upects of GEM bela.vior 
tla.t need to be carefully analyzed. GEMs will not be helpful in 
potential transient over-power accidents in wlicl full sodium 
flow continues. 

The FFTF contractor has demonstrated that some measure of 
protection can be obtained against accidents involving LOFWOS by 
using the GEMs described above. Tests in 1986 showed that after 
shutting off the pumps with the reactor at 50 percent power, 90 
percent of the negative reactivity effect of nine GEMs in the oxide 
core was effective within 20 s [see, e.g., WHC, 1987g) . (The test 
could not be conducted at higher power levels with the oxide fuel, 
because under certain hypothetical conditions boiling could occur.) 
With metal fuel, the contractor expects the GEMs to provide a 
significant reduction in reactivity during the most crucial phase of 
an unprotected loss-of-flow event, and thereby to ensure that peak 
sodium temperatures are maintained well below boiling. 

The safety of full-power operation with GEMs in the core needs 
careful analysis and review before GEMs are inserted for routine 
operation with metal fuels. If sodium flow were suddenly restored 
during a loss-of-flow event, the GEMs could conceivably cause a 
reactivity increase and a possible power overshoot. This possibility 
deserves careful analysis by the contractor. 

Recommendation: Tle contractor should perform improved computer 
simulations of GEM bela.vior in loss-of-flow a.nd otler potential tran
sient events, a.nd should eza.mine tle possibility of unezpected reactiv
ity additions a.ssocia.ted tuitl use of GEMs before reiRBerting GEMs 
in tle reactor. 

Severe .Accident Analyses 

Conclusion: Severe accidents in FFTF lave not been a.uessed 
uing sta.te-of-tle-a.rt methods developed since tle reactor 
bega.n operation. Uncertainties in post-accident lea.t removal, 
in tle evolution of fission products from molten core debris 
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(radioactive source term), in energetic core disassembl1/, and 
in containment integrit11 need to be reezamined using up
to-date methods so that better estimates of the radiological 
consequences of severe accidents can 6e made. 

The committee has reviewed aspects of the original safety review 
for FFTF in order to understand the role that severe accident analysis 
will play in the development of an addendum to the FSAR for metal 
fuel. The original safety analyses for FFTF were all based on oxide 
fuel. 

The FFTF contractor takes the view that a core disassembly 
accident is essentially impoBBible, because no reasonable scenario 
leading to such an accident has been found. NevertheleBB, to be 
"conservative," a severe accident was analyzed in the FSAR by as
suming such an accident and by assuming worst cases (e.g. , all of 
the heat was aBSumed to be transferred to the FFTF concrete) for 
the events that would follow. The result was a hypothetical accident 
producing a maximum kinetic energy estimated at 150 MJ . It was 
judged that the reactor vessel and external coolant system could 
withstand an accident of this magnitude. 

The NRC staff' concurred in the contractor's aBSeBBment, but 
raised questions about the coolability of molten core debris [NRC, 
1978, 1979; DOE, 1987; WHC, 1981) . In particular, the staff' ar
gued that hydrogen explosions or long-term preBSurization during a 
worst-case accident might result in containment rupture. Three ma
jor recommendations were made. These concerned (1) availability 
of decay heat removal by natural circulation, (2) improvement of 
containment margins, and (3) assurance of piping integrity. 

The first recommendation was satisfied by the contractor by 
demonstrating the establishment of natural circulation cooling in 
FFTF . The second recommendation resulted in the installation of a 
major system for filtered venting of the containment in the event of 
a severe accident. And the third recommendation, which concerned 
piping integrity, led to programs and systems for ultrasonic testing, 
sodium leak detection, and materials surveillance. Certain aspects 
of ultrasonic testing were ultimately dropped as impractical, but the 
remaining recommendations were carried out. 

Meanwhile, more advanced methods for severe accident analysis 
were under development elsewhere. In particular, advanced methods 
of severe accident analysis for LMRs were developed in conjunction 
with safety analyses for the Clinch River Breeder Reactor project. 
Such phenomena as aerosol generation and radionuclide release rates, 
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which are important for filter venting strategies at FFTF, were ex
tensively examined for the Clinch River reactor. Moreover, since 
the completion of the FFTF safety analysis, the light-water reactor 
safety community has developed more sophisticated methods for un
derstanding the penetration of steel by core debris and the intricacies 
of hydrogen combustion. Even though these methods have yet to be 
applied to FFTF,  the FFTF contractor has told the committee that 
it has no plans to conduct a probabilistic risk assessment of FFTF. 

It may be possible to establish that a core disruptive accident is 
a low probability event at FFTF because of the core design and be
cause a lOSlH)f-heat-sink accident at FFTF is sufficiently improbable. 
Such analyses have been performed, for example, for advanced LMRs 
that are currently being designed under DOE contract. Nonetheless, 
a Level 2 PRA would enable the contractor to compute the prob
abilities of events leading to 1088 of coolable geometry in the core 
and potential failures to containment that might result from core 
disruptive accidents. 

Recommendation: The FFTF contractor should use state-of-the-art 
analr�tical methods to ezamirae the poBBible evolution of loss-of-flow or 
tratuient over-power events into energetic core diBf'uptive accidents, 
for cores containing partial or fall loadings of metal fuel. The con
tractor should undertake a Level l PRA to assess the risks 488ociated 
with these events. Severe accidents should 6e investigated using the 
latest information a6out debris coola6ilitr�, steel and concrete penetra
tion rates, radioactive source terms, and the potential/or containment 
pressurization. 

l!'l!'Tl!' Power Addltlon 

Conclusion: The power addition under consideration at 
FFTF poses a raum6er of safdJI issues that are not considered 
ira the current FSAR and its updates. Although a •safdJI 
assessment• of the power addition has been published, it has 
received limited technical review and does not fullr� resolve a 
number of questions. 

In support of the conceptual design and technical feasibility 
studies for a power addition at FFTF, the contractor has prepared a 
"safety assessment" document [WHC, 1987s) . The document aims to 
address the impact of the proposed power addition on existing safety 
analyses and the variety of new potential accidents that would be 
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created by the power addition. The latter include an increased poten
tial for sodium-water reactions, steam line breaks, l�of-feedwater 
accidents, overcooling and undercooling events, and the effect of 
some "external" events, such 88 tornados and earthquakes, on the 
reconfigured plant. 

The committee believes there are a number of aspects to the 
proposal that require careful analysis and review. These include the 
proposed mode of operation with dual control rooms, control room 
habitability in the event of a sodium fire, potential nonuniformity 
of ftow in the loops, secondary-side transients, and greater potential 
for sodium-water reactions. If the project moves forward, a detailed 
design review and an addendum to the FSAR should be required. 
Since conversion to metal fuel is demanding extensive use of the 
contractor's resources, it is conceivable that undertaking another 
sizable project at the same time could detract from both efforts. 
Indeed, the power addition represents a fundamental new departure 
for FFTF and raises questions 88 to whether the new direction offers 
sufficient benefits to justify the cost in increased complexity and 
diffusion of mission. 

Recommendation: The preliminaf'JI design of the proposed power addi
tion should receive thorough review 611 the newl11 formed DOE Advisor11 
Committee on Nuclear Facilit11 Safet11 before a detailed design phue 
is initiated. If a final design is undertaken, it should also receive 
internal and e:r:ternal safet11 review. DOE should carefull11 consider 
the wisdom and timing of undertaking a power addition at FFTF. 
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High Flux Beam Reactor (HFBR) 

The IDgh Flux Beam Reactor (HFBR) is operated by the 
Brookhaven National Laboratory (BNL) , which is located on Long 
Island, some 50 miles east of New York City. The reactor uses heavy 
water (D20) as coolant, moderator, and reflector. At start-up in 
1965, the nominal operating power was 40 MW; an upgrade in 1982 
raised the power level to 60 MW. The primary mission of the HFBR is 
basic scientific research, particularly neutron scattering experiments 
using the reactor's external thermal neutron beams. Other purposes 
include isotope production, neutron activation analysis, and materi
als irradiations. 

The HFBR is staffed with 65 people. It had an FY 1987 operating 
budget of$10.5 million, some 18 percent of which was dedicated to the 
operation of security programs. Construction costs of these security 
programs, which were installed to meet DOE requirements, were $1 .9 
million in FY 1986 and $1 .5 million in FY 1987. An additional $1 .4 
million is budgeted for FY 1988 . 

The reactor fuel consists of U-235 contained in a cermet ( ceramic 
plus metal) made of U308 and aluminum. The cermet is 37 percent 
U308 by weight, and the uranium is 93 percent enriched. A fresh 
core contains a total of 9.8 kg of U-235. The fuel is fabricated into 
plates, rather than pins, and a typical fuel plate measures 23 in. by 
2.4 in. by 0.05 in. After final cold-rolling, the plates are curved to 
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a 6-in. radius by being pressed against a curved die. The plates are 
clad with aluminum and mounted in a fuel element assembly, also 
made of aluminum. There are 18 fueled plates per element, typically 
spaced 0.102 in. apart. Each fuel element is approximately 3 in. 
square by 5 ft long. Twenty-eight such elements form the HFBR 
core. The active core volume is 23 in. high by 19 in. in diameter. 

The reactor incorporates several unusual design features in order 
to provide external beams of thermal neutrons. One design goal 
was to have the thermal neutron flux maximized outside the core, 
where beam tubes could intercept the flux and channel it out to 
the experimental facilities. To this end, the core sits in a bath of 
heavy water contained within the reactor vessel. The heavy water 
that surrounds the core acts as both moderator and reflector; it 
thermalizes the fast flux, and reflects some of it back into the core. 
The power level is controlled by absorber blades that mask the core 
from the bath; inserting the blades reduces neutron reflection from 
the heavy-water moderator, causing the reactor to go subcritical, 
which in tum causes power and the average core temperature to 
fall. To stabilize power at a lower level and temperature, the blades 
must be returned to the blade position that produces criticality at 
the new lower temperature. In normal operation the flux of thermal 
neutrons is larger in the reflector region than in the core, while the 
fast flux peaks in the core. The peak thermal flux is 1 .05 x 1015 
neutrons/cm2 fa. 

The heavy water used as moderator and reflector is also used as 
coolant. The primary cooling system contains 10,000 gal. of heavy 
water, flowing at 18,000 gpm. About every 18 months, one-third 
of the total heavy-water inventory is removed and exchanged for 
heavy water having a lower tritium concentration and higher purity. 
The purpose is to keep personnel exposures to tritium as low as 
reasonably achievable. Detritiated heavy water is currently obtained 
from Savannah River at subsidized rates. After FY 1989, however, 
these supplies will no longer be available. BNL is investigating the 
use of Canadian sources to detritiate HFBR heavy water. The cost 
for such services is estimated to be between $500,000 and $1 million 
per year. 

Coolant velocity through the fuel elements is almost 40 ft/s. The 
temperature of the coolant rises from 130°F at the inlet to 151°F at 
the outlet . There are two primary loops, each with its own pump 
and heat exchanger. Heat is dumped to light-water cooling towers. 
The preBBure in the primary system is much greater than preBBure in 
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the secondary system (250 psig at the lowest elevation of the primary 
system versus 45 psig in the secondary) , thus preventing light water 
from entering the primary system through any leak in the interface 
between the systems. 

The required system pressure is determined by the need to pre
vent boiling at the hottest spot in a freshly fueled core. The boiling 
point of D20 at atmospheric pressure is 214°F.  With a hot spot 
surface temperature of 357°F ,  a pressure of 164 psig is required to 
suppreBII boiling. Helium g88 at 200 psig is used as a cover g88 in the 
reactor VeBIIel to maintain the necessary pressure. 

There are nine horizontal beam tube thimbles welded into the 
reactor veaJ��el. The beam paths penetrate the thermal/biological 
shield. Eight of the beam tubes have 3.�in. diameters and extend to 
within a few inches of the core. One of them points directly at the 
core to provide a fut neutron beam. A typical flux supplied to an 
experimental area is 4 x 10° neutrons/cm2 fa. The ninth horizontal 
tube serves 88 a •cold neutron• facility; the tube of the cold neutron 
facility is 1 ft in diameter and stops at 1 ft from the core. The cold 
neutron facility uses 1 .4 l of liquid hydrogen as moderator, producing 
a beam of very low-energy neutrons. 

Also projecting into the reactor are seven vertical tubes (thim
bles) used for sample irradiations. The tubes provide three positions 
for irradiating samples in the heavy water moderator, two very near 
the core, and two in the core center. A typical cylindrical sample 
volume is 3 in. long by le811 than 1 in. in diameter. 

The HFBR accident analyses focus on lOBB-of-coolant and loss
of-flow events. Mitigation of a potential loBB-of-coolant accident 
(WCA) depends heavily on an elevated tank of light water that 
is poisoned with cadmium nitrate (a neutron absorber) . (The con
tractor's analyses of potential WCAs and the phenomenon of flow 
reversal are discussed in greater detail below.) In loBB-of-flow scenar
ios at HFBR, whether the reactor coolant system is depressurized or 
not, the coolant, which is normally pumped downward through the 
core, stagnates, and then reverses direction, as a result of natural con
vection. This flow reversal cannot be allowed to occur immediately 
after shutdown from normal �MW operation, because immediately 
after shutdown the rate of decay heating is too high for flow reversal 
to occur with sufficient speed to prevent fuel melting. Thus, one of 
the two major system upgrades UBOciated with an increase in power 
level from 40 MW to 60 MW W88 the addition of battery-powered 
pony motors to the coolant pumps. These motors serve to assure at 
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least 3 minutes of downflow cooling in the event of a power blackout 
and delay flow reversal until the decay heat has fallen sufficiently to 
allow flow reversal to occur without fuel damage. (The other upgrade 
was in the primary heat exchangers.) 

The HFBR and its control room are enclosed in a confinement 
dome designed to withstand an internal pressure of 2 pei. In normal 
operation, a slight negative pressure is maintained within the dome 
to ensure that any air leakage is inward. Exhaust gases are filtered 
and discharged to the atmosphere from a high stack. 

The future of the HFBR depends primarily on aging and on 
the continued need for the facility. The reactor is 23 years old and 
the original design was for a 25-year lifetime. Extensive studies 
of aging have been conducted. The DOE asserts that HFBR will 
continue to operate until a planned advanced neutron source, which 
could replace both HFBR and HFIR, is operational in the late 1990s 
[National Research Council, 1988] . 

RECENT OPERATING HISTORY 

Each operating cycle at HFBR lasts approximately 1 month. The 
reactor operates for 24 days, after which 14 of the 28 fuel elements 
are replaced. The turnaround time for refueling, maintenance, and 
surveillance testing is typically 4 to 7 days. In most years there are 
11  cycles scheduled, leaving 1 month free for more thorough inspec
tions or modifications. One recent cycle was dedicated to replacing 
some secondary water piping, and only 10 cycles are scheduled for 
FY 1988. 

A review of the 47 UORs from the past 5 years does not show any 
serious recurring problems. The two most common problems were 
associated with cooling of the Cold Neutron Facility and spurious 
events caused by unrelated instrumentation anomalies that resulted 
in accidental scrams. The next most common problems were difficul
ties with the personnel access doors, resulting in temporary breaks in 
the building confinement, and leaks in the secondary cooling piping. 
(This piping has now been replaced.) The remaining reports cover 
a variety of incidents, ranging from incoming power interruptions 
to administrative shutdowns. Two significant unusual occurrences 
during the past five years are described below: 

1 .  In March 1986 the stator of the A primary pump motor failed 
because of unanticipated aging and caused a reactor shutdown. The 
following cycle was run at 40 MW, single loop operation. At the next 
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shutdown in April, the motor wu replaced and operation resumed 
at 60 MW. The B primary-pump motor wu replaced in 1987 as a 
precaution. 

2. In December 1984 the main control rod M1 failed to fully 
insert following a acram. The rod stopped 4 inches short of the usual 
30 inch insert pOiition. The incident occurred during shutdown, 
with the reactor unfueled and depre1111rized. The cause was never 
determined. It is speculated that foreign material in the internal 
drive mechanism may have later cleared itself. 

HFBR has had about four major plant modifications per year 
since start-up in 1965. Currently, there are 13 such modifications in 
the planning stage, including a system to provide remote monitoring 
of HFBR plant variables, remote control of shutdown cooling, and 
provision of a remote, alternative supply of light water for the poison 
water tank. 

TECHNICAL ISSUES 

10-MW Operatlcm 

Coracluiora: The charage in the operatiora oftlae HFBR from a 
power level of 40 MW to a power level of 60 MW hu involved 
• ngraijicarat change ira safetr philosoph,. 

At 40-MW operation, the HFBR safety analysis report indicates 
that no fuel melting would be expected to occur over a broad range 
of accidents (BNL, 1964a] . It states, for example, that "the system 
has been designed so that even a gross rupture of the primary vessel 
or primary coolant lines will not uncover the core and cause fuel 
melt." This statement is based on the design of the HFBR that 
involves a catch tank around the primary vessel that can prevent 
the core from being uncovered in the event of leakage, such as from 
the rupture of a beam tube. The reactor also has a flow reversal 
capability that allows core cooling to switch from forced downflow 
cooling to natural circulation in which the flow is upward through the 
core. Out-of-pile tests were conducted to establish the conditions for 
flow reversal. Based on the test results, fly wheels were incorporated 
on the primary pumps to ensure that, in the event of loss of power to 
the pumps, cooling would continue until flow reversal could be safely 
established after shutdown from 40 MW. 

A reanalysis was made before operation at 60 MW and an ad
dendum (dated April 1982) to the Final Safety Analysis Report 
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was prepared and approved (BNL, 1982] . This addendum and the 
supporting documentation indicate that about 3 min . of downftow 
cooling must be maintained following shutdown from 60 MW. Pony 
motors were incorporated to provide greater assurance that 3 min. 
or more of downftow cooling would be provided. However, in the 
event of any system rupture greater than the equivalent of about a 
l-in. diameter pipe, the 1088 of coolant is estimated to lead to pump 
trips and the 1088 of the necessary 3 min. of downftow cooling. Thus, 
unlike operation at 40 MW, such a break at 60 MW could lead to 
fuel melting. In addition, the failure of the driving mechanism for 
the "auxiliary• control rod that is used for control of the lower core 
region is expected to cause "some fuel melt• at 60 MW, whereas "no 
expected fuel melt• was predicted for 40-MW operation. 

The approval of the change to 60-MW operation was based on a 
review of the potential consequences to public health by BNL staff. 
Dose estimates at the laboratory site boundary from fuel melting 
were less than the limits for commercial reactors found in 10 CFR 
100.1 While estimates of doses to individuals beyond the site bound
ary were low, the increased probability of fuel melting at 60 MW 
increases the potential for effects to individuals at the site. The 
procedures for abnormal conditions (such as, the response to lOBB-of
coolant accidents) can necessitate operator actions (e.g., manually 
opening valves) within the confinement building. Although reviews 
by BNL indicate that these actions can be accomplished during an 
accident (BNL, 1986a-b, 1987b, 1987f] , the dose rates to operators 
were not estimated because of the presumed low probability of an 
event that might lead to high radiation exposures. The Brookhaven 
PRA, scheduled to begin in July 1988, should attempt to determine 
whether this presumption is valid. There are plans in progress to 
modify the reactor to allow for remote operation of the most impor
tant systems, but operator exposures for these planned operations 
are not clear either. 

1 These dose estimates were made for a spectrum of accidents involving 
fuel damage, including a hypothetical design-basis accident in which the entire 
core was melted (BNL, 1979c) . In all cues, the estimated impacts on the 
public beyond the site boundary were slight. Exposures to visitors, laboratory 
scientists, and other persons at the site are typically not included in auch 
calculations. However, in connection with its approval of 60-MW operation, 
DOE did request and review the contractor's dose estimates for exposures to 
the onsite population from auch an accident. 
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Recommeraflatiora: A realiltic u.e....aerat •laoulfl 6e mafle of potera
tial flo•e rate• from JUBiora protluct• arafl ezponre to operator• flurirag 
po•Bi61e accifleratB at HFBR to era••re tlaat aflepate protectiora iB pro
fliflefl to operatiou per•orarael arafl to otlaer iraflifliflualB at tlae Bite. TlaiB 
u•e•.merat •laoulfl iraclufle a realiBtic evaluation of tlae retuiremerat• 
for evacuatiora arafl remote coratrol of reactor •lautflovm arafl for e•ta6-
lulamerat of lorag-term core coolirag. Wlaile tlae timelJ accomplulamerat 
of portiou of tlae aNeNmerat maJ involve fletermirautic araalJ•e•, tlae 
u•e•.merat •laould 6e irate,.tefl Vlitla tlae P RA . 

Jlow Rnenal 

Coracluiora: Tlae fleBigra arafl operatirag limit. to euure afle
fUate coolirag flurirag floVJ rever•al VJere e•tablislaefl 6uefl ora 
te•tB fleBigraefl arafl corafluctefl ira 1968. Tlae raeefl to Bimulate 
tlae flJraamic tlaermal-Ja,flraulic 6elaaflior of tlae reactor ira tlae 
te•t VJGB raot cor&Biflerefl, altlaougla ira reqoue to committee 
t•e•tiora• a prelimiraarJ araalJ.U of iraertial effect. laa• 6eera 
completefl tlaat iraflicate• tlaat tlae 1968 te•tB VJere cora•ervative. 

As disc11888d above, the HFBR design allows the coolant flow 
to reverse from forced downflow cooling to natural circulation with 
upflow through the core when the reactor is shut down from full 
power. The decay heat generated in the fuel plates must be ade
quately removed during this flow reversal proceBB, or fuel melting 
may result. Prior to the initial start-up of the reactor, a series of out
of-core experiments were conducted with simulated fuel channels and 
a mockup of the flow reversal system. The tests indicated that core 
cooling during the flow reversal could be expected to occur without 
fuel damage (BNL, 1963] . 

During its review, the committee raised questions with BNL 
staff as to the adequacy of the test loop to simulate the reactor. 
In particular, the committee focused on dynamic thermal-hydraulic 
effects in the period during which the heated fuel plates experience 
a flow-stagnated condition, such as the time required for flow over 
the heated plates to decelerate and reverse. BNL believes that the 
temperature limits based on the original test results are conservative 
even when such dynamic effects are taken into consideration (BNL, 
1988m] . Since dynamic effects were not considered in the original 
design of the experiments, it is important that a more careful and 
thorough review be undertaken to confirm that the limits are indeed 
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conservative. Analysis of the flow-reversal phenomenon at HFBR 
should be conducted using modern numerical simulation techniques. 

Recommendation: A preliminarJ analJBis of ftoVJ reversal effect. at 
HFBR previouslf provided to tl&e committee should 6e completed and 
revieVJed 6, the Brooklaaven Reactor Safetf Committee, 6' DOE, and 
6' the DOE Advisor, Committee on Nuclear FacilitJ SafetJ. This 
6ounding analJBiB should 6e npplemented 6J a numerical simulation 
using modem reactor codes to determine VJhether the test. conser
vativelJ model the heat-up proceBBes of tl&e reactor fuel under jfoVJ 
reversal conditiou and VJhetAer tAe limits derived from tAe ezperi
mental test. are valid. 

Control Rocm Stafllng 

Conclusion: The current metAod of operation alloVJs the con
trol room to 6e manned 6, onlf one person during all or an, 
part of a shift. 

It is current practice at HFBR to have two operators and one 
supervisor on shift. (The supervisor is a qualified operator.) The 
main duties of operating the plant are performed in or near the 
control room, but various actions and checks are required either 
routinely or for other reasons in various parts of the plant. Under the 
current procedures both the supervisor and one of the operators could 
be away from the control room simultaneously. In the committee's 
judgment, it is not good practice to allow the control room of an 
operating reactor to be manned by only one qualified operator. There 
should be at least two qualified operating personnel in the control 
room at all times during reactor operation and during refueling to 
respond to occurrences that could afFect the safety of the plant. 

Recommendatiou: The technical specificatiou for tAe HFBR should 
6e revised to reruire that the control room 6e manned at all times 
6J no feVJer than tVJo palified operating personnel VJhile tAe plant is 
operating or being refueled. DOE should develop a consistent policf 
for control room staffing for all of tl&e test and research reactors. 

Light-Water Jngreu 

Conclusion: The addition of light VJater into tAe HFBR core 
region can cause substantial reactivitJ increases. The safetJ 
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of Uae pleat flepeAa upoA cotdiAuefl vigilance arafl traiAirag to 
avoifl a reactivitr-i•flucefl escur.iora from Uae aflflitioA of light 
tuder. Operator• mar 6e eqo•efl to a l&igl&-rafliatiora eAvi
roAmeAt iA URf t/ae eJ:UtiAf eme,.,eAC, •r•tem for aflflitiora 
of ligl&t-tuater coolaat. 

Light-Water (H20) Injection into the Primary 
Heavy-Water (D20) Cooling System 

� described in the FSAR, the addition of light water to the 
HFBR core can substantially increase reactivity. The addition of 
light water would also reduce the effectiveness of the reflector control 
rods. It is pcaible under these circumstances for the light-water 
flooded core to become super-critical even with all the control rods 
inserted. This me&lll that power levels could increase very rapidly. 

To avoid a potential reactivity excursion owing to the addition 
of light water, the contractor controls all sources of light water and 
conducts reviews to ensure that any significant injection of light 
water is avoided. There is only one direct connection in HFBR 
between a light-water system and the primary heavy-water system. 
This connection is through a tank 6lled with a solution of cadmium 
nitrate. The system is designed so that the solution of cadmium 
nitrate (a neutron •poison• ) can be added if needed as a backup 
method to assure reactor shutdown and to keep the core covered in 
the event of a loss of heavy water coolant. 

If light water were needed to keep the core cooled, the system 
would be actuated manually by aligning three valves in the piping 
leading to the tank full of cadmium nitrate. After the cadmium 
nitrate tank is empty, additional light water can only be added by 
ope�ation of an additional spring-loaded valve. The spring-loaded 
valve was designed to close automatically when released so that it 
cannot be inadvertently left in the open position. The operating 
procedures specify that light water is to be added only to make 
up for 101!1888 from boiling. The practice of permitting only limited 
makeup of coolant is to ensure that the cadmium nitrate neutron 
poison is not flushed out of the core by subsequent addition of light 
water; poisoned coolant must remain in the core to prevent re
criticality. The operator must make the appropriate adjustment 
of valves during an accident within the confinement-that is, in a 
potentially hazardous environment. 

Although the committee was informed that the operator at the 
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spring-loaded valve cannot directly read the water level in the reactor 
vessel-an essential measurement if light-water addition is to be 
limited to the replacement of l088e8 caused by boiling-remote water
level readings are being installed this year (1988) . The concentration 
of cadmium nitrate in the tank is checked annually in accordance with 
the reactor technical specifications, and no problems in maintaining 
proper concentrations have been found. The overall system and 
other sources of possible light-water addition were reviewed by BNL 
in August 1986, and the possibility of light-water ftooding of the core 
without neutron poisoning was estimated by the contractor to be 
acceptably small [BNL, 1986b] . The contractor's PRA should aim to 
determine whether this conclusion is valid as well. The light-water 
addition system is sufficiently dependent on proper operator action 
that special care must be taken. 

Light-Water Injection into the In-Core Thimbles 

HFBR hu in-core thimbles that are used to irradiate materials 
samples in the high neutron ftux regions of the reactor. These thim
bles are cooled internally by the circulation of heavy water through 
an "experimental cooling system" that is separate from the primary 
heavy-water system. The heat exchanger for this system is cooled by 
light water at a pressure higher than the pressure of the heavy water 
in the experimental cooling system. The committee is concerned 
about the possible effects of light-water leakage into the experimen
tal cooling system and subsequent injection into the in-core thimbles, 
causing a positive reactivity insertion. This question has not been 
analyzed in the FSAR. Preliminary analysis by BNL in response to 
our inquiry suggests that any such leakage would not be a problem 
[BNL, 1988k] , but the analysis needs to be formalized and properly 
reviewed. 

Recommendation: Continual vigilance is necessary to erasure that 
light-water {H 2 0) additions to the heavy water {D2 0) cooling system 
do not inadvertently occur. Because operator actions are involved, this 
vigilance should include special training to ezplaira not oraly the proce
dures but also the basis for the retuiremerats, arad thereby to motivate 
the operators to take special care to erasure that the raeutrora absorbing 
cadmium nitrate solution is always added arad remains present dur
ing aray light-water additions. Training arad analysis should give due 
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couideratioa to saeqected coaditiou, for ezample, posai6le strat
ificatioa or owr-dilutioa of the cadmium aitrate solutioa. Plaaaed 
improvemeats should 6e implemeated to provide remote readiag of the 
t11Ater level ia the core at statioas t11here light t11ater caa 6e added to 
the reactor coolaat srstem. A realistic usessmer&t should 6e made of 
poteatial dose rates and operator eqonrt• during manual operation 
of the light-t11ater addition BJBtem. 

The cor&tractor '• prelimiaarr anal,.U of t11ater injection into the 
in-core thim6les sho.U 6e formalized, including an analJsis of tran
aients aad consepenees. Thu anal,.U should 6e reviet11ed and added 
to the Fiaal SafetJ Anal,.U Report. 

Beam Tmbe Embrlttlement 

Coacluion: Beam tu6es in the HFBR are 6eing em6rittled 
6, proloaged eqosure to antron irradiation. Although the 
pro6lems eacouatered at neutron scattering facilities a6road 
u a renlt of 6eam tu6e em6rittlemeat have not pet ari.ea at 
the HFBR, tu6e em6rittlement map limit the useful life of the 
reactor. 

The HFBR has beam tubes that channel neutrons outside the 
reactor vessel for use in neutron scattering experiments. The beam 
tubes are integral parte of the reactor vessel. Safe operation of the 
reactor thus requires maintenance of the integrity of these tubes. 

The beam tubes are positioned close to the reactor core and re
ceive very high exposures to neutron irradiation. Neutron irradiation 
embrittles metals; indeed, several different types of problems have 
arisen at high ftux reactors in France because of embrittlement. 

When the HFBR was designed and constructed, it was assumed 
that vessel embrittlement would occur progressively through atomic 
displacement. To monitor the progressive embrittlement of the vessel 
over the life of the reactor, surveillance specimens of 6061-T6 alu
minum alloy (of which the beam tubes were made) were suspended 
in regions of high neutron irradiation. As expected, examination of 
these specimens has shown reductions in metal ductility as a result 
of prolonged irradiation. However, the reduction has been caused by 
the transmutation of aluminum atoms to silicon atoms rather than 
as a result of atomic displacement [BNL, 1988e, 1988i] . 

Certain French reactors have experienced complete loss of beam 
tube ductility through prolonged irradiation. However, the alu
minum alloys used in these reactors contained significant amounts of 
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magnesium. The 1088 of ductility was the result of the transmuta
tion of aluminum to silicon, which led to the prompt precipitation 
of intermetallic compounds of magnesium silicide. When fabricated, 
the 6061-T6 alloy used in the HFBR contained little magnesium, 
and the magnesium that was there was largely reacted with silicon 
during the fabrication process. Consequently, the HFBR alloy is not 
as susceptible to rapid embrittlement as alloys rich in magnesium, 
like the ones used in the French reactors. Nor does it appear that the 
HFBR alloy is as susceptible to stress corrosion cracking or pitting 
corrosion as the French alloys. 

Nevertheless, as irradiation progresses , more and more silicon 
is produced in the tips of the HFBR beam tubes. Because silicon 
has a limited equilibrium solubility in aluminum, the potential for 
precipitation of brittle silicon in the alloy increases with continued 
irradiation. The equilibrium solubility of silicon in aluminum is 
only about 1 percent. Silicon concentrations of . nearly 8 percent 
have been observed in some surveillance specimens at HFBR. There 
may be kinetic barriers to the nucleation of silicon precipitates that 
explains why precipitation has yet to occur. However, as the level of 
supersaturation increases, it is likely that these kinetic barriers would 
be less effective in preventing precipitation. Indeed, at some point, 
sudden ·precipitation of silicon could occur spontaneously. Silicon 
concentrations as high as 14 atom percent have been projected for 
the HFBR over the next 10 full-power years. 

The contractor and DOE are aware of the progressive embrittle
ment of the HFBR beam tubes, and the threat that it poses. They 
have solicited external review and advice on the potential impact on 
the integrity of the HFBR coolant system. Unfortunately, little is 
known about the behavior under irradiation of 6061-T6 alloy at neu
tron fluences greater than those already experienced at the tips of the 
HFBR beam tubes. The expert reviews that were undertaken con
cluded that continued monitoring and study of tube embrittlement 
are needed. 

Because the HFBR is cooled with heavy water, some tritium 
is produced during normal operation. The contractor believes that 
cracking or perforation of the beam tubes would be detected by tri
tium leakage before catastrophic rupture could occur [BNL, 1987d) . 
But the nature of tritium leakage from a defective beam tube has not 
been defined. 

Quite clearly, there is a need to monitor closely the 1088 of 
ductility of the HFBR beam tubes. With increasing exposure, the 
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continued intearity of th- tubee will be more SW�pect. If the tubes 
C&DDot be replaced at reuonable coat, embrittlement will eventually 
limit the ueful life of the reactor. Meanwhile, the contribution of 
beam tube embrittlement and potential tube rupture to the risk of 
accident. at the HFBR needa to be fully uae•ed, along with the risk 
of a beam tube rupture exacerbating an accident initiated by some 
other means. 

Recommendation: Tlae committee endor•e• continued monitoring and 
ltUp of Ham tt&6e em6rittlement at HFBR. The contractor •hould pap 
caref.J attention to •ncertaintie• ita 6eam tde ,.,ture in the PRA 
c•rrentlp •nder wap at the HFBR. DOE •hoflld ezplore co.t-eJfective 
meau for replacing the HFBR 6eam t•6e•. 
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High Flux Isotope Reactor (HFIR) 

The ffigh Flux Isotope Reactor (HFIR) is located in eastern Ten
n.esaee at the Oak Ridge National Laboratory (ORNL) . It is operated 
on behalf of the DOE Office of Energy Research by Martin Marietta 
Energy Systems, Inc. The reactor reached its design power of 100 
MW in 1966. Its primary mission is the production of transuranic 
radioisotopes. The types and amounts of radioisotopes produced at 
HFm in 1986 are shown in Table 2. HFIR provides significant mate
rials irradiation capabilities, as well as facilities for neutron scattering 
experiments. The operation staff consists of 88 people, and the FY 
1987 budget was $11 .4 million. The FY 1988 budget request was 
$19.6 million. 

HFm is a flux-trap reactor that is designed to provide especially 
high fluxes of neutrons that have thermal energies. Thermal neutrons 
at high fluxes are needed to produce transuranic isotopes efficiently. 
The reactor uses light water as coolant and beryllium as reflector. 
The core is designed as a series of concentric cylinders approximately 
30 in. high with an active fuel region that is 20 in. long. The central 
shaft, 5 in . in diameter, comprises the flux trap. When a target is 
inserted in the core, the average flux in this area is about 5 x 1016 
neutrons/cm2 fs, and about one-half of the flux is thermal. 

The core consists of two annuli of fuel plates. There are 171 plates 
in the inner annulus and 369 in the outer. The plates consist of a 
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TABLE 2 Isotope. Produced at HFIR in FY 1986 

Element 
(arranged 
by weight) 

Phoaphorua-SS 
Calcium-41 
Iron-&& 
Cobalt-60 
Nickel-68 
Selenium-76 
Strontium-86 
Zirconium-96 
Tin-119m 
Barium-186m 
G adolinium-168 
Ytterbium-169 
Iridium-192 
Curium-248 
Berkelium-249 
Califomium-262 
Einateinium-268 
Einateinium-264 
Fermium-267 

Half-life 

26.4 d 6 1.04x10 y 
2.7 y 
6.27 y 

lOO. y 
119.8 d 

66.2 d 
64. d 

29S. d 
28.7 h 

242.4 d 
82. d 
74. d 6 S.40x10 y 

S20.d 
2.64 .,.. 

20.4 d 
276.7 d 
100.6 d ' 

Radioactivity 
Mua Produced (millicuriea) 

0.006 mg 
6.894 g 
0.410 mg 

226.2 g 
2.6 g 
0.646 mg 
0.082 mg 
O.OOS mg 
0.969 mg 
0.014 mg 

212.0 mg 
0.207 mg 

&S.6 g 
160. mg 

&O. mg 
600. mg 

2. mg 
4. g 
1. PI · 

• 12 Cf-262 hu a neutron output from spontaneous fiuion of 2.8 x 10 
neutrons/a/g. 

· 

· cermet fuel made of U308 and aluminum, with aluminum cladding. 
The uranium is enriched to 93 percent U-235. A fresh core contains 
about 9.4 kg of U-235 and 2.8 gm of Boron-10. 

Immediately outside the fuel annuli are two neutron-absorbing 
control cylinders, each about 0.25 in. thick. The cylinders ate each 
three times the height of the core, and have different absorbers at 
different altitudes. The net reactivity is altered by moving the control 
cylinders up or down. The absorbers are tantalum and europium 
oxide (Eu20s) . 

Outside the control cylinders is the beryllium reflector, con
structed in a series of annular cylinders that total to about l ft in 
thickness. The four external beam tubes protrude into the inner half 
of the reflector cylinders to pick up neutrons. The 20 vertical exper
imental irradiation facilities are in the outer portion of the reflector; 
flux there is about 1 x 1015 neutons/cm2 fs. The outer periphery 
of the reflector · also includes four tubes to channel neutrons from 
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the reflector exterior to an experiment room located above the main 
beam room. 

The pressure veaael is eight feet in diameter, and is made of 3-in. 
stainless-clad carbon steel. It sits in a reactor pool, which is 18 ft 
in diameter and &lled with water. The top of the reactor pressure 
veaael is 17 ft below the surface of the water. The pool contains 
the reactor veaael ,  provides biological shielding, serves as a heat sink 
and a source of emergency makeup water, and offers access to the 
storage pool. The reactor pool in which the HFIR is submerged is 
a noteworthy safety feature. In many of the hypothesized accidents 
that might occur at HFIR, any &ssion products released from the fuel 
would have to pass through the 17 ft of water in the pool. It is well 
established that as long as the water in the pool remains below the 
boiling point, it could be effective in scrubbing cesium and iodine, 
but not noble gases, from gases sparging through it . 

Three vertical centrifugal pumps propel the light water coolant 
through the primary loop at about 17,000 gpm. The vessel inlet 
pressure is 750 psi . The coolant enters through two pipes high on the 
veaael, and flows downward through the core, entering at l20°F and 
exiting at l60°F.  It leaves the bottom of the vessel through one large 
pipe, which feeds three of four parallel heat exchangers; the fourth is 
kept on standby. The secondary loop subsequently dumps the heat 
into three of four conventional cooling towers. 

The neutron scattering facilities consist of eight spectrometers 
fed by the four beam tubes. Typical beam tube flux for the monochr� 
matic beam at the sampling position is 101 neutrons/cm2 /s. There 
is also a small-angle scattering facility operating at much lower flux. 

The reactor confinement normally operates under a small nega
tive pressure. The interior air is exhausted to the atmosphere through 
banks of &lters and then through a 250-ft stack. 

HFIR has not operated since November 1986. ORNL shut the 
reactor down when it was discovered that the pressure vessel was 
being embrittled by exposure to neutrons at an unexpectedly rapid 
rate. Reactor operations have remained suspended as investigations 
have been conducted into the embrittlement problem and the causes 
of the delay in its discovery. The contractor has also labored to 
respond to various recommendations for improving other aspects of 
plant operations while the reactor has been shut down. 
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RECENT OPERATING HISTORY 

In the 5 years preceding shutdown in November 1986, HFm 
averaged an annual availability factor of 84 percent, with only about 
one week of unplanned outage per year. When operating at 100 MW, 
the nominal fuel cycle was 22.5 days. 

In a typical year of operation 25 percent of the unusual occur
rences reported to DOE resulted from a 1088 of AC power to the 
reactor, usually caused by lightning. Another 25 percent was due to 
trips resulting from extremely low trip thresholds during tests of the 
safety subsystems. 

Recent operating events prior to the 1986 shutdown included the 
following: 

• In January 1984, with the reactor at about 40 percent power, 
the seat light for one of the safety rods actuated in the control 
room, and the operators manually scrammed the reactor. 
When the reactor was scrammed, the safety rod in question 
failed by about 3/4 in. to insert completely. A subsequent 
investigation indicated that the lower section of the safety 
rod had fallen off. This section, called the piston section, is 
normally screwed onto the assembly and staked by peening in 
three places. In this case all three stakes had wom through, 
and vibration caused the piston to unscrew itself. 

• In January 1986, tantalum was detected in the demineral
izer effiuent. Investigation revealed a failure of the cladding 
over the tantalum on three control plates of the inner con
trol cylinder. The failure was traced to inconsistent epoxy 
bonding during fabrication in 1976. Originally there were 
five such plates that were found to be "nonconforming" but 
were considered serviceable. Three of them were leaking tan
talum by 1986. Following the incident, the three damaged 
control plates were replaced with spare plates, one of which 
was one of the original five defective plates. After shutdown in 
November 1986, inspection of this plate showed a l-in.  diam
eter blister in the cladding of the europium control material. 
An investigation by the contractor concluded that "failure 
appears imminent, so the cylinder will not be used in the 
future," but in any event "the only result would have been 
a slight contamination of the primary coolant system, which 
could have been cleared up with no operational problems." 
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In the 20 yean of operation preceding the current shutdown, 
there were about 180 plant modificationa. All but two of the modifi
cationa were regarded u updatea of existing systems or components, 
and, u such, were interpreted u not requiring DOE review or ap
proval. This included phase one of the HFIR Irradiation Facility 
Improvement (HIFI) project, which involved redesign of the target 
tower uaembly and uaociated reactor components. Other signifi
cant plant modificationa since startup included improved bearings 
and bearing mounts for the control plates, coolant strainers with 
longer service life and varying mesh sizes, and the upgrading of 
electronics with integrated circuits. 

Following the November 1986 shutdown there have been about 
10 modificationa propoaed, all of which were submitted to DOE for 
review and approval. According to the contractor, these modifica
tions have now been completed. Two of them involved installation 
of a seismic scram capability and the strengthening of the primary 
system and reactor pool against earthquakes. The remainder were 
associated with monitoring and maintaining a new lower limit for 
operating preBBUre and temperature. 

TECHNICAL ISSUES 

Muagement of the High Flux Isotope Reactor 

Conclusion: DOE and the contractor have determined that 
management deficiencies 611 6oth organizatioRB were the cause 
of serious 6realcdowns in the safe operation of HFIR. Restruc
turing of management is now under wa71. 

When the HFIR was constructed, it was recognized that over 
time the pressure vessel steel would be embrittled by exposure to 
neutron irradiation. Surveillance specimens of various steels used in 
the conatruction of the pressure vessel were suspended in the reactor 
so that the rate of embrittlement could be monitored. As discussed 
in greater detail below, in 1986 it was discovered that specimens 
withdrawn for analysis in 1983 had not in fact been analyzed. When 
these specimena were analyzed, it was found that the reactor had 
been operating for several years at temperatures that were outside 
the technical specifications-that is, outside limits that had been 
established for safety reasons. 

Discovery of the vessel embrittlement problem prompted closer 
examination by DOE and the contractor of the administrative and 
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management controls in place for operating the reactor. A large 
number of reviews, audits and appraisals were conducted at the 
instigation of both the contractor and DOE. A particularly critical 
review of contractor management was conducted by DOE's ES&H 
organization (DOE, 1987c) . The ES&H review called attention to 
eight major deficiencies: 

• Insufficient upper level management emphasis on safety. 
• Insufficient resources expended for safe operation of the reac

tor. 
• Inadequate self-appraisals and safety reviews. 
• Inadequate documentation and analysis of safety-related data 

and events. 
• Inadequate operator training. 
• Lack of adequate organizational controls , standards, and pro

cedures. 
• Lack of adequate control of nonoperational and maintenance 

activities that could affect reactor operation. 
• Lack of effective functional quality assurance program. 

Taken together, these eight deficiencies represented a severe indict
ment of operations at HFIR. 

During its visit to the reactor, the committee found that the 
contractor was attempting to respond fully to the criticisms. The 
considerable expertise of ORNL had been applied to reviews of the 
reactor and to the development of probabilistic risk and severe acci
dent analyses. In addition, upper management of reactor operations 
had been changed. Nevertheless, the committee concluded that some 
of the problems identified in prior reviews appeared not to have been 
effectively resolved . It was apparent, for example , that upper man
agement was largely unfamiliar with the actual condition of systems 
within the plant. Leaking valves and jury-rigged plumbing indicated 
that maintenance of reactor facilities still lagged behind minimum 
expectations. The contractor's "matrix" organization for conducting 
maintenance (see below) was still in force. There were indications of 
inadequate housekeeping. 

Breakdowns of the magnitude of those that were found at HFm 
demonstrate failures by the local operations office as well as the 
contractor. An important function of DOE's operations offices is 
to detect and correct breakdowns of contractor management and 
administration. Careful oversight of the contractor is the principal 
mechanism available to detect lapses in management and to alert 
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thoae with ultimate responsibility for safe operation to the need for 
corrective action .  

Subeequent to the committee's visit, the contractor and the de
partment have made further management changes. These changes 
are intended to increase top management involvement by the con
tractor and the operations office and to further increase DOE staff 
resources. A����e•menta of the management system by experts with 
commercial power experience and by departmental headquarters are 
to be completed prior to restart. 

Recommendation: DOE mut ennre that the steps taken to co"ect 
deficiencies 1revioulr identified at HFIR have 6een e1fectivel11 im
plemented 6oth 6r the contractor and 611 the local DOE operations 
office. 

Veuel Embrlttlement 

Concluion: The HFIR contractor has formulated an oper
ating strate�r that is tho•ght to avoid the hazards posed 611 
1rus•re veael em6rittlement. The strate111 is the product of 
couiderdle, ezternal eqertise that the contractor and DOE 
have 6ro•gl&t to hear on the 1ro6lem of em6rittlement. How
ever, inntficient attention has 6een paid to the consequences 
of veael failure and more careful evaluation of vessel failure 
should 6e included in the PRA . 

The HFIR has a pressure veBBel consisting of carbon steel clad 
with stainless steel. At the time HFIR was designed, it was well 
known that the carbon steel base metal of the pressure veBBel would 
undergo microstructural changes when subjected to irradiation by 
high energy neutrons. One effect of these changes results in a reduc
tion in the ductility of the steel. All carbon steel preBBure veBSels 
undergo a change from ductile fracture behavior to brittle fracture 
behavior as the temperature of the metal decreases. The transition 
temperature between ductile and brittle behavior is called the nil
ductility transition temperature (NDT) . Under prolonged energetic 
neutron irradiation, the NDT of the carbon steel that constitutes the 
major part of the preBSure vessel increases. 

The base metal of the preBBure vessel, beam tube nozzles, and 
vessel welds of HFIR are made of different metal alloys with different 
NDTs. At start-up, the highest initial NDT of any of the metal used 
in the HFIR pressure veBBel was 0° F. All of the evidence available at 
the time the reactor was designed indicated that any change in the 
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NDT of the vessel material exposed to the highest ftux in the reactor 
would be negligible, even after 20 years of full power operation. 

However, because radiation-induced embrittlement of steel was 
incompletely understood, a conservative technical specification was 
imposed to keep the plant from being operated while pressurized at 
temperatures below 70°F. This technical specification was expected 
to ensure that throughout the life of the vessel the NDT of the steel 
would never exceed the design criterion, which was that temperatures 
of the vessel should always remain 60° F higher than the NDT (T > 
NDT + 60°F) . This would serve to ensure that the vessel would not 
fail as a result of cracking. 

To monitor embrittlement, steel specimens (termed "coupons" ) 
were suspended in the reactor coolant adjacent to parts of the re
actor vessel shell and beam tube nozzles. These specimens were 
located in places that would enable surveillance of the range of ves
sel materials at points where the materials were subject to low and 
high ftuxes of energetic neutrons. The plan was for specimens of the 
various materials to be withdrawn periodically and tested to ensure 
that the original projections concerning the effects of irradiation on 
the ductile-te>brittle transition of the HFIR pressure vessel steels 
remained valid. 

The practice of withdrawing and testing specimens of nozzle 
material was followed for a number of years. Data from the spec
imens indicated nominal shifts in the NDT. However, specimens 
of shell material-from which the reactor pressure vessel shell was 
constructed-including specimens at the location in the vessel of the 
highest neutron ftux, were not withdrawn and tested at all prior to 
1983. In 1986, during a post-Chernobyl review, it was discovered 
that none of the specimens withdrawn from the reactor 3 years pre
viously had been tested [DOE, 1987a) . The specimens withdrawn in 
1983 included, for the first time, specimens of both nozzle and shell 
materials. When the 1983 specimens of high ftux shell material were 
tested in 1986, they showed estimated NDTs for the vessel wall of 
55°F .  H during this period the reactor was pressurized at 70°F-and 
the contractor cannot establish that it was not-this would mean 
that it was operated in violation of technical specifications (NDT + 
60°F = l15°F) . Additional samples of the same material pulled in 
1986 showed an NDT of 75°F for the vessel wall. The samples thus 
show that the reactor may have been operated not only in violation 
of technical specifications, but also under circumstances in which 
portions of the reactor vessel were susceptible to brittle fracture. 
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The caWI8 of the relatively rapid change in the NDT of the HFIR 
pressure veaael steels is not well understood. It has been hypothesized 
that slow irradiation by the unusual neutron spectrum from HFIR 
produces a rate of irradiation-induced embrittlement not heretofore 
Jmown. Information on the embrittlement rate is acut because of the 
limited number of surveillance specimena ud the type of specimens 
used at HFIR. Indeed, estimation of the rate of embrittlement of the 
HFIR pressure vessel is very uncertain because there are only two 
data points for vessel shell material expoaed to the higheet flux. 

There we other uncertainties. The HFIR pressure vessel is a 
welded structure, ud it is often found that weld materials ud the 
heat-aft'ected zones surrounding welds are more susceptible to em
brittlement. Unfortunately, weld materials were not included among 
the surveillance specimena in HFIR. However, inferential data from 
other types of irradiation tests suggest that welds at HFIR are no 
more aft'ected by irradiation than the bulk metal. 

In the face of these uncertainties, the HFIR contractor has de
veloped a strategy for continued operation [MMES, 19871] . The 
contractor has proposed to operate the reactor at the same inlet 
temperature of 1200F but at a reduced power of 85 MW ud a re
duced pressure of 485 psi. A heating system will be installed so that 
pressurization of the reactor only occurs when temperatures in the 
pool we above 90°F.  The contractor is also proposing to conduct a 
hydrostatic test of the pressure vessel unually at 900 psi ud 85°F.  
The test is intended to generate ratios of applied stress to fracture 
toughness of the metal that exceed any ratio of stress to fracture 
toughness that could develop during the next year of operation. In 
other words, if the vessel were to be susceptible to failure before the 
next hydrostatic test, the contractor asserts that the failure would 
occur during the test rather thu during operations (MMES, 1988n] . 
The first of these hydrostatic tests was conducted last year. Although 
some unexplained acoustic signals were received during the test, the 
extemal reviewers and the contractor concluded that the test did not 
yield evidence of vessel fragility [BNL,1988; MMES, 1988n] . (The 
DOE Advisory Committee has established a subcommittee to evalu
ate the degree to which the hydrostatic test provides assuruce that 
the vessel will not fail during operation.) 

The proposed basis for continued operation is not consistent with 
the original criterion for pressure vessel integrity (NDT plus 60°F) . 
Furthermore, the new operating regime results in a margin of no 

·
more than l0°F between the estimated NDT of HFIR pressure vessel 
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steel and the new lower temperature limit for pressurized reactor 
operation, even though the estimated margin of error for mean NDT 
is ± 10° F. Thus, the new strategy does not provide any assured 
margin between the NDT and the temperature limit for pressurized 
operation, as specified in the original technical specifications. Any 
margin that does exist will be progressively reduced as the vessel is 
exposed to further irradiation. The rate of embrittlement in HFIR is 
not known; the contractor believes that embrittlement of the vessel 
is subject to saturation (MMES, 1988n) , and that the rate of em
brittlement is, at worst, linear, increasing by no more than 4° to 5° 
per year. Resumption of operation will require revised, well-justified 
technical specifications for pressurized operation. 

The contractor and DOE have solicited extensive expert opinion 
concerning the problem of vessel embrittlement, and the proposed 
operating strategy has been approved by skilled and knowledgeable 
outside reviewers. The reviews appear to have been focused almost 
exclusively on the question of the likelihood of vessel failure under the 
proposed operating regime, given uncertainties regarding the physi
cal processes involved in irradiation-induced embrittlement at HFIR 
(BNL, 1987; DOE, 1987b; MMES, 19871) . In the committee's view, 
however, the risk of vessel failure must be judged not only in terms 
of the probability of occurrence, but also in terms of potential con
sequences. The only review of the consequences of vessel failure was 
conducted by the contractor, and it did not constitute an in-depth 
evaluation of all aspects of the problem (MMES, 19871) . Rather, the 
analysis consisted primarily of a recapitulation of an earlier analysis 
of vessel failure that was conducted in conjunction with the HFIR 
accident analysis report written more than 20 years ago. 

In essence, the contractor hypothesizes that sudden depressur
ization of the HFIR vessel would be no worse than the "maximum 
credible accident" analyzed in 1967 (Union Carbide Corp. ,  1967) . 
That is, rapid depressurization would induce fuel melting of 50 per
cent of the core, with attendant releases of a fraction of the ra
dionuclide inventory. As a result of recent experiments conducted 
with fuels similar to those used in HFIR, however, the releases of 
radionuclides postulated in 1967 may not be conservative . Indeed, 
the contractor's own Reactor Review and Audit Committee raised 
questions in 1987 about the assumptions regarding releases contained 
in the original HFIR safety analyses (MMES, 1987a) . The committee 
concludes, therefore, that there has been insufficient reanalysis of 
possible accident consequences of vessel failure. 
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The Department and the contractor have recently conducted 
a Level 1 PRA of HFIR (Pickard, Lowe, and Garrick, Inc. ,  1988) . 
While accidents involving or initiated by preaaure vessel failure were 
included in the study, the committee found theae analy181 unconvinc
ing. It is not clear, for example, whether the conditional probabilities 
for V81181 failure eetimated by the PRA contractor take into account 
embrittlement of the reactor ve.el. Moreover, the potential for vM
eel failure to exacerbate accidents initiated by other cau181 was not 
carefully examined. Both of theae matters should be more carefully 
addr8118d. The committee recopizea, however, that the treatment 
of v81181 failure in the HFm PRA is uniquely challenging because 
of the absence of even generic data on the probability of vessel fail
ure, because of technical uncertainties concerning the nature of the 
embrittlement proceaaea at HFIR, and because of deficiencies in the 
understanding of radionuclide release once the HFm vessel has failed. 

Reeommer&tlatior&: Tlae cor&tractor slaot&ltl rear&alJize tlae cor&sequences 
of ve••el failure ir& liglat of motlerr& lmowletlge of ratlior&uclitle releues 
•r&tl motlerr& metlaoflB of accitler&t ar&alJ.U. Atltlitior&al eqert review of 
tlae treatmer&t of veael failure ir& tlae HFIR PRA r&eetls to 6e ur&tler
taier&1 ir&corporatir&g hotllft ur&certair&tie• cor&cemir&g tlae pro6a6ilit, 
ar&tl coueper&ce• of veael failure. 

Cor&cluior&: Mair&ter&ar&ce work at HFIR lau 6eer& cor&tluctetl 
6J emplo,ees ungr&etl to a central la6oratorJ mair&tenar&ce 
orgar&izatior& wlao are r&ot ur&tler tlae •upervisorJI control of tlae 
reactor mar&ager. 

A number of staff changes have taken place at ORNL to 
strengthen the operating staff of HFm and the safety review of 
the reactors. Theae have included assignment of new personnel to 
positions of responsibility, and enlargement of the operating staff in 
areas where experience has indicated it to be too thin in number &Dd 
888Uf8d competence. Tbeae were necessary changes . However, there 
is one area affecting safety that continues to concern the committee: 
maintenance . 

Maintenance in all areas at Oak Ridge is conducted on a "matrix" 
basis. When a maintenance activity is required that necessitates work 
by members of a particular craft, a work order is issued to obtain 
services from a central mainten&Dce group. Thus, for example, the 
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same group of pipe fitters, is drawn on for work at HFIR as is used 
for work in other, nonreactor areas of the laboratory. The work 
is supervised by the laboratory's central maintenance group. This 
means that the director of the HFIR is not in direct charge of all of 
the individuals who do work on the reactor. Such a practice, unless it 
is carefully controlled, can undercut the fundamental responsibility 
for safety, which attaches to the director of the reactor. There 
were indications in a January 1988 DOE review of quality assurance 
practices at HFIR that problema continue to occur in this area [DOE, 
1988b) . In response to the DOE review, ORNL has taken steps 
to monitor maintenance activities at HFIR more closely [see, e.g . ,  
MMES, 1988j) . 

The committee believes that reactor safety would be better 
served if the reactor operations at ORNL had a small, in-house 
staff of maintenance personnel dedicated to reactor maintenance. 
This staff could then be trained and qualified specifically for work 
on the HFIR in order to ensure familiarity with the reactor and 
awareness of correct maintenance procedures and the consequences 
of maintenance errors. The director of the reactor and the mainte
nance manager would be responsible for evaluation of performance of 
individuals in this maintenance group. When the maintenance staff 
are not occupied with work on the reactor, they could still work on 
other tasks at ORNL, but their management and training should be 
optimized for reactor maintenance. 

Larger jobs might still require individuals from a central labora
tory work force or from outside the laboratory, but the work could 
then be conducted under direct surveillance and control by qualified 
in-house individuals. 

Recommendation: Th.e contractor should dedicate a small in-h.oue 
staff with. a range of ezpertise to reactor maintenance. This staff 
should 6e under th.e direct npervision of HFIR management. Th.e 
HFIR training program should 6e ezpanded to include training for th.e 
newlfl dedicated staff of maintenance worlcers. 2 

2While the repon wa11 going to preu, the committee wa11 informed that 
the contractor had recently made changes along the linea recommended in the 
repon. The committee wu not in a poaition to conirm theae changea. The 
committee recommend. that DOE and the contractor carefully monitor the new 
maintenance organiaation in order to enaure that, indeed, a properly auperviaecl, 
high-quality maintenance program hu been eatabliahecl at HFIR and ia now 
operating effectively. 
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Conclusion 

The test and research reactors represent a significant national 
resource for acientific research, for the production of radioisotopes 
for medical and other purposes, and for advancing the knowledge 
of reactor technology. However, their capacity to continue to serve 
as tools for acience, industry, medicine, and national defense will be 
jeopardized if the reactors are not operated in a way that comports 
with public expectations for reactor safety. Because several of the 
facilities were designed 20 to 30 years ago, they are confronting some 
expected, and some unexpected, problems of aging. Special and 
continuous activities to ensure safety are necessary. It is hoped that 
this report will offer helpful guidance to DOE in these efforts. 

The committee also hopes that this report and its predecessor 
on the defense production reactors will be viewed in the proper 
context. The real challenge confronting DOE is not only to respond 
to specific issues that this committee or others have identified, but 
rather, it is to establish a viable, vigilant safety enterprise that is 
capable of identifying and correcting safety issues without extensive 
outside prodding. Perhaps this is the most significant message of 
these reports. 

There are signs that the department and its contractors rec
ognize this need. The DOE safety apparatus is improving and is 
striving to meet its obligations. In this connection, it is important to 
recognize that DOE itself requested the committee's scrutiny of the 
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Clus A reactors and hu embarked on extensive efforts to respond to 
the recommendations in the previous report. These steps are healthy 
signs. Nonetheless, the dedication to improving reactor safety can
not be episodic. There must be a vital, continuous, and long-term 
commitment to safety that permeates all levels of DOE and the con
tractor organizations. The relationship between the department and 
its contractors must be a partnership of common goals, complemen
tary capabilities, and, moat importantly, mutual dedication to the 
safety of the reactors and the protection of operating personnel and 
the public. 
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TC-2847 (with attachment). Memorandum from D. D. Stepaewski to 
Diltributioa. July 8, 1986c:e. 

Westiu.ghouH Haaford Comp&DJ'. ladependeat Safety Evaluatioa of the Gas 
Expan1ioa Module (GEM) Test AIHmblie�. Memorandum from D. D. 
Stepaewski to Diltributioa (with attachment). July 8,  1986dd. 

WestiaghouH Hanford Company. Limit oa Number of LOFWOS Evenh for 
the GEMS. Memorandum from L. J .  Julyk to D. C. Corrigan and J .  W. 
Daughtry. July 11, 1986ee. 

Westiu.ghouH Hanford Company. Revilioa 2 to Insertioa Approval for the Niae 
laherent Safety TestiD1 (1ST) Gu Expansioa Module� (GEMs) iato the 
FTR for the P8C LOFWOS 1ST to 50� Power. Memorandum from C. L. 
Peekiapaugh to J. W. Daughtry. July 14, 1986ff. 

WestiaghouH Hanford Company. FTR IDHnioa Approval for the Core Demoa
•tratioa Experimeat (CDE) Oxide Blanket Test AIHmblie�, ABA-3 through 
ABA-6 (HB173 through HB176). Memorandum from C. L. Peekiapaugh 
to D. F. Wuhbum. July 23, 1986u. 

We1tiapou• Hanford Company. FTR ln•nioa Approval for the Core Demoa
•tratioa Experimeat (CDE) Oxide Blanket Test AIHmbli• ABA-1 and 
ABA-2 (GB179 and GB180). Letter from C. L. Peekiapaugh to S. Kaplan 
{GE).  July 23, 1986hh. 

WestiaghouH Hanford Company. CDE Blanket Auembly Nomiaal Performance 
(with attachmeat) .  Letter from R. D. Leggett to J. R. Huater (DOE/RL).  
July 28 ,  1986ii. 

Westiaghou .. Hanford Compaay. Ackaowledgemeat of Satisfactory Addeadum 
to TDD-IA for the GEM-1ST TestiD1 to 50� Power Duriag Cycle 8C. 
Memoraadum from D. C. Corrigan to J. W. Daughtry. August 20, 1986jj . 
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Weniqhoue Ruford Compu7. CDE r.el .A.embl7 Nominal Performuce. 
Letter from R. D. fAipH to J. R. Raater (DOE/RL) (wi'h aUachma•). 
September 3, 108ekk. 

Weniqhoue Ruford Comp&Jl7. Elllia•rillc R..Ylew Repon 88-12: Adj•••
ma• of I'I'TI' C7cle iA Core Demoanra•icm l!lxperimea• Blake' Auem
b17 0.,.._ Alarm '1\mperabre SeHillp. Memoraadam from K. D. Dobbm 
to W. A. DuteL Dec.mber 31, UMI61L 

Weniqhoue Ruford Compu7. �We Yean Opera'iDI l!lxperieace a• •he Fu• 
l'lu '1\n l'acUb7. R. J. Baamh&rcl' ud R. A. Bechtold. (1987a) . 

Weniqhoue Ruford Comp&Jl7. I'I'TI' Oa•ap && Opera•iac Repon, Juuary 
3-April 28, 1918. REDL-414. Compiled by M. L. Polk. Juaary 1987b. 

Weniqhoue Ruford Comp&Jl7. Core Demoutra,ioa Experima• S•anup ud 
lllitial Operatioa, REDL-TC-H21. Le•ter from R. D. Leg.U to J. R. 
Ruter (DOE/RL) (wi'h aUachmea•). Juu&rJ' 15, 1987c. 

w ... mpOUH Ruford ComP&Jl7. RenlU of •he Delayed P01l7 Motor Trip ud 
S'ead7-S,ate Nabral Circala•icm '1\lu. REDL-TC-2939. T. M. Burke. 
Jl'ebra&rJ' 1987d. 

WeniqhoaH Ruford ComP&Jl7. I'I'TI' Failed r.el Ida,ilca,ion Experience. 
REDL-SA-38e91'P. J. A. Rawliu e' al. March 1987e. 

Weniqhoue Ruford ComP&Jl7. I'I'TI' Oatap ud Opera•m1 Repon, April 
29, 1918 • Jal7 18, 1He; C7cle IB/C. REDL-415. Compiled by M. L. 
Polk. April 1987f. 

Weniqhoue Ruford ComP&Jl7. I'I'TI' Lo. of Flow Wi,hoa• Scram Experi
mau wi� GEMs. REDL-TC-2947. L. R. Campbell e' al. Jue 19871. 

W-'iqhoue Ruford Comp&Jl7. llldu•rial Safe'J' ud Fire Pro•ec•ion. Man
apma' ReqaiNmau ud Procedur. Muaal Chap,er WRC-MRP-5.7. 
Jue 17, 1987h. 

w .. tiqhoue Ruford ComP&Jl7. Calcala,ioa of Three-Dimensional to Two
Dimeuioaal Biuea for Nuclear Allal7 .. of FFTF Core Demoa••ra•ioa 
Experima•, REDL-TC-2854. Letter from D. J .  Newl&lld to J. R. Ru•er 
(DOE/RL) (wi•h aHachmea•). Jue 22, 1987i. 

w ... iqhoaH Ruford Compaay. FFTF lllheND' Safe'J' Flow Tn.uiea• Da•a 
Repon (wi•h aUachma•). Memoraadum from E. W. Gerber •o J. R. 
Ruter (DOE/RL). Jaae 26, 1987j. 

Wes,iqhoaH Ruford Compuy. FFTF lllheren' Safe'J' '1\1••: Resubs of Cycle 
SA Ste&dy·S•a•e Reac•iYi'Y Jl'eedback Meuuremau (wi•h aUachmen•) . 
Memoraadum from E. W. Gerber •o J .  R. Run•er (DOE/RL). Juae 26, 
198711:. 

w ... mpOUH Ruford Compuy. Summary of In-Se"ice lllspec,ion Adivi•i• 
from February &-September 9, 1986 (S.h Power Cycle •hroqh 9A Ou,ap). 
Jal7 16, 19871. 

W..•mpoaH Ruford Compuy. Allal7sil of •he ...._ Flu T•• Facili'J' P�o��ive 
Safe'J' '1\lu U1ill1 •he SASSYS Code. A. Padilla, Jr. Sep,ember 1987m. 

WutiDpoaH Ruford ComP&Jl7. Fu• Flu '1\1' Faci&'J' Open•inl Repon, Cy
cle 9A, September 10, 1986-JI'ebra&rJ' 5, 1987. WRC-EP-0048-1 .  Compiled 
by M. L. Polk. September 1987n. 

Wu,inpoue Ruford Compuy. FTR lnHnion Approval for •he MONJU Fuel 
l!lxperimab, MFA-1 ud MFA-2 (RF186 ud RF187).  Memoraadum from 
D. J.- Newl&lld to J. L. E•hridp. Odober 9, 1987o. 

Wes,inpOUH Ruford CompU7· ..... Flu '1\1, hcili'J'. Presen•a•ioll •o •he 
Na,ioaal Research Coucil. V'aew,raphl. November 1987p. 
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WestiqhouH Hanford Company. ll'ut Flux 'l'elt J!'ac:i&'J Performance Monitor
ing, Man-cement Information. D. J. Newland. WHC-EP-0099. Ncwember 
1987q. 

WestinpouH Hanford Company. P'TR IDHnion Apprcwal for the FFTF Seriu 
1 Control Rod S/N 544 (HA213} 'l'elt. Memorandum from D. J. Newland 
*o D. M. Lucoff. Ncwember 16, 1987r. 

WestinpouH Hanford Company. ll'ut Flux 'l'elt J!'ac:ili'J Power Addition Safe*J 
A81eument. WHC-EP-0077. December 1987s. 

WestiqhouH Hanford Company. ll'ut Flux 'l'elt J!'ac:i&*J Performance Moni
*oring, Manapment Information, Ncwember 1987. D. J. Newland. WHC
SP-0081-4. December 198n. 

WestinpouH Hanford Comp&D)'. Operations Performance Meuurement for 
Sepumber and October. Memorandum from FFTF Operations to R. A. 
BenneU et al. December 3, 1987u. 

WestiachouH Hanford Company. Memorandum from B. RiUer *o J. LoScallo 
(DOE). December 16, 1987v. 

WestinpouH Hanford Company. Safe'J and Environmental Advilory Council. 
Manacement Polici• Manual Ch&phr WHC-CM-1-1, Sedion MP5.15, 
Rev. 1 .  December 18, 1987w. 

WutinpouH Hanford Company. FFTF Filsion Product Iaven*ory. Letur from 
D. J .  Newland to S. Bluh (NAS). December 18, 1987x. 

WestiqhouH Hanford Company. Radiation Protection. Man-cement Policiu 
Manual Chaphr WHC-CM-1-1, Section MP5.4, Rev. 1. Dtlcember 21,  
1987y. 

WestiaghouH Hanford Company. ll'ut Flux Test J!'ac:ili*J. PreHntation *o the 
National Relearch Council. V'•wgraphl. January 1988a. 

WestinghouH Hanford Company. FFTF Convenion *o Metal Fuel (Series III) , 
Opera*or Training Handout. (January 1988b.] 

WestinpouH Hanford Company. FFTF Adminiltrati.Ye Procedure A-12.  Jan
uary a, 1988c. 

W•tinpouH Hanford Company. Plant Tracking Syshm (Computer Printout 
of All Event Report Open Action Item�) . January 12, 1988d. 

WestiachouH Hanford Company. Operational Auurance Program Filcal Plan
ning Worbheet. (January 13, 1988e.] 

WestinpouH Hanford Company. Nuclear Reactor Safe*J. Management Re
quirements and Procedure� Manual (Draft) Ch&phr WHC-CM-1-3, Section 
MRP 5.24 Rev. 1. January 13, 1988f. 

WestinghouH Hanford Company. Independent Review Committee for Conver
sion of FFTF to Binary Metal Fuel. Viewgraphl. Jaauary 26, 1988g. 

WestinghouH Hanford Company. Reviled Independent Safe*J Aaal)'lil Limits 
for Exunded Cycle lOA Operation. Memorandum from J .  C. Van Keuren 
and F. J .  Heard *o D. C. Corrigan (with aUachment). January 27, 1988h. 

WestinghouH Hanford Company. Independent Review CommiUee Comments 
for Conversion of FFTF. Memorandum from D. C. Gibbs to M. K. Korenko. 
February 19, 1988i. 

WestinghouH Hanford Company. Completion of Control Mile�*one *2.2, luue 
Cycle 9 ODE Report, Task Number NET03. LeUer from R. W. Powell to 
J .R. Hunter (DOE/RL) . February 29, 1988j. 

Westinpouse Hanford Company. FFTF Fission Product Iaven*ory. Telefax 
from R. A. BeaneU *o S. Blush . March 18, 1988k. 
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Weniqhoue Buford Compuay. J'I'TJ' Binary Metal l'ael Pqnm. Pre�en
tation to the National Jt.earch Council. Vaewp'lopha. March 30, 19881. 

WeniqhouH Buford Company. l'an J'lux Ten Facility Perfol'lll&llce Mon
itoriq, Muapment Information, March 1988. WHC-SP-0081-8. April 
1Him. 

Weniqhoue Buford Compuy. Letter from D.J . Newlud to SteTen Bluh 
(NAS) (with attaclunenta). April 7, 1988n. 

Weniqhoue Buford Company. J'J'TJ' Critiqa•, 1983-1988. 
Weniqhoue Buford Company. J'I'TJ' Unuaal Occurrence Repon•, 1983-

1HB. 
W•tiqhoaH Buford Compuy. The Reliability-Centered MaiDtenuce Study 

u rrTr. n.d. 
W81tiqhouH Buford Company. Reliability-Centered Maintenance (ROM), 

Application to the Suita17 and Fire Water SJ1MIIl (Sy1tem 23 A/B). n.d. 
WeninpouH Buford Company. Reliability-Centered Maintenance (ROM},  

Application to the Comp......d Air Syltem (SJitem 23J) .  n.d. 

BPBR DORJDelltl 

Brookhaven National Labontory. Experimental Evaluation of the HFBR Emer
pnq Coolin1 SJIMIIl. BNL 12476. P. Tichler and J'. Hill. April 1963. 

Brookhaven National Labonto17. Final Safety Analy1il Repon on the 
Brookhaven Hich J'lux Beam ReHan:h Reactor. 2 Voll. J. M. Hendrie. 
April 1964a. 

Brookhaven National Labontory. Re.pou. to the 20 Qu•tiou Alked by the 
Advilo17 Committee on Reactor Safeparcl1 (ACRS) in it• Review of the 
J'SAR. Jue 19, 1964b. 

Brookhaven National Labontory. J'inal Safety Analy1il Repon on the Cold 
Neutron Facility for the Brookhaven HFBR. Edited by A. Kevey. February 
1976. 

Brookhaven National Labontory. Addendum to J'inal Safety Analy1il Repon 
on the HiP Flux Beam ReHarch Reactor (April 1964). June 1978. 

Brookhaven National Labontory. 60 MW Accident Analy1il; Plugpd Water 
Channell in Fuel Element. Memonndum from P. Tichler to Filu. July 
19, 1979a. 

Brookhaven National Labontory. CoDHquence of Pipe Break Accident at 60 
MW. Memorandum from P. Tichler to J'il•. Aup1t 10, 1979b. 

Brookhaven National Labontory. Con�equenee� of a P01tulated DBA. Letter 
from V.P. Bond to Roben A. Friel• (DOE). November 19, 1979c. 

Brookhaven National Labontory. J'inal Safety Analy1il Repon on the Cold 
Neutron Facility for the Brookhaven HFBR. Edited by A. Kevey. Aup1t 
1980. 

Brookhaven National Labontory. Addendum to the Hip Flux Beam Reactor 
Final Safety Analy1il Repon for 60 MW Opention. P. Tichler. April 1982 

Brookhaven National Labontory. Addendum to January 23, 1984 Memo: 
Potential for Fire in Activated Carbon Ablorben, etc. Memorandum from 
P. Tichler to J'ile. February 8, 1984. 

Brookhaven National Labontory. FY 1987 and FY 1988 Accelerator and 
Reactor Addition• and Modifi.catioDI-HFBR and CNF. 1985. 
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Brookhavea Natioaal Laboratory. Documeau proYided to the NAS oa the 
1afety review of a reactor modilcatioa to iutall reactor v ... l •team veat 
valve�. September 1986&. 

Brookhavea Natioaal Laboratory. Review of Couequeace• of Reactor Accideats 
at the HFBR, ID.volviq a Breach iD the Reactor Veuel. Memor&&dum 
from P. Tichler to the File•. September 2, 1988b. 

Brookh&vea Natioaal Laboratory. Reactor Modilcatioa No. 20-86, Reactor 
v ... l Steam Veat Valve�. I..etter from G. C. KiDae to D. Schwaller. 
September 15,  l986c. 

Brookh&vea Natioaal Laboratory. Guide to HFBR Safety AD&IJBil. Documeau 
prOYided to the NAS. Juuary 16, 1987&. 

Brookhavea Natioaal Laboratory. Supplemeatary ID.formatioa for Guide to 
HFBR Safety Aaaly•il. (Juuary 16, 1987b). 

Brookhavea Natio&&l Laboratory. Summary of Security-Related Modilcatiou. 
March 27, 1987c. 

Brookhavea Natio&&l Laboratory. IAak-Before-Break Evaluatioa of the HFBR 
Beam 'l'llbe Tip1. Memor&&dum from J. R. Week• to M. H. Brookl. April 
29, 1987d. 

Brookhavea Natioaal Laboratory. Supplemeatary laformatioa for Guide to 
HFBR Safety AD&ly•il. Documeau provided to the NAS, NOYember 18, 
1987e. 

Brookhavea Natioaal Laboratory. Advuce material proYided to the NAS, 
iDcludiag Trieaai&l Reactor ud Critical Safety Audit. November 18, 
1987f. 

Brookhavea Natio&&l Laboratory. lAUer from M. Brook• to M. Smith (DOE) 
(with aUachmeau). Documeau proYided to the NAS, December 17, 1987g. 

Brookhavea Natioaal Laboratory. Quarterly Report, ID.complete Reactor Divi
•ioa Project•. Memorudum from D. R. Oldham to Diltributioa. Juuary 
12, 1988a. 

Brookhavea Natioaal Laboratory. Statu• of Reactor Divilioa Commitmeatl. 
Juuary 29, 1988b. 

Brookhavea Natioaal Laboratory. RD Projecu Review Committee Meetiag 
1/29/88. Memorudum from D. R. Oldham to Diltributioa. February 2, 
1988c. 

Brookhavea Natioaal Laboratory. Documeat• provided to the NAS oa fuel 
elemeat blockage. February 10, 1988d. 

Brookhavea Natioaal Laboratory. Documeat1 provided to the NAS oa irradia
tioa effecu oa reactor v .... l material. February 10, 1988e. 

Brookhavea Natioaal Laboratory. Documeau proYided to the NAS oa UsOa-Al 
fuel. February 10, 1988f. 

Brookhavea Natioaal Laboratory. RelpoDH to Crawford Committee Recom
meadatiou ud Fiscal Data oa Reactor Upgrade� ud Security Flladmg. 
lAUer from M. H. Brookl to S. Blush (NAS). February 16, 1988g. 

Brookhavea Natioaal Laboratory. Natioaal Academy of Scieaces-HFBR Security 
ud Reactor Improvemeau. Memor&&dum from J. HauHr to M. Broob. 
February 16, 1988h. 

Brookhavea Natioaal Laboratory. lAtter from M. H. Brook• to S. Blu1h, 
with documeat1 on piUiDg iD alumiDum-to-staiDleu steel joiDts ud oa 
irradiatioa effects on beam tubel. February 24, 1988i. 
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Brookh•a Na,ional Laboratory. IAHer from P. Tichler to D. D. LuniD1, wi'h 
doC1UilellU pnwidiD1 iaforma,ion on deuterium 1aera,ion durin� ac:eidenh 
at 'h• IU'BR. March 23, 1988j .  

Brookhava National Laboratory. LeUer from M. H. Broob 'o  D. D. Lt.aaiag 
ReprdiJac 'h• IU'BR Reactor Diviaion'• Relpoue to Que•'iou. April 8, 
1H8k. 

Brookhava Na,ional Laboratory. Letter from M.H. Brookl to S.  Blulh (NAS) 
(wi'h aUac:hmenu). April 5, 19881. 

BrookhaYa Na,ioaal Laboratory. Letter from M. H. Broob 'o D. D. Lt.nnin1 
iD .. poue to queniou coacemiJac *' loop menial effecu. April 1 1 ,  
1988m. 

Brookha.a Na,ional Laboratory. Le'w from M.H. Broob to S. Bluh (wi'h 
aUac:hmenu). April 1S, 1988n. 

Brookha.a Na,ional Laboratory. Letter from M. H. Brook• to D. D. Laa
DiDI, wi'h documau on emerpaC}' lenl iadica,ion, opera,ion of exhau•' 
blowen, ud ,ri,ium dONI if exhau•' blowers do no' operate. April 21 ,  
1988o. 

Brookhava National Laboratory. Reactor ud Cri,ical Experiment. Safety 
Commi'He Mee'iDI MiDuMI, 1986-1987. 

Brookha•en Na,ional Laboratory. Reac,or Dwiaion Unu1ual Occurrence Re
port., 1981-1988. 

Low-Tam.pera,ure Physics Heah Up wi'h New Refripra,or a' HFBR, Brook
ha.a Bulle,iD, Vol. 42-No. 71 February 19, 1988. 

Na,ional Reeearch Coucil. Mee'inl Trauc:rip,, Commi''" to AIHII Safety 
ud Technical llau• a' DOE Reac'ors. March 30-31, 1988. 

U.S. Depanma' of Eaeqy. Depanmen' of Ener17'• Hip Flux Beam Reactor 
(HFBR), SepMIDber 15-19, 1980. A Special Repor' Prepared for 'he Nu
clear Facili'i• Personnel Qualilca,ion and TraiDiD1 CommiUee (Crawford 
Commi,tee). DOE/US-0017. February 1981. 

U.S. Depanmen' of Eneqy. Technical Safety Appraisal of 'he Brookhaven 
Na,ional Labora,ory Hip Flux Beam Reactor (draft). June 1987. 

U.S. Depanmen' of Eaeqy. FY 1989 Coqreuional Budge' Requ•'• Basic 
ReHt.reh u .. r Facili,i•, Of&ce of Eaei'IY Research. n.d. 

Brookhaven Na,ional Labora,ory/HFIR Technical Review Commiuee. LeUer 
repon to J. F. Decbr (DOE). J. M. Hendrie, Chairman. Aup•' 26, 1987. 

Brookhaven Na,ioaal Laboratory/HFIR Technical Review Commi''-· LeUer 
repon to J. F. Decker (DOE). J. M. Hendrie, Chairman. February 23, 
1988. 

Mania Mt.rieUa Ener17 Sy1Mm1, lac. Hea' Traufer Calcula,ion• for 'he High 
Flux Isotope Reactor (HFIR) Technical Specilca,ion• - Bases for Safety 
Limiu ud Limi'inl Safety Sy1MID Seuiap. T. M. Sim• and J .  H. Swanke. 
September 1977. 

Mania MarieUa Eaeqy Sy1tem1, Inc. Opera'iDI Manual for 'he High Flux 
Isotope Reactor. ORNL/TM-1 138/Rl . SepHIDber 1982. 

Mania Mt.rieUa Eaeqy Sy1HID11 Inc. Oak Ridge Na,ional Laboratory Re
Harch Reac,or Experimen,en' Guide. ORNL/TM-8308/R1 . C. D. Cagle. 
October 1982. 
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ManiD Marieua EneriJ Synema Inc. Repon of the Materiala Irradiation 
FacUitie1 Improvement� Committee. ORNL/TM-9709. C. W. Alexander 
et al. October 1985&. 

Mania Marieua EneriJ Sy•Hml, Inc. Hip Flux llotope Reactor Technical 
Specilcation1. ORNL/TM-571 1/R2. Ncm�mber 1985b. 

Mania Marieua Enei'IJ Sy1tem�, Inc. Mec:h.uical Delip Chup Memo HFIR-
70, HFIR Irradiation Facility Improvement (HIFI) - Phue I. July 25, 1986. 

Mania Marieua Enei'IJ Sy1Hm1, Inc. RORC Review of HFIR Irradiation 
Facility Improvement - Phue I. Memorandum from H. D. Cochru to G. 
D. Burpr. Aucut 11 ,  1988. 

Mania Marieua Enei'IJ Sy1tem�, Inc. Of&ce of Operational Safety Approval of 
the HFIR Irradiation Facility Improvement - Phue I. Memorudum from 
G. H. Burser to B. L. Corbeu. Aupat 14, 1986. 

Mania Marietta Enei'IJ Synema, Inc. Reevaluation of HFIR Source Term. 
ORNL-6324 (Supplement No. 2 to ORNL-3573) . November 1986. 

Mania MarieUa Enei'IJ SJ1teml, Inc. Reactor Review ud Audit Commiuee 
Repon on the Safety ud containment FeatuNI of the High Flux llotope 
Reactor (D. B. Traupr, ed.) Juuary 26, 1987a. 

Mania Marieua Eaei'IJ Sy1tem1, lac. Repon of the Martin MarieUa En•I'IJ 
Synem•, Inc. Reactor Muapment Review Commiuee. (G . R. Juny, 
Chairmu). Y-EA-93. April 1987b. 

Mania MarieUa Enei'IJ Sy1tem1, Inc. ReviHd Chaner for the ORNL Reactor 
Experiment. Review Commiuee (RERC). Memorudum from H. B. Piper 
to Diltribution. June 5, 1987c. 

Mania Marieua Eaei'IJ Sy1tem1, Inc. Final Repon of the HFIR Irradiation 
FacUitie1 Improvement. ORNL/TM-10505. B. H. Mont1omery, K. R. 
Thom1 ud C. D. West. September 1987d. 

Mania Marieua ED•I'IJ Sy•tem•, Inc. Prosram Plu for the Hip Flux llotope 
Reactor. ORNL/RRD/INT-1 .  September 1987e. 

Mania Marieua EneriJ Sy1tem1, Inc. Reitan Plan for the Hi1h Flux llotope 
Reactor. ORNL/RRD/INT-2. September 1987f. 

Mania Marieua Enei'IJ Sy1tem1, Inc. CARTS Lilting of all Pre- ud Po•t
Restan Adion1. ORNL/RRD/INT-8. September 19871. 

Mania Marieua EneriJ Sy1tem1, Inc. Oak Ridp National Laboratory High 
Flux Isotope Reactor Trainin1 Pl&D. ORNL/TM-10502. September 1987h. 

Mania Marieua En•I'IJ Sy1tem1, Inc. ORO Readiaeu Review Team Criteria 
for HFIR. ORNL/RRD/INT-13. September 1987i. 

Mania Marieua Eaei'IJ Sy1tem1, Inc. Action Piau and Completed Action• for 
the Hi1h Flux llotope Reactor. ORNL/RRD/INT-3. September 1987j .  

Mania Marieua Enei'IJ Sy1tem1, Inc. Relearch Reactors Divilion Traiaia1 
Procram Muual. ORNL/RRD/INT-10. September 198'1.1r:. 

Mania Marietta EneriJ Sy1tem1, lac. Evaluation of HFIR Pru1ure-Veuel 
lntecrity Couideria1 Radiation Embriulement. ORNL/TM-10444. R. D. 
Chevenon, J. G. Merkle &ad R. K. N&DStad, ed1. September 18, 19871. 

Mania Marieua Enei'IJ Sy•tem�, Inc. Quality Auuruce 0J'I&Diution ud 
Development Plu &ad Schedule. ORNL/RRD/INT-20. (Prepared by the 
Maxima Corporation). September 24, 1987m. 

Mania Marieua Eaei'IJ Sy1tem1, Inc. (HFIR) Investigation TPS (X-87-QD-
0002) ud Quality lnve1ti1ation Repon. September 29, 1987n. 
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Mania Marietta Eaei'IJ �. lac. Completion PKbp for Maupment 
lmpronmau for �. lf.P Flu bo�pe Ractor. ORNL/RRD/INT-15. 
Oc*ober 1987o. 

Mania �ta Eaei'IJ S,nema, lac. The HFIR Pnuure v ... l Decompres
aion AllaiJaia. ORNL/RRD/INT-17. K. H. Luk. Oc*ober 1987p. 

Mania Marietta Eaei'IJ Synema, lac. HFIR Pnuure v ... l ud Structural 
Componau Ma*eriala SurveiUuce Pqram, Supplement 1 .  ORNL/TM-
1172/S-1.  Oc�ber 1987q. 

Mania MarieUa Ellei'IJ Sya'-ma, lac. HFIR v ... el Hydroatatic Proof T•t. 
ORNL/RRD/INT-9. R. D. CheYeNn, B. L. CorbeU, ud D. J .  Nau. 
Oc�ber 8, 1987r. 

Mania MarieUa Euei'IJ S)'8*ema, lac. Draft Surveilluce Plu for the Hip 
Flu bo�pe Rac*or. F. E. Muaridp. Oc*ober 8, 1987a. 

Mania Mari-'ta Eaei'IJ Synema, lac. Quali*J' Auuraace �ment/Plan. 
RRD-QAA-87-0&, Rev. 1. Oc*ober 9, 1987t. 

Mania MarieUa Eaei'IJ Sya'-ma, lac. HFIR Syatema Truaient Model. 
ORNL/RRD/INT-25. T. Wilaon. Oc*ober 30, 1987u. 

Mania Marietta Euei'IJ s,..-.., lac. Completion Pacbp for Analyaia ud 
Documatation for Reetan of the High Flux lao*ope Reactor. 
ORNL/RRD/INT-18. November 1987v. 

Mania Marietta Euei'IJ s,..-.., lac. Chaner, Renarch Reac�n Diviaion 
Independent Review CommiUee. Rev. November 23, 1987w. 

Mania MarieUa Euei'IJ Sya*ema, lac. Overview of Hich Flux lao*ope Reactor 
(HFIR) . Preaentation for the NAS. November 24, 1987x. 

Mania MarieUa Euei'IJ SyaMIU, Inc. (HFIR) Reactor Sya*ema Maintenance. 
RRAP-3.8. December 2, 1987y. 

Mania Marietta Ellei'IJ Sya*ema, Inc. Reviaed Chaner for the ORNL Reac*or 
Operationa Review CommiUee (RORC). Memorudum from H. B. Piper 
*o Diatribution. December 1 1 ,  1987a. 

Mania Marietta Euei'IJ Sya*ema, lac. Document. provided to the NAS on HFIR 
iuion product iaven*ory, decay heat, and fuel mau loadiq. December 17, 
1987aa. 

Mania Marietta Enerc Syatema, lac. Requ•t for Approval of Deaign Change 
Memo No. HFIR-71, ReY.1, (Mechanical) ,  HFIR Irradiation Facility Im
pronment (HIFI) - Phue II. Let*er from F. R. Mynatt to J. A. Lenhard 
(DOE) . December 18, 1987bb. 

Mania MarieUa Enei'IJ SyahiU, lac. Reac�r Equipment Validation Team 
Charter. (January 1988a) . 

Mania Marietta Ener17 Sya*ema, lac. Quali*J' Auuraace Program Review 
Team Chaner. Document provided to the NAS, Juuary 1988b. 

Manin Marietta Euei'IJ Syatema, lac. Aueument of Safe*J' luu• at Production 
Reac*on for ApplicabiH*J' to the High Flux lao*ope Reactor. January 
1988c. 

Mania Mt.rieUa Enei'IJ Sya*ema, Inc. HFIR Long-Ranp Budget. Document 
provided to the NAS, January 12 ,  1988d. 

Mania Marietta Energy Syatema, Inc. Expected Schedule of HFIR Irradiation 
Experiment• Durinc 85 MW Period of Operation. Document provided *o 
the NAS, Juuary 13, 1988e. 

Manin MarieUa Ener17 Syatema, Inc. Statu of Review and Approval Requ .. u. 
Memorandum from D. M. McGin*J' *o A. L. LoUa. January 19, 1988f. 
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Mania Marietta Eneru Sy•tema, Inc. RORC and RERC Membership Rolters. 
January 20, 19881• 

Manin MarieUa Eneru Sy1tema, Inc. RORC Review of HFIR Primary Coolant 
Pump Bearinc Over-Temperature Problem Fixel. By H. B. Piper. March 
3, 1988h. 

Manin Marietta EnercY Sy1hm.a1 Inc. Letter from H. B. Piper to A. L. LoU• 
on HFIR Primary Pump Bearin1 Over-Temperature Problema. March 16, 
1988i. 

Manin Marietta Eneru Sy•tema, Inc. M. B. hrrar to A. L. LoU• on Minut81 
of Maintenance Coordination Meetinc, March 22, 1988. March 23, 1988j . 

Mania Marietta Ener17 Sy1tea�, Inc. Plant and Equipment Procrammed 
Maintenance Schedule. March 29, 1988k. 

Manin MarieUa Eneru Sy.tema, Inc. Review of Experiment1/Tarpt1 for the 
HFIR Flux Trap. Memorandum from S.  S. Hun to F. R. MynaU on April 
7, 19881. 

Manin Marietta Eneru Sy.tema, Inc. HFIR PM Muter Schedule. March 29, 
1988m. 

Mania MarieUa Ener87 Sy1tem•, Inc. Application of Hydro�tatic Proof Teltinc 
to Demoutrate lntecrity of HFIR v .... l. R. D. Cheverton and R. K. 
Nan1tad. May 19, 1988n. 

Manin MarieUa EneliY Sy1hm.a1 Inc. HFIR Unu1ual Occurrence Repon1 
1983-1988. 

Mania Marietta Enerc7 Sy1tema, Inc. HFIR Nonconformance Repon1 1983-
1988. 

Manin Marietta Ener17 Sy1tema, Inc. HFIR Requ81tl for Deviation 1983-1988. 
Pickard, Lowe, and Garrick, Inc. The Hich Flux llotope Reactor Probabilil

tic Rilk Aueument, Final Draft. PLG-0598. David H. Johnson et al. 
December 1987. 

Pickard, Lowe, and Garrick, Inc. The Hich Flux llotope Reactor Probabili1tic 
Ri1k Au811ment, Final Repon. PLG-0604. January 1988. 

Safety and Reliability Optimiution Servic811 Inc. (SAROS) Review of the 
High Flux Isotope Reactor Probabililtic Risk Al1811ment. SAROS/88-4. 
Repon prepared for the Depanment of Eneru Oak Ridge Operations 
Oftice. February 18, 1988. 

Union Carbide Corp. The High Flux Isotope Reactor Accident Analysil. ORNL-
3573. Edited by F. T. Binford, T. E. Cole and E. N. Cramer. April 1967. 

Union Carbide Corp. The High Flux llotope Reactor Accident Analy.il. ORNL-
5246. (Supplement No. 1 to ORNL-3573). February 1977. 

Union Carbide Corp. An lnve1tigation of the Effect• of Some Safety Sy1tem 
Modification• on the Safety of the HFIR. ORNL/TM-5738. R. S. Stone 
and 0. W. Burke. June 1977. 

U.S. Depanment of Eneru. An Independent On-1ite Safety Review, Depan
ment of Energy's High Flux llotope Reactor (HFIR) , October 2Q-24, 1980. 
Nuclear Faci6ti81 Personnel Qualification and Training Committee (Craw
ford Committee). DOE/US-0018. February 1981. 

U.S. Depanment of Ener87. ORO-DOE Annual Safety Apprailal of Oak Ridce 
National Laboratory Reactors. September 1985 . 

U.S. Department of Ener17. 1985 DOE Appraisal of ORNL R..earch Reactors. 
Letter from J .  A. Lenhard to H. Poetma. November 8, 1985. 
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U.S. Depanmat of Eaeru. laftdiptioa of the Delay in Preeaure v .... l 
Embrittlemat Specima An&lyaia for the Oak Ridp National L&bontory 
lf.P l'lux botope Reactor. DOE/0�. DOE Incident lnveetigation 
Board (Joha D. Rothrock, Ch&irm&a). l'ebn&rJ 6, 1987a. 

U.S. Depanmat of Eaeru. ReYiew of the Rich l'lux botope Reactor Preuure 
v-1 Embrittlemat Problem (Dnft-3). May 1987b. 

U.S. Departmat of Eaeru. Reactor Safet, M&Dapment Appniaal of the 
Martin Marietta Eaeru S,atema, lac. Ollce of Nuclear Safet, (EH). July 
1987. 

U.S. Depanmat of Eaeru. Deaip ReYiew of the High l'lux botope Reactor. 
Ollce of Nuclear Safet, (EH) . Aupat 1987c. 

U.S. Depanmat of Eaeru. Appointment of Committee to Review the ORNL 
Reactor QA/QIR Pqnma. Maaonadum from J. La Grone to T. L. 
Connor and M. J. Rohr. Jaau&rJ 51 1988&. 

U.S. Depanmat of Eaeru. Review of ORNL Quality Aaunace &ad Quality 
lav..tiption Report Propama. Letter from J. La Grone to C. C. Hopkin• 
(Mania Marietta). l'ebn&rJ 10, 1988b. 

U.S. Department of Eaeru/M&rtin Marietta Eaeru Sy1te1D11 Inc. ORO/ORNL 
Joiat M&aapment Sy1tema1 Sy1tema Tuk l'orce (L. K. Price, Chairman). 
May 1987. 
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Appendix A 
Statement of Task 

The National Research Council will undertake an 888888ment of 
safety and technical issues raised by the nuclear reactor accident at 
Chernobyl. The au88111lent will focus on the eleven Class A (over 
20 MWT) reactors operated by the Department of Energy. These 
eleven reactors are the N Reactor at Hanford; the C, K, L, and P 
production reactors at Savannah River; the Fast Flux Test Facility 
at Hanford; the Experimental Breeder ll and the Advanced Test 
Reactor at Idaho Falls; the High Flux Beam Reactor at Brookhaven; 
and the ffigh Flux Isotope Reactor and Oak Ridge Research Reactor 
at Oak Ridge. 

The committee of individuals expert in nuclear reactor safety, 
risk analysis and assessment, and management of large production 
and research programs, will carry out the review. The committee will 
obtain the results of DOE's ongoing safety asseBBments of production 
reactors and will receive briefings on what is known about the Cher
nobyl accident. In addition, the committee will respond to Secretary 
Herrington's request for public participation by holding public meet
ings to receive ideas and information from interested individuals and 
groups. 

Thia St;at;ement; of Tuk ia t;aken larply from t;he Augu11i 1986 cont;ract; 
bet;ween t;he U.S. Depanment; of Enef1Y and t;he Nat;ional Academy of Science�
Nat;ional R.earch Council. 
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The committee will report within nine months on matters of 
immediate aafety concem for DOE reactor design, construction, and 
operation. It is expected that the committee will consider a number 
of more generic, perhaps lonser-term, safety issues that arise from a 
more complete understandins of the Chemobyl accident; these will 
be discUBBed in a later report. 
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Appendix B 
Biographical Sketches of Committee 

Members 

RICHARD A. MESERVE is a partner in the Washington law 
finn of Covington ck Burling. He holds both a law degree from Har
vard Law School and a Ph.D. degree in applied physics from Stanford 
University, where he did poetdoctoral work on the theoretical proper
ties of paramapets and techniques to calculate molecular properties. 
In 1976, he wu a clerk for Supreme Court Justice Harry A. Black
mun, and in 1977, he wu appointed Legal Counsel and Senior Policy 
Analyst in the White Houae Office of Science and Technology Policy 
(OSTP) . At OSTP he helped develop policies designed to promote 
the technological advance of American industry and conducted re
views of energy technology issues. In addition, he served as executive 
director of an interagency committee concerned with nuclear power 
plant safety. Mr. Meserve has been a member of several study com
mittees of the National Research Council, including most recently 
the Panel to Study the Impact of National Security Controls on 
International Technology Transfer. 

DAVID C. ALDRICH is a vice president at Science Applic&
tions International Corporation (SAIC). He has worked primarily on 
nuclear facility safety and waste management problems, and is an 
expert in radiological accident health and environmental and eco
nomic consequence evaluation. Prior to joining SAIC, Dr. Aldrich 
was supervisor of the Safety and Environmental Studies Division of 
Sandia National Laboratories, where he worked on a wide variety of 
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reactor safety iuues, including management of an NRC-sponaored 
program to develop a new set of risk a���eument computer codes cov
ering thermal-hydraulic behavior, filllion product source terms, and 
ofrsite consequences of severe reactor accidents. He is a member of 
an International Atomic Energy Agency (IAEA) advisory group on 
emergency response decision making, and is active in the Organiza
tion for Economic Cooperation and Development (OECD) Nuclear 
Energy Agency (NEA) , having served as chairman of NEA's Group 
of Experts on Radiological Accident Consequences. 

GEORGE APOSTOLAKIS is a professor in the Mechanical, 
Aerospace, and Nuclear Engineering Department of the University 
of California, Los Angeles. His research activities are in the devel
opment of methods for the assessment of risks from complex techno
logical systems, nuclear reactor safety, and toxic waste disposal. He 
has published extensively on data analysis, human error modeling, 
and fire risk assessment. He has been a consultant on probabilistic 
risk assessment to private industry, government, national laborato
ries, and international organizations. He is a founding member and 
currently the president of the Southern California Chapter of the 
Society for Risk Analysis. He is also a vice president of the Ameri
can Association for Structural Mechanics in Reactor Technology. He 
is coeditor of the international joumal Relia6tlitr Engineering and 
Srstem Safetr. 

RICHARD S. DENNING is senior research leader for nuclear 
safety at Columbus Laboratories, Battelle Memorial Institute. He is 
an expert in radioactive source term and severe accident research. 
His work focuses on reactor safety and risk , including core meltdown 
behavior, radionuclide transport, transient thermal hydraulics, and 
criticality and shielding analysis. He holds a Ph.D. degree in nuclear 
engineering from the University of Florida. He is currently a member 
of the DOE Advisory Committee on Nuclear Facility Safety. 

RONALD GAUSDEN is currently a consultant on nuclear en
ergy. He is the former chief inspector of the Nuclear Installations In
spectorate (Nil) of the U.K. Health and Safety Executive. From 1960 
to 1978, Mr. Gausden served in a number of supervisory positions at 
the Nil. Prior to that, he was group manager at Windscale, where in 
1957 a production reactor overheated during a Wegner energy release 
causing a graphite fire and release of radioactive particulates. He has 
authored papers for profeBBional conferences on nuclear safety stan
dards and nuclear power plant regulatory procedures, and in 1982 
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wu awvded the C.B. for meritorioua public aervice by Her Majesty 
the Queen. 

DAVID L. HETRICK ia prof.aor of nuclear and energy engi
neering at the Uni'venity of Arisona in 'IUceon. Hia reaearch interests 
center on reactor dynamics and simulation. He ia an administrative 
judge for the U.S. Nuclear Regulatory Commiuion, and has served 
u an IAEA technical expert on llllllignment to Mexico's Inatituto de 
Inveetigaciones Elec:tricu. Dr. Hetrick has also been a visiting pro
feseor of nuclear engineering at the University of Bologna, Italy. He 
hu aerved u a consultant on reactor dynamics to government and 
industry and is the author of numeroua articles on reactor physics 
and nuclear safety. 

WILLIAM KASTENBERG is chairman of the Mechanical, Aero
space, and Nuclear Engineering Department at the University of Cal
ifornia, Los Angeles. His research focuses on nuclear reactor safety, 
the development of risk-benefit and coat-benefit analysis, and envi
ronmental modeling for nuclear power installations. He has served 
as a aenior fellow of the Advisory Committee on Reactor Safeguards, 
where he developed methods for applying probabilistic acceptance 
criteria to nuclear and nonnuclear technologies. He has been a con
sultant to a number of other governmental panels, including the 
President's Nuclear Safety Oversight Committee. He is the author 
of over 100 journal and proceedings publications relating to reactor 
safety and risk &88e88111ent, and recently aerved as a member of the 
National Research Council's Committee on Nuclear Safety Research. 

HERBER:r KOUTS is chairman of the Department of Nuclear 
Energy at Brookhaven National Laboratory. He was the first di
rector of the Nuclear Regulatory Commission's Office of Nuclear 
Regulatory Research , having previoualy headed the Division of Re
actor Safety Research at the Atomic Energy Commission. He is a 
former member and chairman of the Advisory Committee on Re
actor Safeguards, and has been affiliated, either as a consultant or 
as a member, with a number of national and international groups 
focuaing on reactor safety and safeguards, including the NRC's Risk 
Alsessment Review Group, the President's Nuclear Safety Oversight 
. Committee, the European-American Committee on Reactor Physics, 
the DOE Defense Energy Task Force, the American Nuclear Society 
(ANS) Special Committee on Source Terms, and several New York 
City and State advisory commissions on nuclear issues. He has also 
served on several advisory panels to review the safety of the N Re
actor and the Fast Flux Test Facility. He is currently a member of 
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the IAEA's Intemational Nuclear Safety Advisory Group and the 
National Academy of Engineerins, and is the recipient of several 
distinsuished awards. 

DAVID D. LANNING is professor of nuclear engineerins at the 
Musachusetts Institute of Teclmoloc. He has been a consultant to 
a number of firms active in the electric utility and nuclear industries, 
includins Stone and Webster Enpneerins Corporation, Northem -
States Power, Beeton Edison, and GA Teclmolopes. His professional 
interests include nuclear engineerins education and the desip , safety, 
control, and operation of nuclear reactor systems. In the 1950. he 
worked for General Electric at Hanford and in the 19608 for Battelle 
Northwest Laboratories. At MIT durins the 1970. he was codirector 
of the MIT Research Reactor with the responsibility for the desip 
and installation of the MIT R-11. He has also been a co-principal 
investisator of MIT's Prosram on Nuclear Power Plant Innovation 
in the area of modular hish-temperature, sas-cooled reactors, and he 
is a1ao the sroup coordinator for the Advanced Instrumentation and 
Control Prosram in the MIT Nuclear Enpneering Department. 

KAI N. LEE is usociate profeuor at the Institute of Environ
mental Studies and in the Department of Political Science at the 
University of Washington. He is also a member of the Northwest 
Power Plannins Council, havins been appointed to the council by 
the sovemor of the state of Washington. He is a former member of 
the Office of Teclmoloc Asae181Dent's advisory panel on radioactive 
waste disposal, and has served on a number of National Research 
Council committees, including past membership on the Environ
mental Studies Board and current membership on the Board on 
Radioactive Waste Management. His research interests include en
ergy and environmental policy, regional power development, nuclear 
waste management, environmental conflict and dispute settlement, 
and the influence of technolosical chanse on American political life. 

SALOMON LEVY is and has been the president of S. Levy 
Incorporated, a consultins firm to the power industry since 1977. 
He currently consults for many electric utilities and several power 
equipment manufacturers, the Electric Power Research Institute, two 
national laboratories, and the Research Division of the U.S. Nuclear 
Replatory Commission. From 1953 to 1977, he was employed by 
the General Electric Company in various technical and managerial 
positions. He was successively manapr, heat transCer and fluid flow 
development; manager, systems enpneerins; manqer, design ensi
neering; general manaser, Nuclear Fuel Department; and general 

Copyright © National Academy of Sciences. All rights reserved.

Safety Issues at the DOE Test and Research Reactors:  A Report to the U.S. Department of Energy
http://www.nap.edu/catalog.php?record_id=19106

http://www.nap.edu/catalog.php?record_id=19106


127 

manapr, Boiling Water Reactor System Department. In April 1975, 
he became pneral manapr for Boiling Water Reactor Operatiou 
where he wu reepoDBible for all the engineering and manufacturing 
of General Electric's nuclear power business. Dr. Levy is a member 
of the National Academy of Engineering and a fellow of the American 
Society of Mechanical Engineers from which, in 1966, he received the 
ASME H.U Transfer Memorial Award. He is also a member of the 
American Nuclear Society, and in 1987 he received the ANS Thermal 
Hydraulics Division Technical Achievement Award. He is a director 
of Iowa Electric, a member of the oversight committees for four nu
clear power plants, and a member of the U.S. Nuclear Regulatory 
Cornrni-ion's Nuclear Safety Research Review Committee. He has 
authored more than 50 published technical papers. 

DANA A. POWERS is supenisor of the Reactor Accident Source 
Terms Division of Sandia National Laboratories. Dr. Powers' par
ticular research interests are the thermodynamics and kinetics of 
material proc:.ses under severe reactor accident conditiou. He has 
worked exteDBively on core debris interactiou with concrete and the 
behavior of radionuclides under accident conditiou. He has served as 
a couultant to the Advisory Committee on Reactor Safeguards, the 
Intemational Atomic Energy Agency's review of the Chemobyl acci
dent, and the Rogovin CommiMion review of the Three Mile Island 
accident. He is currently a member of the DOE Advisory Committee 
on Nuclear Facility Safety. 

HENRY E. STONE recently became a couultant after a 38-year 
career with General Electric ( G E) in nuclear related activities. He 
was at Knolls Atomic Power Laboratory from 1950 to 1973 in various 
poeitiou of reactor and plant design, coutruction , operation, and 
training and wu general manager for the last six years. In 1974 
he became manager of Operational Planning in the GE commercial 
nuclear business and in 1975 he became general manager of GE's 
Boiling Water Reactor Systems Department. In 1977 he became 
general manager of the Nuclear Energy Engineering Division , with 
resp0118ibility for boiling water reactor engineering, engineered equip
ment procurement, and operation of the Vallecitos Nuclear Center. 
In the early 1980. he served on an NAS committee studying nu
clear technology for space application and on a DOE safety panel on 
light-water reactors. He was elected as vice president of GE in 1978 
and chief engineer in 1984. Mr. Stone is a member of the Ameri
can Nuclear Society, a fellow in the American Society of Mechanical 
Engineers, and a member of the National Academy of Engineering. 
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THEO THEOFANOUS is prof811110r of chemical and nuclear en
gineerins and director of the Center for Risk Studies and Safety at 
the University of California in Santa Barbara. He hu served as a 
consultant to the Advisory Committee on Reactor Safepards since 
1971 and has participated in a number of special Nuclear Replatory 
Commission advisory /review committees and panels, moat recently 
on one concerned with the peer review of NUREG- 1 150. He partic
ipated in the Nuclear Replatory Commission's Task Force on the 
Chernobyl Accident and was a member of the U.S. delesation to the 
IAEA special meeting on Chernobyl. He is an . editor of the Journal 
of Nuclear Engineering antl Design. His research centers on thermal 
hydraulics and transport phenomena in turbulent and multiphase 
systems, with particular emphuis on nuclear and chemical reactor 
safety applications. 

NEIL TODREAS is chairman of the Department of Nuclear 
Engineerins at MIT, where he hu been teachins since 1970. He 
serves as codirector of the MIT Summer Reactor Safety Program. 
Prior to joining the MIT faculty, he was senior reactor engineer for 
the Division of Reactor Development and Technolo11 at the Atomic 
EneriJ Commission, where he aerved as lead ensineer on the design 
of the core and reactor assembly of the Fast Flux Test Facility. 
Dr. Todreu is a member of the National Academy of Enpneerins 
and a fellow of the American Nuclear Society and the American 
Society of Mechanical Engineers, and he serves as the chairman of 
the Nuclear Safety Research Review Committee of the U.S. Nuclear 
Regulatory Commission. He is also on the editorial board of the 
Journal of Nuclear Engineering antl Design and is the author of 
numerous technical articles and papers on reactor design methods 
and thermal hydraulics. 

WILLIAM WEGNER is president of Basic EneriJ TechnoloiJ 
Associates, Inc. (BETA) , a small technical consultins sroup special
izins in providing assistance to nuclear utilities in the management, 
design, and operation of nuclear power plants. For 15 yean prior 
to forming BETA, Mr. Wegner was deputy director under Admiral 
Hyman G .  Rickover of the U.S. naval reactors program. In 1980-1981 
he served as a member of the staff of the "Crawford Committee,• 
which conducted a review of the safety of DOE reactors. 
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