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Executive Summar 

The objective of thi s Program Scoping Plan for 
the Fast Flux Test Facility (FFTF) is to establish 
whether a compelling rationale exists for the U.S. 

Department of Energy (DOE) to consider the restart of 
this facility, which has been in standby since 1992. The 
conclusion of the study is that a compelling rationale does 
exist for pursuing restart. In describing that rationale, this 
plan asks and then answers a series of questions about need, 
restart feasibility, life-cycle economics, and management 
approach for operating the FFTF. Those answers provide, 
by description, reference, or letters of commitment, both 
the relevant facts and the basis for confidence. 

Is there a clear unequivocal need for the FFTF based 
on its unique capabilities and user requirements? 

The FFTF does have an identified, singular, focused pur­
pose: To produce high-energy, high-fluence neutrons for 
nuclear science and irradiation services. 

Because the FFTF, unique among other available test 
reactors and accelerators, can produce "fast" neutrons in 
great quantity, there is a suite of viable missions for 
which sponsors have identified clear needs. Those missions 
have the potential to establish the FFTF as a premier nuclear 
materials testing, isotope production, and plutonium fuels 
research facility. As demonstrated by the letters received 
from Japan, South Korea, and France, restart of the FFTF 
can also broaden and strengthen international nuclear coop­
eration, which is essential to worldwide nuclear safety 
Moreover, transfer of U.S. civilian nuclear technology has 
been and will continue to be an important contributor to 
achieving U.S . nonproliferation objectives. 

The Fast Flux Ti st Facility (FFTF) is a 400-megawatt 
thermal, liquid metal (sodium) cooled reactor. The white 
dome in the ba !kground is the containment building that 

holds the react] r. 

Based on the 9 -day study, four mission areas will support 
FFTF operatio at 100 megawatts: 

• medical ar industrial isotope production 

• plutoniu~l238 production 

• non-proliferation programs 

• materials t stmg 

The out-year proJect1ons for FFTF use and revenue for 
these mission a 1eas, as shown in the following table, are 
more than spec~lative guesses but obviously less than 
contractual comr itments As demonstrated in the letters 
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IO Specific Isotopes for t hich 8.5 34 .0 
Production for Private Companies FFTF Demonstrates a Range: 5.3-12 Range : 23.7-45.8 

Pricin Advanta e I 
Isotopes 

Development for DOE-Office for Cl' . 1 . 1 . . I (medical & industrial) 
Nuclear Energy, Science and mica tna quant1tI s 1.5 1.0 
Technology (NE and National of targeted isotopes 

Institute of Health (NIH) 

Plutonium-238 
· NASA 2-5 kg/year with a capa ity 

Production through of 5. 7kg/year [ 5.0 7.0 
DOE-NE @ 100 MWt 

I 

Non-Proliferation International plus DOE-MD Joint Research Progrru~s 
(Materials Disposition) involving transmutation, s,afety, 10.0 10.0 

Technical 
Programs 

and non-proliferatio 

International , Industry, Life Extension and Fus on 4.0 4.0 
and DOE-SC (Office of Science) Materials Research 

Materials Transmutation Research Irradiation test data on cantlidate 1.0 3.0 
fuel and target forms! Testing for DOE-NE 

Nuclear Energy Research Annual competitive 1.0 2.0 
Initiative for DOE-NE research progrrun 

Total Annual Offsetting R enue 31.0 61.0 

in Appendix A. l and as discussed in the body of this report, 
the private sector is willing to partner with the DOE on 
improving isotope production and availability, the inter­
national community is equally willing to participate finan­
cially in the use of the FFTF for various research activities, 
and elements of the public sector have identified specific 
applications that can best be performed in the FFTF. Given 
the current status of the FFTF (i e., in standby), the prospec­
tive users cannot "commit" funds so far into the future, 
but their intention is very clear- restart the FFTF and 
they will use it. 

Can the FFTF be restarted and operated safely and 
effectively for those proposed missions? 

Based on the FFTF 's previous operating history and the 
facility's current condition, there is high confidence that 
the FFTF can be safely restarted and operated to effec­
tively carry out a mission based on the nuclear science 
and irradiation services needs for the next 20 years and 
beyond. This conclusion is substantiated by the commer­
cial nuclear standards to which the FFTF was originally 

constructOd, the mdlpendent safety reviews by the Nuclear 
Regulatory Commission, the ten years of proven facility 
operation, recent ~valuations of facility condition and 
readiness, independent concurrence on the adequacy of 
the restart costs and schedule forecasts, and the level of 
interest from cand idate operating contractors who are 
willing to risk all f9es based on the successful restart and 
operation of the re ctor as well as successful program 
development. 

Are the life-cycle economics for the FFTF credible? 

Based on conservat ve estimates of facility use, an analy­
sis of the life-cycle economics has been performed. The 
FFTF should be ab! to recover sufficient revenue from 
private-sector users lover its operating life to offset both 
the appropriate portion of restart costs (- $100 million) 
and, from the publiiand private sectors, the annual oper­
ating cost ($55 mill on) In addition to the revenue 
received from user ees, the qualitative value of interna­
tional nuclear technology cooperation is also a positive 
factor in considering restart and operation of the FFTF. 
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Could an FFTF management model be developed to 
satisfy public/private user interests? 

The management approach outlined in this plan provides 
assurance that an organizational structure and set of opera­
tional relationships can be established that will ensure the 
safe and efficient operation of the FFTF. This conclusion is 
based on the benchmarking of the user facility operating 
model with other comparable facilities, as well as on exten­
sive discussions with public and private users. 

Conclusion 
This Program Scoping Plan concludes that the DOE 
does have a basis to move forward with the National 
Environmental Policy Act (NEPA) process to evaluate 

restarting the FTF as a nuclear science research and irra­
diation servic • s user facility. Additional motivation to 
proceed with f he NEPA process for the FFTF, indepen­
dent of !his reAiort, may also exist if the Department should 
(a) decide no to restart the High Flux Beam Reactor; 
(b) determine hat the FFTF is needed to provide national 
security resea~r h support; ( c) assign the Advanced Test 
Reactor to N val Reactors, which could affect forei gn 
research use f the facility, and/or ( d) intend to more 
aggressively a , vance its international leadership role in 
promoting the safe use of nuclear technologies. 
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1 .0 Introduction 

The FFTF represents a national investment of ~$1 billion, with a 
replacement cost of ~$2.5 billion. 

The United States (U.S.) Department of Energy 
(DOE) has initiated a two-phased process for 
finalizing the decision regarding the potential 

restart of the Fast Flux Test Facility (FFTF), a DOE reac­

tor currently in standby. The first phase is to complete a 
Program Scoping Plan to establish whether a compelling 

rationale exists for FFTF restart . The results of this plan­
ning effort will be formally presented to the Nuclear 

Energy Research Advisory Committee (NERAC)• in a 
public meeting on July 29, 1999, in Washington, D .C. At 

the Ju ly 29 meeting, the NERAC will develop a recommen­

dation regarding whether the FFTF should proceed with an 
environmental impact statement (EIS). NERAC will then 

forward their recommendation and the study to the Secre­

tary of Energy, Mr. Bill Richardson, by August 2, 1999. 

The Secretary's decision is expected soon after receipt of 
the NERAC recommendation . 

If the Secretary decides to pursue restart, the second phase 

will be initiated : development of an EIS. An EIS will be 
prepared over the next 15 months and the DOE will 

conduct a highly detailed analysis of all issues associated 

with the use of the FFTF. This work will be done in full 

and open cooperation with the affected state, local , and 
tribal governments, key stakeholders, and the public . 

With the completion of the EIS (December 2000) , the 

Secretary could issue a positive Record of Decision 

(ROD) , and recovery and restart of the facility could 

immediately commence. Under such a planning 

scenario , the FFTF would begin operating in July 2004. 

Fighre 1. 1 Fast Flux Test Facility 

I 1 .1 Background on the FFTF 
The FFTF (Fi dure I. I) is a 400-megawatt, liquid-metal 

cooled reactor 1ocated on the Hanford Site in Washington 

State (Figure I-~)- This facility, the largest and most mod­

ern test and irrf diation services reactor within the DOE 

complex, is deslcribed in detail in Appendix A.2 and on the 
facility 's websi e (http//wwwfftf.org/). 

The FFTF represents a national investment of ~$1 billion, 

with a replacement cost of ~ $2 5 billion. That replace­

ment estimate Js based on the cost to construct such a 

facility today, ~fcsigned and built to commercial industry 

standards for n r lear and industrial safety, environmental 

'The NERAC was established on October 1, 1998, to provide independent advice to the DOE and Office of Nuclear Energy, Science and Technol­
ogy (NE) on complex science and technical issues that arise in the planning, managing, and i1 plementation of DOE's nuclear energy program . 
The NERAC charter is to periodically review the elements of the NE program and, based on t ese reviews, provide advice and recommendations 
on long-range plans, priorities, and strategies to effectively address the scientific and engineer ng aspects of the research and development efforts . 
The committee includes representati ves from uni versities, industry, environmental organizatio sand national laboratories. 
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protection, and safeguards and security. Constructed in 
the late 1970s and brought on line in 1980, the FFTF's 
original mission was to support liquid-metal reactor tech­
nology development, large component verification testing, 
and reactor safety, including fuels and materials irradiation 
services. From 1983, when this initial mission ended, to 
April 1992, when the facility shut down for a refueling 
outage, the FFTF operated successfully as a national 
research facility to test advanced nuclear fuels, materials, 
components, systems, nuclear power plant operating and 
maintenance procedures, and active and passive reactor 
safety technologies. The facility was also used to produce 
a large number of different isotopes for medical and indus­
trial users, generate tritium for the U.S. fusion research 
program, and conduct cooperative, international research 
work. The reactor was shut down in December 1993 and 
has been in standby since November 1995, pending the 
DOE's decision about its future potential use. 

The December 1993 decision to shut down the FFTF was 
based in large part on the conclusions from an indepen­
dent review led by Mr. John Landis_b The Landis review 
found that "the FFTF is the world 's foremost test reactor," 
having "unsurpassed capacity both for irradiation experi­
ments and for production of plutonium-238 and medical 
radioisotopes." However, the review concluded that pro­
jected revenues could not recover the full cost of operat­
ing the FFTF and recommended that the facility be shut 
down, provided the DOE's existing and planned research 
reactors were sufficient to meet mission requirements. 

The FFTF is the "world's foremost 
test reactor" 

Hanford Site 
Map 

t 
I 

1 .' '' •• 
Miles 

Figur~ 1.2 Hanford Site Map 

Storage Casks. Thj main cooling system is being oper• 
ated at -400°F, ther~by keeping the sodium coolant in the 
reactor liquefied an<ll circulating. Essential systems, staff­
ing, and support se~r~ices are being maintained in a man­
ner that wiH suppo • either the rapid deactivation of the 
reactor or Its restart. 

In January 1997, as a result of a declining DOE-owned 
reactor infrastructJre,< potential increase in demand for 
reactor-based resear

1

ch and production facilities, and an 
unsolicited proposald to restart the facility, the Secretary 
of Energy directed t~at the FFTF be maintained in a standby 
condition while an ., valuation was conducted of any future 
role the facility mig~t have in the DOE 's tritium production 

- Landis Review (1993) strategy. In December 1998, the Secretary determined that 
the FFTF would no~ play a role in the nation 's tritium 

The FFTF has been completely defueled Usable fuel is production strategy. 
stored on site in sodium fuel storage pools or in the secure I 

However, recognizi!ilg the FFTF 's previous contributions vault at the Plutonium Finishing Plant. Unusable spent ,1 
to, and future potendial for, scientific research, .technology fuel has been thoroughly washed to remove all sodium 
development, and is tope production, the Secretary ordered 

residuals, dried, and placed in approved, 50-year Interim j 
bJ W Landis et al 1993 (unpublished) Future Use of the United States Department of Energy ' s F st Flux Test Fac

0

Il1ty Prepared for the DOE by 
the Independent Review Team I 
' Two faciltt1es , the Experimental Breeder Reactor-II (EBR-II) and Transient Research and Test (TREAT) reactor, have been shut down The High 
Flux Beam Reactor (HFBR) is in standby, awaiting the results of a National Environmental Policy t ct (NEPA) review to determine whether the 
facility should be returned to operation ; and the Advanced Neutron Source (ANS) reactor design prpject was terminated in 1993 . 
dThis proposal was offered by Advanced Nuclear and Medical Systems (ANMS) in November 1995 



that analyses be perfonned as to whether the facility should 
play a role in supporting various national nuclear science 
and technology needs. In support of the DO E's decision­
making process, the NERAC completed work on the initial 
phase of its Nuclear Science and Technology Infrastructure 
Roadmap (NERAC 1999). This roadmap, including an 
evaluation of the FFTF, assessed the DOE 's existing and 
planned nuclear research infrastructure and compared it 
to the nation's requirements for the next 20 years. In 
April 1999, based on technical reviews (see reports at 
http: //www. ne . doe. gov/nerac) and public deliberations,° 
the NERAC recommended to the Secretary that the DOE 
initiate the preparation of an EIS for the restart of the 
FFTF The NERAC's report is available at the DOE-NE 
website (http://'vvww.ne.doe.gov) . 

The FFTF has the potential to 
become the world's premier nuclear 
materials testing, isotope production, 
and plutonium fuels research facility. 

Of the 20 NERAC members who were present and voted, 
11 recommended conducting an EIS as a first step toward 
restarting the FFTF, 1 recommended shutting down the 
facility, and 8 indicated that they needed more informa­
tion to support a decision. Given the investment required 
to go forward with the EIS process , and the uncertainty 
on the part of some NERAC members, the Secretary 
requested this scoping plan be developed to meet this 
informational need. 

On May 4, I 999, Secretary Richardson announced that 
the DOE would initiate a two-phased process for finali z­
ing the path forward for the FFTF. In the first phase the 
Secretary asked the Pacific Northwest National Laboratory 
(PNNLY to complete a 90-day study that would resolve 
the outstanding informational needs (http://home.doe.gov/ 
news/releases99/maypr/maypr.htm). The study results were 
to be documented in a program scoping plan for the FFTF. 
The second phase would be the Secretary 's decision to 
either proceed with the EIS, given a compelling argument 

<Publ ic meeting, Washington, D .C. , March 3 I , 1999 . 
roperated for the DOE since 1965 by Battell e Memorial Institute 

for the restart d operation of the FFTF, or absent a suffi­
ciently compel ing argument, resume deactivation. 

The purpose o~this 90-day Program Scoping Plan is to 
establish whetHer a compelling rationale exists for the 
potential restar of the FFTF. Such a rationale is based 
on the answers to four questions: 

Is there a de r, unequivocal need for the FFTF based 
on its unique capabilities and user requirements? 

Numerous nuc~ear research and irradiation services activi­
ties would benefit from FFTF operation. A specific needs 
profile based dn the demonstrated level of interest from 
public, private!, and international parties in using the 
FFTF for nuclear science research and irradiation services 
was assembled The technical evaluation is presented in 
Section 2 and t e financial evaluation in Section 3 of this 
report. The in ent is to establish not only that individual 
missions exist ,hat would support the FFTF 's operation as 
a nuclear scienee and irradiation services user facility, but 
that through th~se missions the facility has the potential 
to become a p~emier nuclear materials testing, isotope 
production, an plutonium fuels research facility. 

Can the FFTF successfully and safely be restarted 
and operated. 

This is the leas controversial of the questions, given the 
recent evaluat ,ons of facility condition and readiness, 
independent cor currence on the accuracy of the restart 
costs and sche9ule forecasts, commitments by candidate 
operating contractors, and ten years of proven facility 
operation. Thel validation required to address this impor­
tant question is provided in Section 3.3. 

Are the life-cJcle economics for the FFTF credible? 

The expected c sts and revenues for operating the FFTF as a 
user facility are resented in Section 3.2. This section shows 
that the benefit and the potential revenue exist to warrant 
and defray bot operating and incremental restart costs. 
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Could an FFTF management model be developed to 
satisfy public/private user interests? 

A model has been developed that is comparable to the 
management of other DOE reactor resources. Potential 
operators were identified, as well as steps to ensure that 
neither the facility's budgeting nor its operation would 
interfere with Hanford Site environmental cleanup. 

The Program Scoping Plan answers each of these questions, 
providing by description, reference, or letters of commit­
ment both the relevant facts and the basis for confidence 
in those answers. 

1.3 Description of Plan 
Development 
The scope of the 90-day study was to (a) develop the 
plan 's outline and content; (b) prepare the plan; ( c) pro­
vide the plan to the NERAC for review on July 20, 1999; 
(d) present the plan to the NERAC on July 29, 1999, in 
Washington, D.C.; and (e) forward the plan with NERAC 
comments to the Secretary on August 2, 1999. 

The 90-day study w~ initiated on May 4, 1999. A project 
team was assemblep, drawing on the expertise of PNNL 
staff, current and f9rmer FFTF staff, and numerous quali­
fied outside consultants. Following DOE approval of the 
project outline and scope, the team analyzed possible 
nuclear science an r, irradiation services missions that 
could be conducteo at the facility, alternatives for meet­
ing those needs, and details regarding the future mission 
and operation of the facility. The FFTF model was bench­
marked against the ther major DOE reactor facilities to 
identify technical ct pability, available capacity, optimal 
business model, and appropriate operating methodology. 
Life-cycle operatint costs were developed, and detailed 
discussions were ~eld with prospective users about the 
FFTF 's role in meeting user mission objectives as well as 
the users ' estimates ! ffunding to support those objectives. 

Letters of intent were obtained from private-sector users, 
government ag_enc_~es , and proponent organizations. A 
proposed orgamzat,onal structure for managing the FFTF 
was developed that ~ccommodates private, public, user 
community, and fa 1 ility operations needs. Finally, the 
plan was documen~ed to serve the informational needs 
expressed in the March 31 , 1999, meeting of the NERAC 
in their deliberation on the future of the FFTF. 

• • 'J "'l'~ ~• 1: t" ,,,.•tt l S,.fj.f~ • • • 
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2.0 Technical Anal 

The avai labil ity of large reactors for nuclea research is essential 
to any advanced nation's technology infrastructure. 

2 .1 Statement of Need 

The FFTF reactor can provide high-energy, high-fluence 
neutrons for nuclear science and irradiation services. This 
section describes the need for such a faci lity. The descrip­
tion of that need, re lative to other available test reactors 
and accelerators, is based on an assessment of whether the 
identified missions can utilize fast neutrons in great quan­
tity. There is a suite of viable missions for which sponsors 
have been identified 

Fast reactors, as shown in Figure 2.1 , are valuable for pro­
ducing neutrons in the fast and high-energy range. With 
hydriding (adding materials to slow down the neutrons in 
specific areas of the core), fast reactors can also produce 
large quantities of epithermal neutrons and even thermal 
neutrons. Producing the epithermal neutrons helps in 
creating isotopes for which there is a high potential for 
resonance absorption in the precursor target materials. 

This section of he report describes the overarching need 
for a nuclear re earch and irradiation services infrastruc­
ture and a proposed role for the FFTF based on its differ­
entiating physit

1 
al attributes - one o~ its premier attributes 

being the facili 's demonstrated ability to s1multaneously 

conduct mul tip e experiments and production campaigns. 
The range of m1· ssions is described, with reference to the 
core configuration that the FFTF would employ to address 
the integrated oonduct of those missions. Alternative 
ways to meet those missions, and their relative merits 
and drawbackJ compared to the FFTF, are presented. 

In a 1997 repoJ Directors of the DO E's National Labora-
1' . 

tori es made recommendat10ns to the Secretary of Energy 
I for a new nuclear energy research and development (R&D) 

agenda (USD 
I
E National Laboratory Directors 1997). 

This report wa prompted by the President's Committee of 
Advisors on Science and Technology (PCAST) who, in their 
1997 report, Feaeral Energy Research and Development 
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for the Challenges of the Twenty-First Century, concluded 
that "fission belongs in the R&D portfolio" (PCAST 1997). 
The Laboratory Directors echoed this conclusion and called 
for a strong nuclear energy research program. The Directors 
of the Pacific Northwest National Laboratory (PNNL), 
Oak Ridge National Laboratory (ORNL), Idaho National 
Engineering and Environmental Laboratory (INEEL), 
Argonne National Laboratory (ANL), and Sandia National 
Laboratories (SNL) have reaffirmed that support for this 
critical infrastructure ( see Appendix A 1) and restated 
their belief that the needs for those capabilities will grow 
dramatically over the next twenty years. 

The FFTF is capable of producing a 
larger number of steady-state neu­
trons over a wider range of energy 
levels than any other test and research 
reactor in the world. 

The missions and goals reflected in these recommendations, 
as well as the plans for many different organizations, includ­
ing other elements of the DOE, the U.S. Nuclear Regulatory 
Commission (NRC), the National Aeronautics and Space 
Administration (NASA), and others, depend on the long­
term availability of diverse but complementary research 
reactor facilities. Such facilities•, according to their design 
and characteristics, are used to analyze and test a wide range 
of materials, nuclear fuel , electronic circuits, and other com­
ponents; to create isotopes required by medical clinicians, 
researchers, government, and industry for a wide range 
of applications; and to produce special materials such as 
fuel required to power deep space probes. 

A key factor in the DOE's 1993 decision to shut down the 
FFTF was that the DOE had other existing and planned 
research reactors with which to carry out its steady-state 
neutron research, materials irradiation, isotope production, 
and national security missions . Since December 1993, 
however, the DOE 's research reactor infrastructure has 
changed, as has the outlook for nuclear-related missions. 
Two facilities, the Experimental Breeder Reactor-II (EBR-11) 

and Transient Research and Test (TREAT) reactor in Idaho, 
were shut down; th High Flux Beam Reactor (HFBR) in 
New York is in standby, awaiting the results of a National 
Environmental Po icy Act (NEPA) review to determine 
whether the facility should be returned to operation; and 
the Advanced Neutr n Source (ANS) reactor design project 
has been terminate . At the same time, as confirmed by 
the PCAST, the na ional need for large research reactor 
facilities has increased significantly, both for Federal gov­
ernment applicatiods and non-governmental needs. 

U.S. universities wi h research reactors have the challenge 
to conduct research as well as to adequately educate and 
train personnel in nuclear sciences and technology. To 
meet this challenge, these institutions must rely on an aging 
infrastructure of tes~ and research reactors. The size, con­
figuration , and avada?ility of existing university research 
reactors 1s not sufficient to meet the future demand for 
nuclear science and hrradiation services. 

A new source of ne trons for basic research may be avail­
able early in the 21 s , century when the National Spallation 
Neutron Source ( SNS) at the ORNL is completed and 
operational. The N NS will be the most advanced accel­
erator neutron sour9e in the world, and will produce the 
most powerful pulsed neutron fluxes . The NSNS could 
give scientists detaded snapshots of the structure of even 
the smallest samplei of physical and biological materials. 
The FFTF, if restartf d, would complement the mission of 
the NSNS. As discur ed in the NSNS Collaboration report 
(ORNL 1997), " .. . 9ven though the pulsed sources have 
high peak fluxes, t1 ey lack the integrated neutrons of 
steady-state sources and while peak flux is an important 
parameter for neutr -n scattering, total flux is needed for 
such things as isotope production." 

I 
2.2 The FFTF's Proposed Role 

The FFTF has dem9nstrated its capability to function suc­
cessfully as a nuclear science and irradiation services user 
facility. Within the + ite of available DOE-owned research 
and test reactors, tHe FFTF has the ability to become the 
world 's premier nuc ear materials testing, isotope produc­
tion, and plutonium uels research facility. 

'France plans to build a I 00-MWt light-water test reactor, named after reactor physics research pio eer Jules Horowitz. Located in Cadarache, 
the reactor is being designed to support development of pressurized water reactor technology. Fran e has stated that its existing research reactors 
of thi s kind are becoming outdated (Osiri s went critical in 1966; Siloe in 1963) . Construction is planned to begin in 200 I with operations starting 
in 2005, at which time it was stated that the Jules Horowitz Reactor will be almost the only researc~ reactor left in Europe (http ://info-france-

usa .org/america/embassy/nuclear/profi le/table.htm). r-r ~~ I __ 
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As one of DO E's major research reactor facilities, the FFTF 
can provide a significant fraction of the available power 
capacity and core volume for missions requiring steady­
state neutron generation. The FFTF has four distinctive 
features - size, flux, test evaluation and irradiation capa­
bility, and fuel and coolant - which in combination provide 
a mul ti-purpose facility that greatly strengthens DOE's 
diminished research reactor portfolio. 

Size. The FFTF is DOE 's newest and largest test and irra­
diation services reactor It is the largest liquid-metal test 
reactor in the world. Capable of operating at power levels 
from I 00 to 400 megawatts, the facility has a larger volume 
to accommodate test and irradiation services than the bal­
ance of other operational DOE reactors combined. 

Flux. The FFTF is a "fast flux" reactor; that is, one in 
which the fissioning process occurs using high-energy 
neutrons. This design feature provides a spectrum of high­
energy neutrons as well as a high flux density. Although 
the FFTF produces neutrons primarily in the fast spectrum 
(see Figure 2. I), neutron energy levels can be tailored 
through the use of hydride-moderated targets to produce 
neutrons across the fast, epithermal, and thermal spectra. 
Using fast neutrons, the FFTF can conduct specialized 
testing and resonance absorption production not possible 
in a thermal reactor, and yet can also specifically tailor or 
adjust the local neutron flux to provide sample volumes 
that operate in the epithermal and thermal neutron energy 

Distinctive Features 

Size 

• .too MW at Full Power 

• 12.J liter In-core Volume 

• Operable at 100 MW 

Flux 

• Fast 

• Epithe nnal 

• Tallorable 

Test, Evaluation, 
and Irradiation Features 

I • Instrumented Test Trains 

• Up to 7 Rabbit Ports 

• Gu Loop Cepablllty 

Fuel and Coolant 

• MOX Fuel 

• HEU Compatlble 

• Uquld Metal Coolant 

~-~~·Jc "tf.\,i..~ 'f·~~· '!fi.;1.;~;-. 

I 

i 

ranges. The F TF is capable of producing a larger num­
ber of steady-s~ate neutrons over a wider range of energy 
levels than any bther test and research reactor in the world. 

Test and IrraJiation Features. The FFTF was designed 
and op_erated a~ a test and irradiation services facility, with 
the ability to fully mstrument and test in-reactor experi­
~ent~ while vafY ing the c~nditions experienced in those 
md1v1dual tests. In add1t1on , the FFTF 's configuration 
allows for the Jddition of a gas loop and up to seven rapid 
retrieval systet s ( commonly referred to as "rabbits" -
only three of thlese systems are included in the proposed 
mission profile . 

Fuel and Coolant. The FFTF is the only reactor in the 
United States oberating with liquid-metal (sodium) cool­

ant. The FFTF lhas demonstrated its ability to use and test 
plutomum-based fuels , and has an alternative ability to 
use highly enr~· 1hed uranium (HEU) fuel. 

During its ten ears of operation, the FFTF achieved an 
annual operati g availability considerably higher than 
comparable tes~ reactors . The FFTF even exceeded the 
operational pe~formance of most commercial nuclear 
power units at trat time. The FFTF 's distinctive features 
and a 97.6% schedule availability in meeting mission per­
formance ~bje9tives attr~ct today 's users, and it is their 
sponsorship thr t results m a performance profile for the 
facility. Figure '.2 illustrate 

Mission-Grit cal 
Linkages 

I 
Isotopes 

• Production Quantity and Quality 

• Hlgh Specific Activity 

• Half-Life Range (extractable) 

• High RNOnancelabsorpt/on Targets 

Plutonium-238 

I • Production Quantity I 
hi • Reactor Compatibil ity 

• Efficient Production 

I 

Non-Proliferatidn 
I 

• Burn Rate I I 

fl • Burn Ratio 

• Reactor Compatibility I 
I 

Materials Testi~g 
I 

• Multiple Test Capability 

• H igh Fluence 

• Contr°'~ Environmen t' I 
• Accelerate-d Ltfetlme Tesfing 

'~,t,~-:;r><!~·~,,4·;:z' 'l''ci•-:l",?,':i 

show these distinctive features 

Representative 
Mission Profile 

@ r:~;i:tt~~h"=~~) 
@ ~~i:;1~~ Production 
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Figure 2.2 Basis for the FFTF Mission lrofile 
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are linked to the mission profile for the FFTF. The next 
several sections describe how those distinctive features 
result in the identified sets of committed and emerging 
missions that support future FFTF operation. 

2.2.1 FFTF Missions 

The FFTF has a singular, focused purpose: To produce 
high-energy, high-fluence neutrons for nuclear science and 
irradiation services. Because the FFTF, unique among 
other available test reactors and accelerators, can produce 
fast neutrons in great quantity, there is a suite of viable 
missions for which sponsors have been identified. Based 
on the 90-day study, four mission areas will support FFTF 
operation at 100 megawatts: 

• Medical and Industrial Isotopes Production 

• Plutonium-238 Production 

• Technical Programs Supporting Non-Proliferation 

• Materials Testing. 

As part of this plan, a list of needs has been compiled 
based on surveys and contacts with individuals within the 
DOE, other Federal agencies, commercial enterprises, and 
international public and private organizations with an 
interest in nuclear-related work. Given that the facility 
cannot be restarted immediately, there is a wide range of 
available customer identification - commitment, expression 
of interest, and simple identification of possible future need. 
Basically those areas can be defined as follows: 

• Customer commitments - missions for which a clearly 
identified customer has expressed the need for FFTF 
services specifically, with both technical scope and 
an established financial forecast. 

• Expressions of interest - missions for which there is a 
customer who is interested in the FFTF 's capability, 
but where the level and schedule of need may not be 
clear, or where what the customer really wants is a 
reliable, alternative (backup) source. 

• Potential futur . needs - missions for which no specific 
customer exis~s, but the potential has been identified 
by agency or expert panel, or may emerge if the mix 

of pro.ductionr sting so.urces changes. 

The followmg _se~t1f ns descnbe the needs in terms of the 
overall capabil1t1e1 of the FFTF and the availability of 
complementary DOE reactor facilities, then detail specific 
~ission areas_ where !the FFTF is needed to support advances 
m nuclear science ahd provide irradiation services. 

Th . . h II . . ese m1ss1ons e p mamtam an integrated national port-
folio that includes t?e nuclear sciences, provides a viable 
source of important lmedical isotopes, encourages the 
development of proliferation-resistant nuclear fission 
reactor technologie{ and supports the long-term operation 
of current com mere al nuclear power plants. 

The FFTF's istinctive features 
greatly strengthen DOE's research 
reactor portfolio. 

The mission profile or which the FFTF is specially quali­
fied is defined by the need for a fast neutron spectrum, a 
significant operating ~ower level (a base of 100 megawatts, 
but expandable to 400 megawatts), potential for supporting 

. . . I . 
many act1v1t1es at o~e time, a moderately long operating 
cycle ( ~ 100 days), and high-temperature environments. 
Such a profile supp~rts the large-seal~ production of iso­
topes (part1cularly t[ ose requmng a high specific activity 
and for which prod ction may require or benefit from a 
large resonance ab orption cross section); cooperative 
international reactor research; accelerated lifetime testing 
for reactor fuels andlmaterials; plutonium-238 production 
for space power systems; and/or testmg that requires m-core 

. h I expenments w ere performance data can be obtained and 
retrieved in real ti l

1
e (e.g., temperature, pressure, stress, 

strain, flow). 



As stated earlier, one of the key factors contributing to the 
FFTF's multi-mission potential is its particular flux charac­
teristics, specifically its fast spectrum and proven ability to 
tailor that spectrum to produce both epithermal and thermal 
neutrons, and to be able to do that simultaneously for mul­
tiple experiments and production campaigns. Examples of 
those requirements for a suite of thermal, epithermal, and 
fast neutron spectra are shown in Table 2.1. 

neutron mean-free-path. Figure 2.3 shows the smooth and 
flat radial neutrbn flux profile for the FFTF 400-megawatt 
core. Note that reflector rows 7 and 8, which represent a 
net target production volume of 720 liters, have a flux level 
between Ix 1oj5 n/cm2/s and 3.5 x 1015 n/cm2/s. This gives 
the FFTF the car,ability to produce significant quantities of 
plutonium-238 j(up to 30 kg/year at 400 MWt, which well 
exceeds current demand, but provides potential to meet 
possible future lneeds) and other relatively long-lived iso­
topes, while reserving valuable in-core peak flux locations 
for nuclear res 1arch and specialized irradiation services. 

Fast reactors, such as the FFTF, have a higher neutron popu­
lation outside the core as a result of more neutrons per fis­
sion, less parasitic capture (losses) in the core, and a longer 

Table 2. 1 Neutron Flux Requirements for Potential Applied Reseafich and Isotope Production Missions 

Medical & 
Industrial 
Isotopes 

Plutonium-238 
Production 

Non-Proliferation 
(Plutonium 

Fuels & 
Disposition 
Research) 

Materials 
Testing 

> I Oi l 

2xl0 14 to 2xl0 15 

0.5 to I xl 014 

10 14 to 10 15 

Nonna! FFTF 
Core 

Parameters 

As high 
as possible 

Fast 

Thermal 

Epithennal 

Thermal 
or 

Epithennal 

Normal FFTF 
Core 

Parameters 

Fast 

Yttrium hydride-modera~ed targets would be used in fast reactors to 
produce thennal and epiiliennal neutron spectra; a fast spectrum is highly 
advantageous for produc~ion of certain isotopes, such as Cu-67, Cu-64, 
P-32 P-33, Pt-195m, Sc-4 1 , Sn-l 17m, and Y-91 (see Figure 4 in Appendix 
A.3). 

Pu-238 can be producedilin a wide range ofreactors using appropriate 
target designs. For exam le, hydride-moderated targets could be used to 
produce Pu-238 in fast r actors. 

The FFTF operated with ixed-oxide (MOX) (uranium-plutoniwn) fuel 
for ten years ; while still ~roviding medical isotopes and supporting 
research programs FFTF Jcan: 

• conduct fuels testing! o support International Programs 
• develop proliferant-r -sistant fuels 
• evaluate alternatives to reprocessing 
• conduct fuel demons~rations if needed or provide backup to the 

U.S. Materials Dispdlsition program. At 400 megawatts the FFTF 
could disposition I .7 metric tons per year of surplus plutoniwn 
using traditional enriphments and a standard core configuration. 

High fluxes and fluences re used to simulate aging in light-water reactor 
(L WR) materials at an acpelerated rate. 

High-flux irradiations of lithium-containing ceramics in the FFTF can 
be used to examine the quantity oftritiwn produced and the release rate 
of that tritium (for the Int rnational Fusion power research program). 
Tritium would be generatey in high-temperature ceramic blanket assemblies 
in a fusion reactor. Structrral materials irradiation of both stainless steel 
and ferritic steel are of importance to both the U.S. and Japan. At present, 
experiments are in place or planned for High Flux Isotope Reactor (HFIR) 
and Advanced Test Reactor (ATR). DOE (Office of Science) has 
expressed a preference fd the FFTF for these experiments were it 
available and affordable . 
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Figure 2.3 Radial Total Flux Profile at Core Midplan at Full Power 

The identified commitments or solid expressions of inter­
est, listed by mission area in Table 2.2, make a solid case 
for the restart of the FFTF. An even stronger case can be 
made given that, as indicated by the letters in Appendix A 1, 
the international community, regional universities, radio­
pharmaceutical companies , and Federal users believe 
that the FFTF is needed to support not only the indi­
vidual, currently known missions but also emerging 
needs. They state that without facilities like the FFTF, 
many proposed initiatives will take longer, cost more, 
be cancelled, and/or have to rely on incomplete data and 
proceed with greater risk. 

While the DOE's research reactors are not redundant in 
their capabilities, given differences in design and experi­
mental support equipment, there are common features that 
could permit missions from one facility to be transferred 
to another as a means of optimizing the user communities' 
access to particular capabilities. Such an integrated mis­
sion management strategy could improve the DOE 's fuels 
and materials testing, neutron activation analysis, and iso­
tope production capabilities (see comparative data on 
research reactors in Table 2.4). For example, should a 
decision be made to not operate the HFBR, additional 
beam tube and thermal column physics experiments could 
be performed at the HFIR by assigning activities involv­
ing irradiation services and materials/fuel testing at HFIR 
to the ATR and the FFTF. 

The following sections discuss the primary mission areas 
identified for which the FFTF offers differentiatino . 0 

attributes: isotopes plutonium-238, non-proliferation, 
and materials testing. Three collateral opportunities in the 
areas of nuclear sci5nce, electronic component hardening, 
and national security are also briefly discussed. 

2.2.1.1 lsotopes j 

The FFTF has impo ant technical advantages for producing 
medical and industrja1 is?topes based on its capabilities 
for flux tatlonng an1 its mad1at1on volume. Through this 
combination, the FF~F can meet expected demand for a 
number of research and production isotopes, and provide . 
additional productiorl margins for all these materials should 
the demand for thesl

1 
products increase to or beyond the 

"high"-level project ons. 

As discussed in Section 3, an iterative process was used to 
determine the markdt demand and potential for specific 
isotopes, then analyz~ the production capability of the FFTF 
for the specific isot9pe, calculate the production cost, and 
then repeat the assessment against demand at that price. 
That led to solid estimates for the FFTF 's ability to pro­
duce iodine-131 , coi alt-60, palladium-I 03, iodine-125, 
phosphorus-32, and ktrontium-89 as well as emerging 
needs for copper-67 [ actinium-227 (radium-223), gado­
linium- I 53, and rhet ium-186. 

Medical Isotopes I 

Leading health car~ market consultants have concluded 
that the radioisotope r arket is likely to experience subst<,1n­
t1al growth over the next decade (Frost & Sullivan 1997, 
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Table 2.2 Technical Mission Identification and Commitr7ent (at 100 megawatts) 

Customer Commitments 

Isotopes Private Radio- See Tables 3.2 
Forecast of isotope market based 

I 
n market survey, 

(medical & pharmaceutical and 3.3 
validated against private company expression of 27 56 

interest (Appendix A. I), and iterative cost-pricing 
industrial) Companies analysis for FFTF production. 

Plutonium-238 NASA Capacity of5 .7 Demand of2-5 kg/year near-te (Pu-238 EIS) 
Production (through DOE- kg/year @ 100 plus potential for expanded growth 17 I I 

NE) megawatts I 

Non-proliferation International 

Technical plus Materials Joint Research Letters of Commitment - Jc:ipan, France, 32 16 
Programs Disposition (MD) Program IAEA, and South M.orea 

(through DOE-NE) I 
Fission and 

SC, International Commitment Le*ers (Japan, Korea, 
Materials DOE-SC France, International Atomic Energy Agency 
Testing (Office ofScience) Fusion Materials [IAEA ]), and cooperative ~ent (NRC, 13 7 

Research Electric Power Research InstJtute [EPRI]) 

Expressions of Interest 

Medical NIH and Clinical trial Appendix A I - Lettis from 

Isotopes DOE-NE quantities of 
Radiopharmaceutical C

1 

mpanies 5 2 
( development) targeted isotopes 

Appendix A 3 - Han fora Isotopes 
Program Assess1 ent 

Accelerator Irradiation test 
Transmutation of DOE-NE data on candidate ATW Roadma 3 5 

Waste (ATW) fuel fonns 
Research 

Nuclear Energy 
Annual 

DOE-NE competitive Regional University Letters ; PNNL 3 3 Research research and National Laborator-)1 Directors 
Initiative program 

Future Potential Needs 

Electronic Private Irradiation of 

Components electronic space-based 
companies components 

TBD 

Power TBD TBD 
Technology 

TBD 

Support for 
National DOE TBD TBD 
Security 
Research 

Spicer et al 1997) Their conclusions are supported by 
historic growth curves for therapeutic agents now in 
widespread use and the results of several early , highly 
successful clinical trials of new therapeutic agents for 
cancer treatment. As an example relevant to FFTF (see 
Appendix A.3 for additional detail) , iodine-13 I is cur-

rently the most lvidely used therapeutic medical isotope, 
with applicati ns in the treatment of a wide variety of 
thyroid disord1rs such as goiters, Graves ' disease, and 
thyroid carcino1na. It is also a commonly used isotope for 
the treatment ~y radioimmunotherapy of several major 
classes of cancer, such as Hodgkin 's and non-Hodgkin 's 
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lymphoma, leukemia, and breast, colorectal , and brain 
cancer. For these applications, high-specific-activity 
iodine-131 such as can be produced in the FFTF is particu­
larly desirable since it minimizes the amount of targeting 
antibody that must be used to deliver the isotope to the 
tumor tissue. If the growth projections for this and other 
diagnostic and therapeutic medical isotopes are realized, 
reactor facilities in North America that are now producing 
medical radioisotopes will not be able to meet the pro­
jected demands, and new isotope production capability 
will be needed. 

The FFTF's advantages for producing 
medical and industrial isotopes are 
its capabilities for flux tailoring and 
its irradiation volume. 

The FFTF's target volume and flux-tailoring capabilities 
could position the facility to meet a significant portion of 
the developing medical radioisotope market (PNNL and 
B& W Hanford 1997). A variety of isotope production 
target assemblies have been demonstrated in the FFTF. 
Using yttrium hydride targets for moderation, neutron 
energies can be adjusted to optimize product yield. To 
make short half-life medical isotopes, mechanical (rabbit) 
irradiation positions must be designed and installed to 
provide short duration irradiation and retrieval while the 
reactor is at power. The rabbits will take advantage of 
open test positions that allow direct core access through 
the reactor head. Isotope production could be performed 
in a 100-megawatt power core configuration using high­
flux irradiation positions and consolidating the number of 
fuel assemblies to increase the core power density. While 
the DOE would ensure that the FFTF is configured and 
operated in a manner that encourages isotope production, 
installation of the hardware and hot cell facilities for pro­
cessing the medical isotopes would require a co-invest­
ment by private industry (see letter, Private Companies, 
Appendix A I). If the market grows as projected in the 
next five to fifteen years (Frost & Sullivan 1997), isotope 
revenues could then contribute substantially toward off­
setting the operating cost of the FFTF. 

The possible future demand for medical isotopes and the 
resulting impact on the need for production resources were 
described in the recent technical report (Forecast Future 

Demand for Medic I Isotopes) of an expert panel brought 
together by the DO (Expert Panel 1999). As shown in 
Table 2.3, the expeJ1 t panel identified 28 isotopes the DOE 
should consider fo I production 

Based on that list inf and independent assessments of the 
market, the Expert anel concluded the following: 

• Over the next twenty years the diagnostic pharma­
ceuticals mar et may grow to a value of between 
$2.7 billion n¾ per year lower limit growth esti­
mate) and $ I 8. 7 billion (16% per year higher limit 
growth estim te), while the therapeutic pharmaceuti­
cal market ma grow to a value of between $244 million 
(7% per year) and $1 .11 billion (14% per year). 

• The potential revenues for the production of isotopes 
will range fro'.J between 17% and 20% of the revenues 
for the phannaceutical products that use these isotopes. 

The out-year mark1t for medical isotopes is highly depen­
dent on the immediate availability of isotopes for clinical 
testing, because the woor availability of isotopes for research 
and clinical trials se~erely delays the future market growth 
of those isotopes. 1ut as demonstrated with yttrium-90 's 
growth rate of 1400% from fiscal year (FY) 1996 to FY 
1998 and subseque t privatization, availability can have a 
strong impact on ml rket demand. The projected revenues 
for production of is6topes at the FFTF are based on those 

I 
isotopes for which the FFTF has a production advantage. 
For example : accellerators or existing reactors are not 
well suited to prod+ e the isotope; accelerators or existing 
reactors cannot pr9duce the quality (specific activity) 
desired by researchers and clinicians; and/or accelerators 
or existing reactor!! are not able to meet the forecasted 
market demand. In t e last case, the FFTF can supplement 
other production so rces in meeting the demand. 

Research Isotopes for Industrial, Medical, and Basic 
Science Applications 

In the United StatesJ over 90 cancer therapy trials are in 
progress at major hcispitals and medical centers to test the 
safety and therape tic efficacy of radio labeled phanna­
ceuticals, such as mfl noclonal antibodies, peptides,.or 
phosphates contain in yttrium-90, iodine-131 , rhenium- I 86, 
holmium-] 66, luteti m-177, samarium-] 53 , and bismuth-
213 . None of these ~as yet obtained final US Food and 
Drug Administration (FDA) approval for general clinical 
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Table 2.3 Listing of Vital Medical Isotopes (Expert Panel 1 99, updated for this report) 

Reactor-Produced 

molybdenum-99 
rhenium-J 86c 
holmiwn-166 
iodine-131 
palladium- I 03 
phosphorns-32 
strontium-89c 
yttriwn-90d 

iodine-125° 
samariwn-153 
tin-l l 7mc 
xenon-1 27c 

actinium-f227/radium-223c,e 
copper-61 
copper-67c 
gadoliniuhl- l 53c 
lutetium-177 
scandium-47c 
thorium-228/bismuth-2 I 2c,e 
thorium-229/bismuth-2 l 3c·• 
tungsten- ~ 88/ rheniwn-188° 

Accelerator-Produced I 

indium-111 
iodine-123 

fluorine- l 8 
krypton-8 l m 

:currently, there arc supply and cost concerns for these isotopes. 

astatine-2 j l 
germaniurti-68 
zinc-62 

Clinical use is inhibited by cost and supply. 
:Previously produced at the FFTF. I 
Medical-grade yttrium-90 can also be obtained by elution from purified strontium-90 generator materialf 

0Thc medical isotope (listed second) is obtained as a decay product of the reactor-produced isotope (liste first) . 

use. More than 30 clinical trials are also underway in the 
United States to test the efficacy of other isotopes (includ­
ing phosphorus-32 , strontium-90, and iridium-192) for 
the treatment of arterial restenosis using radioactive stents. 
Industrial R&D and academic research requirements include 
numerous reactor-produced isotopes that have applications 
in nucleonic instrumentation, irradiation and radiation 
processing, and laboratory-based studies in the biological 
and medical sciences, in agriculture, in basic nuclear sci­
ence, and in analysis of the properties of new materials. 
Many desired isotopes, such as platinum- I 95m for tracing 
the biodistribution and metabolism of the chemotherapeu­
tic agent cisplatin, cannot be made in an appreciable quan­
tity in the DOE reactors or commercial U.S . reactors that 
are currently in operation. 

Diagnostic and Therapeutic Isotopes 

Today, only a few reactor-produced ·isotopes are used in 
large quantities for medical applications (primarily 
mol ybdenum-99 [for technetium-99m production] and 
iodine-131 ). Many other isotopes are being tested for 
safety and therapeutic efficacy in early-stage clinical 
trials. Once FDA approval is obtained for general clinical 

use of these iso opes, a significant increase in production 
capacity will b . required. Growth forecasts vary some­
what, but consensus places the average growth of the 
medical isotopds market at about 10% per year. To diag­
nose and treat the wide variety of diseases currently being 
studied will re9uire 30 or more different isotopes. Many 
of these that are reactor-produced will be needed in large 
quantities. Wifhout a reliabl e, large-scale production 
capability, medical R&D efforts will not take place or 
will be significantly curtailed. Demands currently exceed 
available suppl of copper-67, palladium-] 03, bismuth-213 , 
high-specific-activity iodine-131 , and holmium-] 66. This 
shortage has hi?dered the progress of early-stage clinical 
trials using these isotopes. 

Industrial and Food Safety Isotopes 

Industrial applic
1

ations of radioisotopes fall into three broad 
categories: (1) ?ucleonic instrumentation, (2) irradiation 
and radiation processing, and (3) technologies that use 
radioactive trac~rs. Examples of nucleonic instrumenta­
tion and the most commonly used isotopes include gauges 
for measuring physical parameters ( carbon-I 4, krypton-85, 
strontium-90, cesium-I 37, thallium-204, americium-241 ); 
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detection systems for pollutants, explosives, and drugs; 
ores, petroleum, and natural gases (carbon-14, nickel-63, 
promethium-147, iron-55, cobalt-57, cadmium-109, 
cesium-137, americium-241, californium-252); nondestruc­
tive testing by gamma radiography (cobalt-60, ytterbium-
169, iridium-192); and smoke detectors (americium-241). 
Irradiation and radiation processing technologies include 
radiation sterilization of food and medical products, and 
the curing of plastics (cobalt-60, cesium-137, europium-
152, and europi um-154) Recent FDA approval to use 
irradiation to sterilize red meat will likely increase demand 
for those needed isotopes beyond existing domestic pro­
duction sources. Radioactive tracer applications include 
studies on chemical synthesis reactions; monitoring of mass 
transfer in industrial plants; analysis of transport and uptake 
of nutrients, fertilizers, herbicides, and waste materials in 
plants, soil , and groundwater; and laboratory-based stud­
ies on the properties of materials (numerous isotopes are 
used as tracers in these applications) . 

2.2.1.2 Plutonium-238 

At 100 MWt, the FFTF can produce the maximum amount 
of plutonium-238 (5 kilograms/year) currently being fore­
cast by the DOE in its EIS planning documents, while 
still retaining the ability to provide at 400 MWt the much 
larger quantities (up to 30 kilograms/year) needed if new 
missions develop. 

The FFTF can produce the maximum 
amount of plutonium-238 currently 
forecast by the DOE. 

The National Aeronautics and Space Administration 
(NASA) uses radioisotope thermoelectric generators 
(RTGs), which produce electricity from the heat generated 
by small amounts of decaying plutonium-238. RTGs, which 
are often referred to as "space batteries ," made possible 
NASA's celebrated Voyager explorations of Jupiter, Saturn, 
Uranus, and Neptune; the Pioneer missions to Jupiter and 
Saturn; the Galileo mission to Jupiter; the Ulysses mission 
studying the sun's polar regions; and the recent Cassini 
mission to Saturn. DOE and its predecessor agencies 

power for nearly 40 years. Plutonium-238 was produced 
in the K Reactor at he Savannah River Site (SRS), but 
that reactor was perlnanently shut down in the late 1980s. 
Since then, DOE ha~ used inventory on hand to provide 
material for the N1 SA missions, and in 1992 purchased 
9 kilograms of plutonium-238 from Russia, under a con­
tract for purchase ofJbp to 40 kilograms at less than $2 mil­
lion per kilogram. This contract was extended in 1997 
for five years. NA A has several new missions that may 
require the use of pllutonium-238-fueled power systems 
(Europa Orbiter - 2J03, Pluto-Kuiper - 2004, and Solar 
Probe - 2007), and U)OE forecasts the need for 2 to 5 kilo­
grams per year forj 1ture missions. DOE is currently pre­
paring an environ ... ,ental impact statement (EIS) related 
to the development f f a US plutonium-238 production 
capability. Current reactors under consideration are HFIR, 
ATR, and commercial light-water reactors (CLWRs). The 
FFTF will be includ~d in that EIS and the schedules for the 
NEPA reviews synchronized if the decision is made to 

I 
proceed with an FFTF restart review 

I 
A Radioisotope Facilities Task Force• was chartered in 
November 1991 to 9valuate the facilities needed by the 
DOE to provide plutonium-238-fueled electrical power 
systems for future ~ASA space missions. The Task Force 
determined that the future options for providing plutonium-
238 fall into three ti I e frames : near-term (before 2000); 
mid-term (2000-2015); and long-term (beyond 2015). For 
near-term missions, t e task force recommended purchasing 
plutonium-238 fro foreign sources. For mid-term and 
long-term requirem ,nts, the task force identified the FFTF 
and the ATR as the tkchnically preferred domestic produc­
tion facility options. I-Subsequent analyses also identified 
the HFIR as a potenf ial source for producing small 
amounts ( < 2 kilogr! ms per year). 

Although the projec ed demand for plutonium-238 falls in 
the range of 2 kilogl

1

ams to 5 kilograms per year, produc­
tion at this level on y supports currently projected deep 
space requirements. NASA is performing mission plan­
ning studies to supp , rt human exploration of space, with 
the studies to date J rimarily focused on Mars . To meet 
power requirement~ for the surface of Mars, NASA is 
examining various echnology options including solar 

•USDOE . 1993 (unpublished) . Radioisotope Facilities Task Force Report Pu-238 Production a d Processing and Heat Source/Radioisotope 
Power System Assembly and Testing 
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energy, fission reactors, and radioisotope power systems. 
Should NASA commit to a human Mars mission in the 
future, under certain scenarios using radioisotope power 
systems, the demand for plutonium-238 would increase 
dramatically (to - 70 kilograms total). At these demand 
levels, higher production rates in the FFTF could enable 
the delivery of higher power radioisotope power systems 
on a reasonable schedule. As summarized in Table 2.7, 
significantly larger volumes would be required to main­
tain production levels above the 5 kilograms/year level. It 
is questionable whether HFIR and ATR can concurrently 
support existing missions and provide the volume neces­
sary to produce quantities in excess of 15 kilograms/year 
at the desired quality. 

The Task Force reported that the FFTF could produce up 
to 30 kilograms of plutonium-238 each year at 400 mega­
watts, enabling DOE to meet current and stretch demand 
(see discussion of 400-MWt operation and fueling in 
Section 3.2.3), as well as to significantly expand produc­
tion to meet potential future demand. 

Although a decision on human exploration of Mars is not 
likely to be made in the next few years, NASA's Johnson 
Space Center (JSC) has tasked PNNL to evaluate the use 
of significant quantities of pl utonium-238 (- 70 kilograms) 
for the In Situ Chemical Production (ISCP) plant pro­
posed as part of the human mission to Mars. 

2.2.1 .3 Technical Programs Supporting 
Non-Proliferation 

Among the nation 's available reactor facilities, the FFTF 
provides the most comprehensive and applicable capa­
bilities for the study, research, testing, development, and 
demonstration of technologies necessary to safely con­
vert plutonium-based materials for disposition and use as 
proliferant-resistant fuels 

Since October 1976, when President Gerald Ford issued 
a Nuclear Policy Statement prohibiting the export of 
reprocessing and other nuclear technologies that could 
contribute to proliferation of fissile materials, all U. S 
Administrations have adopted policies aimed at minimiz­
ing the prospects that civil plutonium separation would be 
adopted in other countries. At the same time, the United 
States itself has refrained from the commercial development 
of reprocessing and plutonium separation technologies. 

The Clinton Ad ninistration reaffirmed this non-proliferation 
policy, includif.g refraining from domestic reprocessing 
and plutonium separation, in a White House Statement 
issued on Septe ber 27, 1993 (White House 1993). How­
ever, to accele iate disarmament and the disposition of 
excess weapon plutonium, both here and in Russia, the 
Administration has embraced the idea of using the excess 
plutonium as N10X fuel in commercial reactors, and is 
encouraging tBe Russians to do the same. A dual-track 
program for th~ 50 tons of plutonium already declared as 
excess has be+ adopted. U.S . CLWRs will burn part 
(33 tons) of the excess weapons plutonium, and the 
remainder (17 ltons) will be immobilized as a ceramic 
contained in vi~rified high-level waste. Implementation 
of the U.S. proJ am is contingent on execution of a similar 
comprehensive program in Russia. The DOE has begun 
several technical cooperation programs with Minatom in 
Russia to facilitate an early start to the Russian plutonium 
disposition pro~ram. 

The FFTF Lan support a program to 
reduce prpliferation concerns. 

Meanwhile, thel DOE continues to encourage other coun­
tries not now committed to reprocessing to seek other 
civil nuclear fuel cycles that do not involve reprocessing 
or the separation of plutonium. The challenge remains: 
how can the u + ted States help encourage the further use 
of nuclear enerey as a viable, zero-emissions energy source 
(both here and abroad), while minimizing the likelihood 
of proliferatiorl of plutonium separations technologies 
beyond those ~ountries which now employ those tech­
nologies? In adaition, the United States wants to advance 
global non-pro iferation technology, while at the same 
time supportin the development of advanced, ultra-high­
bumup nucleai)uels [a key element of the Comprehensive 
National Energr Strategy (USDOE 1998a)]. These goals 
are not mutually exclusive; in fact, they can be comple­
mentary if the Vnited States takes a leadership role in 
nuclear resear9~, development, and application that is 
closely partnere<ll with ongoing programs in other countries 
(most specifica lly, Russia, Japan, and France). 
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There are four ways in which the FFTF could contribute: 

Testing to Support International Programs - The 
FFTF 's experience with and capability to test MOX 
and other plutonium fuels , as well as its ability to 
model irradiation spectra from many types of reactor 
facilities, means that technical issues associated with 
alternative fuel and core design, cladding behavior, 
fuel material characteristics, life extension, safety 
performance, impact of fuel impurities, transparency 
assurance, licensing, optimized fuel cycle, neutronic 
performance and critical ity controls, and environ­
mental compliance can be appropriately investi­
gated. Russia is currently exploring two approaches 
to making MOX fuel for its BN-600 liquid-metal 
reactor at Beloyarski 3: one that uses the traditional 
plutonium separation and pelleting approach, and one 
that does not separate the plutonium and, instead, 
remotely fabricates the MOX fuel from plutonium, 
which has not been separated from other actinides 
and fission products. This latter technique is pre­
ferred by the Russians and is of great interest to the 
Japanese, who are investing in the Russian technol­
ogy. The FFTF's ability to model the Russian fuel 
and core design, and through testing to provide 
assurance regarding the new fuel materials, could 
be important in evaluating the planned operation of 
the BN-600 reactor This mission is not to re-establish 
breeder technology research or to support such 
research abroad, but is rather to support plutonium 
disposition using the FFTF's plutonium fuels research 
and testing capabilities. 

• Proliferant-Resistant Fuels Development -
Proliferation-resistant fuel technology, due to its 
innovative features, will require in-reactor testing 
before implementation in commercial reactors. The 
FFTF, originally designed as a fuels development 
and irradiation test facility, serves as an ideal test­
bed and is one of the very few available irradiation 
test facilities that can be used to demonstrate the 
efficacy of proliferant-resistant fuels. Much of the 
existing body of scientific and engineering data on 
the perfonnance of plutonium-based fuel and cladding 
performance at high burnup and exposure resulted 
from FFTF experimental data. The technical concepts 
underlying this research area will also involve nuclear 
fuel materials and new fuel cycles that reduce pl uto­
nium buildup, produce less waste, and be least 
attractive to a would-be proliferant; for example, the 
use of thorium-based fuels. Several of the prolifera­
tion-resistant fuel concepts involve spiking the fuel 

with specific actinide or plutonium isotopes during 
fabrication to ~educe the attractiveness of the dis­
charged spent fuel. The FFTF offers a means of 
demonstratin the use of these "spike" isotopes. 
Additionally, the DOE-NE created the Nuclear 
Energy Resea1ch Initiative (NERI) in late 1998 to 
address key tef hnical and scientific obstacles to the 
future use of nuclear energy in the United States (see 
the NERI webf ite, http: //neri ne .doe.gov). One of 
the primary re earch areas that has been identified 
under NERI is the development of proliferation­
resist~nt reactf rand fuel technologies - half of the 
1999 research rojects selected under NERI involved 
advances in n clear fuels , core designs, or materials. 

• Evaluation o Alternatives to Reprocessing -
Reprocessing and plutonium separation present 
challenges to on-proliferation and safe fuels 
conversion, T e options are to (I) preclude world­
wide reproces ing (extremely difficult) ; (2) focus 
on additional ontrols during reprocessing and for 
materials repr cessed (difficult); and/or (3) develop 
alternatives, s ch as the Korean-Canadian-US State 
Department-Lj\EA initiative on dry recycle, that 
would use already-irradiated LWR fuel converted 
into componehts that could be irradiated in the 
FFTF blanket Other irradiation burn schemes 
could be tested . The objective would be to deter­
mine whether (through secondary reactor burn , 
blending, and repackaging) additional energy can 
be obtained fr m the existing fuel (thereby avoiding 
additional fuel !contamination), and whether the final 
disposal confi uration could be softened, reducing 
the challenge t , the repository spent fuel standard. 

While Britain, France, and Japan are continuing to 
pursue reprocJssing of LWR fuel, and recycle of 
plutonium into thermal reactors as MOX fuel , other 
countries with rowing nuclear power programs are 
not Korea, Ta wan, and Spain are currently storing 
their spent fuel , as is the United States, but are seeking 
an alternative o reprocessing that is advantageous 
for non-prolifef ation. 

Backup to U.~. Plutonium Disposition Program -
While still providing medical isotopes and supporting 
civilian researc programs, operating at 400 mega­
watts the FFTF could disposition up to 1. 7 metric 
tons per year 9f surplus plutonium as fuel for the 
driver core using traditional emichments and a stan­
dard core configuration. At this rate, the FFTF would 
convert to a saf1 form the 33 metric tons of surplus 
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weapons plutonium in 19.4 years, well within the 
25-year criterion of the Surplus Plutonium Disposition 
EIS (USDOE 1996b). A readily available backup 
provides the DOE with flexibility in planning and 
encourages competitive pricing by commercial 
users, who might otherwise feel that the government 
has no other reasonable option. In addition, the 
availability of this consumption mechanism could 
prove valuable to the United States in the future . 
For example, further disarmament agreements 
with Russia (e.g., the Strategic Arms Reduction 
Treaty, START III) may lead to the need to destroy 
more plutonium than has yet been declared excess. 

The FFTF can support a program to reduce proliferation 
concerns, but that role is highly dependent on (a) comple­
menting existing Departmental programs, most specifically 
in Materials Disposition (MD); (b) obtaining international 
agreements for coordinated approaches ; (c) developing, 
funding, and successfully implementing the research pro­
grams necessary to provide the technology that ensures 
safe and efficient fuels utilization; and (d) utilizing the 
existing Los Alamos National Laboratory (LANL), Idaho 
National Engineering and Environmental Laboratory 
(INEEL), Savannah River Site (SRS), and Oak Ridge Na­
tional Laboratory (ORNL) experimental, fabrication, and 
processing capabilities. Such a program is a long-term as­
piration for both the DOE and the FFTF. Should the DOE 
make a decision to go forward with the EIS process for the 
FFTF based on the other mission needs defined in this 
Plan, a program mission for non-proliferation technology 
support would be developed as part of the EIS to address 
mission needs such as those described in this section. 

The FFTF has the demonstrated 
capability to perform extensive 
fuels and materials testing. 

2.2.1.4 Materials Testing 

Researchers from many different countries have used the 
nuclear materials testing and fuels research capabil ities 
of the FFTF (see Appendix A2) In particular, the FFTF 
has the demonstrated capability to perform extensive fuels 
and materials testing related to high-burnup fuels. The 
attractiveness of using the FFTF for materials testing is 

largely due to its high fluence which shortens the time 
needed for sue testing, the test devices developed for the 
facility which allow for real-time control and measure­
ment of multip e tests' thermal-hydraulic along with the 
neutronics, and the ability to tailor the flux to simulate 
different reac~ors and reactor conditions. There is par­
t!cular interestlin materials testing related to four applica­
t10n areas: 

Commercial i I ant Life Extension _ 

With many CLfRs approachmg the end of their current 
40-year licensef, utilities are seriously considering extending 
the lifetimes a1 add1t10nal_ twenty years or more. Several 
license extens1pn apphcat10ns are already pendmg before 
the NRC. To s~pport this life extension, and the license 
applications t{ the NRC, additional information will be 
needed on the material properties of the reactor vessel and 

I . 
components as ihes~ materials are _exposed to more neutrons 
(fluence). WitHout this life extension, as many as 27 nuclear 
units will be ou~ of service by 20. 20 (EIA 1999). The FFTF 
can provide a f1~1x level 100 to I 000 tunes that of a CLWR, 
providing an a~ing a~celeration_ factor of - 100 for advanced 
lifetime testing . Given that 1t 1s the fast flux m even a 
thermal reacto that does the major damage, the FFTF's 
neutron spectr , m provides the best tool for accelerated 
lifetime testing. Potential research functions that the FFTF 
could support i elude the irradiation of components and 
materials such as instruments, cables, seals, ceramics, and 
metal alloys u ed in current or next generation LWRs. 
Non-U.S. rese rchers, including those from France and 
South Korea, Have expressed special interest in the irra­
diation of LW cabling and structural materials . 

Cooperative I ternational Fusion Energy Program 

is largely focu ed on Its capability to conduct high neutron 
flux materials ~rradiations. At the time the FFTF was shut 
down in 1992,1 the DOE and Monbusho of Japan were 
conducting materials irradiations in the FFTF in support 
of the fusion eJergy program. This particular irradiation 
program has bJen moved to the Advanced Test Reactor in 
Idaho for com~letion, but from a technical standpoint (i.e., 
neutron flux apd neutron energy level), the researchers 
would prefer thf environment of the FFTF over other exis_t­
ing DOE reactrs (see the letter from DOE-SC, Appendix 
A 1 - Govern ent Agencies) . 
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Space Technology 

DOE has the charter to develop and demonstrate safe 
nuclear power systems in support of NASA missions. 
NASA has identified that nuclear energy for propulsion 
and surface power provide attractive technology options 
to support human missions to Mars . NASA's current 
Design Reference Mission for human exploration of 
Mars identifies a cargo transit to Mars in 2011 and a human 
transit in 2014. Nuclear Electric Propulsion would require 
small reactors with a power level up to 5 MWe. Surface 
power requirements for propellant production and habita­
tion would require up to 150 kWe, which is beyond the 
capability of non-nuclear sources. The Ff.TF is an ideal 
facility for the irradiation demonstration of fuel and core 
materials that would be employed in the space nuclear 
power systems. Liquid-metal reactors are capable of 
meeting both the nuclear propulsion and surface power 
needs. The FFTF is the only U.S. liquid-metal fast reactor 
test facility in which a prototypical irradiation environment 
can be obtained. The scope of fuel and materials testing 
to support the development of these space nuclear power 
systems is well within existing FFTF capabilities and is 
consistent with the original design envelope for the FFTF. 
This summer, the directors of the major U.S. national labora­
tories signed a joint letter encouraging the DOE to initiate 
a technical program for evaluating fission power systems 
for space applications. 

Transmutation of Wastes 

The Accelerator Transmutation of Waste (ATW) concept 
has been proposed by LANL as a means to destroy long­
lived isotopes from commercial spent nuclear fuel. The 
proposed concept employs a proton-spallation neutron 
source with a subcritical blanket containing transuranic 
materials and long-lived fission products (LLFPs; i.e., 
technetium and iodine), which provides for fission of the 
actinides and transmutation of the LLFPs. The subcritical 
blanket is envisioned to be a fast-spectrum, liquid-metal­
cooled facility that is configured and operated in a manner 
similar to a fast-spectrum critical reactor. 

Although a great deal of relevant experience exists in 
general on the irradiation performance of dispersion fuels 
(from research reactors and space reactor development) 
and metal alloy fuels , the alloys under consideration for 

use in the ATW syf te1_n h~ve no_t been irradiated. The 
single greatest uncertainty 1s the mad1at1on performance 

I 
of the proposed ATfl fuels . It must be demonstrated that 
the proposed fuels Ierform acceptably under irradiation to 
the target burnup. he proposed fuels employ an actinide 
alloy that is primar ly plutonium, and experience shows 
that fuel performan e almost always degrades as the plu­
tonium content of the fuel is increased. Furthermore, the 
addition of such a lf rge quantity of minor actinides into 
the fuel alloy has never before been tested. 

I 

For ATW, the testing capabilities of 
the FFTF are\ unequaled. 

The proposed test hrogram (Venneri et al. 1999) has 
been designed to gain initial irradiation test data on can­
didate fuel forms asJ quickly as possible. Relative to ~TW 
the testing capabilities of the FFTF are unequaled, specifi­
cally the Open Test \Assembly (OTA) positions (Fuels 
OTA, Materials OTf ) that can be used to support this 
program. The phased fuel testing program ranges from 
4 to 8 tests over a pJriod of 6 to 8 years, leading up to fuel 
qualification testinglbefore operation of a demonstration 
plant. 

The ATW has not yel received authorization from Congress, 
although the Senate 

1

has proposed beginning this research 
in FY 2000. If the ATW is funded and sustained for sev­
eral years, the FFTFj would be a necessary compon~nt of 
the fuel development activity and has the potential to 

I f ·1· serve as a component and system test ac1 1ty. 

France, Japan, and 9ther nations have also been studying 
the use of waste tra~smutation in nuclear reactors as an 
adjunct to their current fuel cycles, with the objective of 

I · Th . reducing the long-term burden on a repository. 1s 
technology also holds promise for domestic (U.S.) appli­
cation. As one exa1ple, studies have been performed on 
the destruction of _1jinor actinides as well as those few 
long-lived fission products that dominate repository risk in 
the far distant time lorizons Fast reactors may offer an 
efficient way to destfoy these isotopes, and hence reduce 
the toxicity of hight level waste in th~ far distant time 
horizon. The FFTF ffers a unique facility to examine 
and test such transm tation technologies. 



2.2.1.5 Other Future Potential Needs 

Nuclear Science (Nuclear Cross Section and Reaction 
Rate Data) 

With the capability to tailor the flux to the application, 
the FFTF is uniquely capable of measuring cross sections 
by the "unfolding" method through the use of several 
different hydrided locations in the core of the reactor. 
The U.S. Evaluated Nuclear Structure Data Files, ver­
sion B• nuclear cross section files contain notable omis­
sions of important data, specifically in the resonance 
integral absorption cross sections and in the absorption 
cross sections of isomeric states of many isotopes. Single 
measurements have been performed on certain isotopes, 
but the variance of the measurement is quite large. For 
instance, the absorption cross section of europium- l 52m 
changed by three orders of magnitude between the 13th 
and 14th editions of the Chart of the Nuclides. Many cross 
sections that have not been measured, or cross sections with 
large variances in their measurement, are important in the 
production of medical radioisotopes, transmutation of 
wastes, and other activities key to current DOE missions. 

By using a hydride to thermalize the fast flux, the FFTF 
has demonstrated (see Appendix A.2) that multiple spec­
tra, peaked at almost any energy below the high-energy 
neutron fission spectrum, can be created in the reactor. 
An example of using the FFTF neutron energy tailoring 
capabilities is in the area of transmutation of nuclear 
wastes where many of the cross sections for actinide iso­
topes are not well known in certain neutron energy regions. 
Reaction rate measurements that emphasize these energy 
regions could be performed in the FFTF to improve our 
understanding of waste transmutation for both reactor and 
sub-critical accelerator-driven concepts. 

Electronic Component Hardening 

The FFTF, with its high-energy spectrum and large irradia­
tion volume, is well configured for use in hardening elec­
tronic components for space applications. Today hundreds 
of communications satellites are being planned for deploy­
ment. Unfortunately, the microelectronic components in 

those satellites ,an be damaged by exposure to high-energy 
radiation (cos+ c radiation and "secondary" high-energy 
neutrons). On9 approach to minimizing the change in cir­
cuit characteris~ics is to "harden" the semi-conductor ele­
ment before deployment. Hardening the semi-conductor 
with fast neutrdns in a nuclear reactor stabilizes the char­
acteristics of the component so that additional neutron 
exposure will cause only a small change. Manufacturers 
of microelectro

1

nics who want to harden their components 
need access to puclear reactors with a high-energy (fast) 
neutron spectral component, such as the FFTP. The 
demand for thi J type of irradiation service will depend on 
the future need I for communication satellites that are resis­
tant to radiation . 

I 

National Security 

The FFTF can r:irovide materials irradiation services in sup­
port of t?,e nati+ al security-rel~~ed research, including such 
areas as stockpile stewardship, which refers to core com­
petencies associf ted with research, design, development, and 
testing of nuclear weapons, and the assessment and certifica­
tion of their sa~llt), and reliability under a Comprehensive 
Test Ban Treaty If current efforts to identify future needs 
(USD~E l 996~ determine that special materials, testing, or 
mad1at1on services are needed, the FFTF has the potential 
to be a_ major, r~liable, and flexible contributor. Any such 
analysis would be provided separately from this report. 

2.2.2 Phy+ al Plant Configuration 

The FFTF has memonstrated m past operations its ability 
to simultaneou 1Iy accommodate many different tests and 
mission objecqves (WHC 1993). Virtually any position 
in the core and reflector region can be used for experi­
ments . Coupled with the eight special , fully instru­
mented in-core positions, this design feature provides 
h 

. I 
t e expenmenter and program manager with many 
options to meet existing or expanded programmatic 
needs. Based bn the expressed or implied interest from 
the broad use~community, both public and private , a 
preliminary c re configuration for the first post-startup 
testing produc ion run has been developed . The core 

'Maintained by Brookhaven ational Laboratory and available on thei r website at http .//ww nndc .bnl.gov/nndc/ensdf/. 
bCurrent key players in this area include NASA's Goddard Space Flight Center, Honeywell 's olid State Electronics Center, and Sandia 's Micro­
electronics Center. 
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will likely have the following types of mission support 
and isotope production assemblies assigned: 

Position Type Function 
In-Core OTA I Gaseous Isotope Production 
In-Core OTA 3 Rapid Radioisotope Retrieval (R3) 
In-Core OTA International Materials Testing ( 4 positions) 
In-Core DFA 3 to12 Long Irradiation Vehicles (LIVs) 

for Isotope Produ.ction 
Ex-Core Reflector IS LIVs for Plutonium-238 Production 
Ex-Core Reflector 48 LIVs for Cobalt-60 Production 

DF A= driver fuel assembly. 

Eight of the in-core positions have the capability to instru­
ment the test article as needed and to access, record and, if 
desired, adjust the conditions; e.g ., temperature, flow, 
pressure. These positions can also be adapted to provide 
for convenient installation and removal of targets while at 
power. The ability to uniquely instrument each test article 
provides the experimenter with very desirable flexibility. 

O Short-Lived Isotope Production 
(e.g., Copper-67, Palladium-103) 

@ Gaseous Isotope Production (e.g. , lodine-125) 

., Fully Instrumented, In-Core Test (e.g., Fusion, 
• Materials Research, Component Hardening) 

Timely installation and removal of targets is especially 
important for manylshort-lived medical isotopes that need 
to be quickly processed for delivery to the patient. 

This core map il\usti ted in Figure 2.4 provides for produc­
tion of more than 5 ){ilograms per year of plutonium-238 in 
the reflector region, ~xpanded short-lived medical isotope 
production, and fuels and materials testing. Further increase 
in production of plutfnium-238 up to 30 kilograms per year 
could be accomplished by increasing the power level to the 
rated level and placi~g targets in unused reflector positions. 
Other missions (medical isotope production, materials test­
ing, etc.) could be subported simultaneously with plutonium-
238 production at tht 30 ki lograms/year level. 

The FFTF in its ten ears of operation demonstrated the 
ability to effectively accommodate many different testing 
and irradiation services scenarios, each with a core load 
that met the various constraints for reactivity, linear 
power, and power peaking. 

C Ph;~n;un,.238 P,oduction 

0 Fuel 1ests (ATW, International) 

0 Safety Rods/Control Rods 

@] Long-Lived Isotope Production (e.g., Actinium-227) • DrivJr Fuel Assemblies 

0 Reflelctors 0 Cobalt-60 Production 

Figure 2.4 Core Map for Multiple FFTF Missions 
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2.3 Alternative FFTF Scenarios 

The FFTF provides a flexible and robust environment that 
can accommodate many different nuclear science and irra­
diation service missions because of its core volume, variable 
power up to 400 megawatts, relatively flat flux profile with 
flux tailoring ability, contact-instrumented assemblies, 
high specific heat capacity and heat removal capability, 
and large ex-core region with high flux levels. An actual 
core map (FFTF Cycle 11 ) showing the diversity avail­
able in loading and experimental capability is provided in 
Figure 2.5. 

The FFTF 's extensive core performance and modeling 
information enables accurate prediction and assignment 
of mission areas within the core and reflector regions. 
Fuel experiments and some plutonium-based production 
experiments or missions can be accommodated without 
penalty to other nuclear science and/or irradiation service 
missions. Included in this category of multiple, parallel 
missions are plutonium disposition, actinide burn, prolif­
eration-resistant fuel designs , and some trans-.uranium 
isotope production. 

The FFTF is not the only alternative to supply the neutrons 
for nuclear energy research and irradiation services. How-

l . . 
ever, as discussed below, it represents a unique opportunity 
to capitalize orl an existing facility with a replacement 
cost estimated ~t more than $2.5 billion. Restarting the 
FFTF provides f he flexibility and margin to ensure that 
the United States maintains its lead in the arena of nuclear 
research, provicles for a robust and expandable source of 
isotopes that s~pport possible human missions to Mars 
and beyond, ani serves as a rehabk sourc_e of isotopes for 
medical treatment, research, and diagnostics. 

2.3.1 Alterl atives lo FFTF Use 
I . d . . f h This section provides a comparative escnpt1on o t e 

alternatives to ~sing the FFTF, including both U.S . and 
non-U.S . sourcds. The primary available U.S . DOE facili­
ties are shown i~ Table 2.4 . 

The resultant Db E portfolio of major (> 30 MWt) reactor 
facilities with a ~estarted FFTF (and assuming a restarted 
HFBR) is sum1~arized in Table 2.5. 
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Table 2.4 •~omparative Data on DOE ResearcJ Reactors 

7 X 1015 

core 4.5 x I 015 (avg) 

7 X 1014 

Fast Flux 
Test Facility 400 1.5 X 1014 

targets 

1.9 X 1015 

4.5 X }015 

Advanced 1 X 1015 

Test Reactor 
250 

5 X 1014 

1.2 X 1015 

core 
High Flux 2.4x 1015 

Beam Reactor 60 
J.1 X ]015 

beam 
2 X 1012 

3.3 X 1015 

core 
1.6 X 1015 

High Flux 
Isotope Reactor 85 

1.4 X 1015 

beam 3.9 X 1014 

5 X 1013 

Brookhaven core 2.5 X 1013 

Medical Research 3 
Reactor 6 X 1010 

beam 2.7xl09 

Annular Core 3 X 1013 

Research Reactor 2 
(ACRR) 4 X I 013 

Typical LWR -3400 3.2xl013 (avg) 

Available irradiation volume is of significant importance 
for production of material in quantities greater than that 
required for research . Table 2.6 and Figure 2.6 provide 
a comparison of the in-core and ex-core (with flux levels 
> 10 13 n/cm2/s) sample irradiation volumes for the DOE 
reactors with significant, comparable capabilities. These 
tables also identify the current unused irradiation volume 
at these facilities . 

A first-order estimate of the volume requirements for most 
of the activities depicted in Table 2 .2 and discussed later in 

Fast 

< 1 keV lux can be tailored to support a wide 

Thermal range of requirements. For example, 

<l eV 
f tlrium hyd1ide moderator pins can be 
psed to increase the flux of epithermal and 
hermal neutrons . 

Epithermal 

Fast 

Thermal Wnique capabilities include water-filled test 
Ipops that can be used to simulate LWR 

Fast qonditions. 

Thermal 
I 
Vnique capabilities include 9 beam tubes . 

Fast 
HFBR is in standby awaiting completion 
of a NEPA review. A restart decision is 

Thermal 
dxpected by late 1999. When last in 
6peration, HFBR operated at a lower 

ower level of 30 MWt. 
Fast 

Thermal 

Fast 
nique capabilities include 4 beam tubes. 

Thermal 

Fast 

Thermal 

Fast nique capabilities include 3 irradiation 
orts. 

Thermal 

Epithermal 

Thermal ack of private sector interest may impact 
t e utilization of the ACRR for 

Fast molybdenum-99 commercial production 
(bttp://www.ne.doe.gov/) . 

Thermal I eluded for comparative purposes 

this report is provide in Table 2.7. The numbers in the table 
are based on analys , s conducted and completed in other 
reports (PNNL 1999), and reviewed with potential customers. 

It can be noted, fro Table 2. 7, that there is a significant 
uncertainty in the re uirements for reactor core volume, 
based on expected nd potential needs. Even with the 
significant volume addition available from a restart of the 
FFTF, these three f~bi!ities alone will not meet the antici­
pated future deman1 for medical isotopes. Flexibility in 
meeting other publi -sector needs is also at risk based on 



Table 2.5 DOE Research and Test Reactfr Portfolio 

High Flux Beam Reactor 
Water 100 60/30 24 

(http://www.hfbr.bnl .gov/) 

High Flux Isotope Reactor 
Water 51 85/85 28 (http://www.ornl .gov/hfir/hfirhome.html) 

Advanced Test Reactor 

(http://titanic.inel.gov: 102 5/plan/c:flup/html/tra. htm) Water 275 250/ 150 45 

Fast Flux Test Facility Liquid 
1034 400/100 55• 

(http://www.fftf org/) sodium 

"$55 million per year for 20 years at 100 MWt or 5 years at 400 MWt. For costs assl6ciated with operations at higher power levels 
for longer than 5 years, see Section 3.2 .3. 

Table 2.6 Comparison of Available Sample Irradiation Volumes (liters) 

In-Core Ex-Core In-Core Ex-Core In-Core Ex-Core 

Usable Production Volume 4 .2 23.2 

Cunent Mission Commitment 1.4 

Net Available Volwne 2.8 

flux spectrum differences , volume requirements, and 
increased demand that would be required to support 
additional or expanded missions (e .g. , possibl e NASA 
human mission to Mars) . 

4 .0 

19.2 

Based on the volume projections listed in Table 2.7, the 
potential human missions demand exceeds the net volume 
availabi lity for the major DOE alternatives (HFIR and 
ATR). The volume capable of producing an estimated 
5 kilograms/year of plutonium-238 (which is less than 
what could be needed to support NASA's human mis­
sions) would require a significant fraction of available 
high flux volume. However, any current users of that space 
at the ATR could be re-located within the core. Today, 
according to !NEEL management (DOE and contractor), 
ATR is 95% utilized (in-core) and has users wait-listed 
for many of its test ports . ATR and HFIR do not pro­
vide for any further growth in plutonium-238 production 

40 85.8 82.3 925 

38 2.8 0 0 

2.0 83.0 82 .3 925 

capacity with~ t impact on other users. Besides the m~ior 
DOE alternatives, there is the ACRR, located in New 
Mexico. ACRR is a 4-megawatt LWR, which the DOE 
has been planning to use to irradiate targets for production 
of molybdenum-99. While the ACRR is well designed 
for such a function , the facility, especially with its planned 
configuration change to pulse mode, has very little expan­
sion capacity for additional missions. 

The following L n-DOE alternatives are among those that 
could be consiliered to meet the mission objectives laid 
out for the FFTF. 

University TeJ Reactors 

Most reactors at U.S universities date from the 1950s 
and I 960s Their primary goal is to educate those inter­
ested in working in the nuclear technology industry, 
nuclear medici j e, and fundamental research. The role of 
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Table 2.7 Estimate of Volume Requirements to Support Missions (li ters) 

Plutonium-238a,b 45.5 128.4 205 .5 

Medical Isotopesc 

2005 - 2010 

2010 - 2020+ 

International Program Supporte 

Fusion Testse 

Non-Pro Ii ferati on Programsd 

Materials Tests for Future Space Reactor Power. 
Systems, CL WR 

Industrial and Food Safety Isotopes 

Electronic Component Hardening 

5 .5 

7 .8 

8.6 

2.9 

8 .6 

0 

8.6 

8.6 

8 .6 

8.3 18.0 

13.4 34.6 

25 .8 

5.8 

l 7 .2 

0 

17.2 

25 .8 

17.2 

3 Low = 2 kilograms/year; Medium = 5 kilograms/year: High = 20 kilograms/ year ; Production above 5.7 kilograms/year will require operation at higher power levels . 

bVolume projections are for FFTF using hydrided assemblies . Other facilities could produce simi lar amounts b~t with higher plutonium-236 impurity. 

<Based on the report by PNN L ( 1999) included as Appendix A.3 of this document 

dPlutonium disposition and ATW test components of any non-proliferation program may have sufficient fission ble material to substitute for standard driver 
assemblies and not affect available irradiation volume. 

•volume estimates arc based on past experience at the FFTF . 



university research reactors has evolved from the study 
of basic reactor physics and nuclear engineering to more 
diversified programs involving reactor use in basic and 
applied research as well as technological studies encom­
passing many disciplines. 

There are currently 26 universities operating a total of 
28 reactors in 21 states. The 10-megawatt University of 
Missouri-Columbia Research Reactor Center (MURR)° 
is the most intense neutron source of those university 
research reactors . MURR is an excellent facility for 
research, education, and isotope production, and is cited 
by many radiopharmaceutical companies as the model. 
No other university test reactor has a production capability 
comparable to MURR. But even for MURR, as noted in 
the letter from one of the radiopharmaceutical companies 
surveyed, the demand for isotopes " ... will soon outgrow 
the capacity of our current arrangement with MURR." 
The potential overlap in some aspects of isotope produc­
tion between MURR and the FFTF includes production of 
rhenium- I 86, rhenium-I 88, samarium- I 53, holmium-I 66, 
and lutetium-177 . A recent Institute of Medicine report 
(Institute of Medicine 1995) implied that competition from 
the FFTF would have a detrimental financial impact on 
the ability of MURR to survive as a research and produc­
tion facility. It is not the purpose of the FFTF to compete 
with MURR in production of these important isotopes. 
However, both facilities recognize that MURR will not be 
able to produce rhenium isotopes and other medical isotopes 
in the quantity needed for the supply of FDA-approved 
radiopharmaceuticals . Market projections indicate the 
need for both MURR and the FFTF (quantity and backup). 

To strengthen the scientific and technical relationship 
between PNNL scientists and MURR, and to ensure the 
continued viability of MURR, discussions have been 
held with MURR scientists and university administrators 
on areas of joint collaboration. Areas of discussion for 
strengthening MURR operations include mechanisms to 
encourage direct DOE support for MURR operations, 
research , educational programs, and isotope production; 
joint MURR-PNNL radiochemistry and radiopharmaceu­
tical research; collaborative target preparation activities; 

hot-cell radioc emical separations at Hanford for MURR­
irradiated targ1ts; and joint study of technical options for 
minimization/disposal of MURR radioactive wastes. 

The overwhel L ng majority of other university reactors 
are not produdtion facilities . In concert with the larger 
U.S. productioh sources, those test reactors could perform 
important isotdpe development work and production for 
certain target i otopes. The size of these facilities, their 
access to target processing hot cells, and other logistical 
factors render se of university test reactor facilities inad­
equate to meet the expected commercial demand. Another 
negative factorlrelative to the use of university reactors is 
that if demand ror isotopes increases as forecasted, use of 
those facilities 1ould impact the availability of reactor space 
for research and educational uses . The other identified 
missions for thi FFTF, which depend on a large reactor 
fluence or tem~erature/coolant/fuel type, are not compat­
ible with the type of work that can be done at U.S. univer­
sity test reactoii . 

Commercial Light-Water Reactors 

CLWRs have ufficient core volume, but are neither 
designed nor li t ensed for the types of missions identified 
for the FFTF. I~ is unlikely that the electric utility indus­
try would be a~reeable to pursuing modifications to their 
NRC operatingJlicense to support this activity, nor would 
they want tom ke the modification necessary to support 
target insertion removal at power, a feature necessary to 
produce the shof-lived isotopes. Additionally, it is equally 
unlikely that th y or their customers would be willing to 
accommodate t e frequent perturbations to their primary 
mission - production of electricity. CLWRs operate on 
an 18-month refueling cycle. Optimal medical isotope 
production eye es, not including the short-lived isotopes 
that require a' rabbit ," are most often in the range of 
50 to 100 days. This mode of operation would significantly 
impact the CL\\t's electrical power production capability. 
Use of the CLVfRs for the production of plutonium-238 
was included i9 the list of EIS alternatives, but the impact 
on utility operations, constraint on optimizing core loading, 
and licensing isJues may create difficulties not experienced 
with productio1 in the FFTF. 

'Moce iofmmat,oo is m,l,ble oo the webme (httpRshowme missoon .ednl-mn~/m""t h<ml) 

2-21 



Foreign Sources 

Letters of support received from the IAEA, Japan, Korea, 
and France (even with the construction of the Jules 

Horowitz reactor) indicate that those nations foresee a 

need for the unique reactor capabilities resident in the 
FFTF. IAEA specifically cites the disappearing availability 

of research reactors capable of providing the neutron 

fields required. Known isotope production capabilities in 
Belgium, Peru, Argentina, and South Africa all have 
delivery, reliability, and size limitations. 

The IAEA, Japan, Korea, and France 
foresee a need for the FFTF's unique 
capabilities. 

Canada. Atomic Energy of Canada, Limited (AECL), 
wholly owned by the government of Canada, has stated 
that the 125-MWt NRU reactor will not operate beyond 
2005. The Canadian National Research Council and the 
AECL, in partnership with universities and industry, are 
jointly proposing a new Canadian Neutron Facility (CNF) 
for Materials Research to support next-generation neutron­
based materials research and innovation in Canada (at an 
estimated cost of $388 million). The stated purpose of the 
CNF is two-fold : to provide an advanced materials research 
capability to meet the needs of Canadian universities and 
industry; and to provide an essential testing facility to 
advance the CANDU<l power reactor design and ensure 

the future competitiveness of the Canadian nuclear indus­
try (http://cu17.aecl.ca/nru. htm). 

MOS Nord ion (annual sales of $270 million) is investing 
$ 140 million in the construction of two small, specialized, 
pool-type Multipurpose Applied Physics Lattice Experiment 
(MAPLE) reactors (10 MWt each) and a process facility 
dedicated to medical isotope production at the AECL 
Chalk River Laboratories site. The planned facility will 
produce molybdenum-99, as well as xenon-I 33, iodine-131 

and iodine-125. MAPLE I will be the main isotope pro­
ducer and should bJgin operations this fall. MAPLE 2 will 
provide alternate p~oduction during shutdowns of the pri­

mary reactor, and id scheduled to begin operations a year 

from now (http //tw. m ds. nordi on. com/home html) 

Nordion provides rost of the diagnostic isotopes used 

for nearly 40,0001:dical procedures daily in the United 
States. In the last 1hree years, two threatened strikes 
almost brought the ~upply to a halt (http://www.snm.org/ 
policy/nordn98.ht 1). Relative to price setting, the lack 
of an alternative U.S. supply can create inflated pric­
ing. For example, Nordion recently increased the price 
of molybdenum-99 from Canada. Nordion did indicate 
(see letter in Appe.~dix A.1) support for the FFTF for 
playing a role in t1.e pro~uc.tion of specialized isotopes. 

And Nordion has stated its mtent not to be the sole pro­
vider of isotopes, buf envisions being .part of a global net­
work of companies f nd technologies lmked. together. One 
example may be ioqine-13 I, where FFTF 1s capable of 
producing material With a much higher specific activity 
(minimizing the a~ ount of targeting antibody that must 

be used to deliver t1e i.sotope to the tumor tissue) than the 
Canadian reactors, which are currently the only sources of 

this isotope for the t. nited States. . 

Russia. Russia .anf other nations of the Fonner Soviet 

Union are potential~ ources for many of the m1ss10ns pro­
posed for the FFTF, most specifically plutonium-238 and 
medical isotope pr , duct10n. Table 2.8 lists advantages 
and disadvantages i11 relying on the Russian sources 

2.3.2 FFTF Operation - Impacts on Other 
U.S. Facilities 

As shown in Table 2.6 and 2 .7, the available volume 

requirements to supt ort anticipated needs exceed existing 
capacity by a large margm. To max1m1ze the benefit to 
the scientific comm nity and better serve private-sector 
customers, shifting of activities from one reactor to another 
may be appropriat . The opportunity exists to establish 

dCAND U is a registered trademark that stands for Canada Deuterium Urnnium . It is a pressurize -heavy-water, natural-uranium power reactor 
designed in the I 960s by a consortium of Canadian government and private industry. 



Table 2.8 Advantages and Disadvantages of For ign Source (Russia) 

• There would be no need to maintain a U.S . 
nuclear infrastructure, or deal with the 
production or processing of wastes. 

• Russian nuclear organizations could use 
the financial support. 

• Initially price for plutionium-238 and isotopes 
may be cheaper; the U.S. may be able to buy 
and stockpile large quantities for later use . 

• The use of Russian sources c eates reliance on the economic and political 
stability of Russia. I 

• As more isotopes are approv1d by the FDA for diagnostic and therapeutic 
applications , U.S. patient treatment could become highly dependent on a 
stable Russian supply. I 

• There would be minimal avai~ability for joint use (i .e. , use isotope production 
revenue to offset isotope development and basic research). 

• A pricing vulnerability, abserlt a competing U.S. source. 
• Production and processing wfo occur in Russian facilities that may not meet 

International safety and envir1 nmental standards, but which would continue 
to be operated to supply U.S. r eed. 

• Transport of short-lived isotopes from Russia to the U.S . is not feasible . 
• No preference given to U.S. cLstomers if new demand or worldwide shortfall 

in supply occurs. I 
• Russian reactors would not be ponvenient for commercial research nor capable 
of conducting national securif research. 

primary and backup facilities for many activities, espe- those other faL ities for their most appropriate and 
cially in the area of isotope production, thereby providing productive mi Jsion profiles . 

a more reliable and diverse supply of many of these isotopes. I 
With a focused effort to standardize target capsule designs With isotopes fhe demand increases when use~s believe 
that could be irradiated in any of the DOE reactors , DOE they have an epsured supply, which means that with the 
would be able to improve the assurance of supply. FFTF as a maj or isotope supplier, other smaller reactors 

With the f FTF as a major isotope 
supplier, other reactors should actu­
ally see an increase in the demand 
for isotopes. 

should actuall t experience additional demand for the 

development j~nd production of isotopes that they can 
supply to the U. S market. 

2.4 Tech ical Merits and Drawbacks 
Table 2.9 presents a perspective on the relative technical 

merits and dravh acks of the use of the FFTF for nuclear 

During June 1999, a DOE-contractor team from the FFTF 

toured and met with staff from HFBR, HFIR, and ATR to 

review capabilities , business models , and capacities to 
ensure that this Program Scoping Plan reflects a mission 

and business approach that complements operations at 

other facilities . The consensus was that a restarted FFTF 

would not compete, but would greatly support the use of 

science and irr diation services. 

By focusing its projects and support efforts within its spe­

cial capabilities of size, flux, test evaluation and irradiation 
features, and fuel and coolant type, the FFTF can establish 

an integrated m~ssion as a premier nuclear materials testing, 

isotope producilion, and plutonium fuels research facility. 
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Table 2.9 Technical Merits and Drawba1ks 

• The FFTF has numerous distinctive features : 

- variable power (100 to 400 megawatts) 

- large core volume (irradiation volume in core > 180% greater 
than the total of other DOE resources; ex-core irradiation volume 
with flux > I 013 n/cm 2/s >800% greater than total other DOE 
resources) 

- fast spectrum, high flux density, and ability to tailor flux high 
temperature and specific heat removal 

- eight high-volume, contact-instrumented, in-core assemblies 
that also provide ability (with modification) for target 
insertion/removal at power 

- ability to fully isolate assembly via "closed loop. " 
• The FFTF has a long remaining operating life without required 

analyses/modifications ( especially at I 00 MWt). 
• All in-core and first row of reflector positions have individual 

temperature and flow instruments. 
• Highly instrumented test trains provide multiple test capability 

for evaluating the irradiation behavior of structural materials. 

2-24 - FFTF Program Scoping Plan ; ! : ·; '.t:, :,:ct)¥ ff . 
• • . y --f ~ '-._(,.,,, ~ .. -~ - • ' 

• A moderator wodld need to be added to slow down neutrons 
for certain isotode production and materials testing. 

• The FFTF is not ~sable as a neutron science tool for physics 
studies requiring beam-tube facilities . 

• Compared to older 1950s/60s vintage facilities, the FFTF 's 
modem operating and safety systems are more reliable, 
but do add cost and in some cases restrict the flexibility of 
the researcher/us1er. 

• The FFTF cannot replicate water coolant 'corrosion 
conditions extant in L WRs. 

...:· 



3.0 Financial Analy~es 
.,...... .... 

~~.--

There is a broad range of support and nee for a facility 
such as the FFTF. 

This section provides a validated business model , along 
with a conservative estimate of projected revenue from 
the identified missions. The life-cycle economics are 
estimated for the FFTF as a user facility. Estimates of 
the restart cost and schedule , routine operations cost, 
and shutdown costs as well as the basis for confidence 
in these estimates are included. Finally, the financial 
merits and drawbacks of the approach laid out in this 
plan are presented. 

High confidence exists for all aspects of the financial 
analysis co ntained in this plan , including restart costs. 
This confidence level is based on the following 

• extensive reviews of the restart costs 

• routine operations costs, which are based on more 
than IO years of operating experience in a nuclear 
science and irradiation services mode 

• application of the requirements of DOE Orders in 
the operation of DOE-owned user facilities 

• benchmarking with other DOE reactor user facilities 

external ret iew of the approach by a recognized 
expert in the fie ld . 

Figure 3.1 depicts these confidence-building elements 
and how they cohtribute to the overall assurance that the 
proposed busineJs model wi ll meet the financial perfor-

b
. . I 

mance o ~ect1ves. 

Figure 3.2 shows the projected revenue breakdown for 
two time frame J: 2005 -20 IO and 2010-2020+. The 
stacked bar charls on the left provide a summary-level 
estimate of the f~nding sources that offset the $55 million 
annual operating costs. Detailed information for these 
sources and assu1nptions are included in the latter portion 
of this section. J he core maps demonstrate the concurrent 
mission capabidty of the FFTF as discussed in detail in 
Section 2, and depict the shift in mission focus . 

--····, 
' ' 

Assurance 
of Financial 
Performance 

Benchmarking 
✓ATR 

✓HFBR 

✓HFIR 

Cost Reviews 
✓DOE-HQ(DP) - High Confidence 
✓DOE Field Office - 95% Confidence 
✓Putnam, Hayes, & Bartlett High Estimate 

Figure 3. 1 Elements of Financial Analysis for the FFTF 
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Figure 3.2 FFTF Revenue Profile Foree sted 

3.1 Mission Performance 

The FFTF, unlike most other DOE user facilities that 
have a primary mission area and sponsor who provides 
the majority of the annual funding, will function as a true 
multi-user facility that serves the needs of the public and 
private sectors . Although the business model that is pro­
posed for the FFTF was benchmarked against existing 
models at other DOE-owned reactor facilities , it is 

evident that future success is closely tied to a larger and 
more diverse set of prospective users. However, as clearly 
demonstrated in the numerous letters in Appendix A 1, 
there is a broad ra~ge of support and need for a facility 
such as the FFTF. Based on these strong statements, the 
expanding need fof reactor-based research and reactor­
produced isotopeT, and the conservative natme of the 
financial projections, the confidence level for this proJect 
meeting the financial and performance objectives is high. 



3.1.1 Business Model 

The following business model successfully integrates the 
DOE requirements and the user needs in a manner similar 
to other DOE user facilities, and addresses all phases of 
the facility life cycle. 

There are two key factors in evaluating FFTF use: 

• identifying the future users of the facility and their 
objectives 

• describing the overall business model for integrating 
these requests into an effective and efficient use of 
the FFTF. 

Following is a description of the business model envis­
ioned for the FFTF. The model integrates potential uses 
(and users) of the FFTF and the guiding principles and 
assumptions by which these activities will be incorpo­
rated into the overall FFTF mission . In addition, the 
business model describes the projected life-cycle cash 
flow (costs, revenues) associated with various FFTF 
users and missions. 

The FFTF business model has been developed using the 
guidelines provided in DOE Order 2110.1 A, "Pricing of 
Department Materials and Services" (USDOE 1992). The 
model has been benchmarked against business models 
currently in place at other DOE reactor sites•. The model 
assumptions have been reviewed and agreed to by the 
DOE Chief Financial Officer 's office (in meetings on 
June 15, 1999 and June 23 , 1999), and the full model has 
undergone an independent third-party reviewb to ensure that 
the details and assumptions with in the model are consistent 
and display sound business and financial fundamentals 
and practices. 

The business model is focused on the re-introduction of 
the FFTF into DOE's long-term nuclear infrastructure as 
a National User Facility for the continued advancement 
of nuclear science and provision of irradiation services. 
Therefore, the business model assumes that the FFTF is 
operated under a DOE Management and Operations 
(M&O) contract subject to DOE Orders and Regulations 
(see Section 4. I .3) 

I 
The provision o reliable and cost-effective in-core testing 
and irradiation s rvices to both government and commer­
cial users forms f he framework for the overall business 
model. Support f,ervices such as research fuel , target, 
and/or test assembly design and fabrication, and process­
ing are not currehtly incorporated into the model and are 
assumed to rem Jin the responsibility of the users. This 
assumption is c6nsistent with current business models 
in place at all otlter DOE reactor sites. 

The business model is divided into three time periods: 
(I) preparations for restart, (2) operations, and (3) deacti­
vation. FFTF cbsts, expressed in constant FY I 999 

dollars, associat1
1
d with these three phases of the overall 

business model re shown in Figure 3.3 . Specific details 
and assumptions ,;ithin each of these periods are described 
in the following . ections. 

3.1.2 Prepa lations for Restart (2000-2004) 

The business model assumes a favorable decision in 
August I 999 tof1 roceed with the development of an 
Environmental mpact Statement (EIS) for the FFTF. 
The EIS proces I would start with the Notice oflntent 
(NOI) in Septemoer I 999 and conclude in December 2000. 
Assuming a favo~able Record of Decision (ROD), restart 
activities would commence in January 2001 and culmi­
nate in FFTF sta1tup in July 2004. 

The cost for restar preparation is estimated to be $229 mil­
lion (see Section 13.3.3). An additional $55 million would 
be required to m~intain the FFTF in standby during prepa­
ration of the EIS and to conduct that EIS, bringing the total 
estimated cost fo r this phase to - $284 million. 

Baseline funding is anticipated to 
phase out during the early opera-
• I • 1 d t1ona peno . 

Because the FFTF will become an integral component of 
DOE's nuclear in1 rastructure and support DOE's long­
term mission as National User Facility for advancement 

'The FFTF business model was benchmarked against business models for High Flux Beam Real tor (HFBR), High Flux Isotope Reactor (HFIR) 
and Advanced Test Reactor (ATR). 
hJndependently reviewed by Dr. Howard Kaufold, Director of Executive MBA Program at Wha on Business School , University of Pennsylvania. 
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Figure 3.3 Cost Profile for the FFTF Busine s Model 

of nuclear science and provision of irradiation services, 

the business model assumes that the investment necessary 
to fund this period of restart preparations will be initially 

borne by DOE. However, the model recognizes the future 
importance of the FFTF in providing irradiation services to 

the private sector, and therefore incorporates a mechanism 

for the private sector to share in the overall costs for these 
services (both annual operating and incremental restart). 

The model has incorporated a "value recovery charge" of 

- 4% that is applied to all private-sector services during 

the operational period. This charge recovers an appropri­

ate portion (- $100 million) of the restart preparations. 

The business model assumes that the baseline level of 

standby funding is redirected during this phase to apply 
toward prepanng the FFTF for restart after receipt of a 

favorable ROD. As shown in Figure 3.3, this level of 

baseline funding is anticipated to phase out during the 
early operational period as the reactor becomes fully sub­

scribed with public- and private-sector mission activities. 

In addition to this eve! of annual baseline funding, incre­

mental authorizatipn (authorization above current baseline 
levels) will be re1 uired to achieve operational status by 
2004. The total iMremental authorization is estimated to 

be $ 111 million + er a seven-year period (2000-2006). 

The maximum an~ual incremental authorization will be 
$28 million and w II occur in fiscal year (FY) 2003. 

3.1.3 Operations (2004-2038) 

The FFTF will resJme operations in July 2004. The reactor 

is assumed to ope~ate at a power level of 100 megawatts 
(and at a 75% capacity factor) over a 34-year operational 
lifetime. An engi rl eering analysis has been completed that 

supports an additi J nal 22 years of operation at 400 mega­

watts at a 75% ca9acity factor. Operation at lower power 

levels and the use o( the reflector region for isotope produc­
tion (including plutonium-238) reduce the neutron fluence 

to life-limiting components . Engineering estimates have 



shown that reactor integrity can be fully ensured during 
this operational lifetime at the assumed power and capac­
ity factors. 

Although operation at 100 megawatts would normally 
reduce the flux levels proportionally, the FFTF has the 
flexibil ity to adjust core size by reducing the total number 
of fuel assemblies and replacing them with targets or 
reflectors. Power density would be maintained near 
design levels, thereby keeping the in-core flux levels also 
near design levels (peak reduced from 7 x 10 15 n/cm2/s to 
- 2 x 10 15 n/cm2/s). 

Costs 

The estimated annual operating cost in FY 1999 dollars is 
$55 million per year. All expected operational and ongo­
ing maintenance costs are included in this estimate. The 
existing, onsite FFTF mixed-oxide (MOX) fuel supply 
will allow for approximately six years of operation at 
100 megawatts. The options for a replacement fuel sup­
ply that could be considered and addressed in the EIS 
include, but are not limited to, the following: 

1. Contract with a commercial source for highly 
enriched uranium (HEU) fuel While the FFTF 
was operating in the early 1990s, the DOE con­
ducted tests that demonstrated that HEU fuel would 
perform well (WHC 1988, 1989). The cost of such 
fuel , which would comprise 12 to 15 fuel assemblies 
per year, depending on core configuration and operat­
ing power, is estimated at $4 million to $6 million 
per year. The price is based on a detailed estimate 
for HEU fuel that was completed in the late 1980s 
and has been updated to reflect current labor and 
material costs. This estimate was corroborated by 
a commercial HEU fuel source, with the assump­
tion that the HEU itself is government-furnished 
material (GFM) 

2. Use the new ( currently being renovated) TA-55 
MOX fuel production line at Los Alamos National 
Laboratory (LANL) to produce FFTF driver fuel 
assemblies after the Materials Disposition (MD) 
Lead Test Assembly mission is completed in 2006. 

3. Obtain fuel from international source(s). In con­
ducting advanced reactor research activities with a 
broad-based, international application, the potential 

exists fort e FFTF to obtain fuel, materials, plant 
components, and technical services from collaborat­
ing partneis as in-kind contribution and support for 

the prograr s. 

One poten~ial international source that has 
expressed i terest in providing fuel is the German 
firm , Schnf ll-Brueter-Kernkfratwerksgesellschaft 
(SBK). SBK has, on hand , sufficient SNR-300 
fuel for at jleast 14 years of FFTF operation at 
100 mega · atts . The unirradiated fuel, enriched 
to 24.8% to 36% plutonium (with - 20% plutonium-
240), would require repackaging in FFTF assemblies. 

I 
Advanced ~ uclear and Medical Systems (ANMS), 
a local Washington-based firm, has negotiated a 
draft agreer ent and signed letter of intent with SBK 
which , sul:>ject to DOE and German government 
approvals,l.would provide the SNR-300 fuel to 
serve as a t asis for FFTF development The ANMS 
concept (s

0
ee letter in Appendix A.l) is to provide 

the SNR-3 0 fuel as in-kind and matching support 
for the furtJ~er development of FFTF products such 
as medical lisotopes. 

Previously! the DOE has received expressions of 
interest frf m SBK which indicate that the fuel 
could be Arovided directly to the DOE for FFTF 
with funds sufficient to accomplish the repackaging 
of the fuel ·nto a suitable form for use in the FFTF 
SBK 's commitment to that offer was confirmed 
by DOE Office of Nuclear Energy, Science and 
Technology (NE) in July 1999. 

I 
4. Use the F TF for disposition of surplus weapons-

grade plutf nium from the military program, which 
would pro ide an additional source of fuel (MOX 
fabricated from excess plutonium stockpiles). 
However, ecause such a disposition alternative is 
not currenVly planned by the DOE, fuel from this 
source has lnot been assumed for this review. 

The business mi del assumes that the onsite FFTF fuel 
and the SNR-30Q fuel (option 3 above) serve as the initial 
available fuel fo ~ the first 20 years of operation. Follow­
ing this period, ~he model assumes that additional fuel 
supplies (HEU, ~ption 1 above) can be obtained for the 
final 14 years of operation at the previously referenced 
cost of - $6 million per year. 
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Based on these assumptions, the annual cost of operations 
for the first 20 years of operations is $55 million. Beyond 
20 years of operation, the annual operating costs are 
assumed to increase to $61 million due to the costs 
associated with purchasing additional fuel supplies. The 
model assumes that the annual operating costs are funded 
directly by DOE. 

Full subscription of reactor services 
will be obtained within 10 years of 
reactor startup. 

If the mission needs require the FFTF to operate at a power 
level greater than 100 megawatts, the assumed fuel supply 
will not last for the projected 20 years. Figure 3.4 illustrates 
the relationship of the fuel supplies (FFTF alone and FFTF 
plus SNR-300) to operating power level. 

Operations beyond the existing fuel supply will increase 
the annual operating costs by $6 to $24 million for replace­
ment fuel, as indicated Table 3.1 . This study assumes that 
HEU wil l be the operating fuel, as discussed above, after 
the existing fuel is consumed. 

Revenues 

At full operation, the FFTF will devote - 50% of its capac­
ity to meet the demands of both the public and private 
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sector for scientific research and provision of irradiation 
services. 

Revenues obtain5_~ from private-sector use will be incor­
porated with DOE operational funding either to reduce 
out-year DOE fo r ding requirements or to be returned 
to the U.S. Treasury. A portion of the private-sector rev­
enues will be maihtained in a reserve account at the FFTF 

I 
to ensure available funding for contingency situations. 
These assumptions are consistent with current models in 
place at other DOE sites. 

The business mo~el assumes that full subscription of I . 
reactor services wiU be obtained within 10 years of startup. 
The rate of react~r usage , in support of these missions, 
has been shown td increase at a rate of I 0% per year over 
the first 10 years [of operation and then remain revenue­
steady through the majority of operational life. The model 
further assumes t at the missions will ramp down at a 
similar rate durin . the final four years of operational life. 
The estimated revbnues that have been obtained through 
the specific letterJ of interest and more detailed market 
studies indicate th~t these assumptions may be conserva­
tive. The informJtion obtained through these sources 
indicate that full slbscription may be obtained several 
years earlier than

1 
projected and longer-term revenues 

may increase above the actual costs of full operation. 

Pricing and reco 1ery of funding for both private- and 
public-sector activities are described in Section 3.2.1. 
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Table 3. 1 Fuel Costs for Different Operating Power Levels (FY 1999 $M) 

100 12 

200 24 

400 48 

3.1.4 Deactivation (2039-2045) 

After the successful completion of its operational mission, 
the FFTF will be deactivated over a 7-year period and 
made ready for subsequent decontamination and decom­
missioning (D&D) activities (see Section 3.3.6). The 
cost to complete the deactivation of the FFTF will be 
$295 million (FY 1999 $). Deactivation will be funded 
through authorizations from the U. S Treasury. 

3.2 Integrated Revenue Projection 
The following section describes the pricing methodology 
that is used in assessing costs incurred by individual users. 
These costs are applied using the anticipated mission vol­
umes to arrive at an estimate of annual revenues that will 
be generated by FFTF. Finally, the present value costs 
and revenues for the life-cycle operation of FFTF are 
compared with the shutdown alternative. 

3.2.1 Pricing/Recovery Methodology 

The FFTF operational mission is anticipated to begin in 
2004 and continue through 2038. The costs required to 
undertake this mission will be $229 million for startup 
preparations followed by an annual operating cost of $55 
to $61 million through the active operational period, and 
an estimated deactivation cost of $295 million at end of 
the mission. The business model assumes the following 
recovery strategy for these expenses. 

Recovery of funding for public-sector activities will be 
coordinated by DOE-NE as the primary DOE sponsoring 
agent The current business models in place at similar DOE 
reactor sites show a variation in potential public-sector 
recovery mechanisms. ln general , the provision of services 
for the majority of public-sector missions is handled 
through Financial-Plan transfe rs or Work-for-Others 

6 61 

12 67 

24 79 

agreements. Ho ever, specific allocations of services on a 
"subsidized" ba~is are available for universities and other 
similar users witlh the DOE sponsors ' approval. 

Similar to othe DOE business models, private-sector 
usage costs wil be recovered on a "full cost recovery" 
basis. All annual operating costs associated with private­
sector services 4 ill be recovered from these users through 
the application of irradiation service fees. Revenues 
recovered from lorivate-sector users for such services, 
(e.g., developmeht of commercial or proprietary products) 
will be returned o the U.S. Treasury or set aside to offset 
subsequent operating costs. 

Irradiation serviJ fees will be established in a manner con­
sistent with busi]ess models in place at other DOE reactor 
sites . The price -.viii include costs associated with reactor 
operations in supf ort of experimental testing or isotope 
production. Irrad ation charges will be calculated for each 
reactor location t at will be used or committed to a given 
customer. Irradi tion fees will be reactor-location specific 
and will incorpo+ te both power level and flux factor vari­
ability . In additio?, the pricing will be based on the pro-rated 
portion of the op rational costs over the irradiation cam­
paign ( currently stimated to be - 100 days per campaign). 

In addition to re rovery of costs for provision of irradia­
tion services, the fFTF business model will provide for a 
"value recovery oharge" to equitably recover the private­
sector portion of rbactor startup. This portion of the ·annual 
costs recovered f~om the private sector will be invested in 
a sinking fund earning a rate assumed to be 5% above 
inflation. The value recovery charge necessary to recover 
the private-sector portion of startup is estimated to be 4% 
of private-sector operational cost per year. The recovery 
of the private-se~tor portion of startup costs using this 
methodology is sHown in Figure 3.5. 
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have been obtained through the spe­
cific letters of interest and more 
detailed market studies indicate that 
these assumptions may be conserva­
tive and that full subscription may 
be obtained several years earlier. 
Beyond 20 I 5, the anticipated revenues 
from public-sector use are expected 
to remain steady, while current esti­
mates show the overall net revenue 
from public- and private-sector pro­
duction of isotopes may be in excess 
of operational costs. 
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Figure 3.5 Proportional Recovery of Private-Sector Cost l The revenues received from private-
sector use of the FFTF 's irradiation 

services will be rimarily generated through production 
3.2.2 Managing Program-Specific Costs of isotopes for p oprietary use within the medical and 

Additional activities, related to provision of irradiation industrial sectors . The resultant products are expected 
services, might be requested/required within the missions to generate profi ts for the user and therefore provide 
of the individual FFTF users. Activities might include the increased revenues for the FFTF A sen es of analyses 
following : were performed t~ establish the potential isotopes of inter­

est and their mar et potential. 
• design and construct test/target assemblies 
• process test/target assemblies 
• distribute/deliver product 
• dispose of residual waste. 

These additional activities will not be incorporated as a 
portion of the irradiation services fees within the FFTF 
user facility. Similar to other DOE business models, the 
FFTF business model will adopt a separate pricing struc­
ture for these activities. All program-specific costs will be 
borne by the project. The price to the user will be based 
on receipt of the target or experiment at the FFTF, irradia­
tion at the FFTF, and preparation of the target or experi­
ment for return or shipment to the user. 

3.2.3 Estimated Revenue 

The various missions analyzed within this plan are assumed 
to utilize a growing portion of the FFTF 's overall core vol­
ume. During the first 10 years of reactor operation, the 
overall revenue from these missions has been estimated 
in the business model to grow at a rate of approximately 
$5 million per year, reaching annual operating revenues 
of $55 million in 2015 . The estimates of revenues that 

The analyses exa ined portions of the anticipated market 
for which the FF F could produce reasonable quantities 
of high-demand i~otopes with a total production cost at or 
below market va jues In 1997 ~research.team exami~ed 
the estimated cos~s for all add1t1onal services (beyond ma­
diation of the targbt materials) that would be necessary to 
generate, market j and distribute various isotopes to the 
medical sector. The report (PNNL and BWHC 1997) 

examined the cost to provide these services using staff 
and resources at thb FFTF and PNNL The costs estimated 
in this report we e updated and added to the estimated 
cost for provision of irradiation services using the pricing 
methodology described above . The resultant prices were 
used to determineJ specific isotopes for which the FFTF 
appeared to have an overall cost advantage when com­
pared against cur nt market prices. The overall size and 
anticipated growtf potential for these isotopes were ana­
lyzed to estimate lpotential market sales volume. These 
data were used t generate overall potential revenues 
from private-sector isotope production. The data for the 
time frames 2005-2010 and 2010-2020 are summarized 
in Tables 3.2 and 3.3. 



Table 3.2 Revenue Projections for the Isotope Missions: 2 005-2010 (FY 1999 $M ) 
. I 

(%) ($M) 

Established 

Co-60 0.01 0.001 Yes (2) 10,000,00? 1-5% 0.3 to 1.5 

1-125 *** 9-20 Yes (3) 650 5-10% 0.06 to 0.3 

I- 131 *** 1.5-15 Yes (4) 14000 1-5% 3.7 to 7.5 

P-32 *** 25-85 Yes(5) 40 1-5% 005 to .025 

Pd-103 *** 9-12 Yes (I) 2500 1-5% 0.1 to 0.6 

Sr-89 113 *** No 65 5-10% .05 to .25 

Emerging 

Ac-22 7 (Ra-223) *** *** Yes (2) 30 5-10% 0.5 to 1.0 

Cu-67 93 *** Yes (2) 260 5-10% 0.5 to 1.0 

Gd-153 *** 3 Yes(3) 1100 5-10% 0.1 to 0.2 

Ho-166 *** 5 Yes (4) 560 1-5% b 

Lu-177 *** 5 Yes (4) 5 5-10% b 

Re-186 7.5 7 Yes (4) 730 1-5% 0.1 to 0.2 

Sm-153 *** 5 Yes (I) 1300 1-5% b 

Sn-I l 7m *** *** Yes (I) 50 1-5% C 

Th-228(Bi-2 I 2) *** *** Yes ( I) 140 1-5% C 

Th-229(Ac-225/Bi-2 I 3) *** *** Yes ( I) 0.8 1-5% C 

W- I 88(Re-188) 4-5 *** Yes(5) 150 5- 10% b 

Total Projected Revenued 5.3 to 12 

*** Val ue Not Found 
•Projected demand for U.S market in 2005. 
bFFTF calculated value is above current market price. Revenue not included in total 
<Specific projec tions not included in revenue estimates 
dRevenue ts the public or private funds received for the irradiation (and any target processing) services provided by the FFTF program . 
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Table 3.3 Revenue Projections for the Isotope Missions: 2b10 - 2020 (FY 1999 $M) 

(Ci's) (%) ($M) 

Ac-227(Ra-223) *** *** Yes (2) 30 50 to 75 4.5 to 6.9 

Co-60 0.01 0.001 Yes (2) 10,000,00 1 5 to 15 l.5to4.5 

Cu-67 93 *** Yes (2) 260 50 to JOO 4.8 to 9.7 

Gd-153 *** 3 Yes (3) 1100 20 to 40 04 to 0.8 

Ho-166 *** 5 Yes (4) 560 5 to 15 b 

I-125 *** 9-20 Yes (3) 650 10 to 20 0.6 to l.3 

1-131 *** 1.5-15 Yes (4) 14000 10 to 20 7.5 to 15 

Lu-177 *** 5 Yes (4) 5 80 to 100 b 

P-32 *** 25-85 Yes(5) 40 15 to 25 O.lto0.15 

Pd-103 *** 9-12 Yes (I) 2500 10 to 20 1.3 to 2.7 

Re-I 86 7.5 7 Yes (4) 730 20 to 40 0.8 to 1.5 

Sm-153 *** 5 Yes (I) 1300 5 to 15 b 

Sn-l 17m *** *** Yes (1) 50 5 to 15 C 

Sr-89 113 *** No 65 40 to 60 2.2 to 3.3 

Th-228(Bi-212) *** *** Yes (I) 140 10 to 20 C 

Th-229(Ac-225/Bi-2 I 3) *** *** Yes(!) 0.8 20 to 30 C 

W-188(Re-188) 4-5 *** Yes (5) 150 30 to 50 b 

Total ProJected Revenue 23. 7to 45.8 

•Projected demand for U S market in 2005 . 

bFFTF calculated value is above current market price. Revenue not included in total. 

' Specific projections not included in revenue estimates . 

** Projec ted revenue estimates for 2020 assume conservative market demand equal to 2005 U.S. market demand . Actual markets are projected to expand by 7% to 
14% per year. 

*** Value Not Found. 

These analyses were qualified by close interaction with a 
number of pri vate enterprises whose business is the pro­

duction, distribution, and/or application (for research or 
clinical use) of radiopharmaceuticals. Major radiophar­

maceutical companies were contacted by letter, with a fol ­
low-up phone call or person-to-person interaction . (See 

Appendix A I for k e letter responses from these com pa-

nies.) Nearly all respondents identified specific isotopes 
of particular interest which coincided with the isotopes 
listed in Table 2.3 and, along with the Expert Panel Report 

(Expert Panel 1999) and current pricing data, formed the 
basis for isotope selection in Tables 3.2 and 3.3. Most of 



the companies had to qualify their growth projections 
( except oned), stating that growth has occurred and will 
continue to do so, but only with a reliable, consistent, and 
cost-effective supplye.f_ Likewise the respondents were 
unanimous in their conclusion that the existing supply 
either is, or will be, inadequate in the near future , that 
reliable sources of high-quality (high-specific-activity8) 

isotopes are needed, and that the lack of supply hinders 
their research_h Many companies expressed an interest in 
partnering with PNNL in planning for future production_i.i 
Nearly all stated that facilities such as the FFTF should be 
used to ensure the production of current clinical and prom­
ising research isotopes. k.I .m 

The revenue values shown in these tables are calculated 
on a conservative basis. The overall demand for individual 

isotopes is kept constant throughout both time periods at 
the projected U.S. demand level for 2005. The current 
estimates of market growth rate for these isotopes have 
been previously estimated at 7% to 14% per year. The 
projected market share is estimated on the assumption 
that increased market share will occur over time as factors 
such as reliability, quality, and costs are established within 
the medical/industrial community. In specific cases larger 

market shares are estimated for isotopes expected to be 
produced prima~ily at the FFTF. 

Beyond 2020, rL enues from i~otope production are 
expected to gro1 as a function of overall market growth 
rate. If large m_rrket growth rates are realized and the 
overall s,ize of rrenues generated from isotope produc­
tion increases acpordingly, it is anticipated that the FFTF 
will work closely with private industry to examine the 
potential of privJtizing the facility. 

I 
Public Sector J 

The revenue re1eived from public-sector use of the 
FFTF's irradiat~on services will be generated through 
non-proprietary research testing and production of iso­
topes for governh1ent and/or clinical uses. The resultant 
products are not ~xpected to generate profits for the user 
and are therefor not expected to generate additional rev­
enues beyond the actual cost of FFTF-provided services. 

International sp~nsored research, which is one of the 
public-sector activities, is an important element of this 
plan . The Unit, d States benefits from international 

d"We anticipate annual growth rates of more than 20% per year for Th era Seed® palladium- I 03 ~rachytherapy seeds for localized prostate cancer," 
Raymond W. Ruddon, M .D., Corporate Director Science and Technology, Johnson & Johnson ompany. 
'" The growth of therapeutic isotopes depends upon the availability of cost effective isotopes. The industry looks to DOE to prepare for the growth 
in therapeutics by continue fundamental research in target methodology, processing chemistry and isotope separation both in government labora­
tories and academic institutions . Industry does not have the facility or expertise to conduct this 

1
raork," William J . Delorbe, Executive Vice Presi­

dent, Life Sciences Enterprise, Dupont Pharmaceuticals Company 
r We anticipate that radioisotope consumption will continue to increase , but sales will ultimately depend on reliable production, chemical quality, 
reasonableness of cost and federal approval of new radioisotope products," Robert M Sharkey, !Director Clinical Research, Garden State Cancer 
Center. 
&"The standard iodine-131 from Canada is mostly stable (non-radioactive) iodine 127, and thesel ' cold ' and useless atoms tend to occupy the bind­
ing sites on the targeting protein that we need for radioactive iodine- 13 1," Eugene A Woltering, MD, Director, Surgical Research, Louisiana State 
University Medical Center. I 
h " Unfortunately, our research has been severely hampered over the years because the governme t has so poorly supported a strong isotope pro­
duction program .. .. We have had difficulty sustaining some of our research efforts because of a lack of radioisotope availability," Robert M . 
Sharkey, Director Clinical Research, Garden State Cancer Center, Jul y 5, 1999. I 
'" In the case of our company, we are facing a watershed period in that our existing facilities are t t capacity and we will need to build or find extra 
space in the near future . Hanford is a possibility for our expansion and an isotope program at Ff TF might add to the attraction of the area," Len 
Hendrickson , President, Isotope Production Laboratories, June 30, 1999 . I 
i" ABC Laboratories is interested in an alliance with PNNL-FFTF .. ,We believe we will soon outgrow the capacity of our current arrangement with 
MURR - but this does provide a useful model of how PNL and ABC could work together," Jake Halliday, President and CEO, ABC Laboratories. 
'"Hence it is critical to have an additional supply of radionuclides for the medical field . An examination of FFTF indicates that it can supply all of 
the reactor produced nuclides which are used for restenosis prevention and in several cases, produces them better either in terms of rate of supply, 
or more importantly, in quality measured by both specific activity and impurities . It is therefore critical that FFTF be brought back on-line to en­
sure adequate supplies for medical uses," Michael R. Henson, Chairman and CEO, Radiance Medical Systems, Inc . 
'"The possibility of the reactivation of FFTF with provisions for both facilities for the productioA of short-lived radioisotopes and extensive core 
volume for production of long-lived radioisotopes is both interesting and exciting . Failure to reacti vate FFTF would be a major waste of a vital 
resource," J L Shepherd, President, JL Shepherd & Associates . I 
m" Given the limited availability of reactors of high flux in the United States, making FFTF available with short term irradiations possible would 
be important to the support of promising targeted radiotherapies for cancer and other diseases ," Alan R. Fritzberg, Chief Scientist and Chairman of 
the Scientific Advisory Board, NeoRx Corporation . 
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collaboration at the FFTF in three ways . First, under 
the Work-for-Others full cost recovery arrangements, the 
international contribution is a direct source of funds. Sec­
ond, for cost-sharing arrangements (typically 50/50), the 
United States acquires valuable data at half the cost, while 
still offsetting some operating costs. Third, and more 
importantly, the United States should continue to have a 
strong role in worldwide nuclear matters, and restart of 
the FFTF will enhance that role. Agreements to transfer 
U.S. nuclear technology have improved nuclear safety 
worldwide and have been an effective negotiating mecha­
nism for encouraging other nations to strengthen their 
non-proliferation regime. The financial contributions from 
the first two benefits can be easily quantified, but value 
cannot be reasonably assigned for the third. 

The FFTF will derive revenue by producing a number of 
special research isotopes for the DOE's medical , industrial , 
and research isotopes supply service within the DOE Isotope 
Programs Office (NE-70). For many of the isotopes, the 
private sector lacks either the capability to produce or the · 
ability to successfully finance a profitable private-side 
venture (see footnote d on page 3-11 ). The Isotope 
Programs Office maintains a revolving fund to support 
the cost of producing isotopes that have been requested 
for research activities. These isotopes are made available 
to government, private, and commercial institutions at 
prices that support a reasonable return to the revolving 
fund, but do not over-price and thereby discourage use. 
This DOE programmatic function helps build new markets 
for radioisotopes in previously underdeveloped technical 
areas . The DOE business model for research isotopes 
assumes that successful research will foster increased 
demand . Increased demand wi ll lead to increased pro­
duction and increased sales. These in turn will allow 
for improvements which reduce the unit costs, further 
increasing demand. At some point, the process is ready 
for privatization . As an example, DOE supported the 
production, radiochemical processing, and marketing of 
radiochemically pure yttrium-90 at Hanford for several 
years unt il the revenue from sales was sufficient to offset 
the cost of production. As yttrium-90 sales became profit­
able, the activities were transferred to the private sector. 

Table 3.4 summarizes the expected funding from both the 
private and public sectors. Early operations will require 
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base-level fundi , g at the -$24 million per year level. 
As described in tne business model analysis, the base­
level funding is I xpected to be eliminated between 
2010 and 2020. 

The United States benefits from 
international collaboration at 

I 
the FFTF. I 

Present Value Comparison of Alternatives 

The costs and revlnues for the two options facing DOE 
(shutdown or rest~rt) are shown in Figure 3.6. The net 
costs resulting frbm the two options are compared as 
present value co+s for year _2000 assuming a discount 
rate of 5% per year over the hfe cycle of the FFTF. 

The present value lcost to DOE for a decision requiring 
immediate shutdo

1
¥n and deactivation of the FFTF is 

estimated to be $172 million. The present value costs 
for• restart and o·~eration of the facility are shown for two 
primary revenue f ases The first case assumes that the 
FFTF builds a market share of approximately 5% to I 0% 
over the first 3 to 5 years of operation while the market 
demand remains c!onstant, and then maintains this share 
while the overall lmarket demand grows at a rate of 7%, 
10%, and 14% pe year. The second case assumes that the 
FFTF builds a market share of approximately 15% to 20% 
over the first IO t~ 15 years of operation while the market 
demand remains cpnstant and then maintains this market 
share while the o~erall market demand grows at a rate of 
7%, I 0%, and 141° per year. 

The results for thej conservative market penetration rate 
(5% to 10%) combined with an overall small market 
growth rate (7% ~o 10%/year) indicate that restarting 
and running the reactor over its 34-year life (with 
subsequent deact jvation) would cost the government 
approximately $100 to $250 million more than immediate 
deactivation in p~esent value over the 40-year project 
duration. This represents the total cost of the benefits 

. I 
denved from theCFFTF 
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Table 3.4 Revenue Projections for FFTF Operation at 100 Megawatts (FY 1999 $M ) 

Isotopes Private Radio-
See Tables 3.2 

(medical & industrial) phannaceutical 
and 3.3 Companies 

8.5** 34** 

National Aeronautics and 2-5 kg/year with a 
Plutonitun-238 Space Administration capability to produce 

Production (NASA) 5.7 kg/year@ JOO 
5.0 7.0 

(through DOE- NE) megawatts 

Non-Proliferation International plus MD Joint Research Program 
Technical Programs (through DOE-NE) 

10.0 10.0 

Materials DOE-Office of Science Fusion materials 
Testing (SC) research 4.0 4.0 

Medical Isotopes National Institute of Clinical trial quantities 
(development) Health (NIH) and of targeted isotopes 

DOE-NE 
1.5 1.0 

Accelerator 
Transmutation of DOE-NE Irradiation test data on 

Waste (ATW) candidate fuel fonns 
1.0 3.0 

Research 

Nuclear Energy 
DOE-NE 

Annual competitive 
Research Initiative research program 1.0 2.0 

Total Annual Revenue 31.0 61 

*Revenue is the private or public funds provided for the actual research or specific irradiation serYiccs at he FFTF, not the total program or isotope cost . 
**Projected revenue estimates for 2020 assume conservative market demand equal to 2005 U.S. market demand. 

Actual markets arc projected to expand by 7% to 16% per year. 

•••Mid-range of the estimates from Table 3 .2 and 3.3 
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7% per year 10% per year j 14% per year 

Figure 3. 6 Net Present Value Life-Cycle Cost Comparisons 
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Assuming a more realistic market penetration (15% to 
20%), for the same low-end market growth rate, the 
opportunity costs range from approximately $80 million 
in additional costs to a present value savings of approxi­
mately $50 million compared to immediate deactivation. 
In either case if the private use demand grows at the upper 
range of the experts' estimates (I 4% per year), the facility 
would actually generate a profit (approaching$ I 00 to 
$200 million) over its lifetime. If this high growth rate 
case were to materialize, DOE would need to examine the 
options for privatization. 

In all cases, even with the conservative market penetra­
tion (5% to l 0%), and low growth (7% per year), the net 
present value cost to operate for 30+ years then deactivate 
is not so much larger than the cost to immediately deacti­
vate, that a decision could be based on this comparison 
alone. This analysis does not consider, or take credit for, 
any reduction in health care costs from advanced uses of 
isotopes. These savings would likely result in reduced 
Medicare costs based on the demographics of the U.S. 
population. 

3.2.4 Basis for Confidence 

The projections in this section were based on the follow­
ing analyses and assumptions: 

• Prior Facility Production and R&D Activity -
During its IO years of operation, FFTF users con­
ducted a robust program which , while by itself 
could not cover the entire cost of operation, pro­
vided partial reimbursement. Previous sponsors 
have been contacted to confirm their desire and 
intent to re-establish a similar level of activity 
at the facility. 

• Existing DOE Programs - The potential level of 
support (e.g., plutonium-238 production) was deter­
mined from programs within the DOE that have 
formally, through appropriate ongoing or completed 
National Environmental Policy Act (NEPA) reviews, 
established the specific levels of demand and potential 
pricing structure. 

• Market Analysis - The FFTF estimated revenue 
levels are based on the DOE's Expert Panel report 
(Expert Panel 1999), selecting only isotopes for 
which the FFTF, because of size and fast spectrum, 

is especiall well suited for production that comple­
mented othr likely sources. 

• Conservati' e Program Demand Forecasts - While 
NASA is r viewing a possible greatly expanded 
demand for plutonium-238 and/or space reactor 
developme , the assumptions used were the current 
official forefast for plutonium-238 demand and no 
reliance on any space-reactor work Industrial interest 
in using the I FTF for hardening electronic circuits 
was conside ed too preliminary to assign a revenue 
assumption. Given existing program uncertainty, no 
revenue wa projected from research supporting the 
DOE's plut9nium disposition program even though 
the FFTF wchuld be a logical option. 

The develobment of isotopes will 
become thJ DOE's most important 
contributior. to advancing health 
care techn logy. 

While the Nuclea Energy Research Advisory Committee 
(NERAC) contim~es its work on the Nuclear Science and 
Technology Infrastructure Roadmap (NERAC 1999), DOE 
staff, using the av1ilable draft, have been able to identify 
a variety of likely research reactor missions important to 
the future . While not all these missions would ultimately 
be performed at th1e FFTF, it is clear that DOE has few 
other reactor opti9ns to meet the anticipated needs and 
that the FFTF has lhe physical capability to do so. 

The projected need for medical and other isotopes, as 
shown previously, has a considerable range and has been 
controversial for ears; however, earlier this year, the 
DOE brought together a panel of recognized experts 
(Expert Panel I 919) to he! p establish the most reliable 
projection, based on the progress seen across many areas 
of medical isotope research. These projections, which 
have been accepte , and issued by the NERAC, indicate 
that the use of iso~opes for the treatment of cancer and 
other illnesses will grow between 7% and 14% each year 
over the next two decades . Even at the low end of the 
range, this growth viii quickly overwhelm available iso­
tope production reactors, hindering the introduction of 
many important medical isotopes. The FFTF could serve 
as the basis for a private-public partnership to support the 
growth in the applilcation of medical isotopes. Success in 

I 



this area would have a beneficial impact in supporting 
the development of isotopes to become the DOE's most 
important contribution to advancing health care technology 
and helping to reduce medical treatment costs nationwide. 

The other potential missions (l isted in Table 2.2) are the 
result of the project team 's best understanding of the need 
in each area, based on the current draft of the Nuclear 
Science and Technology Infrastructure Roadmap and the 
expressed plans of various organizations. Table 3.4 pre­
sents the value or revenue of the FFTF 's potential contri­
bution to various missions once it achieves steady-state 
operation and participation with each mission. The esti­
mated values of these missions are conservative. While 
they may be significant, potential contributions to some 
national security research activities are not listed in the 
table, as the responsible organizations have not yet final­
ized their plans. 

3.3 Plant Recovery, Restart, and 
Routine Operations 
This section outlines the key activities, costs, and sched­
ule associated with the restart and operation of the FFTF, 
and summarizes the basis for the high degree of confidence 
in the credibility of the projected cost and schedule. 

3.3.1 NEPA Review 

Should the Secretary determine that restart of the FFTF 
is warranted, the DOE would conduct a NEPA review 
of a proposed restart and operation of the FFTF as a 
multi-mission facility supporting isotope production, 
space technology, U.S. and international research activi­
ties, and irradiation services. The NEPA review process 

would involve p~blic scoping and participation, and the 
preparation of a Notice oflntent (NOI), an EIS, and a 
ROD. Public scf ping and participation would involve 
formal interactior,s with potentially affected and/or inter­
ested members tthe public; Federal, tribal, state, and 
local governments; and stakeholder groups. The EIS would 
describe the pu_pose and need for the restart and opera­
tion of the FFTtj, the proposed action and reasonable 
alternatives, an the affected environment, and would 
fully analyze the potential environmental impacts and 
mitigation of the affected environment and resources. 

Before publicatio of an NOI to formally initiate the NEPA 
review process, t e DOE would work with the states of 
Washington and I regon to publicly present the FFTF's 
proposed restart 1ctivities and multi-mission operations, 
including ration1Je; potential resulting environmental 
impacts, includin~ generation, management, and disposi­
tion of waste streams and spent nuclear fuel (SNF); and 
associated cost ej timates. 

Table 3.5 outlines a potential schedule for completing the 
NEPA review prT ess within 15 months. 

3.3.2 Requir d Upgrades for Restart 

Because system ryaintenance and rigorous configuration 
management hav1 been retained at the FFTF, few major 
systems and/or eAuipment upgrades are required to 
support restart af d continued operation. The upgrades 
are limited to th1se areas where reliability will be sig­
nificantly enhancfd, maintenance and repair reduced, 
and operational performance improved. Included in 
Appendix A.2 is ~ description of plant modifications and 
other activities th · t support restart of the FFTF. 

Table 3.5 FFTF NEPA Review Sched , e 

September I 999 

October I 999 to December I 999 

March 2000 

April 2000 to August 2000 

November 2000 

December 2000 

Notice oflntent (NOi) Publish~d in Federal Register 
I 

Public Scoping Meetings and ~ublic Comment Period 

Draft En\'ironmental Impact Sthtement (EIS) Issued 

Public Hearings and Public Comment Period 

Final EIS Issued 

Record of Decision (ROD) Issued 
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3.3.3 Cost and Schedule Estimate for Restart 

After the January 1997 decision to place the FFTF in 
standby, increased emphasis was placed on maintaining 
the "health" of the facility to ensure that operating sys­
tems were fully able to support a later decision either to 
restart or resume deactivation . Preventive maintenance 
on current operating systems has been increased, the 
maintenance backlog has been reduced by 36% since 
January I 997, and key systems and components that sup­
port either a restart or shutdown decision have been or 
are being upgraded (e .g. , the Closed Loop Ex-Vessel 
Refueling Machine, Sodium Removal System, Solid Waste 
Cask). As a result of these efforts, the FFTF is in excel­
lent condition, requiring minimal upgrades before restart. 

Beginning with a restart ROD, the preliminary cost estimate 
for a 100-megawatt, multi-mission restart is $229 million 
(in FY 1999 dollars). This includes the cost of recovering 
all systems, upgrades, modifications, installation of a rapid 
retrieval system for short-lived isotopes, staff increases, 
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and training. The annual operating costs, once restart was 
complete, would be $55 million. The funding profiles 
for major phases associated with restart of the FFTF are 

shown in Figure 17 
Figure 3.8 provides a Level O schedule for the major 
activities that mt+ be accomplished to support restart in 
July 2004. The underlying assumptions for this cost pro­
file and restart sc1edule are listed in Table 3.6. 

During the plannel 42-month restart, more than two-thirds 
of the anticipated llcosts are in support of plant engineering 
and operations st~f labor, Any acceleration of schedule 
saves over $4 mill on per month off the restart cost estimate. 

A preliminary Won Breakdown Structure (WBS) is shown 
in Figure 3.9. T e major tasks required to support the 
program have beeh identifi ed and described. These tasks 
would form the fdundation on which a final WBS would 
be developed one! the ROD was issued to authorize reac-

. . . I 
tor restart act1v1t1 s. 
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Figure 3.7 EIS/Restart Funding Profi e 
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Table 3.6 Restart Cost and Schedule Ass mptions 

• All cost estimates are in FY 1999 dollars. 

• Staffing estimates are based on Operations and Health Physics 
working around the clock and all other organizations continuing 
their currently defined day shifts. 

•The operational regulatory authority will be DOE. 

• DOE-RL and DOE-HQ will support operational restart reviews 
and safety analysis document reviews within the times shown on 
the schedule. 

• The EIS effort will begin no earlier than September I 999, with 
the ROD issued in December 2000 . 

• Reactor operations will be 100 megawatts with a capacity factor 
of at least 75% 

• Initial operation at l 00 megawatts precludes the need for a fuel 
supply to be available at or near the time of reactor startup. 
Operation at this power will pennit operation for six years following 
restart without additional fuel. 

• Chemical an4Iysis will be provided by a contracted 
laboratory except for on line cover gas analysis and fuel 
failure detectjon. 

• The design an~ manufacture of irradiation targets/specimens 
will be provided by the user in accordance with FFTF 
procedures. ~Ost-irradiation shipment and processing will 
be conducted 9r provided by the users. The cost of irradiation 
targets will 61 borne by the users. 

• Irradiation o~targets will begin after completion of initial 
reactor restart, low-power physics testing, and training. 

• During any c1ntinued period of standby, the material 
condition of_ f cility equipment will be maintained at 
least on par 1ith today 's plant conditions. 

• Safeguards a d security will be established appropriate 
to the operati nal needs and missions. 
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Figure 3.9 Preliminary Work Breakdown J ructure 

3.3.4 Routine Plant Operations 

The annual operating cost for the FFTF (in FY 1999 dollars), 
with existing fuel , is estimated at $55 million per year. This 
funding level fully supports all costs associated with the 
plant operations, including $2 million for ongoing systems 
and equipment upgrades (Operations Assurance). However, 
as stated in the assumptions in Table 3.2, the $55 million 
does not include user program costs, experiment-related 
design, fabrication, safety analysis and reviews, modifica­
tions of authorization basis to allow for irradiation, or post­
irradiation processing. Figure 3.10 provides a breakdown 
of the costs. 

Steady-state operating staffing levels are estimated at 410 
full time equivalents (FTEs). This staffing level is consis­
tent with the operating levels for the FFTF in the late 1980s 
and early 1990s. Figure 3.11 shows the distribution of the 
anticipated staffing for routine operations. 

3.3.5 Basis for Confidence for Restart and 
Routine Operations 

The confidence in the financial estimates is based on four 
factors : the FFTF 's initi al design, its current condition, its 
record of operation, and independent revie\<vs. 
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Design . As a test reactor supporting advanced reactor 
development and the next-generation liquid-metal reactor, 
the FFTF was designed to meet the licensing requirements 
of a commercial plant The NRC, at DOE's request, per­
formed a detailed technical review of the FFTF Final 
Safety Analysis Report (FSAR) and reported to the DOE, 
via an NRC Safety Evaluation Report (SER), that the FFTF 

I could be operated safely. The standards and controls estab-
lished during op~rations have been maintained. Configu­
ration manageml nt is excellent. 

Current Condition. The FFTF restart primarily consists of 
system recovery:! reintroducing working fluids, reconnect­
ing power supplTs, and performing instrument calibrations 

0 10 20 30 40 50 60 70 80 90 101 110 120 130 

Figure 3.11 Steady-State Staffing Levels for the FFTF 

Table 3.7 Cost Comparisons of FFTF Restart and Ope :ations (FY 1999 $M) 

Maintain Plant/E!S3 $55 .0 

Restart Costs $227 $239 $255 $229.0 

Annual Operating Costs $48 $52 $52 $55 

Annual Fuel Costs4 $4 .1 $5.5 $5.2 $5.3 

Annual Fuel Storage Costs5 $1.0 $0 0 $1.0 $0.0 

Deactivation Costs6 $269 $215 $269 $296 

1 
Defense Programs estimated high confidence in the restart-related costs and schedule. 

2
The Putnam , Hayes & Bartlett high estimate included 138% contingency ($48 .26 million) on plant upgrades , security upgrades, reactor refueling plant systems 
recovery. NEPA, Safety Analys is Report {SAR), and operational readiness review (ORR) activities 

3 The external reviews assumed that the EIS and plant recovery were completed in parallel. The current est mate is based on completing the EIS in I 5 months and 
proceeding with plant recovery after a positive ROD. The EIS costs estimate from the external reviews varied from $2 million to $4 .3 million and are included in 
the externa l review restart cost estimates I 

4If the FFTF uses the SNR-300 fuel , no new fuel would be required to operate the FFTF from restart in 2004 through 2020. The total cost for fuel in this case is 
$2 .8 mill ion Note that the ··current estimate·· assumes that new HEU assemblies will be fabricated at a cost of$350 Keach. 

5
Fuel storage costs are based on experience with the current system . 15 assemblies per year. Note that the rtrs t new additional cask to support fuel offload is not 
needed for 20 years after FTTF restart and operation begins . Therefore. the ' ·current estimate .. of O is based on no new cask procurements . 

6Dcactivation costs arc based on rcinitiating deactivation after the FTTF has operated ma multi-mission roI1 Estimated deac tivation from current plant condition is 
$199 million . 
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and preventive maintenance on all plant hardware. All 
plant changes since the facility last operated have been 
thoroughly documented via engineering change packages. 
No irreversible deactivation steps have been performed, 
nor has there been any cannibalization of systems while 
the faci lity has been in standby. The restart estimate 
includes $20 million as contingency to address compo­
nent failures, replacements, and upgrades. 

Record of Operation. The FFTF is not a "green fie ld" 
project The facility and its supporting infrastructure exist 
and have more than l O years of operating experience. The 
FFTF plant is in excellent condition with 

• ready access for all significant recovery actions 

• existing assembly and laydown areas 

• no issues of weather restriction on planned activities 

• no need to construct staff support facilities . 

Although the total staff has been reduced by nearly 27% 
since the FFTF last operated, a high percentage of staff in 
key technical positions are still at the facility. Engineering 
is at 75% of normal operating levels, and more than 80% of 
those engineers have experience at power. Operations still 
has 5 operating crews at >60% of the normal complement 
on each crew. More than 80% of the operators have expe­
rience with the FFTF at power. 

The average continuity of service for the current FFTF 
employees is 19 years . This experience factor reflects 
in-depth knowledge of systems, processes, and ability 
to accurately estimate the time (and cost) of work to be 
performed. 

The FFTF staff has consistently met work plan milestones 
during operation, standby, and deactivation on or ahead of 
schedule, always with a favorable (positive) cost variance 
with small(< 5%) schedule variance. During the FFTF 's 
10 years of operation, adherence to mission objectives 
averaged 98%. 

During deactivation, performance on the Sodium Storage 
Facility was excellent, demonstrating the ability to suc­
cessfully coordinate design , construction, and acceptance 
activities. This major construction project was completed 
4 months ahead of schedule and 18% under budget 

I 

Independent Ret iews. Extensive external reviews of 
restart have been f.onducted by experienced senior man­
agement personm:I and operations consultants: 

• Defense Prf rams Review 10/95. 3/96 

• Independen1 Review by DOE-RL team 8/96 - 10/96 

• Putnam, Ha1es & Bartlett 10/96 - 1/97. 

As indicated in Tl ble 3.7, the current estimate is in gen­
eral ~greement ~v~th the external, high confidence/with 
contingency estmtates. These cost estimates have been 
well established past operations. 

3.3.6 Comp rison of Restart with 
Deactivation Costs 

The tota_l ~stimater cost to complete the deactivation is 
$199 million. If ~he Department determines that the 
FFTF 1s not needbd and that a permanent shutdown is 
required, existing ri-Party Agreement (TPA) milestones 
would require tim ly resumption of deactivation (WDOE, 
USEPA, US DOE r 998). Based on current plant status, it 
would take approx11nately six years to complete all required 
deactivation acti J ities and transfer the facility to the 

. I 
En_v1ronmental R~f toration Contractor for long-term sur-
veillance and ma1 , tenance. This timeline is based on an 
optimum funding rofile shown in Figure 3.12 . Before 
the FFTF was pl ced in standby in January 1997, the 
project team had I ore than 2 years of deactivation experi­
ence. AD detailed shutdown plan (WHC 1996) exists and 
fonns the basis for he above costs and schedule estimates. 

The critical path for successful execution of the deactiva­
tion activities is tt e purchase _of the remaining Interim 
Storage Casks, a l@ng-lead equipment purchase estimated 
at $9 million. This purchase, along with the funding 
required to maintain the staff and facilities to execute 

I 
~he work , forms tfie basis for the $50 million required 
m FY• 2000. Sho Id the funding level be less than that 
shown in Figure 3.12, then the total cost and schedule 
duration would in9rease . It is unclear where the FFTF 
deactivation would fit into the Hanford Environmental 
Management Inte~rated Priority List, given the current 
h1gh-v1s1bI11ty issues; e.g., SNF at the K-Basins, tank 
waste storage, and the privatization of Hanford Waste 
Vitrification. Wit out sufficient funding (- $40 million 



per year) to retain key resources who have the specialized 
knowledge to operate and maintain one-of-a-kind refuel­
ing equipment, the ability to execute the deactivation 

activities in a reasonable time frame is equally uncertain. 

For example, if in FY 2000 the FFTF standby budget 
request remained at ~$30 million, the one-year loss of 
personnel would increase the eventual deactivation cost 

by an estimated $65 million (total = $264 million) and 

increase the schedule by 2 years. 

3.4 Finarcial Merits and 
Drawbacrs 
If the DOE dec1!es to operate the FFTF, there is sufficient 
identified need or the facility to justify most, if not all, of 
its operating co t. The financial merits and drawbacks of 
FFTF operation are enumerated in Table 3.8. 
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Figure 3. 12 Deactivation Versus Restart C i st Profiles 

Table 3.8 Financial Merits and Draw 

• There appears to be a sufficient set of potential missions to warrant 
the restart, and to allow a proportionate recovery ofrestart costs 
associated with future private sector uses of the facility. 

• Deactivating the FFTF precludes the use ofone of the few remaining 
U.S. reactor research and i1Tadiation services reactors, and there 
is little likelihood that support and funding could be obtained for 
designing and constructing a new facility in the foreseeable future. 

• By providing a potential competitor for nuclear science and 
irradiation services, restart of the FFTF will compel others to hold 
down costs for research and irradiation services. 

• There is high confidence in the credibility of the restart cost 
estimates. 

• The business model is straightforward, is comparable to those 
successfully used at other user facilities , and has been validated 
by DOE and an independent review. 

• Foreign sourdes for reactor research and irradiation services 
could be less·l~xpensive, and not require infrastructure 
investment. ~ther nations (for example, France with the 
proposed Jules Horowitz reactor) could construct the needed 
facilities witHout U.S. investment. 

• Restart and o~eration of the FFTF will be perceived by 
other test and! irradiation service reactors in the U.S. as 
"competing" for limited funding. 

• There is tmc~rtainty in the revenue projections. 

• The NEPA ptocess and obtaining the necessary funding 
add uncertai1ty to the schedule . 

I 
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4.0 Management 

The management approach presented in this section of the 

FFTF will resume safe, secure, and efficient operation as a 

government-owned, contractor-operated nuclear facility in 
that it 

• establishes singular, clearly defined lines of respon­
sibility and authority in the contractor organization 
and in the DOE-contractor relationship for FFTF 
project management, restart, operations, and mainte­
nance 

• is capable of implementing and managing a viable 
model for a customer-oriented user facility that 
ensures scope, cost, and schedule requirements are 
met 

• provides assurance that FFTF staff are knowledge­
able , experienced , and proficient in reactor engineer­
ing, operations, safeguards and security, technical 
support, and regulatory compliance 

• creates strong partnerships with key public- and 
private-sector entities 

• ensures that FFTF restart and operation will not 
divert attention or funding from the number one 
priority at Hanford - cleanup. 

The following sections describe the past and proposed 

management structures for the FFTF, review the expected 

regulatory approach, lay out the expected user facility 

model as benchmarked against other US reactors, and 

discuss the non-financial relationships with the commu­

nity, universities , and professional organizations 

4.1 Organizational Structure and 
Reporting 
The historical and current management practices 
employed at the FFTF are described in the next section 
followed by a proposed management model for facility 

restart and operations. 

4.1.1 Hist1rical Information 

Based on a coryceptual design developed by PNNL in the 
1 960s, the FF1fF was constructed, started up, and operated 

as a fuels and f aterials test reactor facility, managed by a 
Hanford Site contractor, Westinghouse Hanford Company 
(WHC), integrkI with the Hanford Engineering Develop­
ment Laborato~ (HEDL). HEDL was tasked with devel­
opment of advanced reactor fuels and materials, and 
liquid-metal tef hnology. HEDL coordinated its reactor 
engineering de_relopment activities with PNNL and the 

other national ~aboratories, and with international reactor 

development Pfograms FFTF operations were conducted 
in direct support of these reactor development activities. 

The FFTF plai t manager, reporting to the HEDL direc­
tor, was directly responsible for all operations and 

maintenance <p &M) activities . The plant manager 's 

organization i7ciuded , along with O&M personnel , 

plant system eh gineers and onsite safety and quality 
assurance eng 

1

neers . 

Closely coordinated with and in support of FFTF operations, 

the HEDL labor ory functions included the following: 

• engineering standards and requirements 

• nuclear sl lfety and quality assurance requirements 
and overs ght 

• reactor fu . 1 design and procurement 

I 
• management and administration of reactor develop-

ment pro~ am activities, including an irradiation test 

program I 

• technical support in reactor core physics and 
engineering, liquid-metal technology, radiation 
protection , and waste management. 

In the late 1980s, the HEDL organization was dissolved. 
An advanced re ctor engineering group was established 
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within WHC to provide technical support to the FFTF, 

similar to that which had been provided by HEDL during 
operations. 

The FFTF will cooperatively draw on 
the expertise of staff at the Argonne 
National Laboratory 

Essential to the FFTF 's successful operating history have 
been effective management and organizational practices: 

• rigorous design and configuration control, imple­
mented by the in-plant engineering and operations 
staffs. Cognizant system engineers work closely 
with the O&M staffs. Configuration control is 
maintained through rigorous change control 
procedures. 

• a dedicated technical support staff, knowledgeable 
and competent in the reactor, fuel , and plant design, 
and the underlying fast reactor engineering and 
liquid-metal technologies 

• a highly competent operations staff, developed and 
sustained through adherence to rigorous selection, 
train ing, and quality standards 

• independent review and oversight of nuclear safety 
aspects of design, operations, and maintenance of 
reactor, fuel , plant systems, and irradiation/test 
vehicles. Both the contractor and DOE conducted 
these activities in close coordination with facility 
operations. 

These essential practices have been sustained during the 
standby period, and would be reflected in the FFTF restart 
and return to operations. 

4.1.2 Current (Standby) Organization 

Standby of the FFTF plant is managed by the Director, 
FFTF Project as an element of the Babcock & Wilcox 
Hanford Company (B&W Hanford) Facility Stabilization 
task within the Project Hanford Management Contractor 
(PHMC) organization This organizational arrangement 

was established to l arry out the shutdown and demobiliza­
tion of the facility, ~n the event that were to occur. The 

current FFTF plantl_staff is made up, in substantial part, 
of personnel who ~ave prior FFTF operating experience, 
providing a vital core for resumption of operations. 

The site advanced leactor engineering group would need 
to be reconstituted fo provide technical support to the 

FFTF. While a nu1 ber of individuals with prior experi­
ence, either in O&fyi or in technical support, are still 
employed at Hanfotd in other organizations, the most 
effective approach f o rebuilding this capability would be 
to ensure that the FFTF will cooperatively draw on 

the expertise of et · sting staff at the Argonne National 
Laboratory - Wes (ANL-W) facility. 

4.1.3 Restart rganizational 
Relationships knd Responsibilities 

Safe and efficient ~onduct of the restart and operation 
of the FFTF, a co1~ plex nuclear reactor plant, requires 
a technically com ~etent and experienced contractor 

organization, und; contract arrangements that provide 
for dedicated , sin f -purpose undertaking of the task. 

4.1.3.1 Premise

1

s 

This management pllan can be successfully executed 

because it is based r n the following premises: 

• The FFTF wo Id be restarted and operated as a part 
of the DOE O fice of Nuclear Energy, Science and 
Technology (rfE) program. NE currently operates 
all DOE react0rs and has programmatic responsibil­
ity for the AdJanced Test Reactor (ATR) and the 
Annular Core Research Reactor (ACRR). 

• The FFTF ~ J ld be restarted and operated as a 
I 

government-O}Vned, contractor-operated reactor 
under DOE safety and regulatory cognizance 

• Contractual rel ponsibility for operation and mainte-
1 

nance of the Ff TF, and for the nuclear sciences/ 
irradiation sert ices user facility program, would be 
undertaken by lBattelle under the DOE contract for 
the operation of PNNL • . One of the key benefits of 

cThe PNNL Contract (DE-AC06-76RLO 183 0, Section C-3 .h) for FY98-02 provides that " If the d~cision is made to restart the FFTF for produc­
ti on and/or testing mission, then startup and future operational responsibilities may be assigned to the Contractor by the DOE, including direct in­
corporation of the FFTF facility activities and staff as part of the Laboratory under this Contract ." 



such a transfer will be to ensure that the FFTF restart 
and operation does not divert focus away from 
Hanford cleanup. 

• PNNL would be the sponsoring DOE laboratory for 
FFTF operation and use. 

• PNNL would competitively subcontract with a 
technically competent and experienced reactor plant 
operations contractor to conduct FFTF plant restart 
and operation under DOE/PNNL direction and 
oversight. 

• PNNL ·would, to the greatest degree possible , 
privatize business operations activities associated 
with private sector products and services, including 
target/test preparation and processing (see letters in 
Appendix A 1 - Private Companies). 

4.1.3.2 Functions 

The Battelle Memorial Institute (see letter from the 
Battelle Chief Executive Officer in Appendix A 1 - Oper­
ating Contractors), through its operation of PNNL for the 
Department of Energy, commits to restart the FFTF as a 
user facility to provide nuclear research and irradiation 
services supporting the nation 's scientific, engineering, 
and medical communities. Battelle intends to use its 
strong international and commercial contacts and customer 
base to ensure that the market for the FFTF's products and 
services is fully engaged, and that support is obtained to off­
set the FFTF 's operating costs. Battelle is also committed 

. to meeting agreed-upon goals for restart cost and sched­
ule, operational excellence, and revenue offset targets in 
accordance with performance agreements established with 
the DOE that place any and all FFTF-related fee at risk. 
Under this arrangement, the principal organizational func­
tions are outlined in Figure 4.1. Specific PNNL tasks 
would include the following: 

• Provide FFTF /i rradiation services program manage­
ment, including product development, budget, cost 
and schedule control , in close coordination with the 
cognizant DOE program managers (DOE-NE and 
through an established NE program office at the 
Richland Field Office [RL]). 

• Establish and maintain a User Services Group 
(USG) which, through an Advisory Committee with 
diverse membership, would coordinate interactions 

with the ser community to promote the growth and 
mission Jr the FFTF as an international nuclear 
science <ilid irradiation services user facility. 

• Establis~ organize, and train those PNNL staff who 
would provide technical support, including nuclear 
safety ov~rsight, to the FFTF subcontractor, and who 
would delvelop and manage the FFTF user facility 
and repl l ement reactor fuel programs. 

• Support development of the EIS and the other NEPA 
requirem~nts pertaining to FFTF restart. 

I . 
• Manage t~e development, review, and approval of 

the updatrd Final Safety Analysis Report (FSAR) 
pertaini] to FFTF restart and operation. 

Letters of ommitment were obtained 
from ~hre~I qualified reactor operations 
organizat,cins. 

• Select, prbvide contract administration, and techni­
cally di ref t the operating subcontractor for the FFTF 
(as indicated in the current PNNL contract). . 

To demo strate the availability of qualified subcon­
tractors, It

1 
tters of commitment were obtained from 

three qua ified reactor operations organizations, and 
a memorn dum of understanding (MOU) signed for 
joint suppl°rt with the other major fast reactor­
experiencl,d US. organization: 

• Babco9k & Wilcox (incumbent) 
• Duke Engineering 

EnergylNorthwest 
• ArgonT National Laboratory. 

These conrpanies have committed to operate the 
facility u~der the subcontractor arrangement speci­
fied in thiT description, to successfully restart and 
operate the facility, and to use their corporate 
resources to promote the FFTF 's capability (see 
letters in Appendix A 1 - Operating Contractors). 

• Provide di ect technology support as well as Envi­
ronment, ~afety, Quality, and Health (ESQ&H) 
oversight fo the operating subcontractor for the 
FFTF. Th is would include coordinating and 
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Figure 4. 1 Organizational Outline for FFTF Restart nd Operation 

establishing working agreements with ANL and • Obtain and uti ize the appropriate services from the 
other DOE laboratories, as required. The DOE and site Managemfnt and Integration contractor to 
the other identified regulatory groups would provide ensure minimal duplication and cost 
the independent oversight of ESQ&H at the facility. 

• Provide sponsorship, development, technical man­
agement, and administration of an irradiation 
services and nuclear science user facility program 
for the FFTF, responsive to the developing needs 
of the users of those services. 

• Develop and manage a program to meet needs for 
FFTF replacement reactor fuel. 

The principal subcontractor functions are organizationally 
outlined in Figure 4. I . 

Subcontractor tasks would include the following: 

• Establish and maintain effective contractor "owner­
ship" of the FFTF facility. 

• Manage the O&M, technical support, and plant 
administration functions 

• Rebuild, train, and qualify the FFTF O&M staff 

• Restart, opera e, and maintain the FFTF reactor plant 
under DOE/Pr direction. 

• Manage the falcilities and equipment ancillary to the 
FFTF under DIOE/PNNL direction. 

• Effectively m~nage and control allocated govern-
ment resources. 

4.1.3.3 lmplemL tation 

As indicated in Fig~re 4.1 , PNNL functions and responsi­
bilities related to F~TF operation and its irradiation pro­
gram would be carded out under the management of an 
FFTF Project Director. A combination of dedicated and 
matrixed staff assighments in the laboratory organization 
would be 1mplemer d to fulfill the task requirements. 



Continuity and technical capability would be prime 
cons iderations in fulfilling these assignments. 

The organizational outline of the FFTF plant functions 
shown in Figure 4.1 generally reflects that which was 
used during prior operations and has been continued 
through the standby period. It is clear that as the facility 
transitions from restart to steady-state operations, the 
specific organizational structure will be adjusted to most 
appropriately support the actual mission mix. 

The contractor line of responsibility and authority for 
FFTF operations and for the nuclear safety aspects of the 
facility and of the irradiation program would flow directly 
from the Project Director (PNNL) to the plant manager 
( operating subcontractor). 

Privatization options will be evaluated. 

Essential to successful operations would be the early es­
tablishment of close working relationships (as formally 
established in a responsibility accountability matrix) 
between the operating FFTF plant staff and their counter­
part PNNL project management and support staffs 
(ESQ&H Oversight and USG). 

In rebuilding the FFTF plant staff and establishing the 
PNNL support for restart, assistance would be sought 
from other DOE laboratories and facilities. The extensive 
fast reactor and liquid-metal engineering and operations 
experience of the ANL-W staff is the prime example. An 
MOU between PNNL and ANL highlighting cost- and 
capability-saving collaboration has been established in the 
following four areas (see letter in Appendix Al - Operat­
ing Contractors): 

• joint program development and performance of 
projects utilizing the FFTF 's nuclear science and 
irradiation services capabilities 

• specific technical support tasks to be undertaken by 
ANL, particularly in the areas of fast reactor physics 
and engineering, liquid-metal technology, nuclear 

safety reyiew and analysis, and fuels and materials 
technology 

• temporaI assignment of ANL operations and 
technica support personnel to the FFTF 

• joint pla ning for the recruitment and assignment of 
qualified and experienced personnel within the 
respectivf contractor organizations, with any trans­
fers subj rct to individual staff career aspirations as 
well as DOE approval. 

The FFTF wil not only draw on the experience available 
at ANL-W, bul will establish a cooperative relationship 
with other natipnal laboratories engaged in nuclear activi­
ties and reactor operations. Appendix Al contains a letter 
signed by the national laboratory directors pledging their 
support for co1peratively employing the valuable reactor 
resources they [operate (as well as their endorsement of 
maintaining thJs nation's critical nuclear core competen­
cies and infrasiructure) As an example of this desire for 
more cooperat ve relationships, PNNL has also signed an 
MOU with the new operators of the Idaho National Engi­
neering and Environmental Laboratory (INEEL) - Bechtel 
National , Inc. Jnd BWX Technologies, Inc. - to collabo­
rate on nuclear science and technology and to avoid 
duplication in facility use . 

4.1.3.4 Potential for Privatization 

For the purpos~s of this plan, privatization was not con­
sidered for FFl F reactor operations. However, there have 
been expressions of interest in privatizing all operations 
associated witH the FFTF by those believing that if DOE 
was willing to i nter into a mutually acceptable long-term 
facility lease w/th a private company, private source 
funding could Tue obtained to support the FFTF restart6

. 

During the EIS process for an FFTF restart, if initiated, 
privatization options will be evaluated for alternative 
management approaches, including 

• full privat'zation of FFTF restart and operations 

• alternative contractor relationships (other than with 
FFTF as Jart of PNNL) 

hAdvanced Nuclear & Medical Systems (ANMS) submitted an unsolicited proposal , dated September 1996, to the DOE for the privatization of the 
FFTF. In July 1997 the DOE notified ANMS that it was premature to consider privatization proposals for the FFTF. However, the DOE indicated 
that it would consider privatizing the facility if a decision were made to restart it. 
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• economic inducement incentives to attract FFTF 
users or support facility operators 

• leveraging of existing FFTF and ancillary facilities 
to promote investment and use 

• joint initiatives with regional economic development 
activities. 

4.2 Regulatory Approach 
The FFTF has established, through its 10 years of opera­
tion, an excellent record of providing nuclear science and 
irradiation services (see Appendix A.2). It has proven to 
be a safe, reliable, and environmentally benign reactor 
plant Bringing the FFTF back into the DOE long-term 
nuclear infrastructure as a national user facility should 
entail no significant changes in the design, configuration, 
or operating mode that would have any appreciable 
nuclear safety or environmental consequence. 

The FFTF continues to be classified as a government­
owned reactor, and would be restarted and operated under 
an incentive-based DOE Management and Operations 
(M&O) Contract. The facility would be subject to all 
DOE Orders and Regulations pertaining to the operation 
of a nuclear facility (USDOE 1995). 

The FFTF would also be subject to all applicable state and 
federal regulations, including NEPA requirements. A 
restart of the FFTF and the use of its supporting facilities 
for any proposed missions would be preceded by the 
preparation of an Environmental Impact Statement (EIS) 
and would necessitate a positive Record of Decision 
(ROD) in accordance with the Council on Environmental 
Quality regulations for implementing the NEPA ( 40 CFR 
Parts 1500-1508) and the DOE NEPA regulations ( 10 
CFR Part 1021 ). The EIS would describe the purpose and 
need for restart of the FFTF, the proposed action and iden­
tification of the reasonable alternatives, and the affected 
environment, as well as fully analyze the potential 
impacts and mitigation of the affected environment and 
resources. Formal and interactive EIS scoping and review 
participation by other government agencies, the impacted 
states, tribal nations, stakeholder groups, and the general 
public would be a major activity during the time between 
the decision to start an EIS and the expected ROD. The 
Draft EIS would reflect input from the public scoping 
process and the Final EIS would reflect public comments 
on the Draft EIS . 

At a minimum, th EIS would analyze the following 
issues: 

• effects on the bublic and onsite workers from releases 
of radiological and non-radiological materials during 
normal operdtions and reasonably foreseeable 
accidents I 

• long-term rist to human populations resulting from 
waste disposdl 

. I h . I . d . • comparison o a tee mca , economic, an environ-
mental basis of using the FFTF versus the available 
set of altemai ves for supporting the identified suite 
of missions 

1 effects on air and water quality from normal opera­
tions and reas

1

onably foreseeable accidents. Included 
will be an assessment of the necessary and appropri-

1 

ate state and fr deral permitting actions needed, 
including like~y exclusions, modifications to existing 
agreements, and potential for new submittals. 

I 
• cumulative effects, including impacts from other 

past, present, ~nd reasonably foreseeable actions at 
the Hanford Slite 

• effects on end
1

angered species, archaeological/ 
cultural/histo~ical sites, floodplains and wetlands, 
and priority habitat 

• effects from J ansportation and from reasonably 
foreseeable transportation accidents 

. .I . d' . . soc10econom1c impacts on surroun mg communities 

• disproportionltely high and adverse effects on low­
income and minority populations (Environmental 
Justice) I 

• unavoidable apverse environmental effects 

• short-term uses of the environment versus long-term 
productivity 

• potential irretrievable and irreversible commitment 
of resources 

• the consumption of natural resources and energy, 
including water, natural gas, and electricity 

• pollution prevention, waste minimization, and 
potential mitigating measures 



• the most appropriate regulatory structure to appro­
priately ensure a coherent nuclear safety program, 
including the potential alternative relationships 
dependent on mission profile with the DOE, Defense 
Nuclear Facilities Safety Board (DNFSB), the NRC, 
and the International Atomic Energy Agency 
(IAEA). 

The FFTF has been operated successfully, and informa­
tion is readily available (Neitzel et al. 1998) on the history 
and description of the Hanford Site, land resources, visual 
resources, site infrastructure, air quality and noise, water 
resources, geology and soi ls, biological resources, cultural 
and paleontological resources, socioeconomics, public 
and occupational health and safety, waste management, 
etc. The preparation of this EIS is therefore expected to 
be relatively straightforward, be low in cost, require little 
new information, and be complete (i .e., ROD issued) in 
15 months. 

Because the FFTF and its supporting facilities are existing 
DOE facilities, there would be minimal local land use 
impact and any changes would be consistent with the 
Draft Hanford Remedial Action Environmental Impact 
Statement and Comprehensive Land Use Plan (USDOE 
1998a). Land use for the FFTF would be in full agree­
ment with the plan established to reflect the positions of 
the involved tribal nations. 

Various waste streams from proposed activities are and 
would continue to be managed in accordance with the 
applicable Federal and State regulations. In addition, a 
"Waste Management and Minimization Plan" will be pre­
pared in concert with the states of Oregon and Washington 
to ensure that any FFTF waste issues do not negatively 
impact Hanford Site cleanup. 

A "Waste Management and Minimi­
zation Plan" will be prepared in 
concert with the states of Oregon 
and Washington. 

A wide range of postulated reactor accidents were analyzed 
in the existing FSAR. No substantial environmental or pub­
lic health and safety impacts were identified in the FSAR or 

the initial sta up EIS (USAEC 1972). However, in addi­
tion to the rest~rt EIS analyses, a full Level 1 Probabilistic 
Risk AssessmJnt and a complete upgrade of the existing 
FSAR to the ~ ost current DOE requirements would be 
completed befl re restart. 

NRC inv I lvement will be pursued 
for the F 'TF restart. 

In preparation for the original startup of the FFTF, the 
NRC and its A visory Committee on Reactor Safeguards 
(ACRS) provi! ed, at DOE's request, a detailed technical 
review of the f clear safety aspects of the facility. This 
included a rev ·ew of the Safety Analysis Report (SAR) 
and the writin~ of a Safety Eva! uation Report (SER). The 
NRC involve ent provided added assurance to the DOE 
and to the pub ic that the plant could be operated safely. 
A similar NR involvement will be pursued for the FFTF 
restart safety review (see NRC letter in Appendix A 1) 

DOE also wor s closely with the IAEA to verify to the 
international community that all relevant requirements 
concerning acdountability for special nuclear materials are 
being met undJr the current Voluntary Agreement. While 
formal discuss~ons with IAEA regarding the FFTF have 
not yet been conducted, DOE would, before restart, 
address IAEA lnvolvement at the FFTF to verify the 
inventory and ~haracteristics of nuclear materials ~t the 
facility. IAEA lhas a long-standing program with fast 
reactors and has declared their willingness to help facili­
tate FFTF 's uJe by the international community (see 

letter from IAr A Depart~ent of Nu~lear Energy in 
Appendix A.1 lnternat1onal Orgamzat10ns). 

4.3 Use Facility Operation 
The DOE maintains nearly 80 major user facilities within 
its complex, in~luding the High Flux Beam Reactor 
(HFBR) at the Brookhaven National Laboratory, the 
Advanced Test f eactor (ATR) at the INEEL, and the High 
Flux Isotope Reactor (HFIR) at the Oak Ridge National 
Laboratory. T~e DOE has as part of its charter the plan­
ning, construct~lon, and operation of these user facilities, 
and the responsibility to make them available to serve the 
research and de elopment (R&D) needs of the nation's 
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universities, industry, private laboratories, Federal 
laboratories, and others . As stated by the DOE 's 
Office of Science, 

The nation's scientific and technology enterprise 
requires and relies upon access to a broad variety of very 
advanced scientific facilities and laboratories. About 
18,000 DOE and non-DOE-sponsored scientists from 
industry, university and government conduct unique, 
cutting-edge experiments at the Department's basic 
research user facilities each year. The construction and 
operation of major scientific facilities not only sets DOE 
apart from the other Federal agencies that support sci­
ence, it ensures that our Nation will maintain its world 
leadership across a multitude of scientific disciplines. 
(http: //ww-.,v.er.doe.gov/) 

PN NL has demonstrated the 
ability to successfully bring on 
line a new national user facility 

PNNL has recently demonstrated the ability to successfully 
bring on line a new national user facility, the Environmental 
Molecular Sciences Laboratory (EMSL} PNNL intends to 
model the FFTF as a national user facility after both the 
EMSL and the other US. reactor facilities 

4.3.1 Bench arking with Other U.S. 
Reactors 

During June 1999, a DOE-contractor team from the FFTF 
toured and met wit staff from HFBR, ATR, and HFIR to 
review capabilities/ business models, and current capaci­
ties for new or expanded missions to ensure that this 

I 
Program Scoping ~Ian reflects a mission and business 
approach that buil~ on the success of and complement 
operations at thoser ther facilities . 

The consensus of t~e benchmark team and the DOE/con­
tractor staff intervi~wed at the three reactor sites was that 
a restarted FFTF wbuld not adversely compete with, but 
could support the u[ e of, these other facilities for their 
specialized missioJ profiles . The managers of all the DOE 
reactor facilities al~o agreed (see letter from national 
laboratory directors, Appendix A 1 - Operating Contrac­
tors) that the DOE heeds to maintain , employ, and operate 
its nuclear facilitie~ infrastructure as an integrated (rather 
than site-competitil e) system to meet existing and emerg­
ing national needs . 

FFTF staff also ma e an earlier visit to the Annular Core 
Research Reactor (ACRR) at Sandia National Laboratories. 
The ACRR's small Jore volume, conversion status, uncertain 
availability, and lacU of private sector interest prohibited 
comparison with th~ three larger reactors and, correspond­
ingly, with the FF1. 

Table 4.1 Other Reactors' User Community Atroach 
I 

HFBR 

ATR 

HFIR 

"User Coordinator" 
(http ://bnlstb. bio. bnl .gov/bi odocs/hfbr/hfbr _ co tacts.html) 

"New Business Contacts" 
(http: I /www.inel .gov/capabi lities/nuc-tech/index.html) 

Contract with International Isotopes Idaho Inc. I_ full rights to market and sell all isotope 
products manufactured at the A TR as well as exclusive rights to market and sell existing 
inventories of DOE cobalt-60. 
(http ://www.intisoid.com/corporat.htm) 

"Research Reactors Division Experiment Coor1

1

dinator" 
(http://www.oml.gov/hfirlhfir8.html) 



4.3.2 User Community Input/Interfaces 

The DOE and PNNL would promote and manage the use 
of the FFTF in a manner similar to the central point-of­
contact approaches shown in Table 4.1 for the HFBR, 
ATR, and HFIR. 

A key element of that approach would be the establish­
ment of a User Services Group (USG), which would coor­
dinate all interactions with the user community. To 
enhance those interactions, an Advisory Committee would 
be established to evaluate and promote the growth and 
mission of the FFTF as an international nuclear science 
and irradiation services user facility. The committee, 
which would include regional stakeholder and university 
membership as well as representation from professional 
groups and organizations (e.g., Federal agencies, IAEA, 
Electric Power Research Institute [EPRI], and interna­
tional partners) , would also 

• evaluate the review and selection process for access 
to all of the FFTF facilities 

• advise on the development, modification, and/or 
acquisition of specialized FFTF support facilities 

• advise on appropriate metrics for evaluating the 
effectiveness of the FFTF as a user facility, and 
review progress toward goals based on those metrics 

• foster the communication of FFTF goals and objec­
tives to the user community, and represent those 
users as an independent liai son 

• provide feedback on new collaborations, progress of 
present collaborations, and user activities 

• have representation, as appropriate, in major reviews 
of FFTF operations. 

The USG would be modeled after the successful program 
PNNL has established for the EMSL (http://www.emsl.pn1. 
gov/homes/homepage.html). The USG will be organized to 
focus on the private and public sectors where there are differ­
ent objectives and expectations for product results. The 
charter of this group wi ll be to establish the technical and 
business ties to both public and private clients. A key prod­
uct of this group will be the defining of client priorities and 
requirements, and working with the FFTF operating staff to 

tailor an irradj tion services program and products to fulfill 
these requirem~nts. As an example of the required technical 
integration for ~evelopment and production, the functional 
steps for a sucdessful medical isotope program include 

.I f . 1 • preparatr n O target matena S 

• fabricatii n of target materials 

• assembl of isotope target components and irradia­
tion vehi Jes 

• irradiatio service program 

• target processing 

delivery L d distribution (production) or testing and 
redefiniti n of irradiation or processing program 
( developr ent). 

The integration of steps such as these would be defined in 
a Product Program Plan approved by the client and the 
FFTF operatiohs organization In essence this would be a 
product busine~s plan to manage all aspects of the client 's 
technical , finark ial , and interface requirements (to the 
extent desired), The Product Program Plan would be 
linked to a forrpal baseline funding plan for the FFTF, 
updated annually and maintained to provide a life-cycle 
financial balance sheet for the facility. 

A business plam will be developed for each service or 
mission area th

1

at would provide the objectives, strategies, 
market analysis, marketing approach, and financial plan. 
The capabilities of the FFTF would be defined and mar­
keted to public and private clients in an approach tailored 
to their specifi j application. This marketing would not be 
confined to specific FFTF irradiation and testing services, 
but would integrate DOE complex and other private capa­
bilities with client requirements for delivering the full 
suite of services (processing, product testing, analysis, 
transportation) . 

It is expected Jat, to the maximum degree possible, 
performance-based contracting would be used with most 
clients. This approach would include firm fixed-price and 
firm unit-price bontracts with select clients. Time and 
material contrabts are likely to be used predominantly 
where there is a strong developmental nature to the work. 
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4.4 Public/Private Interfaces 

4.4.1 Community Relations 

The FFTF operating organization has had and would 
continue to have a strong outreach program, including 
communications, frequent and open facility tours and 
briefings, and active involvement with interested stake­
holder groups. Several key community relationships 
would be emphasized: 

• Hanford Advisory Board - The Board is an 
independent body consisting of a balanced mix of 
the diverse interests that are affected by Hanford 
cleanup issues. The FFTF operating organization 
would work closely with the Board, especially 
during the NEPA process, to ensure that any Board 
concerns regarding a perceived potential interference 
of FFTF restart with cleanup priority at Hanford, 
waste generation at the FFTF, or other issues are 
addressed. Regarding Hanford Advisory Board 
concerns relative to waste operations, a Waste 
Minimization and Management Plan will be negoti­
ated with the Oregon Department of Energy and the 
Washington State Department of Ecology focussed 
on reducing any impact to the rest of the Hanford 
Site. 

• Regional Economic Development Organizations -
The FFTF operating organization would work with 
local groups to appropriately promote the involve­
ment of private organizations with the FFTF project 
relative to reactor uses, target preparation and 
processing activities, and facility support (including 
privatization of select activities, as approved by the 
DOE). 

• Public Partnerships - Modeling the approach taken 
at Brookhaven National Laboratory to respond to 
problems at the HFBR, as part of the EIS process for 
the FFTF, a system for communication and involve­
ment that addresses the concerns and interests of 
local , regional , and national groups and individuals 
will be established. From membership on the 
Advisory Committee to regularly scheduled meet­
ings on facility progress and problems, the facility 
would use the suite of available communication 
tools and an open process for sharing information to 
develop and maintain public confidence regarding 
the facility 's contributions and safety. 
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4.4.2 UniverJity Partnerships 

Five major Northi est regional universities expressed their 
level of interest antl support for the concept of the FFTF 
as a user facility: 

• Oregon State University 
• Oregon Heal~h Sciences University 
• Reed Colleg~ 
• University o Idaho 
• Washington State University 

Each university responded (see letters in Appendix A.1 -
Regional Universi~ies) with the clear statement that, with 
its restart, the FFTF would provide an extremely valuable 
resource for the nation 's faculty and students by providing 
both research and Jducational opportunities related to 
nuclear science, engineering, and medicine. 

I 
These universities pave, through their ongoing association 
with PNNL, established a broad range of strong collabora­
tions. The universijies believe that the availability of the 
FFTF 's proven res , arch capabilities would enhance and 
extend collaborati9ns, particularly in the areas of medical 
isotope developmeht, production, and applications; mate­
rials processing; arid electronic materials development. 
These collaboratio?s would also involve training and edu­
cational activities, utilizing tours, simulator operation, and 
joint classroom fu~ctions (with faculty, plant staff, and 
student participation). 

Universities believe that the avail­
ability of the FFTF would enhance 
and extend tollaborations. 

Where appropriate, the universities also state that the 
FFTF 's capabilities and configuration are distinctly differ­
ent from, and therefore completely complementary to, 
their own universittl research reactors. The universities 
are strongly interes ed in participating in the use of the 
FFTF through educ tional and research programs, most 
specifically in the r~cently created Nuclear Energy 
Research Initiative (NERI) program. The FFTF provides 
an excellent test-be6 for researcher-initiated R&D propos­
als from the univerJities, national laboratories, and indus­
try, and the regional universities welcome the opportunity 



to participate in the competitive, peer-reviewed, R&D 
selection process. 

PNNL has master agreements for joint technical pro­
grams, collaborative agreements, and MOUs with over 
100 colleges and universities, as well as arrangements 
with 180 PNNL Affiliate Staff Scientists from those and 
other universities and colleges. Special emphasis will be 
placed in attracting and involving students with back­
grounds that are under-represented in the nuclear field , 
through targeted activities with individual and groups of 
universities (for example, regional Tribal Colleges and the 
Historically Black Colleges and Universities). PNNL has 
also developed software for a prototype collaborative en­
vironment that would provide a wide range of communi­
cations tool s for offsite individuals involved in user 
research at the FFTF. PNNL has been working with 
Oregon State University and Washington State University 
to formulate Nuclear Engineering and Radiation Health 
Physics graduate degree programs (through Ph.D.) in the 
Richland, Washington area. These programs would draw 
upon many of the FFTF 's unique capabilities in these aca­
demic disciplines. Through joint research, involvement 
with the user facility advisory committee, and expansion of 
the existing PNNL educational programs that would bring 
faculty and students to work at and with the FFTF, a strong 
affiliation would be established between the DOE, the FFTF, 
and the university community. 

4.4.3 Relationships with Professional 
Organizations 

Major professional societies with related interests in the 
proposed missions for the FFTF were contacted to gauge 
their level of interest and support for the concept of the 

FFTF as a use facility. Positive expressions of support (see 
letters in Appe dix A.1 - Professional Societies) were ob­
tained from ori anizations such as the American Society of 
Nuclear Cardidlogy, Radiological Society of North America, 
Nuclear Medicrne Research Council, National Association of 
Cancer Patients, and Health Physics Society. 

The interest 01 these societies represents not simply a vali­
dation of the facility 's potential , but also an opportunity 
to partner witH these organizations to promote potential 
programs and attract potential users to the facility. 

4.5 Ma~agement Merits and 
Drawbadks 
The primary a9vantage in placing the management re­
sponsibility for ithe FFTF under PNNL would be that the 
facility would then be more closely linked to the expected 
internal and external customer base for nuclear science and 
irradiation services. PNNL would be held accountable not 
just for safe antefficient operation, but also for establishing 
the facility as a remier nuclear materials testing, isotope 
production, an plutonium fuels research facility. 

By selecting a support contractor with demonstrated 
expertise and a~ailable infrastructure to support reactor 
facility operations, the DOE can ensure through its man­
agement of PNNL that excellence in safety and efficiency 
receive the same priority as excellence in technical contri­
bution. The o1y major drawback to this approach is the 
use of multiplelcontractors, which if not properly man­
aged through clear roles, responsibilities, authorities, and 
accountabil ities could create operational and program 
delivery problems at the facility. Table 4.2 summarizes 
the managemeJt merits and drawbacks. 
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Table 4.2 Management Merits and Dra jacks 
I 

• The user facility model is accepted within DOE and demonstrated 
at other reactor facilities . PNNL is experienced in putting together 
a successful program. 

• FFTF' s prior operation and existing infrastructure should minimize 
unforeseen technical , cost, schedule, perfonnance, or regulatory 
"surprises" during restart or operation. 

• The use of an experienced reactor operations subcontractor in 
concert with a national laboratory should provide for the best in 
operations and user interaction. 

• Regional university and professional organization support is 
very strong. 

• Access to the capability of ANL-W (as well as other national 
laboratories with whom PNNL has established strong, fonnal 
relationships) would enhance technical quality and potentially 
save costs that would be incurred if the FFTF had to locally staff 
up to support all reactor activities . 

• Moving the FFTF from the Project Hanford Management 
Contractor (PHMC) to PNNL would deflect criticism that any 
operating role for FFTF would distract the PHMC from its 
# l priority of cleaning up the Hanford Site. 

• The user facili _ model relies on the joint program 
development of the facility and the user, and compared to 
a single-missioh facility it is harder to describe the future 
suite of activitibs, to conduct the detailed multi-client 
scheduling, or 1o avoid the impression that the work to be 
done is widely 1ariable . 

• The FFTF 's co1i11nitment to NRC review, IAEA oversight, 
and regional approval of its waste program may set a higher 
standard than r~quired for other comparable DOE facilities 
(a potential coq1plex-wide drawback, this is actually a 
merit of using Vhe FFTF). 

• The multi-conJf1ctor model means that clear lines of 
authority and responsibility need to be established between 
PNNL, ANL-W and the O &M subcontractor to ensure 
that the FFTF ould be managed safely and efficiently. 
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1999-07-08 

Dear Dr. Madia, 

I am aware that the U.S. Secretary of Energy has ask9d you, as Director of the Pacific 
Northwest National Laboratory in Richland, Washington, to onduct a 90-day study regarding 
the future of the Fast Flux Test Facility (FFTF) to establis whether a compelling rationale 
exists for the restart of this 400 MW th reactor. 

The International Atomic Energy Agency (IAEA) ha a long-standing programme on 
Fast Reactors to which an eventual restart of the FFTF cou d make important contributions. 
The scientific and technical bases for a FFTF restart are m~ nly linked, in my opinion, to the 
increasing awareness that sustainable development of nuc,ear energy in the next century 
requires, on the one hand, continuous safety enhancement forts, and, on the other hand, a 
sound strategy for natural resource utilization and waste man gement. 

Waste management provides one very specific rational for an eventual restart of FFTF: 
namely, development and testing advanced transmutation c~ncepts. World-wide, the current 
studies addressing the potential of partitioning and transmufation to reduce the volume and 
toxicity of long-lived radioactiv~ waste clearly indicate the peed for irradiation tools for the 
fuel and target developments required to establish transmutatwn as a viable concept. Research 
reactors that provide suitable fast neutron fields for transmut, tion are disappearing throughout 
the world, and therefore the unique capabilities of the FFTF s ould be maintained. 

Dr. William J. Madia 
Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 
United States of America 
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The IAEA's established International Working Group n Fast Reactors (IWGFR) is 
certainly willing to play a co-ordination role for timely e changes of information with 
interested users of the FFTF among the international nuclear en rgy community. 

V.M. ourogov 
Deputy Director Ge.nj ral 
Head of the Department of Nuclear Energy 
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Korea Atomic Energy Institute 
P. 0 . BOX 105, YU SONG, T AEJO , 305 - 600, KOREA 
TEL.(042)868-2000/TLX. KAERI K45 52 IFAX.{042)868-2702 

Dr. William J. Madia, Director 
Pacific Northwe$t National Laboratory 
PO Box 999 
Richland, WA 99352 

Dear Dr. Madia: 

July 13, 1999 

I have been advised that you have been requested by the e¢retary of the United States 
(U.s,.) J?eparlment of Energy to pr~are a program p ~a.n t? . ~yze the possible 
application of the Fast Flux Test Facility (FFTF) as a us,-r fac1hty. As I understand, 
the plan is to be presented to the Nuclear Energy Reselareh Advisory Committee 
(NERAC) on July 29, 1999 in Washington, D.C. 

In an earlier lc::tter to Mr. William D. Magwoo~ IV, Directpri. Office of Nuclear Energy, 
Science and Technology, I stated my belief that the rest~ of the FFTF would be a 
significant contribution to future nuclear research Blld devlcJopment in tho U.S. as well 
as in the world. 

In view of the uncertain status of FFTF, KAijRl ha.s no current plans for use of this 
facility. However, if the U.S. decides to rest~ this facilftf, we can envision possible 
uses for fuels and materials research and isotope developmr . · 

We would be prepared to negotiate in the future a possi le long-term agreement for 
using FFTF that would be mutually beneficial. Our pos jblc support for this unique 
facility could ·rbach several million dollars depending on ur future program priorities 
and resources and subject to detailed negotiations. 

I hope this letter is useful in developing a program plan fi r . the future of FFTF and we 
will try to send a representative to the NERAC meeting to Qmmunicate our position on 
this important ~atter. 

Yours sincerely, 



JAPAN 

ATOMIC ENERGY CO:t'vfM.ISSI , N 

2-2-1 Kasumigaseki, Chiyoda-ku, · okyo 

.lVIr. William D. Magwood. IV 
Di.rector 

Office of Nuclear Energy, Scie11ce a.nd Technology 

Department of Energy, US:\. 

Dear Mr. Iviag,vood, 

July 23, 1999 

I ani. wdting in refel'ence to your lettei-. dated June 7th, which pen·tained to 

the possible restart of FFTF. I ·was very happy to lea1·n that the restart of 

operation is being ~eriousl_v considered by the Unite States. 

\Vhen I visited the DOE last Apl'il. I ha.d the opportunity to give a 
presentation on a wide ·vadery of joint J:esearch pr posals ,,:hich included 

FFTF utilization prngrams wi thin the fran1.ework of ! apan - US cooperation . 

\Ve strong;l.r hope for the .succes.sfol 1:esta1'l' of this f: cility, as long a.s .F'FTF 

·will be used for peaceful, not militRLT, purposes. 

Resta.i:Ling FF"fF woulcl certainly assun~ that the 
I 

S , ah-eady possessing· 

va.st tecbnologicBl knowledge in fast. reactor related 'elds, tvould contribute 

towards the technological pl'ogress of 21.:.1 century's peaceful use of atomic 

energy. Japan "vill feel reassured in that ca;:;o . 

As potential progi·ams at. FFTF, ,ve are now conaide ing the pursuit: of t~·o 

areas of research in the ·field of the fast reactor: 1) passive reactor safety 

demonstration test and 2) a TRU burning and lon 1 -lived fission products 

kansmuracion ::;Ludy. 

BecausE:1 FFTF also has nn impono.nt nnd u5eful ch ractcristic foi• nuclear 
fusion test material l."esearch l'equil'ing high radiatil n exposure, ·we ,:vould 

like to considei.- pursu.ing l:N1earch in thi.9 field. 



The utilization of FITF would be ve1·y effective t5r Japan in developing 

effi~ient R&D programs in t:he fields of th~ fast reactor and in nuclear fusion. 

Therefore, we would like to be in closer coope1·ation with the United States 

in possiblf: future l.ttilizat.ion of FFTF. 

The Director of t!le ReotHu:c:h and 'l'et:hnology Di 'sion, Nuclear Energy 

Bureau of the Science and Technology Agency of Japan, Shinichi Kawarada 
will participate in the NERAC meedng on July 29th and will expres9 

.. Tapanrs interests in the utilization of FFTF. \Vir.h Him, Dr. Kiyoto Ai7.awa, 

E:xecmive Di:i.·ectoi· of the Japan Nuclear Cycle DevJ loprnent Institute, will 
also participate in t.hi.!,i meeling to give an expected p I eaenlation on research 
programs that would mak~ use ufFFTF. 

Fjnally, '-Ve thank you for o.nanging Japan's pal.'t:ici , ation in the important 

NERAC meeting. 

\Ve are looking forward to the success of the NERAC 1eeting and are hoping 
. I . 

fo1· a. positive outcome regarding the utilization of F • TF. 

Sin erely, yours 

)'o/.F ~l 
.10lC,.ll • \!J1•le 

Vice /chairman 
Atomic Ene1:gy Connnission 

I 



Department of Energy 
Germantown, MD 20874-1290 

June 25, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, Washington 99352 

~ Q ": f\\.) 
Dear Dr. Madia: cD~ -· -~ 

As the Department of Energy prepares to make a decision in Aug st regarding the future of the 
Fast Flux Test Facility (FFTF), and in support of the effort you art currently leading to help 
establish the potential mission profile for that facility, the Office °If Fusion Energy Sciences 
wants to re-affirm that the US and international fusion programs eed the capabilities of the 
FFTF reactor as an important tool in the research to develop and test the materials needed for 
fusion power systems. J 

Until an irradiation facility designed specifically to meet the needs of simulating a fusion 
environment can be built, with neutron energies near 14 Me V and !flux comparable to FFTF, the 
Materials Open Test Assembly (MOT A) facility in FFTF would b~ the preferred vehicle for 
fusion program irradiations. The irradiation volumes, temperatur9 control, neutron spectrum and 
flexibility of specimen bonding method (Na, Li, He, etc) are all highly desirable features. The 
FFTF high neutron flux combined with the simplicity of experiment reconstitution with 
previously irradiated specimens would allow the achievement of pe teritial end-of-life neutron 
fluence levels that cannot be achieved in facilities anywhere else. ~f the FFTF again becomes 
available, we would hope to be able to add it to the few other facilities ( especially HFIR) used by 
the U.S. and international programs for fusion materials research. !Informal and unofficial 
communications with members of the fusion materials user communities in Japan and Europe 
have confirmed their interest in and need for FFTF irradiation experiment capabilities. 

The types of needed Fusion Materials Irradiation Experiments that could advantageously be 
conducted in the FFTF include: 

• 

• 

Instrumented, high-fluence irradiation of candidate structu~al materials at a range of 
controlled elevated temperatures. These would include alloy and ceramic specimens; 
either exposed to reactor sodium or separately contained. These experiments would be 
similar to the MOT A experiments previously conducted in !the FFTF. 

The production and off-gas collection of tritium during irra~iation of lithium-containing 
ceramics at high fluences and a range of temperatures. Ex eriments would be similar to 
the BEATRIX II experiments conducted in MOTA 

@ Printed with soy ink on recycied paper 



• Integrated effect experiments, involving simulated subsystel ms with combinations of 
metals, ceramics, coatings, and /or liquid metals or molten salts. These would be new 

2 

· types of experiments, for which not even the concepts have been developed. 

We understand that much of the capability (hardware, software, Jct personnel) to support 
design, fabrication, operation, disassembly, reconstitution, and poi t-irradiation examination of 
M~TAs and _BEATRIX II type exp~ri~ents still exist_s at Hanfor~. Fabric~tion equ~pm~nt is still 
available. Disassembly and reconstitution was and will be part of the Interim Exammation and 
Maintenance hot cell at the FFTF. It is understood that the majori y of the installed "in-plant" 
equipment that support~d the Fus~on MOT A (gl_ove boxes, compu~er data acquisition an? control 

. systems) has not been disturbed smce last used m the early 1990's I However, reuse of this 
equipment will require reviews to confirm operabil_ity. Equipme~t renovation and upgrades in 
computer systems to address research needs may be required, w1·, h will require additional 
programmatic funding . 

All fusion experiments in the FFTF were the product of internatio al collaborations. These 
teams have all moved on to substitute other facilities for the FFf so time will be required to 
rebuild that user base at the FFTF. The best prospects are (a) colll borations with the European 
Union (EU) and Japan for the irradiation of structural materials a17Wor integrated effects 
experiments, and (b) collaboration with EU and Japan for the irradiation of tritium-breeding 

· ceramic materials. The US could possibly be an equal partner in t e first of these, but would 
likely be only a minor partner in the tritium breeding experimeµts. 

While U.S. fusion budget projections do not allow the commitme t of significant funding to the 
operating costs -of the FFTF, it is possible that collaboration with ipterested fusion partners in 
Europe and Japan could fund use of the FFTF (neutron charges) in the range of $1 to 3M per 
year. Any international agreements to use the FFTF for irradiatio~ experiments, however, will 
require some kind of assurances on the availability of the reactor ~or the planned irradiation 
schedule. Our potential partners are now quite concerned about tl e reliability of future operation 
of US facilities . 

If requested, we will send a representative to the July 29, 1999 pu , lie meeting of the 
Department's Nuclear Energy Research Advisory Committee (NB C) to further communicate 
our support. 

cc: 
W. Magwood, IV - NE-1 

Sincerely, 

N. Anne Davies 
Associate Director, 

for Fusion Energy Sciences 
Office of Science 
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COIUifl8SIONISI 

Mr. William 0. Magwood, IV 

UNITED STATES 
NUCLEAR RECUL.TORY COMUI SION 

w.aaHtNareN, r,,c. aasss 

July 15, 1999 

Oireaor. Office of Nuclear Energy, Science & Technolggy 
U.S. Dapanment of Energy 
1 ooo lndapaftdenca Avenue, SW 
Washington, DC 20585 

Dear Mr. Magwood: 

As tha Deportment of Energy prepares to maka a decision in Au • uat regarding the future of the 
Fas~ Flux Te.st Facility (FFTF}, I am taking this opportunity to reaffirm the facility's past and 
potential userulne5s to the U.S. Nuc-lear Regulzstcry Commission (NRC). I am writlng in my 
individual cape,city, based on my long time Involvement with adv need reactors research and 
d1tvelopment, including fast flux reactcra . · 

From its eonceptual origin& both as a Jicenslng demcnetration for liquid metal reactors in the 
United States and as a major nuclear science and irradiation sa Ices facility, the FFTF h_,s had 
strong and imponant es&ociatians with the NRC: 

• The design wa• reviewed by th• ·NRC staff and .inda~ndently reviewed by the Advisory 
Committee for Reactor"Saf&guards. The&e reviews, along wm, a number of . 
recommendations, were documented in a Safety Evaluation Report prepared by the 
Commission to confirm the acceptable licanliing potential pf the facility. The FFTF's 
highly successful operating history is certainly reflective ofl the sound standards 
established in its de•lgn, conatructicn, and operations, . 

• The mnstruction to commercial nuclear .standards, Including the N-stamped 
containment, and configuration c:antr01 maintained for thaj1 

aclllly clearly reflected e 
continuing effort at the FFTF ~0 apply NRC .standards_ 

• The damonstration of advanced reactor technology and a fety, including ennanced · 
. aafaty features at the facility (such a& passive heat ramav•I through natural circvlatian), 
were very important ·to facilitating the Cam mission's ravlel1 of the advancad reactor 
d• signs. · . 

• Finally, the FFTF conducted -research that has advanced t~e nuclear field in important 
areas of safety, isotope production, advanced materials. and improved fuels. 

The FFTF has a well-recognized potenll~I to condur;t import~nt ra~earch and development 
activities, and to contribute to expanding missions such as lsato~~ production. Given that very . 
few irradiation facilities remain in the United States, and the unique capabilities of FFTF, it would 
be in the nat10nal interest to keap this recaurce avi:allable. lf the d partment decides to prepare 
an Environmental Impact 5tetcmcnt as the flr~t :slcp toward rc1Ha of the FFTF, I bolicv1. the 



Mr. 'Nllliam D. Magwood. IV -2-

DOE/NRC Memcrandum cf.Understanding (MOU) shculd accammodate assistance fer 
conducting the 11tar1up safety review. [ . 

A:s yau already know, the NRC expects to send a repra&entatJv to the July 29, 1999, public 
meeting Df tho Nuclear Energy Raaearch Advisory Committee 

1

NERAC)-in Washington, DC. 

cc: Chalrmen·oicua 
Commissioner McGafflgan 
Cotriml&&ionar Merrifield mm . 

Slnc:araly, 

. ; .. . 



POWERING PROGRESS THROUGH 

SCIENCE ANO TECHNOLOGY 

June 8, 1999 

Dr. William J. Madia, Director 
Battelle, Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 

Dear Dr. Madia: 

1 I am aware that you are conducting a 90-day study for the Sec1etary of Energy, who will be 
making a decision in early August 1999, regarding the future of the Fast Flux Test Facility 

. I 
(FFTF) and am taking the liberty of writing to you to commun·cate EPRI's views on this 
matter. 

In our opinion, the FFTF has served as one of the premier test eactors in the world. It 
achieved a superb reputation during its years of operation as a national research facility, testing 
advanced nuclear fuels, materials and components. The facilit , was also used to produce a 
large number of different isotopes for medical and industrial u~ers, to generate tritium for the 
U.S. fusion research program, and to conduct cooperative, inter ational research work. 

The FFTF represents a major national investment, and EPRI hf pes that your study will identify 
one or more high-value future missions for the facility. If one pf the missions identified and 
approved for the FFTF is to serve as a commercial reactor research facility, then EPRI would 
welcome the opportunity to work cooperatively with the DOE Io define R&D programs of 
value to current and future commercial nuclear power plants. 

Since ly, 

~so 
Robin~~·::~_:--___ _ 

Vice President, S&T Development & 
Chief Nuclear Officer 

RLJ/bjr/9780L 

c: William Magwood, Director, DOE-NE 

CORPORATE HEADQUARTERS 

3412 Hillview Avenue I Palo Alto CA 94304-1395 USA I 650.855.2000 I Custom r Service 800.313 .3774 I www.epri .com 



Mr. Willi~rn D. Magwood, IV 
Director, Office of Nuclear Energy 
US Department of Energy 
1000 Independence Avenue, S.W. 
Washington, DC 20585 

. : 

Subject: FFTF Public/Private Partnership Proposal 

Dear Mr. Magwood: 

February 5, 1999 

I wish to express my appreciation for your courtesy i our last conversation and 
for the opp:(?rtunity to introduce our thoughts and concepts foy an FFTF public/private 
operational_plan. Since our last conversation, our team has r;assessed its position in this 
initiative and drawn three precepts as our forward planning basis: 

• · . ,The FFTF is a national asset that betters the qualiJ of American life through 
·_ ,cancer treatment, materials development, and possibly food irradiation, 

• ·In addition to the human condition benefit, there i a positive return on 
_investment to the government when avoided costs f cancer treatment. are 
~considered, 

• :optimizing the value and return on investment in F]FTF requires an alliance 
between the DOE and the private sector. Neither the DOE nor the private 

I 

sector can alone deliver the optimum return from FFTF. 

~S believes that we have developed an innovative broposal that forges such a 
public/priv.-ate partnership, .fits within the political realm of "ddable", and fuels the 

. I 
mission tha~ garnered such widespread political support at the initiative's outset. 

To date, contracting limitations and funding challenges have inhibited private 
sector investment in federal privatization projects. This has be n an issue within DOE's 
privatization _efforts and the FFTF commercialization initiative 

As we discussed in our last conversation and disclosed in our December 22, 1998 
letter to Secretary R ichardson, ANMS has secured rights with Schnell-Brueter- , · 
Kernkraftw~rksgesellschaft (SBK) of Essen, Germany to the ~lus SNR-300 reactor 
fuel. This fi,lel is the only fabricated fuel in the world suitable for use in the FFTF. 

ANMs is prepared to utilize this asset as a solution to tJ e private sector 
investment issue for the development and commercialization ofi FFTF products . . 

Advanced Nuclear & Medical SystemJ 
1933 Jadwin Av~,. Suite 210. Richland. WA 99352 · Phone rsb9) 627-3399 Fax (509) 627-3388 



ANMS offers a creative partnership, outlined below, between DOE and the 
private sector, which we believe to be supportable under cut ent contracting authority. 

• FFTF operations remain ,vi+..h the DOE and are contracted to a qualified M&O 
. contractor, such as B& W, through traditional co tracting vehicles, 

• ANMS will sell the SNR-300 fuel to the DOE at a discount to an a 
asset valuation 

• ANMS will form a Joint Venture with a National Laboratory. The Joint 
Venture will contract directly with DOE and esta lish a Trust Fund for the 
management of the fuel sale proceeds, 

• The fuel sale payments will be made annually , subject 
to appropriation, and be used exclusively for research and development by the 
National Laboratory, and for product and busines1 development by ANMS, 

• ANMS wi11 consider the balance of the fuel asset value as private sector's 
investment in FFTF operations, and 

• Government investment through break:even is rec uped through participation 
·in proceeds_ from licenses and royalties. 

Under the ANMS plan, the Joint Venture is completely self-funded. The.plan 
also offers significant "value-added" to the overall medical/ci mmercial isotope·mission. . - I 

• •The arrangement provides a defined fuel supply si urce for 15 years of 
·commercial operation, · 

• V se of the ANMS fuel allows the FFfF restart Elf to eliminate secondary 
waste streams from new fuel fabrication lines at Hanford or elsewhere; · 

• _:rne ANMS plan provides private sector resources\ to advance the commercial 
.utilization ofFFTF, federal funds are only used for reactor operations, and 

• The DOE, through its ownership ofFFTF. can pro~ide a disciplined Conduct 
-of Operations for the safe and efficient management ofFFTF. • · 

I look forward to the opportunity for discussion durinJ your trip next wee~. 
Please forward any questions to me for discussion preparatio I or formal response. Thank 
you for your courtesy and consideration. 

Sincerely, 

'J(/iltiam fl. Stoke4 
William J. Stokes 
President and CEO 

, Advanced Nuclear & Medical Sysfe I s 
1933 Jadwin Av~ .. Sui te 210. Richland. WA 99352 Phone 509) 627-3399 Fax (509) 627-3388 



LOUISIANA STATE UNIVERSITY 
MEDICAL CENTER 
1542 Tulane Avenue 
New Orleans, LA 70112-2822 
Telephone: (504) 568-4750 
FAX: (504) 568-4633 

Departrrnint of Surgery 

The Honorable Bill Richai-dson 
Secretary of Energy 
U.S. Department cf Energy 
1000 Independence Avenue SW 
Washington, DC 20585 

Dear Secretary Richardson, 

LSUMC 

SHORTAGE OF CERTAIN MEDICAL ISOTOr ES AND OUR NEED 
FOR THE FAS!' FLUX TEST Fli\CILITY 

I . 
In March of 1996, I wrote to Senator John Breaux and Senator Patty :Murray about our 

need for high-specific-acth-ity iodine-131. This high-purl~ radioisotope is not currently 
available from any source anywhere in the world. We undi rstand that it could be produced 
under a high neutron flux with the high neutron energies vailable in the core of the Fast Flux 
Test Facility, near Richland, Wa~gton. · . • 

We need high specific activity iodine-131 because we fe developing a cancer-targeting 
peptide that has four binding sites for radioiodine. The s~dard iodine-131 from Canada is 
mostly stable (non-radioactive} iodine-127, and these "coldl and useless atoms tend to occupy 
the binding sites on fae targeting protein that we need for radioactive iodine-131. Our new 
approach will be able to treat patients with cancer cells thit express the receptors that bind 
somatostatin. These cancers include certain lung, brain, colo!:1, neuroendocrine, and 
pancreatic cancers. 

As .I previously wrote t6 Senat~rs Breaux and Murray, lone of our greatest chall.enges _in 
developing new cancer treatments is the acute shortage of ~e nece:ssary type. quality. and 
activjty of radioisotopes for special applications. We beli~ that our approach will offer 
significant new hope to cancer patients who have no other recourses for successful treatment. 

For these reasons, I encourage you to support the restart of the Fast F1u.x Teat Facility. 

EAW/cao 

Sincerely yours. · . 

I 

ofw - ~ 
EUGENE A. w b LTERlNG, M.D 
The James D. Rives Professor 

and Neuro~cience _ 
Chief, Section of Surgical Endocrin.o"rogx 
Director, Surgical Research 

Schcoi of Allied Health Professions School of Dentistry School of Graduate Studies School of Nursing 
School of Med:cine in Ne-.v Orleans · School of Medicin~ in Shr~goort Hgalrh GArA SP.rvi<:A~ nivi~inn 



LSHEpl~OE~ ~ SAN ~:~~~'1!~;B40-1822 
. 818-89, -ml FAX 818-~61-8095 

June 8. 1999 

P,tt.:ilic Northwest National Laboratory 

J\ttn: William .I . Madia 
Director 

1:AX: 509 375 6844 

Rt.:!": your communication of Junl! 2 re FFlT 

Dear Mr. Madia, 

The possibility of the reactivation or FFTF with r,rnvisions for bot 1 facilities for the production 
01· short livt:<l radioisotopes ::ind extensive core volumes for pmduution ol"long live<l rmlioi­
sotopcs is both interesting an<l exciting . Failure to reactivate FFri· would be a major waste of a 
vital resource . 

The principle area i~ which JLS~A ':'pcr,1lcs _i~ i_n th~ mcdi~al and -~dust~ial ~sc_ of scaled sourc­
es. We are developing process 1rrac.l1ators ut1hzmg Co-60 lnr bot lood irra<l1atrnn an<l prml.ut.:t 

ste.rilization. . _ . . . . . I . _ . 

With the en~_crgcncc ot the _toad 1!rnd1ahon_ mdus:ry the rcqu1rcmc1 ts lor C.<f-6(~yrmluctHm, l~O\V 
:.:·: 40 x c 16 Ci./ycar worldwide, will dramat1cally increase. The: lad or a USA Co-60 production 
facility rnuld seriously hinder <levelopment or Lhis industry in the U.I SJ\., both for ,ksigners/lahri-
t:ators or these faciliLie.o; such ,·JS ourselves nnd for the owncrs/opl!dtors. · 

~orr~1ally wt: pn:parc Co-60 targets for irradiation which, after actilvation, are processed and the 
Co-60 encapsulated hy others. We have both the tcchnolog)' and ITersonnel to process these 
target:-; and encapsubtc the so_urccs:_bt1l l:.td:. lh: l~cilily l~l do so. ~:onsequcntly we wt~uld be 
rnost mtcrestcd 111 a coopLTat1vc: dlorl Lo do this 111 llot Cells on tHe Hanford Reservation. 

In th(; JTJC.:t.licalh;linicul area we have a uniqut: type of equipment u j dcr <levelopmcnt which also is 
designed Lo use C0-6U sources. Jr Eu-152/F.u- l 54 of the Spl:ci lie adtivity attainahlc: in the fFTF 
were availahlc on a compditive cost ba .. is it would be the radioisotbpc of choice in this equip-
ment. The ~okn~iaJ market is thous,rnds or C'.·~Yl:ar., I . . . 
Another program m the development stagt:s utilizes C,d-153. The }i>Otentwl nrnrkt::t !or this mate­
rial is hundreds to thousands of Ci./ycar. 

/\ I though not rclatt..·c.l to t·TTF but spcci lie.: to the Hanford !{eservation is the utilization of the 
WESF and other Cs-1.37 nmv in storngL'. . .JLS&/\ i~ the primary (ar <l probably the only major) 
I !S/\ manuracturcr or both Hiological and Blood Pn,dm:t [rradiato 1s which utiliz(; Cs-117 solirc­
t:S . 

,_ 



Mr. Madia 
pagL' lwo 

~inc.:e th~ demise '!f the l .IS!)OE Cs-I ~7 produ~t_ion p1:owam, t~lqsc so_ur~cs are 0~1ly availnbl-~ 
from a smglc foreign (Russian) manufactur(:r. l lie pncmg pohc.:ks of this manufacturer and lls 
uistributor favor rnanuf"acturt'.rs of' this type of" equipment in cour1trics other than tht'. lJSA to the 
t:xlenl LhaL no l JSA rnanufaclun::r of Bk1od Product lrradiators c, n cnrnpdc in either the US or 
the world market. 

In Lht:. Riological Rt::sean:h Irra<liutor market our proprietary unit. arc the choice or mrn;t re­
searchers, but budget constraints by both the National Canct::r ln titut.e and the National lnsliluli.: 
or Health (the typical rum.ling agencies) limits Lhe researchers ::ib lity to purchase llnits with the 
Ci. !oat.lings n:tJuin.:d bcumst.: or the inordinately high cost of the Cs-137 sources in these units. 

JLS&A would be most intcn:slt:c.l in dt:vdoping a cooperative cf :irt with P:--.INL for chemically 
puri f"ying \VF.SF Cs- I J 7 and encapsulating (\-1 }7 sources in fa ililit.:s (Hol Cells) at I lanford . 
.1\s with the Co-60 program wc have the tcchnologii:al expertise· nd personnel to undertake such 
a program . Fur many reasons Hanford i.s thl~ only site at which s ich a progrnm can he undertak­
en on an economically viable basis. 

I r I can provide additi o nal informatfrln, please call or FAX at any lime. We wish you sw.:ccs.s in 
reac.:tivating FFTF. 

lkst n::gards. 

-~/ a~~q 
/ .I. T .. Shepherd 

Prcsiucnt 



~ Diatide Inc. 

June 14, 1999 

Mr. William J. Madia 
Pacific Northwest National Laboratory 
902 Battelle Blvd. 
P.O. Box 999 
Richland, Washington 99352 

E-mail - madia@pnl.2:ov 

Dear Mr. Madia: 

I 
9 Delta Drive• Londonderry, New Hampshire 03053 
I (603) 437-8970 • FAX (603) 437-8977 

Diatide is in receipt of your letter dated June 2, 1999. Diatide is on the leading edge of new diagnostic and 
therapeutic imaging agents using peptides combined with various radioisoto es to produce either an imaging or a 
therapeutic agent for use in the nuclear medicine field. You state in yoi letter that the DOE is mandated by 
Congress to be a major contributor to the development of isotope use, and in the development of business 
relationships. Some ofus have been in this field for twenty-five years or mor~e and have seen the ebbs and flows of 
the DOE support to this industry. It has been stated at each of the last seve ,al meetings held by the DOE that the 
DOE is aware of the failings of the ORNL group in supporting this indus , and that efforts are being made to 
improve that relationship. Perhaps this is the reason for your involvement. · 

It is important in today's business world to utilize resources as effectively as Pf ssible. Towards that goal, it has been 
realized by many companies in the private sector that each company creating a microcosm of its own to produce the 
necessary components may be inefficient. Thus, the world of contract manufi cturing has evolved and is expanding 
at a significant rate. We believe there is a need for the DOE to provide a new line of services through facilities such 
as yours in the area of reactor produced isotopes and leased facilities for use in the nuclear medical field. 

Currently there is only ORNL in the US with capabilities to support new isotope irradiation and development. The 
A TR site in Idaho has a cycle schedule in support of the Navy that is too long at too low of a power level to produce 
most medical isotopes. ORNL is aging to the point that the reactor needs sigIJ.ificant refitting. The labs available to 
handle the irradiated targets would require significant revamping if they werb to be used in support of the medical 
community. It is our understanding that the FFTF reactor site has lab space a~ailable that is more up to date than the 
labs at ORNL. If this is true then FFTF should give consideration to the concept of renting lab space to public sector 
companies in which research and development using new and diverse isotopes could be conducted. 

Diatide has investigated the use of diverse isotopes such as Sn-117m, Y-90, and W-188/Re-188, & Ac-227/Ra-223. 
The field of therapeutic isotopes is just opening up and has tremendous potential for the future. However, this future 
will be heavily impacted by availability of not only these new isotopes at costs that basic research can afford, but 
also by the availability of lab space in which the development of these isotopes into final product preparations for 
use in humans can evolve. 

Thus your letter of inquiry has many avenues open that commercial companit such as Diatide would be interested 
in using. We would be interested in discussing lease of not only irradiation space and target processing facilities , 
but also space in which to develop the pharmaceutical model for patient trea ent at some point in the future after 
you reach a decision as to the future use of this-site. 

Target design, construction of targets and encapsulation of target isotopes s well as irradiation services are all 
programs used by Diatide at the ORNL facility. Rocky Cline and Saed Mirzadeh have both been extremely 
cooperative and supportive to past_efforts within the guideline constraints pro ided to them by the DOE. 

21529 
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Mr. William J. Madia 
June 14, 1999 

Dia tide has discussed enpched isotope production with ORNL. We have been told the Calutrons are not 
·· economically efficient to compete with foreign supplies. ORNL has discusse:d the construction of newer enrichment 

systems such as centrifugation. I am sure you have also had these discussionf with ORNL. There will be a need for 
enriched isotope in the future. You will have to do something to compete ,-ith foreign competition or lose the US 
leadership in this area. The costs vs the returns are hard to dete~e at this s

1
age. 

Specialized radiolabeling, packaging and distribution services for most induftrial applications are not as rigorously 
defined as in the pharmaceutical industry. The cost to set up, qualify and vaHdate pharmaceutical grade facilities is 
not a trivial exercise. Thus, I am not sure your group will be able to putsue this as a government installation. 
However, we would be pleased to discuss the needs and options for these typ! s of services with you. 

There are several sources of cyclotron produced isotope available. These cl be prohibitively expensive in today's 
health market and nuclear medicine looks to reactor produced isotopes as lower cost alternative. The medical 
community needs a reliable and economically sensitive source of these reactbr-produced isotopes. The DOE needs 
to know and understand these cost restraints on companies developing the ne~t generation of treatments and be able 
to support the pharmaceutical industry by providing these isotopes at a reas~nable cost. The current philosophy of 
trying to make each program self-sufficient has not been successful in meeting the public sectors needs. 

We would be happy to discuss options with you, should you so desire. I hop I this input proves of use to you. 

Sincerely, 

Victor J. Becker 
Sr. Director - Operations 

VJB/pp 

Telephone: 603-437-8970 
Fax#: 603-437-8977 
E-mail: v _ becker@diatide.com 

21529 
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1boratories 

June 21, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 

Dear Bill: 

FAST FLUX TEST FACILITY 

Columbia, Missouri 

ABC Laboratories is a life sciences testing and technology company. One of our important areas 
is the development and manufacture of radiopharmaceuticals an9 medical devices that deploy 
radioisotopes. Our business in this segment depends on a domespc supply of high quality 
isotopes on a reliable and cost effective basis. Further developmfnt of successful therapies for 
life threatening conditions also hinges on such supply. Our comwany has taken steps to associate 
with the University of Missouri Research Reactor and presently ~eases two laboratories inside 
the reactor facility at which we provide post irradiation processing and low run manufacturing of 
finished radiopharmaceuticals under FDA's cGMP and QS requiiements respectively for 
distribution for use in patients. The capacity of the MURR is re~lly rather modest relative to the 
demand anticipated in the developing nuclear medicine market. f' e feel it is important for the 
FFTF to be available to meet the demand for medical and industjial isotopes. 

Our company's expertise in this field lies in the translation of int9nded new technologies into 
viable products that can be manufactured and meet applicable FDA requirements. Our core 
competencies are in pharmaceutical biochemistry and regulatory lcompliance. Most of our 
clients need significant process improvement R&D and even fommlation development. We 
come into our own in the synthesis of the radioisotope constituerit into organic carrier molecules. 
ABC Laboratories is interested in an alliance with PNL - FFTR in which we provide the cGMP 
driven development, testing and manufacture of value-added isotopic molecules. We have the 
regulatory a.,d laboratorj staff and project experience to coatrib1te effectively to such an 
alliance. We have project experience with the following isotopes: C-14; H-3 ; Ho-166; I-125; I-
131; Mo-99; P-32; Sm-153; Re-186; Y-90. 

We believe we will soon outgrow the capacity of our current arrangement with MURR -- but this 
does provide a useful model of how PNL and ABC could work together. MURR provides all of 
the irradiation services, including special :facilities, safety prograh;, NRC license umbrella and 
waste management. ABC provides the marketing, project management, project design, 
analytical chemistry, GMP testing (stability, purity, etc) and packaging and distribution services. 
Our MURR relationship is particularly suitable for short-life iso~lopes and it is our understanding 
that the FFTF is well suited to long-life isotopes. . 

ABC Laboratories California 
32380 Avenue 10 

Madera, CA 93638 USA 
Tel : 209/ 675-0889 Fax: 209/675-0884 

ABC Laboratories Missouri 
7200 E. ABC Lane 

Columbia , MO 65202 USA 
Tel : 573/474-8579 Fax: 573/443-9033 

ABC Laboratories Europe 
38 Castleroe Road 

Coleraine, N. Ireland BT51 3RL 
Tel: 44 (01265) 320639 Fax: 44 (01265) 320653 



Dr. Bill Madia 
06/21/99, Page 2 

We would be interested to participate in further business-plann~ g discussions to make it 
possible for FFTF to continue operations and produce medical ~sotopes. 

While this letter does not represent a contractual commitment, ~ does represent strong interest in 
activities that depend on continuance of FFTF as an isotope production facility. I enjoyed and 
benefited greatly from my tenure at Battelle from 1984 to 1993 and would welcome the 
opportunity to work together with Battelle in such an important mission as assuring the ready 
availability in this country of critical isotopes for treating cance, and other diseases. 

Your~ incerely, 

1- -~ 
Ja Ha liday, Ph.D. 

reside t & Chief Executive Officer 



BWX Technologies, Inc. 
Babcock & Wilcox, a McDermott company 

E. Allen Womack, Jr. 
President 

William J. Madia, Ph. D. 
Director 
Pacific Northwest National Laboratory 
902 Battelle Boulevard, P.O. Box 999 
Richland, WA 99352 

June 21. 19, 9 

Rt. 726, Mt. Athos Road 
Lynchburg. VA 24504 

P.O. Box 11165 
Lynchburg. VA 24506-1165 
(804) 522-6178 
Fax: (804) 522-6963 

Re: Your Letter of June 2, 1999 - Fast Flux Test Facilit)I' (FFTF) Reactor 

Dear Dr. Madia: 

Thank you for the opportunity to discuss the benefits of r , taining in operation the Fast 
Flux Test Facility (FFTF) reactor, which is currently beink maintained on a stand-by · 
basis at the Hanford Site. While we are very aware that ~FTF is slated for shut-down 
and decommissioning, we also believe that FFTF is a va14able asset and consider the 
national interest better served by keeping the reactor in service to provide the tool for 
the medical, commercial and defense research and produc~s that FFTF can play a role 
in producing. Our experience and success in the nuclear engineering field leads us to 
this conclusion. · 

For many years, BWX Technologies, Inc. (BWXT) has led the nation in various R&D, 
design and manufacturing projects related to nuclear systebs and fuel. For some time 
BWXT has been the sole source provider to the U.S. Na~ of its nuclear fuel. We 
supply today nearly all of the reload cores for research an9 test reactors in the United 
States. Moreover, we supply some of these products to otner parts of the world, 
including but not limited to Japan. We long have owned and operated research and 
test reactors and continue to have operational hot cells caprble of handling a broad 
range of radioactive materials. These cells include some large enough to accept a full-
sized commercial reactor fuel assembly. 

1 

· 

Our longstanding experience in nuclear research, development, design and 
manufacturing also includes substantial hands-on experienbe with isotope technology 
and production. We use americium, cobalt and iridium sedled sources in our 
manufacturing processes and operations. Our hot cells prof ide services for 
radioisotope separation and packaging. We have developed and patented a small, 
homogeneous aqueous reactor for isotope production for use in medical applications, 

. e.g. Mo-99. In suppoz! of operations in Canada, we now s~pply high-enriched 
uranium targets to Nordian for its production of Mo-99 iso~ope. Our corporate R&D 
organization, McDermott Technology Incorporated, located in Alliance, Ohio, h<>c: 

. produced specialized targets for ORNL's Holifield Radioar ve Ion Beam Faci 
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Mound, Ohio, we are responsible for integration of Pu- 38 heat sources into the 
RTG's. Pu-238 is in short supply and purchases have Ueen made from Russia to 
partially alleviate this situation. However, the Russiani do not permit us to use their 
material for certain applications. Using the FFTF to prbvide an indigenous supply of 
this material would clearly have significant benefits to the nation. 

For years we have considered the business potential in ~ number of isotope related 
markets. In general, we see the market and potential fof demand and growth in the 
need for medical and industrial isotopes. BWXT has heretofore declined to make a 
full-scale entry into these markets because it lacks the rlequisite sales and marketing 
infrastructure needed for such an endeavor. We have difcussed collaboration with 
others possessing the requisite sales and marketing struf ture; one of these initiatives 
continues but is too embryonic to predict a final outcome. At this time, however, we · 
have no plan to become a broad-scale supplier of isoto~es. Nevertheless, we have 
little doubt that the market for isotope production and skle would be a viable 
commercial venture. In that regard, we could clearly fih the role of operator ofFFTF 
and would have considerable interest in collaborating ~ ith PNNL and other 
commercial firms to develop the facilities and provide e support to manufacture 
targets and fuel and process isotopes for the market tha , we believe will expand in the 
near term. 

We believe that FFTF is a national asset that should pl3! a key role in many future 
projects, some of which will have broad national security implications. For example, 
FFTF could be instrumental in the development of prol~feration resistant fuels and 
advanced reactor technology. Such basic research and development should not be 
ignored as a means to address the demand for enviroruJentally acceptable power 
generation for the future. Moreover, deep space explorl tion can only be accomplished 
with nuclear energy. FFTF could and should play a rol~ in this very important work 
that impacts directly the national interest. These kinds 6fuses ofFFTF are in addition 
to the production of isotopes for medical, commercial apd industrial application. 
BWXT would welcome the opportunity to work with PE and other national 
laboratories and utilities to design programs for the full and beneficial use ofFFTF. 

We look forward to talking with you and becoming an i, tegral member of the team to 
prepare the Environmental Impact Statement and to m e the reactor ready for restart. 

Sincerely, 

~)@ 
E. Allen omack, Jr. 

H :\ . . . \womack\ . .. \99096-eaw 



June 22, 1999 

William J. Madia, Director 
Pacific Northwest National Laboratory 
902 Battelle Boulevard 
P. 0. Box 999 
Richland, WA 99352 

Dear Mr. Madia: 

I 
Via Fax 509 37 -6844 

NeoRx Corporation 
410 West H3rrison 

Seattle, WA 98119-4007 

206-281-7001 

Fax 2!'.6-284 -7112 

Thanks you for including NeoRx Corporation in your survf'Y for information on . 
use of the FFTF reactor. Our company's efforts have been largely based on the 
development of radiopharmaceuticals for imaging and ra~iotherapy and we have 
current efforts that are relevant to potential supply by FFrF, 
Current development efforts involve Holmium-166 for born~ marrow ablation via 
chelation by the bone seeking agent, DOTMP, and Yttriu -90 for the treatment 
of cancer via antibody pretargeting. The Holmium-166 is reactor produced and 
thus directly relevant to FFTF. We are injecting large m~lticurie doses to achieve 
marrow ablation in multiple myeloma. For support of propuct we anticipate · 
needing a minimum of 300 Ci/week. Because of the 26.8 hour half life, double 
the amount of the large doses is needed to compensate ror radioactivity decay 
between production and arrival in the hospital. We also fould want it available at 
least weekly and preferably 2-3 times/week in order to faf ilitate use by bone 
marrow/stem cell transplantation facilities. We are curren

1

tly obtaining the Ho-166 
from MURR and specific activity is adequate, although wel do not want to obtain it 
much lower than the 2 Ci/mg levels being obtained now. It is important to have a 
reliable additional supplier with capacity and flexibility bejng prime needs. We 
are currently in Phase 1/11 dose escalation studies at M. q. Anderson Cancer 
Center in Houston and the Fred Hutchinson Cancer Research Center in Seattle. 
We anticipate approval in a few years. Broader indicatiof s are possible and we 
expect the needs to rise beyond what is listed above furt er in the future. 

We also have development activities in antibody pretarg 
I 
ting (see Invited 

Commentary in Newsline of J. Nucl. Med., A. Fritzberg, "Antibody Pretargeted 
Radiotherapy: A new Approach and a Second Chance", 9: 20N, 1998). As 



mentioned above, Yttrium-90 is currently being used. H , wever, for small 
volume, adjuvant disease in which the potential for cure pr significant impact on 
course of disease is possible, radiotherapy emitters of weaker energy such as 
Lutetium-177 or alpha emitters such as Bismuth-212 via~pretargeted Lead-212 
are possible. We have results supporting feasibility of p etargeted delivery of the 
11 in vivo" generator Lead-212. Unfortunately, supply oft is generator from 
Radium-224 has been problematic and the potential of F

1

FTF to aid in production 
of Thorium-228 as a generator precursor would be important in the feasibility of 

. such a targeted alpha radiotherapy product. 

We have a major technology base for Rhenium-186, an ther reactor produced 
radionuclide with good radiotherapy properties. One of 1' s limitations has been 
specific activity. This limits its use with some antibodies, antibody pretargeting in 
general and with tumor receptor binding peptides. Fort is example, the potential 
of FFTF to increase specific activity of Re-186 could be ihiportant for potential 
applications. Rhenium-188 has potential as well, but its r1 hour half life can be 
limiting. The Tungsten-188 generator solves the supply issue on site, but reactor 
production capacity for many large generators to support a product requiring 

I 

large amounts of Re-188 is a concern. Again, the capac1ty of FFTF could be 
helpful as well as increased efficiency in the low yield, di uble neutron conversion 
of W-186 to W-188. 

The above examples cover radionuclides of interest to N oRx. I would be happy 
to discuss them further or to .discuss other aspects in ge, eral. Given the limited 
availability of reactors of high flux in the United States, making FFTF available 
with short term irradiations possible would be important \b the support of 
promising targeted radiotherapies for cancer and other diseases. We have had a 
significant number of patients who have benefited from t fieatment with 
pretargeted Y-90 DOTA-biotin in prostate cancer and otHer solid tumors and 
lympt,oma as well as promising results in multiple myelotna with Ho-166. · 
Remarkably, these patients experience minimal side eff~cts compared to other 
cancer therapies and such results strongly encourage the effort to improve the 
delivery of promising therapeutic radionuclides. I 

Sincerely, 

Al~~~~ 
Chief Scientist and 
Chairman of the Scientific Advisory Board 

cc. Paul Abrams, MD, JD, 
Chief Executive Officer 

N~Rx 
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CONTACT: 
Melinda Kile 
Controller 
(206) 286-2508 

NeoRx CorporoHon 

410 West Harrison Su·eet 

Seattle, WA 98119•4007 

206-281-7001 

Fax 206-284-7112 

NeoRx Announces Clinical P·rogress at Annual Meeting 

-Positive data, including complete tumor regressions, shown in two L ncer Phase I clinical rria/s­

Seattle, WA,-May 18, 1999-Updating shareholders at its anlual meeting, NeoR.x · . 
Corporation (NASDAQ:NER.X) presented information on its S[keletal Targeted 
Radiotherapy ("STR") trial in multiple myeloma patients and Eretarget<!l Lymphoma trial 
in Non-Hodgkin's lymphoma. The company announced that c mplete tumor regressions 
have been achieved in some of the patients in both of its Phase I cancer therapy clinical 
trials and that the maximum tolerated doses in the cancer studi s have not yet been 
determined. 

NeoR.x. also announced its lead anti-inflammatory agent Chem , tidesn• demonstrated 
positive preclinical results in animal models of allergic inflam ation and stroke. 

"One of the challenges in treating multiple myeloma is that the patients' tolerance for 
radiation therapy decreases as the dose of chemotherapy increa1ses", said Paul G. Abrams, 
M.D., J.D .• NeoRx's CEO. "Skeletal Targeted Radiotherapy ('1STR") is designed to 
deposit radiation in the bone where the tumor cells have lodged, while avoiding radiation 
to non-target organs. Although patient numbers are too small t6 predict a response rate, 
preliminary Phase I data indicate that adding the therapeutic ratiiation of STR to 
chemotherapy has produced complete tumor responses in a sizable fraction of patients 
without increasing toxicity. 11 These data will be formally presehted at an international · 
scientific meeting in July. . I 

NeoRx's Pretarget® technology involves the separate injections
1 
of antibody (to target 

tumor tissue) and radiation (to kill the tumor) that then join at t!he tumor site. This 
approach reduces the exposure of normal organs, such as the s{nsitive bone marrow, 
while maintaining the dose to tumor. "Proof that this concept r,orks has now been 
demonstrated in lymphoma patients with a commercially available antibody," said Dr. 
Abrams. "The tumor to whole body ratio of radiation that can be delivered using our 
technology is considerably better than has been reported by ottiers. This has allowed us to 
rreat seven patients at radiation dose levels that some of them ~robably could not have 
tolerated otherwise. Substantial tumor regressions have occurr . din most of these patients 
including documented complete responses. NeoRx js currently in the process of 
developing its own lead antibody to bring to the clinic for this ·ndication. We believe a . 



major patient need exists, and we intend to address it as rapidly as biology and regulatory 
authorities permit." 

Although not yet in clinical testing, NeoRx's Chernotides™ tee ology has made 
substantial progress in preclinical development in the emerging field of chernokine 
research. Evidence of efficacy bas been demonstrated in sever animal disease models of 
inflammation including airway inflammation, dermal inflammation and, most recently, 
stroke. 

NeoRx Cm:poration is developing innovative products designe to provide improved, 
cost-effective treatments for patients with cancer and inflammatory diseases. . 

TJ,;s release contains f orward-/tJD/ring stale men ts relating lo ,J development of the 
Company's products and future operating results that are subJJct to certain risks and 
uncertainties that could cause actual results to differ material~ from those projected. The 
words "believe, .. "erpect, '' "intend, " "anticipate, .. variations of such words, and similar 
expressions identify forward-looking statements, but their absef ce does not mean that the 
statement is not forward-looking. These statements are not guarantees of future 
performance and are subjeci to certain risks, uncertainties andiassumptions that are 
difficult to predict. Factors that could affect the Company's acrual results include the 
progress and costs of ~linical trials and the timing of regulato'Jr app~ovals. Reje~e_nce is 
made to the Company s latest Annual Report on Form 10 - Kft[ed with the Securities and 
Exchange Commission for a more detd;/ed description of such 1actors. Readers are 
cautioned not to place undue reliance on these forward-looking statements that speak only 
as of the date of this release. The Company undertakes no oblifation to publicly update 
any forward-looking statement to reflect new information, eve~f or circumstances after 
the date of this release or to reflect the occu"ence of unanticipated events. 

Visit NeoRx at www.neor.r.com. . I 
To receive NeoRx news releases via email, register at www.necmc.com/news/ r.html. 

N=0Rx 



~Nordion 
Science Adut1ncing Health 

1999 June 2S 

William J. Madia . 
Director, .Pacific Northwest 
National Laboratory 
902 Battelle Boulevard 
.P>O> Box 999 
Richland, WA 99352 

Dear Dr. Madia, 

41'.7 M.11,h R,,r:d 
Kannr,1. 011r11riu 
Cw,,rl,, /(21( JX8 
Td· t;J5 592·27.90 

Our president, Mr. Morrison, has requested that I reply to your letter of June 2 regarding 
isotope production at the DOE's Fast Flux Test Facility (FFTF). 

We believe that r_he FFTF can play a useful role in the_p+ duc~ion of react~rradioisotopes 
for research appltcattons and the research comrnuruty in ~he Limted States 1s best 
positiuned to be able to provide input into their needs. However, MDS Nordion would be 
reluctant to reply on the use of the FFTF for high level cbmrnercial production of radio­
isotopes. For such products we use commercial facilitie I such as those at MURR or our 
own reactors at Chalk River. 

I would like to thank you for requesting our input into y ur plans. 

Sincerely, 

Iain C. Trevena 
Senior Vice-Pr<::sident 
Nuclear Medicine 

c.c. : Chris Critch 
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j Dr. William J Madia 
I Director 

1 Pacific Northwest National Laboratory 
i 902 Battelle Boulevard 
: PO Box 999 
: Richland, WA 99352 

i Dear Dr. Madia: 
I 
Thank you for your letter of June 2, I am sorry we were ot able to meet at the SNM meeting in Los 
Angeles. 

We are quite interested in new reactor capacity. As you know almost all of the world's research reactors are 
aging and it is likely that their missions will change in tht next decade. While there is satisfactory reactor 
capacity today, this is unlikely to continue if there are more facility closures. 

To maximize funding for a reactor a primary mission outTide ofmedical:isotopes needs to be defined. 
There is not the revenue to justify medical isotope production as the main raison d 'etre for such a large 
facility . Within the field of medical isotopes, however, thEre are three large revenue streams possible. They 
are Mo-99, Co-60, and an irradiation program aimed at Piroducing a wide variety of isotopes that includes 
many of those that your colleagues at Hanford have very effectively publicized. Again, it is unlikely that 
the revenue from any one of these prospective medical prpducts individualiy will generate enough revenue 
to impact the FFTF operating budget, but as a whole there could _well be a case for a program at FFTF. It 
would be subsidiary to the main mission, but as a whole, a substantial program. 

Each of the trcree streams I mention above could generatel$5 to 10 million annu~lly to the reactor operator, 
but there are o!:>stacles to each. For the case ofMo-99, DOE has already spent considerable funds at Sandia 
to begin a program, how would such a program at Hanfortl work within DOE? For the case of co-60 there 
are commercial distribution questions that include breakirlg into a market with 2 established suppliers with 
their own long term reactor relationships. For a general iqadiation program it will need some intense 
publicity and an experienced team to bring the promise o~ such a program to fruition. 

In the case of our company, we are facing a watershed pe iod in that our existing facilities are at capacity, 
and we will need to build or find extra space in the near ture. Hanford is a possibility for our expansion, 
and an isotope program at FFTF might add to the attractio

1

n of the area. Perhaps of interest, it is feasible for 
us, with an expansion in the Hanford region, to bring an experienced team to support isotope irradiation and 
separation at FFTF. 

- I 
b ...-.y c.:;.;;:, Vii;; ·.-..-,l: wittdryvur progress wiih interest as the industry in generai needs the extra capacity in 
the future, and Isotope Products specifically would be a cJstomer for FFTF irradiations wherever we are 
located. We wish you the best success with your efforts to\understand the private sector's requirements for 
reactor isotopes and the subsequent preparation of the case to restart FFTF. 

Please call me if you need further information. 

Sinc~rely, 
.•\ / ·· · .:r / ,';_ 1/ ··; ,-' Jiif),6·.,, 1. 

: . / /_....,_ , ; .. : ./ /. . / /.<c ..... 'L. ~ ;.,-(.,,,. :, · /,_ .t,v :.. !, , t 'f(' ,-',/._ i,..~/ 1,/t.,C/ ·1 I r 

Len Hendrickson 
President 

RADIOACTI\'E SOURCES · DE\'ICES • NUCI.I DES 



lmmunex Corporation 
Susan K. Erb, Vice President, Operations 

immune~ 

July 2, 1999 

William J. Madia 
Director 
Pacific Northwest National Laboratory 
902 Battelle Boulevard 
P.O. Box 999 
Richland, WA 99352 

Dear Mr. Madia: 

Mr. Ed Fritzky forwarded your letter requesting Immunex's 31ssistance in your endeavor 
to better understand both the public and private sectors' requirements, plans, and potential 
business relationships related to isotope production at the DdE's Fast Flux Test Facility 
(FFTF) reactor. 

Mr. James (Jeff) Palmer is the Immunex Radiation Safety Officer and will act as your 
primary contact at Immunex. Jeff, along with some of our k9y scientists, will be able to 
provide you information on the future use of isotopes at all Irpmunex facilities . Jeff can 
be reached directly at 206-389-4365 or at his e-mail address , almer@immunex.com. 

Please call me if I can be of any further assistance. 

Cc: E. Fritzky 
J. Palmer 
D. Williams 

51 University Street, Seattle, Washington 98101-2936 

206.389.4365, Fax 206.587.0606 

Internet: erb@immunex.com 



~~~ Garden State ~-11 J Cancer Center 

July 5, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 

FAST FLUX TEST FACILITY 

520 Bel lcvi I le A\' ·nuc. Bel Ic,· i 1 k-: ·~J • , ~ I 0') -u :.i 2J 
I ___ __ .. • - ----

Tcl:(97 i-\ ) 844-7100 Fa x:( 973J 844-7120 

Dear Dr. Madia: I 

Garden State Cancer Center is a not-for profit research center that is fotced on the development of diagnostic 
imaging and therapeutic products for the detection and treatment of cancer. ' e have been engaged in this research 
for over 20 years, principally highly specific monoclonal antibodies and fra , ents designed to deliver radioisotopes, 
chemotherapeutic agents, or toxins to tumors. _ · 

I attended a portion of the DOE's presentation in Los Angeles during the Nuclear Medicine meetings. During this 
rnc::etiug it bt:came very eviut:i.c that scientists iike myself need to convey to tbe Departmem the importance of 
maintaining a strong program to develop and distribute medically useful isot~

1
pes. I understand that the Fast Flux 

Test Facility (FFTF) represents a significant source of medical and industrial radioisotopes, and I would encourage 
your Laboratory and the Department of Energy to restart this facility so that i might continue to provide quality 
isotopes for medical research. . 

As one of the leaders in the development of therapeutic radiopharmaceuticalsi our facility purchases large amounts 
of yttrium-90, indium-I 11, and iodine- I 31 . Unfortunately, our research has -een severely hampered over the years 
because the government has so poorly supported a strong isotope production rogram. Alpha-emitters have long 
been an interest, put the supply of certain isotopes, such as actinium-225 and radium-223 (from actinium-227), have 
not been forthcoming. We have had difficulty sustaining some of our research efforts because of a lack of 
radioisotope availability, and grant applications to investigate new agents are ~mpossible without an adequate supply 
that is reasonably priced. Our program is highly translational, focusing on agf nts that can move quickly from 
preclinical to clinical studies. However, with the uncertainly of isotope supply and an expensive front-end in the 
development, the research program has fallen back on isotopes with more rel'able supply and reasonable cost per 
dose. We would be interested in Lu-177, high-specific-activity I-131, P-32, ~e-188 from tungsten-I 88, to mention a 
few, if reliability and high quality were guaranteed and pricing was reasonablf . The future demand for the agents 
that we develop will depend on successful clinical trial outcomes and FDA a1wroval. 

We were a major customer ofDOE's yttrium-90 production at PNWL. We wi re pleased with the quality and 
reliability, but the current high price is going to make it difficult to maintain a substantial clinical program that could 
lead to Phase III trials and the approval of an isotope-based, biologic therapy. The current pricing schedule for 
many DOE radioisotope products is overpriced, and we recommend downwa~d adjustment of the costs for Y-90 and 
Re-188 generators since at least could become clinical-based products in the near future . 

We anticipate that radioisotope consumption will continue to increase, but sales will ultimately depend on reliable 
production, chemical quality, reasonableness of cost and federal approval of ew radioisotope products. We believe 
that FFTF should be restarted to help meet projected needs for many isotopes that not only we would like to explore 
in the future , but I know that my colleagues in this field would also like to de, elop. 

--~':ours_ sinc~re~ly, , :a 
., ' . •. . 

Robert M. Sharkey, Ph.D. 
Member and Director Clinical ch 



r-1Radiance 
~ MEDICAL SYSTEMS, INC. 

July 9, 1999 

William J. Madia 
Director, Pacific Northwest National Laboratory 
902 Battelle Boulevard 
PO Box999 
Richland, WA 99352 

Dear Mr. Madia: 

Radiance Medical Systems is dependent upon an adequate and co tinuing supply of radionuclides 
for the production of our main product lines, radioactive balloon catheters for prevention of restenosis 
following angioplasty. As you know, the field of restenosis prevention is net , with no FDA approved medical 
devices but with more than nine companies in clinical trials. All of these m1dical devices require radioactive 
materials, so beyond what Radiance requires, the industry itself is depende , t upon an adequate nuclide 
supply. 

The range of nuclides which are required for the current approac~es includes P-32, W-188/Re-188, 
Re-186, Y-90, Sr-90/Y-90, Ir-192, with R&D investigations also using Gd-15!3, Eu-155, I-125, Pd-103, among 
others. As is readily apparent, this list exclusive of Sr-90 is entirely reactor P{oduced. Currently, the nuclides 
are for these devices are made at HFIR, MURR, Petten and various reactors m Russia, which would seem like a 
significant supply. However, the availability of nuclides has limited the reseE

1 
ch in the field . 

Y-90, because of its very short half-life, must be produced in very igh specific activity. At present, 
the only reactor of sufficient neutron flux in the US is HFIR. Given the probl

1 
ms of supply at HFIR, either 

inconsistent operation or the downtime for refitting, the field has already mpved elsewhere to find adequate Y-
90. For both Gd-153 and Eu-155, the only significant supply currently is Russia, with uncertain supply links 
with consistently changing government regulations. Although HFIR supplieb W-188, it will be insufficient if 
the medical devices become available. I 

Hence, it is critical to have an additional supply of radionuclides for the medical field. An 
examination of FFTF indicates that it can supply all of the reactor produced buclides which are used for 
restenosis prevention and in several cases, produces them better either in tetms of rate of supply or, more 
importantly, in quality measured by both specific activity and impurities. It f. s therefore critical that FFTF be 
brought back on-line to ensure adequate supplies for medical uses. 

If you should have any questions concerning this letter, please feel free to contact me. 

Radiance Medical Systems, Inc. 
13700 Alton Parkway, Suite 160 
Irvine, CA 92618 USA 
Tel : 800~983-2284 / 949-457-9546 
Fax: 949-457-9561 C\7D 



Life Sciences Enterprise 
DuPont Pharmaceuticals Company 

July 15, 1999 

William J. Madia 
Director 
Pacific Northwest National Laboratory 
902 Battelle Boulevard 
P.O. Box 999 
Richland, WA 99352 

Dear Mr. Madia: 

William J. Delorbe, Ph.D. 
Executive Vice President 

Medical Imaging 

DuPont Pharmaceuticals welcomes the opportunity to comment on the possibilities of the FFTF for 
commercial isotope supply. The unique attributes of FFTF: high neutron flux, large target 
ii-radiation capabilities, and high energy flux, position this reactor tom et the needs of the 
radiopharmaceutical industry in the coming decades. 

As the leading supplier of Radiopharmaeucticals in North America, D Font's isotope requirements 
are likely to reflect the requirements of the industry as a whole. The r~diopharmacuetical industry 
is evolving from its traditional diagnostic basis into therapeutic applications. Molybdenum-99 for 
which there are already excellent supply options has been the workhor!e of the industry not only 
because of its favorable imaging characteristics, but becaus·e supply hak been reliable, consistent 
and relatively cost effective. Expansion into therapeutic isotopes e.g. Lu-177, Ru-I 06, W-188, Y-
90 will require the same supply characteristics: timely, cost effective d~livery. 

As the industry expands into therapeutics, isotope costs will be critical] both for clinical . 
development as well as routine commercial supply. Parenteral therapehtics for oncology, 
compounds in which the lethality of the radioisotope is targeted by a li~and of high specificity to 
the tumor site, will be expensive to develop and manufacture. Clinical ltrials will be more extensive 
than for diagnostics. The effects of radiolysis on the targeting agent p9se formidable development 
efforts. Isotope costs must be proportional to comparable "cold" compcments for labeled drugs to 
be competitive with traditional treatments. The growth of therapeutic i~otopes depends upon the 
availability of cost effective isotopes. J 
The industry looks to DOE to prepare for the growth in therapeutics b continued fundamental 
research in target methodology, processing chemistry and isotope sepa ,ation both in government 
laboratories and academic institutions. Industry does not have the facil!ity or expertise to conduct 
this work. The expectations for commercial supply are high. Physiciaip. acceptance depen_ds upon 
availability. Any isotope that will be incorporated into a parenteral therapeutic will of necessity be 
short-lived. A radioactive therapeutic has to be ready to be administerdd when the patient and 

331 Treble Cove Road • N. Billerica, MA 01862 • (978) 671-8500 



William J. Madia 
July 15, 1999 
Page-2-

physician are ready. Such a demanding supply chain requires fre·quen, repetitive production of 
small lots of material, both by the isotope supplier and the pharmaceut[cal manufacturer. The 
barriers to success in the therapeutic arena are high, but so are the rewkds. FFTF could and should 
play an important role in partnering with industry to develop this mar~et. To do so, the FFTF will 
need to be capable of operating under the principles of providing matepals at low cost, with fast 
turnaround and extremely high reliability. If this is achieved, the FFT could play a very 
significant role in health care in the United States. 

Sincerely, 

flu~:~ 
WJD/boh 



COAPqRATI= OFFICf. 
SCIENCE ANO TEC ~i NOLOGY 

Dr. Wil1iam J. Madia 
Dir~ctor 
Pacinc Northwest National-Laboratory 
902 Battells Boulevard 
P.O. Box 999 
Rkhland, WA 99352 

SUBJECT: Fast'Flux Test Fadlity 

Dear Dr. Madia:. 

10 GEORGE STREIT 
W BRUNSWICK, N.J. 08901-2021 

J ly 16, 1999 

Thank you for your recent letter se~king expressions ofinter ,st in preserving the Fast 
Flux Test .Facility as a reliable producer of radioisotopes for edical and industrial 
purposes. As you ~now, Johnson & Johnson is the world's ~ ost compr~hensive and 
broadly-based manufacturer of health care products. It is a I a.ding provider of related 
services, for the con~umer, pharmaceutical, and professional arkets. Johnson & 
Johnson has more than 94,000 employees, and operates 188 , ompanies in 52 countries 
around the world. 

Johnson & Johnson companies ~c cobalt-60 for product ste ·1ization, market and 
distribute palladiurn-103 brachytherapy seeds for prostate c cer, and are developing 
stents using phosphorous-32 for cardiovascular radiation therapy for prevention of 
restenosis after balloon angioplasty. We anticipate annual _dowtb rates of more than 20% 
per year for The_raSeed® palladium-] 03 brachytherapy seed for localized prostate 
ca~_cer. Johnson & Johnson also uses a wide variety ofrcsef ch isotopes for l.abeled 
organic compounds in. drug metabolism research, such as trim1m, carbon-14, and P-32. 
Other isot'?pes of potential interest to us include iodine-125, 1 ttrium-90, iriduim-192, and 
molybdemun.:99. 



Page Two 

As a potential ·c~tomer ofFFTF-produced medical jsotopes Johnson & Johnson is 
interested in reliable supplies oflow-cost, hjgh-purity radioi otopes. We applaud your 
ongoing efforts to preserve the FFTF for cost-effective isotope production. -»7hile this 
letter does not represent a.contractual commitment, we beliel\lc that FFTF can fill an 
important need for th~ future demand for medical isotopes. 

Sin,cerely, 

/:? / / 
(:/"l .- l,4i/' tilvf/~r--L --
Raymond W. Ruddon, M.D., Ph.D . 
. Corporate Director, Science & Technology 

cc; M : Chuisano 
R. Gussin 
R. Monissey 

RWR/kinc 



~Syncor· 
The Service Difference* 

July 17, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, Washington 99352 

Dear Dr. Madia: 

SynJ r International Corporation 

I enjoyed having the opportunity to speak with you last week. This letter is a summary of 
our conversation. 

Syncor provides radiopharrnaceuticals and comprehensive nuc ear pharmacy services, as 
well as medical imaging services, to nuclear medicine departmJnts in hospitals and out­
patient clinics worldwide. Our company depends on consistent, reliable, and cost­
competitive sources of high-purity medical isotopes for diagno~tic and therapeutic 
purposes. Consequently, we are very interested in any possiblf restart of the Fast Flux 
Test Facility (FFTF) for, among other missions, the production of isotopes. 

As we discussed, there are a number of key issues in developl an alternative source of 
isotopes: 

It must be a reliable source that can consistently produ , e isotopes, given the 
limited amounts of product that we can effectively carry in inventory. 
It must be cost effective compared to other readily av~ lable sources of supply. 
It must be scalable to support the expected growth in emand for diagnostic and 
therapeutic medical isotopes. 

We would be interested in collaborating in a business-planning process to help minimize 
potential supply shortfalls or disruptions as well as enable fulle use of the available 
capabilities, including the Fast Flux Test Facility, for isotope pioduction and processing. 

Obviously, the types, quantities, and schedule of isotopes we elpect to require from 
sources such as the Fast Flux Test Facility depend upon a number of key assumptions: 

The federal government (National Institutes of Health i d the Department of 
Energy) continues to support research in the use and aJ plication of medical 
isotopes. I 

6464 Canoga Avenue • Woodland Hills, CA • 91367 • 818-737-4000 



Dr. William J. Madia 
July 17, 1999 
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Current and future clinical trials continue to be highly s
1 

ccessful, and these results 
lead to deployable diagnostic and therapeutic isotope products. 

- Reimbursement for diagnosis and treatment keeps pacelwith approvals and market 
demand. 
Public acceptance of nuclear medicine procedures deve ops as expected. 
The Department of Energy establishes itself as a reliabjlb, competitive source as the 
medical isotope market expands. 

Dr. Madia, we applaud your ongoing efforts to support the b geoning development of 
medical isotope applications, which is so contingent on assur~ ce of an available supply. 
While this letter does not represent a contractual commitment, we believe strongly that 
isotope utilization will grow and we welcome the potential av "lability of a demonstrated, 
reliable facility such as the Fast Flux Test Facility that can mee

1 

the projected demand for 
high-quality products and services at an acceptable cost. 

Robert G. Funari 
President & CEO 



. ,··. 

July 23, 1999 

Dr. Bill Madia, Director 
Pacific Northwest National Laboratory 
902 Battelle Blvd. 
Richland, WA 99352 

Dear Dr. Madia, 

I wish to offer any support I may provide you in your effo~I s to restart the Fast Flux 
Test Facility. During my past work experience, I assisted in the engineering 
completion of Union Carbides 5 MW reactor. I then load d the core and (with help 
form Oak Rid~e) took the ne:" reactor critical. I then ac~ eved an operator's lice·nse 
and then a seruor operator' s license. For some 10 years i e produced thousands of 
curies of various radiochemicals for the radiopharmaceutical industry. 

I then moved to the IRL nuclear reactor in Princeton, Ne~J Jersey and continued those 
same efforts and entered the radiopharmaceutical busines supplying isotopes from 
John Hopkins in Baltimore to major hospitals in New Yor City and Boston. I then 
moved my business to Texas and those activities are descr1·bed in the enclosed 
catalog. · 

Our main efforts currently are addressed to custom labeling of monoclonal antibodies 
I 

and peptides. We now produce radiopharmaceuticals for four corporations, and these 
drugs are in phase I, II, and III clinical trials, with our goal of FDA approval of these 
radioactive therapy products. I 

We have some 100 terminal cancer patients now in these different studies, surviving 
and returning to their families. The descriptions of the prJgrams are also enclosed 
including some of the numerous letters from appreciative patients. 

I 
I am currently purchasing from foreign suppliers, multi curie quantities of I-131, 
I-125, I-123, Y-90, Mo-99 and In-111. 

I have a pressing need for Sr-90/Y-90, Copper 64, Copper 67, Ho-166, I-125, I-131 , 
Mo-99, P-32, and Pt-195m. 

I believe our nuclear medicine/research programs are in 
1

eat jeopardy as our isotopes 
are now only available from foreign suppliers and at their take or leave price 
program. I do know that these prices increase 10 to 40% dnnually . 

ti _so---TEX DIAGNosTics 
/}( P. 0 . Box 909 • FRIENDSWOOD, TEXAS 77t 6 • 71 3/482-1231 • FAX 713/482-1070 

,f /t .. •,.· . . ~:· ·_c •·• •, • .. . .. • · . C • . '. ••• • • -c:: .. ..... . 



I have also reviewed a Mo-99 / Tc generator from Austra ia and will license that 
device through the FDA and perhaps assemble same at y ur location, with your 
reactor supplying the Mo-99. 

In Texas I have a multi curie isotope license and we are a FDA licensed manufacturer 
ofradioactive sterile, nonpyTogenic injectable diagnostic nd therapy drugs. 

I have enclosed information on a lab I am constructing at he University of Rhode 
Island Nuclear Reactor in Providence, Rhode Island. 

If your reactor is operational I would be most willing to b~ild a lab and produce and 
ship products from your location. Please inform me ifyol· wish to explore this 
concept. 

I also believe it urgent that the Society of Nuclear Medici~e discusses your problem 
in great detail. If I can be of any help in this matter, I do fIIOW the Editor personally. 
A fact sheet should be produced and it should go out to au isotope users and be 
placed in all shipping boxes from NEN, Squibb, Amershab, Syncor, Medi-Physics, 
Mallinckrodt, and all other producers in every box for a ohe-week period. If you can 
supply the information, I can have it printed and sent to a~l producers. If you think a 
lobbying group would help, just give me the directions anJ1~ I will secure the help and 
funding. 

In conclusion, I will tell you that it was a sad day for me hen I was informed that 
my Union Carbide Nuclear Facility was to be shut down and decommissioned. 

I sincerely hope you do not have to experience these feeli gs. 

Ifthere is anyway that I can assist you in your major task, please call. 

Good Luck and Best regards, 

Thomas Maloney 
President 

DIAGN ·OSTICS 
P. 0 . Box 909 • FRIENDSWOOD, TEXAS 77546 • 71 3/482-1 231 • FAX 713/482-1070 

. - "· .... ~ri ~ - : .. ·- ·· 



Adva~ced H~dear & Medical Systems 
. .. an i$01cpe procb:ticn & d!Mlopnet'lt a,rnpmy 

1833 J.dwln Aven1,1a, Suh• :no 
RlchlanCI, WHhlngton 9;35:i 

(5q9)~M900 
tu (509) io'4l·IIIIOO 

Mr. William D. Magwood, IV 
DirecLor, Office of Nuclear Energy 
US Department of Energy July 25, 1999 
1000 Independence Avenue, S.W. 
Washington, r:>C 20S85 

Reference:: ANMS Privatizarion Proposal, September /996, OE No. P9700006 
ANMS Leiter Srolces/Root to Richardson. December 22, 1998 
ANMS Lei/er SJokes to Magwood, December 28, 11998 
ANMS Leifer Stokes to Magwood, February 5, 19i99 
ANMS Lefler Stokes lo Richa,-dson. June /3 , 199f 
Compass letter Hardin lo Stokes, July 20, 1999 (al/ached) 
IPL Lei/er Hendrickson lo Slokes July 23, /999 ~ /Inched) 

Subject: FFTF EIS and Public/Private Partnerships 

Dear Mr. Magwood: 

ANMS has supported the restart and operation of the FF. F for the past five years . We 
have invested-priva te funds in the effort to maintain the FFTF option as an asset for the DOE and 
the American people. Our vision continues to be that the f'FTF w ~I be allowed to achieve ics 
potential ()f providing the isotopes to save thousands of lives each rear. Jn addition, there are other 
side benefits that w ill accrue to the DOE and the nation from additional nuclear and materials 
testing conducted in parallel with this production of lif~saving iso~opes. To this end, ANMS 
provides our unqualified endorsement and support for the conduct fan Environmental Impact 
Study for rhe restart of the FFTF as a multi-purpose isotope prod ct ion and materials test center 
facility. 

In November 1995, ANMS presented a proposal to privat ze the FF'TF operations, product 
developmcnl and production. This presentation initiated the re-evaluation of FFTF mission 
options. J\NMS formalized the proposal in our September 1996 s r bmirtal. ANMS had sufficient 
capital identified for the venture, however, DO£ determined that ti)e timing for such a proposal 
was inappropriate. Our December 1998 letter to Secretary Richarclson reaffirmed our interest in a 
public/private partnership for FFTF restart. 

ANMS continues to have access to the necessary capital t? privatize the FFTF operations 
and the ancillary isotope processing and distribution facilities. as eiv idenced by the attached letter 
from the Compass Group indicating the availability of S200M subject to appropriate due diligence. 
The privatization or development of adjunct processing facilities uhder a federal operations 
approach for the FFTF will require additional security for constru t tion loans to protect the 
investors from a prc:mature shutdown of the FFTF. fn our February 5, 1999 letter, ANMS 

I 
proposed an innovative approach to create a trust fund, which cou d be used to secure the r~uired 
investment notes. 



ANMS and Schnell-Brueter-Kernkraflwerksgesellschaft (SBK) have signed a Lener of 
Intent to execute a previously negotiated contract for the transfer f ownership of the SNR-300 
fuel. The l.o?tter of Intent imposed two conditions for contract ex,=ution: the first is the rescan of 
the FFTF and the second is the approval from the DOE for the importation of the fuel. The second 
condition is satisfied by correspondence from DOE in l Q96. The SNR fuel will provide the ffTF 
fuel needs for an additional 15 years over current inventories and /s valued at $125-$150M . 

This asset value of the fuel can provide the necessary sec rity for isotope processing 
facility investment and. with the privatization capital, represents a/ private sector investment of at 
least S325M towards lhc privatization ofFFTF operations and is rope production . 

ANMS has secured the interest oflsotope Products Labo ~tories in joining the ANMS and 
Compass tec1m 10 ~stablish and commercialize the FFTF's isotope production capability (see 
attached letter Hendrickson to Stokes). ANMS is prepared to utilize the asset value of 1he SNR- · 
300 fuel lo guarantee investment loans for development of new prbcessing facilities adjacent to the 
Ff-TF. Isotope Products is prepared to develop business plans ana complete due diligence analyses 
for the relocation of existing product lines to be co-located wich t le FFTF product processing lines. 

_Thi=- ~ean:iin~ represents a sinc~re and fin~nciall! sound_ i9terest by the private s~l~r.in 
supporting priv11t1:zat1on of the FFTF or formulating an innovative approach to commerc1al1zing 
FFTF product$ and services under the operational plan proposed n the PNN L report. 

The ANMS privatization proposal of 1996 anempted to 9ffer the DOE an alternative 
approach to dependency on federal funding. Privatization is com!only defined as any process 
aime<l at shining functions. responsibilities, and risk from lhe gov rnmenl to the private sector. lt 
has been the policy of this administration to promote private c-ntcr rise in preference to new federal 
program!i. The ANMS proposal of I 996 left ownership of the fa dililies in the hands of the DOE 
by proposing a facility lease, addressed the 9uestions of licensing rnd qualification of the operator. 
and provided adequate funding to Sllpport restart and operations. jANMS is prepared to submit an 
amended privnti7.ation proposal within four wc:eks should you determine that this course of action 
could suppor1 the advancement of nuclear science and continue th1 process of saving American 
lives through the use of medical isotopes produced at the FFTF. 

Thank you for your attention and courtesy. Please conta t me if you would like further 
discussion or deta il regarding the opportunities discussed above. 

Sincerely, 

./w~j~ 
William J. Stoke 
President 

cc: Secretary Richardson, USDOE 
Dr. Walter Apley, PNNL 

I 
Advanced Nuclear & Medico! sy4'ems 

1933 Jod....,,in Avtt . Suite 210. Richland. WA 99352 P 1one (.509) 946-9900 fox (509) 946-980'.) 



23 July 1999 

Mr. William 1 Stokes 
President 
Advanced Nuclear and Medical Systems 
1933 Jadwin Ave., Suit.c 210 
Richland, WA 99352 

Dear Mr. Stow: 

Following ow- discuss.ions I am writing to s ow- interest to establish an 
iSOlopc, p~ing and distribution facility ~djacent to the FFTF. sh01,1ld it 
once again become operational. As we discussed there is a concern in the 
isotope community, from both the nut lcaz medicine and industrial 
perspectives. that reactor capacity will 91me inadequate as facilities now 
operating ar~ shut down. The FFTF would be an important addition to the 
industry's capacity. 

Further, the timing of the FFrF decision col!ncidcs with facility deci!ions we 
need to make. Our current capacity is fi.llM. We &re considering several 
int,erC$ting opportunities for development o~ new therapeutic,. We will need 
more space for expansion and should we establish an operation near Pf'TF 
we are certain that other production lines \I.II1ould be relocated there. 

However, the financial case that justifies th . commitment for such a facility 
indlcar.es a long opera~ time R:quired to ~ eel net present value and other 
investment rcrwn criteria. As we discussed, we would need 50me type of 

I 

assura.noea that shifting priorities within Federal or DOE budgeu would _not 
affect the PFrF operation. You rosed] lhpossibllity of an indemnity, but 
whatever the mecharusm, this is an impo tissue for us and would need :a 
resolution. 

You propo.std a plan which would inchadc financing and security for 
construction loans a.s well a., development bd financing of the operations, 
trus is indeed intcre3tina. We hope tha~ with further information this 
approach could be incorporated into our bu,sinc.ss plans. 

Before funds could be committed by either Jne of our organiutions, we need 
a full market assessment of the ponfollo o~ products available from FFTF. 
We are arwous to pnxccd on th.is. Additionally, before funds can be 
committed from our firm, the full financial pcrformanc:e assessment of these 
facilltic..s must be completed. Of course, you will need to perlo.rm a due 

FAD!OACTJ\'E SOl'RCES • l) VICES · 1"LICI.IDES 
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p.2 Stokes/ ANMS 

dillaence review for commitment Qf fwlds. This would also r . uire board approval from our 
finn, 

While •there are a number of analysis that need to be pcrfo , ed by all invol._.cd parties we 
believe there Ls a good potential for medical isotope production to be inte:ra.tbd with the FFTF 
opnlion. 

We look forward LO further discussion of th.iJ opporrunity. 



~ompass 
Group POST OFFICE eox 3808. SPOAAP..E . w,. 99720-3 as. (S09) 353-799). FAX (509} 353 -?a,a 

July :20 . 1999 

Bill Sto:...~s. Pr~.sident 
Ad\·a.n(·cJ Nuclear and i'vkdic:al S::-·stems 
1931 Jadwin A\'e . Suite 210 
Richland . \Vashington 9~352 

Subject · FFTF Expression Of lnt<.'resr 

Gentlem,1.11 , 

Co111pas:-. Group is interested in your re:qut·st fr, fin..incing of 
$200,000.000 for the Fast Flux Test Fat.:ility . Bu 3s I have indic~ted 
to you prc,:iously. Compass can not commit un!il such 1ime we 

have had an opportunity to review i1nd under\,vr·~
1 
e The financial statemenr~. 

appr3isal!- . c.onsrrnction plans, business plans, c nstruction contractors, . 
CO!-t~ hreakdown ot the project, and expense ~ta ements . This is not 
int .... ded to be a commitment, only a expression bf intere.~t to fimrn.:e. 

We are aware that the Depan.rnent of Energy is onsidering the restatt 
of the fflcilitv, our concern as a lender, will be, h w much C(lntrol and 
involvement they will have. Compass Grnup is nly interested in 
moving forward if the government ailO\i..·s for pri atizaticm of the t:,ciEty. 

Shot,ld the Dep:utment of Energy~s de.cision be to go forward with an 
Environmental Impact Statement )oClking at FfTiF restart, \"-'e would 
welcome the opporn.mity to meec with y<rn and forther explor~ this 
projecr. 

Sincetclv. • 
Q . i.; • µ1~ ~-~- ···.,.., .... , 
,'\ ~ <:~i-\ ' , . , • . • , r ) 

Rich Hardan, 1-'1e:-;ide111 
Compass< ;roup 

r :: ,fr \ 
i
. S • I , ,] • I r, ··I;,.; · 
. " · 1 ··, r • j 
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'\i\T as founded over 30 years ago. Tt serves as an investment advisory 
firm to union building trade pension trust funds. 

Typically .. we finance small to medium sized projects throughout the 
porthwest Included are, retail stores, motels, m Fdical office buildings 
and clinics, hospitals, supermarkets, banks, credit union facilities, 
restaurants. warehouses, federal agency facilitie . , and retail centers . 

.ASSETS OF THE COMPANY 

Total assets $1. 3 billion invested in stock~ bond.~ and real estate: 
Real Estate . . . . . . . . . . . . . . . $ 415 Million 
Real Estate Equities . . . . . . . . . $ ~ 90 Mllion 
Stocks .. . , , . . . . . . . . . . . . . . $ 3i20 Million 
Fixed Income . . . . . . . . . . . . . $ 350 Million 

Real Estate investments in six w stem states: 

W ashlngton MontJI a · 
Oregon · Alaska 

J[daho Califoruj 

Offices in Spokane, Seattle, P ortlau , and San Diego 

~ornpass 
Group POST OFFICE eox 3805. SPOKANE. WA 9'1220--360 . (509) 353 . .,.993 • FAX (50-i) 353-7818 



SIEMENS 

William J. Madia, Ph.D., Director · 
Pacific Northwest National Laboratory 

. 902 Battelle Boulevard, P. 0. Bo~ 999 
Richland, WA 99352 

RE: Your letter of June 7. 1999- Fast Flux Test Facility (FFTf} Reactor 

Dear Dr. Madia: 

July 27, 1999 

Siemens Medical Systems, Inc. can respond to yo r referenced letter concerning the use of FFl 
the supply of important research and production quantities of medical isotopes and for nuclear s 
and irradiation services missions. Siemens Med!cdl systems, Inc. develops and markets an ext1 ' 
range of products for nuclear medicine worldwide. 

Growth in many of our products and services are t , a large extent coupled with the growth in diE 
and therapeutic nuclear medicine. Consequently, while we do not produce or market 
radiopharrnaceuticals, we are very familiar with thd need to have an abundant and reliable supp' 
such isotopes, Nuclear medicine, from research td full-scale deployment of approved, reimburE 1 

and validated radiopharmaceuticals, requires diveti/se, reliable, high-quality and competitive sow 
medical isotopes. For reactor-produced isotopes, FFTF appears to fit this need and is particula 

1 

timely given the aging and cost-to-maintain government reactor infrastructure. 1 

Our recent experience with PET {Positron EmissiJn Tomography) suggest that if ~ne can overc 

1 

regulatory and reimbursement issues with products and/or services having a large benefit-to-cc 
then large growth rates in demand will occur. A d~cision to terminate the operation of DOE's n 
and largest isotope-producing reactor could beco~ e self-fulfilling in reducing the growth of higt 
to-cost ratio radlopharmaceuticals that depend on/ reactor-produced isotopes. In our opinion, F 
large volume, relatively young age1 and unique nuclear and design characteristics, make it an i 
U.S. facility for reactor-produced medical isotope~. FFTF has the potential to become an impo 
of the federal user facility infrastructure that must ~e present If nuclear medicine, especially the 
nuclear medicine, is to reach its full potential. / 

As you know, Siemens Power Corporation has been a major part of the Tri-Cities infrastructur, 
number of years, We are familiar with the "nucle~r-friendly'' community environment there anc 
many other physical and human attributes you h~ve to support nuclear endeavors in your aree 
providing Siemens Power a copy of this letter so hat we may jointly explore with you potential 
opportunities relative to FFTF and related activiti s for any of our Siemens affiliates. 

Sincerely, 
SIEMENS MEDICAL SYSTEMS, INC. 
NUCLEAR MEDICINE GROUP 

~!!!:~ce President 

BDF/jz 
cc: James H. Nordahl & Mark D. Weiss - Siemens Power Corporation 
Siemens Medical Systems~ Inc. / . 

Nuclear Medicine Group 2501 North Barrington Roaq! Tel: (847) 304-7700 

Hoffm,n ""'"· IL 6019T203 Fax, , .. n 304-7707 



IIALLINCKRODT 
lrnllfMIIG H~ltheiit,: 11nd Olmwtry 

July 28, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 . 
Richland, WA 99352 

· Dear Dr. :Madia: 

Mallinckrodt Inc. 
675 McDonnell Boulevard 
PO Box 5840 
St. Louis MO 63134 
Phone: 314.654.2000 

Mallinckrodt Inc. is one of the world's leading suppliers ofrad~ophannaceuticals to the medical 
community. Our products are used for th,:: early detection of cancer, heart disease, stroke and 
other illnesses. We also have several therapeutic products that tave lives. In the U.S. alone more 

I 
than 14 million nuclear medicine procedures are performed each year. Our products rely on the 
availability of medical radionuclides. Although many of these ,adionuclides we manufacture jn 
our own facilities in St. Louis and Petten, Holland, we must als~ rely on outside nuclear reactors 
for the production of byproduct materials. For that reason we e interested in the medical 
radionuclide capabilities and future of the Fast Flux Test React r (FFTF). To that end we 
wanted to provide you with some information that may help in ~our study of the facility. 

Mallinckrodt views nuclear medicine as a very healthy indus~ We have witnessed a double 
digit growth rate for the last several years. We have also seen 1arket predictions by Frost & 
S~llivan and the DOB Expert Panel of7-15% annual growth ratF for both the diagnostic and 
therapeutic markets for the next few years. There are several new peptides and monoclonal 
antibody products that are under development by Mallinckrodt td our competitors that will fuel 
this growth. We need to be assured that the radionuclides needef1 to produce these new 
radiophannaceuticals are available in the necessary quantities, on a. reliable basis. 

We are very aware of the high neutron flux and large target vol+ • advantages available in the 
FFTF. The medical isotope capabilities o.f the FFTF can providT many of the radionuclides that 
have been examined for new products from Mallinckrodt. Thesj include Gd-153, • 
Ho-166, Lu-177 and Re-86. The FFTF also has the capability t9 produce many of the 
radionuclides we are using for current products including I-131, Mo-99 and P-32. We are aware 
that the DOE has created the Nuclear Energy Research AdvisoJi Committee (NERAC) to look at 
the available sites for medical radionuclide production. We know the FFTF has the capabilities 
to handle many of our medical isotopes needs, however, the NE}AC is in a much better position 
than Mallinckrodt to judge the adequacy of each facility. We fe:Jl the advisory committee is 
corn.prised of true experts in their field, ~d we welcome the fin · gs of their detailed study. 



Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
Page2 

We would like to thank you for the opportunity to provide you ome of our thoughts on the 
capability and value of the FFTF to the medical community. If ou have any specific questions, 
you may direct them to me at (314)654-7204 or Roy Brown at ( 14)654-7914 . 

. Sincerely, 

~,/~~ 
Michael Bronowicz 
Vice President 
Nuclear Medicine 

cc: Roy Brown 



Juiy 28, 1999 

CO]VFIDEIVTIAL 

Dr. Willia.-n J. Madia 
Pacific. Northwest National Laborato:-y 
902 Battelte Blvd. 
P.O. Box 999 
MSIN: Kl-46 
Richland, WA 99352 

Dear Dr. Madia, 

STE RI S® 

[The contents of this letter are Confidential. However, t e STERIS Corporation 
has authorized Pacific Northwest National Laboratory tb quote them as foreseeing 
a significant prospective growth in the demand for medi al and industrial isotopes.] 

Very truly yours; 

~S Corp · talion 

·\ 
Thomas J. Magulski 
President 
Scientific and Industrial Group 



July 12, 1999 

Dr. William J. Madia 

National Association 
· of Cancet Patients 

Pacific Northwest National Laboratory 
902 Battelle Blvd. 
PO Box 999, MSIN: Kl-46 
Richland, WA 99352 

Dear Dr. Madia: 

I am writing to express the support of the National Association i Cancer Patients for the use of the 
Fast Flux Text Facility (FFfF) for the production of medical iso ,opes. The use of isotopes is 
absolutely essential to developing new treatments for cancer, an in some cases the isotopes 
themselves can be used to treat the disease more effectively and with fewer devastating side effects 
than other currently available treatments. They are a weapon in t e war against cancer that must be 
available to patients and physicians. 

Unfortunately, that is not the case today. Research and clinical tr als are being hampered by the 
lack of a reliable supply of isotopes, and some isotopes that have been shown to be efficacious in 
treating cancer in other countries are not available in the U.S., a tk ly shameful state of affairs for 
the world's richest and most technologically advanced nation. 

The urgency is apparent when you consider that more than 1,500 people die from cancer every 
single day in the U.S .-the equivalent of a fully-loaded 747 eras ; ing, killing all on board. Every 
year, more people die from cancer than have died in all the wars fie have fought in this century. 
Isotope availability has real-life consequences for cancer patients and their families, and those who 
will be diagnosed with cancer in the future. Incredibly, experts e timate that by the year 2025, two 
million new cases of cancer will be diagnosed each year, reflecting the aging of the U.S. 
population. The need for isotopes is already great, and growing by leaps and bounds. 

Full consideration should be given to restarting the FFfF, which ould produce a reliable supply 
of critically needed medical isotopes. The FFfF is a valuable naqonal resource from many 
perspectives, but for cancer patients it offers the hope of life and telief from pain. We urge you to 
do everything in your power to make it available for medical isot ! pe production. 

Sincerely, .,,d,( 

~~--?~ 
Nicki Hobson 
Executive Director 

6119 Vista de la Mesa • La Jolla, CA 92037 • (619) 45919344 or (760) 598-8289 



HEALTH 'PHYSI S SOCIETY 
Specialists in RadiatI.I n Safety 

July 14, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999, Kl-46 
Richland, WA 99352 

Dear Dr. Madia: 

PR SIDENT-ELECT 1998-1999 

~:~sr~;~~;:;2gggo-2001 

RAr MOND H. JOHNSON, JR., C.H.P., P.E. 
·1;1 N. Frederick Avenue 

I 
~uite 302 
f aithersburg, MD 20877 

elephone: (301) 990-6006 
FAX: (301) 990-9878 

E-Mail: rjohnson@radtrain.com 

SUPPORT FOR RESTART OF THE FAST FLUX TEST FACILITY 

We have learned that your Laboratory is conducting a study, t the request of the 
Secretary of Energy, on the future need for the Fast Flux Test Facility (FFTF), and that 
results from this study will be presented to the Department o Energy's Nuclear Energy 
Research Advisory Committee in a public meeting on July 29 1999, in Washington, DC. 

The Health Physics Society's Board of Directors met on J , ne 27, 1999, and voted 
unanimously to support the restart of the FFTF. The Soc~ety directed its President 
to write a statement in support of continued operation ofre FFTF for medical 
radionuclide production and for other missions. The Soci ty encourages the 
Secretary of Energy to proceed with an environmental im act statement and to 
resume medical radionuclide production at the earliest possible date. 

The Health Physics Society is a professional organization of l ore than 6,000 engineers, 
scientists, physicians, administrators, and educators, whose mission is to promote the 
practice of radiation safety. The Society and its members encpurage research in the basic 
radiation sciences, development of technically based radiation safety standards, and the 
dissemination of radiation safety information. Society memb~rs are also involved in 

I 

understanding, evaluating, and controlling the potential risks from radiation relative to 
the potential benefits derived from radiation-producing activi 1ies (such as operation of the 
FFTF reactor) . 

One of the major benefits to public health from radiation is th use ofradionuclides in 
nuclear medicine for diagnosis and treatment of disease. The Society encourages 
production and use of medical radionuclides, so long as prod ction can be accomplished 
safely in state-of-the-art facilities , and with negligible impact on human health or the 

environment. [ 

Members of the Health Physics Society consider the FFTF to ea state-of-the-art facility 
that can produce several u_nique and important radionuclides,. ·n quantity and quality, for 



the benefit of mankind. We note that the FFTF operated sa:fi , ly for more than ten years 
with very small worker exposures to radiation and negligibl I releases of radioactive 
material to air, soil, or groundwater. Given the many years f safe reactor operations, the 
high quality of plant engineering design, and the exceptional capabilities of FFTF staff, 
we believe that the FFTF can be expected to continue to ope ate safely for many years 
into the future. 

The Society believes that the demand for medical radionucli<iles will greatly increase in 
. I 

the future, particularly for cancer therapy. The Society also believes that the FFTF . 
should be a major provider of medical radionuclides now ant in the future, and that 
radionuclide production at FFTF carr also be cost-effective. 
However, the Society believes that the continued production of essential medical 
radionuclides in the U.S. is at risk. A report presented in J~n ary, 1999, at the Society's 
32nd Midyear Topical Meeting on Isotope Production, Appli1ations, and Consumption 
found that beneficial use of medical radionuclides and growth in the number of medical 
radionuclide applications are severely impeded by 

• reduced federal funding for medical radionuclide production 
• reactor shut-downs, and 
• decreased radionuclide availability J 

Together, these factors contribute to a decrease in the numbe~ ofreliable suppliers who 
will l;,e able to provide diagnostic and therapeutic radionucliqes for medical applications. 
The potential reduction in or loss of this major public health bl enefit is of great concern to 
the Society. 

Therefore, the Health Physics Society strongly supports the restart of the Fast Flux 
Text Facility for the purpose of producing radionuclides for the health benefit of the 
public and for other scientific research endeavors. The Health Physics Society urges 
the Department of Energy's Nuclear Energy Research Advisory Committee to 
recommend to the Secretary of Energy that the preparation of an Environmental 
Im.pact Statement on the restart of the Fast Flux Test Fa 1ility be initiated as soon as 
possible. 

Sincerely, 

?t77 
Raymond H. Johnson, Jr., C.H.P., P.E. 
President 

cc: Mr. William D. Magwood, Director 
Office of Nuclear Energy, Science and Technology 
U.S . Department of Energy 



NUCLEAR MEDICINE R SEARCH COUNCIL 

July 15, 1999 

Dr. William J. Madia, Director 

350 HILLS STREET, SUITE 107 • RICHLAND, WA 99352 · 
{509) 375-5490 • FAX ( : 09) 372-5153 

nmrc@owt.com • www.cpvcp.com/nmrc 

Pacific Northwest National Laboratory 
P.O. Box999 
Richland, WA 99352 

Dear Dr. Madia, 

The Nuclear Medicine Research Council strongly supports the evelopment of an Environmental 
Impact Statement for the restart of the Fast Flux Test Facility. tjur support was expressed in the 
enclosed letter sent to Secretary Richardson .on March 6, 1999, outli~ing the critical shortage of medical 
isotopes. The attachment to the enclosed letter contains the ~atement of twenty two medical 
physicians and medical scientists (including two Nobel Laureates) tpat "Nuclear medicine offers more 
effective, less costly, and less debilitating forms of treatment for ma~y diseases, greatly increasing the 
health care and quality of life of patients." These experts agree that there is a critical shortage of 
isotopes to meet the needs of nuclear medicine and additional pr6duction capacity is needed. The 
restart of the Fast Flux Test Facility will provide sufficient isotopes to !meet research needs and provide 
isotopes for the nuclear medicine treatment of many more patient! than our present capabilities will 
penmit. 

Very truly yours, 

~<if. 
David H. Jones ~ 
President 

Enclosure (1) 

A body of scientists and other interested citizens devoted to the .beneficial applications of radionuclides in the treatment of cancer and other major diseases. 
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NUCLEAR MEDICINE R r SEARCH COUNCIL 
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E-MAIL: RE_SCHENTERrWEBTV.NET 

I March 6, 1999 

Mr. William Richardson, Secretary of 1 nergy 
United States Department of Energy 
Forrestal Building 7 A-257 
1000 Independence Avenue 
Washington, DC 20585 

. Dear Secretary Richardson: 

The United States today has a shortag
1
e of radioisotopes for 

medical research and treatment. Future, larger shortages are 
certain to occur if our country does no]!· have additional production 
capability. 

In November, 1997, the Nuclear Medi •ine Research Council sent 
the attached letter to then-Secretary P na signed by 22 medical 
physicians and medical scientists inclJding two Nobel Laureates 
advising him of the then-current short~ge of isotopes--including 
patients denied treatment because of the shortage--and warning of 
the consequences of a lack of supply df medical isotopes. This 
letter stated that restart of the FFTF toj an interim tritium production 
mission would supply the needed mel ical isotopes. 

Since the time the attached letter was written, the tritium mission 
has been assigned elsewhere. Howe~er, even though the FFTF is 
no longer involved in that mission, it can still produce a wide 
variety of isotopes for medical and oth~r purposes, as well as 
conduct many programs of national anb international significance. 

Although some researchers are able t4 obtain sufficient quantities 
of the isotopes required for their specific work, the statement 
advanced by some that "There is no s~ortage of medical isotopes" 
is simply not true. A more appropriate view is that research into 
new medical treatments using current! unavailable isotopes such 
as some alpha emitters cannot even b considered without an 
expansion of medical isotope supply. 

Since the date of the attached letter, t~e shortage of isotopes has 
grown larger. Researchers at the Nati@nal Institutes of Health 
have been unable to obtain high specific activity platinum-195m 
tor effectively monitoring the chemothr apy agent Cisplatin; 

A body of scientists and other interested citizens devoted to the beneficial applications of radionuclir s to the treatment of cancer and other major diseases. 
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URL: HTTP://WWW.CBVf P,C0M/NMRC 

E-MAIL: RE_SCHENTERrWEBTV.NET 

. I 
further, doctors at MD Anderson Hospital cannot obtain holr:nium-
166 for bone marrow ablation prior to f One marrow transplant 
recently used in the treatment of multiJle myeloma. 

We in the Nuclear Medicine Research Council ask that you 
carefully consider these matters as yow make decisions how the 
Department of Energy fulfills its missio

1 

of providing our country 
with isotopes for research and treatme t of diseases such as 
cancer, arthritis, heart and others. We urge you to order an 
Environmental Impact Statement for th Fast Flux Test Facility. 

By separate cover, I am transmitting th·s material to Governor 
Locke of the state of Washington. 

Very truly yours, 

~~- · 
David H. Jones~man 
Nuclear Medicine Research Council 

Attachment 
cc: Honorable Slade Gorton 

Honorable Patty Murray 
Honorable Richard (Doc) Hasti gs 
Honorable Norm Dicks 
Honorable George Nethercutt 
Honorable Jay lnslee 
William Magwood IV, USDOE 

A body of scientists and other interested citizens devoted to the beneficial applications of radionuclilles to the treatment of cancer and other major diseases. 
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Ann 0 . Worcester 

November 26, 1997 

The Honorable Federico F. Pena 
Secretary of Energy 
1000 Independence Avenue SW 
Washington, DC 20585 

Dear Mr. Secretary: 

Nuclear medicine offers more effective, less cost y, and less debilitating forms of 
treatment for many diseases, greatly increasing tr.e health care and quality of life of 
patients. During the past decade, major advanc9is have been made in the use of 
radioisotopes for the effective diagnosis and treatment of cancer, cardiovascular 
disease, arthritis, and other diseases. It has bee demonstrated, for example, that the 
use of radiolabeled antibodies for the selective d1struction of cancer cells provides an 
increased probability of long-term survival with fewer debilitating side effects than 
chemotherapy or external beam irradiation. I 

The widespread use of these new nuclear medici
1

ne techniques will not be possible, 
however, unless sufficient quantities of radioisot9pes are readily available. There is 
currently a shortage of isotopes for medical research and for FDA-approved medical 
applications. Several clinical trials involving the t~eatment of cancer using 
radio labeled antibodies have been curtailed due to a shortage of isotopes such as 
copper-67 and rhenium-186. Prostate cancer par ents have been denied treatment 
with radioactive seed implants due to an insuffici i nt supply of palladium-103. Without 
an adequate supply of medical isotopes to carry out clinical trials, medical research 
will also decline as a result of the lack of motivation to develop innovative new 
radioisotope procedures for treating disease. 

On September 19-20, ten leading nuclear medicine physicians and researchers from 
throughout the United States participated in a coriference held in Richland, WA, on 
"The Future Role of the Fast Flux Test Facility (FFTF) as a Supplier of Diagnostic and 
Therapeutic Medical Isotopes." These experts uhanimously agreed that the United 
States is facing a critical shortage of radioisotoper, for medical diagnostic and 
therapeutic applications by the early part of the t.yenty-first century, and that new 
accelerator and reactor sources are needed to fil l this need. At the Richland 
conference, representatives of the Department of Energy described the proposal to 
restart FFTF for the mission of producing tritium fir• r national defense applications, 
while simultaneously producing medical isotopes that are not available in sufficient 
quantities from existing U.S. sources. 

In December, 1996, over sixty physicians and dis ·nguished researchers requested 
Secretary O'Leary to review and strongly conside:r the potential for future FFTF 
operation , including isotope production. We hav1 been very pleased and encouraged 
by the Department's steps this year to do just that. Restart of the FFTF for an interim 

I • 

tritium production mission would also provide c~ cally needed medical isotope 
production capabilities, unmatched by any other teactor in the Western hemisphere. 

I 

A body of scientists and other interested citizens devoted to the beneficial applications of rad ionuclrdes to the treatment of cancer and other major diseases. 



The Honorable Federico F. Pena 
November 26, 1997 
Page 2 

Much work remains to be done to enhance health care through nucle r medicine techniques. The medical 
community is doing its share, despite the shortage of existing isotope Jupplies for clinical trials and the 
uncertainties that are faced in the future supplies of isotopes for medirlal research and therapeutic 
applications. To that end, it is critically important that the Department make available its unique resources, 
such as the FFTF, to sustain and enhance its partnership with the nucl~.ar medicin~ community- a 
partnership that can do so much to save lives and improve the quality of life for critically ill patients. 

We strongly encourage the Department to maintain its long-term com itrnent to the production of medical 
isotopes and continue its consideration of restarting the FFTF. 

Sincerely, 

~✓--'f-----1 
Marc A. Garland 
President 

~~ol~ Darrell R. Fisher, Ph.D. 
Board Member Board Co-Chair 

~£,)~ 
Robert E. Schenter, Ph.D. 
Board Member 

Thomas S. Tenforde, Ph.D. 
Board Member 

We, the undersigned, concur with this letter prepared by the Nuclear edicine Research Council. 

.J-, . .l..~0:Se:,~ 
S. Jam~~delstein, M.D., Ph.D. 
Daniel C. Tosteson University Professor, 
Harvard University 
Past-President, Society of Nuclear Medicine 

Robert F. Carretta, M.D. 
Director, Department of Nuclear Medicine, 
Roseville Hospital, Roseville, CA 
Vice-President-Elect, Society of Nuclear Medicine 
Past-President, American College of 
Nuclear Physicians 

4~,~ 
A. Bertrand Brill, M.D., Ph.D. 
Professor of Radiology, 
Vanderbilt University School of Medicine 
Professor o Radiology, 
University o Massachusetts 

L:tt~~ 
Professor of Internal Medicine and Radiology, 
University o California at Davis 
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~/?<P4-¼ 
Alan R. Fritzberg, Ph.D. 
Chief Scientist and Chairman of the 
Scientific Advisory Board, 
NeoRx Corporation, Seattle, WA 

George E. Laramore, Ph.D. , M.D. 
Acting Chairman, Department of 
Radiation Oncology, 
University of Washington School of Medicine 

1/~ 
Conrad E. Nagle, M.D. · 
Chief, Nuclear Medicine Department, 
William Beaumont Hospital, Troy, Ml 
Past-President, American College of 
Nuclear Physicians 

aakon Ragde, M.D. 
Urologist, Northwest Hospital , Seattle, WA 
Assistant Medical Director, 
University Hospital, Seattle, WA 
Board of Directors, Pacific Northwest 
Cancer Foundation, Seattle, WA 

~--~ . . -iy 
Elissa L. Kr~mer, M.D. · 
Associate P~ofessor of Clinical Radiology, 
New York Ur ersity School of Medicine 

~~ 
Carol S. Maf us, Ph.D., M.D. 
Director, NuC!:lear Medicine Outpatient Clinic, 
Harbor-UCLA Medical Center 
Professor of Radiological Sciences, 
University of California at Los Angeles 

Martin L. Nu yno 
Professor ofiRad1 ogy, Internal Medicine, 
and Pathology, University of Texas 
Medical Bra~ch at Galveston 
President, American College of 
Nuclear Phyt icians 

:J)-J~~-
David A. ScJ einberg, M.D., Ph.D. 
Chief, Leuk7mia Service, 
MemoOal Sr n-KetteOng Cancer Center 
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Glenn T. Seaborg, Ph.D. 
Nobel Laureate in Chemistry 
University Professor of Chemistry, 
University of California at Berkeley 
Associate Director, Lawrence Berkeley 
National Laboratory 

Edward 8 . Silberstein, M.D. 
Professor of Medicine and Radiology, 
University of Cincinnati College of Medicine 
Board of Trustees, Society of Nuclear Medicine 

Ay~ 
Rosalyn S. Yalo , Ph.D. 
Nobel Laureate in Physiology and Medicine 

cc: Congressional Delegation of Washington 
Congressional Delegation of Oregon 
Congressional Delegation of Idaho 

Aldo N. Se afin· M.D. 
Professor 9f M dicine and Radiology, 
University of Miami School of Medicine 

Huibert M. ynesendorp, M.D., Ph.D. 
Radiation gncologist, 
Arlington Cancer Center, Arlington, TX 

The Honorable Gary Locke, Governor of Washington 
The Honorable John Kitzhaber, Governor of Oregon 
The Honorable Phil Batt, Governor of Idaho 
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July 20, 1999 

Dr. William J . Madia 
Pacific Northwest National Laboratory 
902 Battelle Blvd. 
PO Box 99 
MISN: K1-46 

· Richland WA 99352 

Dear Dr. Madia: 

I am writing to you to express our strong s pport for a full and open 
consideration of the restart of the Fast Flu Test Facility (FFTF) and its 
renewed operation as a user facility to pro ide irradiation services for the 
nation's medical commun ity. 

With its restart, FFTF could provide an ext emely valuable resource for the 
nation's medical faculty and students by p oviding both research and 
educational opportunities related to nuclear science and especially nuclear 
medicine. The availability of FFTF's prove

1
1n research capabilities would 

enhance and extend those efforts , especi lly in the areas of medical 
isotope development, production and appl cations for heart patients. 

The FFTF has the ability to produce large puantities of a variety of medical 
isotopes. Many of these promising isotopes are currently either unavailable 
or available in such small quantities from 9ther sometimes unreliable 
production facilities that it is difficult to contJuct cardiac studies with even 
very small numbers of patients. Research I is being hampered or removed 
from consideration by a lack of these isotopes. Medical isotope therapy is 
generally more effective against disease such as coronary restenosis, at 
lower cost. It is crucia l that we receive a ~ ide variety of isotopes, including 
those with high specific activity, appropriate! to diagnose and treat heart 
disease. 

It is vital that an adequate supply of medicbl isotopes be available to our 
members for research, diagnosis and trea~ment of coronary disease. We 
fully support the effort behind the FFTF reJtart. 

Sincerely, 

EXECUTIVE DIRECTOR ~ ~ /) _ /), 
WILLIAM D. NELLIGAN. CAE. ' . 11, f J;<t_5¥!t,pJt,,u 
ASSOCIATE EXECUTIVE DIRECTOR ,1 ~ 
DAWN M. EDGERTON l_ 

T imothy M. Bateman, MD 
President 
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July 21, 1999 

Radiological Socle1:f 

ofNorth America 
Follllded 1n 1915 

Dr. William J . Madia 
Pacific Northwest National Laboratory 
902 Battelle Blvd 
l'OBox99 
MISN: Kl-46 
Richland, WA 99352 

Dear :Dr. Madia: 

820 Jorie Boulevard 

OakBrook1 Illinois 60523-2251 
630/571-2670 
FAX: 880/571-7M7 
www.rena.org 

Our organization represents over 30,000 practicing radiologists . We are "ting to you to express our strong 
support for a full and open conBideration of the restart of the Fast Flux T I tFacility (FFTF) and its renewed 
operation as a user facility to provide irradiation services for the nation's medical, science, and engineering 
commnnities. 1 

With its restart, FFTF would provide an extrem~ly valuable resource fo the nation's faculty and students 
by supplying research and educational opportunities related to nuclear Jedicine, engineering, and nuclear 
science. The availability ofFFTF's proven research capabilities would enhance and extend those efforts, 
especially in the areas of medical isotope development, production and applications, and materials 
processing. 

The FFTF has the ability to produce large quantities of a variety of edical isotopes. Many of these 
promising isotopes are cu."t'ently either unavailable or available in shch small quantities from other 
production facilities that i t is difficult to conduct clinical studies with ev~n very small numbers of patients. 
Research is being hampered or removed from consideration by a lack o~ lthese isotopes, Medical isotopes 
are often the only effective way to properly diagnose and treat serious clisease. It is crucial that we, as 
radi~logists, have access to a wide vari_ety of isotopes, incl~~ingthose withlhigh sp~cific ~ctivi~, appropriate 
to diagnose, prevent and treat heart d1sease, cancer, arthritis, and more r cent1y, mfectious disease. 

The FFTF is a unique facility with capabilities that no other device in th ·world can match. It also has an 
outstanding record of research, operational excellence, and environmental • tewardship. A reactor like FFIP 
might never be built again. Thus, I hope that the decision on its future jWi11 fully weigh its considerable 
merits and many prospective contributions to the nations health and welf1 re. 

Sincerely, 

Sar?. (i_~ 

Jeny P. Petasnick, MD 
Chairman of the Board 

Board of Directors 
Jerry P. Peta.snick, MD 
Chairman 
Seymour H. Levit t , MD 
Pn1s'ic16'1'1t 

C. Douglas Mzynard, MD 
R. Nick Bryan, :MD, PhD 
Peggy J. Fritzsche, MD 
Brian C. Lentle, MD 

I 
Dav!d H. HUBSey, MD 
Robert! R. Hnttery, MD 
Delmar J. Stauffer 
Exec-utive Director 



June 21, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 

Dear Dr. Madia: 

OREGON H E A L T H 
S C IE NC E S UN I VERS IT Y 

IANUEL M A RT I NEZ-MA I. D O NADO . M . D . 
V I C E P RO V OS T F O R RES E ARCH 

3 I 8 I S . \X' . SA ~I J ACKSON P ARK RD . 

~I A I L C O D E L I O 6 

PO RT LAN D . O R 9 7 2 0 1 -3 0 98 

TE I. : 5 0 3-494- 1 085 

FAX: 503-494 - 1099 

I am writing to express my strong support for a full and open consideration of the restart of the 
Fast Flux Test Facility (FFTF) and its renewed operation as a user ~acility to provide irradiation 
services for the nation's science, engineering, and medical cornmuiiities. 

With its restart, FFTF could provide allextremely valuable resour~e for the nation's faculty and 
students by providing both research and educational opportunities~elated to nuclear science, 
engineering, and medicine. Through our ongoing association with the Pacific Northwest 
National Laboratory, we have established a broad range of strong ollaborations. The 
availability ofFFTF's proven research capabilities would enhance and extend those efforts, 
particularly in the areas of medical isotope development, producti n and applications, materials 
processing, electronic materials development, and others. I 
The FFTF is a unique facility with capabilities that no other device in the world can match. It 
also has an outstanding record of research, operational excellence, land environmental 
stewardship. A reactor like FFTF might never be built again. Thus, I hope that the decision on 
its future will fully weigh its considerable merits and many prospective contributions to the 
nation's health and welfare. 

Manuel Martinez-Maldonado, M. D. 

cc: Mr. William D. Magwood, IV, Director 
Office of Nuclear Energy, Science & Technology (US DCDE) 
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June 25, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 

Dear Dr. Madia: 

'• •.;.:, I 

I am writing to express my strong support for a filill and open consideration of the 
restart of the Fast Flux Test Facility (FFTF) and its renewed operation as a user 
facility to provide irradiation services for the nat.lon's science, engineering, and 
medical communities. 

With its restart, FFTF would prov_ide an extreme y valuable resource for the 
nation's faculty and students by providing both research and educational 
opportunities related to nuclear science, engineeryng, and medicine. Through our 
ongoing association with the Pacific Northwest 1f ational Laboratory, we have 
established a broad range of strong collaborations in these areas. The availability 
of FFTF' s proven research capabilities would e~ ance and extend those efforts, 
particularly in the areas of medical isotope develbpment, production and 
applications; materials processing; electronic materials development; and others. 

Several of our faculty here at Oregon State, incl~ ing Dr. Andrew Klein, 
Department Head of Nuclear Engineering, and Dr. Stephen Binney, Director, 
Radiation Center, have worked on FFTF-related projects in the past and are very 
interested in and concerned about the FFTF beinb available for future missions. 
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The FFTF is a unique facility with capabilities, such as its hard neutron spectrum, 
that no other device in the world can match. It also has an outstanding record of 
research, operational excellence, safety, and environmental stewardship. A . 
reactor with the capabilities of the FFTF might nev6r be built again. Its unique 
capabilities and configuration are complementary to our own TRI GA thermal 
neutron research reactor. Thus, I hope that the decision on its future will fully 
weigh its considerable merits and many prospective contributions to the nation's 
health and welfare. · 

Sincerely yours, 

Wilson C. "Toby" Hayes 
Vice Provost for Research 

WCH:nrn 

cc: Mr. William D. Magwood, IV, Director I 
Office of Nuclear Energy, Science & Tecfology (US DOE) 

R. Eric Leber, Ph.D. 
Manager, College and University Relations 

_J_ 
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Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 

Dear Dr. Madia: 

I am a strong advocate of the Fast Flux Test Facility (FFTF). I view the FFTF 
as a unique national facility that has demonstrated its capabilities very well in 
the past. As the nation's priorities have shifted, so has the scope of 
opportunity for the FFTF. This is a tribute to the flexible and multi-faceted 
nature of the FFTF and its outstanding record of research and operational 
safety. 

I encourage a decision for restart of the FFTF. I would hope this decision 
would be made based on scientific merit and not political expediency. 

The FFTF is a unique facility, especially in terms of its very hard neutron 
spectrum. As such, it has the capability of producing many high specific 
activity radioisotopes that cannot be produced at any other facility in the 
world. There is much research that is hampered by the lack of certain medical 
isotopes. It ' s a "chicken and egg" situation in which the lack of isotopes leads 
to less research from which USDOE deduces that these isotopes aren't needed. 
Furthermore, because of the low usernte of these research isotopes, they tend 
to be very expensive. In my opinion significant advances in nuclear medicine 
diagnostics and therapy could be accomplished if an expanded suite of 
radioisotopes were available. The FFTF would be an invaluable contribution 
to this effort . With expanded research studies the price of producing these 
isotopes would also decrease. 

Oregon State University has had many valuable collaborative research 
relationships with the Pacific Northwest National Laboratory and other 
Hanford contractors over the years, especially in the nuclear area. We are very 
interested in and concerned about the FFTF being available for future projects. 
Thus, I hope that the decision on its future will fully weigh its considerable 
merits and many prospective contributions to the nation's health and welfare. 

Stephen E . Binney 
Director 

c: Mr. William D. Magwood, IV, Director 
Office of Nuclear Energy, Science & Technology (USDOE) 
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July 21, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O. Box 999 
Richland, WA 99352 

Dear Dr. Madia: 

PO Box 641 030 
Pul lman, WA 99164-1030 

509-335-3535 
FAX 509-335-1949 

I am writing to comment on your upcoming consideration of the restart of the Fast Flux 
Test Facility (FFTF) and its renewed operation as a user facility to provide irradiation 
services for the nation's science, engineering, and medical communities. 

Over the years, Washington State University and Pacific Northwest National Laboratory 
have engaged in joint research across a broad spectrum of science and technology. This 
relationship, as reviewed through a recent series of summit meetings, has brought 
considerable value to all parties. Accordingly, the University is interested in sustaining 
those interactions and, as new opportunities emerge, examining them as prospects to 
expand and enhance the productive collaborations between our two institutions'. We are 
particularly interested in biomedical and agricultural applications that will enrich the 
scholarly work of our faculty and students. 

Sincerely, 

~ 
George A. Hedge 
Vice Provost for Research 

pc: Mr. William O. Magwood, IV, Director 
Office of Nuclear Energy, Science and Technology (US DOE) 



June 22, 1999 

Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 
P.O.Box999 
Richland, WA 993 52 

Dear Dr. Madia: 

University of Idaho · 
University Research Office 
Moscow. Idaho 83844-301 o 
Phone: 208-885-6651 
FAX: 208-885-6198 

I am writing to express my support for the restart of the Fast Flu · Test Facility (FFTF) and its 
renewed operation as a science and engineering user facility. 

The University of Idaho has over the years established many strong collaborations with the 
Pacific Northwest National Laboratory, and the research capabilities offered by the FFTF could 
not only strengthen existing collaborations but help build new oties as well. ill scientists and 
engineers would welcome such enhanced opportunities, particulalrly in the areas of materials 
processing and development. . / 

With its restart, FFTF could provide an extremely valuable resource for the nation's research 
universities by providing both research and educational opportunities related to nuclear science, 
engineering, and medicine. A positive decision to restart this unique facility would be an 
important step in retaining our nation's position as the world's tdp scientific enterprise. 

Sincerely yours, 

ea 'ne M. Shreeve 
· e President for Research and Graduate Studies 

Professor of Chemistry 

JMS:cm 
cc: Mr. William D . Magwood, IV, Director · 

Office of Nuclear Energy, Science & Technology (US DOE) 

I 

The University of Idaho is an equal opportunity/affirmative action employer and educational institution. 
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Dr. William J. Madia, Director 

Pacific Northwest National Laboratory 

P.O. Box 999 

Richland, WA 99352 

Dear Dr. Madia: 

Portland, Oregon 97202 

June 23, 1999 

I am writing in support of the restart of the Fast Flux Test Facili (FFTF). Upon restart, it will 

provide an unparalleled source for neutron irradiation services to our nation's science and 

medical communities. . I 

The Reed College Reactor has a stro~g collaboration with the PJcific Northwest National 

Laboratory. The availability of FFTF' s research capabilities would extend our efforts, 

particularly in the area of medical isotope development. Its _capa~ilities are distinctly different 

from our own research reactor, and therefore provide compleme~tary capabilities. 

I hope that the decision on FFfF's future will fully weigh its con iderable merits and many 

prospective contributions to our nation ' s health and welfare. 

Sincerely, 

A(__c5·;zcj-
~:n G. Frantz 

Director, Reed College Reactor 

cc : Mr. William D. Magwood, IV, Director 

Office of Nuclear Energy, Science & Technology 

U.S. Department of Energy 

. Washington , D.C. 20585 

3203 SE Woodstock Blvd., Portland. OR 97202-8199 
I 

Tel : (503) 777-7222 Fax: (503) 777-7274 reactor@reed.edu 
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June 24, 1999 

Mr. William D. Magwood, IV, Director 
Office of Nuclear Energy, Science & Technology 
U.S. Department of Energy 
1000 Independence Avenue, S.W. 
Washington, DC 20585 

Dear Mr. Magwood: 

Subject: OPERA TING CONTRACT AT THE FFTF 

We are aware that the Department of Energy is considering ~e r9start of the Fast Flux Test Facility • 
(FFTF) for a variety of government and private-sector missions related to nuclear science and 
irradiation services. With this letter, we are expressing interest in eirig considered a candidate for . . 

- the operating contractor at the FFTF. 

Energy Northwest, formerly Washington Public Power Supply S stem, has a proven track record of 
operating a commercial nuclear reactor on the Hanford site since 1 984. Its current leadership team 
has a proven track record of operating to the highest standards of fafety, reliability, and cost 
effectiveness. Energy Northwest's commitment to nuclear opera· g excellence, community 
stewardship, and onsite/infrastructure support make it well positi ned to carry out this mission. 

· As a measure of our confidence in the FFTF and our capabilities, e would be willing to place any 
and all fee at risk conditional on meeting restart cost and schedul . goals. Furthermore, as a measure 
of our confiderice·in the market for the FFTF's products and seivices,'on·ce the FFTF is.operational, 
Energy Northwest would not only put all fee at risk for meeting ~oals related to operational , 
excellence, we would also put at risk all fee based on meeting agr( ed-upon operating revenue offset 
targets. · 

The FFTF is a world-class facility that can make important contri utions to our nation for years to 
come. We believe that as the operating contractor we can help th~ Department leverage this reactor 
to its full advantage. We hope to send a representative to the July ~9, 1999 public meeting of the 
Department's Nuclear Energy Research Advisory Committee CNitRAC) to further communicate our 
support. We look forward to the opportunity. Feel free to contact ack Baker, Vice President of 
Resource Development at (509) 377-8322, for more information . 

. Parrish, CEO 
Energy Northwest (MD 1035) 

cc: Dr. William J. Madia, Director 
Pacific Northwest National Laboratory 



Douglas E. Olesen 
President and 
Chief Executive Officer 

June 30, 1999 

Mr. William D. Magwood, IV, Director 
Office of Nuclear Energy, Science & Technology 
U.S. Department ofEnergy 
1000 Independence Avenue, SW 
Washington, D.C. 20585 

Putting Tec /;nology To Worf.: 

505 King Avenue 
Columbus, Ohio 43201-2693 
Telephone 6 l 4•424•6562 
Fax 614°424°3260 

Dear Mr. Magwood: j 
As the Department of Energy prepares to make a decision reg cling the future of the Fast Flux Test 
Facility (FFTF), I am writing to affirm the support of the Battel~e Memorial Institute for the restart 
of the FFTF and its operation as a user facility to provide nude.tr research and irradiation services 
supporting this nation's scientific, engineering, and medical communities. 

Battelle is committed to: 

• 

• 

Ensuring, through its operation of the Pacific Northwest National Laboratory (PNNL), the 
safe and productive restart and operation of the FFTF 

I 
an essential element of this nation's 

nuclear science and irradiation services i~tructure. 

1 

. . 

Usmg the strong mternattonal and commercial contacts and customer base of this Institute 
to ensure that the market for the FFTF' s products and s rvices is fully engaged, and that 
support is obtained to offset the FFTF's operating costs. 

• Meeting agreed-upon goals for restart cost and schedule, operational excellence, and 
revenue offset targets in accordance with performance agreements established with the 
Department that place any and all FFTF-related fee at risk. 

. I 
We believe that through PNNL we can help the Department leverage this reactor to its full 
advantage and potential. When Dr. Bill Madia presents the resu1ts of the 90-day study on the FFTF 
at the July 29, 1999, public meeting of the Department's Nuclear Energy Research Advisory 
Committee (NERAC), he will be representing all of Battelle in 9<>nfinning our support for this 
world-class facility. We know FFTF can make important contri utions to our nation for years to 
come. 

I was a member of the PNNL staff when Battelle had responsibi ·ty for the initial concept and design 
ofFFTF. I watched its construction and initial operation with a lgreat deal of pride. We have 
always believed that this facility had great potential to make contributions on a broad scale to 

I . 
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Page2 

improve the quality of life. I look forward to the opportunity to have Battelle once again assume 
responsibility for this fine facility and guide its utilization in the s 1rvice of the nation. 

If you have any questions, please do not hesitate to call me on (614) 424-6562. 

Sincerely, I 

~}~ 
D. E. Olesen 
President and 
Chief Executive Officer 

DEO:bjc 

cc: W. J. Madia, Director 
Pacific Northwest National Laboratory 



July 12, 1999 

Pacific Northwest 
National Laborato 

Operated by Battelle for the 
U.S. Department of Energy 

Mr. WilliamD. Magwood, IV, Director 
Office of Nuclear Energy, Science & Technology 
U.S. Department of Energy 
1000 Independence Avenue, SW 
Washington, D.C. 20585 

Dear Mr. Magwood: 

As the U.S. Department of Energy prepares to make decisions regarding e future of the Department's 
reactor facilities, we are writing to reaffirm our joint support for retaining ~ e essential elements of this 
nation's nuclear science and irradiation services infrastructure. As we indicated in the report to Secretary 
Pena (Recrmmendations for a Department of Erzew Nuclear Energy R & D Agenda, UCRL-ID-129209, 
December 1997), to achieve the energy and safety goals of this nation, wle must maintain our critical nuclear 
technical competencies and its vital infrastructure. · · . 

Our Laboratories are the stewards of most of the reactor-related capabili4 s within the U.S. Department of 
Energy. We believe that the need for those capabilities will grow dramatically over the next 20 years given the 
demand for radioisotopes, the development of proliferation-resistant te~ologies, and the lack of 
replacement construction. Your efforts and those of the Nuclear Energy Research Advisoiy Committee to 
roadmap the needs and infrastructure support related to nuclear technoloty are extremely important. 
Together we can sustain a supportive national program that meets those !eeds, maintains that infrastructure, 
and cooperatively employs all of our valuable reactor resources. 

Sincerely, 

~ 
William J. Madia 
Director · Director 
Pacific Northwest Oak Ridge National Laboratoiy 

National Laboratoiy 

~%2=~~~~~ 
Frank Y. Fracktf 
Interim Director Director 
Argonne National Laboratory Sandia National Laboratories 

Director 
Idaho National Engineeu·~--.,,, 

and Environmental Laboratoiy 

902 Battelle Boulevard • P.O. Box 999 ·• Richland, WA 99352 

Telephone (509) 375-6600 • Email madia@pnl.gov • Fax (509) 375-6844 



· MEMORANDUM OF UNDERST ING 

SUBJECT: Technical Support for restart and operation of the Fast lux Test Facility (FFTF) 

This memorandum outlines our intent and understanding about potential Argonne National Laboratory 
(ANL) collaboration with Pacific Northwest National Laboratory (Pa

1 

ific Northwest), in support of the 
proposed restart and operation of FFTF under Pacific Northwest sponsorship. 

Any FFTF restart will require augmentation of the current facility opi rations and maintenance cadre, and 
reconstitution of a technical support organization. Knowledge and d perience in reactor physics, fast 
reactor engineering, reactor safety, and liquid metal technology will tie essential to timely and efficient 
restart and operation of the facility. The ANL staff include a substant ial increment with that knowledge 
and experience, derived from prior conduct of fast reactor developmeht work and design and operation of 

EBR-II. I 

The timing of EBR-II stand down and the proposed schedule for FFT restart appear to be compatible, in 
that the prospective need for technical support for FFTF would seem o dove-tail quite well with the 
EBR-II stand down schedule. 

Argonne National Laboratory's collaboration in the proposed FFTF r . start is anticipated to take several 
different forms, including: 

Joint program development and the performance of projects whic utilize the FFTF nuclear science 
and irradiation services capabilities 

Specific technical support tasks to be undertaken by ANL, such a developing and/or confirming 
reactor core calculations 

Loan of ANL operations and technical support personnel to Pacifilc Northwest and its operations and 
maintenance subcontractor, under terms and conditions compatible with the needs of the two 
organizations. 

Specific working agreements for collaboration, as outlined herein, wil be developed between the two · 
organizations if the decision is made to restart FFTF. 

. Chang, Associate Laboratory D Date 
Argonne National Laboratory 

Date 



• 
BWX Technologies, Inc. 
Babcock & Wilcox :i McDermott com an 
John A. Fees 
President, B&W Services , Inc. 

William J. Madia, Ph.D. 
Director 
Pacific Northwest National Laboratory 
Post Office Box 999, MSIN: K1-46 
Richland, Washington 99352 

July 16, 1 i 99 

RE: Fast Flux Test Faci lity - B&W Hanford Company 

Dear Mr. Madia: 

Rt. 726 , Mt. Athos Road 
Lynchburg, VA 24504 

P.O. Box 11165 
Lynchburg, VA 24506-1165 
(804) 522-6178 
Fax: (804) 522-6963 

For the past several years, B&W Hanford Compan (BWHC) has operated the Fast Flux 
Test Facili ty (FFTF) for the U.S. Department of Energy (DOE) under a subcontract with 
Fluor Daniel Hanford, Inc. (FDH) with programmati9 direction by the joint Pacific 
Northwest National Laboratory (PNNL)/FDH Project Office. We have continued the . 
tradition of FFTF operational excellence that has e1

1

rned the FFTF the reputation as the 
best operating reactor in the DOE complex. 

BWX Technologies, Inc. (BWXT) has a long and pr I ud history as a designer and 
supplier of reactor systems and fuel to the U.S. Go~ernment and the utility industry. We 
have supplied plutonium fuel to the FFTF and man~ highly enriched cores for the U.S. 
Navy and for research and test reactors. We are c~rrently the sole supplier of reactor 
system components and nuclear fuel for the Naval r uclear Program. 

We are committed to continue this record of operational excellence should the DOE 
decide to proceed with the environmental impact stJtement (EIS) process and ultimate 
restart of the FFTF. BWHC is committed to supper~ DOE, PNNL, and FDH in 
developing an optimum arrangement for completing! the work necessary for the EIS 
process and prepare the FFTF and the operating staff for restart of critical operation. 
We are prepared to dedicate the experienced resoul1rces necessary for this important 
task. 

We believe we have developed a high confidence r • start cost and schedule plan based 
on our detailed involvement with the FFTF Standby !Project Office in the planning 
process. As a measure of our confidence in the FFl F, the FFTF staff and our corporate 



JA Fees to WJ Madia 
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resources and capabilities, we would be willing to p ace all fee at risk based upon 
meeting restart cost and schedule goals. 

Once the FFTF is operational , BWXT would also pl : ce all fee at risk for meeting goals 
related to operational excellence and performance. In addition, we commit to use our 
FFTF and corporate resources to support meeting t e agreed-upon operating revenue 
offset targets. · 

The FFTF is a world-class facility and an important ational asset. Dr. Allen Womack,· 
President, BWXT, and I plan to attend the July 29, 1999, public meeting of the Nuclear 
Energy Research Advisory (NERAC) to reinforce o r support and commitment for the 
FFTF restart. 

Sincerely, 

President 
B&W Servi es, Inc. 

bjk 



.. Duke ~ngineering 
.r-&Serv,cessu 

A Du~~ Company 

400 South Tryon Street 
P.O. Bo:i 1004 
Charlotle, NC 2B201-1004 

July 16, 1999 

Mr. William D. Magwoo<~ IV, Director 
Office of Nuclear Energy, Science & Technology 
U.S. Department ofEneq.,ry 
1000 Independence Avenue, SW 
Washington, DC 20585 

Dear Mr. Ma..:,,a-wood; 

R.F. GREEN 
Presloent & Chief 1;.1:ecuuve Ol'llcar 

704 373-3364 
Fax 704 382•7969 

We are aware that the Department of Energy is considering the restart of the Fast Flux Test 
Facility (FFTF) for a vari,~ of government and private-sector mi~sions related to nuclear science · 
and irradiation services. \l/ith this letter, we are e:>q,ressing intere in being considered a 
candidate for the operating contractor ar. the FFTF. 

DE&S possesses the man.1gement and technical expertise and res , urces gained by more than 40 
years of nuclear facility d-::sign, licensing, construction, and operaµ ons experience. Our personnel 
have had the responsibility of operating nine commercial and DOf reactors efficiently and cost­
effectively. We currently provide operations consulting and management and technical services 
to 95 percent of the commercial reactors in the U.S. 

The FFTF is a world-clas:; facility that can make important contriqutions to our nation for years to 
come. We believe that as the operating contractor we can help th9 Department leverage this 
reactor to i~ ~ll advant:1.1-:e. As a measure of our confidence in th~ FFIF and our capabi~ties, -we 
would be willing to enter mto a performance based contract related to st.art-up and operations of 
the reactor. We feel this will lead to a "win-win" arrangement for all parties-the Nation, DOE 
and ourselves. 

We plan to send a representative to the July 29, 1999 p-µblic mee · , g of the Department's Nuclear 
Energy Research Advisory Committee (NERAC) to further comm nicate our support We look 
forward to the opporrunit,. 

R. F. Green 
President & CEO 

cc: Dr. William J. Madia, Director 
Pacific Northwesi:National Laboratory 
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Appendix A-2 

1.0 Introduction 

This appendix provides a physical description of the Fast Flux Tesn Facility (FFTF), with particular 
emphasis on the reactor features that enable the facility to support a wide range of isotope production and 
research missions. In addition, a current status of the facility is provid ,d as well as a discussion of plant 
dependability and estimated facility life. 

2.0 Background 

The FFTF is a 400-megawatt, sodium-cooled, fast neutron flux rea , tor (Figure 1) owned by the U.S. 
Department of Energy (DOE) at the Hanford Site in southeastern Washlngton State near Richland, Washing­
ton (Figure 2). The FFTF was 
designed and built to be the 
Nation's leading test reactor for 
development of the next 
generation of commercial 
power reactors and is the 
newest, largest, and most 
versatile test reactor in the 
DOE complex. Although the 
FFTF was constructed to 
support the development and 
testing of materials and equip­
ment for the Liquid Metal Fast 
Breeder Reactor (LMFBR) 
program, it was not designed . 
nor was it ever operated as a 
breeder reactor itself. Further-
more, there is no expectation F • 1 F, t Fl 'T. F ·z · igure . as ux .1. est act tty 
that it would be used for that I 
purpose in any new mission. 
The major difference between the FFTF and a breeder reactor is that the active core region in a breeder is 
surrounded by blanket assemblies, typically containing natural uraniu11} that is converted to plutonium by 
absorbing neutrons; in the FFTF, the core is surrounded by metal refle9tor assemblies that "reflect" excess 
neutrons back into the active core region, thus increasing the efficiencJl~Of the reactor for irradiation/testing 
purposes. 

Construction was completed on the FFTF in 1978. Following exte sive testing, the reactor was started up 
in 1982. Because of its size and core design, the FFTF can simultaneously carry out a significant array of 
missions. For approximately 10 years, the FFTF operated successfully as a national research facility testing 
advanced nuclear fuels, materials, components, active and passive reacfor safety technologies, and gaining 
operating experience for the next generation of nuclear reactors. The Ij'FTF also produced a wide variety of 
medical isotopes and made tritium for the U.S. fusion research program. Attachment 1 highlights the FFTF's 
significant events and accomplishments since initial nuclear criticality k as achieved in February 1980. The 
list includes several record-breaking milestones. 
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The FFIF is currently defueled and being maintained in a standby condi on pending a decision by the 
DOE on its future. The FFTF could play a pivotal role in the nation's nuc1ek research infrastructure, as it is 
ideally suited to support multiple missions requiring steady-state neutron geperation such as isotope produc­
tion, space technology, U.S . and international research activities, and irradiation services. Projected mission 
needs could be met with operation at a nominal 100 megawatts rather than ttie maximum power rating of 400 
megawatts. This has the added advantages of increasing the lifetime of the !eactor and reducing the demand 
for replacement fuel. 

3.0 Plant Description 

This section provides an orientation to the physical layout and signific t design features of the FFIF 
complex. A more detailed technical description of the FFIF is available (HEDL 1980). The FFTF complex 
includes the reactor, as well as equipment and structures for heat removal, cf ntainment, core component 
handling and examination, fuel offload and storage, and supplying utilities and other essential services. The 

I . 
central feature of the FFTF is the reactor containment building, an all-welded cylindrical steel structure 135 ft. 
in diameter and 187 ft. high (115 ft. of which is above grade). The array ofb 1 ildings and equipment surround­
ing the containment building and comprising the FFIF complex is depicted in Figure 3. 
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Figure 3. FFIF Complex 

3.1 Reactor and Main Heat Transport Syst im 
The reactor (Figure 4) is located in a shielded cell in the center of q e containment. Heat is removed from 

the reactor by liquid sodium circulated under low pressure through three separate closed primary piping 
systems, referred to as loops, which include pumps, piping, and interrn9diate heat exchangers. These loops 
are located within cells in containment. Figure 5 is a cutaway of the containment building showing the 
location of the reactor, primary pumps, and intermediate heat exchangets. Three secondary sodium loops 
transport the reactor heat from the intermediate heat exchangers to the Afr-cooled tubes of the dump heat 
exchangers for dissipation to the atmosphere (the FFIF does not gener ~e electricity). Figure 6 depicts one of 
the three cooling loops. 

The design of the FFfF has proven to be extremely robust and flexible, allowing it to be _used for a 
variety of purposes beyond its original mission. For example, the exte~sive instrumentation and characteriza­
tion of the reactor and heat transport system have led to the ability to p~rform a wide variety of tests to 
demonstrate the safety characteristics of Liquid Metal Reactors (LMRs). In addition to the instrumentation 
found in a typical nuclear reactor facility (e.g., neutron flux, coolant 109p temperature, flow and pressure), the 
FFfF includes instrumentation to measure the coolant flow and tempelture at the exit of each of the core 
subassemblies. Furthermore, the capability exists, and has been used, t install specially instrumented · 
assemblies within the core region to provide even more detailed core o erating data (see Section 4.0). These 
capabilities were used during the early operation of the facility to confi~m that the reactor was operating as 
expected and to verify many of the safety characteristics discussed belo . For example, fueled open test 
assemblies (FOTAs) were used to place many thermocouples within the core region during verification of the 
natural circulation decay heat removal process. These capabilities werel also used during later testing per­
formed to provide additional detailed information on the reactivity feed ack characteristics of the reactor and 
during demonstration testing of devices designed to furthef enhance the inherent safety of LMRs. 
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Figure 4. FFTF Reactor 
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Figure 5. Cutaway of the Reactor Containmeht Building 
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Figure 6. Representation of One of Three FFTF Cooling Loops 

3.2 Inherent Safety Characteristics 

Liquid-metal-cooled reactors in general and the FFfF in particular have a number of important safety 
characteristics inherent in their design. Some of the key characteristics leading to this inherent safety are 
described below. 

• Excellent Coolant Heat Transfer Characteristics 

The sodium coolant used in the FFfF has a very high thermal conductivi y (approximately one hundred 
times higher than water). Therefore, during normal operation, and even under most accident conditions, the 
fuel cladding operates only a few degrees above the temperature of the coolant. 

• High Boiling Point/Low Operating Pressure I 
The boiling point of sodium at atmospheric pressure is approximately ssp0 c (1620°F). Therefore, for 

almost all accident scenarios, there is no concern about boiling away the co lant, and tbus overheating the 
fuel. Furthermore, because of the high boiling point, the reactor and associated heat removal systems operate 
at essentially atmospheric pressure. This not only results in a very low probability that coolant leakage will 
occur, but also leads to a low leak rate if leakage does occur. 
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• "LOCA-Proof' . I · 

A major concern for water-cooled reactors is the loss-of-coolant a9cident (LOCA). The possibility of this 
type of an event has been virtually eliminated in the FFIF and most otlil.er liquid-metal reactor designs. A 
major reason for this is the use of the high-boiling-point sodium cool~ t. When combined with the incorpora­
tion of guard vessels around each major component of the primary heat transport system and the use of 
elevated piping outside of the guard vessels, multiple independent, andlhighly unlikely, failures would be 
required to lose the coolant from the core. 

• Reliable Reactor Shutdown System 

The FFIF has an extremely reliable Reactor Shutdown System tha meets modem commercial reactor 
design standards . Many key operating parameters are monitored and a tomatic reactor shutdown (scram) is 
initiated when any of the key parameters exceed established values. B , th redundancy and diversity are 
incorporated into the design of the Reactor Shutdown System. 

• Desirable Nuclear Feedback Characteristics 

The FFIF core is designed to ensure that the overall power coefficient is negative throughout the operat­
ing range. This means that any perturbation to the reactivity of the core tends to be self-correcting and self­
limiting. In addition, heating of the core reduces the reactivity of the c re, thus driving it to a lower power 
level. 

• Passive Decay Heat Removal System 

The FFIF is designed for essentially passive decay heat removal; no active equipment is required once 
the reactor is shut down. Decay heat removal is accomplished by naturbl circulation of the sodium through 
the reactor and heat transport system and natural draft cooling of sodiuin-to-air heat exchangers. The only 
electrical power required to perform decay heat removal is that provide by safety grade batteries which 
power instruments to monitor critical operating parameters. 

• Containment Building for Added Safety Margin 

Although there are no credible accident scenarios identified for the FFTF that would require a containment 
building, one is included to provide additional assurance that the public is protected from unforeseen events. 
The containment building is designed, tested, and maintained to the reqclrements of the American Society of 
Mechanical Engineers (ASME). 

A-2.7 



Appendix A-2 Plant Description/Research and Isotope ~roduction Capabilities 

3.3 · Interim Examination and Maintenance Cel (IEM Cell) 

The IEM Cell (Figure 7) is a large 
shielded hot-cell complex located inside 
containment that provides a reliable 
means of conducting nondestructive 
examinations of test assemblies and core 
components under controlled argon 
atmosphere conditions. Four levels of 
operating galleries provide visual access 
for remotely operating the in-cell equip­
ment. This highly shielded hot cell has a 
significant number of remote tools and 
equipment for diverse examination and 
disassembly needs. It contains two 
cranes and two very large electro­
mechanical manipulators as well as · 
multiple pairs of smaller master-slave type 
manipulators for component and equip­
ment handling. A sodium cleaning station 
is available to wash irradiated components 
of all external sodium residues after 
removal from the reactor. This sodium 
removal system has been used extensively 
to wash all fuel and experimental test 
assemblies processed in the IEM Cell , as 
well as a large number of the FFfF spent 
fuel assemblies. 

3.4 

_ Figure 7. Interim Examr· ation and Maintenance Cell 

Reactor Component Handling/Spent Fuel ffload · 
I 

The FFfF includes areas for receiving, conditioning, storing, installing, and removing from the reactor core 
all routinely removable core components. There are also areas for washing d storing irradiated fuel. Test 
and component examination and packaging capabilities are also provided. 

Reactor Component Handling. The FFTF uses state-of-the-art compute -controlled shielded transfer 
machines to perform reactor refueling operations as well as component and ~xperiment transfers into and out 
of the reactor, IEM Cell, and shipping/transfer casks. Figure 8 is a schemaqc of the equipment and transfer 
locations. The transfer machines are designed and operated with safety features and redundant systems to 
ensure safe transfer of irradiated materials. They are maintained reactor-gr1 de clean; all internal surfaces are 
made of stainless steel and are maintained inert with argon. 
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The Closed Loop 
Ex-vessel Machine 
(CLEM), Figure 9, is used 
to handle both standard 
length reactor components 
(i.e., 12-feet long) and 
longer test assemblies such 
as OTAs which are 
described in Section 4.1. 
CLEM is used for inserting 
all components into the 
reactor vessel directly in the 
case of the OTA or into 
In-vessel Storage for the 
standard length component. 
The CLEM is also used for 
the transfer of irradiated 
components from the 
reactor vessel to either 
Interim Decay Storage or to 
the IBM Cell depending on 
whether it will undergo 

Figur, 8. Co,e Component Trnnsfj ,s 

examination or storage for later disposition. The standard length ass mblies are then handled by one of the 
three In-Vessel Handling Machines (Figure 10) for installation into o , removal from the core. 
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'" · 
Figure 10. Two In-Vessel Handling Machines Rotated Over the Core (tdken during construction) 

Following sodium removal and drying, irradiated components can be remotely disassembled using the 
manipulators, fixtures , and special tooling. The IEM Cell contains equipment for profilometry, weight, gamma 
scan, visual exam/photography, disassembly, and packaging for shipment. The IEM Cell was also used for 
interim examination of tests and complex reassembly and qualification to allow a test to be returned to the 
reactor for further irradiation. 

The Bottom Loading Transfer Cask (BLTC), Figure 11, is used to transfer test articles, standard length 
components, and specimen containers from the IEM Cell to the cask loading s ,ation for transfer to offsite 
facilities for further examination, or to the Fuel Storage Facility for subsequent storage. 

Test assemblies can be transferred from the IEM Cell to the cask loading station for placement into 
shipping casks for transport to off site locations for testing, destructive examination or other testing or process­
ing. The cask loading facility is a very versatile facility with the capability to handle large spent fuel casks 
weighing up to 75 tons for vertical loading and unloading. 

Spent Fuel Offload. Spent fuel is washed in the IEM Cell, dried, and loaded into a Core Component Con­
tainer that can hold up to seven assemblies. The Core Component Container islinerted, sealed, and transferred 
to the cask loading station for placement into an Interim Storage Cask (Figure V). The ISC is then trans­
ferred to aboveground dry cask interim storage at the Interim Storage Area, which is located adjacent to the 
FFTF complex. 
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Figure 11. Bottom Loading Transfer Cask r BLTC) 

Figure 12. Interim Storage Casks 
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3.5 Maintenance and Storage Facility (MASF) 

MASF (Figure 13), co-located in the 400 Area with the FFTF, was designed as a multipurpose service 
center to support the specialized maintenance and storage requirements of the 400 Area facilities. MASF 
provides the capability for residual sodium removal from large sodium-we~ed components and non-fuel core 
components, decontamination, repair, and storage of non-fuel components dnd hardware for the FFTF and 
other 400 Area facilities . 

I 

Figure 13. Maintenance and Storage Facility (MiASF) 

3.6 Safety Review and Regulation 

FFTF has established an excellent operational record in support of nuclear science and technology 
development. It has proven to be a safe, stable, reliable, and environmentally benign reactor plant. Authori­
zation to restart FFTF for research, isotope production, and to provide irradiation services will require recon­
firmation of the adequacy of the nuclear safety and environmental protection aspects of the facility. 

Nuclear Safety. Licensing of the FFTF under the regulations for commercial reactors was not a regulatory 
requirement. However, the Energy Research and Development Administration (a predecessor to DOE) 
requested a technical review by the Nuclear Regulatory Commission (NRC). As a result, the FFTF under­
went a technical safety review by the NRC before initial operation. The Final Safety Analysis Report (FSAR) 
for the FFTF, issued in 1975, was reviewed by the NRC and the Advisory Committee on Reactor Safeguards. 
The NRC safety evaluation report and recommendations were issued in 1979 and all open issues were ad­
dressed before the start of operation in 1982. 

A-2.12 



Appendix A-2 Plant Description/Research and lsott pe Production Capabilities 

NRC advisory involvement at the time of initial startup served the purppses of: 

• Re-enforcing and adding credibility to the DOE determination thJ this developmental reactor was safe to 
start up and operate, 

• Contributing to the determination that commercial reactor plants of similar design would be licensable, and 

• Aiding in the development of the NRC staff capability to provide ulensing review and approvals for fast 
reactor liquid metal cooled power plants then under consideration. I 

The FFIF SAR was prepared and approved per the requirements of DOE Order 5480.6. Throughout the 
life of the FFIF, the FSAR bas been maintained via approved change control and engineering change notices. 
All updates and revisions have had the required reviews and approvals I No deficiencies in the FFIF design, 
analysis, facility condition, or operations have been identified that would prevent the FFIF from meeting the 
safety objectives and intent of commercial nuclear safety regulations for equivalent facilities. 

SAR requirements are now provided in DOE Order 5480.23. Update of the FFIF SAR in accordance 
with these current requirements would be required prior to the reactor ~estart. Toe update would involve a 
substantial rewrite to reflect changes in the plant, format requirements, and added emphasis on safety related 
organizational matters and human factors . The update would address the multi-mission role of the facility. 
The following assumptions are being used for planning: I 

• FFIF will be restarted and operated as a government owned, contr ctor operated research reactor under 
continuing DOE safety and regulatory cognizance. Licensing is not required nor intended. 

• The basis for DOE authorization to restart the reactor will include DOE review of the contractor updated 
SAR and issue of a revised SER, along with the conduct of appropriate operational readiness reviews. 

• DOE may seek NRC advisory assistance in review of the safety and readiness aspects of the reactor 
. restart. . · \ 

• FFIF would be restarted and operated under a DOE Management aed Operations (M&O) Contract that is 
subject to all DOE Orders and Regulations pertaining to the operation of a Nuclear Facility (See DOE Order 

I 
425.lA, Startup and Restart of Nuclear Facilities.) 

Early identification of the responsible DOE and/or NRC staff responsible for reviewing the revised SAR 
is essential to provide an effective and efficient working team. Good communications between this oversight 
team and contractor staff will improve the SAR update process. 

I 
Special Nuclear Materials Accountability. DOE works closely with the International Atomic Energy 
Agency (IAEA) to verify to the international community that all relevant requirements concerning accountabil­
ity for special nuclear materials are being met under the current Voluntary Agreement. While discussions with 
IAEA regarding FFIF have not yet been undertaken, DOE will, prior to restart, consider IAEA involvement at 
FFIF to verify the inventory and characteristics of nuclear materials at the facility. 

Environmental Requirements and Performance. FFIF startup and operations were addressed in accor­
dance with the National Environmental Policy Act of 1969 (NEPA) in environmental statements (WASH-1972 
and WASH-i510). Deactivation activities were later addressed in an enyironmental assessment (DOEJEA-
0993). FFIF continues to be maintained in compliance with other applicable regulatory requirements, including 
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I 
(but not limited to): Clean Air Act and Amendments of 1990, Resource C nservation and Recovery Act of 
1976, Toxic Substances Control Act of 1976, National Historic Preservatio Act of 1966, Washington State 
Environmental Policy Act, and Washington State Waste Discharge Permit ogram. Required operating 
permits are maintained current. 

The FFTF's record of superior safety and environmental performance uring its construction and operation 
is well documented (PNNL 1982-1998). As a result of the plant's defense-m-depth design, environmental and 
radiological releases during its ten years of operation were all well within ap~licable regulatory guidelines and/ 
or standards. For example, routine radiation exposure to facility workers was and continues to be at least one 
hundred times less than at comparable commercial nuclear plants (PNNL 1~85), and the maximum back­
ground exposure to a member of the public was at least 500,000 times less r an background radiation (DOE­
RL 1990). 

If DOE pursues restart of the FFTF, an environmental impact statement will be prepared to evaluate the 
multi-mission use of the facility. The NEPA review process would inv0Iv9 formal participation with poten­
tially affected and interested members of the public; Federal, tribal, state andJocal governments; and stake­
holder groups. None of the missions currently proposed for FFIF present J unique or unacceptably challeng­
ing safety or environmental compliance issue. Because of the facility's long operating history (1982-1992) and 
the fact that none of the proposed missions represent a major departure fro , earlier activities conducted at the 
facility, the formal NEPA review process will be relatively straight-forward 

However, the FFTF's location on the Hanford Site requires that special consideration be given to ensure 
that the impact of restarting FFTF neither distracts from nor adds to the ma· or cleanup challenges at Hanford. 
In parallel with the public scoping and draft EIS preparation, DOE would ~nerate a Waste Minimization and . 
Management Plan in concert with the States of Washington and Oregon. j ~is plan would address all of the 
potential waste streams, evaluate best available treatment technologies, and 

1

evaluate alternate disposition 
paths. The goal of the plan would be to ensure that any concerns about wf te streams generated from 
operation of FFTF and support facilities are fully understood and addressed! and that there is no adverse impact . 
on the ongoing Hanford Site cleanup. Appropriate information from the pl would be incorporated into and/or 
referenced in the Draft EIS. 
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4.0 Multiple Testing Capabilities 

The FFIF is a highly versatile reactor capable of supporting multiple testing missions and production of 
high quality isotopes . Due to the reactor size, number of available test 16cations, and the instrumentation 
capabilities for monitoring each test location, a wide variety of tests Cal} be irradiated in the reactor concur­
rently. Figure 14 shows the core loading for Cycle llB demonstrating the capability of managing a multi-test 
core configuration. The reactor features, coupled with the high fast netltron environment (up to 7 x 1015 n/ 
cm'/s ), allow significant irradiation testing to occur over shorter pe;;~j of time. These high-energy neutrons, 
coupled with the FFIF's relatively large power output, enable the ' to test a variety of materials and 
produce many isotopes in amounts and purity levels not attainable in o r r reactors. To accomplish multiple 
testing missions, there are several testing modes available to both optimize the testing and allow, to the maxi­
mum extent possible, an economical test vehicle configuration. These ✓arious testing modes are described in 
the following subsections. 

Example of FFTF Application to Multiple Missions 
Cycle 11 B Core Loading 

~ Core : emo. Experiment Fuel and ~CDEF} 

• CDE B Blankr t, (U, Pu) 0 2 / HT9 . 

$ Metal • FFTF Me al Dri~er Qualification, U-Zr / HT9 

~ MonjuF} I · . ~ . Monju Fuel and Blanket, 
~ Monju B (U, T) 02 I SS 

• U02 • FFTF Serif s IV Driver Test, U02 / D9 

(@J Space Reactor - U.S. Space Reactor Test, UN 

[$ MOTA - Material Open Test Assemblies 

~ Control or Safet[ Rod . 

39105086.JFH b&w 

Figure 14. Multiple Mission Core Load for Cycle llB 

I 

4.1 Reactor Core l 
There are eight locations available in the reactor that are termed op n test assembly (OTA) positions . 

These eight locations are unique from the rest of the reactor in that theyl allow for direct, contact instrumenta­
tion for remote monitoring during reactor operation. They are termed "open" because they are directly cooled 
and exposed to the reactor sodium environment within the reactor, as ark most of the in-vessel components. 
What makes these locations unique is the provisions to have instrument ~talks attached to them that communi­
cate with and extend above the reactor head for routing of various instrumentation packages (Figure 15). 

I 
They are also positioned so that they allow for inner (core row 2), midd e (row 4), and outer (row 6) reactor 
fluence environments. 
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Figure 15. Test Articles Installed in Reactor 

Within the 82 active core locations, there are up to 20 or more additional locations (Figure 15) that could 
contain a standard length (12-foot) test assembly within the active core region (Figure 16). These locations 
also have specific on-line outlet temperature and flow measurements from installed plant instrumentation in 
the reactor core instrument trees. 

In addition to these test locations within the active fueled region of the core, there are 108 locations 
available in the surrounding reflector region where other tests could be inserted. These three basic testing 
configurations enable large quantity and very diverse testing capabilities. 
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4.2 Test Handling Capabilities 

The FFIF is an excellent test reactor due to the well characterized irradiation testing environment. During 
the 10 years the FFIF was in operation (1982 to 1992), a wide variety pf tests were run which supported 
various domestic, federal, and international test needs. The FFIF has demonstrated the following attributes: 

• ability to accurately model the neutron 
environment in complex assembly designs 

• ability to produce tailored neutron 
environments, including intense epithermal fluxes 

• highly instrumented testing capabilities 

• capabilities for onsite interim and post­
irradiation examination 

• capability to reconstitute test vehicles and 
qualify them for return to the reactor 

• capability to properly handle and store 
radioactive waste 

• infrastructure to support fabrication, shipping, 
and additional post-irradiation examination needs. 

Figure 16. Standard Length (12foot) Irradiation Vehicle 

4.3 Previous Testing Program 

During its 10 years of operation, the FFIF supported a large and varied test program for industrial, nuclear 
energy (domestic and international), nuclear defense, and medical research and treatment. Many of the 
nuclear energy tests were directly applicable to the commercial nuclear industry as well as to the LMR 
program. The testing focused primarily on reactor fuel and different fuel assembly material evaluations but 
also provided significant testing for many other programs. See Table Aj l for a summarized listing of tests 
performed at the FFIF. 

The strengths of the FFIF for testing are well recognized in the international community. Tests were 
conducted for Canada, Japan, France, Germany, United Kingdom, and Switzerland. These researchers were 
attracted by the ability to test multiple target and fuel designs simultaned

1

usly as specimens, partial assemblies, 
or full size components with a tailored neutron environment. The FFIF irradiation services were also desired 
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because of the well understood core performance, the large amount of in-core instrumentation, the capability 
for pin or container failure detection, and the versatile hot cell and support fat ilities for post-irradiation exami­
nation and handling needs. 

The following is a brief description of the major types of tests performeb at the FFfF. 

Open Test Assemblies (OTAs). 
Several types of OTAs were used to 
conduct numerous and varied test 
programs: 

• Materials Open Test 
Assembly (MOTA). MOTA 
(Figure 17) provided multiple 
containers capable of irradiating 
multiple material specimens. 
Each container was individually 
temperature controlled by the on-line 
mixing of argon and helium gases in 
the container annulus. This provides 
varying heat transfer from the 
container to the reactor sodium 
coolant. The support system for this 
test vehicle included multiple gas 
lines, temperature control loops, and 
an on-line control and monitoring 
system. 

• Fusion Materials Open Test 
Assembly (FMOTA). The reactor 
portion of this test vehicle was 
essentially identical to the MOTA 
assembly and included many material 
test specimens as well as the two 
canisters that were part of the fusion 
testing program. This test series was 
a joint venture for the United States, 
Canada, and Japan to evaluate tritium 
production by the irradiation of lithium 
oxide (Lip), which is proposed as a 

The 
Materials 
Open 
Test 
Assembly 
(MOTA) 

Figure 17. Materials Open Test Assembly (MOTA) 

solid breeder material for tritium production in a fusion facility. The purpose of the experiment was to measure 
tritium release characteristics and thermal stability of up as a function of neutron exposure, temperature, gas 
composition, and sweep gas flow rates . This equipment also included the instrumentation and controls for 
tritium measurement, analysis, and recovery. 

• Absorber Open Test Assembly (AOTA) . AOTA provided for on-line instrumentation (temperature 
and pressure) of standard boron carbide absorber pins used in reactor control and safety rods. 
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• Fuel Open Test Assembly (FOTA). FOTA provided direct mJ urement during reactor operation of 
temperatures and pressures of individual fuel pins allowing monitoring of fuel assembly performance during 
the entire irradiation phase. 

• Vibration Open Test Assembly (VOTA). VOTA provided temperature and flow measurements within 
the core as well as multiple accelerometers for measuring flow and coi

1 

ponent vibration characteristics 
during operation. 

Standard Test Assembly. These tests assemblies are similar to standk d 12-ft-long reactor components. 

• Fuel. Testing of fueled assemblies benefited all aspects of reactor ~ el performance to extend the life of 
fuel components. Substantial testing was conducted to allow core designs to proceed from a one-year core to 
a three-year core. Specific testing was performed to evaluate variations in fuel fabrication, fuel performance 
tests, fuel cladding tests, fuel spacer tests, and fuel assembly duct tests I . 

• Non-Fuel. Non-fuel tests were used to evaluate long-life components for reactor material and 
surveillance tests, reactor lifetime extension evaluation, control rod hJ ware and absorber material 
performance testing, and advanced absorber testing. 

• Isotope Production. Isotope production tests were used to demonstrate significant quantities of 
commercial and strategic radioactive isotopes could be produced in the FFIF. A cobalt-60 test contained 
yttrium hydride moderator pins with target pins for the production of c balt-60 and gadolinium-153. This 
was a standard length core component that was cleaned and disassembled in the IEM Cell after irradiation 
with the three pin types shipped off site for further examination. In 198b, the FFIF produced the highest 
purity gadolinium-153 ever made. This material, which is used for the ~agnosis of osteoporosis, was made 
by the FFIF to avert a world shortage. 

• A multi-isotope production (MIP) assembly provided physics data on plutonium-238 isotope production 
with targets irradiated in an FFIF epithermal neutron environment and remonstrated the capability of the . 
FFIF to produce more than 20 other radioisotopes important for medicf., industrial, and defense needs (see 
Table A-2). This test used yttrium hydride pins as the moderating material surrounding the various capsules 
of differing target materials. During the late 1980s, the FFIF produced other isotopes, which were delivered 
to physicians and hospitals for cancer treatment, diagnostic research, and cardiovascular and brain studies. 

Closed Loop Tests. In addition to the testing methods discussed above, there is a complete testing system 
with the ability for an irradiation test vehicle that is completely isolated from the reactor coolant system with 
its own subsystems to provide cooling. This complex test arrangement would allow for transient and high 
temperature testing in much more severe environments with essentially no impact to the reactor systems. This 
system, although installed, has never been placed on-line and would require a major facility effort to put it into 
operation. I 
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4.4 Proposed Isotope Production Modes 

In addition to the test capabilities described in Section 4.3, the f ollowin systems would be used for isotope 
production. 

Rapid Radioisotope Retrieval System. The rapid retrieval system woul be used for the production of 
short-lived isotopes at the FFrF. This system would allow target materials to be inserted and withdrawn from 
the reactor core region with the reactor operating at full power. Systems fo , routinely inserting and removing 
irradiation targets, nuclear instrumentation, and 
research hardware at an operating reactor 
have been in use at various research reactors 
throughout the world for years. Most of these 
systems use either a pneumatic rabbit-type 
system or a mechanical cable-type system for 
insertion and retrieval. 

Initially, up to two rapid retrieval systems 
would be installed at existing closed-loop in­
reactor assembly/open test assembly positions 
in row 6 of the reactor core that are located 
under spool pieces in the reactor head. Figure 
18 is a conceptual description of the cable­
type system, which consists of three major 
components: a 40-ft long in-reactor thimble 
assembly, a replaceable string or chain of 
isotope target ·carriers, and a target carrier 
insertion and retrieval system. 

The target carrier insertion and retrieval 
system(s) would be installed external to the 
reactor to shuttle a target carrier chain into 
and out of the core region. This system could 
use a form of mechanical cable insertion and 
retrieval mechanism. Ideally, the insertion and 
retrieval system would load irradiated target 
chains directly into the transportation cask for 
shipment to the hot cell laboratory facilities in 
the 300 Area for isotope separation and 
purification. 

................ 
{-.C) 

In addition to irradiating solid (and molten) Figure 18. Conceptual Depiction of the Rapid Retrieval System 
targets in the rapid retrieval system carrier 
chains, gas targets also could be irradiated to produce short-lived isotopes. r o options would be evaluated 
for producing the gas-based isotopes. One option would involve one or more small diameter, thin-wall tubes 
routed down through the in-reactor thimble assembly into the active core region. These tubes would be 
connected to a shielded ex-reactor gaseous isotope recovery system. The p~ ctice of routing external gas 
lines into the active core region is not new at the FFIF and has been used in 1several irradiation test assembly 

A-2.20 



Appendix A-2 Plant Description/Research and Isotope Production Capabilities 

designs installed in the reactor (e.g., MOTA used externally supplied g1s mixtures to control material sample 
temperatures, and FMOTA additionally had gas lines routed to a glovebox for tritium sampling and gas 
analysis). 

A second gas target option would involve irradiating capsules filleq with a high-pressure target gas. The 
gas filled capsules would be installed in a target carrier and become part of a typical target chain. 

Long Term Irradiation Vehicle (LTIV). The LTIV used for production of long-lived isotopes would consist 
of a bundle of target pins installed inside a nozzle, duct, and handling so

1

cket assembly similar in appearance to 
an FFTF 12-foot-long fuel assembly (Figure 19). Depending on the isotopes to be produced, the pin bundle 
could contain moderator pins and neutron shield pins. A design that wduld allow reuse of the long-term 
irradiation assembly nozzle, duct, and handling socket hardware would be considered during the design process 
in an effort to reduce costs and waste generation. Figure 16 is a picture of the Cobalt 60 test vehicle prior to 
installation of the outer hexagonal duct This assembly was used in Op, rating Cycle 1 lB. 

Figure 19. Standard 12-Foot Fuel Assembly 

The LTIV would be installed in the reactor during normal refueling bperations and would be handled using 
the standard FFTF and component handling equipment. After irradiation, the assembly would be transferred to 
the IEM Cell for disassembly prior to shipment of the pins to the 300 Area laboratories for isotope extraction 
and purification. 
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5.0 Plant Status and Restart Activities 

The FFIF is currently defueled with 77 of the main plant systems still operational to support the storage of 
reactor fuel, operate the sodium systems, and supply general building utilitiet5- Twenty-three of the systems ( or 
portions thereof) that were no longer needed after fuel was removed from the reactor vessel have been 
secured in a recoverable configuration requiring minimal or no maintenance.I Current standby plant activities . 
have focused on maintaining the "health of the facility" to minimize degradaHon and facilitate a potential 
restart. This includes routine surveillance and preventive maintenance to en~ure that system integrity and 
configuration control are maintained as well as selected upgrades to critical plant components. 

The FFIF has an active program to identify systems or components thaf need to be updated or replaced in 
order to maintain the facility in pace with current technology. Most of these /modifications consist of either 
mechanical upgrades to equipment or replacement of outdated control and cpmputer systems. For example, 
the computer control systems for the In-Vessel Handling Machine, BLTC, Solid Waste Cask, and Interim 
Decay Storage were all upgraded before to commencing fuel wash activitie . These systems now use 
contemporary controls that significantly extend the service life and reliabilit of these fuel-handling machines. 
Also, an ion exchange system was installed in the sodium removal system bef.ore initiating fuel offload activi­
ties. This new system allows wash water to be cleaned and reused after eaah wash cycle, thus significantly 
reducing the amount of radioactive waste produced. Another significant waste minimization/pollution preven­
tion initiative that was recently completed was replacement of the ozone-depleting refrigerant in the plant 
chillers with ozone-free refrigerant. J • 

Some plant modifications are currently in progress to improve safety, r~liability, and efficiency of opera­
tions for either shutdown or restart activities. If the FFIF is directed to resthrt, several upgrades are planned 
in order to return systems to operation, improve reliability, conform to current standards, improve efficiency, 
or minimize waste. Following is a brief description of these ongoing or planned modifications: 

• Plant Protection System - upgrade scram breakers, power supplies, and signal conditioners 

• Zero-Time-Outage Motor Sets - upgrade zero-time-outage motor generator sets with solid-state 
electronic units ' 

• Plant Data System - upgrade plant data system computers 

• Closed Loop Ex-Vessel Machine (CLEM) - upgrade CLEM (refueling machine) control system 

• Cooling Towers - upgrade the conductivity metering system on three cooling towers and replace the 
electronic sensors and controls 

• Electrical Distribution Transformers - install two new transformers to replace PCB-filled units that 
were removed during standby 

• Chiller Controls - upgrade chiller controls 

• Elastomer Seal Replacement - a program would be established to ssess and replace elastomer seals 
during the start-up period using advancements that have been made in seal technology . 
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. I 
• Solid Waste Cask Upgrade - evaluate the hoist drive system and redesign of the mechanical overload 

protection system in the hoist \ . . 

• Simulator Upgrades - a program to upgrade the existing simulatoJr to reach commercial simulator 
standards was in progress but was discontinued when the FFIF was d" ected to be placed in standby in 1992. 

As indicated in Figure 20 approximately 3½ years are required to achieve restart of the reactor following a 
Record of Decision that recommends restart. This schedule is dependeht upon annual funding at levels 
indicated in Table 1. Restart activities would be managed and directed using a project approach for control 
and reporting to achieve the best schedule and cost effectiveness. Attachment 2 provides a more detailed 
listing of the a_ctivities associated with restart. I 

FFTF Startup Program Sch~dule 
FY 2000 · \I ·. _;'FY 2001 j FY 2002 I . . FY 2003 ,, ;I . FY 2004 

Project Management & 1 · 
Surveillance an<f · · ~~--------------....;,----+-~------~-__,, " ··«, . ,' '' ., ," ! 
Maintenance · • · rt , • · i 

NEPA Reviews 

Authorization Basis 
Updates 

Hire and Train 
Additional Staff 

System Restoration & 
Upgrade Modifications 

Isotope Systems 

Operational Readiness 
Reviews 

Reactor Core Load 

lnltial Criticality and· 
Startup.Testing 

! 

.i 
. !. . ~- ! 

.,, 
I 

I 
I 

• ,. 

I -
I I 

.,, I ! 
! 

Figure 20. FFIF Restart Schedule 

Table 1 Restart Funding Profile 

FY-2000 FY-2001 FY-2002 
Project Management 3.6 5.2 5.4 
Maintain Plant 
(Facility Operations) 31.9 33.5 38.2 
Safety & Permitting 2 .2 4 .6 5.3 
Plant Recovery & 

Upgrades 1.9 12 .8 ·11.9 
Isotope Systems 0.8 4.1 \ 6.3 

Total 40.4 60.2 67.1 
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FY-2003 FY-2004 
5.9 4.6 

40.6 31.5 
2 .0 1.4 

11 .6 7.9 
8.1 3.9 

68.2 49.3 
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6.0 Lifetime Projection 

The primary life-limiting mechanism for the FFfF is radiation-induc1 material degradation to key 
internal reactor components. The results of a detailed analysis based on o~eration at 400 megawatts and a 
75% capacity factor indicate that the facility has at least 22 years of operatton remaining. Operation at only 
100 megawatts would essentially eliminate this life-limiting aspect for the facility. 

7 .0 Conclusions 

The FFfF has demonstrated its ability to support multiple research activities, provide irradiation services 
to researchers both nationally and internationally, and produce a wide varie~y of high-purity isotopes. The 
size, power output, and extensive instrumentation and characterization of the reactor and heat transport 
system make the facility an attractive choice for multiple research needs. 

8.0 References I 
Hanford Engineering Development Laboratory (HEDL). 1980. Summary Description of the Fast Flux Test 
Facility. HEDL-400, Richland, Washington. 

Pacific Northwest National Laboratory (PNNL). 1982 to 1998. Annual HJnjord Site Environmental Report. 
Richland, Washington. 

Pacific Northwest National Laboratory (PNNL). 1985. "Radiation and En ironmental Protection Experience 
at the Fast Flux Test Facility (FFTF)." Proceedings of the International ToJical Meeting on Fast Reactor 
Safety, Volume 1, April 21-25, 1985, <place>. I 

U.S. Department of Energy - Richland Operations Office (DOE-RL). 1990. Radionuclide Air Emissions 
Report for the Hanford Site. DOE-RL-91-10, Richland, Washington. 
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February 1980 

November 1981 

April 1982 

November 1982 

April 1983 

October 1983 

October 1983 

April 1984 

April 1984 

May 1984 

June 1985 

November 1985 

December 1985 

March 1986 

Attachment 1 

FFTF Performance Histbry: 
and Significant Events and Accofuplishments 

Initial nuclear startup; attained criticality 

Demonstrated use of natural circulation to cool the reactor core in the event of 
power failure to the coolant pumps \ · 

I 
Normal cycle operations commenced 

First operating cycle lasted 53 days; longest ever achieved for a sodium-cooled 
reactor 

Named one of the nation' s top ten engineering ~chievements of 1982 by the 
National Society of Professional Engineers 

Concluded three 100-day operating cycles; another first for sodium-cooled 
reactors \ 

Achieved prototypic assembly fuel burn-up of rhore than 80,000 megawatt days 
per metric ton of fuel with flawless performanct setting another record 

Achieved prototypic assembly fuel burnup of 100,000 megawatt days per metric 
ton of fuel, setting another record and an indus~ry first 

Completed 101 days of continuous operation, se~ing another record 

Acclaimed as "An Outstanding Engineering Ac6ievement" by Nuclear News 
magazine 

Achieved prototypic assembly fuel burn up of 135,000 megawatt days per metric 
ton of fuel, setting a record not just for fuel but for the materials used in fuel 
assemblies 

Called "A Facility for the Future" by Nuclear Engineering International 
magazine 

Achieved prototypic fuel burn up of 152,000 megawatt days per ton of fuel; 
assembly was in core for three years 

Produced gadolinium-153, a rare isotope used in the early detection of 
osteoporosis 
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June 1986 

July 1986 

September 1986 

February 1987 

June 1987 

December 1987 

March 1988 

October 1988 

January 1989 

April 1989 

June 1989 

November 1989 

January 1990 

January 1990 

February 1990 

December 1991 

Earned American Nuclear Society award for meritorious performance in 
reactor operations l . 
Demonstrated passive safety features, includi g "automatic nuclear shutdown" 
during which coolant pumps were stopped wi lb no reactor scram 

Sixteen test assemblies were readied for a ne core demonstration project using 
advanced fabrication techniques and materials; largest mixed-oxide fuel 
experiment conducted to date, demonstrating bompletely new technology for an 
advanced reactor concept 

Demonstrated, through fuel tests and alloys, tI;ie potential for future reactors to 
operate from 5 to 10 years without requiring ~

1

cefueling; fuels achieved more than 
150% of their designed burnup 

Set another record with 105 days of continuous operation at full power 

I 
Finished the year with 100% operational efficiency 

Completed space reactor technology tests, denlonstrating ~bility to operate 
thermionic fuel elements up to 10 years in space 

Set another record for continuous operation a full power - 126 days 

Prepared first twin set of experiments for fusi Jn research and liquid metal 
breeder reactor alloys 

Achieved reactor assembly fuel burn up of 190 000 megawatt days per metric ton 
off uel; by this time, the same assemblies had , een in the reactor for 7 years 

Demonstrated the ability to produce plutonium-238 and destroy or transform 
radioactive waste, with the result that three ratlioisotopes were produced and 
delivered to medical research programs in the junited States 

Completed fourth integrated leak rate test, demonstrating continued structural 
I 

integrity of the FFTF reactor containment building 

Began irradiation of the first multi-national experiment devoted exclusively to 
fusion energy research; experiment specimens were designed and fabricated by 
researchers from Japan and the United States 

Completed the equivalent of 3 years operation !on the Core Demonstration 
Experiment, demonstrating the promise of a truly long-lived fuel design and 
material 

Celebrated tenth anniversary of initial reactor criticality 

Completed the year with 100% operational ef 1ciency 
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February 1992 

April 1992 

May 1992 

December 1992 

Received the NEA's Federal Design Achievem nt Award 

Ordered to stand-by due to lack of mission 

Recipient of the National Energy Resources O ganization R&D Award for 
International Fusion Experiment 

FFTF plant achieved hot standby 
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Test Description 

Control Rod/Absorber Tests: 
FFTF Reference Absorber 

Vented Absorber Test 

Advanced Absorber Test 

Instrumented Absorber Test 

High-Enrichment, High-Bumup Absorber 

Test 

Driver Fuel Assembly Tests: 
Driver Fuel Assembly Evaluation 

Core Charncterizers: 

Thermal Performance Fuel Test 

Tag Gas Bumin/Bumout 

Table A-1. Testing Performed at FFTF 

Number 
Test of 
ID Assemblies Purpose of Test 

CR 2 Evaluate performance of FFTF reference control and safety 

rods. 

HA003 1 Demonstrate long-life pin performance (fixed shim, pins at 
1 /2 in position). 

ADVAB 3 Demonstration of long-life absorber assembly (vented pins, 
round ducts). 

AOTA 1 Monitoring of temperatures and pressures during operation 
for FFTF reference control rod/absorber assembly. 

HEHB I High-enriched, high-burnup, advanced absorber assembly 

containing both sealed and vented pins to evaluate long-life 

performance. 

DE 6 Examined at various intervals for irradiation performance of 
the standard FFTF OF A fuel and hardware components. 

~ 

~ F 4 Used to characterize fuel behavior after rapid rise to power 
and 8-day power run. Four were. tested to perform 

comparative evaluations of performance in reactor core rows 1 
1, 4, 5, and 6. 

DEA-2 1 Contained test pins and standard DF A pins to evaluate 
"power to melt" relationships with various pin 
specifications. 

DE 2 Early evaluation of gas tag performance with varying 
plenum sizes, also examined flow-induced wear for a 
zone 1 DFA. 
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Test Description 
MateriaJ and Other Tests: 
Materials Open Test Assembly 

Fusion Materials Open Test Assembly 

Vibration Open Test Assembly 

Materials Tests 

Fracture Mechanics Tests 

Fuel Assembly Duct Material Tests: 
Advanced Alloy Duct 
D9 Duct, Improved Fuel 

Fuel Assembly Cladding Material Tests: 
Cladding Vendor Test 

Fuel Assembly Spacer Tests: 
Grid Spaced Driver 
Advanced Wire Wrap 

Modified Wire Wrap 

Test 
ID 

MOTA 

FMOTA 

VOTA 

HM 

FMA 

AAD 
D9 

CV-1 

GF,WF 
AW-I 

MW 

Table A-1. (contd) 

Number 
of 

Assemblies Purpose of Test 

7 Perform irradiation testing of material specimens coupled 
with the capability to vary specimen temperatures during 
irradiation. 

2 Evaluate tritium production with irradiation of LiO2 blanket 
as well as irradiation testing of multiple material specimens. 

1 Provide core vibration measurements to monitor response of 
reactor internals to flow induced vibration. 

5 Monitoring properties of reactor component materials 
exposed to the reactor environment over time for component 
life-time studies. 

3 Part of the FFTF archive and surveillance program - test 
irradiates fracture mechanics specimens of several different 
alloys and weldments. 

7 D9 alloy duct to demonstrate increased driver lifetime. 
4 D9 alloy duct, cladding and wire wrap to demonstrate 

increased l-ifetime. - - -

I Determine differences in performance of cladding from 
different vendors. 

5 Evaluate performance of various pin bundle concepts. 
I Evaluate performance with distributed wireless pins. 
6 Evaluate performance with differing clearance and pitch. 
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Test Description 
Fuel Performance and Design Life Tests: 
Beyond Design Burnup Tests 

Series 3 Fuel Test 

High-Power Test 

High-Temperature Test 

Advanced Oxide Test 

Metal Fuel Test 

Fueled Open Test Assembly 

Carbide Fuel Tests 
---

MONJU Fuel Tests 

MONJU Blanket Test 

Enriched Uranium Oxide Fuel 

Table A-1. (contd) 

Number 
Test of 
ID Assemblies Purpose of Test 

RTCB 8 FFTF design goal burnup is 80 MWd/kg; these tests were 
run to I 00 MW d/kg. Run-to-cladding-breach (RTCB) tests . 

C-1 l Relaxed fuel specification test and multiple cladding types . . 

DE-9 I High pin power-lifetime test with fuel melting to show 
benign effects. 

DE-HTD I Evaluation of 3 l 6SS cladding at high temperatures. 

ACO, FO, II Two-year and three-year fuel tests with different cladding 
PO and duct material. 

!FR, MFF 8 Multiple test for evaluation of component and reactor 
performance with metal fuel, sodium bonded assemblies in 
HT9 and D9 alloy hardware. 

FOTA 2 Instmmented fuel assemblies to provided on-line data for 

evaluation of fuel performance and thermo-hydraulic models 
- FOT A- I was used for central core performance and 
FOTA-2 provided outer core performance data. 

AC,CAN, 3 Jkmonstrate perfonnance _oLcarhide_fueJ and data- ---
FC supporting 3-year fuel. 

MFA 2 Demonstrate MONJU (Japan) fuel assembly performance 
and lifetime capabilities. 

MBA 2 Demonstrate MONJU (Japan) blanket assembly 
performance and lifetime capabilities. 

UO-1 I To provide confirmation of the performance of UO2 fuel and 
fuel pins prototypic of the proposed series IV fuel 
assemblies with enriched uranium oxide fuel and D9 
cladding material. 



Table A-1. ( contd) 

Number 
Test of 

Test Description ID Assemblies Purpose of Test 

Space Power FSP 2 Provide irradiation perfonnance data on Nb-lZr clad 
uranium nitride fuel with fuel centered in a lithium bonded 
capsule. 

Gel Process Fuel DIPRESS 1 Demonstration of using direct press spheroidized feed based 
on gel sphere conversion process. 

Large Bundle Porosity BUND-1 1 Evaluate the perfonnance of a fuel subassembly with large 
pin bundle to duct clearances and·reduced wire wrap pitch. 

Radionuclide Trap RNTT-1 1 Sodium chemistry test to evaluate transport of radioactive 
corrosion products from clad to heat transport system. 

Advanced Blanket Assembly ABA 6 Long lifetime inner blanket assembly with HT9 duct and 
cladding. 

• I 
Axial Blanket Assembly AB 3 Provide data on UO2 and ThO2 axial blanket performance. 

N 
w High-Enriched Fuel Assembly SRF 4 Standard and high enriched fuel surrounded by B4C filter 

pins to allow subsequent high power safety tests. 

Core Demonstration Experiment Tests ACO 12 Long life (3-year) fuel assemblies with MOX fuel and HT9 
hardware. 

Clinch River Breeder Reactor Tests CRBR 3 Testing of CRBR fuel design with varying clearances and 
--

r-materials. 

Isotope Production Tests: 
Cobalt-60 Test co 1 Demonstrate that significant quantities of commercial and 

strategic radioactive isotopes can be produced in the FFTF. 

The test contained yttrium hydride moderator pins with 
target pins for the production of cobalt-60 and gadolinium-

153. 

-- - - ---- ------ - - - - ----- - - - ------ ---
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Test 
Test Description ID 

Multiple Isotope Production MIP 

Total Test Assemblies 

Table A-1. ( contd) 

Number 
of 

Assemblies Purpose of Test 
I Provide physics data on plutonium-238 isotope production 

and also demonstrate the capability of the FFTF to produce 
more than 20 other radioisotopes important for medical, 
industrial, and defense needs (see Table F). This test used 
yttrium hydride pins as the moderating material surrounding 
the various capsules of differing target materials. 

\ 

137 
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Priority 
. I 

2 

3 

Target 

Np - 237 

Cm-244, Cm-246, Cm-248 
Cf-249, Cf-252 
Pu-240, Pu-242 
Am-243 
Am/High Exposure Pu 
Tc-99 
I-129 
Pu-236 
Li-6 
Nd-146 
Nd-Natural 
Cd-108 

Ag-107 

Se-74 

Nd-150 

Sm-Natural 
Ir-Natural 
Os-190 -

Os-Natural 
Sc-Natural 
Sr-84 
Sr-88 
Sr-Natural 
Ni-58 
Ni-Natural 
Tm-Natural 
Ta-Natural 
A IN-Natural 

Table A-2 . MIP Target Materials and Quantities 

Maximum Number of 
Total Mass Subcapsules Primary Product 

160 mg 18 Pu-238 
200 ng, 20 ng Cf-252 
100 ng, 20 ng 3(a) Es Isotopes 

I 00 ng, I 00 ng Cf-252 Precursors 
100 ng Cf-252 Precursors 
20 mg 10 
20 mg 2 Ru-99 
20mg 2 Xe-129 
10mg 4 Pu-237 
I mg J 2'b) H-3 

30 mg 2 Pm-147 
30 mg 2 Pm-147 
10mg 2 Cd-109 
40mg 2 Cd-109 
10mg I Se-75 
30 mg 2 Srn-151 
30 mg 2 Pm-145 
40mg 2 Ir-192 -
10 mg 2 Os-191 
40mg 2 Os-191 
20 mg 2 Sc-46 
5 mg I Sr-85 

20 mg 2 Sr-89 
40 mg 2 Sr-85 
40 mg 2 Co-57 
30 mg 2 Co-57 
30 mg 2 Tm-170 
10 mg 2 Ta-182 
40mg 2 C-14 

Potential Use 

Heat Source 

Neutron Source 
Research 
Cf Production 
Cf Production 

Research 
Research 
Research 

Radioluminescent Lighting 
Heat Source 
Heat Source 
Pediatric Imaging 
Pediatric Imaging 

Brain Imaging 

Heat Source 

Heat Source 
Weld .. Cliecking __ -
Cardiovascular Angiography 
Cardiovascular Angiography 
Medical 
Medical 
Bone Cancer Pain Relief 
Medical 
Medical 
Medical 
Leukemia Treatment 
Cancer Treatment 
Radiolabeling 

I 

I 

i 



Table A-2. (contd) 

Maximum Number of 
Priority Target Total Mass Subcapsules Primary Product Potential Use 

U-238 40mg 2 Np-237 Pu-238 Production 
Re-I 85 20mg 2 Re-186 Medical 
W-186 20mg 2 W-188 Medical 

(a) Supplied by Oak Ridge National Laboratory (ORNL). 
(b) Supplied by Atomics International (AI) . 
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FFTF Restart Sc edule 
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Maintain Safe & Compliant Materials in FFTF 

ARA100 Project Planning Integration 

AR1B030 TPO Program Management 

. AR1B1033 FFTF Planning/Scheduling Mgt 

AR1B1035 FFTF lntergration Mgt 

AR1B1018 FFTF SRID Administration 

AR1B1000 FFTF Executive Direction & Support 

AR1B1022 FFTF RSM Engineering Support 

AR1B1272 FFTF Waste Characterization 

AR1B1372 FFTF Pollution Prevention 

AR1B1472 FFTF LLW Disposal 

. AR1B1572 FFTF Quarterly Waste Disposal 

ARV050 EIS/Regulatory Requirements (Restart) 

ARV100 Environmental Program 

. GA0021 ENVIRONMENTAL PROGRAM 

GA0027 MISSION RESERVE 
I 

GA0040 NEPA ROD 

GA0060 CAA NOTIFICATION/NOC FOR FFTF 
REST ART FY99 

GA0075 OBTAIN WATER PERMITS FY01 

ARV150 SAR AND Regulatory Process 

GA0080 SAR AND REGULATORY PROCESS 

Projed Start 

Projed Finish 

Data Date 
Run Date 

010CT98 
180CT04 

010CT98 

06JUL99 

EartySa, STSC 

•.::::: Progress Bar 
Critical ACIMly 

c Primaver.11 Systems. Inc. 

1,506 010CT98 

1,506 01OCT98 30SEP04 

1,506 010CT98 30SEP04 

1,506 010CT98 30SEP04 

1,506 01OCT98 30SEP04 

1,506 01OCT98 30SEP04 
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1,506 010CT98 30SEP04 

1,506 010CT98 30SEP04 

1,276 01SEP99* 30SEP04 

j 1,464 02DEC98 30SEP04* 

i 1,432 01OCT98 15JUN04 

486 01OCT98 07SEP00 

179* 01OCT98 ' 17JUN99 

235 01OCT99* 07SEP00 

0 07SEP00 

105 010CT98 04MAR99 

179 01OCT98 17JUN99 
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1,286 03MAY99 15JUN04 

~1,068* 03MAY99 I 04AUG03 

I 

ADVANCED REACTOR 

START-UP 

CASES 

I 

I 

I 

I 
l M9P5\\J 

e ••et+wt rt+Nt iiMl&M 

-- ------ - ---- - -- -7 
:1 
: I ~ 
, 1 ! 
, I ' : I 
: ! 

I 

I 
I I I I I 

I I 

I 
I I I 

I ' I I 

: 11 I I 

8¥&9i?IH ¥ , mty ¥ E±JJM~t 9i½$5SS?A 
I 

I: I I I I 

I I I I I 

&'E~~~"!!i~~iH!~!~~~-!I, .t~!J ! 

1, I I I I I : 

Sheet 1 of 16 

~•••~,=~R~•v.s~oo•C=11~C~~ppro~ve~1 
I 



; ~ctivity -~ 1°' ,?~(f~t{t:r . ,.A~.t!~~ty ~.:~t¥-~:;~?~~l . .'","' ,0ri(l"fl~f1rat~:~,~ i11!~~-~ted FY9; :ti=.Yoo ·:%1 ~' FY0:2 I ~~03 i" FY04 I FY;t Ii• . 
. , , Ip I fiit }:,.-. fl,·. .:,,_Desc_~p_tion f's\,if' .. ,.t •• '·., -' ,O\Jr IJ'' ·;, S~f1 '.;? ,,.,..f ,•.~•~h .. _,'· ,.L·•I ' I ' I I I I ·',k l d I I I r I .J I I I I I L I :1 I I I d . 

' GA0100 DETERMINE REGULATING AGENCY I 65 1 03MAY99* 04AUG99 E1; : ,, 
GA0110 ESTABLISH SAR UPGRADE METHOD I 40 I 05AUG99 30SEP99 M 

I 1 , 1 
' GA0120 DEFINE ORR REQTS AND PROCESS 1 40 I 05AUG99 I 30SEP99 ~ 

GA0130 AGREEM'T FROM SPO-RUFDH 0 30SEP99 

GA0160 HUMAN FACTORS ENG EVAL i 127 1 02OCTO0* 04APR01 

GA0170 

GA0171 

GA0173 

GA0175 

.1 
GA0177 

GA0180 

GA0220 

GA0230 

: GA0232 

GA0234 

GA0280 

, GA0282 

GA0285 

: GA0290 

. GA0292 

GA0310 

GA0320 

· GA0322 

ij GA0324 

GA3605 

GA3610 

GA3620 

GA3642 

GA3645 

Pro;edStart 
ProjedFinish 

Oata Oate 
Run Date 

SEISMIC UPGRADE EVALUATION FY01 

SEISMIC UPGRADE EVALUATION FY02 

!SODIUM FIRE RE-EVALUATION FY01 

I 

I 
REVISE PRESENT SAR FOR FUEL LOAD 
FY01 

251 02OCT00 

165 i 01 OCT01 
I 

I 

I 251 ' 02OCT00* 
I , 
! 251 i 02OCT00 
I 

' 

1 

28SEP01 I I 
! 

I 29MAY02 
I 

i 
28SEP01 

28SEP01 

REVISE PRESENT SAR FOR FUEL LOAD ! 
FY02 ' 

165 , 

I 
01OCT01 29MAY02 

COMPLETE SAR REVISION FOR FUEL 
LOAD 

SUBMIT SAR TO RL FOR APPROVAL OF 
FUEL LOAD 

I
SAR REVIEW/APPROVAL PERIOD FOR 
FUEL LOAD FY01 

SAR REVIEW/APPROVAL PERIOD FOR 
FUEL LOAD FY02 

SAR REVIEW/APPROVAL PERIOD FOR 
FUEL LOAD FY03 

REVISE SAR FOR Rx OPERATION FY01 

REVISE SAR FOR Rx OPERATION FY02 

COMPLETE SAR FOR RX OPERATIONS 

COMPLETE LEVEL 1 PRA ANALYSIS FOR 
RX OPS FY01 

COMPLETE LEVEL 1 PRA ANALYSIS FOR 
RX OPS FY02 

!SUBMIT SAR TO RL FOR APPROVAL OF 
j REACTOR OPS 

!SAR REVIEW/APPROVAL FOR REACTOR 
/OPS FY01 

: 127 I 
I ! 

01OCT01 i 04APR02 

I 01 
I I 
. 251 ' 02OCT00 

i : 
250 ' 01OCT01 

I 115 ! 01OCT02 

! ! 

04APR02 
! 

! 28SEP01 I 
i 30SEP02 
I 
I 

I 18MAR03 I 

I 251 ! 02OCT00 i 28SEP01 

165 01OCT01 I 29MAY02 I 

I 

151 01OCT01 

• 251 02OCTOO 

i ! 

170 '. 01OCT01 
i 

0 

1681 01FEB01* 

08MAY02 

28SEP01 I 

! 05JUN02 

j 29MAY02 , 

I 

I 28SEP01 

'

SAR REVIEW/APPROVAL FOR REACTOR ! 250 i 01OCT01 
OPS FY02 i 

t i 

! 30SEP02 
! 

I
SAR REVIEW/APPROVAL FOR REACTOR I 211 01OCT02 ' 04AUG03 
OPS FY03 i 

!
MANAGEMENT SELF-ASSESSMENT FOR : 
CORE LOAD , 

! FDH ORR FOR CORE LOAD 

i DOE-ORR FOR CORE LOAD 

MANAGEMENT SELF-ASSESSMENT FOR 
REACTOR OPS 

FDH ORR FOR Rx OPS 

010CT98 M sew Ear1y Bar STSC 

180CTO. --- Progress Bar 
010CT98 Critical Adivity 

06JUL99 

I 

63 ' 05APR02* I 03JUL02 

21 i 07 JAN03 f 04FEB03 

22 1 05FEB03 i 07MAR03 

I 
93 07MAY03* j 18SEP03 
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I
' ;4.ctivity . 

·m ·,e;,;- ~-_;¥v? . ' Qrig . hi_tegrated 't' lnt~g~~~~ :FY99 I-~~() ·~ FY01 ~02 . Fvoi I FYo:; '1 FYOS I 
/J:_ ;e,Ji;i:t~ Dur. Start t Fu:ush t I I I I I I I I I I . I ,I I I I I i;i I I I I I I I I I '-

GA3650 DOE ORR FOR Rx OPS I 23 1 13MAY04 15JUN04 I ! ! ! J !l 

! I 

-AR1B1073 FFTF Analysis and Support 1 1,506 i 01OCT98 ! 30SEP04 

I I I 
AR1B1070 FFTF Training Mgt./Support 

J 
; 1,506 01OCT98 I 30SEP04 
I j 

AR 1B107 4 FFTF Policies and Procedures i 1,506 01OCT98 30SEP04 

AR 1B1072 FFTF Environmental/Waste Support 1,506 ; 01OCT98 j 30SEP04 

' i 
Restart Training Activities i 1,254 1 01OCT98 I 30SEP03 -~~· 

I 
GA0350 RESTART TRAINING ACTIVITIES 

I 
1,068• 1 01OCT98 I 06JAN03 I 

AR5100 Simulator Reqmts 167 : 01OCT98 j 01JUN99 I ~ 

I 

GA0353 DEFINE SIMULATOR!TRAINING REQMTS 
1 

105 1 01OCT98 I 04MAR99 ~ 

: I I ' 
GA0355 !DEFINE SIMULATOR/TRAINING REQMTS 1 62 ! 05MAR99 / 01JUN99 • 

AR5200 

GA0359 

GA0362 

GA0363 

3 
.3A0365 

GA0366 

GA0368 

GA0369 

AR5300 

I i 

I Simulator Upgrades 501 02OCT00 

! 
i 30SEP02 

I 
SIMULATOR UPGRADES 501· 02ocToo I 30SEP02 

I 
I 

INSTALL PDS EQUIVALENT FY01 251 02OCT00 28SEP01 

INSTALL PDS EQUIVALENT FY02 : 250 I 010CT01 I 30SEP02 I 
: I 1 

ATTENDED AREA PANEL UPGRADE FY01 I 251 j 02OCT00 i 28SEP01 

! i 

!
ATTENDED AREA PANEL UPGRADE FY00 !I 250 1 01OCT01 j 30SEP02 

i I 
/COMPUTER & FULL FUNCTION MODELING1

1 

251 1 02OCT00 I! 28SEP01 
: UPGRADE FY01 

!
COMPUTER & FULL FUNCTION MODELING! 250 1 01OCT01 I 30SEP02 I 
UPGRADE FY02 ! I I 
Upgrade Training Programs ' 502 010CT99 ! 28SEP01 

' 
. GA0392 UPGRADE TRAINING PROGRAMS i 502· 01OCT99 28SEP01 

· GA0393 DEVELOP RT ClASS 

· GA0394 DEVELOP OE CLASS 

GA0395 I DEVELOP OT CLASS 
I 

GA0396 I DEVELOP TECH STAFF TRAINING 

. GA0397 I DEVELOP MAINTENANCE TRAINING 

GA0398 

GA0399 

,A0400 

ProjedStart 
Projed Finish 

Data Date 

Run Cate 

1 PREPARE FOR Rx REFUELING 
RETRAINING 

;UPGRADE OPERATOR TRAINING 
i PROGRAM FY00 

I 
UPGRADE OPERATOR TRAINING 
PROGRAM FY01 

010CT98 

180CTQ.4 

01 0CT98 

06JUL99 

C&dY a Ear1y Bar 

--- Proores.s Bar 

- -- Crit;c.l AC1M1y 

ST5C 
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l 78 09JUN00 29SEP00 
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: l 
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Activity 
:.. I_D 

·Activity ... 
D~scription 

AR5400 Facility Personnel Retraining 

• GA0401 FACILITY PERSONNEL RETRAINING 

GA0402 MAINTENANCE RETRAINING 

. ' GA0403 Rx REFUELING/SOW TRAINING 

GA0404 PREPARE FOR RO/OE RETRAINING 

GA0406 IRO/OE REQUALIFICATION FY03 

GA0407 TECH STAFF TRAINING 

AR5500 

GA0410 

GA0413 

: GA0414 

• GA0415 

New Operator Training 

I NEW OPERA TOR TRAINING 

! HIRE 5 NEW OPERATORS FY01 
I 

JHIRE 5 NEW OPERATORS FY02 

! 
HIRE 4 NEW OPERATORS FY03 

. GA0416 ORIENTATION 

GA0419 

l 
GA0421 

GA0425 

CONDUCT OT CLASS 

I CONDUCT RT CLASS 

CONDUCT OE CLASS 

· "cp ._Orig . integrated lntegratJd · ~ · · ' · ·'' · .., ·. •, · 
• , - · ' I FY99 I FY00 I FY01 I FY02 I. FY03 FY04 I FY0S I ', 

.1 · our ',·s~~ \.' FinishJ lltlllll ll l l , 11 ' 11 II . llllll f., IL 
871 

I 
I 

12APR00 I 30SEP03 

I 
830* 1 09JUN00 I 30SEP03 

I I 
53 j 

i 
09JUN00 I 24AUGOf 

109 1 

I 
I 

17APR01 i 19SEP01 
' ! 

116 ! 
i 

17APR01 28SEP01 
I 
I 

251 ! 01OCT02 30SEP0I 

111 i 

! 
12APR00 19SEP0I 

i 
378 1 02JUL01 ' 06JAN03 

I 

I 378* [ 
I 

02JUL01 06JAN0J 

i 63 1 
i 

02JUL01* ! 28SEP01 

I 63 1 02JAN02* 01APR02 

i 63 1 
I 
I I 

01OCT02* ' 02JAN03I 
I 
! 

I 45 ! 

I 

27JUL01 I 28SEP01 

108 01OCT01 : 08MAR02

1 

I 142 11 MAR02 30SEP02 

55 : 01OCT02 , 06JAN03 
; 

; ¥®iPf.B7ii&\1'451iii1-S!.'tl 

I'!;! 

' 
' ' em 

I i 
' ' ~ -

·&1••: 
I m 
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• I rm; I 

'' Ei3 

' 
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AR18130K FFTF Spare Part Inventory I 1,506 ! 01OCT98 I 30SEP04 
I I I 

AR18130L FFTF Parts Withdrawal/Return 

AR8050 FFTF STANDBY OPERATIONS 

AR181010 FFTF OPES Admin/Mgt. 

AR181024 FFTF Aux System Electrical Support 

AR181123 I RSB Roof Recoating & Inspection 
I 

I 
ARE050 FFTF MAINTENANCE 

AR181060 FFTF Maintenance support 

ARF050 ! FMEF 
I 

AR1B170AIFMEF S & M Support 
I 

ARK050 I Remove Materials from FFTF 

! 
Projed Start 01OCT98 I ; i :i :I Ear1y Bar STSC 

Project Finish 180CTO< Progress Bar 

Oata Oate 010CT98 Critical Adrvity 

Run Cate 06JUL99 

C Primavera Systems. Inc. 

I 1,506 , 010CT98 30SEP04 ' 
I 

I 

I 1 506 I . , 
I 

I 1,506 

I 

: 1,506 1 
! 

010CT98 

010CT98 

01OCT98 

I 30SEP04 

! 30SEP04 • 
I 

! 30SEP04 
i 

~" , .... 

' 251 ! 010CT98 

i 
, 30SEP99 ~ 

I 
I 

1 1,506 : 01OCT98 1 30SEP04 

! 1,506 010CT98 ! 30SEP04 

1,506 i 010CT98 ! 30SEP04 ,.. 

1,506 ! 01 OCT98 ; 30SEP04 
I I 

1 1,506 1 010CT98 ; 30SEP04 -, 

ADVANCED REACTOR 

START-UP 
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A~tivity 
'ID 

ARK100 

- '· - r, Actlyity .. ~ :· J!.~1. , Y••' - .Oj-ig - Integrated~ 
, , Description ~~.J :, .-< _o&r :,;_;:,Start ,> 

I Fuel Handling I 1,506 j 010CT98 

I I I 
1 1 506 1 01 OCT98 AR1B1026 I FFTF Fuel Handling I & C Support 

I ' ! 
ARP050 !IRME Cell & Refuel ing Admin 

I 
I 

1,506 : 01OCT98 
I 

30SEP04 • 

I 30SEP04i 

I 30SEP04I 

I 
AR 1 B 1028 lf FTF I RM E & Refueling Engineering Support 1,506 i 01OCT98 I 30SEP04I 

i' 
, I 

AR4000 

· AR4100 

GA1355 

GA1380 

FFTF Restart 

FFTF Restart Operations 

!LOAD IVSM 
I 
; 

' 

! 1,518 

i 
1 1.255 · 
I . 
I 

01OCT98 18OCT04 

01OCT99 f 30SEP04 

i ' 60 ; 03NOV00 I 01 FEB01 I GI - - - - 1 

! I ! I 
I ! I 

II SYSTEM TESTING PROGRAM FOR FUEL : 251 02OCT00 '1 28SEP01 !~ 1 : 
:1----~L_O_A_D_FY_ 0_1 __________ _._j __ +------;-----t------;-~:~~T= '====~---------1 
GA1382 I SYSTEM TESTING PROGRAM FOR FUEL 250 01OCT01 '1 30SEP02 I i I 

P?-~
1

•Hi,·l1 LOAD FY02 

GA1384 SYSTEM TESTING PROGRAM FOR FUEL 88 1 01OCT02 ! 06FEB03 : !5'l -,- - 7 - 1 

LOAD FY03 , I 1 1 1 

I I ' I I I 

- GA1385 SYSTEMS TESTED FOR FUEL LOAD i 0 ! 06FEB03 
1 

: : '. : : 

~ I ::: GA1386 

GA1388 

GA1389 

GA1390 

SA1360 

GA1395 

· GA1400 

GA1410 

GA1420 

GA3630 

l GA3640 

SYSTEM TESTING PROGRAM FOR RX 
OPS FY01 

SYSTEM TESTING PROGRAM FOR RX 
OPS FY02 

SYSTEM TESTING PROGRAM FOR RX 
OPS FY03 

I SYSTEMS TESTED FOR RX OPS 

i DEFINE RESTART TEST REQTS 

I FFTF PROCEDURE UPGRADES & 
!RESTORATION FY01 

FFTF PROCEDURE UPGRADES & 
RESTORATION FY02 

FFTF PROCEDURE UPGRADES & 
RESTORATION FY03 

FFTF PROCEDURE UPGRADES & 
RESTORATION FY04 

BEGIN CORE LOAD 

I REACTOR CORE LOADING 

I 

GA3641 I REACTOR CORE LOADING 

JGA3655 :CORE LOAD COMPLETE 

J GA3665 !INITIAL REACTOR START-UP 

'IEMC RECOVERY ~~:I.'/ "' . -· _ . ',._ 

AR6000 / IEMC Recovery 

GA1310 ' ENGR & MOVE TRNG FACILITY 

Projed Start 

Projed Finish 

Cata Cate 
Run Cate 

010CT98 

180CT04 

010CT98 

06JU\.99 

C Primavera Systems, Inc. 

EVi i W&,ii Earty Bar 

--- Progress Bar 
--- Crit;calAdlvity 

STSC 

251 I 02OCT00 
I 

28SEP01 

250 ! 010CT01 ! 30SEP02. 

150 1 01OCT02 1 06MAY03 

i 06MAY03 

251 ! 01OCT99* i 29SEP00 

: 251 02OCT00 28SEP01 

250 01OCT01 30SEP02 

251 1 01OCT02 I 30SEP03 

252 ! 01OCT03 i 30SEP04 
i 
I 

0 1 10MAR03 , 

68 : 24JUN03 

101 : 01OCT03 

01 

0 . 
I 
I 

I 30SEP03 
I 

26FEB04 

! 26FEB04 

I 16JUL04 
i I 

·. I 

~ - ,:, x·~~~f!i ~~~-~,~u~~ 
251 ! 01OCT99 ! 29SEP00 

I 

251 , 01OCT99* 
I 
! 

29SEP00 
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AR6200 

GA3249 UPGRADE DRAWING STATUS 

· GA3259 REVIEW SPARE PARTS STATUS 

GA3260 REVIEW SPARE PARTS STATUS 

GA3264 REPLENISH SPARE PARTS FY01 

I 
GA3266 REPLENISH SPARE PARTS FY02 

GA3268 REPLENISH SPARE PARTS FY03 

Restore Sys Req'd for Core Loading 

GA3014 RESTORE SYS REQ'D FOR CORE 
LOADING 

GA3040 RESTORE DIESEL GEN 

GA3345 REPLACE ZTO POWER FY01 
I 
i 

GA3350 I REPLACE ZTO POWER FY02 

GA3355 I REPLACE ZTO POWER FY03 

U ~OR .;B\)IL:DIN~ft;(SYS .. 2~);- .. ·-~· i<:1;};¥J..• -= 

GA3830 'COMP CTRL RM BOUNDARY INTEGRITY 
ITEMS (DOORS) 01 . 

GA3835 !COMP CTRL RM BOUNDARY INTEGRITY 
I ITEMS (DOORS) 02 

GA3310 RE-ESTABLISH SISI PROGRAM (RESET 
CONTAINMENT) 01 

GA3311 !AIRLOCK REPAIRS/RESTORATION 
I 
I 

GA3312 RE-ESTABLISH SISI PROGRAM (RESET 
CONTAINMENT) 02 

GA3313 RE-ESTABLISH SISI PROGRAM (RESET 
CONTAINMENT) 03 

GA3314 RE-ESTABLISH REMAINDER OF SISI 
I PROGRAM FY01 

GA3316 

GA3318 

i GA3319 
I 

Projec( Start 

Pro}ed Finish 

Oata Oate 
Run Oate 

RE-ESTABLISH REMAINDER OF SISI 
PROGRAM FY02 

RE-ESTABLISH REMAINDER OF SISI 
PROGRAM FY03 

I
RE-ESTABLISH REMAINDER OF SISI 
PROGRAM FY04 

010CT9S 
18OCTO, 

010CT98 

06JUL99 

RSGP!F FF11 Earty Bar 

•.::::: Progress Bar 
Critic.a lAdivity 

STSC 

1 1,360 1 03MAY99 
l I 

I 
I 

·1 
I 

I 
I 

. 1261 02OCT00 03APR01 

105 1 03MAY99* 30SEP99 
! 

146 ! 010CT99 I 01MAY00 
! I 

251 1 02OCT00* 

I 
28SEP01 

I 

2so I 01OCT01 30SEP02 

2s1 ; 010CT02 

02OCT00 30SEP04 

02OCT00 15APR03 I 

02OCT00 03JUL01 

251 1 02OCT00 28SEP01 

250 i 01OCT01 30SEP02 

105 ! 01 OCT02 I 04MAR03 

251 1 02OCT00 28SEP01 

190 02OCT00 03JUL01 

I 
250 ! 01 OCT01 30SEP02 

62 i 010CT02 31DEC02 
I 
I 

251 ! 02OCT00 28SEP01 
I 
I 

' 
250 : 01OCT01 

2s1 ; 01OCT02 

63 1 01OCT03 

30SEP02 

30SEP03 

02JAN04 
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Activity 
0· h. •• i •·•.- . 

}-. A~tivity ,~ .{\~f!{lf(t_;,?'' -·, . 
. lntegra!ed (.*...; .. :...,. .. ' O!ig lritegr.ited ;-:, -· ' •: - -

.Finish jl F.Y99 I FY00 I FY01 FY02 I FY03 'I FY04 I FY05 I 
·, ID . • ~escription ;. }, .:.,. ;.~ 'Dur /, Start f - -I I I I I I I ,I I I I I I ,.1 ·I' I I I I I I I I I I 1. 1 I 

GA3320 !CONDUCT ILRT 15 ! 05MAR03 25MAR03 A • I .i - -• 
! I I 

I 

GA3325 IILRT PREPARATION FY01 251 ! 02OCT00 
I 

I ' 

1 28SEP01 I 
I 

3A3330 ILRT PREPARATION FY02 I 93 1 01OCT01 
I 

1 I I 
14FEB02 

I 
GA3340 PLANT RESTORATION FROM ILRT 15 i 26MAR03 . I 15APR03 I 

GA3600 RESTORE CIS TO OPERATION 63 26MAR03 23JUN03 

GA3269 REPLACE INFLATABLE SEALS ON IVHM's I 167 1 02FEB01 28SEP01 
FY01 i I 

I 
GA3270 REPLACE INFLATABLE SEALS ON IVHM's ! 250 01OCT01 i 30SEP02 

FY02 ! i 
GA3271 REPLACE INFLATABLE SEALS ON IVHM's I 251 01OCT02 I 30SEP03 I 

FY03 I 
I 

J.

1 

GA3272 REPLACE INFLATABLE SEALS ON IVHM's ; 252 ,- 010CT03 

1

, 30SEP04 
FY04 I 

:!l~SJ:RU.MEl'.VA llON ,~\CO"!tRPl?i(S)".~:i,'93Jjf~t~12J~~li~f3/~tfal~~;<'Etf.';{~.; 

INSTRUMENTATION 

' ~ -
' 

' 

' r;.-:-.~s 
! 

' ~ I t 

I 
I 

I 
I 
y 
I 
i 

' E;J 

~ 

' ~ 
------------------

jGA3718 RESTORE&R~~,.1;~1 020CTOO I 03JU.L01 . 

: ~ :S.. "t ii 1-, ::a.. ............. -~ :f '111 • ;;i: 11-.a ~1:•11 • 

~~UUMARV:'~~._B: ... ,~~ .... ;-~--~ ~.,:,J1:.:i!! • "~!it. ... < - • .,.;~--':'., ~ ~ ~~~cl'\lf"' 
- .. '--9~ ' ,-. :::..;t.: ... =---•-!.~~~~ -~,....~~ • . ,, ,J:• ~ ~~· > 

. AR6800 Restore Sys Req'd for RX Ops I 1,188 ' 01 OCT99 1 24JUN04 
I I i 

JGA3012 RESTORE sys REQD FOR RX OPS :1,155• : 01OCT99 24JUN04 \ 
, ~ I ' j 

1lE~C,,~1.c;~..eQ~~~(~W4.2)~~:.?k~i,t;~~,4.~~~it~t:"~~~;f:~~~f~;i~~~~{ I 
WA3015 DEFINE PCB XFORMER PROGRAM : 169 ; 01OCT99· J 02JUN00 

I : I 

-3A3020 REPLACE B-39 LOAD CENTER l 251 1 02OCT00 I 28SEP01 

GA3023 REPLACE X9 AND X29 TRANSFORMERS I 1901 02OCT00 03JUL01 

GA3379 UPGRADE LOWER CONTAINMENT 
LIGHTING 

I 190 ! 02OCT00 03JUL01 

GA3392 UPGRADE COMMUNICATIONS SYSTEM f 124 ; 02OCT00* 30MAR01 
FY01 1 , 

:r8UP.f!Oij,T!~!J!bQIN~.l:>-(~Y.S:.fi_1E';;{f:~~~~:='~~~lQ,,,;:·~i~f;~1~:-i;.i~2: 
1GA3820 EVALUATE/REPLACE SHIELDING OF CELL : 63 1 02OCT00 i 03JAN01 
1 OPENINGS I I 1 

·:t.$~VICEPil?JN9,;(~,Y~~~W~:~~~-:·.:; · .. . ,..,-~fl~~;::~;: -~"''~ ;~~~~ 
GA3399 I EVALUATE COOLING TOWER i 

,HEAT/WATER LOADS 

GA3410 

GA3420 

. GA3432 

I 
UPGRADE COOLING TOWER WATER 
SUPPLY PIPING 

I UPGRADE COOLING TOWER WATER 
I REMOVAL PIPING ! 
I RESTORE COOLING TOWERS E-342, 343 &j 
1344 ' 

1GA3439 REPLACE AND INSTALL NEW A4B-4 
1 BREAKERS FOR E-21 

IGA3441 ( ECOVER E-21 CHILLER OUT OF LAYUP ! 

Projed Start 

Project Finish 

Cata Date 

Run Date 

010CT9e t a 5-ii? &«M Earty Bar 

180CTO• --- Progress Bar 
010CT9a 

06JUL99 
--- Critical Adivily 

c Primavera Systems. Inc.. 

STSC 

60 1 010cT03• I 29DEC03 

49 ! 30DEC03• ! 09MAR04 
i I 

76 1 10MAR04• I 24JUN04 I 

; 

129 , 02OCT00 ! 06APR01 
: ! 

83 ' 02OCT00 31JAN01 

I 

59 , 02OCT00 I 27DEC00 
i 

ADVANCED REACTOR 

START-UP 

CASE5 
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. Activ)ty . "'1:,,r~r::']~r '. Activity',~ : . : .. 
ID ' . . : ,;, · c!-<Desc!'iptior _ 

GA3443 RESTORE INSTRUMENT AIR BACKUP 
SYSTEM 

! 120; 02OCT00 I 26MAR01 

GA3448 RESTORE MOBIL THERM SYSTEM l 148 ; 01DEC00 I 03JUL01 
! i : 

j GA3455 RESTORE H&V SYSTEMS i 1301 02OCT00* : 09APR01 I 
J (MECHANICAUELECTRICAL) ! , j 

"'"'18° =E..,..ROTec'!r1·0N· (SY. s' " ... 6)¥~-Jt.:-.:.:p""·' •· ~·""":.,,c,k ;;J..;aa)" •. ,,,;.,;: -~.-.~M,-t:-~~d'tfi\si,. ,.:;A'!'...t."' t~.-, .. ,_!~ ' ··•-.~ - :, . - ,.,,,. » · · ";~ ~ ~ /:•~ .:,.~v~~lk~i:«-~~E~~f~i~~~,~-?t~i¥f;"~ 4~~-~"k~r 
GA3470 RESTORE FIRE SMOKE DAMPERS (ETLs) ! 152 : 02OCT00 I 09MAY01 I 

: : l 

GA3472 RESTORE AFFF I 42 1 02OCT00 I 30NOV00 

GA3473 I RESTORE FIRE TESTING PER NFPA 25 I 98 ! 02OCT00 i 22FEB01 
! I : ! 

' GA3474 !ADDRESS FHA SPRINKLER ISSUE i 152 '1· 02OCT00 I 09MAY01 I 
(FFTF-FHA-94-02) I 

1 

. C.QNT,1.~:l~ME~~Y,S;TE!Yl;(§,)':~~ 7)~ - '."'" • .. ..,_.'. ~-;;;,~'i\~ l\1J[;~-~~t:'. ~ · '!~· ... 
GA3484 RE-INSTALL SHIELD PLUGS i 125 ; 02OCT00 1 02APR01 

I ' I 
! l l 

~ C>NTA1~,-,1;1'lr.,MJ\R.!3IN§:($Y§.\2i;r-,)~~ ... ~'%t\l~i?i~~,~~='~~~~1E~m~~~-
l GA34ao I RESTORE CONTAINMENT MARGINS i 190 1 02ocToo I 03JUL01 I 
l SYSTEM i . I I 
1REACt.eR:ts,rs~t/~~ ~ri~~~~~~~4~~tt~~-~~ffe%~ 

1
GA3273 I UPGRADE OUTER HEAD HEATER & I 251 I 01OCT99* 11· 29SEP00 

I CONTROLS I I 
-~llEA'CTOR tj~l\~~SPQJ~.T-;(S)'S:'5.1J~:~~~::;-,-:;t~~Sr~lf~~:;-.i:,.,.:ff.,,~:1;fl';..~;;~k1 
GA3042 !RESTORE PWR TO MAIN MOTORS ! 43 : 16OCT00 ! 15DEC00 I 

I I I 
: GA3117 REFURBISH DHX 63 1 02OCT00 i 03JAN01 

GA3543 REMOVE BIRD WASTE & INSULATION 1 190 1 02OCT00 I 03JUL01 
FROM DHX's I I 

• I 

_f'AUX•J.1::IQUID::MEJ:~~t~T.EM1SYS_.;;-8fl~~~:;;e.~ , ~~~.;,_,= ~;~-.v:~~i•~~~~~ 

j GA3505 !PRIMARY AND SECONDARY DRAINLINE I 131 I 02OCT00 I 10APR01 
i RESTORATION ! 
-iNER:t";,,GAS;RECEIVlt{9;A g~OCE~ING:'(S.Y.S.~~)~ $~~~~\'¼:~~jF.(~:,?~~'f 
GA3520 I INSTALL NEW NASA CONTROL SYSTEM ! 251 ! 02OCT00 I 28SEP01 

!FY01 I : , 
GA3525 I INSTALL NEW NASA CONTROL SYSTEM ; 250

1 
01OCT01 II 30SEP02 

i FY02 I ; 
GA3536 :RESTORE/UPGRADE CAPS HARDWARE i 190 ! 02OCT00 I 03JUL01 

GA3537 I 17JAN01 ! REPLACE ARGON BOTTLE RACK 73 j 02OCT00 
' I 
' 

GA3538 i RESTORE/UPGRADE RAPS HARDWARE i 190 1 02OCT00 
I 

. GA3559 I RE~URBISH/REPLACE PANEL POWER i 28SEP01 
;suPPLIES FY01 . l i 1 

251 ' 02OCT00 

, GA3560 !REFURBISH/REPLACE PANEL POWER ! 100 ! 01OCT01 i 26FEB02 , 

1 
SUPPLIES FY02 i 1 

t - r-rv MONITO.RING~&- . ANA'--"SIS·1s· v5!ii:!s·5.:\~'i.t~"';-~,_..,,,..b_,.-..=,;;,"',: ,•,;~-,,,.-=-•., ,nt:.;:-i\' ~-; M,PUR•~~ -'1,1.,.,,,N ,, .~- , :,, ~ (: ,.;,,-.: -~'~ ;,' \ .~Ji!'t-.cc •', ~~J~f~fci-e~,~~::fil~~W,.~~"'~*~~!~~ 
. GA3555 I RESTORE HTS-S SODIUM SYSTEM ! 190 I 01 OCT01 ! 03JUL02 

GA3556 ESTABLISH & VERIFY SODIUM ANALYSIS 251 : 02OCT00 , 28SEP01 
CAPABILITY 01 ! j 

GA3557 

Prti;ec:t Start 

Project FinlSh 

Data Date 

Run Cate 

ESTABLISH & VERIFY SODIUM ANALYSIS 
CAPABILITY 02 

010CT98 • a -s: ii !ii Ear1y Bar ST5C 

180CT04 Progress Bar 

010CT98 Critical Activity 

06JUL99 

o Primavera Systems. Inc. 

: 250 I 01 OCT01 j 30SEP02 
I ( I 

ADVANCED REACTOR 

START-UP 

CASES 

FY99 I FY00 I FY01 - FY02 I FY03 I FY04 I FY0S I 
I I I I I I I I I I I I I I r ·1 I I I I I I I I I I I I 

, 1 
B:J 

,i 
f3 

' ID 

' ~ 

' . ~ 
i 

' ~ ! 

' ~ i 

' 
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I 

' ~ 

' ~ I 
'f ""'' 
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Ac.tivity 
ID 

·Integrated .· Jntegrated FY;,9 I FY~o ·, FY01 ' 1 FY02 I FY03 I FY04 i FYos / t~ 
Start Finish f I· I I I I I I I I I 1· I I I I I I I I I . ,. I I. I t I I ·I I 

GA3558 ESTABLISH & VERIFY SODIUM ANALYSIS I 103 01OCT02 28FEB03 ! A ~ 
CAPABILITY 03 

GA3567 RESTORE HTS-S GAS FLOW 

.3A3577 REPLACE HTS-S LN2 TANK . 

GA3587 RESTORE COVER GAS ANALYSIS ; 
CAPABILITY FY01 ' 

, GA3589 RESTORE COVER GAS ANALYSIS I CAPABILITY FY02 
I 

21 

190 

190 1 

' 
61 

02OCTO0 

02OCT0O 

02OCT00 

05JUL01 

I 30OCT00 

I 03JUL01 
I 
! 

: 03JUL01 I 

: 28SEP01 I 
· GA3597 RESTORE MULITI-PURPOSE SAMPLERS & 1

1 

251 02OCT00 
UPGD CTRLS 01 

' ! 28SEP01 I 

. GA3599 I RESTORE MULITI-PURPOSE SAMPLERS &
1 

110 01OCT01 
UPGD CTRLS 02 i 

j 12MAR02 

··R.E~'G..T~R'J>~tfl/ qorftB9:L;~Y~'TJ;W!!(Sy.s;~}~f=·~r~·~,,;'t,~:i~'1j~~~:\':)J~~-
GA3570 PROCURE NEW SCRAM BREAKERS FY01 251 02OCT00 I 28SEP01 

! 
GA3575 PROCURE NEW SCRAM BREAKERS FY02 223 01OCT01 1. 21AUG02 

I I . I 

GA3720 :RESTORE ROD CONTROL SYSTEM I 1501 010CT01 / 07MAY02 

~J)IGIT~~:OA 'r ~ 'H~NDL.t'NG;&:-OJSP,~~.f(~¥S.:f9.1) •~~~t-1"~~ Jt.,~tt1JriJtfl.P~ ,i:Jt . .;,, 
. GA3085 DESIGN/INSTALL PLANT DATA SYS FY01 ! 251 ; 02OCT00 • 28SEP01 

t ; I 
GA3087 DESIGN/INSTALL PLANT DATA SYS FY02 I 2so I 010CT01 I 30SEP02 

I 
; ! 

GA3089 DESIGN/INSTALL PLANT DATA SYS FY03 I 81 ! 01OCT02 1 28JAN03 
! ' 

GA3090 RESTORE,FOR FUEL LOAD i 67 01OCT01 I 09JAN02 
! I 

: 

,A3093 !CALIBRATE AND TEST PDS FY03 I 170 , 29JAN03 30SEP03 
' I 

! I I ' 
. GA3095 CALIBRATE AND TEST PDS FY04 I 

90 1 01OCT03 10FEB04 I 

i 
~&:vgssE~'1~-s~µME~~J!QNJ~YSA'$2).~. :;::ZnJ.d2'f1.~~.::"!;.i,;~~j.;,~t~:tt:4',§. 

1
GA3100 !RESTORE/UPGRADE RX TEMPERATURE II 190 ! 02OCT00 !. 03JUL01 

TO PDS INTERFACE : ' 
' ' : 

;INS:IB,UMEN;J)\'TIO~ '&'-gONTSQl!fS:VS_!-'93.f~~~:,;~:;_~~~~~<4~~i~i;;;~ 
GA3660 !CALIBRATE/REPLACE MHTS RTDS FY01 251 ; 02OCT00 I 28SEP01 

I 

GA3662 !CALIBRATE/REPLACE MHTS RTDS FY02 i 
I ' I 
I : 

. GA3670 I REPLACE SEISMIC MONITORING SYSTEM 
FY01 

· GA3672 I REPLACE SEISMIC MONITORING SYSTEM 
IFY02 

GA3674 I REPLACE SEISMIC MONITORING SYSTEM i 
IFY03 ! 

GA3680 I UPGRADE/RESTORE ALARM PANELS 

I jFY01 

GA3682 I UPGRADE/RESTORE ALARM PANELS I 

1
FY02 

! 
: 

GA3684 !UPGRADE/RESTORE ALARM PANELS i 
JFY03 . I 

GA3686 , UPGRADE/RESTORE RILEY PANEL 
!ALARMS FY01 
I 

224 j 01 OCT01 22AUG02 

251 I 02OCT0O 28SEP01 
! 

250 ' 01 OCT01 : 30SEP02 

104 j 01OCT02 

251 i 02OCT00 

I 
250 ' 01OCT01 

60 ' 
I 

01OCT02 

251 02OCT00 

! 03MAR03 

i 
i 28SEP01 

' 30SEP02 
i 
! 27DEC02 

28SEP01 

· GA3688 I UPGRADE/RESTORE RILEY PANEL 
,ALARMS FY02 

i 250 i 01OCT01 30SEP02 

Projed Start 

Projed Finish 

Data Oate 

Run Cate 

01OCT98 

180CT04 

01OCT98 

06JUL99 

c Primavera Systems, Inc. 

IRAS 2 t SJ Earty Bar 

•.::::: Progress Bar 
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START-UP 
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' G'.-!. .;..;.?.!1pj 
! 

' ~ 
I ~ 
' I EJ I 
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GA3690 UPGRADE/RESTORE RILEY PANEL I 60 i 010CT02 ! 27DEC02 
ALARMS FY03 I 

I ' I 

GA3692 PULSE NEUTRON CALIBRATION OF SEC ! 251 ; 02OCT00 I 28SEP01I 
VENTURI FM FY01 i i 

' 
GA3694 PULSE NEUTRON CALIBRATION OF SEC i 112 1 01OCT01 I 14MAR02 

VENTURI FM FY02 I I 
I I I 

, GA3727 REPLACE SODIUM IONIZATION I 251 02OCT00 28SEP01 
DETECTORS (SIDs) FY01 

· GA3728 ' REPLACE SODIUM IONIZATION 250 01OCT01 30SEP02 
DETECTORS (SIDs) FY02 I 

I 
. GA3729 REPLACE SODIUM IONIZATION i 80 01OCT02 27JAN03 

DETECTORS (SIDs) FY03 I 
I 

GA3731 INSPECT & REPAIR PROCESS/SAMPLE I 84 010CT01 01FEB02 
LOOP H.T. INST. I : 

' b;•;.-m;N 
I 

' ~ i ' ' ~ 
I 

' ~ 
I + 

,•·-,, 

F,Y~L E~ltU~E;MQNJTQ~lt:lG,~,\;$.TE,~ ·(§~S,ft94J~ .- ~~lj~i•-~,-;i:r ---,,r ~.----- -----7 
GA3700 I REPLACE FGMS COMPUTER FY01 ! 2511 02OCT00 ! 28SEP01 f£%;.-s~;i~ 

GA3702 I REPLACE FGMS COMPUTER FY02 250 ! 01 OCT01 ! 30SEP02 ~ 

i i i ' GA3704 REPLACE FGMS COMPUTER FY03 102 010CT02 i 27FEB03 
I 

I 
l GA3760 RESTORE DNM SYSTEM 

1 

127 02APR01* I 28SEP01 

;RJ{EflA,110N;fllONtI~RING~(~YS,~ 6Jiri£it;t,%'~ .4-:,., .... ,;.~~;ff~ ~;~il-~,,.~~~~~ 
GA3730 PROCURE AREA MONITOR PREAMP I 251 1 02OCT00 I 28SEP01 

. CARDS FY01 : : 

. GA3732 PROCURE AREA MONITOR PREAMP 
CARDS FY02 

GA3750 RESTORE RAMS FY01 

GA3752 RESTORE RAMS FY02 

GA3850 RESTORE PROCESS RADIATION 
MONITORS 

{~1£Atffi~BJ¥E~.C!JQ.N;§~&:rl=M,(~X,S;!!i).~$?~~ 
GA3790 PERFORM PPS ACCEPTANCE TESTING 

GA3800 REPLACE PPS POWER SUPPLIES FY01 

: 

, 93 ; 01OCT01 ! 14FEB02 
! 

: 251 : 02OCT00 ! 28SEP01 

I 70 ! 
' I 

I 84 1 
; . 

I 

i I 

.-~'l,;~•r' 

' 152 '. ' I I 

I ! 

! 251 I 
! I 

' 
01NOV01 I 14FEB02 I 

02OCT00 i 01 FEB01 
i 
I 

010CT02 I 08MAY03 \ 
l . 

02OCT00 28SEP01 

GA3805 REPLACE PPS POWER SUPPLIES FY02 250 ! 010CT01 30SEP02 
I 

i 

-. AR7000 I FFTF Isotope Cost & Schedule i 1,016 j 02OCT00 I 18OCT04 

GA1430 I FFTF ISOTOPE COST & SCHEDULE 11,016* 1 02OCT00 i 18OCT04 

! 
AR7100 I I n-r~actor Hardware I 951 ' 02OCT00 

I 
16JUL04 

I 
! i 

GA1440 IN-REACTOR HARDWARE 251* ! 02OCT00 ' 28SEP01 i 
I I I 
i ! 
I I 

I GA1450 CONCEPTUAL DESIGN FOR 1 DIFF 40 FT : 169 02OCT00* i 04JUN01 
THIMBLES ! i 

·, GA1475 DESIGN & FAB 1 DIFF 40 FT THIMBLES 82 ! 05JUN01 * l 28SEP01 
FY00 

GA1476 I DESIGN & FAB 1 DIFF 40 FT THIMBLES 251 010CT01 I 01OCT02 

I 

I 

FY01 ' I 
I 

Projed Start 010CT98 me:!.'!l Earty Bar STSC 

ProjedFinish 18OCTa. Progress Bar ADVANCED REACTOR 
Data Date 01 OCT98 Crit ic.alAdivily 

Run Cate 06JUL99 START-UP 

CASE 5 
o Primavera Systems, Inc. 
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Acti,o"vity ; r. - :;;_ . > Acti~i~ ... ,( ·i~;; f+ai.-; . . (?rig I ;.i~te:9rated . '" ... t~gratep FY99 I ~~o~ ·,; FY01" 1 FY02 I FY03 I FY04 I ;Y05 I 
·· ' Description -;;, .. . ,·' . i;?ur •,.: Start ·-' f_Fmi_sh.f LI I 11111111 ·. 11 ·1 1 1 1 11 11 ,- 1 1 1 11 1 

GA 1477 DESIGN & FAB 1 DIFF 40 FT THIMBLES I 167 ' 02OCT02 02JUN03 ! ! ~ 
FY02 I T 

GA1480 CONDITION & INSTALL 1 40FT I 11 1 27FEB04 . I 12MAR04 I , 
ASSEMBLIES IN REACTOR i ! ff 

-3A1485 INSTALL & TEST MEDICAL ISOTOP II 33 1 28MAY04 I 16JUL04 B 
SYSTEMS AT REACTOR , i I 

AR7300 Ex-Reactor Hardware I 571 ; 02OCT00 I 13JAN03 

I i I 

GA1550 EX-REACTOR HARDWARE I 571 * l 02OCT00 I 13JAN03 

GA 1575 CONCEPTUAL DESIGN OF EX-REACTOR I 154 !; 02OCT00 i 11 MAY01 
HARDWARE 1 

I ' 

GA1625 RAPID RETRIEVAL SYS R3 ADPTR HOW 1 97 II 14MAY01 * 1 28SEP01 
CTR ISLA FY00 I I ! 

GA1630 

GA1635 

GA1650 

GA1655 

GA1660 

GA1700 

· GA1710 

GA1 725 

GA1 750 

GA1752 

GA1755 

GA1760 

GA1762 

GA1765 

GA1 770 

AR7400 

GA1775 

GA1800 

· GA1825 

GA1830 

GA1850 

GA1 860 

Projed Start 

Projea Finish 
Cata Date 
Run Date 

RAPID RETRIEVAL SYS R3 ADAPTER HOW/ 250 1[ 010CT01 
CTR ISLA FY01 1 

I 30SEP0_2 
I ! 

RAPID RETRIEVAL SYS R3 ADAPTER HOW 
CTR ISLA FY02 

HE CIRCULATION/SODIUM DETECTION 
SYS FOR R3 FYOO 

HE CIRCULATION/SODIUM DETECTION 
SYS FOR R3 FY01 

44 ! 010CT02 
I 

97 ! 14MAY01* 

142 1 01OCT01 

03DEC02 I 

28SEP01 

25APR02 

I 
PLANT MODIFICATIONS FOR MEDICAL 
ISOTOPE SYSTEMS 

I 108 : 26APR02 

I 
30SEP02 

I R3 TARGET CHAIN (NOT COST OF 
I TARGET MTL) FY00 

R3 TARGET CHAIN (NOT COST OF 
TARGET MTL) FY01 

97 [ 14MAY01 * 1 28SEP01 1 

I 

I 

63 / 01OCT01 · I 03JAN02 
j I 

R3 TARGET 
INSERTION/RETRIEVAUSHIPPING 

i 226 ! 02NOV01 ! 30SEP02 

INTEGRATED MOCKUP SYSTEM TESTING i 229 1 30OCT01 : 
FY01 : 

30SEP02 

INTEGRATED MOCKUP SYSTEM TESTING •, 
FY02 

1 I CONCEPTUAL DESIGN FOR L TIV 

' I DESIGN&FAB L TIV (NOT COST OF 
!TARGET MTL) FY00 

70 ! 010CT02 I 13JAN03 
I ! 

I 

65 05MAR01* ! 04JUN01 

82 05JUN01 * ' 
I 

28SEP01 

I DESIGN&FAB L TIV (NOT COST OF 
!TARGET MTL) FY01 

; 136 01OCT01 i 17APR02 

/HARDWARE & PROCED DISASSEMBLY OF
1 

/LTIV FY01 · 

l HARDWARE & PROCED DISASSEMBLY OF . 
[LTIV FY02 

Isotope Casks 

ISOTOPE CASKS 

114 18APR02 

I 
I 

: 30SEP02 
i 

37 01 OCT02 ! 20NOV02 
I 

I 

727 : 03NOV00 I 29SEP03 I 

727* I 03NOV00 I 29SEP03 

I CONCEPTUAL DESIGN 

! DESIGN FY00 
; 

: 1•s : 03Novoo· j 14AUG01 

1 321 15AUG01 28SEP01 
I ' 

I DESIGN FY01 

! 
! FABRICATION & ASSEMBLY FY01 

i 
I FABRICATION & ASSEMBLY FY02 

01 0CT98 

18OCTO< 

01OCT98 

06JUL99 

t &bWSS ;g Ad Earty Bar 

--- Progress Bar 
--- Critical Adivity 

STSC 

186 010CT01 ' 27JUN02 

j 64 1 28JUN02 1 30SEP02 
i 

94 010CT02 I 14FEB03 

ADVANCED REACTOR 

START-UP 

CASE5 
C Primavera Systems. Inc. 
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Activity ; Activity 
ID · ; D~scription .>~' 

GA1875 CASK QUALIFICATION 

' AR7800 Project Administration 29JAN02 I 180CT01 , ,.--

GA1 900 PROJECT ADM INISTRATION 685* i 29JAN02 I 18OCT04 ! ~~Zi::f . .J~~i~ -~"~,:1 

• 
GA1950 SAFETY/EVALUATION/SAR INPUT 170 i 29JAN02 30SEP02 ~ 

CHANGES FY01 
I I 
' 

GA1955 SAFETY/EVALUATION/SAR INPUT 133 1 010CT02 11APR03 ~ 
I CHANGES FY02 i I I 

! ' I 
. GA1975 DEVELOP PROCEDURES 195 ! 03OCT02 15JUL03 if"':l#.3 - - - 1 I I l ' 

, I 

GA2000 DEVELOP & IMPLEMENT TRAINING 167 1 03FEB03 ~ - - i I 
I I 

'' GA2025 ACCEPTANCE TESTING/RA 19JUL04 6,1 

1,506 1 
I 

GA0640 SAFEGUARDS AND SECURITY , 1,506*1 01OCT98 

AR1 B1015 FFTF Safeguard & Security 010CT98 30SEP04 _ .;.,. - ... . ... · ... 

' I 
3311 01OCT98 27JAN00 I 

DE1600 iCLEM - FY99 START MILESTONE 01 01OCT98 

I 
DE1602 :CLEM - WIRING DIAGRAMS 41 ! 

i 
010CT98 : 30NOV98 1 

DE1605 !CLEM - HARDWARE LAYOUT DRAWING 101 01OCT98 : 14OCT98 

i 
. DE1610 ;CLEM - GRAPHIC INTERFACE SCREENS 

71 
01OCT98 i 09OCT98 

· DE1620 CLEM - OPERA TOR SCREEN FUNCTIONS 45 ! 12OCT98 15DEC98 

I ' 
DE1630 , CLEM - INTERLOCKS 62 ! 01OCT98 i 31DEC98 

DE1640 , CLEM - LADDER LOGIC DIAGRAMS 70 01OCT98 13JAN99 

! i 
DE1650 ;CLEM - REPORT FORMAT 64 j 010CT98 05JAN99 

DE1700 jCLEM - DESIGN REVIEW 14 J 01DEC98 18DEC98 111 
I J! 

i DE1 710 CLEM - DATA STORAGE FORMAT 29 06JAN99 16FEB99 l! 

It 
DE1720 CLEM - BENCH TEST AND DEBUG 30 17FEB99 30MAR99 I ~ 

I i ' ,, 
DE1730 :CLEM - SOFTWARE DESIGN REVIEW 30 ; 31MAR99 11MAY99 t:l 

: 

j DE1860 jCLEM - MATERIAL TAKEOFF 11 1 21DEC98 I 07JAN99 
1 

I 

Projed Start 010CT98 W:- t t&hbii91 Earty Bar 
STSC Sheet 12 of 16 

bate ! Revis10n ) CfieCKea I Approiiea 
Project Finis h 180CTO• Progress Bar ADVANCED REACTOR 
Data Oate 01 0 CT98 CtitKAIAdivity 

Run Cate 06JUL99 
START-UP 

CASE 5 
C Primavera Systems. Inc. 



T 

,-
Activity : l,tr&fr~f, ~. : ,: ':-: Activity /:','- ,;:;, .,{):{ ':brig ,'.Integrated · lritegratet : ,. , , , "', ,.,,.-_ ,\ ~ -' :•; ,•,, ,;r 

" 10· , - ' ~;1 -pescriptio·n. ; -"';; _ . ·, ~:, Pur .';_-' Start : 1;: 'Fini¥h 
FY99 -I--FY00 I FY01 I FY02 I FY03 I FY04 I FYOS· I 

. . -1 I , I I, I I I I I I I I I I I I I, I I I I I I ~. I I .I -
DE1870 CLEM - PLACE PURCHASE REQUISITIONS1 15 i 08JAN99 28JAN99I I A A 

I ! i 
I ' DE1880 CLEM - DELIVERY PERIOD 29 i 29JAN99 11MAR99

1 

ii 

I I , ! 
JE1890 CLEM - SHOP WORK INSTRUCTIONS 24 ' 21DEC98 26JAN99 l'l 

I I I 

" i I ,: 
DE1900 CLEM - SHOPTEST INSTRUCTIONS 19 27JAN99 I 23FE899 m I 

I I I 

' DE1910 CLEM - FIELD WORK INSTRUCTIONS 50 ' 24FEB99 ! 04MAY99 El 

I ii, 
I I ,, 
I 

. DE1920 CLEM - CG&A INSTRUCTIONS I 1f 05MAY99 i 19MAY99 I 
I'. ! I " DE1930 CLEM - ACCEPTANCE TEST I 31 ; 20MAY99 

I 
02JUL99 El ' 

PROCEDURES I I ,, 
I 

DE1940 CLEM - REVISE OPERATING I 

24 1 12MAY99 15JUN99 I ~ 

PROCEDURES ! 
I 

I ' : DE1945 ICLEM - OPERATOR TRAINING I 
25 1 16JUN99 22JUL99 &l ' 

I I : 
j I 

,, 
' 

DE1950 !CLEM - PANEL FABRICATION 21 1 12MAR99 I 09APR99 1 ~ I I 

I 
! I ,, 

DE1960 !CLEM - PANEL WIRING 24 12APR99 ! 13MAY99 D 
' I' ' ' 

I I ' DE1970 i CLEM - SHOP TESTING ' 25 14MAY99 

I 
18JUN99 E 

I -
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1.0 Introduction 

This report was prepared in response to a request from the Nuclc:f Energy Research Advisory 
Committee (NERAC) subcommittee on "Long-Term Isotope Researcli and Production Plans." The 
NERAC subcommittee has asked for a reply to a number of questions\regarding (1) "How well does the 
Department of Energy (DOE) infrastructure serve the need for commq-cial and medical isotopes?" and 
(2) "What should be the long-term role of the federal government in11r.oviding commercial and medical 
isotopes?" 

Our report addresses the questions raised by the NERAC subco , ·ttee, and especially the 10 issues 
that were raised under the first of the above questions (see Appendix). I These issues are related to the 
isotope products offered by the DOE Isotope Production Sites, the capabilities and condition of the 
facilities used to produce these prcx:Iucts, the management of the isotoPf production programs at DOE 
laboratories, and the customer service record of the DOE Isotope Production Sites. 

· An important component of our report is a description of the Fast Flux Test Facility (FFIF) reactor at 
the Hanford Site and the future plans for its utilization as a source of rkdioisotopes needed by nuclear 
medicine physicians, by researchers, and by customers in the coIIl.IIlerclal sector. 

In response to the second question raised by the NERAC subcommittee, it is our firm belief that the 
supply of isotopes provided by DOE for medical, industrial, and researeh applications must be . 
strengthened in _the near future. Many of the radioisotopes currently usf for medical diagnosis and 
therapy of cancer and other diseases are imported from Canada, EuroPf, and Asia. This situation places 
the control of isotope availability, quality, and pricing in the hands of nbn-U.S. suppliers. It is our 
opinion that the needs of the U.S. customers for isotopes and isotope p~oducts are not being adequately 
served, and that the DOE infrastructure and facilities devoted to the sugply of these products must be 
improved. This perception forms one of the fundamental bases for our broposal that the FFfF, which is 
currently in a standby condition, be reactivated to supply nuclear services and products such as 
radioisotopes needed by the U.S. medical, industrial, and research co 

I 
unities. 

2.0 Radioisotope Production at th Hanford Site 

2.1 History of Isotope Production Activities at the Hanford Site 

The Hanford Site, under management of the Westinghouse Hanford Company (WHC), began isotope 
production at the FFTF in the 1980s. More than 40 radioisotopes of interest to medical and coIIl.IIlercial 
clients were produced. In many cases, only trace quantities of isotopes, ~uitable for research applications, 
were produced. However, several isotopes, such as gadolinium-153 and cadmium-109, were produced in 
larger quantities and sold for medical applications. All of the radiocherriical processing of isotope targets 
irradiated at FFTF was performed in the radiochemistry laboratories of the Pacific Northwest National 
Laboratory (PNNL). In 1991 , at the request of DOE, the Hanford Site -began weekly production of 

1 



yttrium-90, which was in the early stages of clinical testing for the tr unent of Hodgkin's lymphoma 
using a radiolabeled antibody method. PNNL scientists developed a p1 ocess that was patented in 1996 for 
the production of ultrapure yttrium-90 from strontium-90 that was r ,ieved from nuclear waste stockpiles 
at Hanford (U.S. patent no. 5,512,256, awarded April 30, 1996). 

In 1996 WHC transferred the· management of the DOE-supported radioisotopes program to PNNL. 
Under PNNL the program was expanded to include research on the prt<tuction and applications for cancer 
therapy of alpha-emitting isotopes such as radium-223 and actinium-225 and the bismuth-213 isotope 
obtained by decay of actinium-225. In addition, through active marketing conducted in collaboration with 
DOE-HQ staff, the medical use of yttrium-90 and worldwide sales of tliis isotope have rapidly increased 
during the past three years. In part because of its successful managembnt of the medical isotopes program 
at the Hanford Site, PNNL was requested by the Secretary of Energy ili May 1999 to lead the develop­
ment of a scoping plan for the future missions of the FFIF, an importa!nt component of which is the 
production of radioisotopes to fill the needs of medical and commercial\ users. 

2.2 

2.2.1 

Current Program Activities Sponsored by the I epartnient of Energy 

Isotope Production Activities 

The primary medical isotope produced and sold by PNNL under th sponsorship of the DOE Office 
of Nuclear Energy, Science and Technology's Isotope Programs Office\(DOE/NE-70) has been 
yttrium-90. Largely because of successful clinical trials in the U.S. and Europe and the consistent weekly 
supply of high-purity yttrium-90 supplied by PNNL, the sales of this isbtope increased rapidly from 
FY 1996 to FY 1998. The 14-fold increase in sales of this isotope over a two-year period is illustrated in 
Figure 1. 

The rapid increase in yttrium-90 sales led to a successful effort to c mmercialize the production, 
marketing, sales, and distribution of this isotope product during the pas year (described in Section 2.2.2). 

A second area in which research and development activities have been focused during the past three 
years is the development of efficient separation chemistries for alpha erriitters of interest in cancer 
therapy. The following specific noteworthy accomplishments in alpha-e ·uer research have been 
supported primarily by DOEJNE-70: 

1. new processes for separating and purifying thorium-229, actinium-2r 5, and radium-223 from a 
mixture of radionuclides were developed, and a U.S. patent was aw ded in September 1998 
(No. 5,809,394) 

2. a new and highly efficient anion exchange procedure was developed o isolate bismuth-213 from its 
aclinium-225 parent, and a U.S. patent was awarded in May 1998 (to. 5,749,042) 

3. an automated, computer-controlled generator technique was develoP<tct at PNNL, and subsequently 
demonstrated to achieve an efficient separation of bismuth-213 while allowing complete recovery of 
the actiniurn-225 parent species; a U.S. patent application for this t !hnology was filed in 1998 
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Figure 1. Annual Sales of Yttrium-90 Produced at the Hanford Site Since FY 1991 

4. advances were made in developing chelation and linker chemistry for actinium-225 and radium-223 
in collaborative work with scientists from the University of Idaho anti the University of Washington; 
two U.S. patent applications were filed in 1998 for new chelating agents of the calixarene and crown 
ether families that selectively bind actinium-225 and radium-223. IT,his work was initiated with 
support from Laboratory-Directed Research and Development (LDRin) funds, and subsequently· 
fundro by DOEINE-70.] 

Other research activities with radioisotope products have focused on reveloping methods for 
delivering isotopes and radiopharmaceutical products to disease sites. An example of ongoing research 
supported by the DOE Office of Biological and Environmental Research involves the use of a radioactive 
polymer composite for administering high-dose brachytherapy to tumors of the prostate gland and other 
tissues. In this procroure, a direct injection into the tumor mass is made of an isotope_solution contained 
in a polymer material that is a fluid at room temperature, but quickly gels\ at body temperature and retains 
the isotope within the tumor region. A U.S. patent application on this procedure was filed in 1998. 

With the completion of commercialization of the yttrium-90 production program, PNNL will not 
continue to serve as a DOEINE-70 isotope production site in FY 2000. However, special projects · 
relatro to retrieval of medical isotopes such as thoriurn-228 from storro nhclear stockpiles will be carried 
out on request. 

2.2.2 Commercialization and Leasing/Licensing of Isotope Products 

During FY 1998, a Request for Proposal (RFP) was issuro by DOE to commercialize the production, 
marketing, sales, and distribution of yttrium-90. The proposals submitted were evaluated by a joint 
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DOE/PNNL team to select a short list of companies whose proposals were considered acceptable. 
Negotiations began in mid-1998, and on October 22, 1998, an agreement to lease 40 curies of highly 
purified strontium-90 for a period of five years was signed by DOE and NEN Life Science Products, Inc. 
A separate license agreement to use PNNL' s patented process for extracting yttrium-90 from its 
strontium-90 parent was signed by NEN on October 12, 1998. 

Under the lease agreement, DOE receives an immediate fee of $25K and subsequent lease payments 
based on a percentage of the net sales value of yttrium-90 sold by NEN. The estimated value of this lease 
agreement for DOE is approximately $1M over a five-year period based on the current yttrium-90 annual 
sales. Under the license agreement, the management contractor organization for PNNL - the Battelle 
Memorial Institute- receives an initial fee of $75K and subsequent royalties based on a percentage of the 
net sales value of Y-90 sold by NEN. The estimated value of this agreement for Battelle is approximately 
$SOOK over a five-year license period. 

The lease agreement between DOE and NEN allowed a period of six months for transitioning the 
yttrium-90 production operations from PNNL to NEN laboratories in Billerica, MA. At the beginning of 
May, 1999, NEN began producing and selling yttrium-90 to commercial customers. PNNL continued to 
produce yttrium-90 for medical customers involved in Phase 3 clinical trials until early June 1999, in 
order to allow adequate time for the Food & Drug Administration to review and approve NEN's Drug 
Master File and to certify NEN's yttrium-90 product as being of suitable quality for use in advanced 
Phase 3 clinical trials. 

Based on the success of the yttrium-90 commercialization activity, PNNL is currently involved in 
efforts to commercialize other technology that has been developed for the medical application of 
radioisotopes. For example, negotiations are underway with a private company for use of PNNL's 
radioactive composite polymer delivery system for treating prostate tumors and other forms of cancer. 

2.3 Future Plans for Isotope Production at the Hanford Fast Flux 
Test Facility 

2.3.1 Background information on the FFTF 

The FFfF' s original mission was to support liquid metal reactor technology development and reactor 
safety by providing fuels and materials irradiation services. Although the U.S. liquid metal reactor 
program ended at about the same time that the FFIF commenced operation in 1982, the reactor continued 
operation for 10 years as a national research facility to test advanced nuclear fuels and materials, nuclear 
power plant operating procedures, and active and passive reactor safety technologies. The facility was 
also used to produce more than 40 different radioisotopes for use in research, medicine, and industry. 
In addition, FFIF generated tritium for the U.S. fusion research program and supported cooperative, 
international nuclear research activities. The reactor was shut down in December 1993, and since that 
time has been in a standby operational condition, pending a decision by DOE on its future use. In May 
1999, the Secretary of Energy announced that a special 90-day study led by the Director of the Pacific 
Northwest National Laboratory, Dr. William Madia, would be conducted to establish whether the FFIF 
should be considered for future missions related to national and international nuclear technology needs. 

4 



This scoping plan for future FFTF missions will be reviewed by NERAC before submission to the 
Secretary of Energy on August 2, 1999. 

2.3.2 Proposed Future Missions of the FFTF 

Because the FFIF has a large target volume and can provide a high flux of neutrons at energies 
ranging from thermal to> 1 MeV, the facility is suitable for a wide variety of nuclear science and 
irradiation services missions. As part of the ongoing development of ad FFTF scoping plan, these 
potential missions are being closely evaluated at the time this report is ~eing prepared. The nuclear 
science and irradiation services provided by FFTF will focus on a core federal role of meeting multiple 
21 st Century needs, including: 

• providing a large and reliable supply of radioisotopes for research, r edical, and industrial 
applications 

• promoting safer nuclear technology through reactor safety testing and the development of 
proliferation-resistant nuclear fuels 

• producing power sources for deep-space exploration through the production of plutonium-238 for 
radioisotope thermoelectric generators (RTGs) and research on compact space reactor technology 

• sustaining the nuclear option for power production through testing of fuels, components, and reactor 
instrumentation 

• conducting advanced research and providing services related to the testing of materials for fusion 
reactors, hardening and testing of materials such as semiconductors, and research on transmutation of 
nuclear waste materials. 

With the establishment of a long-term, stable core federal mission, FFTF would also offer valuable 
options for private sector users. A significant involvement of commercial, academic, and international 
users in the future plans for FFTF is realistic, since the reactor previously demonstrated its ability to 
support multiple users and still achieve a high capacity factor during its ten years of successful operation. 

2.3.3 Capability of the FFTF for Isotope Production 

The FFTF offers several special production advantages relative to other DOE or commercial reactors 
that are currently in operation in the United States: 

1. Neutron Energy Moderation. The FFIF neutron energy spectrum peaks at ~300 keV, which 
provides a significant advantage for the production of several medical isotopes that require a high flux 
of fast and high-energy neutrons. An example is the production of copper-67 by an (n,p) reaction 
with a zinc-67 target. Through the introduction of energy moderators such as hydrides, the neutron 
energy spectrum within each target assembly can be moderated over a broad range of energies to 
provide a high flux of fast or epithermal neutrons. In this manner, thd neutron energy at each target 
location can be tailored to achieve a maximum reaction rate for: producing a specific isotope product. 
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This flux tailoring capability was demonstrated in tests at the FFTF during the 1980s. Figure 2A 
shows the composition of a hydrided assembly that was used in a test to simultaneously produce 
cobalt-60 and gadolinium-153 during the same irradiation cycle. Figure 2B shows the resulting 
neutron energy spectrum in the hydrided assembly as compared to the unmodified FFfF neutron 
spectrum. Because several hundred targets can be irradiated simultaneously within the FFfF core 
region, a wide range of isotope products can be produced during each FFfF operating cycle. 
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Figure 2. (A) Hydrided Test Assembly Used in a 1987 FFfF Experiment to Produce Gadolinium-153 
and Cobalt-60. (B) Neutron flux profile for hydrided assembly shown in panel (A). 
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2. High Neutron Flux. The peak flux within the FFTF core region i . ~ 7 x 1015 neutrons/cm2/sec when 
the reactor is operated at full power, which is higher than that achi~ved by any other reactor used for 
isotope production in the United States. As a result, isotopes with ·gh specific activities can be 
produced in large quantities during irradiation cycles that range fr m 10 days (for short-lived medical 
isotopes) to one year. Figure 3 illustrates the high neutron flux ca abilities of FFrF relative to other 
U.S. reactors. 

3. Large Target Volume. The core volume within the FFIF reactor!vessel is ~1,000 liters, which is 
twice as large as the core volumes of the other existing DOE react9rs combined. This feature 
provides a production advantage for isotopes that are needed in bulk quantities, or for which a small 
production cross-section must be offset by the irradiation of large tf get masses. . . 

During the FFTF's ten years of operation, more than 40 different i edical, industrial, and research 
isotopes were produced. The reactor also demonstrated the capability to produce multiple isotope 
species during the same irradiation cycle. As the demand for medical iJotopes increases, the FFIF 
coul? mee~ m~ltiple isotope production needs while supporting other nucl lear science and irradiation 
services IIllSs1ons. 
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Idaho National Environmental and Engineering Labor~tory), and the Missouri 
University Research Reactor (MURR). I 
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2.3.4 Candidate Medical Isotopes to be Produced at FFTF nd Comparison with Market 
Demand and Other DOE Reactor Capabilities 

In planning for a future isotope production mission at FFTF, consi eration has been given to the 
projected future demand for a broad range of radioisotopes required for medical and commercial 
applications. The present and future availability of these isotopes from domestic sources has been 
analyzed, as well as the FFIF's capability to supplement the supply of ese isotopes to meet the 
projected future demand. From these analyses, together with recent forecasts of the medical isotopes 
~arket such as those conducted by Fr~st and ~ullivan1 and the ~edical ~ niversity of s_outh Carolina,2 it 
1s apparent that the greatest challenge rn meeting the market reqwrements over the commg two decades 
will be in the area of therapeutic medical isotop.es. A focus of the plannmg activities for the future FFfF 
radioisotope production mission has therefore been placed on these isotopes, several of which are 
currently unavailable, or available only in limited quantities, from sources in the U.S . and worldwide. 

I 
For initial planning purposes, a set of 30 medical isotopes was selected on the basis of information 

obtained from several sources, including (1) the above-mentioned medical market forecasts, (2) reviews 
of the medical literature and the ~ 120 ongoing clinical trials that utilize ~adioisotopes for the treatment of 
cancer and other diseases, and (3) the report of an expert panel that was rormed by DOE in 1998 to assess 
the future demand for medical isotopes.3 These 30 isotopes are listed in jfable 1, along with a description 
of their medical applications. These applications primarily involve the diagnosis and treatment of three 
major classes of disease - cancer, vascular disease ( arterial restenosis ), \ and arthritis. Some of these 
isotopes have both diagnostic and therapeutic applications (e.g., iodine-1 ~1). It should also be noted that 
several of the isotopes serve as "generators" for other therapeutic medic~ isotopes that are obtained as 

I 
decay products [e.g., tungsten-188 for rhenium-188, thorium-229 for actinium-225 (and bismuth-213), · 
thorium~228 for bismuth-212, and actinium-227 for radium-223]. Table 1 also presents the reaction 
process used to transmute the target isotope through neutron irradiation t make the desired medical 
isotope product. Three types of reaction processes are considered, name , the capture of a neutron with 
ejection of either a gamma ray or a proton, and inelastic excitation which transforms the target isotope 
nucleus to an excited isomeric state. 

From an analysis of the production requirements for these 30 reactor generated isotopes, it becomes 
quickly evident that several of them have small (<5 barn) production cros -sections and require target 
irradiation with fast or high-energy neutrons. The cross-sections and neu on energy requirements for the 
30 isotopes listed in Table 1 are depicted schematically in Figure 4. It is pparent from this representation 
of the isotope production requirements that the FFTF, because of its high flux of fast neutrons and the 
ability to perform flux tailoring using hydride energy moderation, is ideal 1y suited for the efficient 
production of a majority of the medical isotopes listed in Table 1. 

I 
1 "FFTF Medical Isotopes Market Study (2001-2020)," Frost and Sullivln, Inc., Mountain View, 

California; Pacific Northwest National Laboratory report PNNL-11 nJ, Richland, Washington (1997). 
2 "Evaluation of Medical Radionuclide Production with the Accelerator , oduction of Tritium (APT) 

Facility," Medical University of South Carolina report (July 15, 1997). 
3 Expert Panel Report: "Forecast Future Demand for Medical Isotopes," DOE Cooperative Program 

Project #130, final report (April 1998). 
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Table 1. Titirty Candidate Medical Isotopes for Prj uction at FFIF 

Medical Isotope Medical Applications I Reactions 
Actinium-227 Parent of Ra-223 [monoclonal antibody attachment used j° r cancer Ra226(n,y)Ra227 I Ac227 
(Ac-227) treatment by radioimmunotherapy (RIT)] 
Gold-198 Mini-gun, treating ovarian cancer, prostate cancer, brain 1cancer, Au197(n,y)Au198 
(Au-198) intracavity therapy 
Cadmium-109 Cancer detection, pediatric imaging Cd108(n,y)Cd109 
(Cd-109) Or 

I Ag107(n,y)Cd108 
Cd 108(n,y)Cd109 

Copper-64 SPECT imaging, dosimetry studies, cerebral and myocarclial blood Zn64(n,p )Cu64 
(Cu-64) flow, colorectal cancer therapy 
Copper-67 Cancer treatment/diagnostics, radioimmunotherapy (RIT)f planar Zn67(n,p)Cu67 
(Cu-67) imaging, SPECT imaging 
Gadolinium-153 Dual photon source, osteoporosis detection, SPECT imaging Eu (n,y)Eu152/Gd152 
(Gd-153) Gd152 (n,y)Gdl53 
Holmium-166 Treatment of rheumatoid arthritis, radiolabeling and monoclonal Ho165(n,y)Ho166 
(Ho-166) antibody techniques I 
Iodine-125 Osteoporosis detection, diagnostic imaging, tracer drugs, Xe124(n,y)Xel25/I125 
(I-125) monoclonal antilxxl.ies, brain cancer treatment (I-131 replacement), 

radiolabeling, tumor imaging, mapping of receptors in th9 brain, 
interstitial radiation therapy, bracbytberapy for treatment of 
prostate cancer, determination of glomerular filtration r~ (GFR), 
determination of plasma volume, detection of deep vein ombosis 
of the leJ:(s 

Iodine-131 Lymphoid tissue tumor/hyperthyroidism treatment, antibody Tel30(n,y)Il31 
I 

(I-131) labeling, brain biochemistry in mental illness, diagnosis o thyroid 
disorders by gamma camera imaging or counting, radio-
immunotherapy, imaging, cellular dosimetry, adrenal medplla 
scintigraphy, treatment of Grave's disease, treatment of go ters, 
treatment of·prostate cancer, treatment of hepatocellular 
carcinoma, treatment of melanoma, locate metastatic lesions, 
treatment of neuroblastoma and malignant pheocbromocytoma, 
internal (systemic) radiation therapy, treatment of thyroid \ 
carcinoma, study of kidney functions, construction of renogram, 
adrenal cortex imaging, investigations of hepatobillary function, 
determination of plasma volume 

Iridium-192 Brachytberapy, brain and spinal cord tumor treatment, resl nosis Ir191(n,y)Ir192 
(Ir-192) stents, seed implants for breast and prostate tumors 
Lutetium-177 Heart disease treatment (restenosis therapy), cancer therapi (RIT) Lul 76(n,y)Lul 77 
(Lu-177) 
Molybdenum-99 ~are~t for Tc-99m generator used for brain, liver, lungs, hi t Mo98(n,y)Mo99 
(Mo-99) lillagmg 
Osmium-194 Monoclonal antibody attachment used for cancer treatment \(RlT) Os192(n,y)Os193 
(Os-194) Os193(n;y)Os194 
Phosphorus-32 Polycytbemia rubra vera (blood cell disease) and leukemia . S32(n,p)P32 
(P-32) treatment, bone disease diagnosis/treatment, SPECT imaging of. Or 

tumors, pancreatic and liver cancer treatment, radiolabeling, P32(n,y)P33 
labeling nucleic acids for in vitro research, diagnosis of superficial 
tumors, cardiovascular disease treatment (restenosis), intradavity 
therapy 
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Table 1. (Contd) 

Medical Isotope Medical Aoolications I Reactions 
Phosphorus-33 Leukemia treatment, bone disease diagnosis/treatment, SPECT S33(n,p)P33 
(P-33) imaging of tumors, radiolabeling, restenosis treatment 
Palladium-103 Prostate cancer treatment Pdl02 (n,y)Pd103 
(Pd-103) 
Platinum-195m Noninvasive monitoring of drug biodistribution and mer bolism, Ptl 95(n,n ')Ptl 95m 
(Pt-195m) studies with intra-arterial Pt-195m-cisplatin Or 

Pt194(n;y)Pt195m 
Rhenium-186 Cancer treatment/diagnostics, monoclonal antibodies, oone cancer Re185(n,y)Re186 
(Re-186) pain relief, treatment of rheumatoid arthritis, treatment bf prostate 

cancer, bone cancer pain relief 
Scandium-47 Bone cancer pain relief, radioimmunotherapy (RIT) I Ti47(n,p)Sc47 
(Sc-47) 
Selenium-75 Radiotracer used in brain studies, imaging of adrenal cot ex by Se74(n,y)Se75 
(Se-75) gamma-scintigraphy, lateral locations of steroid secretin tumors, 

pancreatic scanning, detection of hyperactive parathyroi\ glands, 
measure rate of bile acid loss from the endogenous pool 

Samarium-145 Treatment of ocular cancer Sm144(n,y)Sm145 
(Sm-145) I 

Samarium-153 Cancer treatment/diagnostics, bone cancer pain relief, tn .:atmentof Sm152(n,y)Sm153 
(Sm-153) leukemia 
Strontium-85 Detection of bone lesions, brain scans Sr84(n,y)Sr85 
(Sr-85) 
Strontium-89 Bone cancer pain relief, treatment of prostate cancer, treatment of Sr88(n,y)Sr89 
(Sr-89) multiple myeloma, osteoblastic therapy, potential agen~ Or 

treatment of bone metastases from prostate and breast cer Y89(n,p)Sr89 
Thorium-228 Cancer treatment (RIT), monoclonal antibodies, parent o; Bi-212 Ra226(n,y)Ra227 / Ac227 
(Th-228) Ac227(n,y)Ac228/Th228 
Thorium-229 Grandparent of Bi-213 (alpha emitter used in cancer treatment Ra226(n,y)Ra227 / Ac227 
(Th-229) (RIT)), parent of Ac-225 Ac227(n,y)Ac228ffh228 

Th228(n,y)Th229 
Tin-117m Bone cancer pain relief I Snl 17(n,n')Snl 17m 
(Sn-117m) Or 

Sn116(n,y)Snll 7m 
Tungsten-188 Cancer treatment (RIT), parent for Re-188 generator I W186(n,y)W187 
(W-188) W187(n,y)W188 
Xenon-127 Neuroimaging for brain disorders, research on variety of \ Xe126(n,y)Xe127 
(Xe-127) neuropsychiatric disorders (especially schizophrenia and 

dementia), higher resolution SPECT studies with lower patient 
dose, lung imaging evaluation of pulmonary ventilation, indicator 
for measurement of local cerebral blood flow 

Yttrium-91 Cancer treatment (RIT), cellular dosimetry 
\ 

Zr91(n,p)Y91 
(Y-91) 
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Further evidence for the advantages of using a reactor such as to produce these 30 medical 
isotopes is provided by a calculation of the ratio of the resonance integral to the thermal cross-section for 
isotope production. These calculations are presented in Table 2, from wbich it is apparent that the . 
majority of isotopes listed in Table 1 have a ratio of the resonance integr~l to the thermal cross-section . 
that is significantly greater than one. Under this condition, the high fluxds of fast and epithermal neutrons 
provided by FFTF offer distinct production advantages. 

For the 30 isotopes listed in Table 1, extensive calculations have bee 
I 

made of the rate of production 
that can be achieved in FFTF operating at power levels up to 400 MW. These calculations have been 
made using neutron flux data obtained by an MCNP computer code. 4 ~b calculations involve combining 
neutron flux data with cross-section data obtained primarily from the BNL-325 data source5 and the 
ENDF/B cross-section data files .6 I 

4 Briesmeister, J.F., "Monte Carlo Neutron Particle Code (MCNP): A G~neral Monte Carlo N-Particle 
Transport Code, Version 4A," Los Alamos National Laboratory report (November 1993). 

5 Mughabghab, S.F., "Neutron Cross Sections Volume 1: Neutron Resorlance Parameters and Thermal 
Cross Sections," Academic Press, New York (1984). 

6 McLane, V. et al ., "ENDF-201 ENDF/B-VI Summary Documentation upplement I; ENDF/HE-VI 
Summary Documentation," Brookhaven National Laboratory Rep. No. BNL-NCS-177541 (1996). 
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Table 2. FFTF Production Advantages for Mer ical Isotopes 

Target Cros~- Optimum 
Isotope Material (I/ O't )'al Sectioy<h> Neutron Energy<cl 
Ac-227 Ra-226 21.5 M E 
Au-198 Au-197 15.7 L E 
Cd-109 Cd-108 15.0 M E 
Cu-64 Zn-64 NIA s H 
Cu-67 Zn-67 NIA s H 

Gd-153 Natural Eu 0.9 L E 
Ho-166 Ho-165 11.1 L E 
1-125 Xe-124 2.5 L E 
1-131 Te-130 2.5 s E 

- Ir-192 Ir-191 5.5 L E 
Lu-177 Lu-175 34.0 M E 
Mo-99 Mo-98 50.0 M F 
Os-194 Os-192 2.5 M E 
P-32 S-32 NIA s H 
P-33 S-33 NIA s I H 

Pd-103 Pd-102 3.3 M E 
Pt-195rn Pt-195 NIA s I F 
Re-186 Re-185 15.2 L I E 
Sc-47 Ti-47 NIA s H 
Se-75 Se-74 12.5 L I E 

Sm-145 Sm-144 1.5 s I E 
Sm-153 Srn-152 14.4 L E 
Sn-117rn Sn-117 NIA s F 

Sr-85 Sr-84 13.8 M I E 

Sr-89 Sr-88 10.3 s E 
Th-228 Ra-226 21.5 M E 
Th-229 Ra-226 21.5 M E 
W-188 W-186 12.9 L E 
Xe-127 Xe-126 17.1 M E 
Y-91 Zr-91 NIA s H 

(a) Ratio of resonance integral (11) to thermal cross-section ( crt), A ratio > 1 indicates 
production advantages at neutron energies above thermal. R itiOS marked NI A are 
associated with reactions involving fast/high energy neutrons that do not occur with 
thermal neutrons. 

(b) Cross-sections (resonance integrals) characterized as S (smal , <5 barns), M 
(medium, 5 - 500 barns), and L (large, >500 barns). I 

(c) Neutron energies represented as T (thermal, <0.5 eV), E (epithermal, 0.5 eV - 1 
I . 

keV), F (fast, 1 keV - 1 MeV), and H (high-energy, >1 MeV). 
I 
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For purposes of calculating the FFfF production rates of the 30 i \ otopes listed in Table 1, a 
representative core map for FFfF operations in a future multiprogram mission has been developed. The 
important features of this core configuration for medical isotope prodtlction are: 

• One assembly located in Row 4 and two assemblies in Row 6 are l vailable for production of short­
lived isotopes (tll2 ~ 2 weeks) that require the removal of targets u~ing a rapid radioisotope retrieval 
(R3) system while the reactor is at full power. \ . 

• A continuous-flow gas line is available in Row 2 for the productioh of products such as iodine-125 
(from a xenon-124 gas target). · \ 

• A total of 3 to 12 positions for the production of longer-lived isoto~ products are available in Row 6 
of the core region; these products would be produced using a long-term irradiation vehicle (LIV) for 
the targets, which would be removed only at the end of an operatirlg cycle when the reactor power is 
reduced for scheduled maintenance procedures. A preliminary anal}sis indicated that at least 9, and 
possibly 12, LIVs in Row 6 could be used for medical isotope production without significantly 
impacting other FFTF irradiation services. 

In the current model of the FFfF core configuration, 48 LIV assel lies in Row 9 (the outermost row 
of the reflector region) can be dedicated to the production of cobalt-60 for sale to companies that 
manufacture sterilization equipment and medical teletherapy units. BasJ:i on the calculated cobalt-60 
production yield for three 100-day FFfF operating cycles,~ 4 million c ·es of this isotope can be 
produced annually. 

Although the FFTF has a rated power of 400 MW, initial operatio in the proposed future 
I 

multiprogram mission will be conducted at a power level of 100 MW. [s choice of power level will 
permit the use of existing reactor fuel supplies for at least five years, an will extend the reactor's lifetime 
well beyond the current estimate of 22 years for operation at a 400-MW power level. Accordingly, 
estimates of medical isotope production rates presented in this report are for FFfF operations at 100 MW. 

. I 
Table 3 presents a summary of the calculated rates of production in FFIF of the 30 medical isotopes 

listed in Table 1. These calculations were made for irradiation cycles rJ ging from 10 days for the · 
shortest lived isotope species to 100 days for the longer-lived isotopes. I~ is assumed that the typical 
FFfF operating cycle between scheduled maintenance procedures will bd approximately 100 days. The 
target masses shown in Table 3 were selected on the basis of available vo ume in the R3 irradiation 
vehicles used for short-lived isotope products, and also on the basis of thci availability and cost of 
enriched target materials. In nearly all of the target materials the burnou rate calculated for typical 
irradiation cycles is small, thereby permitting reuse of the residual target materials following 
radiochemical separation of the product isotopes. The calculations prese ted in Table 3 also take into 
account the use of hydrided assemblies to provide neutron energy moderation for optimizing the 
production of isotopes that have large cross-sections in the epithermal ran~e. In addition, target self­
shielding effects were calculated and have been taken into account in the i otope production rates 
presented in Table 3. 
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Table 3. Prcx:luction _Rates at 100 MW of 30 I Medical Isotopes 

Primary 
Primary J arget 

Product Isotope Product Isotope 
Product Target Target Irradiation Specific Activity 
Isotooe Half Life Isotope Vehicle<•> Time (days) Isotope Mkss (2) Activity (Ci/e) Produced (Ci)(b) 

1 Ac-227 21.8 years Ra-226 LIV-H 100 3.3E+Ol 7.2E+Ol 3.4E+Ol 

2 Au-198 2.69 days Au-197 R3-H 10 l.4E-01l l.3E+03 7.9E+Ol 

3 Cd-109 462.0 days Cd-108 LIV-H 100 l.OE+<p 2.lE+OO 6.5E+02 

4 Cu-64 12.7 hours Zn-64 R3 10 l.1E+0
1
1 3.8E+06 9.6E+Ol 

5 Cu-67 2.58 days Zn-67 R3 10 9.3E+O~ 7.5E+05 3.7E+OO 

6 Gd-153 242 days Natural Eu LIV-H 100 l.7E+Op 3.4E+Ol l.1E+03 

7 Ho-166 1.12 days Ho-165 R3-H 10 l.3E-O\ 3.1E+02 l.7E+Ol 

8 1-125 60.1 days Xe-124 Gas Llne 100 4.3E+OO 1.7E+04 2.4E+03 

~ 1-131 8.04 days Te-130 R3-H 25 l.4E+O 5.5E+04 2.6E+02 

10 Ir-192 73.8 days lr-191 UV 100 l.5E+Oi l.4E+02 3.5E+03 

11 Lu-177 6.68 days Lu-175 R3-H 25 2.7E-03\ 2.8E+03 4 .0E-01 

12 Mo-99 2.75 days Mo-98 R3-H 10 2.lE+O 5.5E+Ol l.OE+03 

13 Os-194 6.0 years Os-192 UV 100 2.3E+05\ 5.6E-05 2.2E+OO 

14 P-32 14.3 days S-32 R3 25 2.0E+Ol 2.8E+05 3.5E+Ol 

15 P-33 25.3 days S-33 UV 100 7.lE+OOI l.5E+05 6.5E+Ol 

16 Pd-103 17.0 days Pd-102 R3-H 25 5.4E+Ol l.5E+03 i.2E+03 

17 Pt-195m 4.02 days Pt-195 R3-H 25 5.0E+Ol 5.6E+Ol l.2E+02 

18 Re-186 3.78 days Re-185 R3-H 25 l.5E+01 \ 4.5E+Ol 3.0E+03 

19 Sc-47 3.35 days Ti-47 R3 10 7.2E+01 \ 8.2E+05 l.8E+Ol 

20 Se-75 120.0 days Se-74 UV-H 100 3.0E-01 \ 5.9E+02 l.7E+Ol 

21 Sm-145 340 days Sm-144 UV-H 100 l.lE+Ol I 9.4E+OO l.lE+Ol 

22 Sm-153 1.93 days Sm-152 R3-H 10 8.3E-03 \ 4 .6E+02 3.5E+Ol 

23 Sn-117m 13.6 days Sn-116 R3-H 25 2.7E+OO \ 3.6E+Ol 4.4E+Ol 

24 Sr-85 64.8 days Sr-84 LIV-H 100 3.4E+03 \ l.2E+02 2.0E+03 

25 Sr-89 50.5 days Sr-88 LIV-H 100 2.5E+02 7.2E-Ol l.4E+02 

26 Th-228 1.91 years Ra-226 LIV-H 100 3.3E+Ol I 6.4E+02 l.4E+02 

27 Th-229 7300 years Ra-226 LIV-H 100 3.3E+Ol 4.8E-02 2.7E-02 

28 W-188 69.4 days W-186 LIV-H 100 3.0E+04 I l.lE+OO 5.5E+03 

29 Xe-127 36.4 days Xe-126 UV 100 1.2E+OO I 3.4E+02 6.5E+Ol 

30 Y-91 58.5 days Zr-91 UV 100 9.5E+03 I 2.5E+04 l.7E+Ol 

(a) Abbreviations are LIV: Long Irradiation Vehicle (10,000 cc total target volume per 1assembly); LIV-H: Hydrided LIV; R3: 
Rapid Radioisotope Retrieval System (24 cc target volume); R3-H: Hydrided R3; Gas Llne: Target volume is 5000 cc. 

(b) Product yields are given per assembly per operating cycle. Target masses per assem~ly are based on available target volume, 
allowing for volume fraction occupied by yttrium hydride pins, and on expected availability of target isotopes at high 
enrichment. I 
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Using the data from Table 3, an estimate has also been made of the extent to which FFfF could meet the 
projected market demand in year 2005 for several therapeutic medical ~sotopes. For this purpose, a 
patient population database provided by the Frost and Sullivan market\analysis company (Mountain 
View, CA) was used. 1bis database provides information on the numqer of patients in the U.S. that will 

be treated for 26 classes of disease over the coming two decades, and Illakes conservative estimates of the 
fraction of patients that would receive radioisotope therapy. Using inf6rmation from ongoing clinical 
trials and consultation with nuclear medicine specialists, estimates werf. made of the number of curies 
quantities of 17 medical isotopes that would be required to treat the patient population that is expected to 
receive radioisotope therapy. 

Table 4 summarizes the projected U.S. demand in year 2005 for 11\ therapeutic isotopes, and the 
FFIF's annual production capability for these isotopes when operating at a power level of 100 MW. The 
year 2005 was selected for this comparison because it represents th~

1

=r full year that FFIF would return 
to full-scale operations under the current planning schedule. The es · te of the medical isotopes market 
in year 2005 is also expected to be more reliable than a longer-range pr 1ection. 

Table 4. FFfF Medical Isotope Production versus U.S. Demand 

I 
Cycles Projected U.1 . FFTF Yearly No. Assemblies 

Target Irradiation per Demand in Production Per to Meet Total 
Isotope Half-Life Vehicle<•> Time (days) Year 2oot1>> (Ci) Assembly (Cit> U.S. Demand'dl 

Ac-227\•J 21.8 years lN-H 100 3 2.9E+Ol l.0E+02 0.3 

Cu-64 12.7 hours R3 10 25 4.0E+OO I 2.4E+02 0.02 

Cu-67 2.58 days R3 10 25 2.6E+02 9.3E+Ol 2.8 

Ho-166 1.12 days R3-H 10 25 5.6E+02 4.3E+02 1.3 
1-125 60.1 days Gas Line 100 3 6.5E+02 7.2E+03 0.09 

1-131 8.04 days R3-H 25 10 l.4E+04 2.6E+03 5.4 

lr-192 73.8 days lN 100 3 2.5E+03 I l.0E+04 0.25 

Lu-177 6.68 days R3-H 25 10 5.0E+OO 4.0E+OO 1.2 

P-32 14.3 days R3 25 10 3.8E+Ol 3.5E+02 0.09 

Pd-103 17.0 days R3-H 25 10 2.5E+03 I 1.2E+04 0.2 

Re-186 3.78 days R3-H 25 10 7.3E+02 I 3.0E+04 0.02 

Sc-47 3.35 days R3 10 25 4.7E+02 4.5E+02 1.0 

Sm-153 1.93 days R3-H 10 25 l.3E+03 8.8E+02 1.5 

Sn-117m 13.6 days R3-H 25 10 4.7E+Ol I 4.4E+02 0.1 

Sr-89 50.5 days lN-H 100 3 6.3E+Ol 4.2E+02 0.15 
Th-229\C) 7300 years lN-H 100 3 8.4E-Ol 8.lE-02 10.4 
W-188\C/ 69.4 days lN-H 100 3 l.5E+02 l.6E+04 0.01 
(a) Abbreviations are UV: Long Irradiation Vehicle (10,000 cc total target volume per assembly); UV-H: Hydrided 

UV; R3: Rapid Radioisotope Retrieval System (24 cc target volume); R3-H: Hydrided R3; Gas Line: Target 
volume is 5000 cc. 

(b) Based on projected patient populations treated with isotopes for 26 classes of disease (Frost and Sullivan medical 
isotope market survey, 1997). 

(c) Based on isotope production rates shown in Table 3 and the number of operating cycles per year shown in this table. 
(d) FFTF will have up to 3 core positions for the production of short-lived isotopes in R3 assemblies and up to 12 core 

positions for producing longer-lived isotopes in UV assemblies ; there will be one gas line. 
(e) Ac-227, Th-229, and W-188 are the generators for the short-lived medical isotobes Ra-223, Ac-225/Bi-213, and Re-

188, respectively. I 
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. From the information presented in Table 4, it is clear that FFIF 9an supply all, or a large fraction of, 
the projected U.S. requirement for these 17 therapeutic isotopes in th~ year 2005. 1bis conclusion is 
based on the favorable comparison shown in Table 4 between the projected market demand and the 
production capacity of FFTF. Even for those isotope products that will require more than one core 
assembly to meet the production demand, a sufficient number of R3 atld LIV target assemblies can be 
deployed to increase the FFTF' s production capacity up to a level tha meets the projected demand. 

A comparison has also been made of the isotope production capa9 ty of FFTF relative to the High 
Flux Isotope Reactor (HFIR) at the Oak Ridge National Laboratory, hich is currently a major source of 
medical isotopes produced under the DOEJNE-70 program. 1bis comf arison was made on the basis of 
two key factors : (1) the curies of a product isotope that can be produced per gram of target material in a 
typical irradiation cycle, and (2) the target volume available in the readi1or's core region. These factors 

Table 5. Comparison of Medical Isotope Production by FFfF and HFIR <•l 

I 
Production Targe FFTF 

Ci Product/2 Tar2et(b) Ratio Volmne<c) {fm3) Volume Ratio Advantage 
Target 

H~ IR 
(Prod. Ratio 

Isotope Material FFTF HFIR (FFTF/HFIR) FFTF (FFTF/HFIR) x Vol. Ratio) 
Ac-227 Ra-226 2 .53E+00 1.52E+00 1.7 38500 j64 83.0 140 
Cd-109 Cd-108 6.19E+00 5.34E+00 1.2 77100 164 166.2 190 
Cu-64 Zn-64 1.56E+00 1.18E+00 1.3 72 lg 5.6 9.5 
Cu-67 Zn-67 6.79E-02 4.90E-02 1.4 72 1 .9 5 .6 7 .8 

I 
Ho-166 Ho-165 1.59E+03 1.25E+03 1.3 72 12.9 5 .6 7.3 
I-131 Te-130 6.61 E+00 3.59E+01 0.2 72 12.9 5 .6 1.1 
Ir-192 Ir~l91 1.26E+02 5.23E+01 2 .4 77100 464 166.2 400 
Mo-99 Mo-98 7.88E+01 2 .74E+01 2.9 72 12.9 5 .6 16.2 
Os-194 Os-192 6.80E+00 8.00E+00 0.9 77100 464 166.2 140 

I 
P-32 S-32 5 .90E+00 4.28E+00 1.4 72 12.9 5 .6 7.8 
P-33 S-33 1·.84E+01 4 .93E+01 0.4 77100 464 166.2 62 

Pd-103 Pd-102 1.12E+02 2.95E+02 0.4 72 12.9 5 .6 2 .2 
I 

Pt-195m Pt-195 5 .77E+00 4 .08E+00 1.4 72 1§,9 5 .6 7 .8 
Re-186 Re-185 3.51 E+03 7 .83E+03 0.4 72 12.9 5 .6 2.2 
Sc-47 Ti-47 1.66E+00 1.09E+00 1.5 72 d_g 5.6 8 .4 
Se-75 Se-74 1.43E+03 6.08E+03 0.2 38500 464 83.0 20 

Sm-145 Sm-144 2 .00E+01 1.00E+01 2 .0 38500 46i4 83.0 170 
Sm-153 Sm-152 7.33E+03 1.91 E+03 3.8 72 12.9 5 .6 21 
Sr-89 Sr-88 6.34E-01 1.76E+00 0.4 38500 464 83.0 30 

Th-228 Ra-226 1.30E+02 9.11E+01 1.4 38500 46~ 83.0 120 
Th-229 Ra-226 3.70E-02 2.00E-02 1.9 38500 464 83.0 150 
W-188 W-186 5.95E+00 4.99E+01 0.1 38500 46f 83.0 ·9 .9 
Xe-127 Xe-126 2 .95E+02 6.88E+02 0.4 77100 464 166.2 71 

(a) HFIR is the High Flux Isotope Reactor located at the Oak Ridge National Laboratory in Oak Ridge, Tennessee. 
(b) For consistency with data available for HFIR, the isotope production calculations shown in this table are based on peak 
fluxes rather than volume-average fluxes , and do not include self-shielding corrections. In contrast, the information 
contained in Tables 3 and 4 is based on calculations that used volume-averaged fluxes in the target assemblies and included 
self-shielding corrections. I 
(c) Target volumes for the FFTF are based on the use of 3 R3 and 9 1N assemblies for medical isotope production. 

16 



were calculated for isotope targets placed in the high-flux region of th 
I 
HFIR reactor (the "flux trap"), 

and for isotope production assemblies placed in Rows 4 and 6 of the FFIF' s core region. As shown by 
the calculations presented in Table 5 for 23 medical isotopes, the rate df production per gram of target 
material is similar in HFIR and FFIF for many of the product isotopes\. However, the large core volume 
of the FFIF compared to the HFIR flux trap provides a distinct overall production advantage for FFTF 
over HFIR for all of the 23 isotopes that were analyzed. 

2.4 

2.4.1 

Organizational Structure of the Radioisotopes r roduction Program 

Pacific Northwest National Laboratory's Radiochemital Processing Group 

Radiochemical research and development at PNNL are conducted b members of the Radiochemical 
Processing Group (RPG), which consists of 75 technical and administrative staff located in a 144,000 ft2 

Category n nuclear facility - the Radiochemical Processing Laborato~ (described in Section 2.5 .1 of 
this report). The RPG, headed by Dr. JohnLaFemina, is administratively located within the 
Environmental Technology Division (ETD), one of the four major res~ ch divisions at PNNL. 
The organizational structure of the ETD and the RPG are illustrated in Figure 5. 

. . . . . . 

•·.··•.~•·••·• pi<.•· K~ni6;·~ ./< 
(3~FTE) 

.. . -·,· ;~-- .. -.~, .. 
. . ....... · ..... ·.·. . ·. 
J :P. l.aFemina, Jdenager 

. . .. ·, .. . . . .. 

~ff.'~~ir:ft (12S1 FTE To«al} 

I 

I . 

'----'-'---c---.----'~5FTE) 

,_ Shielded Facility Operations 
,_ Radiomaterials Performance 
,_ Physical Rad iOcllemistry 
,- Separations Radiochemistry 
>- Radioanalytical Applications 
~ Isotope Product ion 

I 

Figure 5. Organizational Chart for the PNNL Environmental Technology Division 
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The primary missions of the RPG are to create and implement innovative processes for environmental 
cleanup and the beneficial use of radioactive materials. Primary areas of research include (1) the 
development of technologies for the cleanup of hazardous radiological wastes, (2) the processing and 
disposal of nuclear fuels, and (3) the production of medical isotopes. pe total business volume of the 
RPG in FY 1999 is projected to be $38M, the majority of which is ba~ecl on DOE funding from the Office 
of Environmental Management, Defense Programs, the Office of Civilian Radioactive Waste 
Management, and the Office of Nuclear Energy, Science and Technoldgy. 

The RPG' s staff is divided into six teams that represent the main technical capabilities of this 
organizational unit: (1) shielded facility operations for work with high\levels of radioactive materials, 
(2) radiomaterials performance, (3) physical radiochemistry, (4) separ tions radiochemistry, 
(5) radioanalytical applications, and (6) isotope production. 

2.4.2 Fast Flux Test Facility 

The current orga...'1.izational structure of the FFfF is shown in Figure 6. As discussecl in Section 2.1 of 
this report, the reactor is currently in a standby mode of operation. Approximately 250 technical and 
administrative staff are involved in maintaining all of the essential oper!ting systems and support services 

· in a functional condition, including the reactor's liquid sodium heat transport system. The operating 
budget for the FFfF in FY 1999 is $40M. 

Plans are being developecl for the FFTF' s operational and organizational structures if DOE makes a 
decision to restart the reactor for a future nuclear science and irradiatio~ services mission. For operations 
at a 100-MW power level, a total support staff of 410 FTE is expectecl to be required. The annual 

I 
baseline operating budget under this condition will be $55M during the :;rst year of full-scale reactor 
operations in FY 2005. 

As part of the 90-day FFfF scopin~ study that is currently in progrl s, a business model is being 
developecl that will incorporate the organizational and fiscal requiremen~ for support of the wide range of 
products and services to be offered by the reactor. An emphasis is beinJ placecl on the development of 
productive partnerships between the federal government and private sec'Jr organizations that will benefit 
from the reactor's capabilities. 

2.4.3 Isotope Program Management 

As described in Section 2.4.1, the isotopes program at PNNL is locatecl organizationally within the 
RPG. The Manager of the DOE-sponsored Hanford Radioisotopes Prodam, Dr. Thomas Tenforde, also 
functions as the lead scientist for the RPG's 12-member Isotope Productipn Team. In that capacity he has 
line management responsibilities for the staff and facilities involvecl in the radiochemical processing of 
isotopes for commercial and medical applications. These staff, together }th a matrixecl team of nuclear 
physicists, engineers, radiochemists, and nuclear safety specialists from P\NNL and other Hanford 

I 
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Figure 6. Organizational Chart for the Fast Flux est Facility 

Contractor organizations, have functioned since 1997 as a support group or planning the proposed future 
FFTF isotope production mission. In all of these activities, excellent communication channels have been 
maintained between members of the isotopes program and key staff in th 

I 
DOE Richland Operations 

Office. 

2.5 Isotope Production Facilities 

2.5.1 Radiochemical Processing Laboratory 

The Radiochemical Processing Laboratory (RPL), which houses the esearch and development 
activities of the RPG (discussed in Section 2.3.1), is located in the 300 1 ea of the Hanford Site and is 

d~ignated ~s B~lding 32~. The_ RPL contai~ laboratories ~~d specia~zf facilities _designed for work 
with nonradioactive materials, microgram-to-kilogram quantities of fissionable materials, and up to 
megacurie quantities of other radionuclides. The RPL was built in 1953 and consists of a central area that 

I 
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contains general purpose laboratories designed for low-level radioactiv . work, a front wing that contains 
office space and shops, and two annexes that provide shielded enclosur I with remote manipulators for 
high-level radiochemical work 

The total space within the RPL is 143,700 ft2
, of which 44,500 ft2 is occupied by general chemistry 

laboratories. Figures 7 and 8 show the floor plans for the first floor anJ the basement of the RPL. These 
figures have been color-coded to show the results of a recent survey of ~pace utilization in the RPL, 
which indicated that 6,950 ft2 (15.6%) is presently unoccupied. All of the occupied, and nearly all of the 
unoccupied, laboratories are functional and fully equipped with standar~ utilities. Several of the 
laboratories, especially those used for radioanalyt,ical work, have been rbnovated during the past few 
years. The upgrading and modernization of equipment within the chemi~try laboratories has been given a 
high priority during the past two years. I 

Figure 7. 

50 feet 
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Map of the First Floor of the Radiochemical Prdcessing Laboratory, 
Showing Occupied and Vacant Chemistry Laboiatories · 
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During the space utilization survey at the RPL, an assessment was !made of the number of fume hoods 
and shielded glove boxes (including several small hot cells) that are avf lable in the chemistry 
laboratories for additional programmatic work. Of the 79 functional fume hoods and 23 shielded glove 
boxes, 50 and 15, respectively, are available for additional work. 

A special feature of the RPL is the existence of two heavily shielded facilities located in annexes on . 
the East and West sides of the building (see Figure 7). These shielded facilities are the High-Level 
Radiochemistry Facility (HLRF) and the Shielded Analytical Laboratoi (SAL). These two hot cell 
complexes, which are heavily utilized at the present time, provide capabilities for conducting bench-scale 
to pilot-scale work with a wide variety of highly radioactive materials. apabilities include those 
required to conduct radiochemical separation and purification procedures, irradiated fuel or target 

-
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Figure 8. Map of the Basement of the Radiochemical PrJ essing Laboratory, 
Showing Occupied and Vacant Chemistry Labo~atories 

21 



sectioning and processing, metallography, physical properties testing o activated metals, thermal 
processing (including waste vitrification), and radioanalytical and preparatory chemistry operations. 

The HLRF contains three large, interconnected hot cells desfgnated \as A-Cell, B-Cell, and C-Cell. 
The three cells are each 15 ft high and 7 ft deep; the A-Cell is 15 ft wide and the B-Cell and C-Cell are 
each 6 ft wide. In-cell operations are performed using medium-duty el~ tromechanical manipulators, 
with viewing of the work through leaded-glass, oil-filled windows. Clos~-circuit television cameras and 
VCRs have been installed for detailed inspection work within the hot cells. The A-Cell and C-Cell also 
have overhead bridges that contain hoists with a 2200-kg capacity. The\hot cells are fully equipped with 
utilities, and have shielded service penetrations at the front wall for insertion of special instrumentation. 
Each hot cell contains several process vessels, which are located below the work deck and range in 
capacity from 4 to 320 liters. Access to each hot cell in the HLRF is prJvided by a large shielded door 
and a shielded double-door transfer port located in the rear wall of the c~11. Cask payloads weighing up to 
2200 kg can be transferred into and out of the hot cells using a bridge crane located in the canyon behind 
the cells. · . \ 

The SAL contains six interconnecting hot cells, each of which is 5.5 rt wide, 5.5 ft deep, and 9.5 ft 
high. Each hot cell is equipped with a pair of medium-duty manipulators'. Turntables built into the rear 
walls of the hot cells provide rapid transfers of radioactive samples into and out of the cells. The SAL hot 
cells are equipped to perform a wide variety of analytical chemistry operations with highly radioactive 
samples. 

As part of the planning activities for a future radioisotope productio mission at FFTF, an engineering 
assessment was made of the capabilities of the RPL to support the radioc emical processing requirements 
for a wide variety of irradiated target materials. Figures 9 and 10 illustraf e a preliminary design of the 
RPL facilities modifications that could be made to accommodate the preparation and processing of targets 
and isotope products following irradiation at FFTF and transport in shielded Casks to the RPL. Transport 
would take place over a distance of~ 10 miles on a four-lane highway within the Hanford Site. 

The general features and functions of the RPL laboratories that would be used for processing targets 
irradiated at FFfF have been described in a PNNL report. 7 In brief, som I of the primary features of the 
these laboratories would be as follows: 

1. A cluster of 10 laboratories would be available on the first floor of th RPL; each laboratory would 
contain a small hot cell, a shielded glove box, and a fume hood with interconnecting transfer ports. 

2. A transfer port for receipt of casks containing irradiated targets into tlie A-Cell of the HLRF would be 
installed, and provision would be made in the C-cell for initial processing of highly radioactive 
targets (e.g., irradiated europium targets containing gadolinium-153 p oduct). 

7 "Medical Isotope Production at the Fast Flux Test Facility: A Technical
1 
and Economic Assessment." 

Pacific Northwest National Laboratory Rep. No. PNNL-SA-29592, Ricl}land, Washington (1997). 

22 



Final Product Tesling Lab 

I 
Reagent Prep Lab 

· d Final Processir'Q 

I Radioisotope 

I 
Processing Labs 

Gd Reprocessing 

,-oo-r 
Figure 9. Proposed Locations on the First Floor of the Radiochemical Processing Laboratory 

for Hot Cell Operations and Radiochemical and Radio1 nalytical Laboratories to Be 
Used for FFIF Target Processing 

50A 

Vault 
B VAUit 

Vault 
C 

A 

Target and Isotope 
8torago 

Fina! Auombly~eldlng 
Hot and Recycled Targets 

Figure 10. 
I 

Proposed Locations in the Basement of the Radiochemical Processing Laboratory 
for Assembly, Processing, and Storage of FFIF Targets; Also Shown is the 
Laboratory with a Radon Gas Capture System That Will Be Used for Processing 
Radium-226 Targets 

23 



3. Target preparation and storage areas would be provided in the bas 
1

ment of the RPL, in close 
proximity to facilities for the assembly and welding of radioactive i nd recycled targets. 

4. A 1500-ft2 laboratory equipped with a radon gas capture system w~uld be available in the RPL 
basement for the processing of radium-226 targets and the product isotopes generated by irradiation 
of these targets at FF1F (all of which generate radon gas as intermtbate products in their 
decay chains). 

2.5.2 FFTF 

The FFTF consists of the reactor and several support buildings and 
1
equipment arranged around the 

central reactor containment building, as shown in Figures 11 and 12. The reactor is located in a shielded 
cell at the c~nter of the containment building. Heat is removed from the \reactor by liquid sodium that is 
circulated through three primary loops, which include the pumps, piping and intermediate heat 
exchangers. As illustrated in Figure 13, the primary loops are connected to secondary loops consisting of 
pumps, piping, flow meters, and heat exchangers. At full-power operatipn, the reactor inlet temperature 
of the sodium is 360 °c and the outlet temperature is 527 °c. During a total loss of power, the FFTF is 
designed to shut down automatically and the reactor will continue to be dooled by natural circulation of 
the sodium. An emergency power source consisting of batteries will proi ide essential plant monitoring 
capabilities in the event of a shut down. The reactor also has safety features that can maintain cooling if a 
leak occurs in the liquid sodium heat transport system. These safety fealfes involve the use of elevated 
piping and guard vessels around all of the major components of the reactor core. 

Figure 14 is a cutaway view of the reactor containment building, showing the locations of the primary 
pumps and intermediate heat exchangers. Secondary sodium loops transport the reactor heat from the 
intermediate heat exchangers to the air-cooled tubes of the dump heat exchangers located outside of the 
reactor containment building. 

Another major system located in the reactor containment building is tpe Closed Loop Ex-Vessel 
Handling Machine (CLEM) that is used to install fuel and target assemblies in the reactor and to remove 
them at the end of the irradiation cycle. Figure 15 is a photograph of the f LEM system. 

After completion of an irradiation cycle, an irradiated assembly is transferred by CLEM from the 
reactor to the Interim Examination and Maintenance (IEM) Cell. In the · M Cell, which is shown in 
Figure 16, the irradiated assembly is washed and dried to remove residual sodium prior to disassembly. 
Following this procedure, irradiated target pins are removed from the ass9mbly using the IEM Cell's . 
manipulators, and are then loaded into pin containers for removal from the IEM Cell. The pin container is 
then transferred to an intermediate holding cell using CLEM. A bottom-loading transfer cask, shown in 
Figure 14, is then used to transfer the pin container from the reactor containment building to the cask 
loading station in the Reactor Service Building. At the cask loading statior the pin container is loaded 
into an appropriate transportation cask such as the T3 for transfer to radiochemical processing facilities at 
the RPL or other locations. 
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Figure 13. Schematic of FFfF Main Heat Transport System (MHTS) 
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Figure 16 . Interim Examination and Maintenance (IEM) Cell Used to Remove Residual Sodium 
from Target Assemblies and for Removal and Inspection of Target Pins 
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I 
2.5.3 Other Facilities Relevant to the Proposed Future FFTF Isotope Production Mission 

In planning for a proposed future FFTF isotope production mission! several facilities at the Hanford 
Site in addition to the RPL have been examined as possible locations fo~ the preparation of targets and the 
processing of isotope products. In all cases, these facilities are in good condition and have some desrrable 

I 
physical features and equipment that could make them advantageous as ~ocations for the preparation 
and/or processing of FFTF targets. Three of these facilities are briefly described below. 

Building 306E. This facility is located in the 300 Area of the Hanfi rd Site, and has been used to 
fabricate a variety of reactor components, fuel assemblies, and radioisotbpe target assemblies in the past. 
Some of the equipment and Non-Destructive Examination (NDE) equiprilent still exist in the building. 
Based on a preliminary engineering evaluation, a conceptual design plan has been developed for the 
utilization of Building 306E for the fabrication of isotope targets and ga~ tag capsules. Figure 17 shows 
the first floor plan of the building and the areas that would be used to fa~ricate and test the target pins for 
LIV assemblies and the encapsulated targets for R3 assemblies. The targets would be subjected to NDE 
and placed in secure storage areas within Building 306E before shipment to FFTF. 

Postirradiation Testing Laboratory (PTL). The PTL is located i the 300 Area at the Hanford Site 
and is designated as Building 327. This facility contains 13 hot cells and support laboratories for the 
physical and metallurgical examination of irradiated fuels, fission proctu9ts, and irradiated structural 
materials . A floor plan of the PTL is shown in Figure 18. The central region of the building contains a 
215 ft . by 32 ft. canyon area, with two overhead bridge cranes that can ~ ansport shielded containers or 
heavy equipment weighing up to 20 tons. This central canyon area contains 10 large hot cells and transfer 
storage areas. All of the hot cells are heavily shielded and fully equipped with viewing windows, 
manipulators, and utilities. One of the hot cells is the Special Environmental Radiometallurgy Facility 
(SERF), which has an inert. nitrogen gas atmosphere. The basement of ilie PTL contains equipment 
storage facilities , hot cell exhaust systems, high-level liquid waste piping, \and the building's power and 
utility services. 

Decontamination of the hot cell facilities at the PTL has been underway for two years, and is 
expected to be completed within the next two years. Only a small amounrl of programmatic work is 
currently being conducted at the PTL, and a study on the long-range utili~ation of this facility is 
underway. One option that is being explored is the use of part or all of the PTL's facilities by coIIlII'lercial 
companies under lease agreements. This alternative may be attractive for establishing long-term business 
relationships with companies interested in the preparation and processing of targets irradiated at FFTF. 

Maintenance and Storage Facility (MASF). The MASF is a multi-J urpose service center which· 
supports the specialized maintenance and storage requirements of the FFTF. The building is located 
~500 ft. north of FFTF, and is within the security perimeter of the 400 Area on the Hanford Site. Tne 
MASF provides the capability for sodium film removal, decontamination, repair, and storage of non-fuel 
components and hardware for the FFTF. A floor plan for the main building is shown in Figure 19. The 
MASF complex consists of the main building and a two-story service wing. 
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Figure 19. Floor Plan of the FFIF Maintenance and Stor ge Facility (MASF) 

Toe main building of the MASF facility contains a 28,000 ft2 area that is serviced by a 60-ton 
overhead bridge crane and a 10-ton auxiliary hoist. One half of this area

1 
is a high-bay section that is also 

serviced by a 200-ton overhead crane and a 25-ton auxiliary hoist. This ection of the building has a 
height of 105 ft. and contains floor space for repairs and maintenance of large equipment. It also has 
below-grade shielded hot cells for sodium cleaning and equipment mainte~ce activities. Toe other half 
of the MASF' s main building is a low-bay area with a height of 49 ft. and a 10-ton overhead hoist that is 
used to handle equipment during transport to and from the decontamination areas in MASF. 

I 
A special feature of the MASF is a large shielded enclosure that contains two shielded 

decontamination rooms (denoted as Decon I and II). These areas can be used for both remote and 
hands-on cleaning of small equipment items and tools that are contaminated with radioactive material. 
The Decon I area contains viewing windows and manipulators for remote \operations and has a 5-ton 
overhead hoist. . 

2.5.4 Capital Investment Requirements \ 

As part of the planning activities for a future FFIF nuclear science j d irradiation services mission, 
an estimate has been prepared of the costs associated with restarting the rdactor for steady-state operations 
at a 100 MW power level. This estimate, expressed in FY 1999 dollars, i~ $229M. The capital 

. I 
expenditures are distributed over a four-year period from FY 2001 -FY 2004, and include funds for 
(1) recovering systems that were shut down prior to the standby decision iJ late 1993, (2) equipment and 
instrumentation upgrades, (3) fabrication of R3 vehicles for retrieval of shckt-lived isotopes, 
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(4) modification of hot cells and support laboratories for target processing operations, and (5) staff 
increases and training. Once restarted, the estimated annual cost of , operations is $55M. A more 
detailed description of the schedule and costs for FFfF restart are con ained in a document submitted to 
DOE in March, 1999. 8 

2.6 Isotope Production Costs, Pricing, and Sales R!ecord .. I 
2.6.1 Activity-Based Costing and Isotope Pricing \ 

Approximately four to five months prior to the beginning of a new b scal year, the PNNL isotopes 
program office prepares a budgeted operations statement with supportihg schedules and cost/price 
analyses for each isotope product and related services. lbis statement hontains detailed estimates of labor 
and supply costs for each element of work involved in the production, ~ackaging, sales and distribution 

of isotope products. Estimates of labor and supply costs associated with process development projects are 
also included in the budgeted operations statement. An activity-based cpsting process is used, with the 
elements of work defined in a four-level work breakdown structure ~S). As an example of this 
process, Table 6 shows the elements of the first three WBS levels for adtivities described in the FY 1999 
budgeted operations statement prepared by PNNL. 

I 
Following a review of the annual operations statement by staff at DOEJNE-70 and final decisions on 

the fiscal year budget for the isotopes program, discussions are held beti een DOE and the PNNL 
manager of the Hanford Radioisotopes Program. Based on these discus 

I 
ions, any necessary 

modifications are made in the planned activities and associated costs. U n receipt of formal guidance 
from DOE on funded activities during the coming fiscal year, the PNNL manager of the Hanford 
Radioisotopes Program prepares a detailed Project Management Plan (P~) for approval by the DOE 
Richland Operations Office. Significant deviations from schedule or cost in any element of work 
described in the PMP are addressed by a formal change control process ipvolving DOE review and, if 
necessary, budget adjustments that are subject to approval by DOEINE-70. Revenues from isotope sales 
and expenses associated with all program activities are summarized in m1 nthly, quarterly, and annual 
reports submitted to DOE. 

The use of activity-based costing has been very beneficial in tracking expenses associated with the 
production, packaging, .distribution and sales of medical isotopes produc~ by PNNL. During the period 
from 1996 to 1998 in which the revenue from sales of PNNL's yttrium-90 product increased 14-fold, 
increases also occurred in the costs of production, packaging and distribution of this product which could 
be closely monitored by using the activity-based costing method. An exarprle of the type of activity 
flowchart developed by PNNL is shown in Figure 20 for work related to the packaging and shipping of 
yttrium-90 to medical customers. Using the four-level WBS approach, costs were closely estimated for 
each element of work shown in the flowchart. These costs are summarized in Table 7. A flowchart and 

8 "Capabilities and Economic Assessment of the Use of the Fast Flux Test Facility for Isotope Production 
and Research." Predecisional draft report for the DOE Office of Nucl Energy, Science, and 
Technology (March 18, 1999). 
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activity-based cost analysis were also prepared for the radiochemical tksks associated with extraction of 
yttrium-90 from strontium-90 generators and the subsequent dispensink of the yttrium-90 product into 
customer vials. By using this activity-based approach, it was possible o anticipate increases in the 
expense associated with providing yttrium-90 to medical customers as ~ function of the number of vials 
prepared and the number of packages shipped to customers on a weekly basis,. Accurate projections can 
also be made by this method of the monthly revenue versus expense pr I file, as well as the "economy of 
scale" achieved by serving a rapidly expanding market. 

I . 
Table 6. Level 3 Work Breakdown Structur Outline 

I II m IV Definition I B&Rt•i 
1 Raclioisotooes I STOI 

4 Chemical Processing I STOI 
1 Yttrium-90 I STOI 

5 Waste Mgmt STOl 
1 Yttrium-90 STOl 

6 Quality Assurance STOl 
1 Yttrium-90 STOl 

7 ES&H Safety, Regulatory Compliance STOl 
1 Yttrium-90 STOl 

8 Packaging STOl 
1 Yttrium-90 I STOl 

9 Program Management STOI 
1 Yttrium-90 I STOl 

3 Storage & Distribution I ST03 
1 Storage ST03 

1 Sr-90 ST03 
4 Research & Development ST04 

1 Process Development ST04 
2 Purify Ac-227 & Th-228 ST04 

2 Research ST04 
2 Ra-223 Immunoconjugates I ST04 

7 HQ Requests ST07 
1 Y-90 Privatization ST07 

1 Sr-90 Verification measurements ST07 
2 Transition to NEN ST07 

8 Customer Sales & Services I ST08 
1 Order Processing I ST08 
2 Program Information & Cost/Price Studies ST08 

9 Travel I ST09 
1 Marketing ST09 
2 Research & Develooment I ST09 
3 Program Travel I ST09 

10 Eauipment I STIO 
(a) B&R is the DOE Budget and Reporting code. 
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Figure 20. Flowchart Representing Procedures in the Packa ng and Shipping of Vials 
of Yttrium-90 from PNNL to Medical Customers 

Table 7. Yttrium-90 Packaging and Shipping c y t Analysis 

I Activity Costs 
WasreMgmt 

Description PNNL FcdenlSernccs DynCorp 
Remove customer vi.3.1 from bot oe1l &. sarvey \$~ Measure dose &. record rcsalts 
Surw,y & label 'lial/record results 
Insert vial in OYCrJ)ock and pig 12 
Surw,y & label pig/record results XI 
MoYC pig ootside Lab 23 

I 
8 

Package pig in 5 g;,I drum 18 
Prepare customer specific data & package into drum 36 
Tue 11 & snrfaoe readings/record results XI 
Complere otrsire Radioactive Sbipmenl Record (RSR) 44 

Label & c:boclc drum for proper Labeling 

I 
17 

MoYC drum 10 325 docl:/surw,y truck (DOT required) XI 
Transport 2 samples 10 222-S Bldg. (production cost) 33 s 11s<•> 
Transport recycled drums 10 325 Bldg. (production cost) 0 
Transport drums 10 1162 Bldg. 3 20 
Monitor drum for radiation 
Prepare shipping papers/regulatory c:beck. book shipment witll camers/fax AWB 10 cnstomers 35 $14S 

Airborne picks up drum at 1162 Bldg. 

I Transport drum 10 Airborne 3 20 

Materi3Js 100 

TOTAL COST 
(a) Not included as shipping cost, siDoe tile ltatlSport of =pies 10 tile 222-S Bldg. is for cbanical analysis. I 
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.----------------- - ---- - - -----,----------
1 

Pricing policies for all DOE isotope products are established by stb at DOFJNE-70, working in 
I 

collaboration with program managers at the DOE Isotope Production ~ites. An effort is made to achieve 
full-cost recovery for isotope products such as yttrium-90 that have a strong market position. However, 
for isotope products that are sold only in relatively small quantities for kesearch applications, it is 
recognized that full-cost recovery is not possible and that the productiob. of those isotopes must be 
subsidized by DOE. 111is is an appropriate role for the federal governrlient to play, since it assures that a 

. I 
supply of isotopes is available for research and early-phase clinical trials at a stage when it is not 
economically feasible for commercial companies to provide these prooJ cts. 

2.6.2 Isotope Sales and Customer Service Record 

A primary goal of staff in the Hanford Radioisotopes Program is rapid customer response and 
complete customer satisfaction. Although the program is relatively smap , it has enhanced DOE's 
reputation as a reliable supplier of high-quality medical isotopes by professionally and enthusiastically 
serving its customers from the first phone call through the contracting, i$otope production, delivery, and 
payment collection phases of each business transaction. Responses are hlso made to customer inquiries 
regarding isotopes that are not produced at the Hanford Site. These in~es are answered by referring 
the customers to other DOE Isotope Production Sites or commercial sup1 tiers. Our dedication to 
customer satisfaction is illustrated in Table 8, which shows that a 100% on-time record has been achieved 
for more than 1200 shipments of yttrium-90 sent by PNNL to medical customers over the past 2.5 years. 

. Table 8. Yttrium-90 Customer Service RL ord 

FY FY FY 1999•> 
1997 1998 I (Oct. '98 - Apr. '99) 

Number of customers 26 44 40 
Total number of shipments (cumulative) 233 808 I 1,203 
Number of shipments sent on time 233 575 395 

(100%) (100%) (100%) 
Number of shipments received on time\01 -220 566 390 

(94%) (98%) (99%) --------
(a) NEN'"' Life Science Products, Inc., began supplying PNNL't customers with 

yttrium-90 in May, 1999, as the final stage in commercia.!iqtion of this program. 
(b) Late arrivals were the result of poor weather conditions or other problems 

encountered by the express mail carriers. 

This dedication to customer service and satisfaction has been illustrated by comments received from 
many customers during the past two years. A few examples are the folloi ng: 

" ... consistently reliable yttrium" . .. (lmmunomedics) \ 
" .. . very high-purity, reliable product" ... (University of California at Df vis) 
" . .. excellent turnaround time and ease of doing business" . . . (Stanford y niversity) 
" ... superb customer service" .. . (lnstitut fur Nuclearmedizin, Basel, Switzerland) 
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" ... excellent, pure product compared to competitors" ... (Universi , of Gottingen) 
I 

" ... unfailing, consistent labeling quality" .. . (City of Hope Medical Center) 

One comment received from Du Pont Pharmaceuticals provides 4 haps the best tribute to our 
philosophy of 100% cu~tomer satisfaction: "Thank you for setting the standard so high!" 
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Appendix 

Questions Raised by NERAC Su Jcommittee 

Addressed in Section(s) 
NERAC Question of This Report 

How well does the Department's existing five-site production infrastru, ture serve the need for commercial 
and research isotopes? · 
1. What is the physical condition of the isotope processing facilities and equipment? 
2. What capital invesnnents are needed to assure the near term operability df the 
facilities? If additional resources are needed, are they practical, e.g., tecbnibny 
rational, easily integrated into existing infrastructure, quickly implemented bnd 
supportable? Will any portion be sustainable over time by local financial adct 
personnel resources? \ 
3. What is the availability of the primary nuclear facility (accelerator or readtor) over 
th·e next five years (e.g., HFIR outage, LANSCE program changes)? \ 
4. What understanding exists at each site about the priority of isotope produ, tion to 
serve isotope customers? · 
5. How much influence does each site manager have in planning the use of r~ulti-
purpose facilities? 
6. What cost-containment measures are being pursued? 
7. What "licensing" issues need to be addressed? 

8. What unused or underused capacity, e.g., personnel, facilities, could be m\ bilized 
to support a growth in isotope demand? 
9. Summarize customer inquiries received during the past two years. What wrcent 
was filled, referred to other facilities, rejected? Explain unfilled requests. \ 
10. How does each site manager rate customer satisfaction for bis site? For the 
overall program? \ 
What should be the long-term role of Government in providing commercr and 
research isotopes? 

Al 

I 
I 
I 
I 

\ 

2.5.1, 2.5.2, 2.5.3 
2.5.4 

2.5.1, 2.5.2, 2.5.3 

2.6 .2 

2.4.3 

2.6.1 
2.2.2 
2.5.1, 2.5.3 

2.6.2 
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Introduction 

This report presents responses to two series of questions that were aised by a subcommittee of the 
Nuclear Energy Research Advisory Committee (NERAC) that has bee~ charged with producing a "Long­
Term Isotope Research and Production Plan." The NERAC subcom.milttee is chaired by Dr. Richard 
Reba, and the Hanford Site Visit team, which comprises a subset of thd subcommittee members, is 
chaired by Dr. Thomas Ruth. 

The first set of questions raised by the subcommittee on isotope pr , duction at the Hanford Site was 
received from Dr. Ruth on May 10, 1999, and the second set was recei 

1
ed from him on July 5, 1999. 

Responses to the first set of questions were prepared as part of a June 1999 report entitled "Isotope 
Production at the Hanford Site in Richland, Washington" (PNNL 1999J). The responses to these 
questions are summarized in this document, with frequent references to \~he June 1999 report for 
additional details. Responses to the second set of questions from the N.ERAC subcommittee are 
presented in this document for the first time. 
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. I 

1 Responses to the First Set o Que·stions 
. I 

The set of questions received on May 10, 1999, consisted of two J road questions, the first of which 
contained 10 individual questions to which responses are given below 

1.0 How well does the Department's existing five-site production infrastructure 
serve the need for commercial and research isoto es? 

1.1 What is the physical condition of the isotope processi \ g facilities and equ.ipment? 

Response: 

The primary isotope production facilities at the Hanford Site are thk Radiochemical Processing 
Laboratory (RPL) (Building 325 in the 300 Area of the Hanford Site) ahd the Fast Flux Test Facility 
(FFTF) reactor (in the 400 Area of the Hanford Site). In addition, therd are several other laboratory 
facilities that are suitable for various aspects of target preparation and radiochemical processing of 
isotopes. These facilities are discussed briefly in this document, with r~ference to PNNL (1999a) for 
additional details . 

(a) RPL. The RPL is a 143,700 ft2 building that contains laboratories td specialized facilities designed 
for work with nonradioactive materials, microgram-to-kilogram qu tities of fissionable materials, 
and up to megacurie quantities of other radionuclides. The total sp ce occupied by general chemistry 
laboratories is 44,300 ft2

, of which 6,950 ft2 (15 .6%) is presently unoccupied. All of the occupied, 
and nearly all of the unoccupied· laboratories are functional and fullf equipped with standard utilities . 
Several of the laboratories, especially those used for radioanalytical work, have been renovated 
during the past few years. The upgrading and modernization of equtpment within the chemistry 
laboratories has been given a high priority during the past two years I 

During a recent space utilization survey of the RPL, an assessment ~ as made of the number of fume 
hoods and shielded glove boxes (including small hot cells) that are available for additional 
programmatic work. Of the 79 functional fume hoods and 23 shieldbd glove boxes, 50 and 15, 
respectively, are available for additional work. 

A special feature of the RPL is the existence of two heavily shielded facilities located in annexes on 
the East and West sides of the building. These shielded facilities are the High-Level Radiochemistry 
Facility (HLRF) and the Shielded Analytical Laboratory (SAL) . These two hot cell complexes, 
which are heavily utilized at the present time, provide capabilities for conducting bench-scale to 
pilot-scale work with a wide variety of highly radioactive materials. tapabilities include those 
required to conduct radiochemical separation and purification procedures, irradiated fuel or target 
sectioning and processing, metallography, physical properties testing of activated metals, thermal 
processing (including waste vitrification), and radioanalytical and preparatory chemistry operations. 
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The HLRF contains three large, interconnected hot cells designated as A-Cell, B-Cell, and C-Cell. 
The three cells are each 15 ft high and 7 ft deep; the A-Cell is 15 r t wide and the B-Cell and C-Cell 
are each 6 ft wide. In-cell operations are performed using mediur -duty electromechanical 
manipulators, and the work is viewed through leaded-glass, oil-fi led windows. The hot cells are 
equipped with television cameras, VCRs, overhead bridges, hoist , and standard utilities. They have 
shielded service penetrations at the front wall for insertion of spedial instrumentation. 

. . I 
The SAL contains six interconnecting hot cells, each of which is 5.5 ft wide, 5.5 ft deep, and 9.5 ft 
high. Each hot cell is equipped with a pair of medium-duty maniJ ulators. Turntables built into the 
rear walls of the hot cells provide rapid transfers of radioactive sa~ ples into and out of the cells. The 
SAL hot cells are equipped to perform a wide variety of analytic 11 chemistry operations with highly 
radioactive samples. 

Additional information on the RPL, and its laboratory facilities that could be devoted to new isotope 
. I 
production missions in_the future , is contained in PNNL (1999a) ( : ection 2.5.1). 

(b) FFTF. The FFfF's original mission was to support liquid-metal r actor technology development and 
reactor safety by providing fuels and materials irradiation services. Although the U.S . liquid-metal 
reactor program ended at about the same time. that the FFfF co~enced operation in 1982, the . 
reactor continued operation for 10 years as a national research facility to test advanced nuclear fuels 
and materials, nuclear power plant operating procedures, and activ~ and passive reactor safety 
technologies. The facility was also used to produce more than 40 different radioisotopes for use in 
research, medicine, and industry. In addition, FFTF generated triti m for the U.S. fusion research 
program and supported cooperative, international nuclear research l ctivities . The reactor was shut 
down in December 1993, and since that time has been in a standby bperational condition, pending a 
decision by DOE on its future use. In May 1999, the Secretary of Energy announced that a special 
90-day study led by the Director of the Pacific Northwest National Laboratory, Dr. William Madia,. 
would be conducted to establish whether the FFfF should be considered for future missions related to 
national and international nuclear technology needs. The nuclear science and irradiation services 
provided by FFfF will focus on a core federal role of meeting multiple 21 st Century needs, including: 

1. providing a large and reliable supply of radioisotopes for research, medical, and industrial 
applications 

2. promoting safer nuclear technology through reactor safety testing and the development of 
proliferation-resistant nuclear fuels 

3. producing power sources for deep-space exploration through the production of plutonium-238 for 
radioisotope thermoelectric generators, and for research on compact space reactor technology 

4. sustaining the nuclear option for power production through testi g of fuels, components, and 
reactor instrumentation 
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5. condu~ting advanced research and providing services related to the testing of materials for fusion 
reactors, hardening and testing of materials such as semicondJctors, and research on 
transmutation of nuclear waste materials. 

These future missions, and the business plan for FFfF' s proposed future operations, are described in 
a document that will be submitted to NERAC on July 20, 1999 for rev ew before submission to the 
Secretary of Energy on August 2, 1999. This document is entitled "Program Scoping Plan for the Fast 
Flux Test Facility: A Nuclear Science and Irradiation Services User F cility"(PNNL 1999b).<•> 

The FFTF consists of the reactor, which is capable of steady-state operation at a rated power ievel of 
400 MW, and several support buildings and equipment arranged arountl the central reactor containment 
building. Heat is removed from the reactor by liquid sodium that is circulated through three primary 
loops, which include the pumps, piping, and intermediate heat exchangers . During a total loss of power, 
the FFTF is designed to shut down automatically and the reactor will c ntinue to be cooled by natural 
circulation of the sodium. An emergency power source consisting of b tteries will provide essential plant 
monitoring capabilities in the event of a shutdown. The reactor also has safety features that can maintain 
cooling if a leak occurs in the liquid sodium heat transport system. 

Other major systems located in the FFTF reactor containment building are: 

• the Closed Loop Ex-Vessel Handling Machine that is used to instal fuel and target assemblies in the 
reactor and to remove them at the end of the irradiation cycle 

• the Interim Examination and Maintenance (IEM) Cell, in which an ·irradiated assembly is washed and 
dried to remove residual sodium before disassembly; the target pins are then removed from irradiated 
assemblies with manipulators and placed in containers for removal from the IEM cell 

• a Bottom-Loading Transfer Cask, which is used to transfer the pin container from the reactor 
containment building to a cask loading station in the Reactor Servic~ Building. 

Detailed descriptions and photographs of the FFTF containment bui~ding and the special facilities 
described above are contained in PNNL (1999a) (Section 2.5.2). 

(c) Other Available Facilities. In planning for a proposed future FFTF isotope production mission, 
several facilities at the Hanford Site have been examined as possible locations for target preparation 
and the processing of isotope products. In all cases, these facilities have desirable physical features 
and equipment that could make them useful if an expansion of facilit' es is required later to meet a 
growth in the demand for FFTF isotope products. Three candidate facilities are: 

(a) This document is referred to hereafter in this report as the "FFfF Scobing Plan." 
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1.2 

I. Building 306E. Located in the 300 Area of the Hanford Site, this facility has been used in the 
past to fabricate a variety of reactor components, fuel assemb ies, and radioisotope target 
assemblies. Some of the target fabrication equipment and non-destructive examination 
equipment still exist in the building and are available for use. 

2. Postirradiation Testing Laboratory. Located in the 300 Area at the Hanford Site, this facility 
contains 13 hot cells and support laboratories for the physical and metallurgical examination of 
irradiated fuels, fission products, and irradiated structural mat rials . Decontamination of the hot 
cell facilities has been underway for two years, and is expectetl to be completed within the next 
two years. Only a small amount of programmatic work is curtently being conducted, and a study 
ori the long-range utilization of this facility is underway, inclutiing use by commercial companies 
under lease agreements. This alternative may be attractive fo establishing long-term business 
relationships with companies interested in the preparation and processing of targets irradiated 
atFFfF. 

I 
3. Maintenance and Storage Facility. Located in the 400 Area o1 the Hanford Site about 500 ft 

north of FFI'F, this facility is a multi-purpose service center th t supports the specialized 
maintenance and storage requirements of the FFI'F. A special feature of this facility is a large 
shielded enclosure that contains two shielded decontamination rooms that can be used for both 
remote and hands-on cleaning of equipment and tools. This fa , ility, including the shielded 
enclosures, was not fully utilized during the ten years of full-soale FFfF operation, and 
consideration has been given to its possible use for the fabrication and disassembly of 
FFTF targets. 

Additional details .on each of these facilities are contained in P (1999a) (Section 2.5.3). 

What capital investments are needed to ensure the nea -term operability of the 
facilities? If additional resources are needed, are they ~ractical (e.g., technically 
rational, easily integrated into existing infrastructure, quickly implemented and 
supportable)? Will any portion be sustainable over timJ by local financial and 
personnel resources? 

Response: 

As part of the planning activities for a future FFrF nuclear science and irradiation services mission, 
an estimate has been prepared of the costs associated with restarting the reactor for steady-state operations 
at a 100-MW power level. This estimate, expressed in FY 1999 dollars, is $229M. The capital 
expenditures are distributed over a four-year period from 2001 - 2004, and include funds for 
(1) recovering systems that were shut down before the standby decision in late 1993, (2) equipment and 

I 
instrumentation upgrades, (3) fabrication of rapid radioisotope retrieval (R3) vehicles for removal of 
short-lived isotope targets while the reactor is at power, (4) modification ~f hot cells and support 
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I 
laboratories for target processing operations, and (5) staff increases and training. Once restarted, the 

I 
estimated annual cost of FFTF operations is $55M. A more detailed description of the schedule and costs 
for FFTF restart is provided in the FFIF Scoping Plan (PNNL 1999b) 

A business model has been developed as part of the FFIF Scoping Plan (PNNL 1999b) that 
incorporates plans for recovering approximately $1 00M of the restart costs over the projected 35-year 
operating life of the reactor. This business model was developed usin! the guidelines provided in DOE 

I 

Order 2110.lA, "Pricing of Department Materials and Services and D(!)E Implementing Guidance on 
Federal Administrative Charges." The model is comparable to those crrrently in use at other DOE 
reactor facilities, and has been reviewed and accepted by the DOE Chief Financial Officer in meetings 
held during June 1999. The FFIF business model provides adequate resources to ensure both the near­
term and sustained future operability of the reactor. 

In this business model, the funding in FY 1999 dollars required du · ng the reactor restart phase . 
includes both the $229M discussed above and $55M in operating fund~ to maintain the FFTF s standby 
mode of operation during the period 2000-2001. During the projected BS-year operating lifetime of the 
reactor (2004-2038), a "value recovery charge" of -4% will be applied \to all private-sector irradiation 
services. The funds recovered through this charge will be placed in an investment fund that is expected to 
grow at an annual rate estimated to be -5% above inflation, and thereby generate -$100M to offset a 
portion of the restart costs. · 

The staffing infrastructure to support both the reactor operations an6 radiochemical processing of 
irradiated targets are in place and adaptable to rapid growth of the nuclear science and irradiation services 
components of the FFIF mission. As described in detail in the FFIF Scoping Plan and PNNL (1999a), 
the operations staff at the FFTF will increase from the current level of 260 full-time equivalent (FTE) to 
410 FIE at the time of restart. This increase will accommodate the full \set of operational services 
required for target insertion, irradiation, and retrieval in the isotope production program. Target 
preparation is expected to be carried out by a subcontractor working in ~acilities at the Hanford Site. 

Radiochemical processing of the isotope targets will be carried out by members of the PNNL 
Radiochemical Processing Group (RPG), which consists of 75 technical\and administrative staff that 
occupy the RPL (described in PNNL (1999a), Section 2.4.1). The isotope production team within the 
RPG currently has 12 staff members, of which 5 perform radiochemical processing operations. It is 
expected that the number of scientists and technicians performing radiochemical operations will increase 
to 21 FTE at the time FFTF commences full operation. This expansion will be achieved by reassignment 
of radiochemists and technical support staff within the RPG, and by ne hires. In addition to the staff 
involved in radiochemical processing operations, it is expected that the number of staff involved in 
packaging and shipping will increase from 0.5 FTE to 7 .5 FTE, and that the marketing, sales and 
administrative staff will increase from 1.5 FTE to 5.5 FTE. 

Although the FFTF Scoping Plan (PNNL 1999b) does not explicitly include privatization of the 
reactor operations or the isotope production mission, discussions have been initiated with private-sector 
companies that may have an interest in commercializing various compon' nts of these operations (e.g., the 
marketing, sales, and distribution of isotope products). These discussions are expected to continue over 
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the coming five-year period (i.e., during the preparation of the FFfF Environmental Impact Statement 
and the reactor restart activities), with a reasonable probability of sucbess in establishing partnership 
agreements between DOE and commercial organizations. 

1.3 What is the availability of the primary nuclear facility ~accelerator or reactor) over 
the next five years (e.g., HFIR outage, LANSCE program changes)? 

Response: 

If the current plans to initiate preparation of an Environmental Impact Statement in October, 1999 are 
met, then it is expected that FFrF will be restarted by July 2004. Deti1.ls of the restart schedule ~e given 
in the FFfF Scoping Plan (PNNL 1999b ). In addition, all of the targe preparation and processing 
facilities such as the RPL are expected to remain available for work in support of the FFrF isotope 
production mission. 

1.4 What understanding exists at each site about the prionty of isotope production to 
serve isotope customers? \ 

Response: 

Because many of the isotopes produced at the Hanford Site are shi~ped to customers at medical 
centers for the treatment of critically ill cancer patients, the isotope proouction program receives a very 
high priority. For example, the staff performing the radioanalytical work and on-site transportation 
services in support of the isotopes program give this work the highest phority among their multiple tasks . 
A complete radionuclide analysis and Inductively Coupled Plasma (IC~) analysis of the chemical purity 
of the isotopes sent to customers are performed within 24 hours of the completion of isotope production. 
These data are then sent immediately to the customer for review before rse of the isotope. 

Another example of the high priority given to the medical isotopes program occurred five years ago 
when the RPL was shut down temporarily for safety upgrades. By direct order of the Manager of the 
DOE Richland Operations Office, Mr. John Wagoner, the production of yttrium-90 for medical customers 
was allowed to continue uninterrupted during the entire shutdown perio1, which lasted about one year. 

1.5 How much influence does each site manager have in planning the use of multi-
purpose facilities? 

Response: 

The Manager of the Hanford Radioisotopes Program, Dr. Thomas Tenforde, also serves as the lead 
scientist for the isotope production team within the RPG. The organizatibnal structure and primary areas 
of research are described in PNNL (1999a) (Section 2.4.1). ln his capaci

1
y as head of the isotope 

production team within the RPG, the manager of the Hanford Radioisoto~s Program has line 
management responsibilities for the staff and facilities involved in the ra iochemical processing of 
isotopes for commercial, medical, and research applications. These staff, together with a matrixed team 
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of nuclear physicists, engineers, radiochemists, and nuclear safety spe , ialists from PNNL and other 
Hanford contractor organizations, have functioned since 1997 as a support group for planning the 
proposed future FFfF isotope production mission. An important part f this planning has been the 
identification of laboratory facilities that will be given a high priority f r future use in support of the 
FFfF isotope production mission. 

1.6 What cost-containment measures are being pursued? \ 

Response: 

Cost-containment efforts in the isotopes program are centered arou d the use of activity-based costing 
procedures for all isotope products. Following the costing procedures adopted by the DOE Office of 
Isotope Programs (NE-70), an annual cost/price analysis is performed 1n each isotope product using a 
four-level Work Breakdown Structure. Examples of this type of cost ai;ialysis are given in PNNL (1999a) 
(Section 2.6.1) and in the response given below to the first of the new sh of questions received from the 
NERAC subcommittee on July 5, 1999. \ 

I 
In all aspects of isotope production, efforts are made to streamline tpe radiochemical laboratory 

procedures and to use the most economical services available from vari~us contractor organizations at the 
Hanford Site. For example, ICP an~lyses of the chemical purity of isot4pe products are performed at the 
222S Building under a subcontract with the Fluor Daniel Hanford ComPiany, which is a less expensive 
option (by nearly a factor of 2) than performing these analyses in the RRL operated by PNNL. 

1.7 What licensing issues need to be addressed? 

Response: \ 

If a decision is made to restart the FFfF, it will be subject to all DO~ requirements for the oper~tion 
of a nuclear facility, as described under DOE Order 425.lA ("Startup an6 Restart of Nuclear Facilities," 
1995). Licensing of the FFfF under the regulations for commercial reac ors will not be a regulatory 
requirement. However, it is expected that DOE will request the Nuclear \Regulatory Commission to · 
conduct a detailed technical review of the safety aspects of operating the facility, similar to the procedure 
that was followed prior to initial startup of the reactor in the early 1980s. In addition, the International 
Atomic Energy Agency (IAEA) may be requested to verify the invento I and characteristics of nuclear 
materials at the FFfF. The IAEA has declared its willingness to help fac\ilitate FFfF's use by the 
international nuclear science community. 

It is the goal of the Hanford Radioisotopes Program to transfer techn6logy for the production and 
applications of medical isotopes to th.e private sector through appropriate

1

licensing agreements. A recent 
example is the licensing agreement signed by NEN Life Science Products, Inc., on October 12, 1998, to 
use PNNL's patented process for extracting yttrium-90 from a strontium-f0 generator in a highly purified 
form. Under this license agreement, the management contractor organizafion for PNNL- the Battelle 
Memorial Institute - receives an initial fee of $75K and subsequent royahies based on a percentage of 
the net sales value of yttrium-90 sold by NEN. The estimated value of th~s agreement for Battelle is 

\ 
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approximately $500K over a.five-year license period. This licensing Lgreement was part of a broader 
commercialization effort in which NEN took over from PNNL all aspf cts of the production, marketing, 
sales, and distribution of yttrium-90 (described in more detail in PNNL (1999a), Section 2.2.2). 

Based on the success of the yttrium-90 privatization activity, P~ is currently involved in efforts to. 

commercialize other technology that has been developed for the medit al application of radioisotopes. For 
example, negotiations are underway with a private company for use of PNNL's radioactive composite 
polymer delivery system for treating prostate tumors and other forms , f cancer. 

In addition to technology licensing agreements, consideration has een given to establishing facility 
lease agreements under which commercial companies could perform ork in DOE facilities at the 
Hanford Site. For example, a study is underway on the feasibility a.nd opportunities for privatizing part or 
all of the Postirradiation Testing Laboratory described above in the response to Question 1.1. This 
facility, as well as other laboratories in the 300 Area of the Hanford Site, will be considered for use by 

private-sector companies in future work related to the preparation and ~rocessing of targets for FFIF 
isotope production. 

1.8 What unused or underused capacity {e.g., personnel, ft cilities} could be mobilized 
to support a growth in isotope demand? 

Response: 

As discussed above in the response to Question 1. 1, a recent surve of space utilization in the RPL 
indicated that ~ 7000 ft2 of functional laboratory space is currently avail ble for radiochemical work in 
new projects. It is anticipated that reassignment of laboratory space within the RPL will be made in the 
future to accommodate the full set of requirements for the radiochemicaO processing of multiple FFIF 

I 
isotope targets. In addition, as also discussed above in the response to Question 1.2, there are extensive 
support facilities available for isotope target preparation arid processing

1
in Building 306E and in the 

Postirradiation Testing Laboratory at the Hanford Site. 

With regard to the availability of trained staff who could be mobilized in support of a growth in 
isotope demand, there are currently about five scientists and technicians within the 75-member RPG that 
could be utilized in that capacity (in addition to the staff that are members of the isotope production 
team). The overall workload and availability fur new assignments of radiochemistry staff in the RPG is 
driven primarily by funding for work in support of the Hanford nuclear waste cleanup mission and the 
processing a.nd disposal of nuclear fuels . As the time approaches for restart of the FFTF reactor in mid-
2004, an assessment will be made of staff assignments to support the isoiope production mission. It 
appears likely at this time that recruitment and hiring of new staff will b required during the year 
preceding restart of the FFIF. However, as indicated above in the response to Question 1.2, ongoing 
discussions with private-sector companies could lead to privatization of various components of the FFIF 
isotope production program. The commercialization of various elements of work involved in the 
preparation, irradiation, and pro.cessing of isotope targets, as well as the arketing, sales, and distribution 
of the final isotope products, could have a significant impact on the staffi1 g requirements that must be 
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met by-PNNL and other contractor organizations at the Hanford Site vivolved in the FFfF isotope 
production mission. 

1.9 Summarize customer inquiries received during the p+ t two years. What percent 
was filled, referred to other facilities, or rejected? Explain unfilled requests. 

Response: 

During the past two years the primary isotope product supplied by the Hanford Site has been 
yttrium-90. Weekly shipments of this medical isotope have been sup~ ied to more than 40 customers who 
are using yttrium-90 primarily for cancer radioimmunotherapy. As de~cribed in PNNL (1999a) 
(Section 2.6.2), PNNL provided more than 1200 consecutive on-time shipments of yttrium-90 to 
DOE customers during the two-year period preceding the cornmerciali~ation of this program. No orders 
were rejected and there were no unfilled requests for yttrium-90 over the past two ye~s. 

Responses are also made to customer inquiries regarding isotopes Jhat are not produced at the 
Hanford Site. These inquiries are answered within one work day by re erring the customers to other DOE 
Isotope Production Sites or commercial suppliers. \ 

1.1 O How does each site manager rate customer satisfactio~ for his site? For the 
overall program? . \ 

Response: 

The level of satisfaction expressed by customers for isotope producfs supplied by the Hanford 
Radioisotopes Program has consistently been very high. Our dedicatio ~o customer service, as 
exemplified by the 100% on-time record for more than 1200 shipments f yttrium-90 over the past two 
years, has earned a number of compliments in letters sent by satisfied customers (summarized in PNNL 
(1999a), Section 2.6.2) . In addition to the timeliness of isotope shipme~ts, the staff involved in isotope 
production have received a number of compliments for the consistently high quality of isotope products 
produced at the Hanford Site. · \ . 

With regard to the overall DOE isotope program, it is our perception that customers are satisfied with 
the quality of the isotope products that are provided for medical, industrial, and research applications. 
However, improvements could be made in the availability and timely su1ply of isotopes that are in 
demand for therapeutic medical applications and research (e.g., copper-67 and bisrriuth-212 for early­
stage cancer therapy trials and laboratory animal research). 
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2.0 What should be the long-term role of Governmen in providing commercial 
and research isotopes? 

Response: 

It is our firm belief that the supply of isotopes provided by DOE f: r medical, industrial, and research 
applications must be strengthened in the near future. This opinion is f inforced by the conclusions of a 
recent DOE Expert Panel Report on the future need for medical isotop

1

es (Expert Panel 1999). Many of 
the radioisotopes currently used for medical diagnosis and therapy of cancer and other diseases are 
imported from Canada, Europe, and Asia. This situation places the co~1 trol of isotope availability, quality, 
and pricing in the hands of non-U.S . suppliers. It is our opinion that t e needs of the U.S. customers for 
isotopes and isotope products are not being adequately served, and tha the DOE. infrastructure and 
facilities devoted to the supply of these products must be improved. T e need for greater U.S . capabilities 
to supply isotopes for me.dicine and research is one of the fundamental bases for our proposal to restart 
the FFfF as a national DOE resource. 
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BUSINESS SENSITIVE 

Responses to the Second Set f Questions 

The second set of questions received on July 5, 1999, consisted o four questions to which responses 
are provided below. 

1.0 Detail how you set the price of a mCi of a radioisotope. The detail should 
show if the cost is fully lpaded or incremental, an~ should include labor, 
materials and parts, facility rental and amortizatio\n costs, listing of all actual 
overhead charges, waste disposal, and all other costs that are tagged to the 
cost of producing, marketing, selling, and distrib~ting of the product (e.g., 
customer service, distribution, and ordering). lllu trate the above question 
with examples for the following radioisotopes: 1-131, 1-125, Pd-103, P-32, and 
several research radioisotopes. 

Response: I . 
[N.B.: The pages on which the response to the above question is preseljlted are labeled as BUSINESS 
SENSITIVE to indicate the proprietary nature of the data that are displayed.] 

I 
Prices are set by the Department of Energy's Isotope Programs Office (NE-70) using information 

provided by the Isotope Production Sites in the form of cost/price analyses for all isotope products. The 
Isotope Production Sites themselves do not set prices for the isotope prJducts produced under the DOE 
contract. The pricing guidelines used by DOE are described in the ann~al financial statement, which is 
audited on a yearly basis by KPMG Peat Marwick. These guidelines state, in brief, that the prices are set 
on the basis of (1) actual production costs, (2) market value of the prodtlct, (3) needs of the research 
community for the product, and (4) other factors. 

In response to the NERAC subcommittee's question, cost/price anal(ses have been prepared for I-
131, I-125, P-32 and Pd-103, as well as several isotopes that are currently in demand for research and 
early-stage clinical trials. The cost/price analyses were prepared in a forpiat consistent with that used by 
DOE Isotope Production Sites, and the labor costs are fully burdened. The following are the overhead 

I 
rates in FY 1999 applied to labor costs by PNNL and the Babcock & Wi1 cox Hanford Company 
(BWHC): 

• PNNL: G&A + Nuclear Assessment - 44.8% 
Program Development and Marketing - 6.0% 
Service Assessment - 1.0% 

• BWHC: Project Management Account-16.0% 
G&A + Service Assessment- 15.7% 
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BUSINESS SENSITIVE 

In the cost/price analyses, the lab~r rates that are used assume thli the target preparation, target 
I . 

insertion and retrieval, and irradiation services are performed by BWHC as a subcontractor organization, 
and the target processing and packaging are performed by PNNL. It is also assumed that PNNL manages 
the isotopes program office and handles customer sales and service f nctions. 

The following analysis of cost for producing isotopes of interest or research and medical applications 
is based on several assumptions: (1) the reactor is assumed to be in a \steady-state mode of operation, with 
all equipment and operating procedures in place; (2) the target loading is designed to produce quantities of 
isotopes per operating cycle that could fill, on the average, about 10 t6 20% of the projected U.S. market 
demand during the period 2005-2010; (3) the irradiation fee for each ikotope product is based on the 
volume of space occupied by the target material in one or more asseclblies; ( 4) all labor costs are fully 
burdened in accordance with the overhead rates presented above; (5) dfipping of the isotope products is 
FOB Hanford; (6) a 12% added cost multiplier plus a 4% value recovery factor, or 16% total, is applied to 
the work done by the subcontractor on target fabrication , target testini and qualification, target irradiation, 
and target insertion and retrieval operations (to recover -$100M in coJts associated with the reactor restart 
over a 35~year operating period as discussed under the response given r bove to Question 1.2 in the first set 
of questions). The cost analyses are performed per target assembly per operating cycle, which ranges from 
10 days to 100 days, depending upon the half-life of the isotope product. 

I 
1.1 Four Isotope Products Requested by the NERAC Subcommittee 

lodine-131 

Iodine-131 (t112 = 8.0 days) is produced by irradiation of tellurium-130 targets in a hydrided rapid 
radioisotope retrieval (R3) assembly for 25 days. The iodine-131 +oduct is separated from the 
tellurium target material by a dry distillation procedure (-400-500 C in a tubular apparatus 
evacuated to -10·5 mm) with cryogenic trapping of the iodine ga~. he product is analyzed by 
inductively coupled plasma atomic emission spectroscopy (ICP- S) for chemical purity, and by 
gamma energy analysis (GEA) for nuclide content. 

Table 1 summarizes the production cost per cycle for production of\iodine-131. The product yield at 
the end of the 25-day cycle is 260 curies, with a production cost of $1.02 per millicurie. This cost 
compares favorably with the current market prices for radiochemic lly pure iodine-131, which range 
from $1.50 to $15.00 per millicurie (depending upon the supplier). 

As an example of the activity-based cost analysis that is the basis fo the cumulative costs shown in 
Table 1, the cost estimates for target fabrication, testing and qualification, and insertion and retrieval 
at FFTF are shown in Table 2. The irradiation charge shown in Table 1 is based on the FFfF · 
business model that is described in detail in the FFTF Scoping Plan (PNNL 1999b). 

. . I 
Table 3 provides details for iodine-13 1 on the activity-based costing of the target processing, product 
packaging, and transport to the express mail carrier at a local airport 
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Table 1. Summary of Costs for Production at FFTF of Iodine-131 

Estimated Budget 1-131 
Estimate Units Production 
10 Cycles FY99 Estimate Produced Cost Per Unit 

Activity<•> Per Year .Per Cycl~ (mCi Per Cycle) ($/mCit> 

Fabrication of Targets (ST0I0I0I0) $758,000 $75,8QO 260,000 $0.29 

Irradiation ofTargets (ST0!0!020) $1 ,557,000 $155,700 260,000 $0.60 

Chemical Processing (ST0I 01040) $60,000 $6,otjo 260,000 $0.02 

Waste Management (ST0I0I0S0) $38,000 $3,8tjo 260,000 $0.01 

Quality Assurance (ST010!060) $77,000 $7,700 260,000 $0.03 

ES&H, Regulatory Compliance & Safety (ST0I0!070) $13,500 $1 ,350 260,000 SO.OJ 

Product Packaging (ST010!080) $22,000 $2,200 260,000 $0.01 

Program Management (ST0!01090) $120,500 $12,0Sp 260,000 $0.05 

Production Total (ST0l) $2,646,000 $264,6op 260,000 $1.02 

Customer Sales & Service @ 8% of Processing Cost $15,000 $1 ,500 

1-131 GRAND TOTAL $266,100 

(a) Shipments are sent FOB Hanford 
(b) Based on number of curies at production. 

Table 2. Tar et Fabrication and Testin g g Costs fc r Iodine-131 

Target Fabrication T r get Insert and 
atFFTF Tarl!et Testinl! Retrieval Shin to RPL 

Hrs Cost Hrs Cost Hrs Cost Hrs Cost 

Project Manager 73 $7,260 37 $3,740 \ 2 $200 

Scientist 143 $12,870 77 $6,930 \ 4 $360 

Technician 270 $18,900 133 $9,310 56 $3,920 

On-Site Transport I 4 $1,060 

Sub-Total Burdened Labor 486 $39,030 247 $19,980 62 $4,480 4 $1,060 

Material I Supplies $5,900 I 
Material 2 Equipment $2,950 

Sub-Total $8,850 

Sub-Total Burdened Material $8,850 $0 T $0 $0 

Subcontract: On-Site Transportation I 2 $530 

% Burden Factor 

Sub-Total Burdened Subcontracts $0 $0 $0 2 $530 

Other: Rad Waste Disposal $3,000 I 
Sub-Total Other $3,000 $0 I $0 $0 

Task Total 486 $50,880 247 $19,980 62 $4,480 4 $1,590 

ST0l FTE Hours 799 

ST0l Burdened FfE Cost $64,550 

ST0l Burdened Material $8,850 

ST0l Subcontract Cost $530 

ST0l Other Cost $3,000 

ST0l 1-131 Targetry Cost $76,930 
Value Recovery & Added 

16% $12,300 
Cost Multipliers 

GRAND TOTAL $89,230 
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Table 3. Radiochemical Processing, Packaging, and Shipping Costs for Iodine-131 

Technical Specialist A 

Manager A 

ManagerB 

Scientist 

Technician A 

Technician B 

Technical Specialist B 

On-site Transport 

Radiation Specialist 

Analytical 

QA Specialist 

Sub-Total Burdened Labor 

Material 1 Packaging Material 

Material 2 Supplies & Chemicals 

Sub-Total Unburdened Material 

% Burden Factor 19.4% 

Sub-Total Burdened Material 

Subcontract: On-Site Transportation 

% Burden Factor 19.4% 

Sub-Total Burdened Subcontracts 

Other: Rad Waste Disposal 

Sub-Total Other 

Task Total 

ST0l FrE Hours 

ST0l Burdened FrE Cost 

ST0I Burdened Material 

ST0I Subcontract Cost 

ST0l Other Cost 

ST0l 1-131 Processing Cost 

Customer Sales & Service @ 8 % 

GRAND TOTAL 

Preparation 
and 

Receivin2 

Hrs 

4 

3 

2 

2 

6 

4 

4 

25 

25 

87 

Cost 

$350 

$530 

$300 

$250 

$630 

$420 

$420 

$2,900 

$0 

$0 

$0 

$2,900 

$16,110 

$1,075 

$970 

$800 

$18,955 

$1,500 

$20,455 

Process Tar2et 

Hrs Cost 

7 $875 

24 $2,520 

8 $840 

39 $4,235 

$700 

$700 

$135 

$835 

$265 

$50 

$315 

3 $800 

3 $800 

42 $6,185 

16 

) nalytical and Package and 
I OA/OC Shio Product 
I 

H;rs Cost Hrs Cost 

I 
l 

I I $1 25 

I I $105 

. \6 $630 3 $315 

I I $95 

I 2 $530 

I I $105 

~ $6,965 

\1 $105 

11 $7,700 9 $1,275 
I 

$200 

$200 

I $40 

I $0 $240 

I $550 

I $105 

I $0 $655 

l 
I $0 $0 

11 \ $7,700 9 $2,170 
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lodine-125 

Iodine-125 ( t,n = 60. I days) will be produced by irradiation of xei n-124 gas in a gas loop assembly 
for 100 days. The target gas is transmuted to xenon-125 (t112 = 17.1 hr), which then decays to the 
iodine-125 product that is cryogenically trapped. The inert xenon ~arget gas and the krypton gas used 
to push xenon through the gas line are distilled off, and the iodine-125 product is removed chemically 
from the wall of the cryotrap. The product is then analyzed for ch+ ~cal purity and radionuclide 
content. The production costs for 43.3 curies of iodine-125 are sho

1
wn in Table 4. The unit 

production cost is $14.63 per millicurie, which is within the range of market prices of $8 to $20 per 
millicurie for iodine-125. \ 

Palladium-103 _ \ . 

Palladium-103 (t112 = 17 .0 days) will be produced by irradiation of P,alladium-102 in a hydrided R3 
assembly for 25 days. Following irradiation, the target material wil be dissolved in nitric acid or 
aqua regia, evaporated to dryness, brought back into solution with ti e acid selected by the customer, 
and analyzed for chemical purity and radionuclide content. No sep ation will be made of the 
palladium-I 02 target material and the palladium- I 03 prnduct. The roduction costs for 48 curies of 
palladium-I 03 are shown in Table 6. The unit production cost is $7.46 per millicurie, which is 
slightly below the market price of $9 to $12 per millicurie. 

Table 4. Summary of Costs for Production at FFfF\of Iodine-125 

Estimated Budget 1-125 

Production 
Estimate 3 Cycles FY99 Estimate Units Produced Cost Per Unit 

Activity<•> Per Year Per Cycle (mCi Per Cycle) ($/mCi)Cb> 

Fabrication of Targets (ST0I01010) $238,800 $79,600 43,330 $1.84 

Irradiation ofTargets (ST0101020) $1,556,100 $518,700 43,330 $11.97 

Chemical Processing (ST0101040) $23,550 $7,850 43,330 $0.18 

Waste Management (ST0101050) $10,500 $3,500 43,330 $0.08 

Quality Assurance (ST0I01060) $23,100 $7,700 I 43,330 $0.18 

ES&H, Regulatory Compliance & Safety (ST0101070) $4,050 $1,350 43,330 $0.03 

Product Packaging (ST0101080) $6,600 $2,200 43,330 $0.05 

Program Management (ST0101090) $38,850 $12,950 43,330 $0.30 

Production Total (ST0l) $1,901,550 $633,850 43,330 $14.63 

Customer Sales & Service @ 8% of Processing Cost $5,100 $1,700 

1-125 GRAND TOTAL $635,550 
(a) Shipments are sent FOB Hanford. 
(b) Based on number of curies at production. 
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Table 5 . . Summary of Costs for Production at FFI1 ~ of Palladium-I 03 

Estimated Budget Pd-103 
Estimate 

FY99 Es~imate 
Units Production 

10 Cycles Produced Cost Per Unit 
Activity!•! Per Year Per Cycle (mCi Per Cycle) ($/mCi) Cb> 

Fabrication of Targets (ST0I0I0IO) $3,218,000 $32l,800 48,000 $6.70 

Irradiation of Targets (ST0I0I020) $62,500 $~,250 48,000 $0.13 

Chemical Processing (ST0I0l040) $41,000 $4100 48,000 $0.09 

Waste Management (ST0IOI050) $35,000 $3 500 48,000 $0.07 

Quality Assurance (ST0101060) $77,000 $7 700 48,000 $0.16 

ES&H, Regulatory Compliance & Safety (ST0I0l070) $7,250 5?25 48,000 $0.02 

Product Packaging (ST0101080) $22,000 $2,~00 48,000 $0.05 

Program Management (ST0101090) $1 20,250 s12.b25 48,000 $0.25 

Production Total (STOl) $3,583,000 $358~00 
I 

48,000 $7.46 

Customer Sales & Service @ 8% of Processing Cost $13,000 $1,f OO 

Pd-103 GRAND TOTAL $359,600 
I 

(a) Shipments are sent FOB Hanford. 

\ (b) Based on number of curies at production. 

\ 
T bl 6 S a e ummary o fC osts f P d or ro uct1on at 1 h osp orus-32 

Estimated Budget P-32 

Estimate Units Production 
10 Cycles FY99 Estima e Produced Cost Per Unit 

Activity<•> Per Year Per Cvcle I (mCi Per Cvcle) ($/mCnCb> 

Fabrication of Targets (ST0I0I0IO) $40,500 $4,050 I 700 $5.79 

Irradiation of Targets (ST0l01020) $31,000 $3,100 700 $4.43 

Chemical Processing (ST0101040) $39,000 $3,900 I 700 $5.57 

Waste Management (ST0I0I050) $35,000 $3,500 700 $5.00 

Quality Assurance (ST0101060) $77,000 $7,700 I 700 $11.00 

ES&H, Regulatory Compliance & Safety (ST0101070) $9,500 $950 \ 700 $1.36 

Product Packaging (ST0I0I080) $22,000 $2,200 I 700 $3.)4 

Program Management (ST0101090) $14,500 $1,450 I 700 $2.07 

Production Total (ST0l) $268,500 $26,850 I 700 $38.36 

Customer Sales & Service @ 8% of Processing Cost $15,000 $1,500 · \ 

P-32 GRAND TOTAL $28,350 I 
(a) Shipments are sent FOB Hanford. 

I (b) Based on number of curies at production. 
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Phosphorus-32 

Phosphoius-32 (t112 = 14.3 days) is produced by irradiation of a sulfur-32 target in an R3 assembly for 
25 days. The product isotope is separated from the sulfur target j! aterial by dissolving the target in 
carbon disulfide and passing the solution through an activated car on column. The column is then 

eluted with carbon disulfide to desorb the sulfur, dried, and eluted with warm (75 °C) nitric acid 
(5 M) to recover the phosphorus-32 product. The product is anal I ed for chemical and nuclide 
purity. The production costs for 700 millicuries of phosphorus-32 are shown in Table 6. The unit 
production cost is $38.36 per millicurie, which is within the range of market prices of $25 to 
$85 per millicurie of phosphorus-32. 

1.2 Other Examples of Research Isotopes 

In this section of the report, cost analyses are presented for the pro?uction at FFfF of six isotopes that 
are of interest for cancer therapy (e.g., copper-67, rhenium-186 and rhd

1
nium-188 derived from a tungsten-

188 generator), bone pain palliation in patients with advanced metastatic bone cancer (e.g., strontium-89 
and tin-117m), a~d for calibration of gamma imaging systems (gadolinium-153). 

I 
Coppe~67 I 
Copper-67 (t112 = 2.58 days) is produced by irradiating a zinc-67 ot de target in an R3 assembly for 
10 days. Following irradiation, the zinc oxide is dissolved in sulfunc acid, which is then placed in an 
electrochemical cell and the copper-67 deposited on a platinum ele9trode. After 30 min. the solution 
containing zinc is removed and replaced with fresh acid solution, after which the copper deposition 
on the platinum electrode is continued for another 30 min. This probedure is repeated twice to ensure 
a high purity of the deposited copper-67. The platinum electrode is \then removed and the deposited 
copper is dissolved by immersing the electrode in concentrated nitric acid. This solution is 
evaporated to dryness and the copper-67 product is then dissolved i an acid solution specified by 
the customer. The final product is analyzed for chemical purity and radionuclide content. The 
production costs for 1.85 curies of copper-67 are shown in Table 7. he unit production cost is 
$55.16 per millicurie, which compares favorably with the market pl ce of $93 per millicurie. 

Gadolinium-153 

Gadolinium-153 (t112 = 242 days) is produced by irradiation of natura: europium-151/153 oxide pellets 
in a long-irradiation vehicle (LIV) for 100 days. Following irradiation, the target material is 
dissolved in acetic acid and the solution is contacted with granular zi c metal in an inert argon 
atmosphere to convert the europium (III) to europium (II). A sulfate alt is then added to precipitate 
the europium (II), thereby separating it from the gadolinium-153 product. This procedure is repeated 

I 
three times, at which point the gadolinium-153 has the 99.999% leve of purity required for its use 
as a calibration isotope. The purified gadolinium-153 is then subject .d to oxalate precipitation, 
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Table 7. Summary of Costs for Production at FFITF of Copper-67 

Estimated Bude:et Cu-67 

Estimate FY99l Units Production 
25 Cycles Estima e Produced Cost Per Unit 

Activity<•> Per Year PerCvcle (mCi Per Cvcle) ($/mCn!b> 

Fabrication of Targets (ST0IOl0IO) $982,500 
I 

$39,3100 1850 $21.24 

Irradiation of Targets (ST0101020) $777,500 $31 ,1 00 1850 $16.81 

Chemical Processing (ST0101040) $230,000 $9,2100 1850 $4.97 

Waste Management (ST0101050) $87,500 S3,5f)O 1850 $1.89 

Quality Assurance (ST0101060) $192,500 $7,7p0 1850 $4.16 

ES&H, Regulatory Compliance & Safety (ST0I0J070) $33,750 $1 ,365 1850 $0.73. 
I 

Product Packaging (STO IO I 080) S55,000 S2,2?<J 1850 $1.19 

Program Management (ST0101090) $192,500 $7,700 
I 

1850 $4.16 

Production Total (ST0l) $2,551,250 $102,0~0 1850 $55.16 

Customer Sales & Service @ 8% of Processing Cost $31,250 $1,250 

Cu-67 GRAND TOTAL $103,3q<l 

(a) Shipments are sent FOB Hanford. I (b) Based on number of curies at production. 

followed by filtrat10n and calcmat10n to gadohmum oxide. These ~rocedures are the subJect of a 
U.S . patent appl~cation filed in August 1998. The final product is analyzed for chemical purity and 
radionuclide content. The production costs for 66 curies of gadolit um-153 are shown in Table 8. 
The unit production cost is $1.04 per millicurie, which compares favorably with the market price of 
$3.00 per millicurie. 

Rhenium-186 

Rhenium-186 (t112 = 3.78 days) is produced by irradiation of rhenium-185 in a hydrided R3 assembly 
for 25 days. Following irradiation, the target material is dissolved ip nitric acid or aqua regia, 

· evaporated to dryness, and redissolved in an acid specified by the customer. No effort is made to 
I 

separate the rhenium-185 target material from the rhenium-186 product. The final product is 
analyzed for chemical purity and radionuclide content. The produc! on costs for 15 curies of 
rhenium-186 are shown in Table 9. The unit production cost is $1.43 per millicurie, which compares 
favorably with the market price of $7 .00 per millicurie. 

Tin-117m 

Tin-117m (t 112 = 13.6 days) is produced by the irradiation of tin-116 in a hydrided R3 assembly for 
25 days. Following irradiation, the target material is dissolved in nit,ric acid or aqua regia, evaporated 
t? dryness, and redi~solved in an _acid specified by the customer._ No\ effort is made t~ separa~e the 
tm-116 target matenal from the tm-117m product. The product 1s analyzed for cherrucal punty and 
radionuclide content. The production costs for 1 curie of tin-117m 4e shown in Table 10. The unit 
production cost is $29.75 per millicurie. 

I . 
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Table 8. Summary of Costs for Production at FFTF of Gadolinium-153 

Estimated Budget I Gd-153 

Estimate 
FY99 Esti~ te 

Production 
3 Cycles Units Produced Cost Per Unit 

Activity<•> Per Year Per Cycle (mCi Per Cvcle) ($/mCnCb> 

Fabrication of Targets (ST0J0J0J0) $27,000 
I 

$9,opo 66,000 $0.14 

Irradiation ofTargets (STOJOJ020) $93,000 $31,opo 66.000 $0.47 
I 

Chemical Processing (ST0I0J040) $32,700 $10,900 66,000 $0.17 

Waste Management (STOJ0J050) $10,500 $3,SVo 66,000 $0.05 
I 

Quality Assurance (ST0101060) $23,100 $7,7CfJ 66,000 $0.12 

ES&H, Regulatory Compliance & Safety (ST010!070) $4,500 $1 ,500 66,000 $0.02 
I 

Product Packaging (ST0J01080) $6,600 $2,2qo 66,000 $0.03 
I 

Program Management (ST0J01090) $9,300 $3, lq<) 66.000 $0.05 

Production Total (ST0I) $206,700 
I 

$68,9010 66,000 $1.04 

Customer Sales & Service @ 8% of Processing Cost $6,000 $2,000 

GD-153 GRAND TOTAL 
.I. 

$70,90p 

(a) Shipments are sent FOB Hanford. 
(b) Based on number of curies at production. 

Table 9. Summary of Costs for Production at FFI'F of Rhemum-186 

Estimated Budget Re-186 
Estimate Production 
10 Cycles FY99 Estimate Units Produced Cost Per Unit 

Activity<•> Per Year Per Cycle (mCi Per Cvcle) ($/mCi)(b> 

Fabrication of Targets (ST0l0I0JO) $29,500 $2,950 15,000 $0.20 

Irradiation ofTargets (STOJOJ020) $7,750 $775 15,000 $0.05 

Chemical Processing (ST0101040) $26,750 $2,675 15,000 $0.18 

Waste Management (ST0101050) $35,000 $3,500 15,000 $0.23 

Quality Assurance (ST0101060) $77,000 s1.100 \ 15,000 $0.51 

ES&H, Regulatory Compliance & Safety (ST0101070) $7,500 $750 15,000 $0.05 

Product Packaging (ST0101080) $22,000 $2,200 15,000 $0.15 

Program Management (ST0101090) $9,500 $950 15,000 $0.06 

Production Total (ST0I) $215,000 s21.soo \ 15,000 $1.43 

Customer Sales & Service @ 8% of Processing Cost $13,000 $1,300 

Re-186 GRAND TOTAL s22,soo I 
(a) Shipments are sent FOB Hanford. 

\ (b) Based on number of curies at production. 
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Table 10. Summary of Costs for Production at [ of Tin-117m 

Estimated Bud2et I Sn-117m 
Estimate 

FY99 ~ timate 
Units Production 

10 Cycles Produced Cost Per Unit 
Activitv<•J Per Year Per (J:ycle (mCi Per Cycle) ($/mCi)(bJ 

Fabrication ofTargets (ST0J0I0IO) $67,750 $~,775 JOO() $6.78 
I 

Irradiation of Targets (ST0J01020) $35,000 s ~.5oo 
I 

JOO() $3.50 
I 

Chemical Processing (ST0J0I040) $38,750 sp75 JOO() $3.88 

Waste Management (ST0I0J050) $35,000 
..! 

$~.500 1000 $3.50 

Quality Assurance (ST0JOJ060) $77,000 $ ,700 1000 $7.70 

ES&H, Regulatory Compliance & Safety (ST0101070) $7,500 $750 
I 

JOO() $0.75 

Product Packaging (ST0101080) $22,000 $~ 200 JOO() $2.20 

Program Management (ST0101090) $14,500 SI 450 JOO() $1.45 

Production Total (ST0I) $297,500 $29,750 1000 $29.75 

Customer Sales & Service @ _8% of Processing Cost $12,500 $1,250 
I 

Sn-117m GRAND TOTAL $311000 

(a) Shipments are sent FOB Hanford. 
(b) Based on number of curies at production. I 

Strontium-89 

Strontium-89 (t112 = 50.5 days) is produced by irradiation of strontium-88 carbonate in a hydrided LIV 
assembly for 100 days. The strontium-89 is purified to remove trabes of contaminants using a 
strontium-selective chromatographic resin (Sr-Spec). The column is rinsed with 3M nitric acid to 
remove all elements other than strontium, and the strontium is then\eluted with 0.3 M nitric acid. · The 
final p·roduct is evaporated to dryness and then dissolved in an acid

1

specified by the customer. No 
effort is made to separate the strontium-89 from other species of strf ntium contained in the final 
product. The final product is analyzed for chemical purity and radionuclide content. The production 
costs for 4.2 curies of strontium-89 are shown in Table 11. The unA production cost is $10.83 per 

rnillicurie, which compares favorably with the market price of $II Y er rnil!icurie. 

Tungsten-188 

Tungsten-188 (t 112 = 69.4 days) is produced by irradiation of tungstef 186 in a hydrided LIV assembly 
for 100 days. The primary use of the tungsten-188 is as a generatorraterial for the rhenium-188 
decay product. The target is dissolved in nitric acid or aqua regia, evaporated to dryness, and 
redissolved in an acid specified by the customer. No effort is made io separate the tungsten-186 
target from the tungsten-188 product. The final product is analyzed for chemical purity and 
radionuclide content. The production costs for 11 curies of tungsten I 188 are shown in Table 12. The 
unit production cost is $12.86 per mi.llicurie, which is higher than the current market price of $4 to 
$5 per millicurie. 
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I 
Table 11. Summary of Costs for Production at FFfF of Strontium-89 

Estimated Bude:et I Sr-89 
Estimate 

FY99 Est mate 
Units Production 

3 Cycles Produced Cost Per Unit 
Activity<•> Per Year Per~cle (mCi Per Cycle) ($/mCi)(b> 

Fabrication of Targets (STOI0 I0IO) $21,000 $7,qoo 4200 $1.67 

Irradiation of Targets (ST0I01020) $46,500 s15,5ioo 4200 $3.69 

Chemical Processing (ST0101040) $17,700 -' $5,9100 4200 $1.40 

Waste Management (ST0JOI050) $10,500 $3,~00 4200 $0.83 

Quali ty Assurance (ST0101060) $23,100 $7,7f>O 4200 $1.83 

ES&H, Regulatory Compliance & Safety (ST0101070) $6,600 s2,2po 4200 $0.52 

Product Packaging (STOI01080) $6,600 $2,2\JO 4200 $0.52 

Program Management (ST0101090) 
I 

$4,500 $1 ,59() 4200 $0.36 

Production Total (ST0I) $136,500 $45,Sq<l 4200 $10.83 

Customer Sales & Service @ 8% of Processing Cost $4,350 $1,4~0 

Sr-89 GRAND TOTAL 
I 

$46,95t0 
(a) Shipments are sent FOB Hanford. 
(b) Based on number of curies at production . 

Table 12. Summary of Costs for Production at FFfF\ of Tungsten-188 

Estimated Budeet I W-188 

Estimate FY99tl Units Production 
3 Cycles Estimat Produced Cost Per Unit 

Activitv<•> Per Year PerCvde (mCi Per Cvcle) ($/mCn(b> 

Fabrication of Targets (ST0I0l0I0) $352,800 sm;6bo 11 ,000 $10.69 

Irradiation ofTargets (ST0101020) $2,700 $91)0 11,000 $0.08 

Chemical Processing (ST0 101040) $16,800 $5,600 11 ,000 $0.51 

Waste Management (ST0101050) $10,500 
I 

$3,59<) 11 ,000 $0.32 

Quality Assurance (STOI01060) $23,100 $7,700 11 ,000 S0.70 

ES&H, Regulatory Compliance & Safety (ST0101070) $2,850 $950 11,000 $0.09 

Product Packaging (ST0101080) $6,600 $2,200 11,000 $0.20 

Program Management (ST0J01090) . $9,000 $3,000 11 ,000 $0.27 

Production Total (ST0I) $424,350 $141,450 11,000 $12.86 

Customer Sales & Service @ 8% of Processing Cost $4,350 $1,450 

W-188 Grand Total $142,90? 

(a) Shipments are sent FOB Hanford. 
(b) Based on number of curies at production. I 
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2.0 What process, mechanism, and organizational s ructure do you have for the 
timely distribution of the produced product? 

Response: 

Packaging and distribution of isotope products are directly coupled to the isotope production process. 
Upon preparation of a vial of isotope to the specifications provided b a customer, the vial is transferred 
into a lead container (pig) with an overpack and taken to an adjacent laboratory. A member of the PNNL 
isotope production team then packages the pig into a labeled, DOT-apbroved container and inserts 
customer-specific data. An off site Radioactive Shipment Record and bther paperwork required by the 
Department of Transportation are attached to the drum and it is taken io the Richland airport (a distance 
of about 2 miles) for shipment by Airborne Express to the customer. Ih addition to Airborne Express, 
other major express mail carriers such as Federal Express have offices \at the three airports located within 
a 15-mile radius of the Hanford Site, and are used for shipping of isotopes to some international locations. 
The overall time that elapses between preparation of the customer vial 1\an<ind its delivery to the express mail 
carrier is typically 2 to 4 hours. 

A detailed flowchart showing all of the activities involved in the packaging and shipping of an 
isotope product is presented in PNNL (1 999a) (Section 2.6.1). PNNL qas contracts with two 
subcontractors that assist with the shipping of isotopes: (1) DynCorp Wansports isotope samples from the 
production laboratory at the RPL to the 222S Building for ICP analysisJ and (2) Waste Management 

I 

Federal Services transports the isotope shipping containers from the RPL to the airport for delivery to the 
express mail carrier. All containers that are sent to customers contain 1 -type quantities of isotopes to 

I 
minimize shielding requirements and avoid delays in isotope delivery. Shipments are made FOB 
Hanford, and the customer pays the costs of express mail shipping. In general, the record of Airborne 
Express and other carriers has been very good, with an average on-time \delivery record of 98% for more 
than 1200 shipments over the past two years. 

3.0 What process, mechanism, and organizational structure do you have for . 
customer service? 

Response: 

The customer sales and service functions ·are conducted as part of the Hanford Radioisotopes Program 
at a total level of effort of 1.5 FTE. Customer orders are taken by telephbne, E-mail, or FAX and 
compiled into a spreadsheet that forms the basis for the. weekly isotope p~oduction campaign. Care is 
taken to note all customer-specific ordering information, and to compile in of the necessary paperwork 
such as a copy of the customer's radioactive materials license in advance of shipping (to ensure that the 
customer can receive the shipment). The sales and service staff also wor1;- with PNNL and Waste 
Management Federal Services transportation specialists to identify the most efficient shipping routes and 
air carriers for international orders (about 50% of the total isotope sales i~ 1997-1999). Special efforts are 
made to accommodate special requests, especially when the isotope is required for the treatment of 
critically ill cancer patients. The response time under those circumstance~ can be as little as a few hours. 
Approximately 350 special requests have been met successfully over the ~ast 10 years. 

24 



If FFfI'. undertakes isotope production in 2004, it.is expected tha, the customer sales and service 

functions will be increased at that time to a level of effort of approxin1iately 5.5 FfE. In addition, 
opportunities for privatization of this component of the isotopes progi,am are being explored through 

ongoing discussions with commercial companies. 

4.0 Will you sign contracts that guarantee delivery at the contracted time of 
· delivery, and where the contract has penalty clauses for unUmely delivery of 
the specified product? 

Response: 

PNNL supplies isotopes under a standard DOE customer service areement, and handles invoicing · 
and all other aspects of each sales transaction. All isotope products are shipped FOB Hanford, and 
become the responsibility of the customer at the time of shipment. Ac~ordingiy, our service contracts do 
not have penalty clauses for untimely delivery by the express mail c~er. However, in practice we have 
routinely waived all charges if the delivery of an isotope product is delayed and the customer is unable to 
use it. This waiver of charges is subject to .DOE approval, but the Isotdpe Programs Office (NE-70) staff 
have consistently permitted a waiver to be made under reasonable circJ mstances. In our opinion, this 
practice is more "customer friendly" than introducing a penalty clause {or untimely delivery in the 
customer service contract. 
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