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INTRODUCTION 

The generic AVLIS approach was conceived approximately sixteen years ago 
and approximately $500 million has now been spent on its development, more 
than half of which was spent in the last three years, we have been involved 
in its development for about thirteen years and, during this time, the process 
for uranium separation has gone froK scientific concepts to full-scale 
engineering. The process has been developed in a highly competitive 
environment; both the competing processes and the organizations who 
represented them have been worthy competitors, and this competition has helped 
to create a better AVLIS process. The technical and economic promise of AVLIS 
continues to justify serious financial commitment toward a full-scale 
production demonstration. 

As we all know, the expected world expansion of nuclear power has 
declined radically from the projections of a decade ago, leading to a decline 
in the entire nuclear industry. Thus, when the AVLIS program was started, the 
question was how can we ?xpand uranium enrichment capacity fast enough to meet 
demand. The question today is rather why do we need new enrichment capacity, 
given the excess gaseous diffusion capacity. 
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We have two observations regarding the current situation: 

• First, some of the projections today for nuclear power growth in the 
future may be no better than they were ten years ago. That is, we 
believe a new cycle of nuclear power growth, though more modest than 
earlier projections, should not be overly discounted, and promising 
technologies that can enhance the economic attractiveness of the 
nuclear option should be maintained during this slow period. 

• Second, the AVLIS process can be deployed with total production costs 
well below the future operating costs (only) of gaseous diffusion 
plants. In the 1990s, we can displace gaseous diffusion plants and 
modernize the uranium enrichment enterprise. 

Thus, we continue to advocate the demonstration and deployment of AVLIS as the 
only option the United States now has to modernize and compete effectively in 
the future uranium enrichment enterprise. 

AVLIS PROCESS 

Most of you are by now familiar with the AVLIS process concept (Fig. 1). 
The key feature of the process is its ultra-high spectroscopic selectivity 
(Fig. 2); this selectivity is largely independent of mass flow rate, so that 
the, potential for improvements in the process is limited only by technology. 
That is, the underlying physics places essentially no limit on the potential 
for improvements, as contrasted with gaseous diffusion. 
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It is this feature of the AVUS process that provides a hedge against 
cost growth. Let's explore the issues in a little more detail. This can be 
illustrated qualitatively with a simple plot (Fig. 3) of unit cost (J/SWU) 
versus some technological performance parameter. The so-called "conservative" 
design is one in which the design point is well below the expected 
performance, thus yielding a hedge against cost growth. 

From the outset of the program at Livermore, we have performed an 
engineering conceptual design study each year to establish a baseline program 
plan and a projection of unit cost (J/SWU) based on the successful completion 
of the plan. The goal consistently has been to achieve a levelized SHU cost 
below $40/SWU with annual production capacity of nominally 9 HSWU/y. The 
results of tnese design studies are summarized in Fig. 4. In order for a fair 
comparison of cost projections over the years to be completed, a common set of 
scope and financial assumptions was adopted for the information given in Fig. 
4. These results do not include costs for uranium processing for feed and 
product conversion. With no changes in the current fuel cycle, additional 
uranium processing costs are projected at approximately $15/SWU. If the fuel 
cycle is optimized to match AVLIS rather than gaseous diffusion requirements, 
the added cost of uranium processing can fall to near zero. 

In going from sketchy scientific concepts and table-top experiments in 
1975 to detailed designs and full-scale engineering hardware in 1985, we have 
maintained unil cost projections below J40/SWU. This has been possible, 
inflation and engineering reality notwithstanding, because the potential 
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technological performance of the process has always greatly exceeded the 
performance assumed in the annual point design studies, as illustrated in Fig. 
3. Our studies and test data indicate that technological performance 
improvements can be achieved well beyond those demonstrated to date and these 
can be incorporated into an existing full-scale facility without major process 
or facility redesign. 

The last point is critical in assessing the long-term economic potential 
for AVLIS. This process flexibility results from three features, the one 
already described as the essential absence of a hard physics limit on process 
isotopic selectivity, the second (which is derivative to the first) is the 
very high production rate of a single module, and the third is the 
separability of the process components at the small (or low-cost) level. At 
constant SWU cost, the higher the production rate per module, the more 
frequent the component repairs or replacements can be for a given repair or 
replacement cost. If the components are separable, then individual component 
improvements can be incorporated in a production facility without major 
facility retrofit costs. This condition prevails for the AVLIS process, and 
ciitical components that can improve process performance (e.g., more efficient 
optics, higher productivity vapor collectors, etc.) are relatively low cost 
and can be frequently replaced during scheduled maintenance without disrupting 
production operations. 

These considerations lead us to a design approach in which the original 
production facility is outfitted with excess power and cooling-water capacity 
to permit continual uprating in the course of normal maintenance operations. 
This uprating will be achieved through either improvements in component mean 
time between repair or in performance or in both. 
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AVLIS PRODUCTION TECHNOLOGY 

The full M:ale demonstration facility (FSDF) located at Livermore is 
shown in Fig. 5. The facility was designed to prototype the modular laser and 
separator (Fig. 6) building blocks and their associated refurbishment lines 
for a production facility, as illustrated in Fig. 7. The FSDF consists of a 
Laser Demonstration facility (LOF) and a Separator Demonstration facility 
(SDF). These facilities were designed, constructed, and activated in roughly 
a twelve-month period from 4/84 to 4/85. Although the LDF facility 
infrastructure ><as completed, only one-tenth of the pump (copper vapor) lasers 
was installed; this single corridor of twenty-four lasers is shown in Fig. 8. 
These lasers were used to drive dye laser chains illustrated in Figs. 9 and 10 
and the final light beam was transmitted through a one-kilometer long 
evacuated beam tube (Figs. 11 and 12) to the half-scale (Mars) separator (Fig. 
13). Several enrichment tests were conducted last year and, although not at 
full production laser power, these multicell results were consistent with 
earlier lower-power single-cell test results. 

At this time we are developing the reliability of the laser system and 
plan to resume enrichment testing in Mars later this year. Because of budget 
limitations, we do not anticipate any enrichment testing in SDF prior to late 
1987. The achievement of full-scale laser and separator testing in integrated 
enrichment runs is paced now by funding constraints; this could occur as early 
as 1988 on a technology limited schedule; on the basis of 1985 funding 
guidance we proposed the schedule sumarized in Fig. 14, but the actual date 
is highly uncertain until future funding is resolved. 
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AVLIS PRODUCTION ECONOMICS 

Let's return now to the AVLIS process and illustrate the general 
technical-economic considerations discussed earlier by way cf some specific 
examples. These examples show why we continue to forecast a favorable 
economic outcome for AVLIS technology, assuming a sustained nuclear power 
market. 

It should be remembered that roughly ninety percent of the cost for an 
AVLIS production plant is in the conventional facilities and equipment, and 
the remaining ten percent is associated with high-performance special 
equipment. However, improvements in this special equipment can lead to large 
(£ 2X) improvements in plant productivity. He consider the following three 
examples: 

• Increased mass flow in the separator. 
• Increased laser system optical efficiency. 
• Increased mean time betwren repair. 

The effect of these improvements will be illustrated using an integrated 
process model (IFW) that has been developed over the past decade. 

Increased mass flow: The limit on mass flow rate through an AVLIS 
separator is set by the ability of the product collector to reject heat to its 
surroundings. AVLIS product collectors have been categorized by the technique 
used for neat rejection. The reference production designs continue to be 
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based on passive heat rejection, but some recent designs based on active heat 
rejection test results indicate significant process performance improvement 
can ne realized in future production designs. Fig. 15 shows a plot of SWU/y 
versus mass flow rate. If the reference design costs (both capital and 
operating) are realized, then this increased performance would have only 
marginal value; however, if costs escalate, due to delays or other unpredicted 
cost growth, then this low-cost improvement could be used to offset the cost 
growth. 

Increased laser-system optical efficiency: The overall efficiency of the 
laser electro-optical system in converting electrical line power to tunable 
laser optical power is distributed among several major subsystems. The 
reference designs are based on overall system efficiency of about 2.5 X 
10 . Through systematic improvements, the conversion of electrical to 
optical power and the transport ^distribution) of optical power can be 
improved by more than 100 percent. These improvements involve more efficient 
coupling of electrical energy into the pump (copper vapor) lasers and the 
reduction of scattering and absorption losses in optical-transport 
components. In the past several years we have worked closely with a number of 
optics manufacturers and have made significant improvements in the quality and 
reflectivity of the multiple optical components in the AVLIS system. Progress 
in this area is expected to continue as we iterate test results and design 
variations with the manufacturers. Fig. 16 shows a plot of SWU/y from a 
separator module as a function of optical-system efficiency or, stated 
differently, the increased performance of the reference design as laser power 
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is increased with no increase in installed laser equipment. By design, this 
improvement will have only marginal economic value if the reference design 
meets its cost goals; otherwise, it will offset potential cost growth. 

Increased mean time between repair (HTBR): The reference production 
design is based upon scheduled maintenance and the HTBR is set at the knee of 
the economic curve described in Fig. 3. The critical components have 
scheduled HTBRs in the range from one-twentieth (1/20) to one-half (1/2) year 
even though the theoretical MTBRs are much greater than those assumed in the 
reference design. Fig. 17 shows a plot of J/SWU versus the HTBR for the 
separator module. Again, we see that the economic value is marginal with 
respect to the reference design but, if cost growth occurs in the design, an 

increase in HTBR would help in bringing production costs into line with our 
projections. Experience strongly indicates that an increase in HTBR of 
production components that are frequently replaced can be expected to occur in 
the normal course of plant operations. 

CONCLUSIONS 

The AVLIS process has intrinsically large isotopic selectivity and hence 
high separative capacity per module. The critical components essential to 
achieving the high production rates represent a small fraction (H0%) of the 
total capital cost of a production facility, and the reference production 
designs are based on frequent replacement of these components. The 
specifications for replacement frequencies in a plant are conservative with 
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respect to our expectations; it is reasonable to expect that, as the plant is 
operated, the specifications will be exceeded and production costs will 
continue to fall. Major improvements in separator production rates and laser 
system efficiencies Kpower) are expected to occur as a natural evolution in 
component improvements. With respect to the reference design, such 
improvements have only marginal economic value, but given the exigencies of 
moving from engineering demonstration to production operations, we continue to 
pursue these improvements in order to offset any unforeseen cost increases. 

Thus, our technical and economic forecasts for the AVLIS process remain 
very positive. The near-term challenge is to obtain stable funding and a 
commitment to bring the process to full production conditions within the next 
five years. If the funding and commitment are not maintained, the team will 
disperse and the know-how will be lost before it can be translated into 
production operations. The motivation to preserve the option for low-cost 
AVLIS SUU production is integrally tied to the motivation to maintain a 
competitive nuclear option. The U.S. industry can certainly survive without 
AVLIS, but our tradition as technology leader in the industry will certainly 
be lost. We would like to see this forum continue to speak out and support 
the U.S. tradition of nuclear technology leadership in general and AVLIS in 
particular. 
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History of AVLtS projected cost per SWU 
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AVUS Full-Scale Demonstration Facility Ji 
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F1g. 8. Copper-vapor laser 



F1g. 9. Dye laser corridor 



Fig. 10. Dye laser corridor 
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Facilities relationships at Livermore 
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Separator SWU performance vs. mass flow rate 
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SWU rate versus optica! system efficiency 
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