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DflC  TAB 

In January 1993, RAND's National Defense Research Institute was asked by the 
Office of the Under Secretary of Defense for Acquisition (now Acquisition and 
Technology) to compare the practicality and cost of two approaches to future 
submarine production: (1) allowing production to shut down as currently pro- 
grammed submarines are finished, then restarting production when more 
submarines are needed, and (2) continuing low-rate production. The research 
was motivated by concerns that the submarine production base might not be 
easily reconstituted if production is shut down and by the countervailing 
recognition that deferring new submarine starts might yield substantial savings, 
particularly over the short term. 

This report summarizes RAND's analysis, the results obtained, and the associ- 
ated uncertainties. The reader should bear in mind, of course, that in a sum- 
mary such as this, completeness and precision are in some degree sacrificed 
for brevity. A full treatment of methods and results is available from RAND in 
MR-456-OSD. 

RAND's analysis was completed and briefed to the research sponsors and other 
interested parties in the summer of 1993. It reflects what was known then about 
cost, schedules, and other relevant factors. 

This research was carried out within the National Defense Research Institute's 
Acquisition and Support Policy Program (now the Acquisition and Technology 
Policy Center). The institute is a federally funded research and development 
center sponsored by the Office of the Secretary of Defense, the Joint Staff, and 
the defense agencies. 
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Chapter One 

BACKGROUND 

The current U.S. submarine production program is coming to an end. 

Only two shipyards build submarines for the U.S. Navy—the Electric Boat 
Division of General Dynamics, with principal production facilities in Groton, 
Connecticut, and Newport News Shipbuilding, a Tenneco subsidiary, in 
Newport News, Virginia. Together, they employ about 17,000 workers in sub- 
marine construction. Thousands more work for vendors supplying nuclear and 
nonnuclear components to the shipyards. 

After many years of building three or more submarines annually, these ship- 
yards have started no new submarines since 1991. Figure 1 shows the number 
of submarines commissioned each year and, for years in the future, scheduled 
to be commissioned. By 1999, submarine deliveries will drop to zero for the 
first time in decades. 

This study focuses on attack submarines (SSNs, represented by the darker bar 
segments in Figure 1). Figure 1 includes the ballistic-missile-carrying Ohio- 
class submarines (SSBNs), which serve as one leg of the nuclear-deterrent triad, 
to show that that construction program is coming to an end along with the one 
for attack submarines. 

The United States now has plenty of attack submarines. 

A result of the construction activity shown in Figure 1 is the attack submarine 
fleet profile shown in Figure 2. The current total is down some from the peak 
but about the same as it was in 1980, in the midst of the cold war. 

The number of attack submarines needed in the post-cold war era is uncertain. 
Clearly, the United States will need some: Many nations—North Korea, Iran, 
Libya, others—have submarines, and attack submarines afford the United 
States a flexible resource in the new strategic environment. They are the chief 
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means of defending U.S. ships against enemy submarines, they can hold enemy 
surface ships at risk and attack land targets with cruise missiles, and they can 
transport special forces such as SEALs (sea, air, land teams). Furthermore, they 
can undertake these missions or position themselves to do so without calling 
attention to their presence; such stealth can be important if force projection is 
wanted but is undesirably provocative. 

The Department of Defense's Bottom-Up Review suggests a post-cold war fleet 
of between 45 and 55 attack submarines. In Figure 2, we broaden the band by 
five ships (10 percent) in either direction to take into account the opinions of 
knowledgeable observers outside of DoD. But regardless of whether the re- 
quirement is 40 ships or 60 ships, the United States now has many more sub- 
marines than it needs. Why build more? 

Eventually, it will be necessary to replace submarines now in the fleet. 

Submarines, of course, do not last indefinitely. To ensure safe, reliable opera- 
tion, submarines are retired from the force by the time they reach 30 years of 
service. As Figure 3 shows, the fleet will decline sharply in size as the older 
submarines built in the sixties are decommissioned—all by the year 2000. The 
first of the current class will reach age 30 in 2006. Shortly thereafter, the fleet 
will begin declining through the range of possible requirements, as ships con- 
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Figure 3—Projected Attack Submarine Fleet Profile with No Further Production 
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tinue to be retired at the rate at which they were built—about four per year. 
(Fleet replacement needs for SSBNs are more uncertain and, in any case, farther 
in the future than those for SSNs.) 

By 2013, the attack submarine fleet will fall below the 40-ship level unless con- 
struction is started far enough in advance to have replacement boats ready. 
Because it now takes only six years to build a submarine, it may appear that 
there is adequate time for a money-saving gap in production. This, however, 
ignores an important issue. 

Initiating a submarine construction program after a hiatus would face 
serious challenges. 

Nuclear submarines are among the most complex structures built by man. Not 
only must they survive and function underwater for long periods of time in a 
hostile environment, they contain a nuclear reactor in immediate proximity to 
the crew. Despite these challenges, U.S. nuclear submarines have demon- 
strated their reliability in diverse conflict situations while maintaining an im- 
pressive safely record over almost four decades. That history can be credited in 
large part to the highly skilled submarine design, engineering, and construction 
workforce, both in the shipyards and at the factories of critical-component ven- 
dors. 

The most recently started submarine is now three years into construction. 
Shipyard workers and component vendors needed only in the initial phase of 
construction are already dispersing or preparing to exit the business. More will 
leave as the industry shuts down in phases. If more submarines are not started 
soon, then rebuilding the workforce, reopening the shipyard facilities, and 
reestablishing the vendor base could be very costly and time-consuming. 
Reconstitution could also compromise the reliability and safety of submarines 
constructed before today's high standards are reattained. 

We analyzed the production schedule, cost, and risk associated with 
postponing and with continuing production. 

Motivated by the need to trade off costs and risks while meeting a fleet re- 
placement schedule, the Deputy Secretary of Defense asked RAND to evaluate 
"the practicality and cost effectiveness of reconstitution of the submarine pro- 
duction base versus a continuing program for limited production." The two 
production options envisioned by the Deputy Secretary may be defined more 
specifically as follows: 
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• Wait to build more submarines until those coming out of the fleet must be 
replaced to maintain a sufficient force size. Then, build a new type of attack 
submarine. The expectation was that this approach might save money in 
the near term through postponement of production, but would run up extra 
costs—and risks—later, when it became necessary to restart production. 

• Build another submarine of the Seawolf class—the latest class now under 
construction—while design work proceeds on the new attack submarine. 
Then start constructing ships of the new type as soon as practical. The ef- 
fects on cost and risk were anticipated to be the opposite of those expected 
for the first option. 

Our study thus had three purposes: 

• To determine the practicality of extending the current gap between subma- 
rine starts, given the time required to restart production. We wanted to 
make sure we took into account the full potential advantages of deferring 
production. The advantages increase with the length of the gap—the longer 
production is put off, the more money should be saved. So we sought to 
find the longest gap possible that still allowed meeting force objectives. 

• To compare the cost of producing submarines after the longest gap practi- 
cal with that of continuing production. This is equivalent to determining 
which is greater—the savings from postponing production or the offsetting 
costs of shutdown and restart—and by how much. 

• To characterize the largely unquantifiable risks involved in a reconstitution 
strategy. 

In performing these tasks, we drew on quantitative data and qualitative infor- 
mation from private- and public-sector shipyards and vendors, relevant com- 
ponents of the U.S. Navy and the Office of the Secretary of Defense, and foreign 
governments with shutdown experience. Sources included persons with vary- 
ing perspectives on the seriousness of the delays, costs, and risks associated 
with a production gap. We reviewed all data critically, made adjustments where 
we believed them appropriate, and built and ran analytical models to draw in- 
ferences where the nature of the data permitted them. 

We ascertained how stopping and restarting production affects shipyard and 
vendor costs and schedules and how decisions about future fleet size and pro- 
duction rate determine the production gaps feasible. These results were then 
combined to yield discounted cost streams for sustaining the submarine pro- 
duction base under a strategy of continued production and under various post- 
ponement strategies. We accounted for the costs of producing, operating, and 
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maintaining the attack submarine force until 2030, when submarines in the the 
current fleet will all have been replaced. 

This is what we found. 

• It takes so long to restart production after shutdown that construction of 
the next class of submarines must be started by around 2001 if fleet sizes of 
40 or more are to be sustained. (This finding is discussed in more detail in 
Chapter Two.) 

• For the longest gaps feasible, the discounted stream of costs required to 
sustain the submarine force to 2030 results in savings of less than a billion 
dollars compared to the cost of a more continuous program. That is well 
within the margin of error with which we can now project such costs. (For 
details, see Chapter Three.) 

• Risks, however, are substantial. Given the difficulties and challenges in- 
volved in restarting submarine production from scratch, there is a risk that 
our cost estimates for restart are too low and our schedule estimates too 
optimistic. Further risks related to nuclear licensing and environmental 
and safety concerns may jeopardize the success of a restarted nuclear sub- 
marine program. (See Chapter Four.) 

• Considering the limited savings realizable and the substantial risks incurred 
in extended-gap scenarios, we recommend that construction of additional 
submarines be started soon. Specifically, we recommend that the third 
Seawolf-class submarine, now planned for a 1996 start, be funded, and that 
the Navy proceed with plans for beginning construction of the new attack 
submarine in the late 1990s. (See Chapter Five.) 



Chapter Two 

HOW LONG CAN PRODUCTION BE SUSPENDED? 

The length of the gap depends on how big a fleet is desired. 

The bigger the attack submarine fleet the United States seeks to sustain, the 
sooner the next submarine must be delivered, and the sooner construction 
must start. To aid in understanding the relation between force objective and 
production gap, in Figure 4 we have added a new-production curve (blue) to 
the no-production curve and the illustrative 40-ships-needed line from Figure 
3. Because fleet size is affected by the timing of delivery, and not construction, 
the lessons here are in terms of delivery date; we then infer the latest possible 
construction start date. 

120 

100 
No further production 

Submarines in fleet 

60 

40 

20 

First delivery 

With new production 
(2 per year) 

1980 1990 2000 2010 2020 2030 

Figure 4—How Force Objective Determines Gap Length at a Given Production Rate 
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We can make several observations in connection with Figure 4: 

• If delivery of new attack submarines gets under way in 2005 and continues 
at the rate of two per year, the inventory still falls off (blue curve) because 
submarines of the current Los Angeles class are retiring at the rate of about 
four per year (gray curve). 

• Around 2027, the last of the current class of submarines will be decommis- 
sioned and the inventory will drop to a low mark of 41—just above the 
illustrative force objective. 

• If delivery of the new attack submarine is postponed until after 2005—if the 
starting point of the blue curve is moved further down the gray one—it will 
not be possible to sustain a 40-ship fleet. If delivery is to be postponed 
further, the desired fleet size must be reduced. Conversely, if a larger fleet is 
desired, the gap in submarine deliveries must be shorter. (Or, in either 
case, production rate must be increased; see below.) 

• As mentioned above, it takes at least six years to build an attack submarine. 
Thus, if a fleet size of 40 is to be sustained at a production rate of no more 
than two per year, construction of the new attack submarine must begin by 
1999. 

Production rate also limits fleet size. 

Maximum gap, desired fleet size, and maximum sustained production rate are 
interrelated. The implications for gap length cannot be understood without 
understanding the constraints that production rate places on fleet size. Figure 5 
illustrates these constraints. Here, we assume that construction of the new at- 
tack submarine begins in 1998—the earliest date practical (design is still under 
way). Because a later restart date would mean a lower sustainable force struc- 
ture, the fleet sizes shown in Figure 5 are the maximums that each production 
rate can sustain. What we learn from this graph is that, given the rate at which 
submarines will be retired in the future, 

• a production rate of one submarine per year following a 1998 restart cannot 
even sustain a fleet size of 30. The fleet size drops below 30 around 2023. 

• two per year (as in Figure 4) will sustain 40 but not 50. 

• it takes three per year (with two shipyards working) to sustain 60. 

To complicate matters further, ship age at decommissioning is not necessarily a 
constant. If, for example, the service lives of the more recently built submarines 
could be extended from a maximum of 30 years to 35 years, the fleet size sus- 
tainable at a given production rate would increase. The reason is that in push- 
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Figure 5—Influence of Production Rate on Fleet Size Sustainable 

ing the decommissioning curve into the future, gains in inventory could be real- 
ized in the early delivery years following 2005, and the inventory curves would 
all rise. A fleet size of 50, for example, could then be sustained at two new sub- 
marines per year. However, extending the lives of nuclear submarines is not a 
trivial task. Much additional technical study and analysis of cost and military 
effectiveness is required before a decision could be made to implement such a 
plan. (As we will discuss in Chapter Three, ships can also be decommissioned 
early.) 

Taking all these factors into account simultaneously, how long can the next 
submarine start be postponed? 

A fleet size of 40 cannot be sustained if restart is postponed much 
beyond the end of the decade. 

Figure 6 shows the latest year to start construction of the next submarine if 
various fleet sizes are to be maintained at a maximum production rate of two or 
three ships per year from a single shipyard, with a maximum ship life of 30 or 35 
years. For several combinations of production rate, fleet size, and service life, it 
is not possible to sustain the fleet size minimum unless the first new attack 
submarine is started before 1998, which is unlikely. (These impractical combi- 
nations are represented by the blank triangles in Figure 6.) 
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Figure 6—Latest Year to Restart Submarine Construction 

The 1999 date in the upper left corner of Figure 6 represents the case shown in 
Figure 4—40 ships sustained at two per year. If ship life could be extended to 
35 years, then ships come out of the fleet later and construction need not be 
started so soon; production can be postponed until 2001. 

If it is decided that a bigger fleet is needed, then more of the ships being retired 
from the fleet must be replaced and construction must start sooner. For most 
cases involving 50 or 60 ships at two per year, construction start for the first new 
attack submarine falls into the impractical range. 

Building ships at three per year affords more flexibility. It would then be possi- 
ble to sustain the fleet in two of the three cases in which it would be impractical 
to do so at two per year. In two of the three other cases, later restarts would be 
possible. In no case, however, is it possible to wait beyond 2001. (We also in- 
vestigated the use of two shipyards at three per year, and again it would be nec- 
essary, even in the less demanding cases, for construction to start by 2001.) 

Note the difference between the top two dates in Figure 6 (for 40 ships with a 
30-year service life). The production rate is increased by 50 percent; it would 
seem that, at three ships per year, a 40-ship fleet might be built in about 13 
years instead of the 20 years it would take at two per year. Despite this seven- 
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year difference, only a two-year relaxation of the restart date is possible. If ser- 
vice life is 35 years instead of 30 years, increasing the production rate from two 
to three per year permits no further postponement of restart. Why isn't a bigger 
gap attainable? 

The longer restart is postponed, the longer it takes to deliver the first 
submarine. 

For the cases marked 2001 in Figure 6, the first submarine is not actually 
needed until 2010. In the interval between the end of currently planned sub- 
marine production in 1998 (shown by the longest of the gray bars in Figure 7) 
and 2001, part of the submarine workforce disperses. Because that workforce 
has to be rebuilt, the production time for the next ship stretches out from six 
years (as shown by the near-future restarts represented by the light blue bars) to 
nine years (the dark blue bar). (We derive this difference in construction from a 
workforce reconstitution model that we will discuss in Chapter Three.) If restart 
is postponed beyond 2001, the first submarine will not be ready until after 2010, 
and the 40-ship force will not be sustained. (We use the 40-ship fleet as an ex- 
ample here and in subsequent analysis because it permits a long gap without 
requiring a possibly unaffordable production rate of three per year.) 

The light blue bars in Figure 7 represent what we have been calling a 
"continuous production" strategy. In fact, however, skills and resources re- 
quired at one stage of submarine construction are not always needed at an- 
other. This is not a problem when submarine starts occur within a year or so of 
each other. In that case, workers employed in, for example, the last phase of 
submarine construction can find another submarine in final phase to work on 
when they finish their current one. Such a situation—one with truly continuous 
production—is illustrated by the stacked gray bars in Figure 7. 

But some loss of capability occurs whenever analogous stages of construction 
do not follow each other closely. It is thus more accurate to refer to the 
"continuous production" strategy represented by the light blue bars as a 
"minimum gap" strategy. Even with the earliest restart now feasible (1996), 
some loss of early-phase construction expertise can be anticipated. A produc- 
tion gap is already under way, and it will result in a delivery gap. 

Because we care mainly about the timing of delivery, we measure the gaps in 
Figure 7 from delivery to delivery: four years for the minimum-gap strategy 
(followed by another three-year gap) and 12 years for the maximum gap in the 
case shown. In the next chapter we will compare costs for the various maxi- 
mum-gap strategies whose restart dates are shown in Figure 6 with the mini- 
mum-gap strategy depicted by the light blue bars in Figure 7. 
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Chapter Three 

HOW MUCH CAN BE SAVED BY POSTPONING PRODUCTION? 

Extending the production gap both saves money and costs money. 

It saves money for two reasons: 

• First, submarine production is postponed, so that the cost of replacing the 
fleet is less when discounted to present-day dollars. 

• Second, if production is deferred long enough, the next class of submarines 
will be designed and ready for construction. As ships of that class are likely 
to cost less than the current Seawolf class, which was designed for a Soviet- 
era threat, money can be saved by waiting. 

Longer gaps run up extra shipyard costs of three kinds (see Figure 8): 

• If submarine production is to be suspended for a period of years, substan- 
tial sums will have to be expended to shut down shipyard activities and fa- 
cilities and do so in a manner that preserves tooling and information that 
might facilitate restart. Further expenses are incurred in association with 
releasing personnel. 

• Then, the yard and its production lines will have to be maintained in work- 
ing order during the gap. The yard still has to pay utilities, security and 
maintenance personnel, taxes, and so forth. And a cadre of skilled person- 
nel will have to be retained if the yard is not to lose the know-how necessary 
to build submarines. 

• Finally, additional expenses will be incurred when production is restarted. 
Some of that is for reconstituting facilities, but most of it is for rebuilding 
the workforce. 

13 
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To calculate workforce reconstitution costs, we built a model. 

The shutdown and maintenance costs are straightforwardly calculated, but de- 
termining the cost and schedule effects of rebuilding the workforce required 
taking into account a number of variables. The model that does so is illustrated 
schematically in Figure 9. 

The diagram shows the cadre mentioned above. We input a mentontrainee ra- 
tio—how many new workers each cadre member could train—and also took ac- 
count of how worker efficiency and pay increase (and attrition decreases) with 
experience. We also considered the cost to hire and train each new worker and 
the effect on overhead per ship when production is just starting. (Data used in 
the model were derived from public and private shipyard experience, including 
apprentice programs.) The model calculates how long it would take to build the 
first ships after restart and how long it would take to reach a steady-state pro- 
duction rate. The model also estimates how much more it would cost to build 
those pre-steady-state ships than it would have at steady state. 

We found that the cost of restarting production at a shipyard could run well 
over a billion dollars. Much of that could be saved if workers could be retained 
through other shipyard activities (e.g., overhauls) during the submarine pro- 
duction hiatus. 
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Inputs: 

• Workforce characteristics 

• Cost parameters 

Cadre  H    Hire and train workforce 

" 

Outputs: 
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Ship delivery schedule 

Figure 9—Workforce Reconstitution Model 

Besides the extra costs to the shipyards, an extended gap means 
additional costs to reconstitute submarine component vendors. 

Shipyards buy or receive through the government many submarine compo- 
nents—nuclear and nonnuclear—produced by outside suppliers. To be ready 
for installation at the correct point in submarine construction, work on some 
key nuclear components must begin well in advance (see Figure 10). Currently 
planned work should keep nuclear-system vendors busy for the next two or 
three years (assuming a scheduled new aircraft carrier is built). Design work 
has already begun on the longest-lead components (e.g., the reactor vessel and 
steam generator) for a new attack submarine. Unless there is a lengthy produc- 
tion gap, it would not be practical to shut down the suppliers of such compo- 
nents. Reconstituting them might require more lead time than the gap would 
make available and would result in hundreds of millions of dollars in extra 
costs. As for reactor cores, there is no point in shutting down the sole remain- 
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Figure 10—Shipyard Need Dates and Design-and-Manufacturing Spans, Selected 
Nuclear Components, First Ship of Seawolf Class 

ing U.S. producer, as that firm is engaged in producing cores to refuel aircraft 
carriers and SSBNs. 

The nuclear-vendor base is small, but there are on the order of a thousand 
suppliers of nonnuclear submarine-specific components. For the most part, 
supply of these components could be quickly resumed once demand for them 
is renewed following a production gap. A small fraction, however, require spe- 
cial skills or technologies that may be difficult to recover should the firms pro- 
ducing them go out of business during a gap. For these cases, comprising at 
least a few products and at most a few dozen, reconstitution costs could 
amount to half a billion dollars. 

If submarine orders are delayed, the government could take a variety of actions 
that could help avoid the need to reconstitute the nuclear and nonnunclear 
vendor bases. Such measures include funding the production of items in ad- 
vance of need, paying the firms to develop and prototype advanced methods to 
manufacture the needed components, or allocating other Navy work to those 
firms. Each of these measures has its drawbacks. But whatever is chosen, it 
must be done soon, as critical nonnuclear suppliers may otherwise begin to go 
out of business within the next year. 
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Gap-related costs could approach $3 billion. 

We combined shipyard shutdown and maintenance costs and shipyard and 
vendor restart costs for each of several scenarios at Newport News and Electric 
Boat. Figure 11 shows two such scenarios. Both represent a maximum-gap 
strategy with restart in 2001 and buildup to a maximum rate of two ships deliv- 
ered per year. But the column on the left assumes no work in the shipyard be- 
tween the end of current construction and 2001; the one on the right assumes 
sufficient submarine overhaul work is directed to the yard in the interim to 
sustain 1000 workers. Without further work, gap-related costs are on the order 
of $2.75 billion. With overhauls, that number drops to about $1.5 billion. (This 
does not take into account negative effects on the yard that had the overall work 
before it was redirected to the construction yard—or what to do with the over- 
haul work once construction resumes.) 

The breakdown of these totals into categories is as shown in Figure 8 and de- 
scribed in the text accompanying that figure, except that we have added vendor 
restart costs. Some of the shipyard costs are for restarting facilities, but the bulk 
is personnel-related and reflects the reconstitution of the labor force, the speed 
of which is limited by the availability of skilled workers for rehire and men- 
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Figure 11—Illustrative Shutdown, Maintenance, and Restart Costs 
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tontrainee ratios that must be maintained, among other things. The reconsti- 
tution-related cost penalty includes greater per-ship overhead charges that ac- 
crue when the initially small size of the labor force limits the number of ships in 
the yard. It also reflects inefficiencies from having a high proportion of trainees 
on the job, along with hiring and training costs. Vendor costs are predomi- 
nantly for reconstituting nonnuclear vendors, which, as we mentioned above, 
are more likely than nuclear vendors to exit the business in the near future. 
Again, we consider only the production base; these costs do not include the 
costs of maintaining the R&D, technology, and design base over the course of 
the gap or reconstituting it afterwards. 

To estimate non-gap-related costs, we built a second analytical model. 

Figure 12 is a schematic representation of our fleet composition analysis model. 
The elements are as listed below. 

• The variables we considered are shown in the gray boxes as inputs to the 
model. The first three boxes include the items discussed in Chapter Two. 
In addition, the Navy plans to decommission some ships early. To the ex- 
tent this is done while there is an excess of ships in the fleet, it can save 
maintenance and operating costs without requiring earlier restart. We also 
incorporated data on current costs and fleet inventory. 

• The model, shown here in dark blue, determines a schedule of construction 
and decommissioning over the next 36 years that minimizes the net present 
value (NPV) of the costs of production and operating and supporting (O&S) 
the fleet. 

• Thus, the output, in the light blue boxes, is in the form of a delivery sched- 
ule, a resulting fleet-size profile, and a profile of costs over time. 

Recall that we sought the maximum gap, not the cost-minimizing gap. That is 
why we estimated gap-related costs separately from the model. We then com- 
bined the costs directly associated with the gap (those in Figure 11) with the 
subsequent production, operation, and maintenance costs obtained through 
the model shown in Figure 12. The result was the total costs associated with 
minimum- and maximum-gap strategies for various combinations of fleet size, 
production rate, and ship life. 

When all costs are taken into account, extending the production gap 
saves little, if anything. 

Figure 13 is a cumulative depiction of discounted costs over time to maintain a 
fleet of 40 ships with the standard 30-year service life at a maximum production 
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Figure 12—Fleet Composition Analysis Model 

rate of two ships per year. Relative to the total, there is not much difference be- 
tween the minimum- and maximum-gap strategy over the long run. In fact, 
considering the uncertainties involved in projecting costs over such a long pe- 
riod, we cannot say with confidence that there is any difference at all. 

Savings are realized over the short term, or by extending ship life. 

The profile of savings over the course of time is shown more clearly in Figure 14, 
where the cost of the minimum-gap strategy for a 30-year ship life is depicted as 
a baseline and the savings of other strategies are shown relative to it. Note the 
following comparisons: 
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Figure 13—Cumulative Total Cost of Minimum- and Maximum-Gap Strategies to 
Sustain a 40-Ship Fleet at Two Ships Delivered per Year 

• Over most of the time frame we looked at and assuming a ship life of 30 
years, the maximum gap has a cumulative cost advantage of a half a billion 
dollars or so—again, less than our estimating error. 

• If ship life can be extended to 35 years, maximizing the production gap 
saves even less (compare the lower pair of curves to each other). 

• However, for both comparisons, there are larger differences over the short 
term, and these might be meaningful to some decisionmakers. (Note that 
in the 35-year case this "short-term" advantage lasts much longer. It may 
also be of interest that the short-term savings in the 30-year case arise 
largely from not proceeding with the third Seawolf-class submarine.) 

• Much larger savings are realized from extending ship life than from extend- 
ing the production gap. (But again, extending ship life entails important 
costs we do not consider here.) 

We made comparisons like this for larger fleet sizes and for three ships pro- 
duced per year and, while the short-term results varied somewhat, the lesson 
for the long term was the same:   little or no cost advantage for delaying 
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Figure 14—Difference in Cumulative Costs Between Each Strategy 
and the Minimum-Gap, 30-Year-Ship-Life Strategy 

production of the next submarine. For example, when a production rate of 
three ships per year is allowed, 

• the long-term difference between minimum- and maximum-gap strategies 
is less than a billion dollars (not necessarily in favor of the maximum gap); 

• life extension, on the other hand, results in savings ranging from about a 
billion to about two and a half billion dollars, depending on the case. 

The outcome of these analyses can be summarized as follows: when taking the 
long view, cost is not a good criterion for deciding between production strate- 
gies. 





Chapter Four 

WHAT ARE THE RISKS? 

The modest savings from extending the production and delivery gaps are 
achieved at a substantial increase in program risk. Sources of risk can be 
grouped into three classes. 

Lack of analogues may have led us to underestimate costs and delays. 

Some risk arises from the inherent uncertainty in making any kind of cost or 
schedule estimate for an action that has no real analogue. No dormant 
industries have experienced production restarts recently. Also, we have made 
no allowance for problem resolution in our estimates, although British 
experience indicates that it would be challenging to produce submarines that 
integrate new technologies developed during the gap years—and the British 
were resuscitating diesel technology. The challenges—and the associated extra 
costs and delays—could only be greater for nuclear submarines. 

We do know of potential infrastructure failures that we have been 
unable to assess quantitatively. 

Such failures could substantially postpone or even jeopardize a restart 
program's successful completion. They include the following: 

• For some of the longer gap scenarios, submarine design and development 
skills may atrophy, further lengthening the production phase. Talented 
engineers faced with unproductive work during a gap may look for 
opportunities elsewhere. Potential recruits may see the shutdown and 
decide to pursue other career opportunities. How much could it cost to 
attract people back to submarine design who have committed elsewhere? 
We don't know. 

23 



24    The U.S. Submarine Production Base—Executive Summary 

• It is uncertain whether construction skills can be reconstituted at any 
reasonable price; again, once firms and individuals leave the industry, it 
may not be possible to lure them back. 

• Submarine construction requires specialized management and oversight 
skills, both at the shipyards and vendors and in the government. Persons 
with these skills might move on to other opportunities during an extended 

gap- 

• Nuclear licenses and environmental permits may be lost if production is 
suspended. 

• If restarting production at a lower skill level results in an eventual accident, 
particularly one involving a nuclear reactor, the ship's crew and everyone 
else in the vicinity could be endangered, and public pressure could halt 
submarine construction and curtail operations indefinitely. 

Other risks include failure to meet national security objectives and the 
possibility of future production gaps. 

Extending the production gap constrains the fleet sizes and production rates 
that can be chosen. World events may lead to a decision that a fleet size of 60 is 
needed to ensure national security. Such a fleet size cannot be sustained if 
construction on the next submarine is not initiated before 2000. Even for a 50- 
ship fleet, delaying the next submarine start to 2000 or beyond would require a 
production rate greater than two per year. It is uncertain whether submarine 
production of three per year would be viewed as affordable, and such a 
program would produce a full fleet of 30-year-life submarines in less than 20 
years, resulting in another production gap in the 2030s. 



 Chapter Five 

CONCLUSIONS AND RECOMMENDATIONS 

It is impractical to postpone submarine production much beyond the 
year 2000. 

• Production schedule options are limited. Construction of the first subma- 
rine of the next class probably cannot be started before 1998. (Current 
plans call for a third submarine of the Seawolf class to be started in 1996.) 
But construction of the new attack submarine must start by about 2001 if a 
fleet close in size to the one now planned is to be sustained at reasonable 
production rates. The difference between the shortest gap now feasible (to 
1998) and the longest practical (to 2001) is thus only three years (without 
the third Seawolf; with the third Seawolf, it is five years—1996 to 2001). 

• The longer the gap, the more difficult it will be to sustain a fleet large 
enough to meet the nation's projected needs. If the next submarine is not 
started until after 1999 and ships are still retired at the age of 30, it will not 
be possible to sustain a fleet size of 50; a production rate of three per year 
would be required to keep the fleet from falling below 40 ships. 

• If the more recently built Los Angeles-class submarines could be operated 
beyond the normal decommissioning age of 30 years, greater flexibility in 
production scheduling could be realized. It would be possible to sustain a 
greater fleet size at the same production rate or the same fleet size at a 
lower production rate than would be the case with the current decommis- 
sioning age. 

It is not clear that an extended production gap would result in any 
savings over the long term. 

• For some combinations of desired fleet size and maximum production rate, 
savings may be realized by extending the gap; for others, losses may result. 
In all cases, the projected gains or losses are smaller than the errors that ac- 

25 
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company our prediction methods over that time frame, so they cannot be 
asserted with any confidence. However, it appears that, for some combina- 
tions of fleet size and production rate, substantial gains (on the order of a 
few billion dollars) will accrue over the next 10 years if the gap is extended. 

• Larger long-run savings may be realized by extending ship life beyond 30 
years. However, we do not in this analysis account for any costs of deter- 
mining the feasibility of ship life extension or any costs necessary to effect 
such extensions beyond those of a standard overhaul. 

These marginal savings are realized at substantial risk. 

• In extending the production gap, the Department of Defense would run 
several risks that could add to the delays and costs we have been able to es- 
timate. The industrial base may lose the expertise of individuals and the 
capabilities of firms that are essential for efficient reconstitution following a 
gap. It may be very difficult for those design and production workers who 
do remain to integrate all the technologies becoming available in the in- 
terim into high-performance submarines. And environmental and nuclear 
regulatory impediments could add years to the time required to reconsti- 
tute. 

• There can be little tolerance for trial and error in nuclear-submarine design 
and construction. Losses of cumulative individual and institutional exper- 
tise could raise the risk of system malfunction and of an accident, possibly a 
nuclear one. Obviously, a nuclear accident would have grave conse- 
quences. 

We recommend that DoD act to minimize the submarine production 
gap that is now under way. 

• Considering that the savings from extending the current production gap are 
uncertain and that the risks of doing so are great, we recommend that con- 
struction on the next submarines begin as soon as practicable. 

• Specifically, we recommend, first, that the third Seawolf-class submarine 
(SSN-23) be started around 1996 and that the first new attack submarine be 
started as soon as feasible, around 1998. 

• Finally, considering that savings may be realized by extending the life span 
of many of the current class of submarines, we recommend that the Navy 
carefully evaluate this option. 
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Our recommendations are based on our own judgment regarding prudent 
weights to be attached to the results of our quantitative cost and schedule anal- 
ysis and our qualitative risk assessment. Others using the same methodology 
would arrive at a different course of action if they took either (or both) of two 
alternative viewpoints. 

• First, in reaching a restart decision, they might have a high tolerance for 
risk. This would be more defensible over the short run (e.g., in deciding not 
to proceed with SSN-23) than over the long run. 

• Second, they might attach much greater weight to the short-term savings of 
the maximum-gap strategies. The latter approach might be taken by some- 
one who had little or no confidence in cost projections running 20 or 30 
years into the future or who for other reasons heavily discounted future 
costs. 


