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PREFACE

The objective of this study was to identify and evaluate options for the disposal
of U.S. Navy and U.S. Maritime Administration (MARAD) ships. The research
considered four options: long-term storage, domestic recycling, overseas re-
cycling, and reefing (i.e., the sinking of ships to build artificial reefs). It also
considered the use of private and public U.S. shipyards, international organiza-
tions, and partnerships between U.S. and foreign companies. Applicable envi-
ronmental and worker health and safety regulations were taken into account in
arriving at estimates of the costs, benefits, capacities, capabilities, feasibility,
and risks associated with each option.

This research was conducted for the U.S. Navy within the Acquisition and
Technology Policy Center of RAND’s National Defense Research Institute, a
federally funded research and development center sponsored by the Office of
the Secretary of Defense, the Joint Staff, the Unified Commands, and the
defense agencies.
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SUMMARY

The U.S. Navy and the U.S. Maritime Administration (MARAD) together preside
over a fleet of some 450 retired naval vessels and merchant ships that grows
each month as ship retirements continue. Some of these ships will find their
way into the navies of U.S. allies and friendly nations, others will be sold or do-
nated to interested parties, and some will be consumed in live-fire military ex-
ercises known as sinking exercises, or SINKEX. Those that remain, about 358
ships, will require some other form of disposal over the next 20 years. Those
358 ships were the focus of our study.

We evaluated four options for how the Navy and MARAD might proceed: long-
term storage, domestic recycling (ship dismantlement in U.S. naval or com-
mercial shipyards), overseas recycling, and “reefing”—i.e., the sinking of a
ship(s) to create an artificial reef for a marine habitat or as a site for recreational
divers. Of these four, only the last three are truly ship-disposal options. Long-
term storage, which defers the decision of how to dispose of the ships until
some later date, was included to show the consequences of taking no action.

APPROACH

The study’s main thrust was to estimate the costs and offsetting revenues asso-
ciated with each of the four options, to assess the stability or uncertainty asso-
ciated with each factor, and to assess the associated risks and impediments.
Because the U.S. Navy funds both Navy and MARAD inactive fleet expenses, we
estimated total program costs. In some instances, we show the separate Navy
and MARAD “shares” of the total costs. All costs are given in constant FY00
undiscounted dollars; total program costs are often also given in discounted net
present value dollars.!

1A discount rate of 4.1 percent was used, per Office of Management and Budget, Circular A-94, at
http:/ /www.whitehouse.gov/OMB/ circulars/a094/a094.html.

xiii
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Table S.1 summarizes the costs associated with the long-term storage option
and the three disposal options; Figure S.1 shows the costs as a graph. The lower
and upper ends of each floating bar in the figure represent the best-case and
worst-case values, respectively. This range of values captures the full spectrum
of possible outcomes in our cost model. The vertical stroke through each
floating bar represents the baseline case, whose value captures the most rea-
sonable expectation of option cost. With ship storage and title holdings as they
now stand, the Navy will be responsible for about 45 percent of the cost of each
option, with the balance falling to MARAD. Should the Navy transfer title to all
eligible auxiliary and amphibious warfare ships to MARAD, the Navy share will
fall to about 30 percent, with the balance going to MARAD. This variation is
within the range between best and worst case shown.

Long-Term Storage

This option assumes that all 358 ships will be stored for 100 years and will still
be in storage at the end of that period. This option is the most expensive of the
four in terms of total costs over the 100-year period, amounting to $4.9 billion in
undiscounted FY00 dollars, or $1.2 billion discounted. In terms of its impact on
the near-term annual budget, long-term storage is competitive with the three
disposal options, averaging $50 million per year.

Long-term storage is the course of action with the greatest amount of cost
uncertainty. Our concerns about the accuracy of the estimated costs for this
option focus on two cost factors:

» Aging. This factor represents how a ship’s maintenance needs will grow as
the ship ages. The cost model baseline uses a uniform aging factor of 0.5
percent per year to reflect the increase in maintenance cost. The expecta-
tion is that the older the ship becomes, the more maintenance it will need
to stay afloat.

¢ Interval between dry dock inspections. The cost model baseline uses a
uniform dry dock interval of 15 years for inspection and repair. If more fre-
quent dry dockings were to become necessary, however—perhaps in re-
sponse to greater-than-anticipated ship deterioration—costs could increase
rapidly.

For our baseline, we used a 0.5 percent aging factor, a 15-year dry dock interval,
and constant dry dock costs. The cost estimate for long-term storage in this
case is $4.9 billion in undiscounted FY00 dollars. The best-case scenario in-
volves no escalation in maintenance due to aging, a 20-year dry dock interval,
and a constant dry dock cost. Under these conditions, the cost estimate is $3.8
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Table S.1
Estimated Cost of Options

Estimated Cost (millions of US$)

Baseline Average Annual

Option Worst Case Baseline Best Case Budget
Long-term storage

Discounted 1,750 1,170 960

Undiscounted 7,740 4,920 3.770 50 for 100-year program
Domestic recycling

Discounted 2,590 1,370 510 94 for 20-year program

Undiscounted 3,600 1,870 680
Overseas recycling

Discounted 140 140 0 34 for 5-year program

Undiscounted 170 170 0
Reefing

Discounted 560 370 240 25 for 20-year program

Undiscounted 760 500 320

RAND MR1377-S.1

[] piscounted

Reefing

I Baseline

Overseas recycling

Domestic recycling

Long-term storage

I | | I | I | |
6 1,000 2,000 3,000 4,000 5000 6,000 7,000 8000 9,000

Cost (millions of US$)

Figure S.1—Estimated Cost of Options
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billion in undiscounted FY00 dollars. The worst-case scenario involves a 1 per-
cent cost increase due to aging, a 10-year dry dock interval, and a 25 percent
higher dry dock cost. Under these conditions, the cost estimate is $7.7 billion in
undiscounted FY00 dollars.

Long-term storage is not truly an option for the problem of ship disposal. It
only defers the problem for another generation. In other words, whether stored
for 20, 50, or 100 years, the 358 ships would still have to be dealt with in the end.
For this reason, we concluded that long-term storage is not a viable course of
action and not a sound policy.

Domestic Recycling

This option proved difficult to estimate accurately because of the labor-cost un-
certainties likely to attend ship dismantling in the United States. We used the
best data available from Puget Sound Naval Shipyard (PSNS), the Navy’s Ship
Disposal Program (SDP) contractors, and other sources. The complexity of the
dismantling process for the various ship classes is another source of uncer-
tainty. We developed a relationship between light ship weight (LSW) and the
dismantling cost based on all the available data. We then used this relationship
and other cost factors (such as towing, interim storage, and learning curve effi-
ciencies) to arrive at baseline, best-case, and worst-case cost estimates. The
available data on the cost to recycle specific ships at specific ship recyclers vary
widely, so we caution against using our estimating approach for any specific
ship. Of the variables contributing to the overall cost estimate for this option,
the learning curve and the dismantling costs have notable influence while the
value of scrap metal has little.

The baseline scenario for this option entails a 95 percent learning curve, the
best-fit value for labor costs and ship complexity, and the October 2000 scrap
prices. The result is a baseline cost estimate of $1.9 billion in undiscounted
FY00 dollars, or about $1.4 billion in discounted dollars. The 95 percent learn-
ing curve we used is what was experienced by PSNS during its submarine
recycling program. This learning curve, which is typical for heavy industry en-
gaged in low-rate repetitive tasks, means that the last ship in a 20-year program
will cost about 72 percent of the first. A learning curve beyond 95 percent for
heavy industrial work of the kind involved in ship recycling would be difficult to
achieve, as evidenced by PSNS experience.

Our best-case scenario for this option entails a 90 percent learning curve, the
lower end of the labor cost error band based on the PSNS and SDP data (30 per-
cent less than the baseline rate of $863 per ton of LSW), the lower end of the
ship complexity error band (16 percent less the baseline case), and a 50 percent
increase in scrap value. Under these conditions, the estimated best-case cost
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for domestic recycling is $680 million in undiscounted FY00 dollars. Qur worst
case involves a flat learning curve, the upper end of the PSNS and SDP labor
costs (30 percent above the baseline rate), the upper end of the complexity error
band (16 percent above the baseline), and a 50 percent decrease in scrap value.
Under these conditions, the estimate for domestic recycling is $3.6 billion in
undiscounted FY00 dollars.

Overseas Recycling

Virtually all present-day recycling of merchant ships and warships is done over-
seas in four Asian countries: India, Pakistan, Bangladesh, and the People’s
Republic of China. Turkey is the only European country that has a notable ship
recycling industry. At one time, overseas recycling was a major means of dis-
posal for Navy and MARAD ships.

The basic business model for overseas ship recycling is as follows: The ship
owner or broker delivers a ship to the recycling site and in return receives pay-
ment based on the ship’s LSW, the prevailing cost for recycling labor and mate-
rials, and the anticipated revenues for scrap metal and reusable equipment.
Most merchant ships sail under their own power to the recycling site, but all or
nearly all of the 358 ships in the Navy and MARAD inventory are or will be in-
active and thus must be towed. For all 358 ships, the towing cost will exceed the
ship’s value in the overseas recycling markets, although some combination of
markets and judicious choice of towing arrangements may produce a small
amount of revenue for the U.S. government. The cost for overseas recycling of
all 358 vessels assuming suboptimum choices for towing arrangements and in-
cluding the cost of storing the ship during the notional five-year duration of
such a program would be no higher than $170 million in undiscounted dollars.
Such a program may cost nothing if towing costs can be optimized. However,
overseas recycling activities have been subject to great uncertainty because of
short-term economic pressures and long-term environmental and safety pres-
sures. Established industries in India and Turkey appear to be in decline be-
cause of these pressures. Moreover, U.S. regulations regarding the export of
polychlorinated biphenyls (PCBs) will have to be amended before the United
States can resume exporting ships containing residues of this pollutant.

Discussions under way within three United Nations (UN) organizations—the
International Maritime Organization (IMO), the UN Environmental Program,
and the Basel Convention on the Transboundary Movement of Hazardous
Wastes—may lead to a new regulatory regimen for the ship recycling industry
that could radically alter the nature of the international maritime industry. Be-
cause of all these uncertainties, we recommend that the Navy and MARAD not
pursue the overseas recycling option despite its attractive cost.
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Reefing

Reefing is a very promising ship disposal option. There is a history of success in
using sunken ships to build reefs that benefit marine life, commercial and sport
fishing, and recreational diving. Reefing is also one of the least expensive dis-
posal options. The baseline case cost estimate for a 20-year program to dispose
of the current inventory of 358 ships through reefing, including towing and in-
terim storage, is $500 million in undiscounted FY00 dollars. Offsetting govern-
ment fax revenues can be expected from the business activity associated with
the new reefs. Calculations using optimistic estimates show that the accumu-
lated tax revenues will equal the cost of the program by its twelfth year.

Compared to the overall cost of the domestic recycling option, that of the reef-
ing option is less sensitive to variations in learning curve and ship preparation
costs. This is because the costs of towing and interim storage, which are fixed
costs, make up a greater fraction of the total cost in reefing than they do in do-
mestic recycling. To estimate the cost of the reefing option, we analyzed the
cost data available from previous reefing projects and obtained estimates from
Navy shipyards and commercial groups. The data lie on a remarkably uniform
trend line, which allowed us to do a high-confidence evaluation of program cost
versus ship complexity.

The baseline for the reefing option assumes a 95 percent learning curve and the
best fit values for the labor costs and complexity factors. The cost estimate in
this case is $500 million in undiscounted FY00 dollars. The best-case cost sce-
nario entails a 90 percent learning curve, the lower end of the labor cost error
band (+30 percent), and the lower end of the complexity error band (+16 per-
cent). The result is $320 million in undiscounted FY00 dollars. The worst case
entails a flat learning curve and the upper end of both the labor cost and the
complexity error bands. For this case the estimate is $760 million in un-
discounted FY00 dollars.

The biggest unknown associated with reefing is the standard to be used for
preparing ships for reefing. Most reefing projects thus far have employed local,
U.S. Coast Guard, or Canadian standards in cleaning and preparing ships for
sinking. A sound long-term reefing program requires new national standards
for ship cleaning and a coordinated Navy-MARAD interagency program,

RECOMMENDATIONS

To reduce the current risk of ship sinking or other notable environmental dam-
age, the Navy and MARAD should exploit the experience gained in the Navy’s
ongoing Ship Disposal Program and the recently initiated MARAD program to
dispose of poor-condition ships in the inventory. At the same time, both agen-
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cies should initiate coordinated discussions with the Environmental Protection
Agency (EPA) and other coastal regulatory authorities to develop standards for
reefing that will make it a viable, long-term option for disposing of as many of
the 358 ships as possible. The goal should be to dispose of the current inactive
fleet by 2020 or earlier, since that time frame will have only a modest impact on
the Navy and MARAD budgets and is well within the capabilities of the available
industrial base. The Navy and MARAD should not opt for overseas recycling;
such a program would involve many impediments and difficulties. Neither
should they opt for long-term storage. This option entails high and uncertain
costs and only defers, rather than solves, the problem of disposing of the 358
ships.
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American Bureau of Shipping
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Artificial Reef Society of British Columbia
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auxiliary
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chlorofluorocarbon

Code of Federal Regulations
cruiser
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foreign military sales

freight on board
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RF
ROM
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RRF
SCUBA
SDOF
SDP

gross registered tons

Gulf States Marine Fisheries Commission
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Her Majesty’s Canadian Ship
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James River Reserve Fleet

light ship weight

long ton

Maritime Administration

mine countermeasure vessel

mobilization

National Steel and Shipbuilding Company

Naval Sea Systems Command

Naval Inactive Ship Maintenance Facility

National Oceanic and Atmospheric Administration
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Chapter One
INTRODUCTION

The U.S. Navy and the U.S. Maritime Administration (MARAD)! together over-
see an aging fleet of inactive military and merchant ships that increase in num-
ber each year and must be disposed of. Some of these ships end up in muse-
ums (about 51 now serve as museum exhibits); others become the subject of
foreign or domestic donations, sales, or leases. The remainder of this inactive
fleet, as of November 2000 and considering those ships to be added through the
year 2005, comprises about 358 ships, all of which have to be disposed of by
other means.

We have assumed for this study that additions to the Navy and MARAD inactive
fleet beyond 2005 will equal subtractions via sales, sinking exercises, and dona-
tions. For the Navy, these three disposal means have recently averaged about
30 ships per year as the fleet has been downsized.2 The DoD is envisioning a
Navy fleet of about 300 ships in the future, and the building rate and corre-
sponding ship retirement rate to sustain such a fleet is about 10 ships per year,
well within the figure of 30 ships per year.? For MARAD, the picture is not as
clear; it depends on future decisions regarding the size of the reserve fleet des-
ignated for “indefinite retention.” Should this fleet be downsized faster than
can be accommodated by sales or transfers, the 358-ship figure will grow. Fig-
ure 1.1 summarizes the numbers and types of ships in the Navy and MARAD
inactive fleet. Appendix A provides a comprehensive list of ships and explains
how the inventory of 358 ships was developed.

1MARAD is the U.S. government’s disposal agent for merchant-type vessels of 1,500 gross tons or
more. This currently includes Navy noncombatant ships, which have come to be loosely
interpreted as Navy merchant-type ships. The Department of Defense (DoD) must dispose of all
combatants itself.

25ee Chapter Three, Table 3.1, for a summary of Navy ship disposals since 1974.

SLetter from U.S. Secretary of Defense to Senate Armed Services Committee, “Department of
Defense’s Naval Vessel Force Structure Requirements,” June 26, 2000.

o
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Figure 1.1—Number and Type of Navy and MARAD Ships Awaiting Disposal

At issue is the appropriate course of action for disposal of these ships. They
might be maintained in indefinite long-term storage, they might be recycled? in
a U.S. Navy or commercial shipyard, they might be recycled overseas, or they
might be reefed—i.e., sunk at carefully selected coastal sites to provide artificial
reefs as habitat for marine life or attractive destinations for recreational divers.

Various concerns attend these four options, however. Long-term storage raises
fears of accidental sinking through hull corrosion or severe storms or environ-
mental damage from spills or leaks. Maintenance costs are also a factor in long-
term storage, especially if mounting corrosion problems or environmental inci-
dents prompt more frequent or more extensive maintenance. And, of course,
long-term storage does not actually dispose of the ships—it only delays the
problem of disposal until some future time. As for recycling, it raises cost-
efficiency concerns when dismantling is to take place in U.S. yards, environ-
mental impact and worker safety concerns when recycling is done either in the
United States or overseas, and issues of international traffic in and export of
highly controlled waste materials when done overseas. Like recycling, reefing
raises questions about necessary environmental protections.

Our study entailed assessing the four courses of action just outlined. The first
chapter describes the disposal problem and the fleet of ships awaiting disposal.

4Many texts refer to ship recycling as “shipbreaking” or “ship scrapping.” We use the termrecycling
because it more accurately conveys that most of the materials in a ship are reused in some way.




Introduction 3

Chapters Two through Five deal, respectively, with long-term storage, domestic
recycling, overseas recycling, and reefing. We considered the use of ships for
military target practice, called sinking exercises, or SINKEX, only as a way to dis-
pose of Navy ships entering the inactive fleet after 2005, when retirements to
the fleet could be accommodated by SINKEX, sales, and donations. Chapter Six
provides a comparative analysis of all four options and concludes with recom-
mendations.

Because the Navy funds both Navy and MARAD inactive fleet expenses, we have
for the most part estimated only total program costs. In a few instances, we
provide both the Navy and the MARAD “share” of the total costs as information
for those in each agency who are responsible for administering inactive ship
programs. We express all costs in constant FY00 undiscounted dollars, in many
instances also giving the discounted net present value for total program costs.?

ORIGINS OF THE INACTIVE FLEET

Upon the Secretary of the Navy’s decision that a ship is no longer needed in ac-
tive service, the ship is inspected by the Navy’s Board of Inspection and Survey
to determine whether it is still physically fit for service. A fit ship may be offered
for lease to a foreign government, inactivated and placed in the inactive fleet for
future mobilization, or declared excess and stricken from the U.S. Naval Vessel
Register (NVR). An unfit ship is also stricken from the NVR, but then it is either
offered for foreign military sale (FMS) to governments that wish to restore it to
service, retained as a source of spare parts for operating ships of its class, or
otherwise disposed of. MARAD maintains the Ready Reserve (RR), a fleet of
merchant ships ready to carry military cargo in times of national emergency.
When these ships are no longer serviceable, they are added to the inventory of
unfit ships awaiting disposal. Occasionally, a few ships from sources such as
the U.S. Coast Guard also find their way to the inactive fleet where they await
disposal.

Ships awaiting final disposal are held at one of the Navy’s four Naval Inactive
Ship Maintenance Facilities (NISMFs) or at one of three MARAD inactive ship
facilities pending completion of disposal arrangements. Stricken Navy ships
determined to be merchant or merchant-type ships or capable of being con-
verted to merchant use are transferred to MARAD for final disposal; warships
are disposed of by offices of the DoD. In the 1960s and 1970s the U.S. govern-
ment sold hundreds of ships from the Navy and MARAD inactive fleets for scrap
both domestically and internationally, relying on the private sector to perform

5A discount rate of 4.1 percent was used, per Office of Management and Budget Circular A-94,
available at http://www.whitehouse.gov/OMB/ circulars/a094/a094.html.
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the work. In the 1980s the number of ships stricken declined because of the
Reagan-era naval buildup. In 1991 the Navy, through such government agen-
cies as the Defense Logistics Agency, resumed ship recycling to deal with the
influx of ships to the inactive fleet that resulted from the post-Cold War military
downsizing.

However, between 1970 and 1990 a fundamental change in the world’s ship re-
cycling industry took place: the industry, which now recycles about 700 ships
per year, migrated from the United States, Spain, Portugal, and Italy to India,
Pakistan, China, the Philippines, and Bangladesh, where labor is cheap and en-
vironmental restrictions are minimal. The U.S. recycling industry generally
contends that it is now more difficult to recycle ships and to make a profit be-
cause U.S. environmental laws and worker health and safety laws have become
more protective. Additionally, U.S. scrap metal prices are currently significantly
lower than those on the Indian subcontinent, and the supply of ships to be re-
cycled in the United States is small and unstable. As a result, between 1991 and
1997, only 34 Navy and MARAD ships were recycled domestically, down from a
total of approximately 980 ships between 1970 and 1982. Twenty ships sold for
U.S. recycling had to be recovered by the Navy because of contractor default.

Concerns About Navy Recycling

In 1997 members of Congress and some environmental groups raised concerns
about Navy ship recycling that focused on U.S. environmental, health, and
safety violations and poor overseas environmental, health, and safety condi-
tions at recycling sites.5 On December 9, 1997, the Secretary of the Navy sus-
pended any efforts to sell U.S. Navy ships overseas for recycling. Concerns
about safety and health at overseas recycling yards are not limited to U.S. inter-
ests, however. International civilian shipping and environmental communities
have shown growing concern about the conditions in overseas yards, and inter-
national environmental regimes such as the Basel Convention on Hazardous
Wastes have made efforts to regulate overseas recycling.”

Overseas recycling has now effectively become unavailable to the Navy and
MARAD. As a result, some 252 ships of Navy origin, about 99 ships of MARAD
origin, and seven ships originating from other agencies await recycling in Navy
and MARAD facilities. Detailed information on this inventory of 358 ships is

6Report of the Interagency Panel on Ship Scrapping, USGPO, Washington, DC, April 1998.

7Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and Their
Disposal, UN Environment Programme (UNEP), 1989, at http://www.unep.ch/basel.
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provided in Appendix A, Table A.2.8 These 358 ships cumulatively represent a
backlog of approximately 2,772,000 light ship weight (LSW) tons.?

The backlog of ships poses several problems. There are increased environmen-
tal risks associated with an aging, inactive fleet; there is the ever-present poten-
tial for ships to sink at their anchorages. Some incidents of discharged haz-
ardous materials have already occurred, and the potential for more may grow as
the ships age. Maintenance costs also increase as ships age. And the inevitable
need to shuffle ships among available facilities to meet emerging needs adds
further to the expense.

The use of ships to build artificial reefs, a largely unexplored way to reduce the
backlog, has been encumbered in part by the recent discovery of residues of
polychlorinated biphenyls (PCBs) in many shipboard materials for which there
are few clear management rules. Consequently, the Navy is concerned about
the long-term liability, attached to reefed ships.

The backlog may be helped by the Navy’s having recently obtained EPA concur-
rence to expend a few ships each year for SINKEX. These exercises provide
valuable training to fleet units as well as useful opportunities to test ship and
weapons system designs. We assumed that SINKEX plus occasional donations
and FMS would keep the inventory from growing above 358 ships beyond 2005.

Environmental and Worker Safety Considerations

Some of the environmental considerations about ship disposal are very obvious
(spills and leaks) while others are less so. Ships often contain many fuels, oils,
solvents, refrigerants, halons, and chlorofluorocarbons (CFCs) necessary for
their operating systems. In older ships, electrical transformers and many non-
metallic materials often contain PCBs, and most such ships are insulated with
asbestos. Lead-based paint that may also contain PCBs covers many of the steel
surfaces. These materials present both environmental and worker safety haz-
ards. For example, lead-based paint chips are a toxic waste in the environment,
~ but lead-based paint also poses a potential health risk to any worker who in at-
tempting to burn the paint off steel being recycled accidentally inhales the re-
sulting fumes. PCBs and asbestos pose safe-handling and health problems for

8Table A.2 is not intended as a specific list of ships but as a tool accounting for ship leases,
donations, sales, and SINKEX that we can use to arrive at an approximate number and tonnage of
ships for our analyses.

%n January 2001, just as this report was being finalized, we were advised that 17 of the 358 ships
were disposed of by recycling, transfer to the General Services Administration for sale, or some
other means. Nearly all were small ships and vessels amounting to no more than 1 percent of the
total LSW in the working inventory. These recent changes thus have a negligible impact on our cost
estimates.
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workers who must remove these substances from ships during the dismantling
process—especially overseas, where safety equipment is often minimal. U.S.
export of PCBs is presently strictly prohibited, which severely restricts the ex-
porting of ships for recycling because most of them contain PCB residues. Fi-
nally, some officials have expressed concerns about the appropriateness of ex-
porting ships that may contain hazardous materials to developing countries.
Indeed, since 1992, 130 countries have embraced the Basel Convention, which
(among other things) allows export of hazardous wastes only under carefully
specified conditions with full disclosure between the parties to the transfer and
only among countries that are party to the convention. Whether ships destined
for recycling are hazardous wastes under the terms of the Basel Convention re-
mains an unsettled issue, as does the ultimate impact of any such determina-
tion and the attendant regulations on the world’s merchant marine industry.

Cost-Effectiveness

The volatility of prices for scrap metall® and other by-products of ship recy-
cling, variations in labor costs, and the differing environmental, safety, and
health rules make cost-effectiveness a notable issue. Compared to their U.S.
counterparts, overseas firms, especially those that dismantle ships on beaches,
enjoy huge advantages in terms of low wage scales, low overhead costs, and
high scrap prices. The calculus becomes more complicated, however, if cost-
effectiveness must also take into account workers killed and maimed in the ship
recycling business, or the environmental and public health consequences aris-
ing from improper disposal of large quantities of hazardous materials.

EVALUATING THE OPTIONS

The cost model built for this study is described in detail in Appendix E. We used
it in estimating the net costs associated with each of the four options.

In the following chapters, the baseline estimates given for the four options each
represent a point estimate produced by the cost model from inputs accurately
representing the cost and revenue factors prevailing at the time. However,
many of these factors (e.g., scrap resale prices) are subject to substantial and
sometimes sudden variation that could invalidate a point estimate. We some-
times had very limited data sets to work with, and we did not want to generalize
from them in mathematically unsound ways. The cost estimates for the options
thus reflect these circumstances. We concluded that given the limitations, un-

10Appendix D provides information on the volatility and regional variation of the U.S. scrap metal
market.
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certainty, and volatility attending some of the cost and revenue factors, the best
way to represent the costs of the individual options was as a range. Each cost
estimate thus is represented graphically as a wide bar, with the best-case cost
and revenue factors defining the lower boundary of the estimate and the worst-
case cost and revenue factors defining the upper boundary. We concluded that
such a presentation—a range of costs with the baseline cost highlighted within
it—was the best way to establish a robust estimate for each option.




Chapter Two

LONG-TERM STORAGE

Long-term storage has played a substantial role in the Navy-MARAD approach
to managing their fleet of inactive ships and has by default become the primary
management tool in recent years. This chapter examines the costs of maintain-
ing the inactive fleet of 358 ships in storage for 100 years and the environmental
concerns that might undermine long-term storage as an option. Of course,
long-term storage is not actually a disposal option, since it only defers disposal.
But it does represent the consequences of not taking some other action to dis-
pose of the 358 ships.

We selected a duration of 100 years to highlight the fact that the Navy and
MARAD must treat long-term storage as a deliberate decision that will bring
with it costs beyond those that either is encountering with their current storage
of ships awaiting disposal. To remain safely and securely afloat for 100 years,
the ships will have to be protected within and without from corrosion attack
with cathodic protection (CP) systems, dehumidifying (DH) systems, periodic
dry dockings for inspections, hull preservation, and repairs. Most of the 358
ships are not presently maintained in this manner. All of this costs money.

THE COSTS OF PRESERVATION MAINTENANCE

Preservation costs for ships in long-term storage comprise the direct labor and
material costs for maintaining these vessels’ long-term integrity while water-
borne and the indirect facility and support costs associated with this mainte-
nance. These costs are higher than what either the Navy or MARAD presently
expends in passive storage of ships awaiting disposal. In addition, ships are
subject to regularly scheduled inspections and tests of their critical systems
(e.g., CP and DH equipment and fire and flood alarms), and ships require
physical security.

Periodically (we assumed once every 15 years, as recommended to us by
MARAD) these ships undergo maintenance in dry dock. This involves costs as-
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sociated with docking and undocking; hull cleaning; hull survey; replacement of
hull zincs, shaft seals, and rudder seals; hull repairs; and similar items.

We also assumed that annual costs for preservation maintenance would in-
crease by 0.5 percent to account for ship aging and the likelihood that as the
ships age they will require slightly more such maintenance each year. Table 2.1
summarizes the cost factors for the long-term (100-year) storage option.

Note in the table the difference in costs for long-term storage versus short-term
storage in anticipation of disposal. The Navy’s long-term cost is about 15 per-
cent higher than its short-term cost; MARAD’s long- and short-term costs differ
by a factor of 2.5. Selection of the long-term storage option thus will require
each agency to increase its present storage budgets, although we cannot say by
how much at this point because we have not analyzed the agencies’ current
budgets.

Based on the assumptions in Table 2.1, the baseline cost for long-term storage
of the 358 ships in a 100-year program is $4.9 billion in undiscounted constant
dollars.] The annual cost ranges from $45 million to $60 million and averages
Table 2.1
100-Year Storage Option Cost Factors

Factor Value Note
Navy
Annual preservation maintenance for $57,000 Weighted average of all ship sizes (PMS
“scrap” ship 333)
Annual preservation maintenance for $65,500 Annual preservation maintenance for
long-term storage scrap ship + 15% for CP and DH
(PMS 333)
Dry dock cost $1,230,000 Norfolk Naval Shipyard estimate?
MARAD
Annual preservation maintenance for $20,000 MARAD value for nonretention ship
“scrap” ship
Annual preservation maintenance for $50,000 MARAD value for non-RRF retention
long-term storage ship
Dry dock cost $900,000 first dry MARAD value; first dry dock costs more
dock, $800,000 due to fuel removal
thereafter
Both
Cost growth 0.5% per year RAND estimate

Costs are associated with various ship types: FF = $1,103,000 (one shaft), CG = $1,230,000 (two
shafts}), CV = $2,156,000 (four shafts).

INote that total cost is in constant FY00 dollars with no consideration of inflation. In the out years,
inflation will increase the actual budget required.
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$50 million during the 100-year interval. The breakdown between the total 100-
year Navy and MARAD annual preservation maintenance and dry dock mainte-
nance for the existing distribution of ships between Navy and MARAD facilities
is shown in Figure 2.1.

The annual Navy and MARAD costs for the long-term storage option are illus-
trated in Figure 2.2. The higher cost for both agencies in the first year results
from the installation of CP and DH systems in ships not presently equipped
with these features, which we believe are necessary for long-term storage. The
slight dip in MARAD costs at year 16 represents the slightly lower cost of the
second and subsequent MARAD dry dock maintenance periods.

Note that excepting the first year, the total cost for both agencies is fairly flat at
about $45 million per year. In the out years, the budget will gradually increase
to about $55 million per year total as the growth factor of 0.5 percent per year
slowly builds.

We assumed for our analysis that of the 358 ships in the inventory, 225 are in
MARAD storage and 133 are in Navy storage, because that distribution approx-
imates the current situation. From the detailed calculations in the model,
MARAD’s storage costs for their ships will thus be about $2.7 billion while the
Navy’s will be about $2.2 billion. Dividing the total costs by the number of ships
held by each agency shows that the cost of storing a ship for 100 years will be

RAND MRA1377-2.1
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Figure 2.1—Navy and MARAD Annual Preservation and Dry Dock Maintenance
for the Long-Term Storage Option
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Figure 2.2—Navy and MARAD Annual Costs for Long-Term Storage,
First 20 of 100 Years

about $12 million in a MARAD facility and about $17 million in a Navy facility.2
Thus, for the storage option, MARAD facilities are preferred. In fact, if all 358
ships were stored in MARAD facilities and maintained in accordance with
MARAD practices, the total estimated long-term storage program cost would
drop from $4.9 billion to about $4.3 billion.

MAJOR CONCERNS

We have two major concerns related to our estimated costs for long-term stor-
age (regardless of storage agency): (1) that leaks will discharge harmful materi-
als into the waterways where the ships are stored, and (2) that corrosion will ul-
timately penetrate the ships’ hulls or topsides, causing them to sink or become
unsafe to work aboard. The Navy is addressing the first issue by removing fuels
and lubricants from the ships in its custody. However, we understand that
MARAD has no current program of this nature and have noted from a brief re-
view of liquid loading logs for some MARAD ships that many still contain po-

2We have not determined the basis for the difference between the Navy and MARAD storage costs.
The difference could reflect genuine differences in work, different accounting practices, and/or
other factors. The cost figures were provided by each of the agencies and are used at face value in
our evaluation.
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tential pollutants. As the current inactive ships age and corrosion takes its in-
evitable toll, accidental spills and discharges become more likely. Corrosion

‘alone is a severe problem in these ships, regardless of concerns for potential

pollutants. Corrosion of hulls and topsides has already damaged some ships to
the point that repairs have been needed simply to keep the ships afloat and ad-
equately safe to work aboard. The ultimate toll of corrosion is unknowable.

With careful and continuous preservation and periodic dry dockings, ships
could be kept afloat indefinitely. But the cost and extent of the needed preser-
vation cannot be accurately predicted. We included in our estimates an escala-
tion of 0.5 percent per year for added general maintenance over the duration of
the storage period. The actual escalation in maintenance cost for long-term
storage, if any, is unknown. Maintenance costs for operating warships escalate
at 1 or 2 percent per year of ship age, but maintenance of an inactive ship is
very much different from maintenance of an operating ship. We judge that 0.5
percent is a fair estimate. The cost model also has a dry dock maintenance in-
terval of once every 15 years for each of the 358 ships, based on MARAD's rec-
ommendation. The required dry dock interval may be different.

The variable that will have the most pronounced effect on total program cost is
the aging factor. If it is 2 percent rather than 0.5 percent, the total cost of the
long-term storage option nearly doubles, going to $8.6 billion. The dry dock
cost and interval factors have a lesser, but still notable impact—each could in-
crease total program cost by another $1 billion.

The ultimate cost of this option is of course difficult to predict: a long-term
program of 20 years, to say nothing of 100 years, involves so many unknowable
events. However, we estimate that the best case for this option is represented
by zero aging growth (essentially assuming that all aging effects will be taken
care of during periodic dry dock maintenance), no sudden natural events (such
as hurricanes), and no transforming legal changes (such as prohibitions on
storage afloat of the materials and substances incorporated in the ships). This
best-case estimate also assumes that all 358 ships are stored in MARAD facili-
ties, whose storage costs appear to be lower than those of Navy facilities. With
these assumptions, the best-case estimate of total cost for the long-term storage
option falls to $3.8 billion. We also estimate that the worst-case cost, which is
for a 1 percent aging factor, dry docking repair costs 25 percent higher than
those for the baseline estimate, and dry docking intervals every 10 rather than
15 years, would be $7.7 billion.

3john Birkler et al., The U.S. Aircraft Carrier Industrial Base: Force Structure, Cost, Schedule and
Technology Issues for CVN 77, MR-948-NAVY/OSD, RAND, Santa Monica, CA, 1998.
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CONCLUSIONS

According to our assessment, then, the long-term storage option not only is
very expensive but also has a large amount of cost uncertainty. Furthermore,
this option does nothing more than defer the problem of how to dispose of
these ships, leaving some other generation to deal with it. No matter how long
the ships are stored—20, 50, or 100 years—there will still be 358 ships for dis-
posal.

For these reasons, we concluded that long-term storage was not a viable course
of action and thus not a sound policy option. However, it should be noted that
if circumstances were to compel the Navy and MARAD to store the 358 ships for
the indefinite future, the MARAD facilities, which appear to offer a lower cost
than the Navy facilities do, are the preferred storage location.




Chapter Three

DOMESTIC RECYCLING

Ship recycling has always operated on the basic principle that the value of the
scrap and reusable materials extracted from an unneeded ship will exceed the
cost of purchasing the ship and dismantling it. For decades, the Navy surren-
dered its unneeded ships to the Defense Reutilization and Marketing Office,
which sold them to recyclers, foreign or domestic, and passed the proceeds to
the U.S. government. MARAD had its own process, enforced by the National
Maritime Heritage Act of 1994 and its predecessors, which required it to sell
unneeded ships in a manner that maximized return to the government. This
historic pattern recently broke down, and the government now must pay for re-
cycling services. This chapter explains the basis for the breakdown and devel-
ops an estimate for the cost of a program to recycle all 358 inactive Navy and
MARAD ships given today’s circumstances.

THE DOMESTIC SHIP RECYCLING INDUSTRY

The conventional U.S. ship recycling industry is nearly extinct. Its demise, at-
tributable to many causes, is clearly evident in Table 3.1, which shows how
Navy ships were disposed of between 1970 and 1999.

In the 1970s, recycling was the primary means of disposing of Navy ships. In
the peak year of 1974, 75 firms were involved in this work, and only eight of
them were foreign. While some of the U.S. firms were export brokers, at least 30
were domestic recyclers.! MARAD records also confirm a healthy domestic re-
cycling industry during the 1970s, one that was adequate to handle the disposal
of most unneeded U.S. government ships. According to a U.S. government re-
port, the U.S. government domestically disposed of 1,449 ships from 1970 to
1989, only 351 of which were recycled overseas.2 Ship disposals fell off in the

IMaritime Administration, Report on the Program for Scrapping Obsolete Vessels, Report MA-2000-
067, March 10, 2000.

2Reporl‘ of the Interagency Panel on Ship Scrapping USGPO, Washington, DC, April 1998, p. 10.
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Table 3.1
Disposal of Navy Ships, 1970-1999

Donated to Recycled
Museum by Domes- Sold to

or Govern- Transfer ticor U.S.Firm

ment Orga- FMSor toForeign Overseas for Other Total
Year nization Lease  Military Firm  Purpose SINKEX Reefing Disposals
1970 4 15 2 75 10 20 0 126
1971 0 60 1 112 23 9 0 205
1972 5 72 1 123 19 15 0 235
1973 6 57 5 165 14 19 0 266
1974 7 31 10 225 16 14 0 303
1975 8 17 4 182 10 11 0 232
1976 7 15 3 80 8 15 0 128
1977 4 17 3 46 7 7 0 84
1978 4 13 2 26 2 11 0 58
1979 3 7 1 32 11 3 0 57
1980 0 7 0 27 4 3 0 41
1981 1 5 0 22 1 1 0 30
1982 13 6 0 26 13 6 0 64
1983 2 3 2 13 1 5 0 26
1984 10 0 0 11 1 1 0 23
1985 3 1 2 3 3 1 1 14
1986 5 0 2 8 1 2 0 18
1987 2 8 2 25 9 3 0 49
1988 1 0 0 6 2 1 0 10
1989 5 13 0 6 3 2 1 30
1990 10 1 0 9 3 4 0 27
1991 1 7 1 5 0 5 1 20
1992 9 10 2 8 0 2 1 32
1993 4 9 10 6 4 5 0 38
1994 9 20 4 16 19 1 0 69
1995 9 1 3 8 17 0 0 38
1996 0 9 3 6 1 0 1 20
1997 3 6 3 14 15 4 0 45
1998 12 4 2 0 17 5 0 40
1999 1 6 2 4 0 3 0 16
Total 148 420 70 1,289 234 178 5 2,344

NOTE: Information is from a 30-year disposal history derived from the ship disposition history
provided by NAVSEA PMS 333.

1980s as the Navy built toward a fleet of 600 active ships and MARAD kept its
Reserve Fleet (RF) at high levels to support national contingencies.

Recycling has thus been the dominant form of Navy ship disposal, with all other
means except reef building being important contributors. MARAD reports a
similar pattern. During the four years from 1991 through 1994, about 20
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MARAD ships were recycled each year, all but one overseas.® During the fol-
lowing six years, only a total of four were recycled. MARAD also has a small
reef-building program that has accounted for disposal of at least 41 ships since
1972. While 41 is more than the Navy can claim for reef building, it is but a
small fraction of the hundreds of MARAD ships disposed of by domestic and
overseas recycling during this 28-year period.

In the 1990s, the Navy reduced the size of its fleet in response to the end of the
Cold War. Beginning in the early 1990s, recycling of Navy ships thus should
have increased to somewhere between 25 and 50 ships per year. But as seen in
Table 3.1, it actually fell from 147 total ships in the 1980s to 76 total ships in the
1990s. Even this total of 76 turns out to be too high. The Interagency Panel re-
ports that from 1991 through 1997, 20 ships sold for domestic recycling had to
be recovered from defaulting yards,* which puts the true total closer to 50 ships.
The recycling rate was then nil—until the Navy initiated paid disposal of ships
via the Ship Disposal Program (SDP). MARAD has suffered a similar paralysis of
its once robust domestic recycling program.

The result: a steady accumulation of unwanted ships during the 1990s. If we
count ships on hand and ships that will enter the inactive fleet from continued
retirements of Navy ships through the year 2005, and allow for anticipated FMS,
donations, and other nonrecycling means of reducing the inactive ship inven-
tory, approximately 358 ships totaling about 2.8 million LSW tons will be in
need of disposal. Of these, 206 were originally Navy ships, although many have
had their titles transferred to MARAD for final disposal. Of the remaining ships,
145 were originally MARAD ships and seven were from other U.S. government
agencies, primarily the U.S. Coast Guard.

The reasons for the decline of the U.S. ship recycling industry are varied. The
dearth of available ships in the 1980s certainly strained the industry’s capacity
to stay alive, at least to the extent government ships sustained it. The discovery
of PCBs in nonmetallic materials in Navy ships in the early 1990s and in MARAD
ships in 1997 further affected the industry.> PCBs are subject to stringent EPA
regulations found at 40CFR761, and having to control PCBs during ship recy-
cling has certainly strained the recyclers’ profit opportunities. Also, the EPA
rules forbid the export of PCBs, so their presence prohibits the export of ships
for recycling. (Appendix C discusses this problem in detail.) A further contribu-
tor is the impact of safety and health regulations. Because of reports of envi-

3bid.
4ibid.

SMaritime Administration, Environmental Assessment of the Sale of National Defense Reserve Fleet
Vessels for Scrapping, Report MA-ENV-820-96003, July 1997.
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ronmental and safety concerns, the industry has received increased attention
from federal and state regulators, further increasing costs. Finally, the value of
the industry’s primary product, scrap metal, is erratic and has been very low in
recent years. (See AppendixD.) All together, costs are up, profits are down, and
the industry, under the old paradigm, appears unable to make money in the
United States.

International ship demolition data show that the overseas ship recycling indus-
try is healthy and confirm the weakness of the U.S. ship recycling industry. The
Lloyd’s Maritime Information Services demolition database records the fate of
ships on the Lloyd’s register of shipping, which means it includes nearly all re-
cycled merchant ships in the world but excludes recycled U.S. and foreign naval
ships and any recycled U.S. government merchant ships that were not on the
register.6 Lloyd’s reports that 7,235 merchant ships totaling about 83 million
gross registered tons (GRT) were recycled throughout the world during the
1990s and, of these, 141 were U.S. ships totaling 2 million GRT, including 45
ships owned by MARAD.” Only eight of the 141 ships (along with seven non-
U.S. ships) were recycled in the United States, and all were recycled before
1997. All of the ships recycled in the United States averaged only 1,600 GRT,
which means towing them overseas probably was deemed uneconomic, and all
were privately owned.® According to Lloyd’s, then, the U.S. recycling industry is
virtually nonexistent, and even the owners of U.S. ships (including MARAD)
have taken their business elsewhere. This is not to say that the United States
does not have a vibrant scrap industry. U.S. firms generate over 65 million tons
of ferrous scrap alone, most of which is consumed in the United States.® How-
ever, ships make up a minute fraction of the total. '

The Navy’s answer to the dilemma of a growing Navy ship inventory has been
varied:

e The Navy is transferring as many unneeded ships as possible to MARAD
ownership and custody. In fact, the majority of the ships in the MARAD in-
ventory originally came from the Navy. This transference reduces the

6Lloyd's Maritime Information Services, “Demolition Database,” October 2000. Also not included
are recycled small local craft, barges, and tugs, nor U.S. warships scrapped domestically.

"Gross registered tonnage is a measure of the cargo-carrying volume of a merchant ship. One GRT
equals 100 ft> of cargo-carrying space. There is no set relationship between GRT and LSW. The
larger the ship, the more the gross tonnage per ton of ship weight. Indian scrap authorities report
that the conversion factor for the average scrap ship in recent years has been LSW = GRT x 0.39.

8The 81 ships that MARAD reports as having been recycled in the United States early in the decade
do not appear on the Lloyd’s demolition database. This may be because many were of U.S. Navy
origin and thus were not listed on the Lloyd’s register.

9The Commodity Research Bureau Commodity Yearbook, 1994, Knight-Ridder Financial/Com-
modity Research Bureau, John Wiley and Sons, Inc., New York, 1994,
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Navy’s inactive fleet maintenance costs but increases MARAD’s costs.
Overall, the government appears to benefit because the reported cost of
maintaining a Navy ship to Navy standards in a Navy facility is higher than
the reported cost of maintaining a ship in a MARAD facility. (See Chapter
Two, Table 2.1, for information on comparative storage costs.)

e Military training exercises termed “sinking exercises,” or SINKEX, were
once a consumer of unneeded ships, averaging about 8 percent of all dis-
posals over the past three decades (see Table 3.1). These exercises were
brought to a halt in the early 1990s when PCBs were discovered on ships
and legal theory held that the exercises constituted the unlawful disposal of
PCBs at sea. The Navy recently concluded negotiations with the EPA that
permit the exercises to continue, but they will consume no more than a few
ships per year, not enough to solve the growing-inventory problem.

e Many retired Navy vessels have been sampled for the presence of PCBs in
hopes of finding some that do not have the problem and thus might be dis-
posed of more easily. This effort has met with limited success. (See Ap-
pendix C for more information on PCBs in ships and the constraints their
presence places on disposal options.)

e The Navy has attempted to bundle ships for recycling as a way to offer po-
tential recyclers economies of scale from larger amounts of tonnage. This
effort has not met with success. The environmental and safety challenges
have proven to be insurmountable under the old ship recycling paradigm,
regardless of the size of the deal.

While these actions by the Navy have met with some success in controlling the
inventory of unneeded ships at Navy facilities, MARAD has had little or no suc-
cess in disposing of ships and is faced with added legal impediments and with
managing a growing inventory of Navy transfers. The National Maritime Her-
itage Act of 1994 requires MARAD to sell unneeded ships in a manner that
maximizes return to the U.S. government and to dispose of all obsolete vessels
in its inventory no later than September 30, 2001. The Department of Trans-
portation’s inspector general recently concluded that because of the domestic
and foreign difficulties with PCBs and the failed state of the U.S. ship recycling
industry, MARAD cannot possibly comply with this requirement.1? In the Floyd
D. Spence National Defense Authorization Act for FY2001, MARAD was
authorized to purchase scrapping services in a manner comparable to how the
new Navy does in its SDP. Thus both agencies now find themselves having to
pay for domestic ship recycling.

10Maritime Administration, Report on the Program for Scrapping Obsolete Vessels.
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INDUSTRIAL CAPABILITIES

Puget Sound Naval Shipyard (PSNS) has been recycling Navy nuclear-powered
warships for about 10 years. The Navy also has four contractors currently en-
gaged in recycling conventional warships in its SDP. PSNS and two of these
contractors—Baltimore Marine Industries of Baltimore, Maryland, and Metro
Machine of Philadelphia, Pennsylvania—provided us with estimates of the in-
dustrial capabilities needed to conduct recycling at their facilities. Each esti-
mated that they could recycle up to 40,000 LSW tons per year while employing
no more than 800 workers using existing graving docks, floating dry docks, and
owned or rented crane and scrap cutting machinery.

We constructed a notional recycling program that could recycle all 358 ships
within 20 years. Based on the industrial capability estimates the three organi-
zations supplied, four recycling facilities would be sufficient. While shorter or
longer programs employing different numbers of facilities can be envisioned, a
20-year program spreads out the work in a way that assures the expenses in-
volved will represent only a relatively small claim on the Navy and MARAD
budgets in any one year. Therefore, a 20-year program is the basis of our esti-
mates.

But given the weak state of the U.S. ship recycling industry, is it reasonable to
expect four facilities to operate reliably and continuously over 20 years to finish
the job? There would have to be adequate labor and adequate facilities. Re-
garding labor, the U.S. ship construction and repair industry has been declining
at an annual rate of about 7 percent for many years and presently employs
about 57,000 production workers. The annual loss in recent years averages
about 4,000 workers. The number of workers required to staff four notional
ship recycling facilities is thus within the recent fluctuation of employment in
the ship construction and repair industry, and the workers are likely to be avail-
able on the local labor market. Further, the skill level for recycling is low and
can be drawn from local unskilled labor, as demonstrated recently by SDP con-
tractor Metro Machine. Regarding facilities, many and perhaps all recycling
yards will require a graving dock or floating dry dock to fully contain the debris
and liquids generated during ship recycling, at least in the latter stages of a ship
recycling job. There are about 28 active graving docks in the United States and
Puerto Rico, and there are many more inactive docks at former U.S. Navy and
private shipyards. There are also floating dry docks that can be used.

The Navy’s SDP has clearly demonstrated that labor and facilities are not an is-
sue, so long as the yard is assured of profit. The four winning bidders for the
first increment of the SDP include new and old companies using new and old
facilities. Baltimore Marine Industries is using its existing ship repair facilities
with a few minor additions. Metro Machine is using both existing ship repair
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facilities and old ship construction facilities that have been restored. Inter-
national Shipbreaking Limited is using existing ship recycling facilities; Ship
Dismantling and Recycling Inc., a new company, is using old, restored ship re-
pair facilities. Even the existing U.S. Navy shipyards each have the facilities to
recycle all or nearly all of the 358 ships.11

We conclude that available U.S. private and government industrial capabilities
are adequate to staff and sustain a 20-year U.S. ship recycling program.

THE COST OF A DOMESTIC RECYCLING PROGRAM

In our cost analysis, a program for recycling a fleet of ships has four discrete el-
ements:

1. The cost to dismantle ships, i.e., the cost of all the work done at the recycling
shipyard or facility.

2. The revenue (or negative cost) from selling the scrap metal and reusable
equipment from the ship.

3. The cost to prepare ships for towing and to tow them from their storage sites
to the dismantling site.

4. The cost to store ships while they wait to be recycled.

Item 1 consists of all costs to cut a ship apart, sell what can be sold, dispose of
wastes that cannot be sold, and comply with all federal, state, and local rules
while performing this work. We use the term dismantling to represent this part
of a recycling program. Other costs here include labor, the recycler’s manage-
ment and overhead expenses, the cost of subcontracts (such as for equipment
rental and waste management), marketing costs for selling scrap and reusable
equipment, and the recycler’s profit. Items 2, 3, and 4 are self-explanatory. For
this analysis we assumed that a domestic recycling program would take 20 years
and calculated the total cost spread over that period. An actual program may
take more or less time depending on the availability of funds and the compe-
tency of the recycling contractors.

By adding items 1, 3, and 4 together, subtracting item 2, and summing across
the entire fleet of ships for disposal, we arrive at the total program cost. The
following sections discuss how we arrived at values for these four recycling pro-
gram cost elements.

Hpor example, the Portsmouth Naval Shipyard in Kittery, Maine, which is devoted to repair of Navy
submarines, has the facilities to recycle all but the largest of the ships in the inventory.
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Estimating the Cost of Dismantling

The baseline for estimating dismantling costs comes from two sources, the
Navy’s SDP and PSNS. Through the SDP, the Navy pays shipyards or ship recy-
cling facilities to dispose of ships and in return expects to acquire enough cost
information to develop a long-range budget for disposal of all unneeded Navy
ships over the next several years. Thus far, contracts have been awarded and
completed for four ships, one at each of four facilities, and cost returns are in
for all four. Additional contracts will soon be awarded, and a similar project is
under way in MARAD (no reported results so far). OPNAV N43B provided us
with data from the four SDP contractors broken down into total yard disman-
tling cost; total subcontract cost; waste management cost; overhead, general,
and administrative costs; and proceeds from the sale of scrap and reusable
equipment. To protect the proprietary interest of the recycling yards, none of
this information is reproduced in this report. However, we can say that the av-
erage total dismantling cost (not corrected for revenues) for a DE1052 Class
ship having an LSW of approximately 3,011 tons is $1,253 per LSW ton.!2

The Navy has also confronted the issue of ship recycling in a very different con-
text: unneeded nuclear-powered submarines and surface ships. Because of the
special nature of nuclear-powered ships, a U.S. government funded program
executed almost entirely at the PSNS in Bremerton, Washington, has done the
recycling work. In fact, it was during this program in 1989 that the problem of
PCBs in nonmetallic industrial materials was first made known to the Navy. Be-
cause of PSNS’s decade-long experience in dealing with the process of ship re- -
cycling in compliance with all environment and safety rules, we solicited from
PSNS an estimate of the cost to recycle a non-nuclear-powered U.S. Navy war-
ship in accordance with their practices in a civilian environment. PSNS pro-
vided us with an estimate of labor hours and direct costs, as shown in Table 3.2.

The labor rate of $45 per hour used in the table is the average of West, East, and
Gulf Coast private shipyard fully burdened rates ($38 to $53 per hour) and gov-
ernment maritime facility fully burdened rates ($34 to $56 per hour). Note that
this estimate is expressed almost entirely as a labor cost; so a facility with a la-
bor cost of, say, $22.50 per hour could accomplish the job for about half of our
estimate.

12This is the nominal new-construction LSW for DE1052 Class ships recorded in Paul H.
Silverstone, U.S. Warships Since 1945, Naval Institute Press, 1986. Throughout this report, we use
the approximate new-construction LSWs reported in the open literature. Warships usually grow in
LSW during their service life as new systems are added. Therefore, any specific ship is likely to
weigh more at the end of its life than is recorded in the literature. We elected not to determine the
exact weight for each ship, because the effort involved was not commensurate with the gain. The
overall effect is to underestimate the total tonnage of shipping awaiting disposal.




Domestic Recycling 23

Table 3.2
PSNS Recycling Cost Estimate

Total man-days 26,426
$/man-day @ $45/hour 360
Labor cost $9,513,360
Consumables cost 110,385

Total labor and material 9,623,745
Waste disposal 500,000

Total 10,123,745
Notional LSW 5,500
$/ton 1,841

The cost data from these sources are only for small warships. The SDP returns
are all for DE1052 Class warships, which are at about 3,011 LSW tons. The PSNS
estimate is for a notional nonnuclear surface combatant warship of about 5,500
LSW tons. Table 3.3 summarizes the recycling cost per ton for the PSNS esti-
mate and the four SDP contractors and provides the average of the five data
sources.

In terms of tonnage, Table 3.3 covers only a narrow range of ships. Appendix A,
Table A.2, shows that the vessels in need of disposal now or over the next 20
years range from very small, 175-ton (LSW) barges to the 63,000-ton (LSW)
Glomar Explorer presently on long-term lease for continued use. Table 3.3 also
covers only a narrow degree of ship complexity. Compared to most merchant
ships, warships have many decks and compartments and are more densely
packed with equipment, which may make them more difficult to recycle (per
ton of ship) than the larger, simpler auxiliaries or merchant ships. Also, most
warships are small compared to merchant ships, so they could not take advan-
tage of any economies of scale that might permit larger, heavier ships to be re-
cycled for less per ton of weight. We needed to find a way to extrapolate the
limited data to a wide range of vessels in terms of complexity and weight.

Table 3.3

Cost per Ton for Domestic Recycling

Net Cost Average LSW

Activity ($/ton) (tons)
PSNS 1,841 5,500
SDP contractor average 1,253 3,011

PSNS and SDP average 1,371 3,633
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Accounting for Ship Complexity and Weight

We realized that warships are usually more complicated than merchant ships
and that ship complexity must be accounted for in any reliable estimates. We
also realized that ship weight might be important in estimating reliability be-
cause recyclers might gain economies with heavier ships. To account for rela-
tive complexity and ship size in our cost estimates, we pursued three different
approaches.

1. The Ship Complexity Factor. In this approach, we use an extrapolation fac-
tor that is based on the ratio of the construction labor required per ton of ship
for different types of military ships and for an average merchant ship. This ap-
proach assumes that the amount of labor to recycle a ship will be proportional
to the labor to build it.

The ship complexity factor is derived from average man-hours per ton of ship
for Navy new construction. Table 3.4 shows the averaged data and the resultant
complexity factors rounded to the nearest tenth.

The formula for estimating the recycling cost for any particular ship from the
complexity factor and Table 3.3’s average domestic recycling cost is $1,371 x CF
x LSW. For example, for a 10,000-ton surface combatant, the estimated domes-
tic recycling cost in the first year of the program would be 1,371 x 1 x 10,000 =
$13.7 million. If this notional ship were instead an amphibious warfare ship,
the complexity factor would predict a first-year cost of $9.6 million; if a mer-
chant ship, the first-year cost would be $2.7 million. Once again, this estimate
is only for ship recycling. It does not include revenue offsets from the sale of
scrap and reusable equipment; the costs of tow preparation, towing, and stor-
age while awaiting recycling; or the benefits of experience a recycler would be
expected to gain in a repetitive long-term project.

No data were available on new construction man-hours per ton for merchant
ships. The amount of labor required to build merchant ships is closely guarded

Table3.4
Ship Complexity Factor
New Construction Complexity

Ship Type (man-hours/ton) Factor
Surface combatant 600 1
Aircraft carrier 460 0.8
Amphibious warfare 400 0.7
Auxiliary 150 0.3
Merchant — 0.2

SOURCE: NAVSEA 017, Cost Engineering and Industrial Analysis
Division.
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by the yards. The merchant ships described in Appendix A, Table A.2, are ap-
proximately comparable in size and payload to corresponding Navy auxiliaries.
However, unlike auxiliaries, merchant ships do not carry large crews, do not
have capabilities for onboard maintenance, and often do not have systems for
replenishment at sea. Because of these simplifications, we assumed that mer-
chant ships in the MARAD inventory will require one-third less labor per ton to
build than Navy auxiliaries and accordingly assigned a complexity factor of 0.2.

The complexity in building a warship is often in the labor needed to assemble
and test very complex weapons and ship hull, mechanical, and electrical sys-
tems. Very little effort is required to remove these systems during recycling,
however. We wanted to ensure that the ship complexity factor not overrate the
actual recycling differences between complex and simple ships, so we sought
other means to extrapolate the starting-point datum.

2. The Reef Preparation Factor. This approach is based on the cost to prepare
a number of ships for reefing. Reef preparation requires some of the same work
as recycling (such as cleaning the tanks, removing hardware, and cutting holes
in decks and bulkheads) but less of it. The data for reef preparation show that
the cost per LSW ton declines as the displacement of the ship increases and ap-
pears to be uncorrelated with ship complexity. We normalized the reef prepa-
ration data to the weighted average PSNS and SDP recycling cost datum based
on the assumption that the same relationship would hold true for recycling
cost.

The reef preparation factor is shown in Figure 3.1. The data plotted in the figure
are from Chapter Five, Table 5.2, Costs to Prepare Ships for Reefing. A trend
line has been fitted to the data and is shown as a solid line. The equation for
this trend line is shown below the data and the solid line. We used this equa-
tion to calculate that the first-year program cost to prepare a ship for reefing
that has an LSW of 3,011 tons will be $247 per ton for a total cost of $0.7 million.
Similarly, the first-year cost to prepare a 5,500-ton LSW ship for reefing would
be $184 per ton for a total cost of $1.0 million. The data points in Figure 3.2 are
based on actual cost returns for preparing ships for reefing or on estimates of
the costs from experienced organizations such as the U.S. Coast Guard, Navy,
and privately operated shipyards. The data are tightly clustered about the line,
suggesting a very good correlation between recycling cost and LSW.

If we assume that the complexity of recycling a ship will follow a cost-versus-
LSW curve parallel to that for preparing a ship for reefing, we can normalize to
the weighted average PSNS and SDP cost datum and apply the result to the in-
ventory of inactive ships. The average first-year cost per ton for recycling ships
is given in Table 3.3, and the normalized curve passing through this datum is
shown as a dash