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Abstract
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Introduction

Pending disposition, decommissioned conventionally powered ships are held at one of four Naval Inactive Ship Maintenance Facilities (NISMFs) or one of three MARAD National Defense Reserve Fleet facilities. (See Figure 1.)  

In 1975, the Navy Inactive Fleet inventory totaled only 28 decommissioned surface ships. Today our inventory has grown to 149 ships. (See Figure 2.) Managing an inventory of that size is a challenge in itself, which has been compounded in recent years by base closures, fleet downsizing at the end of the Cold War, and changes in environmental and worker safety regulations which affect ship disposal. 
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These factors have dramatically altered the way the Navy must carry out its total life cycle responsibilities for its ships. The need for disposal is not new. It is the natural end of the life cycle. The Navy has a variety of options that are evaluated when making the decision prior to decommissioning a ship. (See Figures 3 and 4.)

· The ship can be placed in a state of preservation, as a Mobilization Asset, for possible future reactivation if needed to augment the force structure.
· The ship can be sold or leased to an allied Navy (Foreign Military Sale/Lease, or FMS/FML).
· The ship can be donated to a nonprofit organization for use as an historical memorial or museum.
· The title to the ship can be transferred to the Maritime Administration (MARAD) to supplement the National Defense Reserve Fleet.  The Federal Property and Administrative Services Act of 1949 requires that vessels over 1500 tons be transferred to MARAD if the vessel is of merchant design or capable of being converted to merchant use. Therefore, the Navy must transfer many ships, including auxiliary and some amphibious ships, to MARAD.
· The ship can be held for Navy fleet training or weapons development programs, or for use as a logistics support asset (LSA).  This includes ships that will be sunk as targets (SINKEX).

· Finally, if it is not practical to reuse the ship, it is designated for scrapping, which recycles the ship into reusable scrap metal and equipment. It is this disposal process that in recent years has been the most controversial and upon which this paper will focus.
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The traditional method to “scrap” obsolete conventionally powered ships has been to sell the scrapping rights to a domestic shipbreaker, who would then dismantle the ships and sell the scrap material and reusable equipment. Historically, the Defense Reutilization and Marketing Service (DRMS) has acted as the sales agent, awarding and administering the contracts. The Navy received no profits from these sales. Proceeds were deposited to the U.S. Treasury. (Nuclear powered ships and submarines are recycled at Puget Sound Naval Shipyard because of its proximity to the Department of Energy’s Hanford Reservation, where they have the facilities to safely dispose of the defueled reactor compartments.)

For a variety of reasons, former sales contracting methods became problematic for the Navy. Until 1996, an Invitation for Bid (IFB) contracting procedure was used by DRMS. Under IFB, contracts were awarded principally on the basis of highest bid. The qualification process for scrapping contractors was not robust. There was no requirement for a bidder to submit a technical plan, nor were the company’s experience and track record evaluated prior to contract award. As the ability to successfully complete the dismantling was linked to fluctuating scrap metal prices, the government was taking on a high level of risk and many of these contracts ultimately ended in default.
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DRMS recognized the problems of the IFB and developed a Two-Step procedure in 1996 for improved source selection of scrapping contractors.  This combined competitive evaluation of contractor qualifications and sealed bidding. Contractors submitted technical plans for review (the first step), and those who were found acceptable were issued an invitation to bid (the second step). More oversight of contractors at their facilities was also put in place. However, by the time these changes were initiated, the dwindling domestic industry was unable to respond and DRMS awarded only two contracts using the Two-Step structure. That was not enough to reduce the Navy backlog of ships waiting to be scrapped in a reasonable length of time. And worse, the Navy was still recovering a number of partially scrapped ships from the legacy of defaulted IFB scrap sales contracts awarded prior to 1996. This required the expenditure of scarce resources to store them safely where they remained a disposal liability.

At the same time, the Navy and MARAD entered into separate agreements with the Environmental Protection Agency (EPA) in 1996 prescribing the environmental preparation work required to export ships for scrapping.

Concurrently, media interest began to increase public and congressional awareness of legitimate and perceived environmental and safety concerns. (See Figure 5.) Overseas scrapping in particular was examined, as scrappers in some foreign countries were identified by the media as working under a lower set of environmental and safety standards than U.S. companies.

Most of the world’s annual tonnage of ships scrapped is still conducted on the Indian subcontinent using the afloat (or “beaching”) method, which is generally viewed unfavorably. “Observations of the operations . . . have been described as ‘shockingly hazardous and primitive by any standards.’” 1 Environmentalists charged that pollution and injured workers were disregarded by foreign scrappers who were only interested in cheap labor and profits. The international scrapping industry began to come under growing pressure from environmental groups worldwide to make improvements in worker safety and control of hazardous materials. 

Subsequently, the Secretary of the Navy suspended all initiatives to explore overseas scrapping of U.S. Navy ships, and congressional hearings on ship scrapping followed. The Interagency Ship Scrapping Panel was established by direction of the Under Secretary of Defense (Acquisition and Technology) on December 24, 1997. The Panel was charged to review Navy and MARAD scrapping programs and investigate ways to ensure that ships are scrapped in an environmentally sound and economically feasible manner. 
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Environmental concerns centered around materials used in ship construction. Ships currently in the Inactive Fleet – built in the 1940s, 1950s, and 1960s – used state-of-the-art materials for the time, some of which have since been regulated as hazardous materials (HAZMAT). Of those, polychlorinated biphenyls (PCBs) became one of the most problematic.  Since the 1930s and prior to their regulation under the Toxic Substances Control Act (TSCA) in 1976, “PCBs were widely used in industrial applications because of their superior dielectric, lubricating, and fire-retardant properties. . . .” 2 They were used as dielectric fluid and coolant in transformers and capacitors and sometimes used as a plasticizer or fire retardant in many common solid material applications, such as rubber, adhesives, electrical cable insulation, felt gaskets, and aluminum paint. These applications were commonly used by the marine ship building and repair industry.

Identification, remediation, and disposal of liquid PCBs has been relatively straightforward compared with PCBs contained in solid materials. The regulations for PCBs originally were written for dielectric fluids, not PCBs in solid materials. Compliance with these regulations has been a major driver in adding cost and complexity to recycling, including the electrical cabling found on Navy ships. The regulations prohibit unauthorized uses of PCBs and severely restrict distribution in commerce and export. The EPA’s PCB Bulk Product Rule of June 1998 relaxes storage, transportation, and disposal requirements for non-liquid PCB items. Under this rule, a municipal or sanitary landfill may consider non-liquid PCB items greater than 50 ppm to be Bulk Product Waste (BPW), and may accept them for disposal. However, some ship scrapping contractors have had trouble locating landfills that will accept PCB BPW. 
To complicate this difficulty, various HAZMAT on Navy ships is replaced during repair and maintenance action. This process of adding and removing diverse materials that are now considered hazardous has taken place intermittently – at different times and in different locations around the ship. The tracking of these changes has been difficult, and even ships of the same class may have inconsistent locations of these materials. 3 Many of these materials are integral to the vessel’s structure – built into the ship – making their removal difficult and, in some cases, making dismantling of the ship a prerequisite for removal. (See Figure 6.) HAZMAT identification, handling, and disposal issues – especially PCB issues – drive Navy planning for ship disposal.
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The Ship Scrapping Process

After the Navy Inactive Fleet completes disposal preparation work (see Figure 7), the ship is ready to be scrapped. The recycling of conventionally powered ships has been based on a simple economic equation. There is profit to be made if the residual value of recycled materials (scrap metal and reusable equipment) is greater than the costs to recover and market them. (See Figure 8.) Major factors that determine whether this model will work are the cost of environmental remediation; disposal of hazardous waste generated; dismantling labor, material, and facility costs; and the revenue from recycled materials.
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Unlike a typical commercial ship, Navy ships contain a higher proportion of copper-based and other nonferrous metals, which are considerably more valuable than steel as scrap. Ships built in the 1960s and 1970s commonly used aluminum in the superstructure. To a recycling company, this would indicate that Navy ships are more attractive, with a higher profit potential than commercial ships. In fact, some scrappers have said that steel in the ship structure is just a barrier to access the nonferrous materials. 

Although steel represents a larger percentage of the total weight of scrap materials, the nonferrous materials represent a larger percentage of the profits. (See Table 1.) In reality, this advantage is tempered due to the higher amounts of hazardous and other non-scrap (“fluff”) materials encountered when dismantling a Navy ship.

Table 1. Notional Scrap Value for CG 26 Class Ship

Item
% Total Scrap Weight
% Total Revenue

Salable steel scrap
88.8
30.5

Nonferrous scrap
6.5
41.3

Aluminum
4.7
18.8

Equipment

9.4

Total
100.00
100.00

Before any profit is made, a considerable investment must be made in facilities and equipment. A qualified scrapping contractor must provide all necessary personnel, machinery, tools, vehicles, materials, and facilities. The contractor is required to provide plans to ensure ship stability during the cutting process, final dismantlement of the underwater hull, and measures to prevent flooding or sinking. In addition, plans must include measures to prevent slag and other contaminants from entering the water. The contractor is responsible for taking all steps necessary to remove and dispose of all hazardous materials and waste in compliance with all federal, state, and local laws and regulations. 5  The regulatory requirements may be different, depending on the state and locale.

Dismantling begins either in dry dock or afloat. In both methods, propellers and rudders are removed, as are fuel and other liquids, asbestos, loose parts and materials. Reusables are extracted, including pumps, motors and engines, repair parts, electronic equipment, galley equipment, and “memorabilia.” Insulating materials, cables, and other interferences are removed to avoid fires and release of insulation dust. Then the superstructure and topside components are removed and hull cutting and sectioning are begun. Finally, the ship’s structure, decks, and major components come off, and tanks are cleaned and broken.
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Dry docks provide somewhat more flexibility and better containment of debris. (See Figure 9.) However, they are also an expensive capital asset and were designed primarily for ship construction and repair. Using the dry dock method, workers immediately begin to remove large sections or modules of the ship, transferring them to other project areas for environmental abatement, separation, and cutting. 
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The afloat (or “beaching”) method has a lower facility cost, but presents the greatest challenge in containing debris and controlling ship stability. (See Figure 10.) With the ship in the water, workers begin by moving through doors and hatches to extract interior parts and strip out compartments. Then they cut and remove the ship’s structure above the waterline. As the work progresses the ship gets lighter, and it is gradually pulled onto a beach, or earth ramp, for final dismantling of the bottom hull. (See Figure 11.)

Keeping a dry dock occupied during the entire scrapping procedure may not represent a cost-effective use of a company’s revenue-generating assets. A combination of methods may be used, with some of the initial cutting of the superstructure done in the water before putting the ship in a dry dock to break the hull and remove heavy machinery. In the meantime, the dry dock can be used for something more profitable for the scrapping company.
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The Business Case for Ship Scrapping
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Scrapping of U.S. Navy ships has historically been conducted domestically in the private sector through the sale of scrapping rights. Very few Navy ships were scrapped in the 1980s due to the Reagan-era Navy buildup. The specialized industry in this country that had been largely dedicated to scrapping U.S. government ships began to decline at the same time scrapping of commercial ships continued to move overseas. The U.S. ship scrapping industry dwindled as the world’s scrapping market shifted to Taiwan, South Korea, and China in the 1980s, and then to the Indian subcontinent during the 1990s. Due to post-Cold War fleet downsizing, and without a viable domestic scrapping industry, the Navy Inactive Fleet grew by 82% between 1990 and 1997. The Navy was faced with a backlog of ships waiting to be scrapped and a limited ability to scrap them in the United States. 

As a result of these poor market conditions, the Navy has been unable in recent years to significantly reduce the backlog in the Inactive Fleet. Experience with sales contracting in the 1990s showed that the economics were marginal. The domestic ship scrapping industry is only successful in limited locations, depending largely on the proximity of the scrapping company to the scrap metal buyer or steel mill, the availability of low-cost skilled and semi-skilled laborers, and low capitalization expenses. Although sales contracting places the performance risk on the contractor, when scrapping contracts are defaulted, the burden and expense for recovery remain with the Navy.
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The viability of the U.S. ship scrapping industry is of particular concern. The world market has moved overseas and there is an inconsistent supply of U.S. ships to support the domestic industry. The Navy has a finite number of ships for scrapping: Navy and MARAD ships will make up only about 3% of the world’s annual tonnage of ship scrapping. U.S. flag merchant ships typically are sold by their owners and scrapped overseas.7 
For these reasons, ship scrapping has proven to be a risky venture and many scrapping companies are short lived. Moreover, the highly variable market for scrap metals and the growing costs of complying with environmental and safety regulations have made this business marginally profitable in only some areas, or totally unprofitable.  (See Figure 13.)

After a complete review of the scrapping industry and the Navy’s scrapping program, the Navy developed a different approach to the problem. The Navy wanted to initiate a more flexible contracting strategy that 1) would demonstrate cost-effective scrapping processes while complying with environmental and worker safety laws and regulations, 2) would obtain cost data for scrapping in the commercial sector, and 3) could reliably reduce the backlog of ships awaiting scrapping.

Consistent with recommendations of the Interagency Scrapping Panel, the Navy initiated the Ship Disposal Project (SDP) in 1999. It is structured in two parts. The objective of the first part, referred to as the pilot phase, will gather sufficient information to document the scrapping processes and develop cost models for use in future decision making. It was structured to capture and report all revenue and expense data and document quantities and locations of hazardous waste generated.  The contractor is required to maximize the value of scrap metal and equipment and to sell these items as an offset to Navy costs incurred under the contract. Unlike sales contracting, this decoupling of the revenue stream from scrap and the cost stream of environmental remediation and dismantling is a key risk-sharing feature between the government and the contractor that can establish a profitable economic model even in the volatile scrap commodity market. The government assumes the market risk.

The second part will apply the data and lessons learned from a successful pilot phase to a cost-effective ship scrapping program and allow the Navy to scrap additional ships using a flexible contracting structure. This would minimize net cost and allow the Navy to take advantage of a contractor’s learning curve.
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The Navy awarded four Indefinite Delivery/Indefinite Quantity (IDIQ) contracts 29 September 1999. The initial task order under each contract will be to dispose of one ship per contract under a Cost Plus Incentive Fee structure. This was viewed as the best methodology to establish the full cost of compliance with the various laws and regulations affecting ship disposal and constitutes the minimum scope of the pilot phase. Task orders for disposal of additional ships may be issued under a Fixed Price Incentive or Firm Fixed Price structure, as this offers a greater incentive for the contractor to control costs. Conventionally powered aircraft carriers are not included in the scope of the SDP, but the information learned will be used in the disposal planning for those ships.

Conclusion

The large backlog of Navy ships awaiting disposal represents a significant liability and has imposed a substantial burden on our limited berthing facilities. Maintenance costs increase as ships grow older and deteriorate. Moreover, there is considerable environmental danger of doing nothing as our inactive ships age. Although most of the inactive ships were decommissioned in the 1990s, long-term storage creates the potential for the releasing of hazardous materials or for ships sinking where they are moored.  It is much more expensive to salvage a sunken vessel, or to repair a vessel in danger of sinking and continue long-term storage costs, than it is to scrap a ship. 9
It is imperative that the U.S. Navy develop a system of domestic ship disposal that eliminates its backlog of excess ships, protects workers, is not harmful to the environment, and is cost-effective and affordable. We are now trying a new flexible contracting approach to ship scrapping. The SDP represents a departure from the previous contracting approach with a different economic model and a different type of contract administration.
The Navy also needs to look ahead to the ships of the future and future modernization. It is clear from the lessons we’ve learned that disposal of the ship and its systems needs to be better integrated in the systems engineering process. Ship disposal must be addressed up-front and continuously throughout the life cycle, and treated as an integral part of the life cycle. (See Figure 14.) The Navy must be proactive in systems engineering and ensure that our systems engineering process addresses disposal issues in the design stage. In particular, reduction of hazardous materials built into the ship will improve its recyclability and reduce the cost of ship disposal. 

Additionally, the use and locations of hazardous materials built into the ship should be monitored and tracked throughout the life cycle. In scrapping, the uncertainties in characterizing materials lead to increased sampling and disposal costs. Lack of good information limits the ability to maximize the ship’s recyclability. The digital 3D-product model promises to improve the ability to do this during design and lifecycle management. This database can catalog and categorize data for all hazardous and recyclable materials. Instead of “looking for a needle in a haystack” during the scrapping process, we can use the database as a tool to identify the location of these materials and incorporate this information into disposal planning. This also can help identify pockets of valuable metals that can be recycled. In addition, items of Significant Military Equipment will be identified and the associated demilitarization requirements will be maintained, consistent with DOD demilitarization policy.
Because of its historical close tie to difficult environmental and worker safety issues, ship disposal will continue to receive a high level of outside interest. The cost effectiveness of unsubsidized sales contracting for conventional surface ship disposal is marginal. The potential shift from selling ships for scrap to purchasing scrapping services has significant impact. This subject will remain controversial until fundamental questions can be answered relative to private sector ability to comply with environmental and worker safety requirements, as well as how these requirements affect ship dismantling processes and cost. The contractor must be able to respond to the requirements and still make a reasonable profit at an affordable price to the Navy. Cost neutrality remains an important but difficult goal for the Navy.

The realities of environmental regulations, the uncertainties of market forces affecting ship scrapping, and the Navy’s imperatives to reduce the Total Ownership Cost of ships will continue to affect ship disposal decisions. Of highest importance is this fact: keeping costs at the end of the life cycle low supports the Navy’s ability to concentrate its resources on the readiness of the active forces. The Navy must develop a system to reduce our backlog using the right balance of options available.
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Figure 7. Ship Disposal Preparation





Prior to the sale of a ship for disposal, the Navy performs some environmental remediation. Almost all hazardous waste and some hazardous materials are removed from Navy ships during the inactivation and predisposal work, such as oil, refrigerants, cans of paint, and mercury bearing items. The Navy also performs sampling and identifies known applications of asbestos containing materials and PCBs and documents that all paint coatings are assumed to be lead based.





For military equipment that is not removed to support fleet requirements, demilitarization procedures are performed to protect technology or to prevent the system from later being reused by adversaries. Depending on the particular system, the process ensures that military equipment is effectively destroyed by breaking the item or removing some of its components. Equipment requiring demilitarization includes guided missile launching systems, mounts, and fire control systems; sonar domes, transducers and associated equipment; torpedo tubes, ASROC launchers, antennas, radar reflective material, wave guides, and any other weapon systems. Sale of military equipment or systems for continued use is generally prohibited. 4 





Alternative Scrapping Methods





At the former Mare Island Naval Shipyard in Vallejo, CA, a variation on the afloat method was used. A marine railway was employed to pull the hulls of the MSO 439 and MSO 427 completely out of the water after the abatement of hazardous materials. In this case, the wooden hulls had no market value and were broken up and disposed of as solid waste. Having the ships out of the water permitted more effective controls on debris to be established in the work area. (See Figure 12.) This work was done under a Navy salvage contract.
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Figure 12. Variation on the Afloat Method, �Using a Marine Railway





Key Features of the SDP Contracts





Common class of ships in the pilot phase to help the Navy better understand the results. 


Incentive fee for effective contractor environmental and safety programs. 


Navy/Contractor  “partnering” for improved working relationships and information exchange.


Contractor sells the scrap and reusables, crediting proceeds to the government’s contract costs.


Oversight and contract administration by Supervisor of Shipbuilding, Conversion, and Repair (SUPSHIP), drawing on extensive Navy experience in ship repair contracts.
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Figure 9. Dry Dock Method
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Figure 11. Shipbreaker’s Recycling Sequence 6
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Figure 1. Navy Inactive Fleet Sites
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Figure 2. A Growing Inactive Fleet








�


Figure 3. Ship Life Cycle
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Figure 4. Navy Inactive Fleet Inventory
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Figure 5. Media Interest in Ship Scrapping
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Figure 6. PCBs in Solid Shipboard Materials
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Figure 8. Ship Scrapping Economics
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Figure 10. Afloat Method
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Figure 13. Domestic Scrap Steel Price History 8


Reproduced with permission from American Metal Market. Copyright 1999 Cahners Business Information, a division of Reed Elsevier, Inc. All rights reserved.
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Figure 14. Ship Life Cycle Costs
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