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Abstract 

The U.S. Navy faces significant challenges causing persistent deferrals to ship delivery 

and maintenance, exacerbated by the inherent complexities of maintaining an aging 

fleet while simultaneously building new capabilities.    

The Navy has set strategic goals to achieve "readiness for sustained high-end joint and 

combined combat by 2027" and 80% combat surge ready posture for ships, 

submarines, and aircraft by the same year. The Navy will not achieve these goals 

without significant changes to their approach. The immediate and critical challenge lies 

within the Navy’s ability to maintain and sustain the existing fleet to meet readiness and 

operational needs. 

Grounded in research and coupled with recent experience with Material Reclamation 

process improvement and Waterfront Support efforts, this paper identifies gaps in the 

management of Navy inventory data that directly impacts Fleet Readiness. Our 

approach improves data visibility across stakeholders, enabling the Navy to effectively 

deliver parts and improve operational readiness. 

Keywords: U.S. Navy; Fleet Readiness; Supply Chain; Part Inventory 
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1. Introduction 

1.1. U.S. Navy Readiness Context 

The Navy cannot meet its readiness goals without fixing how it manages system and 

inventory data across the entire lifecycle. Every phase, from initial fielding to the end-of-

life, have similar issues: poor data visibility, outdated databases, and missing or 

unreliable data and data integrity. 

As a result, the Navy is undertaking several key initiatives to improve shipbuilding, 

readiness, and sustainment to address these persistent and pervasive challenges, such 

as aging equipment, parts obsolescence, personnel shortages, shipyard capacity, and 

maintenance backlogs. 

These efforts are driven by strategic goals that align with the Chief of Naval Operations' 

(CNO) Navigation Plan for America's Warfighting Navy, which aims to achieve 80% 

combat surge ready posture for ships, submarines, and aircraft by 2027. 

These metrics are consistently repeated and reiterated by Navy leadership in speeches, 

congressional testimony, press conferences, and official documents, underscoring its 

central importance to this strategic planning and communication to Navy leadership, the 

government, and the public. However, meeting these strategic goals is not just about 

building new ships. While a modern and growing fleet is essential for long-term strategic 

competition, the immediate and critical challenge lies within the Navy’s ability to 

maintain and sustain the existing fleet to meet readiness and operational needs. In 

short, the Navy needs to grow, but the Navy also needs to be reliably ready today. 

To maximize investment and ensure national security, existing assets must be properly 

maintained throughout their service life, regardless of how many new ships are being 

built. To quote the Naval Sea Systems Command (NAVSEA) Executive Director, Mr. 

Chris Miller during April 2025’s Virginia Ship Repair Association’s meeting: “2027 is not 

some distant milestone. It is within our current budget window, and we are not going to 

be able to buy our way out of this. We’re going into the next fight with the fleet we have.” 

1.2. NAVSEA Readiness Initiatives 

In January 2025, NAVSEA launched its latest Enterprise Strategy, which evolves the 

“Force Behind the Fleet” mission through five interconnected Lines of Effort (LOEs). 

These LOEs are designed to align with the CNO’s “Project 33” and “Navigation Plan,” 

focusing on surge readiness by 2027 and beyond.  

These LOEs all target improving maintenance, modernization, and overall sustainment 

of existing platforms, as shown in Figure 1: 
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Figure 1: NAVSEA Enterprise Strategy 

1. Accelerate force generation to support the delivery of ships and combat systems 

2. Generate readiness for the maintenance, modernization and sustainment of 

military platforms 

3. Capture and use data to encourage innovation 

4. Attract, retain and grow the workforce 

5. Strengthen the NAVSEA foundation by enhancing critical infrastructure. 

 

The key LOEs that are relevant to this research are LOEs 2 and 3: 

Generate Readiness to Maintain, Modernize, and Sustain Platforms (LOE 2): 

The Force Behind the Fleet for this LOE is Sustainment. This LOE emphasizes ensuring 

that ships and systems are not just built but are kept in peak fighting condition 

throughout their entire lifecycle. Prior to publishing this guidance, NAVSEA also re-

established Sustainment Directorate (SEA 06) with a dedicated Deputy Commander for 

Sustainment and Chief Logistician to drive improvements in life-cycle sustainment and 

shift from a "just in time" (Receiving parts and materials when needed for maintenance 

or production) to a "just in case" (Maintaining larger parts inventory to protect against 

supply chain disruptions, logistical delays, or unexpected demand spikes) mindset for 

parts and materials. 

Generate, Capture, and Use Data to Drive Innovation (LOE 3):  

The Force Behind the Fleet for this LOE is Innovation. This LOE emphasizes leveraging 

data and predictive analytics to inform decision-making, improve efficiencies, identify 

risks, and forecast performance. Initiatives like the Ship Maintenance Data Improvement 

Initiative (SMDII), which is owned by NAVSEA21, are part of this effort. The directorate 

was established to address challenges related to data visibility, governance, and 

metrics standardization across the surface fleet. Their mission emphasizes leveraging 

authoritative data to improve readiness and maintenance execution outcomes. 
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1.3. Larger Department of War (DoW) Context 

In addition to the strides NAVSEA is making, the most recent acquisition reform 

initiatives published in November 2025 launched a massive structural overhaul titled, 

“Transforming the Warfighting Acquisition System.”  This directive highlights the need 

for significant change in how the government develops, acquires, and sustains systems, 

with a specific emphasis on how acquisition must shift away from slow, traditional 

processes to a more rapid, iterative, and secure approach. For this to scale and 

succeed without a significant increase in cost, a unified Digital Keel is necessary. 

2. Solution Overview 

The Digital Keel is unified source of truth that supports the Navy’s fleet by maintaining a 

perfect digital copy of each system. Our approach is held together by a system’s “data 

thread” that binds its physical reality to a live digital record. This represents an 

integrated approach to managing data across the entire lifecycle of a product. This 

process starts as early as requirement generation and only ends when the last part is 

scrapped. This involves continuously updating and integrating data from multiple 

sources to inform decision-making, enhance collaboration, and improve quality. By 

weaving together disparate data points, a truly unified Digital Keel provides a cohesive 

view of a product’s life to ensure that all stakeholders have access to the same timely 

information. 

The Digital Keel only works if a system’s thread is weaved and held taught through its 

life. This is not just a list of parts, but rather data linked to the system’s health and 

configuration. A system without a data thread is a liability and fractures the keel. Without 

a verifiable digital history, the Navy cannot certify what configuration is installed on a 

ship or if a sparing model is accurately predicting the next failure. When this thread is 

continuous, the Navy can optimize inventory, predict failures, and be prepared for 

combat. When it is cut, the resulting “data friction” creates a loss of readiness that can 

carry throughout its lifecycle. 

Therefore, we argue that sustaining and nurturing the data thread as a system moves 

through its lifecycle is the true foundation of fleet readiness. We propose developing an 

integrated database of ship information, called the Digital Keel. 

To illustrate this, we will follow the AN/SPY-99 “Watchman” Radar, a hypothetical next-

generation sensor, from its initial design to the scrapyard. Identifying problems that exist 

today and how maintaining a health Digital Keel can maintain a healthy fleet. 

3. System Lifecycle Overview 

The typical lifecycle of a system starts with design and development, where the system 

is conceptualized and the requirements, reliability, and sparing metrics start. Then the 
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system starts its initial fielding stage, where it is produced, installed, and tested on 

ships. After getting installed and tested, it enters the longest phase where it’s deployed 

and maintained in an active fleet. During this phase and end of life, it can be 

cannibalized or harvested and refurbished to be installed on a new ship. Finally, the true 

end of its life is when the last part is disposed. An overview of this process can be seen 

in Figure 2. 

With proper data collection and management, the digital thread weaves through all of 

these phases and supports decisions from day one. Throughout this process, there are 

many databases that collect and store different pieces of this system. Examples of 

sources of information to weave together include:  

• Organizational Maintenance Management System–Next Generation (OMMS-NG)  

• Relational-Supply (R-Supply) 

• Material Readiness Database (MRDB) 

• Model Based Product Support (MBPS) 

• Maintenance Figure of Merit (MFOM) 

•  Ship Maintenance Data Improvement Initiative (SMDII) 

Figure 2: Phases of a Ship System Lifecycle 

3.1. Lifecycle Stages of the Watchman 

• Phase 0: Design & Development - Creating the AN/SPY-99 system and 

establishing reliability and sparing requirements. 

• Phase 1: Initial Fielding - Production, shipyard installation, and fleet acceptance. 

The Watchman is installed on a ship in the shipyard. 

• Phase 2: Deployed Sustainment - Operational use, maintenance, and sparing in 

action. The Watchman is operating in the fleet as repairs and software updates 

occur to have it maintained in the fleet. 
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• Phase 3: End of Life / Harvesting - Decommissioning, reclamation, and 

obsolescence management. When a Watchman equipped ship is 

decommissioned, we determine if its components can be reclaimed to keep 

younger hulls operational. 

3.2. The Core Faults the Lifecycle Faces 

The Navy’s struggle to reach its readiness goals is often looked at as physical logistics 

problem, but at its root it is a data problem. Across the entire lifecycle of the AN/SPY-99 

Watchman, three persistent themes hinder the Navy from achieving a state of “Ready 

Today.” 

Limited Data Visibility This refers to the ability of stakeholders across the enterprise to 

see the same truth at the same time. Currently, data from the Watchman is often 

trapped or siloed away from analysts who need it. 

Poor Data Integrity Data integrity assures that the digital record matches the physical 

reality of the system. As the Watchman moves through its life, its digital record 

separates from the truth as manual entry errors, batch processing delays, and stale 

metrics slow down the process. 

Lack of Traceability This is the ability to track a part or system as it moves through the 

supply chain and its life, including maintenance history, configuration, and status. 

Currently, when a part is removed from the Watchman for repair, its history stays local 

or is uploaded to a database late or in a way that isn't fully tracked. 

As we go through each phase of the Watchman’s life, we’ll see these themes breaking 

the digital thread holding the watchman together. 

4. Phase 0: Design and Development 

The lifecycle for the AN/SPY-99 Watchman starts with defining requirements. In this 

phase, the Digital Keel is established through smart requirements and integrated 

sparing plans. If these aren’t explicitly prioritized in the System Requirements 

Documents (SRD) and Requests for Proposals (RFP), the Navy accepts a baseline data 

debt that compounds over the system’s life and keeps data in a silo instead of 

integrating into the digital keel. 

4.1. Smart Requirements 

Maintainability and reliability requirements are often overlooked or simplified, which 

leads to poor planning and reduced system readiness. To meet the Navy’s readiness 

goals, system requirements for the Watchman must explicitly prioritize readiness during 

requirements development. 

To support better designs and lifecycle material readiness, requirements should ensure 

reliability data is traceable from the lowest subcomponent, like a receiver on the 

Watchman, up to the full system. This starts with defining initial failure metrics for each 
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subcomponent and aggregating those metrics into an initial failure database. That data 

should then be used to support a Fault Tree Analysis (FTA) to characterize overall 

system failure rates. Without requiring data interoperability at the subcomponent level, 

we create a future visibility gap where the program office can’t see the true health of the 

Watchman’s receivers. If this data is maintained in discrete documents, the Digital Keel 

starts to fracture, giving programs an incomplete picture which can lead to increased 

program risk. 

These early metrics are typically based on subcomponent testing and analysis 

conducted in laboratory environments, this is where many programs stop at this point, 

but that approach is insufficient. While useful, they often do not reflect harsher real 

operational conditions and end up driving lifecycle decisions with incomplete data. 

Maintaining and updating Mean Time Between Critical Failure (MTBCF) data using 

system-level test results and real-world operational experience is critical to making 

informed product support decisions for the Watchman. 

4.2. Sparing Plan 

Once a program has written robust requirements to ensure the correct data is being 

collected, the program will use this data to create a sparing plan that reduces the 

burden on the supply system and on the fleet. For the Watchman, reliability data should 

then be used to inform development of the sparing plan early, rather than treating 

sparing as a standalone logistics exercise conducted late in the lifecycle. Accurate and 

current MTBCF values are essential inputs to sparing models, and failure to keep these 

metrics updated often results in either under-spared systems that drive readiness gaps 

or over-spared systems that increase cost without an equal or greater benefit.  

Relying on laboratory MTBCF metrics in the sparing plan starts analysis off with an 

integrity risk; if the baseline data is cleaner than the in-water environment of a Navy 

Destroyer (DDG), the readiness models will be flowed from Day 1. Sparing plans often 

don’t, but should be revisited as reliability data matures, incorporating system-level test 

results and operational feedback to adjust demand forecasts and provisioning 

quantities. 

When systems limit the use of Commercial Off-the-Shelf (COTS) components, those 

systems see increases in costs as those parts become obsolete elsewhere in the 

market. To improve availability, reduce lead times, and mitigate obsolescence risk, 

COTS components should be prioritized on the Watchman. 

Conversely, the use of Long Lead Time Materials (LLTM) should be minimized and 

tightly justified, as premature or inaccurate reliability assumptions can lock programs 

into costly inventory decisions that are difficult to unwind later in the lifecycle. While 

COTS parts and LLTM can be optimized, making the sparing plan more cost effective, 

this planning must be done at the RFP and contract phase of the system lifecycle. The 

decision to use proprietary LLTM without securing full data rights snaps the traceability 
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thread, because the Navy won’t be able to track the maintenance history of the critical 

parts without OEM intervention. 

Maintaining robust sparing data in the Digital Keel reduces schedule and cost risk 

during sparing throughout a system’s lifecycle.   

4.3. Readiness-Based Sparing 

To maximize the utility of the data captured in Phase 0, the Navy must continue 

transitioning from Demand Based Sparing to Readiness Based Sparing (RBS). This 

shift is a strategic requirement: as noted in OPNAV Instruction 4442.5A, the Navy is 

required to use the “readiness-based sparing (RBS) methodology to spares and repair 

parts allowance determination to make sure that prescribed readiness thresholds and 

objectives are achieved at the lowest possible cost” (OPNAVINST 4442.5A).  

While traditional models look backward and stock parts based on how many were used 

in the past, RBS look forward. This uses the AN/SPY-99 Watchman’s subcomponent 

reliability data and system to calculate the most cost-effective inventory required to 

meet a specific Operational Availability (Ao) target or be marked as Full-Mission 

Capable (FMC). 

In an RBS framework, the success of this is entirely dependent on the integrity of the 

data thread established in Phase 0. DoD Instruction 4140.01 mandates that the Military 

Departments “collect and maintain data for determining requirements and for managing 

and tracking the status of all materiel.” If the Digital Keel is fractured at the beginning, 

the models will fail. If failure rate used in the model is based on laboratory testing rather 

than real world experience, the entire sparing cost curve shifts. For a complex system 

like the Watchman, a 10% error in MTBCF data can lead to millions of dollars in 

misallocated funding. 

By embedding RBS requirements into the RFP and contract, the Navy ensures the 

Watchman will not be delivered just as hardware, but as a total mission-critical package: 

the radar, the data rights, and the reliability metrics that are just as important as the 

radar itself for proper sustainment and readiness. 

5. Phase 1: Initial Fielding 

As the AN/SPY-99 Watchman finishes its initial design and development, it’s now going 

to be installed on a ship. This is the first space where the theoretical data from phase 0 

meets real life in-the-water experience. In our example, this is the “birth” of the 

Watchman. If we fail to capture the “Birth Certificate” for every component, we create 

immediate visibility and traceability gaps. To ground this analysis in current naval 

challenges, the following gaps are modeled after observations and case system insights 

from the fielding of the AN/SPY-6 radar, where the complexities of waterfront support 

across multiple hulls showed significant fractures in the Digital Keel. 
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5.1. The GFE Visibility Gap 

A large driver of schedule delays in initial fielding is the lack of forward visibility for 

Government Furnished Equipment (GFE). This is witnessed during SPY-6 fielding 

efforts and will be shown with our Watchman, synchronized logistics across multiple 

shipyards and government facilities is required. However, the frequent lack of forward 

notice documents, such as the Supply Chain Execution Data (SCED A), or Advanced 

packing list leads to logistical challenges without visibility. Advanced packing lists are 

only provided after government acceptance or in accordance with MIL-STD-129R 

requirements. Onsite warehousing personnel do not receive estimated shipment or BOL 

data from vendors prior to delivery. As a result of this gap, inventory visibility and 

communication of asset arrivals are typically delayed several months. Without 

integrated data there is a massive difference between Expected and Actual Delivery 

dates.   

This challenge is seen in broader Navy shipbuilding audits. For example, the GAO 

conducted a study on Navy Shipbuilding that found that the Navy’s acquisition practices 

consistently result in cost growth and delivery delays, noting the “unrealistic cost and 

schedule expectations” are often locked in before design stability and support is 

achieved (GAO-25-108136). This directly causes a submarine to be delivered “with at 

least a 1-year delay” and “hundreds of millions of dollars in additional cost.”  

The DD250 (Material Inspection and Receiving Report) is often established only when 

the physical asset arrives so the Navy cannot proactively plan for install windows. This 

creates a reactive environment where part-sourcing challenges can disrupt the 

traditional installation process, causing labor wait times to increase cost while 

technicians are waiting for the Digital Keel to catch up. 

5.2. Shipyard Data Silos 

During initial outfitting, the government frequently struggles to develop reliable metrics 

due to changes that are still going on during the Engineering Change Proposals (ECPs). 

In private shipyards, failure documentation for systems like the Watchman is often 

captured in proprietary local systems that don’t connect or communicate with the Navy’s 

authoritative databases. These metrics not only fracture data visibility in the Digital Keel 

but can also be captured differently, causing data integrity issues.  

Evidence of this systematic silo is a core driver for the Navy’s Ship Maintenance Data 

Improvement Initiative (SMDII) that is trying to bridge the gap between fragmented 

maintenance records and the need for a unified digital trail. SMDII attempts to link data 

silos and gather the most important metrics for fleet readiness. In a GAO study on cross 

navy availability optimization, they found that “the Navy achieved its maintenance goal 

for carriers only 47% of the time, and for submarines only 24% of the time” (GAO-17-

548). The study notes that “the most significant metric is the Days of Maintenance Delay 

(DoMD) which reflects the number of days that an availability extends beyond the 

completion date stated at the start of the availability.” Because these local fixes rarely 



   

 

9 

feed back into sparing models, the Navy loses the opportunity to adjust its “just-in-case” 

inventory based on early reliability trends, leading to unplanned procurements before 

the ship even sails and causing an increase in DoMD. A healthy Digital Keel connects 

shipyard data silos, allowing the Navy to have a holistic view of their systems.  

5.3. Pre-Fleet Data Issues 

Part failure analysis modeling does not start for the government reliably until post-sail 

away. Until the ship is commissioned and operational, the Navy relies on sparse 

FRACAS (Failure Reporting, Analysis, and Corrective Action System) data, which is 

often too sparse to generate effective sparing models. The Congressional Budget Office 

(CBO), in its December 2025 report, Maintenance Delays for Conventional Navy Ships, 

noted that maintenance events for large combat ships often take 20% to 100% longer 

than estimated in the Navy’s final schedules, largely because the initial plans 

underestimate the true labor and part requirements of the actual fleet. Analysts are 

often not informed of maintenance events until the crew on the ship starts submitting 

formal requisitions through OMMS-NG. Waiting for this data further extends the 

timeline, as OPUS models do not incorporate failure data until at least three ships and 

three years of collection have been accumulated to ensure statistical accuracy.  

By the time the Navy identifies a systematic reliability issue in the Watchman, the long 

lead time of the components means the solution (or updated spare) can be months to 

over a year late. This results in purchases that can cost more just to keep the system 

operational until its Operational Well-Level Date (OWLD), which inflates the Total 

Ownership Costs (TOC) through un-forecasted requirements. For example, Misaligned 

procurement buys for the SPY-6 Radar required their Program Office to provide support 

far beyond the DDG-125 SPY-6 Radar System’s OWLD. This resulted in the 

reallocation of spares in order to cover the higher than forecasted consumption of 

OBRP (Onboard Repair Part) assets. 

6. Phase 2: Deployed System Sustainment 

Sustainment is the most resource intensive phase of the AN/SPY-99 Watchman 

lifecycle, with an even more intense focus on fleet availability and combat effectiveness. 

As of early 2025, the U.S. Navy operates 149 non-nuclear combat surface ships, with 

sustainment costs accounting for approximately $24.9 billion between FY20 and FY23 

(GAO-25-10699). For the Watchman, sustainment is not just about maintenance and 

repair, it is the act of balancing what is possible logistically and what is the most 

operationally urgent. All of this happens with an often-fragmented Digital Keel. 

6.1. The “As Maintained” Configuration Drift 

Historically, NAVSEA has relied on schedule driven maintenance, but modern readiness 

targets require an analytical approach, such as the Engineering Operation Cycle (EOC). 

For the Watchman, this requires a “Digital Twin” that perfectly matches the ship’s actual 
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configuration. However, as the system undergoes repairs at sea, the “As-Built” baseline 

established in Phase 1 begins to drift.  

When a Sailor changes the circuit in the Watchman array, that change must be 

manually entered into systems like NDE (Navy Data Environment). If the data entry is 

inconsistent or incomplete the “As-Maintained” record can become incorrect. According 

to the GAO, poor data integrity in these authoritative systems prevents leadership from 

making data driven decisions, leading to maintenance being pushed out and a false 

sense of readiness where the system on paper does not match the hardware on the 

ship. Accurate and timely input from the ships strengthens the Digital Thread between 

the “Digital Twin” and the system, resulting in faster action and more defensible 

decisions for leadership. 

6.2. Silos in Sustainment 

Across NAVSEA, numerous systems have been developed to address gaps in parts 

visibility such as CAVWEB (Commercial Asset Visibility Web-Based) for assets at 

vendor facilities and SMDII for maintenance metrics. While these tools are intended to 

enable improved material visibility, they often function separately without the ability to 

properly talk to each other. 

For a program manager that’s in charge of the Watchman, this results in a visibility gap. 

They may see an asset listed as “Ready for Issue” (RFI) in a commercial repair facility 

via CAVWEB, but the information may not be checked against OMMS-NG’s data. This 

lack of interoperability means that during emergencies, the Navy cannot move from 

“just-in-case” to “just-in-time” logistics. Without a single source of truth or a truly 

connected Digital Keel, the Navy is forced to over-fund inventory to compensate for 

blind spots in the data, driving up the Total Ownership Cost (TOC). Conversely, lack of 

data and desire to drive costs down can cause a readiness gap by under sparing. 

6.3. Broken Chain of Traceability 

One of the biggest challenges in sustaining the Watchman is ensuring that the digital 

history follows the physical part, keeping the “Digital Twin” a true twin. Systems like the 

Model Based Product Support (MBPS) initiative are intended to bridge this gap by 

integrating configuration management and readiness modeling. However, the 

effectiveness of systems like MBPS and SMDII both rely on the data from databases 

they pull from being up to date. This is a great observation of Garbage In, Garbage Out 

(GIGO), if the digital twin is not kept up to date and recorded historically, systems like 

these cannot do their job of providing decision makers with analytics to support the fleet. 

When a failed Watchman processor is removed and sent to a depot, its maintenance 

history often fails to follow it. Without this traceability, the Navy can’t perform accurate 

root-cause analysis or certify the residual life of reclaimed components. As the CBO 

noted in its 2025 maintenance report, this data disconnect causes maintenance events 

to take 20% to 100% longer than estimated, as technicians spend more time 
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discovering the part’s history than actually repairing it. A strong Digital Thread improves 

data accessibility and accuracy during maintenance which can lead to reductions in 

maintenance labor costs and schedule risk. 

6.4. Readiness Based Sparing in Sustainment 

Phase 0 established Readiness-Based Sparing (RBS) as the Navy’s required way to 

plan out spares. However, in Phase 2, this engine often fails due to the Garbage In, 

Garbage Out effect. While RBS is a great system for predicting spares, it can fail due to 

lack of real-world failure rates and asset visibility due to the disparate databases. 

RBS models rely on a continuous stream of maintenance data to refine the sparing 

model. If the Watchman fails 15% more often on the water than it did in the lab, then the 

RBS model should prioritize those failing parts as spares. However, due to this data 

often not making it into the Navy Common Readiness Model (NCRM) or being 

significantly delayed in input causes the model to run on stale Phase 0 data. 

The RBS model can also fail when there’s a visibility issue across the supply chain 

(Ship, Hub, and Vendor). When there’s a lack of visibility the location and status of parts 

can become hidden. This forces the Navy to bypass RBS recommendations and 

execute emergency buys and pay a premium for parts it technically already owns but 

cannot locate. 

7. Phase 3: End of Life/Harvesting 

The final stage of the AN/SPY-99 Watchman lifecycle is an often-overlooked opportunity 

for cost avoidance. As ships equipped with the Watchman reach their End of Life (EOL), 

the Navy has a choice to either dispose of the hardware as scrap or reclaim the 

material. Reclaiming parts from a decommissioning asset to repurpose for an in-service 

platform can help keep the fleet ready while avoiding cost and obsolescence issues. 

7.1. Material Reclamation v. The Cannibalization Cycle 

While earlier phases face a lack of data, the final phase of a system’s life should have 

an abundance of data, but data debt racked up from previous phases provide a 

fractured Digital Keel. A 2023 report by GAO reviewed sustainment metrics for 10 ship 

classes highlighting the number of maintenance cannibalizations (working parts 

removed and reused elsewhere due to parts shortages), casualty reports (reports of 

events that impair ships’ ability to do a primary mission), and days of maintenance delay 

(days beyond the scheduled end date for depot maintenance) have each increased 

(GAO-23-106440). These factors create a vicious cycle that negatively affects Navy 

ship readiness. Cannibalization increases maintenance backlogs and casualty reports 

extend maintenance periods which are worsened due to lack of visibility or incomplete 

data. 

Material Reclamation involves recovering and repairing parts from a decommissioning 

asset to repurpose for an in-service platform. Reclamation can improve the fleet 
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material and operational readiness for in-service platforms through increasing the 

supply of repairable items. The removal of equipment on a decommissioned vessel can 

be utilized to immediately convert assets into readiness gains and sustain aging 

operational assets. Reclamation mitigates mission impacts caused by long lead times 

and reduces the number of and duration of casualty reports (CASREPs). By enabling a 

strong Digital Keel, the effectiveness of material reclamation is increased, providing a 

cost-effective means of sustaining in-service vessels. 

For the Watchman, formal material reclamation offers a strategic alternative to procuring 

a new Watchman. Decommissioning vessels often have subsystems that are difficult to 

procure or have become obsolete. Harvesting these components is a cost-effective 

means of sustaining the remaining fleet. However, the decision to harvest needs to be 

data-driven, where components with a low probability of failure or readily available 

COTS replacements may not justify the costs of removal, refurbishment and storage. 

7.2. Material Reclamation Planning Failures 

Effective tracking of harvested components from decommissioned ships is essential to 

maximize utility and ensure accountability. Documenting each component from removal 

through transportation, inspection, refurbishment (if required), and either installation or 

storage solidifies the Digital Thread. Key elements include identification and 

documentation, chain-of-custody management, inspection and refurbishment records, 

and integration with inventory management systems. Proper tracking reduces loss, 

ensures operational and safety compliance, supports lifecycle cost analysis, and 

enables timely allocation to vessels in need.  

The earlier phases discuss that accurately tracking failure metrics during the design and 

deployment phases is not always captured and reported electronically in authoritative 

systems. This missing and unreliable data leaves program offices without sufficient 

information to take a systematic approach to plan for reclaiming parts from a 

decommissioning vessel. Reclamation currently does not have a line of accounting 

within the Navy budget. NAVSEA organizations can request funding through the 

Program Objective Memorandum (POM) process to fund reclamation actions. This can 

assist with the costs of floating crane rental, part packaging, and shipping. But without 

proper schedule and part availability data, NAVSEA can easily overspend pulling parts 

off too soon, too late, or not at all. 

7.3. Ship End of Life Data Visibility Gaps  

The lack of data detailing parts availability, configuration, and why cannibalization 

occurs requires users to leverage multiple logistical systems to verify information. GAO 

reports “Navy configuration records and demand data are often inaccurate, incomplete, 

or not entered promptly” (GAO-03-887). These data gaps contribute to situations where 

the supply system may not show inventory shortfalls, and instead of material 

reclamation from a decommissioning vessel it can result in cannibalization of parts from 

another vessel. Snapping the Digital Thread prior to reclamation has made “linking data 
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across multiple Navy inventory systems [...] difficult” (GAO-03-708). This further hinders 

a requestor’s ability to assess material assets and redistribution. 

Harvesting parts from a decommissioning vessel can solve an immediate need, 

however it is not a sustainable practice to maintain the fleet. Recent GAO reports 

highlighted the challenges sustaining the SPY-1 radar (GAO-23-105578). When 

Lockheed Martin ended radar production in 2021, it resulted in an insufficient supply of 

spare parts to support long-term system maintenance. The Navy is expecting to backfit 

certain vessels that have the SPY-1 Radar installed with the SPY-6 Radar. This means 

Navy vessels could be equipped with the SPY-1 until 2060.  Due to gaps in data 

visibility, the Navy cannot develop a forecasting approach to combine supply, 

maintenance demand, and ship retirement timelines. As shown in Figure 3, we propose 

improved data visibility and analysis to ensure Part harvesting can contribute to a longer 

sustainment solution and improve visibility of part status across the Fleet. 

 
Figure 3: Forecasting Parts Harvesting 

The first and most important step in generating a well-grounded forecast is showing a 

total inventory picture. The Navy needs to get an understanding of the warehouse 

inventory, shipboard inventory, repairable parts in depot, and harvested parts of the 

SPY-1 system. Historical maintenance records can be used to estimate future part 

demand. Vessel retirement plans can be used to understand part harvesting potential, 

but obsolescence risks should be calculated to account for SPY-1 parts that are no 

longer necessary. A robust Digital Keel provides the accurate and timely data that 

serves as a backbone for the Navy to maximize the effectiveness of their forecasts. 
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8. Conclusion 

The quest for a “Ready Today” Navy is fundamentally a battle against fractured data.  

As this paper has demonstrated through the fictional lifecycle of the AN/SPY-99 

Watchman, the physical readiness of a combat or weapon system is linked directly to its 

“Digital twin.” Without a Digital Keel, the continuous thread of visibility, integrity, and 

traceability, the Navy loses the ability to manage cost and readiness with the precision 

required by modern warfare. 

8.1. Summary of the Lifecycle Problems 

Our analysis of the Watchman’s lifecycle showed that the most significant costs are set 

before the ship sails but are realized later on as the accumulation of data debt causes 

emergency spending later on in its life. 

Phase 0 Design: The failure to secure data rights and establish a solid Readiness 

Based Sparing (RBS) model based on real-world environmental stressors creates a 

weak baseline. 

Phase 1 Fielding: The “As-Built” data friction at the shipyard prevents proactive 

planning and forces reactive logistics. 

Phase 2 Sustainment: The disparate databases and update lag prevents a single 

source of truth from being created, causing RBS models to fail and for the fleet to 

shorter availability windows. 

Phase 3 End of Life: The lack of true traceability makes reclamation difficult, forcing 

the Navy into a cycle of cannibalization instead of utilizing reclamation. 

8.2. The Vision 

To bridge these gaps, the Navy must move beyond simply collecting data and toward a 

true data plan. The vision for a unified Digital Keel is an environment where: 

Requirement Driven Interoperability: Data standards are mandated in a contract RFP 

making sure that a system arrives with a digital birth certificate that is readable by every 

system from the shipyard to the depot. 

Dynamic Sparing: RBS models are fed by real-time waterfront data, allowing the 

supply chain to adjust to operational realities before a CASREP is filed. 

Asset Tracking: Every component should have historical data, enabling analysts to use 

this information at any level. 

The unified Digital Keel represents a shift in how we value program data. Data integrity 

is a risk mitigation asset that we need to maintain. As evidenced by the $24.9 billion 

spent on surface ship maintenance and the 20%-100% schedule delays reported by the 

CBO, the cost of bad data is a significant contributor to the condition of readiness in the 

Navy today. 
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By investing in the Digital Keel during Phase 0, the Navy will not just field a system but 

will acquire an entire lifecycle from development through sustainment and eventual 

decommission. To meet the Navy’s readiness goals, there must be investment in digital 

transformation to build the Digital Keel of the Fleet.  

8.3. Next Steps 

While this paper documents experience and research into the gaps in the management 

of Navy inventory data, there is more research to be done into the root-cause of these 

supply issues to inform suggestions for how to improve. Future research aims to bring in 

perspective from other SYSCOMs outside of NAVSEA as well as insight from Fleet 

TYCOMs and Sailors. 

Although we described the broken digital thread and its impact to the Fleet’s Digital 

Keel, continued research should focus on developing a roadmap for restoration. The 

SPY-1 and SPY-6 radars provide the perfect case studies for why data-driven sparing 

decisions are a non-negotiable for Fleet Readiness.  

This continued research is of immediate relevance given recent Defense Acquisition 

Transformation initiatives as documented in the November 2025 “Acquisition 

Transformation Strategy.” This transformation offers areas for continued research into 

the root causes, and potential solutions, for having limited spare parts, specifically 

regarding data rights, contracting strategy, and risk assessments.   

The Strategy proposes to “plan for and acquire systems with the ability to conduct 

organic depot-level maintenance, repair, and overhaul of systems and sub-systems to 

ensure military readiness for any conflict.”  By aligning contracts to “program 

development, production, and support strategies early in development and production,” 

contracts can include “the necessary technical data packages for organic or third-party 

maintenance, computer software development, tooling, supply chain management, 

training, repair, and overhaul.” 

By shifting away from a proprietary production program to a government-managed 

technical baseline, the Navy could secure data rights, allowing for organic or 3D printed 

repair parts, and no longer be beholden to an OEM that may no longer produce the 

necessary parts.  

The Strategy promotes stabilizing demand signals to “[a]ward companies bigger, longer 

deals, so they’ll be willing to invest more to grow the industrial base that supplies our 

weapons.”  

These long-term contracts would allow companies to maintain a steady production rate, 

which would trickle down to the smaller suppliers of specialized components, ensuring 

these companies do not change priorities due to Navy budget volatility. By procuring 

spare parts in bulk, the parts would already be in the production pipeline or on the shelf 

because the contractor was not waiting for an annual budget cycle or CASREP to 

trigger a purchase. These longer, larger contracts also contribute to the likelihood of 
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securing data rights as they give more bargaining power to add Technical Data 

Packages (TDPs) to contracts. 

Finally, there is opportunity to research building risk models for the current deployed 

systems to better inform readiness projections for when systems, such as SPY-1, will no 

longer be operational due to part obsolescence or in-availability. 
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