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ABSTRACT

Ship maintenance usually entails very complex dynamic processes that ship operators face continuously to ensure ship operational safety and comply with regulatory statues. Extensive research indicated that these processes are quite inefficient, thus creating a safety risk in ship operations.  In this paper we will discuss utilization of Six Sigma management strategies in ship maintenance and safety, in addition to its applicability and benefits.

Six Sigma management strategies have a proven record in many industries. Savings through conducting Six Sigma projects have a direct impact on company profits measured through acquisition and analysis of hard data.

We will also present the results of three Six Sigma pilot studies conducted as a part of the Continuous Improvement of Drydocking Management project. We will introduce a Six Sigma roadmap that a ship operator can use on ship maintenance projects and discuss unplanned work causes and their implications on ship safety. We will further discuss the significance of machinery performance data collection and sigma level equipment availability calculations. 

Keywords

Six Sigma, Drydock, Ship, Maintenance, Safety, Reliability, Quality

INTRODUCTION

As we move into the new millennium, new safety rules place new demands on ship operators to increase the quality of ship operations and improve safety. Although quality measures and activities have been introduced a long time ago to reduce the cost and improve safety, they were not implemented at a level that would immediately correlate them to hard data.  Previous quality programs such as Total Quality Management (TQM) have been focused on introducing process improvement tools to the process. The widely applied Six Sigma methodology concentrates on selecting appropriate tools to any process needing improvement. The relatively new Six Sigma management strategy has been utilized by many companies in various industries and has been modified to elevate numerous processes to the highest quality level. Since ship safety is achieved with dynamic maintenance processes that need to be performed in a timely manner and without errors, there is great potential to improve safety, reduce maintenance costs, and increase customer satisfaction by implementing Six Sigma [1].

Recently, we have been conducting various projects emphasizing the importance of reliability management and risk mitigation in ship operations [2][3][4]. Preliminary results of several Six Sigma pilot studies conducted with ship operators are showing the potential that Six Sigma methodology has for operational safety and efficiency improvement. The uncertainty of unplanned/growth work for ship repair projects can be avoided if historical data and major maintenance job specifications such as ship dry-docking are written in a standard and error free format with a good assessment of the ship’s condition. Growth items cost ship operators an average of 50% to 80% more than if they would have been planned and identified in dry-dock specifications before dry-dock starts [5]. In general, many shipping companies have always accepted the fact that big amounts of growth work occur during drydock, due to the complexity of the process.  Rather, they have incorporated the growth in the budget by adding supplementary funding of 20% or more of the initial drydock budget to cover this item of expenditure rather than investigating how they can eliminate the problem, what the root cause of the problem is, which ship systems have the highest contribution to growth, how they may improve the specifications to reduce growth, etc.

In a survey conducted with the participants of the Ship Operation Cooperative Program (SOCP) in the U.S. for the improvement of dry-docking, the determination of a dry-dock work scope and specification preparation were identified as one of the most crucial areas for successful project completion [6].  As a result of this survey, several projects and studies were started.

In this paper we will present results of three Six Sigma pilot studies on ship maintenance management projects and discuss growth work causes and implications on ship safety.  We will further discuss the significance of machinery performance data collection and equipment availability calculation.  Lastly, we will outline global ship maintenance and safety measures and suggest Six Sigma improvement strategies.

CONTINUOUS IMPROVEMENT OF DRY-DOCKING MANAGEMENT PROJECT

This project, sponsored by the office of Naval Research’s Navy Manufacturing Technology Program (MANTECH) through Gulf Coast Region Maritime Technology Center (GCRMTC), was started in December 2000. The first phase of the project ended in August 2001, which marked the beginning of the second phase ending August 2002 [2]. During the first two phases, researchers worked on the following tasks with the participation of industry collaborators:

· Determination of critical metrics (key performance indicators) to measure performance in order to facilitate continuous improvement of dry-docking management and testing of these metrics,

· Survey of new condition assessment technology and methods for the improvement of specifications to avoid growth work and for the assessment of safety,

· Survey of project management software for risk mitigation during dry-dock project planning, scheduling, and project execution,

· Sharing of lessons learned and benchmarking of best practices in dry-docking between the Navy and commercial operators,
· Examining the feasibility of Six Sigma implementation in the maritime industry.
In the next section, we will focus on our Six Sigma related task.
Applicability of Six Sigma Strategy in the Maritime Industry 

Six Sigma is regarded as the fastest growing business management strategy in industry today [7][8][9][10].  Motorola established the Six Sigma quality program in 1987.  However, the Six Sigma strategy became well known after Jack Welch, the former CEO of GE, started implementing it with great success in 1995. The main emphasis of Six Sigma is the application of statistical tools in a very disciplined manner. Process improvements focus on bottom line benefits and customer satisfaction.  It is now widely applied to both business and production processes.  It requires data-driven decision-making.  Today, more than 100 companies are implementing six-sigma [7].
The Six Sigma approach focuses on a broad spectrum of improvements in all areas within a process:

· Statistics and metrics are used in a disciplined manner to assess the information needed to reach Six Sigma Quality.

· It requires a continuous commitment to delivering products and services that meet or exceed customer expectations. 

· By increasing quality, defects are minimised and waste reduced.

· Initiatives to reduce cycle time are continually introduced. 

· Early life failures and root causes are addressed from the outset.

Six Sigma has created profits for some large industrial companies by eliminating rework, decreasing time for product design, improving product quality, increasing operational safety, and ensuring customer satisfaction.  Six Sigma has achieved profit goals by going beyond any other prior quality improvement initiative introduced to organizations.

The Six Sigma strategy uses performance metrics and focuses on improvement in all areas within the process by applying statistics in a disciplined manner.  The core phases of the Six Sigma strategy are: define, measure, analyze, improve, and control (DMAIC).  Implementation of the Six Sigma strategy resulted in quantum leaps in profitability, especially in the manufacturing industries.  Service industries also started implementing this strategy as well.  Our pilot studies indicated that implementation of Six Sigma has a great potential to increase profitability in ship repair and shipping operations as well.  In the next section, we will summarize some of these studies. 

Six Sigma Case Studies in Ship Repair and Maintenance

The case studies described in this paper will use examples of ship drydocking projects to demonstrate the roadmap for implementation of the Six Sigma methodology. Using the same roadmap, ship operators can apply the six sigma methodology to variety of ship operation projects. Since a ship’s dry-docking project is the largest periodic maintenance activity that a ship is exposed to during its life cycle, it serves as a good example for the Six Sigma study.  Extensive research indicated that uncertainty of growth work in a shipyard can be avoided significantly if historical data are utilized and drydock specifications are written in a standard and error free format.

Figure 1 shows some of the most important contributors to specification accuracy [11].  Appropriate machinery and hull condition data can be tracked by using computer based maintenance and repair tracking systems [4].  In addition, it is important to emphasize the need for an accurate ship repair and maintenance history when preparing ship drydock specifications.  Historical information on equipment failure rates, poor workmanship in drydock, planning mistakes, etc. may help to predict future maintenance and repair needs as well as share lessons learned.  Growth items cost ship operators a lot of money.  If the growth items could be planned and identified in drydock specifications before a drydock project starts, the cost avoidance for these items would be significant. In addition, a poor knowledge of ship hull and equipment condition directly relates to ship safety.  It is, therefore, in the best interest of the ship operators to examine and monitor a ship’s condition to minimize potential defects.  Defect elimination is the main emphasis of the Six Sigma approach.  
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Figure 1.  Breakdown of specification accuracy factors

Several Six Sigma pilot studies were conducted on ship operator’s drydock and conversion projects between September 2001 and June 2002.  In these studies, researchers followed the standard Six Sigma DMAIC process, which consists of five phases:

· Define

· Measure

· Analyze

· Improve

· Control

To conduct all five phases of the Six Sigma study, the following participants were involved:

· Ship Management Office

· Ship Managers

· Ship Surveyors

· Ship Operator 

· Port Engineers

· Chief engineers

· Six Sigma Project Consultant 

· Project Coordinators

One of the first activities was to construct the ship operator’s dry-docking process top-level map, which is shown in Figure 2 [11].  The project coordinator used the information obtained by the ship management office to construct the map, which shows the flow of specification documentation and parties involved with its generation.  After being approved, the specifications go to shipyards for bidding and the yard chosen in the bidding process works with the ship’s crew and port engineer on the execution of tasks identified by the specifications. The effectiveness of each step in the specification generation and drydock project execution process represents a variable in the calculation of rolled throughput yield (RTY).  Details of RTY calculations were not a part of the ship operator’s Six Sigma pilot studies. 
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Figure 2.  Top Level Drydock Specification Generation and Execution Process Map

(Rolled Throughput Yield Map)

The first phase of the Six Sigma approach is called DEFINE.  The ship operator’s project is defined as follows: 

Business Cases

(1) Reduction of growth work (30% to 10%).

(2) On-time dry-dock completion.

Problem Statement

(1) Equipment and structural failure reports coming from the ship crew are not complete – better input is needed from machinery history data.

(2) Equipment and structural condition assessments are not used to the full extent.

(3) There is no standard format for specification writing.

(4) A large amount of extra work is done by ship management office to define the specification.

(5) There are no criteria for analyzing drydock specifications.

Goal Statement

(1) Reduce unplanned work.

(2) Fleet drydock specification standardization.
(3) Improve reliability and maintenance management strategies.
(4) Drydock project management system upgrade.
(5) Broader utilization of condition assessment devices.
(6) Create a system to share lessons learned from past drydock projects.
Project Scope

(1) Develop metrics for drydock evaluation.
(2) Benchmark drydock projects.
The second phase of the Six Sigma approach is MEASURE.  Measurement is done through metrics. The importance of measurement is to identify baseline data on current process performance that pinpoint problem location and occurrence along with a more focused problem statement. Metrics creates a common language for communication and allows process measurements to be communicated openly and candidly [9]. The reasons why metrics are needed are listed below:

· Establish the difference between perception, intuition, and reality.

· Gather the facts for good decision-making and provide the basis for sound implementation of those decisions.

· Overcome the limits to the current thought processes and move the company toward boundary-less thinking.

· Identify and verify the problem areas or bottlenecks that have remained undetected.

· Better understand processes and determine which factors are important and which are not.

· Characterize the processes so that the company may know how inputs and outputs are related.

· Validate the processes and determine whether they are performing within the required specifications.

· Evaluate the customer satisfaction and establish the links to the key processes.

· Document the processes and then communicate them to others.

· Provide a baseline for process performance and cost correlation.

· See if the processes are improving.

· Determine if a process is stable or predictable and determine how much variation is inherent in the process [12].

For the ship operator’s drydock project, the following metrics are defined:

1. Schedule - hours behind the schedule,

2. Budget - the magnitude of ship drydock job changes measured as a dollar value of growth work.

The third phase of the Six Sigma approach is ANALYZE.  First, growth data from each individual drydock project were processed and evaluated, and then general trends were found from the total processed data material.  Furthermore, the analysis was broken down into seven main areas of special interest [11]:

1. Growth work classification

2. Cause of growth

3. Growth work analysis for ship systems

4. Class Society/ Coast Guard inspections related growth work analysis

5. Growth work linked to original specification items

6. Sigma Level calculations

7. Potential savings analysis

Each of the first five categories deals with categorization of growth and what triggered the growth work itself (cause/effect). Then the Sigma Level was calculated to find the improvement potential of the process and what potential savings in U.S. dollars might be applicable to such an improvement.

The growth data are shown in Figure 3.  Some growth work could not be added to the original specification since there was no reasonable way to see the condition of the object unless the ship were out of water.  There are some options where these repair items could be examined underwater, but a cost-benefit analysis would have to be performed to justify such inspection.  The growth analysis showed that an average of 37% of all growth items fell within this category (Figure 4).  However, the improvement potential is still significant.  The analysis suggests that 60% of all growth items could have been avoided.  A closer look at the growth costs also indicated that avoidable growth, on average, constituted 19% of the total initial drydock budget in each drydock project, while non-avoidable growth constituted 12%(Figure 4). 
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Figure 3.  Average Percentage of Total Growth
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Figure 4.  Average Percentage of Drydock Budget

Each growth category is defined as follows:

The growth categories in Figures 3 and 4 are described as follows:

Category 1: It is believed that it is not possible to detect the need for repair prior to a ship's arrival at the drydock.  A feasibility study needs to be conducted to justify the cost of a better condition assessment process for the items in this category. 

Category 2: Items included in this category may be called “growth of convenience” items.  The need for repair is discovered during the voyage to the shipyard.  Some items could be repaired later (after drydock), but due to logistics, it is more convenient to repair them in the shipyard.  Some items in this category surface as a result of intermittent operation of some pieces of equipment.  The ship in the pilot study does not operate continuously.  Abnormal equipment condition and hidden failures of equipment cannot be discovered unless the equipment is operational. 

 

Category 3: Items in this category have been added as a result of inspections at the shipyard.  They were not included in the original specifications since machinery history data were not analyzed adequately during specification development, and/or equipment history data were not recorded properly.  Some items in this group occurred due to inadequate test procedures.  As a result, these equipment and/or structural deficiencies were not discovered prior to the drydock, and growth work occurred in the shipyard.  The deficiencies discovered by the classification society and/or local Coast Guard inspectors also fall into this category.  The deficiencies needed to be corrected to obtain certification to leave the dry-dock. 

Due to several reasons, dry-dock growth work is, on average, 1.8 times more expensive than if the same work is scheduled to be performed in the dry-dock [5].  A shipyard usually plans a dry-dock procedure in advance so it can optimize its dry-dock schedule and complete more jobs.  If the operator brings the ship into the dry-dock and begins numerous growth work items in the shipyard, the work schedule will shift.  The next scheduled dry-dock will be moved, resulting in delays for the next customer. To compensate for these delays, the shipyard has to charge higher rates to balance for lost time on the following project.

Growth work may also require some specialized services that have to be obtained at premium prices at such short notice. The shipyard may also have to hire more workers or contractors to complete a job.  On the other hand, the ship operator will have to pay extra for every additional day in the dry-dock. The operator will also accrue schedule delays. 

Thus, with the right improvements applied to the specification generation process, only 13% of the total ship operator’s drydock budget should be added as supplementary funding to cover growth work items occurring during a ship’s voyage to the shipyard, in addition to growth work items not possible to detect from regular surveys.  Presently, an average of 30% of the initial drydock budget is usually added as supplementary funding to cover growth work items.

With an average growth cost of USD 166,300 per drydock project, which falls into category 3, a shipping company conducting 10 drydock projects each year could save at least one million USD per year.

Furthermore, in terms of the number of change orders issued, calculations showed that 50% and 46% of all change orders, on average, belonged in categories 3 or 1, respectively.  Compared with the cost of each category, this may indicate that the cost of each change order in category 3 is substantially higher than the cost of each individual change order in category 1.  Based on available data, category 3 items are on average 30% more expensive than category 1 items. The growth work has been further analyzed to establish the sigma level at which the ship operator performs drydock projects.
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Figure 5.  Motorola’s Six Sigma
The sigma level indicates the degree of performance of a business or manufacturing process. More specifically, it measures the capability of the process to perform defect-free work.  A defect is anything that may cause customer dissatisfaction.  In statistical terms the purpose of the Six Sigma approach is to reduce the process variation to achieve very small standard deviations, thus meeting or exceeding customer expectations for a company’s products or services.  In other words; the process capability measures how much variation there is in a process relative to fixed specifications, upper and lower limits (Figure 5).  The Six Sigma measurement index, Defects Per Million Opportunities (DPMO), is built on this theory.  The DPMO of a process is determined by using actual process data and counting how many defect opportunities exist outside the specification limits.  The number is then scaled up to the equivalent of a million opportunities. 

As an example, assume a centered normal distribution with a process capability of 1. The upper and lower limits would then correspond to (3(, where ( is the standard deviation of the process.  The defect percentage would be equal to 0.27%, or 2,700 DPMO.  If a product consists of 1,500 parts, each product would on average have 4.05 defective parts, which further implies that less than 2 of 100 products would have no defective parts through the whole production.  In other words, complicated products consisting of several parts (or complicated management processes) cannot reach the requirement of zero defects with the variation present at (3(.  Thus, Motorola decided that the variation of their processes should be so low that the fixed specifications, upper and lower limits, had to be equal to (6(.  If so, the process would only produce 3.4 DPMO, even with a (1.5( shift of the process centering, as shown in Figure 6.  A product with 1,500 parts would now only be produced with an average defect percentage of 0.0051 defects per part, which would assume that out of 1,000 produced products, 995 would be error free.

The Sigma Level was calculated for each individual drydock project, as shown in Table 1. The Six Sigma value indicates the performance level of a process, here related to growth work.

Table 1.  Sigma Level and DPMO


Sigma Level
DPMO

Ship A Project
2.06
274,253

Ship B Project
2.25
211,855

Ship C Project
1.88
344,578

Ship D Project
2.48
158,655

Ship E Project
2.62
135,666

The Ship E drydock project had the highest Sigma Level of 2.62.  This indicates that the growth work, which could have been added to the specifications for this drydock, only made up approximately 13% of the total drydock budget.  The worst drydock project according to Sigma Level, Ship C, had, respectively, a growth percentage of 35%, which could have been added to the drydock specifications. The average Sigma Level was 2.3 with a standard deviation of 0.3.

The growth analysis suggested that, on average, 60% of all growth items per drydock could have been eliminated without much effort.  Most of the growth items would fall into category 3.  The first step would thus be to reduce the growth work to 10% for each drydock. If a further reduction is to take place, a cost-benefit analysis should be conducted to see whether or not extensive underwater hull or machinery surveys would be cost effective.

If, on average, a shipping company has 15 dry-docks per year and USD 82,389 is an average saving per drydock if growth work is reduced to 10%, the company would save USD 1.236M per year.  The cause of each growth item was identified by the work statements and the contractor descriptions entered in drydock project management software by the Port Engineer/Chief Engineer.  Five main categories were used to state the cause of each growth item (Figure 6):

Wastage/wear and tear: Abnormal deterioration, causing wastage/wear and tear.

Drydock planning mistake: This could have been planned prior to drydock, but was forgotten.

Forgot to add it to specs: Port engineer forgot to add the items to the drydock project specifications.

Unknown: Not possible to say what the cause was from the information available, i. e., insufficient information made it impossible to identify the cause of the repair item.

Other: None of the above categories, caused by something else.
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Figure 6.  Cause of Growth Work

The cause of each growth item was identified from the statements of the Port Engineer/Chief Engineer.  The degree of explanation provided for each work statement varied; thus, a certain amount of uncertainty will apply to this cause identification.  However, the general trend gives some indications on what causes may be expected.

It appears that the biggest cause of growth work was wastage/wear and tear due to abnormal deterioration. However, it is likely that within this category some deterioration was caused by poor manufacturing/installation/application.  Normal deterioration is usually taken care of by the preventive maintenance program of the ship.  Abnormal deterioration becomes evident during the course of completing standard drydock items and is in many cases may have been caused by poor workmanship from the last drydock. Many of these items could have been added to the repair specifications if only the maintenance tracking history had been evident.  Poor workmanship from the last drydock or from other previous repairs causing abnormal deterioration should be recorded so they can be taken care of at the next drydock.

Even though they were known well in advance, 34% of the growth items were “back-pocket” items caused by the fact that someone forgot to add them to the specifications. Another 14% were caused by poor drydock planning, and could have been avoided.  Together, these two categories make up 48% of the total growth and could have been avoided.

The phase four of the Six Sigma approach is IMPROVE.  After the analysis phase of the ship operator’s pilot studies, the following improvement actions were suggested:

a. Utilize standard drydock specification document to avoid growth work and reduce drydock specification generation time,

b. Share lessons learned by reviewing past drydock data - set up a database to access previous drydock files,

c. Utilize condition assessment devices to discover problem areas before submitting drydock specifications for a bid.

As a result of Six Sigma pilot studies, the ship operator has set a goal to reduce a specification generation time to five days.  Currently, the drydock specification generation process takes a long time and there is a need to make the process more efficient.  This improvement process will involve the following tasks:

1. Review past drydock specifications generation process.

2. Identify non-value added steps in the process.

3. Reduce non-value added work in the process.

4. Follow closely development of next drydock specifications to find non-value added steps and identify error creating opportunities.

5. Calculate current Rolled Throughput Yield for drydock specification process and find the Six Sigma level.

6. Document the improvement process for the specification generation.

7. Implement the improvement process in drydock specification generation.

The major growth work items on the ship operator’s drydock projects were caused due to underestimating hull coating jobs and poor assessment of steel thickness.  Advancement in condition assessment technology can help reduce the risk of having a large amount of growth work in drydock projects.  The following condition assessment techniques can be utilized to reduce major drydock growth work:

1. Utilize ultrasonic testing on steel structures as much as possible while the ship is at berth to identify problem areas.

2. Utilize underwater inspection by remotely operated vehicles to assess the status of hull coating and wetted surface steel thickness. 
The last and the most important phase of the Six Sigma approach is the CONTROL phase.  Once the decision is made to start the improvement process as described in the IMPROVE phase of this study, the ship operator needs to do following:

· Control development of improvement actions in future projects.

· Develop an action plan for future improvements.

· Sustain all positive initiatives.

· Develop a documentation and implementation plan to ensure that performance improvement remains at the desired level.

By utilizing the Six Sigma road map, a ship operator can realize major savings in drydock projects.  Several areas are already identified and improvement processes associated with these areas are defined.  The roadblock lies in finding the incentive to start a full scale Six Sigma improvement process.  One of the prerequisites for Six Sigma implementation is involvement of all parties associated with the process that needs to be improved.  It is up to the organization to put together an incentive plan that will give all participants in a drydock project reason for implementing Six Sigma improvement plans.  It is also important for an organization to encourage its employees to collect good quality data.

Six Sigma management strategy is driven by hard data, which is not always available.  Many times data are stored in several different systems that are either computer based or paper based. Data gathering and correlating can be enormous tasks that usually drive the management away from data utilization.  For ship operators executing major ship maintenance projects, the most important piece of data concerns equipment maintenance history [14][15]. 
Six Sigma and Equipment Availability

As we mentioned earlier, the sigma level indicates the degree of performance of a business or manufacturing process.  For ship equipment, we can translate it as equipment and system performance:  the higher the equipment availability, the higher is the sigma level.  A defect is equipment or system unavailability.  In statistical terms, we want to reduce equipment performance variability caused by failures to lessen the risk associated with equipment or system malfunction.  In other words, equipment and system availability during ship operation relative to set specifications defines the sigma level at which the equipment or system operates.  The availability number is then scaled up to the equivalent of a million opportunities.

For example, if a system consists of parts which have a high probability of failure, it easy to conclude that the system sigma level is low and that work needs to be done to improve the reliability of the system.  If a system is critical to ship operation and its failure may cause safety hazards, shipping companies need to bring that system to the Six Sigma level to avoid disasters and failures to complete the intended mission of the ship.  Furthermore, ship owners/operators need to collect quality data to support maintenance planning and avoid drydock project budget overruns identified as growth work.

Conclusion

In conclusion, the authors suggest that ship maintenance and safety can be improved by:

· Utilizing historical machinery history data and hull condition data to find general trends that can indicate areas to be identified as a priority when generating new repair-specifications.  It will also help to make more accurate assessments and decisions about current ship condition.

· Maintaining dry-dock and machinery history databases with actual cost data, best practices, lessons learned, and maintenance history in a usable format.

· Standardising repair-specification format.

· Enhancing visibility in the planning process by constructing as-is process maps to make better decisions, improve budget and work planning, and more effectively contribute to achieving the objectives of  maintenance projects.

· Using Six Sigma methodology to achieve short term and long term goals.

These activities can help ship operators to identify most repair items, make reliable drydock plans, and generate accurate specifications, which may reduce the share of growth work by approximately 60% and save ship operators an average of 50% - 80% per drydock in growth costs.  In retrospect, ship operators will have better knowledge of their vessels so they can preserve the capital value of ship assets and reduce the safety risk in ship operation. The Six Sigma strategy has a potential to increase profits and to improve ship safety standards through emphasizing an error free environment.
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Results individual

		

		Cape Flattery

		Growth Classification		Total Final 
Amount USD		% of Total 
Growth		% of Drydock 
Budget

				$82,377.00		28%		11%

				$1,495.00		1%		0%

				$210,045.00		71%		29%

		Total Growth		$293,917.00		Sigma Level		2.06

		Cause of Growth Work by Code		Growth Amount		% of Total Growth

		1 - Wastage/Wear and Tear		$   35,750		12.16%

		2 - Drydock Planning Mistake		$   23,987		8.16%

		3 - Poor Manufacturing/
application/installation		$   201,394		68.52%

		4 - Other		$   30,497		10.38%

		5 - Unknown		$   2,289		0.78%

		Cape Jacob

		Growth Classification		Total Final 
Amount USD		% of Total 
Growth		% of Drydock 
Budget

		1 Could not been added
to specs prior to drydock		$17,780.00		31%		4.97

		2 Corrective maintainance
item occured during voyage

		3 Could have been added to
drydock specs		$38,900.00		69%		10.87

		Total Growth		$56,680.00		Sigma Level		2.73						2								3				4

		Precentage ABS/USCG requirements		93%								Average ABS/USCG:

		Cause of Growth Work by Code		Growth Amount		% of Total Growth								Machinery		Deck/Outfitting		Electrical		HVAC		Piping		Services		Hull/Structure

		1 -Wastage Wear and Tear		$   20,235		35.70%						24%		2								3				4						Texas

		2 - Drydock Planning Mistake		$   20,570		36.29%						22%		3		2		1				3				1						Victory

		4 - Other				0.00%						41%		1		4						4		1		5						Vincent

		5 - Unknown				0.00%						37%										2				8						Trinity

		Forgot to add it to specs.		$   15,875		28.01%						31%		6		6		1		0		12		1		18

		Cape Texas

		Growth Classification		Total Final 
Amount USD		% of Total 
Growth		% of Drydock 
Budget						HVAC		0

				$116,786.42		33%		14%						Electrical		1

				$46,563.37		13%		6%						Services		1

				$189,485.13		54%		23%						Machinery		6

		Total Growth		$352,834.92		Sigma Level		2.25						Deck/Outfitting		6

														Piping		12

														Hull/Structure		18

		Precentage ABS/USCG requirements		24%

		Cause of Growth Work by Code		Growth Amount		% of Total Growth

		1 -Wastage Wear and Tear		$   173,029		49.04%

		2 - Drydock Planning Mistake		$22,298.57		6.32%

		4 - Other		$1,290.95		0.37%

		5 - Unknown		$   87,888		24.91%

		Forgot to add it to specs.		$   68,328.30		19.37%

		Cape Victory

		Growth Classification		Total Final 
Amount USD		% of Total 
Growth		% of Drydock 
Budget

				$75,001.00		29%		7%

				$183,547.00		71%		16%

		Total Growth		$258,548.00		Sigma Level		2.48

		Precentage ABS/USCG requirements		22%

		Cause of Growth Work by Code		Growth Amount		% of Total Growth

		1 -Wastage Wear and Tear		$   138,136		53.43%

		2 - Drydock Planning Mistake		$21,000.00		8.12%

		4 - Other

		5 - Unknown		$   18,496		7.15%

		Forgot to add it to specs.		$   80,916.00		31.30%

		Cape Vincent

		Growth Classification		Total Final 
Amount USD		% of Total 
Growth		% of Drydock 
Budget

				$60,428.00		29%		5%

				$148,156.00		71%		13%

		Total Growth		$208,584.00		Sigma Level		2.61

		Precentage ABS/USCG requirements		41%

		Cause of Growth Work by Code		Growth Amount		% of Total Growth

		1 -Wastage Wear and Tear		$   60,247		28.88%

		2 - Drydock Planning Mistake		$4,570.00		2.19%

		4 - Other				0.00%

		5 - Unknown		$   1,437		0.69%

		Forgot to add it to specs.		$   142,137.00		68.14%

		Cape Trinity

		Cause of Growth Work by Code		Growth Amount		% of Total Growth

		1 -Wastage Wear and Tear		$   125,422		42%

		2 - Drydock Planning Mistake		$116,514.00		39%

		4 - Other				0%

		5 - Unknown		$   1,925		1%

		Forgot to add it to specs.		$   51,920.00		18%

		Growth Classification		Total Final 
Amount USD		% of Total 
Growth		% of Drydock 
Budget

		1 Could not been added
to specs prior to drydock		$195,639.00		66%		23%

		2 Corrective maintainance
item occured during voyage		$0.00		0%		0%

		3 Could have been added to
drydock specs		$100,142.00		34%		12%

		Total Growth		$295,781.00		Sigma Level		1.88

		Precentage ABS/USCG requirements		37%





Results individual

		



General trend
ABS/USCG Requirements



Growth ship category

				CATEGORIES

		Growth items Flattery		Machinery		Deck/Outfitting		Electrical		HVAC		Piping		Services		Hull/Structure

		Additional NDT to shaft		1														1

		Additional side shell coating														1		1

		Additonal bottom coating														1		1

		Additonal Shell Plate Weld Seams														1		1

		Cathodic protection repairs						1										1

		Cathodic Protection Service Representative						1										1

		Clad Weld Rudder														1		1

		Clad Weld Scoop														1		1

		Coupling bolts		1														1

		Drill Coupling Set Screws		1														1

		Grind cracks in wheel		1														1

		install anchor chain				1												1

		Install Rudder Plug														1		1

		Manufacture Strong Back				1												1

		NDT Service Technician		1														1

		NDT to tailshaft		1														1

		Pilgrim Nut Repair		1														1

		Piping repairs										1						1

		Reinstall expansion joint										1						1

		Rope guard				1												1

		Sea Chest and Scoops														1		1

		Seal Clip Manufacture		1														1

		Tail Shaft Crack Repair		1														1

		Valve Disc Repairs										1						1

		Growth items Texas

		CPP Hydraulic System Troubleshooting		1														1

		Port Main Engine Governor/Amplifier Overhaul		1														1

		Automatic System Anode Renewals						1										1

		Radar Mast X-Mas Tree Refurbishment				1												1

		Outboard Fuel Pump Inspection		1														1

		Rudder Pintle Bolt Repair		1														1

		#3P/S Docking Plug Removal														1		1

		Freeboard Interference Removal														1		1

		Stbd Auxiliary Generator Troubleshooting		1														1

		#2C Fuel Oil Doublebottom Cleaning														1		1

		Afterpeak Slops Disposal												1				1

		Anchor Chain/Locker Repairs														1		1

		Rope Guard Renewal				1												1

		CCW Lantern Ring Bolts		1														1

		Forepeak Steel Repairs														1		1

		CCW Valve Modifications										1						1

		CAPAC System Repairs						1										1

		Bridge Electronics Repairs						1										1

		CPP Blade Machining		1														1

		CCW Regulating Valve Renewal										1						1

		Stbd Anchor Windlass Repairs		1														1

		#4 P/S DB Bellmouths										1						1

		LP CO2 Time Delay Testing										1						1

		#4aP Fuel Oil Tank Cleaning												1				1

		Aftpeak Sounding Tube Renewal										1						1

		Mast Light Renewals						1										1

		Liferaft Installation and Misc. Repairs				1												1

		Additional Forepeak Repairs														1		1

		Bowthruster Wear-Ring Repairs		1														1

		LIPS Trainee Services		1														1

		Bridge Navigation Light Repairs						1										1

		Hub Bolt Keeper Renewal		1														1

		Fuel Oil Booster Pump Installation		1														1

		Extension of Services												1				1

		Port Windlass and Misc Repairs		1														1

		SpeedLog Air Freight						1										1

		CPP Hub Inspection		1														1

		LIPS Tech. Rep. Compensation		1														1

		Growth items Trinity

		Open/Inspect Valves										1						1

		Additional  Tank Inspections														1		1

		Ballast Valve										1						1

		Rudder Fracture														1		1

		Eductor Repairs										1						1

		Sponsons Fracture														1		1

		Additional Sand Sweeping														1		1

		Ballast Tank Repaired														1		1

		Indentation on Port Main Deck														1		1

		#4 Stbd Ballast Tank Steel Repairs														1		1

		Dented Side Shell Plate Repairs														1		1

		Wasted Weld Seam Repairs														1		1

		Clean Reefer Boxes				1												1

		Additional coat of A.F. Paint														1		1

		Side Shell Repairs														1		1

		Firemain Pipe										1						1

		Capac Anodes						1										1

		Jacket Water Valves										1						1

		Galley Drain Pipe										1						1

		Ramp Drain Pipe										1						1

		4 Center Tank Cleaning												1				1

		Speed Log Penetration						1										1

		Main Engine Automation						1										1

		Fuel Oil Tank Fracture														1		1

		Vessel's Stores				1												1

		Sludge Tank Heating Coils										1						1

		# 2 Port Vent Pipe										1						1

		Growth items Victory

		LTFW Coolers		1														1

		Office supplies												1				1

		Topside Painting														1		1

		LTFW Coolers SW Inlet Piping										1						1

		Engine Room Bilges														1		1

		Bow Thruster		1														1

		Tail Shaft Aft Seal Replacement		1														1

		Port and Stbd Lifeboats				1												1

		AC & Reefer sea chest suction										1						1

		Stern Ramp Electrical						1										1

		Fathometer transducer						1										1

		Sea chests and blanks														1		1

		Sea Chest Blanks														1		1

		Stern Ramp Hydraulic and Electrical				1												1

		Propeller and Tailshaft Examination		1														1

		AC & Reefer System Piping										1						1

		CAPAC						1										1

		Stern Ramp Spreading Winch		1														1

		Potable Water Tanks Cleaning												1				1

		Spare Propeller Blades		1														1

		Ballast Line Dresser Couplings										1						1

		Port and Stbd Lifeboats				1												1

		Stern Ramp Structure				1												1

		Stern Ramp Coating														1		1

		Fathometer transducer						1										1

		Stern Ramp Hydraulic and Electrical				1												1

		CAPAC System						1										1

		Hydraulic Oil Spill Cleanup												1				1

		Insulation in way of bulkhead penetrations.				1												1

		Spar Deck connections to Main Deck - MT														1		1

		Shore crane service												1				1

		Stern Ramp Slewing Cylinder												1				1

		provide 50 foot trailer												1				1

		Provide labor/Welder														1		1

		Additional Propeller Repairs		1														1

		Rigging GMDSS Cabinet						1										1

		Office Supplies												1				1

		Cargo Tnk PV Valves										1						1

		Extra Freeboard Paint														1		1

		Rudder Repairs/inspection														1		1

		Rubber Expansion Joints										1						1

		Feed P/P Disch. Valves										1						1

		Ballast Valve Free-up										1						1

		Emergency Diesel Gen. Repairs		1														1

		Stripping Pump Pad Eyes		1														1

		Growth items Vincent

		Engine Room Bilges														1		1

		Stern Ramp Electrical						1										1

		Ballast Line Dresser Couplings										1						1

		Stern Ramp Structure				1												1

		Topside Painting														1		1

		Stern Tube Aft Seal		1														1

		AC & Reefer Sea Suction										1						1

		Propeller and Tailshat Examination		1														1

		AC & Reefer Condensers CW Piping										1						1

		Potable Water Tanks												1				1

		Stern Ramp				1												1

		Spar Deck Structure				1												1

		Stern Ramp Electrical						1										1

		Stern Ramp Structure				1												1

		Ballast DB Tanks														1		1

		Ballast Tanks														1		1

		Stern Ramp Slewing Cylinder				1												1

		Stern Ramp Slewing Kingpin				1												1

		LTFW Coolers										1						1

		Oily Water Separator Tank														1		1

		CAPAC						1										1

		Alfa Laval Distiller Ejector Pump		1														1

		Ballast Wing Tanks														1		1

		Ballast Wing Tanks														1		1

		Ballast Line										1						1

		Sea Valves										1						1

		Sea Valves										1						1

		Stern Ramp Slewing Cylinder				1												1

		LTFW Coolers										1						1

		Sea Chests														1		1

		Spare Anchor				1												1

		Stern Ramp Structure				1												1

		AC & Reefer CW Sea Suction										1						1

		Crane Service												1				1

		Drawings												1				1

		Fathometer						1										1

		AC & Reefer Sea Suction Valve										1						1

				Machinery		Deck/Outfitting		Electrical		HVAC		Piping		Services		Hull/Structure		Total

				36		23		21		0		35		14		42		171





Growth ship category2

				Machinery		Deck/Outfitting		Electrical		HVAC		Piping		Services		Hull/Structure		Total		Drydock budget		Percent of 
dd budget

		Number of growth
items		49		45		4		6		26		16		25		171

		Flattery		$50,087		$5,008		$11,794		$0		$17,116		$0		$209,912		$293,917		$729,580.61		40%

		Texas		$87,774		$21,101		$43,104		$0		$21,137		$34,907		$144,813		$352,835		$837,243.00		48%

		Trinity		$0		$5,120		$11,355		$0		$26,887		$20,995		$231,424		$295,781		$557,510.00		41%

		Victory		$30,291		$8,740		$15,877				$108,392		$45,630		$49,618		$258,548		$1,115,475.00		35%

		Vincent		$4,143		$22,554		$11,420				$114,422		$3,670		$52,375		$208,584		$1,117,056.00		29%

		Total cost growth		$172,295		$62,523		$93,550		$0		$287,954		$105,202		$688,142		$1,409,665

		Percentage of growth
cost all drydocks		12%		4%		7%		0%		20%		7%		49%

		HVAC		0				HVAC		0%		HVAC		0		Average growth costs per drydock:						$281,933		39%

		Services		14				Deck/Outfitting		4%		Deck/Outfitting		12505		Standard deviation:						$47,517

		Electrical		21				Electrical		7%		Electrical		18710

		Deck/Outfitting		23				Services		7%		Services		21040

		Piping		35				Machinery		12%		Machinery		34459

		Machinery		36				Piping		20%		Piping		57591

		Hull/Structure		42				Hull/Structure		49%		Hull/Structure		137628





Growth ship category2

		



General trend  
Number of growth change orders



Growth classification

		



General trend
Breakdown of growth costs



Cause og growth work

		



General trend
Growth cost in USD



4 higest growth costs

		



General trend
Breakdown of growth costs



Pies

		GROWTH CLASSIFICATION

		Avarage drydock contract amount:		$   900,000.00

				Could not been added
to specs prior to drydock		Corrective maintainance
item occured during voyage		Could have been added to
drydock specs				1		2		3

		Number of change orders										15		1		8

		Flattery		$82,377.00		$1,495.00		$210,045.00				14		5		19

		Texas		$116,786.42		$46,563.37		$189,485.13				8		0		19

		Trinity		$195,639.00		$0.00		$100,142.00				20		0		25

		Victory		$75,001.00		$0.00		$183,547.00				22		0		15

		Vincent		$60,428.00		$0.00		$148,156.00		Sum		79		6		86

		Total		$530,231.42		$48,058.37		$831,375.13		$1,409,664.92

		Percentage of sum		38%		3%		59%

		Avarage cost each drydock		$106,046		$9,612		$166,275

		Cost pr. change order: average		$6,712				$9,667

		Flattery		28%		1%		71%

		Texas		33%		13%		54%

		Trinity		66%		0%		34%

		Victory		29%		0%		71%

		Vincent		29%		0%		71%		Sum

		Average Percentage 
of total growth		37%		3%		60%		100%

		Flattery		11%		0%		29%

		Texas		14%		6%		23%

		Trinity		23%		0%		12%

		Victory		7%		0%		16%

		Vincent		5%		0%		13%		Sum

		Average 
Percentage of drydock budget		12%		1%		19%		32%

								1%		12%		19%





Pies

		



General trend 
Average percentage of total growth



		



General trend 
Average percentage of drydock budget



		



Percentage of change orders



		Cause of growth work

				Wastage Wear 
and Tear		Drydock Planning 
Mistake		Other		Unknown		Forgot to add it 
to specs.

		Flattery

		Texas		$   173,029		$22,298.57		$1,290.95		$   87,888		$   68,328.30

		Trinity		$   125,422		$116,514.00				$   1,925		$   51,920.00

		Victory		$   138,136		$21,000.00				$   18,496		$   80,916.00

		Vincent		$   60,247		$4,570.00				$   1,437		$   142,137.00

		Total		$   496,834		$   164,383		$   1,291		$   109,746		$   343,301

		Standarddeviation:		47152		50922		0		41074		39374

				Wastage Wear 
and Tear		Drydock Planning 
Mistake		Other		Unknown		Forgot to add it 
to specs.		Category 1		Category 2		Category 3

		Flattery

		Texas		49.04%		6.32%		0.37%		24.91%		19.37%

		Trinity		42%		39%		0%		1%		18%

		Victory		53.43%		8.12%				7.15%		31.30%

		Vincent		28.88%		2.19%		0.00%		0.69%		68.14%

		Average		43.44%		14.01%		0.12%		8.35%		34.09%

		% total growth

		Standardeviation:		11%		17%		0%		11%		24%





		



General trend
Cause of growth work

Wastage Wear and Tear
44 %



		Growth classification of the 4 highest groups of growth costs

										Total

		Hull/Structure								42

		Flattery		2				5

		Texas		2				4

		Trinity		4				8

		Victory		3				6

		Vincent		3				5

		Total		14		0		28

		Percentage		33%		0%		67%

		Piping								35

		Flattery		3

		Texas		1		2		2

		Trinity		2				7

		Victory		2				6

		Vincent		7				3

		Total		15		2		18

		Percentage		43%		6%		51%

		Deck/Outfitting								23

		Flattery		2		1

		Texas				1		2

		Trinity		1				1

		Victory		3				3

		Vincent		6				3

		Total		12		2		9

		Percentage		52%		9%		39%

		Machinery								40

		Flattery		6				3

		Texas		9		1		5

		Trinity		1				2

		Victory		4				5

		Vincent		1				3

		Total		21		1		18

		Percentage		53%		3%		45%





		



Hull/Structure vs. growth category



		



Piping vs. growth category



		



Deck/Outfitting vs. growth category



		



Machinery vs. growth category



		GROWTH CLASSIFICATION

		GROWTH COSTS AFTER SHIP SYSTEM CATEGORISATION

		4 HIGHEST GROWTH COST BROKEN DOWN INTO GROWTH CATEGORIES

		CAUSE OF GROWTH

		ABS/USCG Requirements

		Average: 31%





		1 Could not been added
to specs prior to drydock

		2 Corrective maintainance
item occured during voyage

		3 Could have been added to drydock specs



General trend 
Average percentage of total growth

0.3704981362

0.0274111477
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		2 Corrective maintainance
item occured during voyage

		1 Could not been added
to specs prior to drydock

		3 Could have been added to
drydock specs



General trend 
Average percentage of drydock budget

0.01

0.12

0.19



		Deck/Outfitting

		Electrical

		Services

		Machinery

		Piping

		Hull/Structure



General trend
Breakdown of growth costs
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General trend
Growth cost in USD

800.25

7428.4

29156.906

32460.3336

47186.94764

89126.5305

94227.52



		1 Could not been added
to specs prior to drydock

		2 Corrective maintainance
item occured during voyage

		3 Could have been added to
drydock specs



Hull/Structure vs. growth category

0.36

0

0.64



		1 Could not been added
to specs prior to drydock

		2 Corrective maintainance
item occured during voyage

		3 Could have been added to
drydock specs



Piping vs. growth category

0.275862069

0

0.724137931



		1 Could not been added
to specs prior to drydock

		2 Corrective maintainance
item occured during voyage

		3 Could have been added to
drydock specs



Deck/Outfitting vs. growth category

0.5555555556

0.0444444444

0.4



		1 Could not been added
to specs prior to drydock

		2 Corrective maintainance
item occured during voyage

		3 Could have been added to
drydock specs



Machinery vs. growth category

0.4901960784

0.0588235294

0.4509803922



		Wastage Wear 
and Tear

		Drydock Planning 
Mistake

		Other

		Unknown

		Forgot to add it 
to specs.



General trend
Cause of growth work

0.4343866491

0.1400626466

0.0012195977

0.0835068604

0.3408978239



		Machinery

		Deck/Outfitting

		Piping

		Hull/Structure

		Services

		HVAC

		Electrical



General trend
ABS/USCG requirements - ship system category
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		Electrical
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		Hull/Structure

		Piping

		Deck/Outfitting

		Machinery



General trend  
Number of growth change orders
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