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Summary

At the Nouryon site in the Botlek the documentation program Grade 5 is currently
used. This program is the controlled database for all the documentation. Because
the documentation database is not complete and not up to date, it takes on average
60 minutes to find the technical documents. While this should be on average 6 min-
utes.
The goal of this internship is to find what kinds of documents are required by the
employees for rotating equipment and make sure that these documents are trans-
ferred from several archives to Grade 5.
First, a voice of the customer was made with the different maintenance departments
from Nouryon Botlek. From the voice of the customer, the five most important ro-
tating documents that need to be stored in Grade 5 are derived. These documents
are: The technical specification sheet, the pump curve, seal information, technical
drawings and manuals.
Currently, the search for documents starts in Grade 5, when the documents are not
found here the search continues to the paper archives. When the archives have
been searched the next step is to go in the field and see what kind of pump is ac-
tually in operation in the factory. This is done because for some of the pumps there
are documents from three different manufacturers. After this, all the documents are
sorted, and the right ones are used for the project. This process takes on average
an hour with a total lead time of multiple days. The ideal situation would be only to
have to look into Grade 5.
The different archives, inspection archive, MEB archive, E&U archive and personal
archives, have been looked into to find as many documents and to determine where
the documents can be found. In total around 220 of the documents of the factory
units, 3600 and 8100 have been found. This is around 50% of the required docu-
ments. The main reason that the yield of the documents is low is that all documents
of a pump could be found or none of the documents of the pump could be found.
The archives to look for further documents are the E&U and MEB paper archives.
They have the most information stored.
It is recommended that for the pumps that have no documentation that this is re-
quested at the project engineers in Arnhem.
The most important recommendation is that the archives need to be sorted to re-
move the duplicated documents. Also, if maintenance is performed, it is recom-
mended to check if the rotating documentation is still up to date.
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Acronyms

CTQ Critical to Quality
DMAIC Define, Measure, Analyze, Improve and Control

E&U Energy and Utility’s
GPM Gallons per minute
KPIV key process input variables
KPOV key process output variables
MEB Membraan Elektrolyse Bedrijf
MOC Management of change
NVA Non value adding

NPSHR Net positive suction head required
PFA Perfluoroalkoxy alkanes

SIPOC Suppliers, Inputs, Process, Outputs and Customers
TSS Technical specification sheet
VA Value adding

VOC Voice of the Customer
VSM Value stream map

Table 1: Acronyms
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1 INTRODUCTION

1 Introduction

1.1 Background information

At the Nouryon (formerly AkzoNobel) site in the Rotterdam Botlek chlorine (CL2), hy-
drogen (H2), caustic soda (NaOH) and hydrochloric acid (HCL) are produced from
salt using membrane electrolysis. This is done in the Membraan Elektrolyse Bedrijf
(MEB), an overview of this process can be seen in figure 2. To produce these chem-
icals a lot of electrical energy and steam is required, part of the electrical energy and
all the steam is produced in the Energy and Utility’s (E&U). Both parts of the factory
can be seen in figure 1. Chlorine, caustic and hydrochloric acid are highly corrosive
and extremely dangerous, so high-quality maintenance is required to make sure that
the factory keeps producing chlorine and caustic safely and reliably. A short and ba-
sic description of the process is as follows: The salt enters the plant as a solid, the
salt is sodium chloride. Then the salt is dissolved in water. This solution is cleared
of any impurities. The solution is sent to electrolysis machines. In this process,
the chlorine is uncoupled from the sodium. Under the electric force the sodium is
separate and is transported through the membrane, a by-product of this process
is hydrogen gas. The chlorine gas is pressurised and subsequently condensed to
liquid chloride. From this chlorine, many things can be made one of the examples is
PVC. The caustic soda is a raw material for different industries. In different concen-
trations, it is transported to customers.
For most of the steps in the process, the products are in a liquid state. To transport
these liquids pumps are used. As mentioned earlier these pumps require high-
quality maintenance. For this maintenance documentation is needed that ensures
the right maintenance is being performed on the right pump. This information in-
cludes what kind of liquid is transported, the material of the pump, technical draw-
ings of the pump, and the manufacturer of the pump.

1.2 Problem description

At Nouryon in the Botlek, a technical documentation program is used. This program
is called Grade 5. It will manage all the documents of the site. Currently, the ro-
tating documentation is not up to date. Most of the rotating documents are stored
in multiple archives and the desk’s drawers of the employees. The archives are
the inspection archive, the MEB archive and the E&U archive, the location of these
archives can be seen in figure 1. Due to this, there is no central place with up to
date (as built) controlled documents. While with Grade 5 the rotating documents are
controlled and stored at a central location.
Because rotating documents are stored in multiple places, the rotating documents
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1.3 Objective 1 INTRODUCTION

are uncontrolled. For example, a pump that had sustained damage and needed
repairs were looked up in Grade 5. From the Technical specification sheet (TSS) it
became clear that the pump housing and the impeller both where made from cast
iron. When the pump was inspected physically, it turned out the housing and im-
peller were made from stainless steel. From the inspection archive, it became clear
that in 2002 the pump housing and impellers were changed to stainless steel due
to similar failures. The revised TSS or a Management of change (MOC) was not
documented and not in Grade 5.
It is essential that this kind of knowledge is readily available. Otherwise, assets with
the incorrect specification are ordered, or the repairs are not adequate.

1.3 Objective

The goal of this internship is to find what kinds of documents are required by the
employees and then make sure that the rotating documents are transferred from
the archives and the personal archives to Grade 5. The focus of this internship is
on the rotating assets. These are the pumps and the coupling of the pumps. The
electric motor of the pumps, the static assets (pipelines) and instrumentation assets
will not be taken into account. This assignment will be made according to the Define,
Measure, Analyze, Improve and Control (DMAIC) structure of lean six sigma.

2



1.3 Objective 1 INTRODUCTION

Figure 1: Factory layout
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1.4 Structure description 1 INTRODUCTION

1.4 Structure description

The following structure is used for the report. In section 2 the scope of the project
is determined. In this section, it is also mentioned how the assets are named and
numbered. After this, the voice of the customer (VOC) is described with after that
the critical to quality (CTQ) flowdown and the supplier, input, process, outputs, cus-
tomers (SIPOC). The last part of this section is the value stream map (VSM). In
section 3 the most important documents that have to be put in Grade 5 are ex-
plained. The next section, section 4 gives the Ishikawa diagram and the cause &
effect matrix. In section 5 the method how to keep track of the documents is de-
scribed. In section 6 the method that is used to find the documents is described.
In section 7 the results from the visual inspection of the pumps is shown. Section
8 show the proposed procedure to find the documents. In section 9 the amount of
found documents is shown. The next section, section 10 show to the documents are
imported in Grade 5. Section 11 give the conclusions of the report. The last section
12 gives all the recommendation.
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1.4 Structure description 1 INTRODUCTION

Figure 2: Block diagram MEB
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2 DEFINE

2 Define

2.1 Scope of the project

The first step of the project is to define the scope. For this project, the scope is the
technical documentation of the rotating assets of the Nouryon plant in the Botlek.
The pumps of the unit 3600 and the unit 8100, these are the priority one assets for
this project. These pumps need to have a high availability. If they are not available,
then it has major financial consequences for Nouryon. The main focus is on the
pumps, the electric motor that drives those pumps is not part of the project, as can
be seen in figure 3. The two green parts, the pump and the coupling are in the scope
of this project. The red part, the electric motor, is not in the scope of this project.
Electronic and static maintenance documents not part of the scope.

Figure 3: Scope of the project, the green parts are included the red parts are ex-
cluded. [4]

2.2 Product naming

The factory is divided into multiple different units. Each unit has its own purpose
and its own numbering. In figure 2 the units of the MEB can be seen. In the factory,
there are multiple different sections each with its own specific function like the E&U
and the MEB. For this internship the unit 3600 and the unit 8100 will be analysed
and improved, more on that in section 2.1. Each unit has its own specific function.
The unit 8100 is part of the MEB this means this unit delivers all the necessities for
the electrolysis.
Unit 3600, which can not be seen on figure 2, delivers the process water and the
boiler feed water for the steam boiler. This water is used for the production of steam

6



2.3 Voice of the customer 2 DEFINE

that is used for the process in figure 2.
The number that an asset in the unit has consists of two letters and four numbers.
A pump has the letters AP. So a pump in the unit 8100 has the code AP8100.
There are many different pumps in unit 8100, each pump has its own locations and
needs to pump different fluids. The numbering is the last two digits. The first pump
of unit 8100 is the AP8101. This numbering increases till 99.

2.3 Voice of the customer

To determine what needs to be improved to make the search for documents easier
a voice of the customer is made.
For the voice of the customer [1], [2], [7], a set of questions was asked to seven
different departments to find out what kind of documents are required for their work
and where they want to find them.
The departments that were interviewed are Maintenance Engineers, MEB Techni-
cians, MEB Technologists, MEB Planners, E&U Technicians, E&U Technologists and
E&U Planners. The following questions were asked to the different departments:

• What documentation are you looking for?

• Where do you look?

• Where should you look?

• What is the ideal search tool, program and search characteristics?

• How much time do you on average spend on searching?

From these interviews the situation on what kind of documents are required, how
the searching for documents is done and how the employees would like to have it
became clear.

2.3.1 What documentation are you looking for?

From the VOC with the departments, the most important documents that are re-
quired to perform the proper maintenance actions could be determined. The most
important documents that most departments need are:

• Technical specification sheet

• Pump curve

• Operating manual from the supplier

7



2.3 Voice of the customer 2 DEFINE

• Technical drawings

• Seal information

Besides these points, there are also some less essential documents that one or
two departments want to have, but due to the short time of the internship, these
documents will not be included in the scope of the internship. Some of these points
are:

• Spare parts, bill of material

• Foundation drawings

• Standard work package

• Stress calculations

• Material choice

• Basis of design

• Maintenance history

2.3.2 Where do you look?

Grade 5 is the documentation system. This is the controlled environment for docu-
ments. This system is and should be the central point for the documentation. How-
ever, most of the times the employees have to search in different locations. Then the
usual location to search are the archives. These archives can be digital or paper and
are uncontrolled. The search in these archives takes a lot longer. Another problem
with searching in these archives is that the same documents could be found multiple
times.

2.3.3 What is the ideal search tool, program and search characteristics?

According to the VOC, Grade 5 should be the leading database for the documents.

2.3.4 How much time do you on average spend on searching?

If the documents can be found the Grade 5 the average search time is around 6
minutes. If the documents are not in Grade 5 the search time can vary from 60
minutes to multiple days.

8



2.4 CTQ flowdown 2 DEFINE

2.4 CTQ flowdown

When the VOC is known the CTQ flowdown [1] can be made. The CTQ will result
from the VOC and will make it into measurable specifications.

Figure 4: CTQ

The CTQ’s gives the requirements that need to be met in order to satisfy the cus-
tomer demands. The CTQ can be seen in figure 4. These requirements are the
thread to follow for the entire project.
The VOC of the customer is to make sure that the rotating documentation can be
found easily. The main CTQ’s are quality, convenience and time. For the time spe-
cific CTQ the average search time needs to reduced. The hard and measurable
specification for this is that the average search time needs to be 6 minutes.
For the quality and convenience CTQ, there are two parts, everything needs to be
stored in the right place, and the documents need to be complete. The right place to
store the documents is Grade 5. At least 90% of the documents need to be stored
in grade. To complete the documentation, the five documents that mentioned above
need to be stored in Grade 5.

2.5 SIPOC

The SIPOC is a high-level process description. The SIPOC can identify the following
things: making a high-level process description, the Suppliers and Customers and

9
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Figure 5: SIPOC

the Inputs and Outputs. It helps to find the most important phase of the process that
needs improvement [7]. With the SIPOC a more detailed VSM can be generated,
this can be seen in section 2.6. The SIPOC gives a visualisation of the entire process
and the relations with the problem [1], [2]. An input for the SIPOC is the CTQ that
can be seen in figure 4.
From figure 5 the entire process with the supplier, inputs, outputs and customers
can be seen.

2.5.1 Process

The documentation collection process itself is described as follows: A new project
is started, for example, this can be due to corrective or preventive maintenance. For
this project, asset specification documents are needed. The first action that is taken
is that the available information about the asset in SAP is looked up. This informa-
tion is mostly about what kind of assets, what these assets include and the naming
of the assets. The next step is to look at Grade 5 for the available documents. The
ideal situation is that all documents are available in Grade 5, but currently, this is
not certainly true. Because of this, it is necessary to look at different locations. The
first location where is looked after Grade 5 has been used are the archives. There
are different archives at Nouryon Rotterdam. The three most important ones are
the inspection archive, here all the historical inspection information and also general
information of the assets are located. The second location is the E&U archive, here
information about all assets of the E&U are store specifically for the unit 3600. The
last plant-specific historical maintenance archive is the MEB archive, here all the
information from the MEB assets is stored, concerns assets specifically in the unit

10



2.5 SIPOC 2 DEFINE

8100.
Besides these three archives, there are also small uncontrolled archives that people
made themselves. These can be paper or digital archives. These can contain much
valuable information but are unstructured and not always easily accessible.
When the archives have been inspected, and some documents are found the em-
ployees will go to the pump itself to check what kind of pump is actually in opera-
tion. This is very important because there can be documents from three different
manufacturers. The best way to check what is the current pump is to go and look.
However, with this method, it is only possible to look at the exterior and tag plate, it
is unknown what is inside the pump, for example, the impeller type and size.
After the pump is looked at, the employee will go with the selected documents to a
maintenance engineer. These maintenance engineers will help to review and judge
what documents are up to date and what historical changes occurred to the pump.
With this information, it is possible to determine what the newest documentation of
the pump is.
When this is done then the documents are found, and the project can continue.

The ideal process is that the basic information is found in SAP. After that Grade 5 is
consulted, here all the documents, old and updated are stored. It is stated what is
as built and what documents are not valid any more. Then the required documents
can be taken form Grade 5, and the project can continue.

11
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Figure 6: Flow diagram of the process

In figure 6 a flow diagram for the process can be seen. If the required information is
found in Grade 5, it is more efficient and convenient. If not all documents are found
it adds three steps that are all three necessary to determine and collect the correct
and up to date documents.

2.5.2 Outputs

The definition of outputs in lean six sigma are the measurable results form the pro-
cess that satisfies the requirements of the customers [1], [7]. The outputs from this
process are the pump specific technical documents. These are the five essential
documents that can be seen in the CTQ, more information about these documents
can be seen in section 3.

2.5.3 Customers

The definition of customers in lean six sigma are the stakeholders that experience
the problem and receive the outputs of the process [1], [7]. The customers of this
process are the maintenance engineers, planners and technicians. They are also
the suppliers because they require a lot of these documents for these project, so
the maintenance engineers also make these documents that they need for future

12



2.6 Current process 2 DEFINE

projects. Other customers are the process engineer, planners and technicians. All
these departments use the specified documents for their work. Some departments
use them more often than other departments.

2.5.4 Inputs

The inputs are the products or information that are needed for the process [1], [7].
The inputs that are needed for this process are: Grade 5, the maintenance history
of the assets, the archives, suppliers of the assets, the management of change and
the as build documents.

2.5.5 Supplier

The suppliers deliver the products or information for the input [1], [7]. The suppliers
are the maintenance engineers, the manufactures, the process technologists and
the supervisors. All parties supply documents that are needed for the process.

2.6 Current process

To give an overview of how the current process is done and where the points of
improvement are located an value stream map has been made [1], [2], [6], [7]. The
current process of how a project is currently done is described here. The times have
been measured to give an accurate image of the current process.

13
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Figure 7: value stream map

In figure 7 the total process can be seen. It starts with a new project for the main-
tenance engineers. For this project documents of the assets are necessary. To
find these documents first, Grade 5 is looked into. Currently, this takes around 20
minutes while it is only supposed to take 6 minutes. So most of the search time
is non-value adding, and the yield of this processes is also low. After Grade 5 has
been looked into and not all documents are found then the next step is to look into
the different archives. This takes around 15 minutes and is non-value adding. The
yield of this process is higher than the yield from Grade 5, but it is still not a 100%.
The archives also require some travelling as can be seen in figure 1. After the doc-
uments have been found, they are compared with what kind of pump is standing in
the factory. This takes quite a lot of time and is non-value adding. The yield of this
process is high, but not everything can be seen from the exterior of the pump. When
the pump has been looked at the acquired information of the asset is discussed with
a maintenance engineer to see what documents are up to date and what documents
are not valid any more. This also takes some time, around 30 minutes. None of this
time is value adding. Because the maintenance engineers are stationed all over the
plant, it requires some travelling to get to the engineer. The final step is to pick the
required documents and use these for the project. This takes around ten minutes of
which two minutes are value adding. From this selection the yield is 100%, there will
always be some documents of information which can be used.

14
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Between all the steps there is a small inventory of documents that have been ac-
quired. The further in the process, the more documents and information is acquired.
Between each step, there is also a lot of time. This time can vary from 60 minutes to
days. This is because the engineers have multiple tasks and projects in the factory
and it takes too much time to perform all steps at ones.
As can be seen, the total value added cycle time is 8 minutes while the total cycle
time is 105 minutes. Currently, the looking outside and the discussing of the doc-
uments with other people takes much time and the total lead time is multiple days.
This can be seen in figure 8 almost all of the search time is not wanted. Only a
minimal amount adds to the project.

Figure 8: Current and ideal search times

15



3 THE FIVE DOCUMENTS

3 The five documents

In this section, the different documents are explained on the individual and specific
characteristics of the documents.

3.1 Technical specification sheet

As the name already suggests the technical specification sheet (TSS) is a document
of all the technical specifications of an asset. Each individual asset in industry is
specified in a TSS.
An example TSS can be seen in figures 9, 10, 11, 12, 13.

The TSS is divided into multiple sections:

• Process data
In the process data part, the kind of fluid that is being pumped, what kind of
pump it is and the location of the pump is specified. Furthermore, the capacity
of the pump is specified. In figure 9 it can be seen that it is a centrifugal pump
that is pumping Brine. That operates at 55 ◦C and has a capacity of 70 m3/h.

• Performance data
At the performance data, the speed and temperature of the pump are specified
together with the capacity. The pump operates at 1500 rpm and has a design
temperature of 100 ◦C.

• Mechanical data
At the mechanical data the pump brand, classification, seal type and bearings
are stated. This pump is a Richter MNK pump that has no seal and has ball
bearings.

• Accessories
The accessories mention possible extras for the pump like a base plate and
a coupling. As can be seen in figure 10 this pump has a base plate and a
coupling.

• Materials of construction
The materials of construction state all the different materials used in the pump.
The casing and the shaft are made from carbon steel while the impeller is
made from Perfluoroalkoxy alkanes (PFA) lined steel.

• Fabrication, Testing, Inspection & safety
Fabrication, testing, inspection & safety gives the information about the testing
of the pump. For example, tested the pump and what was tested. This pump
is tested by the pump supplier and the tests were witnessed by AkzoNobel.

16



3.1 Technical specification sheet 3 THE FIVE DOCUMENTS

• Motor data
At the motor data what kind of motor is used is specified. For this pump, an
electrical motor is used, and the drive is supplied and mounted by the pump
manufacturer.

• Operating data
The operating data gives information about where the pump is located, rotating
direction and operating power. This specific pump is located outdoors in a non-
hazardous area.

• Electrical data At the electrical data the voltage, speed and current are men-
tioned. The pump operates at 690V at 50Hz.

• Design and construction data
The design and construction data gives the location for connections and the
painting and lubrication information. The location of the connection box is on
top of the pump.

• Accessories
Accessories give the information of possible electric accessories like thermal
elements and transducers. This pump does not have any transducers.

• Inspection and shipment data
At inspection and shipment data the dimensions and mass are stated. The
inspection for this pump is done by AkzoNobel.

• Nozzle data
The nozzle data informs what kind of nozzle and how many are required. For
this pump, there is one suction nozzle and one discharge nozzle.

• Allowable sound levels
The allowable sound levels state how much sound each part is allowed to
make.

At the bottom of each page document, specific information is stated. Here the fol-
lowing is stated: unit code, the tag number, revisions, document number and project
number. This is pump AP-8171 A/B, with project number 452.380 and documents
number 3.520.081. The project number indicates within which project this pump is
located. This makes it easier to determine who made the project and the decisions.
The document number is to make sure that this specific document can be found,
each document has its own number.

17
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Figure 9: TSS page 1
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Figure 10: TSS page 2
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Figure 11: TSS page 3
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Figure 12: TSS page 4
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Figure 13: TSS page 5
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3.2 Pump curve

The pump curve gives the information about the operating specifications of the
pump. An example pump curve can be seen in figure 14.
The pump curve gives information about the impeller diameter, impeller configura-
tion, efficiency, capacity and pump head. The impeller diameter indicates how big
the impeller is and how much and how high the liquid can be pumped. The impeller
configurations shows how the vanes of the impeller are situated. The efficiency is
how efficient the pump operates. If a pump operates efficiently, it takes less en-
ergy and thus less money to operate. The capacity states how much liquid can be
pumped. The pump head is how high the pump the liquid can move.
The X-axis is the capacity of the pump in gallons per minutes (GPM). The Y-axis
gives the head of the pump the left side is in feet and the right side in meters.
The lines that start horizontal at the Y-axis are the impeller sizes. A pump can have
different impeller sizes to have specific performances.
At the right side of the graph, there are dotted lines with horsepower. These lines
give the required engine power for the pump.
The vertical dotted lines are the net positive suction head required (NPSHR). The
NPSHR is the required hydrostatic pressure to operate without cavitation. Cavitation
is the forming of a partial vacuum and vapour bubbles that can damage the pump
and reduce the lifespan, so this has to be avoided.
The ovals in the graph are the operating efficiency. The more efficient the pump
operates, the less energy is used for the operation purpose.
From figure 14 it can be seen that the pump has a capacity of 132 GPM and a head
of 84 feet. The impeller diameter is 11 inch, the net positive suction head required is
2.5 feet. The required horsepower for the pump is 7.5 hp, and the efficiency is 52%,
so 52% of the electrical engine power in converted to pump power. For this pump,
the 53% efficiency is relatively high because the maximum efficiency is around 60%.
Large centrifugal pumps can reach an efficiency of 90% [9].
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Figure 14: Pump curve R-AP8108 A/B
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3.3 Technical drawing

There are multiple possible technical drawings like: the overview drawing, the sec-
tional drawing and the seal drawing. Besides these drawings, there are also axle
drawings and part lists. The overview drawing shows how to install the pump on the
base plate. The sectional drawing shows a cross section of the pump with a number
to each part to give an overview of all parts of the pump. The seal drawing gives
the dimensions of the seal. The axle drawing gives all the dimensions of the axle on
which the seal is located. The part list is usually in combination with the sectional
drawing, all the numbers from the sectional drawing will get their name, quantity and
material from the part list.
Because there are many different pumps form many different suppliers the tech-
nical drawings can vary. All suppliers have their own way of making the technical
drawings. An example of these drawings can be seen in appendix D.

3.4 Seal information

The seal makes sure that the input shaft of the electric motor can enter the casing
of the pump without loss of pressure and leaks from the internals of the pump. It
seals the internal of the pump from the atmosphere and vice versa. Especially for a
dangerous chemical like caustic soda or chlorine, it is critical that these chemicals
stay inside the pump and do not leak to the outside. This seal needs to be able to
handle the friction of the rotating shaft.
There are two commonly used seals for Nouryon Rotterdam, the gland gasket seal
and the mechanical seal.
The gland gasket is made of braided cords like aramid or PTFE. This can be seen
in figure 15.
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Figure 15: Gland packing. [8]

The mechanical seal consists of two machined surfaces that are pressed together
with mechanical and hydraulic forces. Between these machined surfaces, there is
a sealing gap. This gap is filled with a lubrication film. This lubrication film can be
the processed fluid or a special lubrication and seal fluid. There is still a tiny amount
of leakage between this gap. The most common seal installation that is used is so-
called seal plan 11. There are many plans on how to install seals. In plan 11 a small
amount of the process fluid is used to flush the seal, this cools and lubricates the
seal this plan can be seen in figure 16. On the other side of the seal, demi water is
used for the quench. The purified water is on an overpressure, this is to make sure
that quench fluid enters the pump, and the process fluid does not leave the internal
of the pump. The disadvantage of this system is that the quench fluid enters the
process fluid, so the purity of the process fluid will be lower. The advantage of the
mechanical seal is that requires less maintenance then the gland packing [5].
It is also possible that a pump does not have a seal. These pumps are magnetically
coupled. This means that the power of the electric motor is transferred using mag-
nets so the fluid is always contained and there is no change of a leaking seal. The
most crucial seal information is the material, the manufacturer and the type. There
is some seal information on the TSS. All the seal information should be on the TSS.
Sometimes there are technical drawings of the seal. Seal specific information is in
the manufacturing documents.
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Figure 16: Seal installation plan 11. [3]

3.5 Operating manual

The operating manual gives information on how to install, use and maintain the
pump. It usually starts with an extensive installation manual. This shows how to
install all the pipes that connect the pump and how to align the coupling properly.
It shows how to commission the pump and how to operate it, the manual shows
how to operate in many different conditions like with a reduced head and under
freezing conditions. There is also a lot of maintenance information in the manual.
This includes how to lubricate the pump, how to adjust the impeller and how to
overhaul the pump. The final section of the manual includes technical drawings.
Each supplier has his own manual with its own content, but in general, they are very
similar.
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4 Analyse

To determine possible causes for this problem an Ishikawa diagram is made. This
diagram shows six groups of possible causes for the problem. The groups are as
follows:

• Machine

• Methods

• Materials

• Men

• Measurement

• Mother Nature (Environment)

These are called the 6 Ms. All the possible causes can be seen in figure 17 [1].

Figure 17: Ishikawa diagram

For the diagram, it can be seen that there are many possible causes for this failure.
To determine what the main causes are a Cause & Effect matrix has been made [1],
[2]. In this matrix, the key process input variables (KPIV) are plotted against the key
process output variables (KPOV). A rating has been given to the KPOV to indicate
customer importance. This has a value from 1 to 10. The relation between the KPIV
and the KPOV has the value 0, 1, 3 or 9, where 0 is no effect, and 9 is a strong
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effect. A score is given to all the KPIV to determine the most important ones. The
total Cause & Effect matrix can be seen in figure 18. The most important causes are
unstructured and uncontrolled storage of documents, not following procedures and
not getting the right documents from suppliers.

Figure 18: Cause & Effect matrix
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5 Keeping track of the documents

For this internship 87 assets are in scope, each asset needs five documents so in
total 435 documents are in scope and should be reviewed and processed into Grade
5. It is essential to keep track of all locations that have been searched for each doc-
ument and to keep track of all the found documents. Otherwise, the same locations
will be looked at multiple times.
An excel document with all the functional locations, the description, priority and re-
quired documents has been made. This is to keep track of the project and the
progress of the project. In this excel file, if a document is found the week number
can be inserted, this will be shown in a graph to see the weekly progress and keep
track on how well the search is going. In appendix C is an example of this document.
The excel file has the five main documents of which the newest version needs to be
put in Grade 5 and only if the as built document is found it will be inserted in the
excel file.
The found documents will be put in a temporary file on a server. When all docu-
ments are collected, they are reviewed to determine which are as built. All the found
documents will then be imported into Grade 5. The older documents that are not as
built any more will be labelled as expired and stored in Grade 5.
To keep track of all the locations where the documents were found and where has
been looked a word file will be added with all search information of that pump.
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6 Finding the documents

6.1 Grade 5

The first step to look for the required documents is to see what is already stored in
Grade 5.
The amount of documents in Grade 5 varies greatly for each pump. For some
pumps, there is no information in the Grade 5 system, while for others there are
four different manuals, two different TSS and a seal drawing available. The current
amount of documents in Grade 5 is as follows:

• 45.5% of the pumps have documents in Grade 5

• 2% has all the five documents in Grade 5

• 31% has one or 2 documents in Grade 5

• 12.5% has half of the documents in Grade 5

The origin of the Nouryon factory is in the ’60s. From that period on major changes
are continuously executed. The MEB originates for a vast majority out of the ’80s and
the E&U from the ’60s. This means some assets in the plant could be in operation
over 35 years. Some documentation is original and as built from that period and with
that adequate. However, that does not account for all assets and their documents.

6.2 Inspection archive

When the current situation of Grade 5 is reviewed, the next step is to look into the
archives. The first archive that will be checked is the inspection archive located
close by the maintenance engineers. In this archive, all the inspection reports of the
pumps are located. These reports are out of scope for this internship.
For some pumps, entire manuals and complete technical drawings are stored in the
inspection archive.
After reviewing all the pumps in the inspection, archive conclusions can be drawn
between this archive and Grade 5. The content form the inspection archive is very
similar to Grade 5. The documents form the inspection archive and Grade 5 are
usually the same. They have the same date and the same document specifications
and contain similar information. The inspection archive does have more documents
and more complete packages then Grade 5. It also contains a manual where in
Grade 5 this is missing.
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The documents form the inspection archive are old. Most documents are from the
80’ just as Grade 5.
Most documents in the inspection archive are stored two to three times in the same
file. There are many copies form the same drawing and even copies from copies.
This will give a bad quality and makes searching for documents a lot slower.

6.3 Review of the documents

When Grade 5 and the inspection archive have been compared, the found docu-
ments of two pump were shown to a maintenance engineer at Nouryon to see how
to useful these documents are. The documents were specifically for the R-AP8102
and the R-AP8153. For these two assets, all the documents have been looked over
with a maintenance engineer to see if they are up to date and if they are the required
documents.
During this meeting, an explanation was given about the documents, and an indi-
cation was given which documents are necessary for the work of the maintenance
engineer. A good TSS is essential while a manual is less important for the rotat-
ing maintenance engineer. This gives a better impression of how a maintenance
engineer searches for rotating documents.

6.4 Personal archive

The next place to look is the personal archives of employees. These are folders on
the Nouryon servers where employees store their documents or files that they store
in a desk drawer. It can be difficult to locate these uncontrolled personal archives.
The first personal archive that was searched is that of one of the technicians from
the MEB, so there is only information about MEB and not from the E&U. This means
only the unit 8100 not about the unit 3600. In this archive, there are a lot of pump
shaft and axle sleeve drawings. These drawings cannot be found in Grade 5 or the
inspection archive. Besides these documents, there are also sectional drawings and
one or two pages of a manual. It is important that these documents are also put into
Grade 5 because these documents are frequently used by the technicians.
Overall this archive did not contain much information, the sectional drawings and
manuals can be found in different places.

On the server, there is another personal archive. In this archive, there is information
about all the pumps in the factory.
Surprisingly the information in this personal archive about the unit 8100 is the same
as the information that is stored in the previously mentioned personal archive. That
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despite that fact that two different persons from two different parts of the factory
have these archives. This means that there is one uncontrolled archive that has
been copied multiple times. Due to this, there are even more uncontrolled copies of
these documents.
For the unit 3600 there where mostly sectional drawings, some cannot be found
elsewhere other ones where already in Grade 5.
In this archive, there is also a bill of material for almost all pumps. In this bill of ma-
terial, the seal information is mentioned, with the material number and seal number.
Also, material information about the axles, impeller and o rings is mentioned.

6.5 MEB archive

The archive of the MEB is the next one to be looked into. Because this is the MEB
archive there will only be information about the unit 8100, information about the unit
3600 can be found in the E&U archive.
In this archive, there is a lot of information. It has a part of the axle drawings, the
same ones as from the personal archives. There are manuals, TSS, pump curves,
drawings. So almost all the necessary information. The only problem is that it is
unknown if this information is up to date because it is an uncontrolled environment.
It is essential to also look at the rest of the documents in the MEB archive because
there is much information.

6.6 Seal information

For most assets when there are technical drawing, there is also a drawing of the
seal. Seal information can also be found on the TSS, but seals do not last as long
as a pump. This is because the seal is continuously rotating against a stationary
part and it is in constant contact with the chemical. From a conversation with an
employee that orders the new seals, it became clear that most pumps of the unit
8100 have new seals while for only a few there are new drawings. This means that
for nearly all pumps in the unit 8100 there is no up to date seal information. Some
documents state what type of seal is in what pump, these documents cannot be
found in Grade 5. The technical drawings form the seal can be acquired from the
supplier.
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6.7 Current state of the documents

After searching through Grade 5, inspection archive, the MEB archive and the per-
sonal archive some clear patterns emerge.
As mentioned in section 6.6 for most pumps the seal information is missing but this
can be acquired fairly easily.
For the other documents a lot has been found but, for some pumps, there is much
information and this information is usually stored in multiple places or even in the
same place multiple times.
For some other pumps, there is no information available. In all the locations there
is nothing to find on these pumps. So, or all the information for the pump can be
found, and it is probably stored in one of the mentioned locations, or the information
was never acquired, or there is another location with this information. The found
documents are compared with the excel file ”Rotating equipment”, that is located
on the Nouryon server (this file is not completely up to date), that has the manufac-
turer, type, material, impeller diameter and seal information. With all this combined
a decent estimate can be made on what is up to date and what is not.
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7 Visual inspection of the pumps

To determine which of the documents are old and which are new all the pumps tags
are checked. On this, the pump manufacturer, pump type and serial number are
mentioned. Some manufacturers have more elaborate pump tags. These tags in-
clude impeller diameter and date of placement. An example can be seen in figure
19. All these tags are compared with the TSS and the drawings to make sure that it
is the same pump. Some do not have a tag, or that tag is unreadable due to age and
the weather. In this case, the type cannot be compared. In most of these cases, the
pump manufacturer is mentioned on the pump casing. This can be used to check if
the manufactures are the same as the documents.

Figure 19: Tag of the pump 8155. Taken by: T.G. Mes on 18-09-2018

After the rotating documents have been checked with the pump tags the following
can be concluded. From almost all the pumps the information was the same, only
for one or two pumps, there was a difference. This means that most of the rotating
documents regarding the pump type and manufacturer are up to date. The pumps
with rotating documents from more than one manufacturer can be easily seen what
the new documents are and what the old rotating documents are.
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8 Procedure

To make sure that the problem that the rotating documentation is currently hard to
find and that there are a lot of uncontrolled copies does not occur again a procedure
will be made.

8.1 Problem location

The problem has multiple origin points. First of all, there is no uniform work process
to asses the documents.
Grade 5 is implemented as replacement of the former documentation management
program, Meridian. Due to the recent implementation of Grade 5 employees do not
know how to use it properly.
The last problem are the archives. There are currently multiple uncontrolled archives.
These archives have a lot of the same information, sometimes even in the same
map. This makes the archives unnecessary full, and it takes much more time to
compare all the documents.

8.2 Improvements

For Grade 5 itself, this needs to be expanded. Many options will make the search
for documents much easier, but they are currently not used. For example, there is
an option to search for an asset, when an asset is clicked on there is currently no
information. However, if it is done correctly, all the documents from that asset will be
available.
If a document is required and it is not available in Grade 5 then the best place to look
is in the MEB or E&U archive. These archives have more information than any other
archive. Another place that can be used for getting the documentation is the project
engineers in Arnhem. Here all the projects are engineered, and all the documenta-
tion goes through here. A part of this documentation is sent to the site in Rotterdam
but is not always correctly documented.
All the archives need to be sorted. All the double information needs to be discarded.
This will make the archives smaller and makes it faster to find documents.
If the total number of archives is reduced, this will make it easier to have one con-
trolled physical archive. So all the three archives will have to go, and Grade 5 will be
the leading documentation storage.
If it is doubtfully what kind of pump and its material and impeller diameter then the
excel file ”Rotating equipment” on the server will be consulted.
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8.3 Risks

The risk of this procedure is that employees still make their own uncontrolled archives.
It is tough to counter this, one of the best ways to do it is to have a good working
system in Grade 5 and to have a uniform work process for employees.
Getting rid all the three archives will be an ongoing process. A good method to sort
the documents is to check them, discard the double documents and import the doc-
uments in Grade 5. This way it is possible to increase the number of documents in
Grade 5 and at the same time clean up the archives.
Another risk is that the documents will be labelled wrong in Grade 5, this can happen
if old documents are labelled as built.
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9 Found documents

In total 220 documents of the unit 3600 and unit 8100 have been found. This is 51%
of the documents for these units. Most of the seal documents are still missing. For
most pumps, it is known what kind of seal is in this pump, but the documents are not
being requested from the supplier. If these documents are requested and put into
Grade 5, then the total number of found documents will be around 64%. One of the
pumps is a magnetically coupled pump, and six other pumps are canned pumps, so
these pumps do not have a seal and do not require any seal information.
A pattern emerged from the search of the documents. Alternatively, all the docu-
ments could be found (except the seal information), or none of the documents could
be found. This is the main reason the 90% has not been reached. For example,
there are 21 pumps in the unit 8100 that have almost no documentation.
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10 Importing the documents in Grade 5

Before the found documents can be imported in Grade 5 some more information
about the documents is necessary.
First of all, all documents that will be imported in Grade 5 need to have a docu-
ment number. The document number is a seven digit number that looks as follows:
1.111.111. So there is one digit then a point then follow three digits then another
point and another three digits. These digits can vary between 0 and 9.
Before the documents number can be assigned to a document, some additional in-
formation is necessary. This information consists of a description of the asset, the
revision of the drawing, the project number and the tag number. Because most of
the documents are from the supplier, they lack all these numbers and information.
These numbers are generated by Grade 5. So this information needs to be found
and handed over to the document officer.
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11 Conclusion

The rotating documentation at Nouryon in the Botlek is currently incomplete and
partly uncontrolled, and it takes much time to find the documents. To solve this prob-
lem, the rotating documentation for the units 3600 and 8100 has been searched for.
To find these rotating documents first, Grade 5 has been checked. After that, the
paper archives have been searched for rotating documents. Then the personal
archives of the employees have been checked. After all these documents have
been collected, they are compared with the pump in the factory. These documents
will be imported in Grade 5 to make sure that they are readily available and are in a
controlled environment.
In total for the units 3600 and 8100 51% of the documents have been found. This is
not the 90% that was needed to reach the CTQ. For most pumps, there are no new
seal drawings. It is known what kind of seals is in these pumps. The seal drawings
can be requested at the manufacturer. If this is done for all the pumps in the unit
3600 and unit 8100, then the total amount of found documents will go to 64%. For
most pump the following is true, or all documents can be found, or no documents
could be found, this can be seen in appendix C. This is the main reason that the
90% has not been reached.
During the search of the archives, the places where to search and where not to
search became clear.
Grade 5 is always the starting point of the search for documents. If the documents
cannot be found in Grade 5, then the best place to search is in the E&U or MEB
archives. These archives have much information about the units that they consist of.
If a specific change or an inspection is required, then the inspection archive will likely
have the right documents. As the last reserve, the project engineers in Arnhem can
be contacted about a specific project.
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12 Recommendations

To decrease the time it takes to search for the right document and to make the
searching for the documents easier the following actions are recommended.

1. In most of the archives, there are a lot of double documents. In some cases,
there was an original, two copies and a copy of a copy. Due to this the total
documentation in an archive from a pump is more than doubled than it should
be. Searching and comparing all these documents takes much time.
Therefore it is necessary that all the archives are sorted, and the uncontrolled
documents are removed from the archives or labelled ”Uncontrolled copy”.

2. Currently there are three archives and Grade 5 with all overlapping informa-
tion. Because Grade 5 will be the leading and controlled environment for the
documents, there is no need for all three the archives.

3. If a new project is started or a current asset in revised then it is important that
these are documented and updated in Grade 5.

4. Currently almost all documents in Grade 5 are ”as built” while this is not the
case. It is recommended that the documents in Grade 5 are checked and are
given their accurate status.

5. For the pumps that have almost no documentation, it is recommended that
the documentation is requested from the project engineers in Arnhem. If it is
available in Arnhem

6. For almost all the pumps there are part lists made in excel and put onto the
server. All these part lists need to move to the controlled environment, Grade
5. The other copies need to be deleted.

7. For future maintenance processes, it is recommended that a task rule is added
to the maintenance plans in SAP. This task will state that the rotating docu-
ments will be checked with the pump to make sure that the documents are up
to date.
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A Employer description

AkzoNobel is a company that makes paint, coatings and speciality chemicals. It is a
Dutch company that can be traced back to 1792. AkzoNobel is active in 80 countries
with more than 45000 employees.
During the internship, the speciality chemicals part of the company was sold. There-
fore the name was changed from AkzoNobel speciality chemicals to Nouryon.
AkzoNobel creates some well known paint brands like Flexa and Sikkens.
As a coating manufacturer, AkzoNobel is the leading global supplier of performance
coatings. These coatings are used for a variety of things like: Ships, cars, aircraft,
yachts, architectural components and consumer goods.
The speciality chemicals are used in all sorts of products like: paint, detergents,
foods, plastics, construction, paper, pharmaceuticals and agriculture.
Nouryon Rotterdam Botlek is part of the speciality chemicals. In this plant, they
make chlorine, caustic, hydrochloric acid and hydrogen out of salt.
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B Reflection

Before the internship started, the supervisor had already planned many meetings
with a lot of different departments. This was to make sure that the internship could
start immediately. With these conversations, it was possible to learn the company in
quite a fast rate, and they also give the start for the internship, so I could hear the
problems the engineers experienced. At the beginning of the internship, it was quite
hard to follow conversations because there are many abbreviations. It took some
time to learn them all but eventually I could follow most of the conversations.
Because of the fact that at this plant there are a lot of dangerous chemicals like
caustic, chlorine and hydrochloric acid, I was not allowed to walk on the factory floor
unsupervised. This created some problems because all the pumps are outside and
also a large part of the offices and archives are located in the factory. After one
and a half months I got the opportunity to get a VOL-VCA certification. With this
certification, you are allowed to go into the plant by yourself. So after I got this the
internship when smoother because I was not dependent on other people to walk
through the plant any more.
Almost every week I had contact with my supervisor to check the progress and
discuss how to move forward.
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D Technical drawings
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Figure 24: Drawing R-AP3607C 4.1 of 4
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Figure 25: Drawing R-AP3607C 4.2 of 4
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Figure 26: Drawing R-AP3607C 4.3 of 4
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