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| Estimation in Apply
Abstract

One of the most critical variables in an engineering project is cost. In cost estimations this variable is
studied, analysed, and optimized in order to predict the expected future cost for a project and to
control the project execution. The estimated expected cost determines if a project will go ahead or
not. It will set the frames for the design, and it provides the foundation of success. But, a cost estimat
is only an estimate and have no value if the assumptions, complexity factors, risk and uncertainties
haven’t been assessed properly and documented as this is the basis for the investment’s decisions.
Adding the different complexity and risk factors requires a good knowledge of previous similar
projects. Even though the cost estimates are predicting the future cost, the history can teach us
about previous complexities and risks in order to make better expected estimates.

Apply, have since 1979 delivered engineering-, procurement, installation, commissioning and
operations support for modifications and maintenance projects on offshore facilities for oil and gas
companies in the Norwegian shelf in the North Sea.

Apply is now expanding and in 2018 new business area were defined; Studies, Large Projects and
Technology. The objective is to meet the market requirements for more effective project execution.

Cost estimation in Apply is used as input to project planning and execution and are also providing
essential information to the Clients decision gates. Good and accurate estimates are important for
the business to avoid overruns. On the other hand, overestimating should also be avoided since this
will bind up funds and resources that could have been utilised elsewhere. Cost estimation is also part
of the tendering process and pay a large role in the company’s competitiveness.

How can Apply meet the clients demand for better predictability in the estimates and increase the
company’s competitiveness considering the ongoing improvement processes and new business area?

Keywords:

Cost estimation, Oli and Gas, Offshore, Norwegian Shelf, North Sea, Cost Risk Analyses, CRA,
Complexity Factors, Processes for Cost Estimation, Estimation Framework, Estimation Principals,
Estimation tools, Norms, Manhours, Construction, Engineering, Benchmarking, Tender, Studies,
Construction, FEED, Execution.
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Estimation in Apply

1 Introduction

There is a variable that, if it's not analysed properly no engineering project will succeed. This variable
is cost. It determines which projects will go ahead or not. It will set the frames for the design and
once the project is completed and operations begin, costs determine whether it will be a success. A
successful project is not necessarily the one that has the most sophisticated design but the one that
makes the most money. If costs are not analysed and controlled, a project that was a technical
success could be judged a business failure.(Westney 1997)

In cost estimation, cost is studied, analysed, and optimized like any other engineering variable. One
could say that cost estimation is the hearts of all businesses as it provides the foundation of success.

(Greg Ray 2019)“Companies that fail to sponsor well-conceived data integration initiatives
risk deteriorating capital project competitiveness within the next few years.”

And, how does Apply leverage the potential of transferring, exchanging, and storing the project data
using digital technologies?

This master thesis, evaluates cost estimation in Apply, considering the company and clients
objectives. The business management system in Apply has been studied, the governing documents,
the processes, the estimation methods and tools, and how complexity and risks is handled in the
estimation process. It has been interesting to evaluate how Apply is utilizing experience data to
improve the estimates accuracy and estimation efficiency. The study has focused on the elements
shown in Figure 2-1 Evaluation of Estimation in Apply.

Complexity
Maturity
Contingency

Estimation Classes

Processes & Methods

Guidelines
Procedures
Work instructions
Checklists

Estimation Tools

Figure 1-1 Evaluation of Estimation in Apply
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1.1 About Apply

APPLY is a multidiscipline engineering company specializing in contracts across all project phases,
from concept development and studies to completion and commissioning. Apply currently has
around 1000 employees with head office in Stavanger and with offices in Bergen, Hammerfest and
Cracow, Poland.

The range of services is covering operations and maintenance and modifications of oil and gas
production facilities on the Norwegian Continental Shelf (NCS)(Apply 2019).

Apply(APPLY 2019) works within the following business areas:

e Maintenance and Modifications (M&M)
e Operations and Technical Services

e larger Projects

e Studies

e System Technology

Apply’s clients are Oil and Rig companies in the oil and gas sector in the Norwegian North Sea Sector.

Typical for the oil and gas industry in the North Sea sector is the offshore installations or floaters
which ties-in wells from several sub-sea templates and the infrastructure around. The on the process
facilities the oil and gas is stabilized for further transportation. In addition to the structure work for
the installations, the process facilities are centred on mechanical and chemical process equipment
with a significant amount of piping, instrumentation, and process controls involved. The CAPEX
(Capital expenses) estimates shall reflect this scope of work. But in addition to the CAPEX evaluations
OPEX (Operational expenses) calculations and life cycle cost and environmental cost also needs to be
presented to the client.

7|Page
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1.2 Apply Business Management System (BMS)

The BMS is defining how the work and activities shall be carried out and consists of policies,
principles, requirements and processes. It comprises governing documents such as manuals, process
descriptions, procedures and checklists.(APPLY 2019)

People and
leadership

—
35
c
[

=
0
0
o
c

‘©
3

o

=
o
a

<

Operating Model

Policies & Manuals
Instructions, templates and check lists

Figure 1-2Topics for the Apply Business manual(APPLY 2019)

COMPLY

COMPLY is the tool for the business processes and support functions where the Policies, Processes
and supporting documents can be found.

(APPLY 2019)

“The process / process description is a description of a work process designed to undertake a
specific task and produce a defined result with a defined quality. The process description includes
description of:

e Planned output

e Required input

e Requirements from legislation, customer and Apply

e Required resources and competence

e Interfaces with other processes

e The process descriptions are owned by the owner of the process they describe.”

1.3 Apply Business Processes

The business processes in Apply reflects the services and products Apply deliver. The Apply business
processes are reflected in the Value Chain business processes with support functions.

8|Page
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(APPLY 2019) (see figures below)
The Value Chain business processes are:

Maintenance and Modifications (M&M)
0 Long term contracts comprising engineering studies, EPCIC projects, maintenance
and operational support assistance for small and larger projects.

Larger Projects
0 EPCIC projects are projects comprising Pre-engineering (FEED), Engineering,
Procurements, Construction, Installation and Commissioning

Operations and Technical Services
0 Services related to life cycle operations of an installation

Studies
0 Provide the client with the best basis for their decision processes/gates which
typically includes the following three phases: FELO — FEL3

System Technology

Provides projects including engineering and procurement, management of fabrication,
installation, completion and start up, deliveries of technical and administrative services for
two sub areas; Drilltech and GreenTech where the two digital, open source control system
are developed.

1
Management Processes

1

1

I Implement Strategy Plan and Follow Up Manage Manage Lessons Manage i

| Business Performance Learned Communicatan Manage Projects
1
1

1
Comman Contral Processes

1
1
! Manage Duality Manage Risk Manage Change Manage Plan Manage Resources Manage Cost Manage Estimates
1
1
1

Technical Suppart Functions

Resources

Manage . Manage Manage Electrical
Manags HSE Manage IT/1M hél:;:ge SIED Competence Manags Enginesiing Canstruction Installation
L e e e e e e e e e e e e e e e e e e e E E e e e e e e e e E e E e e e e e e e e e E e E e e e e e e e f e e e e e e e e et =
| - - -T-TTTSTT TS TSTTTSTTTTSTSTTSSTSTSTTSTSTSSTSSTSSSTSTSSSSTSTTSTSTSTTSTSTSTTSTTTSTTSTSTTSTSTSTSTSTT
| Non Technical Support Functions
1
! Document
1| Manage Human Manage Finance e B bl
1
1

Figure 1-3Apply Value Chain Processes and Support functions (APPLY 2019)Apply Improvement projects

Apply has developed a standard model, “Apply Standard”, (APPLY 2019)“...for operation determining
how work and activities are planned, executed and evaluated, and how experience gained is used to
improve this process.”

The figure below shows how learning and improvement is a central part of the business.
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APPLY STANDARD: MODEL FOR COMPLIANCE & LEADERSHIP

LEARNING & IMPROVEMENT

u and Identi B - Carry out Evaluate the
Person or team ‘ A Managg risk "_ ' g
responsible for the K require L5, the task results

INTERACTION

Communicate and im) precision
Ag
Train the team
up tasks

ADAPT TO DELIVERY WITH HIGH S5TANDARD

atask

DELIVERY

The leadership
required to carry
out a task

Figure 1-4 Apply Standard (APPLY 2019)

Apply has the last years been working on improving the cost estimation processes. The improvement
project has been a part of Apply’s LEAN process that started in Apply’s Bergen office in 2015. As a
result of this, the estimation sheets (TPL-004) for Level 4 CTR Man-hours Estimation at class D level
have been superseded by an updated version. Now, when Apply is expanding with new business
areas for Studies, Larger Projects and Technology, the processes and tools for estimation should be
aligned with the new business area requirement

2 Method

The method used is qualitative evaluations of the applied praxis for cost estimation in Apply.

The main elements that has been reviewed is estimation methods, processes, documents, factors
and tools.

Working together with the improvement group for cost estimation the Apply’s Estimation processes
guidelines and work instructions have been evaluated for further improvements. It has also given
insight in the current situation and the wanted situation.

The complete estimation processes have been reviewed together with all the supporting
documentations.

The procedures and documentation have been compared with the theory of the subject. To get an
understanding of the client’s requirements for cost estimation, some of the current contracts in
Apply has been read.

The current tools (models) for cost estimation has been evaluated and new models have been
developed for illustration and suggestion for further development.
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3 Definitions

As the Apply processes and work instructions for cost estimations is mainly based on the Equinor
GL0430(Equinor 2018) and TR1244(Equinor 2018), the some of the definitions have also been
adopted by Apply. Other definitions has been adopted form the (AACE 2016) Recommended Practice
No. 18R-97: Cost Estimate Classification System — As Applied in Engineering, Procurement and
Construction for the Process Industries. See table below for some of the most commonly used
definitions:

Table 3-1 Definitions adopted by Apply from Equinor GL300(Statoil 2010)

“Term Definition Explanation

Activity An element of work performed during the course of a project. An activity
normally has an expected duration, expected cost, and expected resource
requirements

Allocation Agreed booking of personnel to defined assignment.

Allowance Covers additions that, based on experience is required to reach an expected
level for identified quantities and costs.

Base estimate The sum of identified cost elements defined at the time of estimating. The
Base Estimate includes allowances but excluding contingency.

Benchmarking Comparison of selected indicators for a project against corresponding
indicators for compatible facilities, normalised for relevant parameters e.qg.
resource basis, capacities, product(s) etc

Contingency The amount of money in a cost estimate to cover the difference between
the Expected Cost and the Base Estimate.

Contingency will typically cover (Equinor 2018):

a) design development within agreed design basis/scope of work
b) estimate adjustments

c) bias, omissions and errors

d) minor adjustments to execution schedules / milestones

e) other risks within the control of the Project Team

Cost risk analysis Quantitative risk analysis for the cost estimates — primary purpose is to
(CRA) establish a cost distribution, expected values, accuracy and basis for
contingency evaluations.

CTR sheet Standard form (sheet) used to describe the contents of an activity and
indicate cost, time and resource consumption for the activity.

Decision Gate (DG) A predefined point in the project model where... appropriate decisions
whether to move to the next phase, make a temporary hold or terminate
the project
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Design basis

A document that specifies basic requirements and frame conditions,
including data on feed or reservoir conditions, products, capacities,
performance, transportation, HSE, operation, maintenance etc.

Direct cost

Cost elements defined in material/equipment lists and progress related
engineering and construction hours.

Estimate accuracy

The estimate accuracy is given by an upper (+) and lower (-) value, is a
confidence interval corresponding with a confidence level of 80%. The latter
means there is a probability of 80% for the final cost to be within the
interval.

Estimating class

A classification system ..., which gives requirements for basic assumptions,
technical maturity, estimating method, level of detail, scheduling, risk
analysis, etc. for investment and operational cost estimates.

Expected cost The cost (real values — midyear) that is expected for the given scope of
work and design basis, and representing the statistical mean value.
Facilities The total systems from well-head to refined products, including equipment,

systems and concepts for oil and gas production, processing, treatment,
refining, transportation and export.

Indirect cost

Non-progress related man-hours for engineering, management and
construction, construction temporary facilities costs etc., which
complement the direct costs in an estimate.

Norm Applied duration or number of man-hours per activity or unit/quantity, e.g.
manhours/tonne, kg reinforcement/m3 concrete foundation etc.

Procurement Generic term for all "purchasing and contracting activities", and includes:
preparation of strategic market surveys, prequalification of suppliers,
preparation of Invitations to tender, tender evaluation, contract signing
and follow-up of the delivery until closing of contract.

Project A one off task as part of the investment project with a given target that
is clearly defined and limited with regards to content, time frame and cost.

Rate Cost per unit, e.g. cost/man-hour, cost/kg etc.

Risk Variation from the expected outcome or targeted objectives, both positive

and negative. Positive outcome: Upside risk. Negative outcome: Downside
risk.

Comment: Definition of risk can vary from the above based on the context -
Risk is the combination of estimated probability and impact.

Risk management

Establish context, identify and analyse risk, evaluate risk, decide action and
implement action and follow-up of risk.

Technical allowance

The technical quantities shall be given as expected values including
technical allowance. Technical allowance shall cover expected but
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unspecified requirements for a specific quantity. The amount of technical
allowance should be stated specifically (e.g. in percentage).

Work Breakdown A deliverable-oriented grouping of project elements that organises and
Structure (WBS) defines the total scope of the project. Each descending level represents an
increasingly detailed definition of a project component and is thus a system
for dividing the project scope of work into Work Packages.

Work package A deliverable at the lowest level of the Work Breakdown Structure (WBS). A
work package contains only one discipline.”

4 Literature

The Apply Business Management System comprises of the following documents categories shown in
the Figure 2-1 below:

Apply
Business
Manual

Policies & Manuals
(company requirements)

Processes

Instructions, templates
and check lists

Continued high focus on HSEQ
and Business Improvement

Figure 4-1 organisation of Apply Business Management System (APPLY 2019)

As part of the evaluation process | have reviewed all internal documents? in Apply that is related to
the Cost Estimation. The documents are listed in Table 3-1. The Equinor V&M contract requires
compliance with the Equinor governing documents and that Apply governing documents is largely
based on these requirements. | have therefore reviewed these documents listed in also.

L All company internal documents are confidential and will be submitted to sensor separately for reference.
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Table 4-1 Overview of the reviewed Apply Inhouse documents

Doc no Description Comments Ref.
MAN-CR-001 APPLY BUSINESS Company Requirement All documents
MANUAL Apply Sgrco
Management System
Policies & Manuals
MAN-CR-004 PROJECT EXECUTION Company Requirement All documents
MANUAL Apply Sgrco
Management System
Policies & Manuals
F-PR-017 APPLY SPRCO'S CTR Procedure for CTR Manage Engineering
NUMBERING numbering Common engineering
STANDARDS processes

Create engineering man
hour estimate

F-TPL-004 superseded by
F-TLP-005

ESTIMATION TEMPLATE

Excel template for
Estimation of
Engineering man-hours
for CTR plan level 4

Manage Engineering
Common engineering
processes

Create engineering man
hour estimate

F-WI-019 (UA) Estimation manual for Procedure for use of IFS Manage Engineering
construction (new, to be | for estimating Job card Common engineering
released) man-hours for CRT plan processes

level 5 Create engineering man
hour estimate

F-WI-014 COST ESTIMATES IN Work Instruction for Manage Estimates
STUDIES estimates in studies Establish estimates

W-PR-002 WEIGHT CONTROL Procedure for weight Manage Engineering

control and reporting Weight
Estimate weight (Study
projects / Bid work)

W-PR-003 WEIGHT ESTIMATING Procedure for weight Manage Engineering

estimation for input to Weight
cost estimate Estimate weight (Study
projects / Bid work)

W-TPL-001 EQUIPMENT WEIGHT Template for MEL Manage Engineering
MEL FOR INPUT TO Weight
WEIGHT Estimate weight (Study

projects / Bid work)

W-TLP-002 DISCIPLINE MTO FOR Template for MTO Manage Engineering
BULK INPUT TO WEIGHT Weight

Estimate weight (Study
projects / Bid work)

WP-PR-001 PREPARATION OF JOB Procedure for prep of Manage Engineering

CARDS

job cards

Common engineering
processes

Prepare job card -
M10/MN
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http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=212938
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=212938
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/htmldocument/a47f34a5-a9a8-4687-862d-7c16d069b237.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/be594fcd-c718-4303-ad74-4a79b76fcdc5.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/be594fcd-c718-4303-ad74-4a79b76fcdc5.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=212941
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=212941
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http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/be594fcd-c718-4303-ad74-4a79b76fcdc5.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/be594fcd-c718-4303-ad74-4a79b76fcdc5.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=228269
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=228269
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=228269
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=294662
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=212746
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=212746
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/46ea99a3-03a6-4401-8515-92e8c629f3fe.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=213104
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/776d6237-74da-4f73-ab01-28be84855f1c.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=213105
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/776d6237-74da-4f73-ab01-28be84855f1c.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=233282
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=233282
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=233282
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/776d6237-74da-4f73-ab01-28be84855f1c.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=233284
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=233284
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/776d6237-74da-4f73-ab01-28be84855f1c.html
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=213108
http://sapp.applysorco.no/proarcdocs/getfile_new.aspx?doc_rno=213108
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/8ddb8352-a768-457d-86b4-39a21979f25d.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
http://qualiware.applysorco.no/qef/webmodules/webforms/generatedhtml/applysorco/base%20configuration/businessprocessnetwork/19bf83c3-957b-40db-8834-9c07337ca032.html
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Table 4-2 Equinor Governing documents

Doc no Description Ref.

GL300 Handbook for facilities Projects (Statoil 2010)

GL0430 Guideline for Facilities cos estimating (CAPEX). ver 2 (Equinor 2018)

GL0431 Guidiene to Cost Risk Analyses Ver. 2. (Equinor 2018)

TR1244 Technical requirements for facilities scope and cost (Equinor 2018)
estimate classes - offshore projects Final Ver. 8.01

4.1 Cost Estimation Framework

The American Association of Cost Engineers, AACE has since 1956 been a body of knowledge within
total cost management. The estimating framework is described in the (AACE 2016) Recommended
Practice No. 18R-97: Cost Estimate Classification System — As Applied in Engineering, Procurement
and Construction for the Process Industries. Apply’s work instruction F-WI-014 Cost estimation in
Studies is largely based on this recommended practice in addition to the Equinor’s guidelines GL0430
Guidelines for facility cost estimation (CAPEX) and the TR1244 Technical requirements for facilities
scope and cost estimate classes - offshore projects.

The GL0430 (Equinor 2018) describes the methodology for developing cost estimates (CAPEX) for
facilities for oil, gas and new energy investment projects in Equinor and defines Equinor’s estimation
classes. The definition of the estimation classes in Apply is based on Equinor’s definitions. The
TR1244 (Equinor 2018) defines the activities and deliverables to define the technical basis for class A,
B, C and D facilities cost estimates. Apply’s requirements for deliverables for the different estimation
classes is partly based on this document.

Equinor’s TR1244 states that “The basis for execution of a project is developed through a series of
studies and planning activities, where design basis, technical description/documentation together
with a cost estimate are matured from the first conceptual idea to a firm basis for engineering,
procurement and construction agreements”(Equinor 2018). The cost estimate is used for the
different decision gates and is one of the parameters for the investment decision.

Cost estimation is defined in the RP10S-90 COST ENGINEERING TERMINOLOGY(AACE 2018) by the
American Association of Cost Engineers, AACE, as;

“...a compilation of all the probable costs of the elements of a project or effort included
within an agreed upon scope”

Apply has based the definitions on the AACE terminology in addition to the terminology.
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4.2 Accuracy

In Clark and Lorenzoni’s book; Applied Cost Engineering, (Clark, Lorenzoni et al. 1996) the authors
point out that an estimate for a project is a prediction. It predicts what a project will cost and a
scheduled for when it can be completed. As a basis for discussing the accuracy of an estimate Clark
and Lorenzoni’s defines standards for a bad estimate and a good estimate. (p17) A bad estimate has
significant overrun on the original estimated value, it has inconsistent results (large overruns and
underruns), few details are defined, it is poorly documented, is unreliable for funds allocation (does
not have a good enough confidence) and is unreliable for project control. The reasons for a bad
estimate could be poor estimate input data (scope definition and details), the estimation methods
could be poor, and the estimator could be blamed. A good estimate has a frozen scope of work basis
and a realistic execution plan, the estimating methods an input data is good and well documented,
and the estimator is experienced in his field.

Clark and Lorenzoni (Clark, Lorenzoni et al. 1996) says that the accuracy of an estimate is important
to know since it will affect the sensitivity of the economics in a project, it will have an influence of the
cash flow and the budgeting and it develops confidence for the stakeholders. The requirements for
accuracy will also determine the estimating method be used. An approach for determining an
accuracy in advance, is to use historical data and test the sensitivity of the predicted investment
against a potential variation. The example used in the book is an estimate with +-30% variability
range (with a 50 probability of hitting an overrun or an underrun), the base number for the estimate
should be tested for the possibility of 30% underrun and 30% overrun.

The Estimation Classes defines the expected accuracy range for each class. While the AACE
International(AACE 2016) defines the estimation accuracy the range as the typical percentage
variation of actual costs from the cost estimate after application of contingency (typically at a 50%
level of confidence) for given scope, The Statoil’s GL300 (Statoil 2010) defines “the estimate accuracy
is given by an upper (+) and lower (-) value, is a confidence interval corresponding with a confidence
level of 80%. The latter means there is a probability of 80% for the final cost to be within the
interval.” The confidence level will be determined depending upon the Client’s requirements.

In the AACE Recommended Practice18R-97 The Cost Estimate Classification System maps the
phases and stages of project cost estimating together with a generic maturity and quality matrix (AACE
2016), see Table 4-3.

There are several other defined estimation classes. The requirements for accuracy vary slightly. But it
is important to notice that these levels are only guidance and project specific requirements to
accuracy must be evaluated from case to case.

The estimation classes in Apply is currently under revision and are now mainly based on the same
classifications as the Equinor classification which is described in GL0430 Facility Cost Estimation
(CAPEX) (Equinor 2018), with a fifth estimation class E for execution of construction (job cards) The
Equinor classification is shown in the Table 4-4.
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Table 4-3 AACE International COST ESTIMATE CLASSIFICATION MATRIX FOR THE PROCESS INDUSTRIES, Fig.1 RP 18-97(AACE

2016)
Primary o
Characteristic Secondary Characteristic
EXPECTED PREPARATION
S35 ACCURACY EFFORT
PROJECT END USAGE METHODOLOGY ]
; h ) ) RANGE Typical degree of
DEFINITION Typical purpose of | Typical estimating . . .
ESTIMATE : Typical variation in effort relative to
Expressed as % of estimate method . .
CLASS complete definition low and high least cost index of
P ranges [a] 11[b]
Capacity Factored,
. Parametric Models, | L: -20% to -50%
0 0, '
Class 5 0% to 2% Concept Screening Judgment, or H- +30% to +100% 1
Analogy
Equipment . _ago _ano
Class 4 1% to 15% Study or Feasibility Factored or ::' +1250£ tt% 3500/:, 2to4
Parametric Models ’ ° °
Budget Semi-Detailed Unit
= Costs with L: -10% to -20%
0, 0
Class 3 10% to 40% Authg;znziit-gn, or Somerr il Lo H- +10% to +30% 3to10
Line ltems
) Detailed Unit Cost . ro o
Class 2 30% to 70% CO”_trr;:g;rB'd’ with Forced ::' +550//° ‘t“; ':250’;, 41020
Detailed Take-Off | =~~~ ¢
. Detailed Unit Cost
Check Estimate or . . L: -3% to -10%
0y 0, -
Class 1 50% to 100% BidTender with Detg:d Take H- +3% to +15% 510 100

Table 4-4 Equinor GL0430 Table 4.1 Estimate Class Accuracy and Contingency(Equinor 2018)

Estimate Decision Cost Estimate Accuracy Of Technical Normal Level Of
Class Gate * Accuracy At 80% Information At 80% Contingency
Confidence Confidence
Class A DGO N/A N/A Not given
Class B DG1 + 40% * 25% 25% - 40%
Class C DG2 + 30% *+15% 15% - 30%
Class D DG3 + 20% +10% 10% - 20%

Table 4.1 Estimate Class Accuracy and Contingency

4.3 Contingencies, Cost Risks and Uncertainties

Hollman is in the AACE International paper Risk.1027 Estimate Accuracy: Dealing with
Reality(Hollmann 2012), reviewing empirical cost estimate accuracy research with common

management expectations. The aim for the paper is:

“Attendees will gain an understanding of estimate accuracy reality, the risks that drive it,
management’s biases about it, and methods that analyse risks and address the biases in a
way that results in more realistic accuracy forecasts, better contingency estimates and more
profitable investments”(Hollmann 2012).
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Evaluation of the complexity factors and contingency should therefore be carefully evaluated prior to
inclusion to the estimate.

Using risk process to determine the project contingency is part of the Cost Risk Analyses that is
described in the Equinor Guideline for Cost Risk Analyses GL0431(Equinor 2018). This guideline
requires that a Cost Risk Analyses (CRA) for class C & D Estimates is performed using quantifying risk
analyses and Monte Carlo Simulations.

In the AACE International paper RISK.1419.1 Managing Risk and Contingency from the Earliest Stages
of Capital Planning (Poskie 2013 ), Poski discusses calculation of contingency for estimates derived
from a historic sample and how contingency cam be manged by risk mitigations. To derive expected
costs for projects with similar scope, the project can leverage the statistical sample of historical cost
and estimation data, providing that there has been consistency in the cost and work breakdown
structures. The statistical risk can then be calculated and planned for as contingency. (Poskie 2013 )

“Application and Management of Contingency

Following the recommendation to breakdown historical actual cost values into incremental
scopes will result in each incremental scope carrying a different contingency amount. This can
be attributed to different historical sample sizes and ranges in historical values. The ranges
can often be reflective of the inherent risk for that particular scope. “(Poskie 2013 )
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4.4  Estimation methods theory

The estimation classes have also a recommended approach to selection of estimating methods:

Top Down — Parametric or Stochastic estimation method could be using gross proportions
(factors) or capacity curves for screening/ prospect studies (Class A - B in Apply and TR1244 or Class 5
in AACE)(APPLY , AACE 2016, Equinor 2018). The factored estimates are often called ratio estimates
or scale of operations factors like, Lang factors, Guthrie factors and other.(AACE 2016).

“Parametric estimating techniques leveraging values from historical projects and experience can
be effective.”(Poskie 2013 )

The Lang Factor can be used as a quick rule of thumb way to estimate the total installed plant cost of
a process plant by using the sum of the plant equipment cost multiplied by a factor. It has its origin in
the series of articles in 1947 — 1948 written by Hans J. Lang wrote a in the “Chemical Engineering” in
the Chemical Week Associates, New York about the engineering approach, cost relationship and
simplified approach to preliminary Cost Estimates. The calculated cost estimated by the Lang factor
includes delivered process equipment cost. (Wolf 2013)

As per Wolf (Wolf 2013), the Lang factor has been elaborated in several studies, and the some of the
results can be found in Perry's Chemical Engineers' Handbook in the chapter for Fixed capital Cost
Estimation(Perry 1999). Wolf concludes that the Lang’s factor, 4.74 for fluid process plant are
extremely close, within 8% at an expected accuracy of +/-50% (Wolf 2013)

The author of the blog Chemical Engineering Plants (Saeed 2014) points out that the Lang factor does
not take into account the equipment erection and foundations, piping, instruments and control,
electrical and other required utilities, the facility structure or buildings etc. This needs to be adjusted
for with other appropriate factors. And, that the factorial methods are best utilized when a
preliminary flow diagram is drawn up and the main equipment for the process facilities are required.

The evaluations of the difference in the estimated project and the historical must also be carefully
evaluated by the estimator.

Capacity curves can also be created to get an overview of the costs. These curves are created by
collecting historical data like weight and time or cost, or capacity vs. cost etc. for typical segments
and criteria for analogue projects and normalize these. By using these curves, one can scale the
project cost. Sandberg (Sandberg 2019) shows in the compendium for cost estimation in IND530 V19
how these curves can be used.
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Semi detailed estimation (deterministic — stochastic)

Clark and Lorenzino (Clark, Lorenzoni et al. 1996) says that semi detailed estimates differs from
factorized estimates by prediction of cost and quantities of the bulk items instead of factorize these.
The bulk quantities and cost will be based on historical data for average bulk required per type of
equipment. The AACE Cost Classification System requires this type of estimation method for a Class 3
estimate (Class B-C in Apply(APPLY)):

“Class 3 estimates usually involve more deterministic estimating methods than stochastic
methods. They usually involve a high degree of unit cost line items, although these may be at
an assembly level of detail rather than individual components. Factoring and other stochastic
methods may be used to estimate less-significant areas of the project”(AACE 2016)

Definitive estimates

Definitive estimates (Bottom up) requires detailing the SOW. This method is used for Class 2 -1
estimates (Class D in Apply (APPLY)). The AACE Cost Classification System (AACE 2016) requires this
type of estimation method for a Class 2 estimate:
“Class 2 estimates always involve a high degree of deterministic estimating methods. Class 2
estimates are prepared in great detail, and often involve tens of thousands of unit cost line
items. For those areas of the project still undefined, an assumed level of detail takeoff (forced
detail) may be developed to use as line items in the estimate instead of relying on factoring
methods.”(AACE 2016)
And for Class 1 Estimates:
“Class 1 estimates involve the highest degree of deterministic estimating methods, and
require a great amount of effort. Class 1 estimates are prepared in great detail, and thus are
usually performed on only the most important or critical areas of the project. All items in the
estimate are usually unit cost line items based on actual design quantities.”(AACE 2016)
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4.5 Standard Cost Coding System (SSCS)

The need for collecting experience data for predictions of cost for a project has required a
standardisation of coding, recognised as the SCCS (Standard Cost Coding System), for cost and weight
estimate and for of historical Asbulit data. The ISO 19008:20018 (ISO 2018)is the current Standard
cost coding system for oil and gas production and processing facilities and supersedes the NORSOK Z-
14(NORSOK 2012). However, the estimation processes, work instructions and procedures in Apply is
based upon the 2012 version of NORSOK Z-014.

The Estimate Process in Apply is supported by the work instruction F-WI-014 Cost Estimates in
Studies(APPLY).

The estimate classification given in the Apply’s work instruction, F-WI-014 Cost Estimates in
Studies(APPLY) will be adjusted to the Client contract requirements. For the Equinor contract the
TR1244 ver 8.1 applies. The TR1244(Equinor 2018) is the Technical requirements for facilities scope
and cost estimate classes for offshore projects and shall be applied for the Equinor projects. It has a
systematic approach to the requirements for the technical deliverables for each estimate class.

In the AACE Recommended Practice 18R-97: Cost Estimate Classification System - As applied in
Engineering, Procurement and Construction for the Process Industries(AACE 2016) sets an
international standard defining the estimate classes. The TR1244 s dividing the estimation classes
based on project technical maturity whereas the AACE 18R-97 is dividing the estimation classes
based on maturity and the uncertainty of the input and the accuracy of the estimate.

The TR1244 also defines requirements for the technical basis that applies for the different estimation
classes.

The Cost estimates are further used as input for the Client different decision gates (DG) and NPD’s,
“Veiledning til PUD/PAD(Regjeringen 2018)", states that cost reporting should be coded according to
SCCS.

ISO 19008:2016 (NORSOK Z-014):

“The SCCS is designed to provide a uniform coding basis for the estimate preparation and to serve as a
standard for collecting/collating historical data.

“..standard describes a system for coding of cost and weight estimates and as-built/experience data.”
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5 Analyses of Cost Estimation in Apply

Cost estimation is required in all project stages, from feasibility and concept studies to EPCI
execution. Cost estimation is required at different stages of a project and will therefore require
different methods and tools depending on the level of technical maturity, availiable information,
estimation accuracy requirements and for different purposes. The cost estimates are an important
part of the Clients decision analyses and it is therefore important to understand the requirements for
the different estimates how the cost estimates are prepared. See in Figure 2-1 Evaluation of
Estimation in Apply. This shows the recommended methods, work-instructions and estimation tools

and templates. It also gives an overview of which process to be used.

Estimating - overview

Estimating philosophy

Estimating Guidelines(Under
development)

Estimation Basis (To be developed)

Process details:

Manage Estimates

Manage Engineering

Common engineering processes

Figure 5-1 Overview of estimation in Apply (Egeland 2019)

Class A-C for FELO-FEL2
Class D for FEL3 / Tender

Method:

Top down capacity and Weight
Factors, vendor info and historical
data

F-WI-014 Estimates in Studies (under
update)

Apply Weight Norm Estimation
(AWNE) — Excel

Apply Leveld (CTR) Eng man-
hour estimate for studies
(AEMS) - Excel

Apply Head Count Estimation
(AHCE)

Apply Factoring/Scaling
Estimation (AFSE)

Process details:

FEL 0 Business development /
planning

FEL 1 Feasibility study

FEL 2 Concept study/pre-FEED

Method:
Detailed factorized and norm based
estimates

F-WI-014 Estimates in Studies
F-WI-018 WI for estimating template
for engineering

F-TLP-005 Estimating template for
engineering (new supersedes F-TLP-
004)

Apply Weight Norm Estimation
(AWNE) - Excel

Apply Leveld (CTR) Eng man-
hour estimate for execution and
tender (AEME) - Excel

Process details:
FEL 3 FEED

Method:
Detailed document/ norm based
estimates

F-WI-018 WI for estimating template
for engineering

F-TLP-005 Estimating template for
engineering (new supersedes F-TLP-
a04)

F-W1-019 Estimation manual for
construction (new to be released)
Apply Leveld (CTR) Eng man-
hour estimate for execution
and tender (AEME) - Excel

Apply Construction Estimation
(ACME) - IFS
Manage Engineering

Common engineering processes

NPPLY’

Class E for Execution
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5.1 Estimation Framework

The estimation framework in Apply is described in the processes given in COMPLY (Apply’s process
tool) And in the work instruction for Estimation in Studies in Apply F-WI-14.

“The purpose with the present document is to provide that all study cost estimation work in
Apply Sgrco is carried out in accordance with official Apply S@rco approved methodologies,
tools and practices.” (APPLY)

This document describes the basis for the norms and rates for the main cost groups for onshore and
offshore construction. It provides instruction for contingency and uncertainty. The estimate content
requirements are to represent the contractors cost and man hours for project management,
engineering, procurement (equipment & bulk), onshore construction, offshore construction and
contingency for both modification projects, module type projects and new platforms.

The work instruction also describes the type and requirement for input data per study phase, the
estimation principles to be applied and the estimation tools to be used together with a description of
the execution of the estimation work. It also gives the requirements for the presentation of the cost
estimates.
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5.2 Estimation Processes

The cost estimation process in Apply was based on Statoil V&M Cost Estimation Methodology and
ConocoPhillips V&M Cost Estimation Methodology.

The estimation processes are described in “COMPLY” — Apply’s internal process tool (APPLY), where
the work Instructions are also linked into the process.

The Apply cost estimation processes describes how to manage estimates, and work instructions has

been developed in order to comply with the client’s expectations and requirements given in the

contracts.

Apply Serco Management System

Diagram

__________________________________________________________________________

I
Management Processes

Implement Shateay

Flan and Folow Up Manage
Business Peifomance

Develop Business

Mobilize Project >

Commnon Cortrol Processes

Manage Qualty

Manage Lessons Manage
Leamed Communicaton

Manags Plan

Manage Projects

__________________________________________________________________________

Manage E stmates

tanage HSE

Manage Human
Resouices

Manage Risk Manage Change
Manage Supply
Manage | T/IM Chen
Document
Manage Finance managemerk

Manage Resowces
Manage
Comstonce Manags Enginesring
Manage LCI

Figure 5-2Apply Management System in COMPLY(Apply 2019)

The processes for cost estimation can be found in COMPLY under Manage Estimates

tanage
Constiaction

Techrical Support Funchons

|
]
Manage Electiical !
Instalsbon :
I
I

__________________________________________________________________________

Non Technical Support Functions

Input to the Manage Estimates process comes from Manage Engineering -> Execute project — FELO-
FEL3 Studies, Manage Supply chain, Manage Construction

Output from Manage Estimates is man-hour Estimates for Plan, Cost estimates for Tender, Studies

and Projects.
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Apply Serco Management System
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Figure 5-3 Manage Estimates dependencies

The Mange Estimates diagram is currently divided into 3.

Fist t

Evaluate project complexity and decide estimate method (for tenders)
Perform project maturity verification (for call-offs)
Establish estimates

he purpose for the estimate must be evaluated, e.g is it for a tender or for a project call off in a

M&M contract. The one would select either to evaluate complexity and decide estimate method (for
tenders) or to perform project maturity verification (for call-offs). After completing the process for
one of these purposes one should then go to establish estimate.

Ma

nage Estimates

Diagram Documents IT support Change history

Evaluate project

complexity and decide Perform project maturity )
estimate method (for verification (for call-offs) Establish estimates
tenders)

Figure 5-4Manage Estimates Diagram
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The above process could be drawn like this for tender:

Todavyv’s process: APPLY'

Manage Estimate

Tender

Complexity
Evaluations

Review tender
documents

Adjust Factors

Decide estimation
method

Perform preliminary

Establish
Estimate

Prepare estimating
systems

Calculate man-hour
estimate

Benchmark man-hour
estimate

Establish cost estimate

estimate

Figure 5-5 Manage Estimate for Tender - including the Establish estimate process

Looking at the process “Complexity Evaluations” for tender it points out the tendering documents shall
be reviewed. The bis/no-bid decision has already been made in the process for “Develop Business” prior
to “Prepare tender”.

The Factors and Rates shall then be adjusted. This step does not have any supporting description nor
documents. It is not clear which factors or rates that shall be adjusted or by whom. It is assumed that a
complexity evaluation of the project is performed. Today, there is no catalogue for complexity factors
within Apply. These complexity factors should be based on experience data. Historical cost records are
currently not retained in a systematic, standardised way. Currently there is no strategy for how and
where this should be done.

It is recommended to analyse the company’s need and then determine which projects data that should
be captured. As a minimum is should include the engineering data such as weight, capacities, equipment
type, and basic project information such as location and other complexity factors in addition to detailed
cost and schedule information. This is further discussed under section 6.9 Big Data Collection / value-
added data integration.

For the process step “Decide estimation method”, there is no supporting documents.
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For project call-off in an existing contract the current process goes like this:

Toda

s process: APPLY’

Manage Estimate

Contract
call-off

Perform
Maturity
Evaluations

Establish
Estimate

Prepare estimating
systems

Review call-off document

Define maturity level —
Use FEL INDEX

Calculate man-hour
estimate

Define estimating Benchmark man-hour
method for call-off estimate

Establish cost estimate

Figure 5-6 Manage estimates for project call-off - including the Establish estimate process

Looking at the current process “Perform Maturity Evaluation” it requires a review of the call-off
documents. Then define the maturity level by using the FEL index and use this for selection of
estimation method. However, is has been found that there are no supporting documents like
procedures, work instructions or checklist to support the selection of estimation method.

These processes do not show how the cost estimation in studies should be performed nor the
methods and tools to be used.

The new business areas in Apply; Larger Projects, Studies and Technology should also be covered by
the processes. This could be done by adding a 3’rd estimation purpose: Studies. See Figure 6-10.

Manage Estimate

Projects Execution

Figure 5-7 3 Proposal for adding Purposes to Manage Estimates

For Larger Projects estimation for tendering for FEED + EPCI should be covered. The process and
methods for tender estimation is covered by the process, but an overall estimation philosophy is
missing describing the methods, tools and required input. This has been identified by the cost
estimation improvement project and is currently under development.

Estimation for project execution should cover both call-off to an existing frame agreement or
contract.

In COMPLY the process Manage Estimates requires some interaction and is complex. The sketch
below shows the complexity:
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Figure 5-8 The Manage Estimation — Establish Estimate complexity picture

Below is a closer view of the Establish estimates process. This process is however only showing how

to estimat a Class D cost estimate.

ooty

Diagram

Documents support  Change history

Huow to estimate marn-
hewr is depending on the
estimation method
selected end estimation
Class. Mere is only Class 0
tar estiznation af Level 4
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]

Paoject

matusty i
Evtenatng
e |
fow ingust

| omly far Class 0 and € extimates
- this is now predefined in the new

Can bt omited o simplsfied etimation peocens

Figure 5-9 Establish estimates process
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The “Manage Estimate” process in Apply(Apply 2019) — “Establish estimates” is divided into 4 main
steps:
Prepare estimation systems — Calculate man-hour estimate — Benchmark manhour estimates —
Establish cost estimate. The “Prepare estimation systems process” is pending on input of client
documents and whether the estimation is for a study or for a tender. Then estimation tools are set

up accordingly. In the process for “Calculate man-hour estimates” the input requirements are
defined. And in the process for “Benchmark man-hour estimate” the required workflow is described.

Establish estimates

Dia,

gram

>

Enquiy
documents
reviewed

>

Project
maturly
defined

Piepaie estinating
system

Calcuiste mamhous . ) Benchrnark marhour
Manhour

o ) .
[ Establich cost esimate -

- _
Manhour Cost estimate

I:/ Estimating estmates estimates teady for
] system ead) caloulated decided management
Bid decision o eview [L2)
[/ D>_/
Eatinsted El'.ﬂ;:f'm
waight !
dclE:\ed established
P T T e T -
1
' [} Can be omited for simplefied estimation prosess D—/ |
| CTR catslog Foteniial cost] !
I implemented in impact on !
| pan esfinate fom| 1
| plan |
1
1
, P> .
1 Instalation L !
I activities defired I
1
|
1 Level 4 plan I
| J inteenal ]
I ~ appraved 1
I Prefab, instalabion !
| and commissioning |
| marhours estimated 1
1

Figure 5-10 Apply Process for Establish Estimates(Apply 2019)

The New York City Department of Environmental Protection, Bureau of Engineering Design and
Construction, has is their guideline for the Cost Estimation Process(DEP 2008) are proposing steps for
a cost estimating process:

1. Scope Input from Engineer to Estimator — Communication of Project Scope to the Estimation
team

Estimate Preparations — Estimate structure and WBS (Work Breakdown Structure)

Develop estimate

Risk Analyses and Contingency Development

Estimate Output

Documentation of the Basis for the Estimate (BoE)

Quality review

Submit Estimate

© NSO LA WN

This has been used as a guidance when developing the proposal for updating the “Manage Estimate”
process shown in Figure 6-8 but adding more steps between step 1 and 2 that is relevant for Apply’s
industry.
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Manage Estimate PPLY’

Manage Estimates in Studies
FELO-FEL3

Prepare Estimate

Review tender / project / Study /documents

Manage Estimates in Tender Manage Estimates for Projects

Complexity, Risk, Maturity and strategy evaluation

Adjust Factors

Decide estimation method

Prepare estimating systems

Design Basis
i ez e — Calculate man-hour estimate & establish cost estimate
MTO / MEL) " - -
Plan

Procurement Risk Assessment & Benchmark man-hour and cost estimate

Management review Record Estimation experience data

Figure 5-11 Proposal for updated "Prepare Estimate" process

It is also recommended to update the “Prepare estimate” process so it covers all three estimation
purposes.

The first step will then be to review the availiable documents to define the tender/ project
requirements. Then complexity mapping, maturity evaluations and risk assessment is proposed to be
done. At this stage a strategy evaluation must be done by the management to evaluated whether
there is a requirement to adjust the global complexity factors. Note: If the complexity factors should
be adjusted one must first have experience data from similar projects in order to be able to know
how the adjustment should be.

The tool for complexity mapping for setting the experience factors does not currently exist in Apply.
It is therefore recommended to evaluate which complicity factors that should be evaluated, e.g the
same parameters as in the FERM database.

The Estimation Method selection could now be made based on the purpose of the estimate, the
phase the project is in along with the maturity. There is a need for a guideline and a checklist for
selection of the Estimation Method and estimation modelling tool. See Figure 6-9 for estimation
method selection. The Estimation Method selection should be documented in the Basis of estimation
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document (BOE).

. Methad Maodel
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Figure 5-12 Proposed process for “Decide estimation method”

For preparing the estimation systems input, Work Brake-down Structure should be set up based on
the client’s contractual requirements. This step is already in the process today. The WBS and CTR

structure is in Apply is described in 6.11.

Decide estimation method

Prepare estimating systems

| Projet | _| Gas Comp [ WoInject | _{ M Turret _Other F_
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Figure 5-13 Prepare WBS Structure as input to Prepare estimation systems

When the estimation systems are prepared the calculation of manhours can start providing that the
required input is given. The input is pending on the estimation class and method selected. The input
can be design basis and technical input, weight estimate from MTO / MEL, schedule input from plan,

procurement items information.
The discipline weight allowance is set in the MTO and MEL. Evacuation of how the engineers have set
this allowance should be carefully followed up by the project management to avoid inflation on
allowances and complexity factors.
Once the weight input has been added to estimation tool, the calculation of manhours for
construction (direct work) can start. This is the basis for calculating project management and indirect
work manhours. See section 6.10.2 for more detail about Norms.
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Prepare estimating systems

Decide estimation method

Design Basis
Weight Estimate (From
MTO / MEL)

Plan

Procurement

———+ Calculate man-hour estimate & establish cost estimate

k4
v

Figure 5-14 Input to Calculation of man-hour estimate prior to establishing a cost estimate

When the man-hour estimate is prepared, this information is sent to plan in order to plan installation
time and the required engineering and purchase activities.

The timing of the projects is extremely important in the North Sea sector. The project installation is
normally planned around the Production Shut Downs. And, the availability of personnel on board
(POB) will dictate the timeframe and this will also give impact on the cost estimate. So, after the
man-hour estimate is done, plan need to make a manpower histogram. This may result in
requirements for change in the original schedule. And changes in the schedule will affect the cost
estimate.

" Calculate man-hour estimate & establish cost estimate
35

Risk Assessment & Benchmark man-hour and cost estimate

Record Estimation experience data

Figure 5-15 Finalising the estimate

The Cost Risk Analyses CRA is required for all class C and D estimates. Using a quantitative method
for calculation the contingency is recommended. A proposal for a CRA model using @Risk has been
made for this thesis. See section 6.7 for description of the model.

Then the cost estimate can be submitted to management review before being submitted to the
client. The estimation experience data should then be recorded.
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5.2.1 Recommendations to the Estimation processes

The Manage Estimate process should be updated to reflect the three applications / purposes for a
cost estimate:

Estimates in
Studies FELO-
FEL3

Estimates in Estimates for

Tender Execution

Figure 5-16 The 3 proposed purposes for estimation

And the Prepare Estimate process should be updated with the following steps:

Prepare Estimate

Review tender / project / Study /documents

4
4
¢

Complexity, Risk, Maturity and strategy evaluation
Adjust Factors

Decide estimation method

Prepare estimating systems

Design Basis
Weight Estimate (From —— Calculate man-hour estimate & establish cost estimate ‘
MTO / MEL) -
Plan
Procurement | ) Risk Assessment & Benchmark man-hour and cost estimate

Submit Estimate

|

Management review Record Estimation experience data
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5.3 Estimation Classes

Cost estimates are prepared based on:

e Purposes

0 Tender (Frame agreement, FEED+ EPCI)

O Study, FEL - FEL3

0 Project Execution
e Assumptions and Scope definition

0 Maturity of technical input and availiable information
e Accuracy

0 Clients requirements for accuracy level

In Apply’s work instruction, F-WI-014 Cost Estimates in Studies(APPLY), the estimate classifications
are defined by the study phase. It serves as basis for cost and weight estimation in studies, defined in
Apply as FELO Early phase, FEL1 Select Concept, FEL2 Consept Study/ Optimisation, FEL3 FEED/
Further optimisation. However, the cost estimation improvement project has suggested to change
these estimation classes to be aligned with the Equinor Estimation Classes for the first four classes A-
D, with a fifth class E for the purpose of estimating manhours in the execution phase (on job card
level).

The proposed new Estimation Classes is shown in Table 7-1 Apply Cost Estimation Classes (Under
development) .

Table 6-1 Apply Cost Estimation Classes (Under development)

Estimation Phase Methodology | Decision P80 Cost P80 Typ. Normal

Class Gate Estimate Technical Allowance level of
Accuracy Maturity Contingency
Class A FELO To down DGO NA NA NA Not Given
Capacity based
Factors
Class B FEL 1-2 Top down DG1 +/-40% +/-25% 20% 25%-40%
capacity and
Weight
Factors,
vendor info
and historical
data
Class C FEL2 Top down / DG2 +/-30% +/- 15% 15-20% 15%-30%
bottom up
Weight factors,
vendor info
and historical
data
Class D FEL3 Bottom up DG3 +/-20% +/- 10% 10-15% 10%-20%
Norms, factors
and doc. CTR’s
Class E Execution Bottom up +/-5-15% Frozen 0% 0%
Norms, factors
and doc. CTR’s
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Compared to the AACE Estimation Classes the classes can be compared as shown in Table 7-2

Estimation Classes AACE vs. Apply as follows:

Table 6-2 Estimation Classes AACE vs. Apply

Apply Estimation
Class

Apply
FEL study phases

Apply Accuracy
Cl 80%

AACE Accuracy

A FELO (business case) | NA 5 L: -20% to -50%

H: +30% to +100%
B FEL1 -40% / + 40% 4 L: -15% to -30%

H: +20% to +50%
C FEL2 -30% / + 30% 3 L: -10% to -20%

H: +10% to +30%

D FEL3 -20% / +20% 2 L: -5% to -15%

H: +5% to +20%
E Detail engineering Not defined 1 L: -3% to -10%

H: +3% to +15%

The technical maturity is depending on how well the scope of work is defined. In Apply this is
measured in a FEL INDEX.

Table 6-3 Scope Definition and Availiable weight data vs. Estimation Method and Class

Apply Estimation Data input Available weight
Class data
Class A Data for Reserves / NON Top down
Capacities
Capacity curves
Class B Capacities block diagrams | MEL, historical data Top down
/PFD’s /MEL
Capacity curves, factors and equipment
scaling
Class C PFD/ P&ID’s MTO & MEL, vendor Top down/ bottom up weight norms for
data or historical data | installation direct work, factored
estimate for indirect work, engineering
and management
Class D Frozen P&ID’s and Layout | Vendor information, Document based CTR’s and weight norm
MTO and MEL based, detailed vendor info
Class E Frozen SOW Vendor information, Job Card
MTO and MEL

35|Page




Estimation in Apply

Table 6-4 gives an overview of the estimation classes and with the respecting propose (study phases,
tender or execution). It also shows what input is required and what tools the different groups (PM &
Admin, Engineering, Procurement, Construction/Installation). The different Estimation methods and
Estimation tools are described in 6.5 The estimation methods.

Table 6-4 Estimation Class and input and tools for estimation of Project Management (PM) and Admin, Engineering,
Procurement, Construction / Installation

Estimati PM & Admin Engineering Procurement Const./Inst.
ng Class
Class A-C Hrs/ | Factors rel. Hrs | Factorsrel. to Inst NOK/Te MEL Hrs/ | Mhrs est.
FEL0-2 Ton | to Eng/Inst /To | Apply Level4 (CTR) Input to Ton | Apply Weight
Calc. in n Eng man-hour AWNE Norm Estimation
AWNE estimate for studies (AWNE) — Excel or
(AEMS) — Excel or Apply
Apply Head Count Factoring/Scaling
Estimation (AHCE) Estimation (AFSE)
Class D Nor Factors rel. Nor | Documents/Tags NOK/Ton | MEL/MTO | Hrs/ | Mhrs est.
FEL 3/ ms/ | to Eng/Inst ms/ | Apply Level4 (CTR) ne Input / Bid Met. | Apply Weight
Tender CTR Calc. in CTR | Eng man-hour to AWNE Unit | Norm Estimation
AWNE estimate for (AWNE) — Excel
execution and
tender (AEME) -
Excel
Class E Nor Factors / Nor | Documents/Tags Actual Bid/PO Nor Workorders
Execution | ms/ | org.chart ms/ | Apply Level4 (CTR) NOK ms Apply
CTR | Calc.in CTR | Eng man-hour Input to & Construction
AWNE estimate for AWNE fact Estimation
execution and ors (ACME) - IFS
tender (AEME) -
Excel
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5.4 Estimation Principle

The normal cost estimation principle is based on the principle of using the following main input data
in addition to scope of work and general project information:
e Equipment cost (budget prices from vendors).
e Equipment weight
o Bulk weights estimated partly by technical disciplines and partly by experience factors
related to total equipment weight

The cost estimates by Apply(APPLY) is representing the contractors cost and man hours, is normally
containing the following main CAPEX cost elements:

e Project management

e [Engineering

e Procurement (equipment & bulk)

e Onshore construction

e Offshore construction

e (Contingency

The estimates are normally exclusive Clients cost & man hours.
Excluded:

e (lients project management

e (lients engineering

e (lients construction

e Commissioning (only commissioning assistance covered by Contractor)

e  Supply vessel

e Stand-by vessel

e Onshore supply base

e Helicopter

e (Catering

e Accommodation Project budget reserve

e [nsurance

e Taxes and fees

e  FEL-studies incl. FEED
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5.5 Estimation Methods

Depending on the project phase, maturity and availiable information, the estimation methods used
in Apply is:

e Top down capacity and Weight Factors, vendor info and historical data — for Class A-C
e Detailed factorized and norm-based estimates — for Class D and Tender

e Detailed document/ norm based estimates — for Class E (job cards)

Estimating - overview

Estimating philosophy

Estimating Guidelines{Under
development)

Class A-C for FELO-FEL2
Class D for FEL3 / Tender

Estimation Basis (To be developed) Method:
Top down capacity and Weight

Factors, vendor info and historical

Process details: data Class E for Execution
Manage Estimates Method:
F-WI-014 Estimates in Studies (under ~ R Method:
Manage Engineering update) Detailed factorized and norm based | ~"=109C%
Common engineering processes Apply Weight Norm Estimation estimates D;t.a"etd dacument/ narm based
(AWNE) - Excel F-WI-014 Estimates in Studies estimates

F-WI-018 WI for estimating template

Process details:

FEL 0 Business development /
planning

FEL 1 Feasibility study

FEL 2 Concept study/pre-FEED

F-WI-018 WI for estimating template
for engineering

F-TLP-005 Estimating template for
engineering (new supersedes F-TLP-
004)

Apply Weight Norm Estimation
(AWNE) - Excel

Apply Leveld (CTR) Eng man-
hour estimate for execution and
tender (AEME) - Excel

Process details:
FEL 3 FEED

for engineering

F-TLP-005 Estimating template for
engineering (new supersedes F-TLP-

F-WI-019 Estimation manual for
construction (new to be released)
Apply Leveld (CTR) Eng man-
hour estimate for execution
and tender (AEME) - Excel

Apply Construction Estimation
(ACME) - IFS
Manage Engineering

Common engineering processes

Figure 5-17 Estimation methods vs. Estimation Classes

See also Table 6-3 Scope Definition and Availiable weight data vs. Estimation Method and Class and
Table 6-4 Estimation Class and input and tools for estimation of Project Management (PM) and
Admin, Engineering, Procurement, Construction / Installation.

38| Page



Estimation in Apply

5.6 Estimation Tools

The different cost estimation methods require different estimation tools. The figure below shows the
current availiable estimation tools in Apply. The input required for the estimation tools is shown in
5.7.

. ) NPPLY’
Estimation tools p.t.

Detailed weigth

: Apply Weight Norm Estimation Studies/ ' " Input weight from
TLP-xxD (AWNE) Excel Execution B.C.D TLP-D  norm ba;efg, vendorMissing W1 MEL& MTOD
FAWI018 Estimation oo e oo
Pt MEL & MTO & Line
s Apply Leveld (CTR) Engman-hour . / ec oociion TLp-gps Botiom up. detailed instructions / ENG-WI- |i5™ e me e s
estimate for execution and tender DE document and tag 002 IFS Work e
(005) AEME Database Tender (005) neE . I (MDL) per discipline
( ) =8 instructions for —— por 2 BR 917 Apply
planning engineering g, os TR num st
hours R
Apply Construction Estimation Execution Bottom up, Welgth " MEL& MTO ref. WP-
e (ACME) IFS database  \oncargy  F s norm based Egl?;:":igr':’" PR-003 Input to

Weight Estimating

Figure 5-18 Current Estimation tools in Apply

The Apply Weight Norm Estimation (AWNE) is an excel workbook. It does not jet have a template
number, and there is no work instruction to support the use of this estimation workbook.

The Apply leveld (CTR) Engineering Manhour estimate for execution and tender has been updated
and TLP-005 is now superseding TLP-004. The excel tool for estimation can now be used for input by
engineering disciplines prior to export into IFS where the norms and rates are defined.

As it is only on the Apply Level4 (CTR) Eng manhours estimate for execution and tender (AEME) and
the Apply Construction Estimation (ACME) the IFS database is used, it is recommended to evaluate
other estimation tools that has a database.
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Evaluating the different estimation methods, it is suggested that the following tools has been is
missing or under development:

. . l . . / NPPLY
Name of Estimating Tool |Dataplatform|Application Memodulogy E&
NA Que$tor Database  Studies A B Top Down X x x X X Not availiable
NA AIPCE Aspen In-Flant — popase  Studies  B,c,p  Dofomup.nom X X Notavailiable
Cost Estimation based
Initial Field
developmen Topdown To be further developed
TLP-xx0¢ Curve Estimation Excel t A (synthetic), curves X X X X X with historical data
benchmarki and factorized Input capacities
ng
_ . Topdown
Apply Factoring/Scaling Inhouse - To be further developed
TLPOA Eetimation (AFSE) Excel S e (ENHLEE) GEs( o = X With historical data
and factorized
Apply Head Count Inhouse -  Tender for Top down
TLP-XXB  Ectimation (AHCE) Excel Studies Headcountmethod X B I " N
Apply Leveld (CTR) Eng Input activities /
TLP->xC  man-hour estimate for IE":CO;':SE - ;ﬁ?gim[ B.C,D Bogzm:;tﬁ::dy X X x deliverables
Study bid (UA) - (AEMS) Under development

Figure 5-19 Missing Estimation tools
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5.6.1 (AEME) The Apply level4 (CTR) Engineering Manhour estimate for execution and
tender

Input and output for Apply Level4 (CTR) Engineering Manhour estimate for execution and tender
model is shown in the figures below:

Apply Leveld4d (CTR)Eng & Management Estimate NPPLY’
. Excel Manhour Level 4(CTR)
Completion C;:m;nlsswonlr;g Estimating tool
Strategy ac ;g:: an
Engineering and
Management
—v{ MDL |
SLb H | Manhour CTR
Estimate
Design Basis -
SOW/functional .
P P&ID Add risk
specifications ) Construction, Prefab, factors
Installation and
5;2&:;::‘::; Line list Commissioning
plan Manhour CTR
Estimate
Tag/I0 list 4 IS
|
Norm Based Weight
MEL Estimation Excel
Tools* (Contract
i 30 templates or Appl
I.nstallatlon Complexity model/plot MTO P PRl
Philosophy and — A . templates)
plan ssessmern p|an ?

Figure 5-20 (AEME)
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5.6.2 (ANWE) Apply Level5 Norm Based Weight Estimate
Input and output required for Apply Level5 Norm Based Weight Estimate (ANWE)

Apply Level5 Norm Based Weight Estimate  appwy

Excel Norm based weigth
. Commissioning [Estimating tool
Completion
Strategy —* Packages and
Plan
Factor based PM &
Design Basis - Engineering Estimate
SOW/functional P&ID g g
specifications l
Line list Procurement 4 risk
Estimate Addis
factors
3D Indirect Manh
Procurement model/plot MTO n IFEC. annour
Packages and Estimate
plan plan ¥
|
MEL Norm Based Weight
Estimation Excel
Tools* (Contract
Installation . templates or Appl
Philosophy and |—| :omplexltyt f lat PRy
plan s5e55men empia ES}

Figure 5-21 (ANWE)

The weight input is given in MTO (Material Take Off sheets) for bulk material and valves, and on MEL
(Master Equipment List) for equipment. Each item will be defined of how the weight shall be
handled, e.g. prefabrication, temporary removed or permanent removal, re-installation or install
new, either onshore or offshore. The allowance on the weight is added in the MTO and MEL

In the MEL the budget price for the equipment is filled in if available.

Below is a screen prints of a typical MTO and MEL. For details see Attachment B
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Figure 5-22 Example of MTO
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MASTER EGRIPMENT LEST Mull il imput

T eret st o

T

e

o — i 3
ol

Figure 5-23 Example of MEL

ASE A

The weight data is then transferred manually from the MTO and MEL into the weight estimate
discipline by discipline, items by items as shown below:

Template : WEIGHTS AND NORMS FOR ESTIMATING DIRECT CONSTRUCTION MANHOURS - ONSHORE AND OFFSHORE : Weight Based

just 3005 D WA § 300w
Equipment % Mechanical Hours Norms. Hist Ton Perm. | Temp. | Moved |Replaced| Rebuilt |Tul. Inslal‘ Prefab. | Module | Mods. | Perm. Dem. [Total DemNet. Instal] Handled
Prefab. | Assy. | Install | Remove [Prefab] Assy. [ OFF. 1:2+ 30448 [68] | fexo.2:3f | [2:310] | [6-1] | [6+1]
A B c D i [ 2 [ 03 [ &« [ s f & [ # [ 8 [ & [ [ o [ =& [ 1
SkidshPackages 00 00 i} [ 279 ¢ 3 | oom 0000 0,000 0.000 0000 0,000 0,000 0000 0000 0,000 0,000 0000 0.000
Coolers \Filters | Vessels 00 00 2360 1862 0 ;400 | Bam 0000 0.000 0.000 000 5300 0.000 0.000 5300 5300 5300 0000 11600
Fiotating 00 a0 o 00 56 ;640 | oo 0000 0,000 0.000 0000 0000 0,000 0000 0000 0000 0000 0000 0,000
Electrical 0.0 00 00 00 432 ;a0 | oooo 0,000 0.000 0.000 0000 0,000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Instrument oo oo 36.4 16.2 BL2 EB.0 0.z00 0.000 0.000 0320 o000 0520 0.000 n.oog 0520 n.oog 0.z20 0.200 0840
Safery 0.0 00 o (1] R I 0,000 0,000 0.000 0000 0,000 0,000 0,000 0000 0,000 0,000 0,000 0,000
HYAD 00 [ oo [ e o430 | nom 0,000 0000 0000 0000 0,000 0,000 0000 0.000 0000 0000 0000 0.000
Wisc.dintemals . 00 00 n4 10 455 ¢ w20 [ 0,000 0,000 1850 no0n 1350 0,000 0000 1950 0000 1950 0000 3.900
Work over open sea (Offshors)
Worm mulighisd by fextraHours) 4
Demolition (Offshors)
Karm muliplied by e cver am
SUM 0.0 00 3728 2514 746 | edon 0.000 0.000 2270 0000 8370 0,000 0,000 5370 5.300 a.170 0200 15540
Piping Hours Norms._Hrs! Ton Perm. | Temp. | Moved |Replaced| Rebuilt |r.n, InslaI‘ Prefab. | Module | Mods. | Perm Dem. [Total Dempet Install Handled
Prefab. | Assy. | Install | Remove [Prefab] Assy. [ OFF. 1:2+30445 [68] | fexc.2.3} | [2:3a10] | [61m] | [6am]
Ay 1 e Novms are “Cior” A B c 1] 1 2 3 4 5 6 7 8 ) 10 n 12 13
Carbon Steel 37%

L mew wptoandine.2 00 00 o 00 350 780 | 302 | noo) 0,000 0,000 0.000 no0n 0000 0,000 0000 0000 0000 0000 0000 0,000
Ouver?’ & uptoandine. 4" 00 [ oo 00 2673 . 243 | 2588 | oo 0,000 0000 0.000 0000 0,000 0,000 0000 0.000 0.000 0.000 0,000 0.000
Owerd" & upto and ne, 6" 00 00 o 323 245 e foaz | onom 0000 0,000 0.000 no0n 0000 0,000 0000 oooo | nzed 0264 nzeq) | ozt
Ouer&" & uptosndine. 8 00 00 o [ w5 farz ; wal | oom 0,000 0,000 0.000 0000 0,000 0,000 0,000 0.000 0,000 0,000 0,000 0,000
Ower 8 & upto and ine. 10° 00 00 0 00 73 | g ; a0z | oo 0000 0.000 0.000 0000 0,000 0.000 0.000 0000 0.000 0.000 0,000 0.000
Ouer 107 & uptoand ine, 12" 545 00 517 572 097 P Care ;w41 | 04s7 0000 0,000 0.000 0000 0437 0497 0000 0457 0316 096 | a4 1413
Ower 2" & upto and ine. 4* 0.0 00 00 00 wrg f o0z i oeal | 000 0,000 0.000 0.000 0000 0,000 0,000 0.000 0000 0.000 0.000 0,000 0,000
Ower ¥ & upto and i, 16° 00 a0 o 00 702 i 6ez 1 g64 | 0000 0000 0,000 0.000 0000 0,000 0,000 0000 0000 0000 0000 0000 0,000
Ouer 16" & upto and ne. 19° 0.0 00 o (1] 562 ;443 | 532 | o000 0,000 0,000 0.000 0000 0,000 0,000 0,000 0000 0,000 0,000 0,000 0,000

Figure 5-24 Example Detailed Weight input

The weight input is then summarized and shown as below:

WEIGHT ESTIMATE : - 101QR 002 - REV. 00- OPTION 1

Summ ary Perm. | Temp. | Moved | Replaced | Rebuilt | Tot. Install | Prefab. | Module | Mods. | Perm. Dem. | Total Dem. | Net. Install | Handled

[1+2+3+4+5] [6-8] | {exc. 2+3} | [2+3+10] [6-111 [6+11]
1 2 3 4 5 6 ¥ ] 9 0 pil 12 13

E. A Mechanical 5100 i 0.000 ¢ 0.000 2270 0.000 8.370 0.000 n.ooo i 8570 5.400 4.170 0200 16.540
HV.ALC. 0000 ¢ 0000 0000 0.000 0.000 0.000 0.000 0000 0000 0.000 0.000 0.000 0.000
Piping 5,233 : 0.000 & 0.000 20856 0.000 7T 3816 0000 ¢ 7EET 1760 3645 3.533 1.235
Electrical 0180 i 0.000 § 0.000 0.120 0.000 0.300 0.000 0000 {0300 0.000 0.120 0150 0.420
Instrument 0.445 ¢ 0.000 i 0.000 0.335 0.000 0.7a0 0.000 0000 0.7E0 0165 0.435 0.235 1.265
Structure - Steel 0000 ¢ 0000 ¢ 0000 0.200 0.000 0.z200 0.000 0000 0200 0.000 0200 0.000 0.400
Si - Al 0000 0000 ;0000 0.000 0.000 0.000 0.000 n0.oo0 ;0000 0.000 0.000 0.000 0.000
Insulation 0,000 ¢ 0000 & 0,000 0,000 0,000 0.000 0.000 0.000 & 0,000 0,000 0,000 0.000 0.000
Painting 0.000 ;0000 §0.000 0.000 0.000 0.000 0.000 0000 f 0000 0.000 0.000 0.000 0.000
P.F.P 0.000 0000 §0.000 0.000 0.000 0.000 0.000 0000 f 0000 0.000 0.000 0.000 0.000
SUM #3484 0.000 : 0.000 5.013 0.000 17.037 3.618 ; 0.000 : #3233 7825 12.823 4.214 23860

Figure 5-25 Summary of the most likely weight estimate (summary)
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The construction direct manhours are calculated using the above weight input multiplied by the norm. The indirect work
man-hours are derived from these calculated direct work manhours.

. NPPLY’
Apply Level5 Norm Based Weight
Estimate
* Calculate Direct man-hors o0 Ofchore Uow T Gty | Wom T Wows | Rafo [ WoK
Module | llatio T 0.000 0.0
offghore based on_handled R . S e e
HVAC T .000 - 0
Welght USIHg a WEIght Inst. \ Telecomm fexc. Vahes) T: 3800 k| 3261 2,109,
Piping exc. Vale T 8600 7 1122 1181,
norm multiplied by rate g o Vabes T [ T L
. . Equipmeni [all descipines) Te 33.500 2 1,916.0] 1,249,
* |ndirect manhours is a % Structure (Steel & Aluminum) Te | 26100 o zawmr 1,590,
. Architectural (inc. in Structure) Te
factor of direct man-hours Demeition (all disciplines) To | 35800 3| 2 1406,
Olfer Te Fo 1,846 4 1,203,
um Diract Te 112 850 "'I 14,148 [I_ 9224
Foramen Hours | 14,1450 b 0.0]
Other Indeects Howrs | 14,1480 i 212 2| 138,
UP&WT Hours | 14,1480 ) 2122 138,
Safety Orentations, Dalls eic Haurs: 14,1480 Fir 2122 134,
Qther - Haficapter time Hours | 14,7847 L_Jdl 1ose0| | 696,
um Mon-direct 1,704.7) 11411,
antainers e, [dayrate) 15 852 7 153,
wm Installation - Offshore Te 112 850 15 B52.7) =] 10454,
Figure 5-26 Calculation of construction direct and indirect man-hours
APPLY’

Apply Levelb Norm Based Weight
Estimate - comissioning

. Eommissioning direct hours is calculated using a weight norm multiplied
y rate

* Indirect commissioning is a % factor of direct man-hours

Commissioning - Offshore Ugh Qty. Morm Hours Rate Nok.
Electrical Te 0.450 3 114 3 8,135
HVAC Te 0.000 0 0.0 3 0]
Instrumant & Telecomm. Te 3.500 9 4714 3 338,464
Piping (Leak test] Te [ 8600 0 215.0 3 154,370
Equipment \ Mechanical Te I 33500 0| 1,005.0 3 721,590
Other fexc. MEM Senvices) Te 0.000 0 0.0 3

Sum Dwrect Manhours Te 46.450 1.702.8 1,222, 610]
Forgmen Hours 1.702.8 k] 0.0 2 0]
Other Indirects Hours i,702.8 k) 255 2 16,653
UP&EWT Hours 1,702.8 k- 255 3 18,339
Other : Helicopter time Specify 1,753.9 0 132.0 I 94,549

Sum Nen-direct Manhours 183.1 129 642

Hired Equipment 1,885.9 3 AT 147}

Sum Commissianing - Offshore Te 46 450 18859 1,399,399

Figure 5-27 Calculation of commissioning man-hours
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The procurement estimate based on bulk cost and equipment cost input.

Apply Level5 Norm Based Weight ALl
Estimate Procurement
H Procuramant - Bulk Matarial Uoh |ty Rata NOKTon Mok
-
Bulk cost is calculated based T Ewstieal — 5 T
i imli HVALC 7| 000 3 [
on WEIght multlplled bv a | Instrument (exc. Valves) T 900 3 1,845 473
MUR (Material unit rate | Instrumant Vabes T 300 0 2,706,000
| Piping exc. Vahes 1| B.600 6| 2,827 474
NOK/Ton)) | Piping Vahes T boon Y 0| [
| Structure - Stesl | 16.100 6| 435 511
Structire - Almirum T 000 0| 0
Surface Protection T 000 9| 0
Salety Tl o [ 0| 0
Ingulation T 000 6| 0
| Passie Fie Protection T 00 2| 0
| Adtchitectursl T 000 [ 0| o
Cither: Company Provided items Spe| {000 1] 0
Sub-total Bulk Matarial [2.350 7.964 &85
[
Procuremant - Total Ud Gty Mok
| Bub-total Equipment 7| b.050 5| 37,254,000
Sub-otal Bulk Matenial T 12350 3 7,964 B85
Total Procuramant 8.400 45 218 B85
Figure 5-28 Procurement cost
Total Cost Estimate : WBS XXX : - I01GR 002 - Rev. 00- BB04 Opt. © Benchmarking Cost summany
REFERENCE FHamdied ECIC Work it ais and wemdors TOTAL Estimate Handiad Wl phi Estimate | Aed Hoomn, | Cane 3 Tolad PO Mhes
| ELEMENT Toidics M. .Pstnllmk T Mal. Coat M Cod MoK Ifh}h'l.. PSCamt HoK M3 HralTanie | HeTonm | Consegt study FELIN - -
Pira Eigiraing FEL I DETD 057 J3x}
= Wanagement - TED| B4 - - T3 514 06| Wanagameni B E Tkl Frs E rginaering DETUIET 545 ]
Ea praiiion
= Enpieaing - BN 26 2658 oo - B1e 26 254 81| Engingsnng s ] Prject Managamant 6,314 064 181
Er 26,256 061 nIw
= Froummen Egipment - - - | ol - 7,554 i Frocusmen Equpman * 37 25 0
Frocusiment Bulc T 064 BES
= Famcmon L B.0er 0371908 2 4 amr BT29.07 1| Fabeicatian a Prafatrcal o A%7.003 amT
[iratEaen [FGEE] E
= Ircdialaion im s 11, B, By ZEE 1m2877 1TMAN 080 5212477 | Instaliation B A m Merl cost BB 1T i
Froject Contngency 21.611.709
= Commizzoning - 160 1,260, 290 - - 190 1,369,299 Commins pring mn w Total - Scope exmution Maze.za|
= Fre-sngiesing EUCAR T T - - a8 BT Grand Ioial Incl Pre Eng. | T anE
[¥] Sub.Tobl ; Base Coss 14 T2 IR T, 3T 75001 AN AR Am426  mzr AT [0, 47 M2 AL L3
*  Consngancy [TECH 2008 E - 11,551,075 a0 2040777 108 857] o 1,617 Pedica
(2] Sub-Totl : Cunat Day Cows 177 T2l B, 5, 440 70653 S, M) B AN NS AT 138 £, 256 1 instrumeniad Vakes piced under Equipment sadion
And g asmdance
= Escaldion TBY [T — - — — - —
[1] TOTAL Frjed Coss i T2 wmﬂ TR el 202 B0F ANHA  mzr A28, 0, 2%
27062015 81

Figure 5-29 (ANWE) Estimate output

The above excel tools will require manual weight data transfer from the MTO and into the weight
estimation sheets. This could be improved by modifying the calculation sheets so that the weight
input is transferred directly from E3D or directly from the MTO.
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5.6.3 Apply Curve estimation Class A —Under development

Curve and factor-based estimates can be used for top down estimation for new facilities for Class A
estimates ins studies. It could be used for cost indication for facilities when the input data only
consist of field reserves and required processing capacities

There are currently no tools for curve-based estimation in Apply to be used for early phase class A
estimates. But there is an excel workbook under development. This workbook will require input from
historical data from similar projects. When this tool is developed it and be used for benchmarking.

APPLY

ApplyCurve Estimate (Under development)

Class A
Excel Curve based
Historical data Estimating tool
equipment
Reserve curves
Estimation
Design Basis .
& Complexity
Recoverable ; Add risk
evaluations -
reserves factors
Topside and Jacket

Capacity and Weight
Excel Curves
Estimation

Figure 5-30 Apply Curve-based Estimation tool

The charts can give an indication of
* Topside efficiency : weight vs. capacity
*  Unit cost for topside (cost/weight) — E.g. : Gina Krogh: 275 NOK(2003)/kg
e Jacket efficiency : weight vs. topside weight*water depth

* Unit cost for Jacket (cost/weight) — E.g.Gina Krog Jacket : 47.7 NOK(2003)/kg
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APPLY

Chart 4 Design

Efficienc}z— Design Efficiency - Topside
~ Ty e 1 - 1000
Topside nevn [ & cd e Lem
. Do + D -
o0 - Aohanfiverdnp frocessing platformphass 2
* Gina Krog: ¥ e ]
Topside weight: 18000 tans 4 &0 i 1 )
Capacity: 35.8 mill 5Sm3 oe per day -
dDESIgI'I efficiency: 947 kg/5m3 oe per 2
ay &
[note has allowance for a drilling module -
and future tie back wells) o
* Johan Sverdrup processin%glatform 2: =
Capacity: 220 KBOD - > 35000 5m3 o.e. L
Fer day Sm3 EEI’ da
opside weight: 23600 tons 1
Design efficiency - topside: 674 kg/ Sm3 .
oe per day 10000 20000 M0 40000 60000 G0N0 70GG0  BOOCD  SODGD 100D 190000

Capacity [Sm3 o6 pr day]

Ref. Sandberg 2018

Figure 5-31 Curve based estimation - Topside efficiency

APPLY
Chart 5
i Unitcost - Topside
Unit cost
MM L
NOK2003/kg) - | .
Topside 0 | | | B
*  Gina Krog: R —— | .
Topside weight 18000 tons bl (| | 1 &
Cost 6.1 mrd NOK(2013)=5.0 S | : 7l
mrd NOK(2003) 2 o | Ll |
Unit cost: 333 NOK(2013)/kg § [Gudrun | T T
=275 NOK(2003)/kg . A
*  Gudrun:
Topside weight 12000 -2800 tons i
(helideck and LQ) bl [ [ om0l afpor | —kem
Cost :2.7 mrd NOK(2010) | | Bevs 1w
Unit cost: 294 NOK{2010)/kg ol | | | [
a 5000 10 000 15000 20000

=257 NOK(2003)/kg

Tepsideweight [lonnes]

* Ref. Sandberg 2018

Figure 5-32 Curve estimation - Unit cost Topside

An example for curve estimation for Gina Krogh using the estimation tool under development:
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APPLY

Gina Krog

Felt: GINA KROG
mill NOK[2013) milNOK (2003]  KPI

Chart 1 :.stmat{-:! Total Inwvestment mrd NOK 291 R 24500 1B8% Chart 1 Total field dev. Investments (mill NOK
inal cost
Chart 183 R e ‘—‘55 a0 2003) vs reserves
Gas meport fine ivestment mrd BOK T iimmor gan 3 20000
Gas Inpart B (ot tap ) inestment mrd NOK 1300 10556 & 000 .
£l Power fram share imeestment mrd BOK 200 17864 T o
Inwestmenits disregarding gaspipelings and power from she  24500,00 2076480 2 zum |
No subsea frames 4 R [e] e
Given in design basis Wall slats 15 Eoiuw .
Chart 2 ‘Wells per mill 5m3 o.e. 418954413 :'." L0000 ‘.
Topskin waight kg 15000000 18000000 % -
Topside cost med NOK[2003) Bl 5.0 N
Chart 2 Tapsida Unit price MOE kg 3383 275.2 0 - - 130
Gas produition capadity Sm3/d 000000 Heserves [ S o]
0l production capacity Sm3d 10000
Total Cagacity in 3m3 o.e, per day 12000
Tatal Cagacity in X8O 119.32
From Chan2 Capacily ve. Reserves S30.726257 m;
Design Efficiency - Topside 9473684211 L
Powes redquinmentsiw 5 Miicragott Eened
lacket weight kg 1 OO0 Worksheet
Jacket detith m 120 . . .
lacket tapside weight *debith {ton®*m) 1RO Curve Estimation for Field
Jacket cost NOK 1000000000 812000000 development.xls Worksheet to be
laceket efficency (kg/{ton*ml) T.ETOATOR? K i ,
Jackst Unit cost/welght NOK/g 588 478 further developed with historical

data from the latest field
developments on the NCS

Figure 5-33 Example form the curve- based estimation tool under development

5.6.4 (AFSE) Apply Factoring/Scaling Estimation

Order of Magnitude OOM estimation is called Factoring /Scaling estimation in Apply.

e Order of magnitude estimating method is used when very little information is available.
Typically only a reference case is known.

e Itis often called the “six-tenth rule” because the exponent n has an approximate value of 0.6
Application:

e Mainly Class A estimates, Occasionally class B

e Cost estimation of single equipment and all types of facilities

* New plant / greenfield and plant modification

Currently Apply don’t have a estimation tool for this. The thesis has developed at proposal for such a
factoring model. It is recommended to develop this model further, but again, this will require
availiable historical data in order to derive the Apply factors. See figures below:
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Apply OOM Capacity Scaling Estimate

Excel 0OM Capacity
Scaling tool

Equipmentscaling
cost and weight

Add risk
factors

Factorized estimates

- ,
Class A (Under Development)
Historical data
equipment
Design Basis Block Diagram | MEL |
Recoverable |— | or PFD
reserves
Complexity
evaluations

Figure 5-34 (AFCE) - Under development

Below is an example of cost scaling of equipment based on capacity :

CAPACITY SCALING -Six-tenth method

PROJECT BAAL
OPTION A
Estimation date dd.mmm.yyyy
Element PRESSURE VESSELS/TANKS
INPUT Comments Datasource
Required Capacity 150
Capacity 1 100
Exponent n (0.6 if unknown) 0.67 Garret / Guthrie other
Cost at Capacity 1 32.9 Historical prices form IFS
OUTPUT
Calculated
Cost at Required Capacity 43.2
Element HEAT EXCHANGERS
INPUT Comments Datasource
must be calulated based on
Required Heat Transfere Area 1000 ftn2 temp requirements
Constant 0.462 Shell & Tube
Exponent n (0.6 if unknown) 0.5 T.Brown
Material Factor Shell & Tube 1.7 Cs/s5
Shell & Tube Factors 1 U-tube
Pressure Factors 1.26 6004
OUTPUT
Calculated
Cost at Required Capacity 31.3

Figure 5-35 Capacity Scaling - Six- tenth method - under development (Egeland 2019)
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Cost for equipment can also be scaled by using a factor n derived for historical data

e Input is cost and capacity of several similar equipment’s.

e The Apply n-factor is then derived.

e The required capacity of the new equipment is then used to calculate the new equipment

cost

Note: This will need collection of historical data for cost and capacities

PROJECT AAA

OPTION A

Estimation date dd.mmm.yyyy

Element PRESSURE VESSELS/TANKS

INPUT

Capacity Cost

2 2000 20000
1 500 9450
Required capacity 900

Data source/date

OUTPUT

Exponentn 0.54

Cost at required capacity 12986

Element HEAT EXCHANGERS

INPUT

Capacity Cost

2 2000 20000
1 500 9450
Required capacity 900

Data source/date

OUTPUT
|Exponent n 0.54
ICost at required capacity 12986

Element PUMPS

T

Cost

Cost

Figure 5-36 Capacity scaling - deriving Apply's n-factor (Egeland 2019)
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Factor based estimates for Class A-B is using modified Lang and Guthrie factors. (Perry 1999)

Factors to convert deliverad aquipmant into Fixad - Capital Investment Cost
Lang factor
(Bauman] ref

Perry table 9- [(NOK) (NOKhr) (4] (kathr) kgl
Apply Factor Persentage

Details uid p in C d Cost Norm of votal Norm Weight
Equipment delivered 1 1 100 24.3 100

Inztalled 0.27-0.47 0.47 47 .4 47
Piping 0.86-12 066 BE 161 BE
Structural steel fondations 0-0.13 0.13 13 3z 13
Electrical 0.03-0.1 0.1 il 27 il
Instruments oo
Batterulimitz building and services 0.18-0.34 [ o 0.0
Evcauation and site prep 01 Structural site prep a1 0 2.4 0
Ausiliaries 0.7 afety equipment el [ T 17 T

Tatal physlical plant 3.5 317 37 77 37
Field expence 041 u] 0.0
Engineering 0.33 0.33 33 8.0 33

Direct plant costs .24 3.5 350 55.2 550
Overhead 021 021 21 g1 21
Contingency 0.4z 04 40 37 40

Cfec Total fized capital
investment Lang factor 4. 87 4.1 411 100.0 411
‘Guthrie Factors for individual items

Exhangers Veszels
Pump and Apply Pump Comiessor  |Cor

Details Shell and tube Apply Vertical Appy ical | Hori 1 ppply Hori: driver and driver and driver
FOE Equipment 100 1.00 100 1.00 100 1.00 100 100
Piping 0.46 0.61 0.4z 0.30 0z1
Concrete 0.05 0.00 010 0.00 0.06 0.00 0.04 01z
Sireel 0.03 0.08 0.00
Instruments IR ] 0.1z 0.06 0.03 0.08
Electrical n.oz 0.0s 0.0s 0.3 016
Insulation 0.0s 0.05 0.0s 0o 003
Paint om 0. 0o oo

Total ials = M 171 1.00 2.05 .00 1.65 1.00 1.70 1.61
Erection and setting L 0.63 0.95 053 0.70 058
X luding site prep and auxilial 2.34 1.00 3.00 1.00 2.24 1.00 2.40 219
Freight and insurance taxes home
office, construction 0.0s 0.05 0.03 0.05 0.0s
Overhead or field expence 0.95 112 052 0.97 047

Total module factor 3.34 1.00 4.20 1.00 3.24 100 3.45 3.24

From Guthrie chem eng 75, 114-124 [march 24, 1363] Based on FOB equipment cost = 100 (C35)

5.6.5 Recommendations estimation tools

To increase the credibility for performing field development studies Apply should invest in a well-
recognised databased estimation tool. For class A studies, Qustor or similar program should be
evaluated purchased.

It is also recommended to develop inhouse estimation tools and databases or further develop the
proposed curve-model and the factor scaling model (AFSE). This can be useful tools for future
benchmarking as well as for quick preliminary estimates when the input data is scares.

For class D studies (FEED and tenders), the AIPCE Aspentech In-Plant Cost estimation tool should be
evaluated as this has the benefit of estimation on equipment level.

However, further development of the inhouse tools will require a database with experience data.
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5.7 Factors

5.7.1 Accuracy

Apply’s clients are oil and drilling companies. The client’s requirements and expectations to the
estimate accuracy is given in the contracts.

The estimate class and study phase give a proposed accuracy level for the cost estimate. This is
shown in the Table 6-1 Apply Cost Estimation Classes (Under development).

The accuracy of the estimate is important for the decisionmakers. They will want an accurate number
for the cost of the project to be assured that there will not be overruns. But an accurate estimate
requires information on a detailed level and the scope of work will not change. In addition to this, all
uncertainties to the and systemic risks must be eliminated. We should think that the solution would
be to overestimate the project. But an overestimated cost estimate may result in refusal of
investment in the project, or if the project is approved for execution the project would then bind up
funds that could be utilised on other projects.

In Apply, the goodness of the estimate is measured by the productivity. The productivity is given by
calculating the estimated hours vs. used hours.

5.7.2 Contingency

Contingency is generally included in most estimates and is cost additions expected to be expended.

It is an amount added to an estimate to allow for the uncertainty that experience shows will likely
result in additional costs.

Contingency can be seen as a “technical” correction to compensate for the effects of skewed (non-
symmetric) distributions for each of the components in the estimate.

The Contingency must be added to find the Expected cost, which is the statistical mean value (centre
of gravity of the probability distribution).

The contingency will typically cover:
 Design development within the agreed design basis/scope of work
¢ Estimate adjustments
* Bias, omissions and errors
¢ Minor adjustments to execution schedules/milestones
¢ Normal variations in market prices

¢ Other risks within the control of the Project.

52| Page



Estimation in Apply

Contingency usually excludes:

e Major scope changes such as changes in the end product specification, capacities,
building sizes, and location of the asset or project

e Extraordinary events such as major strikes and natural disasters
* Management reserves; and
e Escalation and currency effects

We need to find a way to represent these unknowns, and use a risk register to guess what the
possible unknown can be.

“The traditional approach to dealing with the uncertainties of the estimate (scope, materials, design
details, etc.), particularly at the early stages of the project, has been to include a percentage for
contingency either based on the estimator’s judgment or determined by a guideline using the
completion status of the design documents. These methods are subjective and either reflect one
person’s (or small group’s) opinion or are based on guidelines that are not specific to the project. Even
the determination of the percentage complete of the documents is an arbitrary judgment” (Wallwork
2013)

This praxis is also described in the Apply work instruction F-WI-014 Section 3.1.4.3.(APPLY) where it
states:

“Instead of carrying out risk analysis on the Basis Estimates, it has been decided by Apply
Sarco to calculate the contingency by using standard percentage rates of the Basis Estimate,
considered to represent common practice in the oil and gas industry in cost estimates for
different types of studies. “

The predefined contingencies for each estimation classes have been used as a basis for contingency
setting in Apply. See Table 6-1 Apply Cost Estimation Classes (Under development). And then the
contingency factor has been adjusted after a maturity evaluation using the FEL index, see Figure 5-37
below:

Maturit FEL Assessment form =
Slmpllfled Fel INDEX F-CHL-002 OES-TPL-008
DETERMINING FRONT END LOADING INDEX | for modification projects
NOTE[T) : Shaded botes [marked green) are considersd “hest practice” at Gall O approval stage. (End of definition | FEL- | ™ Assessment Form
phase) INDEX || OES-TPL-D0& Date:
hem | FEL.Component | Scale Values Scale Value s 3 Scale Value s 2 Scale Valve s 1 | Soxle Revised 23.08.2012 Prepared:
Eiock layout of magor Approved:
Plot Plass | Esoek Lipout pet At Space [« g od ol
v . v | caspres i |1 Heasurable clement Toteght factor] Grding [share 34
ontigurations cont estimate Factions for anakogous Pl -
pisesses 1specisl form, quality-sssured and signed by the dhent 15% 9 0.00%
4t and what the underlying causes are. 10% ] 0.00%
= Process deiignbasis | Process desgnbasis | Prosess 2 with an uncertainty interval and robustnass evaliation 0% o] _0.00%
2 |Prosess Design basis| SUSESCIII | oudtorcommentio | ickites CoP somements |compists and app 1 5% ol 0.00%
Fhcukd be denioped CoP andissued bor agproval e, - - o
23 1eas0n for preribang 10% o _o.00%
apects’ twgets can be mest effectvely met 10% o] 0.00%
3 10% 1] 0.00%
It processfow | Process fow dagrams ¥ 0% o 0.00%
Pr Fi o peojest related fiow wd | peepar
3 E:’,:’,.," . ' s caloidacns and 2 | ients for next phase 0% 0] 0.00%
caleutated domansions of man e | ST CrEIH oo
2% 9 0.00%
Hazaeds 0 0% 9 0.00%
Anwyics of Dasign Analysis o Design § and deson 15% 9 0.00%
Haskh 4 naieey el PS4t W% o] _o.00%
. Heakth & Salety splcity antuds for ke aed | Frofect Team) and s | 208 1 s o o.00%
L fromines. i) “b,: A ared the 1 impact assesement of these 10% 0 0.00%
pecie stindaeds Iecommerdtiong
ibeniified anvd ar 10% 0 0.00%
0 GOt LRt 0%
Tare Progect Team i -
s 10% 0 0.00%
CowPriopct Teamin | Eseot s and robustness 4% o _o.00%
CostProjct Toamin | plaoe, comncting 00%
5 Project Cxecution R Pace, contracting | phsteger denslied, major ‘:‘""“":‘-‘""“J*N‘-‘ ‘ rd eprational factors 4%, o]  0.00%
Plan 3 ategies derhified, Mot tath Sequencing s 0 0.00%
misstones stablshed | establohed andcancy | SMEhIncoporster

Figure 5-37 Maturity evaluation using the FEL INDEX form
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The Figure 5-37 shows how the contingency decreases as a result of the development within the
scope maturity:

Maturity development in Project Front End Loading NPPLY

Class B Class C Class D

Expected Cost 100%  Feasabillity -FEL I Consept selection FEL 1T Definition FEL 11T
for Execution Phase 95 %| Contingency
90 %) Contingency Contingency 10 %
85 % 25% 15%
30 % Allowance
75 % 20%
70 % Allowance
65 % 30%
60 %

Base Estimate

559 Allowance
50 % 40 %
45 % Calculations
40% 70 %
35 %

30 % Calculations
25 % 55%

20 %
15 % Calculations

10 % 35%
5 %]
0%

Figure 5-38 Maturity development in early phase projects (FEL 1-3)

Since there will be incompleteness in the drawings and design in the early study phases. Using the
maturity level of the project to evaluate if the pre-set contingency is used may be effective. But, to
determine a more appropriate, realistic and project specific contingency, the solution is to use a
guantitative risk assessment by examine the risk elements of the estimate and determine their
likelihood for occurrence and the range of values. A risk model providing the range of possible costs
and their probabilities is made employing a Monte Carlo methodology in a risk assessment
workshop. The required contingency can be calculated by subtracting estimated cost from the
probabilistic cost at the clients desired confidence level (P-value). (Wallwork 2013 ).

It is therefore recommended that the Contingency is calculated in the Cost Risk Analysis for class C
and D estimates and that the predefined standard values for contingency could be applied on simple
projects.

In this thesis a proposal for a CRA analyses model using @Risk (Egeland 2019) has been developed. It
is recommended that this model is further developed and that Apply buys a licence for @Risk since
there currently is no availiable tool for Monte Carlo simulations other that for Schedule in Safran.
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CRA - Cost Risk Analyses

UNIT PRICE [k fhr & ke kg)

NPPLY’

auanmry
AcTvIT 0ST | wunn acyan SMULTED  MOST U SMULATED U e TOTAL DETERMINISTIC  TOTAL PROBABILISTIC MEAN rs0
| |ukeLY @y QUANTITY  LIKELY
{lPreEngineering (hr) 5395 10% 15% 5187 105000 70000 120000 kr 115875 ke 5E6231515 kr 601004408 kr 552880779 ke 600830137
A[Project Management (hr) 6300 10% 15% 6411 80000 70000 100000 kr BS550 ke 503989551 b 548437533 k518774984 ki 555117555
Engineering (hr) 32417 10% 15% 33993 B0ODO 60000 100000 kr 69545 ke 2583333603 k- 2094050871 ke 2615034304 kr 2866072024
Procurement Equipment (kgl 56945  10% 20% 59561 90000 70000 110000 kr 101055 kr 5305086000 kr 6018953358 kr 5393506497 k5838609326
Procurement Bulk (kg) 17900  10% 15% 17277 25000 20000 300,00 kr 7173 ke 447500000 kr 469470188 k- 451280097 ke 487107131
Procurement 3rd party services (hr) 50 10% 30% 252 120000 90000 150000 kr 137471 kr 30000000 kr 34604762 kr 31002656 kr 34121651
Prefabrication [hr) 3505 10% 15% 5554 66000 60000 BD0.0O kr 63408 ke 231288338 k246687927 ke 237927408 ke 252373008
installation (hr} 16730 10% 20% 15819 67330 61000 80000 kr B6513 kr 1126413576 kr 1050194455 ke 1163174128 kr 1238087126
[acviny cosT ke [ 11165012500 [r 10963580852 kr 11496890328
EVENT RIsKS " - v EVENT RISk MEAN PE0
RY - Lack of documentation of maintenance and other docume 50000 kr kr 75745 kr
R Wrong valve selection SUBTOTAL 4500000 ke ke 3877449 ke -
73 - Noise above accestable level in GP12 11200 Ll WoddiL1 100000 kr ke 117698 hr
R4 - Vessel rupture dus ta poalfire (wrang design bacis) 3 s TS| 6000000 ke -k 64,157.03 ke -
K5 - Growt due to Routing of flawline um  kri31522,08878 50000000 kr 98240191 kr T06248.77 ki 1,487,39156
RS - PO desander not set early encugh . oy [ p—— 40,00000 kr -k 4409041 kr -
R7 - Increased cost for desander WO =rIAE0S03 10000000 kr kr 11796058 kr
RE - Requirements for duplex LOV / incressed cost Mode k0729613672 500000 ke ke 543969 kr -
RS - New PSV required due to flow in original design condition  § kri0%,591,850.52 100,00000 kr -k 9670739 ke -
Weather relsted delays k6,234,842.42 25000000 kr 39905158 kr 397,00509 ke 609,368.39
TOTAL EVENT RiSKS Zs Qo725 250,00000 kr 399,05158 kr 397,105.09 ke 609,368.39
2 23316
TOTAL coST I, 000 10B2BES2581 ke 11205317663 ki 11003291362 ke 11532879152
Probability project cast under baseline 3 Q
Contingency above baseline at a confidence level of 80% o r 7,290,265.69
2 —=
oo
. K115,000,000.00
ook
° 0%
(e
alues inmillions (o) o 199,196,451 ,
-~ T e o T = ~ =t —|

Figure 5-39 Proposed model for CRA using Monte Carlo Simulations @Risk (Egeland 2019)
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Figure 5-40 Output report from the CRA model (Egeland 2019)
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5.7.3 Complexity Factors

In Apply, the only global complexity factor that is assed to the estimate is in class E estimates for
jobcards. Here there is a factor to be used if the construction work is performed onshore or offshore.

It is recommended to do a complexity mapping for all estimation applications. The mapping should
evaluate both global factors and discipline factors.

The global factors could be:

location; onshore/offshore and where

type of facility; rig/floater/fixed platform/etc

age; new/old facility (availiable space, documentation, safety issues, etc.)
schedule; on critical line/require shut down etc.

etc.

The local factors are factors that affect the discipline construction work both direct and indirect, such

as:

Congestions

Work at multiple levels

Indoor/outdoor installation

Turnaround work

Tie-in complexity

Work over production areas

Work over sea

Long distance to Support areas (Store/ lay-down area/workshops)
Hot Work

Etc.

NPPLY’

Complexity factors

Global factors Discipline factors m

Onshore /Offshore Congestions Direct work

Work on multi levels Direct work

Type of Facility

New / Old Facility Indoor / outdoor installation  Direct work

Turnaround work Direct work
Location

Tie-in complexity Direct work
STl Work over production areas  Direct work

Work over sea Direct work
Where and when the Long distance to Support Indirect work
complexity factors should he areas
added to the estimate should Hot work Indirect work

be further evaluated

Figure 5-41 Proposal to complexity factors for construction work to be evaluated
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Currently there is no tool for mapping of complexity in Apply. Below is a proposal of a complexity
mapping tool in excel. This worksheet will require a set of pre-defined complexity factors. These
factors must be based on Apply’s historical experience data / productivity for similar work. Currently
Apply’s experience data can be found in the FERM database, but only for the Equinor projects.

It is recommended to set up a strategy complexity mapping and identify want should be measured
and where it should be stored. Once there is a set of defined complexity factors, the complexity
mapping could be useful both for benchmarking and for better prediction estimates.

The excel tool shown in Figure 5-7 should be further developed.
Complexity mapplng - template
Under Development

I\ P P LY - = Fill out the form by uting the dropdown menu in the input cell below each question cell
ourston A comphadty factor i cakulated based on the inputs given
Apply Complexity Factors ot

+ The values are calculated using facton from tables on sheet Complexity Foctor Tables, but should be updated
using histarical d

1

e s o secient sl
s petormeacarar  wasnst
oot {30t wn v i Fas Py T aming T
2
enich ey o ceinccn i3ty o o
I8 WO ea b ko id
e aiscaning 4 inverves’ s fnuityismewan |has mere mean erer
e
[T e TP i
a
s s o 7 e D T ]
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[rrre— st oot [see v e mh sonis e o5 ek s i {18t ot (R
1 the worn ewn crancr - 3 I 0N b | Camplaxity
[ — jusaias ractmg s e |nas mare wawn prss (1 o imvecant i o oy [sucny an sparanions [vrernon mma pening wan [
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Figure 5-42 Proposal of a complexity mapping template

5.7.4 Recommendations

* Develop tool for Complexity mapping and guidelines for implementing the complexity
factors

¢ Implement @Risk in the Apply toolbox for CRA (Cost risk Analyses) and further develop the
proposed CRA model for Apply

e For CRA in Tenders
e For CRA in Studies

e Develop a process for CRA with guidelines and WI
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5.8 Big Data Collection / value-added data integration

The Independent Project Analysis (IPA)(Greg Ray 2019) found in a research among their clients that
digitalization tools are burdensome for projects organizations to implement. In the early phase
projects (Studies), value-added data integration successes are uncommon even though the new data-
technology is creating value in others project’s lifecycle.

In order to be able to predict future cost for a project, historical engineering data of quantities,
weight and process capacities is essential. IPA(Greg Ray 2019) recommends that for capital projects
data capturing should include detailed cost and schedule information, in addition to the engineering
data, and basic project information such as location and other complexity factors. The complexity
factors and quantification of risk and contingency requires experience.

The identification and quantification of risk and contingency is requiring experience and skills.
Organizations that have retained historical cost records can leverage the experience embedded in
the data. However, this provides that the data for similar work is organized and that there is
consistent work and cost structures. The probabilistic range of possible costs that may incur in a
future project, can then be used for calculation of the contingency.(Poskie 2013 )

If the project data is organized and collected systematically, it can used for benchmarking and to
create unit prices and trends for future costs. But one of the main challenges is to organize the cost
structures and collect the data in a standardized way. The NORSOK Z-014/I1SO 19008: 2016(NORSOK
2012, ISO 2018) was developed to ensure standardisation of such data.

The volume of information generated in the projects are large. And, in order to leveraging project
data to feed decision making, there is a need for digitalization2. Appreciating the difficulty of
capturing information on projects, identifying what data are important, how to organize it, and how
to extract insights from it, the right people with the skills to do this is also required (Greg Ray 2019)

Note: Data collection from different sources other than determined by a public approved or other
recognized body can be flawed as it can be manipulated.(Sandberg 2019) Such data should be
evaluated carefully before use.

The possibilities within the digitalisation of data is however promising. Analyses of the digitalized
project data can give better predictions for the future than earlier, given that data will be shared
across systems, departments and companies. But, if the data integration is not assessed properly, the
company may risk its future competitiveness. (Greg Ray 2019)

2 Greg Ray, L. W. (2019). "Capital Projects Struggle to Implement Digitalization." IPA Newsletter 11(Issue 2).
«The definition of digitalization varies but is generally ascribed to the process of using digital
technology to transform the way we do business”
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5.8.1 How is the data collected in Apply?

Apply has a process for Manage Lessons Learned

Manage Lessons Learned

Diagram  Documents  Regulation  Change history

Manage project Manage tender Manage customer
expenience enpenence feedback.

Manage suppher Manage audi findings Manage continuous
Eexpensnce eHpencnce Improvements

Figure 5-43 Process for Manage lessons learned

Under the process “Complete Project”, the projects shall plan and complete close out actions
according to internal requirements. The purpose is to ensure that the project is closed under the

necessary management and control. (ref. COMPLY)

Complate Project

Complete Project

Drescription Documents Bezmlation

The project close out phase starts when handover of project deliverablss to client is parformed in accordance with contract

requirements.

The projects shall plan and complete close out actions according to intermal requirements. The purpose is fo ensore that the
project is closed under the necessary manazement and control.

0&ES projects, assignments and deliveries follows the principles of the general Complete project workflow based on guiding
principles. For relevant projects the Checklist — Close-out of projects in O&ES descibes the formal typiczl leaner process.

Breaks down to:
wfs Close project

wfe Close project within M&h contract

Figure 5-44 Complete project

Accountable
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In the “Close Project” process for modifications— the activity “Generate productivity and estimate

experience data” requires

Close project

Diagram

Change history

[
ina

Figure 5-45 Close project - Generate productivity and estimate experience data
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= ! ] Based upon as-built weight reports and economical close-out reports following experience data shll be messured and reported in
H ! | g Close out sub ' applicable)
3 ! coniractars I tal honrs spent on all handled weight/wweightless (if applicable) work
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= | 3 pared to actusl weighticost. Reported in internal project close-out
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1
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The Equinor V&M contract has requirement for reporting handled weight and spent man-hours from
the MON database to the Client’s FERM database. However, the process does not give instructions
for other contract of how to retaine historical cost records in order to add value for future projects.

Below is a map of the Data Infrastructure in Apply. There is today a missing a project data collection
flow from close out and lessons learned and into the estimation templates.

Engineering CTR system flow
Estimating] Planning] Execution
( ctart ) T cnk :l;er;t sl nn:mn:;;hg
E
o
r=3
pi
= Ready for Release No
= . ——
= planning transfere £ imon J
@ / progress  j—
= from ProArc
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v S | 4 import Hrs 7
and dates "f ana x’
/ / ProEress J/
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o
[ |
&
”m;:;':;m O—i Reports and plans
Change Loop
!
Lo aL / Gtmﬁ 4
—| / and Dates f
o J
g
g Ioesrx;\':::ge Crectenew iy | Litk documentto REp
oo document profiles py péogi:?t

Figure 5-46 Apply Data Infrastructure - Activity Information Flow(Apply)
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In Apply there is some difference in the data infrastructure between the contracts. The figure above
shows the flow of data from Estimation via Plan to Execution. The data infrastructure is
semiautomated with some automatic transfer in addition to human interphases and manual
operations.

The different contract does also have different requirements for manhour and weight reporting and
estimation. The estimation is based on the Norms and manhour rates in the different contracts.
Direct work is compensated in accordance to the norm given in the contract. The setup will vary from
contract to contract and must be carefully evaluated in each case to ensure correct reporting.

All purchases done in the Apply purchase system is registered in the IFS database. The procedure is
shown in COMPLY under Manage Supply Chain and is described in work instruction 5630-SC-WI-0006
Sourcing — Prepare Purchase Part Data.(Apply)

However, the in the Purchase parts database the PO line items do not contain any coding as per
NORSOK Z-014/1SO 19008:2016.

In the procedures there is no instruction of data collection for estimation purpose. If historical data is
wanted, the search must be done manually with search in the description field.

Except for the instruction in the process for “Close Project” of preparing a project close-out report
and generate productivity and estimate experience data, there is no clear strategy of which project
data should be collected. There is no database other than the internal MON database for weight
reports, and the external database FERM (that is used for the Equinor contracts only) that us used to
show the productivity.
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5.9 Estimation basis

The basis for estimation is defined in the set of rates, norm and MUR.

Apply have a Rate-Norm-MUR distribution agreed with Apply’s vendors fabrication of piping
and structures or modules of when pricing a tender. The risk and need for adjustments will
then be evaluated from tender to tender to avoid cost escalation due to uncertainties in the
estimate.

5.9.1 Rates

Calculations and setting of manhours rates to be used for studies or tenders for are obtained from
the Apply Finance controller and the Resource & Technical department for each study or tender. So is
also the data for currency exchange rates, inflation rates and other cost data. The rates include
payroll, payroll burdens, engineering support. They do not include office space/computing/etc.,
travel or any other project cost categories, any contingency or any margins. The base salary used for
calculation the rates is provided from HR department. Rates are updated in conjunction with each
salary adjustment, when contract formats at the time being changes or for other reasons deemed
necessary for an update. The split between staff and agency personnel is to be obtained from the
Resource & Technical department, which could be based on market quotations, experience numbers
from projects or future prognosis.

59.2 Norms
In Apply there is different norm sets used for calculation the engineering man-hours and for
calculation of all the direct work hours that can be identified from the given scope of work

Weight based Man-hour Norms (man-hour/ton) shall by multiplication with the weight and relevant
discipline factors be used for calculation of all the direct work hours, including prefabrication,
installation/mounting, removal, testing and mechanical completion of work executed onshore or
offshore. Once a contract has been signed, the Norms and manhour rates is valid. Norms given in
man-hours /tons is based on a historical norm set but is also adjusted to fit the contract end client
requirement before contract signing

The Man-hour Norms/discipline factors shall include the following: (Equinor GL0329)

*  “The Execution of work described in the estimating manual F-WI-019 in an offshore/onshore
environment. Cautious work conditions caused by operative systems and platform/plant
operation, hot work etc. are elements of an offshore/onshore environment.

e Work preparation, dependencies concerning fabrication sequence, other trades, other
priorities and safety which is under control by the contractor.

* Loss of productivity caused by Operator that will emerge on daily basis given the nature of
the work, the close conditions of work with Operator and dependency on Operator, location
of the platform/plant or the platforms/plants operative condition.”

The Engineering Labour Norms is the Man-hours per document/ tag (man-hour/unit) and is used for
estimation of the CTR activities in the execution phase for the engineering disciplines using the
number of documents given in Master Document list (MDL) and the number of Tag’s from the
Master Equipment List and MTO.

62| Page



Estimation in Apply

The norms man-hour/ton for prefabrication and construction used in Apply are benchmarked against
the FERM database.
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5.10 WBS and CTR structure

The Work Brake-down Structure (WBS) consists of Work Elements and Work Functions.

Work Elements are the tangible (or intangible) “packages” into which the work is to be divided and
are unique to each project.

Work Functions are the “things that are done” to work elements, and are common to almost every
project, such that by “summing” across work elements, all projects can be compared at the
cumulative work function level.

Principles for building the WBS into an estimate:
e An appropriately structured WBS will make compilation or collection of costs quick and easy.
* The WBS structure is often provided by the client as a basis for the client reporting.

*  The names chosen for the elements and functions should be restricted to eight characters.
The Work Function names are generic and recognise the functional “split” used by the
majority of the Industry.

An Apply standard WBS structure is stored in the planning system Safran Project. See also procedure
F-PR-017.

1 t t t e
Work Elements can be such as: | | |
Project Costs that cannot be readily allocated elsewhere _
System Costs for any discrete system or sub-system i I e R I i
Facility Costs for any discrete facility or sub-facility
Vendor Costs for any discrete vendor or sub-vendor
Company Costs for any discrete JV or alliance partner
Other Costs for any other element deemed discrete

Work Functions are normally:

Manage Project management/controls/procurement costs
Design Detail/follow-on engineering and design costs
Supply Purchase costs of all equipment and materials
Build Onshore fabric ation/pre-fabrication costs

Install Marine transportation and installation costs
Hook-up Offshore hook-up and commissioning

Figure 5-47 Example of WBS structure

In the Apply processes and procedures for estimation the COR codes for phase and personal
resources are used as basis for the CTR (Cost, Time and Resource) numbering. This is described in the
procedure F-PR-017 (Apply 2015). This procedure is based on the NORSOK Z-014 that is superseded
by ISO 19008:2018 Standard cost coding system for oil and gas production and processing facilities
(ISO 2018) . The CTR number comprises of 10 characters, see figure below:(Apply 2015)
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I 3 4 5 6 7 8 9 10

\

\ sequence number
Project specific grouping

Sub-Phase ex area code, platform code, workpack etc..

Disc?piine
Main Phase

Figure 5-48 Apply CTR coding structure outlined (ref. Fig 01 in F-PR-017 page 3)

Main Phase: Organization Breakdown Structure (OBS) as required by NORSOK Z-014 is outlining the
main stages and areas of responsibility of a Project, i.e. K for Engineering, C for Construction etc.

Discipline coding singular letter is as referred to as COR in NORSOK Z-014, i.e L for Piping discipline.

Sub Phase is a simplified version of NORSOK Z-14 (SAB) — standard activity breakdown. The sub-
phase code is adjusted to incorporate Apply’s own specific requirements. The code explains the type
of work being executed and is a sub-category of the main phase code. For example, the Main Phase
(OBS) K-Engineering can be split into several sub phases for Pre-Engineering, Studies, Detailed
Engineering etc. Likewise, C construction can be split to show difference between regular offshore
installation, or offshore installation work being executed during a shutdown.

The remainder of the CTR code is Project specific Grouping and describes for example:
Platform code - Module — System - Part system - Installation pack -Building Block Etc.

Sequence Number: This number serves as the unique identifier for the CTR and is maintained in the
IFS at Apply.

The complete list of CTR codes is listed in section 5 of the F-PR-017.(Apply 2015)
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CTR codes

Architectural & Civil
Orilling.
Code Description Electrical
. Automation
A Contract Milestones Geomune
B Project Milestones HVAC
c Mabilisation Instrument
H Managemen:qmmmistrati n l.- xl'“”'““"“' €
ing
! Expenses M Material Technology ;
1 Procurement Milestones N Structural &
K Engineering 0 Operation and maintenance :
bricat Process
L Fabrication [l Mc/commissioning
M Transport & Marine R Mechanical
N Onshore Construction (SR Hecith. safety and environment {HSE)
T Telecommunication
o At shore Construction U Subsea
P Inshore Construction Vendars, ATS and 3.de parties
Q Offshore Construction W Weight
5 Insulation
R Cummlsslcr\mg T Pipelines
s Subsidiary-internal cost z
X General
Deviation to NORSOK 7.014

41 Mobization Phase L theu X
a2 it Works e L hru X -
b reon P APPLY
4 assemol et
45 Swioping / Dmantiing
46 Consructon
47 instabason
470 Pre shus-down nsmalation
4 Modibcations
48 Snadown
Code Description 50 Mechanical Completion
00 Milestone 51 Commissioning
01 Project Manager 52
02 Praject Control 53 Vendor dssistance
03 Engineering Manager 50 Demovilaaton
04 Procurement =
 [—— 56 Tesingat Cables Pump—
06 Commissioning Manager i :: e i
07 Document Contral e b
ORI Ecanomy { Accounting H 62 Thire Pary Phase L X
09 Planaing e
10 costControl d M Guality Contrel Phase Lthru X
11 HES project safety g M Scatfolding
12 M senvices H MD  Clesning
13 Change Control ME Transport Prane ke X
14 Work Preparation / Method ol
15 External Services m mmmm :::::
16 HsEQ MK Satery Fhase L heu X
A7 Secretary ML Dimensional Control Phade Lt X
18 Guality Control Wark M Weignt Contrel Phase L hruX
15 Guslity Assurance Manager n
20 sy MP Storage
21 PreEngineering z M2 Other Indirest
22 Detaled Engineering 3 A
23 Fabrication Engineering i el
24 Job card Preperation o
25 Follow on Engineering : E
26 Asbult ;’ =
27 Indirect Enginesting =
2B M Apli &
R o pany Priasded Equipment 81 Travel Expenses non reimburssble
31 Contractor Provided Equipment z 82 17 Suppors Expenses inonhours)
32 Surplus Equipment 83 Miscenneous cost reimoussable
33 Company Pravided Bulks ¥ 4 Miscenaneous cost nenreimaursatie i
34 Contractor Provided Bulks 2 o5 Misethar cost b ta 1V i
35 Surplus Bulks 56 soustangwesare cost
3 Spares = 87 Courses - rembursable H
37 Comumsbles ; 83 Courses - nonremburanie i
38 Services = 89 Accruale -
| e B0 e e srocmanare

Figure 5-49 CTR cosdes in Apply. Note: the green COR codes deviated from NORSOK Z-014
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5.11 Benchmarking

In Apply the data collection has mainly been driven by the client’s requirements. For the Apply’s
Equinor V&M contract and earlier for the COPSAS V&M contract, weight and manhours is reported
into the FERM database.

The FERM database collects experience data from execution of modification projects form oil and gas
projects for the Oil and Gas Companies to form basis for benchmarking.

L Home

£ News The purpose of FERM is to provide Oil and Gas companies with experience
e data from execution of modification projects.

£ New user This will form the basis for benchmarking of their individual performance and
£ Contact initiate improvement based on best industri practice.

& Admin

This first version of FERM is based on results in terms of actual spent hours
and weights of offshore Modification Projects.

My projects

Projects for QC

Approved projects

Project report

Comparision report

User Manual

Presentation

Figure 5-50 FERM database

In the process for Close Project, the activity “Generate productivity and estimate experience data it is
described how this experience data shall be handled. (Apply 2019)

The input to the database is based upon as-built weight reports and economical close-out reports.
Experience data is measured (weight, lengths) and reported in own and customers (if applicable)
systems;

. Productivity (hours/tonne, hours/norms). Measures total hours spent on all handled
weight/weightless (if applicable) work based upon contractual norms. To be reported and used in
internal experience database (MON/IFS) and clients experience databases (i.e. FERM).

. Estimation accuracy on estimated weights and cost compared to actual weight/cost.
Reported in internal project close-out report (OES-TPL-006).

. Experienced material/supplier cost for reference data to be used in future estimates.
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The input is categorized within project type and area. The similar projects can be compared in a
comparison report.

£ Home PROJECT COMPARISION REPORT
L News
L what is FERM
&0 New user Project Type: Contral System Crane
E> Contact Select all Drilling Upgrade Fire Water
; elect al ; -
L Admin P Life Boat Living Quarter
Clear selection o
Pipeline Process
Flowline & Gaslift
My projects Other process area
Projects for QC Unknown

Approved projects
Structural

Area: Drilling Area Wellnead & Riser
Project report Select all Process & Utility Living Quarter
Comparision report mm on Helideck Flars
- Deck Appurtenances Deck Structure
Main Control Room Jacket
User Manual Gravity Base Structure Jack Up
Presentation Semi Submercible Tension Leg Substructure
Company: Choose ~
Location: All ~
From Year: 1990 hd
To Year 2017 hd
From Size (Hours): 0-4000 '
To Size (Hours): 0-4000 '
| Proj. No. / Description |Type  |Inst. | Area |Size | Year |
Tidligdeteksjon tavler for BOP Control  peca  aAH  0-4000 2012
kraner System
M.0055C.10.C,1004
Innfgring av automatisk Process  BRGA AAC  0-4000 2012
trykkavlastning
Ombygging av ventrar far Process  KvB AAC  0-4000 2012
lufttarkere
O SEING000 Crane  KVB  AAH  0-4000 2012

Utskifting av tilfersel kabler til krane
M.O055C.11.C.1009

Figure 5-51 Project Comparison Report
The report shows actual man hours used in total and per activity level and discipline.

Apply’s CTR structure should match to the NORSOK Z-014 (NORSOK 2012) in order to report
correctly. Presently this is not the case and the input data to the FERM database need to be manually
adjusted to fit into the FERM database.
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Trend curves can then be plotted:
Engineering
All Diciplines

500 14.c.2004 - VALEM
6250 @

6000 |

5750
55001
5250
5000
4750
4500
4250
= 4000
(=] |
= 37504
L3 5001;
£ 32504
3 |
% 3000
S 2750
- |
2500
2250
2 000
1750
1500 |
1250
1000
7504 M.ousnc.sc‘, 3Ea- A1
500 M.0050C.6C.1 |
250 .1225 - GFE M.O193E.16.C1003 =
| L ]
ol
00 05 L0 15 20 25 30 35 40 45 50 55 60 65 70 75 B0 B5 90 95 100 105 11,0
Ton thandled weight)
® Own projects — Trendline (own projects)
Projecttype: Drilling Upgrade Size: All - Area: Multiple Timespan: All

Figure 5-52 Example of manhour/weight curves from FERM

The FERM database shows us only the V&M historical data and should be carefully evaluated when
used for other type of projects like EPCI projects. For benchmarking purposes there should be an
evaluation of different project characteristics and an evaluation of the standard deviation.

Sandberg (Sandberg 2019) shows how the no of criteria can affect the estimation result and the
deviation for a field development project. Other comparing criteria should be evaluated for
modification and for type of projects.

The criteria for comparing modification projects could be:

Characteristic Total handled Investment Standard
weight tons (average) mill Deviation mill
NOK NOK

Project type

System
Equipment type
Capacity
Material
Complexity

The collection of historical data can then be used to derive Apply’s own scaling factors for top down
estimation.
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5.11.1 How can the historical data be used in Apply’s estimation?

Historical data is used to benchmark the norms and rates. It should also be used for deriving Apply’s
own factors to enable top down estimation. Below is example of factors for top down estimation that
should be derived in Apply. Without historical data a set of Apply factors cannot be derived, and the

company will depend on factors derived from other sources.

Factors to convert delivered equipment into Fixed - Capital Investment Cost

Lang factor

(Bauman) ref

Pery table 9- (NOK) (NOKthr) ) {kgthr) (ka)
Apply factor™ Persentage

Details ‘luid processini___Comments assumed Cost Norm of total Nomm Weight
Equipment defiversd 1 00 243 00

Installed 0.27-0.47 0.47 a7 14 47
Fiping 0E6-1.2 066 G B 3
Structural steel fondations 0-0.13 013 13 3z 13
Elecrical 0.03-0.11 on 1 27 Ll
Instiuments 0o
Eanerylimits building and services 0.15-0.3¢ MA [ 0o
Excavation and site prep 01 Structural site prep 01 10 24 10
Budlisries 07 3afery equipment ste 07 7 17 7

Total physlical plant 35 37 317 Al 3 1
Field supence 0.4 o i)
Engineering 0.33 033 33 &0 33

Direct plant costs d4.24 35 350 852 350
Overhead [} 0zl 1 51 71
Cortingency 0.42 04 40 37 40

Cic Total fixed capital
investment Lang factor 4.87 a1 41 100.0 41
Guthrie Factorsfor individual items

Exh Vessels
Apply
Pump and | Apply Pump | Comressor |Compressor &

Details Shell and tube Apply Vertical | Appy vertical | Horisontal _fipply Horizont _ driver and driver | _and driver driver Tanks Apply Tamks
FOB Equipment 100 100 100 100 100 100 100 100 100
Fiping 0.45 061 0.4z 0.30 0.21
Concrete 0.05 000 01 0.00 0.08 0.00 0.04 01z 0.00
Steel 0.03 0.08 0.00
Instuments nm 01z 0.08 0.03 0.08
Electrical 0.02 0.05 0.05 0.3 016
Inzulstion 0.05 003 0.0s om 003
Faint 0.01 001 0.m 0.0

Total Materials = M 1n 1.00 2.05 1.00 165 1.00 170 161 120
Erection and setting L 063 055 053 0.70 058 013

. luding site prep and ausilial 2.34 1.00 3.00 1.00 2.24 100 2.40 219 133
Freight andinsurance tases home
office, construction 0.05 0.05 0,05 0.08 0.05 0,05
Overhead or field expence 0.35 12 0.3z 0.97 037

Total module factor 1.00 4.20 1.00 3.24 100 3.45 3.24 14

From Guthiie chem eng 75, 11d-124 [march 24, 1969) Bazed on FOB equipment cost = 100 ([ CS)

Figure 5-53 Apply’s Lang factors and Guthrie factors to be derived from historical data, ref. model OOM(Egeland 2019)

CAPACITY SCALING -Size n method

PROJECT AR
OPTIOM A
Estimation date dd.mmm.yyyy
El it PRESSURE WESSELS/TANKS .
emen ! Cost vs. Capacity Pressure vessels
INPUT 25000
- 20000
Capacity Cost 20000 -
2 2000 20000
1 500 9450 o 15000
Required capacity | 900 .I 3 10000 ®  seriest
Data source/date P
------- Power [Seriesi)
5000
OUTPUT
o
0 500 1000 1500 2000 2500
Exponentn 0.54 .
Capacity
Cost at required capacity 12986
Element HEAT EXCHANGERS .
Cost vs Capacity Heat Exhangers
INPUT 25000
- R 20000
Capacity Cost - y=327.95x s
2 2000 0000 | e
, 15000 12086
1 _ _ 500 9450 .
Required capacity 900 “ 10000 * ®  Cost
Data source/date T N I power (Cost |
5000
OUTPUT o
o 500 1000 1500 2000 2500
Exponentn 0.54 Capacity
Cost at required capacity 12986

Figure 5-54 Apply’s n factor for capacity and cost scaling ref. model OOM (Egeland 2019)
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6 Findings and Recommendations

Findings

Recommendations

Estimation Method

Missing Overall guideline for
cost estimation

CTR structure does not comply
with NORSOK Z-014

Make Overall guideline for
cost estimation

Evaluate change of CTR
Structure or better
compliance with the
defined CTR structure

sheets — should be in a
database

Inhouse estimation tools for
study phases should be
further developed

Buy Questor and @Risk

Processes The process for manage Update the processes
Estimation to reflect the 3
applications: Tender, Studies
and Execution
The processes is missing some
with correct information, links
and related documents

Documents Missing documents — see Create the missing
document list documents

Factors Tools or Complexity mapping Develop tool for
and implementation is missing Complexity mapping
Missing process and tools for Collecting / washing
CRA historical data
Benchmarking should be Develop tool and process
improved by developing a for CRA
inhouse model and collecting
historical data (Lessons
learned)

Tools Estimation is done in excel Evaluate a database for

estimation

Evaluate to Buy Questor
Evaluate to Buy @Risk
Further develop inhouse
estimation tools for early
phase projects
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For process updates:

The process for Manage Estimates is proposed to be updated to reflect the 3 applications and the
process for Prepare Estimate should be updated as shown below:

Manage Estimate

. . . . Manage Estimates in Studies
Manage Estimates in Tender Manage Estimates for Projects FELO-FEL3

Prepare Estimate
Review tender / project / Study /documents

Complexity, Risk, Maturity and strategy evaluation

Adjust Factors

Decide estimation method

) ) Prepare estimating systems
Design Basis

Welght Estimate (From Calculate man-hour estimate & establish cost estimate |
MTO / MEL) =

Plan l bt
Procurement . Risk Assessment & Benchmark man-hour and cost estimate

Management review Record Estimation experience data
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7 Conclusions

As Apply does not have a clear strategy for handling of experience data, it can be concluded that
Apply’s current data capabilities do not leverage the potential of transferring, exchanging, and
storing the project data using digital technologies.

As recommended by Ray (Greg Ray 2019):

Apply should prepare a strategy for handling value-added data, analysing Apply’s requirement for
capturing information on projects, determine what data are important and how to organize it
standardized way in a and store it and how to extract insights from it. This information will provide
insights to improve the estimation and the project outcomes as it will maximize the value of its data.

The processes and supporting documents have an improvement potential and is now under revision.
The Complexity mapping

To fulfil the requirements for quantitative risk assessment CRA for class C and D estimates there is a
need for a procedure and tools to run Monte Carlo Simulations.

And, in order to increase the competitiveness, the estimation tools required for early phase studies
should be bought and further develop the inhouse- tools.
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9 Attachments

Description Comments
@ Management presentation of the master
thesis
Master
presentation 28juni.
OOM Scaling model Can be provided upon
request
CRA model using @Risk Can be provided upon
request
Apply internal documents Can be provided upon
request
Equinor internal documents Can be provided upon
request
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