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Crude heater revamp projects are common in refineries today. Unforeseen complications that 
emerge during shutdown due to fit-up problems are also common in the execution of these 
projects. Eliminating these rework activities was essential for the Chevron Pascagoula Furnace 
NOx Reduction Project. To achieve this objective, a unique, practical project implementation 
strategy was required through the use of state of the art dimensional control techniques. 

The availability and accuracy of “as-built” documentation can be critical to a project’s cost, 
schedule, and safety performance.  As-built accuracy is dependent upon dimensional control 
work processes and procedures, and their respective limitations.  For dimensionally complex 
piping systems, one design/installation approach is to “field fit” segments, sequentially 
modifying spools to obtain proper fit-up. When working with boilermaker components, field 
fits, slotting, and field drilling bolt holes along with increased cutting, grinding, dogging, and 
welding are some of the activities used to install elements with potential dimensional 
deficiencies. 

These techniques are essentially trading the devil you know for the devil you don’t. That is, 
substituting the planned modifications associated with field adjustment methodology for the 
unplanned, undefined, difficult to resolve, schedule busting rework that invariably arises due to 
the inability to precisely measure and fabricate components with complex geometries. This 
field adjustment method provides some control of the schedule, but obtains that control by 
planned increase of critical path shutdown activities to accommodate final field adjustment 
installation methodology.  As is generally the case with maintenance and upgrade projects, the 
Chevron Project Management Team worked to minimize the length of time equipment was out 
of service.  The Furnace NOx Reduction Project was the critical path during the unit outage.  The 
scope included the replacement of a convection section, radiant arches, radiant arch tubes, 
associated ductwork, piping, and new burners.  

After careful evaluation, the Project Team determined that several outage days could be 
eliminated from the schedule if all components and associated duct work could be fabricated, 
preassembled, and installed with a single crane lift. Field fits had to be eliminated from the 
work plan to obtain the desired schedule compression. 
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This novel approach would require the precise alignment of hundreds of bolts and the fit up of 
multiple large and dimensionally complex elements located on the existing heater with the 
prefabricated replacement module. The plan was to lift the module into position and weld/bolt 
all components without modification. 

To achieve a successful single lift installation, a comprehensive and meticulous dimensional 
control method incorporating all project phases would be required.  Design documents must 
dimensionally match components existing in the field. Effective post engineering dimensional 
checks to control the accumulation of tolerances in the fabrication phase would also be critical. 
Fabricated and field constructed elements must also be dimensionally captured, modeled, and 
trial fit in model space to verify fit-up could be achieved. Any dimensional deviation in 
fabricated components due to collective shop tolerances or fabrication errors must be captured 
before shutdown and modified before the lift. By preparing all components for installation in 
this manner, the construction scope of work during shutdown was reduced to the weld up/bolt 
up of the new and existing elements. The single lift concept would be primary in minimizing the 
shutdown window and also provide important safety benefits by eliminating numerous crane 
lifts as well as the cutting and grinding in elevated structures associated with traditional 
methods. 

The project team determined that traditional dimensional control methods, such as hand 
dimensions and laser scanning, lacked the precision and flexibility required for this application. 
A technology that could provide precise, comprehensive dimensional control would be required 
to complete the project on schedule.  

Traditional Methods - Laser Scanning/Point Cloud Technology: 

The dominant dimensional tool utilized in our industry today is laser scanning/point cloud 
technology. Laser scanning is the primary measurement device employed by engineering 
companies to produce models for detail design. Even though point cloud technology dominates 
the market place, laser scans have limitations associated with how the dimensional data is 
captured, processed into the models, and utilized for detailed design purposes.  

The ease and speed of the random mass data acquisition method utilized by laser scans/point 
cloud technology incurs definite precision limitations. When dimensionally complex 
components are involved, the dimensional uncertainty associated with laser scans requires the 
use of field adjustment methodology during installation. The adjustment of components in the 
field requires additional time and manpower resources, putting the schedule and budget at 
risk. Laser scans can provide useful dimensional information, but cannot define all elements to 
the point of fit-up without adjustment or rework.  

AIMS Technology – The Selected Technology: 

Texas Gulf Coast Engineers’ (TGCE) Advanced Integrated Measurement System (AIMS) utilizes 
total station point shots and digital image measurement technology to provide dimensional 
data for detail design, fabrication checks, and construction field support. The comprehensive 
use of these two diverse and independent precision measurement systems to dimensionally 



 

 
 

define and monitor all project phases is part of every TGCE project. Both of these measurement 
systems provide significant precision advantages over laser scanning technology.  

The Photogrammetry system utilized by AIMS is an adaptation of a measurement technology 
first developed by the National Aeronautics and Space Administration (NASA) for all 
measurements taken in outer space since 1970. The technology captures dimensional data by 
extracting three-dimensional information from two-dimensional digital images and total station 
point shots.  

The AIMS system also provides a software interface between these state of the art electronic 
measurement tools (digital cameras and total stations) and the dominant electronic design 
tools used today (AutoCAD® and Microstation®). This innovative technology provides the 
measurement precision required to complete final modifications at grade before the elements 
are lifted into place for installation. Fit-up is achieved without additional modification or 
adjustment during assembly, resulting in the elimination of leave-long field fits and other field 
adjustment methods often employed in the installation of industrial piping and equipment. 
Chevron chose this proven and reliable dimensional control technique to insure the schedule 
constraints of the Furnace NOx Reduction Project were met.  The benefits of this cutting edge 
technology are easily understood through their application on this project. 

Chevron Pascagoula Furnace NOX Reduction Project Case Study: 

Planned outages associated with capital projects are a major concern in refineries today. With 
product demand and refinery capacity so closely aligned, lost product due to planned 
turnarounds or unplanned shutdowns can result in lost opportunity and decreased revenues for 
any given refinery. To maximize reliability, it is important that refineries operate at full capacity 
with minimum interruptions. Maximizing on-stream time and minimizing lost product can make 
a significant difference in the refinery’s profitability for any given year.  

Major Concern - Lost Product: 

The project team identified the potential for lost production due to a prolonged outage during 
installation of the new convection section as a major concern. This risk was primarily associated 
with the planned or unplanned dimensional adjustment of piping, equipment, and structural 
elements as required for fit-up. 

Mitigation and control of the risks associated with the project is the primary objective of any 
execution plan.  When executing projects with large financial and technical risks, no event or 
scenario that can be controlled should be left to chance. The AIMS work process has been 
utilized on many other projects at the Pascagoula Refinery and has provided a proven track 
record for removing the dimensional uncertainty associated with the design, fabrication and 
construction of various industrial components.  

Engineering Dimensional Checks: 

Chevron selected Hargrove Engineers + Constructors to provide the overall project design, with 
OnQuest, Inc. providing the detailed engineering for the the replacement components for the 



 

 
 

furnaces. OnQuest is an industry leader in the design and engineering of furnace technologies 
for clients in the oil refining and petrochemical industries. 

To jump start the detail design process, OnQuest utilized  the originial fabrication drawings for 
the heater as the preliminary basis for design. The Project Team and Onquest identified the 
need to verify the dimensional details of the original drawings with that of the actual field 
dimensions of the furnaces to account for potential differences due to fabrication tolerances 
and/or field installation modifications.   

TGCE utilized AIMS technology to dimensionally capture and model the existing furnaces while 
operating.  Some of the primary elements that were captured and modeled for replacement on 
this project were: (Reference Figure 1)       

 Radiant sections 

 Radiant arch  

 TI locations 

 Transition Ducts 

 Floor Details 

 Burners 

 Breech 

 Convection sections 

 Foundation supports 

 Crossover piping 

 Crude inlets 

 Combustion air ducts 

 Air preheat duct work 

 Flue gas ducts & Stack 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Furnace Convection Section to be replaced 



 

 
 

Adjustment to Cold (Fabrication) Dimensions: 

Because these elements were measured while the furnace was in operation, dimensional 
changes due to thermal expansion had to be calculated and reduced to ambient dimensions 
(fabrication dimensions). In a furnace, the changes are due not only to thermal expansion but 
also to heat related distortion. The hot and cold geometry of several dimensionally complex 
components with hundreds of connection points can be difficult to measure and predict using 
traditional methods. TGCE’s approach is both unique and comprehensive.  

During dimensional capture, temperature measurements of the components to be replaced 
and the associated connecting elements are obtained. Two sources of temperature 
measurements are utilized. IR guns are used in the field to capture temperatures at key 
locations  Control room temperature data is used to supplement and verify the field data. All 
temperature measurements are taken at the time the dimensional capture occurs to ensure the 
temperature data correlate with the dimensional data.  

Temperatures are not always constant throughout a given component. It is common to have a 
heat gradient within a component or system. These changes in temperature must be captured 
and placed in the model at the correct location in order to obtain an accurate cold/fabrication 
model.  

For extensive models with large bore piping, the 3D model and temperature data are analized 
by Caesar II® pipe stress software. The traditional method of using Caesar II is to start with a 
cold model and allow the software to calculate the stresses in the component (piping or 
equipment) due to dimensional changes associated with a given elevation in temperature. 
TGCE uses a reverse engineering process to determine the cold dimensions of a hot model by 
reducing the hot model’s temperature to ambient temperature in the Caesar II® model. 
Because the hot model has been precisely captured, the Caesar II cold model will match the 
true geometry of the component at ambient temperature. This work process provides the 
fabrication dimensions required for any component and eliminates the need for leave-longs in 
hot services because of an inability to predict cold dimensions. 

After the ambient model was completed, the OnQuest preliminary design package generated 
from original drawings was redlined and adjusted to the actual cold field dimensions. Final 
construction documents were created to reflect the true location and position of the cold 
furnace components and were issued to the fabricator. 

Electronic Trial Fit of Critical Component Connections: 

After fabrication of the replacement components, the AIMS system was utilized to obtain 
measurements and a model of each newly fabricated component and sub-assembly associated 
with the furnace convection section (Reference Figure 2). This step verifies that fabrication is in 
accordance with the drawings. Each component is captured individually and then assembled in 
model space to create a precise model of the replacement single lift module. This model 
incorporates all of the newly fabricated components.  The model also defines the collective 
errors and tolerances that are compounding with every component added to the single lift 
assembly. The error is occurring unidirectionally throughout the replacement module toward  



 

 
 

misalignment and rework in installation. This “dimensional drift” makes this final check 
necessary to confirm that fit-up can be achieved as planned.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Using the model generated from the assembled fabricated components, an electronic trial fit 
was done by inserting the 3D model of the replacement module into the 3D model of the 
furnace in operation (reference Figure 3). This identifies any adjustments required before 
installation. Components were then modified to correct the fit-up issues discovered.  This 
electronic trial fit in model space insured that the new assembled module would fit with the 
existing furnace radiant section in a single lift without modification. 

 

Figure 2. Furnace Convection Section Components 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Some of the critical connections that were verified were the bolt hole locations on the 
horizontal support members and the arch panels. These elements were checked to verify that 
they would match the existing vertical W12 support columns and the radiant wall channels.  
The new fuel gas header and fuel gas drop piping were verified before installation on both        
furnaces. 

Planning and Construction during Shutdown – Final Dimensional Checks:  

Immediately following demolition of the old furnace convection section, electronic 
measurements were taken of the critical connections to insure that they had moved as planned 
due to thermal cooling and had not moved in any unplanned way due to undetected cold spring 
during demolition.  No elements  were found to be out of tolorence for fit-up  and no 
adjustments were required before the module lift.  Utilizing the engineered rigging and lift plan 
designed by Carol Rigging & Lifting Engineering, the single lift module was successfully installed 
with no rework (Reference Figure 4).  

Safety Improvement: 

AIMS dimensional control technology has proven methods to reduce requirements for field 
activities such as cutting and grinding components in elevated structures. AIMS technology 
provides a zero defect work process on most projects regardless of dimensional complexity. 
Every component is trial fit in model space to insure fit-up before release for installation. Many 
project tasks that are traditionally performed on the jobsite today can now be fabricated and 

Figure 3. Furnace Model Fit-up  



 

 
 

dimensionally verified offsite in the fabricators shop before shipment. Reducing the number of 
project tasks and activities is the best way to improve safety. If tasks are eliminated, particularly 
unplanned rework related tasks, there is no opportunity for a worker to be injured performing 
those tasks. If a planned task is eliminated from the project scope of work, fewer workers and 
construction equipment are required to complete the construction scope of work. This reduced 
density of activities, people, and equipment directly facilitates improved safety.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 4. Furnace Single Lift 

 



 

 
 

Lessons Learned: 

Incorporating the TGCE AIMS technology into a project with critical fit-ups and dimensionally 
complex components allows for a broader approach to modularizing components and spooling 
of pipe sections.  While traditional dimension control methods may require piece-assembly of 
components and field fit and welding of pipe sections, TGCE’s methods provide the accuracy 
required to reduce such practices and the inherent rework. 

When utilizing TGCE’s services, it is important to utilize the technology throughout the design 
and execution phases as a continuous control method rather than “spot-checking” certain 
dimensional accuracies. 

Proper communication and education on the intent and capabilities of TGCE’s services for all 
project stakeholders is a key component to successful implementation.  As a relatively new 
work process for many, natural skepticism, and potential misuse of the service, can occur. 

Proper integration of TGCE with Engineering Contractors is essential.  The traditional “3rd Party” 
approach can prove to be limiting in the success of the initiative.  

Project Innovations Provide Benefits:   

As an industry leader, Chevron is always seeking innovative methods for a more efficient, 
economical completion of complex projects, while ensuring maximum quality and safety.  

A diverse and integrated project team consisting of TCGE, Hargrove E+C, OnQuest, Carol Crane, 
and Chevron engineering and operations personnel delivered the Furnace NOX Reduction 
Project in full compliance with Chevron’s expectations.  

Errors in design, construction layout, and shop fabrication contribute significantly to project 
overruns and extended turnaround schedules. Applying technology and creating a partnership 
between the operating company, engineering contractor, and the field constructor on this 
project resulted in a reduction of shutdown time and associated project costs.  

Rework was minimized or eliminated during both the pre-turnaround and, more importantly, 
the actual shutdown phase of the project. Several shifts (both pre-shutdown and shutdown) 
were saved as a result of the use of AIMS technology. 

Even more importantly, safety was greatly enhanced. Much of the elevated work associated 
with traditional leave-long field trim methodology was greatly minimized. AIMS technology 
provided many contributions to a safer work environment, including:  

• Reduction in field manpower resources required due to single lift strategy.  
• Moving “fit up” tasks out of the field and into the fabricator’s shop.  
• Decrease in shutdown duration and associated shift changes, refinery congestion etc. 
• Less grinding, cutting, and welding in elevated structures 
• Decreased exposure under heavy loads.  

This project illustrated how emerging dimensional technology can be seamlessly integrated 
with traditional construction methods to enhance efficiency, safety, and cost control on large 
and complex, schedule-sensitive projects.     


