
Case Study 

The Use of Simulation 
Software for a Power Plant 
Construction Project 

Computer simulation 
programs can be used in 
addition to historical methods 
of planning and field design 
for large-scale construction 
projects. 

REED W. NIELSEN & ARTHUR K. STOVER 

As three-dimensional (3-D) design be
comes more and more common in the 
engineering/ construction business, 

opportunities are increasing for its use in the 
field as a design/planning tool as well as a 
visualization tool. Two construction simulation 
software programs were used in the field design 
and the construction planning efforts of a fossil
fired power plant, thereby taking advantage of 
information available in the project's 3-D design 
model. 

One of the principle purposes for the use of 
construction simulation software on this construc
tion project was to study the effect of using com
puter-aided engineering tools at an actual con
struction site. Partial funding to offset additional 
costs for training and model preparation was pro
vided through a contractual agreement with the 

Civil Engineering Research Foundation 
(CERF). 

One of the two simulation programs used on 
the project is a 3-D, real-time simulation and 
animation software system. This real-time 
simulation system provides the user with the 
ability to move through a project as if it were a 
completed facility. This system allowed the 
construction field personnel to familiarize 
themselves with the physical configuration of 
the plant, and to use that familiarity to optimize 
field planning for equipment installation, work 
sequencing and field design. 

Examples of the program's visual capabili
ties are provided in Figure 1, which shows a 
view across the turbine deck toward the boiler 
building and pipe chase, and Figure 2, which 
shows the relationship of boiler roof penetra
tions to structural steel, with notes identifying 
spool designators, lengths and weights. 

The other program used in the field at the 
project is a 3-D computer-aided construction 
planning tool. This 3-D planning tool also al
lows the user to move through the design 
model, but adds the capabilities to develop 
schedules and to monitor work status/pro
gress. Generated from this program, Figure 3 
shows a screen image of the boiler and struc
tural steel schedule simulation that was devel
oped for the project at the site. The 3-D plan-
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FIGURE 1. A view across the turbine deck toward the boiler building and pipe chase. 

ning tool makes it possible to prepare step-by
step schedules on the computer screen using 
the design model. It is then possible to display 
animated work sequences based on the sched
ule, and to look for dynamic construction inter
ferences that are ~aused by the schedule, since 
scheduled activities drive the display of the 
model on the computer screen. 

Both the real-time simulation system and the 
3-D planning tool were installed at the con
struction site on a high-end graphics worksta
tion that was delivered in September 1991. 
They were used by field engineers and super
intendents. Design was performed at a remote 
site using a 3-D design package. Model updates 

66 CIVIL ENGINEERING PRACTICE SPRING/SUMMER 1993 

were sent to the field approximately once a 
month from October 1991 to December 1992. 

Plant Description 
The 90 megawatt (MW) coal-burning power 
plant is located in the Scrubgrass township in 
Venango County, Pennsylvania, just north of 
Interstate 80 and approximately 20 miles east 
of Interstate 79. It consists of two 380,000-
pound-per-hour circulating fluidized bed boil
ers that provide steam to a single turbine/ gen
erator. Its coal handling system is capable of 
handling up to 240 tons of waste coal an hour. 

Design began in January 1991, and first con
crete was placed in May of the same year. Struc-
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FIGURE 2. Boiler roof penetrations to structural steel (with field notations). 

tural steel erection began in August 1991, and 
the steam drums. were set in place in December 
1991 and January 1992. Boiler hydro testing 
was completed in July 1992 and steam blows 
performed in December 1992. During peak 
construction there were over 500 craftsmen 
working at the site. The plant was declared in 
operation in June 1993. 

The following quantities provide additional 
description of the size of the facility: 

• Concrete: 11,000 cubic yards 
• Large pipe (above ground): 15,000 feet 
• Small pipe (above ground): 43,000 feet 
• Conduit: 62,000 feet 
• Wire and cable: 743,000 feet 
• Terminations: 29,000 each 

Training 
Because the two simulation software packages 

would be used by field engineers and superin
tendents, some training was obviously neces
sary. In the end, training on the use of the 3-D 
planning tool was more formal. It was pro
vided by an engineer who spent a total of about 
three weeks at the site. While on the site, the 
engineer arranged training to fit the schedules 
of potential users. In most cases, however, after 
a brief introduction, this training was limited to 
helping individuals use the computer in order 
to accomplish a desired work task 

The real-time simulation system, on the 
other hand, was for the most part self taught. 
One of the authors had previous limited expo
sure to the program that allowed him, with 
telephone instructions from off-site personnel 
that were familiar with the system, to start the 
computer and display the design model on the 
screen. A copy of the real-time simulation sys
tem instructional manual was shipped to the 
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FIGURE 3. Screen image showing the boiler and structural steel schedule simulation. 

site and, with additional telephone instruction, 
field personnel were able to successfully use 
most of the functional parts of the program in 
order to complete the desired tasks. 

Simulation Uses 
The simulation software was used: 
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• to help in the erection planning of pipe 
commodities and electrical cable tray; 

• in the field design of plant lighting; 
and, 

• for after-the-fact confirmation of the se
quencing previously decided upon for 
structural steel and boiler erection. 



FIGURE 4. A view of the pipe chase between the turbine and boiler buildings . . 

Piping. The majority of carbon and alloy pipe 
was designed and fabricated off site. As small 
pipe isometrics were released from engineering, 
all small pipe spooling was established by field 
engineers who were using the design model to 
determine field weld location and to maximize 
spool length and configuration with respect to 
the other commodities shown on the model. 
Critical large-bore pipe spools were also checked 
for field weld locations to confirm the planned 
erection methods. This effort minimized the 
amount. of field modification required to trans
port the spools to their point of installation. It also 
ensured that the maximum amount of prefabri
cation was being performed. 

Overly congested piping areas were viewed 

to determine delivery and erection sequencing 
and to maximize scaffold usage. Figure 4 shows 
a view of the pipe chase located between the 
turbine and boiler buildings. Some interfer~ 
ences were discovered during the course of this 
activity, which permitted rework of the associ
ated piping at the shop prior to delivery. Figure 
5 illustrates this pipe to pipe interference. 

Where isometric drawings did not detail 
specific valve operator and handwheel loca
tions the model was consulted in order to de
termine the most appropriate configuration 
given the surrounding equipment, structural 
steel configuration and access. 

In many cases, when the piping was sched
uled to be installed, "screen dumps" (print-
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FIGURE 5. Pipe to pipe interference. 

outs of the screen image) of the particular 
spools and areas from the model were made. 
Figure 6 is an example of one of these images. 
It shows pipe located near the coal bunkers. 
Visual aids such as these provided considerable 
benefit to the pipe fitter who was installing the 
pipe. These screen dumps could be found 
throughout the facility taped to office walls, 
work supervisor shacks and structural col
umns. On several occasions, requests came in 
from the field supervisors and personnel for 
"pictures" of a specific area or system. 

Electrical. The model was used to field design 
lighting in the boiler and turbine areas. The engi
neer performing this design spent many hours at 
night after work reviewing the areas and eleva-
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tions not only to place the lights in locations of 
most benefit, but also to assure that once they 
were installed they would not need to be 
moved as other components were installed. 
Only one light fixture from over 750 required 
relocation during the course of construction. 

Screen dumps that showed the cable tray loca
tions with respect to structural steel were also 
provided to electricians. The information con
tained in these images helped in the location of 
cable tray hangers as well as helping field person
nel better interpret the tray drawings. 

Because of the availability of the electronic 
model, the project was able to start cable tray 
installation prior to the installation of above 
ground piping. This procedure is not common 



Nonu Ru:.ol lltJ Sloe_ nouorse Shndo 
nucor1I no ila Hoasuro Oh DJs 

Dis XYZ 

k !IM Ott UJeH 

,_ 

Pon 
~orz,a 

-7~rar1:.i:: -5,0D 

•~•!. q.rJ l!J:I ---~!!1f:._Q!~!!2?_:-·-·-'·•··-j ~•·,;,r.'fll;z 0,0 

Line 
[KJt 

Incl lnm1 lori 
-1-1,g47 

CllPplnm 
ifl;c,rc:: 1,0 

f1t1r a 1014191',2 

FIGURE 6. A screen dump showing pipe located near the coal bunkers. 

and was successful because of the ability to use 
and manipulate the 3-D image. Historically, 
when this sequencing is attempted in a vertical 
plant of this nature with multiple commodities, 
construction interferences (that occur when 
moving equipment into an area prior to instal
lation) are common and often expensive. 

Reviewing the model prior to issuing work to 
the field permitted early identification and reso
lution of a number of design and field interfer
ences, thus avoiding costly rework later on. 

Structural Steel & Boiler Component Erection. 
Because the decision to use simulation software 
was not made until early summer of 1991, and 
the hardware not available on site until Sep
tember 1991, most of the erection planning for 
structural steel and boiler components had al
ready been finalized. On a fast track project 
with a short design and construction schedule, 
boiler component delivery schedules must be 

made shortly after the start of design. Struc
tural steel schedules must also be established 
soon after structural steel design has begun and 
before a detail model is available. 

To show the capabilities of the 3-D planning 
tool, the schedule was replicated in the soft
ware and a video was produced to portray 
what had already been developed. It helped 
visualize the sequence of boiler component and 
structural steel erection and clearly validated 
the established structural steel "hold out" areas 
for other plant equipment installation. This 
schedule was put together on the site by a 
knowledgeable simulation engineer with input 
from field engineers and superintendents. It 
showed capabilities of the software that had 
not been fully explored in other field efforts. 

Lessons Learned 
The fast track nature of jobs such as the Scrub-
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grass project require that the use of simulation 
software be thoroughly planned and inte
grated into the design, procurement and con
struction schedule. It must be started at the 
beginning to be fully successful. Late imple
mentation - though beneficial in field layout, 
planning and design - does not allow full use 
of the software in high-level planning such as 
major component (e.g., boiler component, 
structural steel, etc.) deliveries. 

The simulation package must be relatively 
simple to use. The 3-D planning tool was not 
used nearly as extensively as the real-time 
simulation system due to its complexity and, 
therefore, its difficulty to learn and use. As a result, 
much of its schedule development and review 
functionality did not provide significant bene
fits to the project. However, incorporating les
sons learned at Scrubgrass, a recent release of 
the 3-D planning tool makes it easier to use. 

The real-time simulation system, because it 
was relatively simple to use, did not require much 
in-depth training. As a result, the 3-D model was 
accessed much more frequently with that soft
ware. Ease of use was traded off for schedule 
development and playback functionality. 

Future field applications should have the 
capability to print larger than 8.5- by 11-inch 
images. At a minimum, the capability to create 
B-size drawings should be available for plan
ning purposes and field distribution. 

A full-time custodian should be considered 
for future jobs who is fully trained in all of the 
software's features. A resident "expert" will 
allow projects to obtain maximum benefit from 
the powerful features that are available in to
day's computer simulation software. 

Conclusion 
There is a place for computer simulation in the 
field. The ability to use the 3-D design model 
gives field personnel added information that 
can be used to enhance field planning and erec
tion methods. This model, used with simula
tion software, provides field personnel with the 
ability to selectively overlay commodities and 
components for in-process and final location 
interference checks as well as for area familiari
zation and visualization purposes. This feature 
was particularly important at the Scrubgrass pro
ject given the large volume of field-designed 
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and routed installations and has the potential 
to be of benefit on most projects today. 
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