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Customising dome storage to suit a particular project is a normal 
part of the project development service that Dome Technology is 
involved with. Owners have many options to choose from as they 
develop the project scope. We are often asked to compare two 
or more storage concepts which inherently involve a customised 
dome shape. Because we can model costs along with mechanical 
supply cost, mechanical and electrical installation, we can develop 
a side-by-side comparison. 

In order to focus the comparison, we will concentrate on 
the core terminal, which consists of just the central storage and 
loadout system costs. We will compare mechanical arrangements 
with similar features and functions. Our core system will vary 
in storage capacity. The mechanical process system requirement, 
sometimes called throughput, will be the same for all. We will 
use a day bin system, with one truck loading position. The usual 
capacity calculation for this system would be:

200 sTons/hour = 8 trucks @ 25 sTons per truck per hour

8 trucks x 8 hrs x 180 days per year = 288,000 sTons throughput 
per year

To develop a suitable storage size for a particular site that 
can handle the calculated annual throughput, the owner will 
balance storage capacity against the practical logistics of filling 
the terminal. For example, if a 25,000 sTon ship is used to fill 
the system, an expected shipping frequency would be about 
12 shiploads per year (288,000 ÷ 25,000). In order to create a 
comfort level for the shipper, the dome storage size should be 
about 35,000 sTons.

Reclaim system configurations can vary between projects. 
Typical configurations include Cambelt screw-style reclaimers, 
dihedral pneumatic floors, conical pneumatic floors, and drive-
through pneumatic floors. For each of these reclaim system 
configurations, our core cost comparison begins with the 
pneumatic inlet piping at grade and ends with a customer truck 
fully loaded.

Cambelt reclaim system
The Cambelt mechanical system is shown in Figure 1 is a popular 
choice. The installed system includes the pipe support stair tower 
and bridge, headhouse, dust collector and loading system. Gap 
engineering, day bin, electrical wiring and control room complete 
the system.

Dihedral pneumatic floor
The dihedral pneumatic floor dome, Figure 2, is competitive over 
a wide range of storage capacities. The cost of the pipe support 
stair tower is eliminated, as is a large headhouse. Because weight 
on the dome apex is reduced, the added cost of strengthening the 
dome shell is also eliminated. This configuration entails installing 
the pneumatic floor, bracing the bucket elevator and providing a 
day bin structure and truck loadout. Gap engineering, electrical 
wiring and control room complete the system.

Conical pneumatic floor
The conical pneumatic floor dome, Figure 3, includes a tunnel 
wide enough for a cement pump. The vertical chase functions as a 
secondary egress and eliminates the pipe support costs. The system 
includes installation of the pneumatic floor, mechanical systems 
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 Figure 2. Dihedral pneumatic floor system with truck loadout.

Figure 1. Cambelt system with truck loadout.

Figure 3. Conical pneumatic floor system with truck loading.
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and provision of a similar day bin structure with truck loading. 
Gap engineering, electrical wiring and control room complete 
the system.

Drive-through pneumatic floor
The drive-through pneumatic floor dome, Figure 4, consolidates 
the mechanical systems, and structures to within the dome 
footprint. Cement is piped though the vertical chase to fill the 
dome. A portion of the cement (live storage) directly flows 
into the day bin. The remaining cement is fluidised by the fully 
fluidised sloping floors, to an air-lift conveyor then pumped to 
the surge bin. The through tunnel is integrated with the surge bin 
and the control room, mechanical room and electrical room are 
located above the customer’s truck. Gap engineering, electrical 
wiring and mechanical systems complete the system.

Cost approach
Figure 5 compares the construction costs of the various reclaim 
systems as a function of total storage capacity using optimised 
costs for excavation, fill, soil compaction, stemwall height, required 
ring beam variations, headhouse weights, tunnels, vaults, day bin 
foundations, office, mechanical room and electrical room as well 
installed PLC, MCC, and electrical wiring. Commissioning costs 
are also included. This tabulation was done from the perspective 
of a supervising plant engineer responsible for administrating the 
purchasing and installation contracts. Costing includes a modest 
allocation for a consulting engineer to provide gap engineering 
and to define sub-contracts such as the electrical and mechanical 
installation packages.

Cost analysis
Cambelt system
The chart in Figure 5 shows the incremental cost of a terminal 
from 10,000 through 100,000 sTons of dome storage capacity. 
Larger capacity domes are possible for any of the reclaim systems 
analysed. Under the Cambelt alternative, incremental costs lessen 
as dome storage volume increases. Cambelt systems become more 
cost effective as the capacity increases.

Dihedral system
The dihedral mechanical system is cost effective at lower storage 
volumes. As storage volume increases, the dome utilised volume 
(net of structural fill) causes the dihedral system costs to increase. 
At 100,000 sTon capacity or larger, construction safety constraints 
favour increasing the dome diameter rather than continuing to 
increase the dome apex height (see Figure 6:100,000 sTon height). 

At a 150 foot apex height limit, the diameter change accelerates, 
as do the costs associated with structural fill and the mechanical 
floor system.

Conical system
The conical floor system (sometimes called a funnel floor) 
effectively reduces the volume of structural fill by utilising a 
gradually sloping tunnel. At 10,000 sTon, the conical and dihedral 
systems are comparable in cost, but the conical system becomes 
increasingly less expensive than the dihedral system as storage 
capacity increases. 

Drive-through system
The lowest core cost model presented is our patent pending 
drive-through tunnel system terminal. In this system, the 
grade level tunnel has extended stemwalls that allow the office, 
mechanical room and electrical room to be located over the 
truck loading lane. This tight integration lowers both mechanical 
systems requirements and electrical installation costs. The interior 
surge bin eliminates complex mechanical conveying by using a 
floor slot, much like a mechanical gutter. The gutter conveys the 
cement to a direct-bury air lift conveyor. This lift has no moving 
parts in the in-ground vessel so it offers years of worry-free 
service. Mechanically, a vertical screw conveyor would be just as 
effective if the site has water table constraints. 

Other cost considerations
Relative below-grade depths
The relative below-grade depth requirements of all four systems 
is comparable. For example, the vault depth on the Cambelt 
compares to the vault depth on the dihedral and the tunnel depth 
on the conical floor. With all four systems, site constraints caused 
by high water tables, increased costs associated with structural 
fill, varying stemwall heights, and varying dome structural 
components all need to be modeled and costs factored in. The 
conical floor system costs would benefit if the site conditions 
allow the tunnel to be lower. 

Pneumatic floor assumptions
The pneumatic floor systems utilised in the study represent costs 
on the high side of current technology. In our cost models we 
have assumed that the pneumatic floors are fully aerated and 
would be tightly spaced, physically, using adjacent air gravity 
conveyor sections (for example BMH, DCL, Pebco or Van Aalst), 
or fully fabric-covered as in FLS systems. It is common in certain 
cementitious materials, such as fly ash, to lower costs by spacing 
out these devices. The effect of changing the mechanical spacing 

 Figure 4. Drive-through tunnel with pneumatic slot floor. Figure 5. Cement terminal costs for alternative reclaim systems.
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would be to lower the overall floor costs of the three pneumatic 
floor systems presented here. 

Importance of the walk-in tunnel
The location of the walk-in chase access and the extension of the 
tunnel on the conical and dihedral arrangement is purpose driven. 
The cost model does not run exterior piping (outside radial 
piping) to the pneumatic floor unloading zones. This avoids the 
requirement of lengthy exterior runs of schedule 40 steel piping 
(and associated remote electrical wiring). Our model instead 
utilises planned schedule 40 plastic piping runs with consolidated 
electrical junction boxes within the tunnel. This also eliminates 
differential settlement issues associated with pipe penetrations 
in the dome shell and results in more predictable centre dome 
settlement that independent tunnels experience. 

Vertical chase
The patent pending vertical chase in the dihedral, conical and 
drive-through systems (Figures 2, 3 and 4) lowers the costs 
associated with an external fill pipe support tower and pipe bridge. 
While the bridge system shown in the Cambelt arrangement 
(Figure 1) could be used in the pneumatic floor models, 
the overall costs would rise accordingly. In a Cambelt system, 
mechanical gearbox and cable maintenance requires frequent trips 
to the apex, so the stair tower is the preferred method. In the 
pneumatic floor alternatives, however, the occasional maintenance 
man trip to the apex to check on the baghouse does not warrant 
the additional cost of external stairs and a pipe bridge.

Soil bearing pressures
One of the most important decisions an owner can make 
when controlling costs on a dome storage project is hiring a 
good geotechnical engineer who works closely with the dome 
contractor’s structural engineer. Consider the soil pressures of the 
dome storage systems presented in Figure 7. 

By modelling valid geotechnical information through Dome 
Technology’s 3-D software, Dome Technology has repeatedly 

constructed cement domes on soils that have had large overall 
and differential settlements (the difference between the shell 
settlement and the centre dome displacement involving 
the reclaimer-imposed loads). In some cases these settlement 
differentials were predicted between 18 and 24 inches. 

In contrast to Figure 5, Figure 8 reflects the project costs 
associated with construction using piling, pile cap and structural 
foundation changes associated with piles. These project 
costs were developed assuming the geotechnical engineer 
recommended a pile with a 120 sTon capacity. The model used 
an installation cost of $2,000 each.

The difference in core project cost between piles and natural 
soil bear ing ranges (see Figure 7) between $100,000 and 
$1.3 million. The vast majority of projects we build do not 
ultimately use driven piling. Because a good geotechnical-
structural engineer ing team can generally use other deep 
foundation solutions, these costs can be mitigated. Figure 8 
generally illustrates the high-cost case. On many sites, the 
dome is on soil, but the day bin and stair tower need piling 
because they cannot tolerate the settlements. Owners should 
focus on these concerns to determine which configuration 
effectively generates the most savings. 

Non-cost considerations
Certainly there are considerations other than cost that influence 
an owner’s choice of reclaim system configurations. Each system 
has advantages and disadvantages, some of which are noted in 
Figure 9.

Non-reclaimer system-related considerations
Non-core project costs should be considered. These vary with 
each potential site. Typical other cost considerations include:

• Site demolition

• Fencing, roads, paving, parking

• Rail line, switches, rail pits and earthwork

Figure 7. Imposed soil pressure from dome, contents and structural fill.

Figure 6. Comparative dome storage physical dimensions for alternative reclaim systems.

Figure 8. Same mechanical domes and systems, but on pilings.
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• Stormwater structures, grading, seeding, signage and landscaping

• Utilities such as power, phone, water and sewer

•  Docks, unloading equipment, piping and pipe routing through 
traffic lanes

•  Civil engineer ing including environmental, stormwater, 
geotechnical and survey

•  Gap engineering for subcontract scoping above

•  Construction and contract management

• Freight, tax, permit costs

• Construction utilities, insurance, performance bonds

•  Project startup costs, including cement and trucks for 
commissioning and plant startup

• Owner’s construction contingency

Conclusion
Experience has shown that multiplying the projected cost of the 
selected reclaim system initially by some factor is wise until a 
refined analysis taking into account the issues raised in this article 
can be completed by competent experienced construction 
professionals. Consider, for example, the owner who selects 
a $5,000 flagpole out of a catalogue for the project. Some of 
the hidden costs not taken into account may be the need for 
an engineered foundation and sidewalk, flagpole anchor bolts, 
shipping costs, storage and erection costs, electrical up-lighting, 
wiring, cost of a flag, sales tax, cost of coordinating these items, 

and of course various contractor’s markups. A $5,000 flagpole can 
quickly become a $10,000 add-on!

Dome Technology often assists customers wanting to evaluate 
one or more reclaim system arrangements that are suitable for 
their specific site. As the cost request evolves from a conceptual 
estimate to a final project price, the serious customer wisely 
spends the modest sum needed to fully evaluate the site with a 
competent geotechnical engineer in coordination with the dome 
contractor’s structural engineer. Attention to these details can save 
significant capital dollars and avoid a disappointing outcome.

Figure 9. Advantages and disadvantages of cement storage systems.
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