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1.0 INTRODUCTION

This document provides an update to the 2012 CREG's request for "Expert Appraisal on Natural Gas Pipelines

and Compressor Stations" (EA). The sections and numbers match Section 7 of the Contract, Obligations.
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2.0 INFORMATION GATHERING

The requirement for gathering detailed cost information from the pipeline companies necessitated
development of aformat which provided details on historical facts for existing stations. The intent was to
identify differences from the 2012 cost breakdown for a standard normalised North American pipeline

compression facility and stations built in Colombia. The form is included as Appendix 1.
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3.0 STANDARD CONSTRUCTION COSTS OF RECIPROCAL COMPRESSOR STATIONS
4.0 STANDARD CONSTRUCTION COSTS OF CENTRIFUGAL COMPRESSOR STATIONS
Background

The 2012 Expert Appraisal Report (EA) prepared for the CREG represented costs and conditions which reflect
that point in time. The costs were presented in the form of normalised compressor stations built in North
America (NA). The process of normalisation consists of reducing station design and content to that of a station
built in NAto ASME Code B31.8 for the purpose of compression (and only compression) of typical NA quality
and composition pipeline gas. It also assumes availability of a reliable electrical power grid, close proximity to
public road systems, and a climate typical of central NA along with NA norms for environmental and

regulatory requirements.
Forward

Economic conditions change the world over, North America being no exception. With respect to pipelines and
related facilities, North America is seeing significant and continuing shift in public attitudes to project
development. Examples include the delay and perhaps denial of constructing the Keystone Pipeline in the US
and similarly the Northern Gateway Pipeline in Canada. These current events that may have looked like an
anomaly to the relatively smooth project approval process for permitting of pipelines and facilities just a
decade ago, appear to be becoming typical today. This situation has more often been associated with
petrochemical and power plant development, not pipelines. Costs for compression facilities built from 2010
to 2012 were increasing and this could be interpreted as swing effects from the 2008 downturn which first
caused a lull in project development spending and then an overheated catch up period resulting in increased
costs. When these costs are smoothed out by trend lines from 2008 and onward, the cost increments appear
normal. Closer analysis of project costs showed some of the increases were due to increases in
environmental, social and political factors. These are related to development, not direct engineering design,
construction and materials or equipment for the facilities. When we factor estimates from previous models
using indices, these types of costs are not reflected, since they are new costs. Note that this situation is only

related to pipeline facilities built in NA.

In NA, this increased effort required for permitting procedures in the project development stage continues
and results in higher facility costs. The specific costs relate to addressing increased aboriginal and special
interest group issues and a general public resistance to pipeline development. Environmental concerns are
separate issues, but are typically used by the public and special interest groups as arguments against
development. Government support after the project is approved normally moves projects forward due to
their economic benefits, however this has not been the case, resulting in the industry's inability to mitigate
these costs. This is seen in Canada and the US by the stance taken by President Barack Obama and Prime
Minister Steven Harper. Obama still has not given approval to Keystone after many years. The Gateway
Project did get Federal Government approval, but with 209 concerns to be addressed which adds time and

costs. In addition another government level is involving itself and instead of promoting development, wants
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an unprecedented economic benefit at the expense of traditional pipeline economics. These are indications

that the higher costs will continue in the future.
Consequences

In updating the North American normalised station costs, | have incorporated these costs as new costs.
Factoring costs by index adjustment alone would not acknowledge them. Home office costs existed
previously but was inconsequential and buried in other elements such as indirect costs or contingency. Now
that it is substantial | have shown it separately in the cost breakdown. It comprises costs for such elements as
legal, public consultation, environmental issues, and general management of issue resolution. Concurrently,
engineering costs increase due to their involvement in resolution of the issues with respect to technical or

environmental considerations, and the time delays.

Often these costs do not appear in station costs when the stations are part of a grassroots pipeline project
permit. They may be seen as development costs for the pipeline as awhole rather than individual facilities.

However, due to their new significance | have included them as an independent item in the tables below.

I have also revised the overall cost breakdown structure for normalised NA reciprocating and centrifugal
stations, using a simpler structure which can be more easily updated by application of economic indices. Costs
are corrected to USD of July 1014. The indexing that is recommended in the next section has also been applied
to each category in these tables.

2014 RECIPROCATING COMPRESSOR STATION COSTS (Normalised)

20000 15000 10000 7500 5000 2500 1500
STATION ISO HORSEPOWER » >

o USM$ % USM$ % USM$ % USM$ % USMS$ % USMS$ % USMS$ %

EQUIPMENT

Gas Coolers

Compressor $25.60 $19.19 $12.80 $9.60 $6.40 $3.20 $1.80

all other 40% $1.04 $0.92 $0.80 $0.74 $0.67 $0.61 $0.59

Total $26.64 ' 43% $20.11 r41%  $13.60 r 39% $10.34 r 36% $7.07 r32% $3.81 r 25% $2.39 19%

MATERIALS

Pound's structures 85% $8.87 14% $ 691 14% '$ 495 14% '$ 397 14% '$ 299 14% '$ 202 13% '$ 162 13%
A Steel, Bldgs

Pipe, Elect'l Controls
FIELD CONST COSTS
Main Contract 80% $7.18 12% $5.67 12% $4.16 12% $3.40 12% $2.65 12% $1.89 12% r $1.59 13%
Subcontracts
Camp + indirects
ENG'g
Design, FEED 60% $9.58 15% $7.98 16% $6.38 18% $5.59 20% $4.79 22% $3.99 26% ' $3.67 30%
< Project Mng't
Home office

Proj develop't, mg't 50% $4.20 7% $3.60 7% $3.00 8% $2.70 9% $2.40 11% $2.10 14% ' $1.98 16%
SUBTOTAL $56.47 $44.27 $32.09 $26.00 $19.90 $13.81 $11.25
CONTINGENCY 10% $5.6 9% $4.4 r 9% $3.2 9% $2.6 9% $2.0 9% $1.4 9% $1.1 9%
STN $/HP 3,106 3,246 3,530 3,813 4,379 6,076 8,251
TOTAL $62.12 , 100% $48.70 r 100%  $35.30 r 100% $28.60 ' 100% $21.89 r100%  $15.19 r 100%  $12.38  100%
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STATION ISO HORSEPOWER » >

EQUIPMENT
Gas Coolers
Compressor
all other
Total
MATERIALS
Pound's structures
A Steel, Bldgs
Pipe, El. Controls
Field const + costs
Main Contract
A Subcontracts
Camp + indirects
ENG'g
Design, FEED
Project Mng't
Home office
Proj develop't, mg't

SUBTOTAL
CONTINGENCY 10%
STN $/HP
TOTAL

SIZE

DEPENDANT

20%

85%

80%

60%

50%

2014 CENTRIFUGAL COMPRESSOR STATION COSTS (Normalised)

20000

USM$

$12.90
$0.98
$13.88

$8.87

$7.18

$4.49

$2.72
$37.14
$3.71

$40.85

%

F34%

22%

18%

1%

7%

' 9%
2043
100%

15000

USM$

$11.41
$0.92
$12.33

$6.91

$5.67

$3.74

$2.33
$30.98
$3.10

$34.08

0/ o

F36%

20%

17%

1%

7%

'9%
2272
100%

10000

Usms$

$8.85
$0.86
$9.71

' $4.95

$4.16

' $2.99

$1.94
$23.75
$2.38

$26.13

%

'37%

19%

16%

1%

7%

' 9%
2613
100%

7500

Usms$

$7.36
$0.83
$8.19

$3.97

$3.40

$2.62

$1.75
$19.93
$1.99

$21.92

%

r37%

18%

16%

12%

8%

'9%
2923
100%

5000

Usms$

$5.76
$0.80
$6.56

$2.99

$2.65

$2.24

$1.55
$16.00
$1.60

$17.59

%

F37%

17%

15%

13%

9%

F 9%
3519
100%

2500

USM$

$3.62
$0.77
$4.39

$2.02

$1.89

$1.87

$1.36
$11.52
$1.15

$12.67

%

F35%

16%

15%

15%

1%

F9%
5069
100%

1500

UsMms$

$2.77
$0.75
$3.52

F $1.62

F $1.59

F$1.72

F $1.28
$9.74
$0.97

$10.71

%

33%

15%

15%

16%

12%

9%
7141
100%

There are countries and localised situations within countries where these social, environmental and political

costs may not exist. That is even possible for situations in NA. For example, it may not apply to an

economically depressed region where the local population and political regimes embrace the benefits of

development, consider the environmental consequences as minimal, and promote the project.

normalised charts above may not be applicable in these circumstances without correction.

The NA

For these

reasons | have included below Adjusted Normalised Station Tables, by modifying the engineering and home

office costs to reflect what should be expected without significant environmental and social intervention in

the approval process.
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ADJUSTED NORMALISED STATION TABLES

STATION I1ISO HORSEPOWER » >

EQUIPMENT
Gas Coolers
Compressor
all other
Total
MATERIALS
Pound's structures
A Steel, Bldgs
Pipe, Elect'l Controls
FIELD CONST COSTS
Main Contract
Subcontracts
Camp + indirects
ENG'g
Design, FEED
< Project Mng't
Home office
Proj develop't, mg't
SUBTOTAL
CONTINGENCY 10%
STN $/HP

POWER
DEPENDANT

40%

85%

80%

80%

50%

TOTAL

STATION ISO HORSEPOWER » >

EQUIPMENT
Gas Coolers
Compressor
all other
Total
MATERIALS
Pound's structures
A Steel, Bldgs
Pipe, El. Controls
Field const + costs
Main Contract
5; Subcontracts
Camp + indirects
ENG'g
Design, FEED
Project Mng't
Home office
Proj develop't, mg't
SUBTOTAL
CONTINGENCY 10%
STN $/HP
TOTAL

SEPT 2014

SIZE
DEPENDANT

20%

85%

80%

60%

80%

20000

UsM$

$25.60
$1.04
$26.64

$8.87

$7.18

$5.07

$1.05
$48.81
$4.9

$53.69

0/ o

* 50%

17%

13%

%

2%

9%
2,685
, 100%

15000

UsM$

$19.19
$0.92
$20.11

$ 691

$5.67

$4.00

$0.90
$37.59
$3.8

$41.35

%

r 49%

17%

14%

10%

2%

9%
2,757
r 100%

10000

UsM$

$12.80
$0.80
$13.60

'S 4.95

$4.16

$2.93

$0.75
$26.39
$2.6

$29.03

%

r 47%

17%

14%

10%

3%

%
2,903
r 100%

7500

UsSM$

$9.60
$0.74
$10.34

3.97

$3.40

$2.40

$0.68
$20.79
$2.1

$22.86

%

r 45%

17%

15%

10%

3%

%
3,049
100%

5000

UsM$

$6.40
$0.67
$7.07
'S 299

$2.65

$1.87

$0.60
$15.18
$1.5

$16.70

2014 RECIPROCATING COMPRESSOR STATION COSTS (Normalised)

%

r 42%

18%

16%

1%

4%

9%
3,340

r 100%

2014 CENTRIFUGAL COMPRESSOR STATION COSTS (Normalised)

20000

USM$

$12.90
$0.98
$13.88

$8.87

$7.18

$3.12

$0.89
$33.94
$3.39

$37.33

* 37%

24%

19%

8%

2%

" 9%
1867

100%

15000

USM$

$11.41
$0.92
$12.33

$6.91

$5.67

$2.60

$0.70
$28.21
$2.82

$31.03

%

’ 40%

22%

18%

8%

2%

T 9%
2069

100%

10000

USM$

$8.85
$0.86
$9.71

$4.95

$4.16

$2.08

$0.51
$21.41
$2.14

$23.55

%

41%

21%

18%

9%

2%

' 9%
2355

100%

7500

USM$

$7.36
$0.83
$8.19

$3.97

$3.40

$1.82

$0.42
$17.80
$1.78

$19.58

%

' 42%

20%

17%

9%

2%

' 9%
2611

100%

5000

USM$

$5.76
$0.80
$6.56

$2.99

$2.65

$1.56

$0.33
$14.08
$1.41

$15.49

%

' 42%

19%

17%

10%

2%

' 9%
3099

100%

2500 1500
UsM$ % USM$ %
$3.20 $1.80
$0.61 $0.59
$3.81 r 36% $2.39 30%

'S 202 19% '$ 1.62 20%
$1.89 18% r $1.59 20%
$1.33 13% ' $1.12 14%
$0.53 5% ' $0.50 6%
$9.58 $7.22
$1.0 9% $0.7 9%

4,214 5,291
$10.53 r 100% $7.94 100%

2500 1500
USM$ % UsM$ %
$3.62 $2.77
$0.77 $0.75
$4.39 ' 41% $3.52 39%
$2.02 19% ' $1.62 18%
$1.89 17% ' $1.59 18%
$1.30 12% r $1.20 13%
$0.23 2% r $0.20 2%
$9.83 $8.13
$0.98 9% $0.81 9%

4323 5960
$10.81 100%  $8.94 100%
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5.0 INDEX CRITERIA

TOR Section 1.3.1.1 states the CREG index criteria for updating compressor station costs is as follows:

*« Materials International Prices Of Steel
* Labor Minimum Legal Salary In Columbia
* Miscellaneous US Dept, of Labor PPI WPSSOP 3200

The 2012 EArecommended using current compression equipment costs to update overall station costs rather
than applying commodity indexes to previous estimates. It stated that since the compressor set is normally
the largest cost component in the station, factoring the station cost on this cost alone is a relatively accurate
and a simple factoring technique. The caveat is additionally understanding and including other factors that
come into play within the country or come into play due to change in local and global circumstances. Thus it
was further recommended that a Colombian normalised model be developed. As pointed out new costs in
NA due to political factors have changed the estimated costs and therefore the weighting of the compressor
package relative to overall station cost changes. This does not make the recommendation less valuable.
Recall that due to the variety of elements in the compressor cost, steel, labor, engineering, materials, and
energy, it does represent many of the cost factors in the entire station. So although |still prefer estimates
developed from current compression equipment costs, all other factors being equal, economic indices are
appropriate for short term adjustments.

My comments on the indexing criteria used by CREG are as follows:

. US Dept, of Labor PPl WPSSOP 3200 is an index for capital equipment used in plants. It istherefore
an indicator that will include steel pricing as well as other components, such as labor, materials, plant
overheads, economic conditions in the market etc. This is suitable for equipment and when used
along with other Producer Price Index Commodity Data from the US Department of Labor, this group
of indices can cover both equipment and materials.

+ The minimum wage level in Colombia does not reflect the major labor component in compressor
station costs. The major labor costs are in skilled to highly skilled labor such as technologists,
technicians, engineering, and management. Unskilled field labor is included in the general contractor
costs, and a small component of the overall station cost.

. Materials can be steel, but that does not reflect other commodities such as specialty metals, concrete,

wood, wiring, gravel, etc.

My recommended indices for a US based normalised station as per the cost breakdown structure of the

original appraisal would be as follows:
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EQUIPMENT

COMPRESSOR US Dept, of Labor PPl Commodity Data Equipment WPSSOP3200
COOLERS US Dept, of Labor PPl Commodity Data Equipment WPSSOP3200
PUMPS US Dept, of Labor PPl Commodity Data Equipment WPSSOP3200
VESSELS US Dept, of Labor PPl Commodity Data Equipment WPSSOP3200
PKG UNITS US Dept, of Labor PPl Commodity Data Equipment WPSSOP3200
LABOR TO INSTALL US Dept, of Labor PPl Commodity Data Construction WPUFD41
MATERIALS
FOUNDATIONS US Dept, of Labor PPl Commodity Data Construction WPUFD43
STEEL/BLDGS US Dept, of Labor PPl Commodity Data Metals and metal products WPU 1017
PIPE US Dept, of Labor PPl Commodity Data Metals and metal products WPU1017
US Dept, of Labor PPl Commodity Data Equipment WPSSOP3200 plus Copper
prices
EL/INST (www.infomine.com)
OTHER DIRECT
INSTALL'N US Dept, of Labor PPl Commodity Data Construction WPUFD43
SUBCONTRACTS
INDIRECT

FIELD STAFF/LABOR
CAMP/EQ/CONTRACT US Dept, of Labor PPl Commodity Data Construction WPUFD43

ENGINEERING See below for US, (not applicable for Columbia engineering)

Further Comments:

« Subcontracts are often inclusive of materials, labor, and transportation and may include installation at
site. Therefore a number of indices may apply, depending on contract structure.
* Field labor for project or construction engineering, inspection, commissioning is part of a skilled labor

set

The recent charts for these indices and as used in the updates are included below.

US Dept, of Labor Producer Price Index-Commodities
Series Id: WPSSOP3200
Seasonally Adjusted
Group: Stage of processing

Item: Capital equipment
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Month

US Dept, of Labor Producer Price Index-Commodities

Series Id: WPU1017
Not Seasonally Adjusted
Group: Metals and metal products

Item: Steel mill products
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100
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Also as a check on steel prices the Steel Benchmark HRP Price:
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SteelBenchmarker*™ 11KB Price

USA, China. Western Europe and World Export
(WSD's PriceTrack daca. Jan. 2000 - March 2006; SteelBcnchmarker data begins April 2006)

July 14, 2014

Western Europe
ex-works

400

China
ex-works

US Dept, of Labor Producer Price Index-Commodities

Series |d: WPUFD43
Not Seasonally Adjusted

Group: Final demand

Item: Final demand

construction

Annual
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US Mechanical Engineering Salaries
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6.0 UPDATED COSTS

The costs in section 3.0 and 4.0 tables reflect cost adjustments made from the indices as listed in section 5.0.
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7.0 PIPELINE COMPANY COST INFORMATION ANALYSIS

The information gathering forms were completed and sent out July 24. Some form clarifications were
provided and the CREG reset the submittal date to August 15. The cost data forms submitted by
Promigas were incomplete and with insufficient data for analysis purposes, as was other information
requested such as drawings and station details. With Promigas stations being built many years ago,
some over 15 years, it was difficult for them to provide the original cost details. However, with more
complete data, the error in adjusting such out-of-date cost figures to today’s values would have been
high, making comparisons or conclusions unreliable.

The forms submitted by TGl were current and fairly complete. Some requested data was not
received and some additional data could have been helpful. Given the level of analysis at this time |
did not think it necessary to pursue more information as it would be more appropriate in the
recommended further work.

The TOR requirement was to identify station components that are included in TGI’'s compressor
stations and not found in the NA model. It also requires classifying them as unnecessary or
necessary, although the absolute determination of necessary and unnecessary in some cases
requires a level of engineering analysis beyond the scope of this contract. Refer to the discussions
below for details.

| have identified the issues and design elements that differ from the normalised NA station. The
discussion of each element addresses the necessity question and cost if applicable. Costs are
addressed in terms of % of overall station cost using representative powered stations, in this case,
San Alberto, Padua, and Mariquita. Some elements warrant further review or clarification. The
elements which differ from the NA model are:

+ Design Codes - these could result in additional station costs of 10% or more

* Gas Cooler - these appear 2-3 times more costly than delivered product in US

+ Slug Catchers - up to 1% extra cost (Padua’s was so large it appears to require a pipe
fabrication to accomplish its purpose which is extremely unusual.)

* Inlet and Discharge Filtration - 1-2 % extra

* Prime Power Generation - Use of onsite prime power when the grid is, in many cases,
alongside the facility adds up to 1% more cost.

+ Taxes duties etc. 38-40% of station cost.

* Mainline Connections 3% of station cost

*+ Home Office And Environmental Costs

* Note - 1cannot tell whether the compressor costs include installation or not. | have assumed
not. The same concern may apply to the coolers, but | have assumed installation is in the
EPC contract.

DESIGN CODES

The QOil and Gas Pipeline System design code ASME B31.8 is the accepted standard for design of
pipeline compression facilities around the world. It has been developed, upgraded, and proven over
a long period of time. Generally speaking codes are developed to address two issues, safety for
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personnel and property protection. TGl has used a petrochemical plant code in the design of their
facilities, ASME B31.3. The only justification provided in the information request for adoption of
B31.3 was stated as:

“The pipes were designed and built for the most severe pressure, temperature and otherload
conditions, thus resulting in greaterpipe thickness required and higher flange rating. -

| have reviewed the plant PFD’s and station content and cannot see technical reasons requiring
adoption of B31.3, which might be other processes such as “on site” propane cooling plants or some
other plant system that technically requires the use of ASME B31.3. A possible reason, but not
identified by TGI, might have been that the gas being shipped does not meet the same quality level
used in the NA model and requires special treatment or handling. |only mention this because | see
equipment in the designs that is inconsistent with typical pipeline quality gas and | have commented
below on that equipment. If this has driven the selection of codes then there are significant cost
consequences to the station, but also different safety concerns, and additional operating costs. Some
of the code differences result in changes to facility site size and layout affecting costs which | will not
elaborate on due to the level of detail required.

I will address the safety aspect because TGI’'s comment alludes to safety. ASME B31.8 is the
accepted standard for pipeline compressor stations and is used in services over 2200 psi and even
higher in mixed phase gas pipelines or other gas product pipelines. If higher safety for pressure
considerations is the concern, then selecting a higher working pressure (MAOP) will provide greater
wall thickness without the extra costs of flanges and flare systems. Flanges provide no safety
advantages, and since valve maintenance can be performed in place when they are welded in the
station pipe, there is no operational advantage. | also believe they are not disallowed by B31.8.

Another safety concern is with respect to station gas discharging in an emergency shutdown (ESD).
ASME B31.8 allows the use of blowdown valves as opposed to flare systems for this purpose. Flare
systems are suited to plants due to the variety of flammable gases and mixtures in the many different
processes and types of petroleum and petrochemical plants that their codes must address. B31.8
applies to only one specific plant and gas type and therefore addresses only its specific needs. For
natural gas pipelines it assumes a pipeline quality gas and allows a simple blow down valve or two in
the high pressure pipe that will evacuate the high pressure gas system and reduce the pressure in
the station to near atmosphere within two minutes or so, depending on the station design criteria.
This method is cost effective and proven, in that it delivers a safe environment in a short period of
time with few associated complications. Flare stacks cannot duplicate this evacuation time without
relatively large expensive stacks and systems, and can still result in 10 minutes or more in blowdown
time. This time can impose undue risks in a real emergency. The flare system also requires an
extensive network of piping and elements that complicate the yard and can affect safety if it impedes
emergency egress of personnel or equipment. This not only adds initial station cost but also affects
operation costs due to excess equipment and access to them. TGI reports these systems cost up to
3% of the entire station costs for the stations reviewed.

In summary, there may be design considerations which TGl does not mention in the form. If that

design consideration is the system gas quality, then this becomes a different issue. Otherwise | have
seen nothing in the information provided to warrant the extra costs of using ASME B31.3.
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GAS COOLERS

Gas cooler costs are not addressed in the NA model because they are not required in many NA
stations. This is in part due to lower ambient and gas inlet temperatures. Itis also in part due to lower
compression ratios with more frequent stations as determined by economic analysis in the system
hydraulic studies. Their cost is dependent on ambient and gas inlet temperature, gas pressure,
compression pressure ratio, transportation to site, accessories, and power availability. Therefore they
cannot be scaled by station power. It should be noted that they also affect other station costs such as
piping, yard roads, yard area, site layout and others. This can make overall station costs more. TGl
includes coolers, since they are necessary in all TGI stations.

The TOR requests a “proposal of efficient cost” for these. TGI did not provide the cooler duty in KW
as requested in the data collection form. | have replicated the operating conditions from available
information, but do not have enough station design data to do a conclusive estimate of cooler duty
from which costs could be estimated. What is required is an engineering assessment of design flows,
operating pressures, gas properties, design temperatures to assess the duty requirements compared
to the cooling duty of the supplied equipment. Also to assess TGl costs, more information is required
on the breakdown of costs supplied on the data collection forms.

However, from cursory calculations, the TGI reported costs appear 2 to 3 times what | would expect. |
have not proposed a cost since there are too many unknown design variables. In addition to duty
there is the scope of supply, which may include some piping, platforms, ladders, foundations, and
installation, some of which belong with the coolers and some in the EPC. There is also the possibility
that the TGI costs may include a cooler duty based on future expansion, or include a subcontract, or
operating conditions that | am not aware of. The result is that the variability on costs or reported
costs can be very high. To illustrate this variability consider the costs reported for San Alberto, where
the cooling duty appears to be double that of Padua. San Alberto’s cooling capacity is also at least
that, and yet the Padua coolers were reported as 17% more in cost.

| conclude that the cooling costs appear high for the heat duty requirements which | calculated. The
reported costs are in the range of 6 to 8% or more of the total station costs which is significant. Due
to a lack of design information, and not knowing what was included in the reported costs, | cannot
propose a better cost. This deserves a more thorough review so | recommend this cost be reviewed
in more detail with better information.

SLUG CATCHERS

Normally in production gas fields, gathering systems supply raw wellhead gas to gas plants which
clean, dry, and often strip the gas in order to deliver to the transportation pipelines a clean and dry
gas. As such a specification for gas quality and composition is developed that does not form slugs.
The catchers reported by TGl add about 0.3%, but are not typically required in NA stations or others
internationally.

FILTRATION

As per above, the NA model assumes pipeline quality gas. This gas spec normally limits solids,
liquids and provides fora composition that, for the pipeline operating conditions, would minimize
hydrate or liquids formation. It is common practice for pipeline operators to provide a liquids
removing scrubber/separatorf/filter in the first station after a gas producing facility for their protection.
In the case of centrifugal compression systems, it has become a practice to not require further liquids
scrubbing after this first facility since modern stations do not add further contaminants. In the case of
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reciprocating facilities, it is typical to put in a filter with a separator in all stations, since reciprocating
compressors introduce lube oil into the pipeline and are more prone to problems with any solids. In
addition to my previous comment on gas quality, | have seen facilities in other countries where the
pipeline operator has had to put in place his own gas cleanup facility in the first station, not because
there is no spec on gas quality, but that experience has shown that they cannot rely on the plant to
meet this spec. | cannot comment on Colombian situation or gas quality, as no information on this
subject was requested or provided. Regardless, station discharge filters are not a common practice
since the lube oil that is put in by compressors will be removed at the next station inlet filter/separator.
Also the pressure drop going through the second filter in the station uses more fuel. Normally
discharge filters are unnecessary, these add about 1% to the stations cost.

POWER GENERATION

On site prime power generation is not common in NA since good access to a dependable power grid
is typical. Therefore only standby power is provided in compressor stations and is limited to that
required for emergency or utility systems to operate in the event of a power failure. |assume that this
is not the case in TGI’s system since they are often close to a grid but still produce all or a high
degree of prime power but with no backup. Providing prime power is common practice in countries
where the power grid is unavailable, or unreliable to the degree that it will affect pipeline operation
economics. Since this is not the norm for NA, | consider prime power supply as an extra for the
above reasons, and consider it to add up to 1% of the station cost. There are also other hidden costs
in operating a utility which is best purchased from those that specialize in it

Note that if there is a misinterpretation of prime power and this power is back up power to the grid
and required to keep the facility in full or partial operation due to a grid failure, then this equipment
would be necessary.

TAXES DUTIES

Taxes, duties, and associated types of costs are unavoidable. They are extra to my NA model where
these costs are typically low and/or recoverable for infrastructure developments. So for the purpose
of comparing the NA model directly with TGI reported costs, | would note that for Colombia these add
about 29.5% (post 2010) for equipment related costs and 16% for labor related IVA. Overall this
accounts for an additional 38 to 40% for the station. This may be an oversimplification and it may be
too low, but that is the best that can be done without more study.

MAINLINE CONNECTIONS

Mainline connections are necessary but considered an extra in my NA model. Often they are not
required since the pipeline system is designed for a maximum capacity and the locations of future
compressor stations and their mainline valves is known. A decision to include the valves or fittings in
the initial pipeline construction is fairly common. Also many companies do not allow station
construction contractors to work on the mainline. Only company employees or specialised pipeline
contractors work on the pipeline and it is a pipeline expense, not compressor facility. In my model it
is a pipeline cost, not a compressor station cost. |will comment that the 3% of the station cost seems
high, but I do not know what has been included, for instance, lost gas, lost revenue, high mobilization
costs. Since it is considered a pipeline element and those costs are evaluated by other CREG
experts, |will not propose a cost.

HOME OFFICE COSTS
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In North American higher home office costs are becoming customary due to additional environmental,
social and political issues. TGl has reported similar types of costs in Puente Guillermo in the Cusiana
Contract, environmental issues and perhaps social. It was noted that similar costs did not appear to
the same degree in the parallel contract, Ballena, so it appears to be contract specific, not universal.
Also these costs were buried in the EPC of Padua and Mariquita, so | could isolate these costs for all

stations and determine if they were typical.
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CONCLUSION

The discussions above address both the aspect of station component necessity and its cost relative
to entire station cost. Many of the TGI elements are not in the tables of NA normalised stations in
sections 3.0 and 4.0.

The question of absolute necessity is difficult to determine since they may be necessary for
conditions which | have no information. But if that condition is gas quality and the gas is not as per
typical NA specifications, then the element requirement and overall station design is affected.
Therefore it is the overall system design and operation philosophy with respect to gas quality and
composition that may need review. | may suggest that the NA system philosophy is the most cost
effective, but to change an existing system design or operation philosophy is probably impractical.
That could make many of the questioned elements necessary in current design but unnecessary if the
gas quality could be reliably changed.

As a final comment, [ will point out that centrifugal compression and ASME code B31.8 is the norm for

pipelines. Promigas uses them and Sabana has recently incorporated a centrifugal compressor
station.
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8.0 RECOMMENDATIONS
From the previous section these recommendations are desirable to support the preceding activities.

1. Assess the gas quality and composition for the system. Verify that a suitable specification for
pipeline quality gas exists and that it is reliably adhered to.

a. If recommendation 1 determines the gas from the plants is of high quality, determine
what physical requirements justify incorporating slug catchers.

b. If recommendation 1 determines the gas from the plants is of high quality, determine
what physical requirements justify unusual levels of filtration.

2. If recommendation 1 determines the gas from the plants is of high quality, there should be no
problem reverting to use of ASME 31.8 pipeline codes for design. This may need to be
investigated further to determine whether feasible.

3. Look into the requirement for prime power on site when a grid is available. The grid may not
be reliable or robust enough to satisfy some of the stations’ requirements. This may not mean
that it needs to be standard in the design of all stations.

4. Request more details of the cooling requirements with respect to design conditions and what
is included in the reported costs, as detailed above in the Cooler section.

5. Develop a cost breakdown and structure that reflects the Colombian situation and build an
appropriate Colombian normalised model.
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APPENDIX 1

Compressor Station Cost Data Collection Form
Historical cost data and station descriptions are required to identify costs and conditions that are unique to Columbian
pipeline compression facilities. Expansions to existing stations are not rerequired.

Station Name: Year of Construction
Overall cost US $ VAT and Taxes componant

Basic Station Information:

Overall Design Code(ASME 31.8 or other)

If other, state reasons for departure from pipeline code.

Site Topography Mountain, swamp, jungle, flat plains, other
Proximity to main roads Kms.

Proximity to Electrical Grid Kms

Weather related cost effects during construction

Prime contractors (Engineering, Construction)

Sub contractors and systems they built

Design Pressure and ratio Ambient Design Temperature
Station Details and Costs: (Installation costs if separate from prime construction contract) Capital Cost Installation Cost
Compressors* Number Power Each FOB Plant >
Manufacturer IVA, Shipping, Brokerage, Site transport, Tariff >
‘“Includes: Compressor, driver, unit coolers, unit controls, unit auxiliary systems, bottles.
Prime Power Generators Number Power Each
Standby Power Generators Number Power Each

Security contract costs during construction
Security costs for capital items included in station design

Buildings included on site 1 2 3 4
Function
Size
Gas Cooling details Number of coolers
Capacity in Kw
Size
Gas filtration Mo. of filter/separators

Station Utilities
Slug catchers

Pig traps

Station High Pressure Pipe Fittings and Valves

Land and Yard Size fence type Surface Type Roads
Total Engineering costs design, project, construction, office, etc.

Construction inspection and commissioning costs
Electrical materials

Instrumentation and Controls

Pumps

Mainline tie in costs

Flare stack and all associated pipe, fittings and valves
foundations

roads

Containment dikes

Field costs other than contractor costs

Legal, environmental, home office project development costs

Indirect costs Pipeline tie in, field enVronmental, associated office costs, Etc.
Station Plot Plan Send with this form
Station Flow diagram Send with this form
Equipment list Send with this form

Please indicate where tax is included or not included.
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