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DISCLAIMER 
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agency of the United States Government.  Neither the United 
States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness, 
or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial 
product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply 
its endorsement, recommendation, or favoring by the United States 
Government or any agency thereof.  The views and opinions of 
authors expressed herein do not necessarily state or reflect those of 
the United States Government or any agency thereof. 
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Abstract 

A feasibility study for a proposed petroleum refinery for the Jicarilla Apache Indian 
Reservation was performed. The available crude oil production was identified and 
characterized. There is 6,000 barrels per day of crude oil production available for 
processing in the proposed refinery. The proposed refinery will utilize a lower 
temperature, smaller crude fractionation unit. It will have a Naphtha Hydrodesulfurizer 
and Reformer to produce high octane gasoline. The surplus hydrogen from the reformer 
will be used in a specialized hydrocracker to convert the heavier crude oil fractions to 
ultra low sulfur gasoline and diesel fuel products. The proposed refinery will produce 
gasoline, jet fuel, diesel fuel, and a minimal amount of lube oil. The refinery will require 
about $86,700,000 to construct. It will have net annual pre-tax profit of about 
$17,000,000. The estimated return on investment is 20%. The feasibility is positive 
subject to confirmation of long term crude supply. The study also identified procedures 
for evaluating processing options as a means for American Indian Tribes and Native 
American Corporations to maximize the value of their crude oil production. 
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

1.0 Introduction 

1.1 Introduction to Study 
This project is a feasibility study for a new petroleum refinery for the Jicarilla 
Apache Indian Reservation. This study was funded by a Department of Energy 
grant to evaluate oil processing as a means to increase the value of crude oil 
produced on tribal lands. 

This study was performed by the Jicarilla Apache Energy Corporation and 
John D. Jones Engineering. The study was initiated on September 30, 2002 and 
has been completed on October 29, 2004. 

1.2 Objectives 
The objective of this project is to complete a feasibility study to install a crude oil 
refinery on lands of the Jicarilla Apache Tribe in Dulce, New Mexico. The 
objective of the study will be to propose an innovative design for a refinery 
process scheme to maximize the profitability while using a limited feed stock 
supply. The objective is to obtain a feasible design using a combination of 
innovation and integration. Traditional and non-traditional processing units will 
be used. Utilities will be integrated for maximum efficiency. Downstream process 
units will be carefully chosen based on necessity and practicality. Alternatives to 
downstream processing such as purchasing blend stock components will also be 
explored. The design will consider the production of specialty products and niche 
products. The installation of power generation equipment to convert lower value 
products to electricity is another alternative to increase profitability. The 
establishment of an infrastructure of utilities and site development will allow the 
Tribe to participate in complimentary projects including community and industrial 
developments. 

The objectives of the phases of this project include characterizing the crude 
supply, developing the flow sheet, developing the product slate, determine the 
capital and operating costs for the project, determining the value of the products 
and development, and preparing an economic analysis. 

1.3 Deliverables 

• Survey and Characterization of Crude Oils of the Jicarilla Apache Tribe. 

• Preliminary Engineering for a Petroleum Refinery for the Jicarilla Apache 
Tribe (to be presented to the Tribe only). 

• Summary Report of the Preliminary Engineering for a Petroleum Refinery for 
the Jicarilla Apache Tribe. 
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• Economic Analysis of a Proposed Petroleum Refinery for the Jicarilla Apache 
Tribe (to be presented to the Tribe only). 

• Summary Report of the Economic Benefit of a Proposed Petroleum Refinery 
for the Jicarilla Apache Tribe. 

• Summary Report of Innovative Design Techniques and Complimentary 
Development Projects to Increase the Viability of Oil Processing Facilities on 
Native American Tribal and Alaskan Native Corporation Lands. 

1.4 Summary of Report 
The written deliverables have been incorporated into the results and discussion 
section of this report as the following sections: 

4.1 Survey and Characterization of Crude Oils in the vicinity of the Jicarilla 
Apache Reservation. 

4.2 Preliminary Engineering for a Petroleum Refinery for the Jicarilla Apache 
Tribe. 

4.3 Economic Analysis of a Proposed Petroleum Refinery for the Jicarilla 
Apache Tribe. 

Additionally a Microsoft Powerpoint presentation has been prepared which 
summarizes the analytical, process design, and economic analyses. 

Finally, a presentation has been developed to illustrate how an analysis of oil 
processing options can increase the value of oil production on Native American 
Tribal and Alaskan Native Corporation lands. 
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

2.0 Executive Summary 
 

This project was a feasibility study for a petroleum refinery for the Jicarilla Apache 
Indian Reservation. The objectives of the study were to evaluate the viability of the 
proposed refinery and to identify methods of analysis which could be applicable to 
other Tribes and Native American Corporations. 

The study began with a survey of the production volumes in the vicinity of the 
reservation. The crude oil producing geologic formations were identified. It was 
established that crude from the same formations had consistent properties across the 
geographic area. The annual production volume for each well in the geographic area 
was determined. The production volumes were sorted and accumulated according to 
the geologic formation of the well. It was determined that there was approximately 
6,000 barrels per day of available crude oil production in the geographic area.  

A sampling program was established to obtain crude oil samples from each of the 
geologic formations in the area. The samples were obtained from wells and 
gathering points at the locations where it was transferred to trucks for transportation 
to refineries. The crude samples were representative of the crude oils which would 
be delivered to the proposed refinery. The crude oil sampled had been subjected to 
any weathering or separation that would be typical. The crude oil samples were 
collected in containers which were liquid and vapor tight. The sample containers 
were transported in a larger insulated container with ice to keep the samples cold 
and insure that the samples wouldn’t be weathered during transport. 

The samples were sent to a laboratory that specializes in crude oil analyses. The 
laboratory used standard ASTM test methods and procedures to analyze the crude 
oil samples. The analyses determined the properties necessary to establish the 
process design and preliminary engineering of the proposed refinery. The analyses 
determined that the crude oils were generally light and sweet. A light crude is made 
up of more lower boiling components than heavy crudes. Light crudes produce 
more gasoline and diesel fuel with less processing than heavy crudes. A sweet crude 
has a lower sulfur content than a sour crudes. Gasoline and diesel specifications 
limit the sulfur content of the products produced from the crude. A sweet crude 
requires less processing to remove sulfur than a sour crude does. The crudes were 
also determined to have a very low asphalt content and were waxy. Asphalt is a 
salable product from a refinery, and a high asphalt content could be an advantage. If 
asphalts are not present in salable quantities in the crude, it is desirable that the 
concentrations be low enough to not interfere with alternate processes. The high 
wax content of the crude limits the value of the heavier crude oil fractions for use as 
fuel oil or lubricating oil stocks. Processing of the heaviest fractions of these crude 
oils is necessary to obtain salable products. 

Armed with the analytical results, a survey was made of the available technologies 
for processing the available crude oil. Process units were selected and a process 
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design was developed to produce a maximum value of salable products with a 
minimum of processing. Based on the nature of the crude oils, it was determined 
that the process could utilize a non-traditional crude oil fractionation unit that 
would separate only the process gas, naphtha, and kerosene fractions from all of the 
heavier fractions in the crude oil. The crude unit would be smaller and operate at a 
lower temperature than traditional crude units which also made separations of diesel 
and gas oil fractions. All of the heavier fractions would be processed together to 
remove sulfur and to convert the waxy heavier oils to maximize gasoline and diesel 
production. 

In the proposed refinery process, the crude oil is received and pumped to a crude 
fractionation unit. The crude fractionation unit uses steam distillation to separate the 
crude into fractions of components of different boiling ranges. Any non-
condensable gas is recovered for use as fuel in the refinery (process gas). The light 
and heavy naphtha fractions are recovered for additional processing and for 
blending the finished gasoline product. The kerosene fraction is separated and 
stored. With filtration and drying, the kerosene will become the jet fuel product. All 
of the heavier fractions are removed from the crude unit as one bottoms stream for 
additional processing. 

The heavy naphtha from the crude unit is processed in a naphtha hydrodesulfurizer 
to remove the sulfur and any metals which are present. The desulfurized naphtha is 
processed in a naphtha reformer to produce a high octane gasoline blend stock. The 
reformer also produces hydrogen which is consumed in the hydrodesulfurizer and 
hydrocracker units. The bottoms fraction from the crude unit is processed in a 
specialized hydrocracker unit which removes sulfur, converts the waxy compounds 
and cracks the heavier boiling compound to produce diesel fuel and gasoline 
fractions. The sulfur is removed from the units as hydrogen sulfide which is 
collected with the process gas. The process gas is processed to separate the 
hydrogen sulfide and convert it to elemental sulfur. The gasoline and naphtha 
products from the process units are collected and blended to produce the final 
gasoline product. 

Based on the process design the principal products from 6,000 barrels per day of 
crude oil would be 3,600 barrels per day of gasoline, 470 barrels per day of jet fuel, 
and 1,900 barrels per day of diesel fuel. The value of these products was determined 
to be approximately $87,500,000 for 2003. Based on the preliminary engineering of 
the process, it was determined that it would cost approximately $86,700,000 to 
construct the refinery. It would also cost about $10,600,000 to operate the refinery 
every year. The project would have a return on investment of 20%. In a highly 
competitive crude oil market, the price of crude oil would rise relative to the value 
of the products and the return would drop to 4%. Under these highly competitive 
conditions, the tribe would still benefit because it would realize higher revenues for 
the crude oil it produces. 

The completion of a study such as this one gives a Tribe or Native American 
Corporation the knowledge necessary to evaluate processing options and also to be 
a more savvy marketer of its crude oil production. 
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

3.0 Experimental 
This study utilized only standard laboratory methods for crude oil analysis. These 
are detailed in Section 4.1.6.  
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

4.0 Results and Discussion 

 
This results and discussion section incorporates the written deliverable reports as 
the following sections: 

 

4.1 Survey and Characterization of Crude Oils 

4.2 Preliminary Engineering and Process Design 

4.3 Economic Analysis of a Proposed Petroleum Refinery 
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

4.1 Survey and Characterization of Crude Oils. 

4.1.1 Introduction 
The first step to any new crude oil processing project is to identify the quantity 
and quality of crude oil available. The local sources of production, both on and in 
the vicinity of the reservation were determined. Much of the production on the 
tribal lands is controlled by production companies which have leased sections for 
development. These leaseholders pay a royalty to the tribe for the oil produced. A 
refinery constructed on the tribal land would have equal access to purchase crude 
oil from both on and off of the reservation. 

The predominant crude oil formations were identified. A geographical basis was 
selected. The production volumes were determined. Samples were taken from 
each selected formation. The samples were analyzed to determine the relevant 
properties for the process design. 

4.1.2 Description of San Juan Basin in New Mexico 
The Jicarilla Apache Reservation is located in the San Juan Basin of Northwest 
New Mexico. The Reservation is located at the eastern edge of the basin. The 
basin in New Mexico is generally considered to extend from Range 1W through 
Range 15W and from Township 22N through Township 32N. 

The oil producing formations identified were the Gallup, Mesa Verde, Mancos, 
Dakota, Pictured Cliffs, Sanastee, and Chacra formations. 

Further information about the site area can be obtained from “Environmental 
Assessment for Reconstruction of New Mexico State PLH 1352”, N.M. State 
Highway,(1). Figure 4.1.1 shows the approximate area of the San Juan Basin in 
New Mexico. 

4.1.3 Geography 

The Jicarilla Apache Reservation spans the eastern edge of the San Juan Basin 
from north to south. The reservation basically extends in an irregular shape from 
Township 22N through Township 32 N and from Range 1E through Range 5W.(2) 

There is an existing refinery in the San Juan Basin. It is owned by Giant Refining 
Company and is located in Bloomfield, New Mexico. To minimize direct 
competition with the existing refinery, a geographical basis from Range 1E 
through Range 8W was selected. This basis area will include production which is 
closer to the proposed site than it is to the existing refinery or which is as easily 
accessible to the site as to the proposed refinery. The basis area includes all of the 
production from the tribal land and in the vicinity of the tribal land. 
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Figure 4.1.1:  San Juan Basin in New Mexico 
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4.1.4 Production 
The production data was compiled by the Petroleum Information/Dwights New 
Mexico(3) database to which JAECO subscribes. The database lists each well in 
the San Juan Basin and includes cumulative and last 12 months oil and gas 
production as well as location and formation data. 

The production data was extracted from the database by formation and 
township/range coordinates. The last 12 months oil production data were isolated. 
The data were was then analyzed to determine the production volumes by 
formation and by distance from the site. 

Within the geographic basis, a production volume of  2,024,000 barrels of oil was 
recorded for the twelve months of 2002.(4) This is equivalent to an average daily 
production of 5,867 barrels of crude oil per day. 

Figure 4.1.2 illustrates the daily average production volumes by formation. Four 
formations are the predominant oil producers. The Gallup formation accounts for 
45% of the production. The Mesa Verde formation accounts for 23% of the 
production. The Dakota formation accounts for 21% of the production and the 
Mancos formation accounts for 10% of the production. The remaining three 
formations; Pictured Cliffs, Sanastee, and Chacra account for less than 1% each. 
Based on this production data, a design basis for the process plant was selected as 
6,000 BPSD of crude oil based on the predominant four crude formations. 

Figure 4.1.3 illustrates the production volume by distance to the site. The bulk of 
the production in the geographic basis area is between ten and thirty miles from 
the proposed site. The decline in production away from the site indicates that 
competition for crude supply with the existing Bloomfield refinery is less likely. 
Figure 4.1.4 through Figure 4.1.8 illustrate the distribution of production by 
formation in ten mile increments from the site. Within 20 miles of the site, Gallup 
is the predominant producing formation. From 20 to 30 miles from the site, the 
production is split fairly uniformly between the four predominant formations. 
Between 30 and 40 miles from the site, the production is mostly from the Mesa 
Verde and Dakota formations and beyond 40 miles Mesa Verde is predominate. 

4.1.5 Sampling 

Sampling procedures were developed to obtain samples which were characteristic 
of the proposed refinery feed stock. The sampling program concentrated on the 
four predominant formations plus the Pictured Cliffs formation. The samples were 
taken from production sites within each formation. The samples were collected 
from the gathering point where the crude oil would be loaded onto trucks for 
transportation. The samples were representative of the crude oil which would be 
delivered to the refinery. The samples would reflect any effects of weathering or 
gas-oil separation which might be experienced between the wellhead and the 
process unit. 
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The samples were taken in containers supplied by or approved by the analytical 
laboratory. The laboratory supplied special containers for volatile samples. The 
sample containers were filled then placed on ice for transportation to the 
laboratory. A documented chain of custody was maintained between the sample 
point and the laboratory. 

Falkner-Red River Laboratories of Bossier City, Louisiana was the primary 
laboratory.(5)  The samples were stored under refrigeration at the laboratory. The 
samples were split for various analyses and smaller samples were sent to Core 
Laboratories in Houston, Texas(6) for specialized analyses. 

4.1.6 Analysis 
Falkner-Red River Laboratories performed the ASTM D-86 crude and fractional 
distillation analyses and primary properties analyses. Core Laboratories 
performed the ASTM D-5307 simulated vacuum distillation, nitrogen, bromine 
number, and capillary gas chromatography. 

The ASTM D-86 crude distillation gives the volume vaporized vs. temperature 
curve for the whole crude oil. This provides an indication of the volumes of the 
various fractions which can be produced in a crude fractionation column. This 
data is also used in the process design to produce true boiling point curves used to 
determine the design parameters. 

The fractional ASTM D-86 distillations are separate distillation of each of the 
fractions which would be produced by a crude fractionation column. The 
temperature ranges for the fractions are based on the ranges to meet desired 
product specifications. The fractional distillations provide information regarding 
the quality of straight-run productions from the crude fractionation unit. They also 
provide information needed for the design of downstream processing units. 

The primary property information includes the sulfur content of the whole crude 
and the fractions, and properties of interest for specific fractions. The smoke point 
and cloud point were determined for the jet fuel fraction. The aromatics and 
olefins content were determined for the gasoline and jet fuel fractions. The 
viscosity was determined for the heavier fractions. The presence of wax in the 
residue was also determined. 

The Mesa Verde crude was very light. It produced only gasoline and jet fuel 
fractions. The diesel fuel and heavier fractions weren’t present. The other crude 
oils sampled had a heavier than diesel fraction which required further analysis. 
The D-86 atmospheric distillation gives vaporization results to 650°F. Above 
650°F, the hydrocarbons begin to thermally decompose. Typically, an ASTM 
D-1160 vacuum distillation is performed to characterize the fractions which boil 
above 650°F. The waxy nature of these crude oils, however, make the D-1160 
problematic. As an alternative, Core Laboratories performed ASTM D-5307 
simulated distillations. This procedure uses capillary gas chromatography to 
analyze the components of the crude and estimate the full range distillation to 
1,000°F. 
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The nitrogen content of the crude oils and the bromine numbers of the residual 
fractions were also determined. These are indicative of the olefins and asphalt 
content of the crude and provide information for the process design of 
downstream cracking units. 

4.1.7 Results 
The complete, raw results are cataloged in Attachment 1. The data are provided 
for each of the crude oils analyzed. 

Figure 4.1.9 shows the distillation curves for the crude oils sampled. The API 
Gravities of the crude samples are shown in Table 4.1.1 along with the API 
Gravities of common refined products and benchmark crudes. The API gravity is 
inversely related to specific gravity. A higher API Gravity indicates a lower 
specific gravity and a “lighter” oil. A lower API Gravity indicates a higher 
specific gravity and a “heavier” oil. The crude oils sampled were generally light. 

 

Crude API
GALLUP 43.9
MESAVERDE 60.3
PICTURED CLIFFS 34.9
DAKOTA 41.3
MANCOS 32.5

Table 4.1.1:  API Gravity of Crude Samples

 
 

The sulfur contents are shown in Table 4.1.2. Sulfur in finished products is 
regulated and the products are typically desulfurized to remove the sulfur to an 
acceptable level. Crude oils with lower sulfur contents are called “sweet” and 
require less desulfurization. Crudes with higher sulfur contents are called “sour” 
and require more desulfurization. The crude oils sampled were generally sweet. 

 

Crude wt% Sulfur
GALLUP 0.11
MESAVERDE 0.03
PICTURED CLIFFS 0.06
DAKOTA 0.027
MANCOS 0.148

Table 4.1.2:  Sulfur Content of Crude Samples

 
 

The nitrogen content and bromine numbers are indicators of olefin and asphalt 
content. The nitrogen contents of the samples were all less than 100 ppm wt. The 
bromine numbers were all less than 10 g/100g. These numbers indicated that the 
atmospheric reduced crude was suitable as feed to a Unicracker. 



   
John D. Jones Engineering, Inc. Page 4.1.13 October 28, 2004 



   
John D. Jones Engineering, Inc. Page 4.1.14 October 28, 2004 

The gas chromatography analysis results were recombined in fractions proportional to the 
proposed mixture of crude oils to be used as feedstock. The combined fractional analyses 
were provided to vendors to be used as a design basis for the downstream units; the 
naphtha hydrodesulfurizer/reformer and the Unicracker. 

 

4.1.8 Indications 
The crude oils available to the proposed refinery on the Jicarilla Apache 
Reservation are generally light and sweet. The crude oils have little dissolved 
non-condensable gas. The feedstock will make gasoline, diesel, and jet fuel, but 
will also have a residual heavy oil that will require further processing. The diesel 
fuel will require desulfurization to produce an ultra-low sulfur diesel product. 

The atmospheric residual is waxy and has a low asphaltic content. It will not 
produce an asphalt product. The residual is primarily suited as feed to a cracking 
operation. To optimize the use of capital, it was proposed to combine the diesel 
desulfurization within a unit which would also accomplish dewaxing and cracking 
of the residual to produce gasoline and ultra-low sulfur diesel fuel from the heavy 
residual. 

Prior to this analysis, neither the Tribe nor many of the leaseholders had an 
understanding of the composition or properties of the crude oils they produced. 
With a thorough analytical evaluation, it is possible to understand the value of the 
crude oil produced and to make comparisons of options for oil processing or for 
transportation of the crude oil to other markets for processing. 
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

4.2 Preliminary Engineering and Process Design  

4.2.1 Introduction 
This report is of the engineering and process design of the proposed oil refinery 
for the Jicarilla Apache Indian Reservation. This engineering and process design 
was completed as part of a Department of Energy funded feasibility study. The 
process design will establish the process and equipment requirements for a 
refinery to process the crude oils available in the vicinity of the reservation. The 
capital and operating costs for such a refinery will be estimated based on the 
process design. 

The process design is based on the analytical and production data generated for 
the crude oils available for processing in the vicinity of the Jicarilla Indian 
Reservation. The objective of the process design is to determine the quantity and 
quality of the products which can be produced, the major equipment units which 
will be necessary to complete the processing, and to establish a basis for 
determining the potential economics of a refinery project. 

The process design of the proposed refinery takes advantage of some innovative 
process schemes which became possible based on the analytical properties of the 
feedstock. A block process flow diagram was developed which identified the 
required process units. A detailed process flow diagram was developed for each 
of the process units. The design and product parameters were evaluated for each 
process unit. 

Based on the design information and the infrastructure requirements a site plan 
was developed for the proposed refinery. A potential location was selected and 
available utilities were identified. 

The predicted products from each process unit were combined to project a product 
slate for the refinery. A product slate is a tabulation of the product types and 
quantities produced by the refinery. The product slate is used to forecast the 
potential revenues from the refinery. 

Finally, with all of the design information compiled, estimates of the capital and 
operating costs of the proposed refinery were determined.  

 

4.2.2 Innovations 
Based on the analytical results it was determined that the composite feedstock was 
a light sweet crude oil with little asphalt content. It was proposed that the diesel 
and heavier fractions could be processed in a single hydroprocessing unit which 
would accomplish distillate desulfurization and dewaxing, and hydrocracking of 
the heavier fractions. A single unit would simplify the process. It would also 
conserve capital because one larger unit would cost less than two smaller units. 
Additionally, these units are typically designed for use at larger refineries. 
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Combining streams which would normally be processed separately, brings the 
unit to the size which is familiar to packaged equipment manufacturers. 

It was determined that the UOP Unicracker(1) could be used to accomplish the 
desired processing. The diesel and heavier fractions can be processed together. 
The crude fractionation unit would separate the crude oil into fractions of light 
and heavy naphtha, kerosene, and then the bottoms. Because the crude unit 
wouldn’t separate this bottoms product to produce diesel and light and heavy gas 
oil products, the crude fractionation unit could be operated at a lower temperature. 
Less energy would be required, and the unit could be made smaller and less 
expensive. 

One obstacle to efficient smaller refineries has been the need to use 
hydroprocessing to produce a full range of products. The hydrocrackers and 
desulfurization units consume hydrogen. Hydrogen plants consume natural gas or 
salable products and have been one of the least efficient and most capital 
intensive processes in the integrated refinery. Some smaller refineries have used 
hydroskimming – using hydrogen produced in naphtha reformers to supply 
desulfurization units. Hydroskimming generally can’t supply enough surplus 
hydrogen to operate a hydrocracker or catalytic dewaxing unit, however. The 
developments in catalyst technologies in conjunction with the properties of these 
crude oils have allowed optimization of reformer hydrogen production and 
hydrocracker hydrogen consumption. The reformer in this process produces 
sufficient hydrogen for the hydrocracker in this process and a hydrogen plant is 
not required. 

 

4.2.3 Process Flow Diagram 
Figure 4.2.1 is the block flow diagram for the proposed refinery. The crude feed 
enters the process at the crude fractionation unit. The crude is separated into the 
straight-run fractions or cuts. The overhead product from the crude unit is process 
gas which is present in small quantities in the crude feed and may contain some 
hydrogen sulfide. The process gas is blended with sour process gas from other 
units. 

The first and second side products from the crude unit are light and heavy 
naphtha. The light naphtha may be segregated for gasoline blending or combined 
with the heavy naphtha to feed the Naphtha HDS/Reformer units. 

The third side product is kerosene which will be sold as a straight-run product or 
filtered to make a jet fuel product. The bottoms product from the crude unit will 
feed the Unicracker unit. 

The naphtha hydrodesulfurizer (HDS) uses a solid bed catalyst and hydrogen 
under pressure to remove sulfur from the naphtha. It is necessary to remove sulfur 
from the naphtha prior to using it as feed to the reformer. The sulfur is removed in 
the form of hydrogen sulfide gas. The H2S gas is removed with some process gas 
and hydrogen from the HDS unit. 
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The desulfurized naphtha from the Naphtha HDS unit is used as feed to the 
Naphtha Reformer Unit. The reformer uses a solid bed platinum catalyst and a 
carefully controlled temperature and pressure to convert the straight-run naphtha 
into high octane reformate. The reformate is then used for gasoline blending. The 
reformer increases octane by increasing the aromaticity of the naphtha. Hydrogen 
is removed in the process as carbon atoms which were bonded to hydrogen atoms 
form additional bonds with other carbon atoms. The reformer produces enough 
hydrogen to supply the Naphtha HDS unit. The reformer also produces surplus 
hydrogen to supply the Unicracker. 

The Unicracker is a specially designed UOP hydrocracker unit. The Unicracker is 
a multifunction unit. It uses hydrogen, carefully controlled temperature and 
pressure, and a combination of solid bed catalysts to remove sulfur and to break 
long hydrocarbon chains into shorter chains. The products from the Unicracker 
are light and heavy naphtha, low sulfur distillate, and some process gas with H2S. 

A sour gas treater with sulfur recovery unit will separate the H2S from the process 
gas and reduce it to elemental sulfur in a liquid redox process. Clean process gas 
is also recovered and will supplement natural gas as fuel to the process heaters 
throughout the various units. 

 

4.2.4 Process Unit Descriptions 

a. Crude Unit 

The crude unit process flow diagram is shown in Figure 4.2.2. The crude is 
pumped from the storage tanks to the process through the feed pump, P-101. 
The crude is then heated by heat exchange with the tower bottoms in heat 
exchanger E-101 and then again with a heat transfer fluid in exchanger E-102. 
The crude is warmed to about 225°F before entering the desalter. The desalter 
removes potentially corrosive salts and water from the crude before it is 
heated and introduced to the fractionation tower. 

The desalted crude is further heated by heat exchange with the tower bottoms 
in E-103 and then heated to the final feed temperature of 500°F in the crude 
feed heater, H-101. The hot crude feed is introduced to the crude fractionation 
tower, V-101, at the 18th of 21 stages. The crude fractionation tower separates 
the crude into fractions of different boiling ranges which make up the products 
of the process. As stated previously, the crude fractionation tower produces 
fractions of light and heavy naphtha, kerosene, and the diesel and heavier 
bottoms. The tower runs cooler and has fewer trays than a traditional crude 
tower. 
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The crude fractionation tower was modeled using the Hysim process 
simulator. The tower was specified based on 21 stages – 20 trays plus a partial 
condenser. The stages are numbered from the top down such that Stage 1 is 
the condenser and Stage 21 is the 20th tray in the tower. A side stripper with 
three stages was added to the kerosene product draw to refine the kerosene 
product. A pump-around was added above the kerosene draw to improve the 
tower performance. The tower was specified to produce a minimum of non-
condensable process gas. Product specifications for the light and heavy 
naphtha and kerosene products were also included. The pump-around flow 
and heat exchanger duty and the kerosene side stripper reboiler duty were 
specified. The crude fractionation tower has a water cooled overhead 
condenser. Steam is added to the bottom of the tower to help strip the lighter 
fractions from the bottoms. The crude fractionation tower was determined to 
be 5 feet diameter and approximately 70 feet tall. 

From a feed rate of 6000 BPD, the crude fractionation tower produces a 
minimum amount of process gas, about 330 BPD of light naphtha, 2840 BPD 
of heavy naphtha, 470 BPD of kerosene, and 2360 BPD of bottoms. The light 
naphtha contains dissolved light hydrocarbons which have too high a vapor 
pressure for gasoline. The light hydrocarbons are removed from the light 
naphtha in the naphtha stabilizer tower, V-103. 

The light naphtha stabilizer tower is a 19 stage distillation tower. It removes 
about 70 BPD of light hydrocarbon process gas and produces about 260 BPD 
of stabilized light naphtha. The naphtha stabilizer tower has a water cooled 
condenser, E-107, and steam reboiler heat exchanger, E-108. 

The heat demand of the crude unit is the sum of the duties of E-102, H-101, 
E-106, E-108, and the steam added to the crude tower. These demands add to 
a fired duty of about 25 MMBtu/hr plus about 300 lb/hr of 60 psig steam.  

Table 4.2.1 summarizes the yields of straight-run products from the crude 
unit. The raw Hysim data(7) are included in Attachment 2. 

 

Bbl/dy
Crude Feed 6000
Fuel Gas 78 SCFH
Butanes 70
Light Naphtha 260
Heavy Naphtha 2850
Kerosene 470
Hydrocracker Feed 2350

Table 4.2.1: Crude Unit Yield Summary

 
 



   
John D. Jones Engineering, Inc. Page 4.2.7 October 28, 2004 

b. Naphtha HDS 

The Naphtha Hydrodesulfurizer is based on a UOP Unifining technology(8). 
The process flow diagram for the Naphtha HDS Unit is shown in Figure 4.2.3. 
The HDS unit is necessary to remove sulfur and other contaminants prior to 
using the naphtha as feed to a catalytic reformer. The Unifining technology 
has been licensed since 1952. The process uses hydrogen at specific 
temperatures and pressures in the presence of a catalyst to remove sulfur, 
nitrogen, and metals and to saturate olefins and potentially aromatics. 

The straight-run naphtha from the crude unit is pumped to the HDS unit with 
the HDS reactor charge pump, P-201. The naphtha charge is pumped up to the 
operating pressure of the reactor at approximately 350 psig. The charge is 
mixed with recycle hydrogen and warmed by heat exchange with the reactor 
effluent in the feed/effluent exchanger, E-201. The combined reactor charge is 
then further heater to about 550°F in the Naphtha HDS Feed Heater, H-201. 
The reactor charge enters the first of two reactor beds, R-201. The reactors 
utilize cobalt-molybdenum and nickel-molybdenum catalysts. The bed area of 
the first reactor is optimized for removal of metals. The remainder of the 
reactor is optimized for desulfurization, denitrification, and olefin saturation. 
The effluent from R-201 is mixed with additional recycle hydrogen before 
entering the second reactor bed, R-202. 

 The effluent is cooled with the reactor charge in E-201 and further cooled 
with the separated effluent liquid in E-202. The effluent trim cooler, E-203, 
reduces the effluent temperature to condense the desulfurized naphtha, H2S, 
and any process gas and ammonia that formed in the reactor. The hydrogen is 
not condensed and is separated in the HDS Separator Drum, D-201, for 
recycle. The hydrogen recycle is integrated with the reformer hydrogen 
system. 

The separated effluent liquid is warmed in E-202 and then fed to the Naphtha 
HDS Stripper, V-201. The stripper separates the process gas, H2S, and 
ammonia from the desulfurized naphtha. The steam reboiler, E-205, provides 
heat to the stripper. The water cooled condenser, E-204, condenses the reflux 
to the tower. The reflux liquid is separated from the sour process gas in D-
202. The desulfurized naphtha is pumped by P-203 directly from V-201 to the 
reformer. 

c. Naphtha Reformer 

The naphtha reformer is based on UOP Platforming technology(9). The first 
UOP platforming unit went on-stream in 1949. In the platforming process, 
naphtha is reacted with a platinum based catalyst at elevated temperatures and 
with hydrogen at a specified pressure. The naphtha produces a high octane 
liquid product (reformate) and byproducts of hydrogen and process gas. The 
reformer produces enough hydrogen to supply the Naphtha HDS Unit. The 
high octane reformate is rich in aromatic compounds. 
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There are two types of platforming processes: semiregenerative and 
continuously regenerative. The semiregenerative process uses relatively 
simple fixed catalyst beds, but requires an annual shut-down for catalyst 
regeneration and requires a higher operating pressure and hydrogen recycle to 
suppress coke formation. The continuously regenerative process uses a 
moving bed reactor with catalyst being continuously removed from the bottom 
of the last stage of the reactor, regenerated, and returned to the top of the first 
stage of the reactor. The continuously regenerated units don’t require annual 
shut-downs. They are also able to operate at much lower pressures because 
coke build-up is not a concern. The semiregenerative process was selected for 
this application because of its lower cost, simplicity, and because the required 
severity resulted in modest increase in reactor pressure. 

The process flow diagram for the reformer unit is presented in Figure 4.2.4. 
The desulfurized naphtha from the Naphtha HDS Unit is pumped to the 
reformer with the reformer charge pump, P-301, or alternatively directly with 
the Naphtha HDS Product Pump, P-203. The feed is pumped up to the reactor 
pressure which is between 150 and 175 psig. The naphtha is then mixed with 
recycle hydrogen. The combined charge is warmed in the feed/effluent 
exchanger, E-301, and then heated to the reactor inlet temperature of 600° to 
650°F in the first reactor charge heater, H-301. The charge is then passed 
through the first reactor, R-301. The reaction is endothermic, so the effluent 
stream has to be reheated between successive reactor stages. The effluent is 
reheated and charged to two successive reactors, R-302 and R-303. 

 The effluent from the final reactor, R-303, is cooled in E-301 and then further 
cooled in the exchangers, E-302 and E-303. The hydrogen is separated from 
the cooled effluent in the hydrogen separator, D-301. The hydrogen is 
compressed in the compressors, C-301 and C-302, for recycle to the reformer 
and for the hydrogen product. The separated effluent is then warmed in E-304 
and fed to the reformer stabilizer column, V-301. The stabilizer column 
separates the process gas from the reformate. The column is a traditional 
distillation tower with a fired reboiler, H-304, and a water cooled condenser, 
E-305. The stabilized reformate product is pumped from V-301 with P-303. It 
is cooled by exchange with the column feed in E-304 and then cooled to 
storage temperature in E-306. 

The reformer hydrogen product is approximately 85% H2. Some of the 
hydrogen product is routed directly to the Naphtha HDS Unit. The Unicracker 
requires a higher purity of hydrogen. The balance of the hydrogen product is 
routed to the Hydrogen Purification Unit. 
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Table 4.2.2 summarizes the yields from the Naphtha HDS/Reformer system. The 
principal product is reformate, a 97+ octane gasoline blend stock. 

 

Bbl/dy
Heavy Naphtha Feed 2850
Gasoline Product 2428
Process Gas Product 20000 SCFH
Hydrogen Product 159000 SCFH

Table 4.2.2: Naphtha HDS/Reformer 
Yield Summary

 
 

d. Unicracker 

The Unicracker is a key process unit. It is based on UOP Unicracker 
technology(10). The Unicracker is a type of hydrocracker developed by UOP. 
The Unicracker developed for this process serves to remove sulfur, convert 
waxy long chain paraffins to shorter branched paraffins and also crack high 
molecular weight hydrocarbons into gasoline and distillate range compounds. 
The process uses hydrogen, pressure, and fixed bed catalysts. The process is 
similar to the hydrodesulfurization process except that the catalysts are 
different and the conditions are more severe. 

The feed to the Unicracker is the diesel and heavier bottoms from the crude 
unit. The feed has a sulfur content of 0.30wt%. Approximately 60% is heavier 
than diesel fuel, and the heavier fractions are also waxy. 

The process unit was designed around a single, four-staged reactor because of 
the low feed rate compared with traditional units at larger refineries. The 
catalysts for each stage were selected to optimize performance and to achieve 
the desired conversion. 

The Unicraker process flow diagram is Figure 4.2.5. The bottoms from the 
crude unit are mixed with the recycle oil and pumped with the feed pump, 
P-401, to the reactor pressure of approximately 1800 psig. The combined 
liquid feed is mixed with the recycle gas. It is warmed by heat exchanger in 
the feed/effluent exchanger, E-401. The combined feed is heated to the reactor 
temperature of about 700°F, in the reactor charge heater, H-401. The reactor 
charge flows through the four fixed bed sections of the reactor, R-401. 
Additional recycle hydrogen is added between sections. 

The reactor effluent is cooled in E-401 and then most of the hydrogen is 
removed in the hot separator, V-401. The hydrogen rich stream is cooled in 
the recycle gas cooler, E-402, and entrained hydrocarbons are removed  in the 
cold separator, D-401. The separated liquid from V-401 is flashed through a 
pressure reducing valve to the hot flash drum, V-402. The vapor from V-402 
is condensed in E-403 and flashed again into the cold flash drum, D-402.  
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Liquid from D-401 is also flashed into D-402. The non-condensable vapor 
from D-402 is part of the sour gas byproduct from the process. 

The separated liquids from V-402 and D-402 are introduced at different levels 
into the product light ends stripper, V-403. The light ends stripper is a steam 
stripper column which separates the light and heavy fractions of the reactor 
product. The light fraction contains sour process gas and light and heavy 
naphtha. The heavy fraction contains heavy naphtha, distillate, and heavier 
oils. 

The overhead vapor from V-403 is condensed in E-404. The non-condensable 
vapor is removed in the stripper overhead separator, D-403. The vapor is fed 
to the sponge absorber, V-406, which removes entrained liquids from the sour 
process gas product. The condensed liquids are returned to the column as 
reflux. Excess condensed product is fed to the debutanizer column, V-407. 
The debutanizer removes butanes from the naphtha as an overhead product. 
The butanes can be isolated as an individual product or blended with the 
process gas. The naphtha is recovered from V-407 as the bottoms product. 

The heavy liquid fraction recovered from the bottom of V-403 is heated in the 
fractionator feed heater, H-402. The heavy liquid is fed to the product 
fractionator column, V-404. The product fractionator separates the naphtha, 
diesel, and heavy oil products. The naphtha is removed as the overhead 
product. The naphtha is blended with the naphtha recovered from V-407. The 
diesel is recovered as a side product from V-404. A side stripper, V-405, 
refines the diesel product. The heavy oil bottoms from V-404 is recycled to 
the reactor. Excess heavy oil makes the lube stock product from the process. 

The stabilized naphtha recovered from V-404 and V-407 are blended together. 
This stream can be pumped out of the process as a single naphtha product or it 
can be separated into light and heavy naphtha to allow custom gasoline 
blending with other streams in the refinery. The stabilized naphtha is fed to 
the naphtha splitter column, V-408, for separation. The splitter is a traditional 
distillation column with reboiler and condenser. The light naphtha is removed 
as the overhead product. The heavy naphtha is removed as the bottoms 
product. 



   
John D. Jones Engineering, Inc. Page 4.2.14 October 28, 2004 

Table 4.2.3 summarizes the product yields from the Unicracker. The products 
include sour process gas, light naphtha, heavy naphtha, diesel, and lube stock. 

 

Bbl/dy
Hydrocracker Feed 2350
Hydrogen Consumption 117500 SCFH
Fuel Gas 4643 SCFH
Butanes 90
Light Naphtha 200
Heavy Naphtha 509
Diesel 1877
Residual Oil/Lube Stock 12

Table 4.2.3: Unicracker Yield Summary

 
 

e. Hydrogen Purification Unit 

The Hydrogen Purification Unit is a pressure swing adsorption (PSA) unit 
which is used to purify the excess hydrogen produced in the reformer to the 
purity required by the Unicracker. The PSA Unit is a common component of a 
hydrogen production unit where it is used to remove CO and CO2 byproducts, 
N2 and unreacted CH4  from the hydrogen product. In this process, it is used to 
remove the light hydrocarbons from the reformer hydrogen product. 

The process flow diagram for the Hydrogen Purification Unit is shown in 
Figure 4.2.6. The PSA unit uses packed beds of an adsorbent which will 
preferentially adsorb the impurities while allowing the hydrogen to pass 
through. The compressed hydrogen product from the reformer is passed 
through the PSA bed. The impurities are adsorbed onto the bed. Then purified 
hydrogen is recompressed in the product compressor. 

Four adsorbent beds are operated in sequence. One is in operation while three 
are in some stage of regeneration. The beds are regenerated by isolating and 
reducing the pressure. At the reduced pressure, the impurities desorb and the 
resulting gas is routed to the process gas system. The PSA process produces 
99.9% pure hydrogen from the reformer hydrogen product. 

f. Sulfur Recovery Unit 

The sulfur recovery unit removes hydrogen sulfide, H2S, from the process gas 
produced by various sources in the refinery. The separated H2S is then 
converted to elemental sulfur in a liquid redox process. This refinery produces 
about 1.5 tons of sulfur per day. Operations producing less than one ton per 
day can efficiently use sulfur sequestration as an alternative. Operations 
producing 10 tons per day or more can efficiently install a Claus Sulfur 
Recovery Plant. The liquid redox sulfur recovery processes are the least 
desirable sulfur recovery processes, but they are the only practical processes 
for sulfur production rates in the range of this refinery. 
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The process flow diagram for the sulfur recovery unit is shown in Figure 
4.2.7. The sulfur recovery unit has two processes: separation of H2S from the 
process gas and conversion of the H2S to sulfur. The separation of the H2S is 
accomplished in an absorber-stripper unit. The incoming process gas is 
contacted with a liquid absorbent solution in the Acid Gas Absorber, V-501. 
The lean liquid absorbent solution is introduced to the top of the absorber 
column. It absorbs H2S as it passes down through the absorber. The clean 
process gas exits the top of the absorber and is stored for use as fuel 
throughout the refinery. The rich liquid absorbent solution exits the bottom of 
the absorber column. 

The H2S is removed from the rich solution in a stripper column, V-502. The 
rich solution from the absorber is warmed with heat exchange in E-501 and 
introduced to the stripper column through a pressure reducing valve. The 
stripper column is a reboiled stripper. Heat is added to the bottom of the 
column from a reboiler, E-504. The H2S is essentially boiled out of the rich 
solution. The H2S rich vapor exits the top of the column. The absorbent 
solution is condensed and returned to the column as reflux. The H2S gas is 
separated for sulfur recovery. The lean (H2S free) solution is pumped from the 
bottom of the stripper tower. It is cooled by heat exchange with the incoming 
rich solution in E-501 and further cooled in E-502 before it is introduced back 
to the absorber column. 

The H2S gas is routed to the conversion unit. The incoming H2S gas stream is 
warmed with heat exchange with the recycle H2S gas stream in E-505. The 
H2S gas enters the reactor where it is reacted with an aqueous, buffered SO2 
solution. In a series of liquid and gas phase reactions, the H2S and SO2 react to 
form elemental sulfur and water. Elemental sulfur is removed from the bottom 
of the reactor as a solid product. The recirculating solution is removed from 
the reactor to the byproduct crystallizer. The byproduct crystallizer removes 
byproduct sulfur salts which have formed as a result of reactions with the 
buffering agents. The SO2 lean solution is introduced to the top of the SO2 
absorber, V-503. Unreacted H2S gas from the reactor is routed through the 
SO2 generator furnace where it is combusted with air to form SO2. The SO2 is 
introduced to the bottom of the SO2 absorber. The aqueous solution absorbs 
the SO2 as it passes though the absorber. The SO2 rich solution is removed 
from the bottom of the absorber and returned to the reactor. Excess air and 
nitrogen and unabsorbed SO2 are vented from the top of the absorber column. 
The SO2 exhaust concentration is monitored to insure compliance with 
operating limits. 
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g. Utilities 

The utilities haven’t been diagrammed, but they include: steam boilers, a heat 
transfer fluid heating system, a cooling water system, a boiler feed water 
pretreatment system, a potable water treatment system, an oil-water separator 
system, and a final waste water treatment system. There is also a flare system 
for recovery and safe combustion of vapors and gases vented from the 
refinery. 

The refinery will have additional facilities for power distribution, emergency 
power generation, and fire protection. The facility will have a tank farm for 
storage of crude oil and products. There will be bulk truck unloading and 
loading racks. There will also be administrative, training, maintenance, and 
health and safety facilities. 

4.2.5 Site Plan 
The refinery site was selected by the Jicarilla Apache Tribe. It is in an area 
designated for development. The site is near the northwest corner of the 
intersection of the main highway between Albuquerque and Farmington (US 550) 
and the main north-south highway through the reservation (SR 537). The site 
allows easy access to the Farmington and Albuquerque markets. As discussed in 
the Analytical Report, the site is close to the targeted crude oil production area. 

A preliminary site plan has been developed. It is shown in Figure 4.2.8. The site is 
located along US 550 about a mile west of the intersection with SR 537. The truck 
unloading and loading racks are located along the frontage of the highway 
allowing for easy on and off access. The electrical distribution equipment and 
standby generators are located at the southeast corner of the site to minimize the 
runs of high voltage cables. The electrical supply power lines run along US 550 
also. The administrative offices, health & safety office, fire department, and 
warehouse are located along the facility fence line with access from inside and 
outside the plant. 

The main entrance to the refinery is adjacent to the administrative office. A guard 
shack is located at the gate. A change room is located inside the refinery past the 
guard shack. The change room allows employees to keep uniforms and safety 
equipment at the plant to prevent loss. The control room and laboratory are 
located adjacent to the process area. 

The process units are arranged in the center of the refinery. The products from 
each unit can flow to the next unit or to intermediate storage tanks on the tank 
farm depending on process requirements. The tank farm is located east of the 
process area. There are three 20,000 barrel crude oil tanks and one 40,000 barrel 
crude oil tank. There are two 25,000 barrel gasoline storage tanks. There are two 
20,000 barrel diesel fuel storage tanks. There is a 25,000 barrel jet fuel storage 
tank, and there is a 15,000 barrel jet fuel storage tank. There are small tanks for 
blend stocks and intermediate products. Outside the tank farm there is a process 
gas holding vessel. 
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The water treatment units and retention ponds are located in the northeast corner 
of the site.  

 

4.2.6 Product Slate 
The product slate is the array types and quantities of products produced by the 
refinery. The product slate is summarized in Table 4.2.4. 

 

Bbl/dy
Gasoline 3600
Kerosene 470
Diesel 1900
Oil 12

Table 4.2.4: Product Slate

 
 

4.2.7 Cost Estimates 
The cost estimates were derived based on the process design, engineering cost 
estimating guides, information and budget quotations from vendors, and the 
experience of John D. Jones Engineering and the Jicarilla Apache Energy 
Corporation. The capital costs include the installed costs of the process units and 
the cost of the facility development and infrastructure. The operating costs include 
the cost of utilities, labor, and royalties. 

The  process unit capital costs are summarized in Table 4.2.5. The crude unit cost 
was estimated based on similar refinery process units recently installed. The costs 
for the Naphtha HDS Unit, the Reformer, the Unicracker, and the sulfur recovery 
unit were based on vendor supplied budget cost estimates. 

The costs for site facilites where approximated based on similar facilities. These 
estimates are itemized in Table 6. The total capital cost is presented in Table 7. 
The additional infrastructure is for catalyst and start-up supplies and assistance. 
The working capital is based on 30 days of operating costs and crude oil feed 
supply. 

 

Process Unit Estimated Cost
Crude Unit 6,482,000                 
Naphtha HDS 5,100,000                 
Reformer 14,700,000               
Unicracker 13,800,000               
Sour Gas/Sulfur Treating 1,700,000                 

Other Infrastructure 1,603,000               

Table 4.2.5:  Process Unit Capital Costs
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Tanks
T-1 450,000                    
T-2 450,000                    
T-3 450,000                    
T-4 810,000                    
T-5 450,000                    
T-6 450,000                    
T-7 450,000                    
T-8 360,000                    
T-9 360,000                    
T-10 540,000                    
T-11 450,000                    
T-12 270,000                    
T-13 67,500                      
T-14 67,500                      
T-15 67,500                      
T-16 67,500                      
T-17 67,500                      
T-18 67,500                      
T-19 67,500                      
T-20 67,500                      

Dike 150,000                    
LPG Bullet 90,000                      
Fence 70,875                      
Load Rack 450,000                    
Unload Rack 350,000                    
Generator 1,500,000                 
SES/MCC 1,500,000                 
Flare System 250,000                    
Sewage Treatment 1,500,000                 
Fresh/Boiler Water treatment 250,000                    
Wells 625,000                    
Admin Office 90,000                      
Safety Office 105,000                    
Lab 270,000                    
Control Room 111,250                    
Change Room 30,000                      
Fire Dept 210,000                    
Shop 270,000                    
Warehouse 250,000                    
Spare Parts & Supplies 2,500,000                 
Paving 1,750,000                 
Fire Pump & Mains 1,500,000                 
Oily Water Treatment 350,000                    
Piping 1,500,000                 
Vehicles 122,000                    
Total 21,824,000             

Table 4.2.6:  Site Facilities Estimated Costs
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Engineering 5,266,800$               
Site Facilities 21,824,000               
Process Units

Crude Unit 6,482,000                 
Naphtha HDS 5,100,000                 
Reformer 14,700,000               
Unicracker 13,800,000               
Sour Gas/Sulfur Treating 1,700,000                 

Other Infrastructure 1,603,000                 
Contingency 10,571,370               
Total Fixed Capital Cost 81,047,170             
Working Capital 5,662,333               
Total Project Capital 86,709,503$            

Table 4.2.7:  Capital Cost Estimate

 
 

The operating cost is presented in Table 8. The cost is presented as a daily 
operating cost. Annual costs are based on a 345 day operating year. 

 

Natural Gas 12,254$                    
Electricity 2,179                        
Water 170                           
Chemicals 7,144                        
Royalties 375                           
Labor 7,870                        
Maintenance Supplies 800                           
Total 30,792$                   

Table 4.2.8:  Daily Operating Costs
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

4.3 Economic Analysis of a Proposed Petroleum Refinery  
 

4.3.1 Introduction 
This report is of the economic analysis of the feasibility of an oil refinery for the 
Jicarilla Apache Indian Reservation. The economic analysis will be a basic 
relation of potential revenues to capital and operating costs. A pre-tax return on 
investment will be generated. 

 

4.3.2 Basis 
The primary basis for this analysis is the information developed in the report 
sections: “Survey and Characterization of Crude Oils” and “Preliminary 
Engineering and Process Design”. The first report section established the 
production volume and quality of crude oil available to the proposed refinery. The 
second report section determined the process and equipment necessary to 
successfully process the available crude oil and also determine the quantity and 
quality of products produced. 

To determine costs for raw materials and products several sources of data were 
used. The primary basis for the crude oil cost was the published crude price 
posting data for the Giant Industries’ Refinery in Bloomfield, New Mexico. This 
is the closest refinery to the site and is representative of the price paid for crude 
oil produced in the area. To simulate a competitive market, the cost for 
transportation of the crude to another market, the cost for importation of crude 
from another source, and the published refining margin for the Bloomfield 
refinery were compared. 

Price data for the products produced were obtained from the Oil Price Information 
Service (OPIS). Data was averaged from the markets nearest the proposed site. 
The annual average data for the Albuquerque, Bloomfield, and Cineza, New 
Mexico were used. 
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4.3.3 Capital Cost 
The capital cost was determined based on the preliminary engineering. The capital 
cost was detailed in the preliminary engineering report. Table 4.3.1 summarizes 
the capital cost. 

Engineering 5,266,800$               
Site Facilities 21,824,000               
Process Units -                            

Crude Unit 6,482,000                 
Naphtha HDS 5,100,000                 
Reformer 14,700,000               
Unicracker 13,800,000               
Sour Gas/Sulfur Treating 1,700,000                 

Other Infrastructure 1,603,000                 
Contingency 10,571,370               
Total Fixed Capital Cost 81,047,170             
Working Capital 5,662,333               
Total Project Capital 86,709,503$            

Table 4.3.1:  Capital Cost Estimate

 
 

4.3.4 Crude Oil Cost 
The crude oil feed to the refinery is based on a design rate of 6,000 barrels per 
day. Two cases were examined for the cost of the crude oil feed stock. The first 
basis was the crude oil price postings for the Giant Industries refinery in 
Bloomfield, New Mexico. The monthly average postings for the Giant refinery 
are presented in Table 4.3.2.  

 

Month Average
January 27.9435
February 30.7768
March 28.6694
April 23.7000
May 23.2581
June 25.6917
July 26.0161
August 26.8871
September 23.6750
October 25.7500
November 26.1250
December 27.4113
Average 26.3253

Table 4.3.2: Giant 2003 Monthly Average 
Crude Posting $/bbl
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Once a second refinery is operating in the area, crude oil prices can be expected to 
increase. To simulate the competitive market, an adder for the posted crude price 
was developed. If there is insufficient crude oil supply available, the primary 
option will be to import crude from another market. An alternative to processing 
crude or importing crude is to not process and export the crude to another market. 
The nearest available crude supplies which might be available competitively are 
about 600 miles away. The nearest alternative market for crude oil processing is 
also about 600 miles away, but in another direction. The alternatives for 
transportation result in a 1200 mile round trip for either case. At a transportation 
cost of approximately $0.90 per mile, the competitive adder would be $6.48 per 
barrel of crude oil. The Giant Industries annual report for recent years indicated a 
refining margin, the difference between the value of products and cost of crude, of 
about $6.00 to $6.50 per barrel for the Bloomfield refinery. Table 4.3.3 
summarizes the difference between the base case and the competitive case for 
crude oil costs. 

 

Giant
Posting Basis

Competitive
Posting Basis

Base Crude $/bbl 26.33                     26.33                     
Competitive $/bbl -                         6.48                       
Crude Cost $/bbl 26.33                     32.81                     
Cost per Day $/dy 157,952.00            196,832.00            

Table 4.3.3:  Crude Oil Cost

 
 

4.3.5 Operating Cost 
The operating cost was determined based on the process design and preliminary 
engineering. The operating cost was detailed in the engineering report. The 
operating cost is summarized in Table 4.3.4. 

 

Natural Gas 12,254$                    
Electricity 2,179                        
Water 170                           
Chemicals 7,144                        
Royalties 375                           
Labor 7,870                        
Maintenance Supplies 800                           
Total 30,792$                   

Table 4.3.4:  Daily Operating Costs
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4.3.6 Revenues 
The revenues are estimated based on the product slate and the local average rack 
prices for the products. The product slate is the type and quantity of products 
produced by the refinery. The product slate was determined based on the process 
design and preliminary engineering. The product slate is summarized in Table 
4.3.5. 

 

Bbl/dy
Gasoline 3600
Kerosene/Jet Fuel 470
Diesel 1900
Oil 12

Table 4.3.5: Product Slate

 
 

The values for each of the products were determined as an average of the rack 
prices for the local markets nearest the site. The rack price averages were obtained 
from the Oil Price Information Service, an independent commercial service which 
is a clearinghouse for petroleum product prices nationwide. The OPIS rack price 
data is summarized in Table 4.3.6. 

 

Rack Gasoline Kerosene Diesel
Albuquerque 99.53 107.36 94.11
Bloomfield 102.96 107.32 93.94
Ciniza 107.40 110.30 96.29
Average 103.30 108.33 94.78

Table 4.3.6:  Rack Prices ¢/gal.  (OPIS Avg. 2003)

 
 

The average value of the product slate is presented in Table 4.3.7. 

 

Bbl/dy Gal/dy $/Gal $/dy
Gasoline 3600 151200 1.03 156,184
Kerosene 470 19740 1.08 21,384
Diesel 1900 79800 0.95 75,633
Oil 12 493.5 0.71 351
Total $253,552

Table 4.3.7:  Value of Product Slate, $/day
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4.3.7 Return on Investment 
The return on investment for the base case and for the competitive case are 
presented in Table 4.3.8 and Table 4.3.9. The return on investment is based on 
345 operating days per year. The capital is depreciated straight-line over a 16 year 
life span. The return is estimated pre-tax. 

 

Capital Investment 86,709,503               
Value of Product Slate 87,475,343               
Cost of Crude Oil Feed (54,493,440)              
Operating Expense (10,623,391)              
Depreciation (5,065,448)                
Net Profit 17,293,064               
Return on Investment 20%

Table 4.3.8:  Return on Investment Giant Posting Case

 
 

Capital Investment 86,709,503               
Value of Product Slate 87,475,343               
Cost of Crude Oil Feed (67,907,040)              
Operating Expense (10,623,391)              
Depreciation (5,065,448)                
Net Profit 3,879,464                 
Return on Investment 4%

Table 4.3.9:  Return on Investment Competitive
                   Posting Case

 
 

An additional consideration for the competitive posting case is the increased tribal 
revenue from the increased crude price. There is about 1900 barrels per day of 
crude oil production within the reservation boundaries. About 20 barrels per day 
is owned directly by JAECO. The remaining 1880 barrels per day are produced by 
license holders who pay a royalty to the tribe as a percentage of the produced 
revenue. Given a $6.48 per barrel increase in the price of crude, Table 4.3.10 
summarizes the increased benefit to the tribe. 

 

Production Volume JAECO Tribal 
Royalty

BPD 20 1,880
Increased Value $/Bbl 6.48 0.87
Increased Value $/Yr 44,712 567,395

Table 4.3.10:  Increase of Tribal Revenue From Competitive Case
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4.3.8 Auxiliary Opportunities 
In addition to the monetary value of the investment in the proposed refinery the 
project also has numerous auxiliary opportunities and benefits. The infrastructure 
of the refinery – water treatment and distribution, wastewater treatment, power 
distribution, and fire protection facilities – can easily be expanded and integrated 
with associated residential, commercial, and industrial development. The 
increased traffic from the facility alone will support commercial development in 
the area. 

The economic analysis has been prepared based on spot market wholesale pricing. 
The control of the refinery will also create opportunities for the creation of a retail 
brand. Experience with the refinery processes can enable opportunities for related 
branded petroleum products. 

The facility will produce a mostly high octane gasoline product. This may be an 
attractive blend stock for other nearby tribes which operate transmix distillation 
units and have a need for high octane blend stock.
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 

5.0 Conclusion  
 

This study has produced a survey of the crude oil production in the vicinity of the 
Jicarilla Apache Indian Reservation. It has identified the production zones/geologic 
formations that define the types of crude oils available. The production has been 
quantified and a representative composite crude oil feed stock has been identified as 
the potential feed to a proposed crude oil refinery for the Tribe. There is currently 
6,000 barrels per day of production available in the vicinity of the Reservation. 

The available crude oil types have been sampled and analyzed to determine the 
properties which define the refinery design and the feasibility of processing this 
crude oil. The representative crude oil is light and sweet and is suitable for 
processing in a small, hydroskimming refinery with some innovative processes.  

A process design has been proposed which utilizes a smaller, lower temperature 
crude fractionation unit, a naphtha HDS/reformer to produce high octane gasoline, 
and a specialized Unicracker to produce ultra low sulfur diesel fuel. The proposed 
refinery has been estimated to cost $86,700,000. More than half of this cost is 
associated with infrastructure and environmental compliance. This infrastructure 
can be easily expanded to serve additional residential, commercial, and industrial 
development. 

The economics of the proposed refinery were evaluated using 2002 production data 
and 2003 price data. The estimated return on investment based on these conditions 
in the existing market is 20%. This return compares well with other petroleum 
industry projects and it is likely that the project can attract investment. 

There is an existing refinery in the region. Within a tight crude oil supply market, 
this project demonstrates the ability to maintain a profitable return beyond the point 
where the nearest competitor would operate at a loss. Additionally, it has been 
demonstrated that a competitive supply market is beneficial to the tribe which is a 
producer. 

Crude oil prices are currently rising sharply and there is action underway to increase 
crude oil production and tap additional reserves in the vicinity. Increased 
production will not only insure the long term profitability of this project, it may also 
support an increased feed rate for a minimal incremental project cost increase. 
Expansion of this project, if possible, will have a significant positive impact on the 
profitability. 

This study has given the Tribe valuable knowledge of the quality of the crude they 
produce, its suitability for processing, and the ultimate value of the products 
produced. It is presumed that other Tribes and Native American Corporations could 
also benefit from this type of knowledge. Tribes are ultimately responsible for the 
oil reserves and production on their lands. Studying the quality of these reserves 
and the requirements for processing them will give them additional tools to manage 
their reserves and maximize their value.
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Feasibility Study for a Petroleum Refinery for The Jicarilla Apache Tribe. 
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