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Executive Summary 

This project was a feasibility study, identifying feasible technologies and blend options for enhanced 

pipeline transport of Uinta Basin waxy crude oils. Study results which can be carried forward into 

additional feasibility or follow-on conceptual engineering studies include: 

 Blends of Yellow Wax and Black Wax crude oils with condensates from gas processing 

operations appear to provide feasible blends for pipeline transport.  

 While blending Uinta Basin crude oils with diluents will afford pipeline-able mixtures with pour 

point temperatures likely within 20oF of ambient soil temperatures, chemical additives to serve 

as “flow improvers” or “pour point depressants” will still likely be needed owing to the rapid 

increase in estimated fluid viscosities with decreasing flow temperatures. Use of additives 

specifically tailored for Uinta Basin crude blends will also result in lower strength wax deposits in 

pipelines which are more amenable to solids control by pigging. Additives also can reduce 

required restart pressure of gelled pipelines resulting from unscheduled pipeline shutdowns. 

 Blends of Uinta Basin waxy crude oils with “Bio-algal” oils, and emulsified water do not appear 

to be feasible at this time based on data available to this study team. Use of “Biodiesel” derived 

from Bio-algal sources likely could serve as suitable diluent for blending but will be economically 

challenged, and require additional evaluation for traditional refinery processing due to higher 

oxygen content. Oxygen is considered a poison for many refinery catalysts. 

 The temperature profile of pipelines can be measured by fiber optic DTS or fiber Bragg gratings 

(FBG). These fiber optic technologies are advantageous for several reasons. They are non-

penetrating, the signals can be transmitted over very long distances with little loss, and multiple 

sensors can be placed on one fiber in series. This advanced monitoring technology can be 

combined with Model Predictive Control to minimize wax remediation costs for pipelines 

carrying Uinta Basin crude oils. 
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1. Technical Narrative  

This report provides an overview of the Utah Energy Research Triangle (ERT) project, and discusses 

opportunities for enhanced pipeline transport of Uinta Basin (Utah) waxy crude oils. The project tasks 

involved: 

 Characterization of the viscosity and wax solubility of Uinta Basin waxy crudes, with and 

without feasible diluents. Diluents evaluated include regionally available crude oils, other raw 

or refined hydrocarbons, condensates, and water as an emulsion phase.  

 Modeling (estimation) of the rate and spatial profile of wax deposition from Uinta Basin waxy 

crude oils within appropriately-sized generic pipelines at pipeline-ambient temperatures.  

 Review of available technologies for control of wax deposition in pipelines.  

 Evaluation of techniques for monitoring and process control of pipelines. 

 Review of historical (added to project after project start), land use, and environmental aspects 

of pipelining Uinta Basin waxy crude oils. 

This project was a feasibility study, identifying technologies and blend options for enhanced pipeline 

transport of Uinta Basin waxy crude oils. The study results which can be carried forward into additional 

feasibility or follow-on conceptual studies. Specific findings include: 

 Blends of Yellow Wax and Black Wax crude oils with condensates from gas processing 

operations appear to be feasible blends for pipeline transport.  

 This project was unable to procure other non-waxy regional crude oils which could be evaluated 

as possible diluents for pipeline transport of Uinta Basin waxy crude oils. However, results for 

condensate blending indicate that blending with intermediate type crude oils transported 

through the intermountain west (i.e. Bakken crude oil) would also be feasible. 

 Blending Uinta Basin crude oils with diluents will afford “pipeline-able” mixtures with pour point 

temperatures likely within 20oF of ambient soil temperatures. However, chemical additives to 

serve as “flow improvers” or “pour point depressants” will still likely be needed.  This is due to 

the rapid increase estimated in fluid viscosities with decreasing flow temperatures. Using 

additives specifically tailored for Uinta Basin crude blends will also result in lower strength wax 

deposits in pipelines which are more amenable to solids control by pigging. Additives also can 

reduce required restart pressure of gelled pipelines resulting from unscheduled pipeline 

shutdowns. 

 Based on data available to the study team, blends of Uinta Basin waxy crude oils with “Bio-algal” 

oils, and emulsified water do not appear to be feasible at this time based on data available to 

this study team. Although use of “Biodiesel” derived from Bio-algal sources likely could serve as 

suitable diluent for blending, its use would be economically challenged, and require additional 

evaluation for traditional refinery processing due to higher oxygen content. Oxygen is 

considered a poison for many refinery catalysts. 

 The temperature profile of pipelines can be measured by fiber optic Distributed Temperature 

Sensors (DTS) or Fiber Bragg Gratings (FBG). These fiber optic technologies are advantageous for 

several reasons. They are non-penetrating, the signals can be transmitted over very long 
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distances with little loss, and multiple sensors can be placed on one fiber in series. This 

advanced monitoring technology can be combined with Model Predictive Control to minimize 

wax remediation costs for pipelines carrying Uinta Basin crude oils. 

 

These results and additional findings and recommendations are discussed in the following subsections. 
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Crude Oil & Blend Characterization 

Samples of Uinta Basin crude oils and gas condensates were procured by the Bingham Research Center 

in Vernal Utah. These samples were initially tested for density, kinematic (Newtonian) viscosity, Reid 

Vapor Pressure (RVP), and pour point. Results of these tests are provided in Table 1. 

Table 1 – Measured Crude Oil Physical Properties 

Sample Crude 
Type 

Temperature 
Density and 
Visc.Tests 

(°F) 

Pour 
Point 
(°F) 

Reid 
Vapor 
Press. 
(psig) 

Kinematic 
Viscosity 

(cSt) 

Dynamic 
Viscosity 

(cP) 

Density 
(g/cm

3
) 

API 
Gravity 

State 5-2-9-
16 Pariette 
#2 Central 
Battery 

Black 
Wax 

140 

91.4 1.5 

22.4 19.0 0.8467 35.6 

State 5-2-9-
16 Pariette 
#2 Central 
Battery 

Black 
Wax 

149 19.7 16.7 0.8436 36.2 

State 5-2-9-
16 Pariette 
#2 Central 
Battery 

Black 
Wax 

158 17.7 14.9 0.8416 36.6 

Ute Tribal 
7-10-4-1 E 

Black 
Wax 

140 

91.4 N/A 

16.7 19.7 0.8454 35.9 

Ute Tribal 
7-10-4-1 E 

Black 
Wax 

149 14.4 17.0 0.8427 36.4 

Ute Tribal 
7-10-4-1 E 

Black 
Wax 

158 12.2 14.4 0.8395 37.1 

Thorne 4-
21-3-2WH 

Yellow 
Wax 

 
140 

102.2 1.3 

9.0 7.1 0.7868 48.3 

Thorne 4-
21-3-2WH 

Yellow 
Wax 

149 6.7 5.3 0.7853 48.7 

Thorne 4-
21-3-2WH 

Yellow 
Wax 

158 5.6 4.4 0.7821 49.4 

Patterson 4-
9-3-3WH-
W15 

Yellow 
Wax 140 

102.2 N/A 

5.7 4.4 0.7759 50.9 

Patterson 4-
9-3-3WH-
W15 

Yellow 
Wax 149 4.6 3.5 0.7715 51.9 

Patterson 4-
9-3-3WH-
W15 

Yellow 
Wax 158 4.0 3.1 0.7677 52.8 

 

One important take away from this analytical laboratory work was the difference in pour point 

temperatures attributable to the Black and Yellow Wax crude oils. The pour point of the Yellow Wax 
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crude oil is up to 9oC (16.2oF) higher than the Black Wax crude oil. This makes the Yellow Wax crude oil 

the worst case for pipeline transport. Also of note, the Yellow wax crude oil has lower density and 

viscosity at a given temperature compared to the Black wax crude oil when well above the pour point 

temperature (PPT). This can be explained by the different paraffin contents in the two crude oils as 

identified in the following paragraph. 

Following testing for physical properties, the remaining sample volumes were transferred to the 

University of Utah, Petroleum Research Center (PERC) for determination of composition and wax 

solubility. Crude oil compositions were determined by Gas Chromatography / High Temperature Gas 

Chromatography (GC/HTGC). This data is provided in Table 2. An important result of the HTGC analysis is 

that the Yellow Wax crude has almost 40% more n-paraffin than the Black Wax Crude in the carbon 

number range of C18 to C80. Paraffin in this range is the contributor to wax gelation and deposition in 

pipelines. This explains the measured Pour Point temperature difference between Black and Yellow Wax 

crude oils.   

Gas condensates considered as diluents for co-mingling with waxy crude for pipeline transport were 

supplied by Anadarko. The composition of gas condensates were obtained using GC analysis as provided 

in Table 3. The measured (by cryoscopy) fluid molecular weight of 130 for the gas condensate shown in 

Table 3 indicates the C7+ fraction is primarily C9 to C12 and therefore contains little or no wax (C18 to 

C80 n-paraffin). 

This project investigated the possible use of bio-algal oils, which are oils derived from algae, as possible 

diluents for Uinta Basin waxy crude oils. Experimental work using prototype bioreactors at the 

University of Utah was not able to create bio-algal oils of suitable composition, or exhibiting adequate 

physical properties to serve as diluents. Lipids extracted from algae were observed to be solid at room 

temperature, and to contain high levels of oxygen – a known poison to refinery catalysts. It was noted 

that further treatment of these lipids using transesterification reactions produced a biodiesel product 

that while exhibiting adequate flow properties was still not feasible as diluent due to estimated high 

cost of manufacturing and residual oxygen content. 

After determining compositions and physical properties, further characterization work was undertaken 

using simulation software and measured compositions. Characterization involves creating a description 

of petroleum fluids based on measured compositions. Characterization completes a full representation 

of the fluid, including critical properties, and physical & thermodynamic properties which have not been 

measured. This allows for calculations of transport phenomena and thermodynamic phase equilibria to 

be conducted using appropriate mathematical models. Characterization of waxy crude oils and 

condensates for this project were undertaken using the commercially available software PVTsim 

provided by academic license to the University of Utah by CALSEP A/S.  These characterizations can then 

be “mixed” using this same software to create blend characterizations which can then be used for 

computer based calculations of petroleum wax precipitation and deposition in pipeline configurations of 

interest. 



3/31/15 

8 
 

For this study, wax solubility was obtained using thermodynamic modeling in PVTsim based on 

measured compositions. Then, based on the calculated amount of precipitated was solid for given oil 

temperatures, the PVTsim program was also used to predict non-Newtonian viscosity effects anticipated 

for Uinta Basin crude oils and blends with diluents. The PVTsim calculated solid-liquid-equilibria and 

fluid rheology were then used to calculate pressure drop and wax deposition for generic model pipelines 

transporting Uinta Basin crude oils to investigate their feasibility. Yellow Wax crude oil was selected for 

this modeling work since it contains the most n-paraffin (wax forming components) as seen in Table 2. 

Table 2 – Composition of Uinta Basin Crude Oils by GC/HTGC. 

 

Single Single 

Carbon No. Carbon No.

Components Total n-C18 to n-C80 Total

n-Paraffin        

n-C18 to n-C80 Components Total n-C18 to n-C80 Total

n-Paraffin        

n-C18 to n-C80

C1 0.000 0.000 C40 1.213 0.097 1.038 0.140

C2 0.000 0.010 C41 1.180 0.077 0.884 0.132

C3 0.050 0.060 C42 1.079 0.058 0.832 0.125

iC4 0.030 0.030 C43 1.047 0.075 0.790 0.121

nC4 0.090 0.160 C44 0.972 0.062 0.737 0.111

iC5 0.080 0.120 C45 0.952 0.082 0.751 0.104

nC5 0.120 0.320 C46 0.992 0.067 0.720 0.095

C6 0.297 0.787 C47 0.924 0.081 0.704 0.096

C7 1.281 1.626 C48 0.913 0.061 0.739 0.088

C8 1.932 3.573 C49 0.924 0.067 0.665 0.076

C9 2.408 3.322 C50 0.839 0.047 0.675 0.066

C10 2.418 3.158 C51 0.834 0.060 0.662 0.063

C11 2.122 2.896 C52 0.783 0.051 0.584 0.060

C12 2.007 3.018 C53 0.795 0.063 0.599 0.057

C13 2.714 3.192 C54 0.740 0.049 0.607 0.045

C14 2.577 3.219 C55 0.808 0.063 0.530 0.048

C15 2.580 3.111 C56 0.777 0.040 0.566 0.045

C16 2.103 3.098 C57 0.767 0.041 0.500 0.047

C17 2.740 2.949 C58 0.688 0.028 0.482 0.034

C18 2.512 1.097 2.933 1.523 C59 0.687 0.031 0.480 0.037

C19 2.596 1.183 2.785 1.531 C60 0.669 0.012 0.459 0.032

C20 2.421 0.963 2.667 1.423 C61 0.697 0.022 0.438 0.027

C21 2.405 0.928 2.587 1.367 C62 0.606 0.021 0.450 0.024

C22 2.370 0.928 2.627 1.384 C63 0.541 0.017 0.443 0.023

C23 2.561 0.997 2.669 1.376 C64 0.577 0.016 0.373 0.022

C24 2.332 0.936 2.517 1.299 C65 0.492 0.014 0.355 0.016

C25 2.555 1.004 2.526 1.267 C66 0.453 0.013 0.348 0.015

C26 2.397 0.910 2.532 1.169 C67 0.421 0.012 0.365 0.012

C27 2.776 0.972 2.537 1.112 C68 0.403 0.007 0.343 0.007

C28 2.731 0.754 2.504 1.014 C69 0.414 0.006 0.324 0.004

C29 2.818 0.718 2.435 0.925 C70 0.428 0.005 0.291 0.003

C30 2.526 0.554 2.228 0.721 C71 0.374 0.004 0.210 0.002

C31 2.286 0.440 2.005 0.607 C72 0.361 0.003 0.151 0.001

C32 1.919 0.277 1.718 0.479 C73 0.368 0.001 0.148 0.001

C33 1.636 0.222 1.630 0.409 C74 0.388 0.001 0.138 0.001

C34 1.566 0.166 1.536 0.311 C75 0.360 0.000 0.155 0.000

C35 1.494 0.130 1.226 0.228 C76 0.375 0.000 0.119 0.001

C36 1.507 0.094 1.191 0.180 C77 0.346 0.000 0.117 0.001

C37 1.465 0.094 1.172 0.161 C78 0.317 0.000 0.133 0.000

C38 1.332 0.093 1.118 0.148 C79 0.268 0.000 0.119 0.000

C39 1.248 0.107 1.081 0.151 C80 0.221 0.000 0.100 0.000

Total 100.000 13.569 100.000 18.784

Black Wax Yellow Wax 

Wt.(%) Wt.(%)

Black Wax Yellow Wax 
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Table 3 – Gas Condensate Composition by GC. 

 

Wax solubility curves, which give the amount of precipitated wax present for given crude oil 

temperatures are provided in Figure 1 for Yellow Wax crude oil, and a blend of 50%vol. Yellow Wax with 

50%vol. gas condensate. These curves have been generated by PVTsim based on input compositions 

from GC/HTGC analyses. These curves were then used in the PVTsim – DEPOWAX software to calculate 

pipeline wax deposition for this project.  

Figure 1 – Wax Solubility Curves from PVTsim 

 

It should be noted that these curves likely over predict wax amounts for given crude oil temperature. As 

an indication of their conservatism, the temperature where Yellow Wax crude oil contains 2%wt. 

precipitated wax is above 120oF. This amount of precipitated wax usually is associated with gelation of 

Components Wt.% MW (gr/mol)
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crude oil at the so called Pour Point Temperature (PPT), however the measured pour point for Yellow 

Wax crude oil in this study is 102oF.   

Viscosities, including Non-Newtonian and Newtonian / kinematic values, were calculated from 

composition input using PVTsim based on the calculated wax solubility curves. Results of the PVTsim 

simulations for viscosity calculations for the 50%vol. Yellow Wax – 50%vol. gas condensate blend are 

provided in Figure 2.  Again, it believed these viscosities are conservative (high) since the PVTsim 

calculation has used conservative (high) amounts of precipitated solid. 

Figure 2 – PVTsim Calculated Viscosities for 50%vol. Yellow Wax – 50%vol. Condensate 
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Wax Deposition Modeling 

Flow assurance is a formal approach in the oil and gas industry to providing successful and economical 

flow of hydrocarbon streams from reservoir to the point of sale. Wax deposition is a primary flow 

assurance concern in pipelines moving waxy crude oils since it can lead to pipeline plugging and 

enhanced corrosion.  The University of Utah, Department of Chemical Engineering, has an academic 

license for commercial software called PVTsim from CALSEP A/S. This software is used by industry for 

flow assurance modeling, and was used in this project to model wax deposition in “generic” pipelines 

that represent possible technical approaches for pipeline transport of waxy crude oils from the Uinta 

Basin to destinations in the State of Utah. These generic pipelines represent possible technical options, 

rather than specific routes with elevation changes and variability in underground heat transfer. Two 

specific approaches were used for pipelining: Hot Oil and Cold Flow pipelines as summarized in Table 4.  

Table 4 –Generic Model Pipeline Configurations. 

 

Hot oil pipelines represent the traditional pipeline approach involving starting the oil flow into the 

pipeline at temperatures well above the so called wax precipitation temperature, or WPT. The WPT is 

where wax solubility in the crude oil is exceeded and solid wax begins to precipitate in the flowing crude 

oil. As oil moves in the pipeline, heat loss to the environment lowers the flowing oil temperature, and 

possibly leads to flow temperatures below the WPT. Once the oil at the inside pipeline wall reaches the 

WPT, solid wax can form creating a gel deposit consisting of paraffin wax and occluded or trapped oil. 

These deposits primarily grow in thickness by diffusive flux of liquid wax forming components into the 

gel where they become solid. For pipelines with high precipitated wax content, agglomeration of flowing 

solid wax particles is also believed to contribute to pipeline wall deposits. The other concern with hot oil 

pipelines is a potential flow stoppage, where the oil trapped in the shutdown pipeline cools to ambient 

soil temperature (assuming typical underground construction typical of non- arctic pipelines) and 

gelation of the oil occurs due to interaction of solid wax crystals formed in the cooled oil. If this pipeline 
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shutdown occurs with little or no existing solid wax particles previously generated in the flowing 

pipeline, a very strong gel can result preventing restart of the pipeline. 

Cold flow pipelines are a relatively recent approach which involves cooling the oil to well below the WPT 

to create a solid wax phase carried in the oil which is no longer available for diffusive flux to the pipe 

wall thereby reducing development of wax deposits. The hope is that by sequestering a good portion of 

the paraffin components in the solid phase, and creating larger wax crystals with rounded/non-angular 

morphology, any gels formed during a pipeline shutdown will be weaker due to lower interaction 

between wax crystals. Cold flow pipelines do incur higher operating costs due to required cooling of the 

oil, as well as higher pumping costs due to increased viscosity of the oil from the presence of the solid 

phase in the cold oil. The positive trade-off comes from easier pipeline restart – without the 

requirement of added insulation layers and heat tracing of the pipeline to insure restart capabilities. This 

is because it is not a question of “if” the pipeline flow will stop, but rather “when” will the pipeline flow 

stop. 

Modeling of pipeline restart characteristics is outside the scope of this initial feasibility study – which is 

looking specifically at whether generic pipelines carrying blends of Uinta Basin crude oils are estimated 

by modeling to result in pipeline wax deposition which can be handled by current wax control 

technologies. Modeling was undertaken using the PVTsim software module – DEPOWAX, which 

calculates the amount of wax deposited in a pipeline for given flow conditions. This was done to see if a 

generic pipeline using either the Hot Oil or Cold Flow approach could produce estimated wax deposit 

thicknesses amendable to traditional was control methods.  

The following figures show the results for PVTsim-DEPOWAX modeling of the generic pipelines, 

operating with a blend of 50%vol. Yellow Wax and 50%vol. gas condensate. Yellow Wax crude oil was 

chosen for this blend calculation since it represents the worst case of Uinta Basin crude oils in terms of 

waxing behavior due to higher paraffin content. The volume percentage values were chosen to 

investigate an upper limit of interest for diluent volumes in keeping with the scope (feasibility) of this 

project. Additional conceptual work will be required to identify a minimum possible diluent component 

for specific pipeline configurations and Uinta Basin oils. Future conceptual work will need to include 

pipeline restart characteristics based on results of rheological experiments for specific blends of 

commercial interest. 
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Figure  1 – Generic Pipeline Model Temperatures 
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Figure 2 – Generic Pipeline Model Pressures 
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Figure 3 – Generic Pipeline Model Wax Deposit Thickness 
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It should be noted that while both the generic Hot Oil and Cold  Flow  pipelines have predicted wax 

deposit thicknesses after one week of operation which exceed a common industry “rule of thumb” 

maximum wax layer thickness of 2 mm, these results still look “feasible” assuming the accuracy inherent 

in the modeling for  this project stage. In particular this modeling is based solely on prediction from 

composition, without benefit of actual measured / experimental wax solubility curves and fluid 

viscosities. These results merit follow-on feasibility work and future conceptual studies to verify 

suitability for preliminary design activities. These additional studies can be undertaken using specific 

Uinta Basin blends and pipeline configurations (including elevation changes and construction modes) of 

interest. The wax deposit thicknesses calculated by this modeling effort are amendable to current wax 

control strategies, including pigging, and use of chemical additives. 
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Control of Wax Deposition in Pipelines 

Table 5 contains technologies and methods used to control arterial wax deposits. The table is divided 

into three major categories: Used, Available, and Research. The table has three control strategies: 

Monitoring, Prevention, and Remediation. The methods in the Used category are things that are 

commonly used by the pipeline industry. Those in the Available category are mature technologies that 

are on the market, but are not commonly used. The Research technologies have demonstrated viability, 

but are not currently used or even on the market. The list is not exhaustive, but does represent the most 

common methods and technologies for arterial wax deposition control. 

Pipeline operators currently use few, if any, methods to actively monitor wax deposition; yet, 

researchers have developed various wax deposition monitoring techniques. This may be due to 

researchers attempting to address the lack of monitoring in industry, while operators feel the cost of 

active wax monitoring outweighs its benefits. Whatever the case, the monitoring techniques in Table 5 

can be grouped into three major measurement categories, heat transfer[1], [2], [3], [4], electromagnetic 

wave[5], [6], [7], [8], [9], [10], and compression wave[11], [12], [13].  The heat transfer methods aim to determine wax 

deposit thickness by measuring the heat flux through the pipe wall. These techniques take advantage of 

the fact that wax acts as an insulator which causes the pipe to lose less heat to the surroundings as 

deposits thicken. Electromagnetic waves have also been used to detect wax deposition. These 

techniques use the same principles as medical imaging technologies such as Computer Aided 

Tomography (CAT) scanning[7], [10]. Compression wave methods include ultrasound imaging[11] and 

sending pressure pulses down the pipeline that reflect back when significant blockage has occurred[12]. 

While many methods of actively monitoring wax deposition in crude oil pipelines have been developed, 

none of them are commonly used by pipeline operators. Producers have favored wax deposition 

simulation and regular pigging over online monitoring.  
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Table 5 - Crude Oil Pipeline Arterial Wax Deposition Control Technologies. 

  Monitoring Prevention Remediation 

Used  smart pigs 

 visual inspection 

 chemical deposition 
inhibitors 

 coiled-tubing 

    chemical drag reducers  cut out pipe & replace 
it 

    cold finger (determine 
deposition rate) 

 dispersants 

    deposition modeling 
and estimation 

 electrical heating 

    external insulation  hot oil injection 

    flow loop (determine 
deposition rate) 

 hot water injection 

    operate at high flow 
rates 

 scraper pigs 

    pour point depressants 
(PPD's) 

 solvents (xylene) 

     steam injection 

Available  computed 
tomography[10]  

 various chemicals[14], [15]  chemical reaction heat 
generation[16] 

   radioisotope tracing[9]  internal polymer 
linings[17] 

 microbial treatments[17] 

  distributed 
temperature sensing[18] 

  

Research  acoustic 
chemometics[13] 

 various chemicals[19]  power ultrasonic 
methods[17] 

  capsule monitoring[6]  magnetic fluid 
treatment[17] 

 inductive heating[20] 

   electrical resistance[2]  power ultrasonic 
treatment[17] 

 

   heat pulse monitoring[1]   

   heat transfer[3]   

  optical fiber Bragg 
gratings[8] 

  

   pressure pulses[12]   

   radiography[5]   

   thermal wave 
processing[4] 

  

   ultrasound and strain 
gauges[11] 

  

   x-ray diffraction[7]   
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Monitoring and Process Control of Pipelines 

Currently, crude oil pipeline operators manage wax deposits by determining deposition rates for their 

specific crude using standard laboratory tests and pipeline simulation software. The data is then used to 

create a pigging and chemical schedule to regularly treat the wax deposits in the pipeline. Operators 

generally do not actively monitor wax deposition, they simply send a pig and inject chemicals into the 

pipe on often a suboptimal schedule. If there were a way to actively monitor wax deposition then Model 

Predictive Control (MPC) could minimize the cost of chemicals, pigging, and heating. This is particularly 

important for a pipeline that carries an extremely waxy crude oil such as Yellow Wax where deposition 

rates and associated costs are high. 

 

Several researchers have demonstrated that temperature can be used as a surrogate for wax thickness 

measurements [1], [2],[3],[4]. This is because wax inhibits the heat transfer from the oil to the pipe as the 

deposit builds. The wax deposit thickness can be estimated by measuring the temperature change on 

the pipe’s surface. The temperature profile of pipelines that are hundreds of miles long can be 

measured by fiber optic DTS or fiber Bragg gratings (FBG). These fiber optic technologies are 

advantageous for several reasons. They are non-penetrating, the signals can be transmitted over very 

long distances with little loss, and multiple sensors can be placed on one fiber in series [5]. This advanced 

monitoring technology can be combined with MPC to minimize wax remediation costs for pipelines 

carrying black wax crude oil.  
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Uinta Basin Pipeline & Production History   

Since the discovery of the Ashley Valley oil field in 1948 the Uinta Basin has become the largest producer 

of crude oil in Utah (Division of Oil, Gas and Mining). The growth of the oil industry is continuing with 

over 650 new wells being started in 2013. According to Fielden (2013) the crude oil produced in the 

Uinta Basin is quite light and low in unwanted components such as acids and metals; however it is also 

highly paraffinic in nature leading to it being a solid with the consistency of a candle at room 

temperature. This property leads to huge difficulties in transportation, with the oil currently being 

mostly transported to the five refineries in Salt Lake City by insulated trucks which keep the oil at 

approximately 150 degrees Fahrenheit. (Fielden, Do Ya Think I'm Waxy? Handling Expanding Uinta Basin 

Crude Production, 2013) 

The Uinta Basin Energy and Transportation Study found that the opportunity costs associated with 

transportation-induced constraints over the next 30 years are likely to range between 1.3 and 24 billion 

dollars (Uinta Basin Energy and Transportation Study (Phase 1), 2013) meaning that unless the Uinta 

basin expands its existing transportation network either by building increased roadway capacity, or 

expanding alternative means of transporting crude oil including by pipeline and rail the Uinta Basin will 

make between 1.3 and 24 billion dollars fewer than it could have with unlimited transportation. The 

challenges associated with transporting waxy crudes lead to increased expense (by requiring that the oil 

be kept at approximately 150 degrees Fahrenheit) for the operators operating in the Basin. 

Furthermore, it has been estimated that the refinery capacity of the Salt Lake City refineries is 

insufficient to handle expected production increases (Uinta Basin Energy and Transportation Study 

(Phase 1), 2013). Hopefully this study will lead to more information that will open more options for 

getting their product to a greater variety of markets in a more economic fashion. 

The WTI discount in Salt Lake City for waxy crude oils is currently between 15 and 20%. This means that 

the crude oils produced in the Uinta Basin are sold for between 15 and 20% less than the West Texas 

Intermediate crude oil, which is used as a standard. This discount is usually attributed to the 

transportation constraints involved (Fielden, Uinta Basin Crude Price Discounting, 2013). Oil producers 

hope that new methods of transportation could open up additional markets willing to pay a more 

competitive price. There have been several attempts to transport Uinta Basin’s waxy crude oil by 

pipeline since the first discovery in the Uinta Basin 63 years ago. These attempts seem to follow the local 

economic oil booms of the Basin, including the current boom. However, to date, the Chevron Pipeline is 

the only one that has moved waxy crude out of the Basin in commercial amounts. Summaries of Uinta 

Basin oil production and pipeline history are included in the Appendix of this report.  
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2. Project Management 

 

This project closely followed the original scope and budget provided in the original proposal to the State 

of Utah. Deviations from the proposal project technical scope, along with background, are listed here: 

 The DEPOWAX modeling for estimation of wax deposition in generic pipelines was based upon 

composition input data, rather than tuning to match experimental wax solubility data. Delays in 

procuring needed FT-IR spectrometer needed for solubility measurements, and loss of key 

personnel (University of Utah, Petroleum Research Center Lab Manager) prevented completion 

of the originally planned experimental work for crude oil wax solubility. Although “preliminary 

data” are available, it is not appropriate to include such data in this final report since completion 

of quality assurance protocols is pending.  

 The project expanded the project plan by researching the history of transporting waxy crudes 

and the associated petroleum production history of the Uinta Basin.  
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3. Research Impact  

The proposal for this project provided to the State of Utah identified six dominant societal 

considerations related to this research focused on the merits of efficient, economic, safe, and 

environmentally appropriate pipeline transportation of waxy crudes: 

1. Avoid lost revenue from transportation constraints: Currently most waxy crude must be trucked. 

Investment in transportation capacity presents a significant opportunity to the economic well-

being of the region. Overall, addressing transportation constraints would result in more than 

$64 billion in net new economic activity in the State through 2042.” (UDOT, 2013)  

2. Safety and infrastructure for highway tankers beyond lost future revenue and jobs: Substantial 

highway modifications would presumably be ongoing even to support the current truck traffic.  

3. Safety/Costs for rail transport: While rail has some advantages, high profile accidents have 

suggested that safety could be a major consideration. Rail unit costs are not yet established.  

4. Movement to Utah refineries: Pipeline transportation could favor continued refining in Utah, 

while a rail solution could facilitate movement of crude oil (and refining) to elsewhere in the 

country.  

5. Environmental-Air Quality by alleviating trucking: The carbon footprint for pipelining is likely 

more favorable than trucking.  

6. Environmental - new pipeline monitoring and control:  There is a need to accelerate dialog and 

promote development of new methods for monitoring and controlling pipeline integrity. 

These societal considerations have been addressed in part through completion of this project which has 

identified possible technologies and blends to enhance pipeline transport of Uinta Basin waxy crude oils. 

Continued study is needed to fully address these considerations as described in the following section. 

Recommendations 

The following recommendations are made from this project: 

1. Develop experimental data for wax solubility for Uinta Basin crude oils and blends with likely 

diluents (Note: this was originally in the scope of this project but not completed due to time, 

equipment, and resource constraints). 

2. Develop experimental data (Reid Vapor Pressure – RVP) for blends of diluents with Uinta Basin 

crude oils for estimation or air quality impacts. This is particularly important for blends with 

condensates, which may exhibit high vapor pressures. 

3. Evaluate the use of non-waxy crude oils currently being transported across the intermountain 

region as potential diluents for pipelining of Uinta Basin waxy crude oils. 

4. Perform bench-top scale laboratory flow-loop testing to validate DEPOWAX predicted wax 

deposition rates for generic pipelines using Hot Oil and Cold Flow technologies. 

5. Provide conceptual evaluations of the use of fiber optic pipeline monitoring for generic pipelines 

carrying blends containing Uinta Basin waxy crude oils. Operators of new waxy crude pipelines 

may benefit from fiber optic pipeline monitoring. Not only does this technology allow for leak 
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detection, but it can also potentially be used in feedback control systems that optimize energy 

usage associated with wax deposition in the pipeline. Energy use minimization and active 

pipeline leak detection are beneficial to citizens, businesses, and governments. 

6. Develop Model Predictive Control (MPC) strategies for generic pipelines using Hot Oil and Cold 

Flow technologies for inclusion in comparative studies. As fiber optic sensors have 

demonstrated the ability to monitor pipeline wax thickness, the next logical step in research is 

to develop a control scheme that optimizes energy use in wax remediation techniques. The 

controller would integrate the most advanced dynamic wax deposition models and automated 

remediation methods. Once the controller is tuned, it would need to be validated with high-

fidelity simulators or actual field data. 

7. Develop pipeline restart concepts for generic pipelines carrying blends containing Uinta Basin 

crude oils based upon measured non-Newtonian rheological properties. 

8. Document carbon footprint trade-offs for generic model pipelines using Hot Oil and Cold Flow 

technologies versus idealized truck and rail transport. 
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4. Collaborative Impact  

The cross-university collaboration created by this project allowed for both efficiencies in approach, and 

development of feasibility concepts. By having the three Utah schools involved in this project team was 

able to more effectively: 

 Collect crude oil, and condensate samples. 

 Analyze collected samples for composition, density, viscosity, and wax solubility. 

 Perform wax deposition modeling using commercially available software currently standard in 

the midstream industry. 

 Investigate Uinta Basin pipeline history. 

 Identify promising monitoring and process control technologies for Uinta Basin pipeline 

applications. 

Without the collaborative effort, completion of all the above activities by a single university would have 

required additional time and expense. The use of a multi-disciplinary team (not all participants were 

chemical engineers - but included chemists, physicists, and civil engineers) brought enhanced vision to 

the project team, allowing for technically robust views for the tasks at hand. The only identifiable 

detraction associated with the collaborative effort is the need for strong project management to 

coordinate and report efforts at each university.  

The funding provided by the State of Utah for this project has allowed the University of Utah, Chemical 

Engineering Department to start a Joint Industry Study (JIS) extending the experimental work of this 

project to include measurement of non-Newtonian Rheology of Uinta Basin waxy crude oils and blends. 

Without this initial Energy Research Triangle project funding, this JIS would not have been possible. 

Further, the project provided Dr. Michael Hoepfner, a new tenure-track Assistant Professor recently 

hired by the University of Utah, with “industry” experience in the midstream sector, an effective 

complement to his academic training and expertise in petroleum. 

Additional benefits of this cross-university collaboration have included: 

 This project contributed to the start of the new Upstream Engineering and Flow Assurance 

(UEFA) division in the American Institute of Chemical Engineers (AICHE): 

o Michael Hoepfner and John Hedengren are on the executive committee 

o Michael Hoepfner delivered a worldwide webinar on pipeline plugging due to 

deposition. 

 Leveraging of the expertise of each university. 

This project has also provided the foundation for additional research collaboration as identified by 

project members here: 

 Future models from University of Utah will be used in controllers from BYU and in turn validated 

by future experimental data from the University of Utah. 

 Results from this project will be presented by the project team at the 2015 AIChE Spring 

Meeting in Austin, Texas. 
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Appendix A - Crude Oil Production in the Uinta Basin 
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The waxy crude oil found in the Uinta Basin comes mainly from two locations. The yellow wax crude oil 

is found in the Altamont/Bluebell fields and is taken from the Wasatch formation at approximately 

12,000 to 16,000 feet below ground level. The black wax crude is primarily around the Monument Butte 

and Red Wash Fields and is taken from the Green River formation at approximately 7,400 to 10,000 feet 

(Morgan, 2003).  

The map below is generated from data from the Division of Oil, Gas and Mining showing the Oil and Gas 

fields of the Uinta Basin. 

 

Figure 1-Oil and Gas Fields of the Uinta Basin 
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Figure 2- Oil Wells by Company 
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The Uinta Basin has produced approximately 686 million barrels of crude oil as of July 29, 2014 

according to the Division of Oil, Gas, and Mining. The current monthly production rate is between 

60,000 (Hairr, 2013) and 90,000 barrels (Yahev, 2014) per day. This rate of production is expected to rise 

slightly over the next twenty years, after which a gradual decline is expected (Uinta Basin Energy and 

Transportation Study (Phase 1), 2013). 

Production Data Taken From the Division of Oil, Gas, and Mining as of July 29, 2014: 

 

Counties 2014 2013 2012 2011 2010 

Cumulative 
Lifetime 

Production 

Carbon 16,088 38,139 80,859 73,360 46,254 615,665 

Duchesne 
4,487,369 16,541,105 14,425,432 11,940,217 10,916,561 388,423,808 

Uinta 2,948,163 10,497,826 8,348,505 7,021,694 6,609,784 296,815,549 

Totals 7,451,620 27,077,070 22,854,796 19,035,271 17,572,599 685,855,022 

 

The EIA lists that the proved crude oil reserves for Utah are 613 million Barrels with (Energy Information 

Administration, 2014). Since exact field level reserve data is considered proprietary, it is necessary to 

infer from the Uinta Basin’s historical share of statewide production, which was 72% in 2011, (Uinta 

Basin Energy and Transportation Study (Phase 1), 2013) from this it can be estimated that the Uinta 

Basin has crude oil reserves of approximately 441 million barrels.  

Chemical property information on the waxy crude oils found in the Uinta Basin is not readily available. 

The most commonly available data includes API gravity and pour point. Paraffin content is also included 

occasionally; however, the reported paraffin content varies wildly from source to source and may be 

considered unreliable. Below is a table with found chemical property information color coded by yellow 

and black wax crudes, along with the source of said information. 

API gravity is a measurement of the density of the crude oil with an API gravity of 10° being equal to the 

density of water. The density increases as API gravity lowers such that light crude oils are classified as 

being above approximately 31° medium crudes being between 22° and 31° and heavy crudes being 

anything below 22°. Pour point is simply the temperature at which the crude oil will no longer flow, and 

has historically been considered to be slightly below the minimum temperature necessary for 

transporting crude oil via pipe. Advancements in flow assurance are changing this paradigm. 
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Literature 

Oil Type Source API 
Gravity 

Pour 
Point 

Cloud 
Point 
(WAT) 

Paraffin 
Content($) 

Wt. % 
Saturates 

Wt. % Aromatics Wt. % 
Polars 

Wt. % 
Asphaltenes 

Wasatch (Yellow 
Wax) 

(Nance, 2013) 42° 120° F       

Lower Green River 
(Black Wax) 

(Nance, 2013) 32° 105° F       

Bluebell Yellow 
Wax1 

(Morgan, 
2003) 

39° 95° F 132° F 7.4% wt.     

Bluebell Black 
Wax

2 
(Morgan, 

2003) 
33° 120° F 157° F 12.2% wt.     

Monument Butte 
Black Wax3 

(Morgan, 
2003) 

34° 95° F 122° F 9.6% wt.     

Wasatch (Irani, 
Schuster, & 

Yin) 

41.8° 105° F  37.1% wt. 90.0 8.2 1.7 0.1 

Green River (Irani, 
Schuster, & 

Yin) 

30.3° 95° F  26.8% wt. 61.4 16.5 14.9 6.6 

Yellow (Okullo, 2013) 37.5° 110°F 160°F 46%    1.5% 

Black (Okullo, 2013) 36.5° 117°F 150°F 13.3%    1.1% 
1:Taken from John 2-7B2 (Section 7, T. 2 S., R. 2 W., UBL) 
2:Taken from Leslie Taylor 24-5 (Section 24, T. 1 S., R. 1 W., UBL) 
3:Taken from an average of three wells: Monument Butte 10-35, 8-35, and 12-35 (Section 35, T.8 S., R. 16 E., Salt Lake Base Line). 

($)Note: Difference in Paraffin content are likely due to differences in test methods used. 
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Appendix B - Uinta Basin Pipeline History 
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The history of crude oil pipelines in the Uinta Basin begins in 1948, when the Rangely, Colorado field 

production was still increasing sharply. The Salt Lake Pipe Line Co. completed a 182.5-mile pipeline (#1) 

from the Rangely field to the Salt Lake area refineries. The line had a 10” diameter and a maximum 

capacity of 36,000 barrels per day. The line’s capacity was increased to 57,000 barrels a day in 1955 

when four “loops” were added1.One year after the line was completed Uinta Basin Yellow Wax crude oil 

was first discovered in the Altamont field in Duchesne County, Utah. By 1951 Chevron had also 

discovered the Black Wax crude of the Red Wash field in Uinta County. They constructed parallel 3” and 

4” heated pipelines that were seven miles long and connected to the 10” Rangely pipeline (see Figure 1). 

These spur lines had two heating stations that kept the waxy crude at temperatures above its pour 

point. The high-paraffin crudes from the Uinta Basin were periodically injected into the plentiful, low 

viscosity crude from the Rangely field. A special store of Rangely crude was kept at the Red Wash field to 

fill the 3” and 4” lines when they needed to be shut down in between injections into the main pipeline. 

The concentration of Red Wash crude in the Rangely crude was as high as 25% during the summer 

months, and as low as 10% in the winter months. The line was pigged every other day in the winter and 

every other week in the summer. The company learned to manage this unique pipeline, even though 

laboratory tests on the oil mixture behaved differently than when in the pipeline1; they even added a 

second pipeline. 

Figure 1 10” pipeline from Rangely, CO fields to SLC refineries completed in 1948. A second parallel 10” line was completed in 
1957, and three heating stations were added to the second line in 1974. Source: reference 13 with modifications 

Red Wash spur  

Myton Pump 

Station 

Rangely Field 

Hanna Pump 

Station 

SLC area refineries 
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In 1957 the Salt Lake Pipe Line Co. constructed a second 10” line (#2) parallel to the first pipeline. The 

combined capacity of the two lines was near 70,000 barrels per day when completed, and these 

pipelines had their share of operational challenges. In the subzero temperatures of the winter of 1963 

the oil solidified in one of the two lines between the Red Wash spur connection and the Myton pump 

station. The plug of waxy oil in the pipe was about 15 miles long. Halliburton was hired to bring in their 

hydraulic fracturing pumps to push the waxy mass out of the pipeline. However, about 5 miles of the 

line was so plugged that it had to be unearthed, cut out, and replaced with new pipe2. Also, in 1970 an 

explosion leveled a gathering station in the Red Wash field. No injuries occurred and the station was 

replaced within a month3. Regardless of the challenges pipeline operations continued; and in 1966 Salt 

Lake Pipe Line Co. became part of Chevron Pipe Line Co6.  

 

Chevron Pipe Line Co. added three heating stations along the main pipeline in 1974 in response to 

Rangely’s slowing production. The heat lowered the viscosity of the oil mixture and increased the 

pipelines’ combined capacity to 72,000 barrels a day6. The stations were located at Hanna, Woodland, 

and Kimball Junction and cost more than $5 million (~$25 million in 2014 dollars) 4. These natural gas 

fueled heaters increased the temperature of the crude to near 180⁰F and kept it above 120⁰F at any 

point in the line. Even with these heaters, only 50% of the crude transported was Yellow or Black Wax5. 

Operations worked well until January 1980 when several severe storms caused “underground streams 

that came in contact with the heated pipe”6 lowering the pipeline temperature. Twenty-two miles of the 

pipeline were filled with solid waxy crude between the Woodland and Kimball Junction heating stations. 

Several sections of pipe had to be replaced and the entire summer was spent repairing the pipeline6. 

The expense of the repairs at a time of economic recession and the associated risk proved too costly to 

continue the use of the heaters. 

  

The pipeline has had five accidental releases of crude oil in its history. The first three incidents were the 

result of unrelated contractors unwittingly hitting the line while digging. The fourth happened “when a 

surge of electricity from a fault current jumped from a fence post placed within three inches of the 

pipeline”7, and is commonly known as the “2010 Red Butte Creek spill”. The fifth release was caused by 

a damaged block valve near Red Butte Creek about six months after the previous release.     

  

Currently the #1 pipeline is capped, filled with nitrogen, and not in service7. The #2 pipeline still 

transports Rangely and Black Wax crude; however, only 5% of the mix is Black Wax, and the heating 

stations are not in use. While these two Chevron pipelines are the only ones that have actually 

transported any waxy crude out of Uinta Basin, other lines have been proposed. The first proposed 

alternative pipeline happened during a local Basin oil boom.  

 

In 1973 when a local economic boom was occurring in the Uinta Basin, Marathon Oil Co. proposed 

construction of a Yellow Wax cracking unit in the Basin and a pipeline to carry the syncrude to their 

gathering system in Guernsey, WY.  The cracking unit would have used a proprietary technology that 

Marathon had developed specifically for the Yellow Wax crude, and the project would have opened the 

waxy crude to Midwestern markets 8.  The project was never completed because Marathon could not 
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get crude oil supply contracts for the volume necessary to make it economical9. After this economic 

boom, a recession followed, and no other pipeline projects were proposed, until recently.  

 

In February 2014 Tesoro announced plans to build a 135-mile pipeline from the Greater Monument 

Butte field in Duchesne County to the Salt Lake area refineries10.  The 16” line is designed to be insulated 

and electrically heated the entire distance12. It would mostly follow the existing Chevron right-of-way; 

however, the company has proposed several possible routes when the line nears denser populations 

(see Figure 2).  They hope to have the first barrels of oil to the refineries in Salt Lake by 2017. Along with 

piping the waxy crude to Salt Lake, it is also possible to ship it to the east. 

 

Summit Midstream Partners LLC is investigating the possibility of constructing a hot oil pipeline from the 

truck unloading station at Ouray, UT to a train loading facility in Fruita, CO as shown in Figure 3. The 16” 

line would be able to transport 90,000 barrels of crude a day11. While the project is still in its infant 

stages, it accents the idea of shipping Uinta crude by pipeline and rail. 

 

670, LLC has announced plans to construct a crude oil pipeline from Myton, UT to Wellington, UT. This 

line may work in conjunction with the announced construction of a 15,000 barrel a day micro-refinery in 

Emery County. It is possible that the waxy crude could be piped to the Wellington rail terminal then 

shipped by rail or truck to the refinery near Green River, UT.       

 

There have been several attempts to transport Uinta Basin’s waxy crude oil by pipeline since its 

discovery 63 years ago. These attempts seem to follow the local economic oil booms of the Basin. 

However, to date, the two Chevron pipelines are the only ones that have moved crude out of the Basin 

in commercial amounts.   
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Figure 2 Tesoro’s proposed 16” pipeline from Greater Monument Butte fields to SLC refineries. The red, green and light blue lines 
show possible pipeline routes. Source: reference 12 
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Figure 3 Summit Midstream LLC’s proposed 16” pipeline from Greater Monument Butte fields to the railway loading station in 
Fruita, CO. Source: reference 11 
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Appendix C - Bio-Algal Oils as Diluents for Pipeline 

Transport of Uinta Basin Waxy Crude Oils 
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Biodiesel (fatty acid alkyl esters) is produced from triglyceride (lipid) and alcohol by transesterification. 

The lipid can come from any feedstock such as corn, soybean, palm, and microalgae. The lipid source 

used in this project was extracted from microalgae isolated from the Great Salt Lake. The microalgae 

were cultivated in a photo-bioreactor for 20 days and harvested by an organic solvent method. The 

lipids extracted were mixed with methanol containing 10% acid catalyst at 100oCelsius for 2 hours. The 

sample was analyzed by the GS/MS with a Zebron ZB-5MSi Guardian (30 m x 0.25 mm ID, 0.25 µm film 

thickness; Phenomenex) column. The resulting chromatogram is provided in Figure C-1.  

Biodiesel can be used as diluent to decrease the paraffin wax concentration of waxy crude oil and 

thereby lower the wax precipitation (WPT) and reduce the amount of precipitated solid for 

temperatures below the WPT. Using biodiesel/biofuel might also gain tax credits. Biodiesel produced 

from microalgae contains hydrocarbons within the single carbon number range of C16 to C22 as shown 

in Figure C-1. While this appears to be suitable feedstock to a refinery, several complications arise. The 

lipids extracted from microalgae vary from one species to another and also depend on the growth 

condition which can introduce feedstock variability. Biodiesels typically have about 11% oxygen content, 

which at least 2 times larger than biodegraded petroleum (ref. S.K. Hoekman et al. / Renewable and 

Sustainable Energy Reviews 16 (2012) 143–169). Based on this the project team did not feel the use of 

Bio-algal derived biodiesel currently represented a feasible diluent. Advances in bio fuel cultivation, and 

increased acceptance of “drop-in” fuels (feedstock not arriving with crude oil feed) may change this in 

the near future. 

Figure C-1 – Biodiesel GC/MS Chromatogram 

 


