


 

 

 

 

A Request for Funding: 
 

Purpose-Fit Portable Multi-Phase Production 
Measurement System 

 

 

A Grant Application for the Amount of $98,000 
 
 
 
 

As Submitted To: 
 

North Dakota Oil and Gas Research Council 
 

Respectfully Submitted by 
 

Ward Williston Oil Company 
 
 

November 1, 2007 
 
 

Principal Investigator:  
 

James W. Cron, Chief Engineer, Ward Williston Oil Company 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 2 

 

 

 

Table of Contents 
 

 

Table of Contents..................................................................................................2 
Executive Summary ..............................................................................................3 
Project Description................................................................................................4 

Phase 1 .............................................................................................................4 
Phase 2 .............................................................................................................5 
Phase 3 .............................................................................................................6 
Phase 4 .............................................................................................................7 
Phase 5 .............................................................................................................7 
Phase 6 .............................................................................................................7 

Standards of Success ...........................................................................................7 
Background/Qualifications of Participants.............................................................7 
Value Statement ...................................................................................................8 
Project Management.............................................................................................9 
Project Time Table................................................................................................9 
Project Budget ....................................................................................................10 

Project Matching Funds...................................................................................11 
Confidential Information ......................................................................................11 
Patents and Rights to Technical Data.................................................................11 
Tax Liability Affidavit ...........................................................................................11 
Bibliography ........................................................................................................11 
Appendix.............................................................................................................11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 3 

 

 

 

 

Executive Summary 
 
Ward Williston proposes to procure, modify and test a multiphase flow metering 
system that is purpose fit for use in North Dakota, procuring most items and 
services within North Dakota.  The total estimated project costs are $196,000, for 
which we petition the North Dakota Oil and Gas Research Council for $98,000. 
 
Secondary Recovery methods, primarily water flooding, provide an ever 
increasing amount of oil production in the State of North Dakota. The impact on 
North Dakota from oil production is significant, producing $168.3 million in 
taxable sales and purchases in 2006, up 50% from 2005 (source: ND Petroleum 
Council). Clearly extending the life of existing fields is beneficial to the State of 
North Dakota. 
 
Secondary recovery efforts can produce significant volumes of water, smaller 
volumes of oil and varying degrees of natural gas. The measurement of oil, water 
and gas production in secondary operations is important to determine reserves, 
the economics of continued operations and to evaluate optimization efforts such 
as recompletion, introduction of permeability-alteration products, horizontal well 
development, acidizing, etc to improve oil and gas production and/or reduce 
water production. Accurate, consistent data is critical to making the 
aforementioned capital intensive decisions, timely and correct.    
 
Traditionally, conventional production well testing is currently fulfilled by the use 
of centralized separation and metering stations or to a lesser amount by portable 
testers. Central testing systems require extra flow lines to be installed and 
maintained over their entire lives. However, for new secondary recovery 
candidates, most wells produce through disparate production facilities. For small 
operators, a typical strategy prior to implementing a secondary operation is to 
minimize the number of production batteries to reduce ongoing field costs and 
eliminate any negative environmental exposure. However this strategy 
contradicts the use of conventional testing methods as they require creating of 
individual flow lines for each well and larger test manifolds. To implement a 
conventional testing strategy results in increased capital investments, higher 
operational costs and additional risk.  Portable testing systems allow metering at 
an individual well (or wells) and thereby do not require additional manifolds and 
lines to be installed and maintained.  Based on our experience, low-cost portable 
testers are not accurate enough, due to sampling frequency and gas interference, 
as well as the extreme weather conditions of North Dakota.  
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Portable testing units that have a high degree accuracy cost greater than 
$225,000, which is out of the economic reach of most independent operators. To 
this end we have employed a design that while having a higher initial cost, we 
would be able to optimize via our learnings', thereby lowering future procurement, 
modification and installation costs on future units by 50%. Ward Williston feels 
that by employing an accurate testing system, we will be able to negate the need 
to install conventional testing systems, thereby saving several hundred thousand 
dollars per secondary recovery project.  
 
An available power source is critical to this project:  to lower carbon missions, 
increase reliability and reduce production costs; many operators such as Ward 
Williston have electricity available on each production site, allowing us to test a 
multiphase flow metering system. 
 
This unit after procurement and modification, will be field tested in the Mouse 
River Park Madison Unit which has lower gravity oil, with a higher H2S 
concentration, on both low-rate, mid-rate and higher rate wells, and the North 
Westhope Unit, which has higher gravity oil, with lower H2S concentrations. Data 
will be accumulated, analyzed, summarized and published. Expected project 
completion time will be November 2008, with final report submission in 
December of 2008 or the 1st quarter of 2009. 
 
In order to make this project a success, Ward Williston will work with Dr. K.T. Liu, 
of AccuflowTM, who has prior metering experience in North Dakota, and is an 
expert in multiphase measurement. 
 

Project Description 
 

The objective of this study is to determine whether a fit-for-purpose multiphase 
flow meter can function successfully in oil fields in North Central, North Dakota. 
 
Our effort is based on the work done by Texaco, et al, in developing portable well 
testing in the Bakersfield, CA region.  The major differences between that region 
and the Williston basin is the difference in the mean surface temperature, oil 
viscosity, the difference in H2S content, and the recovery method for secondary 
recovery (steam vs. water flood), and the presence of free gas. 

Phase 1 

The first phase of the project will be concerned with the procurement and 
construction of the measurement system from Accuflow.  The planned 
configuration consists of the following: 
 
ANSI rating   ANSI 150#  
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Design/Welding code Per ASME B31.3 design code, w/ 10% X-ray 
radiography of welds 

 
Coating:     Vessel and Piping will be internally plastic coated. 
 
 
Separating System  
 

Accuflow Jr. multiphase metering system, consisting 
of: 

 
• 10” diameter pipe separator 
• 2” diameter gas flow line 
• 1” diameter liquid flow line  

 
For low production wells (e.g., 50 BBL/day or lower), a snap acting control 
mechanism is provided. This includes mechanical liquid level switch on the 
separator pipe to actuate an on-off control valve in the liquid flow line. 
Compressed air (80 psig) is required to operate this mechanism. 
 
Liquid flow/net oil meter:  A Coriolis flow meter (Micro Motion, Model 
CMF100M, 1” size) is used for liquid flow measurement. The meter will be 
equipped with a “Net Oil Computer” to provide water cut and net oil measurement. 
Water cut is determined utilizing density differential principle. Please see the 
appendix for the measurement system’s schematic drawing, as well as 
discussion on the Coriolis meter.  
 
Gas flow: ½” vortex meter is used to measure gas flow rate. The vortex meter 
has built-in temperature and pressure sensors, and its flow transmitter is capable 
of performing temperature and pressure compensation calculation to display gas 
volume at standard condition.  
 
Piping:  Inlet and outlet pipe to be re-designed and re-oriented for flexible hose 
connections.  
 
Hoses: Flexible H2S resistant hoses will be procured from Jasper Engineering of 
Bismarck, ND. These hoses will connect the well head and the measurement 
system, and back from the measurement system to the flow line, so production is 
not deferred during the time of testing. 

Phase 2 

The second phase of the project will feature the modification of the measurement 
system from a skid to a trailer mounted, fully-enclosed unit.  This will require the 
skid to be mounted on a low profile “bare” trailer, due to the meter’s unusual 
dimensions: 4’Wx8’Lx11’ wide.  Using local resources, we will build a custom 
enclosure around the measuring system that is suitable for our climate extremes 
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(insulation), features explosion proof wiring, both floor and ceiling venting (for 
H2S), and multiple point of ingress/egress. The self-contained skid enclosure will 
be environmentally friendly and designed to minimize the chance of spills during 
the use of the meter.  As part of the design, the enclosure will be large enough to 
include an additional gas separator if needed during the test. During this point of 
the project, a suitable vehicle will be procured to move the trailer from point to 
point. The vehicle will be a diesel ¾ ton, 4x4, extended-cab truck purchased 
locally. To lower carbon emissions, we plan to select a vehicle that can use 
biodiesel, if available. During this period the enclosure will be modified to allow 
for the use of exterior quick connect piping. In addition, four initial wells from 
each of the test fields will be identified and the wellheads modified to accept the 
flexible hoses and valves install to divert the production to the measurement 
system. From available wells in each field, samples of fluid will be taken at the 
formation via well bore sampling using WISCO in Williston, ND, and the samples 
will be brought to Astro-Chem in Williston, North Dakota for analysis.  

Phase 3 

During Phase 3, the lease operators and engineer will undergo familiarization 
with the measurement system, and undergo two days of training in its use.  In 
addition the unit will be under preliminary test at a sight using conventional 
testing to determine accuracy and eliminate any issues.  Over the remaining five-
six months, the unit will be used for testing wells bases on the following: 
 

1. High Rate Wells >100 bfpd: 
a. 2 hour test 
b. 6 hour test 
c. 24 hour test 
 

2. Medium Rate Wells >50bfpd<100 bfpd  
a. 6 hour test 
b. 24 hour test 
 

3. Low Rate Wells  50 bfpd<  
a. 6 hour test 
b. 24 hour test 
c. 48 hour test 

 
The test data will be recorded, compiled and analyzed. In addition, any 
changes to the measurement system or trailer will be made as needed. 
 
Three major parameters during testing will be evaluated: 
 

1. Accuracy as compared to conventional testing, and pump off 
controllers. 

2. The effect on the accuracy of the measurement system due to the 
presence of free gas. 
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3. Changes in fluid properties, salinity, temperature, API gravity, as the 
secondary recovery process matures. 

 
 
 

Phase 4 

Phase 4 will coincide with Phase 5, and will be used for potentially retesting wells 
where the results are in doubt or new opportunities become apparent with the 
application of the measurement system. 

Phase 5 

During Phase 5, the results of the tests will be analyzed for accuracy, and the 
economics of the project will be also assessed. As Phase 5 coincides with Phase 
4, any results that are in doubt will lead to re-test or any new opportunities 
captured. 

Phase 6 

Phase 6 will consist of results being compiled and put into a final report for 
internal submission and subsequent submission to Oil and Gas Research 
Council. 
 

Standards of Success 
 

The following items will result in a successful project: 
 

1. Procurement of the measurement system, and its modification for use in 
North Dakota. 

2. Deployment of the measurement system across several fields.   
3. Acquisition of data and analysis. 
4. The system displays reliability and repeatability. 
5. Development of best practices. 
6. Prepare results for publication. 

 

Background/Qualifications of Participants 
 
Multiphase flow measurement is an ongoing challenge in mature oil producing 
regions such as the Williston Basin, especially when secondary recovery 
methods are being contemplated or already implemented. 
 
Ward Williston Oil Company (WWOC) is an operator of oil wells primarily in 
Bottineau, Burke and Renville Counties.  WWOC’s staff brings years of 
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experience to operating North Dakota oil fields in both primary and secondary 
recovery phases.   
 
One of our constant challenges is to allocate production, through common flow-
lines, back to the source well during both primary and secondary recovery 
operations. Secondly, when developing properties we, like other smaller 
operators, are faced with higher installation costs, delays and higher operating 
costs due to installation and maintenance of expensive flow lines to common 
production and tests manifolds.  Third, we wanted a reliable method to measure 
fluid flow so we could adjust our POC (pump off controller) technology to 
correctly model production as well as down hole and surface producing 
conditions. Our past attempts to measure multiphase flow using low-tech and 
“medium” tech methods have been a failure as either the method has been too 
labor intensive (and expensive) or the technology was not suited for our rather 
extreme winter conditions (NATCO Porta-Testtm), neither system did a good job 
of measuring gas rates. What we want is a system that we would own, is simple 
to use, requires low labor inputs, is reliable, transportable, and can be modified to 
work in extreme weather conditions. During our research we found either 
vendors with reliable products but did not have experience in creating systems 
that are portable or they wanted to sell the system as a service.  Accuflow, the 
measurement system provider for this project, is the provider of measurement 
systems for Process Instruments and Controls, LLC (http://process-
instruments.com/field_services.htm), which offers trailer mounted well testing 
services in California.  By the use of Accuflow’s system, we feel we can modify 
their technology for use for our needs.  
 
The measurement project effort will be performed by the principal investigator, 
managers, and field personnel.  James Cron, Ward Williston’s Chief Engineer, 
will be the primary investigator, with Rodney Conway, VP of Operations at Ward 
Williston will also participate in the investigation process. Both aforementioned 
individuals have extensive field and operations experience. The work on this 
project will be performed by or under the supervision of James Cron, Rodney 
Conway, field supervisors and field personnel.   

Value Statement 
 

This is valuable project for the State of North Dakota.  It will allow technology and 
processes to be developed that will allow marginal properties near the end of 
their ultimate producing life to become secondary recovery projects. In addition 
the project will allow optimization of current secondary recovery projects, in case, 
adding additional tax revenue to the State’s general coffers, and ensuring while 
expanding job opportunities for the citizens of North Dakota.  In addition, this 
project will extend technology, processes and technical knowledge transfer to our 
State to benefit our producers and service providers. Through our “Buy North 
Dakota” strategy, we will procure the majority of the goods and services for this 
project from local North Dakota businesses.   
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Project Management 
 

The measurement project effort will be performed by the principal investigator, 
managers, and field personnel.  James Cron, Ward Williston’s Chief Engineer, 
will be the primary investigator, with Rodney Conway, VP of Operations at Ward 
Williston will also participate in the investigation process. Project administration 
will be performed by Ward Williston Oil Company.  The work on this project will 
be performed by or under the supervision of James Cron, Rodney Conway, field 
supervisors and field personnel.  Microsoft Projecttm will be used as the primary 
project management software for this project. 

Project Time Table 
 

Phase  Event Conclusion 

1 Measurement Skid 
Procurement and 

Construction 

Q1, 2008 

2 Skid, Trailer Modified 
Truck Procured 

Q2, 2008 

3 Training/Testing Begins Q3, 2008 

4 Testing Concludes Q4, 2008 

5 Final Results Q4, 2008 

6 Results Published Q4, 2008 or Q1, 2009. 



 10 

Project Budget 

 
The funding requested is necessary to achieve the project’s objectives within the 
proposed timetable.  If no funding or less funding is available than what is 
requested, the project’s objectives cannot be attained. 
 

Measurement Project Estimated Costs   

      

    S&H  

      

Measurement Skid   $55,500.00 $4,200.00 $59,700.00 

Hoses   $12,000.00 $300.00 $12,300.00 

Trailer   $10,000.00 $500.00 $10,500.00 

Trailer Modifications   $35,000.00 $0.00 $35,000.00 

3/4 Ton Pickup   $40,000.00 $500.00 $40,500.00 
Wellhead 
Modifications   $8,000.00  $8,000.00 

      

Total Tangible     $166,000.00 

      

Fluid      

Fluid Sample Acquisition  $7,000.00   

Lab Work   $4,000.00   

      

Engineering      

 Management $2,000.00   

 Testing  $2,000.00   

 Analysis  $2,000.00   

 Final Report $2,000.00   

      

      

Field Production Staff  $3,000.00   

      

      

Travel/Training   $5,000.00   

      

      

G&A   $3,000.00   

      

Total Intangible     $30,000.00 

      

      

Total Estimated Project Cost   $196,000.00 

      

Total Grant Support Requested   $98,000.00 
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Project Matching Funds 

 

The total requested matching funds by Ward Williston Oil Company is $98,000. 

Confidential Information 
 
All of the information in this application is of a confidential nature. We request all 
reports and associated data remain confidential for one year from the date of 
report submission. 

Patents and Rights to Technical Data 
 

Ward Williston would like to reserve the right to all items or processes that do not 
already carry a valid patent or have a patent pending. 

Tax Liability Affidavit 
 
Please see attached the tax affidavit as part of the Appendix of this document. 
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Appendix 
The documents as noted in the earlier text will be attached in the Appendix. 

 
 

 

 


















