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They may be called different things. Measurement Flow Diagrams, Measurement Schematics, B.L.M. Site 
Facility Diagrams, Balancing Diagrams, Intake and Disposition Drawings, or Allocation Plans.

Regardless of the label we use, accurate visual representations of how gas and liquid flow at production 
sites, compressor stations, processing facilities, interconnects, and through the pipeline system are 
crucial in understanding and operating custody transfer measurement facilities and assuring proper 
accounting settlements.

In this white paper, we will discuss the importance of accurate measurement flow diagrams and the 
pitfalls of failing to maintain them. The white paper will cover differences between the classic approach to 
developing and maintaining measurement flow diagrams and the organization-wide benefits realized with 
Muddy Boots, our cloud-based field operations platform.

THE PURPOSE OF MEASUREMENT FLOW DIAGRAMS

With today’s complex production sites and massive gathering systems, Flow Diagrams are the visual 
representation that helps us understand what is happening at the facility and across the entire asset.  
They show how valves may reroute flow, the paths the oil or gas can take, what is used on-site for fuel, 
what should be reported as emissions, how custody meters might be bypassed, how water is handled, and 
so forth.

These diagrams are used by engineering, by measurement, by settlement accounting, in environmental 
reporting, and by regulatory compliance. They are required in setting up the system balances (sometimes 
referred to as For “Intake & Disposition” reports), and they are required by accounting to correctly 
configure allocations and settlements.

Without valid flow diagrams, setting up and maintaining balances becomes more difficult, if not impossible. 
Troubleshooting volume discrepancy issues becomes harder, and every audit becomes a research project.

HISTORICAL CHALLENGES MAINTAINING MEASUREMENT FLOW DIAGRAMS

The story is often the same.

There were likely valid diagrams early in the life of a site or facility. The original engineering drawings were 
the starting point. These were red-lined during construction and went back to drafting for the creation of a 
set of as-builts. The drafting department created a new set of prints, which lived in their CAD (Computer-
Aided Design) system.

In some organizations, a true set of measurement flow diagrams may have been created as part of the 
original project, but in many companies, measurement and accounting users were forced to try to find the 
information needed buried within complex instrumentation P&IDs or piping isometric diagrams.

These as-built diagrams, which likely included technical complexity not needed in a measurement flow 
diagram, became the basis for the measurement department’s system balance configuration.
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The accounting group then used the information to program their allocations and settlements. The 
engineering or process optimization group may have used the same information in building their system 
efficiency models.

Life was good for a while. The balances were working, and the results looked good. Accounting was 
confident the royalties and payments were correct. Then, life happened. 
• An alternative delivery meter was installed.
• A fuel take-off was moved downstream of a compressor.
• Piping was re-routed from a S&W dump.
• A vapor recovery unit was installed to reduce emissions.
• The produced water from a new well was commingled with an existing well. 
• Valving was changed as part of an automation project.

Suddenly, system balances showed unexplained changes in the gain/loss calculations. Accounting received 
inquiries — or even complaints — from the other party in the transaction due to discrepancies. 

With each of these changes listed above, the balances, intake and dispositions, allocations, and payments 
could have been impacted, but how? Were the correct parties notified? If so, did they understand how the 
changes would impact balances and settlements?  

The first example we cited above would have involved adding measurement equipment, so you might 
assume that measurement was involved. But, the remaining examples relate to operations changes 
at the site. These changes likely went undetected by the measurement and accounting groups … until 
issues arose.

THE REALITY OF WHAT HAPPENS WHEN THERE IS A CHANGE

In a fast-paced operating environment, minor changes to site piping are often designed and implemented 
at the field level, frequently without the creation of formal projects or engineering drawings. Depending on 
the company policy and the scope of work, Management of Change (MoC) processes may not be triggered. 
Even with a comprehensive MoC program in place, notifications likely focus around safety and compliance, 
and they may not reach the back-office staff that needs to be involved.

The updates to flow diagrams (if they exist) are often neglected because they fall into a responsibility 
black hole. Is it an Engineering responsibility? Should Measurement be responsible? Is it an Operations 
task, since they sponsored the work?   

Even when the responsibility for the updates is clear, the classic CAD process of updating flow diagrams 
has historically been cumbersome and expensive at many companies. The resource drain is more 
burdensome than many lean-operated organizations can spare.

Consider the typical CAD based workflow that is required for updating a simple piping change on a single 
measurement flow diagram for an existing site:
• Locate and obtain the current version of the flow diagram. (This process is often more difficult than 

we would like to admit.)
• The diagram needs to be printed on a scale large enough to be legible.
• A measurement technician or engineer visits the site to verify that the existing diagram is still 

representative and determines the changes needed.
• The technician or engineer manually marks up the latest changes.
• Back at the office, the document must be scanned or physically delivered to a drafter.
• The revision work now enters the queue with the other demands for the drafter’s time.
• Once completed, the revisions are returned to the field technician or engineer for review and approval.
• Depending on the complexity of the revisions, this may warrant another site visit.
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• Once validated, the updated document is logged into the document management system.
• The updated diagram must be routed to the appropriate measurement analyst for revision of 

impacted balances.
• The updated diagrams are also routed to settlement and/or allocation accountants to determine the 

accounting impact, if any, of the change.

All of this adds up to considerable costs — from both a time and financial standpoint.

THE COST OF UPDATES IS HIGH AND THE PROCESS IS SLOW

If your measurement technicians and drafting resources are in-house, the internal labor costs for 
each measurement diagram change can fall in the $325 - $550 range1 depending on the complexity 
of the update.

If your company utilizes third-party contract services for measurement and engineering drafting services, 
the cost quickly escalates to $625 - $8502 for modifications of similar complexity. If diagrams must be sent 
back for multiple revisions during the approval process, the cost can easily double or triple.

The chart below represents the estimated annual expenditure for updating flow diagrams that companies 
with various site counts might expect. The “Simple” and “Complex” columns represent cost differences 
related to the complexity of any given diagram update. The actual costs and percentage of sites needing 
modification each year will vary between companies.

Now consider how long the process of updating diagrams can take. The best case is about a week, but the 
reality is probably closer to a month within many companies — provided that the drafting resources are 
available. If drafting resources are overwhelmed with new construction, then a low-priority update could 

Average Annual Cost of Updating Measurement Flow Diagrams Using 
Conventional CAD Resources

In-House Services Third-Party Services

$325 $550 $625 $850

Total Sites
% of Sites 

Changed Per 
Year

Sites 
Requiring 
Revised 

Diagrams

Simple Complex Simple Complex

500 8.0% 40 $13,000 $22,000 $25,000 $34,000

2,500 8.0% 200 $65,000 $110,000 $125,000 $170,000

5,000 8.0% 400 $130,000 $220,000 $250,000 $340,000

1 Calculations based upon an internal payroll expense of $65/hr for drafter, $72/hr for measurement technician, and $105/hr for a 

manager. Travel time is assumed to be 1 hour. No mileage charges.

2 Calculations based upon contracted rates of $85/hr for drafter, $125/hr for measurement technician, and internal payroll cost of 

$105/hr for a manager. Travel time is assumed to be 1 hour. No mileage charges.
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potentially be queued for months. Can you afford to wait that long?

WHY YOU NEED MEASUREMENT FLOW DIAGRAMS

Accurate system flow diagrams, with timely updates to reflect changes, are critical for developing and 
maintaining the calculations used for system balances. Consider these reasons why.
• It’s easy for small meters and unmetered usages to be incorrectly handled when clear representations 

of site flow are not available.  
• Site compression fuel, treater fuel, produced water, and vapor recovery are common examples of 

mishandled volumes for production site balances.
• In gathering and transportation pipelines, the common sources of balancing errors may include return 

meters for off-spec product, compression liquids, enclosure heaters, and similar fuel usages.
• The possibilities for balancing headaches become almost endless within processing and treating facilities.

By providing clear, uncluttered measurement flow diagrams, the process of developing the balancing 
calculations goes faster and you assure all parties have a common understanding of product flows.

Operations, field measurement personnel, and measurement analysts can share a common reference and 
can easily collaborate as they refine balance calculations and research problems.

Once measurement is confident of their balancing calculations, the same information will be routed 
to accounting to program the settlements and/or invoicing. Once again, the clarity of the information 
provided is critical, particularly with complex allocations.

Validated measurement flow diagrams provide the common denominator. Operations, measurement, 
and accounting can then cross-check the information to ensure the accuracy of the settlements.

This common understanding of how product flows — reviewed by the field technicians, validated by 
successful balance results, which in turn syncs with the accounting/allocations expectations — provides a 
series of checks and balances that should be part of every organization’s internal controls.

Since balances and allocations are based upon the flow diagrams, measurement and accounting audits, as 
well as internal SOX controls, will frequently start with review of the flow diagrams.

THE COST OF INCORRECT AND DELAYED INFORMATION IS HIGH

Developing an initial set of “good” balance calculations and a successful initial accounting close is only 
the first battle in an ongoing war. Every company experiences routine — and not so routine — changes in 
field operations and construction projects that have the potential to impact measurement balances and 
accounting settlements.

The frequency of changes can vary greatly between companies. It is common for a large, active gathering 
system to see dozens, possibly hundreds, of changes per month. For each change, the company should 
follow these steps:
• Inform all necessary parties that a change is going to, or has, occurred.
• Communicate the nature of the change itself.
• Communicate the impact of the change to the site or facility operations.
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• Determine if the change will impact measurement balance calculations.
• Implement the required balance calculation changes, if needed.
• Determine if the change will impact accounting settlement programming.
• Implement the required accounting software changes, if needed.
• Validate that the changes delivered the expected results. 

Once again, valid measurement flow diagrams are a key tool in this process. Not only do flow diagrams 
need to be updated, but they must be updated in a timely manner.

As discussed above, with conventional CAD-managed flow diagrams, it could take a month or longer to 
obtain updated diagrams for even a minor piping change. For sites already flowing, the flow changes can 
become effective immediately — long before the diagrams become available to the parties that rely on them.

In some cases, verbal descriptions of change are provided, but these descriptions can easily be 
misinterpreted. Frequently, though, there is zero notice to measurement and accounting until they begin 
to research the cause of changes to formerly stable balance results or receive complaints from the other 
party involved.

Meanwhile, measurement and accounting may unknowingly continue to use outdated information to 
calculate system balances and perform gain/loss reporting. If not identified prior to the end of the month, 
then incorrect data can be passed to accounting and used in their settlements. This will necessitate a 
payment correction after the fact known as a Prior Period Adjustment (PPA).

The severity of a PPA will vary depending on the magnitude of the error and the complexity of the 
allocation process. In many companies, even the simplest PPA will require hours of manual intervention by 
both measurement and accounting.

For large errors in complex allocations, the time required for the corrections and approvals is magnified. 
A significant PPA may even impact quarterly and year-end financial reporting. The impact of the PPAs also 
trickles downstream to the other party in the transaction, who must revise their closed measurement and 
accounting data. This can result in partners losing confidence in your organization’s measurement data. 

For sites already in production, it has been estimated that one out of every five flow modifications 
results in the need for some type of PPA. The chart below provides an example of the internal labor cost 
associated with processing avoidable PPAs. These often result from missed or late information about flow 
changes, which in turn impact accounting settlements.

Average Annual Cost to Process Accounting PPAs From Missed or Late 
Information About Product Flow Changes

Total Sites
% of Sites 

Changed Per 
Year

Sites Requiring 
Revised 

Diagrams

% of Late 
Changes 

Resulting In 
PPA

Number of PPAs
$750 - Average 
Processing Cost 

of PPA

500 8.0% 40 20% 8 $6,000

2,500 8.0% 200 20% 40 $30,000

5,000 8.0% 400 20% 80 $60,000
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These PPAs burden accounting resources, approvers, and auditors. Think about it like this. For a company 
with 5,000 sites, the cost of processing PPAs is equivalent to the salary of one FTE (full-time employee).

Clearly, the cost of inaccurate flow diagrams to your company can be significant. Sometimes it can be 
difficult to quantify the full cost. For an operator on BLM-regulated properties, the risk of fines is obvious, 
but regulatory compliance is only one of the many apparent — and sometimes hidden — risks that are 
created by outdated and inaccurate flow diagrams.

Consider these additional risks that factor into the full cost of inaccurate flow diagrams.
• Inaccurate payment to royalty owners, such as overpayment of royalties for fuel used on-site.
• Increased audit exposure from internal (SOX), regulatory, and contracted parties.
• Increased cost in preparing for — and responding to — audit requests.
• Lost revenue due to inaccurate allocation of fuel and system losses.
• Inaccurate compression charges from gatherers. 
• Inaccurate environment reporting and potential fines.
• Fire drills attempting to isolate new balance issues.
• Inability to accurately monitor system gain/loss due to incorrectly structured system balances.
• Time wasted searching for measurement “problems” that do not exist.
• Real losses hidden by the noise created from uncertain field usage.
• Wasted time routinely checking trouble-free sites because management by exception cannot be trusted 

due to uncertain system balances.

WHAT IS THE BETTER WAY TO MANAGE FLOW DIAGRAMS?

The majority of the complexity, expense, and delay associated with flow diagram updates for companies 
using conventional CAD resources centers around the CAD tools themselves and the need for trained 
drafters to use the tools. Not only is special training needed, but CAD software is expensive to purchase 
and maintain, which limits the number of people in the organization that have access to it.

Consider a world where every employee in your company and every member of trusted service companies 
have access to the current version of every site flow diagram on their computer or smartphone — from 
anywhere where they have Internet access.

How about a world where notices about changes to flow diagrams are immediately and automatically 
distributed to the employees and service personnel that need the information?  

Now for the real game-changer. What if your field measurement technicians, operations foremen, and 
even service company technicians, have the tools and ability to make flow diagram updates while in the 
field at the time the changes are being implemented! This world does exist.

ENTER THE WORLD OF MUDDY BOOTS TO MAINTAIN ACCURATE FLOW DIAGRAMS

Muddyboots.online has created a web-based platform that enables the creation and maintenance of 
measurement flow diagrams, which are tied to a master equipment database. Information about the 
current version of each diagram — along with its revision history — is available across your entire 
organization through an easy to navigate, searchable interface.   

The Muddy Boots platform empowers operations and measurement staff to easily edit the diagrams while 
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on location, keeping the diagrams and equipment database instantly up to date as the changes occur.
Field techs, as part of their routine calibration or proving visits, can validate diagrams on-site from their 
smartphone, tablet, or laptop. Needed changes can be entered on-site by the employees that know the 
site the best. Automated notifications then go out to the needed parties.

The result is removing hours of wasted time from the 
diagram update process, which translates into reduced 
operating costs, improved efficiency, and reduced 
potential for PPAs.
• By removing CAD and the drafter from the 

equation, you get better flow diagrams, faster. 
• Version control and the revision history are 

maintained in Muddy Boots.
• Revision history is accessible to every user.
• You always know where to find the current version 

of each diagram.
• A formal diagram review and validation process is 

also supported.

You end up with a desired single source of truth 
for field equipment and diagrams. Since back-office 
measurement and accounting have direct access to the 
same diagrams that the field does, the efficiency 
of your entire operation increases dramatically. Here’s 
what it looks like:
• Audit preparation is dramatically reduced, as 

diagrams can be exported as a .pdf file and emailed 
from your phone.

• Third-Party and SOX audit exposure is reduced by 
the existence of current, validated diagrams.

• Accounting can verify site and facility settlement 
configurations against the diagrams without 
involving drafting or field technicians.

AN OPPORTUNITY FOR REDUCED COST AND IMPROVED EFFICIENCY

GCI welcomes the opportunity to work with your company to better identify your specific exposures and 
potential cost savings using Muddy Boots. Other oil and gas producers have realized the following benefits 
of using the Muddy Boots platform: 
1. Increased accuracy and availability of product flow diagrams to streamline communication between all 

departments and improve workflows.
2. Reduced number of hours spent gathering information for audits.
3. Reduction in PPAs processed as a result of unknown field changes.
4. Improved relationships with partners by ensuring consistent and accurate allocations, reducing the risk 

of audits and legal action.
5. Less time spent reporting to regulators and responding to audit requests.
6. Improved field and back-office efficiency when operations staff have access to an online, interactive 

diagram and equipment database.   
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MUDDY BOOTS DELIVERS VALUE THROUGH PRICING

Muddy Boots is a subscription-based cloud service. It is priced differently than most other software.
•  No long-term commitments. The subscription is month-to-month and you can cancel at any time.
•  No per-user fees or licenses. Everyone in the organization can access the system with no user-based 

charges. You can provide your service companies and contractors with logins at no additional cost.
•  The monthly subscription is based upon the number of sites that are configured in Muddy 

Boots. Here is an example of Muddy Boots pricing.

A physical location or facility is counted as a “site” for the Muddy Boots subscription fee. A well site, 
compressor, or pipeline metering installation is considered a site. Most well pads with four or fewer wells, 
single compressor sites, and metering installations would be a Basic Site. These are each charged at the 
base site rate of $9/month.

Complex production pads with many well completions, large compressor stations, and treating/processing 
plants are considered medium or large sites. These are charged slightly more per month.

We will need to gather additional information to determine your company’s actual pricing, but here is what 
it might look like with a typical breakdown of wells per pad site:

950 total wells located on 500 Basic Sites = $2,475.50/month or $29,700/year.
• 250 wells on individual pads = 250 Basic Sites.
• 300 well located two wells per pad = 150 Basic Sites.
• 400 wells located 4 wells per pad = 100 Basic Sites.

The Muddy Boots subscription cost is quickly offset or exceeded by the reduction in the cost of updating 
drawings and avoided PPA expenses.
• In our 950 meters/500 site example, Muddy Boots provides a clear reduction in operating expenses if 

third-party measurement and drafting services are used.
• Above 500 sites, Muddy Boots provides clear savings with both internal and third-party field 

measurement and drafting services.
• Both Measurement and Accounting see real reductions in hours spent updating data and when 

resolving problems associated with balance and settlement issues.

Muddy Boots is simple to use and some customers elect to configure Muddy Boots themselves, including 
the creation of the initial site diagrams. They utilize the muddyboots.online training videos and embark on 
successful DIY projects. This option has no additional start-up cost, but can take longer and may not be 
practical when you have hundreds of sites and diagrams to create.

Number of Sites Monthly Cost Per Site

1-50 Basic Sites $9.00 per site/month

51-500 Basic Sites $4.50 per site/month (50% discount)

501+ Basic Sites Negotiated discounts apply
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GCI can aid with the initial bulk creation of your sites, bulk loading of the equipment lists, and creating 
your initial diagrams. The typical cost per schematic runs $100-300 per site, but can effectively be much 
lower if a large percentage of your sites follow similar design patterns.  Once again, we need to gather 
some additional information from you to confirm the details.

WHAT DOES IMPLEMENTATION LOOK LIKE FOR SITE DIAGRAMS?

To implement Muddy Boots flow diagrams for your company, we will work with you to complete these key 
steps in the process.
1. You gather and provide any existing diagrams.
2. You provide an equipment list (e.g. meters, compressors, and similar).
3. GCI evaluates the information provided and provides a quote for initial configuration (if desired).
4. Initial sites, equipment lists, and flow diagrams are created in Muddy Boots by your team or GCI.
5. Your field technicians review and fine-tune the diagrams during regularly scheduled site visits — 

typically over a period of several months.
6. Your accounting, measurement, and operations groups would work to resolve differences.
7. We will work with you to consider possible changes to existing workflows for production accounting, 

measurement, and production engineers (Management of Change processes).
8. We will evaluate potential software integration needs (e.g. production accounting systems, map tools, 

other asset databases).

As we conclude the business case for using Muddy Boots to help maintain accurate site facility diagrams in 
your company, we want to relay the expected outcomes for your company.
• Drafting expenses are reduced and lag times eliminated. 
• Enhanced clarity of communications between departments and with industry partners.
• MoC is simplified. When diagrams are revised, Muddy Boots automatically sends notifications to the 

required parties. Single or multiple approvals can be implemented.
• Diagrams provide valuable training tools for new field personnel and provide an accessible resource to 

your service companies. 
• You have better ownership of the accuracy of product flows. The field is no longer a “black box” to 

accounting.
• Accounting can adjust for changes in measurement or product flow when they happen in the field, 

instead of waiting for information to be routed through a drafting department. 
• Production accountants are empowered with information they need to complete the monthly allocations 

with confidence, reducing PPAs.
• You see real dollar savings by optimizing processes and reducing time spent tracking down information.
• Troubleshooting of balance issues and allocation questions is facilitated. 

Maintaining accurate measurement diagrams creates positive outcomes for your entire company and 
your partners. It’s time to improve the accuracy of measurement flow diagrams and overcome challenges 
associated with maintaining diagrams so that you can realize cost and time savings.

Your organization works hard to provide returns to your investors. GCI and Muddy Boots are here to help 
you maximize value. Contact GCI today to discuss how we can help you address site diagram challenges 
using the Muddy Boots platform.
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Gas Certification Institute
P.O. Box 131525

Houston, TX 77219-1525

Phone: 281-598-7200
Fax: 281-598-7199

Email: Contact@GasCertification.com
GasCertification.com


