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Columbia Gas of Ohio - Zanesville Regulator Failure 

Low Pressure MAOP Excursion – May 9, 2019 
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I. Background 

Columbia Gas of Ohio, Inc. (“COH”) provides natural gas service to more than 1.38 million customers 
through 20,011 miles of pipeline. Columbia Gas is a natural gas company subject to the jurisdiction of 
the Public Utilities Commission of Ohio (“PUCO”) under Title 49 of the Ohio Revised Code and rules 
adopted by the PUCO in the Ohio Administrative Code. 
COH has approximately 823 low pressure regulator stations feeding into 378 low pressure systems. 

 

II. Summary Events Caused Low Pressure MAOP Excursion 
 

 

This low pressure regulator is located in Zanesville, Ohio and is one of the two regulator stations feeding 
into the system, where the operator had a maximum allowable operating pressure (“MAOP”) excursion. 
This station is called the Muskingum Station (DR-14/Premise #401708). The Indiana Station (DR-
35/Premise #401715) was operated and the location where the control line valves were shut, but this 
Muskingum Station photo is a clone to the Indiana Station. The parts of the regulator station are 
numbered to help explain what actions the Measurement and Regulations (“M&R Tech”) performed to 
cause the MAOP excursion. 
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On Thursday, May 9th, I performed the verbal interview with the M&R Tech and he stated, he did not 
turn valves #5 or #6. On Saturday, May 11th, he retracted his original statement to Columbia personnel 
and said he did operate and shut valves #5 and #6 (Control line valves to monitor and control 
regulators).  

Per conversation with Columbia personnel and written statement by the M&R Tech, the M&R Tech 
operated the set screw (#2) and ran it up to stop the flow of gas; he then proceeded to operate set 
screw (#1) on the monitor and ran it up. This would take the force off of the spring, which removes the 
force from the top of the diaphragm. The control line pressure which is downstream of the regulator, 
applies pressure to the bottom of the diaphragm. The pressure would push the diaphragm up and close 
the seat to the orifice, which stops the flow of gas. The tech. then shut the inlet valve (#3) and then shut 
the outlet valve (#4). The tech. then blew down the top works of the regulator station. This station was 
shut off for around 30 to 40 minutes. The tech. then shut the control line valve (#6) and then shut the 
monitor control line valve (#5). When the Indiana station was shut down, this made the Muskingum 
Station supply gas feed to the entire low pressure system. This was part of a monitor regulator 
replacement from the results of the Massachusetts over-pressurization. If the Muskingum Station could 
supply the feed, then the M&R tech did not have to put the Indiana Station on by-pass during the 
monitor rebuild. 

Once the 30 to 40 minutes passed, the tech. was convinced the Muskingum Station could feed the low 
pressure system without putting the Indiana Station on by-pass. The M&R tech started introducing 
natural gas back into the Indiana Station, he had a gauge downstream to observe the pressure. The tech 
slowly opened the inlet valve (#3) and then slowly opened the outlet valve (#4), then adjusted the set 
screws on the top of the monitor (#1) and control (#2) regulators and observed the downstream 
pressure. 

The M&R tech then went to lunch and received a call about an hour into this lunch, there was a possible 
over-pressurization on the low pressure system. 

The M&R tech forgot to open the monitor control line valve (#5) and the control line valve (#6), which 
trapped the natural gas between the closed control line valves and the bottom part of the diaphragm of 
the regulators. This trapped downstream pressure is what causes the diaphragm not to move from the 
existing spring tension and applied a constant gas flow and pressure. This created a false sensing 
pressure for the monitor and control regulators, which caused the MAOP Excursion (refer to VIII – 
Written Statements). 
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III. Regulator Characteristics 

The Indiana Station and the Muskingum Station had monitor and control regulators called Rockwell 441-
S. These self operated regulators have 3 key elements: 

1. Restricting Element (Valve) – The restricting element is always some type of valve that can be 
opened and closed to increase or decrease flow. The valve will typically consist of an orifice and 
a valve seat. Most regulators have soft-seated valves to give 100% shut-off when it is required. 

2. Measuring Element (Diaphragm) – The measuring element measures the outlet or downstream 
pressure and compares it with the desired pressure to determine if a change in flow is 
necessary. The measuring element ma be a manometer, bourdon tube, bellows, or a diaphragm. 
All of these measuring elements respond to a pressure change to give an indication of some 
kind. In gas regulation work, the diaphragm is by far the most common. The downstream 
pressure is what causes the diaphragm to move up against the spring tension closing the valve 
or down with the spring tension opening the valve, adjusting gas flow and pressure. 

3. Loading Element (Spring) – The loading element must be able to exert a force like a weight 
acting downward, a spring under compression, or a diaphragm with pressure on it. The loading 
element will be a weight, spring, or pressure. Today, springs are used instead of weights. It is 
recommended that a spring be used in the upper 50% of its range. This allows for spring 
compression even at high flow which translates into lower droop or proportional band. 
 
Additional Information of Self Operated Regulator – The spring compression works to push 
down and open the valve; the primary valve opening force in a spring regulator comes from the 
spring. The diaphragm works to close the valve; the primary valve closing force in a spring 
regulator comes from the outlet pressure acting against the effective area of the diaphragm. An 
increase in outlet pressure greater than the spring, causes the valve to close. Conversely, a 
decrease in the outlet pressure less than the spring, causes the spring force to open the valve. 
The set-point (the outlet pressure a regulator is adjusted to deliver) is adjusted by the spring 
compression. Turning the set-point adjustment clockwise increases the spring compression, 
which in turn increases the set-point pressure, and vice versa. The control lines provide the 
regulator measuring device with a more accurate indication of the downstream system 
pressure. Any external control or sensing line should originate at a location on the station piping 
downstream of all regulators and the station setting outlet valve. The location should be in an 
area of low turbulence and the tubing should include a valve for ease of shut-off and 
maintenance. All regulators that require an external control line connection must have a 
separate tap on the downstream piping. The control lines should never be placed or tapped on 
the bypass piping. 
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Below is a side view diagram of a Rockwell 441S Regulator: 
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IV. Timeline – Public Utilities Commission of Ohio – Lead Gas Pipeline 
Safety Investigator 

On Thursday, May 9, 2019 I was dispatched to Zanesville, Ohio at 3:30pm EST for an over-pressurization 

on a low pressure (“LP”) system. The operator was Columbia Gas of Ohio (“COH”). The low pressure 

station names were Indiana Street LP Station and Muskingum Street LP Station. The two LP stations 

were operating at a downstream pressure of 12.5 inches of water column (“wc”). The upstream 

pressure feeding the LP stations were 35 pounds per square inch gauge (“psig”). I called Columbia Gas 

and asked the operator to not tear down the regulators until I was on site, because I wanted to see a 

bubble-tight lock-up from each regulator station.  

I arrived on the scene around 4:30pm EST and received an update of the events that took place. Prior to 

my edict to stand-down, the Measurement and Regulation (“M&R”) group had worked on modifying low 

pressure stations and performed some operational work to the Indiana LP Station at 11:30am EST. The 

reason for the operational check on the Indiana Station, the operator was planning on installing new 

monitor regulators (Pietro Fiorentini Regulators) with slam shuts to help prevent over-pressuring. When 

the operational work was finished the M&R group at 12:00pm EST went to lunch. Around 30 minutes 

later at 12:30pm EST, a service technician (“tech”) was dispatched to 622 Munson Avenue (residential 

customer) about no gas to the appliances. The service tech arrived at the house and verified the cooking 

range was not working, then went to the hot water tank (“hwt”) and turned the temperature control to 

a higher temperature setting to see if the hwt would turn the burner on to increase the temperature. 

The service tech said the burner did turn on and he noticed improper flame characteristics. The service 

tech then went to the meter set and put his Kuhlman gauge (water manometer used to testing and 

checking pressures) on the inlet meter tail and had all 3 valves open (which means it was set for inches 

of water column) and the Kuhlman gauge blew out the fluid. The tech called a Field Operations Leader 

(“FOL”) and informed him on the situation. The tech went to 767 Pine Street, which was near the low 

pressure regulator station and checked the pressure at the inlet meter tail with his Kuhlman gauge set to 

psig. The Kuhlman gauge registered to 4.5 psig. The service tech called the FOL at 1:16pm EST and they 

advised the service tech to shut off the inlet valves to the LP stations at the Indiana Station and the 

Muskingum Station (refer to VIII – Written Statement). 

I asked the M&R group if they operated the control line valves and they said, “No”. I then witnessed the 

bubble-tight lockup (the tension is off of the spring to the regulator; false pressure is applied to bottom 

of diaphragm; an outlet port opening is unplugged; outlet downstream block valve is closed; and inlet 

pressure is applied to regulator) for both the monitor and control regulators for both stations. The 

regulators all passed and stroked up and down (operational check) without any sticking or delay. When 

the M&R tech started performing the tear-down, I noticed an oil similar to production fluid inside of the 

Indiana Station regulators. I also noticed oil inside of the control line near the snubber (1/16” orifice in 

control line that helps remove turbulent gas streams and connects to the bottom of the regulator 

diaphragm pan). The tear down of the Muskingum Station monitor regulator had oil in the bottom of 

the diaphragm pan and both of the regulators had some plug valve grease. Both low pressure regulator 

stations had a chart recorder with an element range from 0 – 25” wc and both stations exceeded the 

limits of the chart recorder (refer to VII – Photo Documentation). 

I also asked if any construction had taken place in the area and I was advised by Don Ayers (Director of 

Construction) there had not been any work in the area.  
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The area manager for COH Three Rivers was on scene and mentioned this system did receive production 

gas at one time and was known to have water and fluids in the system from time to time. 

On Monday, May 13, 2019 I performed a follow-up in Zanesville to check the progress on the relights 

and see if the operator identified any new information. I found out the M&R tech admitted fault in the 

low pressure MAOP excursion in Zanesville, Ohio. This individual is currently being interviewed by 

Columbia company officials and they will give me a written statement. It was mentioned this individual 

did turn the control line valves to the off position and did not return the control line valves back to the 

open position after the operational exercise and then went to lunch.  

I also observed the turn-on process to one residential customer at 313 Abington Ave in Zanesville, Ohio. 

The operator established a process to validate each appliance control to ensure it is safe and works 

properly. The operator performs a pressure testing on  the houseline piping, repairs leaks if found; then 

have a HVAC tech perform a pressure safety check on each appliance control (appliance controls must 

meet the ANSI Z21 standard (referenced below), which the maximum safe pressure is 2.5 psig); if the 

appliance control passes, then the HVAC tech ignites the burners and then pressure checks the 

appliance controls again to make sure it is in the correct range (usually a 4 count with the pressure 

holding and not fluctuating or by performing a gas meter appliance clocking test); the operator also 

reviews all inside piping and appliance information to make sure everything follows in the National Fuel 

Gas Code and International Fuel Gas Code. 

ANSI Z21 Standard – House Appliance Controls 
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V. Timeline Columbia Gas of Ohio 
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VI. Affected Outage Area / Leaks Identified / Status 

The outside customer service lines and mainlines have been leakage surveyed twice. The system 

affected by the LP excursion was around 40,000’ of mainline and 562 customers. 

During the first leakage survey the operator found: 5 – Grade 1 leaks; 10 – Grade 2 leaks; and 10 – Grade 

3 leaks; these were all corrosion leaks. As of Monday, May 13, 2019 the operator has restored service to 

452 customers; 102 – Nobody home; and 26 – Inside houseline piping leaks. 

The operator installed at drip near the piping at the Indiana Low Pressure Regulator Station and found 

14 gallons of production fluid. The operator also has producers feeding into the Zanesville systems. 

 

VII. Photo Documentation: 

May 9, 2019 

 

Pressure exceeded chart recorder element pressure (0-25”wc) at Indiana Station 
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Building Sign – Indiana Station 

 

 

Pressure exceeded chart recorder element at Muskingum station 
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Station Sign – Muskingum Station 

 

Production Oil – Bottom of Inspection Plate at Indiana Station 
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Indiana Station Prior to Lock-up and Tear Down 

 

Complete Tear-down Indiana Monitor Regulator 
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Performing Complete Tear Down of Control Regulator at Indiana Station 

 

Regulator Station Prior to Lock-up / Tear Down at Muskingum Station 
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May 13, 2019 

 

Modified Indiana Station – New PF Monitor Regulator and Token RV 

 

Modified Muskingum Regulator Station – New Monitor PF regulator and Token RV 
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VIII. Written Statements (Columbia Employees) 

Columbia Gas of Ohio – Service Technician Written Statement 
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Columbia Gas of Ohio – Measurement and Regulation Technician Written Statement: 
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IX. Recommendations 
The operator should consider the following for all regulator station in Ohio: 

• Installing filter/separator on the control lines or upstream of the pressure regulator 

stations where they have know fluid in the system. Due to the fact regulators do not 

work properly when any type of fluid is introduced into the system. 

• Installing a token relief valve or full capacity relief valve downstream of the low pressure 

regulator station, to prevent a reoccurrence. 

 

X. Probable Non-Compliance(s) 

192.623  Maximum and minimum allowable operating pressure: Low-pressure distribution 
systems. 

 (a) No person may operate a low pressure distribution system at a pressure high enough 
to make unsafe the operation of any connected and properly adjusted low pressure gas 
burning equipment. 

  
 Columbia Gas of Ohio over-pressured a low pressure system in Zanesville, Ohio. The 

pressure exceeded the maximum safe operating pressure to 562 customers with 
natural gas burning appliance(s).  

 
192.803  Definitions. 

Abnormal operating conditions means a condition identified by the operator that may 
indicate a malfunction or a component or deviation from normal operations that may: 
(a) Indicate a condition exceeding design limits; or  
(b) Result in a hazard(s) to persons, property, or the environment. 

 
A Columbia Gas of Ohio employee did not recognize an abnormal operating condition 
(“AOC”) when performing covered tasks on a low pressure regulator station in 
Zanesville, Ohio. The employee performed work on a low pressure regulator station 
and failed to recognize the AOC, closed control line valves. Failure to recognize the 
AOC caused a maximum allowable operating pressure excursion on a low pressure 
system. 

 

 

 
 
 
 
 
 
 
Lead Investigator:  Michael F. Purcell II               Date:  May 17, 2019 
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