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COMPRESSED AIR SYSTEMS  
 


PROCESS STABLIZATION AND IMPROVEMENT 
AND  


ENERGY ABATEMENT  
CLASS AGENDA OUTLINE  


 
TRAINING CLASS ABSTRACT 
 


Producing compressed air is one of the largest energy requirements / costs in 
manufacturing / processing companies today. 
 
This training class details the basics of compressed air generation, types of 
equipment, critical issues of supply and demand, and essentials of maintenance / 
safety.   Cost reduction strategies are presented with specific action plans on how 
to specify / acquire / install / operate / maintain compressed air system equipment.   
 
Every strategy and action presented in this training class is directed at optimizing 
the compressed air system and lowering the energy requirement / cost of 
compressed air while assuring the best safety modalities are incorporated. 
 
Methodologies are included on how to conduct a thorough assessment of the 
compressed air system and implement corrective actions to achieve substantial 
current / on-going system and energy cost reductions. 
 
The vision includes a continuous improvement process focused on improving 
process reliability and repeatability and ensuring the highest quality and quantity 
of throughput in a logical, reasonable, and prudent way. 
 
This training class will bring both novice and experienced personnel working with 
compressed air systems current with the knowledge and skills they need to 
optimize their compressed air system in order to substantially reduce energy costs.  
 
The training course is designed in discrete modules which allow wide latitude in 
structuring the course agendas to address the various attendee groups’ job 
requirements and tasking. This versatility facilitates meeting each attendee’s 
needs in a specific manner and geared for the most effective use of the time spent 
in class. 
 


 
 


PROJECT DEVELOPMENT 
 


1. Understand the elements of success 
A. Thorough research 
B. Define the net conditions 







C. Identify the required actions 
D. Implement broad reaching measurements 
E. Compile the data 
F. Develop specifications the encompass the best chances of success 
G. Develop strategies for innovation and empowering all steff to seek 


success 
H. Implement strategies rationally 


2. Study and understand the problem from a root cause analysis basis 
3. Create a verifiable statistical presentation 
4. Identify the true motivational factors  
5. Look outside the status quo and foster and embrace innovation 
6. Incorporate reliability modalities 
7. Developing standard Global Best Practices specifications and guidelines and 


enforce their implementation throughout the organization 
 
FACILITIES ISSUES: 
 


1. Point of generation 
a. Compressors-type and horsepower- Note: A running compressor is an 


indication of cost but not necessarily an indication of need. 
i. Reciprocating- 5 CFM/HP 


ii. Sliding Vane – 4.9 CFM/HP 
iii. Rotary Screw 


1. Oil Flooded- 4.5 CFM/HP 
2. Oil Free – 4.0 CFM/HP 


iv. Centrifugal 
1. Single and Two Stage – 3.8 CFM/HP 
2. Three Stage – 3.8 CFM/HP 
3. Four Stage – 3.95 CFM/HP 


b. Cooling and drying equipment 
i. Refrigerated 


ii. Chilled Water 
iii. Desiccant 


1. Heatless Line Purge 
2. Vacuum Assist 
3. Blower Purge 
4. Heat of Compression 
5. Steam heated options 


iv. Air Cooled 
v. Integrated systems i.e. ethylene glycol based 


vi. Standard designs versus high efficiency designs 
vii. Dew points and what they really are and what they really mean 


c. Storage- is it necessary in the first place and if so, is it sufficient and truly 
effective or not 


i. Physics of storage 
ii. Choosing storage volume 







iii. Local Dedicated storage 
iv. Safety issues involved in storage 


d. System pressure control in terms of weight flow and demand at all points 
in the system. 


e. System control-Refine and where necessary, upgrade controls to respond 
to a controlled demand, interpreted through effective storage 


f. Condensate removal effectiveness and abatement of system contamination 
 


2. Overhead transmission 
a. Demand control- You must control the weight flow of the gas despite the 


variations in pressure, temperature, humidity, and flow. An effective 
strategy is focused on the concept that the closer that you can do this, the 
more efficiently you can control the applied energy and associated costs. 
Attempting to control air compressors without first controlling demand is 
an expensive exercise in futility. 


b. Intermediate and sector controls 
c. Sector pressure identification and isolation 
d. Header design influences on meeting point of use demand 


 
3. Point of use transfer 


a. Initial pressure versus article pressure 
b. Weight/flow versus pipe and tubing sizes 
c. Identifying and abating unnecessary flow restriction 


 
4. Infrastructure design 


a. New plant design-inspire innovation 
b. Expansion of existing facilities and integration of new to legacy designs 


 
5. New equipment specification and purchase 


a. Involvement and active integration of production, engineering, and 
purchasing, as well as management,  in creating a sensible approach to 
specifying and purchasing equipment and components for both supply and 
demand requirements. 


b. Requiring production equipment suppliers to justify compressed air 
requirements due to design and construction of equipment and 
components 


c. Seek solid methods of determining the best life cycle costs in purchases 
while avoiding buying on price only 


6. Maintenance philosophy and action plan 
a. Institute a continual leak identification and repair program 
b. Establish standards for pipe, tube, FLR and accessories sizing and 


reliability 
c. Establish a standard using a Teflon free thread sealant on threaded air 


fittings, piping and tubing 
d. Condensate removal 
e. Inlet filtration 







f. Cooling water supply and conservation 
 
6. Point of use production oriented issues 


1. Machinery design and placement in terms of actual work required 
2. Local dedicated storage and sudden event demands 
3. Piping and tubing in original installation and maintenance retrofits 
4. Point of use pressure regulation (is it really needed or not?) 
5. Gauge and instrumentation quality, specification and placement 
6. Valves 
7. Operator issues  


a. Walk-offs/shift changes 
b. Artificial loading 
c. Clean-up/ blow off nozzles 


8. Leak rate influences on production rate and quality 
9. Engineer out sudden event demands whenever possible 
10. Avoidance of unnecessary restriction issues 


 
7. Quality issues 
 1. Influence of pressure versus volume on product quality 
 2. Foundational compressed air stream quality requirements 
 3. Point of use compressed air alternatives 
8. Purchasing 
 1. Production equipment 
 2. Compressors and peripheral equipment 
 3. MRO items 
 4. Contractors services 
9.  Safety issues 
 1. Blow off hoses 
 2. Receivers 
 3. Exhaust Mufflers 
 4. Velocity Fuses 
 5. Airborne aerosols 
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(Mill Site References) 
 


Date:  
TO: (Vendor) 
 
ATTN:  


 
Dear  
 
This is a solicitation for bids to supply centrifugal air compressors for 
 


13 
14 
15 
16 


(Mill Site and Contact Information) 
 
This is a request for proposal on the air compressor requirements set forth below: 
 
As a part of the bid evaluation process your company is required to provide a letter, 17 
signed by a corporate officer or licensed professional engineer, stipulating to and 
certifying the accuracy of the data provided in answer to the items listed, below as well as 
the guaranteed performance of the compressor(s) and auxiliary equipment you have 


18 
19 
20 


proposed to sell to  (Mill site and reference)  21 
22  


 Full compliance with the signatory requirement is mandatory and will not be 23 
waived. 24 


25  
Please note that failure to accurately complete and submit this form properly 26 
conformed and signed as required will result in your company being delineated as a 27 
non-responsive vendor. This requirement will not be waived. 28 


29  
You are free to take specific written exceptions to any item for which you cannot 30 
provide data and/or offer an alternative.  31 


32  
Net efficiency and life cycle cost analysis is an underlying test that will be applied to 33 
this bid. 34 


35 
36 


 
 
Please take specific notice: Pose all questions and submit ALL documents and 37 
correspondence to (Mill Site and References), the authorized representative for this 38 
initial evaluation process. 39 


40  
TECHNICAL NOTE: It is a mandatory requirement that all performance flows be 
clearly stated in ACTUAL CFM (not ICFM or SCFM) at discharge pressure at the 
compressor outlet, site elevation, temperature and relative humidity. Any deviation from 
this requirement will void this offering. 


41 
42 
43 
44 
45 
46 
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47 
48 
49 
50 


Number of compressors to be acquired:_____ 
 
Auxiliary or peripheral equipment:  
 


51 
52 


After  Cooler: __X__ Water Cooled ____Air Cooled 
 


53 
54 


Dryer: _________Refrigerated __X___ Desiccant : ______ Other: ____________ 
 


55 
56 


Pressure Dew Point required: ___________________ 
 
Actual net CFM at the discharge of the compressor at  (note tailor to project 57 
requirements) psig is ____ACFM 58 


59  
Site Conditions 60 


61  
62 Estimated Perf. Cond. 1 
63 14.7 PSI,A 
64 95 F 
65 85 F 
66 95 % 
67 
68 


100.0 PSI,G 
 


69 Estimated Perf. Cond. 2 
70 14.7 PSI,A 
71 90 F 
72 85 F 
73 90 % 
74 
75 


100.0 PSI,G 
 


76 Estimated Perf. Cond. 3 
77 14.7 PSI,A 
78 80 F 
79 85 F 
80 90 % 
81 
82 
83 


100.0 PSI,G 
 
Make: ___________________  Model: _________________________________ 
___Reciprocating _____Rotary Screw __X__ Centrifugal ____Sliding Vane 84 


85 
86 
87 
88 


 
Number of stages: _______ 
 
Net overall compressor efficiency at best efficiency point of _____% at duty point at a 
pressure of 100_ PSIG and flow of ____ ACFM at the discharge flange of the 
compressor. 


89 
90 
91  


For each stage, separately list; 92 
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93 
94 
95 
96 
97 
98 
99 


100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 


Stage inlet pressure______ 
Stage inlet temperature_____ 
Compressibility factor_____ 
Speed of rotating element: ______________ 
Total inlet capacity ______ACFM 
Capacity at reference conditions _____ACFM at the discharge port 
Stage discharge _____psig 
Stage discharge temperature ____degrees F 
Discharge compressibility _____ 
Compression ratio_____ 
K value of the gas_____ 
Volume exponent_____ 
Volumetric Efficiency losses _____% 
Volumetric Efficiency  OE _____% 
Volumetric Efficiency  FE _____% 
OE Indicated Power _______HP 
FE Indicated Power _______ HP 
Cooler pressure drop _____% 
CTD _____degrees F 
Condensation to liquid phase water at each stage intercooler ____ Gallons/MIN 
Drain port size NPT______(minimum ½” NPT) 
 
NOTE: XXX Company Best Practices require these units to be supplied with 115 
CDI/Drain-All drainage devices. In the event that you cannot do so, shipment 116 
without OEM drains is necessary and the mill will supply and install these devices. 117 


118 
119 
120 


 
Cooler heat load _____Btu/HR _____ 
 


121 
122 
123 
124 
125 
126 


Available cooling water temperature is 85 degrees F. 
 
Cooler water temperature rise at full compression capacity _____degrees F 
 
Cooler water flow required if water cooled at full compression capacity ___GPM. 
 


127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 


Specific power per 100 ACFM  at _100_PSIG-______HP +/- ____% 
 
Compressor turndown information: 
Overall guaranteed turndown _____% 
For each 3% of turndown state 
Motor KW or amps ______ 
% blow of valve open ____ 
% Inlet valve closed ____ 
% full load reduction ____ 
 
Discharge air temperature _____ degrees F at the discharge flange of the compressor. 
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139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 


Pressure drop through the clean inlet suction filter______PSIG at _____ACFM 
 
Pressure drop through the inlet modulating valve mechanism_____PSIG at _____ACFM 
 
___________ Inlet ACFM at the site conditions stated on this form 
 
___________ Compression ratio 
 
Differential in pressure from the compressor discharge at the exit of the compressor to the 
exit of the after cooler/separator____ PSIG at ____  ACFM (if supplied) and 
condensate flow in _____GPM 
 
Differential in pressure from the compressor discharge to that at the exit of the dryer (if 
any supplied by vendor) ____ PSIG at ____ ACFM 
 
Compressor horsepower losses due to heat, friction and mechanical losses _____HP 
 
Percent accuracy and repeatability of panel mounted gauges supplied with the 
compressor. ___% 
 
Percent accuracy and repeatability of transducers-List each service and %. 
 
Motor Issues: 161 


162 
163 


Nameplate Horsepower_________ 
RPM __________ 


164 Voltage___4160______ 
165 _60_Cycles (Htz) 
166 
167 
168 
169 
170 
171 
172 
173 


__3_ Phase 
Service Factor ______ 
Insulation Class: ____ 
Type: ____ODP ____TEFC ______XP  
Motor Nameplate Efficiency: __________ 
Motor Speed: ______________RPM 
Special classification i.e. Mill and Chemical Duty: _____________________________ 
 
Bearings:  174 


175 
176 
177 
178 
179 
180 
181 
182 
183 


1. Motor ____Rolling Element _____Sleeve _____Other  
(Describe) 
 


2. Compressor main drive gear: ____Rolling Element _____Sleeve _____Other 
(Describe) 


 
3. Compressor stages: ____Rolling Element _____Sleeve _____Other 


(Describe) 
 


Lubrication type for: 184 
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185 
186 
187 
188 
189 
190 
191 
192 
193 


 Motor: 
 Compressor: 
 
Motor Safety Devices ____RTD _____ Thermocouples, _____ Vibration Sensor(s)  
 
Describe each instrument supplied with this offering with particularity. 
 
Requiring an overall motor power input of _____kw using a power factor of _____ and a 
motor nameplate efficiency of _____ with the motor not running in the service factor. 
NOTE to bidder: Any designs which result in the motor running into the service factor 194 
are unacceptable under any circumstances. 195 


196  
Response to control signals: 197 


198 
199 
200 
201 
202 
203 
204 
205 
206 


 State the time in seconds for the compressor to fully respond to the initial signal 
to: 
Load_______ 
Unload_____ 
Start from a shutdown condition and come to full load ____ 
Coast down to stop ____ 
Rotational speed or percent of speed during coast down where the compressor can be 
restarted without damage to the compressor________ 
 
Controls: 207 


208 
209 
210 
211 
212 
213 


 
All units must be supplied with Case Engineering Air Logix control panels with Air 
Master system control software. Contact Case Engineering at 812-422-2422, 1401 West 
Franklin Street Evansville, IN 47710, for interface assistance and details. 
 
If your offering is a centrifugal compressor, you must submit a pressure at discharge 
versus flow at discharge in ACFM performance map curve specifically delineating the 214 
best efficiency point eye of the curve with stated efficiency and subsequent 1% efficiency 215 
off set from best efficiency point curves out to the surge points. 216 


217  
Please note- This is a mandatory requirement for being considered a responsive bidder 218 
and will not be waived. 219 


220  
Aftermarket On Site Maintenance Support: 221 


222 
223 
224 
225 
226 
227 
228 
229 


Mechanical Maintenance Manuals Supplied____Yes ___No 
O.E.M. Bearing and Oil Seal Numbers Supplied___Yes ___No 
Internal Clearances Specifications Supplied ___Yes ___No 
Lubrication: 
 
 Does the compressor require a special or proprietary single source lubrication 
___Yes ___No 
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230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 


Describe the constituent make-up of the lubricating oil, including the viscosity in SSU at 
70 F and at running conditions, chemical description, thermal conductivity, flash point, 
maximum operating temperature, and include a current MSDS sheet, and the amount the 
compressor requires in U.S. gallons. 
 
 If your offering is of an “oil free” design, provide a number reflecting the  
anticipated parts per million estimated carryover of oil and or hydrocarbon as a result of 
entrainment in the compressed air stream from weeping from bearings, oil seals, and 
other running components of the compressor.___________ 
 
 What is the design average operating temperature high and low boundaries of the 
lubricant in degrees F? ______High  ____Low 
 
 What is the amount of lubrication required in gallons? ____ 
 
 What is the cooling requirements in terms of  cooling water circulation amount, 
temperature at approach and discharge of each heat exchanger? 
 
 Lubrication circulation type  ____Splash  ______ Oil Pump either internal shaft 
drive ____ or external motor driven ____. 
 


What is the average recommended run life of the lubrication in hours before 
recommended change?______ 


 
If the oil is proprietary, list the part number, description, and price per 


gallon._____________ 
 
The bidder shall provide the recommended test methods (ASTM or otherwise), 


normal acceptable ranges, and condemning limits for all critical oil analysis parameters 
(TAN, pH, viscosity, etc.)”, 


 
 
What is the recommended run life in hours of any filter/demister before change 


out? ____ 
 
List filters by Name, Part Number, Manufacturer’s Model Number, and current 


price each. 
 
State the net weight of the assembled unit._____________________ 
 
State the WR2 on start-up. _________________________________ 


 
 
In the case that the buyer will be requesting a certified performance test to show 
compliance with the guaranteed performance before accepting delivery, quote this as a 
separate option. 


273 
274 
275 
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276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 


$________________________ 
 
Price per unit: _____________________________________________________ 
 
*Delivery time to site after receipt of Purchase Order: _______________________ 
 
Warranty time frame: ________________________________________________ 
 
Costs for installation and start up services: _______________________________ 
 
Certified performance test cost: ________________________________________ 
 
Time added to delivery if a Certified performance test is required: ____________ 
 
Aftermarket Manufacturer’s Service and Support Assistance 
 
It is important for the mill to have immediate access to qualified compressor mechanics 
should problems arise. Please list qualified personnel, including home town, and 
mobilization time required to arrive at the mill in Jacksonville, FL.  
 
Technician 1 Name______________________ 
Technician 1 Hometown__________________ 
Technician 1 Mobilization Time____________ 
 
Technician 2 Name______________________ 
Technician 2 Hometown__________________ 
Technician 2 Mobilization Time____________ 
 
Technician 3 Name______________________ 
Technician 3 Hometown__________________ 
Technician 3 Mobilization Time____________ 
 
Closest factory warehouse stocking parts for the compressors you are offering: 
__________________________________________ 
 
Hourly cost for technician(s) :___________________ 
 
List other costs associated with a Service Technician site 
visit:______________________________________________________________ 
 
List costs associated with start-up of new compressors and planned time on site to 
commission the units to full operating status:______________________________ 
 
*Liquidated damages in the amount of 5% or the total purchase price per week will be 
assessed if the stated delivery time is not met. This is necessitated by the cost burden to 
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321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 
355 
356 
357 
358 
359 
360 
361 
362 


the mill for delay of construction/installation/production schedules and costs to the mill 
that result from a delayed delivery. 
 
The above data is certified and stipulated as true, correct, complete, certain and not 
misleading. 
 
 
Signed: ___________________________________   Date: _____________ 
 
Printed name: ______________________________ 
Title: _____________________________________ 
 
Company: _________________________________ 
 
Address: __________________________________ 
 
               __________________________________ 
 
Phone Number: ____________________________ 
 
E-mail address: ____________________________ 
 
 
 
 
Copyright Notice. © Peter K. Stern d/b/a Quality Maintenance Services  2008. All rights 
reserved. 
The material set forth herein is controlled and owned by QMS. All materials accessible 
through the operation of QMS, including websites, website content and information, 
graphics, code, images, text, illustrations, logos, audio and video files (collectively 
“Intellectual Property”), are protected by copyrights, trademarks, service marks, or other 
proprietary rights owned or licensed by us. The compilation (meaning the collection, 
arrangement, and assembly) of all materials on the this document is our exclusive 
property and is protected by U.S. and foreign laws and international copyright treaties. 
Material from this document  may not be copied, reproduced, republished, uploaded, 
posted, transmitted, or distributed in any way. Use or modification of this Intellectual 
Property in any form, including but not limited to use on any other website or networked 
computer environment, without our express written authorization is a violation of our 
copyrights and other proprietary rights and is strictly prohibited. Any copies of 
documents contained on this document or media or portions thereof requires that you 
make must include the above copyright notice. 
 








XXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXX, Michigan 


 
Compressed Air Best Practices 


 


Vision and Mission Statement 
 


SECTION 1: 
 
1.1 It is the express mission and challenge from the Board of Directors to all company 


employees and associates to incorporate a new vision with respect to the use of compressed air 
throughout our company’s many facilities. 


 
1.2  It is recognized that compressed air is for the most part the single most expensive utility 


in all of our company’s facilities and has a direct impact on product quality, quantity of 
throughput, and plant safety. With this in mind it is incumbent on all employees and associates to 
bring forward new and innovative ideas and procedures to help reduce the unnecessary or 
inappropriate use of compressed air which in turn reduces utility costs and increases the 
profitability of our operations. 


 
1.3 This challenge applies equally across all of the business units within our company and 


throughout all areas of operations and administration. 
 
1.4 It is the express intent and purpose of this new set of paradigms to encourage all 


associates to break free from the old methods of handling compressed air throughout 
manufacturing, chemical process, packaging, research and development, water and wastewater, 
and all areas of our facilities without exception.  


 
We seek a better “Earth Sense” and sensitive green footprint and reduced reliance on carbon 


based utility sources. 
 
1.5 Within 30 days of the publishing and distribution of this document, each facility shall 


submit a list of three Energy Champions within each facility who will form the nucleus of the 
new energy reduction initiative with respect to compressed air. This list will be submitted to the 
newly created Corporate Compressed Air Energy Team which has been constituted within the 
Health, Safety, and Environmental office at Corporate Headquarters. 


 
1.6 The Compressed Air Energy Teams will meet quarterly on the company Internet website 


to share strategies and discuss challenges and goals for the ensuing quarter. All Compressed Air 
Energy Teams shall meet annually at Corporate headquarters. The schedules for these meetings 
shall be issued in the first month of the new year from Corporate offices and distributed 
annually. 







 
1.7 The Compressed Air Energy Team shall be comprised of one individual from operations, 


one from engineering, and one from plant management. Additional members can be added at the 
discretion of each facility team. 


 
SECTION 2: 
 
2.1 All design criteria with respect to any project utilizing compressed air shall be in 


accordance with standard engineering practices and procedures, and will be governed by 
Document CA -2, incorporated herein by reference as a controlling procedural requirement. 


 
2.2 The new operating paradigm consists of the following: 
 
 A. Stricter controls on the design, purchasing, installation, and operation of production 


machinery. 
 
 B. Stricter controls on the design, construction, and integration of new plant production 


areas. 
 
 C. Stricter controls on operational utilization of pneumatic components. 
 
 D. Stricter controls on maintenance and repair of pneumatically operated equipment as 


well as new standards for the purchasing of MRO required components. 
 
 E. A continuous long term effort to reduce compressed air consumption in terms of both 


quantity and pressure. We will seek an overall plant overhead transmission piping pressure of no 
more than 80 PSIG and velocities not to exceed 20 FPS with a goal of approaching 10 FPS 
where ever feasible in terms of cost/benefit analysis and life cycle cost analysis. 


 
2.3 The integration of these concepts is the responsibility of all employees and associates, 


salaried or hourly, throughout the entire corporate hierarchy of this company. 
 
2.4 There is hereby established a Suggestion and Awards Program that is open to all 


employees and associates. Any suggestion with respect to savings that can accrue from the 
operation of pneumatically controlled equipment from a standpoint of energy, reliability, 
productivity, or quality improvements shall be submitted to the plant Compressed Air Energy 
Team on form CA – 3, incorporated herein by reference as a controlling procedural requirement. 


 
For the purposes of clarification employees are designated as full time employees. Associates 


are designated as part-time employees, contractors, co-op students, or any individual working in 
a company facility for a period in excess of 60 days. 


 
The submittal will be reviewed within 14 days of submittal. The Compressed Air Energy 


Team will issue a report on their findings with respect to this submittal which will be 
immediately transmitted to the Corporate Compressed Air Energy team office. 


 







The Corporate Compressed Air energy Team will review the plant submittal and set forth its 
findings within 14 days of receipt of the plant submittal. These findings shall be simultaneously 
transmitted to management, engineering, and purchasing. 


 
If the suggestion is found to be of merit, the employee and/or associate will immediately 


receive an award of $100. At the end of a period of one year from the implementation of the 
suggestion, the employee and/or associate will receive an award equaling 25% of the verified 
savings over that time period. 


 
If more than one employee and/or associate are co-signers on the suggestion form, each will 


receive $100 individually, and at the end of the one year time period, the net savings award will 
be equally split between them. 


 
2.5 Purchasing at both corporate and plant level, will immediately integrate form CA – 4, 


Pneumatic Equipment Purchase Specification, as an integral part of any request for quotation for 
pneumatic equipment issued to any vendor source. 


 
All bidders shall be required to complete that form and submit it with the appropriate 


signatures. A vendor not fulfilling this requirement will be listed as a non-responsive bidder. 
 
2.6 Purchasing activities at both corporate and plant level will immediately integrate form 


CA – 5, Air Compressor Equipment Purchase Specification, incorporated herein by reference, as 
a controlling procedural requirement. Form CA-5 will be attached to and considered as an 
integral part of any request for quotation for pneumatic equipment issued to any vendor and or 
supply source. 


 
All bidders shall be required to complete that form and submit it with the appropriate 


signatures.  
 
A vendor who fails to fulfill this requirement will be listed as a non-responsive bidder. 
 
2.7 No employee or associate shall at any time connect to or disconnect from a compressed 


air source without first completing form CA – 6, incorporated herein by reference as a 
controlling procedural requirement.  This Policy and Form requirement is NOT discretionary. It 
is a MANDATORY requirement. The process for approval begins by an employee/associate 
completely  filling out all the information shown on the document and submitting it to the 
supervisor of that particular area, and awaiting review and sign off by all pertinent staff level 
offices set forth thereon. 


 
Violation of this Policy requirement can result in administrative action up to and including 


termination of employment. 
 
All employees, whether legacy or new employees, shall be required to fill out and sign form 


CA -7, incorporated herein by reference as a controlling procedural requirement. acknowledging 
that they have read and fully understand these policies and the incorporation of this program. The 







employee signature shall be witnessed by at least two individuals, one of whom shall be the plant 
safety officer. The form will then be filed and that individual’s employment records jacket. 


 
SECTION 3: 
 
3.1 All new construction projects consisting of new facilities, plant expansions or 


modifications, or production line rebuilds shall fall under this program. 
 
All engineering offices shall adopt the standards as set forth in Guidelines CA – 8, 


incorporated herein by reference as a controlling procedural requirement, and hold all design 
parameters within those guidelines. 


 
3.2 All exceptions to guideline CA-8 shall be requested in writing and submitted for review 


and comment to plant management and corporate management as well as the pertinent 
compressed air energy teams. No exceptions shall be allowed without this review and sign off 
policy being followed in its entirety. 


 
 
 
SECTION 4: 
 
This and following sections are redacted at the request of my contact since they are 


company specific details that would identify the client’s workplace. 
 
 
 
 
 
 
 
 
 
 
 
 
 








QUALITY MAINTENANCE SERVICES 
P.O. Box 1691 


Franklin, North Carolina 28744 
828-349-3007 


Compressed Air Audit Services 
 
 


Compressed Air System Reconfiguration Project Worksheet 
Note: Complete those areas on which you have ready information. The balance will be 


completed during the reconfiguration audit process as applicable. 
 
Plant Name:          Date: 
Address: 
 
Completed By:        Job Title: 
Phone Number:        E‐Mail: 
 
1. Define current problems; 


___Inadequate pressure. Current high___, Current low___, Desired___ 
___Excessive compressor horsepower at current load.____hp. 
___Insufficient air to meet process demand 
___Unacceptable leak rate 
___Contamination: ___water; ___ oil; ___particulates; ___ other 
___Compressor maintenance problems 
___ High energy costs 
 


2. Define acceptable standards; 
a. Minimum pressure____ 
b. Minimum flow in ACFM___ 
c. Special point of use demands; 


i. Point_________ at ____cfm at ___psi at ___degrees dew point 
ii. Point_________ at ____cfm at ___psi at ___degrees dew point 
iii. Point_________ at ____cfm at ___psi at ___degrees dew point 


 
d. Maximum hydrocarbons allowable_____ppm at ___microns 
e. Particulates _____microns 


3. Shift loading 
a. 1st shift ____max. acfm at ____psig 
b. 1st shift_____min. acfm  at ____psig 
c. 2nd shift____max. acfm at ____psig 
d. 2nd shift ____min. acfm at ____psig 
e. 3rd shift ____max. acfm at ____psig 
f. 3rd shift ____min. acfm at ____psig 
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Please describe any unique situations you feel applicable: 


 
________________________________________________________________________


___________________________________________________________________________
___________________________________________________________________________
______________________________________________________ 


 
4. Describe to the best of your ability: 
 


a. % of unregulated points of use by volume_____ 
b. %  of  regulated  points  of  use  where  regulators  are  within  10%  of  overhead 


pressure____ 
c. System throttling band: Highest pressure for all compressors_____ PSIG, Lowest 


pressure for all compressors_____ PSIG. 
d. Highest  pressure  point  of  use  application  in  the  process  line 


equipment_____PSIG 
e. Lowest  pressure  point  of  use  application  in  the  process  line  equipment 


_____PSIG 
f. What is the overhead transmission pressure maintained at off shift?_____PSIG 
g. Does  the plant ever shut down cold and allow  the system  to go  to zero PSIG? 


_____Yes; _____No 
h. If “g” is “yes”, when? _________________________________________ 


 
5. Site conditions: 


a.  Summer‐Highest ambient temperature______ degrees F 
b.  Summer‐Lowest ambient temperature ______ degrees F 
c.  Summer‐Highest wet bulb temperature _____ degrees F 
d.  Summer‐Barometric pressure _____PSIA 
e.  Summer‐Highest relative humidity _____ RH 
f.  Summer‐Highest cooling water temperature _____degrees F 
g.  Summer‐Cooling water source________________________ 
h.  Summer‐Alternate cooling water source_________________ 
i.  Winter‐   Lowest ambient temperature _____degrees F 
j.  Winter‐   Highest ambient temperature_____ degrees F 
k.  Winter‐   Barometric pressure _____PSIA 
l.  Winter‐   Highest humidity_____ RH 
m.  Winter‐   Highest cooling water temperature _____degrees F 
n.  Winter‐   Lowest cooling water temperature _____ degrees F 
o.  Winter‐   Cooling water source ________________________ 
p.  Winter‐    Alternate cooling water source ________________ 


 
6. Water system: 


a. Describe water for cooling: 
i. _____ City at _______ degrees F 
ii. _____ Well at _______ degrees F 
iii. _____ Pond at _______ degrees F 
iv. _____ Tower at ______ degrees F 
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v. Other______________________________ 
vi. Water treatment requirements_____________________________ 


                 _____________________________________________________ 
vii. Are  there  any  special  requirements  or  limitations  on  cooling  water                                     


disposal? ____________________________________________________ 
viii. Are there any special requirements or limitations in disposal of contaminants removed 


from the compressed air system? ______________________________ 
ix. Does  your  facility  experience  any problems  associated with water quality problems 


such  as  fouled  heat  exchangers,  entrained  sand  or 
silt?______________________________________________________________ 


 
7. Do you currently use waste heat from: 


a. _____Air compressors __________BTU/hr 
b. _____ Dryers _________BTU/hr 
c. _____ Cooling towers _______BTU/hr 


 
8. Possible uses for heat recovery: 


a. _____Space heating part load factor _____________:1 
b. _____ Make up air part load factor   _____________:1 
c. _____ Preheating water part load factor __________:1 
d. _____ Cogeneration part load factor _____________:1 
e. _____ Other _________________________________ 


 
9. Transmission system storage: 


a. Receivers: 
1. _____________gal/ft3 at _____PSIG  
2. _____________gal/ft3 at _____PSIG 
3. _____________gal/ft3 at _____PSIG 
4. _____________gal/ft3 at _____PSIG 
5. _____________gal/ft3 at _____PSIG 
6. _____________gal/ft3 at _____PSIG 


 
b. Piping: 


1. ________ft ______Inch at _____PSIG 
2. ________ft ______Inch at _____PSIG 
3. ________ft ______Inch at _____PSIG 
4. ________ft ______Inch at _____PSIG 
5. ________ft ______Inch at _____PSIG 
6. ________ft ______Inch at _____PSIG 
7. Pressure at point of generation _____PSIG 
8. Pressure at farthest point from compressors_____PSIG 


c. Local dedicated storage: 
1. _____gal/ft3 at ______________________(equip. point) 
2. _____gal/ft3 at ______________________(equip. point) 
3. _____gal/ft3 at ______________________(equip. point) 
4. _____gal/ft3 at ______________________(equip. point) 
5. _____gal/ft3 at ______________________(equip. point) 
6. _____gal/ft3 at ______________________(equip. point) 
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                  Total capacity__________gal/ft3. 
 
10. Electrical system: 


a. Main incoming power supply _______vac at ____phase 
b. Supply at powerhouse _______vac at ___phase 
c. KW/hr consumed by compressors__________ 
d. KW/hr consumed by aftercoolers___________ 
e. KW/hr consumed by dryers _______________ 
f. KW/hr consumed by CW transfer pumps_____ 
g. KW/hr consumed by tower fans ____________ 
h. Utility cost/KW/hr normal______ 
i. Utility cost/KW/hr peak ________ 
j. Hours/year on standard rate______ 
k. Hours/year on peak rate_________ 
l. Historical highest voltage________ 
m. Historical lowest voltage ________ 
n. Phase protection ___Yes, ___No 
o. Type of overload protection __________________________________ 


 
11. Compressor population 


a. How many compressors normally operate on line in the plant?_____ 
b. How many compressors on standby?______ 
c. Motor voltage ________________ 


 


       


Type 
Cent./Screw/ 
Recip.? 


HP  Design 
Pres. 


Operating 
Pres. 


Full Load  
Amps 


ACFM  Motor 
Eff. 


             
             
             
             
             
             
             
             
             
             


 
       c. Current compressor  control type:____________________________________ 
   
d. How are motors timed out?______________________________________ 


1. ___Anti recycle 
2. ___First in cools down 
3. ___Motors not shut off 
4. ___Rotated on starts 
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5. ___Rotated on timer 
6. ___Maintenance schedule___________________________ 


 
 
  Describe maintenance, i.e. preventive, predictive, time based, etc. 
 
 
  Are motors maintained as separate discipline from compressors?___Yes, ___No 
 
Starters 
Brand  Type  HP  Other 
       
       
       
       
       
       
 
   
 
Aftercoolers 
 
Type 
Air/Water 


Mfg  CFM  PSI In  PSI Out  Air T In  Air  T 
Out 


             
             
             
             
             
             
 
 
Dryers 
 
Type  MFG  CFM  PSI In  PSI Out  Air T In  Air  T 


Out 
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Drainage Type on: 
 
  Compressors:___________________________ 
  Aftercoolers: ___________________________ 
  Dryers: ________________________________ 
  Receivers: _____________________________ 
  Elsewhere downstream____________________ 
 
 
12. Define  and  describe  your  plant’s  priorities  and  consensus  status  with  respect  to 


compressed air utilization in the eyes of management, maintenance, and production: 
 


Prioritize by numbering the below issues; 
 
_____Cost of energy 
_____Maintainability 
_____Quality of air 
_____Quality of product made with pneumatic equipment 
_____Production throughput rate 
_____Plant safety 
_____Total investment 
_____Business interruption issues 
_____Green operations 
_____Carbon footprint issues 
 
Does your facility wish to incorporate your local utilities supplier’s energy reduction 


incentives program in this audit study scope of work? ____Yes____No____N/A 
 
If  so, please name  the Utility and  if possible,  the name of  the  representative and 


provide a contact phone and or e‐mail. 
 
Utility:________________________________________________ 
 
Rep:__________________________________________________ 
 
Phone:  __________________________ 
 
E‐Mail: __________________________ 
 


13. System leak rate identification and repair program: 
a. ___No program in place at this time 
b. ___Program in place: Describe intervals/time apportioned per week below 


 
14. Metering‐Flow monitoring 


a. ____Pressure    Type:___________________________________ 
b. ____Temperature  Type:___________________________________ 
c. ____Flow    Type:___________________________________ 
d. ____Humidity    Type:___________________________________ 
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e. ____KW 
f.  ____Amperage  
g. ____ Power 


 
 


 
15. Please clarify below any additional issues you wish to address during the audit process: 








QUALITY MAINTENANCE SERVICES 
P.O. Box 1691 


Franklin, North Carolina 28744 
828-349-3007 


Cell 828-421-8288 
pkstern@dnet.net 


Compressed Air Audit Services 
 


Compressed Air Receivers Explode, Kill People and Damage 
Facilities!  


What should you know about Air Receivers and 
Governing O.S.H.A Regulations and Incident Details 


 
Quality Maintenance services is concerned with the fact that much of the industrial community is 
unaware off the actual vitally important information surrounding the installation and operation of 
compressed air receivers and the need to be fully aware of the potential for injury, death and 
business disruption these vessels can create if not properly configured.  
 
We are committed to bringing new opportunities for education and improvement to American 
industry.  
 
This information is presented for your use in making your facility a safer and more reliable place to 
work. 


 
Quality Maintenance Services would appreciate receiving any other information readers feel should 
be included so this document can be updated as appropriate.  
 
Also, should the reader need assistance in evaluating their compressed air operations for safety 
issues, Quality Maintenance Services is available to assist their continuous improvement efforts. 


 
COMPRESSED AIR RECEIVERS-GOVERNING O.S.H.A. REGS AND 


DESCRIPTIONS OF RECEIVER FAILURES 
 


This document is in no way meant to be an exhaustive list of pertinent items. This is a selection of 
material geared to raise awareness of the serious issues surrounding the installation and operation of 
compressed air receivers. 
 
It is also intended to reinforce the fact that it is imperative that only the highest level of efficiency 
and excellence in ensuring that compressed air condensate drainage is in place at all times. 
 
Refer to  
 
 


1 
 







API 510 
National Boiler Safety Code Section 8 
 
 
GOVERNING OSHA REGULATIONS: 
29 CFR 
• Part Number: 1910 
• Part Title: Occupational Safety and Health Standards 
• Subpart: M 
• Subpart Title: Compressed Gas and Compressed Air Equipment 
• Standard Number: 1910.169 


• Title: Air receivers. 


1910.169(a) 


General requirements - 


1910.169(a)(1) 


Application. This section applies to compressed air receivers, and other equipment used in providing and 
utilizing compressed air for performing operations such as cleaning, drilling, hoisting, and chipping. On 
the other hand, however, this section does not deal with the special problems created by using 
compressed air to convey materials nor the problems created when men work in compressed air as in 
tunnels and caissons. This section is not intended to apply to compressed air machinery and equipment 
used on transportation vehicles such as steam railroad cars, electric railway cars, and automotive 
equipment. 


1910.169(a)(2) 


New and existing equipment. 


1910.169(a)(2)(i) 


All new air receivers installed after the effective date of these regulations shall be constructed in accordance 
with the 1968 edition of the A.S.M.E. Boiler and Pressure Vessel Code Section VIII, which is incorporated by
reference as specified in Sec. 1910.6. 


..1910.169(a)(2)(ii)  


1910.169(a)(2)(ii) 


All safety valves used shall be constructed, installed, and maintained in accordance with the A.S.M.E. Boiler 
and Pressure Vessel Code, Section VIII Edition 1968. 


1910.169(b) 


Installation and equipment requirements - 
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1910.169(b)(1) 


Installation. Air receivers shall be so installed that all drains, hand holes, and manholes therein are easily 
accessible. Under easily accessible. Under no circumstances shall an air receiver be buried underground or 
located in an inaccessiblle place. 
 


OSHA Instruction STD 1-10.2 OCT 30, 1978  


OSHA PROGRAM DIRECTIVE #100-69  


TO: REGIONAL ADMINISTRATORS/OSHA  


THRU: DONALD E MACKENZIE Acting Field Coordinator  


SUBJECT: Drains on Air Receivers; 29 CFR 1910.169(a) (2)(i) and (b)(2)  


1. Purpose  


To provide guidelines for issuance of citations for violation of drain requirements for air receivers.  


2. Documentation-Affected  


None.  


3. Background  


a. An inquiry has been received regarding Occupational Safety and Health Administration (OSHA) 
enforcement of 29 CFR 1910.169(b)(2) which requires a bottom drain at the lowest point of every air 
receiver. It states, relevantly, that: A drain pipe and valve shall be installed at the lowest point of every 
air receiver to provide for the removal of accumulated oil and water b. This inquiry notes the problem of 
an apparent inconsistency with 29 CFR 1910.169(a)(2)(i) which requires either a bottom drain or, 
alternatively, a side drain; that is, a pipe extending inward from any location to within 1/4 inch of the 
lowest point, in accordance with the 1968 edition of the American Society of Mechanical Engineers 
(A.S.M.E.) Boiler and Pressure Vessel Code, Section VIII. Specifically, it requires that: All new air 
receivers installed after the effective date of these regulations shall be constructed in accordance with the 
1968 edition of the A.S.M.E. Boiler and Pressure Vessel Code, Section VIII.  


OSHA Instruction STD 1-10.2 OCT 30, 1978  


-2- 
c. This problem arises only with regard to air receivers covered by Paragraph U-1 Scope, A.S.M.E. 
Boiler and Pressure Vessel Code, Section VIII, 1968, which excludes vessels having an internal or 
external operating pressure not exceeding 15 psi. and vessels having an inside diameter not exceeding 6 
inches, and 29 CFR 1910.169(a)(1), which specifies the applicability of the standard. d. This problem 
also arises only with regard to air receivers subject to corrosion since, apparently, 29 CFR 
1910.169(b)(2) originally was intended to apply only to an air receiver subject to corrosion. See Rule 7.3 
of the source standard for 29 CFR 1910.169(b)(2), ANSI B-19, 1938, Safety Code for Compressed Air 
Machinery. Note that the 1968 edition of the A.S.M.E. Boiler and Pressure Vessel Code, Section VIII, 
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paragraph UG-25(e) limits the drain construction requirements to pressure vessels subject to corrosion.  


4. Action  


a. It is apparent that, despite the limited requirement of 29 CFR 1910.169(b)(2) regarding a "lowest 
point" drain, 29 CFR 1910.169(a)(2)(i) provides for an alternative to this; namely, a side drain. Thus, 
where side drains are present on air receivers, citations for violation of the (b)(2) requirement are not 
appropriate, even if the air receiver was constructed prior to April 28, 1971, since this is allowed for in 
29 CFR 1910.169(a)(2)(i). (Note, however, that (b)(2) may be appropriately cited where there are 
violations of the other requirement that: The drain valve on the air receiver shall be opened and the 
receiver completely drained frequently and at such intervals as to prevent the accumulation of excessive 
amounts of liquid in the receiver.) b. A citation for violation of 29 CFR 1910.169(a)(2) (i) is appropriate 
where the air receiver has no bottom or side drain and is subject to corrosion and is covered by 
Paragraphs U-1 Scope and 29 CFR 1910.169(a)(1) Application.  


OSHA Instruction STD 1-10.2 OCT 30, 1978 -3-  


5. Effective Date  


This directive is effective immediately and shall be retained until further notice.  


Richard P. Wilson Deputy Director, Federal Compliance and State Programs  


DISTRIBUTION A-1 E-1 B-2 HEW-1 C-2 NIOSH Regional Program Directors-1 D-4 & 5 NACOSH-1 
Training Institute-4  


(Originator 
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Results 1 - 10 of 10 


By Date 


    Summary 
Nr Event Date Report 


ID Fat SIC Event 
Description


 
1 20228894
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Air Return, 
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Results In 
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Amputation


 
3 20007280
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Fighting 
Fire After 
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5
10/01/200
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Employee 
Killed 
When 
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5 20000103
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0 
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Killed In 
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Handling 
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09/07/199
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Lacerated 
By Pieces 
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Exploding 
Air 
Receiver 
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When Head 
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Flying End 
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8 01440060


0
01/09/198
6 
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Air 
Receiver 
Exploded, 
Killing 
Employee 
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8
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End Piece 
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Killed 
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10 01455000


8
08/09/198
4 


045471
1   2431 


 


Compresse
d Air Tank 
Exploded 


OSHA 
 


  
Accident: 202362570 - Explosion Results In Employee Leg Amputation 


Accident: 202362570 -- Report ID: 0352450 -- Event Date: 07/17/2006 
 


Inspection Open Date SIC Establishment Name 
310078282 07/17/2006 7349  J. & J., Incorporated 


 


Employee #1 was injured when the 300-gallon air receiver of an air compressor unit 
ruptured resulting in severe injuries to both his legs The accident was caused by rust 
inside the receiver that weakened the steel due to the receiver not been drained. The safety 
valve was inoperative due to corrosion from not being tested. The pressure gauge was 
stuck on 90 psi. Employee #1 was transported to the hospital where his left leg had to be 
amputated below the knee and the right leg required several pins. Employee #1 was 
hospitalized.  


 


Keywords: amputated, leg, explosion, equipment failure, air receiver, compressed air, 
compressor  


 


Inspection Age Sex Degree Nature Occupation 
1 310078282    Hospitalized 


injury 
Amputation Specified mechanics and 


repairers 
 


OSHA 


Accident: 674853 - Employees Lacerated By Pieces Of Exploding Air Receiver 


Accident: 674853 -- Report ID: 0454510 -- Event Date: 09/07/1994 
 


Inspection Open Date SIC Establishment Name 
124656109 09/08/1994 3496  Woven Electronics Llc 


 


A shop-made pressure vessel (air receiver) was overpressurized and exploded. Due to the 
explosion, two pieces of metal were sent flying. Employee #1 was struck by a piece of 
metal on the forehead and sustained lacerations. Employee #2 was struck on the hand by 
another piece and sustained lacerations and broken fingers. The air receiver was being 
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used in conjunction with a glue gun and had no pop-off valve or air gauge.  
 


Keywords: struck by, explosion, flying object, head, hand, high pressure, laceration, air 
receiver, safety relief valve, pressure vessel  


 


OSHA 


Accident: 772491 - Employee Killed When Head Struck By Flying End Plate 


Accident: 772491 -- Report ID: 0627700 -- Event Date: 09/19/1990 
 


Inspection Open Date SIC Establishment Name 
107503591 09/19/1990 2875  Blue Ribbon Organics, Inc. 


 


Plant employees had just completed bagging compost products and the bagging line was 
shut down to refill material dispensing bins. Employee #1, the office manager, came into 
the plant to collect time cards. While he and a coworker were standing inside a doorway 
conversing, a non-ASME code air receiver ruptured; its south end plate flew off in an 
upward trajectory. The plate struck Employee #1's head, nearly severing the skull and 
removing part of the brain. The plate continued on, striking and breaking a roof joist. The 
coworker was impacted by Employee #1's propelled body and knocked into the building 
wall; he was apparently uninjured although he later complained of a sore back and 
psychological problems.  


 


Keywords: head, severed, struck by, flying object, rupture, air receiver, brain, skull, 
ejected 


 


OSHA 


Accident: 14400600 - Air Receiver Exploded, Killing Employee 


Accident: 14400600 -- Report ID: 0626300 -- Event Date: 01/09/1986 
 


Inspection Open Date SIC Establishment Name 
101803260 01/15/1986 7623  Tidewater Compression Service 


 


EMPLOYEE #1 WAS ASSIGNED THE TASK OF REPAIRING A 16 HORSEPOWER 
GASOLINE ENGINE, POWERING A WORTHINGTON AIR COMPRESSOR, AT A 
GAS WELL SITE. THE ENGINE WAS BACKFIRING EXCESSIVELY AND 
BLOWING APART AN INJECTOR GAS COUPLING. THE ENGINE AND 
COMPRESSOR WERE MOUNTED ON TOP OF A ROY E. HANSON JR. AIR 
RECEIVER, SER. #186730. ALTHOUGH THERE WERE NO WITNESSES TO THE 
ACCIDENT, IT APPEARS THAT THE ENDS (WELDS) OF THE RECEIVER BLEW 
OUT. THE FORCE OF THE EXPLOSION DROVE EMPLOYEE #1 INTO A GAS 
COMPRESSOR, THEN UP AND BEHIND THE COMPRESSOR. EMPLOYEE #1 
WAS PROBABLY KILLED INSTANTLY.  


 


Keywords: air receiver, explosion, high pressure, repair, gas well, compressed air  
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Safety Info Posts - General Safety Topics  


Written by Bryan Haywood     
Thursday, 16 August 2012 23:06  
The 2012 Memorial Day explosion and fire at a Minnesota paper mill that killed an employee and injured 
several more was caused by an overheated air compressor that ignited oil vapors in the compressor and 
an air receiver.  The report states the cooling water supply to the compressor was severely reduced in 
the hour before the explosion and that two other compressors had already shut off because of 
overheating. The report indicated that a maintenance issue or a mechanical failure possibly caused the 
one compressor to exceed its thermal protection shutdown controls.  The MN State Fire Marshal lead 
investigator estimated the damage from the explosion and resulting fire at $50 million. 


The mill had been shut down earlier in the day to repair a leaking water pipe and that the mill was just 
being brought back online when the explosion happened.  The shutdown caused the mill to switch its 
source of cooling water for its air compressors and the report indicated that cooling water flow to the air 
compressors had dropped from about 215 gallons per minute at 7:54 a.m. that day to a fluctuating rate 
of between 19 and 3 gallons per minute between 10:05 a.m. and 10:14 a.m. until the time of the incident 
at 11:17 a.m.  


If you have never read a fatality report from a Fire Marshal, here is your chance.  The detail in these 
reports really describes the scene to a level where many can visualize it like we are standing there.  I do 
CAUTION everyone though, this was a fatality and it may be upsetting to some to read how a fatality 
investigation takes place.  Pay particular attention to the "little things" the investigator(s) pick up on when 
surveying the scene. 


"At the north end of the compressor room (with mezzanine above) is the location of two (2) vertical 
7,500-gallon receiver tanks, one for mill air and the other instrument air. The mill air receiver tank 
is along the west wall of the compressor room and the instrument air receiver tank is along the east 
wall of the compressor room. The mill air receiver tank is 84” in diameter and has exploded and/or 
ruptured. The ½” thick steel receiver tank is ripped apart, and the welded dome and base of the 
tank have blown off. The ruptured tank is lying atop compressor #1, which has been displaced from 
its elevated concrete pad to the south. The interior of the ruptured mill air receiver tank is coated 
with a thick layer of oil and black soot. In a bottom section of the receiver tank I observed a large 
pool of oil. Examination of the dislocated 6” in diameter stainless steel compressed air piping from 
the ruptured receiver tank also revealed heavy black oily soot deposits within the piping." 


Lastly, OSHA's Air Receiver standard 1910.169 is often overlooked, yet almost every industrial facility 
will have an air compressor and reciever.  Do you recall reading that their was a lot of oil present at the 
scene (after a fire that burned for a couple of days!) and burned oil inside the receiver that 
catastrophically failed?  This is NOT suppose to be the case if we are strictly compling with 
1910.169(b)(2), which states... 


1910.169(b)(2) Drains and traps. A drain pipe and valve shall be installed at the lowest point of 
every air receiver to provide for the removal of accumulated oil and water. Adequate automatic 
traps may be installed in addition to drain valves. The drain valve on the air receiver shall be 
opened and the receiver completely drained frequently and at such intervals as to prevent the 
accumulation of excessive amounts of liquid in the receiver. 


These days many receivers are equipped with automatic drain valves that do the required draining for us, 
but this is an after market addition and must be installed by the user.  I would say that less than half of 
the receivers we come across in our audits have these auto-drains and when we ask if the receiver is on 
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any type of maintenance schedule we tend to get the deer in the headlight look! 


Allowing the oil to build up inside this pressure vessel and being exposed to the kinds of temperatures 
this compressor was running basically vaporized the oil inside the receiver and when flames entered the 
piping and then into the receiver it was like a bomb going off!  


Examination of thermal patterns to the compressor room clearly show the fire originated at 
compressor #3.  Compressor #3 overheated internally and igniting compressor oil vapors on fire, 
which communicated through compressed air piping to the mill air receiver tank where explosive 
compressor oil vapors were ignited, causing the mill air receiver tank to explode. Flames from the 
mill air tank explosion communicated to the southwest quadrant of the paper warehouse, igniting 
rolls of stored paper on fire. The explanation for why compressor #3 didn’t shut down due to 
overheating is unknown, but possible scenarios are failure of a thermal protection device and/or 
devices at the compressor and/or in-house maintenance issues. In my opinion, severe reduction of 
the water flow to compressors for cooling the morning of the incident is a contributing factor to 
compressor #3 overheating, which resulted in a fire and explosion occurring at the mill air receiver 
tank.  


So although the FM report does not determine the root cause of this explosion, I encourage you to read 
the report carefully and let's discuss what we think the root cause and the contributing factors of this fatal 
explosion are. 


 


Case Number 
2012-171 
Lead Investigator 
John W. Steinbach 
State Fire Marshal Division 
Department of Public Safety 
444 Cedar Street, Suite 145 
St. Paul, MN 55101-5145 
Investigation Report 
Confidentiality: Juvenile: Homicide: Confidential: 
Property 
Name: Verso Paper Corporation 
Address: 100 East Sartell Street 
City: Sartell County: Benton State: MN Zip: 56377- 
Phone: 320-240-7510 Contact Name: Mike Gunderson Contact Phone: 320-250-7597 
Property Use Code: 700 
Building Name: Use Code: Alarm Type: Choose Sprinkler: Choose 
Section Name: Use code: Alarm Type: Choose Sprinkler: Choose 
Incident Detail 
Date: 05/28/2012 Time: 1121 Fire Type: Explosion Fire Cause: Appliance Overheated # Injuries: 3 
Fire Dept.: Sartell FDID: 73121 Req. Agency: Sartell Fire Department Coop. Agency: Sartell Police 


Department 
Type of Occupancy: Paper Manufacturing Pre Fire Value: $ Loss: 50,000,000 
Smoke Detector Performance: Unknown Sprinkler System Performance: Not Operating Properly 
Occupied: Yes: No: 
Disposition 
Open: Closed: Referred to other agency: Referral Info: 
Note: All fields underlined are required upon initial submission of this report. 
Synopsis 
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Employees at a paper mill discovered smoke and flames shooting from the top of an air compressor in 
an air compressor room at the east end of the plant. Employees notified the plant’s fire brigade and began 
exiting the area, when a receiver tank at the north end of the compressor room exploded, causing severe 
structural damage and fire to occur within the plant’s compressor room and paper warehouse. The 
resulting explosion caused injuries to several employees, including one fatality. Multiple fire departments 
arrived on scene and battled the flames for days using multiple fire apparatus. Investigation determined a 
severe reduction of cooling water flow to operating compressors prior to the incident contributed to a 
compressor overheating, 


which resulted in a fire and explosion to occur. 
Owner 1 Check if Occupant: 
Last First Middle Fatality DOB Gender 
Verso Paper Corporation / / Choose 
Address: 6775 Lenox Center Court, Suite 400 CO: % BAC: Drugs: 
City: Memphis State: TN Zip: 38115- 
Phone: - - Contact Name: Robert P. Mundy Contact Phone: 901-369-4128 
E-mail: School District #: Country: 
Blue indicates required fatality information. DOB is optional unless a fatality. 
Owner 2 Check if Occupant: 
Last First Middle Fatality DOB Gender 
/ / Choose 
Address: CO: % BAC: Drugs: 
City: State: Zip: - 
Phone: - - Contact Name: Contact Phone: - - 
E-mail: Country: 
Blue indicates required fatality information. DOB is optional unless a fatality. 
Occupants 
Last First Middle DOB Fatality Gender CO BAC Drugs 
/ / Choose % 
/ / Choose % 
/ / Choose % 
/ / Choose % 
/ / Choose % 
/ / Choose % 
/ / Choose % 
/ / Choose % 
/ / Choose % 
/ / Choose % 
Blue indicates required fatality information. DOB is optional unless a fatality. 
Other Fatalities – Fire Fighters and Others 
Last First Middle DOB Gender FF/Other CO BAC Drugs 
/ / Choose Choose % 
/ / Choose Choose % 
/ / Choose Choose % 
/ / Choose Choose % 
/ / Choose Choose % 
CO, BAC and Drugs only required if fatality is not a Fire Fighter 
Insurance Record 
Insurance Agency: AON Risk Solutions Agent: Phone: 415-486-7000 City: 
Insurance Co: FM Global Policy Number: XG935 Inception Date: 8/1/2011 Expiration Date: 


8/1/2012 
Amount of Policy: Blanket Coverage 5,900,000,000 Building: Contents: Other: Deductible 
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1,000,000 
Claim Number: 411404 Payable to: Adjuster: David Hess Phone: 763-732-4239 
Remarks: 
Narrative Report 
People 
Sartell Fire Department – Fire Chief Ken Heim & Fire Marshal James Rieland; 320-253-2171 
Sartell Police Department – Detective Tim Broda, Officer Jason Thompson & Officer Rob Lyon; 


320-251-8186 
Owner – Verso Paper Corporation; 6775 Lenox Center Court, Suite 400, Memphis, TN 38115 
Senior Vice President and Chief Financial Officer Robert P. Mundy; 901-369-4128 
Verso Paper employee/fatality – Jon Michael Maus, DOB 7/26/1961; 19839 390th Street, Albany, 


MN 56307 
Verso Paper employee/injured – David Sylvester Popp, DOB 10/4/1951; 5599 398th Street, Rice, MN 


56367; 
320-259-1434 (h), 320-469-8301 (cell) 
Verso Paper employee/injured – Dennis Daniel Schneider, DOB 1/8/1967; 3305 12th Avenue North, 


Sartell, MN 
56377; 320-333-7206 (h), 320-241-0331 (cell) 
Verso Paper Pulp & Utilities Manager – Robert Edward Bridges, DOB 4/19/1951; 4700 4th Street 


Loop NE, 
St. Cloud, MN; 320-761-1047 
Verso Paper Utilities Area Manager – Mark James Wichman, DOB 4/11/1960; 3612 South Oak 


Circle, 
St. Cloud, MN; 320-241-1482 
Verso Paper Water Treatment Operator – Randy Donald Roeder, DOB 5/23/1957; 20457 Elmwood 


Road, 
Clearwater, MN 55320; 320-558-6662 
Verso Paper Safety Supervisor – Caleb Voigt; 320-309-8145 
Verso Boiler Operator – Joseph Edward David, DOB 6/14/1955; 4615 Mink Loop NW, Sauk Rapids, 


MN 
56379; 320-293-8010 
Verso Employee Lead Hourly Tech – Eugene Joseph Yasgar, DOB 7/17/1953; 2416 6th Street South, 


Sartell: 
320-492-0463 
Verso employees – Glen Schellinger; 320-255-1460 
John Haus; 320-260-8325 
Bob Heins; 320-252-9157 
Marvin Koshiol; 320-493-3394 
Paul Plafcan; 320-333-2644 
Dale Dirks; 320-333-3181 
Byron Birr; 320-363-1215 
Duane Albrecht; 320-260-4019 
Verso employees – Pete Haus; 320-253-8798 
Jerry Schubert; 320-240-7248 
John Knese; 320-252-7452 
Jerry Bloch; 320-249-6422 
Ray Cordie; 320-363-4864 
Securitas Security employee – Matt Yager; 320-492-5313 
Whitemore Fire Consultants – Bob Whitemore & Brian Haag; 952-461-7000 
Background 
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At 1216 hours on May 28, 2012, I received a phone call from the State Duty Officer informing me the 
Sartell Fire Department was requesting my assistance for a commercial business fire and explosion 
involving one fatality at Verso Paper Corporation in Sartell. En-route to the fire scene, I contacted Deputy 
State Fire Marshal-Investigator Casey Stotts and requested his assistance with this fatal commercial 
business fire and explosion. 


I arrived on scene at 1342 hours and observed many firefighters and fire apparatus battling flames to a 
fire damaged structural steel building used to manufacture paper. I was met by Sartell Fire Chief Ken 
Heim and Sartell Police Department Detective Tim Broda, Officer Jason Thompson and Officer Rob 
Lyon, who provided me with the following background information: 


• The fire and explosion was reported by numerous 911 callers at 1121 hours. 
• Upon fire department arrival, heavy black smoke was venting from the south end of the paper 
warehouse; and smoke and flames were shooting through a large gaping hole in the roof above the 
compressor room. 
• Portions of the paper mill’s sprinkler system were compromised during the explosion, displacing 


water 
lines. 
• Exterior steel sheeting along the east wall of the paper warehouse had blown out onto the railroad 
tracks alongside the building. 
• Fire suppression was focused from the south, north and east sides of the building. 
• Many aerial fire apparatus were utilized to apply hose streams to the roof of the building, with a 


large gaping hole along the west side of the warehouse in the area of the plant’s air compressor room. 
• Firefighters discovered the body of deceased Verso Paper employee Jon Maus at the southern end of 
the roll wrap room, which is south of an employee break room and air compressor room. 
• In addition to the employee fatality, two additional employees, David Popp and Dennis Schneider, 


were injured during the explosion. 
• Prior to the explosion, employees heard a hissing noise and discovered a fire in the air compressor 
room. 
• The plant’s Fire Brigade was notified about the smoke and fire in the compressor room. 
• Employee Jon Maus attempted to use a portable fire extinguisher on the fire in the compressor room 
and then he and employee Dennis Schneider decided to retreat. The explosion occurred as Maus and 
Schneider retreated. 
• A water leak had occurred in the plant the morning prior to the explosion. 
• The plant was scheduled to shut down at about 10:40 AM to repair the water leak. 
• Employees repaired the water leak. 
• As employees were bringing the plant back up to operation at approximately 11:00 AM, smoke was 
discovered in the roll wrap room. 
Deputy State Fire Marshal Casey Stotts, Police Detective Broda, Benton County Assistant Medical 


Examiners and I photographed and documented the location of fire and explosion fatality Jon Maus. The 
victim’s body was then removed from the scene and transported to the Midwest Medical Examiner’s 
Office in Ramsey, MN for an autopsy. According to the Medical Examiner’s Office, the victim died as a 
result of blunt force trauma sustained during the explosion. 


I then proceeded to take some initial photographs of the scene and document the fire and explosion 
damage to the structure. Due to continuing fire suppression activities of burning rolls of paper in the 
plant’s warehouse and severe structural damage, investigation into the origin and cause of the fire and 
explosion was suspended  until extinguishment of the fire and shoring up of the structure was completed 
for safe entry. I conducted digitally recorded interviews with Verso employees Robert Bridges, Mark 
Wichman, Randy Roeder and Dave Popp (see Interviews). 


On May 30, 2012, I returned to the fire scene where fire suppression activities were continuing to 
extinguish burning rolls of paper in the paper warehouse. I met with and interviewed Matt Yager from 
Securitas Security Company, who provides security at Verso Paper. At 0520 hours the morning of the 
fire, Stearns County 
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Dispatch received a 911 call from a Sartell resident regarding loud banging noises coming from the 
mill. Yager stated he was doing his rounds in the morning when he heard loud popping noises coming 
from the North Power Plant. The Power Plant operator told him they were dealing with a leaking steam 
valve and there was no danger. Yager stated a Sartell Police Officer then arrived on scene to inquire about 
the noise. Yager informed the officer about the incident and that there was no danger to the public. 


On May 31, 2012, I was present for a meeting with the following Verso Paper employees: Electrical 
Engineer Dave Zimmer, Maintenance Supervisor for Utilities Jerry Schubert, Mechanical Engineer Bob 
Barr, and Utilities Manager Mark Wichman. Also present for the meeting was Bob Whitemore from 
Whitemore Fire Consultants, who was retained by FM Global Insurance to investigate the loss. During 
the meeting, I learned the following: 


• Compressors #1 through #4 were installed in 1981. Compressor #5 was installed in 1996. 
• The compressors are Gardner Denver rotary screw compressors, 400 horsepower. 
• Each compressor has its own heat exchanger to cool compressor oil and air. 
• Two times a shift, a water treatment employee records the oil temperature, oil level and operating 
temperature of each compressor operating. The logs are stored at the South Power Plant. 
• The South Power Plant control room contains computer equipment that records the following 
compressor data: oil temperature, mode of operation, KW usage, air pressure and air pressure for each 
air tank vessel approximately 18’ in height and 84” in diameter. 
• One of the air tanks is for instrument air and the other mill air. 
• Alarms for compressor high air temperature and low oil are monitored at the South Power Plant. 
• Compressor overhauls are completed by an outside vendor. 
• Approximately two years ago, the company received a grant to convert the compressors from 


aircooled to water-cooled. Several outside vendors were involved with the installation project. 
• Approximately three to six months ago, #4 compressor was switched out with a rebuilt air 


compressor. 
• #4 compressor had an oil leak and oil consumption issue. The compressor also had a vibration issue. 
Verso addressed a filter problem and made changes. #4 compressor was then installed in the #1 
compressor position, and #1 compressor was taken out and used as a spare compressor. 
• There are no vibration alarms for compressors. 
On June 1, 2012, I returned to the fire scene to supervise the removal of charred rolls of paper from 


the southwest corner of the warehouse adjacent to the compressor room where the fire and explosion 
occurred. 


Rolls of paper were removed to access the blast area along the west wall of the warehouse. Through a 
laser imagining process, engineers from Clark Engineering, retained by Whitemore Fire Consultants, 
digitally photographed the compressor room and north end of the roll wrap room directly south of the 
computer room. 


The roll wrap room and area east of the compressor room into the paper warehouse were secured with 
orange snow fence and/or fire line tape and traffic cones. 


On June 4, 2012, I returned to the fire scene to resume debris removal from the southwest quadrant of 
the warehouse and north end of the roll wrap room. During debris removal, potential artifacts were 
discovered among debris. The artifacts were collected and secured in a secured area. Prior to debris 
removal, Verso Paper Corporation Senior Vice President of Manufacturing Lyle Fellows signed a consent 
form for this fire investigation (see attachment). 


On June 5, 2012, I returned to the fire scene, where I observed heavy equipment contractors install 
steel I beams beneath the mezzanine above the north end of the compressor room in order to shore-up 
unstable steel and the poured concrete floor of the mezzanine above the compressor room. I also traveled 
to the 


residence of injured Verso employee Dennis Schneider to possibly interview Schneider. There was no 
response at the residence. I left phone messages on both Schneider's cell and home phone for him to 


contact me. I then traveled to the work place of Schneider’s’ wife, Kim Schneider, and left my business 
card with Kim Schneider instructing her to have Dennis contact me. 
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On June 6, 2012, I returned to the fire scene, where I observed heavy equipment contractors resume 
operations to shore up the unstable mezzanine area above the north end of compressor room. I also 


met with and conducted a digitally recorded interview with Verso employee Dennis Schneider (see 
Interviews). Also present during the interview were Bob Darling from Minnesota Department of OSHA, 
Brian Haag from Whitemore Fire Consultants, and legal counsel from Verso Paper. 


Deputy State Fire Marshal Casey Stotts turned the fire scene over to Bob Whitemore from Whitemore 
Fire Consultants on Friday June 8, 2012. Whitemore Fire Consultants represents FM Global, who insures 
Verso Paper. 


On June 11, 2012, I returned to the fire scene for a scheduled inspection of the scene with Bob 
Whitemore from Whitemore Fire Consultants and involved parties (see sign-in sheet). During the 
inspection, I noted the ruptured receiver tank at the north end of the compressor room had been removed 
from the compressor room and placed inside the paper warehouse for inspection purposes. The top and 
base sections of the affected receiver tank were also removed from the compressor room and placed 
alongside the ruptured receiver tank. 


Involved parties photographed and documented the fire and explosion scene. 
On June 12, 2012, I returned to the fire scene, where I was present for debris removal from the north 


end of the compressor room. Artifacts discovered among debris were collected and placed in a secure 
area. I also conducted a digitally recorded interview with Verso employee Lead Hourly Tech Eugene 
Yasgar (see Interviews). 


On June 13, 2012, I returned to the fire scene, where I was present for debris removal from the 
compressor room. Artifacts discovered among debris were collected and placed in a secure area. I also 
received a 4-GB jump drive from Verso Legal Counsel containing proprietary information pertaining to 
mill operations and instrumentation data for compressor data, i.e. air compressor oil temperature, 
electrical power usage, air pressure and on/off operation (see signed confidentiality agreement Deputy 
State Fire Marshal James Iammatteo signed for the MN State Fire Marshal Division). 


On June 14, 2012, I returned to the fire scene, where I was present for debris removal from the 
compressor room and north end of roll wrap room. Artifacts discovered among debris were collected and 
placed in a secure area. 


On June 15, 2012, I returned to the fire scene, where I was present for debris removal from the 
employee break room inside the roll wrap room. Artifacts discovered among debris were collected and 
placed in a secure area. 


On June 18, 2012, I returned to the fire scene, where I was present for debris removal along the west 
wall of the compressor room. Artifacts discovered among debris were collected and placed in a secure 
area. The west wall of the compressor room was shored-up to stabilize the precast concrete walls above. 


On June 19, 2012, I returned to the fire scene, where I was present for a tour of the raw water pump 
house at the north end of the mill. Mill water to the plant was shut-off in the pump house at a shut-off 
valve the morning of the incident to repair a leaking water valve beneath paper machine #3. The tour, 
escorted by Verso Paper employees and Verso Legal Counsel, continued to the leaking water valve 
beneath paper machine #3 that was replaced the morning of the incident. The tour then continued to a 
corridor immediately adjacent to the compressor room, where the mill water shut-off valve for cooling 
compressors is located. The mill water shutoff valve is in the closed position. Also located in this corridor 
outside the compressor room is a well water shut-off valve also used for cooling compressors. The well 
water shut-off valve is in the open position. The tour then continued to the South Power Plant control 
room, where I observed a series of control panels that monitor various plant operations. During the tour, I 
approached a Verso employee sitting at a control panel 


and began asking questions regarding monitoring operations. Verso legal counsel present terminated 
any further questions. 


On June 21, 2012, I returned to Verso Paper in Sartell, where Bob Whitemore and I conducted 
digitally recorded interviews with the following Verso employees: Glen Schellinger, John Haus, Bob 
Heins, Marvin Koshiol, Paul Plafcan, Dale Dirks and Byron Birr (see Interviews). Also present during 
employee interviews were mill union representatives and legal counsel for Verso Paper. 
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On July 9, 2012, I returned to Verso Paper in Sartell, where Bob Whitemore  and I conducted 
digitally recorded interviews with the following Verso employees: Duane Albrecht, Pete Haus, Jerry 
Schubert, Mark Wichman, John Knese, Jerry Bloch and Ray Cordie (see Interviews). Also present during 
employee interviews were mill union representatives and legal counsel for Verso Paper. 


Property Description 
This structure was originally built in 1905 and has several additions. It varies in height from one to 


six stories and is a masonry and structural steel building used to manufacture various types of coated 
paper from raw materials. The paper mill, which employs approximately 260 employees, includes two 
separate electrical generating power plants. The paper mill produces rolls of coated paper weighing 
approximately one to four each and measuring approximately three to four feet in diameter and 
approximately four to six feet in height. The mill is a fully sprinkled building with its own in-house fire 
brigade that responds to emergencies at the plant. The paper mill is located along the banks of the 
Mississippi River in the city of Sartell in central Minnesota. 


The portion of the building involved in the fire and explosion is a structural steel building with metal 
clad exterior walls and flat rubber membrane roof. The interior walls are metal clad, which includes 
concrete block walls and poured concrete fire walls. This affected area of the building at the east end of 
the plant is occupied by the mill’s warehouse, roll wrap room, compressor room, and portion of the 
plant’s electrical distribution center. 


Scene Examination 
I began my investigation in the roll wrap room where firefighters discovered the deceased body of 


mill employee Jon Maus. The roll wrap room with conveyor system is used to wrap rolls of finished paper 
for transport to the warehouse. There are fractured pieces of concrete blocks and debris scattered 
throughout the roll wrap room. Many damaged and/or overturned steel dumpsters are lying about the roll 
wrap room. 


The victim’s body is lying on the concrete floor at the southern end of the roll wrap room. The victim 
is lying on 


his left side, with his upper back against a steel pipe. There is blood on the floor in the area of the 
victim’s head, and the body is lying partially inside an overturned steel dumpster. The body has sustained 
numerous blunt force injuries. The victim’s body was photographed, documented and transported to the 
Midwest Medical Examiner’s Office in Ramsey for an autopsy. According to the Medical Examiner, the 
victim died of blunt force trauma injuries sustained during the fire and explosion. 


At the northwest corner of the roll wrap room is an employee break room with concrete block walls. 
North and east of the employee break room is a compressor room which houses five (5) 400-horsepower 
air compressors and two (2) 7,500-gallon receiver air tanks. The south concrete block walls of the 
compressor room and the employee break room have blown out into the roll wrap room. There are 
fractured pieces of concrete blocks and debris scattered about the floors of the employee break room and 
roll wrap room. Explosion damage to the roll wrap room clearly reveals the blast originated from the 
north end of the compressor  room. 


Inside the compressor room are concrete blocks and debris littering the floors. Overhead mechanical 
and electrical distribution systems, including water lines originally suspended from steel I-beams above in 
the compressor room, have partially collapsed, obstructing a clear path to the north end of the compressor 
room. 


There are five (5) 400-horsepower rotary screw air compressors along the west wall of the 
compressor room, beginning with #5 compressor at the south end and #1 compressor at the north end. 
Compressors #1 through #4 are Gardner Denver, installed in approximately 1981. Compressor #5, also a 
Gardner Denver, was installed in approximately 1996. The compressors contain two heat exchangers, one 
for cooling air and the other for cooling compressor oil. In 2010, through a federal grant, Verso converted 
compressors from air cooled to water cooled, which significantly reduced compressors from tripping out 
on hi air temperature. 
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Compressors are cooled primarily by mill water also know as (river water). Compressors can also be 
cooled by well water and/or by city water. Water-cooled air compressors supply compressed air to operate 
various types of valves and instruments throughout the plant. 


At the north end of the compressor room (with mezzanine above) is the location of two (2) vertical 
7,500-gallon receiver tanks, one for mill air and the other instrument air. The mill air receiver tank is 
along the west wall of the compressor room and the instrument air receiver tank is along the east wall of 
the compressor room. The mill air receiver tank is 84” in diameter and has exploded and/or ruptured. The 
½” thick steel receiver tank is ripped apart, and the welded dome and base of the tank have blown off. 
The ruptured tank is lying atop compressor #1, which has been displaced from its elevated concrete pad to 
the south. The interior of the ruptured mill air receiver tank is coated with a thick layer of oil and black 
soot. In a bottom section of the receiver tank I observed a large pool of oil. Examination of the dislocated 
6” in diameter stainless steel compressed air piping from the ruptured receiver tank also revealed heavy 
black oily soot deposits within the piping. 


The second receiver tank, although intact, is lying on its side along the north blown out wall of the 
compressor room. The west concrete block wall of the compressor room has blown out, causing precast 
concrete walls above to partially collapse downward. The north and east concrete block walls at the north 
end of the compressor room have also blown out. Steel I-beams supporting the concrete floor above are 
hanging down. 


Stainless steel pipes for air and water supply have been displaced and hang precariously above. The 
east concrete block wall of the compressor room has blown out into the paper warehouse, and shattered 
pieces of cinder block are lying all over the southwest corner of the warehouse among charred rolls of 
paper. The structural steel roof assembly of the southwest quadrant of the paper warehouse is partially 
collapsed and resting on charred rolls of paper. The fire in the warehouse and explosion at the mill air 
receiver tank in the compressor room ensued due to a fire that occurred at compressor #3, based on eye-
witness observations and heat patterns observed at #3 air compressor. 


A cable tray is suspended from the compressor room ceiling routed directly above air compressors in 
a north south direction. The cable tray supports various electrical conduits and electrical cables for 
electrical equipment in the plant. Wiring insulation on the electrical cables directly above compressor #3 
are blackened and/or charred due to external heating from compressor #3 below. Painted steel enclosure 
panels for compressor #3 are heavily discolored due to thermal heating from within the compressor unit. 
Electrical control panels at the front and/or east side of the compressor are severely compromised due to 
the explosion damage. 


I observed the compressor’s relief valve at the top southeast corner of the compressor cabinet. I 
observed plumbers wire used to secure the relief valves manual release handle to the relief valve body. 
Examination of relief valves on compressors #1, #2, #4 and #5 revealed no plumbers wire securing the 
manual release handles to the relief valve bodies. According to compressor experts present, the plumbers 
wire securing the handle to the relief valve does not affect the operation of the relief valve. 


I then examined the interior of the compressor unit, where I observed significant fire damage. The 
interior steel enclosure of the compressor unit is blackened and covered with soot. Air filters at the 
backside of the compressor unit for air intake are consumed by fire. Six-inch rubber couplings between 
the steel air intake cabinet and the compressors air intake heads are destroyed by fire. There is extensive 
thermal damage to the compressor unit itself. The painted cast iron compressor, oil separator and 100-
gallon oil tank below the oil separator are blackened and discolored due to internal heating from the 
compressor. The compressor oil used in the compressors is Aeon 2000 or 4000 Rotary Screw 
Compressor, Petroleum Based Lubricant. According to MSDS Sheets, the flash point for Aeon 4000 is 
410 degrees F. and the flash point for Aeon 2000 is 388 degrees F. A warning label affixed to either the 
Aeon 2000 or 4000 oil drums reads Attention: Empty containers may contain product residue, including 
flammable or explosive vapors. Do not cut, puncture or weld on or near container. 


According to pi data retrieved from the south power plant control room, the compressor oil 
temperature at compressor #3 at the time of the explosion (11:17 AM) was 308 degrees F. The normal 
operating temperature for compressor oil is approximately 150 degrees F., according to pi data. 
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Compressor #3 operated at or above 300 degrees F. from approximately 10:30 AM until the time of the 
explosion at 11:17 AM. Compressor instrumentation used for measuring oil temperate measures from 50 
degrees F. minimum to 300 degrees F. maximum. Review of a computer-generated pi graph of time and 
temperature for compressor #3 at the time of the incident was potentially approximately 484 degrees F. 


Also according to pi data, compressor #4 stopped running at 10:06 hours with an oil temperature of 
200 degrees F. Compressor #5 stopped running at 10:07 AM with an oil temperature of 205 degrees F. 
The compressors are designed to shut off when the compressor air temperature reaches approximately 230 
degrees F. The compressors are also designed to shut off due to low oil pressure. When compressors #4 
and #5 shut off due to high air temperature, compressors #1 and #2 were started by a Verso employee. 


Compressor #1, only to be used in an emergency, was started at 10:16 AM and compressor #2 was 
started at 10:07 AM. Also, according to pi data on the day of the incident, compressor cooling water flow 
was approximately 215 gallons per minute until 7:54 AM, when cooling water flow dropped to an 
average of approximately 78 gallons per minute. Also according to pi data, from approximately 10:05 
AM until about 10:14 AM, cooling water flow fluctuated between 19 gallons of water per minute to as 
low as 3 gallons of water per minute. Severe reduction of compressor cooling water flow continued up 
until the time of the incident at 11:17 AM. 


Compressor cooling water is normally supplied by mill water from the plant’s raw water pump house. 
At approximately 7:00 AM the morning of the incident, a mill water leak was detected beneath paper 
machine #3, which required mill water at the plant to be shut off in order to make repairs. Prior to shutting 
off mill water at the plant well, water to the compressor room for compressor cooling was turned on by 
opening a gate valve in a corridor west of the compressor room. During my scene examination, I noted 
the mill water shut-off valve to the compressor room for cooling water was closed and the well water 
shut-off valve open. As cooling water supply to the compressor room was significantly reduced, 
compressor oil temperatures at compressors #3, #4 


and #5 continued to elevate until compressors #4 and #5 tripped out due to high temperature. 
Compressor #3 continued operating with an elevated oil temperature until the time of the incident. 
Compressors #1 and #2 also operated until the time of the incident, with oil temperatures at the time of 
the incident for #1 compressor at 158 degrees F. and #2 compressor at 178 degrees F. 


Examination of thermal patterns to the compressor room clearly show the fire originated at 
compressor #3. 


Compressor #3 overheated internally and igniting compressor oil vapors on fire, which communicated 
through compressed air piping to the mill air receiver tank where explosive compressor oil vapors were 
ignited, causing the mill air receiver tank to explode. Flames from the mill air tank explosion 
communicated to the southwest quadrant of the paper warehouse, igniting rolls of stored paper on fire. 
The explanation for why compressor #3 didn’t shut down due to overheating is unknown, but possible 
scenarios are failure of a thermal protection device and/or devices at the compressor and/or in-house 
maintenance issues. In my opinion, severe reduction of the water flow to compressors for cooling the 
morning of the incident is a contributing factor to compressor #3 overheating, which resulted in a fire and 
explosion occurring at the mill air receiver tank. 


Evidence 
I collected no evidence from the scene. 
Photographs & Diagrams 
A photo log and a scene sketch are attached to this report. 
Interviews & Investigation Activity 
I interviewed Verso Pulp & Utilities Manager ROBERT BRIDGES, who told me the following: 
• Approximately 100 employees were working the day shift that day. 
• He wasn’t at the plant today; he was up north fishing when he received word about the fire. 
• On the weekends, there is a two-man maintenance crew per shift. 
• Four or five compressors are in the compressor room; only two or three run at a time. 
• The compressors are 200-horsepower Gardner Denver, installed in the 1980s. The compressors 
operate at about 80 PSI. 
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• There is an oil cooler for each compressor; the compressors are cooled by water. 
• There was a leak in a water line at the mill the morning before the fire. The plant shut the mill water 


off and switched to well water to cool the compressors. 
• He’s not aware of any problems and/or recent service work to the compressors. 
• Most of the maintenance work is done in-house. 
I interviewed Verso Utilities Area Manager MARK WICHMAN, who told me the following: 
• He has been with the mill for 30 years. He is in charge of the operation of air compressors, chillers, 
steam systems, power generation and waste treatment. 
• The plant is open 24 hours a day, 7 days a week. Employees work 12-hour shifts, 6:00 am to 6:00 


pm and 6:00 pm to 6:00 am. 
• He got to work at 6:30 AM and there were approximately 8 employees in his area. 
• Paper machine #3 coordinator Mike Gunderson called him at about 7:00 AM about a mill water leak 


in the basement of the plant. A 3” water line off the water main below paper machine #3 was leaking. 
• Air compressors in the compressor room are cooled by either mill water or well water. 
• At about 8:15 AM, the mill water valve to the compressor room was closed and the well water valve 


to the compressor room was opened. Well water is on most of the time. 
• Mill water is treated water from the river. The plant flows approximately 7,000 gallons of mill water 


per minute. 
• He had a meeting about 8:30 AM to discuss a plan to repair the water leak. They also turned on city 
water to cool equipment in the south power plant. 
• The water leak in the basement completely failed and came apart. 
• At about 9:50 AM, #3 paper machine was shut down. 
• At about 10:00 AM, he heard over the radios that two of the air compressors had tripped out due to 
overheating. When #3 paper machine was shut down, well water to the air compressors got shut-off. 
• At about 9:50 10:00 AM, Randy Roeder went to the compressor room and tried to re-start the 
compressors, but the compressors wouldn’t start, overheated. 
• Once well water started re-flowing again to cool oil in the air compressors, the compressors were 


restarted. He made sure the well water was running fine. 
• They waited for the pulp mill to shut-down before shutting the mill water main off in the raw water 


pump house. 
• At about 10:30 to 10:40 AM, the pulp mill was shut-down. He radioed to shut the mill water off. 
• Pipe fitters made the repair to the leaking water line. 
• At about 11:00 AM, they started re-opening the mill water main valve slowly. 
• He heard about the fire brigade call to the roll wrap room. 
• On his way to the roll wrap room, he heard a thump and percussion noise. 
• He came outside and saw smoke coming from the roof of the building. 
• The compressors used to be air cooled and switched to water cooled about 2 years ago. 
• When the compressors were air cooled, they would trip out due to oil overheating. 
• He’s not aware of any recent service work to the compressors; most of the maintenance is done in 


house. 
• The compressors used to have oil leak problems. 
• The compressors were installed in the 1980s and are 400-horsepower. The oil temperature is 
approximately 180 degrees. 
• There are 100 gallons of oil per compressor, and the oil is cooled through a heat exchanger. The 
operating air pressure is about 100 PSI. 
• Three of the five air compressors were running at the time of the incident; two of the three chilled 


water pumps were running; and one of the glycol pumps in the compressor room was running at the time 
of the incident. 


I interviewed Verso Water Treatment Operator RANDY ROEDER, who told me the following: 
• He arrived at work at 6:00 AM and did his boiler water tests. 
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• At 7:00 AM, he went into the compressor room to check the compressors. Compressors #3, #4, and 
#5 were running fine. 


• At about 10:30 AM, he got a call from the south power plant for a low air pressure problem. 
• He and employee Gene Yasgar went back to the compressor room to check out the problem. 
• Compressors #4 and 5 were in default, shut down because of high oil temperature. Compressor #3 
was the only compressor running. 
• He went up to compressor #2. Compressor #2 is set on auto and was supposed to be running, but 
wasn’t. He turned the on-off switch for compressor #2 to off and then back to auto; the compressor 


started running. 
• He also started compressor #1 up. 
• Compressor #1 has vibration issues and is only supposed to be used in an emergency. Compressor 
#1 was vibrating and the vibration alarm for compressor #1 went off. 
• The compressor room was fine when they left. 
• He’s not aware of any recent service work or problems with the compressors, other than the 


vibration issue with compressor #1, which is directly alongside the two vertical air storage tanks. 
• He got a call from the power plant about an instrument air issue above the compressor room where 


air dryer equipment is located. He went up to the air dryer room. 
• He then got a call about low water for the scrubber pump in the South Power Plant. He and Gene 


left the compressor room and went to the South Power Plant. 
• He then heard about the fire alarm call. 
I interviewed Verso Car Loader DAVE POPP, who told me the following: 
• He started work at 5:45 AM Monday morning. 
• He loaded rolls of paper into the warehouse until about 10:40 AM. Then he went to the car loaders 
office at the south end of the paper warehouse to take a safety course. 
• He heard the page for the fire brigade and could see a smoke haze in the warehouse. 
• He walked north in the warehouse to the area of the northeast roll wrap overhead garage door. The 
smoke level in the roll wrap room was about 5’ above his head. 
• He walked up to the garage door opening of the roll wrap room and the compressor room sliding 


door was open. 
• He saw flames at floor level at the first compressor in the compressor room, south end. 
• It looked like you could put the fire out with an extinguisher. The flames were about 2’ to 3’ high. 
• He could see an orange glow coming from the compressor room. 
• He saw Dennis and Jon across the roll wrap room near the compressor room sliding door. 
• Jon was standing in front of the sliding door holding and pointing a fire extinguisher inside the 
compressor room. 
• Then he saw the flames get brighter. 
• He saw Dennis and Jon turn around and start walking away from the compressor room. 
• Dennis was about in the middle of the roll wrap room when the explosion occurred. 
• The explosion blew him back, injuring his shoulder. 
• The roll wrap room got black with smoke. 
• Fire Brigade employee John Wollak helped him up. 
• He could hear water running from the sprinkler system. 
• He and Fire Brigade person Dale Dires could see flames in a southwest corner of the warehouse 
adjacent to the compressor room. I interviewed Verso employee/Fire Brigade member JOHN 


WOLLAK, who told me the following: 
• At about 11:00 AM, prior to the Fire Brigade page, he was in the core room when he noticed a haze 


in the room. He walked out in the warehouse and saw a haze in the warehouse. 
• Then he heard the page out for the Fire Brigade to respond to the roll wrap room. 
• He saw Dave Popp when he was in the warehouse east of the northeast roll wrap overhead garage 
door. 
• Then the explosion occurred. 
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I interviewed Verso Boiler Operator of the North Plant JOSEPH DAVID, who told me the 
following: 


• At about 4:30 AM on Monday morning, before the fire, they were bringing a boiler on line at the 
north power plant. 


• There was a problem with a pressure relief steam valve. The safety valve kept popping, which made 
a booming noise. 


• He took care of the problem and it went away. 
• At about 5:45 AM, he got a call from security about the banging noises and told them everything 


was fine. 
I interviewed injured Verso employee DENNIS SCHNEIDER, who told me the following: 
• He has worked at the mill for 21 years. He’s a trucker/operator in the roll wrap room. 
• He started working in the roll warp room this past February. 
• He arrived at work at 5:40 AM the morning of the explosion. 
• He was working with Jon Maus in the roll wrap room. 
• Approximately an hour prior to the fire, he and Jon went into the break room. There were no more 


rolls of paper to wrap. He and Jon were in the break room for an hour. 
• Sometime prior to the fire, he saw employee Randy Roeder walk into the compressor room and then 
walk back out. 
• Approximately five minutes prior to the explosion, he heard a loud hissing noise coming from the 
compressor room. He’s never heard that noise before. The noise lasted about three seconds and then 
quit. 
• He and Jon came out of the lunch room and walked up to the compressor room sliding doors. He 


could see a haze of smoke in the compressor room. 
• He (Dennis) went to the phone and called the Fire Brigade and came back to the sliding doors. Jon 
had retrieved a fire extinguisher. He doesn’t know where Jon got the extinguisher from. 
• They were both standing at the compressor room sliding door looking into the compressor room. 
• He saw a puff of smoke come off the top of the middle air compressor, #3. Then he saw a 3’ to 6’ 


tall orange flame shoot out the top of the #3 compressor. 
• He turned around and started running away. 
• He doesn’t know if Jon sprayed the fire extinguisher or not. 
• Then the place blew up and he was thrown to the ground. He didn’t know what happened to Jon. 
• He saw the exit light in the roll wrap room and got out. 
• He never heard any type of fire alarms prior to the explosion. 
• He has no knowledge about the equipment in the compressor room. 
I interviewed Verso employee Lead Hourly Tech EUGENE YASGAR, who told me the following: 
• He’s worked at the paper mill for 30 years. He makes rounds at the mill checking equipment, 


pumps, air compressors and writes up work orders if equipment needs repairs. 
• The day of the explosion, he was called into work at 8:00 AM to take care of a mill water leak under 
paper machine #3. They had to shut down the mill water to the plant. The well water was turned on. 
• The #3 paper machine was shut down. TMP was shut down and the turbine for the power plant was 
shut down. City water was also turned on. 
• He shut down all mill water at the raw water pump house in order to repair the leaking 3” mill water 


line under paper machine #3. 
• He walked over to #3 paper machine and heard over his radio about the compressors getting warm 


and alarms going off. 
• The Power Plant Operator that day was Randy Cordie. 
• He walked over to the compressor room and met Randy Roeder as he was walking out. 
• He went into the compressor room and checked the water bleed off on #5 compressor. Water was 
flowing to the compressor. 
• He doesn’t remember if compressor #5 was running or not. He doesn’t remember what compressors 
were running. 
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• He walked down the line of compressors and noted compressor temperatures were less than 200 
degrees. Everything seemed fine in the compressor room. 
• There was no smoke odor and he didn’t see any smoke. 
• He walked through the compressor room twice that day; he doesn’t remember what time it was. 
• He left the compressor room and went to the south power plant. 
• After the 3” water line beneath #3 paper machine was repaired, he went back to the raw water pump 
house and started opening the mill water valve slowly. 
• When he had the mill water valve about halfway open, he heard the explosion. 
• Air tank receivers have automatic blow down valves to displace water and oil. Each shift, the shut-


off valves at the bottom of each air tank receiver are opened and closed to check for water and oil. 
• He’s not aware of any problems with the compressors, other than #1 air compressor was switched 


out about 6 months ago because of a housing oil leak. 
• PM Specialists monitor and fill compressors with oil. 
I interviewed Verso employee Pipefitter GLEN SCHELLINGER, who told me the following: 
• He has worked at the mill for 33 years. 
• He started work at 7:00 AM the day of the incident. They were getting ready to shut down the 


power plant to repair a water leak beneath paper machine #3. 
• They had a meeting at 8:30 AM to discuss how to repair the water leak. They needed to shut down 


the mill water to the entire plant, with the exception of the south power plant. 
• The mill water in the pump house was shut off at about 10:40-10:45 AM. At about 10:50 AM, they 
started repairing the water leak and replaced a 3” water valve and two pipe clamps. The  repair took 
about 11 minutes. 
• The mill water valve in the pump house was opened up slowly. 
• He heard the Fire Brigade get paged to the roll wrap room. Then he heard the explosion. 
• He used to work in the compressor room until this past December when #1 and #2 paper machines 
were shut-down. He used to replace dresser couplings in the compressor room and used to change 
out oil separator filters in the compressors. 
• He was a pipefitter. He never worked on wiring and/or controls on the compressors. 
• He also checked relief valves on the receiver tanks receiver. 
• The power plant and production people maintain the compressors. 
• When compressors were air cooled, they would trip out often in the summer due to high 


temperatures. 
I interviewed Verso employee Tour Millwright JOHN HAUS, who told me the following: 
• He has worked at the mill since 1978 and takes care of maintenance issues in the mechanical area of 
the plant. 
• He started work at 6:00 AM on the day of the incident. There was a water leak beneath paper 


machine #3. 
• At about 8:30 AM, Mark Wichman had the compressors switched from mill water cooling to well 


water 
cooling. 
• At about 10:30 AM, the mill water to the plant was shut down to repair a water leak below paper 
machine #3. He assisted with repairing the water leak and it took about 11 minutes. 
• He heard the Fire Brigade call to the roll wrap room and then he heard the explosion. 
• He does maintenance work on the compressors, changes oil separator filters and air intake filters. 
• The last time he was in the compressor room was about two weeks ago. He changed air intake filters 
on one of the compressors, thinks it was #3 or #2. 
• When he was in the compressor room, he noticed a green lock-out tag on he thinks it was #4 
compressor, but he’s not sure. 
• The lock-out tag said, “Do not operate, runs hot, use only in an emergency, has high vibration.” 
• Tour Millwrights and E&I Techs use a computer program to go online to Verso’s web site called 


Sar-Net to document maintenance issues at the plant. 
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• His brother Pete Haus is an oiler for the power plant and compressor room. 
I interviewed Verso employee Environmental Health & Safety Coordinator BOB HEINS, who told 


me the following: 
• He has worked at the mill for 40 years. He took the Health & Safety job this past December. He 


used to be an electrician at the plant. 
• He got to work at 7:00 AM on the day of the incident. There was a leaking water issue at the plant. 
• He was in his office doing his monthly audit. 
• He’s on the Fire Brigade at the mill. 
• He heard the call for the Fire Brigade to the roll wrap room. Parts of the plant were dark, no lights. 
• He responded to the roll wrap room for search and rescue. 
• They discovered Jon Maus’s body at the southern end of the roll wrap room; he had no pulse. 
• He inspects the compressor room for housekeeping. 
• There used to be oil pads on the floor, but there were no housekeeping issues with the compressor 
room since he took over. 
I interviewed Verso employee Core Room Operator MARVIN KOSHIOL, who told me the 


following: 
• He has worked at the mill for 30 years. He cuts cores for rolls of paper. 
• He was at work at 5:30 AM and was cutting 6” cores in the core room until about 11:00 AM. 
• John Wollak walked in the core room and asked him why it was so smoky in there. You could see a 
blue haze around the ceiling lights in the core room. There was also a different kind of odor in the air. 
• He and John walked out into the warehouse and saw a train engine outside. 
• They thought the smoke was from the train engine and went back to the core room. 
• He heard the call for the Fire Brigade to the roll wrap room. 
• He went into the east side of the roll wrap room and saw Jon Maus and Dennis Schneider standing 
near the break room. Then the explosion happened. It threw him to the ground. 
• He hasn’t been in the compressor room for years; 
I interviewed Verso employee Pipefitter PAUL PLAFCAN, who told me the following: 
• He has worked at the mill as a pipefitter for 40 years. 
• He got to work at 7:00 AM and assisted with the repair of the leaking water line below paper 


machine #3. They changed out a shut-off valve and two clamp fittings. 
• The water line came completely apart prior to the repair of the leak. The water line is about 90 PSI. 
• The repair took 11 minutes and 30 seconds. 
• After the repair, the mill water in the pumphouse was turned back on. 
• He heard the call for the Fire Brigade to the roll wrap room and started walking toward the roll wrap 
room when he heard the explosion. 
• The lights were out by the roll wrap room. 
• He put his firefighter gear on and then he and Fire Brigade member Scott Beierman went into the 


roll wrap room to rescue missing employees. 
• He looked in the employee break room and could see flames at the north end of the compressor 


room. 
• They searched the roll wrap room and left the area. 
• It wasn’t real smoky in the roll wrap room; they could see with a flashlight. 
• The last time he was in the compressor room was about 10 years ago. When he did work in the 
compressor room, he did pipefitting work. 
I interviewed Verso employee E&I Tech DALE DIRKS, who told me the following: 
• He has worked at the mill for 33 years. 
• He got to work at 7:00 AM and there was a water leak below paper machine #3. The water was 


leaking 
on an electric motor. 
• He grabbed a sheet of plywood and diverted the water away from the electric motor. 
• The water line was repaired and he went to the E&I lunch room. 
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• He heard the call for the Fire Brigade to the roll wrap room. Then he heard the explosion. 
• He headed toward the roll wrap room and ran into Dave Popp and John Haus in the paper 


warehouse. 
• He saw an orange glow coming from the southwest corner of the paper warehouse. 
• There was some water flowing from sprinkler heads in the warehouse. 
• He’s been called to the compressor room in the past to shut down compressors for repairs. 
I interviewed Verso employee Millwright Mechanical Maintenance BYRON BIRR, who told me the 


following: 
• He has worked at the mill for 32 years. He repairs mechanical equipment at the mill. 
• He got to work at 7:00 AM and there was a water leak beneath paper machine #3. 
• He assisted with the water leak repairs. 
• The power plant was shut down. 
• He heard a call for the Fire Brigade to the roll wrap room. 
• He saw black smoke coming from the south end of the plant. 
I interviewed Verso employee Millwright Mechanical Maintenance DUANE ALBRECHT, who told 


me that: 
• He has worked at the mill for 40 years and repairs equipment and plans repairs of equipment. 
• The last time he was in the compressor room was this past April to change out oil separator filters in 
one of the compressors. 
• There used to be oil consumption issues with the compressors. 
• The oil separators used to have two basket filters. About a year ago, they switched to one basket 
because it was cheaper. 
• They also installed plugs in the oil separator head about a year ago to reduce oil consumption. 
• They switched from Aeon Compressor Oil 2000 to Aeon Compressor Oil 4000 because it cools the 
compressor oil better. 
I interviewed Verso employee Maintenance Oiler PETE HAUS, who told me the following: 
• He has worked at the mill for 24 years. He greases and oils equipment at the mill. 
• The last time he was in the compressor room was the Friday before the explosion, May 25. 
• He checked the oil level in the compressors and the oil level was good. 
• He changed out two oil pads lying on the floor between compressors #3 and #4. 
• Compressors #3, #4, and #5 were running when he checked the oil in the compressors. 
• He checks the compressors every day. 
• About a year ago, the compressors were switched from Aeon 2000 oil to Aeon 4000 oil. 
• The #1 compressor still uses Aeon 2000. 
• He’s never known the compressors to shut off due to high temperatures. 
• He’s never worked on either of the receiver tanks. 
I interviewed Verso employee Assistant Maintenance Supervisor JERRY SCHUBERT, who told me 


that: 
• He just started as Assistant Maintenance Supervisor this past January. Prior to that he was an E&I 
Technician. 
• He has worked at the mill since November of 1981. He in charge of scheduling maintenance and 
scheduling outages. 
• Inlet valves on the compressors were rebuilt by Air Concepts within the last year. 
• He schedules routine oil changes on the compressors. 
• Compressor #4 used to have oil consumption issues. Since the rebuilding of the inlet valves and 
installing a plug in the separator head, oil consumption went away. 
• Compressor #1 has a vibration issue. 
• Prior to the compressors being switched over from air cooled to oil cooled, they would trip out often 


on high temperature. 
• Since the mill shut down two of its three paper machines in December of 2011, they only need three 


air compressors running to operate the plant. 
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• He’s not aware of any thermal couple failures at any of the compressors. 
I interviewed Verso employee Utilities Manager MARK WICHMAN, who told me the following: 
• He has been at the mill for 30 years. 
• On the day of the incident, he was made aware of a mill water leak beneath paper machine #3 that 
required shutting off the plant’s mill water supply. 
• At about 8:00 AM, he instructed Verso employees Ron Determan and Randy Roeder to switch the 
compressor cooling water from mill water to well water. 
• Determan and Roeder went to the corridor alongside the west wall of the compressor room and 


closed the mill water shut-off valve and opened the well water shut-off valve for cooling compressors. 
• He later physically walked over to the corridor and visually confirmed the mill water valve was off 


and the well water valve was open. 
• Well water is on most of the time at the plant. 
• Well water is capable of pumping 450 gallons of water a minute. 
I interviewed Verso employee E&I Technician JOHN KNESE, who told me the following: 
• He has worked at the mill for 25 years. He performs preventative maintenance and trouble shooting 


on electrical equipment and instrumentation equipment at the mill. 
• The last time he was in the compressor room was two years ago to support Al’s Electric during the 
Department of Energy switch over of air compressors from air cooled to water cooled. 
• He has never replaced any thermal couples on the compressors. He has replaced oil pressure relays 
on air compressors in the past. 
I interviewed Verso employee E&I Technician JERRY BLOCH, who told me the following: 
• He has been at the mill for 36 years. He repairs electrical and instrumentation equipment at the mill. 
• The last time he was in the compressor room was this past fall to replace a red line meter for air 
temperature on compressor #4. The digital temperature display went out. 
• He’s not aware of any problems with the compressors. 
I interviewed Verso employee South Power Plant Operator RAY CORDIE, who told me the 


following: 
• He has been head power plant operator for 2 years. He was the assistant power plant operator for 7 
years. He has been at the mill for 30 years total. 
• He works in the control room at the south power plant. 
• He got to work at 6:00 AM the day of the incident. 
• He monitors mill operations, primarily pertaining to steam and hydro, from computer screens in the 
control room. He can also monitor compressor room operations at a computer screen. 
• The screen for compressors has audible alarms for low air pressure and low oil pressure. The screen 
shows if an air compressor has stopped. There’s no alarm for high oil temperatures for compressors. 
• At about 10:10 AM, he had a low air pressure alarm go off. Compressor #5 had kicked out. 
• He called Randy Roeder to check out the problem. 
• When Randy got to the compressor room, #4 compressor was also kicked out. The compressors shut 
off due to high temperatures. 
• He told Randy to start compressors #2 and #1. Compressor #1 has vibration issues. 
• Mark Wichman called him and asked if the well water was on; the well water was shut-off and he 


turned the well water back on. 
• He called #3 paper machine operator and told him not to shut the well water off. 
• Gene Yasgar had also gone to the compressor room to make sure cooling water was flowing to the 


air compressors. 
• At about 11:00 AM, he went up to the third floor of the south power plant and turned on an air 
compressor for additional air. 
• He went back to the control room. 
• Low water alarms were going off at scrubbers in the south power plant. 
• Byron Cigkelski is the operator of the north power plant. Byron monitors raw water at the mill and 


air compressors. Byron didn’t see any issues with the compressors. 
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• He (Ray) was away from the control room from about 10:16 AM to 10:26 AM. When he came back 
to the control room, he was working on getting recycling water pumps back on line. 


• There were a lot of alarms going off that day. 
• The north power plant controls all the water usage. 
• Air pressure started coming back up. 
• He was watching ash build-up in the stack. 
• They had major water issues that day. He never experienced that many water issues in the past. 
• There were no alarms going off just prior to the explosion, as he recalls. 
• He doesn’t normally monitor oil temperatures for the air compressors. 
• In the past, it was common for the compressors to trip out on high temperature during the summer. 
Conclusion 
Based on my experience and training and the scene examination, it is my opinion this paper mill fire 


and explosion involving an employee fatality originated at compressor #3 in the mill’s air compressor 
room. 


Compressor #3 overheated, igniting combustible oil vapors within the compressor on fire. The 
internal compressor fire communicated to the mill air receiver tank through compressed air piping, and 
explosive oil vapors in the receiver tank were ignited, causing an explosion and catastrophic rupture of 
the receiver tank. 


The resulting receiver tank explosion and fire caused concrete walls to be blown out, igniting rolls of 
stored paper in the southwest quadrant of the paper warehouse on fire. Review of computer-monitored 
data for the air compressors prior to the incident revealed a severe reduction in cooling water supply to 
operating compressors. Approximately an hour prior to the incident, compressors #4 and #5 shut-off due 
to overheating. 


Compressor #3 continued to operate, exceeding the compressor’s thermal protection shut down 
controls and/or devices, possibly caused by a mechanical failure and/or maintenance issue. This case shall 
be closed. 


Respectfully submitted, 
John W. Steinbach CFI 
Deputy State Fire Marshal – Investigator 
Date Submitted: 7/12/2012 
Attachments 
1. Photo Log 
2. Consent Form 
3. Sketch 
4. Sketch prepared by Onsite Engineering 
5. Confidentiality Agreement 
6. Midwest Medical Examiner’s Office Preliminary and Final Summaries for Jon Maus (Confidential) 
7. Sartell Police Department CAD report 
8. Sartell Police Department incident report 
9. Sartell Police Department statement from David Popp 
10. Whitemore Fire Consultants interviews 
11. Site Examination/Sign-In Sheets (10) 
 
ANOTHER INCIDENT 
 


25 
 







 


 
Air receiver on a compressor explodes  


 
 
This Alert highlights the need to maintain compressor 
equipment to prevent explosive rupture of the air receiver 
tank. 
 
Recently an air receiver of a compact air compressor unit 
exploded in a panel-beating workshop, narrowly missing 
an employee and causing material damage. 
 
Compressors of this type are commonly used in smaller 
businesses, like automotive repairers, for spray painting, 
vehicle hoisting and other applications. 
 
Although there was corrosion on the inside surface of the 
cylinder, the explosion was probably due to poor 
maintenance of the air supply line. 


 
How can an air receiver tank explode? 
During operation, deposits of lubricating oil tend to build up in the line supplying compressed air from the 
compressor cylinder to the air receiver. As the diameter of the supply line decreases, the already high 
temperature of the compressed air rises further to a point where it is possible for the contaminant to 
ignite.  
 
Sparks are then carried into the air receiver where oil from the compressor, which is often present as a 
mixture with air in the air receiver, burns explosively. As the pressure relief valve is not designed for such 
an event, rupture of the air receiver vessel is likely to occur. In other air compressor accidents, static 
electricity sparks have also been identified as a source of fires and explosions. 
 
 
Prevention measures 
To avoid such incidents and damage, all air compressor equipment should be maintained in a safe 
operational condition and be regularly inspected. To prevent excessive fouling of compressed air supply 
lines, only the grade of oil recommended by the manufacturer/supplier should be used in the compressor. 
 
Maintenance  
A good maintenance program for compressor equipment should include checking the condition and 
operation of the following parts:  


• compressor pump and motor:  
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o Pump and other seals  
o Exhaust valve  
o Belt guard (if applicable)  
o Drive belt  
o Oil separator/filter, and  
o Discharge pipe 


• receiver:  
o Physical internal condition. This may require a general clean out and a hydraulic test (as 


specified in Australian Standard AS/NZS 3788 – 2001: Pressure equipment – In-service 
inspection ) or Magnetic Particle Testing if applicable  


o Checking and maintenance of relief and drain valves and pressure gauges 
• electrics (to be performed by an electrician or person competent in electrical testing):  


o Earth connection and adequacy of insulation  
o Contacts in the pressure switch  
o Electronic controller, if applicable. Newer compressors are fitted with electronic 


controllers that include pressure switches in them 


Note: The above list is by no means exhaustive and may need to include other items according to the particular type, brand and model of 
the compressor unit. 
 
Inspection 
AS/NZS 3788 should be used for guidance on conducting an inspection of air-receivers. In general, the 
extent of the inspection and how often inspections should occur should be sufficient to assure proper 
functioning of the pressure equipment. A good inspection program will include:  


• Using supportive testing and examination methods; e.g. owners of air compressors should follow 
maintenance and testing recommendations of the manufacturer or supplier of the compressor 
and ancillary equipment  


• Keeping maintenance and inspection records of all registered plant  
• Making use of experience gained personally and from other sources 


•  Checking supplied test results or previous inspections 
 
AS/NZS 3788 also provides guidance on the assessment and repair of defects. 
 
 
Legal requirements 
The Occupational Health and Safety (Plant) Regulations 1995 require employers to maintain and inspect 
plant to ensure that health and safety risks associated with the use of that plant are eliminated or 
reduced as far as practicable (refer Regulation 708 for details). 
 
February 14, 2011 Alert 02-11 
Washington, DC 
Air Receivers and Relief Valves 
A reminder that shouldn’t be necessary! 
This Safety Alert addresses safety issues relating to air receivers on Uninspected 
Towing Vessels 
(UTV), but may apply to air receivers on any vessel. Air receivers, regardless of specific 
use onboard 
a UTV, contain extreme amounts of potential energy; an uncontrolled release of this 
energy may lead 
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to serious injury, death and catastrophic vessel damage. Although this issue involves 
basic safety 
and good marine practice, too many related problems have been recently discovered. 
Not long ago, an air receiver unexpectedly ruptured with terrible 
results onboard an UTV on the Upper Mississippi River. A 
crewmember was seriously injured and paralyzed. Several causal 
factors were noted during the casualty investigation; the lack of a 
relief valve to protect the system and significant corrosion within 
the receiver. It’s important to note that on unprotected systems, all 
it takes for the system to be over-pressurized is for the 
compressor’s pressure switch/contactor or unloader to fail and not 
shut off the machine. Further, internal corrosion on aged tanks 
present a latent unsafe condition and may go unnoticed if not 
inspected. (Parted air receiver.) 
As a result of this casualty and other similar incidents, the U. S. 
Coast Guard strongly recommends that UTV Owner/Operators, 
vessel engineers, insurance surveyors and other inspectors 
ensure that: 
� A proper sized pressure relief device is installed on all air receivers. The pressure 
relief device 
should not be rated higher than the Maximum Allowed Working Pressure (MAWP) 
stamped on 
the air receiver’s data plate; 
� A data plate is attached to the receiver and pressure relief 
devices. If missing or damaged the UTV representative 
should provide evidence to prove the components were 
constructed to an approved standard. Otherwise this 
equipment should be taken out of service or replaced; 
� The data plate associated with the receiver and pressure 
relief device remain unpainted and legible. Take care to 
minimize damage to the plates if paint needs to be removed. 
Pressure relief devices should not be painted as paint can 
interfere with the lifting of the valve. Those that are painted 
should be lift tested to ensure proper operation; 
2 
� Pressure relief devices are not capable of being isolated or their operation prevented 
by being 
wired or secured in a position that prevents the valve from opening; 
RELIEF VALVES MUST NEVER BE SECURED IN THE CLOSED POSITION 
� Each receiver is equipped with a drain valve to remove condensate and all 
crewmembers 
making rounds in the machinery space are instructed to drain the condensate as part of 
their 
regular machinery space duties; 
� All repairs and alterations to air receivers and pressure relief devices are conducted 
by 
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companies holding the National Board of Boiler and Pressure Vessel “R” Certificate for 
air 
receivers and the “VR” Certificate for pressure relief devices; and 
� Owner/Operators establish maintenance programs based on the manufacturer’s 
recommendations for such equipment that includes routine internal and external 
receiver 
inspections. External inspections should include surface examinations for evidence of 
deterioration such as cracks, blisters, corrosion erosion, dents, etc., with particular 
attention to 
the support attachments and welds. 
Owner/Operators should be aware of these potential safety hazards and take proper 
action as 
needed. Failure to address these concerns could result in a hazardous condition, and 
the Coast 
Guard determining Operational Controls are necessary. If in doubt, contact your local 
Coast Guard 
office or the Towing Vessel National Center of Expertise at (270) 444-7715. 
This safety alert is provided for informational purposes only and does not relieve any 
domestic or 
international safety, operational or material requirement. Developed by the Towing 
Vessel National 
Center of Expertise. Distributed by the U.S.C.G. Headquarters Office of Investigations 
and Analysis, 
Washington, DC. Questions may be addressed to HQS-PF-fldr-G-PCA@uscg.mil. 


Office of Investigations and Analysis: http://marineinvestigations.us 
 


SAFETY RECALL 
Please be aware that  


Ingersoll-Rand has recalled portable air compressorS.   If you have purchased an 
item listed below, please follow the instructions given in the body of the letter. This is a 
safety recall notice issued from the manufacturer.  


Please give widespread distribution. If you do not have this item or have not recently 
purchased same, please disregard this notice.  


NOTICE  
Woodcliff Lake, NJ (Safety Alerts) -Ingersoll-Rand Company has recalled about 458,000 
portable air compressors sold between 1983 and 1991. Internal corrosion to the inner wall of the 
air receiver tank can cause the air tank to unexpectedly rupture allowing pressurized air to 
suddenly and forcefully escape, posing risk of injury to consumers.  
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Ingersoll-Rand has received 11 reports of sudden tank failure in these portable air compressors. 
No injuries have been reported.  


The recalled portable compressors have single-phase electric motors up to 3hp or gasoline 
engines up to 8hp with tank sizes up to 30 gallons. The compressors were marketed under 
various brand names, including Ajax, Charge Air Pro, Energair, Guardian Power, MacTool, 
Power Force, Rallye, Rand 4000, and Steel Driver. The compressors have seria numbers 
beginning with the prefix "C" or "DC". The model numbers begin with the following prefixes - 
1B, 1D, 1E, 1I, 2B, 2D, 2E, 3B, 3D, 3E, 4B, 4E, 5E, 5G, 15E, 23HP, 75, 75E, 250E, AB, AIR, 
AJ, C, CAP, CB, CL, CO, CP, CR, CS, CT, EA, GC, GP, HP, HPC, IR, IRC, LTD, MT, OI, PF, 
RA, RL, RP, RY, SC, SDS, SE, THP, and WB. Model and serial numbers are located on a plate 
or sticker attached to the outside housing of the air compressor. On some oil-less models, the 
model and serial numbers are affixed to an internal floor baffle beneath a removable plastic 
cabinet.  


Hardware and construction supply stores nationwide sold the air compressors from 1983 through 
1991 for between $150 and $400.  


Air compressor receiver tanks do not have an infinite life. Tank life is dependent upon several 
factors, some of which include operating conditions, ambient conditions, proper installations, 
field modifications, and the level of maintenance. The exact effect of these factors on air receiver 
life is difficult to predict. Due to the current age of these products, Ingersoll-Rand is voluntarily 
undertaking this action to take these products out of service.  


Consumers should stop using the air compressors immediately and contact Ingersoll-Rand for 
instructions on returning the compressor, freight paid. Consumers will have the option of being 
sent a check for $100.00 or receiving a $200.00 credit towards the purchase of a new DD2T2 air 
compressor. For more information, consumers can contact Ingersoll-Rand at (877) 552-2952 
between 8 a.m. and 5 p.m. ET Monday through Friday or visit the firm's web site 
at www.air.ingersoll-rand.com.  
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QUALITY MAINTENANCE SERVICES 
P.O. Box 1691 


Franklin, North Carolina 28744 
828-349-3007 


pkstern@dnet.net 
Compressed Air Audit Services 


 
Drainage of condensate from a compressed air system is one of the most troublesome and 


least understood components to be dealt with properly. 
The current methodology of handling water carry over problems and compressed air piping 


contamination in most industrial plants is to buy bigger and more expensive dryers rather than 
dealing with the root cause, bad drainage which slugs dryers with liquid phase water when these 
devices are actually designed to deal with vapor phase water entrainment and contamination. 


First it is important to understand that all air compressors ingest moisture entrained in vapor 
form in the air entering the suction of the machines. The amount is always changing depending 
on the humidity at the time of the year, the elevation above sea level, weather conditions, 
temperature  (impacting dew point levels), entrainment of moisture from nearby steam exhaust 
and many other variables. 


In the southern area of the country, for instance, a general rule of thumb is that compressors 
ingest an average of about 18 gallons of water per 100 cubic feet of capacity per 24 hour period. 


The actual calculation for entrained suction moisture is: 
 
V = compressor capacity in CFM 
C= Temperature of the atmospheric air converted to grains ((1/7000 of a pound) based on dew point 
GH = Gallons/HR 
H = Hours 
M = 60 minutes/HR 
P = 7000 Grains/LB 
R = Relative Humidity 
W = .1198, Pounds to Gallons (Water) 
 
GH = G x R x V x M x H/P x W 
 
The compressors also ingest any chemicals in the air, along with particulates that aren’t 


removed by suction filters. It is not uncommon to find solvents, acids, butane, methane, hexane, 
hydrocarbons, black liquor vapors, white liquor vapors and other chemical compounds, and 
particularly mixes of one or all of those used in a specific facility’s manufacturing processes  are 
ingested by the compressors. Once these chemicals enter the compressor and when subjected to 
the pressure and heat of compression in the presence of ambient air water vapor, create a laundry 
list of other chemical contaminants.  


If these compounds aren’t efficiently removed, they exit the compressor’s discharge port and 
travel downstream and wreak havoc with the reliability of pneumatic equipment and the quality 
of the end product produced in that facility. 


Once in the system, the heat of compression, coupled with the compression factor (ratio of 
volumetric reduction from the suction volume to the finally smaller volume at final exit pressure) 
of the unit combines to increase the percentage of entrained water per cubic foot based on 
volume. Fundamental to understanding this is the fact of physics that while air, a gas, can be 
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compressed, water cannot. Therefore the ratio of contaminants to air increases the as a factor of 
rising compressed air pressure diminishes the volume of each cubic foot of air entering the 
suction of the compressor. 


Once the air exits the discharge of the compressor, and the air begins to cool, the water and 
other contaminants begin to precipitate out. 


The liquid condensate, unless removed efficiently at the earliest time in the flow stream, will 
travel downstream creating corrosion in piping and machinery, contaminating products and 
process areas, creating quality problems in the finished product, and degrading equipment, 
causing premature failure and higher maintenance costs.  


Where the compressor is oil flooded and lubricated, oil vapors also carry over downstream 
and are exhausted to atmosphere at point of use discharge from equipment actuation or through 
leak points, creating breathing and health hazards to employees. The mechanism of the 
entrainment of carryover of condensate with mixed oil and other chemicals turns to microscopic 
aerosol vapors when the high velocity compressed air expands to atmospheric pressure. 


These microscopic droplets are easily breathed in by workers in the area. They also 
contribute to product contamination when they settle on equipment and products. 


There are actually two components to the effective removal of condensate from a compressed 
air system. 


The first is the cooling and condensing which gets the contaminants into a liquid state and 
prepares them for removal, and the portion of the equipment that does the actual removal, often 
described as ‘drainage equipment’. 


Intercoolers and after coolers, both water cooled and or air cooled, should be properly sized 
and configured for the flow and pressure of the system at the exit temperature, approach 
temperature, and worst case seasonal humidity from the compressor discharge to adequately drop 
the temperature of the air and cause the entrained vapor to condense into a liquid phase.  


It should be kept in mind that this portion of the condensate removal process is 
interdependent on the velocity of the compressed air stream through the clean up equipment. The 
faster the air moves, the less time is available for the laws of thermodynamics to apply to contact 
the air, and to cool it sufficiently to cause the water molecules to coalesce and reach a sufficient 
size to be precipitated out through the mechanical removal process. The slower the air moves 
through the device, the better the opportunity to remove greater amounts of contaminants due to 
increased contact time in the heat exchange portions of the equipment. 


Issues such as leak rate and sudden event demands are a consideration in this exercise, as 
well as true process demands. 


When feasible, these pieces of equipment should be installed high enough of the floor to 
allow installation of drainage devices 18” to 24” below the lowest collection point. 


The after cooler should be followed by a separator which will separate out the now 
condensed larger particles of condensate and pool them in a place convenient for removal. 


There are other areas where condensate pools, such as pre and final filters, air receiver tanks, 
refrigerated dryers, chilled water condensers, and system of overhead transmission and 
distribution  piping.  


Refrigerated dryers further chill the air to a design dew point and expedite the further 
condensation and preparation of moisture and contaminants that bypassed the intercoolers and 
after coolers for removal. 


Of course, desiccant dryers use hygroscopic media to trap and hold moisture subject to purge 
or regeneration through heat or air passing through the media. 







Naturally,  pre and final filters are installed to further remove contaminants by mechanical 
means if dictated by process considerations. These components are generally selected on the 
basis of how small an entrained particle the facility desires to remove in terms of micron size. 
These filters are of several designs, ranging from paper filter elements, cyclonic units with or 
without integral sintered metal or composite filter elements, coalescing filters, and high 
efficiency particle accumulating (HEPA) filters. Each constitutes a collection point constituting a 
potential drain point. 


Extreme care should be exercised to minimize pressure drop through filters so as not to 
restrict flow to points of use when filters accumulate the particulates they are designed to trap. 
Oversizing the filter body above pipe run diameters is a suitable option.  


Consult with manufacturers or their representative to ensure accurate data on pressure drops 
through these components at maximum anticipated flow. 


Air receiver tanks should always be placed downstream from after coolers and dryers to as 
much as possible preclude condensate falling out and accumulating in them. The ongoing 
wetting and drying of condensate in high pressure air receivers that are fabricated from steel 
weldments creates corrosion. Over time, the wetting and drying of the internal surfaces, and in 
particular the areas of the welds, causes corrosion which in turn results in flaking and diminution 
of the thickness. At some point, when the diminished thickness exceeds the retiring thickness and 
the walls become becomes thin enough, there is the possibility of catastrophic failure, and 
explosive rupture. There are many recorded instances of these types of failures, all too many of 
which resulted in injuries and deaths. 


At the very least, the products of corrosion such as rust particles can be carried forward 
downstream into the plant piping and or stop up drainage piping and devices at the tank as well 
as process equipment. This type of problem can be slowed if it exists, though not eliminated, by 
placing air exit piping at the top, rather than the middle or bottom of a receiver. 


Tanks outside of plant building walls, especially in colder climates, are more susceptible to 
this problem that those in warmer climates or inside of the controlled environment of a facility. 


The overhead transmission piping can also be a point of condensation precipitation where 
moisture and contaminants have not been effectively removed by prior properly sized and 
correctly operating clean up equipment. For this reason, you should avoid down slopes or 
drooping ‘bellies’ in piping. Taps for side runs should, whenever possible, be on top of the 
header pipe. 


Each point where condensate can accumulate must be identified and equipped with proper 
drainage. 


This leads us to the least understood and most often inadequately configured part of this 
equation, that of the drainage device or “traps” and their proper installation configuration. 


The drainage devices are not the entire system, by merely an integral part thereof. 
All too often the selection and placement of the traps is based on lowest cost and quickest 


installation, regardless of the impact on long term system reliability. 
Traps such as electrically operated timer drains or electrically operated float, mechanical 


float/needle or poppet valve drains, or those modified from steam trap designs are attractive due 
to low cost. 


However, the additional pipe, wire and labor costs associated with electric traps should be 
taken into account. Of further concern is the limitation of those devices due to inability to handle 
contaminated condensate with entrained solids or higher condensate removal flow quantities. 







Timer traps and similar conductivity driven traps have another short fall. The open whether 
or not condensate is there to remove, and closed whether or not the condensate load has been 
voided. While the trap is closed, condensate merely bypasses that point and goes farther 
downstream 


Of equal concern is that the timer traps and capacitance traps exhaust full pressure 
compressed air to atmosphere creating an associated energy waste cost factor for both lost high 
pressure air and electricity consumed to operate the trap, and at the same time, often cause a 
sudden pressure drop which is read by nearby air compressor controls as a false low pressure 
signal causing the compressor to load up or remain loaded when it should be unloaded. 


A typical timer drain which opens for a period of 10 seconds every 10 minutes and exhausts 
100 PSIG air along with condensate expels 19.9 CFM for that 10 second period. If the facility 
has an electrical cost of $.05 per KW per hour, and operates rotary screw water cooled 
compressors actuates 6 times per hour or 52,560 times per year, the equivalent cost in terms of 
overall operational cost of compressor operation is about $525.00. 


Stated differently, an inexpensive $110.00 timer drain costs 5 times its purchase price to 
operate on an annual basis. 


Full pipe sized, pneumatically controlled devices such as that manufactured by Drain-All of 
Louisville, Tennessee, are more desirous since they void water and other contaminants, including 
entrained solids without electricity or exhausting high pressure air. They are far more reliable 
over the long haul since they have full diameter internal porting and operate without the need for 
electrical supply unless heaters to prevent freezing are necessary in outside installations.  


 
Avoid traps with small internal passages  whenever possible. 
 
Select traps that have external manual override to ensure proper operation. 
Installing drainage devices should receive equally detailed scrutiny. First and foremost, you 


should provide a full ported ball valve as an isolation valve and ground joint union so the device 
may be easily serviced or removed without shutting down the system. The valve should be at the 
bottom of an 18”-24” drop pipe to provide holding capacity while servicing the trap and so 
condensate doesn’t bypass that point during servicing. The drop pipe can and should be 
generously sized in terms of cross section. Just because the tank fitting is, for instance, 1 ½” 
doesn’t mean the drop can’t be 3”, or even larger. Utilize unions both above and below the trap 
for ease in removal and reconnection. If traps must be out of the line for more than a short time, 
initial piping should include a valved bypass line. 


Once again it is good practice to install unions and isolation valves before and after the 
device and on the bypass line to facilitate removal for service, if required. 


 If funds and space permits, double window look-through sight glass can be installed above 
the trap for visual inspection and to insure the device is working properly and the drop pipe is 
collecting condensate for removal. 


The additional benefit is to assure a quiet zone for the liquid so foaming of oils or other 
contaminants doesn’t occur and create carryover by re-entraining vapor in the air stream. Smaller 
pipe drops cause high velocities and undesirable turbulence. 


Be sure traps you acquire are shipped dry from the factory so residual moisture doesn’t create 
corrosion due to oxidation or fouling. 







When piping the sump line from the trap, piping larger than the outlet connection of the trap, 
to allow for rapid flow without clogging and creating a pre-trap storage point, is also a wise 
choice. 


Where ever possible, you should avoid piping more than one trap into a sump line to 
preclude back pressuring the other devices or damming in the lines. If there is no alternative to a 
single line, place a check valve in each trap discharge line to preclude backflow. 


Keeping these strategies in mind when working with your compressed air system will 
substantially reduce problems in operation of that utility area and downstream problems from 
entrained contaminants. 


In the final analysis, keep in mind that the sooner one removes condensed water at the 
earliest drain point, you will prevent that liquid from traveling downstream and accumulating 
with what ever condensed liquid the next component creates, and thereby making it even more 
difficult to efficiently remove the greater quantity of liquid. 


This is especially important to keep from ‘slugging’ dryers which are designed to handle 
vapor phase entrainment with large quantities of liquid phase condensate and seriously depleting 
the ability to do their job to a level of excellence they were intended to do. 
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(Your Plant Name) 
Permit for Compressed Air Usage/Disconnect 


To: Engineering Department      Date: _____________ 
From:__________________________________ Department:____________________ 
Job Number:____________________________ Work Order Number:_____________ 
Job Title:_________________________________________________________________ 
___Essential/Instrument Air   ___Mill Air 
Location of Tie-in and Size of Tap 
 
 
 
 
Intended Use of Compressed Air/Reason for disconnect 
 
 
 
 
 
Duration of application: _____Hours ____Days____ Permanent 
 
Energy Cost Calculations: 
Pressure______ Flow:_______ Duration of Use:__________ Minutes/Hours/Days/Year 
 
Current Power Cost ____Cents per KW/H 
 
Example: 
One horsepower = .7457 Kilowatts 
One work year = 24hrs/day x 365 days/year = 8,760 hours/year 
8,760 hours per year x .7457 kw = 6,532 kw/hp/year 
6,532 kw/hp/year x $0.06/kwh = $391.92 per year per horsepower 
Since (Your Plant Name)’s  compressor system is water cooled (or air cooled), multiply $391.92 x 1.7 


(factor for air cooled is 1.4) (which reflects costs associated with cooling tower fans, chilled water 
transfer pumps, maintenance and associated operating costs) = $666.26 per horsepower per year 
 


JOB SPECIFIC FIGURES 
 


1. Job work time per year: ___hrs/day x ____days per year = _____hours per year 
2. ____hrs per year x .7457 kw/hp = _____kw/hp/year 
3. ____kw/hp/year x $____ per kw/h current local utility electrical cost = raw motor horsepower 


cost of ____/hp/year 
4. ____/hp/year x 1.7(1.4 for air cooled) =________ overall operational cost/year 
5. ____Compressor HP/ CFM per HP/(3.8 for centrifugals, 4.0 for oil free screws, 4.5 for oil 


flooded screws)=_____HP x _____overall operational cost per year = (place figure below) 
6. Net energy cost/savings per year for this job $___________________ 
 
Additional Comments 







 
 
 


 
APPROVALS: 
 
Approved____ Disapproved ____ By:________________________________________ 
      Area Production Supervisor/Date 
 
Approved____ Disapproved ____ By:________________________________________ 
      Area Maintenance Superintendent/Date 
 
Approved ____ Disapproved ____ By:________________________________________ 
      Engineering Manager/Date 
 
Approved ____ Disapproved ____ By:________________________________________ 
      Safety Manager/Date 
 
Approved ____ Disapproved ____ By:________________________________________ 
      Plant Manager/Date 
 
Distribution: 
 
Original to Engineering 
 
Copy to: Requester 
  Area Production Supervisor 
  Area Maintenance Superintendent 
  Safety Manager 
 
NOTE: This form is required for any tap into any compressed air line or to draw hose 


from the store room. No work will commence until all approvals have been signed and dated 
and filed with the Work Order Failure to follow this procedure before tieing into any air line 
will be deemed cause for termination of employment. 


 
Each area will keep a copy of this form for record. 
 
Store Room approval for the issue of  ____ feet of _____diameter hose: 
 
______Approved by ________________________________________ 
 
____ NOT Approved _______________________________________ 
 
 
 
 







   
 
 
 
 


(Your Plant Name) 
 


EMPLOYEE COMPRESSED AIR POLICY ACKNOWLEDGEMENT 
 


I, ___________________________________________, Employee Number ____________, 
 
acknowledge that I have been informed of and fully understand the compressed air utilization  
 
policy and procedures in place in this facility and agree to diligently abide by those 
 
procedures. 
 
I further acknowledge that failure to follow those procedures can result in various  
\ 
administrative sanctions up to immediate termination of employment. 
 
 
Date:_______________________________ 
 
Signature: ___________________________ 
 
Print Name: _________________________ 
 
 
Witness: ____________________________ 
 
Print Name: _________________________ 
 
Witness: ____________________________ 
 
Print Name: _________________________ 
 
 
This form shall be completed for every employee. A copy will be placed in the employee’s 


file and a duplicate kept in the Plant Safety Office. 
 
 
 
 
 
 







 
        
 








PLANT SECTOR PNEUMATIC EQUIPMENT SURVEY 
 


PLANT NAME: _____________________________       DATE:___________________ 
AREA: ____________________________________ 
COMPLETED BY: __________________________        PHONE #:________________ 
 
Please complete this survey by listing specific machines or family of like machines. Put the number of the 
corresponding problem(s) in the appropriate place. Use as many numbers as necessary. Please rank the 
machines based on those most sensitive to compressed air system changes. Your comments are earnestly 
solicited with respect to any and all problems you have found with air pressure or air quality problems at 
any time. Feel free to make those comments on the back of this sheet. 
 
MACHINE NAME/# DESIGN PRESSURE AIR PROBLEM SEEN 


   


   


   


   


   


   


   


   


   


   


   


   


 
INSERT APPROPRIATE NUMBER(S) 
1= Air Pressure 
2= Air Flow 
3= Water In Air Stream 
4=Oil/Particulates in Air Stream 
5=Other (Place in comments section on reverse of form) 
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PNEUMATIC EQUIPMENT INVENTORY 
Please list the pneumatic equipment in your area. Groups of like equipment can be tabulated as a single 
category as long as their compressed air consumption is equal. 


 


Equipment Make and 
Model 


CFM Required Pressure Required Quantity of Units 
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QUALITY MAINTENANCE SERVICES 
460 Depot Street #101 


Franklin, North Carolina 28.734 
828-349-300.7 


pkstern@dnet.net 
Compressed Air Audit Services 


 
PNEUMATIC POINT OF USE AIR SUPPLY ISSUES 


 
The fundamental question this paper poses is; 
 
“Are you happy with vendors of manufacturing equipment dictating your energy footprint 


requirements?” 
 
How is that working for you? 
 
To fully understand the ramifications of the imbedded misconceptions with respect to 


compressed air supply, one must take into consideration the actual point of use need for 
compressed air.  


 
By far the largest category of uses that typically invoke cries of “We don’t have enough 


pressure. Buy/Start up another air compressor” appears to be the actuation of pneumatic 
cylinders. These cylinders are found throughout the plant in the form of rotary valve actuators, 
slide gate actuators, and in the internal operating components for production and packaging 
machinery, material handling services, and a myriad of other devices. 


 
It has long been the habit of industry to perceive cylinder actuation timing adjustment to be a 


function of pressure, thereby requiring the installation of the ubiquitous pressure regulator in the 
supply line.  


 
The reality is that it simply is not the case in terms of the Laws of Physics that apply to 


compressed air. 
 
It should be recognized that with the exception of those cylinder applications and services 


where small and incremental changes in down/up-force for nip rolls, press rolls, lift applications 
where down/up thrust or tensioning must be carefully controlled, and on some valve operators 
for positioning I/P devices, for the most part pressure regulators are misused and misapplied as 
de facto flow controls. 


 
The vast majority of the balance of the cylinder applications are not, in fact, pressure 


dependent. 
 
The thrust of this portion of the report is to focus staff on the reality that cylinder actuation is 


a function of the time rate of change initiated by adding the specific volume of air needed to 
properly actuate the device as the air is gated into the internal volume of the cylinder. Stated in 
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another and more simplistic fashion, cylinder actuation time is a function of mass flow and time 
of the rate of recharge, not pressure. 


 
It is the restriction created by the pressure regulator, along with the other parallel restrictions 


in tubing, fittings, filters, oilers, solenoid valves and other components which are controlling the 
flow of the volume of air into the cylinder over a chosen period of time.  


 
Unfortunately, at the same time, this type of assembly creates the perception of the need to 


artificially raise pressure (add energy) in the plant to overcome the restriction these devices 
create. 


 
Plant staff should seriously consider an incremental project to first educate all concerned 


personnel on this issue. Subsequent to the education effort, steps should be taken to identify 
point of use applications involving cylinders which are amenable to change and begin removing 
filters, lubricators, and regulators, along with concurrent undersized tubing and fittings, upsizing 
of feed tubing, and installing common bar stock needle flow control valves. The net result will be 
more accurate control of stroke times and a commensurate reduction in the pressure needed to do 
the job.  


 
This in turn will result in allowing staff to lower the pressure in the overhead transmission 


piping of the compressed air system. 
 
Remember, the force applied on a cylinder is directly proportional to the cross sectional area 


of the cylinder ram times the net article pressure of air in PSIG applied to that ram. 
 
The hidden factor that is generally overlooked is the time domain of the stroke. If one is 


desirous of sizing the approach pipe/tubing to adequately feed a sufficient volume (NOT 
PRESSURE) of air to do the task in the time allotted, one must realize that the time frame of one 
minute is the common denominator in calculating flow in cubic feet per MINUTE. 


 
If a cylinder is designed to stroke in a 2 second time domain, one must take into account that 


there are 30 two second increments in every minute. If you know the cylinder diameter and 
stroke length, you have a volume. In this example, in order to delineate the exact flow, you must 
multiply the volume times 30. That number is the actual cubic feet per minute equivalent but 
taken in 2 seconds.  


 
This characteristic is described as a “Sudden Event Demand” and must be properly dealt with 


accordingly. 
 
Please understand that this dissertation is not a full essay on all the specific factors 


surrounding compressed air supply to cylinders. The intent is to alert the reader to the underlying 
and rarely realized issues involved and create a different perspective on which to base new and 
rational efforts to correct problems. 
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The specific issue of the improper use of pressure regulators as a faux flow control device is 
the preeminent issue that must be understood fully in order to create an open pathway for 
beneficial change. 


 
Please carefully note that this regulator is sized for ¼ NPT pipe size. 
 


  
 
 
The photograph depicted above shows a disassembled standard ¼” NPT industrial air pressure 


regulator. The left portion is the main body. The next item to the right is the diaphragm and the follower 
plate with an integral flow port. The next item to the right is the compression spring and follower cup. 
The final item to the right is the bonnet with an integral threaded compression rod. 


 
The entire assembly is held together by the six screws. 
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This photograph is a close view of the body. The small raised rod in the center is the spring-loaded 


pilot poppet assembly. The hole above the poppet contains a .060” drilled hole to allow air from the input 
from the adjacent very small orifice around the poppet rod to flow up into the visible cavity area from the 
cavity below to exit the regulator through the nipple to the right. 
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This photograph depicts the diaphragm and follower plate with a center orifice port. The hole in the 


orifice centers directly on the spring-loaded pilot rod in the main body. 
 
When a worker tightens down the thread compression rod into the follower cup, it compresses the 


spring against the diaphragm. This in turn presses the pilot hole in the diaphragm more tightly against the 
spring-loaded poppet 
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below.


 
 
For the sake of comparison, this photograph superimposes the point of a .7 mm lead pencil 


immediately adjacent to the pilot hole. In this way the viewer can easily see the very small diameter of the 
pilot hole in relation to the pencil point . 


 
Taken in a common sense view, the tighter one compresses the spring against the diaphragm follower 


plate, the tighter the compressive pressure pushes the flat brass seat on the bottom of the diaphragm 
against the pilot rod seat. This in turn creates an inordinately high restriction which prevents mass flow of 
air from passing rapidly through the circular orifice around the poppet. 


 
Naturally the adjacent pressure gauge reflects a higher pressure. The physical laws of air 


(P1V1=P2V2) dictate that with reduced flow, pressure must rise until it mirrors the highest supply 
pressure. 


 
Given the non-linear characteristics of this standard compression spring, the more the rod is turned 


down into the bonnet, that tighter the diaphragm seat  plate is pushed against the pilot rod seat. 
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Here’s the top with the pin (actually a poppet) removed from the .060” hole. Note the poppet has a 


tapered shoulder which seats in the cavity below the hole as shown in next view. 
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This is a bottom view showing the seat where the tapered poppet sits in the center hole, pin up 


through the hole in the center. The cavity to the right is the air entrance into the regulator through the 
elbow. The post protruding from the bottom is the stop for the poppet bottom which has a small spring for 
purported flow control and to keep the poppet from being blown out of its hole. This view shows the 
poppet on its spring and follower cup to keep things centered and prevent the pin from falling out of the 
hole due to gravity. 


 
Air enters through the pipe on the right and the annular space in the body of the regulator shown to 


the right of center. 
 
All being said, the air in must flow through the cavity area, and around the shaft of the poppet, a 


passage considerable smaller than one realizes, and up into the upper cavity below the diaphragm. 
 
It is easily understood that this mechanism creates extremely high levels of restriction against the 


flow of air while at the same time establishing a barrier that allows the adjacent pressure gauge to read a 
higher pressure. 


 
It would be nice if someone could logically explain how an orifice this small can pass a sufficient 


volume of air through it to successfully actuate a large cylinder in an acceptable short time frame while 
using a minimum of energy to do so. Unfortunately, the laws of Physics militate against the possibility. 


 
The other and not so often understood mechanism is that no matter what anyone does to push the 


spring down or release it, the limiting factor is the size of the passage around the pilot rod, .008”  and the 
.060 hole in the upper body. That size never changes. 
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The next item to study is the ½” NPT pressure regulator shown below. 
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For sake of comparison, let us examine a larger sized regulator, one designed for ¾” NPT. 
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What is abundantly clear is that even with a regulator significantly larger than the ¼” NPT 


first example, the same astounding restrictions exist with one difference. In this particular 
regulator, when the diaphragm pushes down on the pilot rod and the seat backs off of the 
underside of the body, a port in the body allows a flow or air into the exhaust port, though that 
flow is not by any means the amount that a full ¾” port would allow. 


 
If we examine the mini-regulator below, an item that is seen throughout industry, the same 


problems are self-evident. 
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The above photo depicts the so-called mini ¼” NPT regulator found in great abundance throughout 


industry. 
 
The assembly is very similar to the larger body unit. 
 
For the sake of comparison, however, a common sewing needle has been inserted through the pilot 


hole in the diaphragm, the same size as the internal flow port under the white seat area in the lower body, 
to substantiate the .035 inch hole through which the air must pass. 


 
Even when looking at larger pipe size regulators such as the 1” NPT unit shown below, this problem 


is obvious! 
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The configuration is essentially the same as the others shown above. The hole in the center of the 


body is 1/8”. The poppet is .220 inches in diameter. The air cross over port seen in the poppet stem leads 
to a hole in the bottom of the poppet seat that is slightly less than .080” in diameter. However, please take 
notice of the poppet. 
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The passage in the poppet stem is the path through which the exit air flows out of the regulator, to the 


left past the 0 ring seal which separates the top chamber from the bottom one, through the center of the 
stem. 
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This view reveals the determinant port through which the air finally passes to exit the regulator. It 


measures .060 “ which actually limits flow to 11.5 cfm at 90 psig. 
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Which exits through the small tube seen in the other side of the body, NOT a 1” port, but the reduced 


passage from which the flow through the poppet exits the regulator.. 
 
The folly of installing this type of regulator is immediately obvious. 
 
The perception that higher pressure settings in a regulator allow for more air flow are totally 


erroneous and flies in the face of common sense and reason, not to mention the laws of physics. 
 
With this firmly in mind, it now becomes abundantly clear that any facility wishing to improve the 


actuation of pneumatic cylinders and the equipment on which they work, should seek an alternative to the 
standard practice of using regulators. 


 
It is far more reasonable to utilize a common bar stock precision linear needle flow control valve to 


control the rate of recharge of the cylinder volume. 
 
Along with this technique, due diligence must be followed in increasing the diameter of the approach 


tubing, solenoid valves and their internal porting, and other component issues which will reduce 
restriction to flow in the most expedient and cost-effective manner. 


 
If pressure must by nature of a service requirement be regulated, the use of a low differential, high 


flow, piloted regulator should be a point of focus. 
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Along with the pressure versus flow issue we must simultaneously consider the supply control issue. 
The usual means of supply control is a solenoid valve which opens when demand is calling for supply. 


 
Research on this subject demonstrates that the same restriction issue is found to be prevalent in most 


solenoid valve applications. 
 
The photo below depicts a common manifold mounted solenoid found on a myriad of production and 


packaging machinery. 
 


 
 
The orifice was gauged with the help of the small nail which was then measured at .060 inches with 


the calipers. 
 
Banks of these types of valves are found throughout American industry where overhead transmission 


pipe compressed air pressures are typically 85 PSIG or greater.  
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We can further follow this logic and common sense train of thought by observing this common 


ASCO ¼” NPT solenoid valve found on all too many point of se applications throughout industry. Please 
take careful note of the fact that while the pipe connections are 1/4 “ NPT, internal to that connection the 
actual flow ports are let than one half that size. This demonstrates the forcing factor which requires 
application of larger amounts of energy at the compressor to attempt, albeit all too often unsuccessfully, 
to overcome restriction through higher pressure at unnecessarily higher costs. 


 
The next in our rogue’s gallery is the ubiquitous quick disconnect hose fittings found everywhere in 


industry. 
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If an interested person were to look carefully inside these devices you would quickly see the very 


small air passage which is the reason these devices typically have a minimum of 7 PSIG differentials 
across them. Some are even higher going to as much as 12 PSIG differential. 


 
If these are in line with the prior devices, it is easy to see why differentials in the range of 40 PSIG 


are not uncommon. 
 
The higher pressures are obviously governed by the inability of the small diameter openings in these 


types of valves, taken in combination with restrictions in FLR sets, to pass sufficient volumes of air at 
lower pressures to accomplish the task assigned the mechanism at a faster rate and lower energy applied 
in the compressor room. 


 
The consequence is an overall higher cost of operation, quality excursions, and reduced rates of 


product throughputs. 
 
It is long past time for American industry to wake up and take a look at how they specify and 


purchase pneumatic equipment. 
 
I invite any comments or challenges to the material set forth herein. 
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Company Name 
SAMPLE 


PNEUMATIC EQUIPMENT PURCHASE SPECIFICATIONS 
VENDOR EVALUATION DATA SHEET 


TO: {Vendor’s Name} 
 
The intent of this specification is to be a guideline for establishing firm criteria and plant 
specific parameters under what is now a standard plant policy for the purchase of 
equipment requiring compressed air for plant operational and production services. 
 
All vendors are to be aware of the fact that any and all deviations and/or exceptions to 
this specification must be taken in writing and supported by complete engineering 
calculations and rationale supporting the logic for such deviations. 
 
Vendors should be aware of the fact that a portion of the bid evaluation process will be a 
life cycle cost analysis not only of the equipment quoted by the vendor and its individual 
impact on the plant’s operational costs as a stand alone item, but specific attention will be 
given to the impact of the quoted equipment’s impact on adjacent equipment on the 
compressed air loop, as well as the overall impact on plant energy consumption and the 
economy thereof. 
 
The express intent of this requirement is that there will be no more than a 3 PSI 
differential at full flow on any component train in the vendor’s offering. 
 
NOTE: This form must be signed and dated by an authorized corporate officer or 
professional engineer stipulating to the accuracy of the data presented as being full 
disclosure of all material facts. No other signatures will be acceptable and those 
submitting forms not conformed accordingly will be deemed a non-responsive bidder. 
Failure to submit the form for all components will result in the vendor being found a non-
responsive bidder. 
 
TECHNICAL NOTE: It is a mandatory requirement that all performance flows be 
clearly stated in ACTUAL CFM (not ICFM or SCFM) at stated supply pressure at the 
inlet of the proposed component(s), site elevation, temperature and relative humidity. 
Any deviation from this requirement will void this offering.  
 
Be advised that the actual performance of your offering will be subject to pre-shipment 
and or on-site witnessed and or certified performance testing on the basis of flow and 
pressure. Failure of your offering to perform as stipulated by your submittal will subject 
your company to liquidated damages pro-rata as a function of net life cycle cost offset   
to our company. 
 


1. The pneumatically operated equipment operational compressed air supply will be 
no higher than _60__ psig at entry point of the equipment. 
*EXCEPTION NOTE: For those applications which involve process valve 
actuators, the pressure upper limit is 40 psig. 







 
2. Vendor will state: 


 
a. Number of cylinders/ actuators supplied on each piece of equipment and 


include a tabulation of each cylinder/actuator: 
i. Bore and stroke 


ii. Design thrust in pounds 
iii. Stroke time domain in each direction of travel in seconds 
iv. Cylinder supply and discharge port size 
v. Diameter of pipe or tubing feeding the cylinder. 


vi. Pressure limit the cylinder is capable of withstanding exclusive of 
any safety factor. 


vii. State whether the elastomers and seals require or do not require 
lubrication. 


viii. If lubrication is required, state the specific type in terms of 
chemical composition, SSU or “weight” in SAE terms, and amount 
required for long term reliability. Note, Preference will be given to 
vendors offering cylinders not requiring lubrication. 


ix. Weight/flow of air at site pressure/temperature/humidity required 
for successful actuation in each direction. 


x. Differential pressure through that specific component at full flow 
and pressure. 


xi. State the design fastest and slowest actuation time domain for each 
stroke direction. 


 
b. For each cylinder/actuator set, tabulate the pneumatic 


actuator/valve/solenoid/flow control device supplied on each pneumatic 
circuit and include: 


i. Pressure drop (Delta P) through each device at unit actuation 
pressure and flow 


ii. Port sizes in and out 
iii. Internal port cross sectional area 
iv. Connection pipe or tubing diameter feeding the device 
v. Air velocity through the connecting tubing in feet per second 


 
c. For each pressure reducing device (regulator), lubricator if supplied, and 


filter: 
i. Pressure drop (Delta P) through each device at unit actuation 


pressure and  full flow 
ii. Internal port sizes in and out 


iii. Smallest internal port diameter 
iv. Connection pipe or tubing diameter feeding the device 
v. Air velocity through the device 


vi. Rationale for installing each device 
vii. A preference will be accorded to piloted, precision, low 


differential, high flow regulators. 







 
d. For all tubing connection fittings, state the manufacturer and supply 


documentation certifying the fittings are leak free and for what duration of 
service life they will remain leak free. 


 
       e. State each non actuation use of compressed air, such as blow-off nozzles, 
vacuum eductors, texturizing nozzles, entanglement nozzles, and provide the flow 
in ACFM and pressure in PSIG for each device. 
 


f. All valves are to be full port, not reduced port styles 
 
g. For each complete machine set, state the total consumption of compressed 


air required at system pressure as follows; 
i. Weight/flow at above designated supply pressure at 


1. ____ACFM at 
2. ____PSIG at 
3. ____Temperature at 
4. ____%Humidity at 
5. ____At site elevation above sea level 


 
ii. Minimum pressure required to successfully operate the 


machine and produce product to the buyer’s quality 
standard. ____ PSIG 


 
h. Pressure gauge standard required by the buyer is for 1 percent accuracy, 


black letters on white face, 3 ½” minimum face diameter. Face range is to 
be such that normal operating pressure is mid-range of the gauge overall 
range. 


 
 NOTE: All gauges are to be mounted no higher than face level from the 
floor and be readily accessible to operator view and equipped with an isolation 
valve for maintenance removal for calibration purposes by the inclusion of full 
ported isolation valves. 


 
 


In those services where operation of the machine creates fluctuating line pressures 
in excess of 5% of the system pressure, each such gauge shall be supplied with an 
integral restrictor screw or snubber device. 
 
Table all low pressure cut off switches giving the set point and rationale for them. 
 


i. State electrical requirements or each component in terms of 
 1. Voltage 
 2. Amperage or Watts 
 3. Phase ___single ___three 
 4. All shall by 60 htz 







 5. All switches shall be at least 10 AMP capacity 
 
 
NOTE: Failure to fill out and submit this form will result in the determination that 
the vendor is a non-responsive bidder. 


 
The above data is certified and stipulated as true, correct, complete, certain and not 
misleading. 
 
Signed________________________  Date_____________________ 
Title__________________________ 
Vendor Company_______________ 
Address_______________________ 
______________________________ 
 
 


 








1,600 gallon air receiver
in a fiberglass plant


State inspection and
Certification tag 5 months old


Note weld seam


Bottom of dome 20”
below weld seam


Note clean, smooth
Painted exterior







• Blow down of process piping due to rust contamination


4” pipe for
Blow down Plume of rust


particles 2” thick







Inside view of receiver


•


Weld seam seen
from manhole


Products of
corrosion from
lack of effective
drainage fills th
entire bottom o
the receiver.







1,100 Gallon Receiver in a 
Paper Mill


8” pipe flange connection







Photo of Products of Corrosion inside
the 1,100 Gallon Receiver


The weld seam in
This receiver is below
The level of rust





		1,600 gallon air receiver�in a fiberglass plant

		Slide Number 2

		Inside view of receiver

		1,100 Gallon Receiver in a �Paper Mill

		Photo of Products of Corrosion inside�the 1,100 Gallon Receiver






SCFM to ACFM: ACFM to SCFM
Standard pressure at atmosphere (Ps) 14.7
Actual Atmospheric pressure (Pb) 14.1
Actual inlet pressure (Pa) 13.8
Standard relative humidity (RHs)   (%) 36
Actual relative humididty (RHa)    (%) 85
Saturated vapor pressure of water at standard temperature (PVs) 0.3391
Saturated vapor pressure of water at actual temperature (PVa) 0.36292
Standard temperature (Ts)   (°F) 70
Actual temperature (Ta)    (°F) 95
Standard Cubic Feet per Minute (SCFM)  7790
Actual Cubic Feet per Minute (ACFM)
Insert the data into column B (light blue) and look below for your answer (Bright 


Orange and Bold)
Actual Cubic Feet per Minute (ACFM) 8810.047
Standard Cubic Feet per Minute (SCFM)  0







ICFM to ACFM: ACFM to ICFM
Actual inlet pressure (Pa) 14.1
Actual temperature (Ta)    (°F) 95


Pressure after the inlet filter 13.9


Temperature after the inlet filter 95


Actual Cubic Feet per Minute (ACFM) 8622


Inlet Cubic Feet per Minute (ICFM) 8500


Insert the data into column B (light blue) and look 
below for your answer (Bright Orange and Bold)


Inlet Cubic Feet per Minute (ICFM) 8499.702
Actual Cubic Feet per Minute (ACFM) 8622.302





		SCFM to ACFM and ACFM to SCFM
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THANKS, but NO TANKS 
 


Over the many years that people have held discussions with respect to compressed air 
systems design and operations, one of the main integral components that have never received the 
discreet attention they deserve is that of the ubiquitous compressed air receiver. 


 
One school of thought is that you cannot design a compressed air system without putting in 


compressed air receivers. 
 
Within that school of thought by the predominant visions is that you must have both wet 


receivers and dry receivers. Many authors and industry experts, and particularly those in the field 
of manufacturing and selling compressor receivers, are that you should have a wet receiver 
downstream of the compressor and any after cooler, just prior to the compressed air drying 
apparatus. 


 
These people go on to expound at great length on the need for a dry compressed air receiver 


downstream of the dryer. 
 
There has been a great deal of discussion over the past years on the design, sizing, and 


attributes necessary to have these devices in the compressed air stream. 
 
The next group advocates putting receivers throughout the industrial production plant 


environment in order to provide local storage to accommodate for insufficient pressure and/or 
demands on the system that cannot be properly maintained by the infrastructure. 


 
A third group advocates local dedicated storage to accommodate large sudden event demands 


at the point of use. 
 
A fourth group focuses on large isolated receivers side streamed into the process, sized for 


anywhere from 10,000 gallons of capacity up to 60,000 gallons of capacity, based on metrics 
necessary to suppress pressure decay from large and longer-term sudden event demands. 


 
And there is a fifth group consisting of a mix of the other four groups who continue to bake 


this situation ad infinitum. 
 







 
WHY INSTALL A RECEIVER- OR NOT? 


 
After listening to the various arguments over the last several decades, I am intrigued by the 


argument that you absolutely must have a wet receiver downstream of the compressor 
intercoolers and after coolers, in order to have a quiet zone in which to extract condensed 
condensate. 


 
I would like to postulate that if the equipment tasked with condensing the water out of the air 


stream coupled with the best possible drainage devices, consisting of technically meritorious no 
loss drains is properly applied, a wet receiver really is not a necessity and might be an 
unintended liability. 


 
After focusing on this particular issue of the wet receiver over the last several decades, I wish 


to suggest that not only is that not a necessary item, but in fact is a significant detriment to the 
operation of the system as well as a very serious health and safety risk to both plant employees as 
well as the entire physical infrastructure of the facility. 


 
Very few facilities actually have in place a program to carefully inventory the entire 


population of compressed air receivers and keep accurate records of where these pressure vessels 
are within the facility or whether or not due diligence has been followed in keeping a program in 
place to do inspection and nondestructive testing as required by OSHA 29 CFR 1910(a), API 510 
and the National Boiler Safety Code, Chapter 8, on the five-year time cycle basis that is 
recommended by these organizations as well as pertinent state regulatory agencies. 


 
Please allow me to offer a couple of examples of why this is so very important for 


consideration in the overall operational domain of any facility utilizing compressed air at the 
usual pressures of between 80 PSI G and 125 PSI G found in most industrial facilities. 


 







 
This is a typical example of receiver’s seen throughout American industry. Note the clean 


environment, the fact that it is under a current state inspection to operate, presuming the receiver 
integrity is well within accepted standards. 


 
 
 
 


 







 
Due to the suspicion on the part of plant maintenance and engineering staff brought about by 


guidance from their compressed air consultant that the condensate removal devices within this 
plant’s compressed air system were ineffective, the receiver was isolated from service, vented to 
atmosphere, and the man way unbolted to allow for a physical inspection of the interior. 


 
The results shown above constituted a shock to all concerned plant staff. There immediately 


ensued a concentrated effort to inspect the balance of the compressed air receivers in that facility. 
 
It was subsequently discovered that there were at least seven more receivers of this size 


which failed sidewall integrity thickness testing. Those receivers, along with this example, were 
left isolated from the system and remain so today. 


 
Strangely enough, consultation with the plant staff reveals that there have been no noticeable 


excursions in the production environment as a consequence of taking those receivers out of 
service. 


 
A second example is that of an 1100 gallon receiver in a paper mill which, upon urging from 


their compressed air consultants, was subjected to nondestructive testing of ultrasonic wall 
thickness assessment, failed to meet the safety criteria established by the appropriate standards. 


 


 
 
When the supply pipe to that receiver was removed, and a photograph of the internal 


condition taken for record, the results are seen below. 







 
This writer cannot overstate potential for severe injury, death, catastrophic destruction of 


industrial facility that can be the result of the failure of one of these receivers. 
 
One has only to go on an Internet search to discover that while these types of failures are not 


often seen on the conventional new services nor discussed in technical peer group meetings and 
seminars, they are nonetheless existent and numbers far more than one would imagine. 


 
Is for this very compelling reason that this writer advocates very careful consideration before 


opting to design a system by intentionally putting a wet receiver in the piping, proper drainage in 
place or not. 


 
It is equally appropriate to suggest that any industrial facility having a wet receiver currently 


in the system, and wishing to protect its employees and infrastructure, would immediately 
undertake a project to identify all such items and bypass them if there are valves in place to allow 
that, isolate them, depressurize them, and do an internal physical inspection. The purpose of the 
inspection is to determine the actual condition of the receiver if, for no other reason, than that of 
a learning experience. In the eyes of this writer it should not be for the purposes of determining 
the integrity and putting that receiver back in service. 


 
WHAT DO I DO IF I DON’T HAVE A WET RECEIVER? 


 
A better perspective of this issue can be taken from a standpoint of knowing that if a quality 


effort is made to properly design compressed air system, from the compressor, through its 
intercoolers, and if necessary proper after cooling, the temperatures in the air stream can be held 
to below the 100° F approach temperatures that most dryers are designed to handle, or the higher 
400F needed for zero loss, blower purge desiccant twin tower dryers. 


 







By establishing a firm and pre-eminent policy requiring the design-build engineers, 
mechanical contractors, and compressor manufacturer/vendor to stipulate in writing to the actual 
efficiency of the heat exchangers in the intercoolers, and after coolers under all possible site 
conditions and possible fouling problems, you can do a great deal to be sure that there is a good 
result from the installation. 


 
By being absolutely certain that properly designed, state-of-the-art, and technically 


meritorious zero loss condensate drains are applied in these initial components, the dryers will 
not see liquid phase condensed water and thereby will operate to their design criteria and yield  
the dew point levels of compressed air in the system commensurate with production equipment 
requirements. 


 
Aside from the cost associated with purchasing and installing these receivers becoming a cost 


avoidance issue, as well as being sure that a safety hazard is not intentionally placed within the 
system, there is one other benefit that accrues not putting the receiver in the line. 


 
Almost without fail the pressure signal which controls the load versus unload cycles and/or 


modulating conditions on most air compressors is taken at the air compressor, either internally or 
at a pressure tap immediately adjacent to the compressor discharge. 


 
If the plant compressed air demand load profile starts developed a decay of pressure, that 


pressure decay travels upstream toward the air compressors at a rate commensurate with the 
vitamin of air contained in the piping 


 
When that pressure decay reaches a receiver, and in accordance with the Laws of Physics, the 


rate at which that pressure decay migrates further upstream is suppressed until sufficient air is 
taken from the receiver to allow that pressure decay to travel to the receiver inlet piping and 
further back upstream toward the air compressors. 


 
This mechanism serves to delay the time that it takes for the controls in the compressors to 


realize that the plant needs more compressed air and change running state to accommodate that 
need. 


 
As a matter of practice, due to experience on the part of the power house operators that if the 


plant compressed air pressure decays, the telephone rings and a production manager is on the 
other end demanding more compressed air on immediate basis, they opt to run more horsepower 
than necessary. All too often that conversation is not a very friendly exchange. 


 
As a consequence of the influence of this delayed signal acquisition, all too often 


compressors are left to run loaded on contingency, that being the contingency to avoid the 
telephone and the power house ringing, and as a consequence excessive energy is purchased 
from the local utility. 


 
WHAT ABOUT A DRY RECEIVER? 


 







Virtually every compressed air system that this writer as observed and audited over the last 
30+ years has at least one, and often times many more compressed air receivers. 


 
It is suggested that there is no such thing as a dry air receiver. Even in a system where proper 


after cooling and drying is accomplished, there is always some degree of moisture present in the 
receiver. That moisture is commonly not seen until the temperatures get below the pressure dew 
point level to a point sufficient to create liquid phase condensate. Nonetheless there is moisture 
present. 


 
For the most part, and once again, compressed air receivers are one of the least understood 


components in a compressed air system. 
 
The Laws of Physics drive the following formula 
 
Volume of receiver in cubic feet x(final pressure p.s.i.g.-initial pressure 


p.s.i.g.)/(atmospheric pressure)p.s.i.a.=cubic feet of free air required to raise a receiver 
from some pressure greater than zero gauge to a final pressure. 


 
The amount of air necessary to raise the available volume to a certain pressure is also the 


amount of air available for decay to overall system pressure on demand. 
 
Application of this formula controls actually effective storage versus perceived storage. 
 
Stated another way, the effectiveness of storage is predicated on pressure differential more 


than on the actual tank size. 
 
A 60,000 gallon receiver with 100 PSIG in and 100 PSIG out running to a mill header with 


100PSIG pressures is merely a large bulge in the header ad NO truly effective storage is 
available.. 


 
In the vast majority compressed air system installations, the pressure into the receiver and the 


pressure out of the receiver is essentially the same.  
 
There is a school of thought that using larger header piping can be substituted for having a 


receiver. I suggest that unless there is sufficient differential, the effort is a costly exercise in 
futility.  


 
The effect at the point of use of larger headers does have some benefit, but only if restriction 


to flow to the end use item is negated. 
 
This being the case the mass flow transfer of compressed air through a receiver or larger 


header with equal pressures is on a one-for-one basis. 
 
Of additional concern is, that as in the wet receivers, the travel time of a decaying pressure is 


also delayed in the so-called dry receiver. The two receivers in series simply further retards 
signal acquisition for a longer time than a single one. 







 
WELL, WHY DO I HAVE A RECEIVER IN THE PLANT? 


 
The reality of the answer to the above question is that everybody has always seen receivers 


placed into the system and by golly they’re going to do the same thing. 
 
In the majority of the installations that this writer has viewed, it is abundantly clear that 


nobody has ever taken the time, on the initial design compressed air system, to accumulate hard 
and fast data as to the actual and factual requirements for the compressed air supplied to the 
production components downstream of the compressor. 


 
But typically happens is that the designer the system has been coached by those who sell air 


compressors and compressed air receivers with respect to the size of the receiver(s) required for 
the system. 


 
Is typically a very serendipitous decision-making process and all too often not predicated on 


the true demand load profile of the plant once it is operating at full production capacity. 
 
A number of variables are involved in leading to the process of making a correct decision on 


whether or not a receiver is necessary, and if so how big receiver is necessary. 
 
One of the major fallacies respect to receivers is the unfortunate habit of a number of sales 


agencies try to increase their profit margin by trying to convince facilities that they need to have 
an a device sometimes referred to as a demand expander or load shaping valve in the system. 


 
There is a habit of trying to sell these devices based on the fact that they will stabilize plant 


air pressure. To some degree this is true.  
 
The reality is if your demand is constant and you compressor horsepower is tightly aligned 


with the true process demand load profile, pressure gradients can be carefully controlled with 
proper compressor controls much more effectively the standpoint of the response times as well as 
capital costs. 


 
The only true compelling reason to use a load shaping valve arrangement is if you have large 


short duration sudden event demands that impact the balance of plant compressed air system and 
cannot be engineered out in any other manner. 


 
Equation above is equally applicable.  
 
The must be recognized that the only truly effective and available storage is that amount of 


pressure differential between the highest stored pressure and the lowest acceptable plant running 
pressure, and not the entire volume of the receiver. 


 
From a practical standpoint the Laws of Physics control and cannot be avoided. 
 







It is a fact you get one available storage volume for each 14.7 PSI G differential between the 
pressure stored in the receiver and a downstream pressure required to operate the facility 
successfully. 


 
By looking at your system from a common sense mathematical standpoint, more often than 


not will find a that the use of the demand expander is not necessary, and less you are an  
equipment salesman that wants to increase your commissions by selling the facility a piece of 
iron that they do not really need and cannot logically, reasonably, and prudently be justified both 
from a financial and operational standpoint. 


 
Fundamental to the achievement of excellence in this process is to put into place a 


purchasing policy which absolutely requires each and all manufacturers of production equipment 
carefully stipulate in writing the actual demand flow and pressure required for each and all of the 
pieces of equipment they propose to sell to your company. 


 
Equally important is that any company striving to reach the upper levels of excellence and be 


competitive in a world market economy, establish the energy footprint and not allow the vendors 
to do so. This concept was discussed by this writer in a prior article in this publication. 


 
Once you have determined the actual requirement in terms of the weight flow of air, 


hopefully at a plant air pressure dictated by you, perhaps in the range of 60 PSI G, you then can 
accurately determine the amount compressor horsepower (energy purchases) you must install to 
ensure process reliability and repeatability. 


 
Along with this portion of the decision-making process, you will also be able to determine if 


there are any large sudden event demands that will impact of the system. 
 
In the absence of any large sudden event demands, this writer suggest that large receivers, or 


for that matter any receivers, are not really necessary for proper operation of the plant production 
facilities as long as initial design criteria holds the velocity of the air through the piping and 
components to a speed of around 10 FPS which allows for retention time sufficient for the 
properly sized clean-up devices to remove contaminants. 


 
If you, the reader, are successful in implementing this new vision on the purchase and 


installation of pneumatically operated production equipment, you will then be able to accurately 
determine how closely you can tailor the cost of operations of the supply side to that required the 
proper operation of the demand side of this expensive utility and in so doing optimize the entire 
system to a lower life cycle cost basis. 


 
Sudden event demands can be met from storage upon the proper application of the formula 


set forth above, but absent such a requirement, perhaps it is appropriate to say, “Thanks, but no 
tanks.” 


 
The particular detailed methodology how to properly configure local dedicated storage, large 


sudden event demand storage, and other permutations on this theme have been discussed many 
times. There are a number of different permutations on this theme. Perhaps in a later article we 







can explore this in more detail if the readers make their wishes known with regard to this issue 
by communicating with the editor of this publication. 


 
Anyone wishing to explore the aspects of a different and more effective way of purchasing 


pneumatic equipment and or compressors can contact the author for some written suggested 
procedures. 
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