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Preface 
 
In 1992, Congress authorized the Clean Vessel Act Grant Program (CVA) making federal funding 
available for the construction and/or renovation of boat pump-out and dump stations, and for related 
educational programs.  Since 1993, over $97 million has been granted to states for these purposes. The 
grant funds have created a great demand for useful and reliable equipment to meet the needs of today’s 
marina owners and boaters. From the onset of the CVA program, there has been a lack of independent 
information available to the participating state coordinators and marina owners concerning the capabilities 
and maintenance requirements of the pump-out equipment.  In addition, in the early years of the program, 
the influx of such large amounts of money into an area of the industry that had largely been ignored in the 
past created a flurry of new companies and the introduction of many new equipment types.  By 1998, 
there were approximately 13 companies manufacturing single-point pump-out stations, up from a half-
dozen only a few years earlier.  By 2002, when the funding became available to perform this testing 
project, the number of manufacturers had dropped back to about six manufacturers, yet the number of 
different models and types available had more than tripled.     
 
Since the initial authorization of the CVA program, SOBA has worked closely with the U.S. Fish and 
Wildlife Service (USFWS) to assist in implementing this program.  Since 1997, the SOBA annual 
conference has included a segment dealing with CVA issues.  The CVA sessions brought together all 
levels of state and federal staff responsible for implementing this program.  The conference has provided 
a unique setting for open communications between all parties and as a result, the CVA program is 
recognized as one of the most efficient and cost-effective federal grant programs of its time.  
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Introduction  
by Kevin Atkinson, SOBA Pump-out Project Committee Chairman 
 
A NEED FOR PUMP-OUT EQUIPMENT TESTING 
 
Beginning with the passage of the Clean Vessel Act (CVA) in 1992, the participating CVA states were 
continually being asked by marina operators, “What pump-out equipment should I use?” or “Which one 
works the best?”  With the influx of such a large sum of money available to purchase pump-out 
equipment, states and grantees were being bombarded with pamphlets and sales literature from companies 
claiming to have a better “mouse trap.”  New materials, different pump types, inconsistent pump 
performance data, and the lack of historical performance information made equipment selection difficult.  
With no independent information available, the states and marinas were left with a trial and error method 
of equipment selection.  Sometimes this worked fine, but with others, the end product left a lot to be 
desired for both the marina and the boaters. Some companies were very knowledgeable and offered 
assistance when requested.  However this new interest in pump-out equipment also caused an influx of 
new sales personnel, who were often not knowledgeable in terms of how to correctly select the right 
equipment based upon a marina’s site conditions.   
 
A method of evaluating the effectiveness of the commercially available pump-out equipment was needed.  
In 1998, the Oregon State Marine Board initiated the idea to conduct a series of tests to evaluate the 
available equipment for capability and longevity and to share these findings with all interested parties.  
Over the next several years, SOBA’s CVA Committee also heard from many of the state CVA 
coordinators who needed help determining how to specify equipment that would work for their marina 
operators. With the support of the participating CVA states, as well as representatives within the pump-
out industry, and the U.S. Fish and Wildlife Service, SOBA was able to obtain the necessary funding to 
conduct life-cycle testing through the Multi-State Conservation Grant Program in 2002.   
 
The CVA Grant Program has had a great, positive impact on water quality in the United States, the results 
of which are well documented.  Even though the CVA grant program has been funding pump-out 
installations since 1993, the equipment selection process continues to be done primarily through impulse 
buying or anecdotal reference.  Over the next five years, an additional $50 million will be available for 
new and replacement pump-out facilities, making informed equipment selection even more important!   
 
Until this project was conducted, there had been no side-by-side comparisons or independent testing of 
pump-out equipment conducted under such realistically simulated conditions or using such accurate 
recording methods.  As future needs for pump-out equipment develop, SOBA anticipates the test results 
will provide CVA participants a better understanding of how to assess equipment capability and 
longevity, and how to select the best equipment for their CVA and matching dollars.    
 
In the last ten years, the pump-out equipment industry has made great strides in terms of technology and 
equipment reliability.  All of these advances will be useless, however, if the industry does not continue to 
improve customer service.  It is imperative to the success of the CVA program and the industry as a 
whole, to work with the customers to insure that they correctly size and engineer the pump-out stations 
from the start, so they get it right the first time!  This is not to say that the industry itself must bear the 
entire burden.  It is also the responsibility of the participating CVA states and their coordinators to insure 
that the marinas follow the recommendations of the manufacturers for equipment installation, operation 
and maintenance.  Great successes have been enjoyed from the CVA program; we should all strive to 
continue these successes as well as to improve on what we have created.  
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STUDY BACKGROUND 
 
It is very important for marina operators to understand that different products are best for different 
situations. For instance a diaphragm unit, due to economy of price, may be best the best choice for low 
usage and low head requirements, but a peristaltic or vacuum unit may be a better choice if high volumes 
are to be pumped or the site has significant head conditions. It is up to the marina operator to decide 
which pumpout unit is appropriate for their site and which information contained within this report may 
be appropriate or acceptable for their circumstances.   
 
When dealing with a national program such as the CVA, there are unlimited variables.  Marine conditions 
and even personal attitudes in California may not be the same or even acceptable in Florida or elsewhere.  
This test does not presume to address all the variables that exist, nor could it ever attempt to do so.  This 
test and its conditions were picked as a starting point.  The test conditions simulated an actual piping 
network and the environmental conditions these units could be subject to at any marina. The conditions 
for this test may or may not be similar in some respects to a particular area.  The reader must decide 
which information may be appropriate or acceptable for their circumstances.  
 
Pump-out equipment manufacturers all offer statistics regarding the capability of their equipment.  
However, no two manufacturers test their equipment in the same manner, nor do they use the same piping 
network during their in-house testing.  In many instances, the pump-out equipment is also tested using 
only simulated head conditions against a pump and/or without using the actual intake hose that is supplied 
with the pump.  This can have a dramatic effect on the pumping capabilities.  This pump-out testing was 
intended to provide an independent assessment of the capability of the equipment from startup to 1000 
hours of operation under the same conditions.  Also, the testing was intended to evaluate the capability of 
pumping a more realistic medium that includes paper products, personal hygiene items, pieces of plastic 
or foam cups, plastic bags and other common materials commonly dumped into boat holding tanks.  An 
assessment of the equipment to withstand environmental effects such as salt spray and ultraviolet 
exposure is also important information needed in making decisions for placement of new pump-out 
equipment, especially in coastal areas.  These are just a few of the areas that this project attempted to help 
address.  
 
All known pump-out manufacturers (single-point units) were invited to participate in this testing project. 
The manufacturers were sent a letter (Exhibit A) that detailed the testing and plumbing system that the 
project would entail.  Each manufacturer was asked to supply a pump(s) from their product line of 
diaphragm, vacuum or peristaltic pumps that they felt would be capable of performing under these 
conditions. In all, seven manufacturers submitted 13 different models for testing.  Represented were:  
 

Edson International (one each of a diaphragm, vacuum and peristaltic pump), 
  Exstar International Corporation (one diaphragm pump),  

Keco Pump & Equipment Co. (one each of a diaphragm, vacuum and peristaltic pump),  
EMP Industries (two peristaltic pumps),  
Chesapeake Bay Marine (one vacuum pump),  
Waubaushene Machine and Welding (two vacuum pumps) and 
Mariner Technologies (one peristaltic pump).   

 
The pumps were shipped to Underwriters Laboratories, Research Triangle Park, in North Carolina for 
assembly and testing.  The testing was conducted over a nine-month period between November 2003 and 
August 2004.  Originally it was intended to test all equipment for a period of 1,000 hours on each unit, 
however due to equipment repairs and other time constraints, it was necessary to stop the testing on June 
4, 2004. (The Chesapeake Bay unit was allowed to continue to run beyond the June 4th cut-off due to the 
discovery that the lubricating oil chosen for the test was causing the system to inadvertently overheat and 
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shut down.  A discussion of this is found in Annex 4.2 discussing this unit.) (Special note: Since the 
testing project began, Mariner Technologies has ceased to do business.  This unit was withdrawn from the 
testing, and no results are shown for this unit.)  
 
Generally, all of the equipment performed as intended.  There were some surprises and some unexplained 
issues (such as breakers tripping for no apparent reason).  SOBA believes that this is the best effort, to 
date, to run this type of equipment through a well-documented life-cycle test protocol, utilizing the same 
conditions for each unit.  The results of this testing will share information that is of interest to the 
manufacturers, state representatives, marina operators and boaters.  
 
This test report is not intended to eliminate or reject any particular type or brand of equipment from use.  
It is intended to give the responsible federal, state, and local grant participants a baseline of information 
that can be used to help them rationally chose the type of equipment that is best suited to their particular 
needs and to give them an idea of what may be experienced in the maintenance of this equipment over its 
useful lifespan.  It is also hoped that the manufacturers will use this report to analyze and make 
improvements to their equipment to benefit all users.  
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Exhibit A:  Manufacturer’s Invitation and Equipment Specifications 
 

 
August 27, 2002 

 
 
Mariner Technologies 
Attn: Greg McGinnis 
P.O. Box 58272 
St. Petersburg, FL 33715 

 
Dear Pump-out Equipment Manufacturer: 
 
 As you are probably aware, the States Organization for Boating Access (SOBA) has been a strong 
supporter of the Clean Vessel Act since its creation in 1992.  SOBA maintains a strong presence within 
the boating access community throughout the U.S. and is constantly striving to help address members’ 
concerns.  Over the last several years, SOBA has been asked by its members involved in the Clean Vessel 
Act program to help develop some useful life cycle data concerning pump-out stations and equipment. 
 
 SOBA has subsequently been awarded a grant from the U.S. Fish and Wildlife Service to conduct 
such life cycle testing of various types of boat pump-out equipment. 
 
 SOBA has made arrangements with Underwriters Laboratories (U.L) to conduct this testing which 
will evaluate the performance of the pump-out equipment while subjected to various environmental and 
physical conditions over a simulated 10-year life cycle.  The results will be published in a performance 
report that is distributed to the Clean Vessel Act coordinators throughout the U.S. and its territories. 
 

Testing of the equipment will consist of connecting the pump-out equipment to a simulated piping 
network of a predetermined length and composition, while recording flow rates over the life of the 
project.  The equipment will also be subjected to UV and saltwater spray exposure.  (Please see attached 
testing criteria fact sheet for more information.) 

 
SOBA is currently seeking pump-out stations to test.  It is anticipated that the makeup of the test 

group will be approximately: 4 peristaltic pump-out systems, 5 diaphragm pump-out systems, and 4 
vacuum pump-out systems. 

 
SOBA is therefore requesting pricing from you to supply 1 complete standard model pump-out 

station of each type that you manufacture (diaphragm, vacuum or peristaltic).  Each pump-out station and 
ancillary equipment shall meet the minimum specifications attached.  Shipping costs should be estimated 
to Underwriters Laboratories, Research Triangle Park, North Carolina 27709. 
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Selection of the pump-out equipment for this project will be based upon: 
 
(1) Type of pump-out station proposed.  (SOBA will try and maintain the composition of the test 

group discussed earlier.) 
(2) Cost. 

 
Funding for this project is limited, and it is not possible for SOBA to purchase all of the different 
manufactures and models available.  So as an incentive to make this testing program available to 
as many manufacturer’s as possible, SOBA is offering to pay all shipping costs associated to any 
manufacturer who donates his equipment for testing and to return the pump-out equipment at the 
end of the testing period. 
 
If you wish to participate in this project please send your price estimate along with a copy of your 
product catalog or product cut sheet, with the model(s) that you propose for testing clearly marked 
to: 
 

Kevin Atkinson 
SOBA CVA Chairman 
372 Florin Road, PMB #286 
Sacramento, CA  95831 

 
Your price estimate must be received by September 16, 2002 at 5 p.m. PDT. 
 
SOBA anticipates ordering the pump-out equipment within 30 days after the above deadline. 
 
      Sincerely, 
 
 
 
 
 
      Kevin Atkinson 
      SOBA CVA Chairman 
      (916) 263-8149 
 

Attachments 
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SOBA PUMP-OUT EQUIPMENT TESTING OVERVIEW 
 

Identify Independent Testing Facility: In order to produce viable test results an independent testing 
facility has been selected. SOBA has contracted with Underwriters Laboratories (UL) to conduct 
the testing.     

 
Test Samples: The vessel waste disposal industry branches into three different categories of pump-
out units.  These are the diaphragms, peristaltic, and vacuum based pump-out systems.  Ideally, 
every pump-out unit from all known pump-out manufactures would be tested in order to achieve a 
true unilateral test field.  However, there are currently 18 different manufactures of pump-out 
equipment, and in addition many different models from each manufacture.  Therefore, this initial 
testing regiment will be conducted on a representative sample of pump-outs.  This representative 
group will consist of approximately five diaphragm pump-outs, four peristaltic pump-outs, and 
four vacuum pump-outs meeting a predetermined minimum “stock” specification.  

  
Publish Evaluation Findings: Results will be published and distributed to all CVA coordinators on 
both the State and Federal level and to all known industry representatives.   

 
 C.  RESULTS AND EXPECTED BENEFITS 
 

The test results will put to an end any doubts or misconceptions about: 
-which unit(s) perform and which unit(s) do not perform under the test conditions, 
-which unit(s) resists the effects of the environment better than other units, and 
-which unit(s) broke down during the evaluation and how long it took to fix them. 

 
Based on the evaluation findings, the States will be better able to select what unit best suits their 
specific needs without second guessing their design and without being mislead by any 
preconceived notions that the designer may have about a particular brand of pump-out unit. 

 
Rating System: A numerical rating system shall be developed as a means to interpret the findings 
of the test. The following should be incorporated into the rating systems major headings: 

 
-Overall Volume Pumped 
-Average Weekly Flow 
-Average Test Flow 
-Beginning Test Average Flow -vs. End of Test Average Flow 
-Broken Units 

*Cost to Repair 
*Length of Time to Repair 

-Corrosion Resistance 
-Resistance to deterioration due to elements (sun, salt, rain, etc.) 

  -Ability to pass foreign objects 
 
 
Report Format: The following major headings should be used in the Final Report: 
 

- Objective 
- Define the differences between diaphragm, peristaltic, and vacuum pumping     

      systems. 
- Description of pump-out units tested 
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         - Testing procedures 

- Testing environment 
- Rating systems 
- Results 
- Conclusion 

 
 D.   ASSUMED PARAMETERS 
 
  Life Cycle: The assumed average useful life cycle of a typical pump-out is 10 years.  A typical 

pump-out in a medium use area pumps 175 gallons per day according to a study developed by the 
Oregon State Marine Board on the "Effects of Boat Waste at Municipal Wastewater Treatment 
Facilities."  Over a 10-year period, a typical pump-out will pump 638,750 gallons of fluid. 

 
Accelerated Life Cycle: Assuming a pump-out has a minimum acceptable working flow of 10 
g.p.m., the 10-year life cycle volume could be accomplished in an Accelerated Life Cycle volume 
in as little as 45 days of continuous pumping or in 90 days of split pumping (10 minutes pumping, 
10 minutes resting). 

 
Piping Network: Due to our nations extreme environmental diversity, choosing a piping network 
that's representative of all the possible conditions that a pump-out could encounter is impossible.  
The following piping network is recommended, as a median network that would represent 60% of 
the possible conditions a pump-out unit would face.  

 
Suction Head: Shall be eight vertical feet as measured from the tip of the pump-outs' hose nozzle 
to the base of the pump-out unit. 

 
Discharge Head: Pump-out shall discharge through a 2" diameter, schedule 40, PVC piping. The 
discharge head shall simulate a 10' vertical rise and a 200' horizontal run with six (6) 90 degree 
elbow bends and a gate valve.  Distance is as measured from the base of the pump-out unit to the 
invert of the discharge line. 

 
Run Time: All units shall be started and stopped simultaneously except when being individually 
tested.  This will ensure that all the units have an opportunity to an equal run time and are 
therefore playing on the same field of battle.  If a unit should malfunction and need to be turned 
off until repairs can be made, then only that particular unit will be turned off.  This will be done to 
prevent all the units from suffering subtraction of evaluation points due to falling short of the life 
cycle pumping volume in 90 days. 

 
Environment: In order to create a worst-case scenario, a representative coastal environment will be 
created.  The test shall simulate the salt-water marine environment complete with misters to 
imitate sea spray. 

  
E. DRAFT TEST CRITERIA 
  

Any stationary pump-out with a 30' suction hose may be admitted to this test.  The suction pool 
shall be filled with fluid that has similar properties to the fluid held in a typical boat holding tank.  
Sufficient chemicals need to be determined to imitate this mixture.  Soft solids that range in 
diameter of up to one inch must also be added to simulate typical solids found in a boat holding 
tank.  Care shall be taken to maintain a consistent chemical pool level throughout the testing 
process.  The pool shall be checked weekly and corrected as necessary. 
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Suction lift will be 8' (Vertical - as measured from the nozzle of the 30' hose to the base of the 
pump-out unit).  The hose shall only be unrolled enough to make submerging of the nozzle 
possible in the suction pool.  The discharge head shall simulate a 10' vertical rise (as measured 
from the base of the pump-out unit) and a 200' horizontal run through a 2" diameter pipe, schedule 
40 PVC pipe. 

 
The average flow (in g.p.m.) shall be logged weekly.  The average flow shall be acquired 
mechanically or through computation, for all units.  After the average weekly flow has been 
logged, the unit shall be simultaneously forced to pump dry by lifting all the nozzles out of the 
suction pool for a period of 30 seconds and the units shall then be shut off. 
 
The units shall then be tested individually to see how long it takes to pump 30 gallons of water 
through the unprimed system and the results logged (Average Test Flow).  The units shall be 
pumped dry again for a period of 30 seconds.  All nozzles shall be repositioned back in the suction 
pool and started simultaneously. 
     
The test shall last for a period of 90 days, during which time the equipment shall be concurrently 
subjected to continuous UV exposure and a saltwater spray.  One scratch shall be made on each 
unit's exterior housing, pump body, and interior frame.  These scratches shall simulate accidental, 
but likely blemishes that occur during installation.  The scratches shall be approximately 4" in 
length and not more than 1/64" in depth.  As much as humanly possible, care shall be taken to 
ensure that all units have identical marks.  Photographs of each unit shall be taken as well as close 
up photos of the scratches.  The units shall be checked monthly to monitor physical changes (i.e.: 
fading, cracking, etc.).  Pictures of each unit shall be taken each month to record any changes.  

 
Any defective / broken units that need to be repaired during the test (i.e.: hole in diaphragm, 
broken switches, etc.) shall have the incident logged and then shall be fixed to allow continuing 
the testing.  Logging of the incident shall include description of which parts failed, how long it 
took to fix the unit (including time to receive the applicable parts once ordered), and the price of 
the replacement parts.  

 
Pictures shall be taken with the units in the same position, lighting and background as the 
ones at the beginning of the test.  
 
At the conclusion of the life cycle testing a separate test shall be run to determine the ability of 
each pump-out to pass materials not commonly associated with the characteristics of sewage, but 
commonly found in boat holding tanks.  These components are rags, paper towels, paper and 
Styrofoam cups, and personal hygiene products.  This test shall consist of attempting to pump a 
50-gallon tank of fresh water containing a predetermined quantity of each of the above products 
through the pump-out equipment.  Each product shall be tested separately.  The ability of the 
pump-out equipment to pass these materials through the discharge piping shall be recorded and 
rated.  
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MINIMUM SPECIFICATIONS FOR PUMP-OUT STATIONS 
 (SALTWATER ENVIRONMENT) 
 
 Pump-out Equipment shall be sized to meet the following Site Conditions: 
 

Suction Head: Shall be eight vertical feet as measured from the tip of the pump-outs' hose nozzle to the base of the 
pump-out unit. 

 
Discharge Head: Pump-out shall discharge through a 2" diameter, schedule 40, PVC piping. The discharge head shall 
simulate a 10' vertical rise and a 200' horizontal run with six (6) 90-degree bends and a ball valve.  Distance is as 
measured from the base of the pump-out unit to the invert of the discharge line. 

 
PUMP-OUT STATION- Diaphragm Type  

 
  A.  PUMP - The pump diaphragm shall be constructed of Nitrile. The pump body shall be constructed of marine grade 

aluminum, bronze, or cast iron.  
 

The pump shall be operated by: (a) One green ON push button with a 10 minute automatic shut-off timer The 
automatic timer shall be preset at 5 minutes.  One red OFF push button may also be supplied at your option. 
 

 B. MOTOR - The motor shall be totally enclosed, 115/230 volt, 1 phase, of standard off-the-shelf material and 
construction typical for each manufacturers model submitted.   

 
C. FRAME – Standard off- the- shelf material and construction for each manufacturers model submitted.  
 
 D. ENCLOSURE - The enclosure shall be easily removable for component servicing and shall be standard off- the- shelf 

material and construction typical for each manufacturers model submitted. The enclosure shall not enclose the pump-
out hose. 

 
E. HOSE HANGER - An external hose hanger shall be provided. The hanger may be an integral part of the enclosure or 

bolted securely to the enclosure. The hose hanger shall be able to hold 30 feet of 1 1/2 inch diameter suction hose. The 
hose hanger shall be standard model as normally supplied by manufacturer. 

 
F. PUMP-OUT HOSE - The pump-out hose shall be of 1 1/2 inch nominal inside diameter, minimum 25 - 30 feet in 

length (standard length as typically supplied by manufacturer that meets minimum requirement), reinforced flexible 
hose. The hose shall be able to withstand a full vacuum of 29 inches of mercury, a maximum working pressure of 20 
psi, and an operating temperature range of –40 degrees F to 140 degrees F. The hose shall have a smooth interior to 
prevent the collection of solids and be non-kinking, collapse proof and flexible. The hose shall have excellent ozone, 
UV, sewage, seawater, and petroleum resistance. 

 
The pump-out hose shall be equipped with a heavy-duty vandal resistant nozzle assembly. The assembly shall include 
the following: hose adapter, cam action coupling, ball valve, universal suction nozzle, and a clear plastic site tube.  

 
G. HOUR METER - The pump-out station shall come equipped with an hour meter, which records the accumulative 

usage of the pump-out station. Minimum capacity of the hour meter shall be 9,999.9 hours. The hour meter shall be 
mounted so that it is easily readable without removal of the enclosure. 
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 MINIMUM SPECIFICATIONS FOR PUMP-OUT STATIONS 
 (SALTWATER ENVIRONMENT) 
 
 Pump-out Equipment shall be sized to meet the following Site Conditions: 
 

Suction Head: Shall be eight vertical feet as measured from the tip of the pump-outs' hose nozzle to the base of the 
pump-out unit. 

 
Discharge Head: Pump-out shall discharge through a 2" diameter, schedule 40, PVC piping. The discharge head shall 
simulate a 10' vertical rise and a 200' horizontal run with six (6) 90-degree bends and a ball valve.  Distance is as 
measured from the base of the pump-out unit to the invert of the discharge line. 

 
PUMP-OUT STATION- Vacuum Type  

 
  A.  VACUUM PUMP - Standard off-the-shelf material and construction typical for each manufacturers model submitted. 

 
B. MOTOR - The motor shall be totally enclosed, 115/230 volt or 208/230 volt, 1 phase, of standard off- the- shelf 

material and construction typical for each manufacturers model submitted. 
  
C. CONTROLS - Vacuum systems intended to be operated by the general boating public (ie. no attendant) shall be 

controlled by: (a) An ON-Off push button with a 10 minute automatic shut-off timer. The automatic timer shall be 
preset at 5 minutes. The switches shall be labeled ON and OFF in the appropriate positions.  

 
  D. ENCLOSURE - The enclosure shall be the standard off-the-shelf material and construction typical for each 

manufacturers model submitted.    
 
 E. TANKS – The vacuum system tank shall have a minimum capacity of approximately 60 gallons. All tanks 

shall be designed and constructed in accordance with ASME Pressure and Boiler Vessel Codes. 
 
 F. FRAME - The frame shall be made of standard off-the-shelf material and construction typical for each manufacturers 

model submitted. 
  
G. HOSE HANGER - An external hose hanger shall be provided. The hanger may be an integral part of the enclosure or 

bolted securely to the enclosure. The hose hanger shall be able to hold 30 feet of 1 1/2 inch diameter suction hose. The 
hose hanger shall be standard off- the- shelf material and construction typical for each manufacturers model 
submitted. 

 
H. PUMP-OUT HOSE - The pump-out hose shall be of 1 1/2 inch nominal inside diameter, minimum 25 - 30 feet in 

length (standard length as typically supplied by manufacturer that meets minimum requirement), reinforced flexible 
hose. The hose shall be able to withstand a full vacuum of 29 inches of mercury, a maximum working pressure of 20 
psi, and an operating temperature range of –40 degrees F to 140 degrees F. The hose shall have a smooth interior to 
prevent the collection of solids and be non-kinking, collapse proof and flexible. The hose shall have excellent ozone, 
UV, sewage, seawater, and petroleum resistance. The pump-out hose shall be equipped with a heavy-duty vandal 
resistant nozzle assembly. The assembly shall include the following: hose adapter, cam action coupling, ball valve, 
universal suction nozzle, and a clear plastic site tube.  

 
I. HOUR METER - The pump-out station shall be equipped with an hour meter to record accumulative usage. 

Minimum capacity of the hour meter shall be 9,999.9 hours. The hour meter shall be readable without removal of the 
enclosure. 



 

 

  
MINIMUM SPECIFICATIONS FOR PUMP-OUT STATIONS 

 (SALTWATER ENVIRONMENT) 
 

 
 Pump-out Equipment shall be sized to meet the following Site Conditions: 
 

Suction Head: Shall be eight vertical feet as measured from the tip of the pump-outs' hose nozzle to the base of the 
pump-out unit. 

 
Discharge Head: Pump-out shall discharge through a 2" diameter, schedule 40, PVC piping. The discharge head 
shall simulate a 10' vertical rise and a 200' horizontal run with six (6) 90-degree bends and a ball valve.  Distance is 
as measured from the base of the pump-out unit to the invert of the discharge line. 
 
PUMP-OUT STATION- Peristaltic Type 

 
  A.  PUMP – The pump body and construction shall be made of standard off- the- shelf material and construction typical 

for each manufacturers model submitted. 
 

The pump shall be operated by : (a) One green ON push button with a 10 minute automatic shut-off  timer.  The 
automatic timer shall be preset at 5 minutes. One red OFF push button may also be supplied at your option.  
 

 B. MOTOR - The motor shall be 115/230 volt or 208/230 volt, 1 phase, of standard off-the-shelf material and 
construction typical for each manufacturers model submitted. 

 
C. FRAME - The frame shall be made of standard off-the-shelf material and construction typical for each 

manufacturers model submitted. 
  
 D. ENCLOSURE - The enclosure shall be easily removable for component servicing and shall be made of standard 

off- the- shelf material and construction typical for each manufacturers model submitted. The enclosure shall not 
enclose the pump-out hose. 

 
D. HOSE HANGER - An external hose hanger shall be provided. The hanger may be an integral part of the enclosure 

or bolted securely to the enclosure. The hose hanger shall be able to hold 30 feet of 1 1/2 inch diameter suction hose. 
The hose hanger shall be made of standard off- the- shelf material and construction typical for each manufacturers 
model submitted 

 
E. PUMPOUT HOSE - The pump-out hose shall be of 1 1/2 inch nominal inside diameter, minimum 25 - 30 feet in 

length (standard length as typically supplied by manufacturer that meets minimum requirement), reinforced flexible 
hose.  The hose shall be able to withstand a full vacuum of 29 inches of mercury, a maximum working pressure of 
20 psi, and an operating temperature range of –40 degrees F to 140 degrees F.  The hose shall have a smooth interior 
to prevent the collection of solids and be non-kinking, collapse proof and flexible.  The hose shall have excellent 
ozone, UV, sewage, seawater, and petroleum resistance. 

 
The pump-out hose shall be equipped with a heavy-duty vandal resistant nozzle assembly. The assembly shall 
include the following: hose adapter, cam action coupling, ball valve, universal suction nozzle, and a clear plastic site 
tube.  

 
G. HOUR METER - The pump out station shall come equipped with an hour meter, which records the accumulative 

usage of the pump-out station. Minimum capacity of the hour meter shall be 9,999.9 hours. The hour meter shall be 
mounted so that it is easily readable without removal of the enclosure. 
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1.0 EXECUTIVE SUMMARY 
 
1.1 Introduction 
 
This report documents the evaluation of 12 marine-use waste pump-out stations by Underwriters 
Laboratories Inc. (UL) to the testing specification presented by the States Organization for Boating 
Access (SOBA) in the proposal entitled Pump-out Equipment Standards and Life-cycle Testing included 
as Annex 1. 
 
The following testing was conducted at Underwriters Laboratories Inc. at the Research Triangle Park, 
North Carolina facility as part of the evaluation: 
 

1. Pump-out Station Life-cycle Testing 
2. Corrosion Resistance of Pump-out Unit Materials:  Salt-Spray Test Method (ASTM B 117-03) 
3. Ultraviolent Exposure of Pump-out Station Non-metallic Materials (ASTM G 155-00a) 

 
Testing was conducted November 24, 2003 – September 15, 2004 by engineers and technicians of 
Underwriters Laboratories Inc.  The test methods are described in more detail in Section 2.0. 
 
1.2 Project Team 
 
UL Technical Staff:  The following personnel supervised and/or performed technical aspects of testing 
and repairs to the pump-out units: 
 
 Warren A. ReBarker, P.E. 
 Senior Project Engineer 
 

Terry W. Fisher 
Marine Engineering Technician 

 
States Organization for Boating Access (SOBA) Representative:  The following member of SOBA’s 
Clean Vessel Act (CVA) Committee was available throughout the evaluation to assist UL engineers and 
technicians with development of the test methods: 
 
 Mr. Kevin Atkinson 

SOBA CVA Committee Chairman (1997-2002) 
California Department of Boating and Waterways 
2000 Evergreen Street, Suite 100 
Sacramento, CA 95815 
 

1.3 UL Testing Facilities 
 

 
Test Category 

 
Location 

Nationally Recognized 
Testing Laboratory 

(NRTL) 
Pump-out Station Life-Cycle Testing UL; RTP, NC Yes 
Pump-out Station Salt-Spray Testing UL; RTP, NC Yes 
Pump-out Station Ultraviolet Exposure Testing UL; RTP, NC Yes 



  Page 19 of 117 

 

 

2.0 ANALYSIS SCOPE 

2.1 Pump-Out Units Evaluated 
 
The tables below provide information on the pump-out systems that were evaluated in this study: 
 
Diaphragm Units 
 

Manufacturer Model 
Edson International 284EB-40 
Exstar International Sani-Station SS-100 Deluxe 
Keco PAH-175 
 
Peristaltic Units 
 

Manufacturer Model 
Edson International 286EP-40 
EMP Industries Sanisailor Sentinel - M300 
EMP Industries Sanisailor Sentinel - EV405 
Keco PER900.1PH 
 
Vacuum Units 
 

Manufacturer Model 
Chesapeake Bay Marine CB70HD 
Edson International 290-35-1HP 
Keco Vacuum 1000V-3 HP 
Waubaushene AVR60 
Waubaushene LD125 
 
 
Note: The results herein should not be evaluated on any one-test item; such as how many hours each 
unit ran. This project was intended to simulate how each unit could be relied upon to operate and stand 
up to a lifetime of use and exposure.  In order to fully evaluate each unit, one must look at all of the 
results including the breakdowns, maintenance requirements and how the unit can be expected to 
withstand environmental conditions such as UV exposure, freezing temperatures and wet conditions. 
The project team did their best to ensure that each unit ran the full 1000 hours originally intended, 
however the time and effort required to operate 13 pumpout units simultaneously proved to be a 
formidable task and some unforeseen delays were encountered. 
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2.2 SOBA Life-Cycle Testing Set-up 
 
Physical Layout 
 
In order to perform life-cycle testing of the pump-out units for this study, a custom test set-up had to be 
constructed at UL’s Research Triangle Park, N.C. facility.  The photograph of the test setup below 
illustrates the mounting of the units for life-cycle testing. 
 

 
 
The units were mounted on a simulated dock structure to closely match the actual mounting of the units 
in a marina.  The dock structure was supported on a concrete pad. 
 
As specified in Annex 1, the following critical parameters were constructed into the life-cycle testing 
set-up for each pump-out unit: 
 
Suction Lift:  8 feet 
Discharge Head:  10 feet 
Discharge Piping:  200 feet of 2-inch Schedule 40 Polyvinyl Chloride (PVC) piping 
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The suction pool, specified in Annex 1, was provided through the installation of an underground storage 
tank adjacent to the dock structure.  An engineering drawing of the tank is shown below. 

 
 
The underground storage tank was constructed of reinforced concrete and had the following internal 
dimensions: 
 
Height:   8 feet 
Length:  8 feet, 6 inches 
Width:    4 feet, 6 inches  
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The tank was constructed with two 24-inch man-ways on the top that were used as penetrations to allow 
access of the suction hoses of the pump-out units.  The tank was coated on the internal surfaces with 
coal tar epoxy to prevent leakage of groundwater into the tank, and prevent leakage of the test media out 
of the tank.  The tank was filled to approximately 40 inches in depth with the test media, and each inch 
of tank volume represented approximately 25 gallons, so the volume of the test media in the tank was 
approximately 1000 gallons.  The suction hoses for the pump-out units were routed into the tank through 
the 24-inch man-ways on the top of the tank and supported so the tip of the suction hose was suspended 
approximately 6” below the surface of the test media in the underground storage tank. 
 
Annex 1 specified that all pump-out units be subjected to a suction lift of 8 feet during life-cycle testing.  
The suction lift was measured from the surface of the test media in the underground storage tank to the 
base of the pump-out units mounted on the dock structure.  The suction lift was monitored on a daily 
basis during life-cycle testing by using a calibrated tape measure to determine the vertical distance 
between the base of the pump-out units and the surface level of the test media in the tank.  The suction 
lift was maintained at 8 feet +/- 3 inches throughout the test. 
 
As specified in Annex 1, all pump-out units were connected to a discharge piping network that was 
constructed with the following piping details: 
 
1. 200 feet of 2-inch Schedule 40 Polyvinyl Chloride (PVC) piping; 
2. six 2-inch, 90-degree PVC elbows – Note:  A minor modification to the specification for 90-degree 

elbows was made to facilitate the construction of the test set-up and approved by SOBA.  Instead of 
six 90-degree elbows, the piping arrangement for each unit was constructed using five 90-degree 
elbows and two 45-degree elbows to allow the routing of piping down the discharge header shown 
above with more reasonable physical space constraints.  Sweep elbows were used for both the 45-
degree and 90-degree elbows because this type of elbow is most commonly used in marina 
installations of pump-out units to help minimize clogging of the discharge piping; and  

3. one 2-inch gate valve – installed in piping network adjacent to the flowmeter for measuring the flow 
of media through the discharge piping network of each pump-out unit. 

 
In order to achieve this piping arrangement, the piping was run down a wooden support structure for 
approximately 90 feet. The piping was then directed upward and the direction of flow was reversed 
using two 90-degree elbows, and the piping was run back down the support structure an additional 
length of approximately 90 feet.  The piping was then directed upward using a 90-degree elbow and 
extended to 10 feet above the base level of the pump-out units to meet the requirements specified in 
Annex 1.  Two 90-degree elbows were used at the end of the piping runs to direct the outlet of each 
pump-out unit into a return duct that dumped the test media back into the underground storage tank.  
The total volume of the piping runs for all pump-out units was approximately 500 gallons. 
 
In summary, the flow path for each pump-out unit was: 
 
1. the test media in the underground storage tank was pumped up into the pump-out unit through the 

30-foot suction hose supplied with each unit; 
2. the test media was then pumped down the discharge network described above and the flow of test 

media was measured for each pump-out unit using a flowmeter described in a later section; and 
3. the test media then dumped into the open-air return ducts that dumped the test media to the 

underground storage tank so the media could be recycled in the process. 
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The discharge piping runs are shown in the photograph below. 
 

 
 
The return ducts in the discharge piping network are shown in the photograph below. 
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Test Media 
 
As specified in Annex 1, the underground storage tank was filled with a fluid that had similar properties 
to the fluid held in a typical boat holding tank.  The following mixture of three components was chosen 
by SOBA as the test media after thorough discussion with professionals familiar with the characteristic 
of boat holding tank waste: 
 
1. Water with a slightly acidic pH (6.0-6.5) – The water volume of the tank (filled to a depth of 

approximately 40 inches) and pump-out station piping was approximately 1500 gallons.  The pH 
range of 6.0-6.5 was chosen because it closely matches the pH of uric acid found in urine. 

2. Toilet tissue - 15,000 sheets of 2-ply toilet tissue were shredded and added to the water in the tank to 
achieve a concentrate of approximately 10 sheets/gallon in the 1500 gallons of test media. 

3. Sponge Material – Small pieces of sponge material were added to the water in the tank to simulate 
typical solids found in a boat holding tank.  Sponges that are commercially available (Q.E.P Brand – 
Super Sponge) for use with tile and flooring installations were cut into small rectangular pieces 
ranging in size from to 1/8” to 3/4”.  This type of sponge was chosen for use because the material 
used in this sponge became neutrally buoyant after immersion in water.  A total of 144 sponges were 
cut up into pieces for the test media, which yielded a total dry weight of 11.1 pounds of sponge 
material. 

 
The underground storage tank was filled to a depth of approximately 40 inches using tap water from the 
city water supply.  Test runs on the life-cycle testing setup were then performed with water to ensure 
that all units operated properly in the setup prior to the addition of the toilet tissue and sponge material. 
 
Following the successful completion of several test runs of the pump-out units with water, the toilet 
tissue and sponge material was added to the tank and the tank contents were thoroughly agitated by 
running the pump-out units.  The pH of the media was then measured using a calibrated pH meter after 
the water had been in the tank for several weeks.  Several pH measurements taken over several days 
revealed that the pH was within the range of 6.0-6.5, so no chemical adjustment of the water was 
required.  The pH of the media was measured periodically using the calibrated pH meter to ensure that 
the pH of the test media was within the specified range throughout life-cycle testing. 
 
Electrical Power 
 
Electrical power for the pump-out units was provided from a 200-Ampere service that was supplied 
from a custom electrical panel constructed specifically for this test program.  SOBA chose to have the 
pump-out units run in the split-pumping sequence (10 minutes pumping, 10 minutes resting) specified in 
Annex 1.  In order to support running the pump-out units in the split-pumping sequence, the electrical 
panel was designed to supply power to only a portion of units at any one time.  This minimized the 
electrical current requirements of the electrical connection and the associated cost of the electrical 
installation.  The total power requirement for all pump-out units was evaluated and the pump-out units 
were then divided into two sets that had nearly equal electrical current requirements.  The tables on the 
following page show the distribution of the pump-out units into the two sets. 
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In the split-pumping sequence, Set 1 pumped test media for 10 minutes, while Set 2 was resting for 10 
minutes.  Then, Set 2 pumped test media for 10 minutes, while Set 1 rested for 10 minutes.  This 
sequence was repeated over and over through the use of a timing circuit described later. 
 
A photograph of the electrical panel is shown below. 
 

 
 
 
 
 

Set 1 
Manufacturer Model 

Edson International 286EP-40 
Edson International 290-35-1HP 
EMP Industries Sanisailor Sentinel - M300 
EMP Industries Sanisailor Sentinel - EV405 
Keco PAH175 

Set 2 
Manufacturer Model 

Chesapeake Bay Marine CB70HD 
Edson International 284EB-40 
Exstar International Sani-Station SS-100 Deluxe 
Keco PER900.1PH 
Keco Vacuum 1000V-3 HP 
Waubaushene AVR60 
Waubaushene LD125 
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The electrical panel was constructed with the following features in order to achieve the split-pumping 
sequence: 
 
1. Individual circuit breakers for each pump-out unit – Each unit was powered from individual circuit 

breakers that were installed in the electrical panel.  The current rating for the individual breakers for 
each unit was based on the electrical rating of the pump-out unit and the manufacturer’s instructions 
for installation of the unit.  Details of the circuit breakers that were used with each individual pump-
out unit are included in Annexes 2, 3, and 4; 

2. Ground Fault Circuit Interrupters (GFCI) – GFCI protection was provided for each unit by use of a 
GFCI circuit breaker or by use of a GFCI receptacle outlet in the power supply circuit for the unit.  
Details of the GFCI protection for each unit is outlined in Annexes 2, 3, and 4; 

3. Relay Contactors – Three sets of relay contactors were used to cycle power to the two sets of pump-
out units for the split-pumping sequence of 10 minutes pumping followed by 10 minutes resting; 

4. Programmable Logic Controller (PLC) – A PLC was installed in the electrical panel to provide the 
control circuit and timing for cycling the three relay contactors; 

5. Calibrated Timers – To precisely measure the amount of time that each set of pump-out units were 
running during life-cycle testing; 

6. Power Supply for Electrical Panel Accessories – Power for the following accessories contained in 
the electrical panel:  PLC, relay contactors, and calibrated timers; 

7. Power Supply for Flowmeters – Power for the flowmeters for the 12 pump-out units was supplied 
from the electrical panel. 

 
Flow Measurements 
 
During life-cycle testing, the flowrate of test media through each pump-out unit was measured using an 
electronic flowmeter.  A separate flowmeter was installed in the discharge piping network of each 
pump-out unit.  A photograph of the flowmeters installed in the discharge piping network of the life-
cycle testing set-up is shown below. 
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The flowmeters selected for use in the study were the Kronhe Model IFS 1000 Wafer Style Flowmeter 
with the Model IFC 090 Converter.  This type of flowmeter was selected for the following reasons: 
 
1. Flowmeter Construction – The flowmeter consists of a 2-inch diameter flow-tube and an electronic 

converter.  The flow-tube is essentially a 2-inch diameter pipe section that connects into the 2-inch 
Schedule 40 PVC piping, allowing precise flow measurement of media passing through the flow-
tube with minimal flow restriction in the piping.  Metal flanges were used to support the flow-tube in 
the discharge piping runs.  Internally, the flow-tube is surrounded by a set of electrical windings and 
the rate of flow of media through the tube is measured using Faraday’s Principle.  Faraday, a 
physics pioneer, discovered that when a conductor is moved through a coil of wire, an electrical 
voltage is induced in the coil.  In this case, the conductor is the test media moving through the flow-
tube.  The voltage produced in the flow-tube is proportional to the rate of flow of test media through 
the flow-tube and the electronic converter mounted on the flow-tube converts the voltages produced 
in the flow-tube to an accurate measurement of flow of media through the flow-tube in gallons per 
minute.  The flowrate of test media was displayed on the electronic converter’s display; 

2. Measurement of Mixed Media – This type of flowmeter is specifically designed for flow 
measurement of mixed media such as the mixture of water, toilet tissue, and sponge material that 
was used in the study; 

3. Superior Accuracy of Flow Measurement – The manufacturer’s specified accuracy of this flowmeter 
is less than +/- 1%; and 

4. Flow Totalizer Feature – In addition to measuring the rate of media flow through the flow-tube in 
gallons per minute, the electronic converter also keeps a running total of the number of gallons that 
have passed through the flow-tube.  This feature was utilized to measure the total volume of test 
media in gallons that each unit pumped during a run of the test set-up. 

 
As specified in Annex 1, Average Flow measurements were taken on all pump-out units periodically 
during life-cycle testing.  The Average Flow for each pump-out unit was calculated for each run of the 
life-cycle testing set-up by using the following equation: 
 
Average Flow (gallons/minute) = _Volume of test media pumped by the pump-out unit (gallons)__ 

Run Time for the pump-out unit (minutes) 
where: 
 
Volume of test media pumped by the pump-out unit (gallons) – measured by the  Flow Totalizer feature 
of the flowmeter. 
 
Run Time for the pump-out unit (minutes) – measured by the calibrated timer in the electrical panel for 
each set of pump-out units. 
 
The Average Flow data for all pump-out units during life-cycle testing is documented in the tables in 
Annex 5.1.  The Flow Totalizer for each pump-out unit and the calibrated timers for each set of pump-
out units was reset to zero at the beginning of each run of the life-cycle testing set-up. 
 
Life-cycle testing commenced on November 24, 2003 and was conducted until 1000 hours was 
accumulated on the pump-out units, or until an end date of June 4, 2004 was reached.  
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Data Recording 
 
In addition to the data that was recorded by hand from the Flow Totalizers and calibrated timers, the 
flowrate in gallons/minute was recorded using an electronic data recorder that was used to collect 
flowrate data for all units.  This data recorder was set up in a laboratory building adjacent to the life-
cycle testing set-up.  Twisted-pair data cables were run from the flowmeters to the electronic data 
recorder through an underground pipe in order to supply the electronic signals from the flowmeters to 
the data recorder. 
 
The flow data that was recorded by hand from the flowmeters and calibrated timers was used as the 
official data for the evaluation, but the flow data displayed on the electronic recorder was very useful in 
analyzing the flow patterns generated by the pump-out units when the units were pumping.  This real-
time flowrate information displayed on the electronic recorder was very useful in allowing the personnel  
to monitor the units on a daily basis and check that the flow patterns of each pump-out unit were 
consistent from day to day.  This real-time information was also extremely helpful in troubleshooting 
flowrate fluctuations in the units that indicated when the unit needed to be repaired. 
 
The Thermo Westronics SV100 Paperless Recorder was selected as the electronic data recorder for the 
following reasons: 
 
1. Cost Effective – This data recorder provided a useful data display at reasonable cost; and 
2. Data Storage – The data recorder stored the flow data on an internal storage card.  The data recorder 

was attached to a Local Area Network (LAN) and the flow data was transferred from the internal 
data card to a network storage location once per day. 

 
A photograph of the Thermo Westronics SV100 Paperless Recorder is shown below. 
 

 
 



  Page 29 of 117 

 

 
Periodic Flow Checks and Vacuum Checks 
 
As specified in Annex 1, the pump-out units were also periodically tested to see how long it took to 
pump 30 gallons of test media through the unprimed system (Periodic Test Flow).  SOBA also requested 
that periodic vacuum measurements be made on each pump-out unit in conjunction with the periodic 
flow checks.  For these checks, the life-cycle testing set-up was temporarily shutdown for the periodic 
flow and vacuum checks.  These measurements were made between the life-cycle testing runs outlined 
in Annex 5.1, and the data from the periodic flow and vacuum measurements are documented in Annex 
5.2. 
 
The following method was used to collect the periodic flow and vacuum data for each pump-out unit: 
 
1. Each pump-out unit was pumped dry by disconnecting the suction hose connection at the unit and 

the unit was operated for 30 seconds and then shut off; 
2. A calibrated vacuum pressure gauge was connected to each pump-out unit and the unit was operated 

until maximum vacuum was achieved.  The vacuum reading was recorded for each unit; and 
3. A 50-gallon test cylinder was filled with test media and a 30-foot suction hose was attached to the 

pump-out unit under test.  Each pump-out unit was individually operated with the 30-foot suction 
hose drawing media from the 50-gallon test cylinder and the time required to pump 30 gallons of test 
media was measured using a calibrated stop watch and recorded. 

 
The calibrated vacuum gauge used for the study was an Ashcroft Gauge with the following 
specifications:  Part # 35-1009AW-02L; 3.5” Dial; 1% Full-Scale Accuracy with National Institute of 
Standards and Technology (NIST) Certification. 
 
Ability to Pass Foreign Objects 
 
At the conclusion of the life cycle testing, a separate test was run to determine the ability of each pump-
out unit to pass materials not commonly associated with the characteristics of sewage, but commonly 
encountered in boat holding tanks.  The components chosen by SOBA were rags, paper towels, 
Styrofoam cups, and personal hygiene products.  The test consisted of attempting to pump a 50-gallon 
tank of fresh water containing the following mixture of each of the above products through the pump-out 
unit: 
1. Rags (Type = 12-inch square shop rag, Quantity = 1) 
2. Paper Towels (Type = Standard kitchen paper towel, Quantity = 6) 
3. Styrofoam cups (Type = 14 oz cup, Quantity = 6 cups broken up into 1-inch squares) 
4. Personal hygiene products (Type = Tampax Super Absorbent Tampon, Quantity = 6) 
 
Each pump-out unit was tested separately, and the Pass/Fail results of this test are recorded in the tables 
below. 
 
Diaphragm Units 
 

Manufacturer Model Results (Pass/Fail) 
Edson International 284EB-40 Unit removed from study 

Exstar International Sani-Station SS-100 Deluxe Unit removed from study 

Keco PAH175 Fail 
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Peristaltic Units 
 

Manufacturer Model Results (Pass/Fail) 
Edson International 286EP-40 Fail 
EMP Industries Sanisailor Sentinel - M300 Fail 
EMP Industries Sanisailor Sentinel - EV405 Fail 
Keco PER900.1PH Fail 
 
Vacuum Units 
 

Manufacturer Model Results (Pass/Fail) 
Chesapeake Bay Marine CB70HD Fail 
Edson International 290-35-1HP Fail 
Keco Vacuum 1000V-3 HP Fail 
Waubaushene AVR60 Fail 
Waubaushene LD125 Fail 
 
All units that were subjected to the Ability to Pass Foreign Objects test developed clogs in the suction 
piping and failed to pass all of the materials through the unit.  The most common point of clogging was 
in the 1 ½ -inch suction hose where the hose narrows at the coupling to the pump-out unit. 
 
Repairs Required to Pump-Out Units  
 
As specified in Annex 1, any defective/broken units that needed to be repaired during life-cycle testing 
(i.e. hole in diaphragm, broken switches, etc.) had the incident logged and the pump-out unit repaired to 
allow continuation of life-cycle testing.  Logging of the incident included a description of which parts 
failed, how long it took to fix the unit (including time to receive the applicable parts once ordered), and 
the price of the replacement parts.  The details of repairs that were required for each pump-out unit are 
included in Annexes 2, 3, and 4 as part of the detailed descriptions of each pump-out unit. 
 
Note:  This project required running 13 pumpout stations simultaneously utilizing a split pumping 
sequence. This requirement proved a formidable task in terms of time and labor for the UL staff, 
especially when repair work was required.  In several instances multiple pumpout units required repair at 
the same time; thus requiring the staff to choose which unit to repair first. The project team did their best 
to ensure that each unit ran the full 1000 hours originally intended, however the time and effort required 
to operate and maintain the 13 pumpout units proved to be a formidable task and some unforeseen 
delays were encountered that were not the fault of the equipment manufacturers.. 
  
Environmental Testing 
 
Annex 1 specified that the pump-out units be tested in a worst-case scenario of environmental 
conditions.  Ideally, a representative coastal environment would have been created to simulate the worst-
case corrosive conditions.  Because of the complexity of creating this type of environment and the 
associated costs of construction, SOBA decided to use alternate methods of determining the ability of 
the pump-out units to operate in a corrosive environment.  The test methods outlined in Sections 2.3 and 
2.4 were used to evaluate pump-out station materials for resistance to salt-water exposure and ultraviolet 
exposure. 
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2.3 Corrosion Resistance:  Salt-Spray Test Method 
 
Samples of pump-out unit metallic materials were subjected to salt-spray testing in accordance with 
ASTM B 117-03 (Standard Practice for Operating Salt Spray Apparatus).  The samples were exposed to 
a controlled corrosive environment in an exposure chamber for approximately 30 days to simulate a life-
cycle of exposure based on the recommendation of a UL engineer who has expertise in the field of 
metallic corrosion.  The samples were evaluated for evidence of corrosion at the end of the exposure 
period.  The results of this testing for each unit are included in Annexes 2, 3, and 4 as part of the detailed 
descriptions of each pump-out unit. 
 
 
2.4 Ultraviolet Exposure Resistance:  Xenon Arc Light Exposure Test Method 
 
For units with covers constructed of non-metallic materials such as fiberglass and plastic, samples of the 
materials were subjected to xenon arc light and water exposure in accordance with ASTM G 155-00a 
(Standard Practice for Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic Materials).  
This method reproduces the weathering effects that occur when materials are exposed to sunlight and 
moisture as rain or dew in actual use.  The samples were exposed to this ultraviolet exposure for a period 
of 1000 hours based on the recommendation of a UL engineer who has expertise in the field of 
ultraviolet exposure of plastic and fiberglass materials to simulate a life-cycle of exposure. 
The results of this testing for each unit are included in Annexes 2, 3, and 4 as part of the detailed 
descriptions of each pump-out unit. 
 
2.5 Evaluation of Test Results  
 
The results contained herein should not be evaluated on any one-test item; such as how many hours each 
unit ran. This project was intended to simulate how each unit could be relied upon to operate and stand 
up to a lifetime of use and exposure.  In order to fully evaluate each unit, one must look at all of the 
results including the breakdowns, maintenance requirements and how the unit can be expected to 
withstand environmental conditions such as UV exposure, freezing temperatures and wet conditions. 
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ANNEX 1 – SOBA Multi-State Conservation Grant Proposal:  Pump-Out Equipment Standards 
and Life-Cycle Testing 
 
OBJECTIVE:  The objective of this proposal is to: (1) develop a standard method for evaluating the 
effectiveness of commercially available pump-out equipment; and (2) to determine the estimated 
lifecycle of currently available pump-out equipment.  
 
NEED:  This proposal addresses the National Conservation Need #4:  Programs that enhance and 
improve the ability of states to administer their agency and manage the wildlife resources of their state.  
 
There are currently 49 states out of a total of 56 states and territories participating in the Clean Vessel 
Act (CVA) program. This proposal will benefit all 49 states and territories that are currently 
participating in the CVA program as well as any future additional participants. The Clean Vessel Act 
program has spent over $80 million for the installation and replacement of pump-out facilities 
nationwide. Never before has such a huge sum of government funds been expended for equipment 
without even a minimum performance standard being established. In order to make decisions regarding 
“the right equipment for the right application,” a standard testing method needs to be developed and 
independent testing of available equipment is needed to ensure the best use of funds. This project will 
provide the state agencies with much needed information and assistance that have been unavailable or 
difficult to obtain in the past. As a result, the agencies administering the CVA program will improve the 
cost effectiveness of the program and their responsibilities.   
 
During the past seven years of the CVA program, many manufacturers have developed and introduced 
pump-out equipment to meet the new demand for pump-out and dump-station applications.  Much of the 
equipment in the industry is relatively new in design, and certainly new enough that “proven track 
records” of reliability are unavailable. Grantees are bombarded daily with pamphlets and sales literature 
from companies claiming to have a “better mouse trap” except in this case, it’s a pump-out station or 
dump-station.  New materials, different suction methods, misleading pumping information, and the lack 
of past product performance data make proper equipment selection difficult at best. 
 
As new or original pump-out equipment begins to need repair or replacement in the next five years, 
information needs to be made available to CVA agencies and their partners that will allow them to select 
replacement equipment that will be the best value choice for a particular application.   
 
The need for a unified effort to address the lack of information and standards has been a constant topic 
of discussion at the States Organization for Boating Access (SOBA) national conferences for the past 5 
years.  (SOBA since 1996 has hosted an annual conference that brings together the various fish and 
game agencies that administer the CVA program.) To date, there has been no coordinated effort made to 
provide or establish minimum standards, as well as provide independent equipment testing under 
realistically simulated conditions that will allow states and users to select the best equipment for the 
dollar.  
 
RESULTS AND EXPECTED BENEFITS:  
 
This proposal meets the National Conservation Need #4:  Programs that enhance and improve the ability 
of states to administer their agency…” The need for this information is well documented and conducting 
a single source-testing regimen is much more cost effective that letting each state conduct their own 
testing program. This proposal will provide the States with information that will allow them to expend 
program funds in a more cost effective manner.  
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The test results will put to an end any doubts or misconceptions about: 
-which unit(s) perform and which unit(s) do not perform under the test conditions; 
-which unit(s) resists the effects of the environment better than other units; and 
-which unit(s) broke down during the evaluation and how long it took to fix them. 
 
Based on the evaluation findings, the States will be better able to select what unit best suits their specific 
needs without second guessing their design and without being mislead by any preconceived notions that 
the designer may have about a particular brand of pump-out unit. 
 
The developed standards and testing results will be published and distributed to CVA coordinators on 
both the State and Federal level and to industry representatives. In addition, the information can be made 
available via the worldwide web at the SOBA website, if deemed appropriate.  It is estimated that 
between 5-10% of the pump-out equipment installations fail prematurely or do not perform to expected 
levels. Given the $80,000,000 expenditure of CVA funds, to date, this proposal could result in a savings 
of $4-8 million dollars in CVA expenditures. The total requested for this proposal is less than 3% of the 
$10,000,000 that is currently spent each year on pump-out equipment! 
 
 
APPROACH TO DEVELOP EQUIPMENT MINIMUM STANDARDS AND CONDUCT LIFE 
CYCLE TESTING OF EQUIPMENT 
  
A. BACKGROUND 
 
During the past five years of the CVA program, many manufactures have developed and introduced 
pump-out equipment to meet the new demand for pump-out and dump-station applications.  Much of the 
equipment in the industry is relatively new in design and certainly new enough that “proven track 
records” of reliability are unavailable. Grantees are bombarded daily with pamphlets and sales literature 
from companies claiming to have a better pump-out station.  New materials, different suction methods, 
misleading pumping information, and the lack of past product performance data make proper equipment 
selection difficult at best. 
 
As new or original pump-out equipment begins to need repair or replacement in the next five years, 
information needs to be made available to CVA grantees that will allow them to select replacement 
equipment that will be the best value choice for a particular application.  The following discussion 
represents a brief overview of the proposed scope of the pump-out station testing.  
 
B. NEED 
 
Pump-out equipment manufacturers all offer statistics regarding the capability of their equipment. What 
is needed is an assessment of the capability of their equipment at 1, 100, 500 and 1000 hours of 
operation.  Also, what is the capability for pumping a realistic medium that includes paper products, 
sand, plastic and foam cups, plastic bags and other common materials dumped into boat holding tanks.  
An assessment of the equipment to withstand environmental effects, such as salt spray and ultraviolet 
exposure, is also needed in order to make decisions for new or replacement pump-out equipment. 
 
 
 
 
 



  Page 34 of 117 

 

The pump-out equipment testing needs to address the following issues.  
 
1) Misleading pumping information is a major cause of unit failure and is the main reason an 
independent test is needed.  The word “misleading” is used because the industry will only guarantee that 
their pump-out units will produce the promised results the first time they are used with clean, 
unrestricted piping.  Since the goal of the Clean Vessel Act is to enable a boater access to a working 
vessel waste disposal facility at all times, this is unacceptable.  If a boater attempts to pump-out their 
boat with a broken pump-out unit, the integrity of the program is put into doubt.  Because, in that boaters 
mind, the odds are high that the next facility is probably not working either.  The pump-out testing will 
compare the manufacturer’s published pump-out station performance against laboratory results.  
 
2) The performance and reliability of the pump-out equipment over an estimated life cycle needs to be 
accessed.  
 
3) The useful life cycle of the pump-out equipment with regards to its construction materials and the 
environment the unit is working in, needs to be assessed.  (A pump-out may be adequately constructed 
for services on inland water, but corrode away within a few years when located on the harsh coastal 
environment.) 
 
4) Provide a performance comparison between the diaphragm, peristaltic and vacuum pump-out 
systems.  Industry representatives constantly claim that their type of pump-out system is superior to 
other types with no scientific testing to back these claims up.  By having the three types of units tested in 
a fair unilateral, unbiased environment, a conclusion can finally be drawn as to what type of pump-out is 
the industry benchmark on performance.) 
 
C. OBJECTIVES 
 
Key Personnel/Independent Testing Facility: In order to produce viable test results, an independent, 
nationally recognized testing facility should be selected. SOBA has been in contact with Underwriters 
Laboratories (UL) and all cost estimates herein are based upon UL performing the testing. UL labs have 
been testing and certifying marine products since 1969 and are recognized internationally as a leader in 
their field. For more information on the UL testing facilities visit their website at www.ul.com/marine.  
  
Develop Test Criteria: SOBA working with a test panel shall develop fair and reasonable testing criteria.  
A draft of the Evaluation Criteria can be found in Section E, “Test Criteria”, of this proposal. SOBA 
shall create a test panel (estimate 8–10 members) consisting of industry representatives and CVA grant 
coordinators to provide input for the test criteria. The grant coordinator and test panel will meet once to 
initiate the input for the test criteria and again to review and provide final comment on the final draft 
criteria.     
 
Monitor Testing Progress: The SOBA Board (8 members) will have an active involvement in the 
development and review of the testing criteria and testing progress. The SOBA Board will meet three 
times each year, for approximately ½ to 1 full day  (6 meetings total) to develop testing criteria, and 
monitor and review the testing progress.  The grant coordinator will make quarterly reports to the SOBA 
Board and to the USFWS. (The testing regimen proposed is unique to this industry and will require 
vigilant monitoring.  As the testing progresses, changes may have to be made to the testing criteria to 
insure that the results will produce viable and usable information.) 
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The grant coordinator will make presentations at the annual SOBA conference (2 meetings) to update 
the SOBA members on the testing progress.  In addition, a representative of the testing lab may be also 
be brought to the annual SOBA conferences (2 meetings) to present the testing theory, methodology and 
findings. (A laboratory representative will require honorarium and travel expenses to attend the SOBA 
conference.) 
 
Obtain Test Samples: The vessel waste disposal industry branches into three different categories of 
pump-out units.  These are the diaphragm, peristaltic, and vacuum based pump-out systems.  Ideally, 
every pump-out unit from all known pump-out manufactures would be tested in order to achieve a true 
unilateral test field.  However, there are currently 18 different manufactures of pump-out equipment, and 
in addition, many different models from each manufacture.  Therefore, this initial testing regiment will 
be conducted on a representative sample of pump-outs.  This representative group will consist of 
approximately five diaphragm pump-outs, four peristaltic pump-outs, and four vacuum pump-outs 
meeting a predetermined minimum “stock” specification.  
  
Publish Evaluation Findings: One hundred copies of the results will be published and distributed to 
CVA coordinators on both the State and Federal level and to industry representatives.  A draft shell of 
the final report format can be found below in Section C. “Report Format.”  In addition, the information 
can be made available via the worldwide web at the SOBA website if deemed appropriate. 
 
Rating System: A numerical rating system shall be developed as a means to interpret the findings of the 
test. The following should be incorporated into the rating systems major headings: 
 
-Overall Volume Pumped 
-Average Weekly Flow 
-Average Test Flow 
-Beginning Test Average Flow vs. End of Test Average Flow 
-Broken Units 

*Cost to Repair 
*Length of Time to Repair 

-Corrosion Resistance 
-Resistance to deterioration due to elements (sun, salt, rain, etc.) 
-Ability to pass foreign objects 
 
Report Format: The following major headings should be used in the Final Report: 
 
- Objective 
- Define the differences between diaphragm, peristaltic, and vacuum pumping systems. 
- Description of pump-out units tested 
- Testing procedures 
- Testing environment 
- Rating systems 
- Results 
- Conclusion 
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D. ASSUMED PARAMETERS 
 
Life-Cycle:  The assumed average useful life cycle of a typical pump-out is 10 years.  A typical pump-
out in a medium use area pumps 175 gallons per day according to a study developed by the Oregon State 
Marine Board on the "Effects of Boat Waste at Municipal Wastewater Treatment Facilities."  Over a 10-
year period, a typical pump-out will pump 638,750 gallons of fluid. 
 
Accelerated Life-Cycle:  Assuming a pump-out has a minimum acceptable working flow of 10 g.p.m., 
the 10-year life cycle volume could be accomplished in an Accelerated Life Cycle volume in as little as 
45 days of continuous pumping or in 90 days of split pumping (10 minutes pumping, 10 minutes 
resting). 
 
Piping Network:  Due to our nations extreme environmental diversity, choosing a piping network that's 
representative of all the possible conditions that a pump-out could encounter is impossible.  The 
following piping network is recommended as a median network that would represent 60% of the 
possible conditions a pump-out unit would face.  
 
Suction Head:  Shall be eight vertical feet as measured from the tip of the pump-outs' hose nozzle to the 
base of the pump-out unit. 
 
Discharge Head:  Pump-out shall discharge through a 2" diameter, schedule 40, PVC piping. The 
discharge head shall simulate a 10' vertical rise and a 200' horizontal run with six (6) 90-degree bends 
and a gate valve.  Distance is as measured from the base of the pump-out unit to the invert of the 
discharge line. 
 
Run Time:  All units shall be started and stopped simultaneously except when being individually tested.  
This will ensure that all the units have an opportunity to an equal run time and are therefore playing on 
the same field.  If a unit should malfunction and need to be turned off until repairs can be made, then 
only that particular unit will be turned off.  This will be done to prevent all the units from suffering 
subtraction of evaluation points due to falling short of the life cycle pumping volume in 90 days. 
 
Environment:  In order to create a worst-case scenario, a representative coastal environment will be 
created.  The test shall simulate the salt-water marine environment complete with misters to imitate sea 
spray. 
  
E. TEST CRITERIA  
 
Any stationary pump-out with a 30' suction hose may be admitted to this test.  The suction pool shall be 
filled with fluid that has similar properties to the fluid held in a typical boat holding tank.  Sufficient 
chemicals need to be determined to imitate this mixture.  Soft solids that range in diameter of up to one 
inch must also be added to simulate typical solids found in a boat holding tank.  Care shall be taken to 
maintain a consistent chemical pool level throughout the testing process.  The pool shall be checked 
weekly and corrected as necessary. 
 
Suction lift will be 8' (vertical - as measured from the nozzle of the 30' hose to the base of the pump-out 
unit).  The hose shall only be unrolled enough to make submerging of the nozzle possible in the suction 
pool.  The discharge head shall simulate a 10' vertical rise (as measured from the base of the pump-out 
unit) and a 200' horizontal run through a 2" diameter pipe, schedule 40 PVC pipe. 
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The average flow (in g.p.m.) shall be logged weekly.  The average flow shall be acquired mechanically 
or through computation, for all units.  After the average weekly flow has been logged, the unit shall be 
simultaneously forced to pump dry by lifting all the nozzles out of the suction pool for a period of 30 
seconds and the units shall then be shut off. 
 
The units shall then be tested individually to see how long it takes to pump 30 gallons of water through 
the unprimed system and the results logged (Average Test Flow).  The units shall be pumped dry again 
for a period of 30 seconds.  All nozzles shall be repositioned back in the suction pool and started 
simultaneously. 
     
The test shall last for a period of 90 days, during which time the equipment shall be concurrently 
subjected to continuous UV exposure and a saltwater spray.  One scratch shall be made on each unit's 
exterior housing, pump body, and interior frame.  These scratches shall simulate accidental, but likely 
blemishes that occur during installation.  The scratches shall be approximately 4" in length and not more 
than 1/64" in depth.  As much as humanly possible, care shall be taken to ensure that all units have 
identical marks.  Photographs of each unit shall be taken as well as close up photos of the scratches.  The 
units shall be checked monthly to monitor physical changes (i.e.: fading, cracking, etc.).  Pictures of 
each unit shall be taken each month to record any changes.  
 
Any defective/broken units that need to be repaired during the test (i.e., hole in diaphragm, broken 
switches, etc.) shall have the incident logged and then shall be fixed to allow continuing the testing. 
Logging of the incident shall include description of which parts failed, how long it took to fix the unit 
(including time to receive the applicable parts once ordered), and the price of the replacement parts.  
 
Pictures shall be taken with the units in the same position, lighting and background as the ones at the 
beginning of the test.  
 
At the conclusion of the life cycle testing, a separate test shall be run to determine the ability of each 
pump-out to pass materials not commonly associated with the characteristics of sewage, but commonly 
found in boat holding tanks.  These components are rags, paper towels, paper and Styrofoam cups, and 
personal hygiene products.  This test shall consist of attempting to pump a 50-gallon tank of fresh water 
containing a predetermined quantity of each of the above products through the pump-out equipment.  
Each product shall be tested separately.  The ability of the pump-out equipment to pass these materials 
through the discharge piping shall be recorded and rated.  
 
F. SCHEDULE 
 
The proposed project is anticipated to take approximately 24 months to complete. The approximate time 
frame is as follows: 
 
Contact members for Review Panel     1st  – 4th month 
Develop Test Criteria       5th – 8th  month  
Conduct Equipment Life Cycle Testing    9th  – 18th  months 
Draft Final Report       18th- 22nd months 
Final Report         22nd  – 24th month 
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ANNEX 2 – Diaphragm Units 
 
Annex 2.1 - General Information 
 
The table below provides information on the three diaphragm pump-out units evaluated in this study. 
 

Manufacturer Model 
Edson International 284EB-40 
Exstar International Sani-Station SS-100 Deluxe 
Keco PAH-175 
 
 
Theory of Operation – Diaphragm Pump-out 
 
The photograph below is a close-up of the operating mechanism of the Edson International 284EB-40 
Diaphragm Pump-Out unit.  The pump operates by having an electric motor turn a speed-reducing 
mechanism that connects to a linkage that causes a reciprocating action on the diaphragm.  The 
reciprocating action of the diaphragm causes suction in the pump internally during the up-stroke, and 
discharge pressure on the down-stroke.  The direction of fluid flow through the pump is established by a 
set of check valves on the pump (i.e., a suction check valve on the inlet of the pump and a discharge 
check valve on the outlet of the pump).  All three diaphragm pump-out units used this same basic 
construction and theory of operation. 

  Diaphragm 
 
Electric 
Motor 
 
 

 
Speed- 
Reducer 
 
 
 
 
 
 
Linkage 
 
Discharge 
Check 
Valve 
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Annex 2.2 – Manufacturer:  Edson International  
         Model:  284EB-40 (Diaphragm) 

 
Unit Photograph 
 

 
 
 
Description of Pump-Out Unit 
 
Serial Number:  28098 
 
Construction:  Marine Bronze Pump Body 

Nitrile Diaphragm and Valves 
Stainless Steel Hardware 
Aluminum Frame 
Inlet – 2” Male NPT 
Discharge – 2” Male NPT 
Molded Solid Fiberglass Enclosure 
           

Rating of Electric Motor:  ¾ Horsepower, 115 Volts, 8.4 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  20 Amps 
GFCI protection provided by a GFCI receptacle outlet 
 
Rating of Speed Reducer:  Ratio:  31.17; Maximum Torque:  1770 in-lbs 
 
 
Summary of Life-Cycle Testing Performance 
 
Special Note:  Upon review of the proposed testing criteria for the diaphragm pumps, Edson 
International notified the SOBA test committee that the factory would not recommend the use of their 
diaphragm pump under such conditions.  In the interest of being represented, Edson International did 
submit their diaphragm pump for testing. 
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The SOBA test committee would like to recognize Edson International for the forthright manner in 
which addressed this issue, and also for their willingness to submit their diaphragm unit for testing even 
though they recognized that the testing would exceed its recommended capabilities.  
 
The Edson International 284EB-40 Pump-Out unit suffered two diaphragm failures during a period of 
48.8 hours of operation in the life-cycle testing set-up (See Summary of Repairs below).  The diaphragm 
failures occurred due to the large stresses that were generated on the diaphragm by the combination of 
the suction lift and discharge head that the unit was exposed to in the test set-up.  After consultation with 
the manufacturer concerning these failures, Edson International chose to remove the unit from the study. 
 
 
Summary of Repairs 
 
Edson International 
Model:  284EB-40 
 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required to 
receive parts 

(days) 

Time 
required to 
make repair 

(hours) 

Total Time 
Off-Line 

(days) 

Replace diaphragm 36.5 diaphragm $95.00 0 
Note 1 

1 1.1 

Replace diaphragm 48.8 diaphragm $95.00 Note 2 N/A N/A 
Note 1:  Edson International provided a spare diaphragm, so the repair parts were on-hand. 
Note 2:  Edson International decided to remove the unit from the study.  Another replacement diaphragm was not ordered. 
 
 
Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the Aluminum Frame was subjected to the Salt-Spray Exposure 

described in Section 2.3.  The sample was found to have superior corrosion resistance. 
2. Ultraviolet Exposure Resistance:  A sample of the Molded Solid Fiberglass Enclosure for the unit 

was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 2.3 – Manufacturer:  Exstar International  

         Model:  Sani-Station SS-100 Deluxe (Diaphragm) 
 

Unit Photographs 
External View 

 

 
 
 

Internal View 
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Description of Pump-Out Unit 
 
Construction:  Cast Iron Pump Body (treated with rust inhibitor and painted) 

Rubber Diaphragm (with cord reinforcement) 
Neoprene Valves (with cord reinforcement) 
Stainless Steel Hardware 
Steel Frame (primed and painted) 
Inlet – 2” Male NPT 
Discharge – 2” Male NPT 
Molded Solid Fiberglass Enclosure 
           

Rating of Electric Motor:  ½ Horsepower, 115 Volts, 7.4 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  20 Amps 
GFCI protection provided by a GFCI receptacle outlet 
 
Rating of Speed Reducer: (Note: Electric motor operates at 1725 rpm): 
 

1. Original Equipment:  Horsepower @ 1750 rpm:  0.41 
      Ratio:  30 
      Output Torque:  328 in-lbs 
 

2. Replacement: Maximum Input Horsepower @ 1750rpm:  0.55 
       Ratio:  30 
      Output Torque:  472 in-lbs 

 
 
Summary of Life-Cycle Testing Performance 
 
The Exstar International Sani-Station SS-100 Deluxe Pump-Out unit operated for 159.6 hours in the life-
cycle testing set-up.  During this time period, the unit suffered three failures (See Summary of Repairs 
on page 43).  The failures occurred due to the large stresses that were generated on the unit by the 
combination of the suction lift and discharge head that the unit was exposed to in the test set-up.  After 
consultation with the manufacturer concerning these failures, Exstar International chose to remove the 
unit from the study. 
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Summary of Repairs 
 
Exstar International 
Model:  Sani-Station SS-100 Deluxe 
 
Repair Required 

Run 
Time on 

Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required to 
receive parts 

(days) 

Time 
required to 
make repair 

(hours) 

Total Time 
Off-Line 

(days) 

Replace suction hose 47.3 Suction hose $207.20 4 0.25 3 
Note 1 

Replace motor & 
speed reducer 

136.0 Electric motor & 
speed reducer 

$881.67 Speed reducer- 18  
Motor- 17 

2.0 56 
Note 2 

Replace pump shaft 159.6 Pump shaft $13.00 7 1 40 
Note 3 

Speed reducer 
mounting bolts 
sheared off  

Failure occurred on the first overnight run following pump shaft replacement.  Exstar 
International removed unit from study – repair was not made. 

Note 1:  Used replacement hose on hand from the Edson International diaphragm unit that had been removed from the study. 
Note 2:  Originally, just a speed reducer was ordered from Exstar International.  When the speed reducer was replaced, the 
shaft on the electric motor was found to have significant wear at the keyway.  A new electric motor was ordered from Exstar 
International and the electric motor was replaced in addition to the speed reducer.  Delays encountered in the repair were not 
due to Exstar International. 
Note 3:  Delays encountered in the repair were not due to Exstar International. 
 
 
Results of Environmental Testing: 
 
1. Corrosion Resistance:  A sample of the metal frame was subjected to the Salt-Spray Exposure 

described in Section 2.3.  The sample was found to have inferior corrosion resistance.  The sample 
displayed pronounced corrosion on bare metal surfaces of the sample.  The painted surfaces of the 
metal sample exhibited good corrosion resistance. 

2. Ultraviolet Exposure Resistance:  A sample of the Molded Solid Fiberglass Enclosure for the unit 
was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 2.4 – Manufacturer:  Keco  

         Model:  PAH-175 (Diaphragm) 
 
Unit Photograph 

External View 

 
 

Internal View (Cover removed) 
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Description of Pump-Out Unit 
 
Serial Number:  1220 
 
Construction:  Cast Iron Pump Body 

Nitrile Diaphragm and Valves 
Stainless Steel Hardware 
Painted Steel Frame (zinc-based primer used for corrosion resistance) 
Molded Solid Fiberglass Enclosure 
           

Rating of Electric Motor:  ¾ Horsepower, 230 Volts, 4.15 Amps (as configured for testing) 
 
Circuit breaker used in life-cycle testing set-up:  20 Amps 
GFCI protection provided by a GFCI circuit breaker 
 
Rating of Speed Reducer: (Note: Electric motor operates at 1725 rpm): 
 

1. Original Gearbox:  Ratio:  31 
      Horsepower @ 1725 rpm:  1.0 
      Service Factor:  1.15 

 
2. Replacement Gearbox:  Ratio:  31 

          Horsepower @ 1725 rpm:  1.75 
          Service Factor:  1.15 

 
 
Summary of Life-Cycle Testing Performance 
 
1.  The Keco Model PAH-175 as originally submitted failed during the initial test runs with water.  The 
connecting pin on the speed reducer failed due to large stresses on the operating mechanism.  A 
representative of Keco made a site visit to UL and modified the pump-out unit by installing a vacuum 
relief valve on the suction piping of the unit.  This modification allowed a small amount of air to be 
introduced into the suction of the pump during operation and this reduced the differential pressure across 
the pump and reduced the stress on the operating mechanism of the pump. 
 
2.  The Keco Model PAH-175 (modified) operated for 834.7 hours in the life-cycle testing set-up.  
During this time period, the unit suffered four failures (See Summary of Repairs on page 46).   
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Summary of Repairs 
 
Keco 
Model:  PAH-175 (modified) 
 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required 
to receive parts 

(days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 
Replace diaphragm 684.5 diaphragm $19.00 6 0.5 6 
Replace speed reducer 684.5 speed reducer $250.00 1 0.75 7 

Note 1 
Replace discharge 
check valve 

823.5 discharge 
check valve 

$8.00 0 
Note 2 

0.25 1 

Replace cracked 1.5” 
PVC Tee on suction 
piping 

823.5 1.5” PVC Tee $1.89  
0 

Note 3 

0.75 1 

Troubleshoot discharge 
piping leak and tighten 
discharge union 

823.5 None None 1 0.25 1 

Note 1:  Delays encountered in the repair were not due to Keco. 
Note 2:  Keco provided a replacement set of suction and discharge valves, so the repair parts were on-hand. 
Note 3:  Part purchased at local plumbing supply and was obtained on the same day as the failure. 
 
 
Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the metal frame was subjected to the Salt-Spray Exposure 

described in Section 2.3.  The sample was found to have inferior corrosion resistance.  The sample 
displayed pronounced corrosion on bare metal surfaces of the sample.  The painted surfaces of the 
metal sample also exhibited corrosion under the surface of the paint. 

2. Ultraviolet Exposure Resistance:  A sample of the Molded Solid Fiberglass Enclosure for the unit 
was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 2.5 – Conclusions regarding Diaphragm Pump-Out Units 
 
1. The most common repairs for the three diaphragm pumps were: 

a. diaphragm replacement 
b. speed-reducer mechanism replacement 

 
2. The Keco Model PAH-175 was the only diaphragm pump-out unit in this evaluation that utilized a 

vacuum relief valve on the pump suction.  The vacuum relief valve allowed a small amount of air to 
be introduced into the suction of the pump during operation and this reduced the differential pressure 
across the pump and reduced the stress on the operating mechanism of the pump.  The other two 
diaphragm pump-out manufacturers were consulted to see if this modification was available for their 
pump-out units.  Neither Edson International nor Exstar International use a vacuum relief valve as a 
standard modification to their diaphragm systems to reduce operating stress. 

 
3. The diaphragm pump-out units that did not have a vacuum relief valve installed (Edson International 

284EB-40 and Exstar International Sani-Station SS-100 Deluxe) suffered failures of the diaphragm 
or operating mechanism due to excessive stresses during operation in the life-cycle testing set-up. 

 
4. The Edson International 284EB-40 unit had a larger diaphragm (9 inches in diameter) than the other 

two diaphragm units (both had 7” diameter diaphragms).  Because of the larger diaphragm, the 
forces exerted on the pumping mechanism of the Edson International unit were generally higher than 
the forces encountered in the other two units and, most probably, was a major factor in the two 
diaphragm failures in this unit during the initial phase of life-cycle testing. 
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ANNEX 3 – Peristaltic Units 
 
Annex 3.1 - General Information 
 
The table below provides information on the four peristaltic pump-out units evaluated in this study. 
 

Manufacturer Model 
Edson International 286EP-40 
EMP Industries Sanisailor Sentinel - M300 
EMP Industries Sanisailor Sentinel - EV405 
Keco PER900.1PH 
 
 
 
Theory of Operation – Peristaltic Pump-out 
 
The photograph below and the drawing on the next page illustrate the operating mechanism of the Keco 
PER900.1H Peristaltic Pump-Out unit.  The peristaltic pump-out units evaluated in this study utilized 
self-priming, rotating, positive displacement peristaltic pumps.  In Keco’s peristaltic unit, two rollers 
progressively crush a tubular element confined within the pump housing.  The alternation between 
compression and relaxation of the tubular element generates suction vacuum and discharge pressure.  
The contents being pumped only come in contact with the inner wall of the tubular element.  The 
peristaltic pump is driven by an electric motor through a speed-reducing mechanism. All four peristaltic 
pump-out units evaluated in this study used this same basic construction and theory of operation.  
 

Electric Motor            Pump Housing                    Roller Mechanism 
 

 
Pump Inlet  Tubular Element 
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Internal Diagram of Peristaltic Pump 
 
As the pump rotates, the rollers compress the internal hose.  The rollers travel along the outside of the 
hose moving the hose contents ahead of the rollers to the Discharge Outlet.  The hose, expanding behind 
the roller, creates a vacuum drawing more solution into the pump at the Suction Inlet. 
 
Discharge Outlet  Roller 
 

 
Suction Inlet 
 
One major difference in the peristaltic pump-out units was the means of lubricating the internal hose 
(tubular element).  Two methods of lubrication were used for the pumps: 
 
1. Lubricate pump manually – The Edson International Model 286EP-40 and the Keco Model 

PER900.1PH are both designed to be lubricated manually.  The pump casing is filled with air and 
the peristaltic pump requires periodic greasing with silicone lubricant that is applied to pump 
internals using a grease gun.  Preventative maintenance instructions from Edson International and 
Keco recommend lubricating the pump monthly or after every 100 hours of operation. 

2. Pump housing filled with lubricant – The peristaltic pumps, in use on the EMP Industries 
Sanisailor Sentinel Models M300 and EV405, are designed such that the pump housing is filled with 
silicone oil.  This design feature eliminates the need for periodic lubrication with a grease gun.  Due 
to aging of the silicone oil, EMP Industries recommends changing the oil in the pump housing once 
every 3 years. 
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Annex 3.2 – Manufacturer:  Edson International  

         Model:  286EP-40 (Peristaltic) 
 
Unit Photographs 

Internal View 

 
 

External View of Enclosure 
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Description of Pump-Out Unit 
 
Serial Number:  27794 
 
Construction:  Stainless Steel Hardware 

Extruded Aluminum Frame 
Molded Solid Fiberglass Enclosure 
 

Peristaltic Pump:  Pompes DELASCO Model GZ 40  
           
Rating of Electric Motor: 2 Horsepower, 115 Volts, 23.0 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  30 Amps 
GFCI protection provided by a GFCI circuit breaker 
 
Speed-Reduction: (Note: Electric motor operates at 3450 rpm): 
 

Method:  Speed-reducer 
Ratings of Speed-reducer:  Speed:  90 rpm 

         Ratio:  19.42 
         Maximum Torque:  1000 in-lbs 

 
Summary of Life-Cycle Testing Performance 
 
The Edson International 286EP-40 Pump-Out unit operated for a total of 918.0 hours in the life-cycle 
testing set-up and suffered two failures during testing: 
1. Tubular element failure – internal tube developed a leak; 
2. Failure of the rubber coupling between the speed reducer and the peristaltic pump 
 
The unit did not complete a the full 1000 hours of operating time in the life-cycle testing set-up due to 
the circuit breaker for the unit tripping 11 times during life-cycle testing and, therefore, some potential 
run time was lost while the unit was powered off. 
 
Summary of Repairs 
 
Edson International 
Model:  286EP-40 

 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required 
to receive parts 

(days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 
Replace internal hose 579.4 

Note 1 
Internal hose $440.00 1 1 18 

Note 2 
Replace rubber coupling 
between speed-reducer 
and pump 

918.0 Rubber 
coupling 

$48.00 Note 3 0.75 Note 3 

Note 1:   The Mariner Technologies Peristaltic Pump-out unit, which was eventually removed from the study, had an 
identical peristaltic pump (Pompes DELASCO Model GZ 40).  This unit also developed an internal tube leak on 3/19/04 after 
560.5 hours of operation. 
Note 2:  Delays encountered in the repair were not due to Edson International. 
Note 3:  Failure occurred during the last week of life-cycle testing, so the repair was not made until after life-cycle testing 
was completed. 
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Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the Extruded Aluminum Frame was subjected to the Salt-Spray 

Exposure described in Section 2.3.  The sample was found to have superior corrosion resistance. 
2. Ultraviolet Exposure Resistance:  A sample of the Molded Solid Fiberglass Enclosure for the unit 

was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 3.3 – Manufacturer:  EMP Industries  

        Model:  Sanisailor Sentinel  - M300 (Peristaltic) 
 

Unit Photographs 
External View 

 
 

Internal View 
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Description of Pump-Out Unit 
 
Peristaltic pump:  Alfa Laval “M” Range (Serial Number:  207139) 
 
Construction:  Stainless Steel Hardware 

Aluminum Frame 
Polyvinyl Chloride (PVC) Enclosure 

       
Rating of Electric Motor: 3 Horsepower, 115 Volts, 28.0 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  40 Amps 
GFCI protection provided by a GFCI circuit breaker 
 
Speed-Reduction: (Note: Electric motor operates at 1725 rpm): 
 

Method:  V-belt and pulley system connected to the peristaltic pump and gearbox on the 
peristaltic pump 

 
Summary of Life-Cycle Testing Performance 
 
The EMP Industries Sanisailor Sentinel – M300 Pump-Out unit operated for a total of 651.6 hours in the 
life-cycle testing set-up, and suffered two failures during testing (See Summary of Repairs below): 
1. A failure of the time delay relay in the control circuit for the unit – This failure of the time delay 

relay also caused a failure of the following components:  unit timer, secondary transformer, and 
relay contactor in the control circuit. 

2. Tubular element failure – internal tube developed a leak 
 
The unit did not complete a the full 1000 hours of operating time in the life-cycle testing set-up due to: 
1. Extensive troubleshooting was required on the control circuit for the failure outlined in the Summary 

of Repairs (below); and 
2. The internal tube replacement kit was not received until after the end of life-cycle testing. 
 
Summary of Repairs 
 
EMP Industries 
Model:  Sanisailor Sentinel - M300 
 
Repair Required 

Run 
Time on 

Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time 
required to 

receive 
parts (days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 

Time delay relay failed 
- causing failure of 
secondary components 

108.1 
Note 1 

Time delay relay, 
transformer, timer, 

relay contactor 

 
$234.85 

 
1 

2 
Note 2 

85 
Note 3 

Replace internal tube 651.6 
Note 4 

Internal tube 
replacement kit 

$496.00 Note 5 2.0 Note 5  

Note 1:  154.9 hours on unit hour counter.  Run time on unit was calculated from the calibrated timers used on the test set-up. 
Note 2:  Although extensive troubleshooting was required to identify the cause of the problem in the unit (approximately 15 
hours), the actual repair only took about 2 hours to perform. 
Note 3:  Delays encountered in the repair were not due to EMP Industries. 
Note 4:  The hour counter installed on the unit indicated 701.2 hours of operation at the end of life-cycle testing.  Run time 
on unit was calculated from the calibrated timers used on the test set-up.  
Note 5: Delays encountered in the repair were not due to EMP Industries. Parts were not received until after the end of life-
cycle testing. 
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Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the Aluminum Frame was subjected to the Salt-Spray Exposure 

described in Section 2.3.  The sample was found to have superior corrosion resistance. 
2. Ultraviolet Exposure Resistance:  A sample of the Polyvinyl Chloride (PVC) Enclosure for the unit 

was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 3.4 – Manufacturer:  EMP Industries  

        Model:  Sanisailor Sentinel  - EV405 (Peristaltic) 
 

Unit Photographs 
External View 

 
 

Internal View 
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Description of Pump-Out Unit 
 
Peristaltic pump:  Alfa Laval IP400 (Serial Number:  204746) 
 
Construction:  Stainless Steel Hardware 

Aluminum Frame 
Polyvinyl Chloride (PVC) Enclosure 

        
Rating of Electric Motor: 5 Horsepower, 230 Volts, 23.0 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  30 Amps 
GFCI protection provided by a GFCI circuit breaker 
 
Speed-Reduction: (Note: Electric motor operates at 1725 rpm): 
 

Method:  Gearbox on the peristaltic pump 
 
 
Summary of Life-Cycle Testing Performance 
 
The EMP Industries Sanisailor Sentinel – EV405 Pump-Out unit operated for a total of 706.9 hours in 
the life-cycle testing set-up and suffered one failure during testing.  The discharge union on the pump 
developed a crack requiring that the union be replaced (See Summary of Repairs on page 58). 
 
The unit did not complete the full 1000 hours of operating time in the life-cycle testing set-up due to: 
 
1. The circuit breaker for the unit tripped 9 times during life-cycle testing, and some potential run time 

was lost while the unit was powered off. 
2. Faulty flowmeter (at no fault of the manufacturer) - Issues were encountered with measuring the  

unit’s flowrate during life-cycle testing.  The unit began to exhibit erratic flow on the flowmeter.  
The unit was shutdown and troubleshooting was performed on the flowmeter to see if it was the 
source of the problem.  The electronics on the flowmeter were reset and the pump-out unit was 
restarted, but the flowrate became erratic again and the unit was shutdown for troubleshooting.  To 
further investigate the problem, a spare flowmeter (that had been installed for a pump-out unit that 
was removed from the study) was installed and the unit was restarted to check the flowrate with the 
spare flowmeter.  The spare flowmeter did not indicate erratic flow, so the problem was isolated to 
the original flowmeter in the system.  The spare flowmeter was used for the remainder of life-cycle 
testing.  The flow data for the pump-out unit was evaluated to ensure that the performance of the unit 
was properly accounted for in light of the problem with the flowmeter.  Since the flowrate measured 
on the two flowmeters was very similar, (except during the episodes of pulsation on the original 
flowmeter) the Total Volume Pumped during a portion of life-cycle testing for this unit was 
estimated using an average flowrate for the unit when the flowmeters were providing accurate 
readings.  Some potential run time was lost while the unit was powered off. 
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Summary of Repairs 
 
EMP Industries 
Model:  Sanisailor Sentinel -EV405 
 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required 
to receive parts 

(days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 
Replace discharge 
union due to crack 

440.7 
Note 1 

2-inch PVC 
union 

$21.76 1 1 3 

Note 1:  The hour counter installed on the unit indicated 854.6 hours of operation at the end of life-cycle testing.  Run time 
on unit was calculated from the calibrated timers used on the test set-up. 
 
 
Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the Aluminum Frame was subjected to the Salt-Spray Exposure 

described in Section 2.3.  The sample was found to have superior corrosion resistance. 
2. Ultraviolet Exposure Resistance:  A sample of the Polyvinyl Chloride (PVC) Enclosure for the unit 

was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 3.5 – Manufacturer:  Keco  

         Model:  PER900.1PH (Peristaltic) 
 
Unit Photograph 

External View 

 
 

Internal View 
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Description of Pump-Out Unit 
 
Peristaltic pump:  Ragazzani (Serial Number:  P2012) 
 
Construction:  Stainless Steel Hardware 

Painted Steel Frame (zinc-based primer used for corrosion resistance) 
Molded Solid Fiberglass Enclosure 

        
Rating of Electric Motor: 3 Horsepower, 230 Volts, 14.0 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  20 Amps 
GFCI protection provided by a GFCI circuit breaker 
 
Speed-Reduction: (Note: Electric motor operates at 1725 rpm): 
 

Method:  Gearbox on the peristaltic pump 
     Standard ratio:  20:1 
    Input:  3 Horsepower (max) @ 1750 rpm 
     Service Factor:  1.0 

   
 
Summary of Life-Cycle Testing Performance 
 
The Keco PER900.1PH Pump-Out unit completed 1000 hours of operation in the life-cycle testing set-
up and suffered one failure of the internal hose (tubular element) during testing (See Summary of 
Repairs Section on page 61).  The Keco Peristaltic unit has a unique leak detector feature that acts to 
stop the peristaltic pump in the event of a leak on the internal hose.  This leak detector is a safety device 
that is wired to stop the electric motor that drives the pump when a float-switch mechanism is actuated 
by leakage of liquid into the pump housing.  The leak detector functioned as intended in this instance. 
 
Some issues were encountered with measuring the Keco Peristaltic unit’s flowrate during life-cycle 
testing that were similar to the experience with the EMP Industries Sanisailor Sentinel - EV405 
Peristaltic Pump-out unit.  In both cases, the problem was erratic flow indicated on the flowmeter and 
the source of the problem was eventually isolated to the flowmeter.  The original flowmeter, in use with 
the Keco Peristaltic unit, was changed to a spare flowmeter (that had been installed for a pump-out unit 
that was removed from the study) and the spare flowmeter was used for the remainder of life-cycle 
testing.  The flow data for the Keco Peristaltic unit was evaluated to ensure that the performance of the 
unit was properly accounted for in light of the problem with the flowmeter.  Since the flowrate measured 
on the two flowmeters was very similar (except during the episodes of pulsation on the original 
flowmeter), the Total Volume Pumped during a portion of life-cycle testing for this unit was estimated 
using an average flowrate for the unit when the flowmeters were providing accurate readings. 
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Summary of Repairs 
 
Keco 
Model:  PER900.1PH 
 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required 
to receive parts 

(days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 
Replace internal hose 296.8 Internal hose $450.00 3 1.75 23 

 Note 1 
Note 1:  Delays were encountered in the repair which were not due to Keco. 
 
 
Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the metal frame was subjected to the Salt-Spray Exposure 

described in Section 2.3.  The sample was found to have inferior corrosion resistance.  The sample 
displayed pronounced corrosion on bare metal surfaces of the sample.  The painted surfaces of the 
metal sample also exhibited corrosion under the surface of the paint. 

2. Ultraviolet Exposure Resistance:  A sample of the Molded Solid Fiberglass Enclosure for the unit 
was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 3.6 – Conclusions regarding Peristaltic Pump-Out Units 
 
1. The most common repair for the four peristaltic pump-out units was replacement of the internal hose 

(tubular element). 
 
2. The peristaltic pump-out units tripped their individual power circuit breakers more often than either 

the diaphragm or the vacuum pump-out units.  The tripping of the circuit breakers during operation 
was most likely due to an over-current condition on the units due to the continuous cycling of the 
units in the 10 minutes on, and 10 minutes off sequence. 
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ANNEX 4 – Vacuum Units 
 
Annex 4.1 - General Information 
 
The table below provides information on the five vacuum pump-out units evaluated in this study. 
 

Manufacturer Model 
Chesapeake Bay Marine CB70HD 
Edson International 290-35-1HP 
Keco Vacuum 1000V-3 HP 
Waubaushene AVR60 
Waubaushene LD125 
 
 
Theory of Operation – Vacuum Pump-out 
 
The following photographs of the Chesapeake Bay Marine Model CB70HD Vacuum Pump-Out unit 
illustrate the typical design of a vacuum pump-out system.  The transfer tank on the unit temporarily 
holds the media being pumped during the suction and discharge cycles of the pump-out unit.  When the 
unit is in the suction cycle (i.e. drawing boat holding tank contents into the transfer tank), the vacuum 
pump inside the control unit draws a vacuum on the transfer tank.  When the unit shifts to the discharge 
cycle (i.e. discharging transfer tank contents to a sewer system), the vacuum pump applies pressure to 
the transfer tank to expel the contents of the tank to the discharge piping.  All five vacuum pump-out 
units used this same basic construction and theory of operation. 
 

Transfer Tank    Control Unit 
 

 
 

Discharge Outlet Piping Suction Inlet Hose 
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Internal View of Control Unit (Cover Removed) 

 
Vacuum Pump 

 

 
 

Oiler     Transfer Tank Pressure Gauge 
 
Typically, solenoid-operated control valves installed in the piping that connects the vacuum pump to the 
transfer tank are used to direct the flow of air into and out of the tank during the suction and discharge 
cycles. 
 
The vacuum pump is lubricated by an oiler that is mounted on the unit, and the oil is drawn into the 
pump through a connecting pipe during pump operation to lubricate the internal components.  During 
operation of the vacuum pump, some of this oil is released into the transfer tank and piping during the 
discharge cycle.   
 
In the closed loop system used for this testing program this type of oiler arrangement would have 
resulted in small amounts of the oil being deposited in the underground storage tank. 
 
The lubricating oil chosen for the study was Mobil EAL 224H Biodegradable, Virtually Nontoxic 
Antiwear Hydraulic Oil.  This oil was selected for the study due to superior lubricating qualities and the 
nontoxic, biodegradable nature of the oil.  Since this oil is virtually nontoxic and biodegradable, it gave 
the added benefit of making the life-cycle testing setup as safe as possible for the environment.  Two of 
the vacuum pump-out manufacturers (Keco and Waubaushene Machine and Welding) specifically 
recommended the use of this oil for their units in their unit manuals.  The other two vacuum pump-out 
manufacturers (Chesapeake Bay Marine and Edson International) were consulted regarding the use of 
this oil in their units, and both manufacturers approved the use of this oil in their pump-out units prior to 
life-cycle testing. 
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Annex 4.2 – Manufacturer:  Chesapeake Bay Marine  

         Model:  CB70HD (Vacuum) 
 
Unit Photograph 
 

 
 

 
 
 



  Page 66 of 117 

 

 
 
Description of Pump-Out Unit 
 
Serial Number:  A03275 
 
Construction: 
 

Transfer tank:  75-gallon (Normal operating capacity - 55 gallons); made of boilerplate steel. 
Control unit panels constructed of aluminum 
Powdered-coated finish on tank and control unit 
Full-flow check valves installed in suction and discharge piping 
Direct drive connection between motor and rotary vane vacuum pump 
 

       
Rating of Vacuum Pump Motor: 0.75 Horsepower, 115 Volts, 11.0 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  20 Amps 
GFCI protection provided by a GFCI receptacle outlet 
 
 
Summary of Life-Cycle Testing Performance 
 
The Chesapeake Bay Marine Pump-Out unit operated for the full 1000 hours in the life-cycle testing set-
up.  During the first 38.8 hours of operation in the life-cycle testing setup, this unit exhibited problems 
with frequently blowing the internal fuse for the vacuum pump and tripping of the unit circuit breaker.  
A representative of Chesapeake Bay Marine made a site visit to troubleshoot problem with unit.  When 
the vacuum pump was disassembled for troubleshooting, unusual deposits were found in the internals of 
the pump and in the air discharge manifold of the pump.  After consultation with the manufacturer, it 
was decided that these deposits were most likely caused by the lubricating oil overheating in the vacuum 
pump; and the resulting break-down of the oil showed up as visible deposits on the internals of the pump 
and the air discharge manifold.  Since the Waubaushene Model AVR60 had a similar vacuum pump 
produced by the same manufacturer (Gast), the air discharge manifold for the Waubaushene Model 
AVR60 vacuum pump was inspected to see if it contained similar deposits.  No deposits were noted in 
the Waubaushene Model AVR60.  This problem most likely showed up in the Chesapeake Bay Marine 
unit because the unit utilizes a very low-flow oiler for lubrication.  With very small amounts of oil 
flowing through the vacuum pump, the oil has more time to heat up to a high temperature where it is 
likely to break-down.  The Waubaushene Model AVR60 used an oiler with a higher oil flowrate and this 
unit did not experience a problem of this type.  In order to address the problem with the Chesapeake Bay 
Marine Vacuum Pump-out unit, another vacuum pump oil (Nu-Calgon Vacuum Pump Oil) was used in 
this unit during the remaining 961.2 hours of operation and no further problems with the pump was 
noted.   
 
Note:  Because of the lengthy time required to diagnose the lubrication problem, the SOBA 
representative allowed the Chesapeake Bay Marine unit to be operated beyond the June 4, 2004 cut-off 
date.  The extended operation was allowed on the condition that if the unit continued to shutdown, 
testing would be halted.  Once the Nu-Calgon Vacuum Pump Oil was substituted, the unit continued 
operation without any further problem. 
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Summary of Repairs 
 
After the lubrication issue on this unit was identified and resolved, no additional repairs were required 
on the unit during life-cycle testing. 
 
 
Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the Boilerplate Steel used in constructing the tank and steel 

mounting legs was subjected to the Salt-Spray Exposure described in Section 2.  The sample was 
found to have inferior corrosion resistance on bare surfaces.  The powder-coated painted surfaces of 
the sample exhibited good corrosion resistance.  An additional sample of the aluminum Control Unit 
cover was subjected to the Salt-Spray Exposure described in Section 2.3 and the sample was found 
to have superior corrosion resistance. 

2. Ultraviolet Exposure Resistance:  This unit did not have any fiberglass or plastic covers, so no 
ultraviolet exposure testing was performed on this unit. 
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Annex 4.3 – Manufacturer:  Edson International  

         Model:  290-35-1HP (Vacuum) 
 

Unit Photographs 
 

External View 
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Internal View (Cover Removed) 

 
 
 

Description of Pump-Out Unit 
 
Serial Number:  27795 
 
Construction:   

Transfer tank:  35-gallon made of stainless steel. 
Molded Solid Fiberglass Enclosure  
Clear PVC check valves installed in suction and discharge piping 
Direct drive connection between motor and rotary vacuum pump 

         
Rating of Electric Motor: 1 Horsepower, 115 Volts, 13.4 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  20 Amps 
GFCI protection provided by a GFCI receptacle outlet 
 
 
Summary of Life-Cycle Testing Performance 
 
The Edson International Model 290-35-1HP Vacuum Pump-out unit operated for the full 1000 hours of 
operation in the life-cycle testing set-up. 
  
Summary of Repairs 
 
No repairs were required on this unit during life-cycle testing. 
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Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the Aluminum Frame was subjected to the Salt-Spray Exposure 

described in Section 2.3.  The sample was found to have superior corrosion resistance. 
2. Ultraviolet Exposure Resistance:  A sample of the Molded Solid Fiberglass Enclosure for the unit 

was subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 4.4 – Manufacturer:  Keco  

         Model:  1000V-3HP (Vacuum) 
 

Unit Photographs 
External View 
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Internal View (Cover Removed) 

 

 
 
 

Description of Pump-Out Unit 
 
Serial Number:  V11125 
 
Construction:   

Transfer tanks (2) - made of Polyvinyl Chloride (PVC), 36-gallon capacity (each) Normal 
operating volume of each tank:  25-30 gallons 
Molded Solid Fiberglass Cover  
Clear PVC check valves installed in suction and discharge piping 
Direct drive connection between motor and rotary vacuum pump 
Stainless Steel Hardware 
Painted Steel Frame (zinc-based primer used for corrosion resistance) 

      
Rating of Electric Motor: 3 Horsepower, 230 Volts, 17.0 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  30 Amps 
GFCI protection provided by a GFCI receptacle outlet 
 
The theory of operation of this unit was different than the other vacuum units that were evaluated in the 
study, because this vacuum unit utilized a two-tank design.  The other vacuum systems utilized a one-
tank design, which have a distinct suction cycle (when the transfer tank is filling from the suction hose) 
and discharge cycle (when the transfer tank contents are being discharged).  Rather than having a 
distinct suction and discharge cycle, this two-tank design provides continuous flow through the pump-
out unit.  In Keco’s two-tank design, as one tank is filling, the other tank is discharging its contents into 
the discharge piping.  In this scenario, the suction of the vacuum pump is drawing a vacuum on the one 
tank that is filling, while the discharge of the vacuum pump is applying pressure to the other tank that is 
discharging.  The vacuum pump continues to draw vacuum on the tank that is filling until the tank 
reaches capacity, as indicated by an electronic level sensor.  Once the tank that is filling has reached 
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capacity, the level sensor system transmits a signal to the control unit to reverse the electric motor that 
drives the vacuum pump.  When the electric motor reverses direction, the tank that had been filling is  
now placed under pressure in order to discharge the contents, and the other tank is placed under vacuum 
and begins to fill.  These cycles are repeated by the control unit to create a continuous flow of media 
through the pump-out unit. 
 
 
Summary of Life-Cycle Testing Performance 
 
The Keco Vacuum 1000V-3HP Pump-Out unit operated for a total of 619.8 hours in the life-cycle 
testing set-up, and exhibited the following failures (See Summary of Repairs on page 74): 
 
1. The unit shut down two times on the F1 Fault on the control system.  The F1 Fault is described in the 

Keco Product Guide as:  “EPM Fault:  The EPM is missing or damaged”.  Keco was contacted and 
indicated that the source of the problem was most likely a loose EPM chip in the control circuit.  
Keco recommended reseating the EPM chip on the front panel of the control unit.  For each F1 Fault, 
the EPM chip was reseated by hand by pressing in on the cover of the EPM chip on the front panel 
of the control unit.  Power to the unit was cycled by opening and closing the circuit breaker for the 
unit, and the failure code was cleared from the control system.  The unit was restarted and exhibited 
normal operation. 

2. The unit shut down once and dashed lines were displayed on the control unit display.  Keco was 
contacted and recommended cycling power to the unit to clear the failure code on the control system.  
The reason for this shutdown was not able to be determined, but it was most likely caused by a logic 
error in the Programmable Logic Controller (PLC).  The power to the unit was cycled by opening 
and closing the circuit breaker for the unit, and the unit was restarted, however, it exhibited the same 
shutdown within a few minutes of operation.  The power to the unit was cycled again by opening 
and closing the circuit breaker for the unit, and the unit was restarted and exhibited normal 
operation. 

3. Both transfer tanks on the unit had to be replaced after approximately 450 hours of operation in the 
life-cycle testing set-up, because both tanks developed cracks on the bottom around the outer edge of 
the cylindrical tank.  Keco was consulted regarding the failure of these tanks, and they believe that 
the ambient temperature during life-cycle testing probably contributed to the failure.  The Keco 
Product Guide for the unit indicates that stainless steel tanks are strongly recommended for cold 
weather locations (below 45 degrees Fahrenheit).  Life-cycle testing was conducted through the 
winter months at temperatures below 45 degrees Fahrenheit for considerable time periods during 
life-cycle testing.  The life-cycle testing set-up was shutdown during the winter months when 
temperatures dropped below 32 degrees Fahrenheit to prevent freezing of the media in the piping. 

4. The unit began to exhibit episodes of intermittent running after the first tank was replaced, and the 
problem could not be resolved by cycling power to the unit.  After consulting Keco, the control unit 
was changed out with a spare control unit and life-cycle testing was continued.  Keco performed 
troubleshooting on the original control unit and the problem was identified to be a defective EPM 
chip in the control circuit. 

 
Life-cycle testing was concluded on this unit on June 4, 2004.  Some delays were encountered in repair 
of the unit during life-cycle testing that were not attributed to Keco’s delivery of parts and repair 
instructions.  Some potential run time was lost while the unit was powered off.  
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Summary of Repairs 
 
Keco 
Model:  Vacuum 1000V – 3HP 
 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required 
to receive parts 

(days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 
Troubleshoot F1 
shutdown of unit 

85.2 None required N/A N/A 0.5 <1 

Troubleshoot F1 
shutdown of unit 

184.6 None required N/A N/A 0.5 <1 

Troubleshoot shutdown 
of unit 

418.8 None required N/A N/A 0.5 <1 

Tank replacement 445.8 Tank $325 5 1 31 
Note 1 

Replace control unit 445.8 EPM Chip $25 0 
Note 2 

1 4 

Tank replacement 457.2 Tank $325 8 1 37 
Note 1 

Note 1:  Delays were encountered in the repair which were not due to Keco. 
Note 2:  Keco provided a spare control unit, so the repair parts were on-hand. 
 
 
Results of Environmental Testing 
 
1. Corrosion Resistance:  A sample of the metal frame that supports the plastic tanks was subjected to 

the Salt-Spray Exposure described in Section 2.3.  The sample was found to have inferior corrosion 
resistance.  The sample displayed pronounced corrosion on bare metal surfaces of the sample.  The 
painted surfaces of the metal sample also exhibited corrosion under the surface of the paint. 

2. Ultraviolet Exposure Resistance:  A sample of the Molded Solid Fiberglass Cover for the unit was 
subjected to the Ultraviolet Exposure described in Section 2.4.  The sample was found to have 
superior resistance to fading, cracking, and discoloration due to simulated exposure to sunlight and 
moisture. 
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Annex 4.5 – Manufacturer:  Waubaushene Machine and Welding  

         Model:  AVR60 (Vacuum) 
 
Unit Photographs 

External View 
 

 



  Page 76 of 117 

 

 
Internal View of Control Unit (Cover Removed) 

 

 
 
 
Description of Pump-Out Unit 
 
Serial Number:  2854 
 
Construction:   

Transfer tanks:  60-gallon capacity; made of stainless steel 
Direct drive connection between motor and rotary vacuum pump 
Stainless steel hardware 
Painted steel enclosure for control unit 

 
Rating of Electric Motor: 0.75 Horsepower, 115 Volts, 11.8 Amps (as configured for testing) 
Circuit breaker used in life-cycle testing set-up:  20 Amps 
GFCI protection provided by a GFCI receptacle outlet 
 
 
Summary of Life-Cycle Testing Performance 
 
The Waubaushene Model AVR60 Vacuum Pump-Out unit operated for a total of 413.5 hours in the life-
cycle testing set-up, and exhibited the following failures (See Summary of Repairs on page 77): 
 
1. The unit was initially found with the circuit breaker tripped at 382.7 hours of operation.  The unit 

was inspected and found to have no obvious problem, so the unit was restarted.  The unit was 
monitored during operation and the vacuum pump was not drawing a vacuum on the transfer tank 
during the suction cycle.  The unit was manually shifted to the discharge cycle and the vacuum pump 
would not produce pressure in the transfer tank.  Waubaushene was consulted regarding this problem 
and suggested that this problem may be caused by the vanes in the rotary vacuum pump becoming 
stuck in place in the rotor of the pump.  Waubaushene recommended opening up a port on the 
suction side of the vacuum pump and lubricating the pump with a lubricating oil (such as WD-40) to 
free up the stuck vanes.  The vacuum pump was lubricated in this manner and the pump was 
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restarted in the life-cycle testing set-up.  The unit operated for a short time and then tripped the 
circuit breaker again.  On several occasions, the vacuum pump was lubricated and attempts were 
made to restart the unit.  However, the unit continued to trip the circuit breaker.  After further 
troubleshooting of the unit, the vacuum pump was found to stop operating prior to the circuit breaker 
tripping.  Waubaushene was consulted and suggested that the problem may be overheating of the 
vacuum pump and electric drive motor.  The electric motor that drives the vacuum pump has a 
thermal overload which is designed to interrupt power to the motor when the temperature of the 
motor is elevated sufficiently that damage might occur to the motor.  The thermal overload will reset 
once the motor cools off, after being shut off for some period of time.  In this case, the thermal 
overload was resetting after the pump cooled off, but the inrush of current when the motor was still 
at an elevated temperature was most likely tripping the circuit breaker.  Waubaushene eventually 
recommended changing out the circuit breaker that was used to power the unit with another breaker 
of the same current rating, just to make sure that the circuit breaker was not the source of the 
problem.  The circuit breaker was changed out with a spare breaker in the electrical panel and the 
unit continued to trip the circuit breaker during operation. 

2. When the vacuum pump problem was identified on the Chesapeake Bay Marine unit, the 
Waubaushene Model AVR60 was inspected to determine if the clogging problem, due to the 
lubricating oil encountered in the Chesapeake Bay Marine Vacuum unit, might be the cause of the 
frequent breaker tripping on the unit.  The Waubaushene Model AVR60 vacuum pump is similar to 
the vacuum pump used on the Chesapeake Bay Marine unit and is produced by the same 
manufacturer (Gast).  The vacuum pump discharge piping of the Waubaushene Model AVR60 was 
inspected and no deposits were noted.  The clogging problem that occurred in the Chesapeake Bay 
Marine unit was most likely due to the low oil flowrate provided by the oiler.  The Waubaushene 
Model AVR60 is equipped with an oiler with a higher oil flowrate than the Chesapeake Bay Marine 
and this difference in the units, most likely, prevented a clogging problem in the Waubaushene 
Model AVR60. 

Life-cycle testing was concluded on this unit on June 4, 2004.  Some delays were encountered in repair 
of the unit during life-cycle testing that were not attributed to Waubaushene.  The cold winter weather 
and the high volume of repairs required on other pump-out units in the study delayed the repairs outlined 
above for this unit. 
 
Summary of Repairs 
 
Waubaushene Machine and Welding 
Model:  AVR60 
 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required 
to receive parts 

(days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 
Lubrication of vacuum 
pump 

382.7 None N/A N/A 0.75 <1 

Troubleshooting circuit 
breaker tripping 

382.7 None N/A N/A 6 45 
Note 1 

Inspection following 
identification of 
Chesapeake Bay 
Marine vacuum pump 
clogging 

413.5 None N/A N/A 0.75 Note 2 

Tested circuit breaker –
exchange with another 
unit 

413.5 None N/A N/A 0.5 Note 2 

Note 1:  Delays were encountered in troubleshooting the unit that were not attributed to Waubaushene. 
Note 2:  Requested additional guidance from Waubaushene regarding possible causes of circuit breaker tripping. 
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Results of Environmental Testing 
 
1. Corrosion Resistance:  One sample of the stainless steel frame and one sample of the painted steel 

cover over the control unit were subjected to the Salt-Spray Exposure described in Section 2.3. 
 

The stainless steel frame sample was found to have superior corrosion resistance.  A light coating of 
corrosion was visible on surfaces that had been cut using a hacksaw, but the outer surfaces of the 
stainless steel exhibited superior corrosion resistance.   
 
The painted steel cover sample exhibited inferior corrosion resistance.  The sample displayed 
pronounced corrosion on bare metal surfaces of the sample.  The painted surfaces of the sample also 
exhibited corrosion under the surface of the paint. 
 

2. Ultraviolet Exposure Resistance:  This unit did not have a fiberglass or plastic cover, so the 
Ultraviolet Exposure described in Section 2.4 was not conducted on this unit. 
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Annex 4.6 – Manufacturer:  Waubaushene Machine and Welding  

         Model:  LD125 (Vacuum) 
 
Unit Photographs 

External View 
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Internal View of Control Unit (Cover and Side Panel Removed) 
 

 
 
 
Description of Pump-Out Unit 
 
Serial Number:  2855 
 
Construction:   

Transfer tank:  125-gallon capacity; made of stainless steel 
Direct drive connection between motor and rotary vacuum pump 
Stainless steel hardware 
Painted steel enclosure for control unit 
 

Rating of Electric Motor: 1.5 Horsepower, 230 Volts, 9.2 Amps (as configured for testing) 
 
Circuit breaker used in life-cycle testing set-up:  30 Amps 
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This unit was originally powered in the life-cycle testing set-up by a 30-Amp breaker with a Ground 
Fault Circuit Interrupter (GFCI).  However, during initial test runs on the unit, the circuit breaker tripped 
several times during operation of the unit.  After consultation with a UL electrical engineer, the most 
likely cause for these breaker trips was a phase imbalance between the line and neutral phases during 
operation of the unit.  In order to continue with the life-cycle test program, the circuit breaker for the 
unit was changed out with a non-GFCI breaker.  UL recommends that GFCI protection should be 
provided for every receptacle outlet and motor connection in every location where the environment 
might be wet, moist, or damp.  Since this unit is used in an environment near water, and where operators 
of the unit could potentially be wet, the design of this unit should be evaluated and the phase imbalance 
that is present during operation should be eliminated, so the unit will operate with a GFCI breaker or 
GFCI receptacle outlet to ensure the safety of operators of the pump-out unit.  
 
 
Summary of Life-Cycle Testing Performance 
 
The Waubaushene Model LD125 Vacuum Pump-Out unit operated for a total of 220.2 hours in the life-
cycle testing set-up and exhibited the failures indicated in the Summary of Repairs on page 82.  After 
72.6 hours of operation in the life-cycle testing set-up, the unit experienced a series of failures that 
placed the unit out of operation for an extended period of time during the study.  The following 
sequence of events is included to describe the circumstances of this series of failures. 
 
1. The pump was found operating with the spider coupling between the electric motor and the vacuum 

pump sheared out, so that the electric motor was disengaged from the vacuum pump and the motor 
was spinning freely.  Troubleshooting revealed that the vacuum pump had filled with test media and 
was seized up (i.e. the pump shaft would not turn).  Waubaushene was contacted regarding the 
problem and requested that the vacuum pump be shipped to their manufacturing facility for 
reconditioning. 

2. Following reconditioning, the vacuum pump was reinstalled and the unit was restarted.  The vacuum 
pump immediately started to make noise and the unit was shutdown again.  Troubleshooting 
revealed that test media had again entered the vacuum pump, but this time the pump did not seize up.  
Waubaushene was contacted and suggested that the second failure of the vacuum pump was most 
likely caused by a failure of the air-reverse valve.  Waubaushene recommended that the fuses in the 
air-reserve valve solenoid circuit be checked to see if the air-reverse valve was operating properly.  
A fuse was found to be blown in the circuit, so Waubaushene recommended cleaning the air-reverse 
valve assembly and replacing the fuse that was blown in the circuit.  The air reverse valve assembly 
was disassembled and found to have test media inside the valve assembly (i.e. small pieces of toilet 
paper and sponge material).  In addition, the vacuum pump had to be cleaned out and lubricated 
following the entry of test media into the pump, which was done this time by UL personnel.  The 
unit was repaired and restarted.  

3. The unit was found shutdown the next day with the circuit breaker tripped.  Troubleshooting 
revealed that the unit was using very little oil out of the lubricating oil reservoir during operation.  
The oiler was removed and inspected for proper operation.  No problems were identified with the 
oiler and the oiler was replaced and the unit was restarted. 

4. The next day, the unit was found with the spider coupling between the vacuum pump and the electric 
motor sheared out again.  Troubleshooting revealed that the vacuum pump had not seized this time 
but the pump shaft was rather difficult to turn by hand, so the pump was lubricated with oil to allow 
it to turn more freely.  Waubaushene was consulted and concluded that the previous repairs were 
most likely caused by inadequate lubrication from the oiler on the unit.  Waubaushene shipped a 
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replacement oiler with a different design to modify the unit.  The new oiler was installed and a new 
spider coupling was installed between the motor and the vacuum pump and the unit was restarted. 

5. The spider coupling was found worn again the next day, this time due to the sprocket moving on the 
vacuum pump shaft, and allowing the spider coupling to become worn. 

6. Waubaushene was consulted regarding this failure and the decision was made to use Lock-Tite on 
the sprocket to keep it from moving on the vacuum pump shaft during operation. 

7. A replacement spider coupling was installed and Lock-Tite was applied to the vacuum pump shaft 
during reassembly to ensure that the sprocket remained fixed in place during pump operation and the 
unit was restarted. 

 
After replacing the oiler with the new design and correcting the problem with the frequent failure of 
spider couplings, the unit operated in the life-cycle testing set-up for 128.7 hours without any additional 
problems being identified.  Life-cycle testing was concluded on this unit on June 4, 2004.  Some delays 
were encountered in repair of the unit during life-cycle testing that were not attributed to Waubaushene.  
The cold winter weather and the high volume of repairs required on other pump-out units in the study 
delayed the repairs outlined above for this unit. 
 
Summary of Repairs 
 
Waubaushene Machine and Welding 
Model:  LD125 
 
Repair Required 

Run Time 
on Unit 
(hours) 

Repair Parts 
Required 

Cost of 
repair 
parts 

Time required 
to receive parts 

(days) 

Time required 
to make repair 

(hours) 

Total Time 
Off-Line 

(days) 
Vacuum pump seized 72.6 None $210 

Note 1 
28 

Note 1 
1.5 41 

Vacuum pump filled 
again 

72.6 None N/A N/A 2.0 3 

Fuse troubleshooting 
and replacement 

72.6 Fuse N/A 
Note 2 

N/A 
Note 2 

2.0 1 

Solenoid cleaning 72.6 None N/A N/A 2.0 50 
Note 3 

Oiler inspection 72.6 None N/A N/A 0.5 <1 
Oiler replacement with 
new design 

72.6 Oiler $99 5 0.75 15 

Spider gear replacement 72.6 Spider 
coupling 

$7.75 5 0.75 Note 4 

Spider gear replacement 72.6 Spider 
coupling 

$7.75 0 
Note 5 

0.75 <1 

Spider gear replacement 
and lock-tite of spocket 

91.5 Spider 
coupling 

$7.75 8 
 

1.5 15 

Note 1:  Vacuum pump reconditioned by Waubaushene.  “Time required to receive parts” in the table includes the repair time 
at the manufacturing facility and the shipping time for the vacuum pump to Canada from North Carolina for repair. 
Note 2:  Spare fuses were supplied with the unit. 
Note 3:  Delays encountered in troubleshooting the unit that were not attributed to Waubaushene.  Cold winter weather and 
the high volume of repairs, required by other pump-out units in the study, delayed the repair of this unit. 
Note 4:  Repair of spider coupling was done in conjunction with the replacement of the oiler. 
Note 5:  Waubaushene supplied two spider couplings with the initial order, so a spare spider coupling was on-hand for repair. 
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Results of Environmental Testing 
 
1. Corrosion Resistance:  One sample of the stainless steel frame and one sample of the painted steel 

cover over the control unit were subjected to the Salt-Spray Exposure described in Section 2.3. 
 

The stainless steel frame sample was found to have superior corrosion resistance.  A light coating of 
corrosion was visible on surfaces that had been cut using a hacksaw, but the outer surfaces of the 
stainless steel exhibited superior corrosion resistance. 
 
The painted steel cover sample exhibited inferior corrosion resistance.  The sample displayed 
pronounced corrosion on bare metal surfaces of the sample.  The painted surfaces of the sample also 
exhibited corrosion under the surface of the paint. 
 

2. Ultraviolet Exposure Resistance:  This unit did not have a fiberglass or plastic cover, so the 
Ultraviolet Exposure described in Section 2.4 was not conducted on this unit. 
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Annex 4.7 – Conclusions regarding Vacuum Pump-Out Units 
 
1. The most common repairs for the vacuum units were repairs required to the vacuum pump and 

electric drive motor. 
 
2. One representative transfer tank vacuum/pressure gauge from one of the vacuum units 

(Waubaushene Model LD125) was subjected to the Salt-Spray Exposure described in Section 2.3.  
The sample was found to have inferior corrosion resistance.  The gauge sample displayed 
pronounced corrosion on bare metal surfaces of the sample.  This gauge was typically of gauges 
found on the other vacuum units. 
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ANNEX 5 – Life-Cycle Testing – Flowrate Data 

Annex 5.1 – Average Flow Data 
 
Run 1 Dates:  11/24/03 – 11/26/03 
Test set-up run for 
1611.4 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Edson International 1611.4 26.9 10,197 6.3  
Exstar International 1611.4 26.9 9,553 5.9  
Keco 1611.4 26.9 17,239 10.7  
      
Peristaltic Units      
EMP M300 1611.4 26.9 38,011 23.6  
EMP EV405 1611.4 26.9 39,546 24.5  
Edson International 756.2 12.6 17,150 22.7 Circuit breaker tripped 
Keco 1611.4 26.9 41,969 26.0  
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 0.0 0 0.0 Vacuum pump fuse blew 

Edson International 1611.4 26.9 19,399 12.0  
Keco 1611.4 26.9 41,076 25.5  
Waubaushene AVR60 1611.4 26.9 16,753 10.4  
Waubaushene LD125 855.5 14.3 17,188 20.1 Unit shut down on tank high 

level 
 
 
Run 2 Dates:  12/1/03 – 12/08/03 
Test set-up run for 
4875.5 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Edson International 1318.4 48.8 11,601 8.8 Diaphragm failed twice 
Exstar International 2580.8 69.9 18,252 7.1 Suction hose developed a 

leak 
Keco 4875.5 108.1 55,654 11.4  
      
Peristaltic Units      
EMP M300 4875.5 108.1 109,976 22.6  
EMP EV405 2378.0 66.5 68,049 23.9 Circuit breaker tripped 4 

times 
Edson International 3482.5 70.6 73,040 21.0 Circuit breaker tripped 3 

times 
Keco 4875.5 108.1 122,069 25.0  
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 0.0 0 0 Vacuum pump fuse blowing 
frequently 

Edson International 4875.5 108.1 58,785 12.1  
Keco 3502.4 85.2 89,082 25.4 Shutdown on F1 Function 
Waubaushene AVR60 4875.5 108.1 47,796 9.8  
Waubaushene LD125 3502.4 72.6 66,762 19.1 Vacuum pump filled with 

water and seized up 
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Run 3 Dates:  12/08/03 – 12/09/03 
Test set-up run for 
527.4 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Edson International 0.0 48.8 0 0 Unit removed from study at 

request of manufacturer 
Exstar International 527.4 78.7 3,947 7.5  
Keco 527.4 116.9 6,237 11.8  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Fuse in control circuit blew 
EMP EV405 527.4 75.3 12,949 24.6  
Edson International 527.4 79.4 11,487 21.8  
Keco 527.4 116.9 12,865 24.4  
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 0.0 0 0 Vacuum pump fuse blowing 
frequently 

Edson International 527.4 116.9 6,474 12.3  
Keco 527.4 94.0 13,043 24.7  
Waubaushene AVR60 527.4 116.9 4,790 9.1  
Waubaushene LD125 0.0 72.6 0 0 Vacuum pump being 

reconditioned 
 
 
 

Run 4 Dates:  12/10/03 – 12/13/03 
Test set-up run for: 
Set 1– 2009.5 minutes 
Set 2 – 1999.7 minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 1999.7 112.0 14,055 7.0  
Keco 2009.5 150.4 21,241 10.6  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control 

circuit 
EMP EV405 2009.5 108.8 49,344 24.6  
Edson International 1392.6 102.6 32,874 23.6 Circuit breaker tripped 1 time 
Keco 1999.7 150.2 48,379 24.2  
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 0.0 0 0 Vacuum pump fuse blowing 
frequently 

Edson International 2009.5 150.4 26,619 13.2  
Keco 1999.7 127.3 50,409 25.2  
Waubaushene AVR60 1999.7 150.2 21,044 10.5  
Waubaushene LD125 0.0 72.6 0 0 Vacuum pump being 

reconditioned 
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Run 5 Dates:  12/15/03 – 12/21/03 
Test set-up run for 
4169.0 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 1442.7 136.0 10,170 7.0 Speed reducer shaft sheared 
Keco 4169.0 219.9 46,719 11.2  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control circuit 
EMP EV405 4169.0 178.3 96,109 23.1  
Edson International 3621.7 163.0 83,775 23.1 Circuit breaker tripped 1 time 
Keco 4169.0 219.7 100,185 24.0  
      
Vacuum Units      
Chesapeake Bay 
Marine 

1999.9 33.3 16,079 8.0 Replaced vacuum pump 
during run – pump fuse blew 
with new pump 

Edson International 2855.6 198.0 37,827 13.2 Minor icing in inlet check 
valve – reduced flowrate on 
last night of run 

Keco 3432.7 
 

184.6 86,979 25.3 Shutdown on F1 Function 

Waubaushene AVR60 3432.7 207.4 36,314 10.6 Minor icing caused reduced 
flowrate on last night of run 

Waubaushene LD125 0.0 72.6 0 0 Vacuum pump being 
reconditioned 

 
 
 

Run 6 Dates:  1/02/04 – 1/06/04 
Test set-up run for 
2844.3 minutes on 
each set of units 

Run 
Time 

(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 136.0 0 0 Speed reducer on order 
Keco 2844.3 267.3 25,401 8.9  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control 

circuit 
EMP EV405 2844.3 225.7 64,223 22.6  
Edson International 2844.3 210.4 69,853 24.6  
Keco 1939.3 252.0 47,938 24.7 Repair of leak on discharge 

piping reduced run time – not 
a unit repair 

      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 33.3 0 0 Vacuum pump fuse blew 

Edson International 2844.3 245.4 36,368 12.8  
Keco 2844.3 232.0 69,516 24.4  
Waubaushene AVR60 2844.3 254.9 29,972 10.5  
Waubaushene LD125 0.0 72.6 0 0 Vacuum pump being 

reconditioned 
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Run 7 Dates:  1/12/04 – 1/15/04 
Test set-up run for 
2159.0 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 136.0 0 0 Speed reducer replaced – need 

new motor due to wear on 
shaft at keyway 

Keco 2159.0 303.3 21,079 9.8  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control 

circuit 
EMP EV405 1681.4 253.7 37,047 22.0 Circuit breaker tripped 1 time 
Edson International 1323.4 232.5 31,553 23.8 Circuit breaker tripped 1 time 
Keco 2159.0 288.0 51,141 23.7  
      
Vacuum Units      
Chesapeake Bay 
Marine 

139.3 35.7 989 7.1 Unit run with replacement 
oiler to check operation – still 
blowing fuse 

Edson International 2159.0 281.4 31,100 14.4  
Keco 2159.0 267.9 52,818 24.5  
Waubaushene AVR60 2159.0 290.8 23,336 10.8  
Waubaushene LD125 0.0 72.6 0 0 Vacuum pump being 

reconditioned 
 
 

Run 8 Dates:  1/18/04 – 1/19/04 
Test set-up run for 
716.4 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 136.0 0 0 Motor on order 
Keco 716.4 315.2 7,589 10.6  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control circuit 
EMP EV405 716.4 265.6 15,657 21.9  
Edson International 716.4 244.4 17,077 23.8  
Keco 527.4 296.8 12165 23.1 Internal tube developed leak - 

Note 1 
      
Vacuum Units      
Chesapeake Bay 
Marine 

189.0 38.8 630 3.3 Another test run – flowrate 
reduced 

Edson International 716.4 293.3 10,484 14.6  
Keco 716.4 279.9 17,603 24.6  
Waubaushene AVR60 716.4 302.8 8,401 11.7  
Waubaushene LD125 0.0 72.6 0 0 Vacuum pump being 

reconditioned 
Note 1:  Unit running intermittently due to the automatic shutdown feature when tube leakage is detected.  Slightly lower 
flowrate during the run.  
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Run 9 Dates:  2/10/04 – 2/15/04 
Test set-up run for: 
Set 1– 3582.8 
minutes 
Set 2 – 3571.9 
minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 1412.9 159.6 10,846 7.7 Replaced motor and restarted 

2/13/04 
Keco 3582.8 374.9 36,436 10.2  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control circuit 
EMP EV405 2806.8 312.4 55,734 19.9 Circuit breaker tripped 1 time 
Edson International 3582.8 304.1 81,475 22.7  
Keco 1412.9 320.4 42,150 29.8 Internal tube replaced on 2/13/04 
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 38.8 0 0 Consulting manufacturer for 
assistance 

Edson International 3582.8 353.0 45,240 12.6  
Keco 3571.9 339.4 88,832 24.9  
Waubaushene 
AVR60 

3571.9 362.3 36,742 10.3  

Waubaushene 
LD125 

0.0 72.6 0 0 Unit repaired & restarted 2/13/04 - 
Note 1 

Note 1:  Vacuum pump returned from manufacturer after being reconditioned and unit was restarted on 2/10/4.  Vacuum 
pump immediately filled with water and the unit was shutdown to prevent the pump from seizing.  Troubleshooting to 
determine why failure recurred. 
 
Run 10 Dates:  2/19/04 – 2/21/04 
Test set-up run for: 
Set 1– 1233.4 minutes 
Set 2 – 1224.1 
minutes 

Run 
Time 

(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 159.6 0 0 Pump shaft separated from 

diaphragm plunger 
Keco 1233.4 395.5 11,278 9.1  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control circuit 
EMP EV405 1233.4 333.0 29,355 23.8 Flowmeter malfunction - Note 1 
Edson International 1233.4 324.7 29,135 23.6  
Keco 1224.1 340.8 37,161 30.4  
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 38.8 0 0 Consulting manufacturer for 
assistance 

Edson International 1233.4 373.6 18,189 14.7  
Keco 1224.1 359.8 31,648 25.9  
Waubaushene AVR60 1224.1 382.7 11,966 9.8  
Waubaushene LD125 0.0 72.6 0 0 Troubleshooting second failure of 

pump 
Note 1:  Flowmeter began to indicate erratic flow on unit.  Unit was evaluated to see if it may have a problem that would be 
causing erratic flow such as a ruptured internal tube, but no problem was identified with the unit.  Troubleshooting 
flowmeter.  Total Volume Pumped was estimated using the flowrate measured on the unit when the flowmeter was reading 
accurately during Runs 17-20 (23.8 gallons/minute) multiplied by the Run Time of the unit. 



  Page 90 of 117 

 

 
 

Run 11 Dates:  2/21/04 – 2/27/04 
Test set-up run for: 
Set 1– 4264.5 minutes 
Set 2 – 4243.8 minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 159.6 0 0 Pump shaft on order 
Keco 4264.5 466.6 41,656 9.8  
      
Peristaltic Units      
EMP M300 0.0 108.1 0 0 Troubleshooting control circuit 
EMP EV405 0.0 333.0 0 0 Troubleshooting flowmeter 

malfunction 
Edson International 4264.5 395.8 96,660 22.7  
Keco 4243.8 411.5 95,746 22.8  
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 38.8 0 0 Consulting manufacturer for 
assistance 

Edson International 4264.5 444.7 65,714 15.4  
Keco 3686.6 421.3 91,878 24.9  
Waubaushene AVR60 0.0 382.7 0 0 Unit tripped breaker - Note 1 
Waubaushene LD125 0.0 72.6 0 0 Troubleshooting second failure of 

pump 
Note 1:  Unit breaker was reset and the unit was restarted.  Vacuum pump will not produce vacuum or suction.  
Troubleshooting problem. 
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Run 12 Dates:  2/29/04 – 3/12/04 
Test set-up run for: 
Set 1– 8781.9 
minutes 
Set 2 – 8771.8 
minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 159.6 0 0 Pump shaft needs repair – parts 

received 
Keco 8781.9 612.9 78,111 8.9  
      
Peristaltic Units      
EMP M300 5768.2 204.3 135,693 23.5 Repaired control circuit and 

restarted 3/4/04 
EMP EV405 6464.3 440.7 153,850 23.8 Troubleshooting flowmeter problem 

- Note 1 
Edson International 8781.9 542.1 209,347 23.8  
Keco 8771.8 557.7 235,961 26.9 Flowmeter malfunction - Note 2 
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 38.8 0 0 Consulting manufacturer for 
assistance 

Edson International 7369.3 567.5 108,283 14.7  
Keco 1472.1 445.8 38,026 25.8 Unit shutdown due to low flowrate - 

Note 3 
Waubaushene AVR60 0.0 382.7 0 0 Troubleshooting unit 
Waubaushene LD125 0.0 72.6 0 0 Troubleshooting second failure of 

pump 
Note 1:  Flowmeter was changed out on 3/3/04 with the flowmeter that had been in use for the Edson International 
Diaphragm Unit (unit removed from study).   Flowrate is still erratic on new flowmeter.  Troubleshooting unit and flowmeter.  
Total Volume Pumped was estimated using the flowrate measured on the unit when the flowmeter was reading accurately 
during Runs 17-20 (23.8 gallons/minute) multiplied by the Run Time of the unit. 
Note 2:  Flowmeter began to exhibit erratic readings during the unit run cycle and during the unit off cycle.  Reset “zero” on 
flowmeter to correct problem during unit off cycle.  Total Volume Pumped was estimated using the flowrate measured on the 
unit when the flowmeter was reading accurately  (26.9 gallons/minute) multiplied by the Run Time of the unit. 
Note 3:  Unit found to have greatly reduced flowrate during daily flow check.  Troubleshooting problem with manufacturer. 
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Run 13 Dates:  3/13/04 – 3/22/04 
Test set-up run for: 
Set 1– 6594.9 
minutes 
Set 2 – 6584.8 
minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 159.6 0 0 Pump shaft needs repair – parts received 
Keco 4297.3 684.5 37,313 8.7 Diaphragm developed leak 
      
Peristaltic Units      
EMP M300 6594.9 314.2 153,422 23.3  
EMP EV405 4297.3 512.3 102,276 23.8 Troubleshooting flowmeter problem - 

Note 1 
Edson International 2238.1 579.4 53,336 23.8 Circuit breaker tripped 1 time, and tube 

failed 
Keco 6584.8 667.4 177,131 26.9 Flowmeter malfunction - Note 2 
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 38.8 0 0 Consulting manufacturer for assistance 

Edson International 6594.9 677.4 100,416 15.2  
Keco 0.0 445.8 0 0 Unit shutdown due to low flowrate - 

Note 3 
Waubaushene AVR60 0.0 382.7 0 0 Troubleshooting unit 
Waubaushene LD125 0.0 72.6 0 0 Troubleshooting second failure of pump 
Note 1:  Flowrate is still erratic on new flowmeter.  Troubleshooting unit and flowmeter.  Small amount of water leaking out 
of unit at drain from internal tube cavity.  EMP consulted and drainage is believed to be condensation and not internal tube 
leakage.   Total Volume Pumped was estimated using the flowrate measured on the unit when the flowmeter was reading 
accurately during Runs 17-20 (23.8 gallons/minute) multiplied by the Run Time of the unit. 
Note 2:  Flowmeter continues to exhibit erratic readings during the unit run cycle and during the unit off cycle.  Reset “zero” 
on flowmeter to attempt to correct the problem during unit off cycle.  Exercised engineering judgment to estimate the Total 
Volume Pumped by using the flowrate measured on the unit when the flowmeter was reading accurately during Run 12 (26.9 
gallons/minute) multiplied by the Run Time of the unit during Run 13. 
Note 3:  Unit found to have greatly reduced flowrate.  Troubleshooting problem with manufacturer. 
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Run 14 Dates:  3/26/04 – 4/09/04 
Test set-up run for 
10046.0 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 159.6 0 0 Replaced pump shaft – speed 

reducer mounts failed overnight – 
unit removed from study 

Keco 2824.5 731.6 21,939 7.8 Diaphragm replaced and restarted, 
then speed reducer mount failed – 
repair completed 

      
Peristaltic Units      
EMP M300 10046.0 481.6 240,072 23.9  
EMP EV405 0.0 512.3 0 0 Shutdown to investigate erratic 

flowrate 
Edson International 2018.8 613.1 58,782 29.1 Internal tube replaced and restarted 
Keco 1372.4 690.3 36,699 26.7 Internal tube replaced again by 

Keco - Note 1 
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 38.8 0 0 Consulting manufacturer for 
assistance 

Edson International 10046.0 844.8 153,064 15.2  
Keco 0.0 445.8 0 0 Note 2 
Waubaushene AVR60 596.7 392.7 6,335 10.6 Restarted unit 4/8/04 after 

lubrication of pump 
Waubaushene LD125 0.0 72.6 0 0 Troubleshooting second failure of 

pump 
Note 1:  A representative of Keco made a site visit to change out the internal tube due to concerns that the original internal 
tube may have come from a defective lot.  The original replacement tube came from this same lot.  Flowmeter initially 
exhibited erratic readings during the unit run cycle and during the unit off cycle.  Allowed tube to run for a break-in period of 
5092.5 minutes to see if the flowmeter readings would stabilize the unit flowrate and make the flow readings less erratic.  At 
the end of the break-in period, the flowmeter “zero” was reset and accurate flow measurement was restored. 
Note 2:  A representative of Keco made a site visit to troubleshoot the low flowrate on the unit.  One of the unit’s two 
transfer tanks had a crack around the bottom perimeter of the cylindrical tank.  Replaced tank and restarted unit on 4/5/04.  
Unit shutdown overnight for an unknown reason.  Troubleshooting problem. 
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Run 15 Dates:  4/09/04 – 4/17/04 
Test set-up run for 
5510.2 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Exstar International 0.0 159.6 0 0 Replaced pump shaft – speed reducer 

mounts failed overnight – unit 
removed from study 

Keco 5510.2 823.5 55,111 10.0  
      
Peristaltic Units      
EMP M300 5510.2 573.4 133,871 24.3  
EMP EV405 616.6 522.6 14,939 24.2 Crack on discharge union of pump - 

repaired 
Edson International 4306.8 684.8 121,060 28.1 Circuit breaker tripped 1 time 
Keco 4744.1 769.4 125,622 26.5 Note 1 
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0 38.8 0 0 Consulting manufacturer for 
assistance 

Edson International 5510.2 936.7 73,342 13.3  
Keco 686.3 457.2 19,376 28.2 Note 2 
Waubaushene AVR60 1253.2 413.5 12,890 10.3 Circuit breaker tripped 6 times 
Waubaushene LD125 0.0 72.6 0 0 Restarted following fuse replacement 

and solenoid valve cleaning – unit 
found shutdown the following day.  

Note 1:  Flowmeter “zero” was reset during the run to ensure accurate flow measurement. 
Note 2:  Keco provided a new control box for the unit to be used to troubleshoot the intermittent operation of the unit 
experienced in Run 14.  Installed new control box on 4/10/04 and restarted the unit to see if the issue would recur with the 
new control box.  The other tank on the unit developed a similar crack around the bottom perimeter of the cylindrical tank. 
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Run 16 Dates:  4/17/04 – 4/21/04 
Test set-up run for 
2764.2 minutes on 
each set of units 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Keco 0.0 823.5 0 0 Troubleshooting unit - Note 1 
      
Peristaltic Units      
EMP M300 2764.2 619.5 62,863 22.7  
EMP EV405 0.0 522.6 0 0 Breaker tripped 1 time – erratic 

flowrate 
Edson International 2764.2 730.9 77,453 28.0  
Keco 0.0 769.4 0 0 Shutdown due to leak on discharge 

flex-hose 
      
Vacuum Units      
Chesapeake Bay 
Marine 

0.0  0 0 Consulting manufacturer for 
assistance 

Edson International 2764.2 982.7 34,946 12.6  
Keco 0.0 457.2 0 0 Shutdown due to leak on second tank 
Waubaushene AVR60 0.0 413.5 0 0 Troubleshooting unit – trips breaker 

frequently  
Waubaushene LD125 0.0 72.6 0 0 Unit restarted and spider coupling 

between motor and vacuum pump 
failed 

Note 1:  Unit is not producing vacuum following periodic flow checks on 4/17/04.  After consulting Keco, determined that 
the discharge check valve on the discharge pump had failed. 
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Run 17 Dates:  5/04/04 – 5/15/04 
Test set-up run for: 
Set 1– 7696.6 
minutes 
Set 2 – 7680.7 
minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Keco 0.0 823.5 0 0 Replaced discharge check valve – 

suction piping leak prevented 
restarting unit 

      
Peristaltic Units      
EMP M300 1928.9 651.7 43,576 22.6 2 shutdowns: 1) leak on discharge 

piping at 45-degree elbow, and 2) 
failure of internal tube 

EMP EV405 1988.2 555.7 48,910 24.6 Note 1 
Edson International 5698.2 825.9 148,913 26.1 Two leaks on discharge flex-hose  
Keco 3425.5 826.5 90,776 26.5 Note 2 
      
Vacuum Units      
Chesapeake Bay 
Marine 

7680.7 166.8 54,178 7.1 Unit restarted after repair by 
manufacturer 

Edson International 1988.2 1,015.9 24,608 12.4 Completed life-cycle testing 
Keco 0.0 457.2 0 0 Shutdown to repair leak on second 

tank 
Waubaushene AVR60 0.0 413.5 0 0 Cleaning pump internals with WD-40 

again – circuit breaker tripped 4 times 
Waubaushene LD125 1133.7 91.5 17,403 15.4 Unit restarted and spider coupling 

between motor and vacuum pump 
failed for a second time 

Note 1:  Changed out the flowmeter on the EMP Industries EV405 unit with the flowmeter that had been in use with the 
Mariner Technologies Peristaltic unit to monitor the unit’s performance using a new flowmeter.  The unit’s flowrate is now 
more stable. 
Note 2:  Repaired leak on discharge flex-hose and restarted, but developed another leak on hose.  Unit still exhibits erratic 
flowmeter readings.  Total Volume Pumped was estimated by using a flowrate of 26.5 gpm (measured during Runs 15 and 
20).  Run 15 data was collected using the original flowmeter and Run 20 data was collected using the flowmeter that was 
originally installed for the EMP Industries M300 to compare the performance of the two flowmeters.  Both Runs yielded a 
flowrate of 26.5 gpm. 
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Run 18 Dates:  5/15/04 – 5/21/04 
Test set-up run for: 
Set 1– 4443.0 
minutes 
Set 2 – 4432.9 
minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average 
Flow 

(gallons/minute) 

 
Comments 

Diaphragm Units      
Keco 0.0 823.5 0 0 Shutdown for repair of suction piping 

leak 
      
Peristaltic Units      
EMP M300 0.0 651.7 0 0 Waiting for internal tube replacement 

parts 
EMP EV405 3061.1 606.8 73,456 24.0 Circuit breaker tripped 1 time 
Edson International 1143.3 844.9 30,038 26.3 Repaired discharge flex-hose leak and 

restarted, then developed leak on 45-
degree elbow 

Keco 2534.6 868.7 2534.6 26.5 Erratic flow on flowmeter - Note 1 
      
Vacuum Units      
Chesapeake Bay 
Marine 

4432.9 240.7 31,682 7.1  

Keco 1401.6 480.6 34,760 24.8 Second tank replaced and restarted - 
Note 2 

Waubaushene AVR60 0.0 413.5 0 0 Consulting manufacturer for assistance 
Waubaushene LD125 0.0 91.5 0 0 Waiting for replacement spider 

coupling - Note 3 
Note 1:  Total Volume pumped was estimated by using a flowrate of 26.5 gpm (measured during Runs 15 and 20).  Run 15 
data was collected using the original flowmeter and Run 20 data was collected using the flowmeter that was originally 
installed for the EMP Industries M300 to compare the performance of the two flowmeters.  Both Runs yielded a flowrate of 
26.5 gpm. 
Note 2:  Erratic flowrate on the unit after tank repair from slugs of air in the discharge piping.  Consulted Keco and the 
problem was identified as air leaking on suction manifold at the check valves.  Tightened valves and corrected air leakage.  
Estimated "Total Volume Pumped" by using a flowrate of 24.8 gpm (obtained in Run 19) and the Run Time on unit. 
Note 3:  Received replacement spider coupling on 5/19/04.  Attempted replacement of spider coupling but could not remove 
key from the motor shaft so that the sprocket could be moved back down the shaft and into position. 
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Run 19 Dates:  5/22/04 – 5/27/04 
Test set-up run for: 
Set 1– 3486.8 
minutes 
Set 2 – 3474.8 
minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Keco 675.5 834.7 6,620 9.8 Repaired suction piping leak - 

developed leak at discharge union – 
Note 1 

      
Peristaltic Units      
EMP M300 0.0 651.7 0 0 Waiting for internal tube replacement 

parts 
EMP EV405 2851.1 654.3 68,868 24.2 Circuit breaker tripped 1 time 
Edson International 2165.5 881.0 55,196 25.5 Circuit breaker tripped 2 times 
Keco 2066.2 903.1 54,754 26.5 Developed discharge 45-degree elbow 

leak – repaired and restarted – erratic 
flow - Note 2 

      
Vacuum Units      
Chesapeake Bay 
Marine 

3474.8 298.6 24,918 7.2  

Keco 2610.5 524.1 64,740 24.8 Second tank replaced and restarted - 
Note 3 

Waubaushene AVR60 0.0 413.5 0 0 Consulting manufacturer – tested 
circuit breaker 

Waubaushene LD125 1976.8 124.5 38,152 19.3 Replaced spider gear and used Lock-
Tite on motor shaft to prevent sprocket 
from moving 

Note 1:  Due to difficulty with measuring the flow on the unit during this run, “Total Volume Pumped” was estimated using 
a flowrate of 9.8 gpm, which was the average flowrate produced by the unit during life-cycle testing. 
Note 2:  Total Volume pumped was estimated by using a flowrate of 26.5 gpm (measured during Runs 15 and 20).  Run 15 
data was collected using the original flowmeter and Run 20 data was collected using the flowmeter that was originally 
installed for the EMP Industries M300 to compare the performance of the two flowmeters.  Both Runs yielded a flowrate of 
26.5 gpm. 
Note 3:  Erratic flowrate on unit after tank repair from slugs of air in the discharge piping.  Consulted Keco and the problem 
was identified as air leaking on suction manifold at the check valves.  Tightened valves and corrected air leakage.  Estimated 
"Total Volume Pumped" by using a flowrate of 24.8 gpm (obtained during the final portion of Run 19) and the Run Time on 
unit. 
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Run 20 Dates:  5/27/04 – 6/04/04 
Test set-up run for: 
Set 1– 5754.4 
minutes 
Set 2 – 5744.4 
minutes 

Run Time 
(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Diaphragm Units      
Keco 0.0 834.7 0 0 Repair needed on discharge union 
      
Peristaltic Units      
EMP M300 0.0 651.7 0 0 Waiting for internal tube replacement 

parts 
EMP EV405 3160.2 706.9 71,570 22.6 Circuit breaker tripped 1 time 
Edson International 2216.1 918.0 57,263 25.8 Rubber coupling between motor and 

pump failed 
Keco 5674.8 997.7 150,382 26.5 Note 1 
      
Vacuum Units      
Chesapeake Bay 
Marine 

5744.4 394.4 42,341 7.4  

Keco 5744.4 619.8 144,910 25.2  
Waubaushene AVR60 0.0 413.5 0 0 Consulting manufacturer  - breaker 

tripping  
Waubaushene LD125 5744.4 220.2 113,924 19.8  
Note 1:  The final portion of Run 20 data was collected using the flowmeter that was originally installed for the EMP 
Industries M300 to compare the performance between this flowmeter and the original flowmeter installed for the Keco 
Peristaltic.  A flowrate of 26.5 gpm was measured with the new flowmeter installed.  This corresponds well with the flowrate 
measured with the original flowmeter in Run 15, when a flowrate of 26.5 gpm was also measured.  Total Volume Pumped 
was estimated by using a flowrate of 26.5 gpm (measured during Runs 15 and 20) and the Run Time on the unit. 
 
 
Life-cycle testing was concluded on all units except for the Chesapeake Bay Marine unit on June 4, 
2004.  Life-cycle testing was continued on the Chesapeake Bay Marine unit because the unit did not 
operate with the vacuum pump lubricant (Mobil EAL-224H) that was chosen for use in all vacuum 
pumps in the study.  The problem with this lubricant in the Chesapeake Bay Marine unit was not 
identified until May 3, 2004.  After consultation with Kevin Atkinson (SOBA), the Chesapeake Bay 
Marine unit was allowed to continue to be run in the study until such time as the unit had been run for 
1000 hours, or until a failure occurred. 
 
The following additional runs were conducted on the Chesapeake Bay Marine unit. 
 
Run 21 Dates:  6/04/04 – 6/10/04 
Test set-up run for 
4291.9 minutes 

Run 
Time 

(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Chesapeake Bay Marine 4291.9 465.9 31,555 7.4  
 
 
Run 22 Dates:  6/10/04 – 6/25/04 
Test set-up run for 
10,769.0 minutes 

Run 
Time 

(minutes) 

Cumulative 
Run Time 

(hours) 

Total Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Chesapeake Bay Marine 10,769.0 645.4 80,503 7.5  
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Run 23 Dates:  6/25/04 – 7/02/04 
Test set-up run for 4928.0 
minutes 

Run 
Time 

(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Chesapeake Bay Marine 4928.0 727.5 35,887 7.3  
 
 
Run 24 Dates:  7/12/04 – 7/23/04 
Test set-up run for 7630.3 
minutes 

Run 
Time 

(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Chesapeake Bay Marine 7630.3 854.7 54,255 7.1  
 
 
Run 25 Dates:  7/23/04 – 8/05/04 
Test set-up run for 9317.9 
minutes 

Run 
Time 

(minutes) 

Cumulative 
Run Time 

(hours) 

Total 
Volume 
Pumped 
(gallons) 

Average Flow 
(gallons/minute) 

 
Comments 

Chesapeake Bay Marine 9317.9 1,010.0 65,573 7.0  
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Annex 5.2 – Total Flow Data 
 
The Total Run Time (in hours) and Total Volume Pumped by each unit in the study is shown in the 
Table below. 
 

 Total Run 
Time 

(hours) 

Hour Counter 
Readings 
(hours) 

Total Volume 
Pumped 
(gallons) 

Average 
Flowrate 

(gallons/minute) 
Diaphragm Units     
Edson International 48.8 No hour counter 21,798 7.4 
Exstar International 159.6 237.0 66,853 7.0 
Keco 834.7 No hour counter 489,623 9.8 
     
Peristaltic Units     
Edson International 918.0 No hour counter 1,355,467 24.6 
EMP M300 651.6 701.2 917,484 23.5 
EMP EV405 706.9 854.6 990,709 23.4 
Keco 997.7 No hour counter 1,550,260 25.9 
     
Vacuum Units     
Chesapeake Bay Marine 1,010.0 1,196.6 455,213 7.5 
Edson International 1,015.9 No hour counter 850,858 14.0 
Keco 619.8 No hour counter 934,696 25.1 
Waubaushene AVR60 413.5 524.8 267,689 10.8 
Waubaushene LD125 220.2 317.7 253,429 19.2 
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Annex 5.3 – Periodic Test Flow and Vacuum Check Data 
 
Periodic Test #1 
Date:  12/09/03 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Edson International ---- ---- Unit inoperable – diaphragm failure 
Exstar International 11.5 2:22  
Keco 11.5 1:55  
    
Peristaltic Units    
EMP M300 ---- ---- Unit inoperable – control circuit failure 
EMP EV405 28.5 1:12  
Edson International 27.0 0:59  
Keco 27.5 1:06  
    
Vacuum Units    
Chesapeake Bay Marine 24.0 2:12  
Edson International 18.5 1:10  
Keco 24.0 0:41  
Waubaushene AVR60 25.5 0:53  
Waubaushene LD125 ---- ---- Unit inoperable – vacuum pump failure 
 
 
Periodic Test #2 
Date:  1/02/04 

Vacuum 
Measurement 

(inches of 
Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Edson International ---- ---- Unit inoperable – withdrawn from study 
Exstar International ---- ---- Unit inoperable – speed reducer failure 
Keco 14.0 1:59  
    
Peristaltic Units    
EMP M300 ---- ---- Unit inoperable - control circuit failure 
EMP EV405 28.5 1:10  
Edson International 28.0 1:27  
Keco 28.0 1:06  
    
Vacuum Units    
Chesapeake Bay Marine 26.5 2:37  
Edson International 18.5 1:37  
Keco 25.0 0:55  
Waubaushene AVR60 25.5 1:07  
Waubaushene LD125 ---- ---- Unit inoperable - vacuum pump failure 
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Periodic Test #3 
Date:  2/21/04 

Vacuum 
Measurement 

(inches of 
Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Exstar International ---- ---- Unit inoperable – pump shaft failure 
Keco 11.0 2:02  
    
Peristaltic Units    
EMP M300 ---- ---- Unit inoperable – control circuit failure 
EMP EV405 28.5 1:12  
Edson International 26.5 0:59  
Keco 27.0 1:00  
    
Vacuum Units    
Chesapeake Bay Marine ---- ---- Unit inoperable – troubleshooting unit 
Edson International 18.5 0:46  
Keco 25.0 0:47  
Waubaushene AVR60 25.5 1:07  
Waubaushene LD125 ---- ---- Unit inoperable – troubleshooting vacuum pump 

failure 
 
 
Periodic Test #4 
Date:  3/13/04 

Vacuum 
Measurement 

(inches of 
Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Exstar International ---- ---- Unit inoperable – pump shaft needs repair 
Keco 11.0 1:48  
    
Peristaltic Units    
EMP M300 25.0 1:00  
EMP EV405 29.0 1:14  
Edson International 28.0 0:57  
Keco 25.0 1:11  
    
Vacuum Units    
Chesapeake Bay Marine ---- ---- Unit inoperable – troubleshooting unit 
Edson International 18.5 0:41  
Keco ---- ---- Unit inoperable – troubleshooting low flowrate 
Waubaushene AVR60 ---- ---- Unit inoperable – troubleshooting unit 
Waubaushene LD125 ---- ---- Unit inoperable – troubleshooting vacuum pump 

failure 
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Periodic Test #5 
Date:  4/09/04 

Vacuum 
Measurement 

(inches of 
Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Exstar International ---- ---- Unit inoperable – withdrawn from study 
Keco 11.0 1:48  
    
Peristaltic Units    
EMP M300 26.5 1:07  
EMP EV405 26.5 1:17  
Edson International 26.5 0:54  
Keco 27.5 0:57  
    
Vacuum Units    
Chesapeake Bay Marine 24.5 1:04 Troubleshooting unit – run only for flow check 
Edson International 19.0 0:45  
Keco 23.0 0:54  
Waubaushene AVR60 24.5 1:03  
Waubaushene LD125 25.0 0:35  
 
 
Periodic Test #6 
Date:  4/17/04 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Keco 13.5 --- Unit stopped producing vacuum following 

vacuum measurement – discharge valve 
failure 

    
Peristaltic Units    
EMP M300 28.0 1:08  
EMP EV405 28.5 1:17  
Edson International 27.0 0:54  
Keco 27.5 0:59  
    
Vacuum Units    
Chesapeake Bay Marine ---- ---- Unit inoperable – troubleshooting unit 
Edson International 19.0 0:45  
Keco ---- ---- Unit inoperable – tank failure 
Waubaushene AVR60 27.5 0:58  
Waubaushene LD125 26.0 0:43  
 



  Page 105 of 117 

 

 
Periodic Test #7 
Date:  5/15/04 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Keco --- --- Unit inoperable – suction piping leak 
    
Peristaltic Units    
EMP M300 --- --- Unit inoperable – internal tube failure 
EMP EV405 27.0 1:15  
Edson International --- --- Unit inoperable – discharge hose leak 
Keco 27.5 0:38  
    
Vacuum Units    
Chesapeake Bay Marine 23.0 0:55  
Edson International 19.0 0:45  
Keco 23.5 0:49  
Waubaushene AVR60 28.0 1:00  
Waubaushene LD125 --- --- Unit inoperable – spider coupling failure 
 
 
Periodic Test #8 
Date:  5/27/04 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Diaphragm Units    
Keco 11.5 1:44  
    
Peristaltic Units    
EMP M300 --- --- Unit inoperable – internal tube failure 
EMP EV405 26.5 1:12  
Edson International 25.5 0:59  
Keco 27.0 0:59  
    
Vacuum Units    
Chesapeake Bay Marine 23.0 0:57  
Edson International 18.5 0:49  
Keco 24.0 0:40  
Waubaushene AVR60 27.0 1:03  
Waubaushene LD125 27.0 0:48  
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The following additional Periodic Flow Checks were conducted on the Chesapeake Bay Marine unit. 
 
[Note: Life-cycle testing was concluded on all units except for the Chesapeake Bay Marine unit on June 
4, 2004.  Life-cycle testing was continued on the Chesapeake Bay Marine unit because the unit did not 
operate with the vacuum pump lubricant (Mobil EAL-224H) that was chosen for use in all vacuum 
pumps in the study.  The problem with this lubricant in the Chesapeake Bay Marine unit was not 
identified until May 3, 2004.  After consultation with Kevin Atkinson (SOBA), the Chesapeake Bay 
Marine unit was allowed to continue to be run in the study until such time as the unit had been run for 
1000 hours, or until a failure occurred.] 
 
Periodic Test #9 
Date:  6/10/04 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Chesapeake Bay Marine 23.5 1:00  
 
 
 
Periodic Test #10 
Date:  7/12/04 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Chesapeake Bay Marine 27.0 0:57  
 
 
Periodic Test #11 
Date:  7/23/04 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Chesapeake Bay Marine 26.0 1:03  
 
 
Periodic Test #13 
Date:  9/14/04 

Vacuum 
Measurement 
(inches of Hg) 

Time required to 
pump 30 gallons 

of Test Media 
(minutes:seconds) 

 
Comments 

Chesapeake Bay Marine 24.0 1:07  
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ANNEX 6 – Flow Patterns for Pump-out Units 
 
The following photos are of the actual flow patterns exhibited by the pumpout units as recorded by the 
Thermo Westronics SV100 Paperless Recorder (See page 28).  The photos represent a real time snap 
shot of the equipments flow characteristics. The actual flow rate (in GPM) is represented by the darker 
colored line (typically shown as a jagged line) and the average flow rate (in GPM) is the lighter colored 
line that is a straight line or a straight line with a smooth offset. The x-axis represents flow (GPM) and 
the y-axis is time with the oldest data at the bottom of the graph.  
 
Diaphragm Units 
 

Figure 6.1 - Edson International Model 284EB-40 Diaphragm Pump-out Unit 
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Figure 6.2 - Exstar International Sani-Station SS-100 Deluxe Diaphragm Pump-out Unit 

 

 
 
 
Note:  No flow pattern photograph was available for the Keco Model PAH-175 Diaphragm Pump-out 
unit.  However, the flow pattern for this unit was similar to that of the other two diaphragms pump-out 
units.
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Peristaltic Units 
 

Figure 6.3 - Edson International Model 286EP-40 Peristaltic Pump-out Unit 
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Figure 6.4 - EMP Industries Sanisailor Sentinel - M300 Peristaltic Pump-out Unit 
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Figure 6.5 - EMP Industries Sanisailor Sentinel – EV405 Peristaltic Pump-out Unit 
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Figure 6.6 – Keco Model PER900.1PH Peristaltic Pump-out Unit 
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Vacuum Units 
 

Figure 6.7 – Chesapeake Bay Marine Model CB70HD Vacuum Pump-out Unit 
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Figure 6.8 – Edson International Model 290-35-1HP Vacuum Pump-out Unit 
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Figure 6.9 – Keco Model 1000V-3 HP Vacuum Pump-out Unit 
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Figure 6.10 – Waubaushene Model AVR60 Vacuum Pump-out Unit 
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Figure 6.11 – Waubaushene Model LD125 Vacuum Pump-out Unit 
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