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SUBJECT: MVN Outfall Canal Pump Report 

1. Because of our cOITlliitment to assuring public safety, 
commissioned the MVN Outfall Canal Pump Report, the purpose 
of which was to assure a reliable system, and to identify 
improvements in our business management, technical, and 
procurement processes while working under emergency 
conditions. 

2. AccordinglYI I established a three-person technical 
review team with the knowledge, skills( and abilities 
required to achieve my purpose. This team operated 
independently with access to all documents, tests, and 
personnel involved in the project. They looked very hard 
at, and, in fact, identified a number of technical 
challenges inherent to the building of the pumps, problems 
which left unaddressed could well have hindered the 
effective functioning of these pumps. Due to the efforts of 
this team and the personnel on the ground, we were able to 
evaluate and take extensive direct action to meet the 
identified technical challenges. 

3. Following are summary examples of findings and actions 
we have taken which have led to improvements that have 
assured us of having a reliable system in place today. 

a. The Corps in cooperation with ERDC decided to turn 
the outfall elbow over on the pumps so the pumps could be 
primed during testing conditions to try to eliminate 
hydraulic pulsation problems and increase flow capacity. 
This mitigated part of the capacity problem, but did not 
reduce the pulsation problem to a satisfactory level. 

b. Welding corrections to the water pump piping were 
made to prevent the pumps from failure. 
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c. Springs/plates were changed in hydraulic motors, 
which corrected the pulsation of the piping. 

d. rlooded suction intakes to the hydraulic pumps will 
prevent the possibility of air being pulled into the 
hydraulic pumps, leading them to fail. (This has not yet 
been completed on all pumps, as noted in the report.) 

e. The Denison hydraulic pumps have had cams replaced 
and now have the proper cams to operate at pressures >3,000 
psi continuously. 

f. Flexible hydraulic hoses have been replaced with 
rigid piping, which corrected corrosion issues with the 
galvanized quick-connects underwater. 

4. The team also looked at the contracting process that 
enabled the pumps to be put in place. During its 
investigation, the team found no evidence of mistakes in the 
specifications or award of the contract to the pump 
manufacturer. The team did note that contract files are not 
consistent with established procedures and recommended 
additional investigation to verify contract documentation 
issues. Although all changes to the contract identified at 
the time were documented by formal modifications to the 
contract, these are files on ongoing contracts, and we will 
take action to complete those files Further, in concert 
with the team's findings, we are taking steps to ensure a 
reliable pumps system is installed in accordance with 
contract requirements. We are still withholding $4.2M of 
payment from the contractor until we accept the pumps and 
resolve all outstanding issues between the government and 
the contractor. 

5. The technical team findings also targeted the method of 
factory testing procedures and reliability capacity of the 
pumps and identified issues with the pump performance. 

a. Current capacity. Full-size factory testing 
performed at MWI in consultation with the Army Engineering 
Research and Development Center (ERDC) shows that the pump 
operates at 95 percent of design capacity. 

b. Secondly, the report addresses the design of the 
suction side of the hydraulic pump which was the primary 
problem during factory testing. The current design has been 
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used by MWI successfully in the past, but additional 
features and operating procedures have been added to protect 
against a "dry start-up condition" in the hydraulic pump. 
Our experience over the last few months of testing indicates 
that once the air is evacuated from the system, the 
hydraulic pumps start and run normally. In an effort to 
eliminate the potential of human error in the operating 
procedure, work is currently underway to modify the plumbing 
so that the hydraulic pumps can never experience a "dry 
start-up condition." 

6. Current state is that all pumps have been tested and 
currently are operating without the pulsation experienced 
last year. As the report indicates "modifications made by 
MWI and their subcontractors have been improving the 
reliability of the pumps." 

7. As a result of extensive corrective actions taken from 
April 2006 until 24 May 2007, all 40 hydraulic pumps are in 
place and have been successfully installed and tested and 
are working well. 

8. In regards to applying lessons learned and improved 
practices in future emergency management operations, the 
Corps moved out with urgency to procure the design, 
fabrication, and installation of the hydraulic pumps over a 
duration of as little as 6 months, in what would usually 
take 3 to 5 years to accomplish. To serve the public safety 
in that compressed time frame, the Corps installed and 
tested pumps in the field, to have some pump capacity in 
place for the 2006 hurricane season. Meanwhile our team of 
engineers worked with the manufacturer in the factory to 
adjust/retrofit/improve the pumps in actual field conditions 
daily to assure that the pumps reached the required level of 
reliability. 

9. My expectation is that the team should document their 
ongoing contract procurement actions even while working 
under crisis conditions. I will form a team to help them 
bring the documentation file up to date. An improvement in 
future operations would be to deploy a contract 
administration team to work alongside the project delivery 
team, with the sole focus of performing and assuring correct 
and complete contract actions and documentation. 
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10. We will use the results of this report to improve our 
emergency management business processes and better fulfill 
our objective of public safety as our first priority and as 
good stewards of our nation's infrastructure and resources. 
We will also compare the internal team findings with the GAO 
investigation report to ensure we are doing our best to 
provide for public safety. 

,0UJ--~ 
ROBERT CREAR 
Brigadier General, USA 
Commanding 
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Preface 

The report that follows was commissioned by BG Robert Crear in September 2006.  BG 
Crear initiated the review of the temporary pump quality and contract administration, 
as a result of Quality Assurance (QA) personnel’s concerns about the test results 
witnessed at the factory as well as other quality issues associated with the pumps.  
Primarily it was Ms. Maria Garzino, in her capacity as Pump Team Leader, who surfaced 
the concerns. 

To assure no bias in this review, BG Crear directed that the technical review be 
performed by Corps of Engineers persons from outside MVD.  The two technical 
personnel who were chosen are both from the Great Lakes and Ohio River Division of 
the Corps of Engineers and are not under BG Crear’s command.  A Vicksburg District 
employee (who is under BG Crear’s command but was not involved in the pump 
contract) served as coordinator to arrange site visits and compile findings of the two 
independent engineers. 

This current team was actually the second of two reviews performed in this matter.  The 
first effort was accomplished by a team led by Mr. Steve Farkas, a Mechanical Engineer 
from St. Louis District.  The Farkas team’s results are documented in their memorandum 
dated 13 May 2006.  Mr. Farkas was asked by the TF Guardian Commander to review 
the technical issues associated with pump quality soon after the issues were reported.  
Mr. Farkas did a brief inquiry and site visit to provide confirmation of issues Moving Water 
Industries (MWI) needed to address to assure reliable pumping capability.  Mr. Farkas’ 
memorandum outlining issues that needed response by MWI became an input for the 
current team. 

The current team was charged with addressing five specific questions: 

1. Were Maria Garzino’s concerns properly addressed by the team led by Steve 
Farkas? 

2. Were deficiencies noted in the Farkas Team report corrected? 

3. Are the pumps capable of performing as designed? 

4. Was testing performed scientifically accurate and in accordance with the 
contract? 

5. If testing requirements were relaxed, does the testing provided ensure the 
public safety and were steps taken properly and in accordance with the 
FAR? 

Now that the “MVN Outfall Canal Pumps Report” is completed, BG Crear will assure 
that each recommendation is given thorough response by the current Commander of 



the Hurricane Protection Office, COL Jeff Bedey.  This will lead to further improvements 
in the performance of these specific pumps. 

In addition, the documented proceedings of the Farkas Team and this report will 
provide lessons learned to be applied to future similar situations in which equipment 
must be purchased and installed under an urgent timeline. 



FINAL REPORT 
MVN Outfall Canal Pumps 
Independent Team Report 

11 May 2007 
Executive Summary 

 
Background: An independent team (Artman Team) was formed in September 2006 to investigate the 
MVN Outfall Canal Pumps with regard to concerns which have been raised to the reliability and 
performance of the pumping units and possible improprieties in the contract administration.  This Artman 
Team consists of two U.S. Army Corps of Engineers employees who are employed outside of MVD, 
hence the team is considered to be independent of MVD.  One of these employees is a pump specialist 
and one is a construction contract administration specialist.  An MVD employee has served the team as 
coordinator. 
 
Findings:  Issues considered by the Artman Team and a summary of findings for each issue are as 
follows: 
 
1) Were Maria Garzino’s concerns properly addressed by the independent team led by Steve Farkas?   

 
 The Farkas Team did not interview Maria Garzino nor had enough time to properly address all of 
her technical concerns presented in her memorandum (which included all of the inspection reports at 
MWI).  The Farkas Team arrived on a Friday and then provided a report by Saturday night.    
 
2) Were deficiencies noted in the Farkas Team report corrected? 
 
  Deficiencies noted by the Farkas Team have been partially corrected.  In some cases the MWI 
responses are not satisfactory.  

 
3) Are the pumps capable of performing as designed? 

 
Artman Team findings during the initial review in September 2006 indicated that the pumps 

would have not performed as designed due to the following issues: 
 
a) A vacuum type check valve for priming the suction requires personnel to be on the drive unit 

platform to start operation of the equipment.  If this is not done properly irreversible damage 
could happen to the hydraulic oil pumps.  The intent of the design was to have automatic 
remote operation from the control building, not to have personnel on the platforms during 
hurricane conditions. 

 
b) Hydraulic pulsation experienced during operation of the pumps could have led to premature 

motor failure. 
 
c) Pumps where not able to meet the design speed with engine operating at maximum rpm’s.  

Because of this the pump discharge capacity would have been less than indicated by the 
manufacturer’s pump performance curve. 
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d) Government on site QA representatives, when inspecting welding of pumping equipment, 

discovered faulty welds.  Information obtained later indicated MWI had not used AWS D1.1 
Certified Welders.  If welds had failed during pumping operations, it would have reduced the 
capacity, due to shutting down equipment.  A Government and an independent inspector 
prepared a repair plan for the critical structural welds.  Certified welders hired by the 
Government repaired the critical welds. 

 
e) The flows were measured and passed by the Government factory site personnel during April 

2006.  Pumps that have been indicated to have passed the performance capacity test are not 
valid because the test setup did not meet HI Standards.  The results are not accurate due to test 
setup, water being too turbulent, temperature of water too high, and the testing tank was 
contaminated with hydraulic oil.  HI requires the water temperature to remain constant and 
testing fluid to be non-contaminated, along with the proper setup equipment. See figure 2 of 
this report for typical HI test setups.  Therefore, any mention of capacity and head conditions 
within this report are based on the November 2006 factory test, unless otherwise described. 

 
Additional information that has been obtained since the initial review in September 2006 

has indicated the following: 
 

a) The full size factory performance test indicated that the pump would not deliver the capacity 
per the manufacturer’s performance curve at the specified operating conditions.    The design 
values for the MWI pumps are 105,000 GPM at 8.5 ft TDH, 98,000 GPM at 12.2 ft TDH, and 
85,000 GPM at 16.8 ft TDH. As quoted directly from Dr. Stephen Maynord’s (Hydraulic 
Engineer from ERDC) report “These values are plotted in Figure 15 along with the values 
from Table 9 for the TDH and discharges scaled to 288 RPM using affinity laws. At the above 
3 design point TDHs, corresponding measured discharge was 6.5, 4.1, and 2.4% less than the 
design discharge”.  For Figure 15 and Table 9, See Attachment #3. 
 

b) Pump capacity during field testing is in the range of 88,000 and 94,200 gpm, based on pump 
speed 288 rpm and manometers measuring the head at approx. 15 ft and 12 ft respectively, as 
reported by Dr. Maynord.  This is a reduction of design capacity of 2.5% and 4.6%, based on 
MWI factory full size testing performance curve.  See Attachment #3 report on Full Size Test 
Figure 15.   

 
c) The pumps are currently being removed to repair the hydraulic driven pump motors and to 

install hard piping to the submersible pump to avoid possible hydraulic oil leaks.  Pulsation 
issue appears to be corrected, by the motor manufacturer’s replacement of internal springs, See 
Attachment #4 from Rineer. 

 
d) Modifications made by MWI and their subcontractors have been improving the reliability of 

the pumps.  Until the flooded suction intakes on the hydraulic oil pumps have been installed 
the system will not operate as intended, which is to operate the system remotely from the 
control building on site. 

 
(4) Was testing performed scientifically accurate and in accordance with the contract? 
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 The original testing performed at MWI was not in accordance with HI standards nor was full-size 
factory performance testing of each pump performed as required by the contract.  In November 2006  
MWI completed a full-size test of one pump with acceptable deviations from HI standards.  Deviations 
which relaxed the test setup by MWI were agreed upon by Corps of Engineers New Orleans Task Force 
HOPE Office and Research Laboratory (ERDC) Hydraulic Specialist Dr. Stephen Maynord, PHD.  The 
performance curve created by this test did not meet HI Standards.  
 
(5)  If testing requirements were relaxed, does the testing provided ensure the public safety and were steps 

taken properly and in accordance with the FAR? 
 

No official contract changes were made to relax testing requirements.  As for the impact of 
shipping pumps without meeting the factory testing requirements, the Artman Team can only state that 
there were numerous reported failures of equipment during the original factory testing, which in turn 
called in to question the reliability of the pumping units.  Reduced reliability increased the risk to public 
safety.  Due to the many equipment failures during the factory testing, one of Ms. Garzino’s concerns was 
that equipment would be sent to the job site in a failed or failing state.  The decision to ship equipment 
was by Task Force Guardian to provide some pumping capability instead of none at all and any necessary 
repairs would be done on site.  Suppliers and manufacturers of components of MWI’s pump system were 
contacted by MWI to provide assistance in troubleshooting and ultimately providing information to 
correct the equipment failures, after equipment was already being shipped.   
 

Modification P00004 revised the static testing procedures, but it did not relax the contract 
requirement for full-size performance dynamic testing of all the supplied pumps.  More than one 
revision to the testing procedures occurred and changes were made by implied authority by email 
and verbal communications from both Corps and non Corps of Engineers employees without any 
Contracting Officer authorities.  Testing was not performed in accordance with the contract documents.   
 

Certain key elements of the solicitation process and contract administration documentation were 
not found by the Artman Team. The contract files are not consistent with established standard procedures 
as required per FAR 4.8 in the administration of this contract.  Additional investigation is needed to verify 
contract documentation issues and improprieties noted in this report.  
 
Conclusion:  Several actions are required by MWI before their obligation under the terms of the contract 
can be considered met.  It is strongly encouraged that all of the report’s recommendations are enacted to 
ensure a reliable pump system has been provided in accordance with the contract requirements.  It is the 
opinion of the Artman team that the flooded suction intakes are a critical component in achieving a 
reliable pump system and that this work is to be accomplished immediately.  In coordination with this, a 
high priority should be given to the certification of the hydraulic system for its intended utilization.  It is 
questionable as to whether an opportunity to correct all of the non-compliance items still exists or if it 
would be in the Government’s best interests to seek an equitable adjustment to the contract amount for all 
of the noted deviations.  These actions properly discharged can result in a reliable pump system serving a 
reduced capacity (See Attachment #3 & #13) and will assure appropriate use of Federal Funds. 
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I. Introduction 
 
      USACE is installing interim closure structures and temporary pumps at the 17th Street, Orleans 
Avenue, and London Avenue outfall canals to prevent Lake Pontchartrain storm surges from entering 
these outfall canals.  During the process of acquiring the pumping units for these interim structures, 
concerns have been raised with regard to the suitable performance of the pumping units and possible 
impropriety in the contract administration.  The Artman Team was formed on 8 Sept 2006 with the 
mission to answer the following questions: 
 

• Were Maria Garzino’s concerns properly addressed by the previous independent team led by Steve 
Farkas of MVS? 

• Were deficiencies noted in Steve Farkas’ report corrected?  
• Are the pumps capable of performing as designed? 
• Was testing performed scientifically accurate and in accordance with the contract?  
• If testing requirements were relaxed, does the testing provided ensure public safety and were steps 

done properly in accordance with the FAR? 
 

 The Artman Team consists of two personnel from outside of MVD, Mark A. Robertson of CELRL and 
Denise Polizzano of CELRP.  Mr. Robertson’s background is Mechanical Engineering and he is a Pump 
Specialist with 17 years in the design, factory testing, inspection and construction of storm water pumps 
for the Corps of Engineers.  Mr. Robertson has written Section II of this report.  Ms. Polizzano’s 
background is Civil Engineering and she is a Construction Contract Administration Specialist.  Ms. 
Polizzano has written Section III of this report.  Jeff Artman of CEMVK is serving as the team 
coordinator.  Mr. Artman’s background is Mechanical Engineering.   

 
Artman Team Activities – The Artman Team arrived in Vicksburg on 11 Sept 2006 and met with Steve 
Maynord at ERDC for a review of the 17th Street and London Canals model testing being conducted.  On 
12 Sept 2006, the Artman Team traveled to MVN and met with HPO personnel.  The Team spent the 
remainder of the week reviewing contract documents; pump test reports; e-mails; manufacturer’s pump 
calculations; visiting the Outfall Canal Pump sites at the 17th St., Orleans Ave., and London Ave. Canals; 
and observing pump test runs at the Orleans and London Ave. sites.  Mr. Robertson continued discussions 
with HPO personnel during the week of 18-22 Sept 2006.  Mr. Robertson and Gordon Hebert 
(Mechanical Engineer, consultant to MVN) went to the MWI facilities a few weeks later to perform an 
endurance test on one of the newly built pumps with the changes to the hydraulic pump motor in 
Deerfield, FL.  During the endurance test he held numerous discussions with Jim Endris, Dana Elder and 
Marc Boudet about the equipment, engineering information and the determination of the equipment 
chosen by MWI.     A follow up site visit to HPO was conducted on 10 - 12 April 2007 to further examine 
the additional documentation that was provided since the previous visit conducted in September 2006. 
 
The following documents as referenced throughout this report are attached as listed: 
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1. Attachment #1: Parker Hannifin Denison Information 
2. Attachment #2: Steve Farkus Inspection Review Team Memorandum for Task Force 

Guardian dtd 13 May 2006 & MWI Corporation Responses 
3. Attachment #3: ERDC Report on Factory Test Accomplished in November 2006 
4. Attachment #4: Rineer Hydraulic Motor Information  
5. Attachment #5: Emails from Denison and Suppliers 
6. Attachment #6: MWI Information on Original Factory Testing 
7. Attachment #7: Email Correspondence 
8. Attachment #8: MWI Corporation Partial HydroFlow Reference User List of 

Equipment Installed 
9. Attachment #9: MWI Field Trip Report duing Initial Testing of Pumping 

Equipment, dtd 24 April 2006 
10. Attachment #10:  Orleans East Pump/Engine Platform Pump Run Test Data 
11. Attachment #11:  Contract Modification No. P00004 
12. Attachment #12:  Measuremnet LLC Reports on Drainage Pump Tests 
13. Attachment #13:  ERDC On-Site Testing at London Canal, dtd 19 April 2007 
14. Attachment #14:  Factor of Safety Calculations for Hydraulic Piping   

 
 
II. Pump Performance Evaluation 

 
• Pump System Description 

 
1. The pumping systems are being supplied by MWI.  The MWI contract specifications and 

drawings indicated the type of pumping unit to be provided was a hydraulic driven pump.  
MWI provided diesel engines equipped with output gears driving two hydraulic oil pumps 
that supply hydraulic oil to the hydraulic pump motors located in the MWI 60-inch pump 
(see list of manufacturers below).  Figure 1 below is a typical drawing arrangement of a 
water pump at the 17th Street Pumping Station.  The contract drawings that were supplied 
indicate that the diesel engine and hydraulic drive equipment platform is located 
approximately 300 feet from the MWI Hydraulic Driven Water Pump located in the canals.   
The hydraulic piping running to each pump is 2-inch and 3-inch Schedule 80 steel, along 
with hydraulic oil rated rubber hosing with quick disconnects. 
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FIGURE 1: GENERAL PUMPING ARRANGEMENT DRAWING FOR 17th STREET 

CANAL(ORLEANS & LONDON ARE SIMILAR) 
 

2. Manufacturers’ listing of equipment provided by MWI: 
a) Diesel Driven Engine - 700 HP Caterpillar 
b) Gear Output for Engine - Durst 
c) Hydraulic Pumps – Parker Hannifin Denison, supplied by Hydra-Dyne of Miami, FL  
d) Hydraulic Motor – Rineer 
e) Water Pumping Equipment - MWI 

 
3. Personnel and Manufacturers involved in the project including products and engineering 

assistance: 
a) MWI Corporation – Water Pump 
b) Corps of Engineers Operation Task Force HOPE and Consultants ( Including – Dennis 

Strecker, Gordon Hebert and a Vibration Specialist, Carl Eyman) 
c) Denison Hydraulic Equipment 
d) Rineer Hydraulic Driven Motor 
e) ERDC (WES) – studying the canals with model research to determine inflow 

conditions for the water pumping equipment. 
f) Mark Robertson, PE, Louisville District working with New Orleans to help eliminate 

vibration and hydraulic pulsation problems at the canal sites. 
g) Corps of Engineers Task Force Guardian (Maria Garzino, Jim StGermain, and Dan 

Bradley) 
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• Specification Requirements  

 
1.   A synopsis of the Government Specifications; Contract No. 912P8-06-C-0089: 
 

a) The basic scope of work consisted of providing all pumping equipment including the 
hydraulic driven pumps, diesel drive units, and all piping, appurtenances, mechanical 
and electrical system.  Provide 34 water pumps and 37 drive units. 

b) Supplier was required to provide 34 fully functional water pumping systems to obtain 
the following flow conditions for the pumps: 

1) Max. Head Design Point 85,000 gpm at 16.8 feet Total Dynamic Head (TDH) 
2) Operating Point 98,000 gpm at 12.1 feet TDH 
3) Low Head Design Point 105,00 gpm at 8.5 feet TDH 

c) The flow conditions listed in b) above shall have tolerance of 0 to plus 5% of capacity. 
d) Pumps shall operate without cavitation or excess vibration within the operating range 

of water levels shown on the layout drawings.  This is between canal levels of 2 and 4 
feet. 

e) Each pump should be provided with a hydraulic system monitoring device to allow 
diagnosing hydraulic system behavior even while pump is submerged. 

f) The driver shall include a “clutch” starting system which allows the diesel engine to 
start under a no load condition.  An automatic system option shall be provided. 

g) Supply piping shall be ASTM A106, schedule 80 and return piping shall be ASTM 
A106 schedule 40 seamless black steel pipe.  All reinforced supply hose shall be 
double wired braid reinforcement and have a minimum safe working pressure of 3,000 
psi.  All pipe fittings shall be socket weld type.  Quick connect couplings shall be 
provided at drive unit and water pump.  Supply and return piping shall be sized and 
internal velocities shall not exceed 15 fps.  For bid purposes contractor shall assume 
150 feet of pipe between drive unit and pump. 

h) Pump testing was to be accomplished in the following manner: 
 

1) Provide a static test of each pump and hydraulic power transmission system to 
maximum design pressure (psi) for a minimum of 90 minutes. 

2) Accomplish a dynamic factory pressure test using a dynamometer to obtain 
maximum operating speeds, pressures and temperatures of each pump and 
hydraulic power transmission system for a minimum of 15 minutes.  This test is 
to be performed using a horizontal variable speed dynamometer. 

3) Full size factory testing shall be witnessed by the Government and in the 
presence of a registered professional engineer prior to shipment of the pumps.  
All tests shall be in accordance with Hydraulic Institute (HI) Standards. 

4) Data from previous pump tests, if available, can be furnished in lieu of new 
tests. 

 
2.   MWI Specification that included additional requirements for testing to Contract No. 

912P8-06-C-0089 as part of their Proposal. 
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a) Full size water testing for each pump in an open sump with sufficient capacity for 
accurate pump testing. 

b) Testing shall include but not limited to design head versus design capacity and 
mechanical integrity. 

c) Model tests are not acceptable as the actual pumps will be utilized. 
 

• Factory and On-Site Full Size Testing Performed and Results 
 

1.   Factory Testing prior to 17 April 2006: 
 

a) Government witnessed minor and catastrophic equipment failures during this testing.   
 

1) Some of the minor failures along with dates are as follows: 
a. 10 to 17 April, measuring temperature for gear oil box, the sensor was 

either originally not installed and/or improperly located.  This prevented 
automatic shutdown of the equipment.  It was also determined the gear oil 
circulation pump was undersized, later than the 17th.  After installing the 
proper circulation pump and relocating the sensor, the problem of 
overheating gear oil was eliminated. 

b. Pump was improperly installed for testing, which caused water to overflow 
from testing tank and shut down of testing to reorganize location of pump in 
tank to eliminate water overflow. 

 
2) Initial Testing Information and Catastrophic failures, along with dates are as 

follows: 
 

a. Ms. Garzino (representing the government) was contacted by MWI to 
conduct a full size prototype test.  Ms. Garzino was given operating 
procedures (See Attachment 6) and informed by MWI to witness a full size 
test conducted in accordance with HI Standards.  The government was 
supplied with a testing apparatus drawing, but indicated to MWI that it was 
not acceptable since it did not meet HI Standards.  Ms. Garzino expected to 
see an HI test setup similar to HI figures 2.69 & 2.87, see Figure 2 in this 
report. Instead they were provided a pump with a discharge elbow as seen 
by photo’s 1 & 2. 
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 Photo 1      Photo 2 

 
Since MWI informed the government they were ready for testing of the 
drive units and pumping equipment, testing should have been accomplished 
and performance curves created to meet HI Standards.  But as noted by Ms. 
Garzino and field inspectors numerous problems took place while testing 
the equipment.  Due to the numerous equipment failures during the factory 
testing, Ms. Garzino’s concern was that equipment would be installed at the 
job site in a failed or failing state.  The inspection team did an excellent job 
in working with MWI to determine problems as much as allowed to provide 
expert mechanical information to help MWI solve some of the problems 
that arose during testing.  The Artman Team, questions why in all of the 
field notes taken, there was no indication of inspecting and verifying that 
the proper equipment was being supplied per the contract specifications and 
documents.  The Artman Team could only find one documented instance of 
equipment inspection.   
 

b. 12 April first initial wet test and within 95 minutes there is a failure of 
pumping components. 

 
c. 13 April determined cam rings in hydraulic oil pump were wrong size 

causing failures.  Originally the hydraulic oil pumps had cams of type no. 
66 & 42, MWI replaced the 42 with a 50 to increase oil flow to the Rineer 
motor.  Corps personnel discovered that the 50 cam could not handle a 
continuous running pressure above 3000 psi. The cams were then at 
Denison’s request to replace all hydraulic oil pumps with type 72 & 45, 
which Denison later indicated will run satisfactorily at a continuous running 
pressure of 3200 psi, See Attachment #5. 

 
2.   Factory Testing Issues and Requirement Changes between 18 April to 12 May 2007: 
 

a) Testing Requirement Changes discussed with MWI by Mr. Dennis Strecker (a former 
COE Mechanical Engineer employee who has been hired to be a consultant to Task 
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Force HOPE).  Mr. Strecker arrived at the manufacturing facility under the direction of 
Task Force Guardian Pump Team to assist in overseeing and provide direction for 
factory testing.  See Attachment #9 for Mr. Strecker’s Trip Report.  His report states 
and quotes the following “I recommended dropping the pump performance tests 
and adding an endurance test for three main reasons. First, there was expected to 
be only slight variations in pump performance considering they were all manufactured 
to be identical.  Secondly, I had a low confidence level in the validity of the current 
performance tests and third we needed endurance testing to weed out mechanical 
problems before the pumps are shipped to New Orleans.   MWI agreed to the 
change and we traded a performance test for a 5 hour endurance test.  Later MWI 
claimed that the 5 hour test was adding too much testing time to their test scheduled 
and would impact delivery.  The endurance test was then reduced to 3 hours with 
the stipulation that hydraulic pressures would be above 2500 psi for the duration of 
the tests”. 

 
b) Government witnessed minor and catastrophic equipment failures during this testing.   

 
1) Some of the minor failures along with dates are as follows: 

a. 18 April, hydraulic oil high pressure hose is failing.   
b. 19 April two tests failed and stopped due to starter solenoid problem.   
c. 22 April test failed due to throttle on drive unit.   
d. 24 April test aborted due to malfunction of tachometer. 
e. 25 April hydraulic oil high pressure hose failure. 
f. 27 April static test is performed but not to the full 90 minutes, due to failure 

of wood stopping device preventing impeller rotation.  The test was 
determined to be a success even though it was 10 minutes short. 

g. 5 May leak in radiator.   
h. MWI attempting to install and test two pump assemblies at the same time in 

the testing tank.  Tank overflowed and testing was stopped.   
 

2) Catastrophic failures along with dates are as follows: 
 

a. 13 April, four hydraulic oil pump failures. 
b. 15 April, three hydraulic oil pump failures. 
c. 18 April, water pump failure. 
d. 21 April, water pump failure. 
e. 22 April, water pump failure. 
f. 24 April hydraulic oil pump failure. 
g. 25 April there were three hydraulic oil pump failures. 
h. 26 April there were two hydraulic oil pump failures. 
i. 27 April water pump failure. 
j. 24 April hydraulic oil pump failure. 

 
c) On-Site Testing between 24 May 2006 to 19 April 2007 (for Items 1 thru 3 below, See 

Attachment #10): 
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1) 24 May, Orleans Canal East Platform; Drive Unit (DU) 8842 and Pumping Unit 
(PU) 4581 had a Denison hydraulic pump failure due to high oil temperature 
and dirty oil.  Then on 1 June the same DU had the other Denison oil pump fail 
due to vibration. 

2) 31 May, Orleans Canal East Platform; Drive Unit (DU) 8851 and Pumping Unit 
(PU) 4587 had a Denison hydraulic pump failure after 25 minutes of run time. 

3) 7 June, Orleans Canal East Platform; Drive Unit (DU) 8849 and Pumping Unit 
(PU) 4589 shutdown due to hydraulic lines shaking and dirt indicator was 
flailing wildly. 

4) Artman’s team has no further information on site testing between 7 June and 15 
September 2006.  However, Mark Robertson stayed to observe the pump test 
for Orleans Canal and it was found to have a vibrating platform, piping and 
noticeable Hydraulic Pulsations, which was later determined to be caused by 
the Rineer hydraulic motor. 

5) Tests conducted on 10 March 2007, for pump #7 thru 10 on the West side of 
17th Street Canal was observed by Task Force HOPE and Measurements, LLC.  
To determine pump speed (three were below design speed of 288) and provide 
information to indicate if there were still hydraulic pulsations, there was no 
evidence of pulsations in the Rineer with the newly installed springs.  See 
Attachment #12. 

6) Tests conducted on 17 March 2007, for pump numbers 4 & 6 West side and 7 
& 8 East side of the 17th Street Canal were observed by Task Force HOPE and 
Measurements, LLC.  These tests were conducted to determine pump speed 
(two were below design speed) and provide information to indicate if there 
were still hydraulic pulsations.  There was no evidence of pulsations in the 
Rineer with the newly installed springs.  See Attachment #12. 

7) 19 April 2007, Pumping was accomplished at London Avenue, Measurements, 
LLC and ERDC to measure pump speed, hydraulic pulsations and determine 
total dynamic head for the pumps.  Pump numbers 1, 2, 4, 5 & 6 on west side of 
the canal were operated for measurements.  See Attachment #13. 

 
d) Factory Full Size Testing at MWI in Deerfield Beach, FL conducted on 16 and 17 

November 2006:   MWI Corporation completed running one full size factory test with 
deviations which relaxed the test setup from HI Standard requirements. See Figures 
2.69 and 2.87 from HI below for dimensional test setup requirements.  The test setup 
was approved by Corps of Engineers New Orleans Task Force HOPE Office (Messers 
Gordon Hebert, P.E. Mechanical Engineer and Clyde Barre, P.E. Hydraulic Engineer) 
and Research Laboratory (ERDC) Hydraulic Specialist Dr. Stephen Maynord, PHD. 
See Attachment #3 and Figure 3 below for information on the Pump Performance 
based on pump speed rpm’s. 
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Figure 2: This two figures are credited to The Hydraulic Institute, 

Visit www.pumps.org for more information 
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FIGURE 3; PUMP PERFORMANCE CURVES AT VARIOUS SPEEDS 
 

NOTE:  To change discharge CFS to gallons per minute (gpm) multiply by 448.8. 
 

Conclusion as shown from the pump performance pump curve above indicating different operating 
speeds above is that if the pumps can not make the speed of 288 rpms, the flow capacity is 
reduced.  
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• Listing of improvements to system performed to date.  In the list below, if only a descriptive 
name is provided, then additional information is detailed elsewhere in this report. 

 
1. The Corps of Engineers in cooperation with ERDC decided to turn the outfall elbow over so 

that the pumps could be primed during testing conditions to try and eliminate hydraulic 
pulsation problems and increase flow capacity.  This mitigated part of the capacity problem, 
but did not reduce the pulsation problem to a satisfactory level. 

 
2. Welding corrections to the water pump piping.  This prevented the pumps from failing due 

to improper welds. 
 

3. Springs/plates changed in hydraulic oil motors, which corrected pulsation of the piping 
 

4. Flooded suction intakes to the hydraulic oil pumps (although this has not been completed on 
all pumps as noted elsewhere in this report).  This will prevent the possibly of air being 
pulled into the hydraulic oil pumps, which would cause failure of the hydraulic oil pumps.  

 
5. The Denison hydraulic oil pumps have had cams replaced and now have the proper cams to 

operate at pressures >3000 psi continuously.  See Attachment #5 email from Parker 
Hannifin Denison. 

 
6. Flexible hydraulic hoses have been replaced with rigid piping, which corrected corrosion 

issues with the galvanized quick connects under water. 
 

III.   Contract Administration Evaluation:   
 
The contract files for Contract W912P8-06-C-0089 were given to the Artman Team to review during the 
week of Sept. 11th-15th.  Contract W912P8-06-C-0089 was awarded on 27 January 06 with an original 
completion date of 12 May 06.  The contract specifications were written as a performance supply contract 
and are adequate for the accelerated schedule required.  At the follow-up site visit in April 2007, the 
contract files given to the team were stated by the Contracting Officer as to being what had been recently 
given to GAO. 
 
Findings: 
 

1. Positive: 
 

a) The procurement for the emergency pumps was a source selection and three 
competitive offers were submitted.  At the initial visit in September 2006, each of the 
offerers and their proprietary information was intact in the contract files.  At the 
follow-up visit in April 07, only MWI’s proposal was part of the contract files.  The 
other two offerers were missing.  The source selection board’s recommendation for 
award and the basis of it to MWI was intact in the contract files.  One of the noted 
technical approach strengths by the SSB for awarding to MWI was MWI’s full scale 
test of all major components. 
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b) The ACO/COR authorization letter to Randy Persica (Resident Engineer) issued by the 
CO was included in the contract files.  However, the contract and its administration 
functions were never performed by him in that role prior to the delivery of the pumps 
on-site.  Instead, the contract was administered from within TFH Contracting Office.  
No other individuals were documented to be designated as ACO/COR. 

 
2. Negative: 
 

a) At the initial visit conducted in September 2006, certain key elements of the 
solicitation process are missing from the contract files, namely:   the emails notifying 
the offerers their weaknesses as alluded in the amendment and the documentation 
pertaining to the oral presentations conducted on 20 January 2006 (no meeting notes, 
no sign-in sheets confirming the participants, etc).  At the follow-up visit, a videotape 
of the oral presentations was included in the contract files along with the selection 
panel’s technical evaluations of each offerer.  The written clarification on the offerer’s 
weaknesses along with their written responses is still missing for 2 out of the 3 offerers 
from the contract files.  Two minor points for consideration are: (1) the evaluator is not 
identified on the 3rd rating of FPI, and (2) the evaluator & date is missing from the 1st 
rating of MWI. 

 
b) At the initial visit in September 2006, interim Progress Payments were contained in a 

separate file that was handed to me upon my request.  I was informed by the contract 
specialist that payment was made via ENG93 and that all of the ENG93s were included 
in this separate file along with all of the invoices and back-up data.  Upon review of 
this file, the following is noted: 

   
1. All ENG93s to substantiate payments were not located within the file. 
 
2. All backup documentation to support the requested interim progress payment 

was not located within the file. 
 

3. Documentation and concurrence from the field personnel to support the interim 
progress payment was not located within the file. 

 
                               This previous information conveyed by the contract specialist regarding interim  
                               progress payments was incorrect, as discovered during the April 07 site visit.  Interim  
                               progress payments were being processed via DD250, a receiving report.  Backup  
                               documentation from the contractor was present in the contract files to support the  
                               requested interim progress payment along with documentation and concurrence from  
                               the field personnel to support the request.  However, the field documentation supports  
                               39 pumps, not 40 and 41 engine units, not 42 (2 spare units included).  It is still very  
                               difficult to determine what has actually been spent to date on this contract.  It is  
                               strongly recommended that all of the DD250s be printed from CEFMS and be attached  
                               to the proper invoice to reconcile the contract file. 
                                                               
                              The Contracting Officer was requested on 11 April 2007 to provide a total  
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                              dispursement screen from CEFMS to verify the actual expenditures to date on this  
contract.  This was not provided to the Artman Team by the Contracting Officer.  
Based on review of the records, interim progress payments total $28,583,950.03.  The 
last 3 interim progress payments (#11862, #11872 and #11861) all reference the same 
Invoice #11852 processed on 30 Jan 2007.  Duplicate payments have been made to the 
Contractor.  In either case, the alleged $6.1M being retained due to the pump 
deficiencies along with the $5M incentive bonus is incorrect based on a total contract 
value of  approximately $37 million.  It has been verified that the actual expenditures 
as of this date are $28,583,950.03 on a contract value of $32,833,925.51(without the 
$5M incentive bonus).  Based on these values, the actual retainage is $4,249,975.48. 

 
c) A separate file contained all of the change orders/modifications as related to this 

contract.  Generally, overall, significant documentation to substantiate the 
Government’s position in regards to request for proposal, price and/or cost analysis, 
technical analysis, findings of fact, independent government estimates (IGE), price 
objective memorandums (POM), price negotiation/reasonableness memorandums 
(PNM), and negotiation meeting notes were all missing.  Based on a review of the 
records, it actually appears in certain circumstances as if the contractor himself 
developed the scope of work for the change order along with the pricing and this was 
forwarded to the contracting officer to issue a modification as such.  Based on a 
cursory review of the change orders, some of the change orders with apparent 
improprieties are as follows: 

 
1. Modification P00002– No PNM, no documentation about reasons for either 

raising the IGE or accepting the contractor’s proposal. 
 
2. Modification P00003 – No RFP, no PNM, no IGE, no certified cost or pricing 

data or waiver documented in the file. 
 

3. Modification P00004 – No RFP, no PNM, no IGE, no price/cost/technical 
analysis. 

 
4. Modification P00006 – MWI developed scope & costs which were then 

forwarded to the CO to issue a modification, no RFP, no PNM, no IGE, no 
price/cost/technical analysis, no certified cost or pricing data or waiver 
documented in the file. 

 
5. Modification P00007 – No RFP, no PNM, no IGE, no price/cost/technical 

analysis. 
6. Modification P00008 – No PNM establishing reasonableness, no IGE, no 

certified cost or pricing data or waiver documented in the file. 
 
7. Modifications P00015, P00016, and P00017 – Nothing exists in the file 

documenting these contract actions. 
 

8. Modifications P00023 & P00024 – The actual IGE’s are missing from the files. 
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9. Modification P00026 – No PNM, no IGE, no certified cost or pricing data or 

waiver documented in the file, modification appears to have been issued based 
on “supposedly” incurred costs. 

 
10. Modification P00030 – No certified cost or pricing data or waiver documented 

in the file. 
 

11. Modifications P00001, P00013, P00014, P00022, P00029 – All information is 
properly documented in the contract files and no improprieties are noted.  

                                
           Modification P00004 was the only modification on which a more detailed review was 
                              completed.  A more detailed review of all change orders/modifications would be  
                              necessary to fully document all improprieties but was not accomplished due to lack of  
                              time.    
 

d) Modification P00004 (See Attachment #11) was the alleged modification that revised 
the testing requirements of the contract.  Due to the solicitation being a negotiated 
source selection, the details of the proposal are incorporated as a part of the  

      contract documents upon award to the successful offerer.  Essentially, MWI’s final  
      proposal became part of the requirements of the contract, including full size water  

testing for each pump and requirement that the pump & drive unit be factory tested a      
minimum 90 minutes.  HI standards testing was required in accordance with the 
Contract Specifications.  Modification P00004 revised the static test procedures by 
clarifying the actual steps to follow but no where did it delete the requirements of the 
full size water testing for each pump.  This testing was not performed in accordance 
with the contract requirements and a significant credit is due to the Government for the 
nonperformance of it.  Also, it is noted that the initial overall testing by MWI prior to 
the pumps being delivered on site was not performed in accordance HI standards to 
determine all requirements of  the pump unit.   

      
e) The contract files are not consistent with established standard procedures as required  
      per FAR 4.8 in the administration of this contract.  There is minimal documentation in  
      the contents of the contract files for the time period of 27 January 2006 to  
      approximately 20 May 2006 as related to letters from the Government to MWI, letters          
      from MWI to the Government, meeting notes, etc that is required in accordance with        
      FAR 4.803.  Some of the documentation does exist, ie electronically, field office, etc.,  
      but it is not centrally filed in the official contract files and it is anticipated that the  
      contract files will be reconciled prior to contract closeout with all appropriate  
      documentation.  Any lack of proper documentation leaves the Government open to  
      potential contract claims that would be difficult to defend.  The Government must be  
      able to defend its position on contractual actions if MWI makes any allegations seeking  
      additional monetary compensation due to this contract.   
 
f) The contract was not entered into RMS per standard Corps of Engineers directives but  
       that is most likely due to the fact that Contracting kept the contract administration in  
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       lieu of having the construction field office handle it.   
 

IV. Resolutions to the Questions asked by MVD for the Artman Team to Investigate  
 

• Were Maria Garzino’s concerns properly addressed by the previous independent team led 
by Steve Farkas of MVS?  

 
The Farkas Team only partially addressed Ms. Garzino’s concerns.  Furthermore, 

there has only been a partial implementation of the Farkas’ Team recommendations or 
request for additional information.  Additional information has since been obtained by the 
Artman Team regarding technical data and testing.  The hydraulic oil pumps, since the 
delivery to the site have been removed and inspected by the manufacturer to determine 
premature failures, similar to the ones that were happening at factory testing of the 
pumping units.  It is noted that the manufacturer indicated that dry start up conditions were 
taking place on their unit, thus causing failures in the hydraulic oil system.  Ms. Garzino’s 
major concern was that the Parker Hannifin Denison equipment as delivered to the project 
site could have failed, due to dry start up conditions related to the design of the intake 
plumbing to the pump.  See Attachment #1 for hydraulic pump reports on two units.  Dry 
start concerns are addressed below in comment 2 item 3.  This issue should have been 
resolved so that the equipment during times of emergencies would be unmanned and 
operated from a control building thru a control panel, not having to go out to each and 
every unit to prime the hydraulic lines with an air compressor.  This is why the bilateral 
modification was agreed upon for flooded suctions.  Also, sometime in July 2006, it was 
also found that MWI had installed cams that would not operate at pressures >3000 psi, the 
current system pressure being developed ranges from 3000 to 3200 psi.   They had to 
replace the cams in the hydraulic system that would work for pressures >3000 psi. The 
current hydraulic systems now have the proper cams in place according to the 
manufacturer, See Attachment #5. 

 
The inspection team’s classification of “catastrophic failure” was accurate and also 

agreed upon by the Hydra-dyne of Miami, FL (a hydraulic equipment distributor which 
supplied the hydraulic oil pumps), since the internal components of the hydraulic oil pump 
were breaking apart while testing.  MWI tried to fix the problems on their own in the 
month of April 2006 but did not contact the manufacturer (Denison) until Late April and 
early May 2006 to help troubleshoot the equipment.  This is not pointed out to be critical 
of the manufacturers.  Clearly, because they were working on delivery of so many products 
in a very short time period, things were moving too fast for normal communications flow.  
Most manufacturers of pumping equipment indicate that lead time to deliver pumps is 
between 3 to 6 months for small orders of 2 to 4 pumps.  So imagine the strain on the 
manufacturer to delivery the 34 pumps for the New Orleans Canals within 104 calendar 
days.  Had there been more time available to the manufacturer, some of these failures 
could have been resolved before any equipment was tested in the presence of the 
Government.   
 
The hydraulic piping does not meet the requirements of ASME B31.1 (Power Piping) 
which has a safety factor of 4.  See Attachment #14 for pipe schedule calculations.  The 
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contract specifications by the Government are deficient in regards to the grade of pipe, 
design pressures and or required factor of safety of the hydraulic piping.  Recommend 
determining the transit pressure over time during start up to estimate peak pressures to see 
if the system is being shocked or hammered by a quick opening or closing device.  Had the 
clutch system as required by the contract been provided, it could have allowed for a 
smooth start up of the system, without shock loading.  Bottom line is whether the 
Government is willing to have the system operate with a factor of safety of 2.75.  A typical 
hydraulic system designed to Corps standards would have required a factor of safety of 6 
and be design in accordance with ASME B31.1.  Recommend that a certified hydraulic 
systems inspector determine if the system is free of shock loading and certify that the 
system as built is safe to operate for the intended use.  The inspector may add operating 
requirements due to the reduced factor of safety.  Any additional operating requirements 
must be included in the training of, and provided to any pump system operators.  

 
• Were deficiencies noted in Steve Farkas’ report corrected?  

 
Not all of the deficiencies noted in Steve Farkas Inspection Team have been resolved.  See 
Attachment #2, for comments.  The most important deficiency noted was to provide a 
flooded suction intake to the hydraulic oil pumps.  A modification has been in place since 
12 July 06 to add this feature.  While this work was done to six added pumps, it has still 
not been accomplished on the original 34 pumps.  MWI has performed a full prototype 
flow and head test of one built pumping unit and tested with acceptable deviations to HI 
standards.  Farkas’ report also asked for data to evaluate the hydraulic system along with 
other manufacturer’s catalog information and that data has currently supplied by MWI and 
their subcontractors.   The following comments (items) have not been resolved to the 
satisfaction of the team: 

 
1. Item 2;  MWI has been very slow in delivering submittal information to the 

Government that is required.  They have provided some information that was 
requested of them by Farkas’ Team, but they still have not delivered the proper 
information still to indicate to the Government that the equipment will perform as 
intended per the contract specifications.  When Mr. Robertson was at their factory 
in Florida, he requested, after discussions with their professional engineer, J. Endris 
that MWI provide the Government with more detailed information about the 
Denison Hydraulic Pumps and Rineer Hydraulic Motor.  Mr. Robertson requested 
this to see proof of the capabilities of the equipment so that actual loading 
calculations on the equipment would indicate if the equipment is being overloaded.  
Any equipment found to be overloaded would require replacement to the proper 
size equipment.  MWI has currently provided more information about loading 
calculations but still has failed to provide any type of manufacturer’s letters or 
information to indicate what Mr. Robertson has described above in this paragraph.  
Furthermore, per Amendment #3 the pump manufacturer had the responsibility for 
the proper coordination of all components of the system. Contract Specifications 
indicate that MWI Corporation is to provide manufacturer’s information and shop 
drawings to the government as part of their contract.  So far MWI has not provided 
all the required information and Task Force HOPE needs to place more pressure on 
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them to provide all required shop drawings and information that has been requested 
by the Farkas Team and the Artman Team. 

 
2. Item 3; The flooded suction intakes have only been accomplished on the new 

additional contracted 6 pumps, the original contracted 34 pumps have not been 
revised to add the flooded suction intake as was agreed upon to be revised in June 
2006.  MWI has only provided a vacuum type check valve for priming the suction 
to the Denison Hydraulic Pumps.  This is only a façade in addressing the real issue 
and requires the operation of vacuum equipment to prime the hydraulic pumps.  If 
the vacuum is not drawn properly, then the pumps will aerate and create 
irreversible damage to the components of the pumps.  The bilateral contract 
modification to change the intakes to a flooded suction at no cost to the 
Government has been in place since 12 July 2006 and has not been accomplished 
as of this date on any of the original 34 pumps. 

 
3. Item 6; MWI has not performed a Hydraulic Institute (HI) Standards factory test 

setup and system that will accomplish a complete test and verify performance of 
the equipment to meet the specifications for flow as required by paragraph 2.10.  
They did however, after contract modifications P00017 & P00018 perform a 
factory full size test in November 2006, but it deviated from HI (see paragraph 
below on changes to testing requirements).   They did satisfy the requirement of 8 
hours of running time.  It took approximately two hours to establish a single test 
point and the entire test for 7 points as required by HI took 2 days or ≈16 hours of 
run time.  This test was performed on 1 of the new 6 pumps with a flooded suction 
intake to the hydraulic pump. 

 
4. Item 7; MWI’s answer is partially correct for 3 inch pipe, which has a velocity of 8 

feet per second (fps).  They make no mention of 2 inch pipe or hose which is > 15 
fps.  The hydraulic piping has calculated velocities of 18.5 fps for 2-inch pipe and 
8.24 fps for 3-inch pipe, which does not meet the contract specifications.  
Increasing the friction in the piping causes the system to operate at higher 
temperatures and pressures and thus strains the piping.   

 
5. Item 8; MWI has provided hydraulically driven 60-inch pumps in the past, but 

some of the installations that are indicated do not have the same hydraulic driven 
motor.  Discussions were held with MWI’s Marc Boudet about the past 
installations and he conveyed that before 1999 MWI used a piston driven type 
pump by Denison.  Two of the past three installations were contacted that also have 
60-inch pumps and it was discovered that the pump systems are run at very low 
static heads such as 4 to 6 feet, and hydraulic pressure not exceeding 2400 psi.  The 
static head for this system is ≈15 feet during initial start up, while the operating 
conditions for this solicitation provided a total dynamic head range of 8.5 to 16.8 
feet and a hydraulic pressure of 3000 psi.  While similar 60-inch pumps had been 
provided previously, they had not been operated at corresponding flows and heads 
that were specified in this application.   MWI has provided design data indicating 
their selections.  MWI should provide any QA reports or resolutions on the power 
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unit tests and failures at the MWI facility for overheating of the hydraulic fluid and 
equipment problems. 

 
6. Item 10: MWI’s response is not entirely correct.  The engine will still be operating 

the Durst drives which in turn are driving the Denison Hydraulic pumps.  
Therefore, the engine is loading equipment and is not in an unloaded state in 
accordance with paragraph 2.3.5 of the solicitation.   The Artman Team 
recommends that a certified hydraulic inspector evaluate the system as it is 
constructed and determine if any shock loading during start up will occur.  If this 
inspector determines that no shock loading will occur, then a clutch starting system 
may not be necessary.  If the inspector determines that there is a problem with 
shock loading during start up, then the issue of having a clutch starting system must 
be re-evaluated. 

 
7. Item 11: Flange size on impeller bowl housing is per AWWA C207, class “B”, 

however the bolts and hole sizes are smaller than required by AWWA (1-3/8” hole 
vs 1-3/4”).  MWI should provide mechanical calculations as to the bolts to insure 
that they are properly sized for the weight of the equipment.   

  
• Are the pumps capable of performing as designed?  

 
The answer during the initial investigation was that they probably would not have 
performed as designed due to the following issues: 

 
1. A vacuum type check valve for priming the suction to the Denison Hydraulic 

Pumps, was installed in June 2006, this requires that a vacuum must be drawn to 
prime the suction intake to the pump.  If the vacuum is not drawn then the pumps 
will aerate and create irreversible damage to the components of the pumps.  The 
intent of the design is to have an unmanned operation of the equipment on the 
platforms.  The operation of the equipment should take place within the control 
building. 

 
2.  Hydraulic pulsation issues experienced were greater than normal according to the 
motor manufacturer.  Normal fluctuations were indicated to be 100-200 psi, but these 
were measured on a magnitude of 500 psi at the site by Measurements/Emspec’s Carl 
Eyman III.  This could have led to failure of the equipment.  Mr. Robertson found that 
MWI had not contacted a factory representative from the hydraulic motor company 
(Rineer) as suggested in Rineer’s product equipment brochure to determine the proper 
selection of equipment when horsepower exceeds 375.  However, MWI had contacted 
Rineer numerous years earlier about the equipment used for the 60-inch hydraulic 
pump. In September 2006, two pumps were operated in MWI’s factory to try and 
determine issues of hydraulic pulsation problems that have arisen in field conditions.  
The pulsation was not able to be duplicated in the factory.  It is possible that the field 
conditions such as starting head and pressure loss was not duplicated within the piping 
in the factory.  This is possibly why the pulsation did not happen at the factory.  Also, 
the new flooded suction hydraulic oil tank design was used.  The Artman Team has 
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been able to assist in determining the possible reason for the vibration and hydraulic 
pulsation of the equipment.  It was possibly caused by the hydraulic pump being over 
torqued (which would cause a stall of the motor) at certain times during operations 
when conditions exist that require the pumps to have low flow at high head conditions 
and possible too much flow at lower conditions.  Also, after numerous tests conducted 
since the original site visit, it has been determined that the hydraulic pulsation has been 
eliminated by replacing the internal working springs and other internal components on 
the Rineer motor to a type 62, instead of the originally supplied type 61.  The change 
was determined during inspection and removal the original springs which where found 
to be deformed or broken, which indicates that the motor has probably been over 
torqued..  The type 62 motor casing is for higher pressure requirements, which will 
allow the hydraulic motor to create a higher torque.  During the visit to MWI noted 
above and discussions with their Professional Engineer Jim Endris, they did not contact 
the factory representative as suggested by the Rineer equipment brochure.  Mr. Endris 
indicated that many years earlier they had contacted the factory and used the same 
motor as always.  The pumps supplied in this contract pump water at a higher head 
condition than normally seen for this type of pump provided by MWI.  Mr. Robertson 
contacted two of MWI references for previous installed pumps of this size and they 
indicated that their equipment is used for a lower static head and lower operating 
pressures.  The pump that they chose as calculated by J. Endris had a calculated value 
of 4325 foot pounds (ft-lbs) of torque when the head is at 18.2 ft of tdh, which is noted 
as the priming condition.  The torque of 4325 is close to the limit on the type code 61 
design as you can see by figure 2 below.  The selected equipment has very little safety 
margin and this could have been the cause of hydraulic pulsations and vibrations.  
Figure 2 is a performance curve for the hydraulic motor being used on the project.   
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FIGURE 2: RINEER HYDRAULIC MOTOR 125 SERIES PERFORMANCE 
 

3. The water pumps’ speed during field testing has varied between 278 and 288 rpms 
dependent upon field conditions (See attached figure for discharge capacity versus 
speed.  If the pump is unable to reach a speed of 288 rpms in accordance with the 
manufacturer’s information, then it would not be able to produce the flow capacity 
as designed. 

 
Additional information that has been obtained since the original investigation in September 
2006 has indicated the following: 

 
1. The full size factory performance test was performed in November 2006 in 

cooperation with MWI, ERDC and Task Force HOPE.  The test results indicate that 
at the operating conditions specified, the measured discharge capacity is reduced to 
82960 vs 85000 @ 16.8 ft of tdh, 93982 vs 98000 @ 12.1 ft and 98280 vs 105000 
gpm for 8.5 ft. 

 
2. On site field testing of the pumps after priming has yielded typical operating ranges 

between 12 and 15 feet of tdh.  This equates to a pump capacity between 88000 and 
94200 gpm when the pump has an operational speed of 288 rpm’s, See Attachment 
#3 report on Full Size Test Figure 15. 
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3. The pumps are currently being removed to repair the hydraulic driven pump motors 

and to install hard piping to the submersible pump to avoid possible hydraulic oil 
leaks. 

 
4. Pulsation Issue: After numerous hours of research into the background of the 

operating mechanisms of the equipment, the Government’s on-site mechanical 
engineering team, along with the Rineer personnel, have found that the original 
springs were deficient and are replacing them with new springs.  The hydraulic 
motor manufacturer Rineer as shown in Attachment #4 has indicated that we now 
have a more robust motor.  Currently all motors are having all of the springs 
replaced at 17th Street Canal and the pumps have operated with no apparent 
pulsation problems as had previously existed. 

 
5. Modifications made by MWI and their subcontractors have been improving the 

reliability of the pumps, but until flooded suction intakes are installed on every unit 
the system is not able to operate as the design intended, which is to operate the 
system remotely from the control building on site. 

 
• Was testing performed scientifically accurate and in accordance with the contract? 
 

1. From the field inspection reports it appears that MWI had numerous problems in 
setting up the this test apparatus and may have not conducted any prior tests before 
calling the government to witness.  When the testing was first conducted on 12 
April 2006 the drive unit failed. 

 
2. When the government is normally conducting testing of a manufacturer’s 

equipment being supplied, the manufacturer typically works with the equipment to 
eliminate any problems that arise during the construction of the equipment.  This is 
normally done so that when the government inspector arrives most checkouts 
pertaining to testing and inspection will go relatively smoothly with no major 
problems.  Since so many deliverables had to be manufactured in a short time and 
testing of equipment was done concurrently in front of government inspectors, the 
timing did not allow the manufacturer to eliminate or troubleshoot any problems 
that may have developed during construction and testing of the equipment. 

 
3. For the full size test conducted in November 2006, deviations which relaxed the 

test setup by MWI were approved by Corps of Engineers New Orleans Task Force 
HOPE Office and Research Laboratory (ERDC) Hydraulic Specialist Dr. Stephen 
Maynord, PHD.  Dr. Maynord told MWI to install a water baffle screen to 
eliminate turbulent water at the suction side of the pump. MWI at their discretion 
decided not to install the straightening screen to avoid pump suction intake 
turbulence.   MWI installed vanes in the discharge elbow to reduce pipe swirl 
before velocity measurements (See Attachment 3, Full Size Test Report and Photo 
#5 for a picture of vanes in elbow).  This is different than a replacement for the 
screen.   After the factory testing Dr. Maynord indicated that while the MWI 
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factory measurements were far from ideal, the measurements are believed valid and 
within ±5%.  

 
4. Testing was not done in accordance with HI standards.   Testing to HI standards 

is required in accordance with the contract specifications.  Mr. Robertson also 
inspected the testing equipment at MWI to see if a full size or prototype pump 
could be tested in their facility.  He determined that they could not conduct a full 
size test at their facility to meet the requirements of HI, which would require a 
very large piping network.  Also, the test tank which supplies the water is not 
large enough to prevent the water from having minor turbulence.  It was his 
opinion that a witnessed (COE Personnel at site) model test should have been 
conducted to provide all of the data as required by HI, i.e. horsepower, water flow 
capacity, speed of propeller and efficiency.  This is suggested by HI due to better 
data being obtained thru the use of a model because of the large size of the 
pumping equipment and possible erroneous readings. Mr. Robertson determined 
that the testing facility is not large enough to perform an HI performance test.  
Modification P00004 revised the test procedures but no where did it delete the 
requirements of the full size water testing for each pump.  This testing was not 
performed in accordance with the contract requirements and a significant credit is 
due to the Government for the nonperformance of it.  MWI has performed a full-
size prototype pump test on one pumping unit to HI standards, with deviations 
agreed upon by Task Force HOPE and ERDC.  The main deviation is the 
discharge pipe length.  MWI has setup their testing facility, but is not able to 
meet the requirements of HI Standard 2.6 on Testing of Vertical Pumps.  MWI’s 
testing facility is not capable of handling a 54 inch pipe discharge that requires a 
length of 54” x 5 = 270 inches (22-1/2 ft) after the discharge elbow in front of the 
instrumentation to read the head and flow of the pumps.  Additional piping is also 
required beyond the instrumentation per HI to be 54” x 2 = 108” (9 ft).  The 
testing facility discharge pipe is only 20 ft in length.  ERDC believes that this 
distance is satisfactory to measure the head and flow of the pump provided that 
MWI follows ERDC’s direction on water velocity measurements.  This is the 
main deviation from the HI Standard on Testing.  ERDC along with MVN 
personnel witnessed the testing.  Mr. Robertson with his knowledge of factory 
testing of pumping equipment had discussions with Dr. Maynord of ERDC on 
conducting the test to insure the performance curve was properly generated in 
accordance with HI.  

 
 
• If testing requirements were relaxed, does the testing provided ensure public safety and were 

steps done properly in accordance with the FAR?   
 

Prior to November 2006, previous testing was not done in accordance with HI standards.  
While Modification P00004 revised the test procedures, it did not delete the requirements 
of the full size water testing for each pump and a significant credit is due to the 
Government for the nonperformance of it.  However, pumps procured by the Government 
are not necessarily subjected to a full-size pump test of each pump provided but the fact 
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remains that MWI included it as part of their proposal in performance of this contract.  
Often a model test, of a reduced scale, is sufficient to evaluate the pump performance.  
Also, it is common practice to test one pumping unit rather than test each pumping unit 
provided, as long as each pumping unit consists of identical components.  MWI has 
performed a full-size test of one pumping unit in accordance with HI standards per the 
accepted deviations as noted above.  An equitable adjustment to the contract value in 
accordance with the FAR clauses is recommended due to the nonperformance of the 
contract requirements of the full size water testing of each pump. 

 
As for shipping pumps without meeting factory testing requirements, the Artman Team can 
only state that there were numerous reported failures of hydraulic oil pumps, which in turn 
created water pump failures due to catastrophic failure of components of the oil pumps.  
The numerous reported failures of equipment calls into question the reliability of the 
pumping units.  Therefore, a reduced reliability increases the risk to public safety.  The 
correspondence and investigation into the background of troubleshooting and 
modifications of drive units is as follows: 

  
1. Hydraulic Oil pumps experienced failure in the factory beginning from the first test 

on 12 April 2006. 
2. There were numerous other failures of different equipment that were repaired as 

necessary, except for continual failures of hydraulic oil pumps. 
3. MWI notifies Parker Hannifin Denison on ≈ 28 April 2006 to help in 

troubleshooting the problems with the hydraulic oil pumps. 
4. On 9 May 2006, Parker Hannifin Denison informs MWI to remove suction 

strainers. 
5. MWI in emails (See Attachment #7) dated 31 May 2006 is the first mention of the 

vacuum vent valve to be used for priming the suction intake to the oil pump. 
6. Parker Hannifin Denison informs MWI officially in writing in a report on 23 June 

2006 that the equipment has aeration and dry start up issues, See Attachment #1. 
7. In June 2006, MWI installed the vacuum vent valve on the pumping equipment 

already installed in New Orleans canals. 
8. Some of the equipment which was shipped and operated in the factory and in the 

field, was found to have internal damage to components due to the dry start up. 
9. In July 2006, MVN Contractor personnel discovered that the wrong cam type 50 is 

installed for the pumps because of the high (3200 psi) operating pressures.  Cams 
are then replaced with type 72 & 42 cams that can operate at the higher pressure.  
See Attachment #5. 

  
Originally the testing requirements for every water pump were to test the drive unit 
hydraulic oil static pressure for 90 minutes and complete factory performance testing for 
each pump.  This was later changed by modification to five hour running endurance for 
each drive unit but using an arbitrary water pump.  The Artman Team was concerned that 
testing was not completed prior to shipment when there had been numerous equipment 
failures on the hydraulic drive units.  The decision to ship equipment was by Task Force 
Guardian to provide some pumping capacity instead of none at all.  The Artman Team 
assumes Task Force Guardian made the decision to try and troubleshoot the problems with 
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the drive units in the field.  The Artman Team is not sure whether the hydraulic pulsation 
problem would have been noticed in the factory with the type of testing MWI was 
performing with the non-standard HI performance testing.  Water pump failures in the 
factory were caused by the hydraulic oil pump breaking apart and sending metal in the 
hydraulic lines to the hydraulic motor.   The team doesn’t understand how testing for 5 
hours versus 3 hours, before shipment would make that much difference in delivery of the 
equipment before June.   
 
However, Mr. Robertson had no problem with the reduction in the testing of water pumps 
to provide a performance curve with one or two pumps versus all of the pumps, since they 
are homogeneously the same.   

 
Pumps procured by the Government are not normally and not necessarily subjected to a 
full-size pump test of each pump provided.  MWI provided that as part of their proposal 
and as such, it became part of the contract requirements upon award to full size test all 
pumps manufactured.  Often the manufacturer conducts a model test when the size of the 
pump exceeds 42-inches in size. The reduced scale is typically ¼ of full size and is 
sufficient to evaluate the pump data when performed in accordance with HI standards.  The 
above full size test was conducted to determine the capacity of the pumping equipment at 
certain head conditions.  Head is the pressure required to flow the water vertically (in this 
case) thru the discharge system during different water level conditions.  Also, it is common 
practice to test one pump or system rather than every pump or system provided, as long as 
each pump or system consists of identical components.  Full-size testing of one pump or 
system and additional on-site field tests are conducted to ensure that all equipment 
provided will operate as designed to protect the public.   Certain key elements of the 
solicitation process and contract administration documentation were not found by this 
independent team. The contract files are not consistent with established standard 
procedures as required per FAR 4.8 in the administration of this contract.  Additional 
investigation is needed to verify contract documentation issues and improprieties noted in 
this report.  

  
V.Recommendations 
 
 A)  To improve the performance and reliability of the pumping system continue to work with the 
Contractor in the following prioritized order: 

 
1. Flooded suction for all hydraulic oil pumps to prevent equipment failures and unsafe 

priming by operating personnel.  Simultaneously with this action is the removal of the 
Denison Hydraulic pumps to inspect for any failed or in process of failing components. 
Any unsuitable components shall be replaced. 
 

2. Recommend that a certified hydraulic systems inspector, per ASME B31.1 Power Piping, 
inspect the piping system and certify that the hydraulic piping system is safe to operate for 
the intended use.  The inspector may add operating requirements due to the reduced factor 
of safety.  Any additional operating requirements must be included in the training of, and 
provided to any pump system operators. 
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3. Evaluate to determine if the automatic clutch system should be required to be installed to 

reduce shockwaves within the hydraulic piping system as required per contract documents 
to provide a smooth, soft start.  

 
4. Information on welds that have been previously repaired by the Government and other 

welds which were not repaired should be reviewed.  Further review is needed to determine 
whether additional welds should be repaired. 

 
5. Provide mechanical computations for flange bolts to insure they are sized properly to 

handle the weight of the components. 
 

6. Remove inlet strainers per Denison recommendations. 
 

7. Installation of the hydraulic cones in London and Orleans, along with vortex suppressors 
as determined by the Model Studies conducted at ERDC.  The cones are currently being 
installed at London Avenue Canal. 

 
8. Each pump should be provided with a hydraulic system monitoring device (as required by 

the contract) to allow diagnosing hydraulic system behavior even while the pump is 
submerged.  If a monitoring device is not provided, then a credit to the Government is due. 

 
9. Calibrate and locate the ultra-sonic equipment in the proper locations as required by the 

manufacturer with direction as required by Dr. Maynord at ERDC.   This is to determine 
the correct amount of flow capacity for the pump at all three Canal sites. 

 
10. Have MWI provide manufacturer’s information and shop drawings (including Durst 

information) as discussed earlier in this report. 
   
 B)  To correct the deficiencies noted in the Contract Administration Evaluation: 
 
  1.  Further investigation to confirm that required contract documentation does exist. 
 
  2.  Further investigation into the improprieties noted. 
 

3. Evaluate any change orders or modifications pertaining to the testing that was not 
performed, reduced capacity of the pumps provided, welding improprieties, deletion of 
hydraulic system monitoring devices, deletion of clutch starting system along with 
automatic system option, and other field directed changes with other contractors due to 
this contract.  Negotiate equitable adjustments for contract credit where appropriate. 

 
4. Provide a credit back to the Government for reduced capacity over the 40 supplied 

pumps, if it is determined by ERDC that the water flow capacity performance curve for 
the pumps that is developed by recommendation #9 is the same as the one determined 
at the factory testing.  The cost of these additional pumps could be offset by a reduction 
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ATTACHMENT #1 
 

PARKER HANNIFIN 
DENISON INFORMATION 
 



ENG1N-EERINGEVALUATION FORM
Vane Product

Model No:

T6ED 066 850 4LOOA 100 UNIT

Code No.:
034-59167-0

DHI MRA No.:

Date Written: 27-Jun-06

Serial No.:

06C02 305 CAM
06C02 128 CAM
06C02 309 CAM

HYDRADYNE (FOR MWI)

DHI WO No.:

DHI SO No.:

Customer:

Port Plate's:.

Cam Ring:
. 06C02 305 CAM SHOWS SEVER WEAR ON CAM 10. 06C02 309 CAM SHOWS SEVER WEAR ON CAM 10. 06C02 128 CAM SHOWS SEVER WEAR ON CAM 10

Rotor:

Vanes:

Pins I Springs:

Shaft Assembly:

Other:

General Comments:

ALL THREE CAM RINGS SHOW SIGNS OF DRY START UP.

Disposition:
A REVIEWSHOULDBE TAKENREGARDINGTHESTARTUPPROCEEDURESANDTHE PLUMBING
CONDITIONSON THE INLETTO THE PUMPS.

Evaluating Engineer: Jim Walkeri Mike Dillinqer Date: June 27, 2006

FORM: SF1314, Rev. 00



ENGINEERING EVALUATION-FORM.
Vane Product

Model No:

T6ED 066 850 4LOOA100
Code No.: DHI MRA No.:

Date Written: 27-Jun-06

HYDRADYNE (FOR MWI)

DHI WO No.:

DHI SO No.:

Serial No.:
CARTRIDGES 2 SETS

Customer:

Port Plate's:
. P1 plates are in ok condition - light scoring on the pressure outlets both front and back.. P2 plates need replaced - both plates show sever sign of aeration with scoring on the suction slots and

pressure ports in the plates.

. BOTH P1 AN D P2 SHOW LIGHT FRETTING WEAR ON THE BOTH PORT PLATES

Cam Ring:
. P1 shows fretting wear on the cam rings outer edge mating to the port plates. P2 shows fretting wear on the cam rings outer edge mating to the port plates
. BOTH show standard wear on the interior of the cams

Rotor:
. P1 rotor is in good condition

P2 shows wear on the pressure plate side of rotor - heavy scoring on the interior diameter..
Vanes:

. No problematic wear has been found on the vanes for P1 or P2.

Pins I Springs:
. Pins inside both cartridges look in good condition.

Shaft Assembly:. Only cartridges returned

Other:

ONE SET OF CARTRDIGES ARE AS DESCRIBED ABOVE. THE SECOND SET OF
CARTRIDGES LOOKE TO BE IN FACTORY TESTED CONDITION. NO VISIBLE SIGNS OF
WEAR OR FAILURE ON THE SECOND SET.

General Comments:

Unit shows signs of cavitation and air under pressure on the pressure ports. Units suction slots show
vane instability characteristic of aeration.

Disposition:
A REVIEW SHOULD BE TAKEN REGARDING THE STARTUP PROCEEDURES AND THE PLUMBING
CONDITIONS ON THE INLET TO THE PUMPS.

Evaluating Engineer: Chad Todd Date: June 27, 2006

FORM: SF1314, Rev. 00
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Dana Eller

From: WILLIAM SANTOR [wsantor@hydra-dyne.com]

Sent: Friday, June 23, 2006 10:49 AM

To: WILLIAM SANTOR

Cc: Dana Eller; DARENE@MWICROP.COM; MIKE DILLINGER

Subject: Re: Reports Due

Attachments: 04K19026.JPG; 04K19026-2.JPG; 04K19026-3.JPG; 04K19029.JPG; 04K19029-2.JPG;
06C02321.JPG; 06C02321-2.JPG; 06C02321-3.JPG

DANA,
HERE IS THE INFO ON THE THREE UNITS DELIVERED TO HYDRADYNE-MIAMION 06/20/06. PLEASE SEE
PICS AS RELATED TO THE INDIVIDUAL SER #S.
SER # 04K19026, 04K19029 AND 06C02321. ALL INDICATE A DRY RUN CONDITION AND POSS
CAVITATION AND/OR AERATION. CONTAMINATION DUE TO THE DRY RUN CONDITION CONTINUED THE
DAMAGE TO BOTH CARTS AS WELL AS THE SHAFTS, SEALS AND BUSHINGS AND BEARINGS. UNIT #
04K19029 HAS THE LEAST AMOUNT OF DAMAGE, BUT ENOUGH TO WARRENT REPLACEMENT. THESE
UNITS ARE NOT COST EFFECTIVE TO REPAIR. PLEASE, ADVISE AS TO HOW TO PROCEDE.
THANKS,
WILLIAM SANTOR
HYDRADYNE HYDRAULICS, MIAMI.
CELL: 305 96 0711
FAX: 305 593 9487
OFF: 305 592 8735
E-MAIL: '{y'~A~JTQg@J:l1'J2BA=Q,(J"JJ;_,QQM

Original Message -----
From: '{y'!LhjAryL~A~IQR
To: WILLIAM SANTOR
Sent: Friday, June 23, 2006 9:59 AM
Subject: Re: Reports Due

Original Message -----
From: WILLIAM SANTOR
To: Wlh,I"lAMSANTOR
Sent: Friday, June 23, 2006 9:56 AM
Subject: Fw: Reports Due

Original Message -----
From: Dana Eller
To: wsantor@hydra-dyne.com ; madillinger@parker.com
Cc: Q;:m~JU;IJ~[
Sent: Friday, June 23, 2006 9:09 AM
Subject: Reports Due

Willie and Mike,

Here is what we need

1.) Report on the types of failure seen in failed cams in Deerfield that has been forthcoming for over a
month and a half. Our customer is still awaiting it and at this point they believe that we (MWI) are not
being forthcoming and truthful in our explanations about why we have not received it. EXPECTED

6/26/2006
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- .-- - ---

DUE DATE: _6/?/O6
2.) Report on recent inspections on cams conducted in New Orleans. When will MWI receive it?

EXPECTED DUE DATE: _6/?/O6
3.) Report on three disassembled pumps in Miami locations and identification of type of failure (i.e. is it

"dry running / lack of lubrication" OR "excessive pressure" as soon as possible. The Corps. Has
decided that photos and a report will suffice versus having an inspector present. When can this be
completed? EXPECTED DUE DATE: - 6/?/O6

4.) Recommendation on who you believe needs to go to New Orleans next Thursday or Friday so thatwe
can conduct a open format question and answer meetingwith our customer to insure that everyone is
on the same page with what the actual facts and what MWI is doing to resolve these issues and
reduce the likelihood of a reoccurrence in the future

Let me know when we will know these things so I can let our customers know today.

Thanks,

Dana

No virus found in this incoming message.
Checked by AVG Free Edition.
Version: 7.1.394/ Virus Database: 268.9.2/373 - Release Date: 6/22/2006

------------------------------------------------------------------------------

rhe information in the Email and/or attachment(s) is covered by the Electronic CommUI

[t may be confidential and/or privileged and is intended solely for the person or ent
[f you are not the intended recipient or an agent responsible for delivering it to tl
rhe review, dissemination, copying, or taking of any action based on the contents thE
[f you have received this Email in error, please advise the sender by reply Email ane
rhank you.

6/2612006
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STEVE FARKAS INSPECTION 
REVIEW TEAM MEMORANDUM 
FOR TASK FORCE GUARDIAN 

DTD 13 MAY 2006 
&  

MWI CORPORATIONS 
RESPONSES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



TF GUARDIAN 13 May 2006 
 
MEMORANDUM FOR FILE 
 
SUBJECT:  Pumping Equipment for Temporary Canal Closure Structures 
 
 
1.  Following are comments from the undersigned on data contained in the MWI proposal dated 

18 Jan 06 and from site visits to inspect pumps, power units and drives at the gated closure 
construction sites. 

 
2.  MWI should be requested to furnish a complete set of system computations for equipment 

sizing from the water pump to the diesel engine drive.  All current components and pipe sizes 
should be used.  Equipment data sheets should be provided for each piece of equipment used 
which indicate the exact values being used in the computations.  This shall include curves for 
both the hydraulic motor and diesel engine to determine delivered power (torque) at various 
operating speeds. In process.  

 
3.  MWI should furnish an explanation why the suction lines for the hydraulic pumps are 

installed from the top of the hydraulic oil supply tank and not from the bottom of the tank.  
The hydraulic pump sees a flooded suction or the same pressure at the inlet with 
both designs. Service to the hydraulic pump is “cleaner” by being able to isolate 
the tank by breaking the suction.  Other systems that are plumbed from the 
bottom require a valve inline to isolate during service.  We choose to go without 
the valve as this design allows access to the suction strainer and has been in use 
by MWI for 30 years with success. 

 
4.  MWI should verify that the pump impellers are of stainless steel as specified in paragraph 

11311-2.2.3 and shown in the MWI proposal (Drawing No. 16866).  Material 
certifications for the stainless steel propellers are attached. 

 
5.  MWI should furnish a complete hydraulic schematic showing actual components and pipe 

sizes used.  The schematic that was provided in the proposal was very primitive and lacked 
detail. Will be included in response to question 2. 

 
6.  From reviewing the QA reports it is obvious that the MWI pump testing facilities are 

inadequate for the 60-inch pump being provided.  In order to verify that the system can 
operate satisfactorily one complete pump system should be performance tested at a facility 
that can test according to Hydraulic Institute standards.  This pump unit should be operated 
for a minimum of 8 hours during the tests.  Per section 11311- 2.5.5 we are allowed to 
provide previous test data showing compliance.  It states “Data from previous 
tests, if available, can be furnished in lieu of new tests”.  Per a previous request, 
we already provided prior model test data along with the application of hydraulic 
components.  Hydraulic Institute does not mention an eight hour run test 
requirement. MWI has met all current testing requirements.  

 
7.  MWI computations indicate a hydraulic fluid velocity of 15.9 ft/sec in the supply lines.  

Paragraph 11311-2.4 requires a maximum velocity of 15.0 ft/sec. The 3” supply line 
velocity is 8.0 ft/sec. 

 



8.  Past performance data furnished by MWI does not indicate installations using 60-inch 
hydraulically driven pump units.  If this is the first time a hydraulically driven 60-inch pump 
has been manufactured MWI should furnish all assumptions used in sizing the hydraulic 
motor and hydraulic pump.  In particular QA reports from power unit tests at the MWI 
facility indicate frequent overheating of the hydraulic fluid.  Overheating and pressure drops 
could be an indication that the system is undersized for the specified pump performance. 
Please see attached reference list of 60 inch hydraulically driven pumps. 

 
9.  Paragraph 11311-2.2.2 requires the pump bowl to be furnished with a liner.  This was not 

seen during visual inspections of the pump bowl section.  The flanged stainless 
removable section at the perimeter of the propeller section is the “liner”.    

 
10. The current power unit design does not allow for operation of the diesel engine under a “no-

load” condition as specified in Paragraph 11311-2.3.5.  When the relief valve is 
“unloaded” by venting with the manual valve the diesel operates under a “no 
load” condition. 

 
11. Does the pump column flange size meet AWWA or other industry standard?  The pump 

column flange sizes meet AWWA standards for 60” diameter. 
 
 
 
 
 
Stephen G. Farkas, P.E. James Bartek, P.E. Cory DeLong, P.E. 
St. Louis District Rock Island District Rock Island District 
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Executive Summary 
 
Discharge and head from an MWI 60” pump was measured for 7 different head-discharge 
combinations at the MWI factory. Static head measurements were based on 4 piezometer taps 
spaced equally around the discharge pipe. Discharge was measured using point velocity 
based on a calibrated pitot tube. For each discharge, 10 points from each of 4 different 
traverses across the pipe diameter for a total of 40 points were used to define the average 
velocity over the pipe cross section. Total dynamic head was calculated using the static head 
measurements, the measured discharge, and the head losses between the sump and the 
measurement location. At the 3 design point heads, measured discharge was 6.4, 4.1, and 
2.4% less than the design discharge. Discharge reported herein is about 1.7 to 2.3% less than 
the discharge reported in the factory test report by MWI. 

Factory Tests of Discharge and Total Dynamic Head of MWI Pumps Used on New 
Orleans Outfall Canals, Dr. Stephen T. Maynord  
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Introduction 
 
 At the request of the US Army Engineer, New Orleans Hurricane Protection Office 
(HPO), the US Army Engineer Research and Development Center (ERDC) assisted in 
factory tests of the Moving Water Industries (MWI) pumps that are being used on the outfall 
canals at 17th Street, Orleans Avenue, and London Avenue. The tests were conducted at the 
MWI factory in Deerfield Beach on November 16 and 17, 2006. The objective of these 
measurements was to evaluate the discharge capacity of the pumps and the total dynamic 
head on the pumps and compare the measured values with the design values for the pumps.   
 
 The Hydraulic Institute Standards (HIS) provide guidance on pump tests to determine 
discharge and head to compare to design values. HIS states that the chosen measuring 
technique must be capable of +- 1% at the best efficiency point. The HIS provides a variety 
of acceptable methods including volumetric, weighing, orifice meters, and venture meters to 
determine discharge. Concerning pitot tubes, the HIS states “Where it is impractical to 
employ one of the methods described above, the pitot tube is often used. When the flow 
conditions are steady during the time required to make a traverse, that is, with variations less 
than +- 0.5%, the flow may be determined with a fair degree of accuracy.” HIS does not 
define what “fair degree of accuracy” is when referring to pitot tubes. Since an accuracy of 
+- 1% is a high degree of accuracy of flow measurement, the implication of the HIS is that a 
lesser accuracy is often accepted when conditions dictate the use of a pitot tube. HIS 
recommends the use of ANSI/ASME PTC 18.1-1978 Pumping Mode of Pump/Turbines for 
guidance in conducting pitot tube measurements. The ANSI website states the document has 
been withdrawn. The ASME document PTC 18-1992 was obtained concerning use of point 
velocities (such as from a pitot tube) to measure discharge. The ASME document requires 
the following: 

a. Straight conduit upstream and downstream of the measurement location of 20 and 
5 pipe diameters, respectively. 

b. Velocity distribution shall, as nearly as possible, be that of fully developed flow 
in a straight conduit, of uniform section. 

c. The mean velocity shall not be less than 75% of the maximum velocity. 
d. If flow conditioners are required, they should be placed 10 pipe diameters 

upstream. 
e. Velocities in circular conduits shall be measured along a minimum of two 

mutually perpendicular diameters. The minimum number of measurement points 
is 5 points per radius. 

 
Two different but similar methods are used to define velocity measurement locations across 
the pipe. For 10-point traverses across the diameter, the USBR Water Measurement Manual 
and the log-linear positions are shown in Table 1. In both methods, average velocity in the 
pipe is equal to the average of the 10 measurements. While velocities should be measured at 
the center of the pipe, the center velocity is not used in determining the average velocity. The 
USBR method is based on dividing the pipe into 10 equal areas and using the velocity at the 
centroid of each area as shown in Figure 1. The USBR method is used herein. 
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Test Setup and Data 
 
 Flume and Piping Details- The flume setup is shown in Figure 2. The flume 
contains a 60” nominal (59.5” actual) axial flow pump driven by a hydraulic motor. The 
pump bell was 3 ft above the floor of the flume as in the outfall canal sumps. The 59.5” ID 
pump transitions to a 53.6” diameter pipe followed by a 90 degree mitered bend. Just 
downstream of the mitered bend, six 5-ft long anti-swirl vanes extend 9” from the side wall. 
The vanes do not join in the center and are equally spaced around the pipe perimeter as 
shown in Figure 2. As opposed to vanes placed in the bend, this type of vane installation does 
not reduce bend losses and does not produce a uniform velocity distribution downstream of 
the bend. This type of vane should be effective in reducing swirl in the pipe but will induce 
some head loss. The flow in the pipe is measured by a single movable pitot tube located 9.5 ft 
downstream of the mitered bend. More information about the pitot tube measurements will 
be presented subsequently. Four static ports spaced at 90 degrees equally around the pipe are 
located at the location of the pitot tube. The 4 static ports are connected to a single acrylic 
tube that is used to measure the static pressure in the pipe. The datum for the static pressure 
measurements and the flume water level measurements is the top wall of the flume. A 
butterfly valve located 10.5 ft downstream of the pitot tube was used to set the various 
flow/head combinations to test the pump. The butterfly valve was immediately followed by a 
90 degree bend. The 90-degree bend connected to a vertical pipe that discharged at 7.7 ft 
above the floor of the flume. Figures 3-6 show various pictures of the test flume. Prior to the 
tests, ERDC suggested that a baffle be installed between the pump and the discharge pipe to 
reduce any flow asymmetry. This was not able to be accomplished by MWI. Visual 
observation of flow conditions in the sump showed a large amount of turbulence. While flow 
was not evenly distributed across the sump, there was no apparent dominant swirl direction 
when observing conditions around the pump.     
 
 Pitot Tube Measurements –  
 
The pitot tube used in the measurements was calibrated by the Alden Research Lab and 
found to have an average coefficient of 0.9919. The velocity measurement locations are 
provided in Table 1. Due to the similarity of the positions, the average value in Table 1 was 
used to characterize the measured velocity for all four traverses. 
 
Prior to the tests, ERDC provided the following suggestions on the discharge measurements: 
 “The only concern regarding discharge measurement is how the pitot tube concept is 
applied. If an installation has a long straight reach of pipe upstream that is more than 10-20 
times the pipe diameter, a single traverse method can provide acceptable results. Based on 
Miller (1996), ISO 3966 estimates that an accuracy of +-2% is possible for a traversed pipe 
with an axisymmetric velocity profile. Elder and Smith (1961) used 420 measurements over a 
9.5 ft square conduit and reported accuracy of about 1.2%. The 10-point traverse outlined in 
the USBR Water Measurement Manual is recommended with measurements taken at 0.026D, 
0.082D, 0.146D, 0.226D, 0.342D, 0.658D, 0.774D, 0.854D, 0.918D, and 0.974D. These 
locations represent 10 equal areas of the pipe cross-section. Even with the flow straighteners 
just downstream of the 90 degree pipe bend, the velocity distribution is likely to be skewed. 
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The head measurements taken at 4 locations around the pipe will be far less affected by any 
non-symmetry of the velocity profile than discharge derived from velocity measurements. To 
evaluate whether skewing of the velocity profile is significant, a second velocity traverse 
across the pipe should be taken at 90 degrees to the first traverse. Both velocity profiles 
should be plotted across the pipe diameter and discharge from each profile should be 
computed. Discharge based on the two traverses will be adequate if the following conditions 
are met: 

A. The discharge from the two profiles differs by less than or equal 5%. The 5% 
difference criteria in discharge is based on Linford(1961). Difference percentage is 
defined as 100*(Qhigh-Qlow)/Qavg. For example, discharges of 205 and 195 cfs 
have a 5% difference. 
 
B. The two velocity profiles can not be significantly different even if the 5% 
discharge criteria is met. Significantly different is defined herein as each set of 4 
velocities measured at equal distances from the pipe wall differ by no more than +-
7.5% from the average of the 4 readings. The one exception to this is the reading 
closest to the wall that can vary +-15%. For example, the 2 readings at 0.226D and 
the 2 readings at 0.774D are all 0.226D from the pipe wall. If the 4 readings are 13.5 
ft/sec, 13.0 ft/sec, 14.5 ft/sec and 15.0 ft/sec, the average is 14.0 ft/sec. A value of 
7.5% of 14.0 ft/sec is 1.05 ft/sec. The acceptable range of velocity based on the 4 
example points at 0.226D from the pipe wall is 12.95 ft/sec to 15.05 ft/sec. 

 
If both of these conditions are met, the discharge from the two traverses should be averaged. 
If both conditions are not met, two more traverses at 45 degrees should be conducted. The 
average discharge from the 4 traverses is the measured discharge.” 
 
The initial tests were conducted at all 4 traverses (Horizontal, Angle 1, Vertical, and Angle 2 
as shown in Figure 2). It was immediately apparent that even if the 5% criteria in paragraph 
A above was met, the velocity distribution was sufficiently distorted that the 7.5% criteria in 
paragraph B would not be met. All tests were conducted traversing all four diameters. The 
basic data are shown in Tables 2-8 for the 7 head-discharge combinations.  
 
The initial tests 1-3 were conducted with the sump at a depth of 12.9 ft that would more 
closely match depths in the outfall canal sumps. Under these conditions, severe problems 
were experienced with air entering the pump and then the pitot tube. It was almost impossible 
to bleed the air out of the Pitot tube and get reliable readings. All subsequent tests were 
conducted at a sump depth of 17.6 ft at which the air problems were not significant.    
 
Several of the test series showed that the vertical velocity traverse resulted in the lowest 
velocities of the 4 traverses and there was concern that this traverse may not have been 
representative. A fifth traverse Vertical 2 (V2) was added just beside the vertical traverse as 
shown in Figure 2. Test 25 was conducted with V2 and resulted in lower discharge as in the 
vertical traverse. The vertical traverse was shown to be representative and all results are 
based on the original 4 traverses. By using the average of the four traverses, the pipe cross 
section is divided into 40 equal areas of the pipe, each area representing 2.5% of the cross 
section as shown in Figure 7. 
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Figures 8-14 show the velocity data plotted across the pipe. The 0.0 lateral position 
corresponds to the side of the pipe in Figure 2 closest to the label for that transect.   As would 
be expected in an installation close to an upstream bend and pump, the velocity distribution is 
distorted and the boundary layer has little impact on velocities away from the wall. In an 
installation with a long approach pipe meeting the criteria given in the introduction, the 
boundary layer would affect and dominate the velocity profile all the way to the centerline of 
the pipe. ISO 3354 (1988) notes an important point about distorted flow conditions as 
follows: “It must be noted, however, that the asymmetry of the velocity distribution is taken 
into account in some measure by the very principle of the velocity-area method and that it 
increases only slightly (normally less than +- 1% if Y is not greater than 0.25) the inaccuracy 
of the measurements provided the number of measurements is adequate, whereas swirl 
affects every measurement of local velocity.” The parameter Y is the standard deviation of 
the point velocity measurements divided by the mean of the point measurements. ISO 3354 
requires Y < 0.05. The measurements described herein have Y of about 0.13 based on the 
standard deviation of the 40 measurements for each discharge.    
 
Also shown in Figures 8-14 by the wide vertical lines are the 10 velocity locations required 
by the USBR method. Application of the USBR method required that the measured velocity 
profiles be used to determine the velocity at the USBR locations. At all but the points near 
the wall, this required a simple linear interpolation. Since the pitot tube measurements were 
not close enough to provide the velocity at 0.026D and 0.974D, the data had to be 
extrapolated. The extrapolation technique proposed in ISO 3354 (1988) uses a power law of 
the form 

m

ay a
yVV

/1

⎟
⎠
⎞

⎜
⎝
⎛=           (1) 

Where Vy is the unknown velocity at distance y from the wall, Va is the measured velocity at 
distance ‘a’ from the wall, and m is an exponent that varies from about 4 to 14 depending on 
Reynolds number and pipe roughness. For the MWI pipe and Reynolds number, m = 10.6. 
For the velocity location measured at 0.039D that must be extrapolated to the USBR position 
at 0.026D, the ratio of Vy/Va is 0.962. For the measured velocity location at 0.939D that must 
be extrapolated to USBR position at 0.974D, the ratio of Vy/Va is 0.923. Tables 2-8 show the 
interpolated and extrapolated velocities used in the USBR method. 
 
 Analysis and Results 
 
Calculation of Total Dynamic Head  
 

Loss of total head between the sump and the static port measurements occur at the 
following locations: 
 

1. Suction bell entrance. The suction bell entrance loss is given by 

gA
pumpQKH

ft
entranceentrance 2

)(
2

5

2

=Δ       (2) 
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Where Q is discharge from the pump in the 5 ft diameter pipe, A5 ft is the area of the 
5-ft-diameter pipe, and g is gravity. An entrance loss coefficient of 0.23 from Miller 
(1978) was used for the suction bell entrance of the MWI pumps. 

2. The contraction between the pump and the 53.6-inch pipe is 65” long and losses will 
be negligible. 

3. The 90 degree mitered bend above the pump. The bend consists of 4- 22.5 degree 
miters that have a maximum chord length on the outer side of the bend of 2.67 ft. 
Total head loss ΔH in the 90 degree mitered bend is given by: 

gA
pumpQKH

pipeinch
bendbend 2

)(
2

6.53

2

=Δ       (3) 

A53.6 inch pipe is the area of the 53.6-inch-diameter pipe. Based on Miller (1978) data, 
Kbend is 0.3 for a 90 degree mitered bend consisting of 4-22.5 degree miters and a 
bend radius/pipe diameter of 1.5.  

 
4. The anti-swirl vanes located downstream of the bend. The loss of total head at the 

vanes is 

gA
pumpQKH

pipeinch
vanesvanes 2

)(
2

6.53

2

=Δ       (4) 

No information was found on the type of vanes used in the MWI tests. Since the 
vanes extend only about 9” away from the pipe wall, losses should be low. A Kvanes = 
0.1 was used to define losses from the vanes and amounts to about 0.23 ft of head loss 
at 190 cfs. 

 
The total dynamic head (TDH) is given by 

vanesbendentrance

pipeinch

HHH
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2
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Table 9 shows the average discharge from the 4 velocity traverses and the TDH based on the 
measurements. 
 
Use of Affinity Laws to Scale Head and Discharge 
 
The sump used in the measurements was small and the continuous running of the pump 
caused the water temperature in the sump to reach about 92 degrees F. The temperature rise 
primarily results from the cooling tubes for the hydraulic fluid that are mounted on the sides 
of the pump. The hydraulic fluid powers the hydraulic motor that runs the pump. The motor 
is affected by fluid temperature. The high water temperature means that hydraulic fluid 
temperature is higher than will occur in the prototype installation. Under these higher fluid 
temperatures, there was concern expressed that the pumps may not be able to maintain a 
constant design speed of 288 RPM for long enough to accurately measure pump discharge 
using the pitot tube technique. Consequently, the tests were run at slightly less that the design 
speed of 288 rpm. Speeds were typically 278-279 RPM as shown in Tables 2-8. Affinity laws 
were used to scale head and discharge at the pump speed used in the measurements to the 
pump speed used in the design curves. Discharge is scaled according to  
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Where n is the pump speed. Head is scaled according to 
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Table 9 also shows the heads and discharges scaled according to the affinity laws using the 
288 RPM design speed. 
 
Comparison of Design Values to Measured Head and Discharge 
 
The design values for the MWI pumps are 105,000 GPM at 8.5 ft TDH, 98,000 GPM at 12.2 
ft TDH, and 85,000 GPM at 16.8 ft TDH. These values are plotted in Figure 15 along with 
the values from Table 9 for the TDH and discharges scaled to 288 RPM using affinity laws. 
At the above 3 design point TDHs, corresponding measured discharge was 6.4, 4.1, and 2.4% 
less than the design discharge. 
 
Summary and Conclusions 
 
Discharge and head from an MWI 60” pump was measured for 7 different head-discharge 
combinations at the MWI factory. Static head measurements were based on 4 piezometer taps 
spaced equally around the discharge pipe. Discharge was measured using point velocity 
based on a calibrated pitot tube. For each discharge, 10 points from each of 4 different 
traverses across the pipe diameter for a total of 40 points were used to define the average 
velocity over the pipe cross section. Total dynamic head was calculated using the static head 
measurements, the measured discharge, and the head losses between the sump and the 
measurement location. At the 3 design point heads, measured discharge was 6.4, 4.1, and 
2.4% less than the design discharge.  
 
Review of Test Results Provided by MWI 
 
Subsequent to the completion of this report, the HPO requested that ERDC review, comment 
and recommend actions ( rejection, partial acceptance, acceptance) on the report by MWI 
entitled “Temporary Pumps for Three Outfall Canals, New Orleans, LA- Factory Witness 
Test Report”.  
 
Review Comments  
Review comments on the MWI report are as follows: 

a. The basic data was checked and found to be in agreement with observations 
recorded by ERDC and the HPO with a few minor exceptions. 

b. The analysis of head losses in the piping of the test flume was slightly 
different in the ERDC analysis and the MWI analysis. The different analysis 
resulted in the same overall head loss and had no effect on the calculated 
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values of total dynamic head (TDH). For the example shown in the MWI 
report, losses from the intake to the static head measurement location were 
0.94 ft (bend) + 0.54 ft (inlet) = 1.48 ft. Using the loss coefficients in the 
ERDC analysis, the example losses were 0.27 ft (vanes) + 0.81 ft (bend) + 
0.40 ft (inlet) = 1.48 ft. 

c. In the paragraph beginning “Analysis of the data shows a significant…”, MWI 
states the horizontal traverse was on average 8000 gpm lower. This is an 
obvious typographical error because the vertical traverse is the one that is 
lower.  

d. This same paragraph and the following paragraph suggest using only traverses 
A1 and A2 in determination of discharge. The MWI report states the two 
traverse method is allowed in the ISO and ASME literature. That is true for an 
installation that has adequate pipe lengths upstream and downstream of the 
measurement section that is not present in the MWI facility. The 4 traverses, 
and thus 40 individual velocity readings, are needed to address the lack of 
adequate pipe lengths in the MWI facility. Data can only be discarded if an 
obvious reason is present. The addition of the 5th velocity traverse next to the 
vertical traverse was done to see if a reason could be found to discard the 
vertical readings. The 5th traverse showed the vertical readings were 
representative. ERDC recommends that all analysis be based on the average of 
the 4 original traverses. 

e. The primary concern of the MWI analysis is the use of the velocities from the 
10 positions at which the pitot tube was placed. These positions are close but 
do not agree with the 10 positions specified by either the USBR method or the 
log-linear positions. In the ERDC analysis presented previously, the USBR 
positions are used to define the velocity from the measured profiles. At the 
two near wall positions on each end of the traverse, the velocities were 
extrapolated using the techniques from an International Standards 
Organization (ISO) report. Using velocities based on the 10 USBR positions, 
discharge from the ERDC analysis is about 1.7-2.3% less than the values in 
the MWI report. Figure 15 shows the MWI and ERDC values based on the 
average of the 4 transects scaled up to 288 RPM and the design values. 

f. Determining why the model predictions do not agree with the full scale tests 
would require an evaluation of the model tests. While ERDC agrees that the 
higher flows/lower heads may have greater turbulence in the sump and piping, 
the differences in the sump the pitot tube manometer variations and air 
collecting in the pitot tube did not appear significantly greater.   

 
Measurement Error, Typical Conditions, and Comparison to Field Data 
 

a. Measurement Error- Discharge measurements have a margin of error 
depending on the method and a pitot tube in such a distorted flow pattern as 
exists in the MWI sump and piping would be expected to have a large error. 
While not meeting the HIS requirement of 1% accuracy of flow measurement, 
the discharge measurements are likely within +- 5%. This is based on the lack 
of scatter of the 7 points about the best fit line, the consistency of the 4 
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velocities measured at the common location at the pipe center for any 
individual discharge, and the relatively small amount of variation in the pitot 
tube differential while making a single reading.  

 
b. Typical Conditions- Based on the discharge tests conducted at 17th Street 

Canal, the TDH was about 16.0 ft - canal elevation unless the inverted angled 
outlet becomes submerged that would require lake elevations of about 6.5 ft or 
greater to have any effect at all. Canal elevation during operation of MWI 
pumps in 17th Street ranges from 2.0 to 6.0 ft. Based on an average canal 
elevation during pumping of MWI pumps of 4.0 ft, TDH = 12.0 ft at 17th 
Street. The difference in discharge at 17th Street between the design curve and 
the ERDC curve at TDH = 12 ft is about 4200 gpm or about 4.1% less than 
the design value. Assuming the 9-ft manifold at London will be angled down 
to ½ the pipe diameter as at 17th Street, the total head will be about 15.0 ft – 
canal elevation because the manifold is 1-ft lower. Canal elevation during 
operation of MWI pumps in London Avenue Canal ranges from 1.0 to 4.0 ft. 
Based on an average London canal elevation during pumping of MWI pumps 
of 2.5 ft, TDH = 12.5 ft. The difference in discharge at London Avenue 
between the design curve and the ERDC curve at TDH = 12.5 ft is about 3500 
gpm or about 3.6% less than the design value. 

 
c. Comparison to Field Measurements- The measured data not adjusted 

to 288 RPM are close to the pump speeds used in the discharge tests 
conducted at the 17th Street Canal on 3 October 2006. Based on the MWI data 
unadjusted for speed and the static pressure measurements made on 3 October 
2006 at 17th Street giving a TDH of about 13.5 ft, discharge from each pump 
was about 87,000 gpm. This discharge magnitude falls in between the 79,700 
gpm/pump from the Acoustic Doppler Current Profiler and 88,300 gpm/pump 
from the acoustic flow meters. The design flow at this head at 279 rpm is 
about 91,600 gpm that is above the range of field measured discharges.    

 
Summary of Review of MWI Report  
 

a. ERDC is not in the position to make a recommendation on acceptance or 
rejection because we have not been involved with factors such as how the 
pump capacity affects the performance of the system. 

 
b. While the MWI factory measurements were far from ideal, the measurements 

are believed valid and within +- 5%. 
 
 

c. The MWI pump discharge at the 3 design total head points ranges from 93.6 
to 97.6% of the design discharge. 
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d. For typical conditions, the analysis of discharge based on the factory tests 
shows the following: 

 
i. At a typical 17th Street Canal water level during MWI pumping of 

elevation 4.0 ft, MWI pumps will discharge 95.9% of the design flow. 
 

ii. At a typical London Avenue Canal water level during MWI pumping 
of elevation 2.5 ft, MWI pumps will discharge 96.4% of the design 
flow.   
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Table 1. Velocity Measurement Locations 
Locations used in tests Position USBR  Log-

linear Angle 1 Vertical Angle 2 Horizontal Average 
(distance, ft) 

1 0.026D 0.019D 0.040D 0.040D 0.040D 0.038D 0.039D (0.17) 
2 0.082D 0.077D 0.076D 0.071D 0.071D 0.074D 0.073D (0.33) 
3 0.146D 0.153D 0.134D 0.123D 0.130D 0.130D 0.129D (0.58) 
4 0.226D 0.218D 0.217D 0.201D 0.203D 0.219D 0.210D (0.94) 
5 0.342D 0.362D 0.327D 0.313D 0.318D 0.331D 0.322D (1.44) 
Center 0.500D 0.500D 0.488D 0.472D 0.477D 0.488D 0.481D (2.15) 
6 0.658D 0.638D 0.647D 0.629D 0.636D 0.647D 0.639D (2.85) 
7 0.774D 0.782D 0.763D 0.741D 0.747D 0.759D 0.753D (3.36) 
8 0.854D 0.847D 0.835D 0.817D 0.826D 0.835D 0.828D (3.70) 
9 0.918D 0.923D 0.891D 0.873D 0.882D 0.891D 0.884D (3.95) 
10 0.974D 0.981D 0.944D 0.929D 0.936D 0.947D 0.939D (4.19) 
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Table 2. Data for Tests 4-7.  
TEST RPM Water Level, in. Static Head, in. Velocity Pitot Distance/ Manometer, V, ft/sec USBR USBR V,

below datum above datum Traverse Position Diameter inches Position ft/sec
4 279 23 89.5 Horizontal 1 0.039 43.25 15.10 0.026 14.53

2 0.073 44.25 15.28 0.082 15.18
3 0.129 41.00 14.70 0.146 14.65
4 0.210 39.50 14.43 0.226 14.41
5 0.322 38.50 14.25 0.342 14.25

center 0.481 38.75 14.30   
6 0.639 33.50 13.29 0.658 13.11
7 0.753 28.25 12.21 0.774 11.70
8 0.828 20.50 10.40 0.854 10.34
9 0.884 20.00 10.27 0.918 10.73
10 0.939 23.00 11.01 0.974 10.17

5 279 23 89.5 Angle 1 1 0.039 39.00 14.34 0.026 13.80
2 0.073 36.75 13.92 0.082 13.76
3 0.129 31.75 12.94 0.146 12.91
4 0.210 31.00 12.79 0.226 12.82
5 0.322 32.00 12.99 0.342 13.14

center 0.481 38.00 14.16   
6 0.639 34.50 13.49 0.658 13.34
7 0.753 30.00 12.58 0.774 12.55
8 0.828 29.50 12.47 0.854 12.37
9 0.884 28.50 12.26 0.918 12.19
10 0.939 28.00 12.15 0.974 11.22

6 279 23 89.5 Vertical 1 0.039 25.00 11.48 0.026 11.05
2 0.073 24.50 11.37 0.082 11.20
3 0.129 20.25 10.33 0.146 10.39
4 0.210 21.25 10.59 0.226 10.75
5 0.322 26.25 11.77 0.342 12.03

center 0.481 36.50 13.87   
6 0.639 34.75 13.54 0.658 13.38
7 0.753 30.00 12.58 0.774 12.47
8 0.828 28.25 12.21 0.854 12.23
9 0.884 28.50 12.26 0.918 12.06
10 0.939 27.00 11.93 0.974 11.01

7 279 23 89.5 Angle 2 1 0.039 22.75 10.95 0.026 10.54
2 0.073 23.00 11.01 0.082 11.05
3 0.129 24.00 11.25 0.146 11.36
4 0.210 26.25 11.77 0.226 11.87
5 0.322 29.75 12.53 0.342 12.71

center 0.481 37.00 13.97   
6 0.639 40.25 14.57 0.658 14.56
7 0.753 40.00 14.52 0.774 14.46
8 0.828 38.75 14.30 0.854 14.51
9 0.884 41.25 14.75 0.918 14.09
10 0.939 35.50 13.68 0.974 12.63  
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Table 3. Data for Tests 8-11. 
TEST RPM Water Level, in. Static Head, in. Velocity Pitot Distance/ Manometer, V, ft/sec USBR USBR V,

below datum above datum Traverse Position Diameter inches Position ft/sec
8 278 23 130 Angle 2 1 0.039 20.25 10.33 0.026 9.94

2 0.073 23.25 11.07 0.082 11.11
3 0.129 24.25 11.31 0.146 11.47
4 0.210 27.75 12.10 0.226 12.18
5 0.322 30.50 12.68 0.342 12.64

center 0.481 29.00 12.37   
6 0.639 32.25 13.04 0.658 12.98
7 0.753 30.50 12.68 0.774 12.92
8 0.828 34.75 13.54 0.854 13.54
9 0.884 34.75 13.54 0.918 13.07
10 0.939 31.00 12.79 0.974 11.80

9 Vertical 1 0.039 15.50 9.04 0.026 8.70
2 0.073 15.00 8.89 0.082 8.82
3 0.129 13.50 8.44 0.146 8.40
4 0.210 13.00 8.28 0.226 8.61
5 0.322 21.25 10.59 0.342 10.80

center 0.481 28.50 12.26   
6 0.639 33.25 13.24 0.658 13.22
7 0.753 32.50 13.09 0.774 12.98
8 0.828 30.50 12.68 0.854 12.46
9 0.884 28.25 12.21 0.918 11.93
10 0.939 26.25 11.77 0.974 10.86

10 Angle 1 1 0.039 26.00 11.71 0.026 11.26
2 0.073 22.50 10.89 0.082 10.73
3 0.129 18.50 9.88 0.146 9.93
4 0.210 19.50 10.14 0.226 10.27
5 0.322 23.25 11.07 0.342 11.26

center 0.481 30.00 12.58   
6 0.639 35.25 13.63 0.658 13.35
7 0.753 27.00 11.93 0.774 11.62
8 0.828 22.25 10.83 0.854 10.89
9 0.884 22.75 10.95 0.918 11.24
10 0.939 24.75 11.42 0.974 10.54

11 Horizontal 1 0.039 32.50 13.09 0.026 12.59
2 0.073 34.00 13.39 0.082 13.28
3 0.129 30.75 12.73 0.146 12.55
4 0.210 26.75 11.88 0.226 11.80
5 0.322 24.50 11.37 0.342 11.52

center 0.481 30.00 12.58   
6 0.639 30.50 12.68 0.658 12.58
7 0.753 27.50 12.04 0.774 11.45
8 0.828 18.75 9.94 0.854 9.94
9 0.884 18.75 9.94 0.918 9.82
10 0.939 18.00 9.74 0.974 8.99  
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Table 4. Data for Tests 12-15. 
TEST RPM Water Level, in. Static Head, in. Velocity Pitot Distance/ Manometer, V, ft/sec USBR USBR V,

below datum above datum Traverse Position Diameter inches Position ft/sec
12 278.7 22.75 Horizontal 1 0.039 26.00 11.71 0.026 11.26

2 0.073 27.00 11.93 0.082 11.91
3 0.129 26.25 11.77 0.146 11.53
4 0.210 21.50 10.65 0.226 10.57
5 0.322 19.25 10.08 0.342 10.21

center 0.481 23.50 11.13   
6 0.639 31.25 12.84 0.658 12.74
7 0.753 28.50 12.26 0.774 11.59
8 0.828 18.50 9.88 0.854 9.75
9 0.884 17.50 9.61 0.918 9.56
10 0.939 17.25 9.54 0.974 8.80

13 278.7 22.75 Angle 1 1 0.039 18.50 9.88 0.026 9.50
2 0.073 18.25 9.81 0.082 9.71
3 0.129 16.00 9.19 0.146 9.24
4 0.210 17.00 9.47 0.226 9.56
5 0.322 19.50 10.14 0.342 10.36

center 0.481 26.75 11.88   
6 0.639 32.50 13.09 0.658 12.86
7 0.753 26.00 11.71 0.774 11.32
8 0.828 20.25 10.33 0.854 10.51
9 0.884 21.75 10.71 0.918 11.15
10 0.939 24.75 11.42 0.974 10.54

14 278.7 22.75 Vertical 1 0.039 16.00 9.19 0.026 8.84
2 0.073 15.75 9.11 0.082 8.93
3 0.129 12.00 7.96 0.146 8.15
4 0.210 15.00 8.89 0.226 9.25
5 0.322 24.50 11.37 0.342 11.47

center 0.481 28.00 12.15   
6 0.639 29.00 12.37 0.658 12.38
7 0.753 29.50 12.47 0.774 12.53
8 0.828 30.50 12.68 0.854 12.49
9 0.884 28.50 12.26 0.918 12.16
10 0.939 27.75 12.10 0.974 11.17

15 278.7 22.75 Angle 2 1 0.039 19.25 10.08 0.026 9.69
2 0.073 20.25 10.33 0.082 10.35
3 0.129 20.75 10.46 0.146 10.60
4 0.210 23.50 11.13 0.226 11.26
5 0.322 27.50 12.04 0.342 12.06

center 0.481 28.00 12.15   
6 0.639 22.50 10.89 0.658 11.01
7 0.753 25.50 11.60 0.774 11.94
8 0.828 31.25 12.84 0.854 12.93
9 0.884 32.25 13.04 0.918 12.79
10 0.939 30.25 12.63 0.974 11.66  

Factory Tests of Discharge and Total Dynamic Head of MWI Pumps Used on New 
Orleans Outfall Canals, Dr. Stephen T. Maynord, December 2006  

13



 

Table 5. Data for Tests 16-20. Test 17 had a pitot tube air leak and was retaken in Test 20 
after the Pitot tube was repaired. 

TEST RPM Water Level, in. Static Head, in. Velocity Pitot Distance/ Manometer, V, ft/sec USBR USBR V,
below datum above datum Traverse Position Diameter inches Position ft/sec

16 278.96 22.75 17 Angle 2 1 0.039 30.25 12.63 0.026 12.15
2 0.073 30.25 12.63 0.082 12.66
3 0.129 31.00 12.79 0.146 12.84
4 0.210 32.25 13.04 0.226 13.12
5 0.322 35.00 13.59 0.342 13.72

center 0.481 40.75 14.66   
6 0.639 45.25 15.45 0.658 15.35
7 0.753 42.00 14.88 0.774 14.85
8 0.828 41.25 14.75 0.854 14.60
9 0.884 39.50 14.43 0.918 13.63
10 0.939 32.75 13.14 0.974 12.13

20 278.96 22.75 17 Vertical 1 0.039 35.25 13.63 0.026 13.12
2 0.073 35.00 13.59 0.082 13.47
3 0.129 31.50 12.89 0.146 12.52
4 0.210 23.50 11.13 0.226 11.38
5 0.322 31.50 12.89 0.342 13.12

center 0.481 41.25 14.75   
6 0.639 37.75 14.11 0.658 13.94
7 0.753 32.50 13.09 0.774 12.95
8 0.828 30.00 12.58 0.854 12.60
9 0.884 30.25 12.63 0.918 12.69
10 0.939 30.75 12.73 0.974 11.75

18 278.96 22.75 17 Angle 1 1 0.039 46.25 15.62 0.026 15.02
2 0.073 44.75 15.36 0.082 15.31
3 0.129 42.75 15.01 0.146 14.99
4 0.210 42.00 14.88 0.226 14.88
5 0.322 41.75 14.84 0.342 14.91

center 0.481 45.00 15.40   
6 0.639 41.25 14.75 0.658 14.57
7 0.753 35.50 13.68 0.774 13.37
8 0.828 30.00 12.58 0.854 12.63
9 0.884 30.50 12.68 0.918 12.90
10 0.939 32.25 13.04 0.974 12.04

19 278.96 22.75 17 Horizontal 1 0.039 47.75 15.87 0.026 15.27
2 0.073 49.00 16.07 0.082 16.00
3 0.129 46.25 15.62 0.146 15.58
4 0.210 45.25 15.45 0.226 15.43
5 0.322 44.50 15.32 0.342 15.30

center 0.481 43.75 15.19   
6 0.639 39.50 14.43 0.658 14.29
7 0.753 35.00 13.59 0.774 13.04
8 0.828 25.75 11.65 0.854 11.30
9 0.884 22.50 10.89 0.918 11.67
10 0.939 28.00 12.15 0.974 11.22  
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Table 6. Data for Tests 21-25. 
TEST RPM Water Level, in. Static Head, in. Velocity Pitot Distance/ Manometer, V, ft/sec USBR USBR V,

below datum above datum Traverse Position Diameter inches Position ft/sec
21 278.39 22.5 61 Vertical 1 0.039 29.80 12.54 0.026 12.06

2 0.073 30.00 12.58 0.082 12.50
3 0.129 27.75 12.10 0.146 11.82
4 0.210 22.00 10.77 0.226 10.98
5 0.322 28.25 12.21 0.342 12.46

center 0.481 38.50 14.25   
6 0.639 37.25 14.02 0.658 13.84
7 0.753 32.00 12.99 0.774 12.90
8 0.828 30.50 12.68 0.854 12.54
9 0.884 29.00 12.37 0.918 12.40
10 0.939 29.25 12.42 0.974 11.46

22 278.39 22.5 61 Angle 1 1 0.039 40.50 14.61 0.026 14.06
2 0.073 38.75 14.30 0.082 14.17
3 0.129 34.75 13.54 0.146 13.54
4 0.210 34.75 13.54 0.226 13.55
5 0.322 35.25 13.63 0.342 13.72

center 0.481 39.00 14.34   
6 0.639 35.10 13.61 0.658 13.41
7 0.753 29.25 12.42 0.774 12.45
8 0.828 29.75 12.53 0.854 12.55
9 0.884 30.00 12.58 0.918 12.71
10 0.939 31.00 12.79 0.974 11.80

23 278.39 22.5 61 Horizontal 1 0.039 45.25 15.45 0.026 14.86
2 0.073 46.25 15.62 0.082 15.57
3 0.129 44.50 15.32 0.146 15.25
4 0.210 42.50 14.97 0.226 14.93
5 0.322 41.00 14.70 0.342 14.69

center 0.481 40.50 14.61   
6 0.639 35.25 13.63 0.658 13.58
7 0.753 33.50 13.29 0.774 12.72
8 0.828 24.00 11.25 0.854 10.85
9 0.884 20.50 10.40 0.918 11.00
10 0.939 24.50 11.37 0.974 10.49

24 278.39 22.5 61 Angle 2 1 0.039 25.00 11.48 0.026 11.05
2 0.073 27.00 11.93 0.082 11.96
3 0.129 27.75 12.10 0.146 12.20
4 0.210 30.00 12.58 0.226 12.63
5 0.322 31.75 12.94 0.342 13.10

center 0.481 38.50 14.25   
6 0.639 42.00 14.88 0.658 14.85
7 0.753 40.75 14.66 0.774 14.68
8 0.828 41.25 14.75 0.854 14.79
9 0.884 41.75 14.84 0.918 14.59
10 0.939 39.50 14.43 0.974 13.32

25 278.39 22.5 61 Vertical 2 1 0.039 29.50 12.47 0.026 12.00
2 0.073 28.00 12.15 0.082 11.99
3 0.129 23.50 11.13 0.146 11.11
4 0.210 23.00 11.01 0.226 11.20
5 0.322 28.75 12.31 0.342 12.53

center 0.481 37.50 14.06   
6 0.639 35.00 13.59 0.658 13.53
7 0.753 33.25 13.24 0.774 12.92
8 0.828 27.75 12.10 0.854 12.63
9 0.884 33.25 13.24 0.918 13.39
10 0.939 34.50 13.49 0.974 12.45  
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Table 7. Data for Tests 26-29. 
TEST RPM Water Level, in. Static Head, in. Velocity Pitot Distance/ Manometer, V, ft/sec USBR USBR V,

below datum above datum Traverse Position Diameter inches Position ft/sec
26 278.4 22.5 34.5 Angle 2 1 0.039 27.50 12.04 0.026 11.58

2 0.073 27.50 12.04 0.082 12.14
3 0.129 30.25 12.63 0.146 12.64
4 0.210 30.50 12.68 0.226 12.80
5 0.322 34.50 13.49 0.342 13.63

center 0.481 40.50 14.61   
6 0.639 43.50 15.15 0.658 15.17
7 0.753 44.50 15.32 0.774 15.10
8 0.828 40.00 14.52 0.854 14.79
9 0.884 43.25 15.10 0.918 14.22
10 0.939 35.50 13.68 0.974 12.63

27 278.4 22.5 34.5 Vertical 1 0.039 34.75 13.54 0.026 13.02
2 0.073 34.50 13.49 0.082 13.40
3 0.129 31.75 12.94 0.146 12.57
4 0.210 23.75 11.19 0.226 11.38
5 0.322 29.75 12.53 0.342 12.78

center 0.481 40.25 14.57   
6 0.639 39.00 14.34 0.658 14.15
7 0.753 33.00 13.19 0.774 12.99
8 0.828 29.50 12.47 0.854 12.81
9 0.884 33.00 13.19 0.918 12.81
10 0.939 30.00 12.58 0.974 11.61

28 278.4 22.5 34.5 Angle 1 1 0.039 41.75 14.84 0.026 14.27
2 0.073 39.25 14.39 0.082 14.31
3 0.129 36.75 13.92 0.146 13.91
4 0.210 36.50 13.87 0.226 13.85
5 0.322 35.50 13.68 0.342 13.81

center 0.481 41.00 14.70   
6 0.639 36.50 13.87 0.658 13.64
7 0.753 29.50 12.47 0.774 12.49
8 0.828 29.75 12.53 0.854 12.76
9 0.884 32.25 13.04 0.918 13.17
10 0.939 33.25 13.24 0.974 12.22

29 278.4 22.5 34.5 Horizontal 1 0.039 44.75 15.36 0.026 14.78
2 0.073 48.75 16.03 0.082 15.93
3 0.129 45.00 15.40 0.146 15.40
4 0.210 45.00 15.40 0.226 15.38
5 0.322 44.00 15.23 0.342 15.19

center 0.481 42.00 14.88   
6 0.639 38.70 14.29 0.658 14.17
7 0.753 35.00 13.59 0.774 13.01
8 0.828 25.25 11.54 0.854 11.15
9 0.884 21.75 10.71 0.918 11.63
10 0.939 28.25 12.21 0.974 11.27  
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TEST RPM Water Level, in. Static Head, in. Velocity Pitot Distance/ Manometer, V, ft/sec USBR USBR V,
below datum above datum Traverse Position Diameter inches Position ft/sec

30 279.1 22.75 77 Horizontal 1 0.039 38.00 14.16 0.026 13.62
2 0.073 40.25 14.57 0.082 14.51
3 0.129 38.25 14.20 0.146 14.19
4 0.210 38.00 14.16 0.226 14.14
5 0.322 37.50 14.06 0.342 14.09

center 0.481 38.50 14.25   
6 0.639 33.75 13.34 0.658 13.24
7 0.753 30.75 12.73 0.774 12.75
8 0.828 31.00 12.79 0.854 11.76
9 0.884 21.25 10.59 0.918 10.78
10 0.939 22.50 10.89 0.974 10.05

31 279.1 22.75 77 Angle 1 1 0.039 39.50 14.43 0.026 13.88
2 0.073 36.50 13.87 0.082 13.80
3 0.129 34.00 13.39 0.146 13.22
4 0.210 30.00 12.58 0.226 12.67
5 0.322 33.25 13.24 0.342 13.40

13.62
12.76
12.55
12.46
11.46
11.95
12.21
10.99
10.72
12.50

13.94
12.90
12.44
12.34
11.32
10.99
11.88
11.69
12.19
13.22

14.66
14.37
14.12
13.03
11.46

Table 8. Data for Tests 30-33. 

center 0.481 39.75 14.48   
6 0.639 36.00 13.78 0.658
7 0.753 31.25 12.84 0.774
8 0.828 30.00 12.58 0.854
9 0.884 29.75 12.53 0.918
10 0.939 29.25 12.42 0.974

32 279.1 22.75 77 Vertical 1 0.039 29.25 12.42 0.026
2 0.073 29.25 12.42 0.082
3 0.129 23.50 11.13 0.146
4 0.210 20.75 10.46 0.226
5 0.322 28.50 12.26 0.342

center 0.481 38.25 14.20   
6 0.639 37.75 14.11 0.658
7 0.753 32.50 13.09 0.774
8 0.828 29.25 12.42 0.854
9 0.884 29.50 12.47 0.918
10 0.939 28.50 12.26 0.974

33 279.1 22.75 77 Angle 2 1 0.039 24.75 11.42 0.026
2 0.073 27.00 11.93 0.082
3 0.129 25.50 11.60 0.146
4 0.210 27.50 12.04 0.226
5 0.322 32.50 13.09 0.342

center 0.481 37.75 14.11   
6 0.639 41.00 14.70 0.658
7 0.753 39.50 14.43 0.774
8 0.828 38.25 14.20 0.854
9 0.884 37.25 14.02 0.918
10 0.939 29.25 12.42 0.974  
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Table 9. Measured discharge and total dynamic head. 
Tests Measured Q 

from each 
traverse, cfs- 
Horizontal, 
Angle 1, 
Vertical, Angle 
2 

Measured Q, 
gpm (cfs). 
Based on 
average of 4 
traverses 

Total Dynamic 
Head from 
measurements, ft 

Q at 288 rpm 
based on 
affinity, gpm  

Total Dynamic 
Head at 288 rpm 
based on affinity, 
ft 

4-7 202.2, 200.7, 
182.7, 200.2 

88168 (196.5) 13.15 91013 14.02 

8-11 179.5, 174.1, 
167.3, 190.6 

79836 (177.9) 15.85 82618 16.97 

12-15 169.1, 164.2, 
168.2, 179.1 

76364 (170.2) 17.56 78912 18.76 

16-20 218.0, 220.3, 
199.9, 211.6 

95346 (212.4) 7.75 98436 8.26 

21-25 209.9, 206.8, 
192.7, 208.7 

91779 (204.5) 11.05 94947 11.83 

26-29 216.1, 210.7, 
199.8, 211.1 

93987 (209.4) 9.04 97228 9.68 

12.98 92140 12.19 30-33 202.3, 203.4, 
190.1, 200.0 

89293 (199.0) 
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Figure 1. USBR 10-pt Velocity Traverse. D = pipe diameter. 

 
Figure 2. Schematic of test flume. 
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Figure 3. Closeup of slotted angle iron used to position and hold pitot at prescribed distances 
across the 53.6” diameter pipe.  

 
Figure 4. Vanes in pipe section used in pump tests. 
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Figure 5. Location of butterfly valve used to control flow and head and 90 degree bend on 
discharge end of piping. 

 
Figure 6. View of piping looking from pump end of flume showing positions of slotted angle 
iron. From 9:00 o’clock position going clockwise, positions are H (horizontal), A1 (at 10:30), 
V (vertical at 12:00), and A2 (at 1:30). This picture was taken before the additional position 
V2 was installed at 12:30.  
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Figure 7. 40 equal areas represented by using 4 traverses. 
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Figure 8. Velocity profiles for Tests 4-7. 
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Velocity Profiles for Tests 8-11
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Figure 9. Velocity profiles for Tests 8-11. 

Velocity Profiles for Tests 12-15

7.0
7.5
8.0
8.5
9.0
9.5

10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0
14.5
15.0
15.5
16.0
16.5
17.0

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

0.
35

0.
40

0.
45

0.
50

0.
55

0.
60

0.
65

0.
70

0.
75

0.
80

0.
85

0.
90

0.
95

1.
00

Distance from Pipe Wall/Pipe Diameter

Ve
lo

ci
ty

, f
t/s

ec

Horizontal Angle 1 Vertical

Angle 2 0.026D 0.082D

0.146D 0.226D 0.342D

0.658D 0.774D 0.854D

0.918D 0.974D

 
Figure 10. Velocity profiles for tests 12-15. 
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Velocity Profiles for Tests 16-20
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Figure 11. Velocity profiles for Tests 16-20. 

Velocity Profiles for Tests 21-24
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Figure 12. Velocity profiles for Tests 21-24. 
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Velocity Profiles for Tests 26-29
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Figure 13. Velocity profiles for Tests 26-29. 

Velocity Profiles for Tests 30-33
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Figure 14. Velocity profiles for Tests 30-33. 
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Figure 15. Head-discharge curves- design, measured with ERDC analysis, measured with 
MWI analysis. Discharge based on average of all 4 traverses. 
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ATTACHMENT #4 
 

RINEER HYDRAULIC 
MOTOR INFORMATION 

 























Report from Inspection Trip to Rineer Hydraulics, 
February 6, 7 & 8, 2007, by John Ehlers 

 
Hydraulic motors Serial Numbers 200603213, 200603300 and 2000603399 were 
disassembled in Rineer’s production facility at 331 Breesport, San Antonio, on February 
6, 2007. These motors are “Type 61”, or they had been originally purchased from Rineer 
as “Type 61” motors.  
 
In attendance were Rineer’s Mr. Lance Nickeson, Manager; Mr. Wayne, Lead Mechanic; 
and Mr. Josh, Mechanic. Mr. Roy Peer, USCOE Area Engineer, and the writer were 
observers/witnesses to the disassembly and reassembly process. 
 
Brief Motor Description: Each motor has 2 rotors. Each rotor has 16 rotor vanes, and 6 
stator vanes. Each rotor vane has 4 coil springs and 2 wave springs; each stator vane has 
2 coil springs. Each motor has a total of 216 springs. The motors mentioned above 
originally were all “Type 61”. After the refitting of the motors with new coil springs, the 
configuration and performance of the rebuilt motors is essentially that of a “Type 62”. 
(Note: the Type 62 Motor is rated at higher hydraulic pressure than the Type 61.) 
 
The first motor to be disassembled was SN 300. There were no broken components of 
any kind on this motor. Wayne and Josh performed the work. 128 Rotor Springs were 
removed, and replaced with 128 Rotor Springs of the type which are used on “Type 62” 
motors.  
 
Observation: 
The Type 61 Rotor Springs are slightly shorter than the Rotor Springs used on Type 62 
motors, and they are fitted with a spring button, which is installed towards the sliding 
vane. In other words, the spring button is on that side of the spring which experiences the 
most motion and displacement... The Type 62 Rotor Springs are visually slightly longer, 
and slightly stiffer than the Type 61 Rotor Springs, and they do not use the spring button 
feature. They are able to fit into the same recess as a direct replacement without other 
modifications. 
 
The second motor to be disassembled was SN 399. It had one broken outer Rotor Coil 
Spring. The entire set of Type 61 Rotor Coil Springs was removed and replaced with a 
set of Type 62 Rotor Coil Springs.  
 
The third and final motor to be worked on was SN 213. This motor had 3 broken outer 
springs and one broken inner spring. This observer cannot reconstruct if all 4 of the 
broken springs were from the same rotor, or it they were from different rotors. (Since the 
motor has 2 rotors, one stacked above the other, the writer can now not determine if the 
broken springs originated from the upper or lower rotor, or from both. This is an item that 
will be re-directed to Rineer’s mechanics. If all 4 broken springs had originated from the 
lower rotor, that would indicate that water collecting at the low point in the system 
contributed or caused spring failure.) 
 



Observation: Each Rotor vane has 4 springs. These are arranged in pairs, at the end of the 
vanes. The smaller diameter spring fits inside of the larger spring, and both springs have 
an opposite coil direction. This prevents one spring from jamming up the other spring. 
The outer spring is made of thicker wire, and it produces approximately 2/3 of the coil 
spring thrust. The stator spring has 2 wave springs in addition to 2 coil springs. 
Observation: For all 3 motors, all springs were removed. This included all coil springs for 
the Rotors, and coil and wave springs for the stator vanes. 
All motors were essentially rebuilt with Type 62 springs. The Lead Mechanic Wayne and 
Mr. Nickeson both stated that they had never yet seen a Type 62 motor coil spring break. 
 
 
Mr. Nickeson pointed out that the timing plate of Motor SN 213  had marked evidence of 
rust. The flat surfaces of the timing plates had a silhouette of the adjacent cover plates. 
This evidence of rust was less pronounced on motor SN 300. At this time during the 
disassembly process, the writer made a telephone call to Mr. Bradley in New Orleans. 
Mr. Bradley suggested that we get an input from Rineer as to why there were some 
broken springs.  
I suggested to Mr. Josh that we collect the pieces from the broken springs and separate 
them from the rest. This was done. The pieces were placed in a plastic baggie and handed 
over to Mr. Luis Rangel, Rineer’s Lead Engineer. 
Mr. Rangel suggested that the spring pieces be sent to the spring manufacturer, a 
company called Newcomb Springs. 
 
Observation: of all of the spring types on the Rineer Model 125 Motors, Type 61, only 
Rotor Vane coil springs had failed. No wave springs, and no Stator Springs had failed. 
There were a total of 4 broken rotor vane springs from the worst motor (SN 213; 3 failed 
springs were outer coil springs, one failed spring was an inner spring. The failed inner 
spring was contained within the failed outer spring.) Even with a pair of failed coil 
springs, the motor was essentially functional, according to the mechanics. ( They said: “A 
rotor vane with a set of failed coil springs will still work, to some extent, because of the 
wave springs and the other remaining coil springs.” 
The writer notes that the coil spring material is “piano wire”, which is a high carbon 
alloy. Any high carbon alloy is a candidate for rust when exposed to water and warm 
temperature and other contamination. The rust evidence on the timing plates suggests that 
there was some water contamination within the motor. Since the motor seals were all 
good, it is probable that the water was introduced by hydraulic fluid which had been 
exposed to water or moisture. 
 
During the disassembly and reassembly process, I was impressed that Mr. Nickeson 
himself  laid hands on the hardware, personally checking that components had been 
installed properly. He personally air blasted and cleaned parts and greased bolts prior to 
re-assembly. The motors were reassembled by the mechanics and torque was applied to 
the casing end fitting bolts with a torque wrench. After final assembly the shaft of each 
motor was turned with a strap wrench, to verify that there nothing jamming. (The writer 
also tried to turn a motor shaft; it was not easy, but once it moved, it turned smoothly). 
 



Wednesday afternoon (Feb. 7) the 3 rebuilt/converted motors were trucked to the Rineer 
Testing Facility at Boerne, Texas (approximately 30 miles further west). 
 
In Boerne, Lab Technician Mr. Dennis Schroeder was able to connect the hydraulic lines 
to motor SN 213 and mount this motor to the test stand. It took about 1 ½ hours to fully 
wire and tie in all of the plumbing connections for this first motor. 
 
SN 213 was run initially at 15 to 18 rpm, and then at 305 rpm, and finally up to 345 rpm. 
The inlet pressure was as high as 3500 psi; differential pressure to outlet was as high as 
3035 psi, output torque as high as 8500 foot pounds; and hydraulic horse power as high 
as 540 were recorded. Rather than re-create the readings here, I asked Mr. Schroeder  to 
send me printouts of the all tests, for all 3 motors. At all speeds, especially at the low end 
and at the working range of 305 rpm  we did  listen for odd noises or intermittent 
occurrences.  
Mr. Schroeder  would vary speeds when either Mr. Peer or the writer asked him to do. 
There were no noises except for normal operating noise.  
Observation: this writer has had previous experience listening to original Type 61 motors, 
and I am convinced that in the extreme area of operation the motors that were rebuilt to 
Type 62 spring configuration  are  smoother and more quiet than the original Type 61 
motors (with shorter springs and spring buttons on the rotor vane coil springs) 
 
The following day, Thursday the 8th of February, Mr. Schroeder  tested the remaining 2 
motors. The testing time per motor was about 2 hours, in part because we wanted the 
hydraulic oil to cool off so that we could simulate a wide range of operational regimes. 
The remaining motors tested much the same as SN 213; with no residual noises or 
anomalies of any sort. (One of the motors had a slight clicking sound, which lasted about 
30 seconds, and then it faded away. The writer attributed this to the motor cavities filling 
with oil, and since it went away smoothly, at low pressure and low rpms, and since it not 
re-occur, and it could not be repeated, this sound was only mentioned for reasons of 
clerical exactness.) 
 
Mr. Nickeson put in a final appearance when the testing was concluded, and he asked if 
everything went to my satisfaction. I asked him to have Mr. Dennis Schroeder submit the 
printout of the test data thru his office to the Corps. I thanked him for his and Rineer’s 
full cooperation. 
 
Thursday in the pm I headed back towards New Orleans. 
 
 
 
 
 
 
 
Conclusion: 
 



 Of the three motors disassembled, one had no damage. One motor had one broken 
spring (out of a grand total of 208 springs per motor), and one motor had 4 broken 
springs. 
 
 All 3 motors had slight signs of rust on the timing plates. There was evidence that 
the hydraulic oil was less than perfect, in that a contaminant, most likely water, was 
present in the hydraulic oil. 
 
 All 3 rebuilt motors performed in the low, medium, high speed ranges with cool, 
medium and with high hydraulic fluid temperatures, and under varying load conditions 
without noise, chattering or screeching, or glitches of any sort. 
 
 The coil springs are made of a high carbon alloy. The fragments are being 
analyzed by Newcomb Springs for their failure mode. 
 
 The Type 61 motor is normally used by MWI  in pumps in low head applications, 
with limited piping runs. The Type 61 performs well in such an application. 
For the Corps’ intended purpose, which is running an MWI 5 foot nominal diameter axial 
flow pump against an initial head of more than 21 feet, and then against a running head of 
about 14 feet, while running hydraulics through more than 100 feet of piping and over a 
dozen tight elbows, the Type 61 still works, but the Type 61 motor which has been rebuilt 
with Type 62 springs works better. For the Corps’ purpose, the Type 62 is a better 
propulsion candidate than Type 61, because the Corps’ application range is in the 
extreme limit of what the Type 61 is designed for, whereas it is only 2/3 into the 
operating range of the Type 62. 
 
 
 
 
 
 
John Ehlers, P.E. 
New Orleans 
Monday, Feb 12, 2007 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

ATTACHMENT NO. 5 
 
EMAILS FROM DENISON 

AND SUPPLIERS 



________________________ 
Mark, 
 
Still waiting on reply on the 3200     Having trouble finding the notes 
in 
my old e-mail 
 
just an update -   working on this for your verification as quickly as 
possible. 
 
Best Regards, 
 
Chad N. Todd, HS 
Mobile / Truck Channel Manager 
Parker Hannifin Corporation 
Hydraulic Pump Division 
Ph:(937) 644-4490 
 
 
 
 
                                                                            
             "Robertson, Mark                                               
             A LRL"                                                         
             <Mark.A.Robertson                                          
To  
             @lrl02.usace.army         <cntodd@parker.com>                  
             .mil>                                                      
cc  
                                                                            
             04/24/2007 01:57                                      
Subject  
             PM                        FW: T6 vs T7 design on Hydraulic     
                                       Pumps (UNCLASSIFIED)                 
                                                                            
                                                                            
                                                                            
                                                                            
                                                                            
                                                                            
 
 
 
 
Classification:  UNCLASSIFIED 
Caveats: NONE 
 
 
 
-----Original Message----- 
From: MADillinger@parker.com [mailto:MADillinger@parker.com] 
Sent: Thursday, April 19, 2007 9:04 AM 
To: Robertson, Mark A LRL 
Subject: Re: T6 vs T7 design on Hydraulic Pumps (UNCLASSIFIED) 

mailto:MADillinger@parker.com


 
T6 vs T7 
 
                  T6                                  T7 
            pressures to 3500psi                      pressures to 
4350psi 
            speeds to 2800rpm                   speeds to 3600rpm 
            ten (10) vanes                            twelve (12) vanes 
            thirty-one (31) displacements             forty-eigth (48) 
displacements 
            efficiency, typically 94%                       efficiency, 
typically over 94% 
 
The above are typical differences between the two pumps, but the 
specifics for your application (T7EDS 072 045) vs (T6EDS 072 045) are: 
  operating pressures to 3500psi vs 3000psi, efficiency typically up to 
10% higher, speed capability to typically up to 15% higher, lower noise 
  levels, lower ripple pressure. 
 
 
 
Michael Dillinger 
Regional Manager 
Parker Denison 
863-425-5460 
madillinger@parker.com 
 
 
 
             "Robertson, Mark 
             A LRL" 
             <Mark.A.Robertson                                          
To 
             @lrl02.usace.army         <madillinger@parker.com> 
             .mil>                                                      
cc 
 
             04/17/2007 11:58                                      
Subject 
             PM                        T6 vs T7 design on Hydraulic 
Pumps 
                                       (UNCLASSIFIED) 

 
 
 
 



  
     

Parker Hannifin Corporation 
Hydraulic Pump Division  
14249 Industrial Parkway  
Marysville, OH  43040  USA 
Tel: 937-644-3915 
Fax: 937-642-3639 
 
 
 
Date 05/08/2006 
 
 
Abeys, 
 
 
In regards to suction filtration on the Parker Denison Higher Performance Vane Product, please note 
page 11 of our industrial sales catalog.   It is our recommendation not to use inlet strainers, it is also 
our recommendation that if one must be used 100 mesh (149 microns) is the finest mesh 
recommended. 
 
 

 
 
 
This product is controlled by engineering in Vierzon France and we will check and verify this 
information for any greater detail they may be able to provide.  We will try to have a reply to you on 
the morning of May 9th 2006.    
 
 
 
Best Regards, 

 
 
Chad N. Todd 
Vane Product Manager 
Parker Hannifin Corporation 
14249 Industrial Parkway 
Marysville, Ohio 43040 
(937) 644-4490 

____________________ 
 
 
 



Regarding these reports, I submit the following for your review and 
consideration. It is my best recall that all the units I was involved 
with were from the test pad in Florida. These cam rings were viewed 
from photos and which I believe I finally viewed in person, the signs 
were consistent with cavitation or dry start conditions. This means 
that the pumps were not receiving the oil necessary to prime properly. 
This was brought to the attention of MWI and corrected. I have not 
personally inspected and or been involved in any pumps evaluations 
other than my visit to the 17th Street site in New Orleans where was 
changed two pumps from 066 050 rings to 072 045 rings. In both 
instances these pumps were found to be in good working condition and no 
signs of abnormal  wear from any outside influence (contamination, 
cavitation, etc.).I am not personally aware of any pump failures at the 
job site at this time. Should you have any specific questions or 
instances you require additional information on, please give me the 
pump serial number(s) and I will get you the report(s). One other 
question you raised was concerning high pressures? The only issue I 
recall was concerning running these pumps at 3000psi continueous, which 
was a change from the original specification given which was a volume 
of water at a particular head pressure. In any event, I recommended 
that in order to supply this 3000psi continuous @ 2100rpm, that a 072 + 
045 cartridge was a better fit than the 066 + 050 cartridge. I did this 
because the 050 cartridge is being run to it's maximum limit while the 
045 is not. 
 
 
 
 
Michael Dillinger 
Regional Manager 
Parker Denison 
863-425-5460 
madillinger@parker.com 
 
 
                                                                            
             "Robertson, Mark                                               
             A LRL"                                                         
             <Mark.A.Robertson                                          
To  
             @lrl02.usace.army         <cntodd@parker.com>,                 
             .mil>                     <madillinger@parker.com>             
                                                                        
cc  
             04/17/2007 11:56                                               
             PM                                                    
Subject  
                                       FW: Reports Due (UNCLASSIFIED)       
                                                                            
                                                                            
                                                                            
                                                                            
                                                                            
                                                                            
 
 
 



 
Classification:  UNCLASSIFIED 
Caveats: NONE 
 
Chadd and Mike here are copies of the reports I have on the inspection 
of Denison Hydraulic pump equipment.  As you can see the report 
indicates the possibility of dry start up and/or aeration issues.  Mark 
Robertson 
 
I can be reached at 502-640-0175 
 
 
These reports are as follows: 
 
 
 
First report (by Chad Todd):  This report appears to be for a single 
hydraulic pump failure from late April (P1 & P2 - a double pump).  We 
had voluminous Denison hydraulic pump failures in April - why do we 
only have one report on one pump? 
 
 
 
Second report: This report is the product of a group concensus from 
viewing photos of the failed components, of three individuals from all 
over the globe, of the four hydraulic pumps taken off London's engine 
platform to the local Hydradyne in Harvy, LA.  I witnessed not one 
local Hydradyne individual taking pictures while we did the 
investigation....only the government representatives and MWI's 
representatives took pictures during the investigation...therefore, the 
source of the pictures, that the global concensus Denison reps 
spokesperson says are of very bad quality to begin with, is in question 
and is likely an MWI person, not a Denison rep.  Also, why is the local 
Densison rep who did the tear down and investigation not doing the 
report?  They would not have to reply on bad quality picture to do an 
analysis, also, I remember the local Denison rep talking about pressure 
issues being more what they thought was the problem, not the conclusion 
these people came to from viewing the not good quality pictures...just 
thinking out loud. 
 
 
 
Another issue is we have directed MWI to produce a report on the three 
Denison pumps that were taken off Orleans engine platform when MWI was 
doing start up procedures on the east engine platform - the tear down 
and analysis was done last week - this report is not provided here - I 
understand these three pumps were severely damaged - why don't we have 
these reports? 
 
 
-----Original Message----- 
From: StGermain, James J MVN 
Sent: Wednesday, June 28, 2006 10:36 AM 
To: Newman, Raymond C MVN; Garzino, Maria E SPL; Farkus, Steve LRL; 
Bartek, James W MVR; Young, Frederick S MVN; Persica, Randy J MVN; 
Baumy, Walter O MVN 
Subject: FW: Reports Due 



 
 
 
 Here are the reports from Denison on the hydraulic pumps that were 
removed from the drive units at Orleans and London. 
 
 
 
Jim St. Germain 
 
Project Manager 
 
(504) 862-2499 
 
(504) 559-1087 (Cell) 
 
(504) 920-6371 (Blackberry) 
 
 
 
 
 
 
 
-----Original Message----- 
 
From: Daren Eller [mailto:DarenE@mwicorp.com] 
 
Sent: Wednesday, June 28, 2006 10:34 AM 
 
To: StGermain, James J MVN; Bradley, Daniel F MVN 
 
Cc: Dana Eller; Marc Boudet; Jim Endres 
 
Subject: FW: Reports Due 
 
 
 
Jim, 
 
 
 
Please find attached the reports from Denison.  We will discuss in more 
detail in tomorrow's meeting. 
 
 
 
Thanks, 
 
 
 
Daren 
 
 
 
-----Original Message----- 
 

mailto:DarenE@mwicorp.com


From: Dana Eller 
 
Sent: Tuesday, June 27, 2006 8:20 AM 
 
To: Daren Eller; Jim Endres 
 
Subject: FW: Reports Due 
 
 
 
 
 
 
 
-----Original Message----- 
 
From: MADillinger@parker.com [mailto:MADillinger@parker.com] 
 
Sent: Tuesday, June 27, 2006 6:47 AM 
 
To: Dana Eller 
 
Cc: WNS@hydra-dyne.com 
 
Subject: Re: Reports Due 
 
 
 
Dana, 
 
 
 
My sincere apologies for the delay in these reports. First the report 
 
From Chad Todd, which covers the units returned to Marysville directly 
from MWI test pad approximately late April. The second report is 
conducted by a group consensus ( Roland Cherrier - France, Jim Walker - 
Ohio, Mike Dillinger - Florida) of photos received from Hydradyne/LA. 
The photos, which were not of the highest quality, were of three 
different cam rings and the conclusions reached independently were the 
same, cavation and/or dry start up. 
 
 
 
I trust this will be of some help to you to make the needed changes to 
eliminate these problems. If I can be of additional assistance you can 
contact me at 863-660-3576. 
 
 
 
(See attached file: 7ED evaluation - MWI.doc)(See attached file: CAM 
 
evaluation - MWI - NO.doc) 
 
 
 
 

mailto:MADillinger@parker.com


 
 
 
Michael Dillinger 
 
Regional Manager 
 
Parker Denison 
 
863-425-5460 
 
madillinger@parker.com 
 
 
 
 
 
----------------------------------------- 
 
"PLEASE NOTE: The preceding information may be confidential or 
privileged. It only should be used or disseminated for the purpose 
of conducting business with Parker. If you are not an intended 
recipient, please notify the sender by replying to this message and 
then delete the information from your system. Thank you for your 
cooperation." 
 
Classification: UNCLASSIFIED 
 
Caveats: NONE 
 
  Classification:  UNCLASSIFIED 
Caveats: NONE 
 

(See attached file: 6-28-2006 Denison Reports.msg) 

 
THE ATTACHED FILES ARE LOCATED IN ATTACHMENT NO. 1 



 

  The global leader in motion and control technologies 
 

  
     

Parker Hannifin Corporation 
Hydraulic Pump Division  
14249 Industrial Parkway  
Marysville, OH  43040  USA 
Tel: 937-644-3915 
Fax: 937-642-3639 
 
 
 
Date: May 07, 2007 
 
 
 
To:    Dan Bradley 
 
 
Notification below states that the pressure capabilities of the E 072 and D 045 cartridges will perform at 
required pressures for MWI and the New Orleans project for the Army Corps of Engineers. (Required pressure 
stated to be 3200psi continuous.) 
 
Engineering has confirmed that the above mentioned cartridges will run at continuous pressure of 3200psi on 
the specified Exxon Mobile Nuto H 68 Fluid at the recommended temperatures supplied by the catalog.   The 
fluid specified is rated as a Denison HF-0 fluid as shown below. 
 
 

 

 
-Chart provided from Parker Denison Approval list, available upon request- 
 

Meets or Exceeds the 
following industry 
specifications  

 
Exxon 
Nuto 
H 46  

 
Exxon 
Nuto 
H 68  

 
Exxon 
Nuto 
H 100  

 
Exxon 
Nuto 
H 150  

Denison HF-0 X X   X 

     
The above chart can be found on Exxon Mobile’s website at URL address below. 
http://www.exxon.com/USA-English/Lubes/PDS/NAUSENINDEXNutoH.asp
 
 
 

Best Regards, 
 
 
Chad N. Todd 
Mobile / Truck Channel Manager 
Parker Hannifin Corporation 
Hydraulic Pump Division 
Ph :( 937) 644-4490 

 

 

http://www.exxon.com/USA-English/Lubes/PDS/NAUSENINDEXNutoH.asp


 
 
 
 
 
 
 
 
 
 

ATTACHMENT #6 
 

MWI INFORMATION ON 
ORIGINAL FACTORY 

TESTING 
 



The following Factory Dry Test Procedure is applicable for the following temporary pump stations: 
• 17th Street Canal 
• London Avenue Canal 
• Orleans Avenue Canal 

 
Scope: 

• All the safety shutdowns for the engine and hydraulic system will be tested. 
• The hydraulic pump drive gear oil circulation pumps will be tested for proper operation. 
• The hydraulic relief valve will be factory set for bypass pressure and tested for proper operation. 
• All drive units will be statically tested for hydraulic oil leaks. 
• Water pumps and drive units will be dry tested under no load as a system up to full engine speed 

to verify propeller speed. 
• All water pumps will be individually static tested for hydraulic oil leaks. 

 
Procedure: 

1. Add diesel fuel to drive unit day tank to operate all the dry tests and the water load test. 
2. Perform all pre-start checks; engine coolant and oil level, hydraulic oil level, gear oil level, etc. 
3. Open the hydraulic loading valve and start the diesel engine. 
4. Test each of the engine and hydraulic system shutdowns to verify that when tripped the engine is 

stopped.  Restart the engine after each test with the hydraulic loading valve OPEN. 
5. Restart the engine with the hydraulic loading valve open and test the hydraulic pump drive gear oil 

circulation pumps for proper rotation and verify gear oil level in the hydraulic pump drive sump, 
transfer pump, cooler, and related plumbing. 

6. Restart the engine and slowly close the hydraulic loading valve.  Increase engine speed as required 
to avoid stalling until the loading valve is closed.  Increase the relief valve setting to maintain a 
hydraulic system pressure of 3200psi. 

7. Check hydraulic plumbing on the drive unit for leaks and repair if required. 
8. Stop the engine and connect the hydraulic hoses to the water pump and drive unit. 
9. Restart the engine and increase engine speed to 1800 rpm and slowly close the hydraulic loading 

valve; this allows the water pump propeller to spin.  Verify propeller speed with a tachometer. 
10. Inspect the low pressure plumbing on the drive unit and water pump for leaks and repair if 

required.  Open the hydraulic system loading valve and stop the diesel engine. 
11. Block the propeller blades to prevent the propeller from spinning.  Restart the engine and slowly 

close the hydraulic loading valve.  Increase engine speed as required to avoid stalling until the 
loading valve is closed; hydraulic system pressure will be 3200psi.  Inspect the water pump high 
pressure plumbing for leaks and repair as required. 



Factory Dry Test 
Scope 

All water pumps will be individually static tested for leaks 

All drive units will be statically tested for leaks and dead headed for relief valve operation. 

All engines will be tested for speed control from idle to full speed. 

All the safety shutdowns for the engine and hydraulic system will be tested. 

Water pumps and drive units will be tested as a system up to full engine speed. 

 

Procedure 

Add X gal of diesel fuel to the day tank.  This amount of fuel will be enough to operate all the dry tests 

and the water load test.  Check engine radiator coolant level and adjust if required.   Check engine oil level 

and adjust if required.  Check gear drive oil level and adjust if required.  Check hydraulic tank oil level 

and adjust if required.  Open the hydraulic loading valve.  Start the diesel engine.  Test each of the engine 

and hydraulic system shutdowns to verify that when tripped the engine is stopped.  Restart the engine and 

engage the loading valve.  Add more throttle as required to avoid stalling until the loading valve is closed.  

Increase the relief valve setting for as system pressure of 3200psi.  Check plumbing for leaks and repair if 

required.  Stop the engine and connect the hydraulic hoses to the water pump and drive unit.  Restart the 

engine and run up to full speed allowing the water pump propeller to spin.  Inspect the low pressure 

plumbing for leaks and repair if required.  Unload the hydraulic system stopping the water pump propeller 

and block the propeller.  Re-engage the hydraulic system and inspect the water pump high pressure 

plumbing for leaks.    

 



Factory Water Performance and Load Test 
1.0 PURPOSE 

The purpose of this document is to outline the test procedure and show compliance with the Hydraulic 

Institute Standards and project specifications. 

 

2.0 REFERENCES 

Tolerances, calibrations, and guidelines for testing are in accordance with the Hydraulic Institute 

Standards, ANSI/HI 2.6-2000, Vertical Pump Tests. 

 

3.0 SCOPE 

All water pumps will be tested in an open pit test tank driven by an arbitrary drive unit.  All drive units 

will be tested to full speed with an arbitrary water pump for load.  Verification of water pump 

performance will be demonstrated by measuring the water flow delivered at the given test head.  The 

water pump and drive unit will be run for a minimum of one hour at full speed to verify mechanical 

integrity of the two components.   

 

     3.1 PROJECT / PUMP DESCRIPTION 

 Project Name USACOE Emergency Procurement - 17th St Canal / London Ave / Orleans Ave  
 Description Diesel powered, hydraulically connected, axial flow water pump 
 Pump Model HAC360P0 
 Design Point 98,000 gpm @ 12.14 ft TDH 
 

4.0 PROCEDURE 

Install the pump as shown in the attached drawing.  Connect the hydraulic power transmission hoses to the 

water pump and the drive unit.  Check engine radiator coolant level and adjust if required.   Check engine 

oil level and adjust if required.  Check gear drive oil level and adjust if required.  Check hydraulic tank oil 

level and adjust if required.  Open the hydraulic loading valve.  Start the diesel engine and engage the 

loading valve.  Add more throttle as required to avoid stalling until the loading valve is closed.  Increase 

the throttle setting up to full speed.  Insert the pitot tube into the water discharge and bleed the lines back 

through the manometer.  Measure and record the manometer differentials as the pitot tube is traversed 

across the pipe.  Measure and record the static head.  Measure and record the engine speed and hydraulic 

system pressure.  When time is available, adjust the test tank water level and repeat the data readings.  

Maintain a steady load for 60 minutes and monitor the system for leaks, high temperatures, low pressures, 

etc to verify mechanical integrity of each component.    



 

5.0 TEST RESULTS / CONCLUSIONS 

The pumps were performance tested under controlled conditions at the MWI Corp., Deerfield Beach, 
Florida.  The tests were conducted the month of April 2006 and witnessed by      and        .  The design 
point of 98,000 gpm at 12.14 ft TDH was demonstrated. 

 

 

6.0 TEST INSTRUMENTS 

Measurement Instrument Manufacturer  /  model  /  type 

Water Flow Rate Pitot tube w/ Inverted U-type manometer 
and retractable tape Meriam Instruments 

Water Pressure 
Static head 

Pitot tube w/ Inverted U-type manometer 
and retractable tape Meriam Instruments 

 

 



7.0 SAMPLE CALCULATIONS 

Static Head Pressure (Pg) =  74+70 inches 

Manometer/Pitot tube Readings =  24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3 inches 

 

Water velocity  =  ( ) 4.6412/readingtubePitot  =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 
 

Average Water velocity (V)  = ∑ velocitypt
10
1

 

 =  (11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 +11.4 + 11.4)/10  =  11.4 ft/sec 

 

Water Flow (gpm)  =  
4085.0

* 2DiaV
  =  

4085.0
25.59*4.11 2

  =  98000 gpm 

 

Velocity head (Hv)  =  
g

V
2

2

  =  
4.64

4.11 2

  =  2.03 ft 

 
discharge pipe friction Hf = k*Hv    =  0.1 * 2.03  =  0.2 ft 

 where “k” is the friction coefficient. 

 

TDH = Ps/12 + Hv + Hf  =  (144inches)/(12in/ft) + 2.03 + 0.2  =  14.2 ft 

 



Factory Dry Test 

The following Procedure is applicable for the following temporary pump stations: 
• 17th Street Canal 
• London Avenue Canal 
• Orleans Avenue Canal 

 
Scope: 

• All the safety shutdowns for the engine and hydraulic system will be tested. 
• The hydraulic pump drive gear oil circulation pumps will be tested for proper operation. 
• The hydraulic relief valve will be factory set for bypass pressure and tested for proper operation. 
• All drive units will be statically tested for hydraulic oil leaks. 
• Water pumps and drive units will be dry tested under no load as a system up to full engine speed to 

verify propeller speed. 
• All water pumps will be individually static tested for hydraulic oil leaks. 

 
Procedure: 

1. Add diesel fuel to drive unit day tank to operate all the dry tests and the water load test. 
2. Perform all pre-start checks; engine coolant and oil level, hydraulic oil level, gear oil level, etc. 
3. Open the hydraulic loading valve and start the diesel engine. 
4. Test each of the engine and hydraulic system shutdowns to verify that when tripped the engine is 

stopped.  Restart the engine after each test with the hydraulic loading valve OPEN. 
5. Restart the engine with the hydraulic loading valve open and test the hydraulic pump drive gear oil 

circulation pumps for proper rotation and verify gear oil level in the hydraulic pump drive sump, 
transfer pump, cooler, and related plumbing. 

6. Restart the engine and slowly close the hydraulic loading valve.  Increase engine speed as required to 
avoid stalling until the loading valve is closed.  Increase the relief valve setting to maintain a hydraulic 
system pressure of 3200psi. 

7. Check hydraulic plumbing on the drive unit for leaks and repair if required. 
8. Stop the engine and connect the hydraulic hoses to the Restart the engine and increase engine speed to 

1800 rpm and slowly close the hydraulic loading valve; this allows the water pump propeller to spin.  
Verify propeller speed with a tachometer water pump and drive unit. 

9. . 
10. Inspect the low pressure plumbing on the drive unit and water pump for leaks and repair if required.  

Open the hydraulic system loading valve and stop the diesel engine. 
11. Block the propeller blades to prevent the propeller from spinning.  Restart the engine and slowly close 

the hydraulic loading valve.  Increase engine speed as required to avoid stalling until the loading valve 
is closed; hydraulic system pressure will be 3200psi.  Inspect the water pump high pressure plumbing 
for leaks and repair as required. 

 



Factory Water Performance and Load Test 
1.0 PURPOSE 

The purpose of this document is to outline the test procedure and show compliance with the Hydraulic 

Institute Standards and project specifications. 

 

2.0 REFERENCES 

Tolerances, calibrations, and guidelines for testing are in accordance with the Hydraulic Institute Standards, 

ANSI/HI 2.6-2000, Vertical Pump Tests. 

 

3.0 SCOPE 

All water pumps will be tested in an open pit test tank driven by an arbitrary drive unit.  All drive units will be 

tested to full speed with an arbitrary water pump for load.  Verification of water pump performance will be 

demonstrated by measuring the water flow delivered at the given test head.  The water pump and drive unit 

will be run for a minimum of one hour at full speed to verify mechanical integrity of the two components.   

 

     3.1 PROJECT / PUMP DESCRIPTION 

 Project Name USACOE Emergency Procurement - 17th St Canal / London Ave / Orleans Ave  
 Description Diesel powered, hydraulically connected, axial flow water pump 
 Pump Model HAC360P0 
 Design Point 98,000 gpm @ 12.14 ft TDH 
 

4.0 PROCEDURE 

Install the pump as shown in the attached drawing.  Connect the hydraulic power transmission hoses to the 

water pump and the drive unit.  Check engine radiator coolant level and adjust if required.   Check engine oil 

level and adjust if required.  Check gear drive oil level and adjust if required.  Check hydraulic tank oil level 

and adjust if required.  Open the hydraulic loading valve.  Start the diesel engine and engage the loading 

valve.  Add more throttle as required to avoid stalling until the loading valve is closed.  Increase the throttle 

setting up to full speed.  Insert the pitot tube into the water discharge and bleed the lines back through the 

manometer.  Measure and record the manometer differentials as the pitot tube is traversed across the pipe.  

Measure and record the static head.  Measure and record the engine speed and hydraulic system pressure.  For 

the first two pumps tested, adjust the test tank water level for seven different points to create a capacity/head 

curve.  After verifying consistency between multiple pump curves, the remaining 32 pumps will be tested by 

maintaining a steady head at the high operating point for 60 minutes while monitoring the system for leaks, 

high temperatures, low pressures, etc to verify mechanical integrity of each component.   Capacity and head 



data will be collected for all 34 pumps.  Each pump will be furnished with the table ”Summary of Necessary 

Data” as shown on page 14 of HI 2.6 – Vertical pump tests. 

 

5.0 TEST RESULTS / CONCLUSIONS 

The pumps were performance tested under controlled conditions at the MWI Corp., Deerfield Beach, 
Florida.  The tests were conducted the month of April 2006 and witnessed by      and        .  The design 
point of 98,000 gpm at 12.14 ft TDH was demonstrated. 

 

 

6.0 TEST INSTRUMENTS 

Measurement Instrument Manufacturer  /  model  /  type 

Water Flow Rate Pitot tube w/ Inverted U-type manometer 
and retractable tape Meriam Instruments 

Water Pressure 
Static head 

Pitot tube w/ Inverted U-type manometer 
and retractable tape Meriam Instruments 

 

 



7.0 SAMPLE CALCULATIONS 

Static Head Pressure (Pg) =  74+70 inches 

Manometer/Pitot tube Readings =  24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3 inches 

 

Water velocity  =  ( ) 4.6412/readingtubePitot  =  ( ) 4.6412/3.24   =  11.4 ft/sec 

 =  ( ) 4.6412/3.24   =  11.4 ft/sec 
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Average Water velocity (V)  = ∑ velocitypt
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 =  (11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 +11.4 + 11.4)/10  =  11.4 ft/sec 

 

Water Flow (gpm)  =  
4085.0

* 2DiaV
  =  

4085.0
25.59*4.11 2

  =  98000 gpm 

 

Velocity head (Hv)  =  
g

V
2

2

  =  
4.64

4.11 2

  =  2.03 ft 

 
discharge pipe friction Hf = k*Hv    =  0.1 * 2.03  =  0.2 ft 

 where “k” is the friction coefficient. 

 

TDH = Ps/12 + Hv + Hf  =  (144inches)/(12in/ft) + 2.03 + 0.2  =  14.2 ft 

 

Water horsepower (WHP)  =  TDH*Flow / 3960  =  14.2 * 98000 / 3960  =  351.4 hp 

 

Pump input power (BHP) = (hyd press )*(hyd oil flow)*(hyd pump eff)*(hyd motor eff)*(hyd line eff)/1714     

 =  (2980) * (328) * (0.90) * (0.90) * (0.95)  /1714=  439.3 hp 

 
Pump efficiency  =  WHP / BHP  =  100 * 351.4 / 439.3  =  80.0 % 

 





 
 
 
 
 
 
 
 
 
 

ATTACHMENT #7 
EMAIL 

CORRESPONDENCE 



___________________________________________ 
--Original Message----- 
From: Farkas, Stephen G MVS 
Sent: Monday, June 19, 2006 9:09 AM 
To: StGermain, James J MVN; Bradley, Daniel F MVN 
Subject: RE: MWI Proposal to retrofit flooded suction for Denison 
Hydraulic Motor 
 
Jim - Jim Enders generated a curve for the Dennison pumps from 
pressure/flow tables he got from Denison.  He also provided the maximum 
flow and pressure ratings for the pump.  Based on what he had done it 
looked as though the Denison pump was designed to operate within the 
operating conditions we have.  However, we have never been provided 
with any design curves from Denison themselves. 
 
 
Steve Farkas 
 
-----Original Message----- 
From: StGermain, James J MVN 
Sent: Monday, June 19, 2006 8:37 AM 
To: Farkas, Stephen G MVS; Bradley, Daniel F MVN 
Subject: Re: MWI Proposal to retrofit flooded suction for Denison 
Hydraulic Motor 
 
 
Steve:   
 
Is there still a question on the size of the Denison hydraulic pumps?  
I though that Jim Enders send the data on the pump? 
 
Jim 
-------------------------- 
Sent from my BlackBerry Wireless Handheld 
 
U.S. Army Corps of Engineers 
New Orleans District 
7400 Leake Ave 
New Orleans, LA. 70118 
 
-----Original Message----- 
From: Farkas, Stephen G MVS <Stephen.G.Farkas@mvs02.usace.army.mil> 
To: StGermain, James J MVN <James.J.StGermain@mvn02.usace.army.mil> 
Sent: Mon Jun 19 08:33:11 2006 
Subject: FW: MWI Proposal to retrofit flooded suction for Denison 
Hydraulic Motor 
 
Jim - please note the suggestion from Jim Bartek. 
 
 
Steve Farkas 
 
-----Original Message----- 
From: Bartek, James W MVR 
Sent: Monday, June 19, 2006 8:11 AM 
To: Farkas, Stephen G MVS 



Subject: RE: MWI Proposal to retrofit flooded suction for Denison 
Hydraulic Motor 
 
 
This is good. They are willing to make changes. There is still some 
question in my mind whether these pumps are adequately sized and not 
working on the edge of their envelop.  
 
Another option we talked about would be to turn the pumps 180 degrees.  
Have the suction on the bottom and supply on the top.  This may avoid 
having to raise the tank which may help with the fencing/building 
clearances.   
 
-----Original Message----- 
From: Farkas, Stephen G MVS  
Sent: Monday, June 19, 2006 6:54 AM 
To: Bartek, James W MVR 
Subject: FW: MWI Proposal to retrofit flooded suction for Denison 
Hydraulic Motor 
 
We were there 5 weeks ago - took that long for this to happen. 
 
 
Steve 
 
 
-----Original Message----- 
From: StGermain, James J MVN  
Sent: Sunday, June 18, 2006 7:55 AM 
To: Baumy, Walter O MVN; Purdum, Ward C MVN; Accardo, Christopher J 
MVN; 
Persica, Randy J MVN; Bradley, Daniel F MVN; Hassenboehler, Thomas G 
MVN; Bonura, Darryl C MVN; Young, Frederick S MVN; Lundberg, Denny A 
MVR; Roth, Timothy J MVN; Rouse, Gayle E MVN; Nicholas, Cindy A MVN; 
Farkas, Stephen G MVS; Garzino, Maria E SPL 
Subject: MWI Proposal to retrofit flooded suction for Denison Hydraulic 
Motor 
 
 
A meeting was held with MWI to discuss weld repairs and the Denison 
hydraulic motor.  MWI has proposed to redesign the hydraulic tank and 
hoses to form a flooded suction for the two Denison hydraulic pumps.  
MWI will raise the hydraulic fluid tank and reposition the hoses to the 
Denison pump.  This fix should prevent air from entering the motor and 
eleminate the need for the priming valve.   MWI will also remove the 
suction strainer. 
 
The proposal says that MWI will perform the work at no cost to the 
Government provided Government onsite contracts load and inload the 
skids.  They propose to take the engines skids at 17th that are not 
installed and the spares first and then swap engins at other sites to 
try to avoid pump outages.  They estimate a week to do a set (6 to 10) 
units.   
 
This presents some problems.  First, the preliminary time frame is not 
going to allow completion without impacts on scheduled pump completion 



dates.  Second, once the fencing on the engine deck and building is 
installed it may be difficult to remove the engines.   
 
We should immediate have MWI retrofit the engines at 17th that are not 
installed.  Coordinate with the three contractors on swap outs to 
minimize impacts to buildings.  Avoid any impacts to pumping capacity.  
Have MWI develop a plan to retrofit in place. 
 
 
Jim St. Germain 
-------------------------- 
Sent from my BlackBerry Wireless Handheld 
 
U.S. Army Corps of Engineers 
New Orleans District 
7400 Leake Ave 
New Orleans, LA. 70118 
 

 



___________________________________________ 
-----Original Message----- 
From: StGermain, James J MVN 
Sent: Wednesday, May 31, 2006 11:48 AM 
To: Farkas, Stephen G MVS; Persica, Randy J MVN; Garzino, Maria E SPL 
Subject: Fw: Resolving Issues on Hydraulic Drive Units and Pump 
 
Note response to dry run condition. 
-------------------------- 
Sent from my BlackBerry Wireless Handheld 
 
U.S. Army Corps of Engineers 
New Orleans District 
7400 Leake Ave 
New Orleans, LA. 70118 
 
-----Original Message----- 
From: Jim Endres <JimE@mwicorp.com> 
To: StGermain, James J MVN <James.J.StGermain@mvn02.usace.army.mil> 
CC: Bradley, Daniel F MVN <Daniel.F.Bradley@mvn02.usace.army.mil>; 
Daren Eller <DarenE@mwicorp.com>; Marc Boudet <MarcB@mwicorp.com> 
Sent: Wed May 31 10:22:46 2006 
Subject: RE: Resolving Issues on Hydraulic Drive Units and Pump 
 
Hi Jim, 
 
As you are aware, Denison suggested that the failure of the pumps was 
due to a dry run condition.  We believe this occurred at initial 
startup where, by our standard procedure of assembly, we only filled 
the suction port of the pump prior to start and allowed the suction of 
the pump to pull the oil from the tank through the suction tube, 
purging the air.  We have done this for years without any issues until 
now.  Given this, we decided to evacuate the air from the suction tube 
by using an air driven suction device on the vent port of the suction 
line and, to add to the completeness of the evacuation, a check valve 
was installed so that air would not re-enter when the suction device 
was removed but before the plug was installed.  This evacuation 
procedure is only done at the assembly stage (or if service is 
performed on a hydraulic pump), not every time the engine is started, 
and therefore it is not part of the operation /starting procedure.  We 
also decided that a more gradual throttling up of the engine might be 
easier on the system by flushing any minor air bubble collections 
before any appreciable system pressure is developed.  Therefore the 
engine software will be reprogrammed for a slower automatic ramp rate.  
Again this is not anything that needs attention during starting, it 
will be automatic.   
 
Jim Endres 
 
  
 
________________________________ 
 
From: StGermain, James J MVN 
[mailto:James.J.StGermain@mvn02.usace.army.mil] 
Sent: Monday, May 29, 2006 12:27 PM 

mailto:James.J.StGermain@mvn02.usace.army.mil


To: Daren Eller; Jim Endres; Marc Boudet 
Cc: Bradley, Daniel F MVN 
Subject: Resolving Issues on Hydraulic Drive Units and Pump 
 
  
 
Daren:  
As you are aware we have had some problems with the Denison Hydraulic 
Pumps.  MWI suggested that the problems with the Denison pump was 
caused by air entering into the Denison pump causing a dry run 
condition.  Have you received any correspondence from Denison 
confirming that this was the problem encountered (you had a copy at our 
meeting but we didn't get a copy)?  If so, could you provide a copy of 
the correspondence? 
 
At one time it was suspected that the suction strainer was the cause of 
the problem with the Denison pump running dry; in fact, strainers were 
removed from units being tested.  I understand from MWI that the 
suction strainer was not causing the problem.  MWI has identified the 
problem with the Denison pump as a dry run condition caused by air 
entrainment at start-up.  MWI's proposed fix is change the start-up 
procedure and adding a check value in the suction hose.  MWI is 
introducing a programmed ramping function to the start up.  This 
ramping function will start the system slowing, allowing approximately 
2 minutes intervals as RPM's are increased.  I understand that a CAT 
representative will be at the site on Tuesday May 30 to reprogram the 
engines with this "ramping function".  The check value is to be used to 
purge the air from the tank and hoses (prime).  A compressor will be 
used to bleed the any air from the suction hose and the tank.   Is this 
assessment correct?  How does the start-up in the manual mode account 
for the ramp-up? 
 
The Installation, Operation and Maintenance Manual provided does not 
address a specific start up sequence in the manual mode to preventing a 
dry run condition of the Denison pump.  Additionally, priming the 
hydraulic pump is not addressed. 
 
What is the status on the suction strainers?  Should they be used or 
not?  
 
I understand that there is a video showing how the new ramp up 
procedure has solved the air entrainment problem.  Can you provide a 
copy?  
 
Jim St. Germain 
Project Manager 
(504) 862-2499 
(504) 559-1087 (Cell) 
(504) 920-6371 (Blackberry)  
 

 ___________________________________ 
 
 
-----Original Message----- 
From: Bartek, James W MVR 
Sent: Wednesday, May 31, 2006 4:07 PM 



To: Farkas, Stephen G MVS; StGermain, James J MVN 
Cc: Bradley, Daniel F MVN 
Subject: RE: Resolving Issues on Hydraulic Drive Units and Pump 
 
Jim, 
Just a few thoughts...It appears to me that MWI is just trying to "make 
it work" to get by.  Everyone agrees that the Denison pumps are 
operating in a dry run condition.  While the priming procedure 
described below may work as a one time or short term fix.  I feel, and 
I think Steve agrees, it will not hold up over the long term.  There 
will be entrained air that will percolate out and also air leaking in 
through the tank etc that will get trapped.  They need to look more at 
root causes than quick fixes of the problems.  This could be pump 
sizing or relocating the suction intake to a more suitable location.  
Why has this design successfully worked on other pumps but not these 
units? 
 
These pumps must be field tested with design water levels to ensure 
acceptable operation.  I don't feel operating them at a throttled down 
condition is acceptable.  If there is no choice and they are operated 
at a throttled down condition for acceptance tests, we should ask for a 
warranty extension given all of the problems. 
 
Jim Bartek     
 
-----Original Message----- 
From: Farkas, Stephen G MVS 
Sent: Wednesday, May 31, 2006 12:49 PM 
To: Bartek, James W MVR 
Subject: FW: Resolving Issues on Hydraulic Drive Units and Pump 
 
Jim - see the following.  Sounds like they are doing some sort of 
"permanent" priming of the Denison Pump.  Since these usnits will not 
be operated very often I'm worried about any tiny leaks where air might 
get pack in a cause a loss of the primed situation.  Once again it 
looks as though MWI is operating in an "unknown" region and is grasping 
at solutions that they have not had to incorporate in the past. 
 
 
Steve Farkas 
 
-----Original Message----- 
From: StGermain, James J MVN 
Sent: Wednesday, May 31, 2006 11:48 AM 
To: Farkas, Stephen G MVS; Persica, Randy J MVN; Garzino, Maria E SPL 
Subject: Fw: Resolving Issues on Hydraulic Drive Units and Pump 
 
 
Note response to dry run condition. 
-------------------------- 
Sent from my BlackBerry Wireless Handheld 
 
U.S. Army Corps of Engineers 
New Orleans District 
7400 Leake Ave 
New Orleans, LA. 70118 
 



-----Original Message----- 
From: Jim Endres <JimE@mwicorp.com> 
To: StGermain, James J MVN <James.J.StGermain@mvn02.usace.army.mil> 
CC: Bradley, Daniel F MVN <Daniel.F.Bradley@mvn02.usace.army.mil>; 
Daren Eller <DarenE@mwicorp.com>; Marc Boudet <MarcB@mwicorp.com> 
Sent: Wed May 31 10:22:46 2006 
Subject: RE: Resolving Issues on Hydraulic Drive Units and Pump 
 
Hi Jim, 
 
As you are aware, Denison suggested that the failure of the pumps was 
due to a dry run condition.  We believe this occurred at initial 
startup where, by our standard procedure of assembly, we only filled 
the suction port of the pump prior to start and allowed the suction of 
the pump to pull the oil from the tank through the suction tube, 
purging the air.  We have done this for years without any issues until 
now.  Given this, we decided to evacuate the air from the suction tube 
by using an air driven suction device on the vent port of the suction 
line and, to add to the completeness of the evacuation, a check valve 
was installed so that air would not re-enter when the suction device 
was removed but before the plug was installed.  This evacuation 
procedure is only done at the assembly stage (or if service is 
performed on a hydraulic pump), not every time the engine is started, 
and therefore it is not part of the operation /starting procedure.  We 
also decided that a more gradual throttling up of the engine might be 
easier on the system by flushing any minor air bubble collections 
before any appreciable system pressure is developed.  Therefore the 
engine software will be reprogrammed for a slower automatic ramp rate.  
Again this is not anything that needs attention during starting, it 
will be automatic.   
 
Jim Endres 
 
  
 
________________________________ 
 
From: StGermain, James J MVN 
[mailto:James.J.StGermain@mvn02.usace.army.mil] 
Sent: Monday, May 29, 2006 12:27 PM 
To: Daren Eller; Jim Endres; Marc Boudet 
Cc: Bradley, Daniel F MVN 
Subject: Resolving Issues on Hydraulic Drive Units and Pump 
 
  
 
Daren:  
As you are aware we have had some problems with the Denison Hydraulic 
Pumps.  MWI suggested that the problems with the Denison pump was 
caused by air entering into the Denison pump causing a dry run 
condition.  Have you received any correspondence from Denison 
confirming that this was the problem encountered (you had a copy at our 
meeting but we didn't get a copy)?  If so, could you provide a copy of 
the correspondence? 
 
At one time it was suspected that the suction strainer was the cause of 
the problem with the Denison pump running dry; in fact, strainers were 

mailto:James.J.StGermain@mvn02.usace.army.mil


removed from units being tested.  I understand from MWI that the 
suction strainer was not causing the problem.  MWI has identified the 
problem with the Denison pump as a dry run condition caused by air 
entrainment at start-up.  MWI's proposed fix is change the start-up 
procedure and adding a check value in the suction hose.  MWI is 
introducing a programmed ramping function to the start up.  This 
ramping function will start the system slowing, allowing approximately 
2 minutes intervals as RPM's are increased.  I understand that a CAT 
representative will be at the site on Tuesday May 30 to reprogram the 
engines with this "ramping function".  The check value is to be used to 
purge the air from the tank and hoses (prime).  A compressor will be 
used to bleed the any air from the suction hose and the tank.   Is this 
assessment correct?  How does the start-up in the manual mode account 
for the ramp-up? 
 
The Installation, Operation and Maintenance Manual provided does not 
address a specific start up sequence in the manual mode to preventing a 
dry run condition of the Denison pump.  Additionally, priming the 
hydraulic pump is not addressed. 
 
What is the status on the suction strainers?  Should they be used or 
not?  
 
I understand that there is a video showing how the new ramp up 
procedure has solved the air entrainment problem.  Can you provide a 
copy?  
 
Jim St. Germain 
Project Manager 
(504) 862-2499 
(504) 559-1087 (Cell) 
(504) 920-6371 (Blackberry)  
 

___________________________________ 
 
 
 
________________________________ 
 
From: StGermain, James J MVN 
Sent: Wednesday, May 31, 2006 2:42 PM 
To: Farkas, Stephen G MVS; Bartek, James W MVR 
Cc: Bradley, Daniel F MVN; Garzino, Maria E SPL 
Subject: FW: Resolving Issues on Hydraulic Drive Units and Pump 
 
 
  
 
________________________________ 
 
From: Daren Eller [mailto:DarenE@mwicorp.com]  
Sent: Wednesday, May 31, 2006 9:05 AM 
To: StGermain, James J MVN; Jim Endres; Marc Boudet 
Cc: Bradley, Daniel F MVN 
Subject: RE: Resolving Issues on Hydraulic Drive Units and Pump 
 

mailto:DarenE@mwicorp.com


 
 
Jim, 
 
  
 
Denison has spoken to us multiple times regarding the “dry run” 
condition which was causing the failures but has never sent an official 
correspondence regarding this.  I was under the impression they had 
already sent this to us.  The letter we brought to the meeting a few 
weeks ago only discussed the use of suction strainers but did not go 
into detail on the failure analysis.  I spoke with our representative 
from Denison this morning who did not understand why we did not receive 
an official letter yet and will work on getting this to us immediately.  
Again, from talking to the Dension representatives, they have been in 
agreement the “dry run” condition is what has caused the failures to 
occur.  Any correspondence will be sent ASAP. 
 
  
 
Thank you, 
 
  
 
Daren 
 
  
 
________________________________ 
 
From: StGermain, James J MVN 
[mailto:James.J.StGermain@mvn02.usace.army.mil]  
Sent: Monday, May 29, 2006 12:27 PM 
To: Daren Eller; Jim Endres; Marc Boudet 
Cc: Bradley, Daniel F MVN 
Subject: Resolving Issues on Hydraulic Drive Units and Pump 
 
  
 
Daren:  
As you are aware we have had some problems with the Denison Hydraulic 
Pumps.  MWI has suggested that the problems with the Denison pump was 
caused by air entering into the Denison pump causing a dry run 
condition.  Have you received any correspondence from Denison 
confirming that this was the problem encountered (you had a copy at our 
meeting but we didn't get a copy)?  If so, could you provide a copy of 
the correspondence? 
 
At one time it was suspected that the suction strainer was the cause of 
the problem with the Denison pump running dry; in fact, strainers were 
removed from units being tested.  I understand from MWI that the 
suction strainer was not causing the problem.  MWI has identified the 
problem with the Denison pump as a dry run condition caused by air 
entrainment at start-up.  MWI's proposed fix is change the start-up 
procedure and adding a check value in the suction hose.  MWI is 
introducing a programmed ramping function to the start up.  This 
ramping function will start the system slowing, allowing approximately 
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2 minutes intervals as RPM's are increased.  I understand that a CAT 
representative will be at the site on Tuesday May 30 to reprogram the 
engines with this "ramping function".  The check value is to be used to 
purge the air from the tank and hoses (prime).  A compressor will be 
used to bleed the any air from the suction hose and the tank.   Is this 
assessment correct?  How does the start-up in the manual mode account 
for the ramp-up? 
 
The Installation, Operation and Maintenance Manual provided does not 
address a specific start up sequence in the manual mode to preventing a 
dry run condition of the Denison pump.  Additionally, priming the 
hydraulic pump is not addressed. 
 
What is the status on the suction strainers?  Should they be used or 
not?  
 
I understand that there is a video showing how the new ramp up 
procedure has solved the air entrainment problem.  Can you provide a 
copy?  
 
Jim St. Germain  
Project Manager  
(504) 862-2499  
(504) 559-1087 (Cell)  
(504) 920-6371 (Blackberry)  
 

 
_____________________________________________  
>From:  Bartek, James W MVR   
>Sent: Wednesday, May 31, 2006 8:16 AM 
>To: Hoffman, Robert E MVR 
>Cc: Farkas, Stephen G MVS 
>Subject: RE: Memo and Report on testing with the clear hydraulic 
line 
> 
>Bob, 
>I have not received a memo from Jim regarding testing.  All I have 
received is the email below that I think you sent out: 
>I would agree with the recommendations except to add monitor 
vibration. 
> 
>Keep in mind this was a supply contract and the spec is very vague 
regarding field testing.  It just says” The pump manufacturer shall 
provide for final inspection and testing of the system and shall make 
necessary adjustments to the control system prior to actual start-up 
tests.  Start-up tests and demonstration shall be performed by the pump 
manufacturer’s representative and the Contractor, and witnessed by the 
Government…” 
> 
>The test reports that we were referring to were daily reports from the 
onsite QA personnel that were witnessing the factory tests in Florida.  
These are in hard copy.   I have one that is electronic attached.  Jim 
StGermaine should have hard copies of all of them.  MWI did the testing 
and there was a Dension rep. in attendance for at least a few of them.   
They only tested a few of the water pumps, like every fourth one, 



however all hydraulic power units were tested.   But there were no 
tests conducted that represented exact field conditions. (i.e. with the 
long hydraulic pipe runs etc.) The tests were riddled with problems 
from overheating to hydraulic suction problems to low pressure problems 
that seemed to point to the Denison pumps.  Hence our concern now that 
the pumps are getting installed.  
>  
>They did remove some of the strainers during testing to see if there 
was an effect on the Denison pump suction and they claim that the 
strainers have very little effect.   I believe they left them in but 
are willing to remove them if we request it.  
> 
>Hope this helps 
> 
>Jim B. 
> 
> 
>  
>From: Garzino, Maria E SPL 
>Sent: Wednesday, May 17, 2006 9:52 AM 
>To: Thomas, Joseph F LRP 
>Cc: Persica, Randy J MVN; Roth, Timothy J MVN; Walker, Thomas J SPK;  
>Lazo, Benito C Jr NWS; Gujja, Ranjit R MVN-Contractor; Bradley, Daniel  
>F MVN 
>Subject: RE: Request for Information about Field Testing Joe, 
>  
>I do not have any information on how we are to proceed with field 
testing – I am unaware of any direction given by MWI as to what they 
envision for field testing (I have asked on many occasions for this 
info and have not to date received it – if it has been sent, possibly 
Dan has it then?) – I am also unaware of any direction that Task Force 
Guardian has given on how we are to proceed on our own as far as field 
testing of the Pumps and Drive Units – I have heard there is discussion 
in this area, but I am unaware of any direction given.  As I have 
experienced this pumping equipment in  an actual testing environment, I 
would be very happy to provide my recommendations – they are: 
>  
>*                     Field test the pump assemblies and drive units 
for as long a period of time as allowed (dictated by the water levels 
in the channel?). 
>*                     Monitor the engine speed, operating pressures, 
hydraulic temperature, and gear drive temperatures (have predetermined 
operating parameters). 
>*                     Monitor the pumping system for leaks and 
component failures. 
>  
>Jim, Dan – can you please provide assistance with this? 
>  
>Thanks, 
>  
>Maria 
>  
>  
>From: Thomas, Joseph F LRP 
>Sent: Wednesday, May 17, 2006 8:42 AM 
>To: Bradley, Daniel F MVN; Garzino, Maria E SPL 
>Cc: Persica, Randy J MVN; Roth, Timothy J MVN; Walker, Thomas J SPK;  



>Lazo, Benito C Jr NWS; Gujja, Ranjit R MVN-Contractor 
>Subject: Request for Information about Field Testing 
>  
>Would like to establish a QC/QA program for field testing of the 
engines and pumps.  Need some help to determine what testing is needed; 
parameters of the field test and what should be recorded for these 
tests and what is deemed an acceptable field trail run.  
>  
>What field tests will be run? 
>How long?  Acceptance criteria? Flow measurements? 
>Can anyone develop a document so that we may record pertinent data and 
information.  Such items as pressure; temperatures of system ???  Any 
help would be great a form for each test would even be better. 
>  
>This will be the next step in this 3 step process.  Unless someone has 
additional steps or processes.  As stated yesterday once this is 
established expect to hold mini prep. on this matter. 
>  
>Thanks 
>  
>Joe Thomas 
> 
> 
>_____________________________________________ 
>From: Hoffman, Robert E MVR 
>Sent: Tuesday, May 30, 2006 6:34 PM 
>To: Bartek, James W MVR 
>Subject: Memo and Report on testing with the clear hydraulic line 
> 
>Jim/Steve, 
> 
>I was wondering if you could either email or call me on whether you 
have received a memo from Jim St. Germaine that recommended steps for 
testing of the hydraulic pumps and drive units?  I would like to see 
it.  Also did we receive a report on that testing you were telling me 
about earlier?  I would like to see what they said in the report?  Who 
did that testing…MWI?...Denison?  What were the results.  I thought you 
said this morning that they said we needed to remove the suction 
strainers I was told by Jim tonight that MWI is not removing the 
suction strainers. 
> 
>Thanks, 
>Bob 
> 

___________________________________  

 
 
-----Original Message----- 
From: StGermain, James J MVN 
Sent: Thursday, May 25, 2006 7:45 PM 
To: Farkas, Stephen G MVS 
Subject: Fw: Additional Information Requested 
 
 Steve 
-------------------------- 
Sent from my BlackBerry Wireless Handheld 



 
U.S. Army Corps of Engineers 
New Orleans District 
7400 Leake Ave 
New Orleans, LA. 70118 
 
-----Original Message----- 
From: Jim Endres <JimE@mwicorp.com> 
To: StGermain, James J MVN <James.J.StGermain@mvn02.usace.army.mil> 
CC: Daren Eller <DarenE@mwicorp.com> 
Sent: Thu May 25 11:32:34 2006 
Subject: RE: Additional Information Requested 
 
Hi Jim, 
 
1) No, the accumulator is not shown in the by-pass line.  It is in the 
control line that goes from the relief valve assemble, through the 
solenoid valve, through the manual valve and into the 4” suction line 
as a drain point.  The by-pass line goes from the relief valve assembly 
(port B) back to tank through a 2 ½” line.   
 
2) The only item changed in the Hydraulic pump is the rear cam from a 
045 to a 050 size (volume flowed at a given speed). Model remains the 
same, original cut sheets are still valid. 
 
3) No item of the hydraulic motor has changed.  Model remains the same, 
original cut sheets are still valid. 
 
4) The check valve added is not inline with the flow of the main 4” 
suction line.  It is fitted into the top vent between the vent plug and 
the vent hole.  Its only purpose is to facilitate the priming of the 
suction line and to not allow air back into the line before the plug 
can be installed.  Once the plug is installed, it has no effect on the 
system, produces no pressure drop because no oil flows through it.  We 
removed the strainers from some of the tests to appease some arguments 
but on subsequent side testing that we performed, we found that the 
strainers produce very little pressure drop (about 0.5” Hg at 
start/1800rpm and drops to maybe 0.2”Hg after fully warmed/1800rpm).  
As far as removing them or not, I don’t know if that has been decided.  
They provide marginal protection (they are a 100mesh screen) but don’t 
cause much pressure drop.  I don’t believe they make a big difference 
whether they are in or not.  If the Corps would feel more comfortable 
with them removed, I won’t argue. 
 
Jim 
 
  
 
  
 
________________________________ 
 
From: StGermain, James J MVN 
[mailto:James.J.StGermain@mvn02.usace.army.mil] 
Sent: Thursday, May 25, 2006 11:31 AM 
To: Daren Eller; Jim Endres 
Subject: Additional Information Requested 

mailto:James.J.StGermain@mvn02.usace.army.mil


 
  
 
Daren/Jim  
 
The hydraulic schematic shows an accumulator in the bypass line.  Do 
the units have this feature?   
 
Please provide catalog cuts of the hydraulic pumps and motors with 
indications of the models provided.  MWI provided information in the 
proposal but has any internal components been change during the shop 
testing?  Provide a comparison of the installed equipment with the 
equipment used in the calculations to verify sizes. 
 
MWI has added the check valve on the hydraulic suction line and 
proposes to bring the pumps up to speed slowly to help with priming.  
The check valve should keep fluid in the line so that it is not 
starting dry when the unit is started cold.  The suction should 
continue to be closely monitored for air bubbles.   The check valves 
could add an extra pressure drop that could also have a detrimental 
effect.  MWI removed the strainers from the suction for this reason 
during shop testing.  Will the strainers be removed from all units? 
 
 
 
 
 
Jim St. Germain 
Project Manager 
(504) 862-2499 
(504) 559-1087 (Cell) 
(504) 920-6371 (Blackberry)  

 
 
 
-----Original Message----- 
From: StGermain, James J MVN 
Sent: Tuesday, May 23, 2006 9:03 AM 
To: Farkas, Stephen G MVS; Bartek, James W MVR; Delong, Cory D MVR; 
Lundberg, Denny A MVR 
Subject: Start up procedure 
 
The start-up procedure below is recommended by MWI to prevent air from 
getting in the hydraulic fluid and damaging the Dension hydraulic pump. 
 
Jim St. Germain 
Project Manager 
(504) 862-2499 
(504) 559-1087 (Cell) 
(504) 920-6371 (Blackberry) 
 
 
 
-----Original Message----- 
From: StGermain, James J MVN 



Sent: Tuesday, May 23, 2006 8:48 AM 
To: Purdum, Ward C MVN; Baumy, Walter O MVN; Garzino, Maria E SPL; 
Persica, Randy J MVN 
Cc: Bradley, Daniel F MVN 
Subject: RE: No Fix For Denison Pumps 
 
I spoke with MWI this morning.  Cat will be out Tuesday to reprogram 
the auto start to the following sequence. 
 At Idle engage hydraulic system  for 2 minutes 
 1,000  RPM     for 2 minutes 
 1,200  RPM     for 2 minutes 
 1,400  RPM     for 2 minutes 
 1,600  RPM     for 2 minutes 
 1,800  RPM     Operating 
 
This will done manually by Mike Iannucci when testing this week.  
Additionally, check valves were added on the top of the top of the 
suction hose. 
 
Jim  
 
-----Original Message----- 
From: Purdum, Ward C MVN 
Sent: Tuesday, May 23, 2006 8:25 AM 
To: StGermain, James J MVN; Baumy, Walter O MVN 
Subject: FW: No Fix For Denison Pumps 
 
FYI - Randy spoke with Maria about her concerns.  
 
Jim - Do you have any further info that Maria does not know at this 
time? 
 
-----Original Message----- 
From: Persica, Randy J MVN 
Sent: Tuesday, May 23, 2006 7:34 AM 
To: Purdum, Ward C MVN 
Subject: Fw: No Fix For Denison Pumps 
 
Need your advice. Can you call me? 
-------------------------- 
Sent from my BlackBerry Wireless Handheld 
 
U.S. Army Corps of Engineers 
New Orleans District 
7400 Leake Ave 
New Orleans, LA. 70118 
 
-----Original Message----- 
From: Garzino, Maria E SPL <Maria.E.Garzino@spl01.usace.army.mil> 
To: Persica, Randy J MVN <Randy.J.Persica@mvn02.usace.army.mil> 
CC: Thomas, Joseph F LRP <Joseph.F.Thomas@lrp02.usace.army.mil>; 
Walker, Thomas J SPK <Thomas.J.Walker@spk01.usace.army.mil>; Stucky, 
Allison M SPK <Allison.Stucky@spk01.usace.army.mil> 
Sent: Tue May 23 07:16:45 2006 
Subject: No Fix For Denison Pumps 
 
Randy, 



 
  
 
I have learned the MWI has not taken steps to correct the design issue 
you and I have been talking about (how the hydraulic oil is fed into 
the Denison pump)  – they have simply been making repairs to other 
parts that have not performed as expected in testing – I have learned 
that in a meeting held a couple weeks ago MWI stated they also believed 
there was a design problem associated with the Denison pump running 
‘dry’ – they informed the Corps they would looking into a solution and 
get back with us – to date I understand they have not responded, or 
have partially responded? (this might be the new revised ramp up to 
operating speed for the cat engine Jim StGermain was talking about – 
that Mike Iannucci knew nothing about?)… 
 
  
 
Is there any way to find out what status is on this issue – this is 
very important as when we operated the pumping equipment – without a 
solution to the hydraulic oil feed to the Denison pumps - we are again 
running the risk of damaging Denison pumps further and possibably 
damaging, as of now undamaged Rineer motors -  we have somewhere in the 
neighborhood of 24 that have not seen a Drive Unit and therefore have 
not seen the possibility of ‘bit-an’-pieces’ through the rotor vanes 
which could causing damage to the faces of the rotors and the timing 
plates…. 
 
  
 
Maria Garzino 
 
Pumping Systems Installation Team Leader 
 
Task Force Guardian 
 
Cell (213) 280-8598 
 

 ___________________________________ 
 
 
 
 

 



 
 
 
 
 
 
 

ATTACHMENT NO. 8 
 

MWI CORPORTATION 
PARTIAL HYDRAFLO 

REFERENCE USER LIST 
OF EQUIPMENT 

INSTALLED 
 



 
Partial Hydraflo User List Installed for Five Years or Longer 

 
 
Engineers for Drainage District #4 
Calcasieu Parish 
D.W. Jessen & Associates   7-HAC360 Hydraflos’ - Installed in 1996 and 2001 
440 Kirby St 
Lake Charles, LA 70601  
Ph. 337-433-5842 
Contact Ed Rosteet 
 
Lake Borgne Levee District  5-HAC342 Hydralos’ - Installed 1984 
Violet, LA     3-HAC360 Hydralos’ – Installed 1985 
504-682-5941 
Superintendent: Bob Turner 
 
St. Charles Parish Department of Public Works 8 – HAC324 Hydraflos’ – Installed  
Superintendent: Rusty Usre  1997-2002 
Cell phone 985-559-0410   3 – HAC312 Hydraflos’ - Installed 1997-2002 
Office ph. 985-785-4451    1 – HAC330 Hydraflo – Installed 1999 
 
    
South Florida Water Management District 3- HAC360 installed 1987 
3301 Gun Club Road    4- HAC342 installed 1981 
West Palm Beach, FL 33406   4- HAC342 installed 1989 
561-686-8800 
Mike Hiscock   
 
City of Pineville, LA    2- HAC342 installed 1992 
Tom David PE, Pan American Engineers 
1717 Jackson Street 
Alexandria, LA 71301 
318-473-2100   



 
 
 
 
 
 
 
 
 
 
 
 
 

ATTACHMENT NO. 9 
 

MWI FIELD TRIP 
REPORT DURING INTIAL 

TESTING OF PUMPING 
EQUIPMENT 

DTD 24 APRIL 2006
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MWI FIELD TRIP REPORT 
By 

Dennis Strecker 
April 24, 2006 

 
Upon arrival at the test facility on April 18th the company was setting up for a fourth 
prototype test. I was briefed by Maria Garzino, a Mechanical Engineer temporarily assign 
to the New Orleans District.  The working relationship between the contractor and Maria 
was strained.  Maria said the contractor has been having a problem with hydraulic pump 
failures and she felt the contractor has been uncooperative in allowing her to do her job. 
Other concerns were that the test environment was unsafe and test procedures were poor.  
In my opinion, the test procedures and setup were poor, conditions were of questionable 
safety, and the contractor was reluctantly cooperative.  The test tank was barely sized for 
the pump being tested. The manufacturer had to move the pump from one end of the tank 
to the center in order to get better inlet conditions for the impeller. In the center of the 
tank, the pump discharge was too close to the wall and water would splash from the tank. 
The plywood can be seen in Figures 1 and 2. To remedy this, the contractor added sheets 
of plywood to redirect the water back to the tank.  Test instruments were crudely 
constructed and there was too much left to human error and interpretation. The test site 
was not well organized and there wasn’t easy access to the instruments for verification of 
readings.  Cooperation with government personnel was less than optimum.     

 
Figure 1 

 2



 
Figure 2 
 
Test Method 
The test was conducted in a large tank with the pump mounted at one end. Attached to 
the impeller bowel was a straight section of 60” pipe followed by a 60” diameter, 90 
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degree elbow. The pump discharged from the elbow into the tank.  Near the top of the 
discharge column, shown in Figure 2, was a hole for passing the pitot pipe into the 
discharge column flow. The pitot pipe was a long pipe, approximately 1” in diameter, 
capped on one end and with a hole in its side for measuring stagnation pressures. 
Attached to the other end of the pitot tube was a clear plastic tube which connected to a 
manometer constructed from a vertical aluminum “U” channel.  The other end of the 
manometer was connected to measure undisturbed or static pressure. The difference 
between the stagnation pressure and undisturbed pressure was the dynamic pressure. The 
dynamic pressure was used to calculate the velocity at the location of the reading using 
the formula h=V2/2g where h was the dynamic pressure in feet, V is the fluid velocity in 
feet per second and g was the acceleration of gravity (32.2 feet/ second2).  Ten readings 
were taken across the pipe and later averaged to get the average velocity. From the cross 
sectional area of the discharge column, and the average velocity and the flow were 
calculated. The static head was determined later by measuring the stagnation pressure.  
 
Accurate readings required stagnation pressure is read parallel to the pipe flow and 
undisturbed readings be made perpendicular to the velocity vector. Normally this is not a 
problem when the readings are taken 10 diameters away from any flow disturbance, a 
position where the velocity vector would be parallel to the pipe.  In the case of the tests, 
the readings were being taken 1½ diameter from the pump impeller.  In this region there 
was a high degree of turbulence from the impeller and the velocity vectors were not 
necessarily parallel to the discharge column. 
 
The procedure I observed was to insert the pitot tube to a red mark painted on the pipe 
and then rotate the pitot in the flow to get the maximum difference between stagnation 
pressure and the undisturbed pressure.  Done this way, the readings taken were not 
necessarily the velocity reading parallel to the discharge column.  Also, the undisturbed 
reading may not have been taken without a velocity component.  Prior to my arrival, 
Maria said the contractor was taking readings at estimated positions across the flow. She 
suggested they mark the pitot pipe so they could duplicate the reading and get more even 
spacing across the discharge column. The contractor complied with her request. 
 
Other conditions which may have contributed to inaccurate test results were the test tank 
water, the unsteadiness of the water in the manometers, and use of a hand held tape 
measure for reading the manometer.  The water in the test tank had debris from a recent 
fire and there was oil and froth in the water. See Figure 2. The water levels in the 
manometer moved around a lot making accurate reading and verification difficult. Two 
people were required to read the manometer; one would move the tape measure up and 
down trying to follow one leg of the manometer and the other would try to follow the 
moving water level in the opposite leg. The oil and debris in the tank may have affected 
the density and viscosity of the water and altered test results. After witnessing a test, I 
had a low confidence level in the accuracy of the tests. 
 
I recommended dropping the pump performance tests and adding an endurance test for 
three main reasons. First, there was expected to be only slight variations in pump 
performance considering they were all manufactured to be identical.  Secondly, I had a 
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low confidence level in the validity of the current performance tests and third we needed 
endurance testing to weed out mechanical problems before the pumps are shipped to New 
Orleans. MWI agreed to the change and we traded a performance test for a 5 hour 
endurance test. Later MWI claimed that the 5 hour test was adding too much testing time 
to their test scheduled and would impact delivery.  The endurance test was then reduced 
to 3 hours with the stipulation that hydraulic pressures would be above 2500 psi for the 
duration of the tests. 
 
Safety Issues 
The test site had many safety hazards. Some as a result of a recent fire in which one 
person died and the test building was left without a roof. The accident occurred from 
weld splatter or sparks while supports were installed for two ten ton gantry hoists. The 
hoists would have made it easier to install the pumps into the tank. Sine they didn’t have 
a gantry crane, the contractor had to use a mobile crane. The original job of installing 
gantry cranes was still in progress when I was there and there was always an awareness 
of people working overhead from man lifts. At one point, a sling fell into the test tank 
during a test and had to be retrieved by diving.  Another hazard was the location of the 
HPU. In order to save time, the HPUs were left on a flat bed truck during the test. Access 
to the HPU was by portable stairs, but to get around while inspecting the various 
components required walking on oily surfaces with narrow ledges on both sides of the 
unit and hot surfaces everywhere. What I felt was a potential health hazard was the mist 
of oil laden test tank water given off during the test. Fortunately, for the 5 hour endurance 
tests, temperature readings were made every 30 minutes, allowing the inspectors to sit 
outside between readings.  
 
A potential fire hazard existed with the HPUs. On two occasions a hose on the rear pump 
of one of the double vane pump sprang a leak. The leak developed from blistering on the 
hose’s jacket near the fittings, followed by a high pressure fine mist spray of hot oil. The 
pump was manually shutdown before the condition developed further.  The hoses were 
located between the rear of the engine and the hydraulic reservoir and fuel tank. They were 
near the engine exhaust turbochargers. The rupture I observed occurred on the bottom side 
of the hose.  There was a potential for a rupture which would spray oil on the engine 
exhaust or turbochargers. Operating pressures on the pump discharge hoses were 3000 psi. 
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Figure 3 
 

 
Figure 4 
 

 6



 
Figure 5 
 
Recommendations: 
 
1. The Corps should verify pump capacity with field testing. Because of the large 
clearance between impeller and impeller bowl of approximately ¼” and less than ideal 
test conditions at the factory, a field test on one pump should be conducted. Typically, 
impeller to impeller bowl clearance is on the order of 0.060” for a 60” pump. 
 
2. A spray shield between the hydraulic system hoses and engine exhaust should be 
installed.  In the event of a ruptured hose, a spray shield would prevent hydraulic fluid 
from spraying on the engine’s hot exhaust. 
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PUMP/ENGINE 

PLATFORM 
PUMP RUN 
TEST DATA 
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SECTION S"'.10 Ol,O<;K 14 CON1'NUAnON PAOE

SUMMARY OF CHANGI:S

THIS IS 1\ NO COSo.. CHANOE. l'Ht-:Rt': WILL DE NO EXTENSION OF 1)1\ YS ON '!'HE INCEN11VE
CALENDAR nMELINE.

FaclOry Dry Test

Thc following Procedure is applicable for the t'ol\f)wing temporary pump ~Ialion$
.,. 1'1 Street Canal. I.ondo" Avenue Canal. Orleans Aven~ Canal

Seept:
All thc 5afcty shlJtdowns for thc cnginc and hydraulic -'ystcm will bc tc:stcd.
lbe hydraulic rump drive Ie.., oil ciultlatiOil pumps will be te~ted for proper operalinn.
Thc 'ydrlulic ~Iicf v.Jvc wi1l bc factory !ct fOi bypus prcuurc and t~~&cd for proper QperQLion.
~II ~ve units will be ~talic.lly luted for hydraulic oilleats.
Watc:r pump~ ond driv~ unils will ~ IJry &c)I~d unl1~r 00 l<Jullus a S'1$t~m lip t\> full enJine spced
10 vcrify propellcr specd.
All water pumps will be jndivi~ly ~tMk tested for hydraulic oil leaks.

Prer.t4.re:
I Add diesel fuel 10 drive \I"it day tan~ to operate all the dry teslS .IId the Waler load te$t.
2 Pcrfom all pn:-sa.rt ,,-hccks; I.-ncinc coolant 8Dd oillc'icl, hydraulic oillcvcl, etar oillcvcl, elC.
3 Open the hydraulic 10Ddin& valve and start Ihe dies~1 et\£ine.
4 Test each ofthc: cnc:inc 8Dd hydraulic system shutdowns to vcrify thal whcn uippcd Lhc engine is

slopped. Restan the enGine after each tesl with the hydraulic loading valve OPEN.
S Rc,181 Lhc cngine with thc hyd..ulic loMiinc vulvc op;n IInd kS\ th( hydraulic pump drive &COr "il

circulation pump.~ for proper rotation and verify gear 011 level in Ihc hydraulic pump drivc sump,
lr~f(r pump, cooler, and rcl.\ed plumbiR&.

(; ReItan thc cnsinc and I&oWIy closc thc hydr8ulic Ioadinc: valvc. Incrcasc cn,inc spccd n rcquin:d
10 avoid )ulling until ~hc luedin, vllv( is closcd. Inc;r~8SC the relief valve seltin& 10 m~inlain ~
hydraulic system pressure or ~si. '" .~. ~ ,.~ , f.. C ~ J

7 Cbeck hyd,.\llic plumbina on the drive unit for lcaks and rep~ir ifrequired.
8 SlOp thc cn¥inc .nd conncl."t .llthc hydraulil: ht>~s to Ibc drivc uniL.nd thc wacer pump with Lhe

high pres~ure tee manifoad ",ounled illline ar the drive unit. Attaeh a relierv~lve inline nn the
c~sc dr.in hosc. Connl.oct Lhc: slolic pr~.J.1ur~ drlvr IIn/1 LO Ihc higi\ prcssure manil"old ~ee. AL~h
the .Uo/;c ""ts.C'urt drive "";, suclion hole to the primary drive unit lank throuch the 'Ink fill
~ner. Rt.":Ilart Lbc t.-neinc, ,lowly close ~t bydraulic loadina valve, and increaSt el\&inc speed 10
'800 rpm. This allows Ihe water rUMp propeller 10 spin. Verify pr()peller ~peed wilh it tacoomeler.
Closc the C8SC dr.in n:licf valvc until SOpsi illk:vclopcd in the w.ll:r pump ChC.

? Run the Cft~ine (or. 0 minutes and inspect the low prc~~ure plumbing on the drive unit 3nd w~ler
pump for Icaks 811d n:peir ifrcquir~d. Opcn lhe hydraulic sy.;tcm loudin, v.lv~ WId ~top lhc
diesel enGi"e.

10 Block thc ~opcllcr bladcs 10 ~cnllhc propclkr Irom ~innin&. CIosc Ihc hydraulie lolding
valve. Start the SIalic pr¥ss"re drl"t U",' and adjust to ~~i. M.intain the lest (0C' 90 mlnulet
ad inSJleCf Ihc: water pwnp higtl pn:ssurc plumbin& for Icaks and rcpair as rcquircd.

1°O~ r.s; (~)
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Factory Load Test

Scope:

All hydraulic drive units will be tested to full speed with an arbitrary water pump for load. The water pump and

drive unit will be run for a minimum of three hours at full speed to verify mechanical integrity.

Procedure:

Install the pump as shown in the attached drawing. Connect the hydraulic power transmission hoses to the water

pump and the drive unit. Check engine radiator coolant level and adjust if required. Check engine oil level and

adjust if required. Check gear drive oil ]eve] and adjust if required. aleCk hydrauJic tank oi] ]eve] and adjust if

required. Open the hydraulic loading valve. Start the diesel engine and engage the loading valve. Add nX)re throttle

as required to avojd stalling until the loading valve is closed. Increase the throttle setting up to full speed. Measure

and record the engine speed and hydraulic system pressure. Maintain a steady load for 5 hours and DKlnjtor the

system for leaks, high temperatures, low pressures, etc to verify mechanical integrity of each component. In the

event of a component failure, the co~nent is replaced and the test continues. The test time is extended depending

on the item that failed. Major components such as a hydraulic pump will cause the test to restart and run for an

additional five hours Minor components such as a hose will require the rest of the five hour run plus additional

~ if required to have a hour run on the replaced item.

INSPECfiONS

Inspectors are to be notified of the initiation of test with enough time to traaveI between test sites and witness the
beginning and ending of all tests, even if only one inspectors is on duty at that time.

ST A 11 C TEST WmI NO GOVERNMENT WITNESS

The pump unit which was static tests without a Government witness shall be tagged with an identifier so that it can
be tracked and monitored during field testing at the imtailation sites.

MODEL TEST INFORMA nON:

All mode! test information is to be provided to Mr. Strecker to verify the stated perfonnance requirements of each
~ being delivered to the Government under this contract.

(End of Summary of Changes)
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Introduction

On March 10,2007 four (4) new MWI pumps were run at the 17th Street Canal. Hydraulic Motor
pressure and pump vibration data was recorded on each pump during the test run.

Discussion

Dynamic pressure transducers were installed at the high-pressure header of each hydraulic
pump. For units #9 and #10 a transduc er was installed at both the North and South end of the
header; for units #7 and #8 a transducer was installed in only the South end of the header, since
there were only a total of 6 pressure taps and pressure transducers available. Due to the close
proximity of the two ends of the header, if pressure pulsations existed in either section of one of
the hydraulic motors they would have been detectable at both ends of the header, as had been
demonstrated earlier during factory pump testing.

Once the pump reached run speed pressure and vibration readings were collected for all units.
No pressure pulsations were detected on any of the pressure traces at any time during the run.

Pump speed was measured from both frequency of the hydraulic dynamic pressure variations
and from the vibration frequency at the water pump. All pumps ran at a speed of 283 RP M or
greater. Pumps #9 and #10, working into a common header, were turning slower and at higher
hydraulic static pressure, while pumps #7 and #8, each pum ping into separate headers turned
faster at lower hydraulic line static pressure.

Hydraulic Line
PressurePump'

7
8
9

:3~

Pump RPM
292
287
284
283

Engine RPM
1800
1800
1753
1730

3100
3100
3150
3225

Pump vibration was measured and recorded in velocity units in the frequency domain and in
acceleration units in the time domain. The overall vibration was also recorded in velocity units
of inches per second.

1



Summary

During previous pump tests internal pump leakage manifested itself in three ways: pulsation in
the high and low pressure hydraulic lines, increased pump and hydraulic line vibration and
noise, and reduced pump RPM. Pulsating hydraulic motors were unable to run at speeds of
280 RPM or greater, which severely reduced the pump capacity.

All of the pumps in this test operated at speeds greater than 280 RP M with no sign of pulsation
or excessive vibration or noise. The modifications made to the hydraulic motor by the
manufacturer have eliminated the internal leakage problems that caused the pulsations and
reduced speed.

In evaluating the acceptable vibration amplitude of the water pumps, the best standard to use is
ISO Standard 10816-3. For new machine condition on pum ps running below 600 RPM the
standard calls for a level below 0.14 ips RMS (0.20 ips Peak) at a frequency between 2-1000
HZ. Within this frequency range all of these pum ps meet the ISO standard. In addition, there
were no individual frequency ranges of concern in the pump vibration spectra.

2



DRAINAGE PUMP TEST
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Introduction

On March 17, 2007 four (4) MWI pumps were tested at the 1th Street Canal. Pumps #4 and #6
on the West side of the canal had newly installed reworked hydraulic motors. Pumps # 7 and
#8 on the East side of the canal had not been previously tested. Hydraulic motor pressure and
pump vibration data were recorded on each pum p during the test run

Discussion

One dynamic pressure transducers were installed at the high-pressure header of each of Pump
#7 and #8 on the East side of the canal. One pressure transducer was adequate to ensure that
any hydraulic line pressure pulsations would be detected.

One dynam ic pressure transducer was installed in each of the tw 0 (2) high-pressure lines for #4
and #6 pump on the West side of the canal due to the long pipe run between the hydraulic
pump and the hydraulic motor.

During full-speed operation dynamic hydraulic pressure data were collected from each pressure
sensor and vibration readings were collected from each pump, radially just above the deck in
the East and South direction, and axially (vertically) on the deck on the East side of the pum p.

No pressure pulsations were detected on any hydraulic motor

Pump speed was measured from both the frequency of the hydr aulic dynamic pressure
variations and from the vibration frequency at the water pump.

---

Hydraulic Line
Pressure

",~.s:u.
o~ R~r'\t..t(
~f;.Io f'\ J A,oJ "...~

~{,.,.1-

Pump'
4W
6W
7E.
8E

Pump RP!
281
284
288
288

Engine RPM
1750
1750
1748
1803

3200
3200
3200
3000

, v' t', \oot.~
~ .\,". ~\

~6-

ft~ £i1',
1," ~'

-'j\lI

Pump vibration was measured and recorded in velocity units in the frequency domain and in
acceleration units in the time domain. The overall vibration was also recorded in velocity units
of inches per second.



Summary

Pumps 7E and 8E were able to run individually at speeds of 288 RP M. Pumps 4W and 6W
could not exceed 280 RPM until both pumps were running at full speed due to the discharge
piping design differences between the pum ps.

None of the hydraulic line pressure data showed any si gn of pulsation at any speed or operating
condition.

All vibration measurements were within acceptable range.

2
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Summary 
 
 A prototype test was conducted on April 19, 2007 to determine head and discharge 
from the 6 pumps on the west side of the London Avenue Canal. These were the first tests 
conducted with the vaned cone attached to the suction bell. Discharge was determined by 
measurement using the acoustic flow meters (AFM) on the 9-ft manifolds and the MWI 
pump curve developed during factory tests in November 2006. Piezometer were installed on 
all 6 pumps to measure the static head on the pump. Pump W6-3 was not used in the tests. 
Test conditions were as follows: 
 a. With only pump W6-4 operating at a measured impeller speed of up to 286 RPM, 
the 5-ft manifold primed. This was notable because this was the first time the 5-ft manifold 
primed when only a single pump was operating.  
 b. With pumps W6-4 and W6-5 running, measured impeller speed stabilized at a 
maximum of about 285 RPM. Static head on the pumps from the piezometers was 10.9 ft. 
The piezometer measurements and the factory test pump curve showed a discharge of 203 
cfs/pump. The canal level was 2.0 ft. 
 c. With pumps W6-4, W6-5, and W6-6 running, measured impeller speed was 284 
RPM. Static head on the three pumps from the piezometers averaged 12.6 ft. The piezometer 
measurements and the factory test pump curve showed a discharge of 194 cfs/pump. The 
canal level was 1.8 ft. 
 d. With pumps W6-1 and W6-2 operating, measured impeller speed was 290 and 285 
respectively. Static head on both pumps from the piezometers was 10.8 ft. The piezometer 
measurements and the factory test pump curve showed a discharge of 206 cfs/pump. The 
canal level was 1.3 ft. 
 
 At present, the AFM measurements were consistently much lower than discharge 
estimated using the pump curve. The AFMs are scheduled for a check by the manufacturer in 
May 2007.  
 
 Two pumps were present on which the impeller blade clearance was measured. Average 
clearance around the impeller was 0.25” and 0.21” on the two pumps. 
 

 
 

 



 

Introduction 
 
 At the request of the US Army Engineer, New Orleans Hurricane Protection Office 
(HPO), the US Army Engineer Research and Development Center (ERDC) assisted in 
measurements of discharge and head at the London Avenue Canal Interim Pumping Station 
on 19 April 2007. The objective of these measurements was to evaluate the discharge 
capacity of the pumps and the head on the pumps.  
 
 The London Avenue Canal has 6 pumps on the east and west sides of the canal for a 
total of 12 pumps. Four direct drive pumps are being added south of the existing pumps on 
each side of the canal. Once completed the station will have a total of 20 pumps. Pumps in 
the existing 6 pump sumps are numbered E6-1 to E6-6 and W6-1 to W6-6 with the 
northernmost being pump number 1. Each side of the canal has 9-ft-diameter manifold pipes 
that convey water from the pumps to the north side of the interim gated structure. Each 
manifold is connected to three pumps. The manifold outlets on the pumps tested during the 
field study on the east side have been rotated 180 degrees to face the outlet up and the outlet 
has been cut at angle as shown in Figure 1. Rotating the 9-ft manifolds upward insures 
siphonic recovery in the inverted “U” of the 5-ft pipe attached to the pumps E6-1 to E6-6 and 
W6-1 to W6-6. The angled drop of the pipe outlet down to about elevation 6.5 ft reduces the 
head on the pumps while retaining the ability of the 9-ft manifold to flow full and still insure 
siphonic recovery in the inverted U.  
 
 Tests on 19 April were conducted on the West 6 pump platform. All 6 pumps have 
been fitted with a vaned cone connected to the suction bell. The vaned cone was effective in 
almost eliminating swirl and a cone is frequently used to reduce submerged vortices. 
 
Piezometer Readings to Obtain Static Head 
 
 Each pump was fitted with a single piezometer about 1-ft above the grate surrounding 
the pump. A level was used to establish piezometer head elevation in ft relative to NAVD88 
(2004.65). Piezometer readings are shown in Table 1.  
 
Canal Water Level 
 
 The New Orleans District has a data collection system inplace that monitors water 
level at various locations along the outfall canals. Stage data were obtained from this system 
at gages located at the London Avenue Canal IPS and at Leon Simon Drive just south of the 
IPS and are plotted in Figure 2.  
 
Acoustic Flow Meters 
 
 The 9-ft manifold on the west side of the canal connected to pumps W6-4 to W6-6 are 
fitted with an Acoustic Flow Meter (AFM). Discharges measured with the AFM during the 
field study are shown in Table 1. The AFM is located within about 4 pipe diameters of the 
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most downstream junction of the 5-ft pipe and the 9-ft manifold. This is much less than the 
typically required 10-20 pipe diameters and this may be the cause of the erratic discharge 
readings from the AFM.  
 
Analysis and Results 
 

The piezometers and the factory pump curve were used to determine discharge per 
pump and total dynamic head on the pump. The pumps are assumed to follow the pump 
curve developed in the factory tests in November, 2006. Figure 3 shows the factory pump 
curve scaled to various pump impeller speeds. 

 
The TDH is given by 

entrance
ft

H
gA

pumpQcanalofElevpiezometerofElevTDH Δ++−=
2

)(
2

5

2

  (1) 

The pump curve development included the entrance loss at the suction bell that is equal to 
0.23* velocity head in the 5-ft diameter pipe. Equation 1 and the pump curve were solved 
iteratively and computed TDH and discharge are shown in Table 2 for the pump curve 
analysis. 
 
Pump Impeller Blade Clearance 
 
 Two pumps were not installed at the pump station and were positioned such that the 
clearance between the impeller tip and the casing could be measured. Measurements were 
taken at 3 locations on each of the 3 blades of the impeller. Results are shown in Table 3. The 
overall average clearance for pumps 4580 and 4582 were 0.243” and 0.215”, respectively. 
Measurements by John Eller of the HPO resulted in essentially identical measurements 
0.251” and 0.208” for the same two pumps.  
 
Model Tests of Prototype Conditions 
 
 During the field tests, surface vortices were observed at the two locations shown in 
Figure 4. It should be noted that the pump platform grate makes it difficult to see vortices 
near the pumps and that the intent of these studies was not vortex observation. The vortex on 
the northwest side of pump 5 was present for both W6-4 to W6-6 operating and became 
stronger with the addition of pumps W6-1 and W6-2. The additional strength of the vortex 
could also be attributed to the canal level being lower. With the addition of pumps W6-1 and 
W6-2, another vortex was observed on the west side of pump W6-1. 

 
The London Avenue Canal model was run with the conditions that were run in the 

prototype tests. With pumps W6-4, W6-5, W6-6 operating at a canal elevation of 1.8 ft, 
model vortices were observed at the locations shown in Figure 4. The vortex near pump 5 
was the most frequent vortex observed in the model and reached a Type 5 vortex. The 
position of the vortex was close to the position observed in the prototype. With 5 pumps 
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running on the west side (#3 off) at a canal of about 1.6 ft, model vortices are also shown in 
Figure 4. As with 3 pumps operating, the vortex near pump 5 was the most frequent and 
strongest vortex. A less frequent vortex was present in the model near pump W6-1 in the 
same location as in the prototype. Vortices were also observed at other locations in the model 
that were not noted in the prototype but this could have been a result of the observation 
difficulties in the prototype and the infrequent occurrence of vortices at these other locations. 
 
Summary and Conclusions 
 
 A prototype test was conducted on April 19, 2007 to determine head and discharge 
from the 6 pumps on the west side of the London Avenue Canal. These were the first tests 
conducted with the vaned cone attached to the suction bell. Discharge was determined by 
measurement using the acoustic flow meters (AFM) on the 9-ft manifolds and the MWI 
pump curve developed during factory tests in November 2006. Piezometer were installed on 
all 6 pumps to measure the static head on the pump. Pump W6-3 was not used in the tests. 
Test conditions were as follows: 
 a. With only pump W6-4 operating at a measured impeller speed of up to 286 RPM, 
the 5-ft manifold primed. This was notable because this was the first time the 5-ft manifold 
primed when only a single pump was operating.  
 b. With pumps W6-4 and W6-5 running, measured impeller speed stabilized at a 
maximum of about 285 RPM. Static head on the pumps from the piezometers was 10.9 ft. 
The piezometer measurements and the factory test pump curve showed a discharge of 203 
cfs/pump. The canal level was 2.0 ft. 
 c. With pumps W6-4, W6-5, and W6-6 running, measured impeller speed was an 
average of 284 RPM. Static head on the three pumps from the piezometers averaged 12.6 ft. 
The piezometer measurements and the factory test pump curve showed a discharge of 194 
cfs/pump. The canal level was 1.8 ft. 
 d. With pumps W6-1 and W6-2 operating, measured impeller speed was 290 and 285 
respectively. Static head on both pumps from the piezometers was 10.8 ft. The piezometer 
measurements and the factory test pump curve showed a discharge of 206 cfs/pump. The 
canal level was 1.3 ft. 
 
 At present, the AFM measurements were consistently much lower than discharge 
estimated using the pump curve. The AFMs are scheduled for a check by the manufacturer in 
May 2007.  
 
 Two pumps were present on which the impeller blade clearance was measured. Average 
clearance around the impeller was 0.25” and 0.21” on the two pumps. 
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Table 1. Discharge, canal level, and piezometer elevations from field tests.  
Piezometer Elevation, ft NAVD88 2004.65 
(RPM) 

Time Pumps on AFM, 
cfs* 

Canal 
Level 

W6-1 W6-2 W6-
3 

W6-4 W6-5 W6-6 

10:25 4 start  1.9       
10:30 #4  1.75    18.4   
10:31 #4  1.8    19.6   
10:34 #4  1.9    20.65 

(238) 
  

10:36 #4  2.05    20.65 
(256) 

  

10:38 
 

#4  2.2    Pump 
primed- 
very 
erratic 
(268) 

  

10:40 
 

#4  2.2    15.0 
(272) 

  

10:42 
 

#4  2.2    12-14.5 
erratic 

  

10:43 
 

#4 + Start 
#5 

 2.2    (286) 15.1  

10:45 
 

#4&5  2.2    13.1 14.7 
(212) 

 

10:47 #4&5  2.2    13.5 13.5  
10:48 #4&5  2.2    12.5 12.5  
10:49 #4&5  2.2    13.0 13.0  
10:50 #4&5  2.2    12.9 12.9  
10:54 
 

#4&5  2.0    12.9 
(284) 

12.9 
(286) 

 

10:55 
 

#4&5 + 
Start #6 

 1.9       

11:00 #4,5,&6  1.8      15.5 
11:02 
 

#4,5,&6  1.8    14.3 
(282) 

14.3 15.2 

11:04 #4,5,&6  1.8     (284)  
11:05 #4,5,&6 450 1.9    14.1 14.1 15.0 

(285) 
11:06 #4,5,&6 480 1.9       
11:07 #4,5,&6 400 1.9       
11:08 #4,5,&6 430 1.9    14.1 14.3 15.0 
11:09 #4,5,&6  1.9    (281) (283) (284) 
11:10  #4,5,&6 420 1.9       
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11:15 #4,5,&6 480 1.8       
11:16 #4,5,&6 + 

start #1 
400 1.8    14.1 14.2 15.0 

11:17 #1,4,5,&6 380 1.8       
11:18 #1,4,5,&6 400 1.8       
11:19 #1,4,5,&6 455 1.8       
11:20 #1,4,5,&6 500 1.75       
11:21 #1,4,5,&6 455 1.75       
11:22 #1,4,5,&6 440 1.7       
11:23 #1,4,5,&6 390 1.65       
11:24 #1,4,5,&6 450 1.6       
11:25 #1,4,5,&6 420 1.55       
11:26 #1,4,5,&6 385 1.5    (284) (284) (284) 
11:27 #1,4,5,&6 460 1.45       
11:28 #1,4,5,&6 420 1.4       
11:29 #1,4,5,&6 

+ start #2 
450 1.4 19 20     

11:30 #1,2,4,5,&6  400        
11:31 #1&2  1.3 14.0 11.6     
11:32 #1&2  1.25 14.4 12.0     
11:33 #1&2  1.2 12.1 11.8     
11:33:30 #1&2  1.2 12.1 12.1     
11:35 #1&2  1.3 12.1 

(290) 
12.1 
(285) 
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Table 2. Pump Flows and Head on Pumps based on factory test pump curve.  
 Factory Pump Curve 
Pumps 
operating  
(average 
rpm) 
 

Average 
Measured Static 
head at 
piezometers, ft = 
piez el – canal el 
(average of all 
operating pumps)  
        

Discharge/ 
pump based 
on factory 
pump curve, 
cfs 

TDH based 
on factory 
pump 
curve, ft 

4,5 (285) 10.9 203 12.9 
4,5,6 (284) 12.6 194 14.5 
1,2 (287.5) 10.8 206 12.9 
 
Table 3. Impeller blade clearance measurements. 

Clearance, inches Location/pump # 
Pump 4580 Pump 4582 

Blade 1- position a 1/4 1/8 
Blade 1- position b 3/16 3/16 
Blade 1- position c 1/8 1/4 
Blade 2- position a 1/4 1/4 
Blade 2- position b 1/4 3/8 
Blade 2- position c 3/16 5/16 
Blade 3- position a 1/4 3/16 
Blade 3- position b 5/16 1/8 
Blade 3- position c 3/8 1/8 
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Figure 1. 9-ft Manifold Outlets at London Avenue Canal Showing Angled, Upward Facing  
Outlet.  
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Figure 2. Water level in canal. 
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Factory Tests Scaled Up and Down
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Figure 3. Pump curve based on factory tests scaled to various impeller speeds. 

  
Figure 4. Surface vortices in model and prototype. Circle around number is pump number. 
X= prototype vortex of unknown strength. Number without circle is model vortex strength of 
1-6 with 6 being a full air core into the pump intake, 5 being intermittent air bubbles being 
drawn into the intake, 3 being a dye core into the intake.  
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ATTACHMENT #14 
 

FACTOR OF SAFETY 
CALCULATIONS FOR 
HYDRAULIC PIPING 

 



3” ‘High’ Pressure Pipe Design Sheet 
 
Calculations to determine appropriate pipe schedule (using ttotal) for the high 
pressure side of the hydraulic pipe used in the pumping system is based on ASME  
B31.1 (Power Piping): 
 
Operating Pressure:  3200 psi 
Operating Temperature: 160 Fْ 
Pipe Material Spec.:  ASTM A106, Grade B, Seamless Pipe and Tube 
Pipe Size:   3” NPS 
Corrosion Allowance (CA): 0.020” (required by B31.1) 
 
Design Pressure – for this calculation we will set design pressure equal to operating 
pressure – this is not advisable, this is only being done to provide a ‘best’ case scenario. 
Therefore, for this calculation, P = design pressure = operating pressure. 
 
To find wall thickness: 
 
From ASME B31.1-2004, Chapter II, Design, Part 2, 104 Pressure Design of 
Components, Section 104, Pressure Design of Components, Paragraph 104.1.2, Straight 
Pipe, Sub Paragraph 104.1.2 Straight Pipe Under Internal Pressure: 
 
 tmin =  PD  (for tmin < D/6)  
    2 (SE + Py) 
 
S = 15,000 psi  Stress value for material from Table A-1, Basic Allowable Stresses 

in Tension For Metals, ASTM B31.1 (15 ksi for this temp range -
20 to 650 F, Seamless Pipe and Tube ASTM A 106, Grade B) 

 
E = 1.0 Quality factor from Table A-1, Basic Allowable Stresses in 
 Tension For Metals, ASTM B31.1 (seamless pipe) 
 
D = 3.5” Outside diameter of pipe 
 
y = 0.4 Coefficient from Table 104.1.2 A (valid for t < D/6) - temp < 
900 Fْ 
 
A = 0.020 Additional Thickness (Corrosion Allowance) 
 
 tmin =0.344 + Corrosion Allowance of 0.020 =0.364  
 
 t total = t min /Mill Tolerance  of 0.875 
 
 t total = 0.364/0.875 = 0.416 
 
 Therefore,  tmin = 0.416 inches 



 
Determine the appropriate Pipe Schedule from table:  for 0.416” wall thickness, XX 
Strong (0.600”) – (Schedule 160 = 0.438” wall thickness; Schedule 80 = 0.300 “…) 
 
 
 P =  2SE (tmin – A) __________           (for tmin < D/6) 
   D -  2y (tmin  - A) 
 
  
Using P = 3200 psi and tmin = 0.243 for Sch 80 Pipe, the Stress (S) Value can be 
determined, therefore 
 S =  21,800 
 
You take Tensile Stress which is 60,000/21,800 = 2.75 which is the Safety Factor for  
Sch 80 pipe per ASME B31.1. 
 
Conclusion is piping does not meet the requirements of ASME B31.1 which has a safety 
factor of 4. 
 
Contract by the Government is Deficient; Piping that was specified has no mention of the 
grade of pipe, design pressure of the system or required safety factor.  Recommend 
determining the transit pressure over time during start up to measure peak pressures to 
determine if the system is being shocked or hammered by quick closure of the valve as 
designed to allow by passing of the oil until it reaches a certain pressure then is allowed 
to go to the hydraulic motor located near the water pump.  Had the clutch system as 
required by the contract been provided this would allowed for a smooth start up of the 
system.   Bottom line is the Government willing to have the system operate with a factor 
of safety of 2.75.  A typical hydraulic system designed to COE standards would have 
required a factor of safety of 6.  Have an experience individual involved in hydraulics to 
determine if the system is without being hammered and determine whether the system as 
built will be alright to operate with limited usage and time (since the pumping systems 
are suppose to be temporary in the area of 5 years is what has been stated). 
 



COMMENTS AND CALCULATIONS FROM A/E USING ASME B31.3 
PROCESS PIPING WHICH WAS DETERMINED TO BE IMPROPER 

FOR HIGH PRESSURE HYDRAULIC PIPING SYSTEM.  THIS WAS 
PREPARED BY AN A/E FIRM HIRED BY TASK FORCE GUARDIAN 

 
 
From the table on "ASTM A106, API 5L and ASTM A53 Seamless Carbon 
Steel Pipes - Pressure and Temperature Ratings" available at 
http://www.engineeringtoolbox.com/astm-steel-pipes-pressure-
temperature-d_742.html we obtained the following information: 
 
Pipe Size (Nominal Diameter) = 80mm (closest to 3.5") 
Schedule No.    = 80 
Wall Thickness    = 7.62mm = 0.3" 
Operating Temperature (max.) = 205 degrees C = 401 degrees F 
Maximum Allowable Stress  = 137800 kPa = 19981 psi 
Maximum Allowable Pressure = 21968 kPa = 3185 psi 

 
According to Jim Endres with MWI, expected maximum pressure during 
priming is 3,200 psi, which is nearly equal to the Maximum 
Allowable Pressure. 
 
 
From the ANSI B31.3 (Chemical Plant and Petroleum Refinery Code) 
 
   P do
tmin =   --------------- + tcorr  = 0.26” + 0.05 = 0.31” 
  2(S’E’ + Y’P) 
 
Where,  
tmin = Minimum wall thickness required (in) 
tcorr = Mechanical, erosion, or corrosion allowance (in), typically 
0.05 in.  
P = Design pressure (psig) = 3,200 
do = Outside diameter of pipe (in) = 3.5 
S’ = Allowable stress in pipe material (psi) = 19,981 (see above) 
E’ = Longitudinal joint factor = 1.0 for seamless pipe 
Y’ = Temperature factor for ferritic steels = 0.4 for T ≤ 900 ºF 
 
As this is an interim structure expected to be operational for 
only 5 to 7 years and is not in a harsh corrosive environment 
typically present in chemical plants and petroleum refineries, a 
corrosion allowance of 0.04” instead of 0.05” could be considered. 
However, if these pumps are to remain in service over 5 years, 
then anti-corrosion measures should be implemented. 
 



As per Section 11311, paragraph 2.4, which states “Both supply and 
return piping shall be sized by the pump manufacturer…” This 
paragraph also specified Sch. 80 pipe which was prepared in 
consultation with MWI for their expertise in this area.  
 
Based on the above observations and Jim Endres’ (with MWI) email 
dated May 18, 2006, we believe that the 3” diameter Sch. 80 
seamless black steel pipe is adequate for the hydraulic conduits 
for the hydraulic pumps at the 17th Street Canal Interim Pump 
Station. 
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Factory Dry Test 


The following Procedure is applicable for the following temporary pump stations: 
• 17th Street Canal 
• London Avenue Canal 
• Orleans Avenue Canal 


 
Scope: 


• All the safety shutdowns for the engine and hydraulic system will be tested. 
• The hydraulic pump drive gear oil circulation pumps will be tested for proper operation. 
• The hydraulic relief valve will be factory set for bypass pressure and tested for proper operation. 
• All drive units will be statically tested for hydraulic oil leaks. 
• Water pumps and drive units will be dry tested under no load as a system up to full engine speed to 


verify propeller speed. 
• All water pumps will be individually static tested for hydraulic oil leaks. 


 
Procedure: 


1. Add diesel fuel to drive unit day tank to operate all the dry tests and the water load test. 
2. Perform all pre-start checks; engine coolant and oil level, hydraulic oil level, gear oil level, etc. 
3. Open the hydraulic loading valve and start the diesel engine. 
4. Test each of the engine and hydraulic system shutdowns to verify that when tripped the engine is 


stopped.  Restart the engine after each test with the hydraulic loading valve OPEN. 
5. Restart the engine with the hydraulic loading valve open and test the hydraulic pump drive gear oil 


circulation pumps for proper rotation and verify gear oil level in the hydraulic pump drive sump, 
transfer pump, cooler, and related plumbing. 


6. Restart the engine and slowly close the hydraulic loading valve.  Increase engine speed as required to 
avoid stalling until the loading valve is closed.  Increase the relief valve setting to maintain a hydraulic 
system pressure of 3200psi. 


7. Check hydraulic plumbing on the drive unit for leaks and repair if required. 
8. Stop the engine and connect the hydraulic hoses to the Restart the engine and increase engine speed to 


1800 rpm and slowly close the hydraulic loading valve; this allows the water pump propeller to spin.  
Verify propeller speed with a tachometer water pump and drive unit. 


9. . 
10. Inspect the low pressure plumbing on the drive unit and water pump for leaks and repair if required.  


Open the hydraulic system loading valve and stop the diesel engine. 
11. Block the propeller blades to prevent the propeller from spinning.  Restart the engine and slowly close 


the hydraulic loading valve.  Increase engine speed as required to avoid stalling until the loading valve 
is closed; hydraulic system pressure will be 3200psi.  Inspect the water pump high pressure plumbing 
for leaks and repair as required. 


 







Factory Water Performance and Load Test 
1.0 PURPOSE 


The purpose of this document is to outline the test procedure and show compliance with the Hydraulic 


Institute Standards and project specifications. 


 


2.0 REFERENCES 


Tolerances, calibrations, and guidelines for testing are in accordance with the Hydraulic Institute Standards, 


ANSI/HI 2.6-2000, Vertical Pump Tests. 


 


3.0 SCOPE 


All water pumps will be tested in an open pit test tank driven by an arbitrary drive unit.  All drive units will be 


tested to full speed with an arbitrary water pump for load.  Verification of water pump performance will be 


demonstrated by measuring the water flow delivered at the given test head.  The water pump and drive unit 


will be run for a minimum of one hour at full speed to verify mechanical integrity of the two components.   


 


     3.1 PROJECT / PUMP DESCRIPTION 


 Project Name USACOE Emergency Procurement - 17th St Canal / London Ave / Orleans Ave  
 Description Diesel powered, hydraulically connected, axial flow water pump 
 Pump Model HAC360P0 
 Design Point 98,000 gpm @ 12.14 ft TDH 
 


4.0 PROCEDURE 


Install the pump as shown in the attached drawing.  Connect the hydraulic power transmission hoses to the 


water pump and the drive unit.  Check engine radiator coolant level and adjust if required.   Check engine oil 


level and adjust if required.  Check gear drive oil level and adjust if required.  Check hydraulic tank oil level 


and adjust if required.  Open the hydraulic loading valve.  Start the diesel engine and engage the loading 


valve.  Add more throttle as required to avoid stalling until the loading valve is closed.  Increase the throttle 


setting up to full speed.  Insert the pitot tube into the water discharge and bleed the lines back through the 


manometer.  Measure and record the manometer differentials as the pitot tube is traversed across the pipe.  


Measure and record the static head.  Measure and record the engine speed and hydraulic system pressure.  For 


the first two pumps tested, adjust the test tank water level for seven different points to create a capacity/head 


curve.  After verifying consistency between multiple pump curves, the remaining 32 pumps will be tested by 


maintaining a steady head at the high operating point for 60 minutes while monitoring the system for leaks, 


high temperatures, low pressures, etc to verify mechanical integrity of each component.   Capacity and head 







data will be collected for all 34 pumps.  Each pump will be furnished with the table ”Summary of Necessary 


Data” as shown on page 14 of HI 2.6 – Vertical pump tests. 


 


5.0 TEST RESULTS / CONCLUSIONS 


The pumps were performance tested under controlled conditions at the MWI Corp., Deerfield Beach, 
Florida.  The tests were conducted the month of April 2006 and witnessed by      and        .  The design 
point of 98,000 gpm at 12.14 ft TDH was demonstrated. 


 


 


6.0 TEST INSTRUMENTS 


Measurement Instrument Manufacturer  /  model  /  type 


Water Flow Rate Pitot tube w/ Inverted U-type manometer 
and retractable tape Meriam Instruments 


Water Pressure 
Static head 


Pitot tube w/ Inverted U-type manometer 
and retractable tape Meriam Instruments 


 


 







7.0 SAMPLE CALCULATIONS 


Static Head Pressure (Pg) =  74+70 inches 


Manometer/Pitot tube Readings =  24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3, 24.3 inches 


 


Water velocity  =  ( ) 4.6412/readingtubePitot  =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 


 =  ( ) 4.6412/3.24   =  11.4 ft/sec 
 


Average Water velocity (V)  = ∑ velocitypt
10
1


 


 =  (11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 + 11.4 +11.4 + 11.4)/10  =  11.4 ft/sec 


 


Water Flow (gpm)  =  
4085.0


* 2DiaV
  =  


4085.0
25.59*4.11 2


  =  98000 gpm 


 


Velocity head (Hv)  =  
g


V
2


2


  =  
4.64


4.11 2


  =  2.03 ft 


 
discharge pipe friction Hf = k*Hv    =  0.1 * 2.03  =  0.2 ft 


 where “k” is the friction coefficient. 


 


TDH = Ps/12 + Hv + Hf  =  (144inches)/(12in/ft) + 2.03 + 0.2  =  14.2 ft 


 


Water horsepower (WHP)  =  TDH*Flow / 3960  =  14.2 * 98000 / 3960  =  351.4 hp 


 


Pump input power (BHP) = (hyd press )*(hyd oil flow)*(hyd pump eff)*(hyd motor eff)*(hyd line eff)/1714     


 =  (2980) * (328) * (0.90) * (0.90) * (0.95)  /1714=  439.3 hp 


 
Pump efficiency  =  WHP / BHP  =  100 * 351.4 / 439.3  =  80.0 % 


 








The following Factory Dry Test Procedure is applicable for the following temporary pump stations: 
• 17th Street Canal 
• London Avenue Canal 
• Orleans Avenue Canal 


 
Scope: 


• All the safety shutdowns for the engine and hydraulic system will be tested. 
• The hydraulic pump drive gear oil circulation pumps will be tested for proper operation. 
• The hydraulic relief valve will be factory set for bypass pressure and tested for proper operation. 
• All drive units will be statically tested for hydraulic oil leaks. 
• Water pumps and drive units will be dry tested under no load as a system up to full engine speed 


to verify propeller speed. 
• All water pumps will be individually static tested for hydraulic oil leaks. 


 
Procedure: 


1. Add diesel fuel to drive unit day tank to operate all the dry tests and the water load test. 
2. Perform all pre-start checks; engine coolant and oil level, hydraulic oil level, gear oil level, etc. 
3. Open the hydraulic loading valve and start the diesel engine. 
4. Test each of the engine and hydraulic system shutdowns to verify that when tripped the engine is 


stopped.  Restart the engine after each test with the hydraulic loading valve OPEN. 
5. Restart the engine with the hydraulic loading valve open and test the hydraulic pump drive gear oil 


circulation pumps for proper rotation and verify gear oil level in the hydraulic pump drive sump, 
transfer pump, cooler, and related plumbing. 


6. Restart the engine and slowly close the hydraulic loading valve.  Increase engine speed as required 
to avoid stalling until the loading valve is closed.  Increase the relief valve setting to maintain a 
hydraulic system pressure of 3200psi. 


7. Check hydraulic plumbing on the drive unit for leaks and repair if required. 
8. Stop the engine and connect the hydraulic hoses to the water pump and drive unit. 
9. Restart the engine and increase engine speed to 1800 rpm and slowly close the hydraulic loading 


valve; this allows the water pump propeller to spin.  Verify propeller speed with a tachometer. 
10. Inspect the low pressure plumbing on the drive unit and water pump for leaks and repair if 


required.  Open the hydraulic system loading valve and stop the diesel engine. 
11. Block the propeller blades to prevent the propeller from spinning.  Restart the engine and slowly 


close the hydraulic loading valve.  Increase engine speed as required to avoid stalling until the 
loading valve is closed; hydraulic system pressure will be 3200psi.  Inspect the water pump high 
pressure plumbing for leaks and repair as required. 












