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JOHNSTON PUMPS .
’ 800 Koomey Road . Tel: (8D0) 926-66588
r Braokshire, TX 77423 Fax: (281) 934-6056
Comments on Short-term Dry-fun |
-t ﬂt!mimr B Cusfomer . ° - NPPD = Cooper Nuclear Station AI
Bump.Skzo andWods) | B 2800 1-5TG “Project Mafidner . ' | JaryHamelson :
1. Introduction

The purpose of this report is to provide comments to the following question:

Given conditions that existed at Coopet Nuclear Stanon(l), will the Service Water' purmps(2) continue to fuuctlon
48 hours after Gland Water flow is reduced to zero flow for 90 minutes and then restored to normal'? '

(1) During January 21, 2004 - February 11, 2004:

‘River water level 875.5 MSL - 877.5 MSL.

Service water temperature <45°F.

Pump running at capacity (5500 gpm). o
Average discharge pressure 50 psig average. '. o
Gland water flow ~6-8 gpm to the enclosing tube {16-24 psi). , h '
Vibration (IS'I) nommal.

(2) Byron Jaclcson 28KX1. 1-Stage VCT pumps with 1180 rpm, 300 Hp Mortors

The followmg material conditions existed es of February 2003: 1). New pump assembly, pachng, coupling,
shafts, cutlass bearings, and impeller. 2). Rebuilt outer column, discharge nozzle, regxstcrs, and spldcr bushmg
SUpports. ,

2. Discussion
Background

The function of the Gland Water flow is to provide clean water lubrication to the pump ’s stuffing box area, and
column bearings during the pump operation. . _

In vertical pumps, the column bearings provide “bumper” bearing support. Due to neghglble pressure dxfferences
across the bearings, they do not behave as typical hydrostatic bearings. However, a thin fluid filtm between the
bearing and the shaft results in some bearing dampmg and fluid stiffness. , _

For the subject pumnp, at the given river level, if the gland water flow is stopped, the top 7 bearings (mclndmg the
stuffing box bearing) would not receive the lubrication. The bottom § bearings (3 bottom column bearings and 2
bowl bearings) would be submerged in the pumping fluid. .

" In order to provide the answer to the posed question, we undertook the following steps:
T BpareaBy. | . GheikedBy | ReporiNo. | Date | Revision [REV.Dale]. - BB
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JOHNSTON PUMPS
' [ 800 Koomey Road ) Tel: (800) 926-6688
r Brookshire, TX 77423 Fax: (281) 834-6056
Comments on Short-term Dry-run
(. det Number . “Cugtomer:: " -.] NPPD—Coopar Nuctesr Station
PhifpoSiee and Modef . i 842604 1576 [ProjectMangger . ] Jery Harkon I

1. Technical assessment by the Johnston Pump engineering staff.
2. General review and study of the field repair history of similar cases.
3. Rotor dynamics analysis. - - :

2.1 Technical assessment

After the gland flow is stopped, the packing box area will pot receive proper lubrication and cooling flow, and the
top 6 colunn bearings will not receive lubrication. The packing box bearing will heat up due to contact from the -
shaft. The effect of this could depend on the amount and force of the contact with the Yotating shaft, If the shaft
rotates without much wobble, it is conceivable that damage to the bearing or shaft can be minima). If the shaft
contacts the stuffing box bearing constantly, the packing gland will get over-heated and dry, and the bearing
clearance will increase. } o ,

A typical vertical shaft is in tension and, in theory, it will-rotate freely without any contact if the alignmentand | !
register fits are true and no manufacturing and machining tolerances exist. In real operation, however, the residual |
. imbalance of the rotor, some hydraulic unbalance, allowable manufacturing tolerances, and the nehiral frequency

of the rotor could cause the rotor to wobble and contact the colurun bearings. If lubrication 1o the bearings is not |
present, we can foresee local heating of the rubber bearings and weakening of the rubber material. The constant

conitact with'the shaft could result in loss of the bearing material. The severity of the thateria! loss would highly
depend on the niature 2nd amount of contact. However, we do believe that in general the bearing clearances will
increase significantly due to the contact of the shaft. . L

When the bearing clearances increase, the pump can experience higher vibration of the pump shaft and possibly
the pump structures in general. The severity and effect of the vibration are difficult to predict, but a catastrophic
pump failure within 90 minutes of operation without the gland water supply and subsequent 48 bours of operation
with the gland water supply is not likely to happen due to the vibration from increased béaring clearances.

There is a remote chance of a pump shaft seizare when it is operated without hubrication against rubber bearings.
However, the probability of a seizure is very Jow if the pump does not have to stop and restart. ’

2.2 Field repair history

We were not able to locate any written repair report that dealt with the exact nature of this case. No record was
found where the exact duration of the dry-running was documented. Our assessment was based on verbal
communications with various Johnston Pump service centers. Jn most cases, operating pumps without lubrication
to the rubber bearings resulted in severe damage to the column bearings and shafis. In some cases of pump
failure, the shaft was seized, but the duration of the operation seemed to have been longer than a day or so.

Mike Cugat JPO4-D 071804 00
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JOHNSTON PUMPS .
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r Brookshire, TX 77423 Fax: (281) 9346056
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{‘Purp.§i2e and:Modg]. _ . | 828100 1-ST6 ‘ProjectManzger . . - | JemyHarielson

Our interviews with senior field service technicians resulted in similar conclusions. In their experience, when the
gland water supply is stopped, the rubber bearings get over-heated, and in some cases they have seen smoke
coming out of the column. In most cascs, the pump will begin to vibrate, and cventually it will be pulled for a ,
repair. There were some cases where one or two bearings were completely damaged and pumps opcratcd for over
48 hours. The general opinion of the service technicians is that the pump could have sutvive thé 90 minutes of
dry-operation though the bearings mey have gotten severely damaged, and operation of the pump ‘for the
subsequent 48 hours with re-introduction of the gland water supply would have been poss1ble

23 Rotor dynamxcs analysxs

We beheve that the loss of gland water supply will cause loss of bearing dampmg effect (by losing the fluid ﬁlm
between the bearing and shaft) and could open up the running clearances (which will cha.nge the bearing -
stiffness). Ia order to study the rotor dynamics behavior in more detail, we conduct,od 2latera) rofor dynam:cs '
analysis, (report JP04-18). ‘

Due to time constramtb and the unavaﬂabﬂny of some pertmcnt geometry mform'mon (1 €, motor rotor dettuls)
we hadto use th:s study dﬂngenﬂy Om' coucluslons from thc analysxs arc as follows ‘ I
. It is qmte typn.al fm a vcrtwal punp rotox system to have a numbe;r of critical speeds ¢ that are close to the
excmﬁxon frequency. Such a case was proven to be true in this analysis. In this study, we  fofused onthe
modal shapes of the rotor in order to study the effect of the shaft and bearing contact. *
. Thc baseline analysis (pump in normal operating condition with gland water supply) mdmated that there i is
_indeed & natural frequency mode within 4.5% of the running frequency. The mode shape, hoviever, )
indicated that the shaft and the inner column deflect in the same phasc providing a non—contactmg modc
{refer to reporz JP04-18).

. » The worst case anatysis (pump without gland water supply and assuming all 7 top bearmgs are lost and do
not provide any bearing support) indicated that a higher mode natural frequency is near the running speed
(within 6 %), and that the deflection mode of the shaﬁandmnercolumnarcnotmthe samcphase This
would indicate & contact between the shaft and bearing, and that severc damages to the bcanngs can be
expected.

* Based on the mode shape analysis, we believe that the worst case scenario would not happen during the
pump operation. The mode shape indicated that two bearings may have come in severe contact wnh the
- shaft, but not all dry-rupning bearings would have been damaged.

Our conclusion based on the rotor analysis is that when the pump is run dry some shaft contact with the beanngs
will occur. Based on the modal shape in the worse case scenario, we believe that contact will be madc on some of
the bearings, but loss of all column bearing support is not likely to happen.

Based on the roodal shape analysis, the innet column mode shape was detected near the running speed. If the
inner colwnon fails, the result could be a re-supply of the lubrication to the cohunn bearings as the discharge

E Pl’eb’ared By j GhECkeﬂ By " RépoitNo. | Date Revislon ’Rew Bate~§; e Rmﬁy
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JOHNSTON PUMPS :
' 800 Koomey Road Tel: (BOD) 926-6688
r Brookshire, TX 77423 . Fax: (281) 834-6056
Comments on Short-term Dry-run
tdobNuniber - L ‘Customer. =% - . i* '] NPPD - Cooper Nuclsar Station
[*Panip:Sizé and WModei' . | 8J28K0.1STG Project. Ma_gor .- | Jemy Haraison

pressure pushes the fiuid into the columon. This would become somewhat beneficial in this case (depending on the
nature of the failure), as it would introduce the lubrication and damping back to the column bearings.

3.0 Summary and conclusions

Tt is general kmowledge and recommended practice never to operate a vertical pump with rubber bearings without
proper fubrication. We wish to clearly state that the evaluations and statements of this report rtf:.gardmg this issue
does not change such visws. We also wish to state that the statements and summary of this report are intended
only to share our views on this particular operation case, and we do not recommend or accept eny future operation
of the pump witbout the gland water supply for any length of time without a change to the ex:stmg pump bearing

- design.

- Cur database scarch ‘and study of past field sexvice records (written and verbal) did show that some damage to the |
bearings and/or shaft can occur due to the lack of pump gland water supply. However, we do not have copclusive
| data which mdhcatcs & catastrophic pump failure would have resulted within 90 minutes of opcmﬁon without the |
| gland watex supply and subsequent 48 hours with re-supply of gland water. Our rotor dynamics analysis mdmated

« | -thatitis lnghl‘y unlikely to damage. sll tep rubber bearings subjected to thc dry-rummg condmon ‘

We believe iha* given the ample mntor horsepower and the good existing maintenance practice in thlS cass
-(elignmoent, good fits and registers, etc.), the pump could have survived the 90 minutes of “dty™: opemhon Whien |
- the gland water supply was re-introduced, the pump could have operated (possibly w1th }ngher vxbratlon and some(

damaged bearings) for an addmonal 48 hours. . ‘ : o

'-.. .
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Nirmal Ganatra Ex,
MS, BT ) é

Experience

Flow Products, Inc.

March 2002 - Present Design Engineer Erockshire, TX

Responsible for the development of custom-engineered Vertical Pumps by performing Emlneedng Analysis and Design

Including:

. lysis including lateral & torsional natural frequency and mode ehape analysis, torsional forced responsa
ana!ysis for VFD applications and shaft-life determination through transient lorgional analysis

. 8 Is Involving calculations for delermining static atresses and dsflected shapes, stmctural nefural
irecpenaes and mode shapes, ele.

- Computational Flutd Dynamics Analys's for the design and corection of sumps under adverss flow conditions

. m@m Measyrement using aeoelaroma\ers. proximity probes, QROS vibration equipment and traditional vibration

. mﬁgﬁ__m Possess & solid base in the development of Paramstric Drawings uslng the Excel-fo-Mode)

neration of Bills of Materigls and Part Drawings to process orders for Vettical Pumps
Imbonwﬁinery tory - Texas A&M University ' ' ‘
X August 2000 - March 2002 + Graduate Research Assistant Chilege Statio; TX
Developed codas using Exce! fo be incorporated inta XLTRC-Torsion, a sulte of Computer Codes for Jorsionsl

Analsis ol long drive trains. The research project was supported by the Turbomachinery Rasearch cOnsorwm (TFIC) at
+ Texas ASM Unwersny

2 .

u«mﬂmnﬁ,‘ .
“Jund 1988 - .z:..tyzooo - AutvmaﬁonEmhea' Navi Murnbal; 14y

Performed Dasign Calculations and Computer Programming In C++ fasilitating customization of Data Acquisitior (DAQY
Svstems for pedorm!ng tests on Turbines, L.C. Engines and Pumps for Real-Time Control of Tnstmg and Dlspiay of Rissus.

Wumpas&mmnmmmd R
June 1897 - Gune 1699 Engineering Tralnee Navl Minbal, india

Underwent two year part-ime training in the Design and Manyfacturs of pipes, pressure vessels and other Tabncation wo:k
underteken by the company.

-

Educatlon
The Univarsity of Texas at Arlington
Expected Graduationi May 2006 Measter of Business Administation [Online) Aington, TX

The University of TexXas MBA Online program Is a unique eoflaboration among eight UT component universities that offer
IntaracthreWeb—baseﬁcourses These courses can be efiectively pursued from any part of the world. .

exas ASM University , : : ’ '
May 2003 Master of Science . College Statlon, TX
Majored in-M ical Engineering with 8 GPA of 3.59/4.00. Research on Torsional Vibration Analysis included authoring a

thesls entitied “Validation of Computer-Generated Results with Experimental Data obtained for Torslonal Vibration of
Synchronous Motor-nriven Turbomachinery®.

Unlvusﬁu‘l Mumbal 8(‘ é
Bachelor of Engineering (Mechanical) Mumbal, India
nanked Eistin the College with 74.32% marks and S!xth in the University among 642 students {o recelve & “First Class with
ion”.
K. J. Somalya Polytechnlc S 6'( é
Diploma In Mechanical Engineering Mumbal, India ¢

in the Dept. of Mech. Eng. among 72 students, while scoring 74.08% marks and receiving & “First Class®.
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Selected Projects

» Dosign Project for Schiumberger Limited: "Design of an electrically operated valve for regulating pressurized fiow in the
Modular Dynamic Tester (MDT)", conducted as a part of the Advanced Computer-Aided Enpineering course at Texas ASM
University during Spring 2001.

« Fabrication of a Pelton Whes! Test Rig with Complets Automation of Testing on it: Final y2ar Bachelors’ project conducted
while at the University of Mumbal,
Computation Skills

- Enginesring Software: XLRotor, XLTRC?, SolidWorks, CosmosWorks, Pro/E, AutoCAD, CFX, Algor, Map!e, MathCAD
- Programming: C/C++, BASIC, Visual Basic, VBA-Exce! '
- Web-page Developinent Software: Java, HTML, FrontPage, Adobe PhotoShop

- Datebases: Oracle, FoxPro, dBase

Recent Courses Attended

- The Relationship of Vibration to Problenis in Centrifugal Pumps — 20th intematlonal Pump Users Symposxum,
Turbomachinery Lab, Texas A&M Universily, Gollege Station, TX, March 2003.
- CFX-5 Introductory Gowse AEA Technologies Engineering Software, Inc., PRisburg, PA, January 2003. -

Affitiatlons
g‘nugrben Society of Mesharica! Engineers, Phl Kappa Phi Honor Society, tndia Business & Teutmology Comsortium, Lions

4

Publication

" Qanatra, MX., Patrikar, S. M., Kutkarni, S.Y., Rodrigues, A.D.J. Wagie. $.5., Wagle, S.S., "Constahl Speec Test on &
Coniputerized Petton Whee! Test Rig™, Prowadings ot the 26th National Conference on Fluld Med"sanh:s and-Fiuid Power,
!TT-Kmremu' mm 1299,
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Lanka Pannila P.E.
Flow Products Inc. & x. A

Office 281 93;‘;';9 Ipannila@flow-products.com

EDUCATION:

- B, S. in Mechanical Engineeting niversify-of Peredeniya, St Lanka & &
M.S. in Engineering & Technology 1991 to 199 hio University, Athens, OH. -

“Professional Engineer, State of Ofegon. - '

. RY OF QUALFIC :

BSME and MS in Mechanical Engineering.’ '
Extensive experience with API pump design, testing and troubleshooting.
" Extensive expetience in boller feed, pipeline, circulator & booster pump design.
‘erticol und horizontal pump application experience.. - :
AP, ASTM, ASME, i, AWWA, UBC, OSHA specificalion experience. o
Extensive experience In FEA, 3D solid modefing and design oplimization. Lo I
Rotor-dynamic analysks and vibration analyss. : T
Procuct design, development and cost reduction.
Project management and team leadership.
Hyiraulic, electrical, foundry and computer experience.
Worked as a discussion group leader at Pump Symposium

. ey ey w e

JOHNSTON PUMP CO. (Dlv. of flow Products jnc.)
neerin aQ Aptil o Present

Flow Product’s Johnston Pump division make large verlical pumps for power,
gas. petrochemical and municipal markefs. As the engineering manager. lam
responsible for verlical pump design work, new product development,
worldwide technical support, test lab and service center support. |- supervise a
team of 10 engineers and 3 field service technicians. During last twelve months, |
have improved on fime delivery of engineering design from 50% to 95%. reduced
englneering errors by 70% and reduce engineering cost by 16%. !

) frained engineers to perform advance analyses and efiminated sub confract
work. Infroduced 3D modeling In place of 2D drafiing. Standardized fabricated
components and designed parametric drafting fools to reduce cost. Reduced
casting costs by using new designs and offshore foundries. Helped business’ unit
to win large orders by providing new product designs and proposak. 1 improved
work quality and responsiveness to our customers, business unil, machine shop,
and test lab. | hired talented engineers and responsible for fralning & mentoring.
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1 reduced field service problems by initiating comective actions to prevent re-
occurrence. Helped service centers with technical support in repairing vertical
and horizontal pumps. Trained service center personnel and provide technical
support on horizonta! pump repairs for them to break in to horizontal pump repair
business.

introduced a aew circulalor pump with low shut off head to the mquet.
Infroduced a new method to analyze large sumps using CFD Instead of
expensive and time-consuming model tesfing.

H M PUMP CO. (Div. O} How Producis 1

Senloi Destan Engineer; Auq 1998 fo Apifl 2000

| supportect the design-engineering group with advanced caleulations such as
lateral and torsional ciifical speed, structural natural frequency, pressure
boundary ete. and helped with design reviews. Designed vertical pumps to meet
" APl and H dandards. Supported field service dept in rectifying field probléms,
field modifieationt and fo find the best cotrective action. Infroduced a novel
,nethod fo accurately predict discitorge head -natural frequencies. Supported
=+ iab on difficult vibrafion and hydraulic pxadormance problems. Helped sales

nnglnee.«‘ and +sfomers with. maposu!s and application engineering probiemﬁ'ﬂ '

Qﬁv{d Brawn Pumps
Eﬂu.nfagsné_-anﬁm_.?_ﬁo 1998 ]

§ 5\#05 mesponsible for large pm]ects includmg engmeering ond oro]ect
'monagemenf. Designed horizonial multisiage pumps tor API market. Performed

NO. 9S40

B

......

all calculations {o design pump-shafls, . base plates, pressure containing parts © -~

and wyofe specfifications for buy out parts such qs lube systerns, mechariical~

seals, turbines motars, gear boxes, switch gear and Instrumentation. Rescived - -

manufac.tunng problems and performance test isues. | designed pumps for

Sxon Diana Proiecf and was responsible for the complete project. For' this '.'_

praject | designed 4, 13 sig.high pressure pumps from scrateh, APl lube system 3
point mount base plate for floafing applications. Comrected bearing
housing/base plate resonance vibration problems encountered at lab teshng

Desighed il pumps for Exxon Baton Rough refinery upgrade project. Desngned

mangfactured and supplied 4 new pump units and upgraded several enshng.

pumps o obtain higher capacity.

| perfomed pump testing and comecled mechanical and hydraulic test

problems. Helped after market team with engineering caleulations to re-?cte '

existing pumps.
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Sulzer Pumps
ect Engineer:1995 7

Performed torsional ond lateral critical speed calculations for horizontal and
vertical mulfistage pumps. Fdesigned boiler feed, pipeline and transfer pumps to
APl 7t edition. Designed new, cost effeclive base plates for process pumps to
satisfy APt 1X and 2X nozde loads. Performed structural and natural frequency
analysls for pump components using ANSYS finite element software, | comected
difficult field and test vibration test problems. Worked on a special cosl
reduction team 1o reduce MSD pump line's .cost by 30%. Wrote engineenng
. procedures and standards.

Dovid Brown Pump L : |
_ Desian Engineer: 1993 to 199 |

' Designes:x multistage honzonial and vemcal cenfnfugal pumps per APl und

NO.948 D@14

= auslomer speciiiontions. Dewigned ol components, prepared bil of matérials ‘_:,,‘ i

and specifications for buy wut parts. Performed witness performance testing,
Ménaged iwojects from start to end and attended technical/scheduling *

me.a;mgs wiih customers, Witnessed buy out part testing such as mots gears ¢ - SRRy

and turbines. Design spreau siieels $o ‘parfomn pressure boundary calculahons'.
. Y5t colculations. etruc'turol colculahons eic.

"5
i

*!

\

Rgsecﬂc r 1 . : =

Worked on Ohio Department of Tronsportation (ODOT) funded project to find the
teasublltty of using solar energy in highway rest areas. Instalied solar collectors,
associafed equipment and data acquisﬂlon system. Monitored 2 test areas and
colleciiad data for a year. Simulated the solar system using TRANSYS computer -
code und validated test data. Submitted monthly progress reporls and ﬁno! o
rec: ommundahons o ODOT,

)| Colid. 1 1
g__g_mg_!__ag[ [ Senior Eng;l_'qeer / oundry Monager

Dés!g’n'ed selff and non-self priming cenftrifugal water pumps for agricultural
industry. Developed a computer program to generate vane profiles of impeller
ond volute vanes. Designed paddy threshers and transplanters. Re—organlzed
managed company's cast iron foundry for a year.
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Moetdlix Engineering Co, 1983 to 19985
velopment Engineer

| designed molor control center, maln control panels large industries vsing
Klockner Mouler switchgear. Design and developed a new aqutomafically
.confrolied power factor correction capacitor bank to reduce kVA with varying
power demand. - :

COMPUTER EXPERIENCE:

v

analysis to the present company. :
Highly experienced with COSMOS and ANSYS finile element software.
XLRotor rotor dynamic analysis software.
Proficient in Excel, Lotus, MS Word, MS Project, Outlook and Front Page.

- Mictosoft NT, 98 & DOS, Unix and YMS experience.

O

- VWYY VY

: Flow ‘Marks computationot fluld dyndmic (CFD) software. ol

Proficient and tralned Solid Works user. Infroduced 3D modeling and FEM -
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Experience

Flow Products, In¢., Johnston Pump Company, TX: Aprit, 2003 - Present
Sonlor Hydraullc Engineer, Engineering Group

Flowserve Corporation, Pump Divislon, Vernon, CA: June, 2002 — NMarch,
2003
Supervisor, Englneering Il / Product Enginesring

Rationalize engineering design standards from former IDP 2nd Flowserve.
Perform product cross training.

Coordinate engineering improvements and creats bulleting and procedures
to establish best practices. : ) _

‘Reduce 20% of engineering lead time implementing design standards for the
different product fines and continuous training. .

Reduce 20% number of errors from last year, by the automation of
engineering calculations and creating a database of design practices to help
order processing. -

Orive CIP (continuous Iiprovement process) throughout enginesring,
identifying opportunities for improvements and astablishing metrics.

{dentify and Implement cost reduction opportunities In the different product
fines from feedback of vendors, manufactunng, supplier chain, quality, test
department and custnmer service.

Flow Producty, inc.. Johnston Pump Company, TX: June, 2001 - Jure, 2042
Sanior Hydraulic Enginear, Engineering Group

2

Was directly responsible for pump hydraulic design, development,
performance, and test department technology for Joinston Pump Company.
Supervised test department engineering group.

Provided engineering support to project engineering group, service centers,

" field services, Project Managers, Applications and Engineering, end Sales

Enginaers.

Used CFD codes (CFX-TASCFLOW and CFX-5) to improve, analyze, and
support engineering and sales. :

Supported monthly shipment goals with pump 1% time pass efforts (Improved
1% time pump test pass rate from 64% to 84%.) ' ,

.Flowsenm Corporation, Pump Dlviélon, Vemnon, CA: 1938 — 20ﬁ1

Praject Engineer, Technology Department: 1996 — 2001

« Managed project engiheering, schedules, and budgets. Prepare and submit

status and progress reports as required.

Performed engineering design reviews, design calculations, design analyses,
performance anhd ecanoric evaluations as required to ensure optimal
function, appearance, manufacturability, cost, and value of components and
assemiblies, Perform Inspections and tests; troubleshoot shop and field
problems as neaded,

Achlevements: ,

-

Used a CFD code (CFX-TASCFLOW) 1o design & high efficiency eryogenic turbo
expander (89% - prototype). '
Successfully designed end tested a single-stage high-head low-flow pump (350

GPM, 400 Ft HD), and led & team to develop and test an 8-stage prototype pump.

Managed @ project to develop programs to reduce CFD usage lead-time from 4.5
weeks to 1-2 days. '
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« Designed a 34" (casing) spiit case double suction pump for Hyosung Ebara Co.
« Designed a new impeller for the US NAVY.
n : 18931
s Used a Quasi-3D computer program to design a low NPSH boller feed pump
impeller for 8 nuclear power plant. .
»  Selected and provided proposal curves for 40 vertical pumnps for the Colorado
River Municipal Water District's O.H. IVIE Pipeline project.
Deslan Engineer, R&D Group: 1992--1993
» Developed and tested R&D prototype sealless magnetic drive pump for APl
market,

Design Engineer, Technlcal Services Groun: 19901992

» Managed a project to design, develop, and test high efficlency vertical pump. The
new vertical diffuser casing design yielded 3 percentage points of improvement by
efficlency (fom 87% 0 80%). = .

Q&Qﬂ.’gin;es- echnical’ G 988— 90
Wrotz pre and posfpmcessing routines in FORTRAN fo work with the In-houss
finlte elernent strictural analysis cods. Resuting code was distibuted to other
facilities in Holland, Meico; and San Jose, CA.

«  Warked In Process Engineering Group, Nudear Vatve Group. and Test
Depaitment in & rotational program -

california State ""nlytechmr‘ Unmrslm Pomuna .

ior uf Sclence In Meaanical Engineering{ j 2';( a
Continuing Education Coumes:

»  “Applied 3D iechnigues forTumomadllnery' (..oncspts ETN, 1983,

= ‘Centifugal Pump Design and Performance”, Concepts ETI, 1882,

s *Computationz! Fluld Dynamlm 'lhwty ‘Computar Codés & Applications”,
Unlvm'stty of Cailfornia, Los Angeles, 1991.

Authored and presented following technical papers: o
s CFD Analysis of Mixed Flow Impeller”, 1996 ASME Conference, Sah Dlego, CA' ~

e ‘“Perforrnance Prediction from Shutaft to Runout Flow of Hortzontal Centrifugat
Pump®, 1897 ASME Confererice, Vancouver, B.C.

. ‘Rédes!gn of Bollerfeed pump Impeler®, 1897 ASME Conference, Vancouver,
- B

+ “Flow Visualization of Bollerfeed pump suction Impener' 1098 Texas ASM Fump
Users Symposium

Regishared Professional Engineer in Mechanical Engineering, Calffornia
Texas A&M Pump Symposium Verfical Pump Discussion Leader (2002).
iLifetime member of Tau Beta Pi, engineering honor sociely.

fMember of Pi Tau Sigma, mechanical engineering soclety.

Member of American Saciety of Mechanical Engineers.

Proticient In CFX-TASCFLOW, Gomputational Flukd Dynamics (GFO) code

Proficient in Personal Computers and general Microsoft Office programs as well as;
Unigraphics, AutoCAD, Mechanlcal Desktop, and MS Powerpoint! Project
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Johnston Pump Company

Lateral Vibration Analysis for
Nebraska Public Power District - Cooper Nuclear Station

Johnston Pamp Serial No. 02JC1130S — 1134S
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