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Computer Program

George was flying to the hydro site at the
urgent request of the owner. The wood
stave penstock had collapsed on the first
test of the new turbine, and George could
not determine the cause from a telephone
discussion with the commissioning engi-
neer. The 8-MW turbine had replaced an
old 4-MW unit. In addition, the project’s
penstock had been increased in size to
accommodate the higher flow.

Upon his arrival, George inspected the
unit. He noted that all controls were elec-
tronic, using programmable logic con-
trollers - a major change from the last time
he had worked on the detailed analysis of
relief valve-turbine hydraulics. (See
“Lessons Learned: The Mahogany
Governor Cam,” HRW, December 2003,
page 29.) Nevertheless, there had to be a
servomotor and pressure tank with valves
to move the wicket gates and relief valve,
and here he was in familiar territory.

From his detailed inspection, George
discovered there was neither a position
sensor on the relief valve, nor any means of
limiting the extent of the relief valve open-
ing on load rejection at small wicket gate
openings. Something was seriously wrong!

On the first test, the relief valve had
fully opened on a load rejection from only
20 percent load, and the penstock had col-
lapsed from negative pressure induced by
the sudden increase in flow.

When George had taken on the project,
he assigned the work to an experienced
turbine engineer. He had discussed in
detail with the engineer the effect of the
relief valve, mentioning the waterhammer
complexity and the need for careful calcu-
lations. Today, those calculations could be
undertaken on a computer in seconds;
however, George had spent months calcu-
lating the waterhammer effect when he had
worked on a relief valve on another project.
(See “Lessons Learned: The Mahogany
Governor Cam,” HRW, December 2003,
page 29.)

All had appeared to proceed well dur-
ing execution of the work. The water-to-
wire contract was awarded to a turbine
manufacturer that advised that it was
familiar with relief valves and had a com-
puter program that could solve the water-
hammer problems associated with integra-
tion of the relief valve and turbine.

Waterhammer was to be limited to +/-25
percent, but, with the computer program,
the manufacturer advised that more pre-
cise control could be attained.
Waterhammer would be within +/-15 per-
cent. Calculations of waterhammer at 25
percent, 50 percent, 75 percent, and full
load rejection - all showed on a graphical
trace of pressure versus time - proved that
waterhammer was indeed within the range
the manufacturer claimed. George looked
at the output for full load rejection and

noted that the relief valve discharge was
about 80 percent of the turbine at full open
(which was the expected valve size based
on the waterhammer criteria).

After the accident, discussions with the
manufacturer revealed that the relief valve
hydraulics had been subcontracted to a
graduate in mathematics who had written a
waterhammer program. George obtained a
copy of the computer output and perused
it in detail. He could not find any instruc-
tions in the input for valve or turbine char-
acteristics. This raised his suspicions.

A meeting with the programmer was
arranged. At the meeting, the programmer
sat down at the computer, entered the
data, and produced the waterhammer-time
profile for a full load rejection. George
asked for the exercise to be repeated with
a 50 percent load rejection. The graphical
output was identical in shape to the previ-
ous calculation! George knew this to be a
physical impossibility, because the stage-
discharge characteristics of turbine and
valve were different. George then asked
the programmer how the relief valve knew
that, with a 50 percent load rejection, the
valve should only open about halfway. This
question puzzled the programmer Further
discussion elicited the response: “Oh, with
a half load you must use a half-sized relief
valve!”

The programmer, with a degree in
mathematics, had no concept of the engi-
neering involved. However, the manufac-
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turer was not aware of this deficiency,
hence the lack of a valve position
sensor and a means of limiting relief
valve opening.

The repair - paid for by the manu-
facturer - was expensive and includ-
ed a cam positioner to physically limit
relief valve opening based on the
extent of wicket gate opening at start
of load rejection. Commissioning was
delayed by several months. As for the
collapsed wood stave penstock, it
was repaired at minimal cost with the
original staves and some spares
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relief valve controls

the present staff had experience with
relief valves. The manufacturer had
recently downsized; as a result, all
drawings were done with computer-
aided design and most of the engineer-
ing calculations were computerized.
Don’t misunderstand me - | have noth-
ing but praise for computers. This arti-
cle was written on one! But, sometimes,
young engineers lack an intuitive feel
for the correct answer - hence the mis-
take. Nowadays, it is important to have
engineering work reviewed by an expe-
rienced engineer, especially where

Lesson learned

This story points out two lessons. First, the
“garbage in-garbage out” theory is a good
one. The manufacturer had shopped
around for a computer program, subcon-
tracting the waterhammer study based on
the lowest cost - without determining
whether the program was correct and had
been used with success on other projects.

Second, there were no senior engi-
neers within the manufacturer’s organiza-
tion who could have spotted the defects
on the equipment drawings. Also, the
manufacturer’s “previous experience” with
relief valves had occurred several years
ago and had involved engineers who no
longer worked for the company. None of
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there is reliance on a computer- gener-
ated design.

By James L. Gordon, B.Sc.,
Hydropower Consultant. Mr. Gordon
may be contacted at 102 St.-John’s
Boulevard, Pointe Claire, Quebec H9S
4Z1 Canada; (1) 514-695-2884;
E-mail: jim-gordon@sympatico.ca.

Reproduced with permission.

Universitat Hannover I.I'I

The University of Hannover (Germany), Faculty of Civil Engineering,
FRANZIUS-INSTITUT FOR HYDRAULIC, WATERWAYS AND COASTAL ENGINEERING
(FRANZIUS-INSTITUT fiir Wasserbau und Kiisteningenieurwesen)

Full Professor (University)
(Universitatsprofessur, W3)
in Hydraulic, Waterways and Coastal Engineering
(Wasserbau und Kiisteningenieurwesen)

invites applications for the position of

(Succession of Prof. Dr.-Ing. C. Zimmermann)

to start on 1st April, 2006

The applicant has to show strong scientific background in the
fields of Hydraulic and Waterways Engineering with major empha-
sis on coastal engineering in teaching, research and postgraduate
studies. Wide experience in hydraulic laboratory research and
hydro-numerical simulation is essential. The candidate is expected
to participate actively in the "Centre of Competence for Coastal
Hydraulics and Coastal Zone Management" at the University of
Hannover. Wide experience in basic and applied research on an
international and interdisciplinary basis is strongly expected.
General duties and qualifications for an appointment are subject to

the specific Laws of Lower Saxony (e.g. Niederséchsisches
Hochschulgesetz, NHG).

Additional information could be obtained via internet,

http: //www.uni-hannover.de/fb/bauing_verm.htm, and from the
Dean of the Faculty for Civil Engineering,

phone: +49 (0)511 762-2447,

e-mail: dekanat@fb-bauing.uni-hannover.de.

The position is no part time position.

Application materials please send till 31st October,
2004 to:

Dekan des Fachbereichs Bauingenieur- und Vermessungswesen,
Callinstr. 34, 30167 Hannover, Germany




