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PURPOSE

The purpose of this calculation is to document the verification process
that has been used to determine the structural adequacy of certain piping
systems for the vibration environment sustained. These systems,
identified below, are support systems for the two TDI diesel generators
installed at the Rancho Seco Nuclear Power Plant in the Sacramento
Municipal Utilities District, Sacramento, California.

SCOPE

The scope of piping included in this document are listed in Tables 1A and
1B by system and isometric drawing number.

VIBRATION MEASUREMENT PROCESS

METHOD - Vibration was measured using handheld vibration meters by
scanning the piping in all directions with a velocity transducer.
Vibration levels were recorded at the locations noted on the isometrics
included in this report. (Figures Al thru A41 and Bl thru B4l) In
addition, vibration data to be used as input to computer analysis of
running deflection shapes was collected with hand held or magnet held
accelerometers at pre-determined points on the pipe and anchor points.
A1l data was collected while the engine was running at rated power (3000
KW).

INSTRUMENTATION - The instruments used for measuring vibration are shown
in Appendix 1. Calibration certification is also given in the appendix.

PARAMETERS MEASURED - Measurements were made in velocity for all piping
Qqualified by velocity criteria. For piping qualified by comouter
analysis using operating deflection data, measurements were made in
acceleration and double integrated by hand to get spectral displacement.
The frequency range of interest for all measurements was 10-1000 hz.

VIBRATION ACCEPTANCE CRITERIA

The vibration acceptance criteria is in accordance with "Requirements for
Preoperational and Initial Start-up Vibration Testing of Nuclear Power
Plant Piping Systems, ANSI/ASME OM3-1982"

METHODS OF QUALIFICATION

The basic method of qualification was the velocity method as per
paragraph 5.1.2 of OM=3. There was some, but very limited, use of the
displacement method as per paragraph 5.1.1. In the most complicated
system, jacket water return, qualification was done by detailed stress
analysis using SUPERPIPE, Version 22C, 1/30/87 computer code. Measured
operating spectral peak response of the system was used to obtain
displacement input for the computer model. Stresses were calculated for
the operating shape for each significant spectral response frequency. At
the maximum stress points for each of these operating shapes, the
stresses caused by all significant operating shapes were vectorally
combined with respect to the local coordinate system of the pipe. With
respect to phase, the components were assumed to be in-phase. Scress
allowables were in accordance with OM-3 (82) and Cpx5 yalyes were taken
from ASME 111



RESULTS

The results of velocity measurements are shown in Table 2A for the “A"
diese! and in Table 2B for the "B" diesel. These tables also show the
C2k2 val ed in the calculaticn of the allowable velocities i
accgrdana|.u¥gh OM-3 criteria. }he criteria anz measurement rosu?ts for
the turbecharger are presented in Table 3. The piping locations where
OM-% vibration criteria are not met are jdentified in the tables.

STRUCTURAL MODIFICATIONS

Several structural modifications were made in order to reduce the
vibration to acceptable levels. The need for these modifications was
determined by measuring vibrations, by evaluating previous failures
and/or by modal analysis. These modifications are described below.

TURBOCHARGER SUPPORT - An E-W/vertical support/restraint was added on the
west side in the form of a strut pinned at both ends. The strut attaches
to the turbocharger support frame at the upper end and to structural
steel framing at the lower end. The framing was added by tying into
existing structural support steel. The need for the strut was determined
from running vibration measuremerts, modal analysis and operating
deflection shape analysis. The natural frequency of the existing system
was 32 hz. The primary forcing frequency from the engine is 30 hz.
Present vibration level is shown in Table 3.

EXHAUST MANIFOLD SHROUD - An exoskeleton structure was added to the
shroud *o stiffen and strengthen the shroud structure. Modal and
operating deflection shape analysis revealed that the 4" ‘acket water
header which was supported by the shroud was moving excessively. The
header supports consisted of pipe clamps bolted to thick plates welded to
the 3/16" thick shroud skin. The flexibility of this arrangement
combined with the high energy loading from the engine had resulted in
fatigue failure of the shroud skin at the support plate interface. With
the addition of the exoskeleton structure, the header supports were moved
away from the skin and connected to the added structure. A1l bolted
joints in the shroud supports were shimmed where necessary to obtain
interface contact prior to torquing of bolting.




LUBE OIL RETURN TO PRESSURE CONTROL VA%V; - This piping had experienced a
history of very high vibration and at least one fatigue failure. I[n
addition to externa) piping vibration measurements, pressure pulsations
were measured with dynamic pressure transducers. This revealed pressure
spikes on the order of 300 psi P-P on top of a static pressure of 92 psi.
This extreme pressure pulsation condition, combined with the existence of
seven elbaws in the system, and further combined with structural
resonance with the fundamental forcing frequency of the pump, created a
vibration response unmanageable with restraints. The system design went
through many iterations to de-tune the resonance condition and to reduce
the pressure pulsations in the line. Eventually, the pressure pulsations
were reduced drastically with the use of an in-line expansion tank at the
exit of the pump. The vibration on the l1ine was reduced to levels that
are acceptable by the OM-3 velocity criteria. However, on subsequent
runs of the "A" engine, the pressure pulses increased suddenly and
drastically and could not be controlled through adjustment of the
pressure control valve. Similar excursions of pressure have occured also
on "B" engine. However, adjustment of the pressure control valve on each
occasion has reduced the vibration to acceptable levels. Based on the
OM-3 velocity criteria, the vibration level on this system on both A and
B units during these times of pressure pulse excursion was unacceptable.
However, if the"B" engine excursions continue to be correctable by
contro) vaive adjustments, the resulting vibration levels are acceptable.
The resolution of this problem has been reassigned to others.

JACKET WATER RETURN LINE

The modifications to the exhaust shroud also included modifications to
the supports to the 4" header on this line. (See Exhaust Manifold
Shroud) Additionally, a vertical support at the juncture of the 4"
header with the 6" header was re-located and re-designed. A vertical
support on the 14" return line from the exhaust shroud was also added.
This support is supplied by the 6" header at the 6" header support
location. The entire piping configuration in this general area was
changed by SMUD simultaneous with the addition of the shroud exoskeleton.
Other support/restraints have been removed from the 1ines coming from the
turbocharger and one support/restraint has been re-designed to provide
only N=S restraint on these small lines. A1l of these modifications have
been made to reduce the vibrations from resonance with engine produced
excitation. This piping was analyzed using operating displacements.
Based on this analysis, B engine met the requirements of OM-3 (82).
Certain portions of the small piping on A engine du not meet the
requirements of OM-3. SMUD has decided to replace this piping with
stainless steel piping which has higher endurance limits. In addition,
the connection of this piping to the shroud will be evaluated by strain
gaging and/or detailed stress analysis by others.

TURBOCHARGER LUBE OIL SUPPLY LINE (#")

A restraint was added to this line to reduce vibration., The problem was
discovered when the threaded (NPT) connection to the turbocharger housing
started leaking during a run. The pipe was replaced. It was observed
that the thread engagement on this connection was only 3/8". From the
standpoint of "good design practice"” in a high vibration environment,
this appears to be inadequate. The vibration was acceptable after the
restraint was installed.



CHEMICAL ADDITION TANK INLET PIPING

A restraint was added to this line on the B engine to de-tune the line
away from a resonant condition. The initial velocity level was 7 [PS-PK,
The vibration level is now 2 IP5-PK.

COMBUSTION AIR INTERCOOLER AND WALKWAY PLATFORM

The intercooler is mounted on the east side of the engine with five upper
brackets and two lower brackets. The walkway platform was initially
supported by the intercooler and, thus, the intercooler support brackets.
Inspection of these joints revealed that the joints were not tight.

After re-lubricating the bolts and re-torquing to TDI specifications, the
joints stil)l had gaps. On the “A" diesel, a shim 0.2" thick machined
with compound angles was required to properly shim the lower bracket
before torquing the bolts. On the "B" engine, three broken bolts were
found during the re-torquing process. None of these bolts were broken by
the retorquing process. All of these bolis on the "B" engine were
replaced. Before the bolts were removed for re-torquing, they were
torqued to the TDI specified torque in order to assure structural
integrity before beginning work. One of the broken bolts was actually
torqued to specification even though it was already completely severed.
This was possible because it failed at an angle, leaving several partial
threads intact inside the threaded hole in the engine. This shows that
simply torquing bolts without removing them first is inconclusive with
regard to structural integrity. By unmagnified visual examination, we
conclude that these bolts failed in fatigue resulting from vibration
loading on the non-preloaded joint. The combination of non-parallel
bracket joint surfaces and insufficient bolt pre-load allowus the
vibration load on the joint to result in cyclic strain on the bolts
sufficient to result in fatigue failure.

FUEL OIL LINE TO SUPPLY HEADER

Restraints were added to this line. In addition, rubber inserts were
added in the restraints for erergy absorption. Initial vibration was 16~
18 1PS-PK. Present vibration level in active areas is 6-8 IPS-PK which
is considered acceptable by OM-3 criteria.

STARTING AIR PIPING - GENERATOR END

An existing restraint was modified to increase stiffness and thereby
detune resonance with engine excitation. Initial vibration level was
7 1PS-PK., Present vibration level is 4.2 to 4.5 IPS-PK which is
acceptable by OM=3 criteria.

TURBOCHARGER LUBE OIL RETURN LINE

Because of a previous piping failure at the turbocharger connection, the
piping was redesigned to obtain flexibility in the vertical direction.
An expansion loop was added in the middle of the span and the loop was
restrained laterally by connecting the loop to the combustion air line.
The major vibration source became the combustion air line as a result of
this tie=in. The pipe was analyzed (See Appendix I1) according to the
deflection criteria and was acceptable.



CONCLUSIONS

The following piping, as it is now constructed, does not meet the
requirements of OM-3 (82).

1. Jecket Water Return Line - A Engine

REASON: Small piping from exhaust shroud and turbochar?or does
not meet stress criteria based on computer analysis,
Stress at highest point is 20,680 PSI vs 10,000 PSI
allowed by OM-3 (82). However, SMUD has issued dasign
documents to replace this piping with stainless steel
which will meet OM-3 (82) requirements.

2. Fue)l 011 Tubing (1") from pump to filter
REASON: OM-3 (82) Velocity Criteria is exceeded.
Velocity is 9 IPS-PK vs 7.9 IPS-PK allowed by OM-3 (82)
Criteria. SMUD has issued support designs to reduce
these levels to acceptable limits.

The following piping is not included in this report because the
evaluation of this piping was reassigned to Engineering Oynamics, Inc..

Lube 011 Discharge Piping to Pressure Control Valve and to Lube 01l
Cooler - Unit A

A1l other piping included in the scope of this document has been
evaluated for vibration response at 3000 MW load, and is considered to be
operable in the vibration environment measured.

SUPPORTING CALCULATIONS

Calculations supporting vibration evaluation are included in Apperdix II.

OVERALL ASSESSMENT OF VIBRATION PROBLEMS

The major sources of piping excitation are
1. Engine
2. Lube 01) Pump

The derivation of excitation frequencies is as follows:

1. Engine
Speed 450 ROM
7.5 hz
Firing frequency (single) 3.75 hz
(composite) 30.0 hz
Harmonics = Multiples of 3.75 hz
Side bands - Multiples of 3.75 hz



OVERALL ASSESSMENT OF VIBRATION PROBLEMS (Continued)

2. Lube 011 Gear Pump

Speed 612 RPM

10.2 hz
Lobe pass freguency 61.2 hz
Marmonics = Multiples of 61.2 hz

The latera) engine vibration is over 2 IPS-PK at the top of both engines
and the major engine-generated frequency is 30 hz. In the jacket water
return piping on "A" engine, 18.75 hz (5th order of firing frequency) has
a major effect also. In addition, the engine spectra includes all
harmonics of 2.75 hz to 100 hz. With this close spacing of excitation
frequencies, it is quite evident that de-tuning of resonances would be
almost impossible.

Performed by M/ / M 2-11-F¥
2‘1\!. G. Arzani YV

*Approved by w Ml\ 2-+-8€
W. Scheffler YU /%

* The fina) report and approval is withheld pending receipt of final as-built
drawings, and the verification of analysis validity in accordance with these
drawings.

TDIVIBRA.RPT



TABLE 1A
PIPING ISOMETRICS

TDI DIESEL - A

Jacket Water System

Drawing No. Rev. OCN
10019-4-xX-1 0 OA
10019-6-HC-1 0 0A
10019-24-HC-1 0 oc
10019-6-xX-1 0 08
10019-2-HC~-1 0 oc
10209-6-XX~1 0 OA
10209-5-XX~1 0 0A
10209-2-XX~1 0 0
10403-6-XX-1 0 0
10405-6-XX-1 0 0
10409-24-XX~1 0 0
10411-2-XX~1 0 0
10413-8-XX-1 0 0
10503-2-XX~1 0 0
66003-24-XX~1 0 0A

Lube 011 System

Drawing No. Rev. OCN

10013-3-XX~1
10023-14-XX-1
10205-24-XxX-1
10207-5-XX~1
10207-4-XX-1
10207-4-XX-1A
10211-4-XX~1
10211-4-2xX-2
10211-4-XX-3
10211-4-XX-4
10211-1¢-XX-1
10211-3/4-XX~1
10219-8-XX-1
10301-24-XxX-1
10303-2-XX~1
10303-2-XX=2
10303-2-XX-3
10303-4-XX-1
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TABLE 1A (Continued)
PIPING ISOMETRICS
TOI DIESEL - A

Fuel 011 System

10011-1-XX~1 0 0A

10011-2-XX-1 0 0A

10011-14=XX~1 0 0

10017-14-XX-1 0 0

10027-1-XX=-1 0 0A
Combustion Air System

10019-14-XX~-1 0 0
Starting Air System

10111-3-XX-1 0 0A

10111-3-XX=2 0 0A

10117-3-XX-1 0 0A



TABLE 18
PIPING ISOMETRICS

TDI DIESEL - 8

Jacket Water System

Drawing No. Rev. OCN
10018-4-XxXx-1 0 0A
10018-6-HC-1 0 0A
10018-6-XX-1 0 oC
10018-24-HC-1 0 0C
10018-2-HC~1 0 0D
10208-6-XX~1 0 CA
10208-5-XX~1 0 0A
10208-2-XX~1 C 0
10402-6-XX-1 0 0
10404-6-XX-1 0 0
10408-24-XX~1 0 0
10410- 2-XX-1 0 0
10412-8-XX-1 0 0
10502-2~XX-1 0 0
66002-24-XX-1 0 0

Lube 011 System

Drawing No. Rev. DCN

10012-3-XX~1
10022-14-XX~1
10204-2%-XX-1
10206-5-XX-1
10206-4-XX-1
10206-4-XX-1A
10210-4-XX-1
10210-4-XX-2
10210-4-XX-3
10210-4-XX-4
10210-14-XX-1
10210-3/4-XX-1
10218-8-xX-1
10300-24-xX~1
10302-2-XX~1
10302-2-XX~2
10302-2-XX-3
10302-4-XX~1

oo
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PIPING ISOMETRICS

TABLE 1B (Continued)

TOI DIESEL- B

Fuel 0i)l System

Drawing No. Rev. OCN
10010-1-XX=1 0 0A
10010-2-XX~1 0 0A
10010-14-XX~1 0 0
10016-14-XX~-1 0 0
10026-1-XX~1 0 0A
Combustion and Starting Air System
Drawing No. Rev. DCN
10018-14-XX~1 0 0
10110-3-XX~1 0 0A
10110-3-XX=-2 0 0A
10116-3-XX-1 0 0A

11
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TABLE 3
TURBOCHARGER VIBRATION

VIBRATION-M'LS P-P

ENGINE AXIAL VERTICAL HORIZONTAL
N Y z
A 17 9 19
B8 8.5 6.5 19

Measuremerts were made at center line elevation on turbocharger casing under
full load conditions. TDI allowables were stated as 25 mils p-p at 30 hz.
The above measured values include al’) freguencies between 10 hz as4 1000 hz.
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APPENDIX 1

CALIBRATED
VIBRATION MEASU NT_INSTRUMENTATION
WITH CALIBRA ICATION

e —————————————————————

1. Brue) and Kjaer Hand Held Vibration Meter
Model 2516
S/N: 1372782
S/N: 1372783

2. Brue) and Kjaer Accelerometer Calibrator

Model 4294
S/N: 1248783

3, PCB Accelerometer

Model 308-8
S/N: 13404
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(%g -LQ? Bruel & Kjaer Instruments, Inc. |
Certificate of Conformance

1 2516 1372782
} ¢F Model Serial No. -2

Customer Duke Power Company P.O. N4B702-34

was tested and met factory specifications
according to the Referenced Test Procedure

12 November 1987 by Paul T. Melapson . .

Certitied References Calibration Due

B &K 111284 s/n 3 NBS-TN-234877(H) 26 June 1988
Fluke 8506A s/n 3975029 NBS-TN-234877(F) 28 Nov. 1987

HP 5315A s/n 2536A15460 WWVB(HP) 17 Feb., 1988

Reference Test Procedure:

Bruel & Kjaer Factory Service Instructione?516.1 Checking Procedure 9.82

Temperature Relative Humidity Barometric Pressur
24°C 45% 986mbar

1eQgséa__SEL_ZZLJAﬁaasnay1
i Service Center Bruel & Kiaer Instruments, Inc.
185 Forest Street
9 ) A
*References traceable to the National Bureau of Jtandards, Washington, D.C.
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acl  1CG RANGE ?X—K'Zilb {gC e G RANGST
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Rlalal] (OG ¢ q |

{ | o 1 l |
FrrEsETYEETY S i onzl 106 | 9.9 |
' 1noHz | S y4qg | jccomzl oG 19T |
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Sppuz | 06 | 10.O | | l
preTim ey dnem |
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STANDARDS USED

DESCRIPTION | MANUFACTURER MODEL CTES CAL DUE DAIE

7-2/-

~ereifv that the Test Equipzent as calibrated meets its s {ificapions.
f ) 2-7-£8

Date

cmmme e A e Ay s AA e ® emem .—-: 5 1 IQ- g-,aw\a\ Av- A' ﬁcvv‘gnﬂl?f\“\
PR

e m me - wste = . - s . v . et - . wowaslw

[ have reviewed the usage of this Test Equipment since its last calibration and have
ini:iat.d revest of any invalidated usages.
/

16C ENGINEER Date

COMMENTS: __ TousRANCE = 972

Al-3 A




&@T Bruel & Kjaer Instruments, Inc.
Cerhflcate of Conformance |

2516 1372783
Model Serial No.

Cuotomor Duke Power Company P.O. N48702-34

was tested and met factory specifications
according to the Referenced Test Procedure

Paul T. Melanson

—

f on 12 November 1987 by

Certifiled References* Calibration Due

B &K 111284 s/n 3 NBS-TN-234877(H) 26 June 1988

-

Tluke 8506A s/n 3975029 NBS-TN=234877(F) 28 Nov. 1987

HP 5313A s/n 2536A15460 WWVB(HP)

Reference Test Procedure:

Bruel & Kjaer Factory Service Instructions2516. ) Checking Procedure 9.82 ;

Temparatare Relative Humidity Barometric Pressure
24°C 45% 986mbar

Paul T M famsom

i Service Center Bruel & Kiaer Instruments, Inc.
185 Forest Streat
Marlborough, Massachusetts 01752

*References traceable to the Nmonol lwuu of Sundorda. Wuhlngton. D.C.
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I have reviewed the usage of this Test Equipment since {ts last calibration and have
{niciated retest of amy {nvalidated usages.
/

14C ENGINEER Date

coMMENTS:_TeugRANCE = 570
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CERTIFICATION OF COMPLIANCE WITH AP, 33 (IF FOUND OUT OF CALIBRATION)

I have reviewed the usage of this Test Equipment since its
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APPENDIX I1I

XNSTRUCTIQ'- INSTALLING STRUTS WITH PINNED-PINNED ENDS
Turbocharger mt

1. With the jacket water temperatures at keep warm condition, install
the strut with the pinned ends and lock nuts loose.

2. Turn the strut in the direction that will produce tension (shorten)
the strut. Torque the strut in this direction to 100 ft-1b.

3. Using a straight edge along the flat surface of the strut eye, make
a scribe mark on the strut.

4. With a wrench on the eye, rotate the strut and eye back to center.
Check with straight edge to insure that strut has not rotated
relative to eye bolt.

5. With strut eye centered, tighten lock nut on one end by holding strut
with wrench. Do not let strut rotate enough for eye to touch clevis.
Torque to 500 ft.-1b.

6. Repeat step 5 on opposite end. Note that one end has left hand
threads.

Jacket Water Strut

3% With jacket water temperature at keepwarm condition, install the
strut with the pinned ends and lock nuts loose.

2. Turn the strut in the direction that will produce tension (shorten)
the strut. Tighten with hands as tight as possible. Continue
tightening 1/4 turn with wrench.

3. Holding strut in center position with wrench, tighten lock nuts on
each end, one at a time. Torque to 100 ft.-1b.

Smal) Pinn ink Stru " Line At NW Corner Of Turbocharger

1. Attaeh plate to turbocharger. Torque bolts to TDI specification.

2. Instal] assembled strut on pipe and tighten U-bolts until strut is
snug.

3, Measure gap between pipe and plate.
4, Shim to eliminate a)l but .060-.080 in. of gap.

5. Tighten U-bolts using lock washers with moderate torque.

14



APPENDIX IIl (Continued)

INSTRUCTIONS SR INSTALLING STRUTS WITH PINNED-PINNED ENDS

51iding Restraint Between 24" Line and 6" Elbow

1.

Carefully mark locations of all parts relative to pipes and to each
other before removing.

During reassembly, return all parts to original locations. Clearance
between nut on 6" U-bolt and teflon clearance hole must be at least

% inch as assembled.

Shim to obtain interference fit of .060-.080 between teflon and lower
plate while system is in keepwarm condition.

Torque 5/8 nuts to 75 ft-1b with TD! specified lubrication on all
rubbing surfaces.

TOIVIBRA.RPT
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