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EMERGENCY DIESEL GENERATOR ENGINE MONITORING PROGRAM

(EDGEMP)

NOTE: The below reflects terminology used in this procedure and
the equivalent. The equivalent refiects Nuclear
Organization terminology until a reorganization takes
p1ace as a result of change management and is implemented

in the Topical Report/Topical Quality Assurance Manual
(TQAM)

Maintenance Engineering = Technical

1.0 OBJECTIVES

1.1

1.2

1.3

1.4

The EDGEMP is a tool intended to assist in the planning of
maintenance activities, to improve availability, and reduce
unnecessary maintenance. The EDGEMP is independent of any
Technical Specification or Licensee Controlled Specification
Limiting Condition of Operability, Action Statement, Surveillance
Requirement or Program. As a result EDG Operability requirements
and Maintenance Rule evaluations are not affected. Engine analysis
is a subjective tool that relies upon engineering judgement and is
not intended for use in operability determinations where objective
criteria is required.

Define an integrated Emergency Diesel Generator Engine Monitoring
Program (EDGEMP).

1.2.1 Define the roles and responsibilities for implementing the
EDGEMP program.

1.2.2 Define the parameters to be monitored.

1.2.3 Define the frequencies of data collection.

1.2.3 Define the trends to be maintained.

1.2.5  Provide the bases for each parameter to be monitored as. it
relates to engine condition and maintenance

recommendations.

Provide direction for obtaining engine data using the Recip-Trap
9240 Engine analyzer.

Provide direction for generating an Engine Combustion Report.
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2.0 REFERENCES

2.1

2.2

Procedures

2.1.1 $023-1-8.69, "Emergency Diesel Generator and Engine
Inspection”

~Na

1.2 S023-1-8.76, "Emergency Diesel Generator Overhaul"

no

.1.3 $023-3-3.23, "Diesel Generator Monthly and Semi-Annual
Testing"

2.1.4 $023-3-3.23.1, “"Diesel Generator Refueling Interval Test::..ll
2.1.5 5023-2-13, "Diese] Generator Operation"
2.1.6  S0123-v-14, "0i1 Sampling and Analysis Program"
2.1.7 $0123-111-6.6, "Diesel Fuel 01l Testing Program"
2.1.8 50123-111-2, “Closed Cooling Water System Chemistry
Control Program”
noﬂwr“.
2.2.1 "Predictive Maintenance with Diese1—Trap," Beta Monitors &

2.2.2 "Recip-Trap 9240," Users Guide, Dynalco Controls,

2.2.3 Vendor Manual, S023-403-12-302, Diesel Engine EMD Model
645-E4 Replacement Parts Catalog

2.2.4 Yender Manual, $023-403-12-2551-1, 645-E4 Turbo Charged
Engine Maintenance Manual

2.2.5 EPRI TR-107135, "Diesel Engine Analysis Guide"
2.2.6 0P(123) 3-1, "Work Authorization Record {WAR)"

3.0 PREREQUISITES

3.1

Before using this document, verify the revision and any issued TCNs
and{or ECs (Editorial Corrections) are current by using one of the
following methods:

3.1.1 Access the Nuclear Document Management System (NDMS)
(preferred method).

3.1.2 Check it against a Corporate Documentation
Management-SONGS (CDM-SONGS) controlled copy and any
issued TCNs/ECs.

3.1.3 Contact CDM-SONGS by telephone or through counter inquiry.

Controls, .Int, Inc.,.Houston, TX N U
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4

jéf:ﬂ Obtain a user-controlled copy of this procedure from
CDM-SONGS or NDMS,

3.2 Equipment List
3.2.1 RT9240 Analyzer with communication cable and charger
3.2.2 DC aquaprobe for engines with DC transducer cable

3.2.3 Vib{ation accelerometer with channel lock pliers and
cable.

3.2.4  Ultrasonic transducer with cable

3.2.5 Laser tachometer or SKF optical eye with tripod and
cable ' ' :

3.2.6 BETA-LINK transmitter or TM5D Trigger Module with
marker cable

3.2.7  Timing light

3.2.8 Beta-Link battery charger -

3.2.9 Spare analyzer batteries and charger

3.2.10 Reflective Tape

3.2.11 Allen wrench for analyzer front panel

3.2.12 5/8" open end socket wrench

3.2.13 1 3/8" open end wrench (short handle)

D/t ware PERFORMED BY
INITIALS

3.3 Engine Analyzer Checks

3341  Check instrument calibration tags to insure [(b))
the RT9240 and transducers have valid
calibration dates.

3 Check the Recip-Trap battery at least one day
in advance of expected analysis run. The
RT9240 should read at least 15.2 V with the
charger disconnected,

NOTES: (1) The RT9240 displays the current
battery level from the Main Menu on
the graphics screen.

(2) The RT9240 internal batteries
should always be charging when it
is not in use.
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4.0

5.0

@

PERFORMED BY
INITIALS

NOTES: (3) When the RT9240 is not expected to
be used for more than one week,
turn off the main power switch
behind the front panel.

(b)(6)
3\./3 Verify correct engine route is loaded into X
the R79240.

Prior to running the engine for analyzer data
collection conduct a tailboard with Operations to
ensure personnel are familiar with the work to be

performed.

3.5  This procedure is intended to be used as guidance for
the collection of data.

PRECAUTIONS

4.1 Take extreme caution when working on operating
equipment. The majority of engine data is taken on
rotating machinery.

4.2 Avoid wearing loose garments and restrict movement of
lToose items.

4.3 Exhaust gases and test valves are extremely hot.
Proper safety equipment should be worn including
double ear protection, leather safety gloves and
glasses.

CHECKLIST(S)

5.1 None,
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6.0 PROCEDURE

NOTE: The steps in this procedure may be performed in any
order as indicated by the Engineer.

6.1 Roles and Responsibilities
6.1.1 MAINTENANCE ENGINEERING
.1 Manager, Maintenance Engineering, is responsibie for:

1.1 Ensuring resources are available for EDGEMP
implementation and maintenance.

1.2 The implementation and maintenance of the 0il
Sampling and Analysis Program (Reference 2.1.6),

.2 Supervisor, Auxiliary Process, is responsible for:

2.1 Assigning responsible Engineer for EDGEMP
: implementation and provide other non-proceduralized
- diesel engine analysis services, as requested; and

2.2 Provide review and approval of engine analysis data,
trends and required actions.

.3 Engineer, is responsible for the collection of engine
analysis data, maintain records, and provide
interpretation of EDGEMP data and trends to provide
maintenance recommendations.
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6.1.2 CHEMISTRY
.1 Manager, Chemistry, is responsible for the Diesel Fuel 01}
Testing Program (Reference 2.1.7), and the Closed Cooling
Water System Chemistry Control Program {(Reference 2.1.8).
6.2 Start the ip-Trap Software Progr
6¢2)1 Turn on the ¢omputniys:

6.3

0)6) | nrefio (Grep 3.5)
From the Windows 9% start up screen, double click the RT
WIN icon. The main menu of the Recip-Trap software

displays.

Check the current computer date. If date is incorrect
change to current date (Reference 2.2.2).

With the Recip-Trap turned off, connect it to the computer
at COML port.

Turn on the Recip-Trap after the connection is complete. -

NOTES: (1) A route is a pre-established computer listing of

e

the test points that will be collected during
the engine analysis. The routes are set up on a
Emergency Diesel generator specific basis
(i.e., 26002, 2G003, etc.). Each EDG route is
then divided into engine #1 and engine #2. Each
engine route consists of an RPM data point
followed by cylinder pressure vibration and
ultrasonic data. (See Reference 2.2.2 on how
to set up a route.)

(2) 1Individual test points may be loaded into the
Trap in Tieu of an entire route as required. The
test point(s) are loaded in the same manner as a
route.

(3) The computer will search for the Trap then load
all the route test points into the Trap.

Select "load" from the menu bar and then choose the route
by selecting the appropriate engine from the list.
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6.4 Engine and Marker Signal Setu
62;;1 Record repetitive maintenance order number on Engine

Analysis Record, Attachment 1.

CAUTION The following steps can be completed only after the diesel engine
has been cleared to prevent it from starting.

If the TOC pointer has been moved, complete steps 6.4.2.1
through 6.4.2.3, otherwise go to step 6.4.3.

NOTE: One piece of reflective tape is used for each engine
to reduce timing error associated with crankshaft
twisting.

Fl‘ﬁt $éZf; If required, request Maintenance to verify/adjust the
position of the flywheel pointer for TDC in accordance

with $023-1-8.69.

PJ/V%‘ Request Maintenance to handbar the diesel generator so
that engine number 1(2), cylinder number 1, is at top dead
center {TDC) as indicated by the flywheel pointer.

ggﬁ On the exposed part of the engine coupling to generator
k)/ﬁ\ shaft, on the left side {as viewed from flywheel end) of
engine number 1(2), attach a piece of reflective tape at
the horizontal or "nine 0'clock" position. The reflective
tape should be as close to the engine as possible and
; still allow the laser tachometer to illuminate the tape.

Install laser tachometer onto tripod and set into position
so that the light beam illuminates the reflective tape.
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6.5 En
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ine Analyzer Setu

Prepare the marker signal to the analyzer.

Connect laser tachometer to the TM5D trigger module at the
B&C connection marked “"Marker Input."

Connect the 75-foot cable, labeled "75' Marker Cable
{26343)" to the TM5D trigger module at the connector
labeled "Marker/Encoder Input."

Connect the other end of the 75-foot marker cable to the
engine analyzer at the port labeled "MARKER/CHARGER."

Prepare the pressure transducer by connecting the cable
Labeled "Aqua Probe" Cable (26397{ to the Aqua Probe
pressure transducer.

Fi1l Aqua Probe with Demineralized Water,

Prepare the vibration pickup by connecting the
Accelerometer (100mV/g§ to channel lock pliers and the
cable labeled “Trap to Accel/AE xder (26383)" to the .
accelerometer, '

Prepare the ultrasound pickup by connecting the ULT-200 to
the Armoured AE cable (263879.

6.6 Engine Analysis Data Collection

NOTE: Engine analysis data is to be taken after engine lube

¥
6@%

.

oil and exhaust temperatures have stabilized with the
EDG at surveillance load and 900 RPM. Engine data is

collected in accordance with the preprogrammed route

loaded into the Trap in step 6.3. For any engine all

data collection is completed prior to collecting any

data for the next engine.

Insure all Kiene valve dust caps are finger tight. If not,
loasen dust cap with open end wrench (1 3/8") while
holding valve body in place with another open end wrench
to prevent valve body from rotating.

Record on the Engine Analysis Record, Attachment 1, the
following information.

Date (0/s/10

EDG Equipment ID SX A4 MGo03

o NRHO # B siqo3y

©)6) |
rYin
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o/

6L813 Operations to start and load engine.

iéé;a Verify timing marker

CAUTION This step is performed near moving flywheel. Do NOT reach over
flywheel cowling.

Em‘;-t A E“""‘“" \

;Z{ ' i Yurn on Lasgr Tach and Tine up the laser to illuminate the
reflective tape for the engine to be analyzed. The Laser
Tach should read approximately 900 RPM.

Turn on the Trap and connect the timing light to the Trap
onnection labeled "MARKER QUTPUT."

Activate the timing light and direct it at the engine
timing pointer to determine if the marker is indicating at
ATDC of cylinder number 1. Record any deviations from.0
——>deg TDC on the engine analysis record sheet.

LR
}2@2} With the test point indicating RPM on the front of the
;2‘ tra?. Press the "Trap" button to record engine RPM in the
analyzer

SN

§2( After the engine speed is "Trapped® the analyzer will
provide a prompt indicating the cylinder #, and type of
variable (EPH pressure, -¥T4 vibration, ULT ultrasonic
vibration) to be collected.




NUCLEAR ORGANIZATION ENGINEERING PROCEDURE $S023-¥-2.9
UNITS 2 AND 3 REVISION 2 EC 2-1 PAGE 11 OF 17

A PERFORMED BY
Wait for €V 4o Be losren 15 (d0%o INITIALS
6.7 Collecting Engine Cylinder Pressure Data

>
=3

NOTES: (1) The cylinder number and data type “EPH"
should be disptayed on the Trap front
panel as a prompt for pressure data
collection,

AN

(2) Before collecting cylinder pressure
data, the transducer needs to be zeroed
out. Zeroing has to be performed only

one time during any diesel generator
test.

S
=<

«;:aa,..
G
%,

(3) Ensure that the Aquaprobe has water
& whenever it is attached to the engine.

-,
4?52

CAUTION The Kiene valves and combustion gases are very hot and will cause
serious burns. Do NOT operate the Kiene valves or touch the
pressure transuder without adequate protection.

Foll  loud \3: v

)éff Connect the Aqua probe cahle to the Trap

using the input connecticn labeled “Ch 1."

-y
6 Zeroing pressure transducer

g? ﬁ;gj'At the first cylinder on the route, remove
the dust cap and open Kiene valve with the
5/8" wrench to briefly expel carbon and
{*{W Vg exhaust byproducts.

5’f\ Warm the transducer by placing it on the
* Kiene valve (finger tight only) with the
oling water bottle in the upright position,
/ngjlien the Kiene valve and allow a few minutes
for the transducer to warm up.

,/(?is—_ROSE the Kiene valve and remove the _FERET— --------------------
}27 transducer. | ‘ '

\ISEE;;%?en the transducer is reading atmospheric
essure (zero), press the TRAP button to
zero the transducer.

. & ¢ L - LI . VLR s -
% (O/ - [‘DH/".{': / Ko s i evd o btk e a4 ! Ay
o . . A L )
Lo 4 K 43
A7 p-oc/ A S,

by |
%2; }"?"»/u) Auted per Skep 3.6
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,é:ii§7 Cylinder Pressure Data collection
: JPrior to data collection at each cylinder, clear out Kiene
valve by removing dust cap and momentarily opening the

: valve to blow out any carbon that could foul the pressure
transducer.

)23{ j;?f;Connect the Aquaprobe transducer to the Kiene valve and
open the valve at the cylinder indicated on the Trap.
NOTE: The Trap starts to collect firing pressure data.

/Ef:; é2§§ Press the “START® button. This removes any previously
” collected data and starts data collection and statistical

averaging.
QZ)/ Verify pressure data (PFP and Phasing) is reasonable by
- viewing statistics on front panel and flip up screen.

NOTES: .~ (1) The phasing is correct if the highest point of -
the P-T curve is on the left-hand side of the
screen,

v (2) Phasing only needs to be done on the first

cylinder,
2e (‘t(t (/1’ W‘”

If the highest point is elsewhere on the screen, press-the

60-degree_sh1ft_hutton on the TM5 Trigger Module. Jfé-'3

B et L U

After the Ana]yzer has co]]ected more than 100 samples as
indicated on the front panel, press the TRAP button to

capture the data.
ﬁZif; Close the Kiene valve.

Remove the Aquaprobe pressure transducer.

Install dust cap finger tight.

erify closed the Kiene valve.
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6.7.3.11 Mark N/A for engine not tested.

20 Cylinder Engine (front) [?;.C? Lawe>T
a PERFORMED | LEFT BANK | RIGHT BANK | PERFORMED
Q% L BY BY
3 é>' INITIAL INITIAL
chdﬂf)p &9,/// (b)(6] L1\ |RI (b)6)
0 Q \U"./ [
o . 2w [R2
de I 3 » |R3
L4 Yy R4
L5 s |[Rs
L6 1 |R6
L7 17 |R
18 (g |Rr8
L9 g |R9
1 L10 w |R10

|(b)(6)
Left Bank closed VERIFIED BY:

i
l

Right Bank closed VERIFIED BY: __

16 Cylinder Engine (front)

PERFORMED BY LEFT BANK RIGHT BANK | PERFQRMED BY
INITIAL INITIAL
(0)8) S R1 o)
B L2 v RZ ]
B3 R3

| L4 WL R4 ]
B L5 3 |RS ]
B L6 v R6 N
B L7 LS R7 R
] 8 1L |88 ]

o Left Bank closed VERIFIED BY: __(b)(e)

Right Bank closed VERIFIED BY: __|
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AN

/Q:;// 6.3, J2 Repeat steps 6.7.3.1 through 6.7.3.7 for each cylinder to
/ e tested.

6 Collecting Engine Vibration Data

NOTE: The cylinder number and data type "VT4" should be
displayed on the Trap front panel as a prompt for
vibration data collection,

2%

@ m Verify the Analyzer is prompting for a Cylinder and a
vibration (VT4) data type.

/;sz <izg£; Clamp the channel Tocks onto the Cylinder Kiene valve so

the vibration pickup is in an axial position relative to
the Kiene valve.

Connect vibration pjel cable to the Analyzer through the
connection labeled CH1

NOTE: Steady vibration patterns should start to appear on
the screen in Tess than one minute,

Verify proper phasing-on: the flip up screen- and-press-the'
360-deg: sh1ft“huffvﬁ‘ﬁn‘the_ﬂeta-Lﬂnk-or IMSB 25 FQQUJFed

i . {onee-per-enginme)s (0) | wrssio Yeworsd
(L Y6} /s/ir
Verify the number of periods is greater than } nd press il

the TRAP button to store the vibration data for that

___cylinder. L

Repeat -steps 6.8.1 through 6.8.5 for the remaining
cylinders to be tested.

Disconnect the accelerometer cable from the Analyzer.

Jdpl). T B T )
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WA 6.9 Collecting Engine Ultrasonic Vibration Data

[ NOTE: The cylinder number and data type'“ULT" should be
displayed on the Trap front panel as a prompt for
ultrasonic data collection.

6.9.1  Attach tﬁe:Ultrasonic transducer cable to the analyzer
through input labeled "CH1."

6.9.2 Press the rubﬁhr tip of the ultrasonic microphone against

the Engine-near the Kiene-valve. Be sure to form a tight
gw( @’5 /’s?a'f with the engine surface.
Pressort - N

; ¥z .
ﬁﬂb"’”h“ * NOTE: Steady vibration\ggtterns should start to appear on
the screen in lessxipan one minute.

\

\

\
6.9.3  Wait for a steady vibration'pattern to appear on the flip
up screen and then press the Trap button.

\V/ 6.9.4 Repeat steps 6.9.1 through 6.9.3 for the remaining

cylinders to be tested.
6.10 Downl ing Collected Data to ute

6&26.1 Verify the Trap is off prior to making computer
connections,

6.0).2 Connect the Trap to the computer COM1 port using the
computer cable.

(V)

Turn on the Trap.

From the Recip-Trap software program area explorer
screen choose the dump function.

TEER

From the Dump Trap menu choose the appropriate function to
downlead the data into the computer and process the data.

NOTES: (1) The software retains the dumped data in memory
until a new set of data is dumped into the
computer,

Process the data for that date and backup the data to

(2) Downloading takes 20-30 minutes.
6 6
ensure the data is not inadvertently lost.
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6.11 Documentation Completion

6.1.1 Complete an engine analysis record (Attachment 1) for each
EDG engine analysis test run.

6.11{2 Review combustion data and graphs for trends and make
annotations of any anomalous or unusual trends using the
guideline of Reference 2.2.5. Any anomalous or unusual
trends shall be documented in the AR system for
resolution. The analysis shall be reviewed and approved
by the cognizant supervisor.

6(::)3 Print a hard copy of the Engine Combustion Report.

6(::)4 Attach a current lube ofl analysis report to the Engine
Analysis Record.

_5<z:)5 Attach a graph of vital fuel o0il trend parameters to the
Engine Analysis Record.

6(?5)5 Attach a graph of jacket cooling water chemistry
parameters to the Engine Analysis Record.

7.0 RECORDS
7.1  Original procedure to be submitted to COM.

7.2 The completed Engine Analysis Record shall be attached to the
Engine Combustion Report and retained by Maintenance Engineering.
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ATTACHMENT 1
ENGINE ANALYSIS RECORD
Diesel Generator Equipment ID $2 410 MGoo3
Ao ¢ 202549039
Date of Test R Wsfo
Ambient Temp _ (ed®F
Time of initial full load (4.45 to 4.7 MW) 1320

(b))

Time Data Collection began ___1320

TDC verification - Record the indicated TDC using timing light: _
Engine #1 3230 Deg

Enginer 2 éq U Deg

Exhaust Temperatures - from pyrometer indication mounted on engine skid.

Engine Number I Engine Number 2
Pyrometer | Exhaust Temp | Pyrometer | Exhaust Temp
1R 70 IR 810
<R 210 2R 250
3R] %90 3R $70
R 890 IR 240
R g0 | R 380
6R P80 bR 84o
/R 3G 0 7R 84p
8R 840 &R )
9L BAG IR 8eo
10L° 830 10R 440
11L 290 11L 880
12L 410 120 1 70
T30 332 130 B0
14L 710 140 €70
150 900 150 910
T6L 870 1L 260
17L 8280
18L 8Go
130 890
Z0L g70

Attach the completed form to the combustion report.

ATTACHMENT 1 PAGE 1 OF 1




