
Local Union No. 1245
International Brotherhood of

Electrical Workers, AFL-CIO
P. O. Box 4790
Walnut Creek, California 94596

A two-week operating training program, "Power Plant Physics, Chemistry
and Introduction to Electrical Schematics," has been developed for presentation
at the Central Training Facility in Oakland. The program is designed for
Auxiliary Operators and Assistant Power Plant Operators in the 12- to l8-month
wage step. The material is derived from the Operator Training Manual, Volume I,
and is covered in a non-mathematical, higher operator-oriented, generic manner
relating all concepts to the power plant. The course is one which is currently
required.

Company proposes to amend the Steam Generation Department Operator
Training Program to provide that all Auxiliary Operators and Assistant Power
Plant Operators who enter the classification on or after September 1, 1982, be
required to successfully complete the school.

Attached are: 1. Proposed addition to the Steam Generation
Department Operator Training Program.

2. Outline and schedule for the proposed new two-week
program.

If you are in accord with the foregoing and attachments and agree
thereto, please so indicate in the space provided below and return one executed
copy of this letter to the Company.

PACIFIC GAS AND ELECTRIC COMPANY

By ~Rdations

The Union is in accord with the foregoing and the attachments and it
agrees thereto as of the date hereof.

LOCAL UNION NO. 1245, INTERNATIONAL
BROTHER OOD OF ELECTRICAL WORKERS, AFL-CIO

rs



STEAM GENERATION
OPERATOR TRAINING PROGRAM

D. Two-week Power Plant Physics, Chemistry and Introduction to Electrical
Schematics

All Auxiliary Operators and Assistant Power Plant Operators who
enter the classification on or after September 1, 1982, shall be
required to successfully complete the two-week Power Plant Physics,
Chemistry and Introduction to Electrical Schematics course.

1. Auxiliary Operators and Assistant Power Plant Operators will
normally be scheduled to attend the Power Plant Physics,
Chemistry and Introduction to Electrical Schematics course at
approximately the IS-month step of their program.

2. An Operator who fails the Power Plant Physics, Chemistry and
Introduction to Electrical Schematics course shall have three
opportunities in a three-month period to successfully pass the
test established for the Power Plant Physics, Chemistry and
Introduction to Electrical Schematics course. Such three-month
period will commence upon completion of the course for which the
test was failed.

3. Successful completion of the Power Plant Physics, Chemistry and
Introduction to Electrical Schematics course shall be a require-
ment for the l8-month PWI. An employeeB PWI will not be withheld
if Company is unable to schedule the employee to the school in
a timely manner.

4. An Operator who fails to pass the Power Plant Physics, Chemistry
and Introduction to Electrical Schematics course within the
specified time shall be removed from the classification and
demoted to Helper in a Steam Maintenance Department in the
region. As a Helper, the employee shall either fill a vacancy
if one exists or displace the junior employee in the classifica-
tion provided such junior employee does not have more service.

5. The requirement to attend the Power Plant Physics, Chemistry and
Introduction to Electrical Schematics course is waived for
Diablo Canyon Power Plant Operators.



POWER PLANT PHYSICS. CHEMISTRY. AND
INTRODUCTION TO ELECTRICAL SCIlEKATICS

Purpose of the training program and requirements for classroom
participation.

2.0 POWER PLANT PHYSICS
2.1 Combustion Process

2.1.1 Natural gas and oil fuels
2.1.2 Boiler safeguards
2.1.3 Fission process
2.1.4 Geothermal process
2.1.5 Gas turbine cycle

2.2 Heat Transfer



3.1 Introduction to P. P. Chemistry, Purpose
"3.2 ~rinciples of Chemistry (Glossary)
~



3.2.1 Elements and compounds (tables)

3.2.2 Acid/base solutions, ph

3.6.2 Recirculating cooling water systems (cooling towers, bearing
cooling water)

4.1 Methods and Frequency

4.2 Typical Chemical Cleaning Process

4.2.1 Preparation of the boiler

4.2.2 Chemically cleaning process

4.2.3 Safety precautions

4.3 .ir Preheater Washing
~4.3.1 Purpose and general procedures



7.3.2 Development of starting, stopping (manual), indication and
protective schemes



7.5 Motor Operation:
Condition: Motor is Running (Device Status)

7.5.1 Stopping the motor

7.5.2 Overload shutdown

7.5.3 Operation of the reset scheme

7.6 Circuit Status Indication

7.6.2 Addition of indicating circuitry, sequence of indicating
events



POWER PLANT PHYSICS, CHEMISTRY, ELECTRICAL. SCHEMATICS CLASS SCHEDULE
WEEK 1_.

c: MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
0800 Nuclear .

Introduction Geothermal, Properties of Fluid Flow Ins truments
Gas Turbine, Water & Steam Continuity EQ pressures

0830 Physics (Conti d) temperature
Combustion Plant Cycles Steam Tables General Energy level
Process and T-S Basic EQ flow
Heat Transfer Superheat Cycle

0945

1000 BREAK BREAK BREAK BREAK BREAK
Boiler Properties T-S Reheat Piping Analyze Heat
Hazards of Cycle Joints Balance at

Water & Steam Mollier Diagram Expansion Min. & Full Loae
330 MW 750 MW

Units
1100 Combustion Heat Balance Valves

Demonstration in Reheat Unit
(Up To QUIZ

1145. Steam Tables)

C 12Q.0 OUIZ ~UIZ nTTT7. QUTZ

1230
LUNCH LUNCH LUNCH LUNCH LUNCH

i i ELECT!lICAL SCHEMATICS ..•. -~ , , ,
Introduction Start Development Control Develop A-C Aux. Relay
Symbols of Schematic Circuit Cont. Circ. OL Reset
Devices Print Power Source (Double Coil
Tables I OL Protection Relays)

Function of Feature, Added Review
Cont. Circ.

1415 QUIZ
1430 OUIZ ~UIZ nTTT7 nlTT7 .-

BREAK BREAK •••.•..,.AD
1445

6 i CH ~MISTRY - ~ -,- -'Purpose Conductivity Precoat Filters Revetse Osmosis
Principl~s Domestic Water Demineralizers Boiler Water
pH ., Softeners

Evaporators Condensate & -
i. Feedwater

( 1615
1630 QUIZ ~UIZ nlTT7 nlTT7 nITT7



-

( MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
0800 FLUID MACH. FLUID MACH. BAS IC ELECTRIC BASIC ELECTRIC

Turbines Pumps Generation Generation Review of
Turbine Blading 1. Positive Review Elect. Rev. Req~irements 2 Weeks

0830 Displace. Principles for Paralleling. Training
2. Rotary Review of Paralleling Session
3. Jet Magnetism Turbine
4. Centrifugal Torque

0945
1000 BREAK BREAK BREAK BREAK BREAK

Turbine Thrust 5. Mixed Flow Principles pf, vars
6. Fans of FINAL

Turb. Driven Aux. Elect. Gen. React. Cap Curve EXAM
Up To

Condenser . Parelleling TRANSFORMERS1100
Review Fluid Mach Power

Review Heat Question and Potential
Balance Answer Current

1145.
C l2QO OUIZ ~UIZ nlTT'1. nlTT'1.

1230 LUNCH LUNCH LUNCH LUNCH LUNCH

~ "" ELECT lCAL SCHEMATICS .•.- ~
A-C Cant. Circ. Motor Operation Automatic Large Motor
Operation OL Shutdown Starting Feature, Starting REVIEW
Motor Operation and Reset Circuitry CLEARANCE

Indicating D.C. Control I StlBy Starting PROCEDURES
G.O.O. Lights Circuit
Motor Starts

1415
1430 OUTZ OUTZ nnT.,. nTTT.,. r.1l T nlll':

BREAK BREAK ___ '9. --_ ... 'RRlf'.AK1445
( "" CHEM STRY - >"' ,.

Geothermal Hazardous Circ. Water Boiler Review
Waste Cooling Towers Chemical

Abatement "Program Management Bay Cool. Wtr. Cleaning Final
• Effluent Control Bum

i

C 1615
1630 nTTT.,. ~UIZ nTTT.,. nTn.,.





2. a. What is the source of geothermal steam? Explain.
b. What is normal pressure and temperature?

a. Steam Heat
b. reducing steam

c. extraction steam
d. superheat steam

4. A Gas Turbine uses external air to Jrive the unit up to
synchronous speed.

5. The bo·rler feed pump takes suction from the hotwell and pumps
through heaters to the boiler. T F

6. How is the fission process controlled in a PWR? ( Give at least
three methods )



Quiz P-1
(Continued)

For Questions 7-10
Use the list of components to draw a simple one line diagram
of each plant listed. Use arrows to show flow direction and
label each component.

7. Geothermal Cycles
Steam Inlet, Cooling Tower, Condenser, Circ Pumps(2), Generator,
Basin, Hotwell, Turbine.

8. Gas Turbines
Generator, Drive Turbine, Compressor, Power Turbine. Air Inlet,
Fuel Inlet, Combustion Chamber.



Quiz P-1
(Continued)

9. Primary Loop of a PWRI
Reactor, Reactor Coolant Pump, Steam Generator, Pressurizer.

10. Fossil Fuel Reheat, Regenerative Cyclel
Turbine, Boiler, Reheat, Condenser, Extraction, Condensate Pump,
Heater, Boiler Feed Pump, Hotwell.



~ .
\ !



Quiz P-?

(Continued)

8. What happens to the specific vomume of steam as it is cooled?

10. According to the C0ntinuity Equation and General Energy Equation, what
happens to velocity and pressure as flow area in a pipe system increases?

11. Refer to the steam table.
a. How many BTU's must be added to one pound of a saturated liquid at

200 psis to convert it to one pound 01 sp.turated vapor?

c. If a boiler is pperating at ?,OOO psis and 1,000 F, h~w many degrees
superheat is being attained?

12. Which contains more total energy, one pound of water at 212 F or one pound
of steam at 2l? F? How much more? (Refer to Steam Table )



Quiz P-2
(Continued)

13. The furnace temperature in a tyoica1 boiler may be about 3,666 0" and the
convection zone gas temperature will be about ?,200". Why 'S sUDer~eater
tube metal temperature general~ hi~her than boiler wRterwall tube metal
temnerRture?

a. pressure
b. voltage

c. current
d. resistance

16. ·A resistance temperature device ( RTD ) makes use of the principle that a
change in temperature ~sults in a change of electrical resistance

T F

17. A capillary tube is a •••• device used to convert pressure to temperature.
T F



Quiz P-?

(Continued)

19. A transducer is used to convert a --------
a. Low air signal to high air signal.
b. Low eledtric signal to high electrical signal.
c. Any type of signal to another type of signal.
d. Converts an AC signal to a DC signal.

- h -



2. SATURATION: PRESSURES

AI" " •••• Sp.ecific Volume Enthalpy Entropy Internal Energy "IN Pr••••
III T••• p Sot. Sot. Sol. Sot. Sol. Sol. Sat. Sot. III

Sq In. , liqu;d YOpol' liquid hop VOpol' liquid Evap Vopor liquid EYClp VOpol' Sql •••

"
,

~I ~, 10, It" It, ., '1' " u, u" u, p
1.0 101.74 0.01614 333.6 69.70 1036.3 1106.0 0.1326 1.8456 1.9782 69.70 974.6 1044.3 1.02.0 126.08 0.01623 173.73 93.99 1022,2 1116.2 0.1749 1.7451 1.9200 93.98 957.9 1051.9 2.0
3.0 141.48 0.01630 118.71 109.37 1013.2 1122.6 0.2008 1.6855 1.8863 109.36 947.3 10.56.7 S.O4.0 U2.97 0.01636 90.63 120.86 1006.4 1127.3 0.2198 1.6427 1.8625 120.85 939.3 1060.2 4.'5.0 162.24 0.01640 73.52 130.13 1001.0 1131.1 0.2347 1.6094 1.8441 130.12 933.0 1063.1 I.,
6.0 170.06 O.ol645 61.98 137.96 996.2 1134.2 0.2472 1.5820 1.82Q2 137.94 9'27.5 1065.4 '.07.0 176.8.5 0.01649 53.64 144.76 992.1 1136.9 0.2581 1.5586 1.8167 144.74 922.7 1007.4 7.08.0 182.86 0.016.;3 47.34 150.79 988:5 1139.3 0.2674 1.5383 1.8057 1'50.77 918.4 1009.2 8.0
9.0 188.28 0.01636 42.40 156.22 985.2 1141.4 0.27.;9 1.5203 1.7962 156.19 914.6 1070.8 1.010 193.21 0.016.;9 38.42 161.17 982.1 1143.3 0.2835 1.5041 1.7876 161.14 911.1 1072.2 10

I'.GOO 212.00 O.OUm 2e..sq 180.07 970.3 1150.4 0.3120 1.4446 1.7566 180.02 897.5 1077.5 '4.•
IS 213.03 0.01672 26.29 181.11 969.7 1150.8 0.3135 1.4415 1.7549 181.06 896.7 1077.8 1520 227.96 0.01663 20.089 196.16 960.1 1156.3 0.33.56 1.3962 1.7319 196.10 88.;.8 IOS1.Q 20
30 2.;().33 0.01701 13.746 218.82 945.3 1164.1 0.3680 1.3313 L6M3 218.73 869.1 101'17.8 3040 267.2.; 0.0171.'5 10.498 236.03 933.7 1169.7 0.3919 1.2844 1.6763 2:).;.90 8.56.1 1()q2.0 40
50 281.01 0.01727 8.515 250.09 924.0 1174.1 0.4110 1.2474 1.6.;85 249.93 845.4 1095.3 50
60 292.71 0.01738 7.175 262.09 915.5 1177.6 0.4270 1.2168 1.6-138 261.90 836.0 1097.9 60
70 302.'l2 0.01748 6.206 272.61 907.9 1180.6 0.4409 1.1906 1.6115 272.38 827.8 1100.2 7080 312.1'3 0.017.;7 5.471 282.02 901.1 118.3.1 0.4;;.'31 1.1676 1.6207 281.76 8:20.3 1102.l 80
90 32027 0.01700 4.896 2!)().56 894.7 118.;.3 0.46·11 1.1471 1.6112 200.27 813.4 1103.7 90100 327.81 0.01774 4.432 2M.40 888.8 1187.2 0.4740 1.1286 1.00:.!6 298.01l 607.1 1105.2 100

120 341.:25 0.017S9 3.728 312.44 877.9 1190.4 0.4916 1.0962 }"5878 312.05 79;.6 1107.6 120
1·10 3,;3.02 0.01S02 3.220 324.82 868.2 1193.0 0.5069 1.0682 1.5751 3:24.35 7'\.5.2 1109.6 140
160 36.3.53 O.OIH; 2.834 333.93 859.2 1195.1 0.5:204 1.0436 U640 335.39 775.8 1111.2 160
180 373.06 0.01S27 2.53:2 ~6.03 850.8 1196.9 0.53:2.; 1.0217 1.5542 345.42 767.1 1112.5 180200 3'l1.79 0.011>.'39 2.288 355.36 843.0 1198.4 0.5·135 1.0018 1.54.;3 354.68 759.0 1113.7 200
2SC1 4/10.n5 0.0186.; 1.8438 376.00 825.1 1201.1 0.567.; 0.9388 1.5163 375.14 740.7 1115.8 250
300 417.33 O.OHiOO 1.5433 393.84 8O<J.0 1:202.8 0.5879 0.922·; 1.5104 392.79 j;2·t.3 1117.1 SOO
350 431.7!. n./I1913 1.3:260 409.69 794.2 J203.9 0.60.;6 0.8910 1.·1900 40S ..•5 709.6 J 118.0 350
400 444.59 0.11193 1.1611 424.0 780.5 1204.5 0.6214 0.8630 1.4844 42:!.6 695.9 1118.5 400
4;;0 4::iG.:!8 0.019.; 1.0320 437:2 767.4 12CJ.l.fi 0.6356 0.8378 1.4734 435.5 683.2 1118.7 450
500 467.01 0.0197 0.9278 449.4 753.0 1204.4 0.6487 0.8147 1.·16.'34 447.6 671.0 1118.6 500
550 476.93 0.0199 0.8122 460.8 743.1 1203.9 0.6608 0.7934 1.454:2. 458.8 659.4 J 118.2 550
600 41)6.21 0.02111 0.76!)~ 471.6 731.6 1203.2 0.67:20 0.7734 1.4454 469.4 648.3 J117.7 600
700 503.10 0.02/15 0.6554 491.5 709.7 1201.2 0.6925 0.7371 1.4296 488.8 627.5 11 J6.3 700
800 51S.23 0.11209 0.5687 509.7 688.9 1198.6 0.7108 0.704'; 1.4153 506.6 607.8 1114.4 800
!lOll 5.'3U18 0.021:2 0.5006 516.6 688.8 1195.4 0.7275 0.6141 1.4020 523.1 589.0 llU.l 000

1000 5H.61 0.0216 0..t436 542.4 649.4 1191.8 0.7430 0.6467 1.3897 53S.4 ';71.0 1109.4 1000
1100 M6.31 0.0:2:20 0.4001 557.4 630.4 1187.8 0.7575 0.6105 1.3780 552.9 5.;3.5 1100." 1100
1200 567.22 0.02:23 0.3619 571.7 611.7 IUI3." 0.";'711 0 ..;!)56 1.3667 566- 536 ..'3 1 \11'3.0 1200..
J300 577A6 0.0227 0.3293 585.4 593.'2 1178.6 0.7840 0.5719 1.3559 580.0 519.·1 1099.4 1300
1400 5S7.10 0.0231 0.3012 591l.7 574.7 1173.4 0.7963 0.5191 1.34.54 59'2.7 502.7 !OO3.-1 1400U.oo ';!l6.23 0.0:!.'3.5 0.2765 611.6 556.3 1167.9 0.8111i2 0.526ll 1.3351 605.1 486.1 J(I'JI.2 1500
:!OlIO 6.1-'.82 0.11:2.;7 0.1878 671.7 4fl3.4 1135.1 0.S619 0.4:230 1.284Q 00.1" 403.4 11)(;.'1.6 ZOOO
:!SOO 668.13 0.0-287 0.1307 730.6 360.5 1091.1 0.91:26 0.3197 1.2322 717.3 313.3 1030.6 25003fICO 095.36 0.11310 0.0858 81~2.5 217.8 1020.3 0.9731 0.1885 1.1615 78.3.• 189.3 97:2.7 SOOO

3206.Z 705.40 0.0503 0.0503 90'2.7 0 902.7 1.0:;SO 0 1.0580 872.9 0 872.9 3:!O6.!



RAME ----------DATE _

POWER PLAHT PHYSICS,
CHEMISTRYt AND ELECTRICAL SCHEMATICS

( '0 pointe eacb )

Why do we use oDly fuel oil that has low 8ulfur cODtent'



,. The forced draft fan takes auction Arter the economizer and discharge8

to the stack.

6. The air preheater cold end aTerage temperature muat be controll.d to

a certain point a. a protection againat-------

a) flue gaa.a too hot c) ran protection

b) flue gaa recirculation d) corrosion

7. Whatis the proper operator action to correct an abnormal air/fuel

ratio relulting in incanplete combultion?

8. What Ihould be the immediate operator action in the .Tent of total 10ls

of fire in a boiler ?
a. _

b. _

a) HOx

b) CO



1. The numberof stages designed into the turbine depends on •---
a. numberof extraction points c. type of turbine

b. steam pressure d. all of these

2. Typically, the first few stages in a high pressure turbine have reaction

blading. T F

4. The pressure drop across the movin~'lades reduces the axial thrust

in a reaction turbine.

5. It is possible to cause excessive potor thrust by clearing a feedwater

heater. T F

8. The discharge of a jet pumpis a mixture of the motive fluid and

the fluid being pumped.

9. Briefly describe, howvacuumis created in a condenser while the unit

is in service.



Quiz P-4

(Continued)



I'A~~----------DATE----------
POWER PLANT PHYSICS,

CHEMISTRY, AND ELECTRICAL SCHEMATICS

Ph~.ies ReTtew Quiz
(For lessonll P-I through P-4)

1. PGandE uses only fuel oil that is low in sulfur content
because it is less expensive.

2. In the event a boiler upset results in excess combustibles,
the operator should increase air flow to restore excess 02
as fast as possible.

3. When an atom of fuel fissions, it splits into two smaller
particles having less total .ass than the atom of fuel.

4. Water and steam in contact in a pressure vessel have
the same temperature.

5. Heat flo~ to or from a fluid that does not result in a
change of temperature is known as sensible heat.

6. In a closed pipe system, if the cross-sectional area
decreases, the velocity of the fluid increases.

7. In a closed pipe system, a decrease in velocity of
fluid flow results in an increase in pressure.



PHYSICSREVIEWQUIZ

(Continued)

9. Turbine rotor thrust maybe excessiye if stage differential pressures are

excAeded. T F

10. Whenreading a flU-tube" mancaeter, the inches of oressure is obtained by

reading the indication on the high leg. T F

1. The nlDllberof stages designed into the turbine depends on

a. Steam pressure c. type or use of turbine

b. extraction points d. all of these

2. Headmeters utilize

a. Venturi tube

b. Thin plate orifice

a s the primary element.--
c. Flow nozzle

d. Any of the aboye

3. A ~as turbine uses an external air source to driYe up to speed.---
a. Synchronous c. Ignition

b. Cool down d. Windmill

4. To correct an abnormal air/fuel ratio resulting in inc0mplete c_o~bustion

you should •--
a. Decrease.~1r slow~.

b. Increase air and decrease g~s together

c. Alternately increase air slowly and decrease fuel slowly.

d. Increase gas slowly.



PhyaicS Review Quiz
(Continued)

Potential energy is energy due to a body's •---
a. Heat c. Position

6. The turbine design which produces the greatest thrust is •---
a. Impulse Turbine c. Reaction Turbine
b. Tandem Compound d. Cross Compound

7. 50 psig is ap~roximately equal to •---
a. 65 psia
b. 7" H20

c. ?5" Hg

d. 14.7 psia

a. Flue gas te,perature is higher.
b. Air/flue gas flow is geeater.
c. Steam has poorer heat transfer ability than water.
d. Superheater tubes are thicker than boiler tubes.

9. Match the following tyoes of gaup.:eswith their usual application:
a. Hg filled single leg manometer positive pressure
b. Bourdon tube low positive pressure
c. H20 filled "U-tube" manometer _ negative pressure



Physics Review Quiz

(Continued)

Essay Questiolll
. . .

1. What should be the immediate operator action in the event of total loss
of fire in the boiler?

a. Bo~ many Btu' •• ust be added to one pound of a saturated
liquid at 500 psia to convert it to one pound of saturated
vapor?

c. If a boiler is operating at 1.300 psia and 900°F. howaany
degrees superheat is being attained?

d. What would be the change in specific volume when condensing
one pound of saturated stea. at 212°F to a saturated liquid
at 101. 74°F?



Phjsics Re.iew Quiz

(Continued)

3. Pt.S•pt.z. •
I •1>4. , • I, I I •I, I Row .·1 • •••• •• , •I I

I • I
I 1 I
I I••

b. lame ~he principle and live a brief statement that applies ~o the
flow relatioBship.

c. When the flow area decrea.es from Point 3 to Point 2, what .appeDs to
prenure?



•. Physics Review ~uiz
(Continued)

5. What causes "flashing" when venting a vessel filled with water at or
below saturation temperature?



\ -
I

2. SATURA liON: PRESSURES

Alt. " •••• Sp~cjfic Volume Enthalpy Entropy Internal Enerfn' AlN " ••••U. '.IIl~ Sot. Sot. Sot. ••••• Sot. Sot. Sot. Sot. IIISq'n. • liquid Va_ liquid ha~ Va_ liquid Evap Vapar liquid E••••• Va_ Sq''''p , .., ". to, to,• to. I, I,. -. u, u,. u. ~
1.0 101.74 0.01614 333.6 89.70 1036.3 1106.0 0.1326 1.6456 1.9782 69.70 974.6 1044.3 I.'2.0 126.08 0.01623 173.73 93.99 1022..1 1116.2 0.1749 1.7451 1.9200 93.98 957.9 1051.9 2.D3.0 141.48 0.01630 118.71 109.37 1013.2 1122.6 0.2008 1.68.55 1.8863 109.36 947.3 1056.7 S.O4.0 1.')2.97 0.01636 90.63 120.86 1006.4 1127.3 0.2198 1.6427 1.8625 nO.85 939.3 1060.2 4••5.0 162.24 0.01640 73.52 130.13 1001.0 1131.1 0.2347 UI094 1.8441 130.12 933.0 1063.1 1.0
6.0 170.06 O.ot645 61.98 137.96 996.2 1134.2 0.2472 1.58:10 1.8292 137.94 927.5 I06S.4 6.07.0 176.8.; 0.01649 53.64 144.76 992.l 1136.9 0.2.581 1.5586 1.8167 144.74 92:1.7 1007.4 7.08.0 182.66 0.016.;3 47.34 150.79 988:5 1139.3 0.2674 1.5383 Ul057 150.77 918.4 1009.2 1.0t.O 1&1.28 0.01656 42.40 156.22 985.2 114l.4 0.27.;9 1.5203 1.7962 1.56.19 914.6 1070.8 t.O10 193.21 0.010-59 38.42 161.17 982.1 1143.3 0.2835 1.5041 ·1.7876 161.14 911.1 1072.2 10

14.696 21:1.00 0.01672 26.80 180.07 97Q.3 1150.4 0.3120 l.4446 1.7566 180.02 897.5 1077.5 14••
213.03 /'15 0.Ql61:1 26.29 181.11 969.7 1150.8 0.3135 l.4·US 1.7549 181.06 896.7 1077.8 1520 227.96 0.01683 20.089 196.16 960.1 1156.3 0.33.')6 1.3962 1.7319 196.10 88.5.8 1081.9 2030 2.;1).33 1l.01701 13.746 218.82 945.3 1164.1 0.36811 1.3313 1.69<13 218.73 869.1 10117.8 3040 267.2.5 0.0171.'i 10.498 236.03 933.7 1169.7 0.3919 1.2844 1.6763 23.5.90 8.56.1 1(192.0 4050 281.01 0.01727 8.515 250.09 924.0 1174.l 0.4110 1.2474 1.6585 249.93 845.4 1005.3 50

60 29:2.71 0.01738 7.175 262.09 915.5 1177.6 0.4270 1.2168 1.6·S38 261.90 836.0 1007.9 1070 3O:2.!l2 0.01748 6.206 272.61 907.9 1180.6 0.4409 1.1906 1.6115 27:2.38 8:27.8 1100.2 7080 31:2.1'3 0,0)757 5.472 28:2.02 901.1 1183.1 0.4:;31 1.1676 1;6:207 :281.76 ~:20.3 1102.1 80
'Cl 3:20:27 0.01700 4.800 200.56 894.7 118.;.3 0.46·11 1.1471 1.6112 290.27 813.4 1103.7 to100 327.81 0.01774 4.432 298.40 886.8 1187.2 0.4740 1.1:!86 1.0026 298.011 607.1 1105.2 100

120 3-1l.15 0.01789 3.728 31:1.44 877.9 1190.4 0.-1916 1.0062 1.5878 312.05 79;.6 1107.6 120
HO 3,;3.02 0.018(12 3.~0 32-1.1U 868.2 1193.0 0.5069 1.068:1 1.57S1 324.35 7'1.5.2 llf19.6 140160 363..';3 0.01lH.5 2.834 335.93 859.2 119S.1 0.S:204 1.0-136 1..;040 :]35.39 775.8 111l.2 160
180 373.06 0.01827 2.532 346.0;3 850.8 1196.9 O.53:2~ ),0217 1.5:;42 34S.42 767.1 1112.5 180200 3!'ll.79 Om~39 2.288 355.36 843.0 1198.4 0.5·135 1.0018 1.:';-13] 354.68 759.0 1113.7 200
250 4(10.!l5 O.OJSO-; 1.8438 376.00 8Z5.1 1201.1 0.5675 0.9588 I.S263 375.14 140.7 1115.8 250
3011 417.33 0.01l190 1.5433 393.84 80l.J.0 1:202.8 0.5879 0.922.5 1.5104 392.79 7;2·1.3 1117.1 300
350 43/.7l (1.111913 l.3:!GO 400.69 794.2 1203.9 0.60.;0 ().~910 I.4066 408.45 709.6 1118.0 350
400 444.59 0.(1193 1.1611 4~4.0 780.5 1204.5 0.6:214 O.llGJO 1.48-14 42:2.6 695.9 1118.5 400
4:;0 4.;0.28 0.019.; 1.03~0 437.2 767.4 12()'1.6 0.6356 0.8378 1.473-1 435.5 683.2 1118.7 4SO
500 467.01 0.0197 0.9:178 449.4 755.0 1204.4 0.6487 0.8147 1..,634 447.6 671.0 1118.6 500
550 476.93 0.0199 0.8·122 460.8 743.1 1203.9 0.6608 0.7934 1.4.;-12 458.8 659.4 1118.2 550
iOO 41>6.:21 0.02111 0.76llS 471.6 731.6 1203.2 0.67:20 0.7734 1.4454 469.4 648.3 1111.1 600
700 503.10 0.0:2115 0.0-554 491.5 7(19.7 120l.2 0.6925 0.7371 1.4:296 488.8 6:27.S 1116.3 700
800 51S.23 0.11209 0.5687 509.7 688.9 1198.6 0.7108 0.7045 l.4153 506.6 607.8 111404 800
!lOtI 53U18 0.0:212 0.5006 5:26.6 668.8 1195.4 0.7275 0.6741 1.40:20 523.1 589.0 111:2.1 !lOG

10lIO 5·1-1.61 0.0:216 0.-1-136 542.4 649.4 1191.8 0.7430 0.6467 1.3&97 53S.4 571.0 J 109.4 1000
1100 5:;6.31 0.0:2:20 0,-1001 557.4 630.4 1187.8 0.757.; 0.6205 1.3780 55:2.9 553.5 1100.4 1100
1200 567.:22 0.02:23 0.3619 571.7 611.7 1183.4 0.7711 0 ..;956 1.3007 566.7 536 ..3 11113.0 1200
1300 577.46 0.02:27 0.3~93 555.4 593.2 1178:6 0.78-10 0.S719 1.3-559 580.0 SI9.·I' 1099.4 1300

1400 S.~7.10 0.0-:231 0.3012 5911.7 574.7 1173.4 0.7963 0.5S91 1.34.'" 592.7 502.7 109'S.1 1400
l!'tOO M6.23 0.02.3.5 0.27fl5 611.6 536.3 1167.9 0.8fl.'12 0.S26!) 1.3351 605.1 486.1 lII'J1.2 1500
2000 fl.'>:'.8:2 0.02;7 0.1878 671.7 463.4 1135.1 0.tl619 0.4:!30 1.:2S-I9 66,' ., 403.4 10M.6 2000
!500 6Gll.13 0.0'.257 0.1307 7::0.6 360.5 1091.1 0.91:26 0.3197 1.2322 711.3 313.3 1030.6 25003IICO 095.36 0.0316 0.0858 8(1'2.5 217.8 1020.3 0.9731 0.1885 1.1615 783.4 189.3 972.7 3000

3206.2 ':05.40 0.0503 0.0503 902.1 0 902.7 1.0580 0 1.0580 872,9 0 872.9 3:!06.!
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Quiz P-5

(Continued)

10. II. What observations should be made by an operator after shutdown of a centri-
fugal pump on a COl'llIllondischar~e header?

11. As heater drips are a mixture of steam & w~ter, they always enter another
heater in the zone.
a. condensiag
b. drain c~oling

c. desuperheating
d. condensate inlet

1::>.Briefly describe how to adjust the shell-side vents on a closed feedwater
heater to obtain maximum efficiency.

zone.
a. condensing
b. drain cooling

c. desuperheating
d. condensate inlet



Quiz P·5
(Continued)



Quiz P-6

1. The force that causes electron flow in a conductor is lmownas

potential difference and is measured in units called volts.

2. Whena potential difference exists, electron flow will be from

positive to negative.

3. Ohm'sLawstates that" The electric current in a conductor equals

the volts applied to the conductor divided by the resistance of the

conductor. "

4. i force of ane Tolt causing one ampere to flow through a conductor

is equal to one watt.

5. A basic law of magnetism is that "Opposite poles repel each other and

like poles attract each other."

6. MagnetiSMis the process of electricall1' charging a neutral body

by contact, conduction, or induction.

7. The stronger the magnetic field and the taster the motion of the

conductor, the gI'ea ter will be the voltage induced in the conductor.

8. Since the polarity of • generator field must remain unchanged,

alternating current is supplied to the field winding.



Quiz p-6

120t
9. Using the formula N· p, a four pole generator will run at 1800

rpm to produce 60 cycles.

10. An .l.C. generator hall its windings placed in the rotor and they

are spaced 180 degrees apart, thus giring three phases.

1.4. Whenparalleling a generator to the system, the breaker should be closed

just betore/after the synchroscope reaches the 12 0' clock position.

lS. Whenparalleling a generator to the system, the synchroscope pointer

should be turning slowly in the slow/fast direction.



QuizP-6

16. The generator stator field rotates at the same speed as the rotor field

and the force it exerts acts in the same/opposite direction as the rotor

rotation.

17. If the stator current is lagging behind the voltage as the rotor revolves

the generator power factor is said to be leading/lagging •

18. Generator operation in lagging power factor of less than 0.85 causes the

temperature of the rotor/stator conductor to be a more lbdting factor

than current flow.

Essay-----

19. Whatdetermines, in a transformer , which is the primary coil and which is

the secondary coil ?

20. Describe howmechanical energy in the turbine is converted to electrical

energy in the generator.



\1\
• Quiz P-7

4. Refer to Figure 1.
On the T-5 diagram, which point or line identifies the following phases
in a superheat cycle:





POWER PLANT PHYSICS,
CHEMISTRY, AND ELECTRICAL SCHEMATICS

1. Excess air in too great a proportion will cause
inefficiency, but will reduce NO emissions.x

2. Imcomplete combustion indicated by the combustibles
recording pen calls for immediate trip of the boiler
fuel.

3. Boiler tube metal temperature is lower than superheater
tube metal temperature because,water has better heat
transfer properties than steam.

4. Soot accumulation on convection pass surfaces increases
fan loading, but has little or no effect on heat
transfer rate.

5. The change from a saturated liquid to a saturated vapor
is accompanied by a large change in specific volume
and a small change in temperature.

6. The degree of superheat refers to the temperature the
steam is raised above its saturation point.

7. If the flow area in a pipe system decreases, the velocity
increases, and pressure decreases.

True/False
Cj poinu each)



Final Examination
(Continued)

8. In a pipe system, flow is always from a low pressure
area to a higher pressure area.

Q
9. A liquid in~glass thermometer utilizes the pribciple

of differential expansion.
o p~ •••

10. A vacuum reads pressure between/absolute and
atmospheric pressure.

11. Steam passing through a nozzle undergoes a pressure drop,
velocity increase, and a corresponding increase in specific
volume.

12. Mixed flow pumps are used when large flow rates at high
discharge pressure is required.

13. In an ac generator the voltage alternately changes from
positive to negative, but current flows in only one
direction.

14. When a voltage is induced by a magnetic field, the
stronger the field and the faster the motion, the greater
the induced voltage will be.

True False<, points each)

I~. The bo";ler teed PWDP takes suction troll the hotwell and PWDps
through heaters to the boiler.



Final Examination
(Continued)

1. The difference between normal, safe combustion and an
explosion is .

a. Unit load
b. Sulfur content of fuel
c. Rate of heat release
d. Fuel temperature

Multiple Choice:
(2 pointseach)

a. A drop in steam temperature and fuel flow increase with no
change in steam flow

b. A visible, white plume from the stack
c. A slow, steady decrease in drum level
d. A sudden rise in superheat temperature

a. Free passage of combustion gases
b. Accomodating large waterwall surface area
c. Using the open register light-off procedure
d. Time for the complete combustion of the fuel



Final Examination
(Continued)

Hul tip1£.Choice:
("3 poi.ltseach)

4. When heat is transferred in a waterwall tube, the greatest temperature drop
occurs

a. Through the tube wall
b. Through the steam film
c. Through the water film
d. Through the gas film

5. The precise temperature at which water boils for a given pressure is
known as

a. Superheat temperature
b. Latent heat of evaporation
c. Sensible heat
d. Saturation temperature

8. 1,118.7

b. 1,178.6

c. 1,204.6
d. 212



Final Examination
(Continued)

Multiple Choice:
(3 points each)

7. Under what condition would boiler feedwater flow be higher than steam
flow to the unit and auxiliaries?

a. Boiler tube leak
b. During soot blowing
c. Boiler blowdown for chemical control
d. Any of the above

a. Differential pressure across the condenser will decrease and water
velocity will increase.

b. Differential pressure across the condenser will increase and water
velocity will increase.

c. Differential pressure across the condenser will decrease and water
velocity will decrease.

d. Differential pressure across the condenser will increase and water
velocity will decrease.

a. Differential pressure
b. Differential temperature
c. Viscosity
d. Specific gravity differential



Final Examination
(Continued)

Multiple Choice:
(~ points each)

10. If a unit thrust bearing temperature alarm accompanied by a Squeeler
Ring Temperature Alarm occurs,

a. Notify the System Dispatcher and lower load.
b. Code the Shift Foreman.
c. Trip the unit iDlllediately.
d. Submit a Form 23 for instrumentation check.

11. A thermocouple works on the principle that when the fused junction of two
dissimilar metal wires is heated, .

a. An electric voltage is produced.
b. There will be differential expansion indicated.
c. The bourdon tube will be deflected.
d. The pressure is converted to temperature.

12. The Forced Draft Fan must supply the combustion air requirements at
sufficient static pressure to .

a. Permit throttling air registers.
b. Keep the stack clear.
c. Overcome the resistance of boiler co~oDents.
d. Maintain reheat temperature control.



Final Examination
(Continued)

Multiple Choice:
(~ poinu each)

13. If the voltage and current produced in a single-phase ac generator are
plotted, the result will be •

a. A straight line
b. A sine wave
c. A 450 angle
d. The same as a dc generator

a. Rotor conductor heating
b. System speed
c. End-iron heating
d. Stator conductor temperature

/5. The steam removed from the turbine to the heaters is called---
a. Steam Heat
b. reducing steam

c. extraction steam
d. superheat steam



Final Examination
(Continued)

~Essay: (A-points each)

1. Consider one pound of water in a pressure vessel at 1,300 psia. (Refer
to Steam Table.)

d. What is the change in specific volume corresponding to the change
in state from liquid to vapor?



Final Examination
(Continued)

2. Describe how mechanical energy of a turbine is converted to electrical
energy by a generator.



.·r... "
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2. SA TURA liON: PRESSURES

Alt. " •••• Sp,eciflc Volume Enthalpy Entropy Internal En.gy Ails " ••••
~ l:."'p Sat. Sat. Sal. Sat. Sat. Sal. Sat. Sat. lI.141",,; • liquid Vapor Liquid hap Vapor liquid E•••p Vapor liquid E_p V..,.., 1411•••It ,

'If, 'If. II, II,. II. ., .,. •• II' u,• u. p
i.o 0.101.74 0.01614 333,6 69.70 1036.3 1106.0 0.1326 1.8456 1.9782 69.70 974.6 1044.3 I.'ZJ) .126.08 0.01623 173.73 93.99 1022.2 1116.2 0.1749 1.7451 1.9200 93.98 957.9 1051.9 2.03.0 141.48 0.01630 118.71 109.37 1013.2 1122.6 0.2008 1.6855 1.8863 109.36 947.3 1036.7 3.04.0 152.97 0.01636 90.63 120.86 1006.4 1127.3 0.2198 1.64:27 1.8625 1:20.85 939.3 1060.2 4.'6.0 162.24 0.01640 73.52 130.13 1001.0 1131.1 0.2347 1.6094 1.8441 130.12 933.0 1063.1 6.0
6.0 170.06 0.01645 61.98 137.96 996.2 1134.2 0.2472 1.5820 1.8292 137.94 927.5 1065.4 '.07.0 176.8.5 0.01649 53.64 144.76 992.1 1136.9 0.2581 1.5586 1.8167 144.74 922.7 1067.4 7.0
8.0 182.86 0.016.')3 47.34 150.79 988:5 1139.3 0.2674 1.5383 1.8057 1!50.77 918.4 1069.2 8.0t.O 1&1,28 0.016.56 42.40 156.22 985.2 1141.4 0.27.;9 1.5203 1.7002 156.19 914.6 1070.8 t.O10 193.21 0.01659 38.42 161.17 982.l 1143.3 0.2835 1.5041 1.7876 161.14 911.1 1072.2 10

14.G96 21~.OO 0.01672·' 26.80 180.07 97;0.3 1150.4 0.3120 1.4446 1.7566 180.02 897.5 1077.5 14.196
15 213.03 0.01672 26.29 181.11 969.7 1150.8 0.3135 1.4415 1.7549 181.06 896.7 1077.8 1520 227.96 0.016li3 20.089 196.16 960.1 1156.3 0.33,56 1.3002 1.7319 100.10 88.;.8 1081.9 2030 2.;0.33 0.01701 13.746 218.82 945.3 1164.1 0.3680 1.3313 1.69<)3 218.73 869.1 10117.8 3040 267.2.; 0.0171.'; 10,498 236.03 933.7 1169.7 0.3919 1.2844 1.6763 23·;.90 856.1 1092.0 4060 281.01 0.01727 8.515 250.09 924.0 1174.1 0.4110 1.2474 1.6·;85 249.93 845.4 1095.3 50
60 292.71 0.01738 7.175 262.09 915.5 1177.6 0.4270 UI68 1.6·'38 261.90 836.0 1097.9 1070 30:2.92 0.01748 6.206 272.61 907.9 1180.6 0.4409 1.1900 1.6315 :272.38 827.8 1100.2 70SO 31;2,(13 0.01757 5.471 282.02 001.1 1183.1 0.4531 1.1676 1.6:207 281.76 1l:20.3 1102.l SO90 3~0,27 0.01766 4.896 2UO.56 894.7 118.;.3 0.46-11 1.1471 1.6112 290.27 813.4 1103.7 90100 327.81 0.01774 4.432 298.40 888.8 1187.2 0.4740 1.l:!86 1.0026 298.08 607.1 1105.2 100

120 341.25 0.01789 3.728 312.44 877.9 1190.4 0.4916 1.0962 US7S 312.0.; 79;.6 JlOi.6 1201-10 .).;3.02 0.OJ8n2 3.2:::0 324.82 868.2 1193.0 0.5069 I.06S2 1.5751 324.3.5 7~·;.2 1109.6 140
160 363.53 O.O!!;].; 2.834 335.93 859.2 1195.1 0.5:204 1.0436 1,5640 .m.30 ';73.8 111l.2 160
180 373.06 0.011):27 2.532 ~6.03 850.8 1196.9 0.532.; 1.0:217 1.5';42 345.42 767.1 1112.5 ISO
~ 3'11.79 O.oJ~.39 USB 355.36 8.43.0 1198.4 O.M35 1.0018 1.5·a,j3 334.68 759.0 1113.7 200
Z50 4110.95 0.0186.; 1.8438 376.00 825.1 1201.1 0.5675 0.9588 1.5263 375.14 740.7 1115.8 Z50
3041 417.33 0.011>90 1.5433 393.84 809.0 1:202.8 0.5879 0.92;2.; 1.5104 39:2.79 i2U 1117.1 aoo
350 431.71 0.111913 1.3260 409.69 794.2 lZOJ.9 0.6056 0.1l910 1.4966 408.45 709.6 1118.0 350
400 444.5U 0.11193 1.1613 424.0 780.5 1204.5 0.6214 O.S630 1.4844 4:22.6 695.9 1118.5 400
4:;1) 416,28 0.019.) 1.0320 437.2 767.4 12Q.UI 0.6356 0.8378 1.4734 435.5 683.2 1118.7 450
500 467.01 0.0197 0.9278 449.4 755.0 1204.4 0.6487 0.8147 J..I6:34 447.6 671.0 1118.6 500
550 4i6.93 0.0199 0.8·U2 460.8 743.1 1203.9 0.6608 0.793-1 1.4,542 458.8 659.4 1118.2 550
600 41)6.21 0.0:2111 0.76\)1) 471.6 731.6 1203.2 0.6720 0.773.4 1.4454 469.4 848.3 1117.7 &00
700 503.10 0.02115 0.6554 491.5 709.7 1201.2 0.602,5 0.7371 l.4296 488.8 627.5 1116.3 700
800 51lS.23 0.11209 0.5687 509.7 688.9 1198.6 0.7108 0.7045 1.4153 506.6 607.8 1114.4 aoo
9011 531.98 0.0:212 0.5006 526.6 668.8 1195.4 0.7275 0.6741 1.40:20 523.1 589.0 1112.1 900

10lIO 5H.61 0.0116 0.·1436 542.4 649.4 1191.8 0.7HO 0.6467 1.3897 538.4 571.0 1109.4 1000
1100 556.31 0.02:20 0.4001 5.;7.4 630.4 1187.8 0.7575 0.6205 1.3780 552.9 553.5 1l06.4 1100
1200 567.22 0.0223 0.3619 571.7 611.7 1183.4 0.7711 0.5!l56 1.3667 566- 536.3 11113.0 1200./
1300 577.46 0.0227 0.3293 585.4 593.2 1178.6 0,7lS40 0.5il9 1.3.;59 580.0 519.·' 1099.4 laoo-- .-
1400 5'17.10 0.0'231 0.3012 598.7 574.7 1173.4 0.7963 0.5191 1.34.54 59'2.7 SOU !OO5.1 1400
t!'.oo 5!)(L~3 0.Cl-2:1.5 0.27b5 611.6 536.3 1167.9 0.8(1.'12 0.526!) 1.3351 6().5.l 456.1 llI'J1.2 1500
2OOC) ff3'i.lS2 0.0257 0.1878 671.7 463.4 1135.1 0.1l619 0.4230 1.2lS49 00·' ., 403.4 10bi'i.6 2000:soo 008.13 0.0287 0.1307 nO.6 360.5 1091.1 0.U126 0.3197 1.2322 717.3 313.3 1030.6 Z500
3ftCO 095.36 0.03·16 0.0858 8(~2.5 217.8 1020.3 0.9731 0.1885 1.1615 783.4 189.3 972.7 3000

3206.2 ':05.40 0.0503 0.0503 902.1 0 902.7 1.0580 0 1.0580 672.9 0 872.9 3:!O1l.!
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1. All relay contacts are shown in the position they take when their

associated rela1' is •--------
a) 52 means _

B) 31 means ---------
c) 63 Ileans ---------

3. 42/6 ~:~ 42/1l. Thia symbol ancountered on • achematic print refara

to: -----------------
b) A double coil J electrically operated, mechanically latched relay.

c) Auto reset relay.

d) Double coil overcurrent relay.

.) ~ b)

contact normal~ closed when LS-9$ d} ;¥LS'I a} =:: 1.5q

42 l. A-CCircuit Breaker

52 2. A-C thermal relay

49 3. Alann relay

74 4. Running circuit breaker ( LinesiQ,l'"ter) .

21 5. A-c undervoltage relay

-i·



Quiz E-l

(Continued)

10. What is the difference between a single coil relay and a double coil

mechanical~ latched relay?



1. Jr 81 indicates a device, and as drawn is considered de-ener~ized. T' F

* 81 is a contact operllted by device

t 91 is a contact closed when ~ 81 is energized.

4. The contact :I: 21 i8 closed whendevice ?1 is de-energized.

s. :¥ PS-) is a contact closed whenpressure switch No. ) has low

pressure anolied to it.

6. The symbol # LS-7 on an electrical schLut.ic denotes a contact closed

with zero level on 1A!v:elSwitch No.1. T F

7. With the DCswitch closed and the 42CS open, will the green light hi

lighted? (Reter to Fig. 1 )



Quiz E-~

(Continued )

ps.,

"
For questions 9-12 refer to Fig. 2

9. PS-2 contact will close on somepressure to ener~ize device :10. 6

..
13. With tile 5?X device energized the red light will be on.



q",~&. E-!.
(c o",+~W\•.aJ)

Give the sequence of events after you
close the "A" contact.

I
,ICD. If there is some pressure on PSl and

you close the "A" contact, what willhappen ?



What does it take to energize the 7X relay
coil?



Q"'~ e.-2-
(. (O~+I"'''''tJ)

19, Whatdoes it take to energize the 6y
relay coil?

I
!

2 O.When will the green light be on ?



·ov LOAD CENTER N0.I1
A

•
C

For questions 4-~o refer to Fig. 2

s. The control circuit is protected against by • in------- -----



Quiz E-3

(Continued)

••en

7. On a motor stRrt, 4? x/o relay is energized until •---
8. 42y relay operates

b. the 42 CS/A contact is opened

c. the normal~ closed contact 4?X opens

d. the 42/a ~ontact opens.

8. If the tuse in the control circuit blows, ACB5' opens.

9. 42 x/a cannot be energized unles. the 4? /HC has been energized.



12. An overloAd (overcurrent) condition exists, OLAcontact is closed.

(Circle correct answer)

..L
8. T 42Yseals in.

b.::= 4?/CS trips to off position.

c. ~ 42/HCis energized.

d.;(! 42Xcontact opens.

15. Should an overload occur contact 49/0LAor 49/01&closes to seal

in relay 42Y.

16. Onan overload contact *' 4?Y opens, 4~/Hc is de-energized and

the contacts 42-31-63 open to stop the motor.

17. Contact #' 421 will open when* 4?CS is closed.



Quiz E-3

(Continued)

lB. The motor will restart whenthe thermal device cools and OL

contacts open. T F

19. Normally, relay h?Y is de-energized and its contact.f u2Y i.

open in the starting circuit. T F

MANUAL-+-AUTOMATIC
START START

• 4311S
X ••
•

GY
a
tiC

~: Fig. 3 depicts a pArallel circuit by-pas8ing 4?/CS, normal .tarting switch.

Devices:

68 Thermal protective relay in another circuit.

44 Contact operated by the .tand-by starting relay in another circuit

operated b7 a primary .ensing device. (Pressure, level, etc.)



Quiz E-3

(Continued)

21. The ~ 68 contact is closed, the 68 coil is energized.

22. The '* 44 will be closed at some predetermined level or pressure in

-L
24. As drltwn, closing the l 44contact will start the motor.



Schematics Review Quiz

c. 'i2
d.*~

..Jie • .,. ~i

f. ~

____ ContRct open when 4?Y is energized •

____ Double coil relay, mechanically latched.

.,...PS-3 is a contact closed when

For questions 6 through 1? refer to Fig. 8-13 ( Handout ).

6. When energized, the 4?X/o re1aJr sill callse the motor to start, then,

when 112X/0 is de-energized the Motor will stop.



Schematics Review Quiz
'.

(Continued)

8. With the motor running, if the fuse in the control circuit blows,
the 4?X relay returns to the RESET position.

9. After closing the AGB 5?-3l-63, the 4?/cs is mper-ted to close its
"A" contact. The 42/HC will then beenergized, provided the 4?Y coil

..L
The contact 4?Y 1r



'---

For questjons 13 throuBh 16 refer to Fig. 1 above.



ScheMatics Review Quiz
(Continued)

Fig. 2
For gllestions 11 through 20 refer to Fig. ? above.

PS-'1

11. When the coil of device 53 issnergized, the coil of device 15
is energized.

20. If the control power is opened, all deyice contacts on thB
schematic will be open.
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c. 74-43

d. 42-43/HC



W
on/off

B
on/off

R
on/off

G
on/off
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Electrical Schematics
E-5

a) A.C. only

b) D.C. only

c) Both A.C. and D.C.

e!> has three contacts associated with it. What is their function?

a) E¥#'
b) !¥!f
c) J¥! *

3. Whatis the purpose of ~ ~ ?

4.. Whydoesn't the blue light come on whenthe operating coil closes
42X-17-59 l'
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4 Points
each

Refer to Fig. 1 tor questions 6-10

6. Whenthe control circuit is energized, the green light will be

lighted it the breaker is closed.

.~52Y



Electrically operated, mechanically latched double coil relay.

Contact closed whendevice 42Yis de-energized.

b.~¢
For questions 12-18 refer to Schematic 5-13/5-1' (Handout)

12. When42 C5 is operated to close the "A" contact and released

a. The 4? xlo relay is released to the reset position.

b. The 42!HCremains energized through a seal in contact.

c. 42X/Rcoil is energized.

13. An overload (overcurrent) condition exists, OLAcontact is closed.

(Circle correct answer)

1.
-.L

42Y seals in.!

?
...J-

42/C5 trips to off position •.,.-
3.

~
4?/HCis energized.

4. "# 4?x clJntact opens.



11. Ona motor start, 42 X/Orelay is energized until

a. 4?Y relay operate.

b. the 4" eS/A contact is opened

c. the normally closed contact 4::>xopens

d. the 42/a contact opens

15. The normal means of unlatchin~ the 42X/0 coil following 01 relay is to __

a. Open4? les "!" contact.

b. Wait until the 42Yrelay is de-energized.

c. Operate the 42/eS to close the "B" contact.

d. Open5"-31-63 at the breaker cuHc1e

16. What prevents the motor from restarting when the thermal device 49 c001s

and is normal?

17. Fo11owinp.:an 01 relay of the motor in this schematic the

a. red light will be lighted

b. blue light will be on

c. green and blue lights ~n l>t1

d. red and green lights are on

18. The following is necessary for ana automatic st~rt of this motor.

a. somepredetermined pressure on 44 primaty device

b. this pumPselected for stand-by starting

c. all of these conditions necessary

d. thermal device 68 de-energiz0d



For questions 19-22 use the campressor schematic (Handout)

19. This control circuit is:
a. AC

b. DC

c. Both AC and DC

20. What protection related to the lubrication system of the compressor is
built into this control circuit?

21. With the control switch in the run position: List the sequ'll!nceof trVents
that will start this compressor. (10 points)

22. With the control swi~in the standby ?osition: List the sequence of
events that will start this com?ressor on standby. (10 points)
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POWER PLANT PHYSICS.
CHEMISTRY. AND ELECTRI CAt SCHEMATICS

<;-,
Quiz ••

2. What are physical properties of • substance? What are chemical
properties?



c.-I
Quiz __

(Continued)

4. Indicate whether the following pH values are acidic, alkaline,
or neutral •.
a. pH = ° d. pH = 4.6
b. pH = 7 e. pH = 11.5
c. pH = 14 f. pH = 9.2

5. Circle the compounds I

Ca, N2H4, 5i02, Fe, H, S0), Na250), Cr04, N, C, CaCO),

8. What is the difference between a qualitative and a quantitative
analysis?

10. What is meant by the solubility of gases & solids in water and
how is it effected by pressure & temperature?



4. What are the consequences of operating an evaporator with high
shell or brine conductivity?

5. What is the most efficient way to operate an evaporator? ( Include
source of steam and routing of vapor )

7. Wha'tc N.mic.a.1 is generally used in the regeneration process of
an anion resln bed?



Quiz C-2
(Continued)

8. Given a separate bed-type demineralizer system in which the flow
is through the cation exchanger and then ~hrough the aniDn
exchanger. In which bed would Ca+ and Na Ions be removed
from the raw water?

9. What two chemical tests are most frequently conducted to de-
termine when regeneration of a demineralizer is necessary?

10. Fill in the blank.
A. Never subject resins to temperature greater than oF since

the resins will become soft, stick together, and reduce
the surface area available for ion exchange.

Never permi t
resin beds because
ion exchange.

______ to be introduced into demineralizer
it will coat the resins and prevent



'\

POWER PLANT PHYSICS,
CHEMISTRY, AND ELECTRICAL SCHEMATICS

c-3
~

1. What are three-.ajor reasons chemical control of boiler water should be
liven prime consideration?

2. How is corrosion of nondrainable, pendant-type superheaters prevented when
the boiler is secured?

3. Boiler scale is formed when impurities enter the boiler via the feedwater
system. How may these impurities enter the feedwater system?



e.--3

~
(Continued)

4. What action should be taken on a unit that utilizes spray water at-
temperation ~or reheat/superheat temperature control in the event
excessive contamination is introduced into the feedwater system?

5. When performing a hydrostatic test on a boiler or when filling a boiler
for chemical cleaning, what procedure must be followed to insure boiler
water chemicals are not introduced into the superheater?

6. a. What are the harmful effects of silica carryover?
b. Ho~ is 6ilicm and its effects controlled?



G-3
Quiz

(Continued)

7. For what rea40ns would a boiler blowdown be recommended for
chemical control?

8. What are two purposes of condensate and feedwater chemical
control?

9. Why is ammonia used for pH control only in the feedwater and con-
densate systems which Rave all steel heater construction?

10. Supercritical plants have no tolerance for 4issolved solids in
the boiler. How are dissolved solids in these plants minimized?

.].



NAME----------
DATE _

POWERPLANT PHYSICS.
CHEMISTRY. AND ILECTRI~ SCHEMATICS

G-+
~

1. What i. the pu;Po.e of chlorine injection in a once throu.h circulatinl
vater system?

3. What method of chemical control is employed to minimize decay or rot tin.
of the wood used in coolin. towers?

5. What cheaical ~s injected into the condenser outlet at 80me

plants and Why?



POWER PLANT PHYSICS,
CHEMISTRY, AND ELECTRI CAt SCHEMATICS

.eta points each)...

•1.



e,-~
~

(Continued)

3. When .ater .ashin. the air prebeaters, viII the pH of tileinitial .a.h
.ater drain b~ acidic or bas~c' Why?

s. What is the purpose of each of the followilll boiler chemicals used in
'chemical cleaniD.'

a. HYdrochloric Acid ---------------- .---------------



1. List three operational activities that are related to Effluent
Control.

4. Oil is removed from the water surface of the Oil-Water separa-
tor by _
a. Air blast c. vacuum
b. Skimmer d. pump



NAME: ----------
DATE:

POWER PLANT PHYSICS, CHEMISTRY
AND ELECTRICAL SCHEMATICS - QUIZ C -7

1. What resource gives information about handling, storage and
exposure of chemicals used in the work place?

4. All empty fiber or steel drums can be disposed of in dumpster after
being triple rinsed?

5. Which Federal Agency has been assigned the authority to regulate
the handling of hazardous waste?

HKurz:cw
3/14/84



Name---------
Date---------

POWER PLANT PHYSICS, CHEMISTRY
c-8

AND ELECTRICAL SCHEMATICS--QUIZ .••

1. Why must H2S be abated at the Geysers Power Plant? (3 reasons)

2. What are the three most prominent abatement chemicals?

3. Does the Stretford system remove H2S from condensate or non-condensible gases?

4. Does the clarifying system remove solids from the circulating cooling water or
the blowdown stream?



PamR PLANT PHYSICS,
CHEMISTRY, AND ELECTRICAL SCHEHAnCS

2. Conductivity. ,a Deasure of the electrical conductance
of ions in water. is expressed in micro mhos.

3. In a separate bed type demineralber. Ca+ and Na+
ions will be removed in the anion exchanger

4. Ammonia ahould be used for pH control only in feedwater
and condensate systems which have all ateel beater
construction

s. As pres8ure increases, the aolubility of .a8es in water
increases; as temperature increases. the aolubility of
ga8es in water decrease8.

6. The Stretford abatement system removes H2S fram the
condensate

7. Hydrogen ga. i8 used when draining a boiler during acid
cleaning becau8e nitrogen is liberated by the acid cleaning
proce8s.

8. In the event a severe condenser tube leak occurs. it is not
necessary to reduce boiler load below the point requiring
spray water attemperation if the NaCI concentration in the
boiler can be controlled by blowdown

10. Demusse1ing is a process in which circulating water is heated
and passed through the intake tunnels to kill organisms by

thermal shock.

True/False
<t poin~ each)



Multiple Choice
(f pOin, each)

1. Rever .ubject demineralizer re.in. to temperature Ireater
than .p .ince the re.ins will become .oft, .tiCk---tOlether, and reduce the .urface area available for 10n
exchange.

a. 75
b. 100

c. 150
d. 105

2. A i. used to remove .uspended .oUds fram the raw---vater before introducing it to a demineralizer.
a. I.everle ollDosisunit
b. Precoat filter

c. ReBin bed
d. Plash tank

3. 11 1njected in a once-through circulating water .yatem
to prevent the fo~tion of allae and .ltme or orlanillDattack
on the condenler tube metal.

a. Sufur dioxide
b. Aanonia

c. Sodium hydroxide
d. Chlorine

4. To prevent carry-over of dilsolved .olids fram the drum into the
.uperheater during hydrostatic testing or boiler chemical
cleaning, •----

a. backfill the superheater into the drum.
b. fills lowly fram the bottom of the boiler.
c. use make"up quality water
d. leave the drum vents open

5. Control of condenser tube leaks is important to prevent excess
~ounts of fram entering the boiler.

c. Mg+
d. all of the above

6. Sub.tance. which have uniform composition and structure, and that
•• y be broken down into two or ~re .impler .ubstance. by chemical
reaction are called •------

a. elements
b. compounds

c. mixtures
d. atoms

7. By charging into the boiler water, the ~redam1nant
contm1nants calcium and magne.ium -- react to form a
sort preciptate that can be removed by boiler blowd~

a. .odium hydroxide
b. -.oma

c. .odium .ulfite
d. dilodium pholphate



ltalt1ple Choice
<1 poin~ each)

I. Which atate aoverDment alency baa the authority to reaulate
bazardoua va~te in californiaf _

a. »epartlDent of Tranaportation
b. Cal OSHA
c. Department of Health Service a
d. State eDaray C~aaion

q. Indicate whether the followiDI pH values are acidic, alkaline, or neutral.

d. pH = 4.6
e. pH = 11.5
f. pH= 9.2

a. pH = 0

b. pH = 7
c. pH = 14

10. Oil is removed from the water surface of the Oil-Water separa~
tor by _

a. Air blast c. vacuum
b. Skimmer d. pump



I•••y
('I po1nU .ach)

1. a. Whatare the harmful .ffecu of .111ca carry over?
b. How1•• 111c. controlled?

oz.. ExJtlain the bas. idea for cracking scale on an evaporator.,

~. Bow is corrosion of nondrainable, pendant-type .uperheaterl prevented when
the boiler is lecured?

S. Whatare the ··consequence. of operating an evaporator with high
shell or brine conductivity?




