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GENERAL GUIDELINES FZIR INSIRTCTR

™

ach unit (one howr of videotage anc =yrresgcnding =) requires about a
four<ow tlock of time. The recommernces seguencs = instruction is as
follows:

Introcuce the unit of {astructic..

&5 Fave the stucdents read the ctjectiives in the == ¥or the first se;=ent

i ACZ any other objectives that you ‘wish t0 2ak=.

4. Zave the students view the firsT segment cf mZ=wtape.

3 Save the students read the text Sorresponding = the [irst segment of
videotape,

5 Amglily the key peints of the segmens.

7 Fave the students answes the cue-3Tions at the =2 of the segmernt.
The answers are zrovided at the =nc of the Um=<exs.) While the
stucents are writing their answers , walix arzusc The room anc rencer
help as needed,

Bl Sefore going on 10 the next segmer™, cSlesar Lz a—r points of misuzzer~
starcing the class may have anz s~ Lf tmers ar= any questions.

3 WCRK THROUGH ALL TEE SEGMEITS 1IN THEIS MRNNER.

3 At the completicn of the last segrmant, Zave tte smudents work th
=roclem set (n their texs, Thus mr=oie= set L3 ===cnal. The stuzarne
=ay werk all of the preolems or =miy selszies =——==lams. The szicten
sheet is contaired (1 the Instrucwor £ Guice. = may e reproduced
an< rassed out to the students.)

11 Tave the students take the quiz, —he Tuiz ass =4 Quiz solutions

are contained {n the Instrustor s Zuice, 7You o reprocduce Quizzes

for distnibution to the class.

iASTTuCicr (n acaptng the (nstruction o “re level cf === students. Since

f

the Iormiat for each segment s the same,. 2 'S not rscmaad (n th Fresania-

ten outling for each segment, The =niv Forise 2l e mecommended sac:ience
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=t the key points. You should sull
ZTow tne ZoTolsT= saTuence (ndicated o these Quidelines [or eazh

SSTIRETI a0 SITIIT immerfect and amplify key points for eoch ses=ext {n

.
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INSLLUCTOR'S GUT=E
A NOTE TO THE INSTRTCTCR

@ ===sicns ca e content of this 'odule 2w Sased on three z—2~a:
) 2 Farucular === necessary for ¢ Competa= serator o kazcw?

F 3 farticular T necessary cnowledge f== the NRC license axam?
3 2 zarticular e

s

shilosce™r in mind, much of the class==al thecry involved in
Fh7sIZs and thermoormamics has Seen deletas

necessary for the uncerstanzing of later =2:2tal?

For example, (a z:vsics,

shx
e mZerence teTtvmaxz a3 pound force anc a FCt=Z zass ind the Z‘a~vamon
of e ;ravitaticnal =srstant, §.¢ 8re nct taugIz. It {s fel® that a= z;erator
wouls

zever have o zalculate values of kine~= an

e5Y., SO the taacting
of a” =2 Sackgrs

15 not necessary. The sa=a philoscghy 's =2.% (a

43

el

reamics, Fx example, a camet cycle is zever Tenticnec,

f

feo—.ces Rave fess included wmith the text for students whe L
nore Z2tal, Thesa a-pend)

ces incluce approzriats formulas, and s is
ed that 2 sTuZent who has a paaSUlar snterest ¢

recoo el

n e classical

3FEr=acs 10 physizs and thermodynamics se 2ireszed to high scheci ar

e

lower~2:=ision cellags extoocks for further Lnfr—sticn.
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INSTRUCTOR'S GUIDE
CUrit ] = The Steam Power Cycipe

-~ -
1s Ctiec=vess
B XA R

At the conclusiaca of this unit, the students shculx have a basic under-
standing of the:s:meam cycle and its compaonernts anx 4the Fropertes of
Sieam anc waters. The concepts Fresentad io thas imit are essential to

the uncerstancingg of the material covered in 'ta rarmainder of this module.
Specific ctjec=uves are given (n the text for sack sizoment,

- -

2. Matemal TLaguired
s S TSCITeC

a. Text>< Unit 1 = The Stzam Powar Cozla
b. Vicecctage - Unit | - e Steam P-wer Ticle

Steaw— Takleg bSocklet

(2]

‘

Frociden set solutions (must te rezrocucoed from the
insTuzcter's Guide

.. SJuizzzes (must be fecrocuced from the Thrstructer's Guice)
ks Vizwographs:

e s —

- -

ey

(0 L= "Basic Steam - Watar Zycle”
2) cdel=2 *+ "Using Bouncdares Stwucdy a Pump”
3) 1 1-3 "Using 8ocundares @ Study 3 Ref~geratar”
3 ‘1,21 "Fanrenheit anc fanxime Temperaturs
Scales*
() 1ded=2 “Pressure Scales*®
(6) ids =) "U~Tube Manozetars
(7 1153w} "Specific Heat of Varrzmus Solids anc Liquids*
(8) 11.5=1 'Tom:crat’m-i:'.::-,.,":‘uqnm‘
x 19
a, Tell thas students the scope of the ynis =t instruction.,
k. Make =3ure that the Stucents are aware *uat thig ig the firse
>f a s2enes of units °n plant perfermance wns that impertant
Fasic Tconcepts are hein introduces, ey
- 1 —

"-.'
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i. The ft2az Frwer Sivsle (2onmesd)

0n

Ses=e~c) -

Fezizd the students that s 71assary Af new terms s (acluded

Zxzlasz w2 the stusonts tha sequenle of imstrustion you plan

Kev Foinzs:

(£

2

e sToZenis Whe general lfea of Tuiming taat ing useful

-2 Viswgraph | 1] to diszuss the Sasis == =ponects of the
$i2a= ciTle. Feve the st Zezts raca t=e rath of water and
Plea Troush the systes= anc discuss tha changes that
“2c2 plaze in eazh compazens,
Make sire hat the studesms understand where heat enters
the sysie=, where hea: leaves the srste=, where wark enters
S sysias, and where werk leaves tte sysiam,

<te Viewsraph 1.1-2 1o (llustrate the use =f bouad aries as
8 Z=acs of sludying a spesiSc svsta= o So=ponext.
izzhasize the Relessity cf exa=izing eve~=hing that crosses
tha Souadary,
Use Viewsrazh 1,12 to {llusteate the asswers to Gueston

L1-6, The stuzsents may reguire guilance o fully understand
the cuesxon,

22Tz, Preccyre, a-s Joluze

-
A 5

STELY eview the temperature and sressuce changes that occur

Sunng e steam cycle to (Uustrate the i=portance of uader-
$1anlisg these properties. I=shasize the fact that tecyper-

ite, tressure, and volus=e zas e uses to fx all other
properdes of water,

777 2 = P
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The Steam Fawer Cycle (sammzued)

() Discuss the definiman of tem rature, Use Viewsraph |, 2-1
1o compare the Fahrenke:t and Rankin tazTerature scales.
Give exa=ples of whea the Rankine scale TGHT Se used,

3) Discuss the celinimans of pressure anc atmosgherc Fressure,
Use Viewgragh 1, 2-2 13 compare §auge press'ire, absolute
prassure, and (nches o mercury vacuum.,

(4) Use Viewgraph 1.2-3 22 show how a manometer can be used to

measurs pressure,

o
b

Work thraugh some zressum calculations wish the students,
Use the exanples (n the text or some actial pressure readings
taken {n your plant.

§ Make sure that the studests understard the relationship

between vclume and sreg.fic volume.

7 Use the Un:versal Gas “aw to shoew how lemperaturs,
Fressure, and specific velume are related. Use examples
to show how varicus hpes of protlems can e saolved,

S2cment 1~ Feae ard [ts Effeces
L2y Points

(1) Review the ceEaizons =f =eat anc 3TV, emzhasizin that

2ing
heat is the ransfer of energy,

2 Use Viewgragh 1,3-1 ts éis=uss Specilic heat arg Sampare

the specific heats of va=aus substances,

Lo

Discuss change of Fhase with raference to the changes that
water undergoes as it rasses through the staam Sycle,

4/ Discuss how latert Seat of vagcrization and betling point
vary with pressure.,

Sac=s=t § » E:thg;g! 22d Entroey

Lav Pnints:

Review the deBnitisns 2f wark and enersy anc relate them 1o

the propertes of enttalzy ard antropy,

3
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BN e FIRT ORMANCE
| 5 The Stzax Fower Cycle Semored)
2) Jissuss how chanses — anthalpy are used 25 determine Ea
Now efficiently a co=ommerns is Operatiag.
(3) Go thmougk some S_=rl= zalculatons {=v2iving changes (n

lalpy and ertrsz = Tustrate tow 252 zroperties are
usel, Al this poizs, == studerncs TUST LoZferstand that
BNTTEY is a propenty of water, and (s Exes lor a specific
e lerat re, pressurs mxs specific volu=e. This is necessary
{37 e nexz sagment_

- 2 -
- . =

Sle iazras

1) Make sure that the sticw—s uncerstand =2 pupose of 8
T-S diezrax as a mears o investgating pla=t processes.
<) Tse Viewgrazh 1,5+ == =-STuss the T-5 diagram in detail].
Make sure tha: the smico—g uncers:and the various lines
% De diagraz ans ta- ey know hew iz pist a procaess -
QoL 1t

(3) Show the s=uZerss whaz 2 Mollier Chart looks like.

esmen

5-?‘3,?.‘- s

Jea

Key Points:

(1 TRis segzment (s not inclizeZ on the videctiaze, so make sure
‘hat the studerss have ~a- and understoad e texs meterial,
2) Discuss the reference = for the Steax tatles, Imphasize
the faczt that this s an ISTArY zero point, Sut that ot works

well [or stea= plant acrlc=tons.,

(S

Foint out the simila~vas =32 dilferences 1= Tatles | and 3.
Make sue that the StiCemTs understand how Dese two tables
are set up,

(4) Discuss the <oncert cf siperheating and the organization of
! Table 3,

-
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l TRe Sipees fowes Srzle lcomm=—ad)
-
= —— :
=8, The srermsute ans TmmOermliise TUTI. ~F =€ sleaz Lrops {nside

the sarurated stazars dome, (T Zacc=as zarly water, It crosses
the SaruTALON SomE 20 Desc=as sTresmeated usmxT] it gets o the
30°F Ume.
=10, a. AU Rizher mmmeratires 2= prassures, tha =olecules dc not
Tave 1z move 25 far gpast.

e steam moim-uleg ars a5 =lizse togethas as the water

L

wniesules. There ls nc =Zeemce, sO nC tsat s reguired

oz cause doilg.
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PLALT PERFCRMANCE g
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Unit | - The Steam Powar Cyole !
i
Quiz
Nace: e E
- %
'
) 2
i woovert 327 F W K. (S) ‘! |

‘ |

-

l ‘

i |

-

i |

:

-
|
|
\
|

2. "+ Zat is the zero point for the ankine s=ala? f10) . ‘
. '
3. Caizulate the force that would wy to 1'% 3 COTR =mass buildine (15)
=21 .5 100 feet {n diameter and s prass ~zas == 33 =s.a.
= :
777 Q-1 —_—
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PLANT PLRFOANANCE
1. The Staan Pcwer Cycle (comm=nmd) i
4 Define specific voluse. ad E

o

Calculate the 3TU's reguired o= Hast 3 pouncs of a substance 250°F (15)
Tne surstance has a specific hees of L2 BTU/IF.

5. ATat is the specifiz heat of warse? (
(10) k
S 1
- L
3
3
7 Jefine waork, (S)
3
1
-
) -’
l’ﬁj—l
Q-2 —
‘ |
;
—— - ———— - ————— —— g 4 . o
PN /02.}_" Q¢ 7
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FLANT FERFCRMANCE
i Tre Steax= Fower Cycle (cc=ir—3ed)
| 9 Draw a T-S diagram, Lade! tm=caxes, slace a saturation dommve, ang Q0
o
Show Constant pressure anc =oemsrant enthalpy lines.,
3
1
a 33 Find the changes (n enthalzy, srmsccoy, and specific volume wrern Qo)
- ~vater s coiled at 255 psig.
- r‘*
[
7777 Q=33 sl -
!
- L = 8 _:: (" /oi: - O -~
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laaand oo
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St SEIG e hEANEGT

- The St2a> Fower Cv=ia continued)

SREITate n s sicple T-F Ziagram  the area (o which the superteated (10)

iy

Si=ax talrles apply.

()

S ——

-

fong 5
SR, ,
——— Q-4 i . i
]
:
1 !
W —" - A G AP —— a—u
"'-A ——— ——
v - 0 -
i ~ndl S - S } /7 J .
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PIANT FLAFCRMANCE
l The 3tzam Power Cycle
\ Unit | = Quiz Solutions
1. 527°F « 460° « 987°R
2. The tazperature at which there {s no molecular motion in =ater ::OR
3. Pressure = force
area
Force = P xA
190 144 1n?
Force = (60 psia - 1S pst) [ . ‘\l 2
S
“
- 9
‘orse = 7.3 x 107 pounds
or
3.6 million tons
. The valuma cf one pound of 2 substance
5. Qe aCp AT
3 Q = 3158 (.2 BTU/’H) (259°M
Q = 150 3TV
5 1 37T/e%F
&y Force actag through & distance
8.
P=C
heC
bl / \
SATURATION DOME
S{BTU/CR)
777 Qs~1 b o
Wi, . s v . .
K216 5 5 7 2052 30 ¢ .

2




PLANT FIAFCAMANCE
¥s The Stea= Fower Cycle
2. psia = psiz - 15 psd
psia = (283 psig) » 15 pd
psia = 270 psia
Frem the stea= tables
N ) =828.0
v
8 (g )= 0.9585
.
v, ! =]1,824352
‘w
10.
T PR}
S (BTUPR)
i Qs-2
e ——————- e
. | — s - < y
36 £ & : 2052

e
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AT PERFORMANCE

INSTRUCTICR'S GUIDE
Unit Z - Thermodynanics: Feat at Wark
“kqe,:o:_v.
AT the conclusion of ==s unit, the students should cow ~2e Mrst and
igecong laws of thermecrnamics, have an uncderstandisg =f *he energy

2gouation and the varmaws tyres of energy incluced in i3, and be able 0

roors simrle preblems volving energy conversions azz s=ctency.

8. Marecals Recmocwm

- Viceotace — Tnit 2 - Thermedvnamics: Zeas 2 Work
- Steam Taczles bSooklet

(%S

Proble= sa= sclutions (must be reproduced 5== “ne

[astucier 5 Guide)

2. Quizzes (—ust De reprocuced from the Iast=—=ar's Guide)
Vievgrapims:
(1 2.1=< “Energy Equation”
(2) r P "trergy Changes {1 the T==1ze"
3) 3.3=2 "Pipe Schematic*
4 2.4 “Efficiency Equation”
(S) 2.5 "Relrigeration Cycle*
5 2.5=2 “Refrigeration Cycle T-5 Ziagram”
33 . it 2 Presenta=—e
3. Tell the s=mects the unit cbjective.
5 Remind the students of the list of new tar=s =at is included
in their =,

Explain to = students the sequence of izst=—=on you

plan to use,

| r—te—
8277 1 iy e

I |\ | e
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Thermodyra=iss: Heat at Wesx (s9a%inued)

Tre st law of Thermodiimamizg: Tatpmtia ond Ticpems

F

]

Make sure that the stufems unde stand the =—esis smamsle
of the lirst law of thermadimamics, that enarsy caz =e:ther
Se Createl nor cestroyes, tu: the farm can mneme.

Use Viewgragh 1.1-1 22 (22raduze the energ:r smuatisz. Tell
the studems what the z;-*;",;:s stand for anz <nat they will be
Cefined iz this unit,

Refer o plant startup and shutiown as examz'ies of s=g7ses
10 storec eaergy.

Nake sure that the stuZesss uaderstand shar solentias

tnersy is the enargy of pasition, Refer them %2 Azge==ix A

af their text for addticnal {afa=a%on An pclamnal ensTYy
Calculatians,

Aeview the cefirition of kinenc energy, empmieiZiag =e°
KifieTC energy is proper=szal o valocily squared, ASZitonal
‘nformation 15 includes = Azpendix A.

Water hamoer is an {llustrasion of kinets enerTy in 3CTOT.
You may want w0 draw on your own experience Ior ad2z=ozal
examgles.

otermal Eaesv, Flow Wark, Mechanical Warr and Tea

e

Lan,

Key Zx=s
Q Make sure that the studerts understand the cancepts “=e
make up the last fow terzs of the energy eguan-on - t==ernal
energy, flow work, mecha-:=al work, and heav.
=2 feview enthalpy as the suz of internal energy gnd flow work,
. Use Viewgraph 2.2-] and the energy equaticn %2 analyze
f0w energy is changed in the turbine phase of <he steao~
water cycle.
s,
—_—ee -
877 2
.--——-_.F A
- - -—— -— — 7 r g -~ -~ v
T 2 = /< .
- \[‘6 w e e s PRI St g e -




PLANT PERT Z0ANCE
2. Ther—ac mamuss: Heat at Work (coat——mad)
B Secment 1 - T-s~v Conversion
Key Points:
n sa=‘nc the stucents cf the corversion factors *:at are {ncluded
.= z=e Steam Tables booklet,
2) Liike sure that the stucents uncasstand the relationship
z2Twaeen heat and work.
J) Ts:2 Viewgrapgh 2,3-] and the erar;y equatice o show the
SZazjes in energy that take place a5 water Sows through a
si72. Discuss the terms pressise haad and Telocity head.
3egment 4 - The Tacend Law and Efficiency
ey Points:
1y Liaks sure that the students kncw he *wo ta—s 2f the second
law =f thermodynamics and how t=ar relata = zlant efficiency.
2 Ts2 axamples such as the one i= t=a 2axt (Sxa—cle 2.4-1)
to Llliswrate how heat (s wasted = slant,
3) Cse Viewgraph 2.4-! to discuss Rcw efficie== :s ralated o
teccematwe,
Secment $ - Vacor Comprassion Pafrcerat:
L2y Feoints
1) TUsa Viewgraph 2.5-1 to discuss ta speratio= =f she refrigeration
7=l2. Show how the components a~= comzasi=le to the
sc=zczzents of the steam-water cyc’e.,
(2) Use Viswgraph 2.5-2 to analyze t:e refrgerata= cycle by
mex=s cf a T-§ diagram. MNake compa~sons o= the steam-
watar Tvcle where appropriate.
(3 Maks sure that the stucdents unders=a=d how t=a See
exzazsion of steam affects the ef2=iazcy of =2 zlant,
é 77 j —y_:_k-
- - - - T
A ———— R —————
— - —— - - ~ ’ -
- - /0 P . . [N 2
K635 7 (& R
— — REPE . e ———ﬁ
3
{

ama d o d

TN R T T W—

———

- p—

Ty - ——




ENANCE
SynAamiss: Heat at Work (conSizued)

0 0

alsc Se helpfll tc {atroduce protlexs characteristic to your own plant,
As the stucdernts are working protlems, walk around the roox and rencer
help as neeced,

S. £ 4 4

A sheom review should be sonducted before the Quiz is given, but the

Te\Wew should a0t preview the quiz cuestions. Sizply cover key points

20T ask the Tlass U there are any questions.

877 4 : ,”““‘:._.
| |
TR — G a - ———
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Lanvl PERFCQRMANCE

Thermodymaxics: Heat ze* Work (cont=zped)

Unit 2 = Pr-ohlem Set Sokiz=ons

> .

c=i. Nz, ‘t woudld continue ccithe stored epesrgy (o the ks,

2-2, a The kinetc enersy ~££ the Nywheee! will keep thee pump
funming. As the fto=o =oves addrm=cral water:, "the energy
of the Oywheel will cdacrease. .
-

To store energy as kiznetc enesgyv

-3, a. W = 2xV )
W = (962 psia - .Ixcsta) (L016 == /1%)
W = 15,384 R-lbss
b, W = PxV
W = /362 psia) Vet
W = (962 psta) (~.+44)

W o ~324 f-lbs:

c. Increasiag the interr=z. 2nergy of 11ae water

~=4. Mechkanical werx and heat za-e enersy Lar=ciicn, whiles ‘fiow worx and

intemal erergv are stored fnw ke watar ., .
=5, 1st Law:

8TU's wasted wiil inCrease=axd 3TU s cecrveried to worrk will
decrease,
ind Law:

3TU's sut w1l inCrease, so-.A Sout will Te2 jager thar s

in,
2-6, No, because waork has to fexdeone to make=2 4t work,
2~7
4A)
\'3B)
NN
\
-\,
/ N\
L
~ - .

& --@ Jeccns case weuw'd toe mcre cf aizzad cn the corrcenser, e

877

.
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PLANVT PIFFCAMANCS
Unall 2 - Therzodynamics: Seat at Work
Quiz
Name: Date
Score:

What effect dnes increasing the energy stored (a the zlant have

What i3 a water hammer?

¥ Y T A ——a————-—

-y

i g

3. Cellne flow work and give its units,
4. a. rat parameter |s aCtually measured to find S—e trough 2
Sow-measuring device?
5. Zow does that parameter vary with Qow?
g, State e *wo parts of the second law cf theimadynam =g
a.
Q-1 ‘
— ——— o &
K 6 & & C Lo




PLANT FERFCAMANCE
- soerTacynamics: Heat at Wirk (continued)

6. 3 What is efictency?
=

o. How can efficiency be defined mathmatically ?

< -
i
i
| s =
- - : M R
A e
<316 56 ] 20%5 3 0% ¢
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ERFCRMANCE
ermodynamics: Heat at Work Wontinued)

F
-~

LY

Unit 2 - Quis Scluticns

T increases e temperature of the plarnt,

2. High=velocity water |s suddenly sicpped or tumed. [t then
gives up its energy o the pipes or valves and can daxzage them,

3. Flow work is the energy of pressure Lmes volume, and its units
are foct-pourds,

4. a. ap
b. R varies as the square of the Sow,

Heal Qows from a hugh te=zerature tc a low temperature,
b. Nct all heat can be tumed it werk,

wr
o
.

2 5. a. A measure of how well = systerm uses the energy put iato [t
. [ » ok out
" enercy i

Qs-1

|
|
[
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PLANT PERTTEMANCE

INSTRCCTZ2'S GUIDE
Unit 3 - St=a= 3cilers

1. Slecuv

A *he conciursicn of this unit, the s=cects should Save a3 basic under-
stancing of T=w heat is transferrec, wxat factors afex zeat transfer,
hew to draw 2 heat transfer curve, wmITat is invelved 1= Boiling heat

wransfer, am= now a steam boller coerates.,

2. Materzm ' Recuired
=

& —ex: - Unit 3 - S%eam S erg

b. Jigectape = Unit 3 = {tam— ler
&a Zralem set scluticns (must e reproduced Lom the nstructer's
Gurie)

d. Quizzes (must be reprocuced from the lnsTuctor's Guide)

2. Viiewgraphs:

(%) Jel=l "Eea= Toxduction”
-) J.4~1 Hea: Transfer Curve®
&) J.2-2 “Ccrvmaciicn Heat Trassfer®
Az 3.3~} “Scilizg Zeat Transfec®
) 3.3-2 "Trazs=:z3 3oiling”
] 1.4~1 “Effac= =X a Pressure Iz=rease cn Sciling
Heat T=asler”
7) 3.4-2 "EZacz =X 3 Fressure Tasease con Scuing
Heat Tm2asier”
(&) 3.4-3 “Efacz =f a Flow Increase on Bciling Heat
TrangSer®
(3) 3.5-}) “Staa-r Sculer Schematic®
(U 3.5-2 *Cvcicma-Type Mcistuce Separatcer”
() 3.8=3 . “Cheveo-Type Molsture Separator”
877 L i
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i Lol © Presentaticon ~4

a. Tel Uie stuidenis the scope cf ne unit of instrucsom.

(5]

RaTinc e stucdeals that a gicsmmary of new terms Ly uncluded
& Uieyr text,

. xplain to the stucdents the sacuwrnce of instruczicT you plan
Vo]

seCr et | - Sacis Hpar

e -

Key Pciats:
32 Use Viewgrapgh 3.1-11t¢ discuss staduction as the Desic
means cf heal transfer across =atal surfaces.
c) Maxe sure that the students .n=pe-stand the imparzerce of

a temperature difference in conmuusiicon heat transies.

13} Discuss convection as 2 means = getiing hea: ‘== =he wall
o the sieam boLer int: the waters. Emphasize the xzie of ~

water Sow.
i4) S-iefly discuss what radiation hevat transfer is.

{5) Discuss heat transfer coefficiamis and how they ar= used in

vour plam,

26cment 2 - Phvsical Parametery of Basie iinzac Transfer

(1 Make sure that the students undee-stand the relaticmship
Setween heat Sow and 4T, It mugnt be helpful te gz 2hrough
Ixample 3.2-]1 with the class..

2) Maxe sure that the students unzercstand the relaticmship
Setween heat transfer rate and arma, including 47

(3) Have the students give examples :in the plant of manerials
“iat are good cencductars and mareenials that are pocr zonduc~
tors anc tell how these materials mre used. = A

ha ool
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FLANT PIRSCRANANSE
3 Stea= 3ciers (continued) L
- 3) Clscuss the effec. of the Dulliup of deposits oo =ea: T ansfer

surfaces.
3) Use \Viewgraph J1.2-1 to i=treduce the heat transés =urve.

&) Use Viewgraph 3.2-2 to tlcstrate the effect cf a Zow !

{ncrease cn convection heat transfer.

E
Secmex= 3 - 3cili=< Zeat Transfer ]
Key Pesstass {
y
] 1) Tse Viewgragh 3.3-1 to s2ow where boiling heat Ta-sfer t
aprears cn the heat transfer curve, Discuss why t=ig
Jerusn ci the curve is staezer than the convectice portion. L
4
2) Maxe sure that the students cudarstand the concegss of =
T aucizate boling, sub-cccled aucieats bolling, uic Seiling
ancé = betling.
- rey - 1
3 “se Viewgraph 3.3-2 to discuss transition boiling a2 4
critical “eat flux. ]

A
«
[
A
[
"

<re that the students were able to fcilocw =2 videctape
cemczsiralion and that ey cnderstood why the woe ]
-~

TuGht Rave humed out.

P Ttel T

A

2s:s3: Pamameters cf Beilisg Heat Transfer !

Lay Poiniss

1) Use Viewgraph 3.4-1 to discuss the effect of 3 5:£222 pressurs
increase cn bolling heat Transfer, Make sure that ==e students
wicerstand what is taking piace and why the curve s=:23 to
e right,

i

Use Viewgraph 3.4-2 to discuss why a sudden pressc-e drop
Tay cause sericus precblex=s ia the plant.

—_———
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Tt e Pars wheANCE y
: Stea= Boillers (centinued) }
4) ~se Viewgraph 3.4-3 0 discuss the effects of a Qow inzrease
cn bdeiling heat ransfer. =Have the studenis draw a curve to
Ulustrate the efects of a decrease in flow. )
ssTex 5 - Jtesw 3cier Characterigtics }
3) Use Viewgraph 3,5-1 to discuss water circulation in a steax
>cier. Emphasize the type of circulation used in your plant,
2) “ee Viewgraphs 3.5-2 anc 2.5-3 to discuss the two types ’
r
cf meisture separaters. Discuss how ans when either or 1
p
] >2ih are used i your plant.
c) lare sure that the studen’s understand the cencepts of
Suality anc camyover. Cnly two causes cf camryover were
memioned in the text. You may want tc add tc this list.
3) Discuss swell and shrink and make sure that the studexts
understand the causes and effects of each. o
4.  IZ=3lex Jet
s
Yoo ==v assign any or all of the problems in the prohlem set, It may
.55 = Delpiul I introduce prodlems characteristic to your own plant.
= .
Frozism 1.5 is especially recommeicded. As the students are werking 3
D€ TToiems, walk around the room and render help as needed.
S. s
A shcre review may be conducted before You give the quiz. The review,
doweTr, shoild nik preview the Guiz questions. Simply cover key points
anc asc 1be students U there are any questions.
9
~—
! N
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PLANT FIRTCRNVANCE
3. Steam 3ciers (cormi=—ad)

Smt 2 - Prcblem Set Scluticns

3e1. Q = kAT
[
- . -
WL o g0
ke
—
£=1.86x10 :r-of

|
3=2. 2. anc b,

log iT {

-3 Dcreases 2w will cause a decraases layer of water, ,

WELSD i=2rTres Reat transfer. This means wiat more {

heat caz e Tatslerred for o smaller 4T.
3-3, The cne with satu-aad steam, because e heat transfer will
Se ccndensatica. Iz the case with superheated steam, the
sieanm tezzemiire ag a drop 10%F befcre ccndeasaticn zan

start,
3=4 @ |
&) |
) ’

'

|

- '
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FLANT PR C2NANCTE
3. Saax 3:ie-s5 (contizued)
3.5 Somip refers It e cezletion of the uamic= fual <=8 to ~
Power cperaticts, wille Durnout {3 damage “ue = =
==peratures.
N
—
—~—
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CARMANCE

Unit 3 - Steam Boilers

Quiz

Name: Date

Score:

1 2. What are the three basic methods cf heat transfer? (10)
b. Which play a significant rcle in heat transfer (n your sla="7 (8)
e, Which mettiod of basic heat transfer is of little use (n (S)

plant cperaticns? Why ?
3. Draw and label the heat transfer curve. Label the different mccag (15)

of heat ransfer as represented Sy each perticn of the curve.

r———— - ———
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i Temve PIEFCENANSE
3 Neax 3clers (cczmaued)
- - s B Simnt & e N,
3. ~efne "critical hadt Qix.* Qa) pon
#
4. Wwhat (s "swell®?
s A = ’ —— o L - . 1
5. a. A Neat exTaager Wansfers 110,000 3TV Nr with an average a0
T il - - - CQ .
J temperatire Sifarential of 20 7. What will happen to the
- s ] :
heal fow if scale bulds up ans the temperatures re=ain F
-
constans? i
-
3
E
. Ahat will Razpen 0 the temperature &fferential Uf the heat (3)
dow re=aizs the same? N
)
6. Why s bolling Lsat wraxsfer 5o efficent? ie)
N
2 WS a1 - - — -
: What is the basic pez=zle involved in cyclene and chevroa-type (15)
mcisture separatars?
2
g
b
N
{ \
877 Q-2 s 4
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- PERFCRMANCE
Steam 3cuers ‘ccm=tmued)

A sudden pressure

‘ato Slm betling. Can a sudden increase . Tressure alsc cause

Zecrease can causa Auce=ate bolling to tum

3 negative effect w:™™ respect to nucleate axiing? WXy cr why

not ?

.
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PLANT PERFCRMANCE

Steam 3cuers (continued)

Cait 3 - Quiz Salutions

a. Conductica, convecticn, radiation
o. Cenducticn-and convection
- Radiaticn - I requires very high temperat.cess, which cowd

cdamage the plant components.

N /
~
il
g Film
s ih
& i Boiling
Bailing
~e— Convection
log AT

-

‘ne heat {lux (Q) that would cause CNB

Al increase in the level of the stsam bouer due *¢z:2 decrease in

pressuwe
3. Heat flow will decrease
- I will (ncresse

The water abscrbs a lot of heat as it changes tc stseam, so this is

m.o~h {aster Dhat conduction, ccavecticn.

The water 1s denser than the steam, s0 a changexaniirecticn will

cause tie water to be thrown out,

Yes, an Ilncrease (n pressure will also cause a cereesponding
increase (n saturation temperatyre. This will supprress nucieate
Sciling and a larger AT would e required for the-sasme Q.

Qs-1 ——
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PLANT 2ZERFCRANCE

INSTRTUZTTR'S GUILE

Unit 4 = O=——==e Generator

At Te conclusioz of tils unit, e s—ients should have 2 =esic understanding
of tow steam Lows Tirough the nx=—=s, 20w the energy i= stsem |s converted
nto usefd werk, *ow superheatisg 2-: reheating can incczase the

efficiency of e TU~Tine procass, 2o whai precautions m=s- be taken

IC prevent or miri=:iTe turbine da=ags. 3Ipecific cbjectives are given in

the taxt fcr eack ses—ent.

a. Text - Tzt 4 - Daiice Sacaretor
2. Videczzze - Unit 4 - 2=-» Cenerator

©. Zteaz Tscles booklet
4. Proctle= set scluticns = = e reproduced fros =

nstusis's Gutde)

e. Quizzas ‘sust be reprococaz Som the Instruce=r s Suide)

, Viewgrazhs:
(1) <.1-1 "T=Tiza Senemtor Amangeze—"
(2) 1.1-2 *T=% Tagman of the Turtine >o-ess"
(3) 5.1-3 "SI=ziZ a3 T-S Dlagram®
(4) $.2-1 "Nczzie Szhematic”
(5) 4.2-2 “Plats D=8ce”
{6) £.2-3 "Cocrargant Nozzle®
(7) 4.2-4 "Ceararze=tTivergent Nozz.e*
(8) 4.2-% "Izpulisa Trbine”
(9) 4.2-5 "Reec=zx= Turbine”
(10) 4.3-1 "Effect =f Superheating on tne T.rsine Process®
(11) 4.3-2 “The Facsat Cycle”
877 1 r——:::
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PIRFORMANCE

877

4. Trzine Gerneratar (contdnued)
|
2. it 4 w ] ot
=, Tell the students the scope of the unit ¢ {ns==c—on.
B Remind the students that a glossary of new tarms is inzluded
in this tasxt,
e Ixpiain o the students the sequence of insToc— o you plan
w u’..
& Remind the studernts to use the steem tables for =i==: cvele
celculations.
st==e: ] - Turbine Cvecle
Lev ixts

{1) Use Viewsrapa 4.1-] to follow the Sow of steam =mouzh

the turdine. Make sure that the stucents unsers—==- the

changes that occur {n the steam.

o) Meke sure that the students undersiand the jerass! purpose

of the moisture separator/reheater. This device “s covered

in more demall later in this unit.

Use Viewgrapk 4.1-2 to discuss the turbine procass in
detatl. Make sure that the students unders@and m—y the
real turbine process and the ideal turbine process =re
different. Reinforce the concepts with the assig—=x-e
of Viewgraph 4.1-3,

Discuss the re2asons for turbine inefficiency. Ewgoasize
problems that have occwred in your plant.

2 > E v

(1) Use Viewgraph 4.2-1 to show the relationship becwser down=-

strezm presswre and upstream pressure. Make surs zhat the
students understand the meaning of the critical pr=ssure

ratio.

T — —
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e Cenerator (contnued)

Use Viewgraphs 4.2-2 tucugh 4.2~ discuss =e various
types of crifices and nozzles. Inc=tiie in the Hscussion how
each nozzle cperates, what its acuarntages are, where it might
Se used in the plant, and the effec: ¢ the critizal pressure

Use Viewgraphs 4.2-5 and 4.2-5 tx iiscuss tha cperation of
impulse turbines and reaction turbimess  including similarities,

differences, and advantages of eac> :type.

Sccerneat and Reh Cvel

iriefly review the steam cycle to shioow where superheat

Use Viewgraph 4.3~-1 to (lustrate =2 affacts of superheatng
cn Ule turkine process. Make swe "2t the students understand

10w superheating (ncreases the effictusncy of the steanm.

Ciicuss the advantages and disadvarszages of using
superheaters in nuclear plants. Relzipe these to your zlant's

Zecision 'O use or nNOt use superheatesss,

Remind the students that Table 3 of t~ee stears maktles contains

values for calculations (nvolving susaermeated steam.

PLANT FERFORMANCE
1. urkin
rato,
(3)
Seccentd -
Key Points:
(1)
is added.
(2)
(3)
.4‘
(5)

K

.
gament § -

Use Viewgrapn 4.3-2 0 discuss the aiffects ~f rerheating
steam and the rcle of moisture separarzcr/reneaters (o the plant.

[nclude advantages and disadvantagess.

Tursine Precsutiong

Key Points:

(1

Review the ways In which moisture (o =ie steam =an darage
tne turbine blades and discuss the mores :sericus daxmage that
can result Som water {nduction.

N

-

- ——
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Make s e N2t The smiems understand that & turbine
Damage

wip ov itself 405 a9t Zaxage the turbine.
when weler or fieam re-enters the turbine in

s Totaglog |

an ane=3t 10 &1 the vRaouum that is created.

Discuss the weyt in waizh excess heat can build up

i the T =ine end ~ow =eat can cause damage.

Vake s=e that Te zi2ssy unziersmands what {s Deent
by breaciag vasuus ic e condenser and how and

why this might be done.

Ciscuss the zause and efect of static elecTicity and
the pre-auzons ine: are taken tc keep it frox bullcing

up iz the triine,

o Set

- assign so=e or 2!l of the protlems (n the problexm set. It may

nisc =2 Selpful to i=2raduce preble=s characteristic tc your own plant,

Ls e stuients ara working tne prozle=s, walk around the room and

rpncar telp as neeced.

w
i
4

2 sacor- review may be conZusies Lefore you give the quiz.

howeuw=r, should nct Feview The 7.z guesdons.,

anZd a5t e

The review,
Simply cover key points
class Lf Tere 2re 2oy guestons.
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- > Tmta et o o
3. Titune Se-srater (comtinged)
Unit 4 - Proble= Set Scluticns
2 ~“I.5wers ~ay be (n either order.)
2. Re=zve moisture

- Rete2: steam

2.

|

T (°R) \
Ideal Real
\ \ -
\ \
\ \
i —t
s (&)

3. ReE=uon trtizes have a Fressire Zrop across stationary tlacdes and

TOrag dalss. The drop acress tha meving blades causes a velocity

oTEase axZ a reaction force, izpulse turbises have a pressure

TTF only azTss the nczzles and use the direct inpingement of

stamm 12 Teaze a force.
4. Couon 2 ts == % mere efficient,

—
PS-1 -
— o — 7083 2 0 &
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T PERFCAMANGE
- Cnit 4 - Twbire Generator
Quiz
Naze: _ Cate
Score:
4
1. Wwhat is the functicn cf atubine? (Use thermodynamiz terss) (10)
- Turaine inefficiencies decrease the wcrk we set from eack 3T (15)
acZed to the plant . Are there any positive benefitg degtved Som
turine neffiziencies?
L
: 8 Zefine “cntical Fressure ratic. * 10
i
e Tader what steam conditions would yYCu axpect (a) areacuica
T3ine, and (3) an impulse turbine t1c be ijesd? (Eigh/low zressure)
a. Reacticn - SR
(9Rv
2. Inpulse - (10)
j gy S
Q-1 | -
o S 70%5 J Q& -
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TLANT PERFCRMANCE

(y

4. Turine Generator (continued)
S. Why are many stages of Slacdes used iz La-pe turbines? z
8. What is the source of Leat for a meistu—s segaralar/reneater? (10
a. Would you ever Sreak vacuum befzr= <he urbine stiops (10
rotating ?
b. Is this a gous routine procecdure? Way? (10
—
—
— g
Q-2 : E
hessoniiila.
- 2 23 :50 7
5 5 E | 2085 :00 ¢
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PLANT PERFCRNMANCE

Tuiroine Generator (continued)

Unit 4 - Quiz Solutions

To convert the enthalpy in the steam into useful wark

Yes - Cecreased moisture (n the steam

Downstrear Pregsure
PR = S i = 58%

Upstream Pressure
a. Low steam pressure

b. High steam pressure

-4

2 get the maximum amcunt of wark cut ¢f the steam
SNeam
ANga-pressure turbine

3. [n an emergency to stcp tae turbine ragicly

e. No. It places severe stresses on the turbize.

Qs-1

m rom the main steam system or extraciicn steam frox:tae

907
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FLANT PERFORMANCE

INSTRUCTOR'S GUIDE
Unit § - Condenser

At “he conclusion of this unit, the stucents should have 2 -asic unca~
stanzing of why the condenser is neeced, how it orerstas, and how

it alfacis cycle effictency, They should also uncerstand e offects oa
e lant cyche of turbire extraciicn, feecdwater heating, and the

Fartisular condenser cooling System L0 use for their plams, Zpecifes

O

cjecives are given in the texa for each segment.
2. NMiatarmal Recuired

a, Text - Unit § - Concenser
5. Videctage - Unit § - Condernser

- Steem Tuzles booklet

d. Prcblem set solutions (must Se reproduced fo= the
Instructor's Guide)

-, Quizzes (must be feprocuced from the Imstusicr's Guide)

R Viawgraghs:

(3] S.1-1 "Effect of Pumping Steam foo= Tursine o
Boiler*
(2) 5.1-2 “Concenser Diagram®
(3) 5.1-3 "The Condersing ?rocess cn a T-5 Diagram®
4) 5.2-1 "Steam Criven Alr Ejector
(S) §.3~1 "Alr Electer Dratning Through 2 Loop Seal”
(6) 5.4-1 “Feedwater FHeating "
M S5.4-2 "Cascading Crains*®
(8) 5.5-1 "Cperation of a Wet Cocliiig Tower"
9  5.%2 "Forced Draft Cooling Tower
(18)  5.5-3 "Natural Draft Cocling Towes*
377 1 g
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WAXT FEFORANANCE

: Cizzenser (co==2ued)

3. S 3% Dep semanon

Tell e studezts the scope of the unit of t=g=uction.

Remind the stude=:s that a glossary of new z2rms s

Remind tte studezts t5 use the steanm tatliss 2o fnd the
values zeezed fo- zlant calculations.

Ixplaia 2o the stuiems the sequence of {=s=ucHon you

a.
®.
included = their toxt,
slant 5 use.
k ]
Secoe— !« Condansar Theorv
Sey Poi=s:

[
l-

il

-
asmane

Make sure that the students understand whas =he Ccondenser
coes and why it ‘s neeced. Use Viewgraz= .1-1 to siaow
Wiy steac< is not pumped directly fromthe ==>ine to the
Sotler,

Use Viewgraph 3.1-2 22 icentify the various za=s of the
Sondenser and discuss the function of eas= 2. Have the
students tace the flow of steam and wata- ==ough the
condenser,

Use Viewsr2ph 5.1-3 t5 show how the concde=sing process
looks ez a T-§ clazram. Make sure that s=e students

understand why there is no change {n temperamu:

Condensars 2ns Cvsle ‘gncungz

ey Poimss:
(0 Vake sure that the stucdents understand wiy 2 condenser
operates 2t a vatuur and how the condenser allows the
Steam temperature (n the turbine to drop to 82°F.
(2) Discuss with the students the ways {n whicz <he vacuum
is created and maintained in the condenser. Lake sure
that they understand how the condensing procass helps in
Jaintaining the vacyum. :—-:»——:
S
277 2 o
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FLANT PERFCRMLAANCE
5. Cencdenser (zontinved)

(3 Use Viewgragh §.2-] to discuss the general operation of a
steam driven air efector. EIxpand the discussion to include
the sarticular types of steam driven air efectors or
elecurically driven mechanical sumps that are used in your

slant,

Secment 3 - Imeraipas Cordenser Efficiency

Note: This segment discusses Zany ways Luat the cperator can affect

concenser creraticn. In some plants, however, equipm=ert or srocecures
will not sllow for some of the cperations that are incluced. For example,
there may te no means to control the flow of cooling water through the
Soncenser. in scme plants, the AT of the zooling water through the
plant is required o be kept at a minimum, so flow cannct be recuced
during the winter, It (s recommended that yocu find what procecure s
apply in your zlart and stress them in class. Alsc exzlain why some of

the suggestions made (n the videotape cannot be implemented.
Key Points:

) Dtiscuss tha dilfarences setween efficiency in the tursine
and efficiency in the condenser, emphasizing how each
affects the oversll elfictency of the plant cycle.

(2)  Discuss the factaors that alfect cendenser elliclency. Stress
those that an operator in your ;lant has some conteol over,

3) Use Viewgraph §.3-1, {f this arrangement aprlies to your

Flant, o show how plant design might affect concenser

elficiency.

(- 1T
b
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5 ConZexser saz%nued)

Key Points:

n TRis sesTient contitmes with e rSea of cvecall cycle
elmaacy, Make sw= that tha s—iten:s =—s-stanc where
Tioe extracuion a=< lsecwatar nheaung 8= s the cycle
a2 Zow they allfect o7cle efficaxv,

(2) Use Tiewgrapgh 5.4-0 2> discuss =ow the raganeration process
wores. lMake sure =t the stuces—s unders=2ad why turbine
exTaT=2n is an efac=ve use =f Teas.

(3) Use Tiewgraph §£.4~C 2= {llust-a== <he systa= of cascacding
draizs. Imrphasize cw these =5 hels == =ake the use of

hea: =ore efectve,

Secment S - Cenc

Key Points:

(1 In =3 segment, e=z=asize the =pe of Soc=a7 system used
for w=— plant, but les ihe stucam—s be awar= =f the other
tyres Tmat are availatle, The smoents shents know why a

parm=coTlar system was chosen for =heir plaz=_

~

Use Tiewgraph §5.5~0 =2 illustars =ne cpera=oa of a wet-
tyre slng tower. =X your placr uses a &r-ype tower
or a =9ombined wet/dT systexm, ot out toe SiTerences
in ceso3n and cperatom,

(3) Use T'._gw:raphs $.5=2 and §.5-T > discuss =he cperation
of forsed draft and camural drai =oaling towess, including
the acrantages and S sadvantacms of each. Asain, stress
the sTsiem used by y—cr plant.

4. Problem See

You may assign s=me or all of the zroble=s = =he proci== set. It may

also be helpful == i=-iyde probla=s characar—s=: to yo== own plant.

o,
b —
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PLANT PERFORMANCE
5. Concenser (conmnued)

As the students are working the problems, walk around the room and
rencer help as needed.

- 18 Quis

A short review may be conzucted befare ycu zive the quiz, The review,

however, should not preview the guiz queszcns. Simply cover ey

PCints and azk the students if there are any questions,
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PLANT ?WCR.‘-TA?-’CE
W Concenser ‘cormaned

- Tt § = Proile= Sat Solutions

i 2
5-1. Steam @ $40°F. va .47 RS 3, =140 2TU/CR
Steaz @ 00%: v = .32 2 s, = .09 5TO/ %R

v = 33,3 2 3, = 2.04 7WU/R
'g ® 194 sTU/SR
Find the parcent cf the axhaust that {s stil] steam.

1803220 - L9 RUAN)

——
-0

1.34 T[T/ R

%X -

% = 67% steax

The volume of siea= le® Sco= sach zound that entars the tursine

is Ve X §7%, or 424 33.

The increass |n volu=e ts 423 + .22, or 21, 200 tizes

J 5=2. 291n. Hg ¥ .¢ psia
28 in. Hg ¥ | psia
satwation temzeratire 2 .3 psta = 80°F
21:s1a=102°F -
: o1 (20 459 1
E=] (540046 = 4£%
/'
o 132 462) y
Eal (swusa = 43.5%
] 8 )
5=3. Steam @ 5407, . = L4 7T/ hy ® 1194 87T/T5
- 2, Y D
Steam 2 212%. sp= .31 5T/ h, = 180 BTU/1b
s =»1,78 T/ 150 STT
e hq - STT/B
X ) =
T hyo ® 970 ETT/15
[
T
377 25-1 %'_* =
TR,




Stea= at 20°F: e .09 3TU/°R k= 48 BTU/I:

|

8, = 2.04 BTU/R h_ = 1096 BTU/1b

e 1.5¢ BTU/°R

= |0
lrg }'Iq 1048 BTU/1b

% steax & 2125 'q @ $40°F = Loam
-3, & 2% «_3p
L.a=s

22°F = 1,44, S0 % = 76%

i

i

h of sieam/water @ 212°}': w76 x®

= TN
(.76 x 37D = 180 = 917 BTU/I>
change in enthalpy between 540°F anc .’12°f:
1154 - 817 = 277 BTU/I>
% steaz @ 80°F 39 €] $40°F « Lam

-3, & 20°F = _J%
Lo

s € 80°F «1.94, 30 % = 68%

(.58xh& *h:

(.68 x 1042 « 48 = 761 STU 1>

h of steam/water @ 8007'

change (n enthalpy between 212°F anc 3qF.
317 - 761 = 156 BTU/Ib

No. If it were cperated at a vacuum, =he temperature would be

N

less than even 75°F and it would be alcs: impossible to reject
the latent hest of vaperization to the a=m=sphere except in cold

weather,

377
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Unit § - Concdenser

Quiz f

1

Name: - Date: _ 1
Score: }
:

| Descnie the changes to Cycle temperatures anc afficiency as Q18) !

the concenser Secomes fouled,

1 2. Define concensate depression. (10)
1
4
r
4
kb
. P How does a reheatin; hotwell actually reheat the condensata”™ (15) A
b
3
]
4
:
e
- ! s 1
377 Q-1 p—
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TN PERT

ORMANCE
Condenser (continued)

—— o

z Operation of a steam plant without thae installed regenerative (20) oY
feecwater heaters will adversely affecs:the cvcle efficiency |
two ways, Describe these two ways:,
z. Describe how air flow is created in a matural draft cocling tows (1%)
f
.
~
f Il
. | Pty
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SN -
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FLANT FERFQORMANCE
26 Cundenser (conmnued)
6. Why are feedwater heater draing Sascasad? (15)
]
1
8 “What causes condenser fouling? (10)
i
]
.
l ——
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e FaPe SANCE
; Coo=a=ser (sontizued)

w o

- CTrit § - Quiz Solutiozs

R T=e SomIenger lecperature increases anc e Cycle elfictency

tacsases.

- 4 Coms=sate dezression is cooling of the =—=Zensate below its

3= 22 lampeature,

3 Ztaa= lanes direct stear down to the “cowe=ll area. There the
ceratsate drizs oo the tubes through —e steax and {nto

e SoTtwell., The condensate (s reheated 2s it d-izs through the

staa=.,
4. a. Th2 average temperature at which “e=2 is added to the cycle
w2l be decreased, -
. —=2 urtine will no longer te oger2==3 at designed steam

=

Z.Iws and gressures,

“n

ALm L5 2eat2d Ty het cooling water in the Zase of the tower. The
Zeaz»Z a:r is lasscdense,so it fises up L= == 2cwer, The shage
=f == T"wer {s Zesigned to act like a chiz=ev and give the air
sc=2=al velocity.

- e
- I - ——2 e

heat in the high temperaturs =—a:ns by heating feec-

walas =T Jower temgperatures,

7 A DmiZes of =ud, chemicals, and growsh =% alzae causes condenser
fouli=g.
577 Qs-1
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FLANT PESFCRMANCE

INSTRUCTCR'S GUIDE
Unit § = Pumps and Fluid Flow

8 Ctlectives

At the conclusicn of this unit, the students shou!s =ave a basic uncer-
stancing of the grinciples involved in the cperamz= of hydraulic systems
including the characteristics of positive displace=a2xt pumps, Jet pu=ss,
anc centrifugal zumps, and the concept cf net pjos==ve suction head.

Specific cclec=ves are given (n the text for eack segment.
2. Matesal Recuired

a. Texx-Unit6 -~ _w&:d_ﬂL
ViZeotage - Unit 6§ = ¢

¢.  Si2az Tatles bocklet
d. Prctlem set solutions (must Se reproc==sd from the
[astructor's Guide)

wr

B

e. Juizzes (must be reproduced from e T=structor's Guice)
A Viewgraphs:
(4] 6.1-1 ‘T-S Diagram of the Flant Cycle®
() 6.1-2 "Closeup of the Pu=zing Process”
3y  8.1-3 "Plot of Pressure Sass vs. Flow”
(4) 6.2-1 "Positive Displace=ea=t Pump Components”
{s) 6.2-2 “Pump Laws"
() 6.3-1 “Tet Pump Compcne=ss™
(N 6.3-2 "Jet Punp Principles”
(8) 6.4-1 “Radial Flow Pump*
(3) 6.4-2 "Axdal Flow Pump*
(1) 6.4-3 “Mixed Flow Pump*®
(1D 6.4-4 "Pressue vs. Flow Geazh for Centrifugal
Pumps”
1) 6.5-1 "NPSH Calculation®
- 1 1 1
377 1 -_:_::'
|
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PLANT FPERFORMANCE

5. Fuz=ts anZ Fluid Flow (contizued)

o
-
g

Loit f Fresentation .

<2

B Tell the students the scope of the u=it of asToo=as,

w

rexind the students that a slossary of new tar—e 18 iaclucded
in their text.

O

Fezind the students t> refer to the Stsam Tatlas Soodet for

R L P —

g values needed in plant calsulatices.

L

Sxzlain to the studernts the seque=ce of {nsto= oz vou plan

W use.

-y ———————

Segmernt | - Sosraulic Svstams

(N Tse Viewgragh 6.1-1 to Sriefly review the pla=s Irle and
to show where the pumy Eis ints e cycle.,

(2 Tse Viewgraph 6,1-2 to dissuss (= Feneral ter=s Now she oump
periorms work and the effe=ss of LmaZiciencies o= s work.

Use the energy equation to discuss the energy S>anges that gl

ocTur during the pumping FProcCess,

Car

Make sure that the studenss uncerstand the diffa~an=e

~etw2en laminar flow and turbule=— Jow and the 2 ez of

W S

frizton losses and shock losses Q= pump effstence,

xrwr
-«

[rtroduce the general concert of a feymolds nu=Sec,
4 Use Viewgraph 6.1-3 to {llustrata t>e relations™: Netween
rressure head and flow. Fz2imt ous Sow the SYS2= Jeszonse

changes if the system constant {s ckanged.

Labh onl

Sezrent 2 - Pagisve Digalacem nt Pum

Fey Points:

M Use Viewgraph 6. 2-1 to cdiscuss the creration of a pasivve i
displacement pump in terms of what each CompPoe =2 Soes and i
fow this type of pump moves water,

| —

|

2
b

| A

W)
L

7 ——
!
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PLANT PERFSRMANCE
g, u=zs aed Flud Flow (continued)

- (2 Use Viewgragh 6.2-2 tn discuss the Fuzp laws, Show on the
Grazh Row flow, zressure, and power vary wish Fump speed,
(3) Make sure that the stucents understand whty the discharge
valve should e cren when 8 Fositive disrlace=ent pump 1s
o De started. Mention the function of safery ~mliaf valves,

Secment 3 < Fduseacs and Tet P el

¥ey Points:

D Cse Vuv«:raeh §.3-1 to discuss tre Creration cf a fet pump (n
2rzs of what uc‘x Component does and how shis tyre of
FUZP Toves water,

(2) Use Viewgragh 6.3-1 to discuss the changes iz zressure that
OCTUr as water moves through a Jet pusp,

3) This segment mus: se stessed for botling wate- reacters.
You may want to exzand on the ConCerts preserted (n this

- SegTent or relate them to your Farticular azplizarions

LT

ecment § -

Key Points: .

) Tse Viewgraph 6.4-1 to discuss the Creratica =f a racial
ew pump (n terms of what sach Comperent doss and how this
tyre of pump moves water. Make sure that ste stucdents
uncersstand the concept of centrifugal force.

(2) Tse Viewgragh 6.4-2 to discuss the Operaticz zf an axial
flew pu=p ia terms of what each component does ancd Sow thus
*vre of ump moves water, :

3 Use Viewgragh 6.4-3 o Ciscuss how g mixed fow zumg
Somlines features of the radial Now Fumg and tte axial Now

;
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FLANT FIRTQORMANCE
. Pumzs and Flud Flow (conzzued)

fa%
S

pump Is startec with the discharse valve closed, while =
positive diszlacermernt pump (s started with the discharge
valve open.

5) Use Viewgrazh 6.4-4 to {llustrate the relationships of mressure,
llow, anc speed for centifugal pumss. Show how the savstex
Surve cn the graph identiles the operating point of the
system. MNake sure that the stucents are aware that e

pump laws apply to radial pumps,

Key Paints:

1 Use Viewgragh 6.5-1 to go through a simple NPSH calculiation.
Make sure that the students understancd what NPSH is ame
why it {s i=portant,

2 Discuss the causes of pump cavitation and the problemss

-

that it can cause in the plant.
(3} Make sure that the students understand why a series of

Fumps {s used to gradually {ncrease water pressure,

4. Prodlem Set

You may assign any or all of the pro-le=s in the problem set, It mav
3150 be helpful to introduce problems characteristc to your own plant.
As the students zre working proble=s, walk around the room and

rencer help as needed.
S. RQuiz

A short review mav be condusted befa-e vou give the quiz. The review,
however, should not preview the quiz questions. Simply cover key sints

an< ask the stucents (f there are any questions.

I’_‘-,-—‘
977 L—-t
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PLANT PIFORNMAITE

.

6

§=-2.

Pumps and 7.2 Flow (continued)

Tnit 6 - Problem Set Solutions

Total pressure ceveloped:

psia dischasse (200 psig) + 14.7
sE3:a UCTAT =39 - 28" x /2
total cevelcpes head 213.7 psi developed

Given: | It of water = .43 pst

213.2
‘nW"‘.‘a—%‘ = 497
k

[eet of feet of water

(a) {e)

o

)

Flow

b. The discharse Is constant, no matter what the pressure, U

thera 5 7o speed change or leakage.

Flow werk 1s zrovided by the driving nozzle, which coaverts

Frassure to velocity (kinetic energy), and thus recuces the
pressuwe of the driving flow. The recduced pressure causes the
Sucticn watar 22 How, and the driving water transfers some of its

Kinetic ener; %2 the suction water. The kinetic anergy of the

O

cmbined flo'w IS convertes Lack to pressure by the dilfuser,

PS-1 i
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PLANT FI3FORAMANCE
8, Fumzs anZ Fluid Flow (cremued)

6.4 o~y

Pressure Head

The plant is criginally operaruns at paiat (). When the speed cf

the pump (s doubled, pressure ans flow are increased to point .2

“-N

and the level starts to {ncresmsse. The Oow control valves start
to close, thereby changing =he Syster characteristics unti]
operation is at point (3), west ar increases pressure, but the same

R R — ——— o —_, W+ s 2027

TRy - ——— .

B e ——

Now,
£ CSASiratiam = = G"-’
§-5. Saturation pressure 2 5007F = 580 psia
NPSH » suction pressure - Sauration pressure
NPSH = 1007 psia - 680 = $5- 1
NPSH = 3120 psia
o
P ]
377 752 e
|
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PLANT BLEFCANMANCE
U=t 6 = Pux=ps and Fluid Flow
Quiz
Maz=e: Date:
Scxe
1. 3asizally, how Zoes a positive displacement pump perform work ¢4
as it pu=ps water?
2. The su===nn pressuse of & Funp 1s 2,100 psig and the discharge
sress=2 is 2,400 ps8ig.
. Zalsulate the “total cevelcped head.* 3
- 8 ‘n=at would the total developed head be Uf the speec of the a3
su=p were coubled?
E
377
'
26 6 0 ¢




FIANT PEAFOAMANTE
3 Fumps ans TiziZ Flow o -ued)
. A centilfucal -adlal s==5 is ==slled o7 hroniling on the ’

5 Caz 2 zositve 5;lacaces pums e =oner lled this way? (15)
Dxplaia,
s, Wouls thare be 2=+ poss=la sroble=s <f Now were ccreralled (15)

-

oY the sostion valre? Ir—lain,

. Comzare the puss power ~esuiremes=s S 3 positive dig~ (20)
placeze= pumy a3 3 racia) few car==fugal pump as tte
discharge valves are shor &
4. Define "cavitazon." (10)

OTE A RE
16 6 0 - ‘20735 906 |
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FLANT PERFORMANCE
6. Pumgps and Fluid Flow (sontinued) 1
3
Umit 6 - Quiz Solutions
1, A part of the pump actually pushes the water cut of the pump against
the discharge pressure.
3 a. 2,400 psig
-
] =2,100 psig }
300 pst
: 5. Heat aa spoodz y
Speed is 2 x .. heatis 4 x
4 (300) = 1200 pst
v
3. a. No. Ixcessive pressure may be create<d and the pump ;
cdamaged,
. Yes. Possible to have cavitation. F |
= Power to the positive disglacement pump would increase, }
while the other would decrease,
¥y The process by which local areas on a pump {mgeller drop below
saturation pressure anc Subbles form and then collapse. ]
3
3
p
3
s
]
l L]
H | ) -
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INSTRUCTZR’Z STTE
U2t 7 ~ Stea= Pame Zai='smons

1. Qra=sves

At the camiision of this unit, te st se=:3 s=ould nave 8 basic understanding
of how = ==lzulate steam Cycle ef&-ipr~ =, temperature and heat balance
methods,. =ow o improve cycle effiziansy, 224 how to avold wasting heat.
Specific cmecives are given 1o e texs far sach segment,

- {8 \Ma-n=sl ;E.I.sg
a. Taxt - Tnit 7 - Steam Fla-- I

3. Vieotape - Unit 7 - Sisa= Fpus ‘2licuylatong

. iisex Tables booklet

4. Protlen set solutions (=32 za rezroduced fom the Instuciar's
Guide)

a. Tuizzes (must be reprod.ces com ng Instructor's Guide)

Viewsraphs: none

3.  Kmz 7 = Presentation

e Tell e students the scczae of =@ it of IngTuction.

B. femind the students thas s 7-2832r7 of new terms is lnciuded
i= the text.

©-  Txpleln to the students %o gecienca of instrussion 7ou plan

D use.

R/3

-
=

amens ; — Jtaas Cyucle FfAcan~y

Key Polata:

(1} Review the calculation of eZizlency with the eguation

s el e- ;9”- + Make sre t=at the srudents urcerstand
in
- 4o
“ow rm and ru are OStpizes,
v
S
g |
377 1 ——
D
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PLANT PZRFORMANCE E
7. Steem Plant Calculations (continued)

P

(2) Maxe sure that the students uniersand w~y a alant cannot . [

ce 100% efizient and why the actual efssien~y of 8 plant 3

is always less than {ts optimum efficiency,

(3)  Work through 8 sample hest balance wiin e s=dents using E
. work out

the equadzcn £ . Izphasize o¢ 2:%srence

neat in |

in terms between this equation and the emseztre eguation, i

Zut show how the results are almost the same. ‘
y

)

{"e axamples to show how refinements s.z- as ‘eeswater k

heatns can {ncrease cycle efficiency,

Sesment 2 - Heat Balances

Key Points:
(1) Show the students samples of computer nest zalanze printouts
that are used in your plant, Point out tne vasio.s Sactors that
are used in heat balance calculations,
(2)  Take the students through a reactor power hea: salance step L
Dy step, pointing out where the computer ¢cotains the sata
that is needed for calculations. ;
(3) Make sure that the students understans 27e te~—s and units ;
that appear on the computer printout. These should taclude E
megawarts thermal, generator gross megawe=s, unit net 1
megawatts, and net heat rate. s
;i
:
Note: This sesment includes operating tips to improve plant effciency.
Se sure 1o explain to the students which tips are apzlizatle w your plant ;
and why some cannot be used. I
Key Points r
(1) Emphasize the central point of this sesmern: - t=a: the best way {
o improve cycle efficiency is 10 Operaie t~s plant the way it R !
was designed to run. T
e
977 2 - k
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II PeaNT FIRFCRMVANCE {
7. Stean Flant Calculazons (contnued)

(2) Show the class 8 sample of a hear e.ance proviced by the :
manufacturer of vour plant. Empras:=e that plant components ]
should usually e operated at the Leovsls sugsested. ;

(3) Review the causes of concensate cmxression and poor condenser
7acuum. POl cut specific steps =wmr an operatar (n your
plant can ke o reluce or elimina—= Trotlems (n these areas,

1 (4)  Use'the water level (n the feedwatar =ain system as an 1

example of :ow an cperator should e alert to changes ta F

plant systems a=2d “ow his actions —=r have &n {mpact on 1

plant efficiency. ‘»

secsernt 4 - Seducing Fear Wasse

(1) Make sure that e students uncdersaams the (mportance of

reducing losses cf “eat, steam, anc weter, Emphasize

PRSI D cob et
~A ot

that these iCsses may create hazarzs !n the plant, may

.

necessitate asziizonal malitenance, mnd may lncrease cremung

costs.

e

(2) Review the orers=zn of steam traps sns stress the Lmportance

of checking steam T2gps fequenty forr zroper Cperation.
-~

{3) Discuss the use of -2551nG 10 your piams: ‘or svstems where
Aeat is to be ke:t Ln and systems wnars neat |s 0 be kept cut.

=lem Set r

Y

You may assign any or all of e sroblems in the zroclem set. It may also

Se fNe.t”L 0 inuoduce protlex=s characteristic T 73ur own plant., As tha

bk o

1 stucerts are working the preslems, walk around the room and render

Lelp as needed,
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FLANT PLRAFCRMANCE
Stez= Plant Calcwladons (coatinuad)

S. uiz

A SROrt review may be conzdusted before you give 2=

e guiz., The review,

Aowever, should not preview the Qquiz questions. Zimnly cover key points

832 a5k the stuzents {f there are any quesiions.
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TLANT
7

7-1.

B FORMANCE
Stza= Plant Calculazons (contiaued)

Unit 7 - Problem Set Sclutions

The plant that cperates Setween 540°F and !0°F (plant b)
would need a largar condensate cocling system, because
it 1s less efficient, and it will have tc reject more heat
o provide 1000 Mw.

Yes. The plant was apparently designed to run at maximum
eZclency with a cooling water temperature of SO°}'.

Yes. The plant {s designed for 100% pPower, and running
it at any other level will adversely afect efficiency.

e

. -

e e
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MIAT PIRFORMAN S
7o Sieam Plant Ta-=:lations (continued)
T=it 7 - Stea= Plant Calculations
Quiz
Nagme Cate:
scEre

b Slive the basis “ormula for eXEclency used (n calculating a heat

| Lo

W p——

-

oalance. (20)
2. Why must cala==etrics (msat Salance for reactcr power! be 2ore

f nuclear (ns—==ents give a direct resacout of power? (20)

1. Whatis the agzroximate e“Aciency of a power plant? (23)
8- 4
- | o .
§77 Q-1 S SR
|
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NT TZRFORMANCE

Iizax Plaat Calculaticns (condnued)

4. —=3% tiree causes Of poor condenser vacuum, (20) oy
a.
b. ¢
'
g Fow« 2o steam Teaps contribute to plant salety ? 20) ;
'
)
¢
{
)
'
|
~
—_—
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NT PERFCRMANCE
s Steex Flant Calculations (contizued)

Unit 7 = Quiz Sclutions

1 r « 4sefil work out
© % 7 required heat in

: Nuclear insruments tend to irift, so calorimetrics are necessary

for accurate power levels.

1 10,000 to 10,500 BTU/kw hr
or
JO% to 1S%

4. (Answers may be L any order.)

Low cooling water flow

o o

Hish cooling water texmperature
Condenser fouling

Alr leaxing

Alr binding

0

)

Sy draining water &om the pizing, they keep water cut of the Turbine.

l
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DISRUCTOR'S GTI=E
U= ? - Reacr TSermai and = Sy=aulls Ferformance

1. Chiscuves

s wh

Al e conclisisz of this =t the stucesss s=oul2% =sve a very general
unlerstaniing =¥ the basic czectves ans SozsiZemang {nvolved (n
reacior termal and hydraulls performance. e SCrTepRls presented in
iis unit are essental to Ze mderstancizs of tte s7e<iSc detatls
coverec Wn Te special sessiztms that follow.

2. Natemnl Secuired

a. Taxs - Unit 8 = Zaszsor Thor—s’ a-s Todes tia Performance

b. Viisotape - Ttz 3 - 2 SEp T g gt Derfar=an~y

e fratlien set salc=:zrns (must e Tepracdices Son the InsTuciar's

Geise)
d. C==ses (mus: be meproduces &—— e =s—ucter's Guide)

e. Viswgraphs:
(1) 8.1-1 “Tuel Amange=ent Showing Centerline®
f. Ter=al and Ev=eulic Evaiva=== cf s “sactor® seczor of

=2 Zasility Flaa’ Sefery Aralvstis Fepors.

3 Lnit 8 - Sasentation

a. T2l e students —=a sCope cf e ==t cf ‘=suction.
b. Ra=izd the studesss that a Slossars cf cew terms is includ

L= =air text.
es IXZlain 10 the stxfants the saenTe 2f Logiouen you slan
0 csa.

Sez=ent ] - Partr—ance Oktay

Key Foints:

(1) Rezind the studecss =at the Taarial rresactad (n this u=it (s
207 Jenenal and s thay will te s-ver =e Zdetails latar,

377 1
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8. Rea :-:r Thermel and Hydreulic Performance (contnued)

3)

(4)

segment 2 -

Feview with the students the methoss of heat jeneration P

enZ removal In the core. Relate these met~ods to the ways
tnat demage might occur to the fuel and the clad.

Use Viewsraph B.1-1 ' discuss peak centerline temperature
anl the Lmporance of Inswing that the fuel does not melt

and the clad is not damaged. Discuss the couses of excessive
neat in the fuel.

Clive the students the following probiem and provide them
will the necessary plant-specific information.

Calzulate your plant's peak local power from the design
trermal power, the design pesking facior, and core

consTucuon.

(therma! sower in Mw) x 1000
DL e & (no. of rods) x (length of rods)

! mnewor:
DAW Sr:

P.F.

=“ow joes the peak local power calculated compare with the ¢
liz=imdons as given by vour Technical Specifications ?

fnswer: They should be the same.

23:7ure fom Nucleate Boiling

Key Points:

(1)

877

Review the explanation of flm botling given in Unit 3.
Make sure that the students understand that this segment
s concerned with acdditonal ways that flm botling

can occur,

Ziscuss with the students the meaning and use of DNBR.

Traze the fow of water and steanm up past the fuel rods,
meking sure that the students understand the concepts
of Sudbely flow, slug flow, annular fow. and dryout,

T WPy e ———
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PLANT PERFORMANCE
8. Reector Thermal and Hyzraulic Performance (continued)

L (4) Briefly discuss the s%ects of a sudden preassure drop or an
{icrease In the inlet temperanire on DN3B and/cr éryout.

S2cment 3 - T Tgemmture and Pressure Lim{*azong

Rey Points:
(1) Discuss with the students the effects of sudden temperature
changes in metais. Refer to the videotape demonstation.
(2) Discuss the concept of critical areas in terms of temperature
chacges and thermal stresses. Inform the students cf where
to 2nd the maximum temperature change rate for their plant,
(3) Discuss the effects of pressure changes when metals are
at low temperatures. Make sure that the students uncerstand -
brittle fatlure, ductile behavior, and nul ductility ransition
temperature,
4. Problem Set

Sue o the lnwaductory nature of this matarial, only the problem tn segment
Gne of these notes is given. We recommend that at this point, each
stuctent be given a copy of the Reactor Thermal and Hydraulic Eveluation
Som the fectlity FSAR. Read through 1t and explain e material in terms

of the material {n this unit.

5. Quiz

A shor review may Se conducted before you give the quiz. The review,
nowever, should not preview the quiz questons. Simply cover key potnts
N2 2sk the stucdents {f there are any questcns.

N
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PLANT PERFORMAT =
3. Reactor Thermal and Sydravlic Performance (continued)
Unit 8 = Quiz
Define CNGR. (15)
.
2 Why is a TNEF specifed as larger than | used as a limit? 20)
3 Define drycur, (15)

———— .
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T 2T PIRTORMANCE

- Reestor Thermal and Fvdmulic Perforzance (co—=ued)

- Define "NDTIT."

T List 'wo undesirazle eZec:s of heating or cocli=y 2 large
component rapidly.
a.

3. What limits {nsure =2t the reactor vessel will == undergo

critdle fallure?

(1%) P9

(19)
(10)

(15)

B A

P T T Ty T VY=, ey




Unit 3 - Quiz Solutions
_—_—-‘ - o
1. oNpr - S==czllocel tew: 2ux -
ac—ual local ces: Six
2. As long as =ne DNBR is la-ger than one, the actual neat Sux will not
cause 8lx 3afling.
- Dry out {5 =xocess that == occur Zuring accicent conditions.
The heat iy into the watar —ay Se suffcient to convert all the
water 10 s—m=m O that cr_+ stearm (s availlatle !0 accept e hest
from the las= langth of t=a -eat Tansier surface.
4. *NDTT" st=mss for nil <cc=lity tansidon temperaturs and is the
temperaturs Selow which = meml exhizits brittle behavior.
S. a. Immeciate fatiure
b. Met=l Iatigue
6. Limiting e pressure wrila =me vessel is below the NDTT will {nsure
that ther» (s no brittle 28 e,
3
}
P
377 Qs~1
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PLANT FERFORMANCE
INTRODUCTION TO THE SPECIAL SESSICNS

Units 9 and 10 of this module are special sessions that introduce a
certain amount of plant-specific material. Because the NET program has
heen designed to fit into an cverall training program pricr 0 systems
tralning, e stucents are not expected to know a great deal apout

the plant at this point {n their training.

The segments on the uclear fuel systems and reactor components are
intended t© give an overview of these systems so that the students can
understand the bases of the limits that are discussed later. These
segments also introduce some of the material that the stucents will have
tc leam in cepth during theil systems training.

The segments on heat balances, peaking factors, and thermal limits are
designed (O cover topics that are sCmetimes not heavily stressed in
operator training. It is important that operators uncerstand the thermal
limits and their bases, so these sactions should be stressed.

Problem sets have not been included in these special sessions. Instead,
{t is recommended that the {nstructor fumish related plant-specific material
for class exercises. One suggested format is to provide the students

with plant-related material the parallels the text. After they have completed
a segment Of text, they can then look over the cerresponding plant-specific
material. The students will eventually have to understand and be faxmiliar
with the plant-specific material as (t {s written for the plant, but it is
iifficult for a student with little background in nuclear power to understand
material extracted directly from FSAR's, Technical Specifications, and
Operating Frocedures. The text can provide the basis for understanding

the piant-related material.

~— ——————
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T PESZTOAMANCE

In=wsuc==2n 10 the Special Sessions (continued)

The mllzowing are some specific sugsestions for matesis! and metnoods that

can be usses with the special sessions.

]

378

Cowain the following lustrations from your F3AR or sgystems
descriptions.

. Fuel assembly

- Reactor vessel and intermals

. Reactor coolant system flow path

Use the Ulustations to snow the specific a=anjements s and
nomenclature that are specific for your pla=:, Make szure

“hat the students understand the coclant dow paths, .

Obtain a blank reactor heat balance form o= your plaant
operating procedures and a completed for= So= the szadon
logs. Give each student a copy of the blazk farm, an=4 work
through an example with {nformation from =2 zompletead form.

Cbmain information on your plant's thermal a=: hydrautit=
design features from your FSAR. The des=ij;=on of theese
features typically centers on a discussion ¢ va-icus poeaking
factors. Distribute 8 copy of the {nformasiz= 0 each s3mudent
and make sure that everyone understands =e ZeSnitioneg and
the bases of the factors.

Obtain {nformation on your plant's specific =eral licras
Zom your Technical Specifications. Glve ea== student:

2 copy of the relevant limits and their bases 25 statea:

in the Tecnnical Specifications. laclude li=‘:s om pearziing
factors, heatups and cooldowns, flux disti>==an, ani i pwer
o fow. Also provides the students with =ories of theddog
sneets used to verify the limiting conditions fxr operanacen.
“The students must understand each limit acs i*s basis; 530 be
sure that any additonal limits are fully de®-ed. Infor—mation

.in the Technical Specifications and the FSAR is typicailly

u
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PLANT PZRIORVANC
[nooducton © e Ipecial Sessions (continued)

unexzlzined and undefined, so the stusiercs should =o¢ be
direcied 0 this type of material until 3*ar they have read
e texz. Be sure to GO tirough the piam-specific
materizl point by point with the students o (nsure “az
every point {3 understocd.

$. The =it computer {s often & sowce of m=nted dam T=lanng
o e “eat halance and thermal ltmits. Srovide ea= student
wili & To7y of the computer printout, referahly oce =ken
8t a3 Ei5T power level. The students smould be abla = define
each ler= on the printout that relates <= wermal limt=g.
1%s ac=1ty alss provides & convenienc means of ==3ducting
all of =e {tems on the printout,

W Py "
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PLANT PERFORMANCE

INSTRUCTCR'S GUIDE

Unit 9 - Reactor Fuel and Core Design (BWR)

b Qbjactives

At the conclusion of this unit, the stucents should have a basic under-
standing of how reactor fuel is arranged {n the core, the purposes of the
reactor vessel and the reactor internals, the purpose of core orificing,

the operation of the Reactor Recirculation System, and the use of a reactor

heat balance.,
2 Material Recuired
a. Text - Unit 9 - Reacier Fuel arc Ccre Design (BWR)

Quizzes (must be reprocduced fros the Iastructor's Guide)

8

C. Viewgraphs:

TN ———— et

N ——— e — W — W - Wy

-

() 9.1-1 “Fuel Rod"
(2) 9.1-2 “Fuel Assembly*
(3 9.2-1 “Change in NDTT with Core Life*
(4) 9.23~2 “Reactor Vessel with Internals*”
() 9,2-3 “Steam Separators*
(6) 9.2-4 “Peripheral Fuel Support Plece*®
(7) 9.2-5 “Four-Lobed Fuel Support Plece®
(8) 9.4-1 “Reactor Recirculation System*
(9)  9.4-2 "BWR Vessel Arrangement for Jet Pump
Recirculation System:
10)  9.4-3 “Jet Pumps*
3 Znit 3 Presentation
as Tell the students the scocpe of the unit of instruction,
D, Remind the stucdents that a glossary of new terms (s {ncluced
{n the text.
- T
| e
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FLANT PLAFORMANCE
9 Reactor Fuel and Core Design 'WT) (continued)
e Exrlain ty the students == seZuence of {nstruction you plan ooy

Sacmert ] -

to use. There {s no videc=ane for this unit. It is suggestad
that the students read sae =2 segment at a time, answer the
questons at the end of tha: segment, and then participate

in aclass discussion oz t=2 material.

The Nuclear Fuel System

Use Viewgraph 9.1-1 to zo:== out the compenents of a fuel

rod. Discuss the comocsi=2= and purpose of the fuel and the

Discuss the particular fual ~2 arrangement used {n your

Flant and give the stucdents a=y plant-specific cata that

they might need {n this arsa.

Use Viewgraph 9.1-2 to discuss the composition of an

incividual fuel assembly. -

Rey Points:
1
clad,
(2
(3)
Secrent 2 -

r2aztor Vessel and Interra's

Key Points:
4]
(2)
(3)
(4)
uzz

Use Viewgraph 9,2-1 to rev 2w the change in NDTT over core
life that was discussed tn T=: 8. Also review the importance
of closely observing plart zatup and cooldown rates.

Use Viewgraph 9,2-2 0 sh=w *he arrangement of the reactor
internals and to point out s 2>i8c components,

Use Viewgraph 9.2-3 to {llzs5=ate the path of the steam/water
Muxture through the steam se-a-ators.

Use Viewgraphs 9.2-4 and $.2-5 to show the two types of
fuel suzport pleces, Make s=-» that the students understand
the similarities and differences between the two types.

s . ——
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PLANT PEAFORMANCE
9. Reactor Fuel anx Core Destgn (BWR) (continued)

Segmernt 1 -

Thermal amod Hydraclic Coasiderations

Key Points:

4}

::‘

Segment 4 -

Liscuss “ne concept of critical power in relscon to its elfect
on heat Tamgler, Make sure that the stuca~s understand
that eacir wmlue of critical power depencs crr = specific set of
operating Tonditions.

Pelate the- discussion of inlet orificing to w=ac the students
fave learmnd gbout noz:les. Make sure tha= <he students
understamd how nozzles can be used to chacge the velocity
of watar,.

Provide the ntydents with specific informatm=r 27 the normal
Operating =mrditions for your plant and review :* with them.

Reactor Rec-.:'.-ulggcn Svstem

Key Points:

{n

(3)

(4)

Segment § -

Use Viewgrmph 9,4-1 to show the general la =z of a typical
Reactor Recurculation System. Make sure toa- e students
know whicT “omponents apply to your planc.

Use Viewgrunh 9,4-2 to discuss the positicrns =f the Jet pumss
in the reacTtyr vessel and their connections as -art of the
Reactor Recurmulation System,

Use Viewgramh 9,4-1 to discuss jet pump opace==sn. Trace
the flow of wmtar through the Jet pump and poi== out where
energy changms occur,

Liscuss the munthod used to control core flow Lo vour plani =

variable speew pump or vartable position valoe.

eactor Sear Nalance

w—

Key Points: F
(1 I possitle. wnrk through 8 reactor heat balance with the
U students, ummn sctual data obtained tn your plext, 1 §
1z 3 (o Pt :
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;e‘! sx== Core Desiz= 3WR) (continued)

(2) Point o==> which facicrs == the reactor heat talance equation
are the —ost significa— and which can be treated as constants.
{3) Go throoosh the three so=7lifed methods for determining
Approcasmats core poams, Trmphasize any that are used in your

plant..
4. Problem Set

A problem set |s notmi==luded wit: ==s unit, It {s recommended that you
provide the studentsc with applicazls ;lant-specific training material
and {nformation on vossr plant's Reas—x Recirculation System. Have them

read through the materrial and ther =scuss it with them.
3. uiz

A short review may s scnducted =efxe vou give the quiz. The review,
however, should notirxreview the g== guesticns. Simply cover key points

anc ask the studentssi[f there are a=r Fuestions,

177 4 ' .
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PLANT PERFCRT.OWNCE

—~ Tmez § - Reactor Fuel and Care Ta=sign (BWR)

Quiz
Name: Date:
Score:
t. List thres inside components of & fuel oo,
8. s)
- 18 =5
c. (5)
" List twe Qunc=ons of the fuel channel..
a. #4a
b, as
3. a. Whun is the reactor vessel macde o2 13}
b. Whan (s the reactor vessel lined writh? (S)
4. State twe Zumcticns of core orificing.
a. (12)
b, (1G3
8. Describe The Sow control method used i your plant's Reaz—x
Reclrculacton Sysiem. (13
o—
./ -
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6. Surpcse that a significant amount of moistire were being caried

sy
Qver o= the reactar with the steam. WoulZ a reactar heat ]
salazce ostain a result different fom true power? Why? (23

Ha




FLANT PERFORMANCE

i, e

3. Reactor Fuel and Core Design (BWR) (continued)
s Unit 9 - Quiz Solutions
& (These answers may be (n any order,)
a. Fuel pelliets
b. Plenum spring
c. Helium (in the plenum)
& (Any two of the following )
a. Directs coolant flow
b. Guicdes control rods
- Protects the fuel assembly during handling
3. 8. Low alloy steel
b. Stainless steel
4, (These answers may oe in any order.)
a. Reduce flow cutback as power {s increased,
b. Distribute the flow so that the highest flow (s directed to
the fuel assemblies with the highest power production.
S Either a or b {s acceptable, depending upon plant arrangement,
a. Variable speed pumps are used,
b. Tyo-speed pumps with variable throttle valves are used.
6. Yes, A heat balance assumes that the water {s turned into steam.
[f part {s not, the heat balance will not reflect true reactor power,
[n this case, {t would be lower than true power.
[ Bl e
l ——
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PLANT PEAFORMANCE

Qite

INSTRUCTOR'3 GUIDE
Unit 9 « Reactor Fuel and Core Design (PWRAR)

ves

At the conclusion of ths unit, the students should have = a zasi= under-

standing of how reactor fuel |s arranged (n the core, the 1A purposes of the

reactor vessel and (nternals, the Operation of the Reacterar Coclan:

System,

and the use cf a reactor heat balance.

2. Matertal Rgg;gg

a.

Text = Unit 9 - Reactor Fuel

Quizzes (must be reproduced from Instructers-'s Guide)

Viewgranhs:

(D 9.1=1 "Fuel Assembly”

(@ 9.1-2 “Rod Control Cluster Asseme==iy®
(3) 9,2-1 "Reactor Vessel and Intern=nals®

(4) 9.2-2 “Reactor Vessel Flow Patir="

() 9.3-1 "Reactor Coolant Loop*®

(8) 9.3=-2 “Steam Generator - Type A"A"

M 9,3-3 "Steam Generator - Type A" 2"

(8) 9.3-4 "Reactor Coolant Pump Sche=smatic®
3 9.4+ "Reactor Heat Balance*

. Unit 9 Presen!gggg

O

178

Tell the students the scope of the unit of {nstrecucson.,

Aemind the stucdents that & glossary of new termeems 15 (ncluded
in the text,

Explain to the students the sequence of insTTTusdon you plan
to use. There s no videotape for this unit. I: ft (s suggested
that the students read one text segment 2t a titime, answer

the questions at the end of that segment, andt= then Fardcipate

in a class discussion on the material,




For)T FIEFORMANCE
3. Reacter Fuel anéd Cxe Design G0WR) (continued)

Secmet ! - The Nuclear Foe) Svstem

Kay ®mnts:

b4)] Discuss the =ozposition <f the fuel and clad, anc Deiat
out the impcor=aace of the sying and the helium.

#4) Use Viewgraz= Z.1-] to de=a=strate a typizal fuel assemtly,
Discuss the za=cular fuel ~od arrangement used i= wour
rlant and give The students plant-specific dam tha- ey
might need.

3) Use Viewgraz= 3.1-2 to damosstrate a rod control =i=ssar
assembly. D:isTuss the Scmstruction and composi==r of

the type of rec used (n your 2lant.

Seche2 2 - Reactor Vessa: and Interna’s

Key == 3

Use Viewgragz 3.2-] to fa==‘arize the students wi= e
reactor compc=exts and the:i- functions. The cojec=Te

here is only = Z==iliarize == student: in-depth knowlaige
of components will be obts‘=ed {n systems taining. I¥f your
feactor vessel aad internals 2re significantly diffarer “om
the typical exa=ple, proviis the students with a ha=3out of
the plant-s;e=<=: (nformam=m.

-

:

through the rea=+>r vessel a== the caore,

Secme— 1 . Reactor Coola— Svstem

~

Key S

|
Use Viewgrapz $.2-2 to dec=mstate the flow of cocla=
\
|
84) Use Viewgraz: 3.3-1 to de=mc=strate a typical react=r =oolant
locp. Discuss e specific aTangement of loops, st=am
generators, a=< rumps used i3 your plant,
=) Use Viewgrape $.3-2 or 9.3-3, if applicable, to {Uos—nte

your steam gecerstor, (Bots of these types are recir— ating

] 178 2




FiraT PERFCRUANCE

3. Feaactor fual and Core Dasign (PWR) (coatinued)

steam generators. Flants with once-through steam generators
should refer to Apperiix C on once-through steam generators.)

(3) Use Viewgrazh 9.3-3 to {!lustrate a typical reactor cooiant
pump. Discuss the {zportance of seal {njection.

iac==ct 3 - Heat 2alance Calculationg

) Viewgraph 3.4-1 has bcen provided to {llustrate a typical
heat talance form. It is recommenced, however, that each
stucent be given a copy of the form used by your plant. A
caiculaton can be performed using data from the station

logs.

12 Discuss any pardcular information, such as methods used to '

find approximate power, that are plant-specific.
3) Emprasize the imporance of the correct performance of heat
balances.

4. Zrotlem Set

A przilem setls not included with this unit, It is recommended that you
proTi=e the stucdents with aprlicele plant-specific taining matarial.
Hawve “hem read through the matertal and then discuss it with them.

3. Suiz

A sZors review may te conducted Sefare you give the quiz, The review,
howerer, should not preview the quiz questions, Simply cover key points

anc 2s« the stucdents (f there are any Questions,

——
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i PLANT PLAF ORMANCE

& Unit 9 - Reactor Fuel and Core Design (PWR)
Quiz

Name: Date:

Score:

1. List three inside compcnents of a fuel rod.

a, (3)
b, (S)
e (S)

(]

State two functions of the thimbles in a fuel assembly.

- a. (10)
(1M
- 28 What {s the functicn of the diffuser plate in the core? as)
4. [s botling in a PWR core expected? If so, what are the limitations
on the amount? (29)
. 8 How s the leakage of reactar coolant along the reactor coolant
pump shaft eliminated? (10)

L bcad
178 Q-1 ——
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FLANT SERFCORMANCE

maade b oo b o

3 Reaziar Fuel and Core Z“esign (FWR) (Conl nued
8. Jrpose that @ sigrufican= amount of moisture wars being carried PN
over out of the steam game-ators, Would a reacs heat belance
obtain a result ¢ifferent o= true power? Why? (25}
,»
e
178 Q-2 e < W
e - - r——— —— > —p—p— -
———— ————— —— I —
- .0 J ~ /oe ; ) l F
= ! e DL -




PLAY

1.

378

T PR e P i 3

ANT PIRFORMANCE

eecior Muel and Core Desizzr (PWR) (¢continued)

Unit 9 - Quitr Solutions

Answers may be in any order.)

a. N.l nellets
A, Spring
Se Hellum gas

Rzy two of the following)

e, Structural support of the el assembly
k. Culde for contral reds
e. Heuse neutron sources
<. House bumable poison

The ffuger plate distributes Tiow to the core so the' the ugh
FOwer areas have high flow.

Yes. There (s sore boiling Lx =he hot channals, but it musr e
L=tted 10 that there will be mc steam (n the upper plenun.

Laakage (s eliminate’ by injecs=ng Ngh-pressure cool watar “nto the
[y =—t-] .“lo

Yes. The reactor heat belance mssumes that all the watar (g =one
veriad 10 steam. If it {s not, =e heat balance will ba off_ n this
CRse. the heat balance woulc tmzizate a power level higher “omn
S=e power,

Qs-2
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PLANT PERFCRMANCE

EXAM 1
UNITS ] - 4
NAME DATE
SCORE
1. State the function of each of the foallowing components unthe 43

steam-water cycle,

¥ Steam Boler

b. Pump
1 o~

- Ce Turbine

d. Condenser

4
- Sriefly explain the following pressure scales and state Uie units 3
Jusec with each.
a. Absolute pressure scale
e
Eol-l B w—
i o B s Sodane o 2t e o - - vy
- o ol e ‘.‘ -~y
- / . : 4
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Farnlss PEFFCAMANCGE
Ixa= 1 (cezinced)

o

Gauge presswe scale

C. Mercury vacuum scale

i
.

Mercury absolute scale

2. Sneflly define what heat {s and state its units.

5. V.hal s the relation between heat and temperature?

S, Vihat {s enthalpy a mesure of?

:01'2

&)

N
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Fatnare PIAFCRMANCE
Zax 1 (coeminued)

z. Find the fcllowing values in your steam tables: )

a. Pressure of 300°F satwated steam

9. The energy required to boll cne pound of water at 335 psig.

r 3tate the first law of thermodynamics. (S)
s, inelly cefine the foll owd 'g forms of enermy, (S)
s, Potential enargy

3. Kinetic energy

. internal energy

- 8 Flow weork

E.1-3
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PERFCAMANCE
] cominued)

water is Qowing through 2 sysiem at 30 galicn: per minute: igpm).

4

f the fow is lnoreased to 60 gpm?

sate the twe parts of the second law cf thermodynamics, .

refrige-ation cycle moves heat from 3 cold area 10 a warmr:iarea.

P

Does this violate the seccnd law of thermodynam! $? Why:®

List and define the three basic mechanisms of heat transiec;,

4 has & ceran knetic energy. Fow will its Kinelc enemT” shange

(5] paien
)
(s)

Ce
($)

v

-

"’

———1
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13, List & =ate=atical relssi=aship between: 3)
f “eat flow and te=;emature dillerence
b. Eea: flow and area
14.  What s regoired for nuclieate bolling? =)
15. Ceflne crizical beat ux (ST . 3)
16,  'Ahat s t=e ON3B point? =
17.  Ceflne *s=z==k*® and *swell.*® %)
-
Z.1-3 e
e, -
—e — — — -
. o
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18, What s the ¢ifference between L=pulse ans smaciion turbines”?

~
1
-3 19, Whyv a~e = ii-stage turbines used for the =a = power producing (S)
3 turbine (= e plant?
=
> | '
20. Why woolZ you ever want 1o “"break vecuum® m=ile the turbine is {5) 4
-~

still roiating ?

(.
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—
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PLANT PERFACMANCE
BUAM 1 - SCLUTICNS

UNITS 1 - 4

a. Conver: water to steam by taking heat (nto the cycle.

L

Pumn) water {rem a low pressure to a Rgh pressure. This

Puls waork (nto the cycle.,

o

Convert Leat energy 1n the steam into usefl work., Work

leaves e cycle.

e

Ccaver: (he steam coming from the turdine lntc water and

remove heat from the cycle.

A, Starts at absclute 0 pressuwre, with 14.7 at atzospheric
pressure. Units are psia.

b. Starts with 0 at atmospheric jressure. Absclute 0 equals
=14.7 ca this scale. The units are psig.

e, Starts at atmospheric and increases as pressure decreases.
Absclute 0 equals 30" on this scale. Thi uaits are “Hg.

This is e inverse of the preceding scale. The units are
*5g abs.

i

Heal |s the transfer of internal energy and its units are 8TU's.

Cne eifect hest Mas is 0 change the temferature of a suostance by
(ncreasing the mclecular vibraticn, This e¥ect (s set for any

particular suldstance and {s called the “sreciiic heat”® of a substance.
Mis 8 measure cf energy stored in 3 sukstance.

€7.000 psia

A S (835 psig + 14.7)

3 850 psia
=6§79.5 3TU/ b

™~

w

e

ol
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Pl PERFCAMANCE
e 1~ Sclutions (coreinued)
> Lergy cannct be created or destroyed, St remains consta~r. iy
l a. ™e energy of position.
b. The enersy of mcticn .
E. Inersy of molecular moticn and aclecular bonds.,
d [nergy of a substance due tc pressure mulliplied by g
volume.
9. I will go up by a facter of four.
10. “eat naturally flows from a tuch teTseature to a low
lemperature,
2. Not all heat can be tumed intc work; depends upon the
lerperatures in the cycle. =
11 hc. Because work is put into the cycle tc make it happen,
1Z.. = Conduction - heat transfer through sclid material by vicraion
of molecules. S~
o Convection -~ heat trans‘er by bulk movement of a Ouic. e
= RaZlation - Leat transfer by direc emission.
13.. =. OQadaT
r
Q=K4T
o 5aAAT
or
Qe KA4T
4. hwcleating points and a surface temperature 8° - 10° higher ttan
daturstion temperature.
1S. The amount of heat flux required to cause a transition to flm
oiling .
16. It (s the point at which a cdeparture from nucleate beiling cccurs.
1 cccurs at the critical heat flux. S

ES.1-2
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PLANT PLASCRAMANCE
Exarm | - Salcticons (continued)

19.

G

Tese are srocesses that hagzpen In the steas hemiier. Shrink

occurs Curing a pressure increase when the azzareer2 level drops
Secause the sieam bubbles in the water collapse.. Swell cocurs

faing A pressure decrezie when the apparent [evsas. increases hecarse
the steam Lusbles exgand and new bubbles for=..

An impulse turiine converts the kinetis energy < the steam into
work by changing the dicection of the steam in 't =icving blades.
There is a pressure drop across the nczzles and T=: across the
moving blades. In a reacticn turbine, cn the cthes land, work is
cotalned by allowing the steam %0 exzand across e moving blades
and create a reaction force. There iz a pressure Tr=p across baeh
the moving blades and the siaticnary hlades.

Multi-stages turbines are used to get the maximur— a=ocunt of
work out of the steam.

Te rapidly stop the turbine in an emeigency.

£S.1-3 — -
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PLANT PERTORMANCE

fs——

. INSTRUCTOR'S GUIDE
=2t 10 - BWT Performance t
]
. Qe :
At the conclusion of =Ls ==it, the stucdents should have a tasic under- ‘
standing of the ‘nfor=a=is= shown 0n & power-flow operating map, the
bSases for verious cre==g lixmits, the role of thermal limits in t
protecting the inteswisr =7 e fuel, the use cf eaking factors in r
power distribution ca suazsns, the =ethods used to assess the
provatility of dl= beili=g, end the steps that have been taken to
minimize specific types of fiel fatlures.
2. Materigl Zasires
a
b. Quizzes (=ug: za develcped and reproduced locally) 1
& Viewgrapts: ‘
(1) 10.1-2 "Power-Flow Map for Constant Recirculation ,'
Puzp Speed” {
(2) 10.1-2 "Power-Flow Map - Flow Control Lines” {
(1 12.1-2 "Si=pl19ad Power-Flow Map® :
(4) 10.1-4 “Power-Flow Map with Minimum Power 5
Line and Rod Block Line® {
(S) 19.1-5 “Poser-Flow Map Normal Operating E
Conditions” ‘
(6) 19.1-% “3WR-5/6 Power-Flow Map* :

14 ¥4 18.2-1 "Steam Quality vs. EnUling Length”
(8) 10.2-2 “Steam Quality vs. Boiling Length;
Operating Conditions” i
3 Unit L3 Ly
a. Tell the st-Ze="5 tne scope of this unit of {nstruction. i‘
() b. Remind the sT—cexts that & glossary of new terms {s {ncluded jivsepai— . B
| =
in the text. p— !
373 1 |
SR S,
- - — - —~ —— i —— :
———————— L
S — e e L | - :
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FaNT PERFORMANCE
13, BWR Performeance (cosminued)

- R Explain to the st dents the ses_an-: STUTTON Ve
1o use. There is no videotape for “=is unit. it is sugsesiec
that the stuienis read one tex: seg—=nt &t a time, Answear
the questions at the end of the se;=ant, and then participate
in a class discussion. The Zis=—_ssion should include related

plant-spectfc material.
) - Wat = -low \ia
Key Points:

(1)  Note that the illustrations usaZ 1= t3is segment rafer to a
typical BWR plant. Provide the sTudents with ralated
plant-specific material and poin: out ii¥erences between
the typica! plant and your plan: as sach topic is covered.

(2) Use Viewgraph 10.1-1 to introdize 12e power-Tow map
Review the meaninc of each of t=e li=es and discuss the
ways in which power {s controlles ‘o vour plant,

(3)  Use Viewgraph 10.1-2 to discuss Qow control lines.
Make sure that the students undersmand the difference
between this power-flow map ans e one shown in
Viewgraph 10.1-1.,

(4) Use Viewgraph 10.1-3 to show how plant opermtions can
be mapped. Discuss the consiiera=ions and procedurss
that your plant uses.

(S)  Use Viewgraph 10.1-4 to discuss cperating limits. Provide
the students with specific informasion on vour plant's
operating limits,

(6) Use Viewgraph 10.1-5 to discuss anr—al operating conditions

s

for a typical BWR plant. Obtain a- cevelop a similar power-flow

map that defines the normai operati=s ~cn4itions ‘or yow

g CCOC

plant. Point cut areas in which Oper=2ticn (s restricted, and

discuss the bases for these restri==ons.

378 2 ;
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FLANT PERFORMANCE
10,  BWR Perforzance (continued)

(7)  Use Viewgraph 10.1~5 w0 discuss power-flow considerations
for a BWR-5/6 plant, if applicable,

(1) Discuss the design limit for fuel fatlures (n your plant,
Include a review of your plant's fuel performance
record and the potential effects of fuel failures.

(2) Review the three basic types of thermal limits. Discuss
the Dases of specific limits Lo your plant that protect
the fuel under various conditions.

(3) Make sure that the students understand the meaning
and purpose of each of the various Peaking factors and heat
generation rates. Discuss the ways in which power
cistribytion calculations are made (n your plant.

(4)  Use Viewgraphs 10.2-1 and 10.2-2 to tllustrate how
the relationship between s:eam quality and botling
length can be used to assess the probability of flm
bolling. Discuss the use of this concept and others
in seting thermal iimits to prevent Him botling.

(1! Review the units of fuel bumup and make sure that the
students understand the meanings of the terms.
2) Discuss the mechanisms of fuel failure described in
the text. Stress any that have caused problems in your
plant.
(3) Discuss the steps that have been taken t0 minimize specific
types of fuel Bllures. Point out any destgn features
of your plant's fuel system or any of your plant's operating
procedures that deal specifically with mintmizing fuel fatlures. jo

P
178 3 | —
K 31685 C £8%5 131 &
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II.  BAR FaSxrmance (coniinued)

$ Aoblex 5
Dohimm 2wt P
% oblem sec is not included with this unit. You cay wish to develop
ozlems cn Fant-specific material and work through them with the
s-adents.
. Quiz
iz s not tacluded with this unit, You may wish to develop 8 quiz
zc plant-spec=®c material and administer 1t o the students.
-
e e
| (o
irs B | e
ol - r ——— - -
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PLANT P270RAGNCE

) J8

R e o

NIZXTCTOR'S GUIDE
Tzttt IT - PWR Performance

Al the corci_xion of t=ig =it ™he students should have 8 basic under-

slancing cf ressTe-la=renaTIw limits, heatup and cooldown stresses,

the purpcse aad use of ear=al Timits, PWR peaking factors, the methods

used  ZacTeese Te xoiaslor of film betling,

and the steps that have

Deen aces == minismize specis Types of fuel ailures.

a.  Tex - 243 atromace

5. Tnizzes (=ust te Jeveloped and reproduced locally)

c Vlewgraphs:
©) 10.1-1 “The 3hift of RTNDT Due to Fast Neutrons®
2) 10.1-2 “-ocations for Analyzing the Shift (n at:‘. DT.
3) 19.1-3 “Teutron Flyence vs. Time"
££) 12.1-¢ “Tension and Compression®
{z) 10.1-§S TZomposite of Heatup and Pressuwe Stresses”®
2) 10.1-§ TZomposite of Cooldown and Pressire Stresses”®
7)) 10.1-7 "Typical PWR Heatup and Criticality Limits®
(2) 10.1-8 "Tvpical PWR Cooldown Limits®
f2) 10.2-1 “Feat Producton vs, Core Position®
22) 10.2-2 “ooml Enthalpy Rise vs. Core Positon®
21) 10.2-3 “iucal Heat Flux vs, Core Position®
22) 10.2-4 TONER vs. Core Position”

3e Cats 12 Frpagnapet
a. Tell e stiienis Tie s3COpe of this unit of Instruction.
b. femind Te stilenti That @ glossary of new terms is
- ocluded (o e tax=.
178 1 {_*7-——
| —-—
o —— e— - - v
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SOIMANCE
ferfor=anze (zontaued)

Dxplain 1o the students t"e sesuesce of L=s=uctdon you e
plen 1o use. There Is o0 videomze “ox t~4s unit. It is

sugsested that the students rees o—s taxs segTent at a

HUoe, answer the Juestions a: t=e ans of =g segment,

832 Men participate in & class s—sgiz=. TNe Qiscussion

saould include related plant-spoci®= =ateial.

= Zessurized Weter Pesctor Qe z~r Ovey

Key Points:

(1)

4

Note that the {llustrations used iz =g sej:ent refer

tc a typical PWR plant. Proviie s e smZan:s with

related plant-specific material ans Pois out differences

between the typical plant and YO Ract as each topic

is covered,

Review the types of metal fatiure *a* were {aToduced

in a2 earlier unit, Emphasize the ra'e of ie=perature and v
the meantng of NDTT and RT) . e
Use Viewgraph 10.1-1 to discuss =e eZect of fast

neutrons on RTND!" Use Viewgrep= 10.1-2 to show

where this effect |s analyzed (1f su~ aslvses apply to

vour plant), and use Viewgraph 10.1-3 = show the change

in this effect with time.

Use Viewgraph 10.1-4 to make sure t=a: e students

unierstand the meening of tension asd comrression,

Then use Viewgraphs 10.1-5 and 12.1-5 D discuss the

effects of various types of sesses o= t:e Fessure

vessel. Emphasize what occurs ding Seatup and

coaldown,

Use Viewgraphs 10.1-7 and 10.1-2 as & besis for inroducing

PWR heatup and cocldown curves. 1f cssitle, provide

the students with actual curves ‘o ¥ou= plant and relate the

veneral {nformation in the text to spe=3: i for your plant.| T

\'

Discuss what the e cwves Mmean to e Cremator,
2




- e . ST . P — - -

LANT PERFORNANCE
10, PWR Farfor—ance (coutinued)

(6) Discuss the specific termal limits that apply to your nlant's
Pressunizer.

e & 2 - — ™
ecnent ¢ - Peecior Plant Termal ey
b a-a XTSRS

Key Points:

(1) Discuss the design limi~ I flel alures tn your place
[nclude a review of your Amat's fuel performance rec—r
and the potantial effecty =¥ Siel fatlures.

{2} Review the three basic t/=ms of thermal Iimits. Disc.ss
tUie tases of specific limias in your plant that protecs —e
‘uel under various condi=omsg,

(3) Make _ure that the stucencs understand the meaniag
and use of each of the Femsiing ‘actors discussed inn
the text.

(4) Ciscuss the methods usec r vyour plant to perform 03=3
alculations. Include the ige of hot channel factars,
as arplicable. Peint our ZZerences between the gerwmal
information provided in e =&xt and the specific matara]
used in your plant.

(5) Use Viewgraphs 10,21 Sw3uss 10.2-4 to Llustrate ow
CNBR calzuations can te FxEzned. If possible, prov-se
or develop simtlar grapns U E T ;lcnt;spcdac data.

sSegrent d - Nuclear 2uel Performance

Key Points:

(1) Review the units of fuel burnup and make sure that tre
students understand the meaTings of the terms.

(2) Ciscuss the mechanisms of Zuel fatlure described in

the text. Stress any that “®ve caused problems in your
plant,

(3} Discuss the steps that: have Saen mken to minimize spa—Sc
tvpes cf fuel allures. Potae Sut any design features o= r“"'—‘
L b

378 i
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TLaNT PLRATORAMANCE
i1C TAR Performance (continued)

7our plant’s fuel system or any of your plant’'s operating
Frocedures that deal specifcally with minimizing fuel
fatlures.

4. Problem Set

Problem set ts not included with s unit. You may wish o develop

3

proclems on plant-spestific meterial and wark through them with the

students,

i»

2. sidd

A quiz is not included with this unit. You may wish to develop a quiz

“0 piant-specific material and administer it 10 the students.

378 4




TLANT PERFORMAKCE
10. PAR Performance (continued)

your plant's fuel system or anv of your plant's operating
Procedires that deal specifically with minimizing fuel

fallures.
4. 5?'..1":2:.".'1 S‘s

A protlem set {s not {ncluded with this unit. You may wish 0 develop
prociems on plant-specific material arc werk through them with the
students.

5, Quiz

A quiz ts not {ncluded with this unit., You may wish to develop a quiz

on plant-specific material and acminister {t 10 the students,

"‘
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'
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PLANT PERFCRMANCE

EXAM - 2

UNOSS -8
NAME DATE
SCCRE
1. ATat are the two functicns cof the condenser? (15)
2. Why does the condenser cperate at a vacuum? (3)
18 driefly cescribe how toc much flew and not encugh {low thrcugh e (10)

concenser may adversely affect plant efficiency.

4. How does Neating the feecwater with turbine bleed steam (ncrease (3)
slant efficlency?

E.Z‘I | |
et ———— — ——
— - = N
L - 10%5 e
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wn

o

List cne side benefit durives L== using a steas extracuon syste=. s)
Make a simple graz;a of Scw Tessure loss (hea? Icss) varies in a (10)

system as the flow ncresses. _abel both axeg and alsc state

a pruparuicnality that defines *=e graph.

State the pump laws a3 si=;le ~opartionalities. (s)

(U

i

\
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‘ow I wores.

Wi

. Lace 2 s.=7.e graph of how pressure and flocw vary with a

2. “raw g =pllfled cross secticn of 3 jet pu=p (or eductor) and explain (S

—

(10)
cesiiliigal pa=p. Plot the variables at speed 1 and at scme speed
22t s Swize speed ),
!
1
C
[T
E.2-3 i
e elind -
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Penlis PLEFCANMANCE
Ixa=z 2 conzinued)
10.  Zxplain briefly how a calorimeiric (heat balance) is performes o () a
frd reactior power.
11 why are calcrimetrics performed? ()
-
¢, Deline the following terms as they are used in relation to the {5) (-
Produclcn of power In a nuclear plant.
a. Megawatts, thermal
b, Net megawatts
&, Net heat rate
13, Name the plant component with which the cperator can have the 3)
greatest effect on plant efficiency.
L)
| |
L"*——y.
E.Z“ ’ T&.“
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Fmie ST RMANCE
Trax= I ==r=uued)

)

£s Therre are two cbjectives 0 the ther—m. and hycdraci_= Zesign W

=r=iect the fuel from damage. List = swo cbjec=res.

{
l

I5. Wi is pressure In the reactor vesse Lizited whe= —oe lemperature 5)
5 Low?
I8, Wiy are very rapid changes in plant emperature proivcited? 5)
L7, Whrlle reading an analysis of a hypctaemical accidens, vou find this =)
ssatement:
““rerre is then a rapid drop in react= = e=ssure anc e INER drops
T L2253 than one.*
Whar would you expect tie conseguesces of tAls to ze?
()
g
0 I
£.2-5 o —
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PLANT PERFCRMANCE

DUM 2 - SCLCTICNS

UNITSS - 8

To remove heat from the steam cycle ax o conserve the water

The temperature of the steam coming == the tubine is reduced

oy cperating with the ccncdenser at a vac=um, This increases

plant efficiency.

Too much flow may create concensata Zezression, which would
represent wasted heat, Too Uttle Qcwr would cause a “ecrease (n

vacuum, which, (n itself, would cacse 2 lcss In efficiency.

4 it utlizes the latent heat (n the stea= == sreheat the feecwater,
This, intum, (ncreases the average ta=jerature at which heat is
acded to the system.
C
5 Smaller low pressure turbines
6.
Pressure (Head)
Lowm
Head Lom = Flo-z
Flow
| -
ES.2-) r““:ﬁ
———— —————— - — —— — -
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PLANT PIRAFCANANCT
xam 2 - Scluticss {ce=izued)
s Flowa@ pump speed
Pressure @ pu=gz s;«né)z
3
Power a(pu=p speed)
8.
B
F E Cc Waes )
a. Figh pressure d= SIS WRlar axtacy e fczzle.
b L the cemvegem Aczzle, ;resyce Neas g changed ¢
velocity head.
e. The low pressure ares pully wates i = the suctica-D
e, The driving water A the g = n- waler mis,
£ The veloctty of 1he Toxel Zmving water and suclon water
is converied 1o presguce feas,
8S.
Pressure
——— S
" 06 & &
B, — - T S— -
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PLANT PERFCARMASN ==
Exam 2- Scluticns comtinued)

—~ 7. The feedwatar Z=niet enthalpy s scizracted o= the steam outlet
entfalpy. Thue 2ifference is then =_Nplied by the feedwater
flow rate.

11 To correct e uccuracy of nuclear i=strumentaticn
135 & The hear saergy that the rea=o>r actually procduces.
b, The elec=mical power produces *hat is avalable to sell to
cusicmesy
. The sumDer of 8TU"s that the ;lant takes to make cne KWHR of
electily
13. The condensar
14. (1) Limit S strain to less thas 1%
(2) Prevent :ne fuel from melting
15. To avold brit== %siiure
- 16, To avold excesz:ve stresses that w=.2 be caused by extreme

temperature Terences. These woo 4, (n tum, cause metal

fatigue or evex Zamage.

txpect fllm Sl iag to occur and pre=anble fiel cacage

]
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