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A Secondary Steam Generating System (SSGS) can be designed
.as an addition to an existing Candu (BLW) Nuclear power ! '
\ “Station. The high pressure primary radioactive steam con-
\ denses ‘in evaporator tubes after heat is transmitted to the
' water in the evaporator shell,- secondary (noh—radioac\&;el
steam can- be generated for’domestic and industrial heat ng. -~

'“g ‘..\ ._ ls. . .
“A detailed design is earried.out for a Secondary. steam Gen-,

erating System Design criteria are presented together w1th
detailed caloulations for a system load of 2288 X 108 Btu/hr*

-

| . .
{ - - The system consists of four subsystems that are operated ‘in
i

parallel. Each subsystem can be run at 30% overload 80 that '
the full load'can be handled by three units while one is
N " shut down for maintenance.”' o
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‘v . - .INTRODUCTION -

v

v

A Candu, reactor is a. type of nuclear reactor Which uses

”elther ordlnary fresh water or heavy water as a moderator.-

, i R .
.
v ) . 1)

Most Candu reactors use a4 pressurlzed heavy water 1nstead
of’ a llght water heat transfer system in the reactor fuel
channels. One nuclear reactor at Gentllly 1 nuclear power

generatlng station in Quebec uses 11ght water ‘as- the heat

- +

transfer medium- for the power generatlon. This plant started

\ ' . ~
i

]

(3N A

'Gentilly 1 nuclear power plant nas_an electrlcal power' gen-

eratlng capaclty of 250 MW o« It is the only light water

D -

cooled power reactdr Wthh allows. the light wﬁter to b01l
within the reactor‘erl channels. The mlxture of - steam and
nEEXWater in the reactor fuel channels is accumulated in the,

reactor steam drum where separated saturated steam is drawn

off.to prov1de the thermal.poweritp the'generator turbine
L ' - -

( see Fige 1 and Fig. 2 ). :

,

-

X "

T




. rating process.

“2. Reduction in operating cost from the absence of 1oss of

The%ﬂendu Boiling Light Water ( BILW ) nuclean power gene-

said that to have reduced capital cost

through elimi tion of heavy waten, A Candy 'reactcr of the

* Pressurized Heavy" Water ( PHW ) type would inevitably have
lleaks in the turbine and its auxiliary equlpment. Such leaks
?,.——

make a direct cycle prohibitlvely expensive.

|

"Other advantages of using light water as a coolant in the

reactcr channels aret

1. A small increment -of thermal efficiency which yields a
saving. '

/ .

haavy water coolant in tbe system. . ) o

-

There are many practical difficulties in using light water
as a coolant. One of the difficulty is that the light water

, will capture more neutrons than the heavy watter, when natu-

rdl uranium is used in the reactor fuel channels. Because

of the need for much more expensive enriched ura+1um -fuel, -

~ "this cost may offset the gains fromethe above advantages. -

ki

+

”Since a“sophisticated and conplicated control system is

[ A

'deéigned for the Gentilly 1 nuclear powsr reaetor,fnatural'

uranium is used as a fuel in the reactor channels. Light
wateg\‘s used as a coolant while it is boiling off within

the reactor fuel channels. The mean density of the, water
, Sy |

SR




=3 a
'is reduced wﬁi}e it is boiling and this reduces ‘its neutron

Ay

capturing ability making thermal’ power Zeneration possible;
N . . - . . N .
" In the Céndu Pressurized Heavy Water (. PHW ) power.reathr,‘

e
A
i~y :

/ there isloniy a simple‘contro;isystem'required since rhe he-
) %ayy water is a moderate nevtron‘absorber. However, . since ‘
///( - light water is more effeotive as a neutron absorber than'as
. "a moderator, a decrease in coolant den51ty causes a further

1ncrease in\ reactog power and a posn:lve feed back which

.....-'-——‘-ﬂ'l

must be countered by a more sophisticated control system.

\ .

-

It is however not the‘intention of tHis papér to go into ‘de-
% . . talls of the nuclear power generatlon system. The tobic of

\
thls paper is limited to descrlblng and discussing how the -

P

¥
o Q; - nuclear thermal power from.Gentllly 1 can be efflolently
. utilized as a possible source of steam for a central heating
‘system by designing an addition to the existing Candu Boiling

’ Lighf Water (- BLW ) nuclear pover procesq. Thls system will.

»

“be referred to as a Secondary Steam Generatlng System (SSGS).

4 -
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- The Secondary Steam é&nerating System is an addition to the

existing Gentilly 1 Ca du 30111ng Light Water ( BLW ) nuc-

.'-lear power generating B rstem. In abbreviation, this addition'~

will be referred to as SSQS. The system is de81gneﬂ %o con-

vert the nuclear reactor primary steam into secondary steam,

'Since,the primary.steam is a direct cycle product of the

\ \ 2
)

Candu BLW nuclear reactor. the primary~steam is a radioative

steam Whlch is. therefore not a desirable direct source of

',thermal,power. It is neither auitable for. direct induetrlar’

use nor for direct central heating use uritil a satisfactory

.:heat transformer is developed. ‘"The SSGS is proposed to accom-~'

plish the desired heat transformation. v

The obgect of the SSGS is to utilize the heat source in the

'primary steam through sets of heat exchangers toegenerate

eﬁcondary steam and still keep the primary radioactive eteam
% ‘ .
in the closed circuit.‘ _

Bl P
' ' PR

~ : ‘ ‘ ;

. In the petrochemical industry. heat exchangers which are

used to,generate vapor or ta produce a low pressure steam

\
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‘o . .- .
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" the purpose is different and the reb01ler of the heat exc -

is returned to the existing condeneate systéih, The comb-

" to the required temperature’and pressure. Feed water to

:the evaporator is preheated to’the re&uired temperature .

In this paper, onlj the
© ted and discussed. It is

) euch as shelters, wate

tation details,

e e et i e it
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are calied vaporizer. reboiler. or evaporator. Ir this ease

”

anger Wwill be referred to as secondary eteam generator

which is actually an evaporator. i

M v - . - - v - e
\ ' : i

The enthalpy in the primary steam ia used to produce the

-gecondary conventional steam. The primary steam is then

condensed and collected in a Vessel called a primary

condensate collector from which the primary epndensate

ined condensate is:cooled through gsets of'heatfexchangers_

-

before it enters the evaporator. Since the heat exchanger :

servee a cooling and preheatlng purpose. it is referred to

‘as a cooler / preheater.,; . Coe

t" \e-
Details of the proposed syatem are shown in Fig. 3 and
Fig’.@w ‘ . . .\.‘.

S coneeptual deaign 1e preeen-
ot intended to cover all detaile
N

treatﬁent eyatem.,steam transmi-

saion pipe 1ines. or complete mechanical and instrumen-
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.\, -* From many pr&ntiqa;-examples. the minimum rating of most
‘ . Candu reactors is ?;5 millioﬁ pounds per hour or an eqnif

t

i

|

1 ’ i . ) .

' valent electric power of . 250 MWg . The Gentilly 1 nuclear

.reactor Power~statipn\i§ therefope a typiéai y g£ood aizeﬁ}\ ' e

example for*use as a case study., . o .
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2.2, DESIGN REQUIREMENTS AND CONSTRAINTS AND ‘TARGET
' The foilowing.specific reggéremente and constraints shall et
be satisfied and cleared before any commencement of |
- engineering study and discussion I S
1, jThe#SSGS systé@ shall be designed to supply the |
oo ' secondary steam requirement at a maxlmun of 1 9 x 10 LB/HR
‘at a required_steam quality .of 380_ESIA-m1nimum to . :

500 PSIA as maximum with an maximum allowable

l moisture content “of 1% wets \
2, The primaryddyple shall be maintained in an enclosed c%r-

cuit , and‘the primary condensate is’ therefore has

[ to return to the original cycle without loss, .
1 ' ’ - o
; 3. No leakage on-the primary 51de s allowed due to - = . ;v//

it is; adioactive fluids,
- k, The system shall be de81gned t6 w1th stand enough
pressure ds well asvacuum

. Se Enough pressure relief dev1ceare requlred to protect system

[

from burst or breakage due to over pressure,

Lo 6. Enough provisionsof’environmemtal safety devices are required.

are required.

T Enough provisiomns for th ‘steam and water quality contrdl -
8, The system shall be pAé?%déé)w&t&ball neceseary '
_-“ meang of venting and dra1nag§)ass ciated with the

‘ . - start—up, ‘shutting down, operation and mainten
s o of the system,
;. -
LN o N 3
: " \..
¥ : a




b4

11,

12, :

The system sha11~bendesigned to be capable of . . - K
\ ‘

startsup. shutting down, operaticn and maintenance

-
oy

under any climate condition, . - . .
-fThe system shall be very reliable. safe. and

maintainable in every aspect.\

The cqndition of primary condensate. returning to “the

original circuit shall meet the condltion and . ‘ﬁ

‘Fequirements of the orig1na1 cycle.

o

. Drains, Vents, ‘and other necessary connections.‘. ’ - .
shall be provided at strategic lccatlogs in an

enclosed special designed system. / L ': ) fi . .

[




- 2,3, SPECIAL FEATURES AND CHARACTERISTICS

b 4

" 2430 1. The SsG system can be divided Inte~seVeral

’ f modules. K module can be’ defined as one of

5]

' may be iselated~complete1y if there is such

4 - o 243 20 Since there is plenty pressure avallable in

K . n the primary circuit and the feed water ie-
supplied| from the -water~ treatment‘ .
A . .. - plant;therefore as far as the SSG system is .

. 4 concePned, except the control valves, there

2430 34 {h module in the SSG system is ieentical'
| té each: other and each consists of one -
éondaryusteam generator (evaporator), one
primary Eendensate_eollector, ane two
cdolen/preheeters are conneqted in series,

. Each’ module including equipment, piping,

fittings and relevant control instrumentation

" and control devices are also identical and
interchqngeable.'This epeeial feature may
tremendously reduces the maintenance and/

operational cost due to each module-i

13

the continous loops in the S5G system that -

a;iituation'arises or for emergency purposes.

:

3

S o will be no rotatﬁgg equlpment or moving parts ‘
.t- o L '. ‘ 'invblved in the whole SSG system. . _ /////f\\f”"fh‘
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2,3, 4, Each module may oper,ates on 1t 8 own 1nde.pendently

. without any interference to the others or lt may ben

N
‘ _iaolated from others or 1't can be operated m
0 K * .
o parallel vnth all the remainder of modules.
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' erator (evaporator). and as well as for 81mple and easy ins- -
Nbundle kettle reboiler .type will be theimost suitable one

: thg\horlzontal kettle rep01ler type evaporator can be equal-

" ly divided into two, parallel streams- as shown in Pig. 5.

ktrol valve. The evaporator shall be d951gned for three-ele- ..
~‘The prlmary steam to the SSGS is extracted from the m'ln

' of prlmary steam to the turbine to maintain the minimun  «-

‘flow to the turbine., The turblne w1ll act as an absorber for‘n

,‘dL// ‘ R
f .

CHAPTER 3.
- 1\

-7 SYSTEM DLSCRIP’I‘ION ‘

-

-

In order to m1n1mlze the«31ze of the secondary steam gen-

tallation and better heat transfer efflc;epcy, the U-tube’

to be used for the purpose, In addition to‘fhe above reasons,

In thls way, a smqoth control on Tlow rate control and an

evenly distributed heat transfer-may be achleved because ’

N\
ment. control. namely. pressure.‘water level. and flow.

*

steam 11ne wha£; 1s orlglnally de81gned for the electrical

generator turbine 1ise. In order to provrde a
1 ’,‘

amount

statlon load, a. mgdlficatlon to the - maln turblne controller

»

is requlred. ThlS modification is 81mply ‘an addltlon of a . F*
\ P
small by-pass to the exlst1ng system to permlt a smal; steam

N
[
’ . X

the secondary steam generating system to maintain the

' . . &,
. N . . ' .
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. * - + SO
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reactor steam drum pressure stable.

signals derived from flow ahd pressure transducers in

‘ A small connectlng l1ne shall be prov1ded from the up- .o ‘ :~
'stream of the evaporator inlet to the condensate to-

- {
¢ollector for the purpose of pressure balance between

ivalVeﬁsorks on the low level switch is provioe
n

preve
_ The condensate from the condensstg colleotor is.then . 2 : - .

: relatlvely small pressure drop. Slnce the condensate has o ‘

\'.to satlsfy the ex1st1ng Gentilly 1 deaerator operatlng

_to achleve the des1red pressure in the orlglnal closed

6 N
o

.A T g
The primary steam -admitted to the jtube side of each - -

. N . * Y Q
evaporator is controlled by the coentrol walve throtting

the steam to the appropriate seoondary-steam.pressure and

flow requirements. The control valve is operated from

‘the secondary steam line header. S L .

) ’ . ' , ) ’«f

The prlmary steam after conden81ng in the evaporator C \\;‘ .
tubes will flow 1nto the condensate collector. / \
i

[2Y

evaporator inlet and condensate collector., An i latlon i ' |
Co ‘

"any 'steam to the cooler/préheater,

.
\ )

directed through the dooler/preheater with only a

N -

preSsure, a pregsure redu01ng valve is therefore needed

cireuit, The existing level controller on the exlstlng
deaqut;}\shall take a complete overrlde Yo control
the flow control valve whlch controls the prlmary

condensate<returnlng flow rate from the SSG system.
0 . ' . ’ . . "—‘e\' ' /




| 1Ielorder to alieviete'anj problems like coﬂeeneate.
‘flashing in the retern system, and preblem’ae not to - .
overload the‘deeerator ete,,. the primary eondensate
return temperature\hae aIWays to be sllghtly less

than the existing deaerator operating saturation ,
:temperature which is the restricted condit}on while

design the copler/breheater.

The water Whlch feeds to the evaporator has to ‘e )
\treated water which 17/beyond the topic. It ie assumed . 4
that the water feeds to evaporator has already been
%deaerated and treated, The treated water ie“preheated
to a temperature sliéhtl& below séturatiop tempe;ature
wﬁich~is generalIy-a\geod:praetice in Ereheater‘deeign; -
. Pressure losses must be taken into  considerations such
as ‘logses. of pressure drop across the ceoler/ireheater.
* the” pressure and friction, 1oeses in the piping system
Lor any hydraulic head losses as well as any ther
pressure losees aeroae any»valves. 1netrumen
measurement devices or elements or fittings//

o ' T
For most deaerators, it 15 a,coﬁagﬁ’ﬁréctiee'tol |
..desiir a deeeretor'oberating ﬁressure at 4 te 8 PSIG ';

\ . ' \ . : o
t‘\» C o ' P ' “\

.r.‘




[N

above the atmOSpheric pressure. The feed water | o ~
“enters' the SSGS at 223°F will be diverted to each SRR O
‘\ module by indigidual control valves deriving their

-y~ .+ signals from individual level controllers on the AR

\
eVaporators.The constant water level in each ’

evaporator will thus be mamtained. - o . AR A

re

= on . (B

The secondary steam produced in the. evaporator will

¥ ~ R S

[P

o l
- . © . pass. through the 1ntegrated moistur? separator to
L - ' ~a steam line header then to the secondary ‘steam . oo
. reserVe tank at the dgllvery boundary from which - | )

a number, of steam delivei'y pipe lines can_be designed

to convey the sedondary' steam to the location where

4 \ . - - i
central heating or heat source is required, = - . A

'
]
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" -ature shall %e several degrees‘Subcooled ( beléw saturation
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" & CHAPTER 4

. . | .

. . '.PROBLEM DISCUSSION ]
o . ¢,
N CAN ‘ ' . N e T he -
4,1 PRIMARY STEAM CONDENSATE RETURNING TEMPERATURE ' .

e
1

The first aim of ﬁhe SSGS is to generate the secondary con-
. N . © e

'vénfipnallsteam, and the second aim of the SSGS is to keep

., @

the original cycle in-a clobed cireuit.ylg order to accom-

¥

'plish‘thesertWO aims, it is necessary to restrict pﬁe ﬁri—

mary condensate reﬁurhing temperature and pressure to the:
operatlng comdltlon of the ex1st¢ng deaerator in the prl-

ma;y circuit. The pressure’ 15 controlled by pressure control

<

valve, The cooler /'preheater 1s the dev1ce @hlch serves the -

‘temperature control purpose by means of the heat transfer

process, However, under one condltlon thet assumes the coo- .

Jler / preheater inlet temperature is flxed at 223" F ( which

is spe01f1ed at 1& psia ). the evaporator feed water 1nlet N

.temperature shall ot b% at saturation condition., It is a

general practice to keep the evaporatorgor boiler feed water = 4

temperature always below saturation temperature. This temper-

-

temperature at that partlcular equlvalent pressure ), other-~

wise bubbllng problem may occur\ln the system due “to 1mmed1ate

flashlng. But 1t is not economical to de91gn a too low feed

water temperature'to the evaporator because the evaporatﬁr5would ’
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* .
i

demand a mope heat‘eource thue the primary steam. It is
theregofe assumed that the evaporator feed water inlet |
temperature shall be at a fixed sub-codled temperature,
weay_from 5 to 10 degrees baelow the equivalent saturation
\tempefature at thé‘e%hporatof operating pressures
. | L
’Ffom’the above description, it is known_then that . the

?

evaporator feed\water"tempefature across the coolen/preheater

both at the inlet and. the outlet are then being fixed. “
} ‘Bagsed on the amount of primary condensate flowgrate \
at different condition,‘the primary condensate returning
temperature to the’original e&cle'is therefore eble to

. be calculated out, =

‘In the calculations, based on tneidigferent flow ratef‘

. and the fixed water temperature and the glternative

i,' ' Locations and’ varied conditions, the primary oondensate

' returnlng temperatures are luckily not exceeding the
original existing deaerator operating temperature. Thus,
there will be no flashing problems occuring at the existlng

. deaerator. Results of calculatlons are shown in table 4.1, 1.

\
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'4q2, DIFFERENT SCHEMES OF PROCESS ARRANGEMENT . = . .  °

A
i . LA

N '. - ' ‘ Y
. -Different alternative arrangements for the cooler/preheater :
‘ang the condensate collectors have been studied as well as '

" “the p'ossioility of eliminating the condensatq collectors, v

~
~

It i_s~assua:ed that the oonfigaration and type of the' ‘
v'eaaels\aad'the number of 'unit's have Dbeerni s'elec‘ted; ‘The

,"following ,afe the main -arrangemen'ts“which are und\er dis-' ‘
~cusglions S Lo |

4,2, 1 ALTERNATIVE'NO, 1 ( Refer to.Fig, 11 )

af thgi condensate col;egting tank in the _systen K

In this scheme” )of arrangement, there 48 no condensate -
collecting tank to collect the condensate. The complete ‘
system will flow only dependmg upon the pressure difference
: bet\veen the .pressure inlet ‘of the evaporator an_d the -

operating pressure at the existing dea\:erator.' Since it

’ _' is a. continuous once-through passage. If there is: any :

intermittent blockage on the down atr’eam of -the cooler/preheater -
“outlet condensa te retu% 1ine due to.a pigher level or some

other reasone. the aystem startiﬁ@ from the evaporator inlat

.t Al A . . * . Y
’ M . - . - 3 .
M - " ~ M . . P
- . L
, e ey LN DU X
U T S 70 T S TR Fh At e A vk deroges: yeray s At e et b x»m;‘LALM' 3




B e
control valve up to the ex1st1ng deaerator inlet control
valve would be: completely flooded, Full of condensate will occur
1nc1uding the -whole U-tubes: which are normally submerged
in the evaporator. The . primary system which originally
" is aiming for the steam oondensation reboiling wou1d~end
up.wigg}a condensate flooded operation,which may not be
‘a desirablewefficient heat transfer process, fAnother
additional disadvantage is due to lack of. a surge capacity.f
f.?he operation would be unetable in!a'practical_poinﬁ'

-
of view,

7 It is therefo}é cﬁ”éluded thaé the SSG system is definitely
. requlrlng a surge capa01ty whlch would be a vessel to accommo;'
date the surge capacity and be able to smooth out the system
operatlon. In the mean time. 1t may” be a help of prov1d1ng the
better steam condensatlon heat transfer procesa:'-—‘
i)

~ b2, 2. ALTERNATIVE NO. 2 ( Refer to Fig. 12 )

Evaporator wlth 1mmee1ate cooler/breheater connectlon andcondensate

.

collector at the end

In this arrangement, it is assumed that the condensate collect-
_ ing tank -is loeated 1mmed1a}ely after the coolen/preheater,i
‘1~ Now it is obvious that there is a surge capacity in the ' '
| ' system but the problem arises is that in the manner -of achiev\r-.-~
king-the condensation heating process to produce thegrequired

g A
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secondary steam;.as it has been stated in the ALTERNATIVE
NO.1, due to the flooding proﬁlem In‘thé system, it is
impossible to_achieve the bettef condensa®ion heating C e

ffocéss in the U-tube. In this. arrangement, ' the flow is

N

‘depending on. the ?réssure difference between'the.evﬁporator

‘-pressuré.‘ But the problem is tha't any shut:off on-the~

inlet pressure and the condensate collecting tank inlet

C W

downatream of the cooler/preheater outlet, - -the 1ntermittent

flow would cause the same flooding problem of the U- tube

in the evaporator fo; the-next start-up. In.this type of ‘ o
;rrﬁngemont, it is still impossibld/to'oohieve a continuous ;
operation scheme without any intefruption on.the conti- .

nuous flow. Another reason which may cause the same

problem is due to the Qigh pressure drops . while- in U-tube

-of the evaporator is connected to the cooler/breheater‘

" and the condensate would cause a momentarlly instantaneous

in series.. | ~ . R )

It.iS'assumed that the hydrostatic head could not overcome - \
the pressure drop in reasonable condition. But thefe-wlll |
‘be enough condensate. in the system from the U-tube to the

coolen/préheater sectlon and outlet sebtion 1nclusive.

*

‘blockage of the evaporator steam 1nlet. or a sudden condena

sate level ino:eago in tho condensate collecting‘tank

N

- , o . . . . . ‘
N . : “. . L > h !




e

immediately after any intermittent shut off of the control 4

valve., The problems described above would cause unstable

‘operation: It is thenefore also not recommended for this S

'type of arrangement. C . . ‘ Vo

. m k2, 3. ALTERNATIVE NO 3

.Evaporator w1th immediate condensate collector and

coolen[preheater at the emd, nd. { Refer to Fig. 13 ) K ;.;

In this arrangement. while having the condensate collector

&  located immediately'after.the evaporator,\nevertheless,‘

the nreSSure drop in the evaporator U—tube} even though K ; .
pressufe is equalized by one small:line wnich connects .
the évaporator inlet and the condensate collector, Since
;the condensate collector has to be located Below the - |
evaforator in-order to pfcvide“enough hydrostatic nead .
-for the continuous condensate grav1ty fiow; in any event, .
or due tgvoccasional 1nterm1ttent shut éiwn either for
,_the complete system or due to the downstream control ‘
| valve; in thlS arrangement there would be abSOIutely ‘
‘no condensate remalnlng in the U-tube or cause any blockage

4r

for the next,gtart-up due to any conderisate occurlng

ldurlng any shut down, The condensate would normally
fifd two ways of draining by gravity into the condensate collector.
. 'One way is ﬁrom the small equalized line. ‘and the other

‘is from its main flow route.

a . * -




oy L
therefore possible to establish and maintain a 7

It

‘ contlnuous primary steam flow fo the evaporator U tube,

'but an intermlttent shut off either on primary steam 51de

. \ .
or condeﬁsate side would\not create any problem or erfects”'

on any scheme of the complete syetem operatlon.

~

4.2, L4, OTHER DIFFERENT ALTERNATIVES. . -

. Other different alternatives are mainly sub-divided from

e

the above main alternatives, There: are not much choice,
for the arrangement of alternative . no. e . Howeve ’ 1nvestigatlon

has been\made for the posslble sub-alternatlves from alternaﬁive .o\

©

No. 2. and similar for. alternative No, 3 7. R

Ad 1

2,4, 1, OTHER ABTERNATIVE NO 2-A ( Refer to Fig. 14 )

In thls arrangement. two cooler/preheaters dre connected in
parallel.Each coolen/preheater equally share the load

from the separate flow of both the primary condensate

. from the'evaporatorwand'the evaporator:feed water’suppiy.“
The primary steam after it has glven up its heat. to’ the i"
.water in the evaporator shell side, will. condense into o
‘Condensate in the lower part of the U-tube and contingously ‘
‘flow into.the'tube side of the two separetedfcooler/preheeters.qu
condensate is rgjoined together into a condensate co;lectoﬁ

via a preesure reducing valve, . The feed water is fed to.

the evaporator via the shell ‘side.of the two coolet/preheaters.."

B : ]
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i condensate collector otherwise the»prcblem would be

" 4,2,b, 2, SUBALTERNATIVE ‘N0, 2-B . ( Refer té Figi 15 ). -

".the evaporator. The primary condensate from the evaporator
ﬂU;tube is entering the shell side of the first cooler/preheater~

-then passing through a pressure con}rol valve and a dralner

”:According to calcula%ion;‘tne primary condensaie-tem-.
_ perature outlei.of second cooler/preheater returning to
. theé original oycle is within the.limit of .the exisﬁingi

. deaerator condition, The provision for a drainer is

* \ /’\_\ .

e cotearmes 2o Y e et s R, -

:In'fhis arrangement. although'the 1oad}na8'been.' ‘

equally . share&-by the . two cooler/preheaters, .yet it has'notﬁ’
been taken the advantage of the avallable high prlmary
pressure drqp. The pressure control valve has to be ‘ . .

~ r

falrly big and accurately control of the pressure at the

extended to the ex1st1ng deaerator. . Coe N s

P "
-

In this arrangement.'tne'two cooler/berheaters are connected

is series, but with ‘the first one 1mmediately located after

then into the tube side of the second cooler/preheater.
The evaporater feed water is on the reversed flow. It_enterS' o
the shell side of the second codler/preheater and then .

the tube side of the first cooler/preheater,

L)

designed to'be\installed after the pressure reducing valve,.
. v L -
But the drainer may require frequent maintenance or -

e \ .
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repairing wcrk‘wglch are not very desirable, . LY .
. ‘ ' g 3 , o

NN

'Just a 1little higher enough than the existing deaeretor‘

B the,original‘cycle. B

.;%f

. . . .
" . '

B . R oo .
1 . . vy

T

e ¢ I

3. SUB-ALTERNKTIVE"NOQ 20 Refer to Fig. 16 )

‘ In this arrangement, "the two coolen/preheaters are connectpd ;D '
in serles. In order to take the advantage -of a greater . |
pressure drop, the primary steam gondeneate is placed .

on the tube sxde of the two series connected cooler/preheaters.
While the evaporator feed water is placed on the shell 81de

of the cqcler/preheaters, primary steam condensate 13 A

collected at the condensate collector after passing ;\ .

through a. pressure reducing valve. The’ condensate coflector

is therefore normally should operatlng at a pressure

operating pressyre to overcone the frictiqn 8 and'
hydrostatfc head in order to make the fluid‘flowing}to L.
' . _ . :

f * .
| N %
. .

However, the problem that can be ﬁoreseen would be the : . v

floodlng problem which’ has geen descrlbed in 4 2. 1,

.3__ ~
s .

PR

' 4.2.’4‘,

i, ‘SURRLTERNATIVE "NO.2-D -

. X,
.y

A

"( Refer to Fig. 17 )

-

‘:' 1 ' s A

-

N 3\ ' .
'ers are cohnected,

“In thls arrangement, the two sub-co
w4

Tso in serles, but with the fluid alt rnatlvely reversed i

as inub.z.h., 3 . Due tv the hot-primar steam(condensate“

. 1) ¢ Yoo
18 placedgon the shell side, thus: t
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c provision has to be cons:.dered on the cooler/preheater shell,

which would poss:.bly result in anmeconomical higher

-‘mantrfa:e:turing cost." On ‘the other hand. a detai-led C

calculatlon has been made and it 1s appeared that.

the evaporator feed watgr placed on the tube side would

wll require a higher pumping power. for -the ed wa*t;er whereas_ '
: ¥ . B o f i ‘
W h . . : . Co s
- the available high pressure drop on the/primary condensate
"  had not been utilized. .
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4,3 EFFECTS OF DIFFERENT BOUNDARY PRESSURES

F;nmxgsi::iations bdsed on the diffgrent boundary. pressurés
c 3 . . .

at assumdd constant primary conditions, and at.a fixed

U-factor, a comparison between the higher boundary pressure

~and lower boundary  pressure has been made as” in tabl% bo3.1

N

"\

:'By a §1ancé or the table 4.3.1, it is llkely to de81gn a

evaporator at a lower boundary operatlng steam pressure for

-

the:sake of operatlon. control as well as economic p01nt of

view. But there isavery(important factor that should be

[ Y

taken into serious conslderation before the design QI the

4

evaporator. Let us assume that there w1ll be three Z&Wb

L3

steam delivery lines proposed for the system and the

": secondary steam requirement as a constgnt. If the boundary

presépre of the secondary steam is not.at cohstant state,
that is while there are three 24"¢ steam delivery lines .

in service, it'would result in a lower operating pressure

‘at the evaporator due to a lower steamvflow rate possing'

through each line at lower pressure drop. Whereas the

~

evaporator would result in a'higﬁér opéréting preséure at the

evaporator due to the steam flow rate. passing through each llne

at a higher pressure drop when there are only two 24”4)
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- As it hes,hEen described in the other prdﬁiem discussions.

the heat head islone of the-important function thatlwould v
gouern the,operation of the euaporatqr. The heat head ’

is defined as the temperature difference between the primary
steam and the secondary output steam. .The heat head is

higher while the- primary steam condition is constant and the'

_ boundary secondany steam pressure is lower and vice versa,

\

“although, it seems to be therevaporator that should be

. A8 a result. the heat head is a direct function that would

affect thé heat transfer effiC1ency of the evaporator , That

is a higher heat head would result a ‘higher heat transfer

of the evaporator and vice versa, thus,the less primary steam

requirement and vice versa., From the above_discussion,

<»

desinged at a lowest\boundary secondary steam operating b
~ pressure for the best heat transfer efficiency, yet it
is not true because if the evaporator is designed at a
1ower pressure, in the event of a sudden rise of pressure
ih the system due to an interruption of one 2#"4> steam
line~rouid result. an immediate high. pressure in theAsystem
which was origlnally des1gned at a lower pressure. It}
1s therefore not a logical way to design an evaporator at
a lower boundary pressure and operates at a higher pressure.;

On the contrary, for the most reliable and safg, design e

I
point of v1ew. the evaporator should be designed based ?n

the maximum boundary operating pressure.

v




. - . _:.;-N'w.'_;_..ﬁ}..‘
- 28 -

i . . .
Theoretically. itwwould be to the most benefit}of the system that,
%he evaporator should be des1gned at the maximum boundary
\ perating pressure and operated at the minimum boundary
operatlng pressure. In this wax since the heat head would
be_ theoretlcally the maxfhum therefore the maximum heat
transfer can be achleved,thus,the minimum heating surface
would be required. Howerer. in practical operation, this
theoretical aim is very difficult to achieve. ‘The'reeson‘g-
is that While the evaporetor has been‘designed according
to its maximum boundary operating pressure, but the heat head .
is the minimum,and the heating surface .of the evaporator
is automatlcally sized at its maxlmum. when in operation,

. the evaporator at any pressure lower than that of maximum d981gn-}

ed pressure.the heat head is hlgher' and therefore, the

requirement of heating surface is less during that momeht of

" low pressure while the primary steam condition is assumed

fixed. If the normal operating pressure is always less \

than the maximum d981gn pressure, that means the heatlng
surface of the evaporator has been over81zed{w9nce the
-"heating surface is sized.it is noh-variable,thus. there
will be a surplus of heatlng surface wuich exceeds the -

normal requirements., For this reason, é\me of the heatlng

‘surface ?tube bundle) may exposed to-the steam which is

-

really not-a desirabie‘phenomenon. : TR B

L

. ) N ]




A

~ primary steam to the evaporator. The boundary steam

" heat transfer in operatiaon), the evaporator shoddd.oe

¥ ‘ | .
From the above discuSSion. it can be concluded that

(.based on the conditions as described, there are two

"

. following methods to achieve the evaporator operation efficiency:s

(1) Efficiently ﬁnd accoratély control‘the flow of the

pressure should be a dlrectgfunction -as well as a

‘ secondary steam flow of %he primary steam flow rate to, o

the evaporator. (2) . A direct control of U-factor or

achieve some kind of control on a variable heating surfaoe,

AThis method seems'very difficult to. achieve). (3) In-
"stall a pressure coritrol valve to’ control the boundary
‘steam pressure(set and flxed the boundary steam pressure)

at the designed condition all the times o , D

It is therefore concluded here that for the best

operatlonal and control point of v1ew (not the best

designed at the most possible.operating boundary pressure

.at which the maximum pressure drop at w°rst~condition'of

the secondary steam delivery 1ines should be allowed.
Or the evaporator can be designed and operated at its ;

maximum condition by the assistance of the addition of a

. pressure"dbntrol valve and always maintain the set ..

‘o,

boundary. pressuPe to the evaporator designed condition. .-

T
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b4 EFF 5 R
. THE SYSTEM

This problem is related to the problem discussed ‘on u.3' -., ' T

" Effec%e~of7boundary pressures”, ‘ -
" The problem encountered are very similar ‘to those that

have been discussed in the "Effects of boundary pressure"'
\

L}

except one thing that s all be poinwed out here <that.
is the difference of thé evaporator shell dlameters.
The example has been chosen forru-evapcrator scheme .

-~

and 3-evaporator sheme. - From -the calculated esfimated‘
shell sizes, 1t has been 1nd1cated that for tpe u-evaporator
scheme normally would require only 3 evaporators with .
‘one for stand-by at”its full normal operatlng designed
condltlon; and for 3-evaporator scheme . normally would ,

requlre only 2 evaporators with one for stand -by.
' The b-evaporator schemd»}s chosen because -of economic ‘ .-.
reasons such as less operatlon and maintenance cost as |
well as fabrication cos%. quevera nc matter which
scheme is chosen, since it has been described in the
prbblem‘discussion'of "Effecbs cf boundary preseure"l
that the evaporator should Qperate at its de51gned
condltlon. that is the number of. evaporators Whlch are

required for produc;ng the -heat duty to generate the
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. amount of required secondary steam shall be'designed at
its maximum operating conditions and operating at its
. minirmum operating conditions with'the“allowance of -heat

‘duty 1s de81gned in such a way that one additional

evaporator has the. fully requlred heat surface to take

OVer the full load operation' at any tame in the event of

N\
~

'any one of the evaporator is worced to- be 1sola€%d.\
7

In this kind of design arrangement,.each evaporator
would serve the best performance iL qperation. - On

the other hand. since there is an immediately available
stand-by evaporator w1th the furf load designed capacity,

so that the whole module is more reliable to ensure the‘u

\coﬁtinuouS‘operation Withont interruption; which is

superior than operating all the evaporators at only a
fractional 1oad on each but with a low. efficliency of

evaporator pgeformanoe.

AN

‘,Another advantage of having all the'evapofatorsisiied

the

. oerformance will be improved.

‘is'

and operated to the full load designed conditlo would be

.full control scheme may be\achieved « That

each ) control. wvalve would be able to function

.properly and accurately according to its fully sized .

loading and capacity, As a result the complete system :




cost factor of fabricatlon.

-33 - .

‘:. For a conclusion, the evaporator should be sized in such

: a. way that based -on the designed and operational condlticn
as described abovg. At 'a smaller shell dia, for example
use 4-evapbrator scheme instead of 3=-evaporator scheme
to achieve the purpose, but not exceedlng the total
number of & evaporatora ‘This is determ:med by the economic
For‘results of calculations, refer to. 'te;ble_e Lb,1

through 4.4,3 | T

e
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4.4. 1.

rd

aﬂRATING SCHENE BASED oN 420
" AT PLANT BounDARY

TR o dan et ek

PSIA

SYmBeLs AND NoTES

A= EuAP.

3-EVAP. ScHEME

A A-EwP. 3cu£Mng
wird 3 EVAP. NormatlY

A i . ++ s - S Ta e
’
s

>

# = LB/WR. . Wt 2 VAR Nomally |-
%+ AT oNDITION WHERE ONE EVAP 15 . Vi Steviar . | EvAP. STano-8Y | LK SERVICE , | EVAP. STANY-BY,
;:é OUT oF SERVICE
W[4 = Tulk Buwdle SHELLDIA. WiTH TS | CONDITION {1) [CONDITION (1 CanDiTion (1) CondrMoN(T
‘ Zg 0.0.TuBw ow 16 FiTen 4130 towt LA =43p5L |1, Ai; w2351 |LAR, ay= 6305|145, 35BS
= . - {2 0ts otv. 2.EVAD. IE3 of%. 2.&_/49. bEs.op 2.?»:%’. D!S.f?&
'.‘3 NSTE = UNLESS OTHERWISE SPECIFIED, AlL PH“.”“ P=asgPin | PrAfifria | Prachpia |
Loe VALUES ARE FoR ONE eVAMA'I?'R_.. ‘
| |roTAL SeconoAry Sitam £2GD | # 2,285,553 | 2,285,553 | 2,285,553 |2,285,553
2 [TaTAL HEAT RANSE. REQD |, BTu - @, 1,353412.,592 |1,781, 260,772 | 1153, 412 592 |, 781,260,772
3 HENT TRANSF - REG'D . y BTUV ;Q" 3‘3‘5474,;731' 5‘7;,7;3,575‘ 816,11:,276* Bj_olézo,saz
14l U- eacroe, 810 /tHR) (FT*) (°F) 54q s40 40 |, Sdo
5" |IF use Hearine Sure.ps DESIoneD » FT2- A" | 41,951 % | 41,9517 | €2,9:8% | 62,928%
|| HEAT Head , °F - ©1, 2%.80 | 31.68 | 2580 31.48
7 | HEAT TRAVSFD | Bru fyy oF Pom.STEAM | 723,085 | 722.98%5 923,085 |722.985
8 - Brofu oF src. steam | 267,177 | 7179.387 | 7¢7. 1771279\ 357
9 BT frr - 113932 | 17,m7 | 13,932 | /7, 107
101 PRim. STEAM #e@'p # - = % 308,306* Bz/,zsz* 1,212,460 1,231, 87?*
/1 | Avo1TioriAl Poim.STehm REQD , # . /2,946 - 19, 419
12{Sec. STk PROD'D | 3 o\ 76/,85‘1* 76/,'851* IR 142,'776 1,142,776
13 | fleaTing SweEALe ustp, €12 = 254 41,951 * | 34,7087 é2,9:8" | 52, 061>
14 {ESYD Ture Bondle SE1l T, , D'¥ % 70. ¥ 64" 9o * So™
IS |Totu HEATNG SusFAc &g FT': 57 | 125858 | 104 123 }25,85%7| Joq, /23
16 [TSTAL HEATG 5u0) . of 2 EVAD, | T | 125,88¢ i 125, 85S * - -
17 o¥ 2¢vAp, FTE 8392 | 83,90@ | 25,855 | 125,85
18 [Suept us'H&Ar'(,-.ﬂmTMe_J_}:rl =5-13 - 7,243 - | 10,867
19 ToiaL soopt‘u., MEAT, SuRE ACELE ET > 1615 — 2),132 - 2} 732
20| Tapae. fomn 1AM ReQD , 2t 2, 42492 0| 2,963,758 2,424 92 0 |2, 463,758
21 HMTF SuPF, , FT /# of PPiadSmam ™ —13 o, 05'/900 0,0421{2 0,05/%00 o.odz:zéz
22 IF o SI{I)M'KIMI)W?DAS PESIGap 10 808,306, 808,306* /s 2/21450* 1212,968
7 3 At onAt HEAT G SurE . REAL = 11x 2] - __347 - 8z !
124 {ATY Surther REQ/D = 13422 41,95) | 35,255 | €2,928:]$2,882
25 [Supplus oF HEATS Suep., F1 =5-24. — 6,696 - 10,046

e




- — - - .
bt T P YT 2 O N R T v

- 35 -
ZTABLE 4.4, 2.

O\PERATING SCHEME BASED ON' 380
AT PLANT BounDAKY

e e voe com s eadllod A

PSIA"

S¥meoLs AND NOTES

4 - EVAPoRATOR. SCHEME

upplos of HIATYG Suep., F1t =424

Lt
.

B o= oL8/ue ViTH 3 CVAPAATOLS NoRNALLY IN
* ATCoNDI’T)oN WHERE ONE EVM’ 15 SErvicE | EyAr’gmrok S~ 8y /
1% ) C\ SERVICE , * .
1R+ = Tulbt Buwdle .mcu. DiA. WITH . T5 ConDiTion (1) | ConQiTron (i) Couon-oN@I)
2§ 0.0 T‘uﬂw(- vu 1" & PiTer AT 30" tents LOR eray O35 LBP it 6805 [ LOP . <3305 (
-~ LE0AP 0TS, 096, |2 EVAP IS, OFE, |2, u:mm O, / .
< P= 484 /A Pz astPIA | P=At6PA
V| NOTE: UNLESS OTHERWISE SPECFIED ALL | C420+6313) | (3803CB#3) | (38+433+3)
M VALUES ARE FoR ONE EVAPSRATOR. , BeS .Cano'n "
| |ToTAL Seconnary SteAm REQD , # 2,185 553 | 2,285 553 ]2,285,553.
2 | TataL HeAT TOMNSE. REQD Bl - @ 753,423,592 1,937,3¢9,48511, 777,885,968
3 |HEATTamwsE. RE0'D. |, bru - Q% | $Be414.197 | 645789, 818] 592 628467
4| U -~ Facror, 'Bru/(Hr)(Fr*)(°F) 540 S40 - s4o
IF USE HEATING Surs. AS DESIGNED « Fr’ A" 4),94)* 4:5;5'{1 41951
¢ |neat iy . °F - on, 2¢6.80 | 33.24 | 41.29
7 nmﬂmsrp gru/,, oF Peim,STeAM 723,085 722.98% 722.985
8| . Bl /4 oF Sec. stcam 767, 117 "847.453 777-'880\
9 BT [rr? 13,932 17,950 | 22,297
10| Prym, SteAm 2@ 4 = 2 808,706* | 893,22¢5| 819,69
A Aoo"nwm. PomSTEAM Re@D ; 1 - 84,920 1,390
12 5€c. S"rem\q]ﬁob’o 1 261, 85> 76!,89‘1* 74,(‘ 8s-|
13 | HeaTing SuetAte ugtD 1T = 5op 49517 35,977"] 26,579
14 |EsTD Tuse Bunpls et 30, , ¥ X 70 * % el 56*
15 [ToTAL HEATivG SurFAc e FT*s 4z | 125:BSS | 107,933 | 74,737
16 FTaTAL HEAT' 540} . of 3 EVAP. | FT2 125 855 | 124,855 | 1257 85
17 ok 2evAp , F11 83902 | 83,%2 | 83902
18 ufélvs Heat'G Suefce | py? = S- 13 - 5914 | 15,312
19 [To1AL Supptus, Heatl, Suel ALE, FT-= 1o-15 ~ 17,927 | 46 118
20 |TorAL fom STEAM RKEQD | 4t 12,424 920 | 2, £19,680 |2,459, 090
21 ATl Surf, L F1} /#oF ﬂe.,,g,;:w 15 | 0.051900 |0,90277 | 0. 032425
22 |TF P STram KFM/IIN‘D AS DF Sigatp =10 808,306 84;85 306 | 808,306
23 \huotionAL HEATG SuRE.REQD = 11x2. | = | 3,420 369
24 \WiATS Suefher- REQ'D = 13423 4),951%| 39,3977 26,948%| &
25 ' ~ | 2,564 | 95 003

[‘ e
|
)
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o ¢ “TABLE 4. 4 3. . o
o oPtRATING SCHERIE BASED oN 280 PS:A
AT PLAMT BounDARY: .

o .

SYMEo(.‘s AND NOTES _

3 - EVAPORATOL SCHEME .

!} - LB/HR . .

T % : Ar ConDITION WHERE ONE EVAP. 15

our ofF SFRVILE -

SERVICE A,

WiTH 2 EUAPORATOLS NeRNALLY IN
EVAPORATaR SFAND - BY

'
‘<§ & ¢ TubkBundle SHELL DiA. WiTH 15 tonﬁmmuu) ConDiTion {1T) | Conorron ()
§ 0.0.TuBwa ow 1 0 PiITeH Avaozowq IAR-:A': bapsi 'AB:m 68ps: IAP -336-.
-l 2.EvAP. DES, 0Pc, [2.FVAP DIC. oPE, {2, Ew? oH bA:.
‘i . P=426'73/A p: 45_! PN P=a-16 P34A
= | NOTE: UNLESS OTHERWISE SPECIFIED, ALL | (V20443 13) (3po+(B+3) | (3R423¢3)
&~ . VALUZS ARE ToR ONE ew«mmuz.. Dos L Ao b
! |roTAL SECoupaRY STEAM REQD , #. 2,285,553 | 2,285,553 | 2,285,553
2 |ratAL HeAT Tess” REQD 81y~ @ 1,153,422 592 i,q;zgsé_qag 1,277.885,988
3 |HeArreanse. ke0'> , pru - Q" | 87671296 | 968,484742| 888 92,994
14|l U-FAacror - a'ru'/(mu LETY) L°F) 540 540 —p 40
5 |17 ust Hearwa Surs. As DESIND » FT- A"| €29 8”] 62,9:8%| 62,928"
.| € | HEAT Head |, °F. - 6, 25. 8 33.24 | - 4).29
"7 | HEAT TRANSF b | Bru/#-'or Prim, STeEAM 723,085 | 722.98S 722.985
8 . Brufy of sre. stepam- | 767. 177 | B47,658 | 777.880 |
9 BTu frrt | (3,932 | 17,950 | 22,297.
1o Peim. STCAM RE@D # = —3— 1,212, 460* l 33&844* /12'L7J$‘4S‘*
71| ADDITioniAL B, STeAm REQD 5 3t - 1271384 | 17,085 .
12| Sec. STeAm PROD'D |, 3 ' e, 776 1, 142,926 | 1,092,776
13 HE&M/ SvPFALE ustD, FT2 = —gr 62,928 | 53,966 | 79,868
14 |EST'D TuRe Buwplk SuEil 1.0, LQ"# X 70 " 82 = 68 "
15 To i HOATING SurFAc PQD FT = oz 125,855 | 108933 | 19,737
15 ot HEAT'q Sl . oF- 3 EVAP, , FT2 125, 855" | 25855 | 125,85
7 oV 2evAp. , T 83,90z | 83,92 | 83902
18 {Supptus HEAT'G Surfhce JETi=S5-132 = 8,962 | 23,060
19 Tqms-.oﬂu} HATG, Surl AcE FTE=16-15 — "1 17,921 46,118
20| TorAL P STEAM KD . 2t 12,924,920[2,479,680. |2,459, 090
21 \HFATh Suef, | F! fitor Pém Spam~ To 15 {005 Ijoo 0.040277 |0, 032425} -
22 ﬂ:ﬂﬂmﬂfwﬂ(mmmpﬁf()ISlqugp-io 1,212,460\ .2:@46«? IAZIZL‘t‘éO*
23 | Avoiqionat. Hiazty SuRp.REQb =11 320\ L= §,13 ) 554
124 WATY SueFAce REQD = 13423 62,928 | 59, 0?7 4o, 422
25 [Supptos of Heatl Suep., F1tes-24. to—- 3 33] 22,506




.5 EFFECTS OF THE EVAPORATOR ON THE NUMBER OF STEAM

DELIVERY PIPE LINES ., - . ¥
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“ L 3 ¥
If we look into the ba31c heat equation again where

-.Q = U AO.», and it is assumed that the’ boundary pressure o
range is from 380 psia to uzo psia, 'If 1t ‘is postulated that
qbls a constant as well as “A" where due to the- evaporator
is’ fabrlcated ‘to the maximum heatlng surface requirement

l - 'at its maximum operating conditions, By analysmg the L
. cushion pressure available before shut down procedure :
o starts. ifr based on the designed heat -head is@h 25 8°F,
,’then the effects of the evaporator on heat head due to
Yar%aele bpundary*pressure would-be ae shown,in the . -
] .tap;e 4,5.1.By interpﬁetation the results‘from this
. -table, it is obtious'that there“Wuuld.be.a definite
surplus of heatiné surface availat}é'inhthe'evaperator
at any boundary pressure lower thanrthe~designedlpressure.
1It is’ thereforeconcludedthat 3 X 24" g steam aeli&ery
ide a deflnite advantage to the operatlon

\
of the evaporator than 2 X 24" £ steam delivery llnes.‘

ulines would prov

'particularly when one unrt is.considered out of service.

: Wlth 3 steam dellvery lines. the b evaporator scheme gould’ be

0
operated at a lower pressure .since the pressure drop hds

"’ . _'been.calculated at 35 psi while it would increase to 63 psi
“with only two steamtdelivery lines, Refer to Fig, 18
. . . » B . , i \
, M '
‘l
|
Q \\\

&



L »
T {

The quantlty cf pr1mary steam raquired in both caaes

T

have ‘also been calculated and. shown ln tables 4,1
thrcugh b, 4, 3 as in problem discussion of " Effects
"on numbe* cf evaporators required’for the system. "4

A

2

. - ;
- .

" The eeon'omic’ of e)s't“ablishing the total 'h‘éﬁting s’urface

by taklng into account of two ‘and three gteam delivery

?plpe 1ines haeg been tctally laied upon‘heatlng surface

_ whzch is solely affected bw the heat head as ahown in
the table 4,5, 1 “j
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L, 6. EFFECTS ON DIbFERENT LOCATIQNS OF EVAPQRATORS

¢ . While a evaporator is: located close to the’ prlmary steam'

TN e -

source, the distance is jhorter, therefore the pressure
drOp in the prlmary steam line to the evaporator is less.

Based on the boundary minimum requlred pressure is flxed,

M AL S S g

L ~ then the prlmary steam pressure to- the evaporator would ve’

higher, thus, the saturatlon temperature nevertheless the
enthalpy‘almost remain the same. Due to-the dlfference ‘
P . of the primary steam saturation pressure and temperature
' to the evaporator is dlfferent at dlfferent locatlon while.
" the secondary steam pressure remains unchanged, therefore
the heat head. is dlfferent (Where the heat head 'is deflned

S

Y
as the temperature dlfference between the pr*mary steam,and

<

the secondary steam) The heat head 1s hlgher at hlgher prl-_

mary steam pressure inlet to the evaporator That is saylng
W

if, the secondary boundary pressure is flxed, hlle the

1‘ evaporator is located as close as' to the Nuclgar power
S | Statlon,OWIIl ‘resuls na higher heat head-fef the evaporator.

« From the ‘basic heat equation Q = q&ﬁm it can te seen that
:heat headf) is one of the determlnatlon functlon for the eva-.
porator heatlng surface area redulrement "If U- factor is ‘
p§ - ¥ constant, the higher the heat head for the evaporator would

- , result a more economic size of evaporator for the same
amount of heat transfer oapa01ty. From the follow1ng calculated
N 2

b table A, 64 1, . it shows that the amount of heatlng surface

can be saved for thehevapprator by raising each degrée of the
‘\ ) - o v

e N ‘o
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‘25.8°F,ofAheat head,leyery»degrce of_increment in heat head

- plofted as'in the Fig.-h 6.1 which is a linear curve., . ./

- ‘_-Ip1..'

Ay
-

evsporator'hest,head from that particular heat heéd’starting

pqint of 25.8°F.‘ From‘the\calculated"table. based on the )

would save a certain amount of heating surface area, It is
) - “ . . . /

However, it is obvious that from the calculation,_ | .\/// s

starting: from 10%F difference on “top of the 45, 8°F there -

would be not much sav1ng in heatlng surface per degree ‘of

heat head 1ncrement.~

1

%

If we assume "that there 1s no pressure drop on &he primary
F

steam supply line w1thout any flttlngs or control dev1ces

- etc., the maximum Prlmary,steam preiZ:iz:jE:IE} evaporator
: L . ’ 1
" would be 7?50 peia while secondary si oundary pressure is

f1xed at 420 psia.. Then the maxlmum heat head cah be achievéd
is 46, 84°F . ﬂﬁut practlcally, there will be actual pressure
drop in plplng, as well astln all flttlngs and other control

instruments, Therefore the maximum heat head of 96.84‘F could

_ qg?er be achieved, However , if the'pressure drop in the .

prlmary steam supply plpe llne can be mlnlmlzed to a minumum.
thls will eventually save a certain amount of evaporator
heating surface, ¢ .o
In order to save the evaporator heatlng surface. it is ,r

necessary to.raise the heat head and thus the higher prlmary

L steam pressure 1nletto the evaporator. However, a 51de effect
. would occur,\that 1s Whlle the enthalpy. content in -the steam

. has no significant dlfference fron a pressure range within ‘c?

. , . . . ) K

N

a
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all‘~\'-.. . - “-‘.1&2-
50 psi in tetween ?50 psia and 650 psia'with a small difference
" of only about 2-BTU . per 'pound of steam, but would have ‘
a temperature dlfference of about 4°F for that pressure

Y

.range at- that equlvalent saturatlon pressure.\ At higher.

pressure steam ﬁpuld have an approxlmately 2 BTU ) per'pound
1ess enthalpy content than khe lower pressure steam. For
this reaSon. the evaporator at a lower prlmary steam 1nlet
pressure due to W1th a hlgher enthalpy content would require
less amount of prlmary steam to generate the. same amount

of secondary steam at the same amount .of available heatmng
surface.

S

,:Aﬁother}side effect weuld also _occur, that'is‘While thé
evaporator has a, higher pressure primary steam inlet .
and at a hlgher flow rate would reSult a hlgher temperature
‘of the primary condensate return at the condltlgn of a

. constant rate .of evaporator feed water. It has been .

A calculated that a dlfference of, 6° F has been resulted due
" to “the dlfferent flow rate of the primary condensate to \
the cooler/preheater at different press%re. However,

© the primary‘condensate returningitemperature to ;the
exiting deaerator is still below the;existing‘deaerator"
eperating temperature, therefore, it:will“not\encount\

any flashing problem.
L
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457 SURGE STUDY:

L4714 if steam fo turﬁine is. inferrupfed either‘on
longﬂur short duration. the level 1nlthe main condenser
is droppﬂng and this would call “the extraction pump to
stop while the deaergtor control valve would be on call °
’“for (demand) widé open;'The water in the reserved tank
‘can only Tlow to the deaerator at a higher pressure than
the deaerator. Howerpr, ‘the condenser would havc a
positive supply from the reserve tank during emergcncy b&.grawity.
- But the extraction pump probably would be too big for .

" the reduced flow.‘

4, 7. 2  While the SSGS . system is added in the *
i original~circuit,:phe‘primary condensatc flow would. be |
only approx. - 1/10 of the original ‘¢déndensate flow to fhe exist-

'ing‘deaerator. While the control Va1Ve?hd€‘been sized’

// .

at normally full flo; and it is now only operating at, o
1/10 of the original capac1ty\ ThlS means the control

valve has to be completely resized. .’

4. 7. 3 The .main source of condensate supply to- tne
deaerator is from‘the SSGS - which has 9/10 of "the total |
condensate flow. It should have a control leve on the supply
‘llne to: the deaerator. otherW1se the deaerator would be
flooded whereas there is enly one 2"¢ line to the

condenser is avallable which is not.automatlcally controlled, *

N

¥
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5. -

b, 7.11,

b ]

T -

It is therefore su’égested that while the control
valve to the deaerator is shut. or- t}\e 1evel in the deae-

rator is, hlgh, a by-pass to the ma:m condenser should be

-

'1nstalled. In this case, the condenser would eventually

serve as a, surge capacity in complete with the reserved surge

tank Wthh 15 orlglnal designed for,

. B

ke 7.5

are concern, they are s;mely addlng addn.'blonal surge ;:a;- '

g

. v
As far as the condensate collectors‘ in the SSGS

paclty to the ex1st1ng system,
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1 be8 sysrew DISCUSSIONS |
. 4. 8. 1 Take case 1 as an example, it is assumed that there
Wlll be a AP =10 psi across the U-thbe. If the evapora-

' otor\lnlet pressure is at 620 psia and the condensate out-
‘%, ; ~' L let 1s at 610 pSl. If the condens@fg;::\not sub-cooled in
o . - the condensate collector , the condeénsate would flash in-

to vapor at that reduced pressure, Since flashlng &s not

oo - de81rahle 1n the system, thenﬂore the condensate have to
be sub-cooled at a mlnlmum requirment of 1, 8° in the .

- . ’ o

oondensa#e collector.
P N
# An alternatlve prov191on may be applled to the flashing
‘_x . problem may occur at the condensate collector is by 1n— .
‘ troduc1ng the prlmary Steam into the condensate collec-
-1 . ‘ tor via a small by-pass llne from the. evaporator prlmary

steam 1nlet. g

€ e

oy . - -
T VS U Ik O AP S, e
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\\ h 842, In order to allevxate the condensate flashln ’ e
Jjerefore

problem in the system. a pressure control valve is
requlred at the condensate colleetor vent outlet. The -

_condensate collector in the system serves as the purpose

. of a-combination-of'a drainer and .a flash"tank which are

E:

commonly usedﬂln power plant An automatic stop valve'
works on low level slgnal has to be 1nstalled donwstream
of the condensate collector to permﬂt contlnuous flow of q.
condensate but no s%eam.‘ For. thls kind of arrangement.

> the tw% downstream cooler -/preheaters which - are orlginally

~

des1vned for condensate/water heat exchanger are belng '

protected by’ this valve.
' )

‘)~

h 843, Since there‘is no pump in the system, it is therefore -

-

-no prov1s1on is requlred for a big surge tank which is

normally prov1ded for pump suction,

PO

C U,84k, Since the condensate pressure .is lower than the steam
“pressure at.the temperature, any objecticnable gases are .

preliminary removed off the top of the condensate collector,

°

. The most objectionable gases are those being carried along,'
N . ' & . i
with the primary steam including oxygen which can cause

severe corrosion in the steam drum and piping.
‘ ' 3

) el .

“'“‘4 8. 5., As Water 1s evaporated in’ the evaporator. most of

the 1mpur1t1es from the feedfwater remain in the evaporator%‘

_Therefore the evaporator ‘water concentration w1ll.1ncrease*

n R ’ , . . T
. . ey

e
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gradually by the increasing of ope ation duration. The only

way to reduce the concentrdtlon is by dlscharglng some of

e o

P the evaporator witer to'the blowdown-aystemrto waste dralnage.
b . ' ) ‘ ' )

. . Both continuous and'intermitteﬁ%\ lowdown are needed. 'Sin63<‘

A\l . P

e water at high temperature is reduc d in pressu“e, part of

\s
. ' requlred toaccommodate all the. 1nterm1ttent blowdowns from
2 : the entlre system while the contlnuous%;iowdown is dlrected :

+ IO ST -

PR

to the gien dralnage. “,ﬁ R _l o

P

t ‘ 4, 8 6. I heat exchanger called blowdS‘g(”eat exchanger
A o may be suggested for the cont1nu0us blowdown system in

order to recover the heat energy lbss. Feed wajer flows

.inside. the tubes of the hi§} exchanger, and evaﬁbrator

A ’

blodeWns flow out31de of ‘tubes of the heat exchanper..

. . k
- Thus, ~ most of the heat energy. in the blowdown is recovered.A

N .
Q9

T "A N 4.8.7. Since SSCS is a system that is branched out from

| .‘ the\main turbine supply 1}ne.’ In’ theygp1g1nél~01rcu;§,

# the main eondenqer is ogiginally designed uitn'a capacity
of accomodate tﬁé full iurbine loadlin'the event of turbine

o
. trlps. It is therefo:§ no such additional needs of surge

' capac1ty wplch has already, been automatlcally tacen care

S ‘ ) of'Tor the SSGS system in the entire circuits . .

o

the«water w1ll flash 1nto steam. A blowdown tank 1é therefore’

Refer to Appendlx Xe . i ," T f,"

I

1
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'h 8. 8 « Durlng the ., contlnuous operatlon. .a vent
< A

r

l.,"-i . '.‘ .‘e . , ﬁSOn

>

'system is provided to remove any entraineé gases at the « _

top of the condensate collector to the maln condenser.'

Another dumplng system is requrred that is an automatlc control

_systemvduch will open whenever*tne“main condensate line to

'”the existing deaerator is blocked off whlle . a 81tuatlon '

\

'of hlgh level- is sensed and occured in the exlstlng de=-

Te

aerator . In order to malntaln a contlnuous flow of the

system ‘in the event of an hxgh level 1s ‘gensed at the

existing deaerator'whﬂe ‘the main condensate return ‘line 1s '

instaneous 1nterrupted, the automatlc control eystem would "

create an overrlde 31gnal to open ‘the valve and dump the-

_ condensate ‘to the ex1st1ng maln condenser contlnuously and

malntaln the entire system remaln in operatlon.

o

i . . . .)
* ~

- u 8 9. Durlng the short and 1ong duration shut down. two

manual reset type drain systems are required. for the entlre

system. One is between the condensate collector and the

. L S
‘.cooler/preheater No. 1 and the ‘other is at the downstream ‘

of the cooler/breheater No.2 . ALl dralnS/are dumped

\ [l

1nto the main condenser as well. In this way, the entlre

' system can be emptied partlally and completely depends A\

,on operatlononeeds.

P e m &
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) ' ._u 9; POS..:IBLE HEAT RECOVERY FR(M EVAI OhATOR BLOWDOWN:
o o . e
. S:mcebb“lowdown is required for the qaturatlon water in the'
,3 evaporator. .and the saturated water has a ‘great amount of- , S
{ . N o
‘sens1b1e hedt cor\ten‘t w1thout any prov1sn,on of heat .
)" ) recnvery othervuse ‘a heat energy. loss would be culmulated T :
to a gr_‘eat_ amount, Blow\dowr_x is a 'waste but ‘a necessary t6 . ;
E . maintain the wéter‘q’uality._ But heat ehergy can. be recovered '
T L~ . by adding an. heat.exchanger 'to‘ut'i‘li.z_e the availafie heat 3
‘ in the. con:tionu"ous blowdown otherwise would be a loss, to {
}~ preheaf the treated water. to ‘che deaera‘tor.“By this provi- | * e
: - . : . ;
‘ v:.sn.on. a great amount of steam can be saved,. 3
A . ’
) s B . ' ' , ‘ . {;\-7‘ L | «/ . ". n. s . . . \ 4‘:
SR . Fefer to FIG. 10.:° and heat balance tables in: relatlon '
- : e \to the calculatlons in Appendlx x. o ., - C J |
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PN ) / ' (I '~
$ M ‘ N,
3#\3. . ) °
i ‘ }‘ . -
,L‘ - >
.}-‘,.
,.sp' , .
VL

o4
nﬁ 4_‘ )
“ ¥/’ ) ' '




e A e .

.

~

e

?

)

¥

CHAPTER'5

I3 . ) \ . . N 1 -. . i . "'f'. ‘j v . . P
P s iy , o N .
© | _HEAT BALANCE AND PIPING DESIGN _ '~
5e1._HEAT BALANCE,. LT

\

- . ) . AY ‘.:.'
Thj Fthod/eMp ed for caleulating heat balance'fg
.ghis dfssertation is carried out ey the applicdtion
' % £ - . .0 . .
‘of lpw of conservation. of energy which states .that =~

the energy enyerlng 1nto an’ equlpment or a system must
ual to the energy leav1ng the equlpment or system.

heat 1s the enengy in this case. '

AY

¢
¢ ' L
' . .

The prlmary steam ggom the reactor steam drum enters

B

b

the evaporator, and tha’prlmary condensate cgllectpr,'
6

. tnen passOthpough the ser%es of heat exchangers and;s

"cycle as well as for each 1nd1v1dual equlpment ThlS f\ |

flnally returned to the onlglnal leCUlt ~The heat

energy w1ll be always in. a: balance state in the complete .

has beeh the basic xheorey used to cakﬁé;ate the -

seeégaa;j steam productlon. prlmary steam requlrement
and condensate return. as well as treated‘water o v

N,
‘ .

requlrement based hpon assumptluns made “on evaporator

Y

blowdowns, and heat loss as as‘well'as calculated
. ) ) ¢
© treated water supply deaeratlon peggﬁpg steam ‘

)
‘requirement., - - - o XS "
y b1 - ~ '
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P

through insulatlon by radlatioa‘and conduction or
v J l S

-o‘

‘even’ possifle convection through small dlstances

¥ "- .‘. oy

—— v . < g e v,

»

In the evaporator. the total energy: 1nput from the . o

primary steam is equal to the total heat energy leavﬁng,

such as enthalpy galned in the evébbrator feed water - L .

e }
then vaporlzes into’ steam and carries away heat ener%y :

on the water 81de. some heat loss 'is encounted 1n*the
blowdowns. samples and some other small m1nor heat losses.

- E
- . B AN

N . .. J r. . : .‘ . . v N e .
The enthalpy contalned in he primary condensate is

assumed no heat loss 1Q/plv in the primary stéaml -

[N . . . . '

condensate collector inlet and outlet. Co . .°.

i
.,

[

.

-'Great ‘sensible heat is exchanged at the two\;heat '{ ‘ co

exchangeﬂé. Heat is glven up from the prlmary steam

condensate to the treated water. A o

L ..~ . ." : Yo
. » “ )

‘_.(\.‘ ‘e * c. . _1"* .
It is assumed all equipment and plplng are well o

‘insulated and in an encloSe;\\g\ldlng. Heat'loss . ‘: SR

‘s

[

are assumed negllgible., - S x~ - ‘.‘i- é,

&
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Four heat balance tables have been made available.

Detalls can be. referred to tables 5.1 through 54 4 in |
relatlon to FIC. 5 Heat balance calculations have B
been based upon the heat energy conservatlon law, and“

dependl;é on the two following varlances as stud%

o %

. casesz : . - . N ‘{' e

\

1, Number of secondary steam dellvery llnes in’ serv;ce.‘

. 2; Location of the SSG system.

t"

-

"The following are the 5gneral asgumption§ gnd | ~-
SN , - ‘ o N
information sources which have been made as basic

" references for the calculatibn of the four

- a,t#ached\tablesa ,

N I
2.. ASME steam table

Babcock and wilcox steam table 1969.
-19670

'.

3.' 1% blowdown is allowed on secondary s1de.

4, %% heat loss is allowed on primary steam .

5; ‘Heat loss through pipe line is estlmated.

6. ,Boundary pressure is based on a range of
"».,380§o 420 PSIA. i L

N 4 ’ W .'.“ i N
‘~7; The following pressure drops have been estimated -

based 6n.industrial practice: S

o
Lo
¥

4
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AP . @ooler / preheater shell~sid'e.
3" steam separator 1 e &

‘ AP qontr‘ol‘

e AT et o . e e [ -
ra

b R L R

o ’ R o

. B © g . A ;o ' , . “ N .' .
.A-P 30 in, dia. pipe ljne ... - (4::- Table 5.1 amd gazzl

t

\ ’ ' '
. , . ~ )
- ' . i N

Y §

-

-
o -

0 . 1 . )
L
o . I
3

A . : ’0‘. o -y ) ’
valve on treated feed water ix'ile( -

. . @ - \

x - ooy

ZAP 30 in. dia. ‘pi'pe. line =~ ( for 'rablé ;3 iﬁd 15’?1

= 3 psi

= 40 pei

~— .
.

A P. evaxﬁofator U-tubes SN o = 10 “pei

= - 16 psi

N N R ' . ) ) ' c ' i .. )
" Por-detajls of heat balance, references can be made to the

calculations as evaporator. pegging steam for the deaerators N

in' Appendi.x v, :rn, VIII, Ix. and X o
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" 5.2, PIPING DESIGN - S

\

Main p1p1ng systems have been.prellmary sized according

to the max1mum flow rate as shown 1n the ‘heat balance

tables. From .annual cost curve for plplng FIG 1—4 and

table 2~ 6 of power plant theory ref.(27), the de81gn veloclty is

restrlcted to a max1mum of 150 FPS for steam and 12 'FPS . for ‘
condensate and ‘water for economlc ‘reasori. Pressure drops fgr‘
steam andﬁwater through various 31ze of pipe dlameter at
d;fferent flow rates have been calculated on the basis of
IbOft‘by the application of Darcy formula. Turbulent.flows
are all verlfied by'calculafing’of R¥ynolds nunbers. ) -

Results have been. BhOWn in the heat balance table for

'convenlent reference, Nuclear power piping. code ANSI B31 7 .

Bas ‘been used for the calculatlon of plpe wall thickness

for both the primary and seéondary 81de. A corros1on all-
"owance of 0, 0625 1nch.and¢amanufacturers' allowance of .
’0.125 inch of therance have been allowed in the piping
. ¢aleulafion.iDetalled calculajiéns for piping can be
: refered to piplng calculafions in the appendix V. In’

"general A 106 GR.B seamlessiégrbon steel plplng and A155 KC ?O

class 1 or 2 carbon steel piping are recommended heré

~ for the plplng of .24 inches diameter and smaller, and

26 "inches diameter pipirg and greater respectively.
N SR
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_ TABLE 5, 1 .
; S HEAT BALANCE.AND PIPING DESIGN - -
CASE 1 RQCATION 1 WHILE 2 X 24'' ¢ STEAM DELIVERY LINE
{ IS ALLOWED|, AP = 63 psi. K
é O T tlow | Press | TemP. |ewmaey | PIPE DESIGN
; ; NO. | [a/ur | PSIA °F  |Bru/us; ”"’Ifg,ﬁ,f_ verocTy TAReaer
- | {twgBoo | 770 | 53.8 | 19972 14 | 92.08] 0.676
;‘ \ 2 | 206340 | 750 | 5108 | 19972 | 24 [ 53.77d.0. 015
| 3 |huz4bo | bbo | 4964 | 199,72 | 20 | /33.78 | 1-46s
: la §§§§§x 453 | Mse | 97| 18 | Beis, | B
s 5 | 88835ex| 53 | ¥hse luggae] 18 | 8015, i
| 6 | 3935+ 620 | w89 [ 119992 12 | 8% | o
' 172 1 3Z75x 610 |80 | 41371 8 | 535 |24
e g | &5g 3ol ¢ro |40 |473.7 | 1o | BT | %HEze
- g | 852322w| 594 |248.5 [ 2373 [0 S || OB5,
C [0 | 22‘&;;& 12 | 268, | 2373 | lo 742 062?1-1
“ ! Il 2,424,920 67 | 2685 | 23713 18 778 | 0.296
S 12. | 216,611 | 67 | 3450 | 119972 | 12 | 8531 | 0.658 _
‘ 3 13 _?B,vos’ 750 | §510,8 {19972 2x12 | 23.50 | 0.093
Loy 14 196, 009 — — — — — -,
I 3 ' IS | 196,009 67 _Zo0 167.99 12 .28 | o.e15 |
P I@|2,837.600 | 795 | 333.9 | 30t 0| 16 | 12.63 | 0.7
. i '7\ iﬁﬁg‘\g" 486 | #bd.0 [1204.7| ‘20 7?3?.(34 %53333
) 2,285,552 984 | 464.0 |1204.7.] 3o /38,15 | 1.002
19 %‘Z,Z’,‘Z‘Z?m 420 223.0 |1202.3 4 60“7827,1 05?213
20 [2,308,408| S64 | 223.0 | 141 16 16 ‘.17 | éss
; 21 | STotd S3o | useo | 1L | 8 | May | %Ak
» 22 | Sipihe 46 | 4hbo 4373 | 8 | T, | oM
23 366,295 | 484 | 4l4 jtod.7 | % 12014 | 2.134
: 24 | 364295 | 18 | wbt |1o%J | - - -
l v (25 ] mzidx] uge [ abu | avboy| 1z | - ~
; U 26 | E8L3x| ygy | 464 |pod.T| - - -
P N e 13,934 | ugy | 464 | |io4.7 - - -
; N 28 11,942, 113 18 32 - — - —
" o 3 UNPT N oPErATION _ \
i ' XK Zx24" 4 SrEM 0FLIERY PR IN 6 PEVATION ‘ "
! /
. /
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. IS ALLOWED. AP = 35 psi
O | . Flow | PRESS | TEMP  [twinALey PIPE DESIGN:
NO.| La/ur. | .PSIA | °F [pru/ie, feesnsvesll Ofers
| o tug 900l 770 | 53,8 (119972 | 24 | 92-08| 0.676
A 186,921 | 50 | Sio. 8 |1199.72 ] 24 12,47 0.012"
3 |1,231,879 | Gbo | 49.¢ 1119972 | 20 |/35.92 | /- 508
La | SoBdy| 653 | utsy |90z | 18 | RT5s] “irne
5 | el 653 | Yng 91| re | Bagh. | %55,
6 | 3% 620 |4syge [ 19972 | 12 | 8625, | 90
1| ¥ clo | 48298 |13 | 8 | G574 | Wk |
g | s8] 1o (wsr98|uny | 1o | .Cdds | S48
9 | §7750x] 594 | 2806325087 | lo | S35 | S |
1o | saidinr] 1z |2ses|zogn | Jo | G (%% |
I 12463758 | 67 | 280.63|=50.87| (8 7.9 | 0.306 |
vz ] sy | 67 | 3usie [ 19902 | 12 | 9E3T | %G
13 | 96,093 | 750 | 510.8 | (1§19 72| 2x12 | 23.04 | 0.087
ia | 192,185 — | — | — - - |
Tis [ eaes| 67 | 200 [162.99] 12 | 126 |o0.003
16 2,837,600 725 | 333.9 | 306,0 16 | 12.69 | 0.705
17 | 320580 458 | 458.06] pod.f | 20 “die | Zrea
18 | 285550 | 455 | 457.39 112048 30 17,61 | 1 071
19 640,000 420 449, 40| [7204.7 R Jo.4] | 0.277 |
20 {2,308 uop | S36 | 222 | )92,39] 16 8.76 | o.515
21 | 3eex| soz | 233 |)ye | 8 | "Plsx| Gl
20 | 3L idx| 4s8 | 450 | weny| 8 e | Tt
23 366,264 | 4855 | 487,39 | 104§ 12 130.84 | 2.268
124 | 3b2ep| [8: ] 45239 vt ¥ | - - -
25 D08 | 453 | wsBob | 4322 | I3 - -
26 | L 38ex| 455 | wsp39|nedy | - - —
27 | 13,269 | 455 | w039 ooty | - - -
28 {942,044 18 | 32 | - - | - ~
X 3 UNIT IN oFffALIGN .
*% 2x24% & SrtA ocLKY WP: IN S PERATION

CASE 1°y TOCATION 1 WHILE 3 X 24

¥ pr——

2y
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TABLE 5, 2

\

HEAT BALANCE AND PIPING DESIGN

' § STEAM DELIVERY LINE
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TABLE 5, 3

. HEAT BALANCE AND PIRING DESIGN
CASE 2 1 LOCATION 2 WHILE 2 X 24'' § STEAM DELIVERY LINE

'IS ALDOWED, . AP = 63 psi
O | Rlow | 'PresS- | TEMP.  [rwwmace PiPE DESIGN
NO. | (o/Hr, | PSIA | °F IV 7 e i 1 S A?:}:'"'
|_| 418,800 | 770" | £13.8 |/199.72) 24 | §2.08| 0.676
L2 | 21,856 | 750 | 5/0.8 L1992 29 | 4] e.0i6
3 1,906,944 | 6o |496.6 | 119972 20 | 133.17] 1.448
4 | E2E2 636 | 4925 1199 18 | Bh8ha | *8Gs
5 | &ni22) 636 | 492.5 |119992] 18, | 88l | %Bi%,
6 |, zor3ig | 603 | vse7 [199.72] 12 | 8B | "Ala
7\ BB | 593 [ wee9 |4r0t| 8 | 2a| Wk
18| ERle | 593 [ 4wt uror | jo | %Gk | ¥En
9 | 8% | 577 [263:9 12329 [0 | 457 | °050,
o | 8288 1112 | 263.9 {232.1 | 10 | %3, | %
V.o 2,413,887 67 | 26%.9 |232:7 /18 | 272 | 0293
12 | 228475 67 | 3¢S0 |n99.72] - 12 | 52| %%k
13 97,763 | 750 | §70.8 1199.72] -2X12 | 23.48 | o.092 1
14 /‘75‘,53§ AT - - Lo ~— - '
15 ss3el €1 | 200 16799 12 | hes|0ier3
16 |2,837600] 795 | 3329 | 306.0| 16 | 12:69] 0. 708
117 | SUEST | 486 | 46Y.0 12047 | 20 | Teileq| “35us .
18 12,285,562 | 484 | 4b4.0. ||204.7 | 30..| 13845 | Loo2”
19 3;_2;%33 420 49,0 | 1202.5 | 24 éc:'q?.'iL '06?'2;13
20 {2,308,408] $64 | 223.0] 19161 i6 8.77 | &.518
21 | s2vieg | sso | 223.001906s] B | Tigss | iUk
22 | 3 4% 11486 |-4s8. 0 #39.3 8 | ks | oWy
23 '365_264 484 | ub4.0 l1104.7 /2 - /55.5 2.13¢
24 | 3bb264 | I8 ubl. o 1204.7 1"~ — —_—
1251 27% 1486 |4bd.0l 446ot| 13 - —
26 | %E4S | 4By | 4640 [ 12047 — - —_
27 | - 1393y | 48y V| 4bd o fproy. 7 | - - —
28 [hqer w3 | 18 | 32 | - | — |- — | —_
X 3 UNMIT IN oPEtATIGN: ' ~
X% 2:114.'*? SYENA OFLiVERY Pife N b PERATION j

g




- 60 -

TABLE 5, U4
: HEAT BALANCE AND PIPING DESIGN
CASE 2. ¢ TOCATION 2 WHILE 3 X 24"¢STEAM DELIVERY LINE .
IS ALLOWED., AP = 35 psi '

L

'»‘-Low ' Pzess' TEMP, | ENTHALPY PiPe DESIGN
La/ur. | PSIA |- °F  lpru/ie, roms. SIRE_{ VeLed T,

418, 800 | 770 | $13.8 1119972 24 | 92-08
192,483 | 750 .| 516.8 119912 24, | i2.8S
1,226,317 | bbo | 4%6.6 | 119912 | 20 | /3531
o Rl g3 |92 5 0990t 18 | S
Brae| 636 1492.5 119920 18 8?10“33
;,555?2* 603 | 48673119970 12 | 885
| ";3-" $9% [ugy 9u| 47023 8 | 537,
5.7 o] 93| 48494 | 47023 o | b3ha
&hZan] 5§77 | 776,06 24b29] do. | Tp
f%',;-’fu 112, 1 296, 16| 246.29] 10O 5‘3.‘}4
2,452,633 47 la96.13|746.29] 18 | 7.90
193,638 67 3450 | 119970 1z | 4if5q
95,7651 750 | 56,8 l(??vz 12| 22.96
191,29 | — | - B
9,519 €7 | 200 14,7 9 [-25
116 12 837, 600] 795 |333.9 | 3c6.0 12.£9
117 | 320888 458 | g oglidotg | 2o | By
18 | 2285552 | 4s5 [ 4572.39 !10%'8/ | re762
19 | ¢evooo] 420 | 449 4ol neth | | 70,4
20 2,308 @8] 36 | 22300 192.39] 376
21 | 33048h| se2 | 223.0] 192,32 R
22 ?g,,{ﬁ’c‘;# 458 .| uso. 0 ‘-u'ao.:)ff "‘33,7,96
23 |" 366,764 | 455 | 45739 (1ot go]:
24 | 366,264 )8 | 457.39! 1704 8o
25 x| usp [ usp e $39.2.
26 '%Zw 455 . [ 457.39 | 1204.80
27 B,7¢9 | 455 | 457 39| 1no.8o
28 |1, 2,099 18 | 32 | -~
% 3 .UNIT IN oPEPMION :
*k 2:14"'4' STENMA 0ELAVERY MiFT i APCATION

t'é’.oj
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Y CHAPTER 6 -

EQUIPMENT DESCRIPTION AND EQUIPMENT DLSIGN

6.1 EQUIPMENT DESCRIPTION N ‘ S

6 1 1, SECONDARY STEAM GENERATOR ( EVAPORATOR ). T

. N \, ‘
- The secondary steam- generator could be either Vertlcal or

' N
hcrlzontal, shell and tube heat exchanger. It has been
‘experienged that 1n most power plants and petrochemlcal
-plants, ‘the horizontal kettle type ré%01ler is the most

- economlcal and common evaporator in use. As far as the tube

arrangement is’ concerned, in order to have a more rigid and :

§

safe constructien to meet the requirements.of nuclear, vessel. '

=

. code; ail welded~cénstruction is enforced. For simple cons-r
tructlon. and con31derat10n of better heat transfer effl-

c1ency, U-tube bundle with welded tube sheet 1s suggested.

*

. Accbrd(%g'to'ASME codes and specifications, the evaporator -
”
o

A

'will be of all welded carbon steel construction with incolgy
800 tubes built .to the appropriate ASME nuclear code., Access’

_manways will be provided in the tube channels and shell side

to permit the routine checking and cleaning or even for plug-

ging of defective tubes which should have very little chance
‘to occur due-te extremely‘careful 'andJstringent design '
" ¢ériteria is followed in accordance with the nuclear codes.

e
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In51de the closedV&ettle, two bundles of U--tubes Whlch ‘T f

B L f are mounted axially in the 1ower sectlon of each end

- f;' "~ ° - of the evaporator in whlch hlgh pressure’ steam Ls\

K conden51ng and the water in the shell is evaporatlng s ‘l L
.as a product of secondary sté;m. ' ' SN

p—g
S

‘€Vehtihé syétem may Be provide&'for'the‘primary

> steam and condensate, but has to be designed in an = -
. I L - . - .
1enclosdﬁ circuit due-to radicactive preventative . '
' requirements.. _ '
R -
.»" .“\ R . . ; -
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r ' _ 6,1,2 PRIMARY CONDENSATE COLLECTOR

: ' oo “ Lo ' o B

- ~“\' : For the maiﬁasaféty reasons, in order to ﬁinimize the-
' - o energy release in tﬂe event of catastrogplc failure;
a small c?llector would ‘have less total<energy
o S release than a blgger one. in addltlon to this ,

transportatlon and constructlon would be generally e

. ; . ) ..slmpler. It is proposed one’ small condensate collector ;
: Jathen than a blgger one. Howevbr this vessel would
serve ‘as a gomblnat;on of a dralner‘end,g.flash

}'\'_ B © .tank of the condensate syeteﬁ;.Small line‘cohneEtibne

' ' | such’ as veﬂt.~eqdaliiiﬁg'aﬁd.duﬁping,lineé may be
feqdired lﬂ relation to dﬁeration. |

b} : ' -

'Thls vessel wlll be all welded arb on steél

‘ | SN construction to ASME nuclear codes and material :j‘ltf
{ specifications.

i

It

v

In normal operation, the operating level is set
at middle of. the ‘tank. The other half. of the tank volume
.is_?reviding a eufficient epace for éés;disengagements

. “ies NHy CAir, Ny, and H
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6el1,). COOLER/PREMEATER - . . ° S L

. ‘\ e ’
4 . - ) * ., - .
o Coolen/;reheater is actually a typicaL shell and tube . (/

heat exchanger with prlmary condensate returnlng 1o

- ?

) the orlglnal cyele in the “tube. 51de. and w1th o : |
treated feed water to’ the evaporaxor,in the shell side, |
There are five main fo;lowiné.feasqns‘té‘plﬁée~th§v AR ] *‘
o primafy‘cdndenSafe\bn }he'tube side and treated , | i |
- on the shell sider - o .a . _‘ ) ‘
‘i. Higher pressure\drop has been calculated on the ,: N 1 '1.
‘ :‘ tube side. o SR _~D : a',‘.‘f. -  ?1“
| - 2, 0rig1na1 cycle demands lower prlmary condensate S ”p.
S return pressure: V ' *
,.37 ‘To save evaperator feed water" _pumping poﬁer.‘f 4;:" ,53
b, To the best utillzatlon of maximum tube side - .

~pressure drbp. ' :’;‘ :

Do not require expans;on Jolnt ‘on shell sida.

o b—_—, ‘.»-.‘».-ﬁ._,......‘:-l*.. T T P
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k { The’ q\oler/preheater will be all welded carbon dteel consthiction . ; |

- : v , PR BT

' ! W1th Imcoloy -800. *tubes and Shall construct to ASME . -, ; |
nuclear codes and ASME spec:.flcations. Manways or - ‘ - | ‘ .4

manholes shall also provided for the abeass of | ’ :1' ‘
' LI v S :
tu19e checking cleanlng or pluggmg for leakage. . - Co vy |
P ‘ Vot 2 . : . . . g
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* 6,1,k IN-LINE SEPARATORS.

" théxefore required 1n-11n3‘>-separa ors along the plpe

e-separators and< gathered in a conde“hsate vessel.

: From which the condensate max b?) pu?hped back to the

. !
.

- .

@

e I;} or}ier to‘ malntaln the seconda

traggportmg in a l‘bngﬁdlstan > urmg severe cold wi n‘!i

steam quality while

\

\
\

ter, \moiéture must be ’removed on he steam \ 3

delivery pipe lines to prevent fro freeze off, It is .

linen» All moi‘sturew shall he collected in the in-lme

"
secondary system, ThlS problem would requlre more

additional detailed plpe llne engfneering studies
It is, not the intention of thls pqpeﬁ to go ‘into.

any detalls in- this. regards. . L e
) R v '
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641,5 CONDENSATE MIXING .TANK
. SN

The condensate mixing tank is de31gqed to mix two

\

streame.of primary condensate at dlfferent,temperatures

before they entei\into the exlslng deaerator. This\ ﬂ

#

AN
prov131on would provide a more unlform or constent

inlet condensate tq'perature to the exlstlng deaerator

s
. /e L . Y
.. : s . ~ -

N . . , . «

The condensate mixing tank will be a very small
vessel“ it could be only a " twon -size greater in
diameterthmﬁthe blgger inlet stream line size- and
w1th a length of ‘not more*than six feet. The tank
gof course should be all welded carbon steel and

constructed to the’ ASMEnnuclear—code and . .

material specifications, , . Ly ‘

* [ 4

3
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. " shall besdesigned to the ANSI B 31,1

. . L d ] l‘ X
6,1,6 PIPING SYSTEM - \

.‘P&

e .
¢ . T
H

'On the prlmary side, while the secondaxy steam -

generating statlon may be 1ocated at a certain dlstance
\

- . from the orlglnal nuclear geactor power generating

station..The primary piping shall consist the steam
* Y . ‘
line to'the:nuclsar power station and the primary
condensate returned from the secondary steam

generating system.

On the secondary side. the piping shall consist of

the secondary steam outlet lines and the feed water

supply lines plus Spme drain or dumping llnes as well - = -
‘as some chemlcal 1n3ectlon llnes and mlscellaneous .
“piplng in the 'system where: it does not conﬁain<any N
_ radiqactlve fluide - oo L !

As far as -the comnlgzg~g}ping system is concerned, A

&

it is again not the intention of this paper to g0 into details.f

waever lt ‘can be specifled that, theTprlmary piplng

'shall be designed and constructed in aCeordance to
L2
ANSI nuclear power plplng code; and the secondary plplng ,"

o

) power piping ,

© codes Thé design pressure and tenperature of the nrimary R
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v “ condition. Whereas design préssure and temperature

of” the secondary steam piping shalh be the same as
,the evaporator, and‘the feed water piping shall use

* .

‘ ‘Cx;lculatlons and results can be referred to Appendlx
- ‘ - N V. 2 a . S

. <
4 .
5\ - )
- A l
o -
i ‘ - '
I ’
» . )
ey -
\ ' '
‘\
4
K
i ‘ .
4 )
.
Y .
" ’ - -
. "
L . L
N N
i ° ' ¢
| , \
> .
.
| \
P - \
i S
\
‘: w . N
- - "
b ,l >
- [ ,
t " 8
s \ .
; v . . -
: o ) Sy
K N ° i
7 . -~
It . ! . @% .
L & et ’
. AY
g AN
.
. , ®
R . . ",
. "
Loy
3
-
.
>
s .
, "
N L'y
.t n , W
Lo e
~ v t
i . ‘
: . -
. .
N ~ LN °
Vv, »
L fhe N y L "
. i Y
5 . N
Yy # \, .
~ h P e )
\ ' . ¥
N . i - ¥
‘- " o, o s s -~ -
¥, . , Y N7 e T y b T i ey

side eheli be 'tlie pame as for the huclear steam drum .. |

. ’
'the pressure of the feed water’ pump discharge pressure,

-
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6,2, EQUIPMENT DESIGN:

. pressure and temperature for the secondary 81de.‘(

‘refer to tdble 6,2.1

- 70 -,

\

‘ .

’

In this section. the equipment‘design are cqncenfrated

onéwall thlckness calculatlon, Formulaes have been

used are from both- ASME pres ure vessel code- sectlon

VIII_division 1 ref, (30) and standards of tubular
exchanger manufacturers associaticn~ref. (30) have beén
useds, Materlal have been selected as SA 515 grade 70"

N\,

for high temperature steam and water services.

‘1Maximum allowable stress has been used accordlng to

R \ _
dhe materlal selected. _ L

/
\
.
.

' Sizes have . béen based on the. calculation made in

.sappendix VI, VII, and VIII.-

~

De81gn pressure and temperature has been based on

the prlmary steam condition same as the nuclear steam

' drum for prlmary 31de and the p0851b1e maximum, operatlng

.- . . ¢

t

Details and calculaﬁiohs_can be referred.to appendix VI.

\ ! - I '
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; TABLE 6, 2. 1
EQUIPMENT DESIGN PRESSURE

rs

" 110% OF THE MAXINUM OPERATING: PRESSURE AS BASIS,

L

- Primary Side

Evaporator
" channel
“tube
‘tube‘sheefa

Cooler/Prehester
channel
tube T _. . ‘ R
- tube sheet ! | |

Condensate Coligctor 1. . UQ' ‘ .":‘ o,

Secondary Side

=3

Evaporator o o .
- .y N . R . . -
shell , N : NN
Cooler/Preheater '
" Shell ”

o

'ﬁlowdown‘Tank'

=

N




) o,

‘of calculatlon can be referred to Appendix VII.

flux may be obtained, For Water;'a theoretical maximum

‘surface in 1aboratonm test. Maximum flux only occurs.at |

'.cr1t1cal temperature difference and it is a limltatlon of e

' perature dlfference. both the coeff1C1ent and flux.decrease.

" CHAPTER 7

STEAM GENERATOR ( EVAPORATOR ) DISCUSSiON

The determination of overall. heat transfer coefficient Up -

\ !

has been.a problem, By~examination of the general heat

‘equation

Q"UDA" At = UpAOp - (7.1)

" in which, area A and heat transfer coefflclent U are both

the unknown determlnatlve functlons in the equatlon..An

effort of searchlng for UD is therefore requ1red. }n the

i evaporator calculatlons, kettle type reb01ler w1th two- U=

tube bundles K

v v,
transfer coefflclent is calculated as U = 540, Details i

; ' ' b

. . ‘\ ‘

' Isothermal boiling is taking place in the heat process.

e when vaporizing'liquidS'from\poole,.extreMely'high maximum

-

£lux of 400,000 BTU'/ (HR) (FT%) (°F) . may be obfained at

crltlcal temperature dlfference for perfect clean heatlng

4

maxlmum heat transfer coefflclent. Beyond the crltlcal tem- :

-

&

I _‘: “ \

L4 »

4 - , .

B

used because of econom1ca1 reason. Heat N




A ~ r‘ ) “\‘ -?3‘
o The decrease being due to formation of a layer of vapor blan-
',’.A' keting. Therefore it is necessanf to restrlct the critical
temperature difference ana flux to an allowable safe value..

% - ~

AN Details of calculations can be referred to Appendix VIt and:

results .of calcutions are showr®in Table VII.l, VII,.2 and
"VII,'j. in Appendix VII. |

o . Vo , :
-ﬂ"~ i 4 , \\

. In approaching for the eVaporator.calcutibns} references ( 21)

3

{ 27 ) have been consulted and the folloWing proceduré§~'

-

. have been used: y

7. Determination of heat transfer coéﬁflament Ut .
Based on the deszgned process £1ow conditions, and.
"constraints. - Nemerous trial and error caculations

-

such as breheat, vaporization, LMTD, nakinen‘FLUX;

overall clean -heat transfer coefficient, and .
'<3 S ., - pressure draps atc., . o : oot
-v . r‘ ' c
S 742 Determlnatlon of heating surface required: .

‘'Requirement: of the heating surface is varied while
‘at. variouS«operating conditions. However the heating
- surface requirement for the evaporator is sized at’ .

it's maximum de31gned condltions. =

743 Determlnation of steam relleVLng ve1001ty and eveporator
- diameterx L . ‘ o .. ' X

The size of the evaporator 1s\governed by the steam

N ,relieving‘velocity. It has-been cladmed by the indnstry




——

_ would be slgnlflpantly affected by the-carry over. SR . y
. is maximum,at the centre line of the evaporator.

‘While the pressure is varying, thegfluctuation oflbressure'

‘will cause the fluc?}on af the water level thus the eteam

b . 4 . . . .
4 - Evaporator steam relieving velocity should be lower at -
! high vapor pressure because of the greater vapor density at
. 1 : _ ) e farh K
 high vapor pressures., Eyaporators have given much trouble?

"in high pressures than lower pressures, when shell pressures = .

C fluctuate from practical‘}hduetrial'experiences:

4

." ' -‘?LF- -v~.

1
= ‘ ‘ E s \:\. : | | ‘ - 0’1‘

that a restricted m&mimum steam rellev1ng veloclty %F

0.25° fps.. Beyond thls limlt. the. quallty of the. steam . | .\ ~:, RREEE

i . ' . . .' o R ’}‘ ... . ‘ ) N ' ;
. ?‘" i
Rellev1ng rate is determlned by the steam produced at i

given water surface area, and the water surface area’ C

Therefore the steam rellev1ng rate is the basic determinative :

’
function of the evaporator size. . ‘ . \,//\

. o, 1

reliev1ng rate. Therefore while s1z1ng an- evaporator.

many pon31deratlons on allowance shall be'made. ‘ .
f . " . . - ‘.“

) N ~ . N o
.. . ) ‘
N

-

LY R ' B N < i Ty




the final r,esult is U 350.

One unit has -been tried out as base calculation, however two

.economical reasons. -
N \

ok o

- CHAPTER 8

_COOLER /_ PREHEATER DISCUSSION
_ ,

e

«

. Sizlng of cooler / preheater has been the sa;ne problem as

1zlng of evaporator because of two un}mown determlnatlve

"fu_nctlons Uy and A, Fortunately, it is recommended by the .

~ Power Plant 'Phéorey and Design thatt 'a heat transfer Coeffis

c;ent of 350 BTU / (F ‘1‘2) (°F) are'generally uséd for
d931gn1ng of draln cooler. In the calculatlon. method bf

trial-and-error is used . UD = 300 has been trled. but

0
»
i

units connected in series in a counter. flow arrangement is

recommended because of its simplicity in fabrication and R

.b . . ' ) ’ ' L]

I . -

[

Cal‘cula\:ion has beeh made for two cases of locations - case 1 -

L%

and case 2. *Flnally.case 1 with a .evaporator pressure of 486,
p51a 1s determlned as the bas1S\ of deﬁlgnlng condltlon.

.
‘
'
. L
B ~ :
N

Details of.calculation,oarﬁbe rdfsrred to Sboler / preheater:

g

8 . -
- calculation in Appendix VIII. .Res"ul‘ts are shown in Tables:

‘841 and 8,2 ’

.
-~

- \ L . . )
: A . !
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'_rABLE‘ ‘8, 1

- . SUMMARY OF THE RESULTS -

P

J

. W
L7
UNIT NO, 1 | UNIT NO, 2 | TOTAL
- | h = 899 W= 918 _.(average)
"h . QUTSIDE h%=. 21437- R0 = 2906 |
v o = . -
U, CALCULATED 657 698~ |WN8)
Up USED 350 30 | 350
R, CALCULATED | 0,000864 .| 04000953 | (04000909)
R, REQUIRED | 0,000500 0,000500 | ©0,000500
¥, REQUIRED . | 0,000471 . | 0.000471 " | (0,000471)
. SHELL SIDE | SHELL SIDE | SHELL SIDE
s 10,382 psi 0.42Q 'psi| 0,802 psi
P CALCULATED | TUBE SIDE | TUBE SIDE TUBE SIDE
O : 1 7.752 . L 11,391 psi| 19,143psi.
L © | SHELL SIDE -| SHELL SIDE -
P ALLOWED 5 'psi > psi|
" Co TUBE SIDE TUBE SIDE |. g
1 no limit no limit :| -

-

»




~y,
~

[

v

‘SUMMARY 'OF COOLER -/ PREHEATER'

-

N

L

!
bl

SURFACE ‘AREA REQUIRED
\ \
$Q.FT. PER UNIT -

UNIT NO.. 1

10,251

7316

UNIT-NO. 2

| No. OF PASSES SHELL SIDE

3 &

NO. OF PASSES TUBE SIDE °

;&. )

6 \

SHELL I. De

37

Uy ‘DETERMINED

350

350

A}
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PROCESS INSTRUMENTATLON CONSIDERATION
The 'process instrumentation for the. best control could
be either pneumatic or elecérbnic. The' advantages and

dlsadvantagesbetween these two’ typs are compensatlng

each ot‘@;. The,main feature between these two ty'pes
~that I ¢ould think -of are as followlngl ‘ ; S
(1) For pneumatic 1nstrument, it generates a s1gnal‘§-’\\
“from a signal source to the transduqer,-tben send ‘the | .

. Signag: to the controller; and from the controller, then

conveért into a greafer thput to 6perate the “control .. o,

valve or to the iddiéator&‘ It may take a longer time

~in transporting‘of a sigﬁal compare to the electronic

device, 'Tﬁis'is saying that the response of the. .

pneumatic .instrument would not as fast as the

electronic instrument , -

'.(2) The cost of the pneumatic instrument is much less’
~~than the cost for the electronic instrument .

~(3) - No frozen off problem in case .of long term shut P

qokn that may’ happen for the electronlc 1nstrument . ov
(4) Maintenawsce cost for the pneumatic 1nstrument:
would be higher than the electronic instrument .

"But it is much simpler to repair a pneumatic
3 . b ‘ )

device than.elegtronic ones, a
[ * )

B * ' .
’ . w
- o

(5) Mbge reliable on electric device than pneumatic;,

“ . - . . '.’ \‘ . ) .
te \ .




' i

. - {

: , £ " s
I o From -the gbove y it is considered that as far as - 7 i._
. ‘ -

f | - the safety consideration for any nuclear plant

is concerned, it would be better to choose, 2 o ‘ j‘ IR f‘

- the use of electronic rather than pneumatic. ) - .

"But on:the’otherrhand. from the point view of econonmic, 'J (

pneumatic instrumentation would have its advantages.,

Lo ) . 5
. . . N . R - ‘v»
. H

.
-

No matter which ‘instruments are chosen .For any kind of LT

o b 1N

eontrol. system, all selected 1nstruments or dev1ces shéll

I d

'} . meet the'recognlzed standards and special operatlng requlre:

.- " appropriate controls and apparatus for start-up and shut-'
down shall also be provided aslweil as other ‘types of e o

continuously operational 1nstruments and dlsplays are -

7 employed to continuously monltor the performance -and

FIRN -
-
aZ .

ce

. . e — mMQ—.W—A  —
. o
\
3
¥
i

[

ments according to nuclear codes and specifications. "All\ '4
. I -

3.. e ' controlllng of the system. Complete visual 1ndlcators,

set points, alarms. and other monltorlng device shall also

o

(y : be.employed in the system to warn of abnormal Condltlons. : §
\T . B . . i . ¢ ¢ ) . . ; ‘
.- Several points are made in the following for further v o i j
I \COnsideratlon ' L ' ST . .'i

’
e

&

(l) Pressure reduclng valves should be 1nstalled on - ' i
~ \ . . ' < i
I the condensate return line « . - ; :

/ : . - A

. (2) Control valves shall not be overslzed. 'Also' S
] f. : the valves should not be expectediPo " ”K111 Off”

excessivc‘pressure. ThlS

ld result .in cavata-

tionvand physlcal damag .




' . . . -" .(' . ._80__
.
:

» o . . L . * by

., _ reasonable range to allow. good valve. modulation.,ﬂulck

e

N opening , tends to colla se the Bteam or cause hammering.
 » and vibratlon with resultant damage to 1nternals. |

5
(4) Pressure controllers shall be operated as: poss1ble to

. \‘“'. K o . ) \\ . ‘ - &
| operatlng pressure. _ © .

» \

\ . . . . 4
' (5) Senslng elements ‘and transmlttlng dev1ces and their

attachmepts shall be stalnless and rellable;
. . | '. v’, - . | e -' ’~ ‘..‘
Two recommendatlons may be mgde 0 t%e existlng cycle )
(1) To‘modify the existing coﬂtroillng device\
(2) Add_an additional small control valve With Small lO&d
capa01ty in parallel to the exlstang cycle because there .

:w w1ll be a tremendous flow or pressure reductlon in the

. e existing cycle.while the‘maln flow is dlverped ‘to the .
;o ,SSG System. .0 .. . ..
' ’ . '. . .'-' - ! o ’ 2 . n.‘ PR .
o . T . - ‘ o |

_ For control‘scheme refer to-Fig. 6 and Fig.?'and‘itfisjdes-

crlbed as below 1 = - ;‘(V..,

-y

';. Whlle the SSGS is in operatlon, there W111 be a-need of a -
.Q‘: great amount of the prlmary steam, this is means that there
w1ll be only a; small l1mited amount of steam avallable to 5:
the tunblne 51mp1y to malntaln ‘the statlon load. At thls

s cpnditlon, the origlnal b1g control- valve would be too b1g

for the small_amount of-flow tp the turblne. Two methods

i,

v L 3 toos M —




e | }t is theref ¢ much compllcated and costful. However 1n

) A
turblne is taklng whatever prlmary steam i8 left.~

.in dn event such ‘as a.reduced primary steam’ demand frem

‘the SSG é&stem, then , the flow rate exceeds the capac1ty

. ..
A c -‘81 -

N - , h
0 . . v
x - k) . - . "

~

mag be sugpested as' in (1) and (2bn In (1) the compllca;@d

) control system for blg valve ‘and 11L§arelevaht 1nstruments

such as servos oil system etc., are requlred for: modlilcatan
L

(2), there is.only " a small control valve to be added in’

-~

parallel with the orlglhalbbié coitrol ‘valve anﬁ utilize = 7.
the original control syftEm It is therefore more practical o -

and economlcal toﬂadopt the (2) rather than (1) The

reason for addlng the small valve is that the orlglngl control }_‘,
LY N
valve becomes overs1zed and an unstable operatlon,w1ll '

be resulted while the load.. is reduced from orlginal full, fIOW

I

to almost a m nlmum load. Slnce the SSG system is now

on demand of the prlmary steag rather than turblne. the

Pl
s

In normal operatlon. the small control valve would . j (U :.

‘o

eventually. become the continuous control.qI the turblne but

« .

of the’ small control valve. It w1ll then automatlcally
¢ :
sw1tch ‘to the or1g1nal blg control valve tc control the' L Ce

flow to thé turblne and shut of f the small valve at,meantime Ing
thlS case, the orlgnlal ‘turbine cycle would serve as part of

the energy absorber of. SSGS, and the main ccndenser whlbh 15‘

or1g1nally designed for the’ full 1oad dumplng 1s ndw become the ’

Pl ; ) .

o surge reservoir of the whole system.It is expected that 1n case

" N .

.. of a sudden shut down or trlp off either happenéd at.

.~ . . . BN I
. . N
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“f;] . here that the~re11abllty of presshre control system on.

, : "= B2 -
- v : ._.' ' . DN N w» ‘(':.

%

. » C o '
turbine or SSG system, the by-pass réduclng valve Would
. ~ open-to dump-theféxc€$81ve steam-to the maln condenber.
But durlng*the normal/operatlon. an overrlde control may
also requfred to- dump-any excessive steam to the maln
condenser while the flow exoeedlng the capacity of theo
M(fmall control valve and befere the blg control valve

takes over or 1n order to malnteln the constant stable'

Y

small statlon loaqk The small control\valve may be

'1dentlcab°1n design and duty and it's relevant contrel

ﬁ‘ - sourges to " the exlstlng one, But 1t shall operate at a ‘
' S~ . ,
small load at the\simllar condltlon of the big one,’

"i"\\:" AN

\ , , i ‘ .
It has been learned that the output pressure of the .
,,; reactér steam drum steam has to be very stable, L

otherW1se the reactor trlp-out would ocdyr. bepause of °
pressure unstability problems. It is therefore emphasized“

the primary side: 1s very important. Any defects 1n pressure

translent would lead to polson§1n3ection.»

~ ‘ o
s .o N « .
4 . - .
' N . . ' L\ '

AR e
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e w0ttt SYSTEM OPERATION AND DISCUSSION
AT B oo A IR L

PRIMARY. SIDE: ° .. e - L .

%//- Although the flow and pressure:of the ‘secondary steam . : ) A -

19 conﬁrolled by the secondary steam generator//rlmary .
steam 1nlet-control valve. It is saying that the p3 \ T ]

W4 e

1; S secondary steam pr sure ‘and flow rate is actually\the N
determlnatlve function of the flow rate and pressure (
4

of the primary steam. The control valve throttling of" |
~ ;‘ the prlmary steam w1ll directly respond ‘to the variatlon

o of the secondary steam requirement. While there is a

- -
0

,,reduetion 1n the secondary steam demand. the control ~

’va1Ve w%th throttle tends to close, therefore¢ reduces
f,'the mass flow of the prlmary steam on seoondary steam7 : ‘._ !

‘generator tube 31de. It is: -assumed that wh11e the ' l .

' _pressure is- raised due to thes k1nd of sltuation, the ;
e | ;
"turbiqe generator 1n the«orlglnal cycle would automatlcally

'~absorb “the additional load exerted by the SSGS. In. other -'L :'
words. the origlnal tubmo or the maln condenser would - Ca

‘| .have to be’ able" to abs;;% the varlatlon flow 1n order

¥

X to malntain a constant precsure in the reactor steam drum,

b ‘< ‘“L:ﬁiv | ‘ :..; ' e

)

. ‘4 ,
-1 1s also assumed that 1n the event of sudden Qrip or

”

o “due to emergency shut down of the SSGS. the de51gned amount




[——

A R.‘_ witnout affectlng the level control\of tHe deaerator.-

f ' "«r -h_ X ] ) W G< ’ . (- .
N PTeesure .equalizing llnes are provided whlch cbnnects . .
e .the steam sp ce of the condensate collector(with the, - Lo

-
.
ah e s -
P '

4. . 8"'" -.
C o . N

" -

—ie
-
eI
‘
N
=
¢
- S, 1w

.

N 'of:primary gteam in the SSGS:would be able to dump into °

the main condenser w1thout affecting the(normal operatlon N

T e e a S,

e of the original turblne cycle,

YT i v
~ . .o . . 3
f . , BERN R

» ¢ »

S Normally a substantlal 1ncrease in the secondury steam . )}

_‘:"~' ‘would be due to predlctable cold weather. It is expe\ted : i

. that the amount of steam: produced by’ the reactor would ' . ;
e have‘been ralsed and the origlnal turblne penerator t ., .l" .

? cycle«have'been adJusted to produce the ézcondary steam"'r | ‘3

; beak demand. In case of;én sudden 1ncrease°on the ‘ ;

secondary steam demand, an overrlde signal w1ll be" j

‘ A

.. transmitted to the secondany steam’ generator throttle .

S
. 9

: ‘ vf‘ vaIVes whlch restrlct the flow to’ malntlan the approprlate‘ L. 'e

) ’ ' ’ . H .« v
pressure in the reactor,steam drum. o o - - o,
4 . o ' Y t . X .
< - ,o- .\ " K 1 . : . / . N .

~ ' f
- . . v L N ‘ v

N . ' . . - . Lot o 4

Thencondensa e collector has its own independenﬁ ieVel

"

control wh1 h w1ll ensure that it- w1ll only operate au . \,;
. A

¢

) o de81gned condensate'level. However, if there is such

bt a need, 1t could be enptled completely by p"essure

X

[ l\ «
a ~ . . w
Al ;Y

N channel chamber of each U tube bundle inlet of the ' ..

i

B evapgrator. Thls prov1s1on Wlll provide the pressure. Ty
. e \ .0 -
- ' ﬂeﬁ:‘\ o : ! .J‘“ s (\ T N - ¢
; - 5 ’I 'Hi s " Y ' ‘>""... * = *\\ . .
“ ' - Fos

3
-~
’

. v N 4 "
. te .
. - - o 0 . 0 ' s
N . . : { ¢ T . ~
N . . N N s N ' s
. L A . N " M
. . “ . . Lt . . . R
o , . . .
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3 T

: effects: due to the additio

. will be automatically dumping into_ tne reserved - ~".‘

o

N oo ,‘." -85-~ ’ "‘l

\

~

'equallzatlon between the secondary uteam generator and the

'condensate collector. Thls also prov1des the balanced duty

on both U-tube’ bundles, and prcvents the condensate

from flashlng into steam.‘“ o ; a
_ It is agsumed that the level controller on the mgln

)
ithe SSGS.

‘condenser w1ll functlon pnone;ly and would not have \Jf lﬂ‘

-

The reserved stoﬁage tank is also assumed existlng in the
prlmary c1rcu1t6 In the event of hlgh level occured .
in the 'existing deaerator due to occasionally high

primary steaM'demand*ln the operation, the condensate

-storage tank or into the main condenser. Or it
will supply waﬁer by . grav1ty to the condenser wh11e -

there is a low level is occured in the condenser.

!

~

This overqll control cbncept wrll t us ensure that the .

1nventory of the condensate is stnll w1th1n the cloSed

v

c1rcu1t ‘without any loss amoéng the SSGS In addltlon.
the condensatencollector n the SSGS will serve as
an additional extra surge'capcity to,xhe‘complete'

§

system including'original-circuit and. SSGS as a whole.

I T VPN
»

off




e Ak o) PP
N

R .Thls'wlll

. 75% ope? which is designed for full load operat}on. "It

[ ) : ) .
SECONDARY +SIDE:
RN :‘ ’ T ' ULt

n the secondary Sldﬁ. in-'the event of water supplylng
'
pumps are ﬁorking agalnst clooed 1sloation.valves on

the pump dlschar§§ .Side, the water could3be tecirculated ”

a

’
back to the dgaerator in the vater treatment plant.

-

e a typical condltlon of start—up procedure.

a v Tu
~

LI %
’

As secondary Qgeam productlon commenbes, the control

e

valve in the SS5GS wxll gyadually/open and ‘the Water

e from“the pumps w;ll be daverted from.the re01rculatlon )

loop to the SSG system. .. , . o, e ! ; :

. .

M he . > . o .

e - . . e

N ) M - . . [ R e < . " ) 4 ,
. . ) - - . v

In normal operazlon; tne control valves on the prlmary

steam 11ne to the secondary steam generator is, about

»
<

o - : - .
is assumed that the secondary steam pressure-&nd . e
quantity demand i5 stable in the wintér/fimé;however 3:
due to the weather change' is sometimes-unpredictéole, ‘

therefore the actual operation is sometlmes in fluctuatlon
rather than stable durlng a short perlod. - b \ ¢

) . . ’
£ Y
"Ag ‘the’ secondary stéam dem:nd’ varJes, the pressure of -
the steam dellvered to the steam line header will vary co
1n-é@cozdance w1th the varylnb pressure drops in the ‘ y qu
transm1381on prlng. flUCtLOh 1d occured, In order

to smooth out\%ne opgration fof - the whole. SSG system,

- % -




. rontine procedure The purposa 1s to corﬁol the P H . ! K

‘ an additional h’oriZOntal vessel is suggested to substitute T
the use of  a common header. Any surge- or pulsatlon or - o ’ -
S 1nstant demand for the steam would therefore be evened L “ - ,

i El 4
N 4

© out, 81nce a mlnimugn pressure required, at the max1mum

- to. l

: steam demand is set at the secondary steam supply C ' :
reserve tank, A greater energy storage is therefo;re .

avallable with this method of operatlon. SJ.nce 1t 1s S a L

.

i -

rather dlff cult to malntaln a constant presSure a\@{
\

down stream of the steam supply reserve tarik; therefoxe
the Secondary steam supply shall be controlled and 'h,\
: malntalned constant at upstream of the steam supply

reserve tank. This is saylng that the pressure controlling/\

“point, should be at somewhere between the SSG system and

the secondary ?team supply resei‘*ve tank.- ) Cx
¢ ., \ ™ - ! ’ / ¢ ! ' ' C. »
‘The stedm generator may requlre some kind of water S

e +

conditlonmg treatment in the FSteam generator. Although
p the water feed to the secondary steam generator is A

assumed has already been ‘tre§ated, however stlll the /

'.chemlcal 1n3ect10n pro‘vls1on.to the secondary steam ' ‘ . R

generator water is required as well as 'th% blow down ‘
R

system. As far as thf control of these’ two operatlons |

, is’ concerned. they(,sﬁse only a kind of conventlonal

of the water in he steam generator.
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' . " CONCLUSIONS . *. . ..°
A . = ‘
& . L . c VoL . . - ' ) .
S T ro T L . ‘ . N .
: R Thls dlssertatlon prese.nts a ‘pro%posed method “of convertlng
.. P radloactlve steam mto conven‘tlonal steam. . o
*" .. In conclusion, sthe following points can be drawns. -
RN t ’ . ¢ o N ’
\‘ . - ) P . . . )
X y - . N .‘ . Ca [ -~ ¢
‘1, Radlo,actlve steam can be conver‘ted J.nto conventlonal .
9 y Ll
) steam as a. safe heating supply source by usmg sets ‘
- v \‘ ‘ ' vl . ' ¢ »
. of heat exc‘hangers. L . b

s 2y Ex1st1né radloactive 'prlmary c::rcult can gtill be mam-

'_tamed in a closed circult. e e e

|4
.

s J(Energy swng on conventlonal fuefs can be achleved

.’ . . z

‘ by the addltlon of the- bSGS to the ex1s‘t1ng nuclear )
: | =

‘-pawer generat;ng statlon. s Ly
ls . < ! ) L] N

4, ngh pressgre cénventlonal steam can be produced w1th an

f A éddltlon of SSGS ‘and there is no firlpg equ1pment re-—‘

RN .
- 2 ~

qulred m thls sys‘tem. “_ L ‘_

o 5, . Location of the’ &SGS ‘has to be selected as close as.
. TA
poss:.ble to the nuclear poweLv statlon.

T : 1"«iiv-/\(/

A

=
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‘.7. Prov151on for duniping 1s a. nedessxty 1n order to . . o

_'.; exohangers cohpected in series, in’ comple%e with PR A - .

w9 FulL-three element coﬁ%rol Eystem has to be 1nteruced

. tlth primary steam control. ‘ R
10. he’ SSG System\can be completed and' bullt for “an

thme of December of 1974, - N .
' R N o T ° é",
- Py, ~ . .
. ) ‘“ X - ' ‘9 N ' -
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6. -The best heat transfer eff1c1ency f0r the evaporator' : | , .' Poas

- .
A ”
«

shall occur at it s de81gned Qpergtlng condltion whlle ,: ) 'f

the heat head\ls greatest. o R e _'f Lo ‘.>‘ e

ensure contlnuous operatlon of SSGS. ' i "’] . . .-

R . . SN SRS

. 8. Inthe case study of four modules. each module contaihs orie A

; N e :
~.evaporator, one-cnndensate collector. and two heatfo - ‘ it B
| W ( -

three secondary conven&ﬁonal steam dellvery llnes .
‘[.',
~ oo = o

T will be the scheme. ~ CT, . . @

.

L S

for the secondary steam pressure and flow, and .,

ngfeed water level 1n the evaporator in oongunct;pn ."ﬁ

)
restlmated prlce of approx1matelysu0 mllllon dollars

_ for «the capaclty descrlbed in yhis paper at- the
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-5 APPENDIX 1 | -

o ©_~ __MAINTENANCE
. . . ) * o ! L
J

There have been allowed n% prov1olon for the routing’

~

malntenance 81nce all the de31gn and constructlon have
/

been insaccordance with. the strlngent nuclear codes and
‘regulathps and survelllance However, it.is expected
| that all equlpments and apparatus whlch were desmgned
.for the SSGS shall be very rellable arid will require
;o significant mainfenance'during operation. Ma jor
mainténance:may be carried out dpring the‘major or

L o . . .

annual shut down or in the. summer season, Lyt

oy

1. S o

A

It 1s assumed that planned malntenance can be performed

on the SSG system units Wwille 001n01de w1th .the planned

due to there 1s a break.ln the summer tlme,-nqrmally-the

c : A heat1ng~source is only requlred 1n the w1nter time, startiné

: B
mlddle of Oé%ober gntll end of March the next year in Canada.

It is therefere recommended here that allmthe necessary
oo malntenance and repalrlng shall be carrled out and completed

durlng those Slx months 1dle perrbd.

o0

NS malntenance carrred out on the nuclear unit. However.\' e -/)
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¢ SAFEN. CONSIDERATION o o,
. :, ) . . ‘ e ‘ LY . ‘ L . . . -
E') ' II. 1. General = o L
N “ N . Y _/\
S { N In Tsny respects, nuclear plants contain ‘a number pf | -
. & - o
Ay _,hazards to operatlng,personnel These hazards can be

. llmlted by careful compllance V1th 1nternatlonal,

' federal dnd federal and prOV1nc1al codes and regulations ;

T ' in maxters of de81gn. fabrlcation, gbnstructlon and
operatlon.'Unllke many other chemical plantis it is ra=-

o dioactlve and thermally reactlve, and thus a large amfunt

L of energy may hot allowed to be released acc1dent1y~ 2

misapprlcatlon_of controls. Hence destrﬁEt;on of he .

s plant by internal explosion is very. improbable.
. T . . o \

The. principle concern regardins public sefety is. the.

,‘4- . ' radloactlve of steam and condensate. Contalned W1th1n g ‘ g‘_i

- the prlmary 01rcu1t. All welded oonstruction is a.
o typlcal leak proof of thls from all process equlpment
“1

- "; - con81dering plant‘d§51gn, operatlonal and safety.

H
v

The standardsu speoiflcatlons and controls whlle will
g;ve flrm assurance ‘of the integrlty of the envelope .
. . N\ . o . .

.contarnlng,the radloaetiye flu;ds.\Operatlonai“and S R

o ~. . .  sensible detection and meintehﬁﬁce procedures supported’

by ‘adequate instrumentation and control will ensure

\ .
.o .
. A »
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- .
v

' prohlblted. L

' &.“ . - 96 =
discovery and correctlon of any. possible leaks before
\they reach sigﬁificant proportlons. Extenslfg and

‘strlct monltorlng system as nuclear plant shall be

‘4\

: enforced. ‘ : . e

.

Because of the radiol‘gioal safety nroolems; it isg
necessary to ensure exen a minor release of the primary ’

steam from the"SSG system Into the surroundlng englron-,‘

.‘ment are controlled and -large releases prevented and

collecte@ énd gathered Lnto a vent System in order

R}

'not ‘to have a harmful effect. o e

The‘bnlylway'tb achieve this is by strict attention to

“

safety considerations in design, eommissioning dnd -

" operations

L
2 .
L]

Vent release 1nto air ‘via an exlstlng stack is

\

currently strlctly llmited. The radloactive concentratlon
[ N

'1s reduced by filterlng system. Release of’ the prlmary

:c1rcuit to the atmosphere dlrectly is strlctly
v, < L ,'\ .~ '

'
!

Soaiainali




w97 .
~é L Y 2ﬂLSITE AND OTHER CO”SIDERATIONSﬂ\" ' _ ‘f
S, 'The SSGS site shoulc be choeen clOSed or beslde S |
. .the exxstlng nuclear power complex. i
P 2. Supply of Teed water for both process and coollng .
shall use. the same’ water as for the ex1st1ng ’ R
4 nuclear complex. a | i R "“ g,' -
‘ 3 Effluent 1nto atmosphere should be controlled\
§ A accordlng to the regulatlons of approprlate o :,, -
“ _ \‘1nternational, federal and prov1nclal authoritles. o /.’
,h" All other nuclear deflnltions and regulatlons ' S

shall be followed.i)

II.

11, 3. SAFETY PHILOSOPHY:

3 % GENERAL 2 - o v e ek

|
b :
{ o
¢
N

. ’ “ VoL

P : « S o , -
L - " The congtruction of many large'nuclear complex has led

to n - depth study of safety" standard§ which must be . l ,}-:: N
,fi' - 1 i app 1ed to the SSGS as well. A very comprehen51ve T
R . safety phlloigﬁy hés - been evolved which ev1dent '
o through all phases of de31gn. manufacture. consjructloo .

" ~

‘and operat1on of “the nuclear complex and attachments. “(-_‘ oo

.
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II. 3o 3, DESIGNl . e

N ~ ' ' . ' v

Conceptual designs aré reviewed to ensure adequate safety

standards, and ease of malntalnabllty. ellmlnation of I

otentlal sources of leakage or fallure in the . \Jf\\\_}a,:‘

) containment is a Key factor ln m1n1m1z1ng nuisance

’ ‘,\C

leaks and serlous releases. hence -care 1s taken in detalled

deslgn of weldhd joints’ or areas susceptible to corrosion,'
P ~
and materials and components are chosen w1th view to B

minimizing inherent defects, g o :

o

1L 3. 3. MANUFACTURE: L | e

P .

A Wherever p0851ble compnents are, selected whlch have been

proved in nuclear-serVice. .To ensure manufacture entlrely

S

in accordance w1th spec1f1cat10n, a quallty assurance s .

program should be devlced which covers-all. stage of

o

E manufacture% ] Wl L C e

‘
- ¢

‘ITe 3 4 CONSTRUCTION ". , 'i '-. S o

-~

Cont1nu1tzj§f the quality assurance program through

f1eld 1nstallatlon of - equ1pment and plplng is ensured : .

by aPpclntment of qualified survelllance teamnln the‘; BRI
o flelds SR T
) . i ‘f"" e
o ., B 2 K . . ,
- LI, 3. 5, OPBRATION:*" . . b \

Because of process malfunct1ons can lead ta radloactlve

: steam or great thermal energy release, _every effort R f ¥




T

-

" {1, 3. 6, EMISSIONS: CONTROL: °

_radioéctive'harzards/b& the aid of operation andﬂdesign"

R -

_L99 - ‘U. RN -
.should be made ‘to improve the effic1ency with which
operators can operate and control the SSGS withln the
nuclear comglex. Operator training is vital, as well ‘

es knowledge of._steam and hot condensate.othernthan

~

—

~manuals.

be provided.

In spite of all precautlons, the possmbllity of
primary steam and energy. release cah not be entlrely
ellmlnated, therefore a certain numEer of beck -up .
safety system such as safety relief valvee etc.. shall
\

v‘, . ‘ \ ‘

Since the releaée'of the radioactive fluids would

sufflclent ooncentratlon or quantlty. Thie rincipal

‘affect the enviroﬁment if they ere rele:zj; in

releaSe are prlmary steam and condensaté, The regulatory

\“ requlrements and guldellnes should be followed in

controlling thevem1531ons.' s

11 4. SAFETY FEATURES OF THE SYbTEMl _;

Ag 1t has heen mentloned in the spec1al features and ..

characterlstlcs that the S8G syutem 1s d1v1ded 1nto

“several modpre\‘whlch 1s actually a kind of safety

w.
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S e e e e e -

' as normal reutine operational dumping.

- N .. .. . . B .
LY . - R .
. [N N “
- N .

precautlon.\slnce in any event of emergency, each module

oo N

.-

can be isoldted completely from others Whlch may remain" .
’ . '

in ‘eperations : S o .

. L

are provided on both primary and secondary side for |

' complete isolation of each module or as a whole the -

" complete SSG system. Radioiflon detectors are 1nstal ed

\
'

at every equlpment d at every critical strateglcal

1

10catlon and point , Once the radiation detectors .
senseany radloactlve element. 1t w1ll call for an 1netant

isolation for the complete loop or thc whole SSG 'system, ' I

3 * : .
- . o

Safety refief valves are prov1ded 1n\every case on

\? 12

both prlmary and secondary side to ensure safety of

the .overall system. It is asaumed that the primary steah ..

LY

already had steam rellef system; but for condensate;
R
since it is radioactive ahd 1n order nQt to waste any',J

" primary condensate which is normally;return to the . .

original circuit,all primary ‘waste or start-up or
shut down drains are designed to dump-into the reservéd

atorage tank and the main condenser of the ofiginal circuit

For the secondary side,. 51nce ;t 1s not radloactlve,

~
therefore 1t is safe to have the steam and condensate

"nelleved'to.the\atmoSphere in any ‘cases T

- Automatic and remote control motorized isolation valves e

Bt o o s MM v, e



- 101 - .

© Although the autoMgtic nuclear motorized isolation'valves
are very‘é&bensive. yet for the sake of most positive

safety—\}pvx31on. there is- such a necess1ty to

,autbmatlc nuclear motorlzed 1solatlon val e"
"on every 1nlet and outlet of each module .ang

outlet up to the p01nt of the secondary st%am supply

o. o . \ Q} “1 -~ 'O

" The complete SSG system 1nclud1ng each module 18 2 C .
N\ .
de81gned in such a way that in any Cchumstances, and

- reserve tank-

in any time; either on prlmary side or secondary slde'

. of the whole system or 1t's glngle component become

1nterrupted or falled,. 1t is assumed that the faulty

‘component or module or even the system can be 1sb1ated
‘.completely; and the interruptlon of pr;mary steam supplylng o

to the. SSG system would be able to switch to the origlnal turblne
cycle to producefelectrlcltx and the nuclear.reactor ‘

is uninteffered and still remain on sfable cemdition.‘

. lhes been studied1tham there is a proyision for tbe ‘

. emergency dumping of primary steam to the mein condenser

and -condensate reserved surge tank in the original circuit. -

s

In order to maintain an”ggm?lete isoMation condition,

in ‘the SSG system, there would be necessary to'provide
\ : S .




s Amer

ey

‘.;\double motorized isolatien valves ahd double check valves

.-governed and narrowed the\safety prOV181qn to an almost ﬂf

';maximnm. *. :

. Double safety features.has been applied such as a pre-

n
: applled for complete isolation of the componﬁnts or

" main condenser in the original Ch(pUlt W1thout affectlng

© in order not to,damage the env1ronment and surroundings.,

\ ot 1

[T R

.\.‘,_. ‘. ) ’ A' \ \

1 . .
. - . =102 4

b
-

.,-' . " N ) r

-t

on both prlwary side and secondary élde of each module and
. L : ¢
the whole system, U . n

As 1t can beaseen that it has been even epecifled 1n

the design requirements and’ constralnts that have.

.

¢ ”

ssure relief valve is used upstream of a safety.valve to ensure

| - ° - M -

the excessive overpressure -of the system.\ 4

I
' . . .

Double check valves and double motorlzed valves also

e
module or system to allow any repalrlng works or maln-

tenance or do not 1nterfer others wh1ch remaln on operation.

) t

. -,

" . . ’ \ X Y

Primary vent system has. been rerouted and returned to

the continuous operatlon of the systems' and drainage

waste 1s collected ‘in an additional waste collectlng tank
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 ( T APPENDIX v ‘ .

'~ . HEAT BALANCE CALCULATION . - - -

AR .

o ot . ' “ *
" The material ‘and heat balanvce have been calculated'.;
- in the follong manner, and - requits are shown :m '
, . *, L
5 table 5. 1 through table 5, 4 at /dlfferent operatm.g
and design coéditlons. T};{ n,umﬁe;c's speelfled here are |
An correspondlng to. those m Fige 5 and m tables ‘
5 1 through tabIe 5ekte - A \‘
‘ R ;- , S
\ b cL [
\ , . . t. . N, . . . ‘\‘ ’ vt
. ! .f . . ot “ . \.. e . NV s .
./J';" ,. . .- ,‘ . N ‘ | . ! "5 |
. '. p "I . . , .“ ..
3\ . ' Ty
a2 N - '. "" . na~
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.0 & 7 PRIMARY STEAM REQUIREMENT CALCULATION ' -

. e : ' ' R ' . 5 N - » . s , {

-~ ‘ ., Secondag[ sigg".*, ‘ s e B PR ‘—*‘_‘ “~ o~ . Ty

T
- 'Tbta}l#eat enaré§ fgg%}?gq;f th . |
' L i o C e
v = (1) E thggpy.in-the~pggging'ste%m required-

.,
.

' ". for the water treating deaeration system
- ‘ + :,"\‘ B

(2) ~Heat lpqsggn s%eamJGelivery pﬁpe lines
(3) Sec ’dary‘éteam enthalpy o o \\"..
B T .. (k) Blowdown heat loss - . '

.

poo | ‘ Primagx‘side{ - - IR
i .‘ . .  l . : - - i - oo e ™
T

" Total heat energy input required: Q [ |

Q =W (Ang ) o R

- andQy = Q% QR W “"AZrTl" P L O 1

_b‘ : P . - . . ; . ".‘ . .'..
S 3*. . Allow 045 %_6£‘heat loss qn'prihary sidg "
N “. v ) ° Q . ) ." . L. : . - )
Yactual = 1'095 (zshlﬁ. . ( Y'ZJ) T
I T ' Lo R S L
. ' d
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See primary ‘steam reqhiremént_gélculation

.
See pégging steam1éaﬂé;latioﬁs.in appendix
IX . , L
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-

e | tbtal blowdown OR. -total blowdown #

SR e b e

P L -106 - s

- ! o

¢ .

1,920,000 Ib/hr Secondary steam required

h\<<;>v+ Blowdowri . . . )
=" @. 4 "OR - @ *- ' ‘

3 P - .
N . . . .
. “ B . \ .
t ‘ N *
' 0
4 d . . . ‘ . L
* . Y .’ . i . N
! ' * ' ! * v (3
. . . oo

See‘psfgiggfsteam‘calcu;atipns in éppéndixfIx
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References‘l (7)), (11),(18), (‘?6 ) (32)

¢
-

R ' In“design of the piping systenm, the'pressura, Tempefatufe,

velocity. and’ selectlon of material are the main’ func- . -
t&ona to determ1ne the wall thickness oﬁﬂyhe plpe andk\ \\l\

the pressure “drop . hrough the piglng sye‘em. ' ‘

oIn ordér to have the SGS ae81 ed and'pperated in a

ct safe manner, the ANSI p1p1ng codes and ASTM ma{erlal
-

standards are to be strlctly followed. PN '

~ . A R ‘ ~, AP B \<n

The following formulaes are used_in the calculationss

TS
/"“‘\ .

L2

Design’pressuré = 110 % ( Maximun operating pressure ), - _
I TR - T R o ‘

. - ) - s « \'
TR 9 PSl . -r“lz.

Design tempegature of 650 F has’ been used ‘in this case. SRR
Manufaoturers tolerance of t ' = 12r5 % is a*lowed.

P

'For pipe weli‘%hickness'cgléuletions 3 ff

: , -
~ S Co : - A <

T O T T O

‘ ‘ ‘ ‘ ( for- secondary  side ) .- '{
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primafy .

. 1
(Ye2o2)

side

Tes e 2 s

' )
J .
.
~

» & . w

(V. 2. ;‘}’

Voo ' 6‘fw "
= 0, 0033
. P 'dS"g

. - ( for steam ")

2w
= . 00000336 ———pm—
1 Qe :33 "‘;3§T‘
fSQa‘
= 4350 s
‘__crg‘

T (e 2s 69)

A .(“'fur.,hwanr .):
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FORMULAES IN THE CODE HAVE BEFN USED:

-

'CHANNEL-HEAD'TﬂiCKNESSjt v

Sl =109 -

v

‘h,*

APPENDIX VI

:EgﬁIPMENT—bESIGN CAgbbLATIONs

\

( ) ASME b011er & pressure vess

REFERENCES 1 SectsVIII " divil - 1968
:.\ . .

.~ (30) sStandard of tubular exchagﬁ
. s Association

. : . ’ ' \
J \ “ ' ,

+

1

SHELL THICKNESS tor
) ts= .&_____ ~-|»‘C

" - §E = 046P
SHELL HEAD THICKNESS tg¢ . 7' °
P D
Ly 288-0.2P
CHANNEL Tuxcﬁhpss t 4

N .
<4

e P Rel N

t. .= -‘——T—'%EGO.,‘ _P ‘+. c Y |
’: ch. \ \
eh« W e

N -

«
. .
. M "
e
. .
e
“ .

el-®ode
\

er manufacturers"‘
Edition, 1968 °

. f.(VI..)-F)"‘. ‘
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F . \ . . N ’-. Ce ‘ - . . -
M | 1, N

' V= (L or H) X T T('_D T — D3 cC VIS 6 )

" RESULT OF CALCULATIONS ARE'/sﬂowN.-;[N' PABLE VI.i. & . . . <
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\ EVABORAPOR 'QALG'ULATIQNS.

N ¢In determinatlon of the designed overall heat transfer.

=)

' (Large dirt factor is not essentlal to the continued

‘ coefficlent Uo' the fOIIOW1ng constraints and formulaes

N L 4

‘operation but only as a preventﬂon of vapor blanketing).
(6. = g an,

have been applled: i o
‘”‘ " f h, (At) Sy ( ViI.i.1 )
* ot N NN w“".‘ '-' - ‘,. . .
., . . <N
(2)- rQ—Q—)max. s (At) = 30 oo’o btu/(nr)cft )
‘ \ ..‘ . » ’ . ‘e-' ) .‘ ) ' " .
T o . "“‘_ (VII 1.2 )
S (3). Maximum water, vaporlzathn fllm coefflgient “"'
Y AN y :
\\ at\standard atmospherlc condltions 14 7 psia and 60LF
- = .1000 btu/(‘h—r—)(ft ) F) -« v._n»-.1. 3.) -
- ‘(h). MaX1mum condensing steam coeff1c1ent w0 .~
e Ry =1500 Bw/(nr) (£82)(OF) 1 VII.1.4)
(51, mr‘t,famé Ry = 1. Uc.u.-,‘ N |
b ¢’ >-"c (‘VII L. 5 )

(vizaee 'y

w
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. | . " . nust . \ S mugt . R " | . ‘. . - :
[N . ,(7),» u§. 55’ -UD . and A.>;> A : (ymvxx 1, 7 )‘=
) ? T - (8)e ' Ny = Now O,f tube pet .,Path . P ) JAREEREN P B :

O 1963x30x2 o :

o o . Where A ls detenmmed based 6n Up = 540 .
Lo s o oL

- g .‘75 0sde U tube X 60 ft. long is assumed

ez

~(9)'0 Pressure dI‘OP equations in the following have
© g R B e . T ) . ‘ -
: T been useda Co IR

* oy

e 7 Snell sider . .

- s n R Lo - 2 ’ o B ' “: . “.' ,'
T e f Gg.D N+1 ST gy o
R N AP 2g 3" D ’ .Ps)f o ( 'YII o1 ’

. x5

. R | 'l‘ube side v o e

e Lo . SfGg-Ln ‘ e
. TN : ?’":\ AP't = ' PSf T ( Vii.. 1~

,a,gl-}‘u c 622m°ns¢t B L

b ' S | Return: ' .. L e
P L" VZ o ) :. ‘.‘ .
DT Ap.\ = i Psi® = ( VII . 1
i' . . ' . € S 2g ‘.. ,‘ ‘ - A’~
- e - Total tube side pressure drop : T
.. L . ‘ . \ :v . .
. _' . Al ’ } ) ' ‘l L . ’*- ) ' . C ..
S o APT = AP, | + AP-’r' '.'PSI ‘ "("_.V‘I.I". 1:'

.t .. The finhal results from‘fhe,-vcalpula-'tions are shown in.

C+L .0 T taple VIIL 1, - C o, T , \

- ’ s ' o \ v

p . R (“ ) ¢ N T v

* - ~ ) . - I

K‘ . s e )

' ' “ rd

'. - ., F)

i . -

L - ’ ‘

e * ' :
3! i .

. ’




\y

’ N N ‘ . -
, . -114 -,
. ‘ M
_ T

*

— ..  _TABLE VII. .l

R,

(Y

__SUMMARY OF HEAT TRANSFER CALCULAITONS -

‘TUBE SIDE

SHELL SIDE

. e - ~
h; = 1500 - h outside h = 1792,
U, calculated o 817
; )
U d . determined - \ 540
- - L \ i
Ry calculated " | 0,0005119
- R.d \requlred '0.000500
2,412 " calculated. A P Negligible
10 allowable AP ‘negligible
A calculated 33,749
SHEYN used’ 24
~ o —
Q. o '
A calculated 8,543
' Wg : N - .
" A allowed . 30,000
) "
H \ f,‘\* A9
g, N .,
. '
o~ ‘ oo
+ :

A
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Lgrea
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ot e o s e e o

- ;13‘-:

Vi1,2 'Qgterminatipn of heating surface required.

Heating surface of the evaporater gan‘be calculated

from the general-heat'éqﬂation..‘

I

" or

=
i

= Uy AAL
‘ Up A Om
A8
A n e

\
(L VII.2.1.)

‘A . - I
Y

. At different opefating‘coﬁéitions. diffé}ent heating

b surfacéjﬁs required af that pa;tichlar condition, ,

The fol}owing‘formulé is developed for the heating:

"surche area calculation at different operating

_conditions:

\

. Since

Q= UA Aty

Q=U A Aty

S
Q =

|

U Ay AY =

.

or 'UD‘QI Oy

~

ér \Aé = .

-

AL, '
At Aq

Om2

“ev“ )

LA

Y

% .
. . . \ ‘
U A5 Opme,
. ¢ y
Up 4 A%y,
Up A2 Op,
3 . ) B
: ( viz,2s2 ).

>

™ s

’
s

¢




0 et S TRTRTETT

B .

N

) c‘ ' ‘ oL ‘ . . - . e
.REQUIRED HEATING SURFACE AREA AT DIFFERENT -

t -

BOUNDARY OPERATING PRESSURE

Vi - TABLE VIT. 2

4

wy
.

.
.

;'.'

» .
b

TEATING >

SURFACE "AREA REQ'D, f‘y ‘

<

486 PSIA

| 458 ps1a |

Ps

> ] : !
FOR .4 ~ EVAPORATOR '

FOR 3 - EVAPORATOR

41,951

LIPS
.

ILB63 .

At

$26,o;o

34,708 .|
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VII. ¥ DETERMINATION OF S’I‘EAM RELIEVING VELOCITY
AND EVAPORATOR DIAMETER.

\
1 N ' N . i . .,
o ' X . . e 9”'”\,‘

*rom steam table and the following equatio\nss
\ ’ ' L . : ) . oo 'x

LOVIDRL )
. .i o e

vS

v ='{:\-.:=- Aa.‘g\. /' | ('l VII'BOZ . ) .
w Vg
LV

IOIT' A »Aﬂ-s ‘ Y ( VIIQBOB )

DxL\ B '(VIIB-L*)

#?jh_
n

- *And’_\a ;
Where L can be assumed at any convenient A

L L0 T (UVITL3.5 ) -

175 d, (nNpp 3°*7 Ret. (6)

. ‘I.‘h_asg':"‘ Df
D

Results 6~'f“cla1cu1atilqn are shown-in table VII.2 .

3 . )
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AP RESULTS OF EVAPORATOR SIZING CALCULATION

I

@

Tast
s

©

. MAQ?\Steam‘relieviﬂg.velodity'
. . ) R oo, k

AT
allowed -

"\ 0,25 FPS ref (27)

i 14 i

CALC. Steam rélievihg,:veloci

ty

~ .

" 0,218FPS

LENGTH (Bétween enclosed wate
area).’ - ~

n~sug£§cé~

.60 FF

-

CALCULATED STEAM RELIEVING AREA.

L

I 726 sq, FT

| CALCULATED DJAMETER

1380 FT |

A) . -
P . . - 0\
. \
. N .
@ \ |
|
)
- ' ’
: g
4
l’. hid

L]

.-

,\D. b

- AT . - -
. N
’/ °
AR
’ r
' Al
\
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Sl e .APENDIX yir -
A cooLER / PREHEA’I‘ER CALEULATTONS

Nt

AR ‘ In accordance w1th the re:t‘erences:( 21, 27 6) and the. speciﬁed .
AP K .. flow rate "and\flow condltions, numerous calculatzons have
been made for one heat exchanger and ﬁlo heat exchangr}s
_ in parallel and’ in series. The following formulaes have

‘been useds

. . . . . R . .
. N ' ' . * . ‘
. . . P CR f
e . . o . N .
. N : R
(N .t ’ . . . . R . < «
. . . Lt .
. - P \ . . .
.« . . . . \
f ' . \
c .

s d sy @mea 1ETD L . T

ne
<t

ATy e T (g y
L Dt s U LIMD, e

L . R 0.7 " - P R
D, = 1475 4 niRpy ) T (vmii b)) o
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TABLE VIIT..}

COOLER / PREI

¢

{SATER CALCUTIONS

4

v

SYNMBOLS

CONDITION 1

CONDITION 2

: Lede
P For A unns

#
*
F ¢ witn a5 he G
X Al i*a P 3o'Lond

"t Two HEAT Brenavasiy

2. EVAPoRATOR Of PRi%S.2486F4IA -

1. B Paxricspg = 63751

b AB,,“";, PPe 3? Psi

2.EurPoR Ao, OFE PRESS.= 458 ik

LountcTo w SEAIES .
DETAILS CALCU'D MEAT EXCH,- | CALCU'D HEAT EXCH.
ONE ~ TWQ ONE TWO .
NOL 1 | NOw 2¥] NO. 1 | NO. 2
TUBE SIDE: . B . -
FLOW RATE, % |ob230.| 606,230 |606,2301615,939 | 615,939 615,939
TEMP. INLETF | 48g | 488 | 378 |l#pz98 [487.98 | 395
TEMP.. OUT, °F | %48.52.| 378 | 268.52|280.63.| 395 28042
- 1. ] N / : \
- o T = N
-SHELL SIBE ‘ . :
FLOW RATE, ¥ |577./02!577/02)|577/02 577,02 57‘7,LOZ 571102
TEMP. INLET, °F 223 |[339.43| 223 223 |337.53 | 223
TEMP. OUT, °F | 458 || 4sp .| 33963 | 450" | 450 |337.53.
. ,. :’ ' ) . - ) ,r
HEAT TRAIISF, 8T0|1u3294 585 |74 190,427{£9, 104,157 137,311,28] |£9,792,048] 67,519,233
CORR« LiTD | 3164 | 27.57 4 3998 | 4008 | 40:47" | 50.64
Sr AR b ATFC L 1T,263 Io\, 25| 7,316. | /3,060) b, S€9. So?ﬁ ‘
No. of PAsSES. netl| € 3 3. | -6 3 3
- |No. oF PAsses, Tuse - | |2 & PA [2 '] 6 . 6
Esthsteri 1.0 s 60 | a7 | 4o | sz | 38| 34
(uesso)| 56 44 37 | 49 | 36 32
L | '\ Al ' \l
n ;
Cw \ » \ ’ y

n e L e as IR & v R B




- 121 -

\

o
.

_TABLE VIII, 2

Y COOLER / PREHEATER CALCUTIONS
\” . ) M |
SYMBOLS - CONDITION 1 "CONDITION 2 .
¥ iglgfwns 1O Paaatapir = 6351 [.'Aawu"#ﬂf’s/‘: 35 PsL |
Y WITH S o Tuling . ’ R
ATifatiu'30'ond 19 TVAPsATOR 0% FRESS.=486PSIA- | 2.EURPoRAToL OPE. PRES.= 458 FYA
X ' Two HeAttrutamaeed e ‘ o
CoumteTo wSERMES, | o R : '
" DETAfLS CALCU'D HEAT EXCH, ' |' CALCO'D HEAT EXCH..
‘ ONE* | - . TWO 'ONE |~ WO |
‘ . . 0.1 | now 2*| . lmoo 1 ino, s
\ TUBE SIDE: . I E
. FLOW “RATE, % 1603 470 | 403,470 | 603,470 | 613,158 L £/3, /58| 613,/58
‘TEMP. INLET°F | 484.90 | 484.90 | 378 434.14‘ 94| 378
TEMP.. OUT, «°F | 263.93 | 378 |243.93 | 27, 16| 378 |276.16
"'| SHELL, SIDE , s S N
FLOW RATE, % | 579,002 | §77,70p | £77,/02 | 577192 | $77,102 | S72,002
TEMP. INLET, °F 223 393,77 | 223 | 223 |332.21 | 273
| TEMP,.OUT, °F | 458 | 456 | 343.77 | 4so | 450 |332.2|
HEA? TRANSE, BIul/0 394, 21 70,680,166 171,613,184 151,015 408 172,912,395 64.322,2&
CORR.,. ‘1MTD 28.40 | 24.64 | 32.23 .| 36.4¢ | 34,10 ! 43.45 |
. : L - ; N ' 1
Sine. AreA A ASEr 120,971 | 12,929 9,875 | 18,408 | 9502 | 6,587
No, of PASSES. Secle| & - | 3. |3 6 . 3, 3
NoopPaszes, Twee | 12- 1 &6 4 6 | jz | ¢ c
EsTh shrtL 1.0 Tucsm| 43 49 .1 43 | 58 | 42 3¢
Ny  fueste)| 58 45 | 40 | S4 | 29 33
~ ‘ T " '
/ r.\ . ‘ . ‘ " .
by 31: \ . " ‘ ' v

o piedal
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"~ .. 'SUMMARY OF HEAT EXCLAD

TABLE 'VIIIu}"

(Al
4

ER

O P

T

'CALCULATIONS,

Lo

" NO.. 1

NOw 2

‘691

‘ 2577

756

1/ n: OUTSIDE

[

530

USED

| CALcunﬂggy

300

300

bl .K
]
s

CALCULATED

" ]0.000976

dibolr70

| REquipep.

O.oc0ho0o

0.000500 "’

REQUIRED

b i

o. ‘ood4'°(l

0. 00047 |

ALLOWED

SHELL —

' .‘5obbp5i

—SHELL

5.00981

ALLOWED

e

.| 10,0po1

Tugk.
10,0psl

'CALCULATED

s

‘ .
- 0e36psi

0,24psi

CALCULATED

o,

1‘,0 SpSi

" 1,80psi

o

CALCULATED: -

| 3429psi

'6,00psi |-

BALCULATED

u.Bﬂpsi

7.80psi .-

X
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- /o DABLE_ VITr, M
; ’\ 'SUMIARY OF HEAY EXCHANGER CALCULATIONS
1ol 1 - _ : - — ;
‘ NO.. 1 899. ‘h  QUTSIDE . 2hYy
3 Mo.. 2 | 918 h OUTSIDE - 2906
L U, . | CALCULATED " |- 657 698
2' . 3\ il Y . ‘ . :
) , ) 1. \J o
» Uy ' USED 350 350
; Ry . CALCULATED . |ooooBée4’ |0.000953 -
i "Ry - - REQUIRED 0000500 |0.000500
i — £ :
\ o ;\‘ T ) . R
| » ‘T . REQUIRED o 00041l |O0004T]
(I . . ¢ . i o .- .
‘. ) T SHELL | SHECL |,
4 ‘ o
A PS AL.LON"‘D 5,00psi | 5.00psi
N . . TUBE TUzE
DL A Pt ’.A.LLQ”.SD ' ‘10, Opéi 10.0psl
) — /. | N “-
': AR 'CALCULATED 0.38psi | 0.42psi
kS i . " s ’
: o A By CALOULATED 1450psi = 2,00psi
N - : - ¢ '
e - - ¢
A, : ‘ \ . k
o ) > AN CALCULAYED 6,00psi.! - 8,00psi
g CAp CALCULATED 7. 50psi io.oqps)i
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. o APRNDIX X 3 ,'

'PEGGING STEAM CALCULATIONS

4

A X o
IX.1 Water treatlng deaeratlon system T S - P

The water\outlet temperature from the deaerator has to be
determined as follow1ng !

It\;s a good(practice to operate a: deaerator at 2 to 8 psig
rabove atmospheric pressures 3 p51g aboVe the atmospherlc pressure | _.1
is chosen. 1n thls case,whlch means the deaerator will be-
. operated at 18 psig at whlch the-saturatlon temperature
is 222°F{ Since there is evaporatorffeed water pump must
" be requlred and the requlred dlscharge pressure from the ' : 4
, pump has to overcome frlctlon loss of plplng system, hy- \
.draulic head; and cooler/preheaters. all pressure drops
"have been estlmatea<and allowed. At a dlshcarge pressure
of 564 psig based upon the designed evaporator operatlng . .

pressure, “the water temperature has 1 F 1ncrement from

222 F to 223 oF due to the increased pressure from 18 p51a o

%o 564 psia, This water temperature of 223°F 1s the feed -

3

water supply temperature criteria to the SSG system._ {

Refer to Fige. 5 and Fig. 8, L - S
‘ ) '

Both W1 and S are unknown w, is the omly value known,

| By aprlying energy equa‘tlon I R B I M
| S ; S
‘ v e




oo,

or . Shg ™ w.2 Py = Shyy = W Ry, S

+ v e % e oy . . \

// . L R : - 125 - " . . .

A . N - \
: ch o | . “
o S.hs' <+ V1_hw1’ | w2 hw2 - 2-‘*(1) ‘
o0 R s C :
. ‘ w1 ‘1,f.wa - S . ) ‘i(z?:,. .
Substitute - (2) into (1) - - R .
‘Shs ' + ( w - S ) h =.w2 hw2 ' L e,
<) ) , .

: Re-arrange the above equation ' f SR - °
e .. o | o N
s (h hwl = w2 (hwz - 1‘1‘,\1)‘ v
- < W, (h,, - huY : T
. S = R h‘“. R ( IXe1.1 )
Cohe =l T

Fal

This equation is’ deveibped for the calculat;on of deaerator

fpegging requirement when ¥, is anWn. Aqtually the blowdown

1)
i8 unknown because of S, Wy, W, are unknown. But the *

L ]

following relatlonshlp is true’

=[;1 + X %:][secondary steam prodUCtlon(B) N
- : + equivalent weight of steam dellvery .

pipeline heat loss (2) . (1) .
_ *.amount of peggxng steq\ﬁfequlred S ]7‘
Vo | . T LTIXel42 )

'e’

Since the- blowdown 1s based on the total steg@ requlrement e

.in whlch the pegging steam is unknown, the eqd\¥1on then can

De further developed as 'in the followxng:.‘

Lets | Lty = 33°F I
| ‘ h, = 1 Btu/lb W
) blowdown all-owegi = 14 [~(‘3)+(z)+' S ] S
‘ o C o ) ’ T
s T BT '



T ?‘v};z"‘

/..",
. RS

Substitute

. . e
i s|'~ hw2

o
52

W'z'- S

. And W1

'through ta'ble 5.4
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(h -101112)5-1011}Mz

Cl)

- . Results of calculation can ‘be- referred tq table 5 1

bl

‘- 126 - ‘. ' '." ._'.

S ) B R
101 (3)+(2)+s} - (1) L y
“th ' L
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w o)
(3)+(2)+S}»1 0}/[(3)-!-(2)} *hy S

¢l

101 J‘

\:3)+(2ﬂ ~1,01 [(3)+(?)]

1,01 hwz [(3)+(2)] -‘1.01" kj)é(é)} R
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'_ A condensate mix1ng tank: is prov1ded for the purpose of R

’hayrngnan even condensate‘jemperature,return to the

‘dlfférent temperature returns . . .

1ons have been developed for the simplified calculations

--for the pegglng steam required at different condltion

IX. 2 Condensate deaeration syotem T o

g

& '\
. )

. ) . .

.

original existing deaerator,

£

.5‘ . ' - - . .
The condensate return from the orlglnal 01rcu1t is at

200°F and: the condensate return from the SSGS has a

Refer tO'Fig. 5 and Fig. 9 . The\following gsneral equat- ’

of condensate return
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Wy = W+ S ——(1).
- ar o ‘
W= W+ W, +S (3)
Wher:e W .and S are known
: L Lo : ‘(4).
Wy hwz w's hyg * .wf: \hwp + shg =

(3) X th and obtain: | “)

" (5) =(8) R ""\f
LW

Wy Uy - hwz>-w (hy - %“S(h@-h)

//%;\

~gmp=s R SR

?zw (h Nz"w ( hyp= bug)

()

W =Wy -W =S "(\Ixzz)

.%,

Results of calculations can be >5ferred to table 5 1

.'_,through table S 4. f S
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APPENDIX X

N -

B2l e Ll o g e

* BLOWDOWN SYSTEM CALCULATIONS

X.1 Sizing of blow - off tank . . l

* All calculations has.been<made in reference to

' [ :ngference'(HQI ‘)'Qéé) L R a

\:'. . .The following equations have been developed and used: *

«

IO s i et e e B,
. < . .

. . . . “ ; S * i) ‘. ' .
Sp% = 7—3537—9—. x 100 % (Xl ).

“we

L L. hnda o Wy = _%5 ST Rz )
‘ — . " R ) -0 4 ‘ . ]
L S - PR

. . .W‘ = WB.x SF_% | ‘::{ .x".l.j" )

I R € = U

e o
n
=

N - V2 - ( Xele§5 )
vw =, 2 X an . ' ) o ( X‘.1|6 )

R R I
p = | BAe . - ( X109 )

T
‘; N ! L = |T_.: l. \’ " . ‘ ( X.l.lO )
L '1 And the calculgted results are shown in table X.1.1
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.' _Xe2 Siziﬁg7o£ vent pipe and wa

teﬁ‘dischage pipe} .

"Eéuatibﬁs have been developed in the' followings L .

F - FB 'xﬁ.- d

o

“CORStFéinﬁl‘

'F “must"
ST S L
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_Reéultslof‘caléulatidnss
Dia, of vent pipe
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The amount of cold water required toqfool the blowdown
,"to 80°F can be calculated accordlng to the follow1ng

' , L ' developed formula:

Cee Mme T Feb o (gl
= —— o (x.3.1.) .
‘Resultsi - T L

ol - e

- Ghbc‘ O 23 calculited l Do

- o ) . ‘ o
R - o tmb'_ 80°F, assumed ’-.: . .
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N ‘ Refer to Fig; 10°

The following formula
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R T L ‘ (‘X.U.Bl‘)
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