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INTRODUCTION

In our time, the issue of the use of energy resources is acute in connection
with their exhaustion and low renewability. Coal, oil and gas are the main sources
of energy in our world, and only then are water resources and nuclear fuel.

Since fossil fuel is practically irreplaceable, we are increasingly thinking about using
unconventional energy sources, including nuclear power.

Nuclear energy has great opportunities for development in our country. With
such advantages as the high energy intensity of fuel, the possibility of its reuse, the
absence of the greenhouse effect, the nuclear industry has every chance of becoming
a leading energy sector.

The plant will consist of four VVER-1200 nuclear reactors, which are capable of
producing 1.2GW each. The first unit is expected to begin commercial operations in

2026, while commissioning of the remaining three reactors is scheduled for 2028.

The VVER-1200 reactor is a third-generation pressurized water reactor that is fully
compliant with all international safety and post-Fukushima IAEA requirements. It
Is designed to withstand the crash of a 400t airplane or earthquakes up to an intensity
of 9 on the Richter scale.

The purpose of this project is to design a nuclear power plant with an electric
power of 1200 MW. An important aspect of the project is the calculation of a nuclear
reactor for 4 loops. After a feasibility study, it is necessary to draw a conclusion

about the effectiveness of each case.
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1. Thermal calculation of the heating surface of SG.

1.1. Initial data.

Table 1- Initial data

Parameter Denomination, Value
units

Coolant water

Thermal power of reactor Q,, MW 3840
Thermal power of SG ng . MW 960

Coolant pressure at the inlet to the SG p,, MPa 17,64

Coolant temperature at the inlet to the SG t/, °C 328,9

Coolant temperature at the outlet of the SG t’, °C 298,2
Steam pressure at the SG p, Or p,, MPa 7,0

Steam temperature at the outlet of the SG t ort,,°C ts = f(py)
= 285,80

Feed water temperature t.,°C 200
Blowdown flow rate, % (as a percentage of mass Qg % 0.3

flow of steam)

Notes: -

= purpose is for the production of the saturated steam with natural circulation;

= Thermal circuit is Evaporator;

= Basic type is Steam Generator WWER, horizontal, U-shaped tubes.
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1.1.1. Calculation and construction of TQ diagram
1.1.1.1. Determination of coolant flow

To do this, use the heat balance equation of the steam generator (from the
coolant side)

ng = Gy (hin — hout)
Where: -
G, = is coolant flow rate, kg/s;

Qsg =is thermal power of the steam generator, KW.

It is determined by the thermal power of the reactor, taking into account the
number of loops;

h;, = f(P;, t1) is coolant enthalpy at the steam generator inlet, k] /kg;

hout = f(Py,t7) is coolant enthalpy at the steam generator inlet, k] /kg;

k
h;, = f(P;,t71) = (17,64 ,328,9) = 1504k_;

Kk
houe = f(Py, t7) = £(17,64,298,2) = 1326k_f];
960 - 10°
G = - = 5393,2 kg/s

hy, —hgy 1504 — 1326

1.1.1.2. Determination of steam flow rate

To do this, use the heat balance equation of the steam generator (from the
side of the working fluid)

Qsg = kni "Dy [(h" — hgy) + (B —h')] + Dpg - (h' — hgy,)
Where: -
D, = is steam flow rate from the steam generator, kg/s;
ky; = is coefficient that takes into account heat losses in the SG;
h'" = f(P,;) = is steam enthalpy at saturation temperature, k] /kg;

h' = f(P,;) = is steam enthalpy at saturation temperature, kK] /kg;

@DIOPA.562527.001 113
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hg, = f(P,, tsy) = is enthalpy of feed water, K] /kg;
Dpgq = (apq/100) - D, = is flow rate of blowdown water, kg/s.
ky = 1,02
h" = f(P) = f(7) = 2773 kJ /kg
h' = f(P,) = f(7) = 1267 k] /ke
hew = f(Py, trw) = f(7,200) = 855 k] /kg
Qsg = Kpi - D2 - [(h" = hgy) + (W —h")] + Dy - (h" — hgy)

)

100
960 = 2376,6 - D, + 1,236 - D,
D, = 403,72 kg/s

960 = 1,02-D, - [(1267 — 855) + (2773 — 855)] + (

0,3
Dbd = (abd/lOO) ' D2 = (m) ' 403,72 = 1,211 kg/S

1.1.1.3. Determination of feed water flow rate
Dfy = D, + Dpg = 403,72 + 1,211 = 404,93 kg/s
1.1.1.4. Building a tQ diagram

t

360
coolant - B
320 ant

i t' working fluid :
280 ELS
260 |
240
220
200 t',W

0 100 150 200 250 300 350 400 500 960

Figure 1: TQ-diagrams of the steam generator

AN = ' — ¢, = 298,2 — 285,80 = 12,4 °C

)-Dz - (1267 — 855)
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1.1.2. Choice of tube material, heat carrier collector and vessel

We will focus on the prototype. We accept the following steel grades: -
for heat transfer surface tubes — corrosion-resistant heat-resistant steel
08X18H10T;
for the heat carrier collector-heat-resistant high-alloy steel 10'H2ZM®A, clad on
the side washed by the heat carrier, steel 08X18H10T;
for vessel elements - 10TH2ZM®A.

1.1.3. Calculation of the wall thickness of the tubes of the heat transfer
surface of the steam generator
The thickness of the tube wall is determined by the conditions of sufficient
strength at the maximum operating temperature, taking into account corrosion
and technological factors. To calculate the nominal wall thickness of tubes, use

the formula

Pcaic - dout
5tube = +C

2- Q- [G] — Pcalc

Where: -
¢ = 1 is coefficient of strength (load factor);
Peaic = 0,9 - 1,25 - p,is the rated (design) pressure.
P.e = 0,9-1,25-17,64 = 19,84 Mpa

t+t 328,9+285,8 . . .
tiubemax = 12 = = . = 307,35°C is maximum operating temperature of

the tube wall, °C;

d,y: 1S the outer diameter of the tubes, mm. The value of the diameter of the tubes
Is 16 mm for horizontal WWER steam generators;

[o]is nominal stress design, Mpa.

¢ Calculate nominal stress design

This stress design is defined as the minimum of two values.
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6q O
[0] = min {—Sl; ﬁ}

Ng1 Ngo
Where: -

ng = 2,6 and ny ,=1,5 are relevant safety factors

= 0, is shakedown limit of the tube’s material at the design temperature t ., =
teube.max = 307,35°C, MPa;

" 0y, 1s yield point of the tube’s material at the design temperature t.,x =
trube.max = 307,35°C, MPa;

s From table 2 at a temperature of 307,35 degrees,
oq = 363 MPa ,0,, = 137 MPa

So, we will calculate stresses taking into account safety factors

— min {0st — 363 _ . 137 _
[c] = min {nsl == 140; T 91}

Compare the obtained values. Nominal voltage tolerance is equal to a lower value
[c] =91 MPa

= 08H18NI10T type steel is used for manufacturing steam generator tubes in Russia
(Table 2).

Table 2- Mechanical properties of steel 08X18H10T

teater °C 100 150 200 250 300 350
os, MPa 412 392 392 373 363 353
002, MPa 177 167 157 147 137 132

= C is an addition to the calculated wall thickness associated with a negative
technological tolerance, thinning of tubes during bends and as a result of
corrosion, mm.

C=C1+C2+C3+C4

Where: -

= (C, is minus technological tolerance, mm. Accepted according to the data from
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Table 3 for the precision manufacturing “high accuracy".

Pcalc - dout 19.84 - 16

= = =157
2-@-[0] + Peale 2-1-91+[19.84]

Stube —C

Table 3- Permissible deviations of tube sizes along wall thickness

The deviation value with precision manufacturing
Wall thickness, mm conventional high accuracy very high accuracy
accuracy
0.5...0.6 +0.1 mm +0.07 mm
0.7... 1.0 +0.15 mm +0.1 mm
1.0...3.0 +15% +125% +125%
>3.0 -10%

12
C1 = W -1.57 = 0,188 mm

= (, is increasing the calculated wall thickness to compensate for the impact of
corrosion processes, taking into account the service life of the steam generator.
For austenitic steels this correction is 0;

= (5 is the necessary increase in wall thickness for technological, installation and
other considerations of design and production enterprises, mm. for tubes, heating
surfaces, this correction is 0O;

= (, is adecrease in the wall thickness of tubes in places of tube bends, mm. It is
taken equal to the largest of the two values obtained by the formulas:

if [Seupe —C] < 0.75-1072-a

Cy = (Stube - C) :

if [Seupe — C] > 0.75-1072 - a
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b 2'(de)+1
Cs = (Brupe — O - 1-2.(1_100), out
out

Where: -
= Ry, isthe bending radius of the tube along the neutral line, mm;
Ry =(1,9...3,5) - dyyt = 2,3 dgyt @ Rp, = 2,316 = 36,8 mm

= ais ovality of the tube in the bent section, %; accepted a = 5...15 %; we take it
13%

= b is relative decrease in wall thickness in the stretched part of the bent section,
%. accepted

b = 10...30 % we take it 10%
0.75-1072-a=(0.75-1072) - 13% = 0.009 < [8¢ype — C]

So, we will used second formula

10
Cys =157 -|1-2- (1 ) . = 0,018mm

100

Then
C=0,188+0+0+ 0,018 = 0,207 mm
Otube — C = 1,57 = Stype = 1,57 + 0,207 = 1,77 mm

The tube wall thickness is rounded to the nearest higher value available in the tube
assortment (Table 4). Rounding to the lower side by an amount of not more than
3% is allowed.

Table 4— Parameters of corrosion-resistant steel tubes

Outer diameter, mm 12,13, 14, 15, 16, 17

tube wall thickness, mm 08,1.0,1.2,13,14,15,1.8

Sheet

@DIOPA.562527.001 113

Name

11

Sheet| M Document | Signature | Data




Then the internal diameter of the heat exchange tube will be equal:
din = dout — 2 * Stube
dij, =16 —-2-1,8 =12,4mm

1.1.4. Determining the number of tubes

G
N =—~——ncC.
tube Pavr'W-fitube P

Where: -

= (G, is coolant flow kg/s;
Pavr1S the average density of the coolant;
Pavr = f(P1, tigvr) = f(17.64,313,55) = 701,51 kg/m3

= w is the speed of the coolant in the tubes, m/s.
Accept in the range from 4 to 6 m/s; So, we take it 6 m/s

" fitupe IS Cross-section area of one tube, m2.

- d? 12,4 - 1073)2
flrube = 4‘“ =n-( 7 ) = 1,27 -10™* m?

Then

N 5393,2
tube ™ 701,51-6- (1,27 - 1074)

= 10529 pc

1.1.5. Calculation of heat transfer in a steam generator

1.1.5.1. Determination of average temperature head in a steam generator
_ Athigh - Atlow

nl——=—
Atlow

Where: -

Atpign is highest temperature head, °C

Atpigh = t; — ts = 328,9 — 285,80 = 43,10 °C
Aty lowest temperature head, °C

At = t7 —tg = 298,2 — 285,80 = 12,40 °C
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43,10 — 12,40 .
Atyyr = 2310 = 24,64°C
ln( :

12,40
1.1.5.2. Determination of the heat transfer coefficient from the coolant to the

tube walls.

This coefficient can be calculated from the average parameters of the coolant
p, and t; 4, Using the following equation

A
Ay gpr = 0,021 - ( Cll‘“”) - Regyy - Pro#®

in
Where: -

Viqur 1S @verage kinematic viscosity of the coolant, m?/s;
» 1,40 IS the average coefficient of thermal conductivity of the coolant,
= Pris Prandtl criterion with medium coolant parameters;

From f(plx tavg)

Table 5—characteristics of the coolant

Vi qur ,M2IS Mavr, W/(M.K) Pr

1,198 - 1077 0,5381 0,90

Re,yg is Reynolds criterion with medium coolant parameters.

re Wl 6-00124
Cavr = T 1,198 107

= 624110

Then

)

81
Oqayr = 0.021 - ( ) - (624110)°% . 0,90943 = 37.53 kW/m?°C

0,0124
1.1.5.3. Determination of the heat transfer coefficient from the walls of the
tubes to the working fluid.

The calculation of the heat transfer coefficient from the tubes to the working
fluid is carried out for two sections of the heating surface: inlet and outlet. The
procedure for calculating the heat transfer coefficient a,;, for the input section
is shown below. The calculation of the coefficient a,,,,; for the output section is

carried out similarly. Heat transfer from the wall to the working fluid in a
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horizontal steam generator occurs under boiling conditions in a large volume.
Therefore, the calculation method is interactive and consists of the following
steps:

we accept the initial value of the heat flux g;,, = 3 - 10°W/ma2 (for the output

section it is recommended to take g, = 6 - 10*W / m2);

calculate the coefficient of heat transfer from the tubes to the working fluid

10,45
3,3-0,0113:(ts—100)

- Qin®7, WI(m-C);

O2in =

10,45:(3:10%)°7

. = — . 3 2.0 .
X2in 3,3-0,0113+(285,80—100) 59,4 - 10% Wi(m=-°C);

= determine the average temperature of the pipe wall in the inlet section, °C
ttubein = ts + 0.3 - (tll — t5), °C;

teupein = 285,80 + 0.3 - (328,9 — 285,80) = 298,73°C

= we calculate the average coefficient of thermal conductivity of the pipe wall
in the inlet section using the approximation formula for steel 08X18H10T
Awalin = 14.48 + 0.0156 - tyypein, W/(m - 2C);

Awalin = 14.48 + 0.0156 - 298,73 = 19,14 W/(m - 2C);
= calculate the heat transfer coefficient

1

Stube 1 -1 .
+ +2-Rox+r] , W/(mz2-°C);
2in

O1avr Atube.in

Kip = [
Where: -

Srupe 1S the wall thickness of the tubes, m;
= R,, = 107> m-°C/W is the thermal resistance of the oxide film on stainless
steel tubes;

= ! 18 107 +2-1075 +
~137,53-103 19,14 59,4 - 103

= 6402,4 W/(m? - °C)

kin

= calculate the heat flow

qi'n = kin ’ (tl’ _ts) , Wim2;
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qj, = 6402,4-(328,9 — 285,8) = 2,75 - 10°W/m?

= let's compare the found heat flow q;,, with the one set earlier g;,,.

If the condition 0.95 < % < 1.05 is met, the calculation ends. If the

din

condition is not met, the calculation continues and the value is taken g;,, as
the new value q;,,.

(qin) _ 2,75-10°
Qiu  3-105

= 0,92

the condition is not right,
second try
Qin = 2,75+ 10° w/m?

10,45-(2,75:10%)07
3,3-0,0113-(285,80—100)

= 55,8 - 103 W/(m2-°C);

A2in =

R
~137,53-103 19,14 55,8 - 103

= 6359,4 W/(m? - °C)
q., = 6359,4 - (328,9 — 285,8) = 2,75 - 105W/m?

Qi) _ 2,75-10°
Qin  2,75-105

kin

the condition is right.
= Repeat the calculation of heat transfer (otour qourr Kout) fOr the output
section of the steam generator.

< We assume first value for gy = 6 - 10°w/m?

o _ 10,45
20ut ™ 33_0,0113-(ts—100)

’ qout0'71 W/(mz'oc);

o . 10,45:(6:10%)%7
20ut ™ 33_0.0113-(285.8—100)

= 96,48 - 103 W/(m2-°C);
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= determine the average temperature of the pipe wall in the inlet section, °C

tebe.out = ts + 0,3 - (t1 — t5), °C;
tebeout = 285,8 + 0,3 - (298 — 285,8) = 289,52°C
Awalin = 14,48 4+ 0,0156 - tiypeout: W/(M-°C);
Awalin = 14,48 + 0,0156 - 289,52 = 19 W/(m - 2C);

= calculate the heat transfer coefficient

-1
Koue = |—— + 222 +2-R0X+$] , W/(m2-°C);

Qiavr Atube.in

Kout = = + 18107 +2-1075 + B
out 137,53 - 103 19 96,48 - 103
= 6648,1 W/(m? - °C

= calculate the heat flow
qt,)ut =Koy - ("~ 1), W/M2;
qQout = 6648,1-(298,2 — 285,80) = 2.86 - 10> W/m?
= |et's compare the found heat flow qg,,; with the one set earlier qt.
Qbut  2,86:10°

dowe 6105 0,48 the condition is not right
out '

Second try
Qour = 2,86+ 10° W/m?

_ 10,45:(2,53-105)%7 103 2.0
azout_3,3—0,0113-(285,8—100)_57'51 107 Wi(m=°C);

= calculate the heat transfer coefficient

SRR S
37,53-103 ' 19 57,51 103

= 6351,5 W/(m? - °C

kout =

= calculate the heat flow

q(,)ut = kout ) (tul_ts)l W/m21

@DIOPA.562527.001 113

Name

Sheet| M Document | Signature | Data

Sheet

16




qlur = 6351,5-(298,2 — 285,8) = 2,73 - 10° W/m?
= |et's compare the found heat flow q;,,; with the one set earlier qt.

/4 . 5
Gour 2898 _ 0,955 the condition is right
dout 2,73-10

1.1.6. Calculation of the average overall heat transfer coefficient
After completing the heat transfer calculations for the input and output sections,
you can calculate the average heat transfer coefficient k., For this, the values

of k;,, and k,,,, are compared.

If Kin—Kout < 0’25’ N w — 0'0012 < 0.25
out 6351,5
Then
(Kiy + Koy)  6359,4 + 6351,5
kavr = 2 = 2 - 6355,5 In2 . QC

1.1.7. Determine the area of the heat exchange surface

ksf ) ng

F=_—> <%
kavr ’ Atavr

Where: -

= kgr=1,05.. 1,10 is the safety factor for taking into account deposits and
plugged tubes; We will take k=1,05.

» kg, Isthe average heat transfer coefficient,
" (g is thermal power of the steam generator KW;

= At,,, IS average temperature head in the steam generator,

1,05 (960 - 10°)

— 2
63555 . 2464 _ 043624m
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1.1.8. Calculate the average length of one tube of the steam generator
ke - F
- davr * Ntube

lEIVI‘ -

Where: -

d . 1S the average diameter of the heat transfer tubes, m;

dayr = 0.5+ (dout + din) = din + Otupe
_ 16 + 12,45

avr —
2

= 14,23 mm

" Niupe IS NUmMber of tubes in the steam generator.

L 1,05 - 6436,24
AT . 0.0142 - 10529

= 14,37 m

1.2. Design calculation of horizontal SG of saturated vapor with U-shaped

tubes

1.2.1. Basic data for the calculation.

» G, and D, is mass flow of coolant and working fluid, kg/s;

" DPiaves t1avr - @verage pressure (MPa) and coolant temperature (°C);

* p, is working medium pressure, MPa;

= DU, is internal diameter of the collector, m;
DI =0,75...0,85 m we take it =0,80 m

= S, is step between the holes along the height (vertical);
$,=10,022...0,025 m we take it 0,023m

= S, is step between holes along the circle (horizontal);
S,=10,024...0,030 m we take it 0,025m

= d2%. - outer diameter of tubes, m;

* lwupe IS average length of tubes, m;

= arrangement of tubes is corridor;

= collector material is steel 10’ H2M®A.

@DIOPA.562527.001 113

Name

Sheet| M Document | Signature | Data

Sheet

18




1.2.2. Calculation of the wall thickness of the collector, m

in
P1calk Dcol
2 (P[G]lcalkmin ~ Picalk

5c011 =

Where: -
P1calk IS the rated pressure, MPa;
Picalk = 0;9 : 1;25 *Piavr = 0,9 . 1,25 ‘P11 = 19,84 MPa

» [o] = 215 MPa is nominal stress design for steel 10'H2M®A;
©min 1S Minimum coefficient of strength.

Let’s accept the smallest value of

— Sl_dglllllge — 2'(52_dglill§e
(== ¢ and @ = —— —==
s; —d%ut 0,023 -0,016
= = = 0’30
P1 s 0,023 m
_2: (s - dib) _2-(0025-0016) _
¢z S 0,025 ‘
SO @min = @1 = 0,30m
Then
o __ 194.080 .
ol =27030-215—19,84 0

1.2.3. Outer diameter of the collector, m

out _ nin
Dcol — Yecol +2- Scoll-

DO =080+ (2-0,143) =1m

col

1.2.4. Recalculation of step s on to the outer diameter (Fig. 2),_.m

oult
— . —co
Sz2out = S2 Din1

co
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S 2out
Figure 2. Fragment of the wall of the collector.
0,025 < ! ) 0,03
S =0, . = 0,03 m
2out 0,80

1.2.5. The length of the arc along the circumference of the collector occupied
by tubes of the upper row, m
Ley=m-D%'=m-1=341m

col —

1.2.6. Number of tubes in the upper row, pcs.
L 341

N = = ~ 100
tubel Szout 0’03 m

1.2.7. The maximum width of the tube bundle at the level of the upper row of
tubes (taking into account 3 vertical corridors), m

max __ . .
Bbund - Ntubel S20ut + 3 Bcor

where B,,, = 0,15...0,2 m is width of vertical corridors. We take it 0,15 m

B2, = (100-0,03) + (3-0,15) = 3,86 m

1.2.8. Width of the heat exchange tube bundle package, m

B _ Blr)qlari(d — 3" Beor
pack — 2
5 _ 3,86 — (3-0,15) .
pack — 2 =L5L/1m
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1.2.9. The distance between the axes of the collectors, m
Bgac =2+ Bpack + 2 Beors

Bgac = (2-1,71) +(2-0,15) = 3,71 m
1.2.10. Width of submerged perforated plate (PP), m
Bpp = (1,05...1,1) - Biig,

Bpp = 1,1 BI3 =1,1-3,86 = 425m

1.2.11. SG vessel width at level perforated plate, m
Bvespp = Bpp + 2 Bgap

where By,, = 0,15...0,25 m is the width of the passages (the distance between the
PP and the walls of the SG housing) for the flow of water, m. we take it =0,15 m

Byespp = 425 + (2-0.15) = 4,55 m

1.2.12. Height of the location of the submerged perforated plate relative to the
horizontal axis of the PG vessel, m

hpp = ho + h1 - th
Where: -

* h,=0,2...0,35 m is height of the arrangement of the upper row of tubes
relative to the horizontal axis of the SG; we take it 0,25m

» h; =0,2...0,35 m is the height of the location of the weight level of water
above the upper row of tubes; we take it 0,25 m

* h,; = 0,1 mis height of the weight level above the submerged perforated
plate.

hpp = 0,25 + 0,25+ 0,1 = 0,6 m

1.2.13. The distance of the lower row of pipes of the heat exchange surface
from the lower generatrix of the steam generator vessel.
Take equal hg;- = 0,08...0,120 m.
hdlr = 0,10 m
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1.2.14. Internal diameter of the steam generator housing, m

Dyesin = \/4 : hpz)p + B\Zzes.pp

Dves.in = \/(4 : 0:62) + 4,552 = 4,70 m

1.2.15. Area of the evaporation surface, m2

Fes = Bves.pp *liubes

Fos = 4,55 - 14,37 = 65,32 m?
1.2.16. Superficial steam velocity, m/s
D,
Fes - p/2/

n o __
WO_

Where: -

= p; is density of saturated vapor at the pressure p, of the working fluid, kg/m3.

pz; = f(pz) = f(7) = 36,52 kg/m?
403,72
65,32 - 36,52

1.2.17. The true volumetric vapor content in the water layer above the
submerged perforated plate, m

"
Wy

= 0,209 m/s

Ppub = w{ + (0,65 — 0,039 - p,)
) 0,209
Pbub = 5,209 + (0,65 — 0,039 - 7)

= 0,36 m

1.2.18. Actual (real) water level above the submerged perforated plate, m

hWl

Npeg = —————
real ™ (1 — Ppup)

)

h =— =901
real (1 — 0,36) ,16 m
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1.2.19. Height of steam volume, m
Dyes.in
hgy, = s (hpp + hreal)-
4,70
2

1.2.20. Characteristics of steam outlet nozzles

hg, = — (0,6 +0,16) = 1,60 m

weight
water level

actual (real)
water level

Figure 3. To determine the main layout dimensions
horizontal SG
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Coolant inlet Coolant outlet
a) b)

Figure 4. Exterior (a) and cross section (b) of a horizontal steam generator:

1 - vessel; 2 - steam outlet nozzles; 3 - steam pipes; 4 - steam collector; 5 - input
collector of the coolant; 6 - output collector of the coolant; 7 - pipe feed water
= Steam outlet nozzles 2 are used to divert the generated steam from the steam

generator. They are located in pairs in the upper part of the housing 1. Two
nozzles are located in the same sections as the coolant collectors (5 and 6).
Steam exhaust nozzles are connected to steam pipes, which are combined by
a common steam collector 4.

1.2.20.1. The inner diameter of the steam outlet nozzles d,,,i, can be
determined from the following continuity equation
m-d? D,

N noz.in _
noz Whoz =

4 n
Where: -

" N,o; = 8...10 pc. is number of steam outlet nozzles; take it N,,, = 10 pc
Wpoz = 30...40 m/sis steam speed in steam outlet nozzles; take it w,,, = 35 m/s
= D, is mass flow of steam, kg/s;
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» p, is density of saturated steam at the pressure p,, kg/m3.

N ) - drzloz.in . _ E
noz 4 noz p”
4in — 4D,
noe Nnoz cTC- p" *Whoz
o _ | %40372
noz = 170 w-3652-35

1.2.21. Characteristics of the feed pipe

1.2.21.1. The inner diameter of the feed pipe can be determined from the
following continuity equation_dg, ;,

2
- dfiyin _ Dw
CWhy = —
4 Ptw

Where: -

" wg, = 4...5 m/s is feed water speed in feed pipe; we take it 5 m/s
» Dy, IS mass flow of feed water, kg/s;
" py IS density of feed water, kg/ms.

prw = f(P2, tay) = 868,75 kg/m®

4Dgy

T Prw * Wew

o | 4049957
tw= [7786875.5 0™

1.3.  Mechanical calculation of horizontal SG of saturated vapor with U-shaped

in _
fw —

tubes

The purpose of the mechanical calculation is to calculate the static strength of the
main elements of the steam generator and determine the wall thickness of these elements.

A full mechanical calculation includes the calculation of the following elements:

= calculation of heat transfer tubes;

= calculation of coolant collectors;

= calculation of the steam generator housing

The mechanical calculation of heat transfer tubes was carried out in section 1
"Thermohydraulic calculation”. The mechanical calculation of the collectors was carried
out in section 2 "Design calculation”.
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The mechanical calculation procedure for the steam generator housing is given
below.

= Calculation of the SG vessel

The vessel of a horizontal steam generator (Fig. 3.1) is a thick-walled vessel of
large diameter. It consists of a central shell 1, two side shells 2 and two bottoms 3. All
elements are connected to each other by welding.

3 2 1 . 2 3
ro ,,f“\ ll/]l”l{lfW /i /jl///

4

Figure 5. Longitudinal section of a horizontal steam generator:
1 is central shell; 2 are side shells; 3 are bottoms; 4 - input collector of the coolant; 5 - output
collector of the coolant

1.4. Calculation of the wall thickness of the shell
1.4.1. Calculation of the wall thickness of the side shell

The following formula should be used to calculate the nominal wall thickness of
the side shell (&)

Pcalc Dves.in

0 = + C
ve2. (O [o] — Pcalc

where; -

Opss 1S 1IN M;
Dyesin 1S Internal diameter of the steam generator vessel, m. It is calculated
in the section "Design calculation of the steam generator";

= ¢ is coefficient of strength (load factor). Side shells do not have large
diameter holes and therefore this coefficient can be taken ¢ = 1;
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Peaic 1S the rated (design) pressure, MPa;
Peaic = 0,9-1,25-p, =0,9-1,25-7 = 7,87 Mpa

tSyss.max 1S Maximum operating temperature of the side shell, °C;
= Cisincrease to the nominal thickness of the shell and bottom of the vessel.

This increase is assumed to be equal to:

C=1 mm with a wall thickness less than 20 mm:;
C=0 with a wall thickness of more than 20 mm.

» [o]is nominal stress design, MPa;

Calculate nominal stress design

This stress design is defined as the minimum of two values.

[6] = min {@; E}
Ng]  Np.2

Here ng=2,6 and n, ,=1,5 are relevant safety factors

o5 1s shakedown limit of the tube’s material at the design temperature t.,;; = ts,
MPa;

09 2 1s yield point of the tube’s material at the design temperature t 4, = ts, MPa;
= 10IH2M®A type steel is used for manufacturing steam generator vessels
in Russia (Table 6).

Table 6- Mechanical properties of steel 10'H2ZM®A

Lo °C 100 150 200 250 300 350
O, MPa 510 510 510 491 471 491
Gy, MPa 323 314 304 304 304 294

[0] = mi {481 = 185 304 _ 202 67} = 185 MP

0| = min T P T = ) = a
7,87 - 4,70

Oyss = +0=0,102m = 105mm

2-1-185-7,87
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1.4.2. Calculation of the wall thickness of the central shell

The following formula should be used to calculate the nominal wall thickness of

the central shell (vcs)

Pcalc'Dves.in
§yes = DealeDvesin 4 ¢
ves 2-@-[0]=DPcalc

The values of all variables in this formula can be taken as for the side shell with
the exception of the coefficient of strength ¢.

L axc

vessel axis

Fig. 6. To the calculation of the strength coefficient

In the central shell there are 4 large-diameter holes for the passage of coolant
collectors. Therefore, the coefficient ¢ = min{e,, ¢,, @3} is defined as the
smallest ¢ = min{p,, @,, @3} of the three values ¢;, ¢, and ¢. The formulas
for calculating these coefficients are given here.

out
2'Laxc_Dcol

(pl - Z'Laxc
® _2'(2'Bdac_Dgglt
? 2 - Bdac
;_Deor 1
Laxc V1 + m?

¢33 =

m? \?
1 - 0.75 ¢ (m)
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Where: -

Opes 1S 1IN M;
B, 1 the radial distance between the axes of the collectors, m.
L, 1S axial distance between collector axes, m;
Loxe = 2+-D2% =2-1,086 = 2,17 m
_ Bgac 3,71

=2 =171
Loee 217 m

so ¢, =0,75,¢p, =0,71,¢p; = 0,98

m

@ = min{p;, ¢, @3} = ¢, =071

7,87 - 4,70

5. = — 0.146m ~ 145
ves = 57071 -185 — 7.87 m mm

1.5. Calculation of the thickness of bottom

__ DPcalk'Dyes.in . Dyes.in

6b0t - 4-¢-[o] 2-h

where: -

" Spor ISINM;
= his height of the bottom, m.
h

It can be calculated from relation > 0,2. Then we take h =

ves.in

0,94 m

= ¢ = 1is coefficient of strength.

5 _7.87-470 4,70
bot ™ 4.1.185 2-0,94

1.6. Hydraulic calculation of the steam generator
The purpose of hydraulic calculation of the steam generator is to determine
the pressure loss when the coolant moves in it
The steam generator is connected to the reactor by main circulation pipelines.
The coolant enters the inlet collector from the hot circulation pipeline. Then the
coolant is distributed through the heat exchange tubes, passes through them and is

collected in the output collector. From the output collector, the coolant goes to the
cold circulation pipeline

=0,125m
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= The hydraulic resistance of the horizontal steam generator along the coolant

collectors

e

Figure 7. Flow diagram of the coolant circulation in a horizontal steam generator

3 < tube

) ko

path can be represented as follows
Aps = Apcolin + APcolout T APtube;

Where: -

"  ApcoLin @Nd  Ap.orout @re hydraulic resistances of the input and output

collectors;

acceleration Ap,.c

= Static pressure differences and losses from flow acceleration can be
ignored, taking into account a small change in the temperature and density

friction pressure losses Apg,

local pressure losses Apjqc

= static pressure differences A and pressure losses due to flow
pcpd

Ap; = Apgri + Apioci + Apcpd.i + APaccis

of the coolant in a steam generator with a water coolant.

=  Then formula will be

Ap; = Apgrj + APioci

1.6.1. calculate the friction pressure losses

Where: -

L is plot length, m;

2
Pavr W

Ape = L
pfr_Efr dh 2

= d,, is characteristic size (hydraulic diameter), m;

" p,yr IS the average density of the coolant in the SG, kg/ms;
= w is the characteristic velocity of the coolant, m/s;

= & Is coefficient of friction;
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& = 0.11 - [(dﬁh) N (g)]ozs

= A is absolute surface roughness, m.
For collectors made of perlite steel A, <0.1-10° m;

For tubes made of austenitic steel A;,,e<0.05-102 m;

= Re is Reynolds number;
w - dh

Re =

Vavr

v,yr IS the average kinematic viscosity of the coolant in the SG;
= Lifting movement of the coolant in the inlet collector (from section A-A to

point 1)

d, = DI, = 0,80 m

col

Dyesin  4.91
L=~ — = =2
> > ,35m
4G as32
Wein = o dZ  n 662340802  [o2tm/s
we. -dy 16,21 - 0,80
Re =—<in M _ ~ 10,83 - 107

Vaor | 1.2-1077

o [(2L 20T ( o8 ) o 0,0116
=0 0,80 10,83 - 107 v

235 7015116212
0,80 2 - o X

= Movement of the coolant in heat exchange tubes (from point 1 to point 3)

Aps, = 0,0116 -

dy, = di, = 12,45 -1073m
L =l = 1437 m
 Wepe dn 6 (12,45-1073)

Re = = = 6,24 -10°
T v 1,2- 107
oqr. |(205 107 ( o9 ) o 0,0279
i = 0. 12,45 - 103 6,24 - 10° Y
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14,37 701,51 - 62

Apg = 0,0279 - . = 406,25 kP
Pir 12,45 - 103 2 a
= Downward movement of the coolant in the output collector (from point 3 to
section B-B)
d, =D, =1,08m
DVes in 4170
L = — = = 2,35
2 2 o
__ 4G 453932
Weout = 3 po— a2 m.73407 1,082 L 062m/s
w -d 14,62 - 1,08
Re = —cout "I _ ~ — 13,26 - 107
Vaur 1.2-1077
0,1-1073 68 025
=01\ Tgos )t (13 26 - 107) = 0.0108
2,35 701,51 - 14,622
Apg. = 0,0108 - = 1,75 kPa

1,08 2

1.6.2. calculate of local pressure losses

2
Pavr =W

Apioc = &loc >

Where: -
= &¢I local resistance coefficient.

= Inlet of the coolant to the tubes from the collector (point 1)
€loc = 0,5

701,51 - 62
Apjoc = 0.5+ ————= 63 kPa

= Qutput of the coolant from the tubes to the collector (point 3)

€loc = 1

701,51 - 62
Apioc = 1+ —5—— = 12,62 kPa

Then

Apeor = 3,15 + 406,25 + 1,75 + 6,31 + 12,62 = 430 kPa = 0,430 MPa
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1.7. Calculation of separation in a horizontal saturated steam generator

Modern horizontal saturated steam generators do not have louver separators and
the main method of steam dehumidification is gravity separation in the steam
volume. Therefore, the purpose of calculating separation in a horizontal steam
generator is to estimate the humidity of steam in front of the steam receiving
ceiling, which is located at the top of the steam volume

i evaporation surface

I”’/‘ As‘
s\

T O o T o O e T T e T T I T
i QQO00000Q0DB
QQ0 QOb

1
) 9 !
y_._L._. | _ 4888 _ . _._._.°® -3 G . Y
/_‘_ 28°
; 1 ©
1
1
1
1
1
1
1
1
1
1
1

o

P

Figure 8. To the calculation of separation
1 is vessel; 2 are tubes; 3 is submerged perforated plate; 4 is steam-receiving perforated plate

1.7.1. Determination of the area steam-receiving perforated plate

F A lyyr M?

spp — Ospp

Where: -

Agpp Is width of the steam-receiving perforated plate m?

2

D
Aspp = 2 \/( V;S'm) - (hspp)2

" hgp
the SG vessel, m.

D _ 0:80Dves.in

hopp = (0.8...0,85) - =22 > hypp = ——— ¥ = 1,88 m

Is height of the steam-receiving perforated plate relative to the axis of
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2

4,70 ,
Agpp =2 (T) —(1,88)2 = 2,82 m

Fspp = 2,82 - 14,37 = 41 m?
1.7.2. Distance (height) from the evaporation surface to steam-receiving
perforated plate

Hg = hspp - hpp — hpeqp, M

Where: -

= hpp is height of the location of the submerged perforated plate relative to
the horizontal axis of the PG vessel.
h,.4 IS actual (real) water level above the submerged perforated plate.

Hy=188-06-0,16 =1,13m
1.7.3. Steam velocity before steam-receiving perforated plate

D, 403,72

Wspp T R T 3652 41

=0,34m/s
Spp

1.7.4. Determining the critical height of the steam volume

HE = 0.087 - [wg - F(p)]*2
Where: -
pn .(p/)2]025

F()=3,45-103-[ﬁ
P (' — p")S

Where: -

p"= 36,52 kg/m?3 is vapor density at saturation at pressure;
p'= 739,72 kg/m3 is water density at saturation at pressure.

36,52 - (739,72)2 1%%°

F(p) = 3,45 - 103 -
(p) (739,72 — 36,52)6

= 12,37
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HSY = 0.087 - [0,209 - 12,37]*3 = 0,30 m

1.7.5. Steam moisture at the top of the steam volume

= H, > HS,
Then
2,76
Y=M-10"* -—(ngz)_g, ,
Where: -

= M is a pressure dependent coefficient.
M = 2,05 — 3,049 - p, + 0,9614 - p3;
p, in MPa.
M = 2,05 — (3,049 - 7) + (0,9614 - 72) = 27,82

(0.209)276

53— = 281107 = 0.00281%

Y =(27,82-107%) -

The found value Y should be compared with the maximum allowable
moisture Y. = 0,2 % at the exit of the steam generator.

The following condition must be met Y < Y.
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1.8. Calculation of thermal insulation of the steam generator

Thermal insulation of the steam generator is used to reduce heat loss to the
environment during operation of the power unit. Thermal insulation is also
necessary to protect personnel from burns in contact with a hot surface.

As a thermal insulation material for the NPP steam generator, you can use
mats of the MTP-as brand made of super-thin glass fiber.

Fig. 9. Design scheme of single-layer thermal insulation with a coating layer: 1 is thermal
insulation; 2 is vessel of SG

Several methods for calculating the thickness of the thermal insulation layer
exist depending on the purpose of thermal insulation, namely:

= Dy the set temperature on the surface of an isolated object;

= for a given heat flux density;

= according to the set speed of cooling or heating of substances in
containers, etc.

We will use the first method for calculating the thickness of the insulating
layer of a steam generator.

The temperature on the insulation surface t;,¢ is assumed to be equal:
= for insulated surfaces located in closed rooms 45 °C;
= in the open air 60 °C with a plaster protective coating and 50...55 °C
with a metal coating.
The thickness of the heat-insulating layer, providing a given temperature on
the surface of a single-layer insulation, is determined by the formulas:
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+ for flat and cylindrical surfaces with a diameter of 2 m and more

}\ins ’ (tsur - tins)
Qout - (tins - tamb)

6ins =

Where: -

" §insiS the thickness of the insulation layer, m
» d;, IS outer diameter of insulation, m
= d,,IS diameter of the external insulated object, m
dout = Dyes.out = Dyesin + 2 Oyss

dout =470 +(2-0,102) =491 m
"t IS surface temperature of the insulated object
teur = ts = 313,55 °C
" t.omp = 20...25 °C Is the temperature of the ambient air
(environment); take 23°C.
" Oyt = 6...10 W/(m2-K) - coefficient of heat transfer from the
insulation surface to the surrounding air; take it 8 w/(m? - K).
" A, IS coefficient of thermal conductivity of the insulation layer,
W /(m - K). It determined by the formula
Ains = 0.0002 - t5 + 0.036 for super-thin fiberglass mats;
Ains = 0.0002 - t27 + 0.036

tT = 0.5 (tgyr + tins) = 0.5 - (313,55 + 45) = 168,2°C

s

Ains = (0.0002 - 168,2) + 0.036 = 0,070 W/(m - K).

~0.070 - (313,55 — 45)
ins — 8- (45 — 23)

= 0,106 m = 106 mm

Sheet

@DIOPA.562527.001 113

Name

Sheet

Ne Document | Signature | Data

37




2. NPP CALCULATIONS

2.1.
calculation.

Table 7— Initial Data

N, , MW 1200
Py,MPa 7
t,,°C 285,80
P.,kPa 4
Superheater double-stage
trw,°C 200
P;,MPa 0,7
n HPH -
n MLPH

2.2. Calculation part of the work

Determination of the composition and parameters of the designed turbine
installation of the power unit.

Feedwater regenerative heater

Low pressure regenerative heater

2.2.1 Main condensate temperature at the inlet to the deaerator t,,.
tmc = td - Atd
Where: -

= ¢, IStemperature in deaerator

= At is deference temperature and it between At; = 12 + 15 °C
assume Aty = 12 °C

tq = f(pa) = £(0,7) = 165 °C
tme = tqg — Aty = 165 —12 =153 °C

Initial data of term project on “Nuclear power plants” for thermal
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2.2.2. Main condensate temperature after seal coolers and ejector
temperature tge
tese = te + Atcse

Where: -

= ¢, is final temperature
At_s15 and it between At ;, = 3 + 5°C
assume At.q, = 3,5°C

t. = f(p.) = £(0,004) = 29 °C
tese = bp + Atege = 29 + 3,5 = 32,5°C

2.2.3. Temperature rise after each low-pressure heater At;py = 25 +
35 assume AtLPH = 310C

A _ tme — Lese
by = — ——
LPH

= where n;py NUmMber of low-pressure reheaters,
tme — tese 153 — 32,5

TwPH = A 31
Real temperature rises after each heater
te — t 153 - 32,5
Aty py = — = = 30,1°C

Nipy 4

= Closed type

tsj = tyj + Orpy; Puj = [(Ls)
where 8 = (1 + 2) is subcooled temperature in reheater, assume 1,5°C
thj = thjr1 + Alppp: Pexj = (1,02 + 1,05)py;; assume = (1,04)
closed

tHS = tHCSG + AtLPH = 32,5 + 30,1 = 62,6 °C

Sheet

@DIOPA.562527.001 113

39

Name | Sheet | MNe Document | Signature | Data




tSS = tHS + QLPH = 62,6 + 1,5 = 64,1 °C- Pus = f(tSS) = f(64‘,1)
= 0,024 MPa

Pexs = (1,04)pys = 1,04 - 0,024 = 0,025 MPa
closed
tH4- == tHS + AtLPH = 64‘,1 + 30,1 == 92,7 °C

tsa = tya + Opy = 92,7 + 1,5 = 942 °C - pyy = f(ts4) = f(94.,2)
= 0,082 MPa

Dexa = (1,04)py, = 1,04+ 0,082 = 0,085 MPa
closed
tH3 == tH4 + AtLPH == 92,7 + 30,1 = 122,83 °C

t53 == tH3 + HLPH == 122,83 + 1,5 == 124‘,3 °C - Pu3z = f(tSB) = f(124,3)
= 0,227 MPa

Pexz = (1,04)pys = 1,04- 0,227 = 0,237 MPa
closed
tH2=mc == tH3 + AtLPH == 122,83 + 30,1 = 153 °C

tSZ = tHZ + QLPH = 153 + 1,5 = 154,5 OC - pHZ = f(tSZ) = f(154‘,5)
= 0,536 MPa

Pexz = (1,04)py, = 1,040,536 = 0,557 MPa

Table 8— Low pressure heater parameters

Type NO tyj,°C tsj,°C Puj,MPa Dexj » MPa
CL 2~mc 153 1545 0,536 0,557
CL 3 122,83 124,3 0,227 0,237
CL 4 92,7 94,2 0,082 0,085
CL 5 62,6 64,1 0,024 0,025

cse 325 - -

2.2.4. Condensate pumps pressure pg,
" Pep1 =4+ 5bar, assume 4,5 bar (0,45 MPa)
Pep2 = (1,1 + 1,4)p, , assume 1,35 py
Pepz = 1,35(pg) = 1,35(0,7) = 0,945 MPa

High pressure feedwater regenerative heater
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2.2.5. Temperature of feed water pump tg,,,,

Lrwp = f(ppr 'hpr)?

Where: -

So,

" DPrwp IS pressure of feed water pump
= hgy,p is enthalpy of feed water pump
Prwp = 1,25 ;1,3 py = 1,25p,

Prwp = 1,257 = 8,750 MPa
hpr == hél + Ahpr ;

» hjis enthalpy of water in deaerator

ha = f(pa) = 697,1 k] /kg
. Ahpr

Ahgyyp = v+ (ppr - pd) ;

= v isspecific volume
v = f(pg) = 0,001108 m3/kg

Ahy,,,, = 0,001108 - (8750 — 700) = 8,9 kJ /kg

hpwp = 697,1 + 8,9 = 706,1 kJ /kg

thp = f(hWpJ hpr) = 166 °C

2.2.6. Temperature rise after each high-pressure heater Atypy = 25 +
35 assume Atypy = 34°C
try — t
Atypy = Jw_Twp
ZHPH

» Where zypy number of high — pressure reheater
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thw ~ twp _ 200 -166
Atypr 34

= Real temperature rises after each heater
trw — trwp _ 200 — 166

ZyPH 1

7 =

AtHPH = = 340(:

» Closed type

:

Ls

ts =ty + Oupy; Py = f(Ls)
where 8ypy = (3 + 5) is subcooled temperature in reheater, assume 4 °C
tyj = tyji1 + Alpph; Pexj = (1.02 + 1.05)py;; assume (1,04)
closed
tyr = trwp + Atypy = 166 + 34 = 200 °C
tey =ty + Oypy = 200 + 4 = 204°C = pyyy = f(ts) = f(204) = 1,689 MPa
Pexi = (1,04)py; = 1,041,689 = 1,757MPa

Table 9— High pressure heater parameters

Type NO tHj ,°C tsj ,°C Puj MPa Pexj » MPa
CL 1~fw 200 204 1,689 1,757
fwp fwp 166 - - -
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2.3. Parameters at the turbine entry

The steam pressure before the nozzles of the HPC is less than before the turbine:

Throttle valve which keeps enthalpy constant but make some pressure losses 3+5%

of po

Po’ = Po(0,95 + 0,97) = p, (0,95) = 7(0,95) = 6,650 MPa

Steam parameters at 0’

Table 10— Steam parameters (0”)

po’ , MPa 6,650
hy' = hy , kK /kg 2773
tor = f(por, hyr),°C 2824
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sof(py, h) , K/ (kg°C) 5,83230

Calculation of processes

I will use two turbines of type k-600-23,5

2.3.2. For HPC (High Pressure Cylinder)
with absolute internal efficiency ndf¢ = 0,77

Isentropic process 1% extraction where p; = pex; = 1,756 MPa,
from Table 9

So' = S1¢ = 5,83230 kJ/(kg°C)
hi = f(p1.sy) = £(1,7566,6,5,83230) = 2585 kJ /kg
HEPC = hy — hyy = 2773 — 2585 = 243 k] kg
HIFPC = gPC . n APC = 243.0,77 = 188 k] /kg
h, = hg — H'P¢ = 2773 — 188 = 2585 kJ /kg
s; = f(py.hy) = £(1,756,6 ,2585) = 5,94627 kJ /(kg°C)
t; = f(py.51) = £(1,756,6 ,94627) = 206 °C

Exhaust steam quality from HPC x"P¢ = f(t,.h,) = f(165,2468) = 0,85730
which is allowable

2.3.3. Properties of superheating system

2.3.3.1. Separation
ps = 0,7 MPa

Pressure losses in separator is about 5 %
ps = (1 —0,05)ps = (1 —0,05)-0,7 = 0,665 MPa

Enthalpy after separation h
hy = f(py.x =1) = f(0,665.x = 1) = 2761 k] /kg
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2.3.3.2. Superheating parameters
double-stage reheater l
2

SHI1 b1 |SH

——/l/ Pshi /Iﬁw

' tShli tsh2 DsH

Pressure losses in superheater pgy is about 95% of p
psy = (0,95)py = (0,95) - 0,665 = 0,632 MPa

= Aty = 15 =+ 20°C for the first stage, assume 15 °C
= Atg = 10 =+ 15°C for the second stage, assume 15 °C

Where 15t stage is heated from extraction from HPC and 29 stage is heated from
fresh steam

Sh2

tspr = t, — Atg = 285,8 — 15 = 271°C ;

Psnz = f(tsnz) = f(271) = 0,632 MPa
Enthalpy of steam after second superheater hg;,,

hspa = f(Psu-tsn2) = £(0,632,271) = 3000 kJ /kg
From enthalpy equality the enthalpy rise is equal in each heater Ahg
hsh —hs 3000 — 2761
2 2

2.3.4. For LPC (Low Pressure Cylinder)
Parameters at the LPC entry

Ahg = =120kJ/kg

The steam pressure before the nozzles of the LPC is less than after superheater:

Throttle valve which keeps enthalpy constant but make some pressure losses 3+5%
of p,
Psy’ = Psy(0,95 +0,97) = pgy - (0,95) = 0,632-(0,95) = 0,60 MPa

At LPC Exhaust p.s = (1,03 + 1,05)p, = 1,03 - p, = 1,03 - 0.004 =
0,0041 MPa
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Steam parameters at 0’

Table 11- Steam parameters (0’)

Psu’» MPa 0,60

hsyr = hgy,, K] /kg 3000

tsy' = f(psy', hsy) , °C 270,8
Ssu'f(@su, hsyr) K/ (kg°C) 7,26327

with absolute internal efficiency nJ’¢ = 0,77

Isentropic process 2" extraction where p, = poy, = 0,557 MPa ,
from Table 8

Sey' = Sa¢ = 7,26327 K]/ (kg°C)
hyr = f(py.5gy7) = f(0,557,7,26327) = 2982 k] /kg
HLPC = hgyr — hyy = 3000 — 2982 = 18 kJ /kg
HFPC = HEPC . nlPC = 18-0,77 = 14 k] kg
h, = hgy — HFPC = 3000 — 14 = 2986 kJ /kg
s, = f(py.hy) = £(0,55,2986) = 7,27084 k] /(kg°C)
t, = f(ps.s,) = £(0,557,7,27084) = 263 °C

Isentropic process 3" extraction where p; = pexs = 0,237 MPa ,
from Table 8

Sey' = S3¢ = 7,26327 kj /(kg°C)
hse = f(p3.Seyr) = £(0,23,7,36593) = 2794 k] kg
HEPC = hgyr — hgy = 3000 — 2794 = 206 kJ /kg
HEPC = HEPC . LPC = 206 0,77 = 160 k] kg
h;y = hgy — HFPC = 3000 — 160 = 2840 k/ /kg
s3 = f(ps.hs) = £(0,23,2840) = 7,36593 kJ /(kg°C)
t; = f(ps.s5) = £(0,23,7,36593) = 186°C
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Isentropic process 4™ extraction where p, = pexs = 0,085 MPa,
from Table 8

Sey' = Sar = 7,26327 kJ /(kg°C)
hat = f(pa.Sgyr) = £(0,085,7,26327) = 2613 k] /kg
HLPC = hgyr — hyy = 3000 — 2613 = 387 kJ /kg
HIPC = HEPC . nLPC =387-0,77 = 301 kJ /kg
hy = hgy — HFPC = 3000 — 301 = 2700 k/ /kg
sy = f(ps-hy) = £(0,085,2700) = 7,49569 kJ /(kg°C)
ty = f(ps.54) = £(0,085,7,49569) = 111 °C

Isentropic process 5™ extraction where ps = p,,s = 0,025 MPa,
from Table 8

Sey' = Ss¢ = 7,26327 kj /(kg°C)
hsy = f(ps.sgyr) = £(0,025,7,26327) = 2426 k] /kg
HEPC = hgyr — hgy = 3000 — 2426 = 575 kJ /kg
HFPC = HEPC . dPC = 575-0,77 = 446 k] kg
hs = hgy — HFPC = 3000 — 446 = 2554 k] /kg
ss = f(ps. hs) = £(0,025,2512) = 7,64224 kJ /(kg°C)
ts = f(ps,ss) = £(0,025,7,64224) = 65 °C

Isentropic process C point
Sey' = Sp1e = 7,26327 kJ /(kg°C)

here = f(pgr.ssyr) = £(0,0041,7,26327) = 2192 k] /kg
HEPC = hgyr — horp = 3000 — 2192 = 809 kJ /kg
HFPC = HEPC -ndF€ =809-0,77 = 628 kJ kg
h, = hgyr — HFF¢ = 3000 — 628 = 2372 kj /kg
s¢ = f(per.her) = £(0,0041,2372) = 7,85922 kj /(kg°C)

Sheet

@DIOPA.562527.001 113

48

Name | Sheet | MNe Document | Signature | Data




te = f(pyr.s.) = £(0,0041,7,859222) = 29,5 °C

Exhaust steam quality from LPC,x1F¢ = f(t.. h./) = f(29,5,2372) = 0,92485
which is allowable for low-speed turbine (25Hz)

2.4. Underproduction factor

For turbine with steam separating and superheating system

H; = (hg — hyt) + (hgyy — hs) = (2773 — 2372) + (3000 — 2468)
= 933 kJ /kg

where hg, Enthalpy before separation. Ahgsy = hgy, — hs = 3000 — 2468 =
532 kj/kg

For extraction before separating and superheating H; = hy — h;
Hy = hy — hyr = 2773 — 2773 = 0 kJ /kg
H, = hy— h, = 2773 — 2585 = 188 kJ /kg
Heg = hg — hong = 2773 — 2468 = 305 kJ /kg
For extraction after separating and superheating H; = (ho — hj) + Ahgsy
H, = (hy — hy) + Ahgey = (2773 — 2986) + 532 = 319 k] /kg
H; = (hy — h3) + Ahgey = (2773 — 2840) + 532 = 465 k] /kg
H, = (hy — hy) + Ahgsy = (2773 — 2700) + 532 = 605 kJ /kg
Hs = (hy — hs) + Ahgsy = (2773 — 2554) + 532 = 751 k] /kg

H. = (hy — hy) + Ahggy = (2773 — 2372) + 532 = 933 kJ /kg
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Hi—Hy, 933-0

Yo = h 933
_Hi—Hy_933-188 _
=TT T T 933
_Hi—Ha _933-305_ .
ytd - Hl - 933 — VU,
_Hi—H,_933-319
Y2 =T T 933
_Hi—Hy_933-465_
Ys= " T 933
_Hi—Hy _933-605_
Ye="hp T 933
_Hi—Hg _933-751_
Ys =7, T 933
H,—H, 933 —933
yC’ = = = O

H, 933
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Table 12-Steam and water parameter

@DIOPA.562527.001 113

Signature | Data

. . Extracte | Under
Extracted steam Steam in heaters (drain) Heater’s outlet | ¢ steam produ
water work in | ction
No. cylinder | factor
Py t hy Pyj tsj hj Pyj | twj | T H; Y;
MPa °C kJ/kg MPa °C kJ/kg MPa °C kJ/kg kJ/kg
0 7,00 285,8 2773 — — — - - - 0 1
1 1,76 205,9 2585 1,7 204 870 8,75 200 852 188 0,7984
D 0,70 165 2468 0 0 879 8,75 166 702 305 0,6735
Shl | 0,70 165 2468 0,70 165 697 0,70 165 697 — —
Sh2 | 067 | 1629 2761 0,67 | 1629 688 - - = - =
2 0,63 190,9 2829 1,28 205,9 879 — — — — —
3 0,63 270,8 3000 5,575 285,8 1267 — — — — —
4 0,56 263 2986 0,495 154,5 652 0,9450 | 153 645 319 0,6584
S 0,24 185,8 2840 0,225 124,3 522 0,9450 Hmmm_ 516 465 0,5019
C o_mmwm 110,8 2700 0,082 94,2 395 0,082 | 92,7 388 605 0,3513
C 0,025 65 2554 0,024 64,1 268 0,024 | 62,6 262 751 0,1950
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Material and thermal balance equations calculation

2.4.2. Feedwater

Afw = A1y T Apegr T Acs + Apiq
Aty = Qo + Asyo
Where, a, is a relative steam flowrate out of the turbine seals
a.s = 0.005+0.012; assume 0,005

Qeqk, 1S @ relative leakage flowrate, a;,,;,< 0,01.

ap1q, 1S a relative blowdown flowrate, a;,;; = 0,005
Afw = Ay + Apear + Acs + Apyqg

ary =1+ 0,01+ 0,005+ 0,005 + agy,

2.4.3. Mixing point before steam generator (FW)

sy, h
%=QSH2'h6+ad'hwl
op
afw . hfW
W = Ugpy2 * 1267,4 + adg - 852 (2)
Afyw = Aspp + g (3)

(1)
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2.4.4. Blowdown system

hi)d = f(ptank) = f(714) = 592 kj/kg R Apd
bld
hpa = f(ptank) = f(714) = 2764 kj/kg '
, _ Apd [
hpa = f Dtank> trank — 25) = f(714,140,8) = 592 kj/kg | . % H
Apia = Apq T Apa; ‘ '

0,005 = apy + apg;

Apia * ho = Apg * hpa + Apa * hpas

0,005-(1267,4) = ap,,; - (592) + a4 - (2764), by solving both equations
a,y = 0,00155

ap, = 0,00344

2.4.5. Separator

HPC _ LPC
alPC = a, + aff (4)
Xout—Xin HPC HPC as as as
X =—————— - a = — = = = 5
S xout ex ex xozt xln 1-0,85730 0'14‘270 ( )
out

2.4.6. High pressure cylinder extraction outlet

Uz gy

UHPE"
ey o

HPC _
Oex = = 0p — A — Ogg — syt

O(gfc =1—-04 — g — Asyy (6)
o
0,145270 =170 =t~ Asny -
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2.4.7. First Superheater

asH1 asH2
SHPC SH1 SH2
= SEP ‘ Vﬂgwc
n
\ [ \
\ \ \
Yas Vag,  VYag

(“sm +(hy — h'1))
Nsh

LPC
Tin

) (th - hasp) =
LPC

akPC. (2880 —2761)
_ (asy1 - (2585 - 870))
B 0,98

(8)

2.4.8. Second Superheater

(“SHZ +(ho — hf))) .
Nsh

Aing, * (hgz — hpy) = Ainy - (3000 — 2880)

_ (asuz - (2773 — 1267,4))
a 0,98
)
2.4.9. Low pressure cylinder extraction ,;fﬁfc
| LP » _'/'- \
¢ Qo
2 4
=l s (10) e
AR
25
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2.4.10. Condenser 4 Lre
ex
<\
Y,
— ~LPC oy ) _---l— gm’
Ae = Agx~ T Acej T Ageqr + Acs (11) feak -—
?Ht
2.4.11. RFWH 5 ‘Closed’
a.* (hys — h.gp)
£~ 9 = g+ (hs — hars) + @ars* (Rara — Rars) Gy

Nh

I
| |
| ¥
L
a, - (262 — 136)
— = ag - (2554 — 268) + @y, - (395 — 268) (12)
QAars = A5 + Agra (13)
2.4.12. Mixing point between RFWH 4 and 5
ilm-.' ﬂ:
Ime * hmc — —
——— = (a¢ * hys) + (@grs * hars) )
noph |
L gdrs
Ame = Ac T Agyrs =
Ome * hmc
TmE_ME _ (q, - 262) + (g5 - 268) (14)
0,99
Ame = A¢c + Agrs (15)
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2.4.13. RFWH 4 ‘Closed’

ay
e * (hws = Rin)
me :”: == = ay - (hy — hara) + dars - (hars — hara) Otme —\l\—
e .

I

ar;‘r}l |

Y
a

e - (388 — R
n (0 98 el ay - (2700 —395) + agrs - (522 — 395) (16)

Aarg = Ay + Agp3 (17)

2.4.14. RFWH 3 ‘Closed’

3

Ame * (hw3 - hw4)

= ag * (hs — har3) + @grz " (harz — hars) i’:l’- \I\

Nh
I
ﬂﬂ.':,._-:. | |
| Ld.r.i‘
e - (516 — 395
i (0 58 ) _ as - (2840 — 522) + agy, - (652 — 522) (18)
Agr3 = A3 + Agrp (19)
2.4.15. RFWH 2 “Closed’ .
T \I\
U * (hwz — hy3) , , !
= :;h "2 = ay (hy — har2) + Qg - (Mg — Rarz) +adr2
A - (645 — 516)
0,98
= a, - (2986 — 652) + 0,00367 - (592 — 652) (20)
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Aar2
= al,)d + a, (21)

2.4.16. RGFW 1 ‘HPH’

)%

sy
—— —

— % i
[ ————

f.-{l,l,'ﬁr

adg - (h 1 h ) '
th fwp) _ ay - (hy — hgr) + asyq - (') — hgrp)

a; - (852 — 706)

Agr1 = A1 + Asy (23)
2.4.17. Main condensate before deaerator

Tmer * hmcl

= Ug - h; tT Qe hwz #as
noph ,
" almcl amc
a -
% = (g - 688) + (@, - 645) (24)

Ame1 = As T Ay (25)
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2.4.18. Deaerator

a.‘.'e;-'
Py
] i
- = L

e -

C*r:-.f='3'2!'ﬂ_wn; /— — \\
D
N4

I

Q
o

/ "
adg - h’d + acej . hd

Nonn = Utq - hend + Qpgq - hbd + Amer hmcl + (adrl ’ hdrl)
op

Atqg T Ame1 T Apg + Agrqp = Ag + Acej

oq 697+ 0,003 2762

0,99
= 0ty - 2468 4 0,00133 - 2764 + ey * Moer
+ (g1 - 870) (26)
Ata + Xmc1 + 0,00133 + Aar
= ay + 0,003 (27)
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By solving equations (1) — (27) using MATHCAD software we obtain values of

relative flow rate and unknown enthalpies

Table.13- Relative flowrate

Name

Sheet| M Document | Signature | Data

a 0,0886
a, 0,0422
as 0,0395
ty 0,0374
as 0,0267
As 0,1193
ac 0,5968
Aq 1,02
Aar1 0,1379
Cars 0,0459
Cara 0,0853
Cara 0,1227
Agrs 0,1495
Ume 0,7462
U 0,8655
afiPC 0,8438
al?° 0,7246
ey 0,5788
Aty 1,0566
AsH1 0,0493
AsH2 0,0566
oy 1,0766
ho. 260,5 kj kg
My 865 kj/kg
hoo 644 kj/kg
te 0,0183
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2.5. Efficiencies
2.5.1. Determining steam flow to a turbine
Steam flow rate for a turbine is determined by the formula

DO = 2 " DZ
Where: -

= D, is steam flow rate from the steam generator ,kg/s

D, = 2-403,72 = 807,4 kg/s

2.5.2. Determining Electrical power from turbine

N, - 103
D0=
Hi-nyng (1 —X(ay) —as - ys)
So: -
Ne =Do-Hi-nM-ng-(l—z(aj-yj)—as-ys)
Where: -

num 1S mechanical efficiency of a steam turbine installation; = 0,98
ng is efficiency of the generator = 0,985 + 0.99 assume it 0.99

aj is relative steam consumption in the j* selection;
y; is reproduction factor in each extraction;

N, is electric power of NPP;
H; is total internal heat drops in turbine, kJ/kg

H; = (hy — hy) + (hgys — hs) = (2773 — 2372) + (3000 — 2468)
=933 kJ/kg

Table.14- Flowrate and y factor

NOj A i (o -y7)
1 0,0886 0,7984 0,07074
td 0,0183 0,6735 0,01233
2 0,0422 0,6584 0,02778
3 0,0395 0,5019 0,01957
4 0,0374 0,3513 0,01314
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5 0,0267 0,1950 0,00521
Z(a,- "¥i) ) ] 0,14877
Separator (s) 0,1193 0,6735 0,08035

Ne =807,4-933-0,98-0,99- (1 —0,14877 — 0,08035) = 563,4 MW

2.5.3. Thermal loading of turbine Q. , KW

. _ Qs
pipell —
ng

Where: -

Npipenr 1S Efficiency of heat transport of the 1st circuit (0,97+0,98) assume it=0,98

So: -

Qts = Npiperr * @sg = 0,98-960 = 941 MW
2.5.5. NPP Efficiency Electrical

o Mo Qs Qs o Qs Qs Mo
NEP QTotal Qts Qrs pipe Qrs’ s QTotal’ ¢ Qts
_Ne _ 563’4—0345 = 34,5 %
ne - Qts - 941 - ] - ) 0
2.5.6. Turbine system efficiency
_ e 0345 = 0,348 = 34,8 %
nts_neg_0,99_’ = 34,07
2.5.7. Steam turbine plant (STP) heat rate, for generating electricity,
kj/(kW - h)
_ 3600 3600 10332 k]
Qs = = = 0348 kW h

2.5.8. NPP Efficiency
Mnpp = Nrs * nzloip ' nzlolip "Nsg " MNts

Nnpp = 0,99-0,99-0,98-0,985- 0,348 = 0,330 = 33 %
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2.5.9. Overall reactor heat flow, MW

Qsg 960
= = = 974,6 MW
Qrs Nsg 0,985
Qs 974,6
Q. = = = 9945
e r/pipesll 0»98
2.5.10. Total power, MW
_ Qs 9945 1004,5 MW
Qtotal - N — 0,99 - )
2.5.11. Burnup fuel rate
hr _ s MW day
Terr = 6000 , B=35-10
year ton
_ Qtotar " Tepr  1004,5- 6000 ton

b,r = — = =7,18
" 724 - B -103 24-(35-103) year
2.6. Steam and water consumption at characteristic points
D;=a;-Dy kg/s forsteam

Gi=a; Gy, kg/s  forwater
Tablel5-steam and water consumption

D, kg/s 71,5
D, kg/s 34,1
D; kg/s 31,5
D, kg/s 30,2
Ds kg/s 21,6
Gari kg/s 111,3
Gars kg/s 37,1
Gars kg/s 68,9
Gars kg/s 99,1
Gars kg/s 120,7
Dg kg/s 96,3
D, kg/s 481,9
Ga kg/s 823,6
Dsu, kg/s 39,8
Dgy, kg/s 45,7
Grw kg/s 869,3

@DIOPA.562527.001 113

Name

Sheet

Ne Document | Signature | Data

Sheet

62




2.7. CHOICE OF EQUIPMENT FOR THE WATER-STEAM CIRCUIT

2.7.1. Feed water pump

A volumetric flow rate V, m3/h

v — 105 3600G,4 — 105 3600 - (823,6) — 3442 m3 /h
Fwp = 1, P 9045 = m?/
Where: -

= G is mass flow rate kg/s

. .. kg
* pisdensity —
A head H

Ap 7837,3-103
=—-= =884,2m

" pg  9045-98

= Ap is adifference pressure in Pa

Ap = prwp — (Pa + pgAh)
Ah = the height of deaerator = 14+24 m, assume 24 m
Ap = 8750 — [(700) + (904,5-9,8-24-1073)] = 7837,3 kPa

= The choice of this pump is quite special because it has a high volumetric

flow rate
There will be 4 pumps each one works at 33.33 % of flow, 3 is in operation and the
4™ s reserving pump in care of outrunning, the following is the description of the

pump

2.7.2. Condensate pumps

A volumetric flow rate V, m3/h

3600-D
cpi = N
Where: -
= D, is mass flow rate condenser kg/s
A head H
A
H=-C
Py
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= Ap is a difference pressure in Pa

Ap = Pcp1 — Pc
First condensate pump CP;
Ap = Pep1 — P = 450 — 4 = 446 kPa
_Ap 446107
pg 996-98

3600-D, 3600 - (481,9)

= 1742 m3/h
P 996 m*/

CP1 =

Second condensate pump CP>
Ap = Dep2 — Pwa = 945 — 82,2 = 862,8kPa
_Ap 8628 103 _ 914
“og 9637-98 ™

v _3600-D. 36004819
chz™ 5 T 9637

Table.16- Characteristic of pumps in NPP and chooses

= 1800 m3/h

v | | P [ v [ [ownno [ g
PUMPS Head H,m 3 n S
v.m:/ m3 /h 8
Feed water 8842 3442 o | MDA 1650-75 | 1840 | 3 2
First main % I15A 1300-185 | 1300 3 2
457 1742 ©
condensate B2
:’__U —
Second main O | IIDA 1300-185 3 2
914 1800
condensate 300
) IIDA 270-160 3 2
Drain 78,2 462 90

2.7.3. The regenerative heaters

Evaluate heat transfer Area F m?
F = -—Si:
kAt
Where: -
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Q is heat load of the heater

K is heat transfer coffinite 3500 =+ 4000 W

m2K

,assume 4000

Q =G - Ah

Ah is deference enthalpy between outlet and inlet kg/kJ
G mass flow rate of water

w
mZ2K

Logarithmic temperature difference At°C

—_— Atbig - Atsmall Wou
At =
Atblg fan

(e
n Atsmall

Where: -

" Aty =ts— tin

" Atgman = ts — t\%ut

RFWH 5 ‘Closed’
AR = hys — hege = 262 — 136 = 126 k] kg
Q = G.-Ah = 481,9- 126 = 60685 kW
Atpig = tes — tese = 64,1 — 32,5 = 31,6 °C
Atgman = tss — tws = 64,1 — 62,6 = 1,5 °C
Atyig — Atgmay 31,6 — 1,5

At = ln( Atpig ) - ln(31,6) =99°C
Atsmall 1’5
60685 - 103
= ¢ = = 1535,3 m?

kAt  4000-9,6

RFWH 4 ‘Closed’
Ah = hy,y — hypi = 388 — 260 = 128 k] /kg
Q = Gy " AR = 602,5-128 = 76996 kW
Atpig = tss — tys = 94,2 — 62,2 = 31,6 °C
Atgman = tss — tws = 94,2 —-92,7=1,5°C
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Atyig — Dtgmen 31,6 — 1,5

At = ln( Y ) = n L) =96°C
Atsmall 1’5
76996 - 103
= ¢ = = 1948 m?

kAt~ 4000-9,6
RFWH 3 ‘Closed’
Ah = hy,3 — hy,, = 516 — 388 = 127 kJ /kg
Q =Gy Ah =602,5-127 =76796 kW
Atyig = tsz — tywqg = 1243 — 92,7 = 31,6°C
Atgman = tes — tys = 124,3 —122,8 = 1,5 °C
Atpig — Atgmay 31,6 — 1,5

At = ln( Y ) = ln(31,6) =99%
Atsmall 1’5
76796 - 103
F = 9 _ = 1943 m?

kAt~ 4000-9,9
RFWH 2 ‘Closed’
Ah = hy,, — h,3 = 645 — 500 = 129 k] /kg
Q = G- AR = 602,5 - 129 = 77840 kW
Atyig = tsy — tys = 154,5 — 122,8 = 31,6 °C
Ateman = tey — twy = 154,5 — 153 = 1,5°C
Atpig — Mtgmau 31,6 — 1,5

At = ln( Atp;g ) i (31,6) =99
Atsmall 1’5
77840 - 103
¢ = = 1969,3 m?

~ kAt 4000-9,9
For RGFW 1 ‘HPH’
Ah = hy,y — hp, = 852 — 706 = 146 kj /kg
Q = G, - Ah = 823,6- 146 = 120516 kW
Aty = toy — tryy = 204 — 153 = 38°C
Atman = tog — tyg = 204 — 200 = 4 °C
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Atpig — Mtgmay 38 —4

At = Btpig = 38 = 15,1 °C
In ln( )
(Atsmall) 4
Q _ 120516-10° 5
= kAt 4000-151 _ 1074m
Table.17- Summary of results
NO | Ah,kj/kg 75"‘9 0, kW | 7t ,°c| F,m? eTyp kg}s no.
c 126 132 | 60685 | 9.9 153?5, % [THCB-2000-2 | 1500 1
4 128 6025 | 76996 | 9.9 | 1948 % [THCB-2000-2 | 1500 1
3 127 6025 | 76796 | 9.9 | 1943 | S | [TH-1900-32-6-11 | 1500 1
2 129 602,5 | 77840 | 9.9 | 1969 G | TIH-1900-32-6-11 | 1500 1
1 146 823,6 | 120516 | 15,1 | 1994 [1B-1600-92-20 | 1000 2
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3. Design calculation of the turbine condenser

The purpose of calculating a condenser is to determine its geometric
dimensions and operational characteristics.

Modern powerful steam turbines of nuclear power plants have usually
several double-flow low-pressure cylinders (Fig. 10). Steam from each cylinder is
sent to a separate condenser. So first you need to determine the number of exhaust
steam outputs of the turbine.

SG SH1¢ SH2

—SHF

I

o]

=
o
ﬂ
=
|
—.‘
-
—
L
N
h
L)
d

4
=
y

LPH% LPH3 LPH2 [LPH1 cP1 )
t;:_‘:-___it --:.---f' > E
! 1 T ' ¥ )
] ' 1 ' | '
TR P ==
RO & O cP2
| J
1
1

Figure 10. Schematic diagra_m of the VVER power unit

3.1. Calculation of the number of flows in low-pressure cylinder of turbine
3.1.1. Number of flows of spent steam going to the condenser

e
Nmax

Mm *Ng " IV;

i =
Where: -
= N maximum power of a single-flow turbine, MW
= N, is total electric power of the turbine unit, MW

" 71, IS mechanical efficiency of the turbine unit
= 1, efficiency of the generator.

3.1.2. Maximum power of a single-flow turbine, MW

ml (o] - ¢,
NPax = — . oo H -
l 2-10"3-¢ ~unb Tt o, nZ.p,
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Where: -
= ml=1,1-+ 1,3 coefficient that takes into account power generation by

steam streams of regenerative bleed-offs;(assume it 1,1).
» kua = 2,3 + 2,4 is unloading coefficient, which depends on the geometric
characteristics of the blades of the last stage of the turbine;(assume it 2,3).
» H; extracted steam work in turbine, kJ/kg;
» [o] is allowable tensile stress for the material of the blades.
» For stainless steel [oc] = 450 MPa;
» For titanium alloy BT6 [o] = 950 = 1000 MPa;
" pmat = 7800 kg/mdis density of the blade material (stainless steel);
» for titanium alloy BT6 p,,4: = 4300 kg/ms;
= n isrotor's rotation frequency, rev/s;
= v, is specific volume of steam at the outlet of the last stage of the turbine,
m3/kg.
It is determined by the known parameters of the steam p,. and h, at the outlet of
the turbine.
= ¢, output steam speed, m/s. Depends on the allowable power loss at the
output speed Ah,, = 20 + 35 kJ/kg (assume it 32 kJ/kQ).

The output speed of steam is determined from the following equation

2

Ahos = =2 = ¢ = \[Ahqs - 2000 = V322000 = 253m/s.
ml [o] - ¢,
N = 0 R He o T
_ Bl 53.033. 2023 ogncmw
2-103- ~ 7800 - 252-31,3 ’
, N, 600
i = = =2,204 =4

T m Mg - NPT 0.99-0.98 - 280,5

l
The resulting number of flows i must be rounded up to the nearest even integer.

_i_4_,
ncond_z_z_
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3.1.3. Exhaust steam flow per condenser

2-G. 2-4819
i 4

Where: G, = a, - G, is total exhaust steam flow, kg/s;

G = = 241kg/s

i is Number of flows of spent steam going to the condenser.

3.2. Initial data for the calculation of the condenser
Table 18- Initial data

Parameter Denomination, Value
units
Exhaust steam flow per condenser G¢q, Kals 241
Condenser pressure pe» MPa 0,004
Number of tube-side passes for cooling water z 2
Coolant temperature at the inlet to the condenser tw1, °C 15
Speed of the cooling water in the tubes of the condenser wy,, M/s 2
Condenser tube sizes dout X Swarr, MM 28x0,7
Tube material stainless steel

Notes: -
= take the cooling water density equal to p,,= 1000 kg / ms;

= take the average heat capacity of cooling water equal to c,, =4,19 kJ/kg;
= the coefficient that takes into account the contamination of pipes is equal to
a,=0,65...0,85. (assume it 0,75)
3.3. Determining the characteristics of a condenser
3.3.1. Flow rate of cooling water per condenser
W, =m- G,y = 50241 = 12047,5 kg/s
where m = 40...50 is the cooling ratio for two-way condensers (z = 2),
(assume it 50 kg/kg)

3.3.2. The number of heat transfer tubes, pieces
4-Wy -z 4-12047,5 -2

= = = 21690 tub
Mewbe = o 2w, 1 0,02662 - 1000 - 2 ubes
where z is number of tube-side passes for cooling water;
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d;nn 1S inner diameter of the tubes, m;
Ainn = Aoyt — 2 Spquy = 28+ 0,7 = 26,6 mm = 0,0266 m
w,, is speed of water in tubes, m/s.

3.3.3. Cooling water heating in the condenser, °C

r 243230

At, = =
Y ¢, m 4,19-50

= 11,61 °C

where r = h" — h' is latent heat of vaporization under pressure p,, kJ/Kg;
h" = fs(pe) = f5,(0.004) = 2554 k] /kg
h' = fa(pe) = £-1(0.004) = 121 k] /kg
r=h"—h' = 2554 —121 = 2432,3 k] /kg
c,, 1S heat capacity of cooling water, kJ/(kg °C).

3.3.4. Temperature of the cooling water at the condenser outlet, °C
tys = ty1 +At, = 15+ 11,61 = 26,61 2C

3.3.5. The Heat power that is transferred to the cooling water in the condenser,

kW
Qi =W, -c, - At, = 12047,5 - 4,19 - 11,61 = 586064,05 kKW

3.3.6. The average temperature difference, °C

At _ Aat,, _ 11,61 — 651 C
aw_ln(ts_tm)_ln( 29 — 15 )_ Sl
ts —tyo 29 — 26,61

Where t is saturation temperature at condenser pressure p..
te = f(p.) = £(0.0040) = 29 °C
3.3.7. Specific vapor load of the condenser d.. Initially set in the range of 40 ...
60 kg / (m? - h), and then must be checked. (Assume it 55 kg / (m?- h))

3.3.8. The overall heat transfer coefficient (BTU formula) is calculated using one of
two expressions.

If t,,, <35 °C
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: (35 - twl)z

1,1-w,\" ) 0,52 — 0,002 - d, - Va
0,25 1000

k=4070-a- <
inn
where k - in W/(mz2-°C);
x=012:-a-(1+4+0,15-¢t,,) =0,12-0,6375- (1 + 0,15 - 15) = 0,24862
a is coefficient taking into account pollution of tubes and tube material;
a=20,75-0,85=0,6375
= a, coefficient that takes into account tube contamination;
» a,, correction factor that takes into account tube material:
» 1 —for brass;
» 0,92 — for cupronickel;
» 0,85 — for stainless steel;
» 0,9 — for titanium.
» d;,n inner diameter of tubes, m;
= w,, speed of water in tubes, m/s.
= ¢, IS the temperature of the cooling water at inlet to condenser; °C;
= z number of tube-side passes for cooling water;
= @, - coefficient taking into account the effect of the vapor load of the

condenser. Under load from d?°™ to d?" = (0,9 — 0,012 - t,,,{) - d?°™

value ®,=1, under load d. < d2™ value ®; = &6 - (2 — &), here § = %.

c

When designing condensers, this coefficient is taken equal to 1.

1,12 )0'24862 [1 0,52—0,002-40-1/0,6375
0,02660:25 1000

= 3233,2 W/(m? - °C)
3.3.9. Heat transfer surface area, m2
Qw 586064,05 - 103

k::4070-(L6375-( (35-—15)2}

F = = = 27811 m?
k- Aty 32332 651 m
3.3.10. The length of the heat transfer tubes, m
F 27811
L= = 14,58 m

n-m-d,, 21690 728 1073

Sheet

@DIOPA.562527.001 113

72

Name | Sheet | MNe Document | Signature | Data




Where: -
d ¢ Outer diameter of tubes, m.

= |ength of tubes must be less than 16 m.

3.3.11. The calculated value of the specific steam load of the condenser, kg /

(m?-h)

3600-D, 3600 - 241 kg
= = 31,19

F 27811 m?- h
The obtained value d$** must be compared with the specified in

dgalk —

3.3.12.
paragraph (5.3.7). If there is a significant (more than 2%) discrepancy, it is

necessary to assign d. = d¢** and repeat the calculation, starting with

paragraph 5.3.7.
By repeating the calculation, in (5.3.7) with new d. = d5%*, we obtain

Table 19

dc,kg/(m2 - k) 40 31,19
k,W/(m?-°C) |32332] 32109
F, m? 27811 | 28004
L, m 14,58 14,68

ERROR % 28,25 0,69

3.3.13. Mass of condenser tubes, kg.
- (d2, — d
M;ype = Neype " L - 0u4 g

mat

7 - (0,028% — 0,02662)
= 21690 - 14,58 - 2 - 7800 = 149102 kg

Where: -
L,d,,: and d;,, are inm;
Pmar density of the pipe material, kg/m3.

3.3.14. Cost of condenser tubes, million rubles.
Miype * Cmar 149102 - 350 .
Crupe = —— 1806 e = 106 = 52 million rubles

Where: -
Cmat 1S Price 1 kg of tubes, rub/kg.
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» For stainless steel tubes c,,4:= 350...400 rub/kg; take 350 rub/kg

» For titanium tubes c;,, 4= 1900...2100 rub/kg.
3.3.15. Cost of the condenser, million rubles.

Ceona = K¢ * Crype = 1,75 - 52 = 91 million rubles
Where: -
K.=1.75...2 is empirical coefficient. (Assume it 1.75)
3.4. Hydraulic calculation of the condenser
3.4.1. Pressure losses in the condenser along the cooling water path

The purpose of the hydraulic calculation of a condenser is to determine the
pressure loss during the movement of cooling water in it.

AR
]

Figure 11. To the hydraulic calculation of condenser

The hydraulic resistance of a two-way condenser with straight tubes can be
represented as follows

Aps = Apioc + Apfr

APioc = 2 - APyenin + 2 ADweh.our T APturn
Where: -

» Ap,;,. local pressure losses;

= Apg, friction losses in condenser tubes;

* Apucnin local hydraulic resistance at the water inlet to the tubes from the
water chamber;
" Apuwchout l0Cal hydraulic resistance at the water outlet from the pipes to the

water chamber;
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»  Ap., local hydraulic resistance from turning the water in the water chamber;

For the calculate of local pressure losses it is necessary to use the following
formula

2
Pw Ww

APioc = Soc - 5 =pa

Where: -
* p, =~ 1000 kg/m?3 is the average density of the cooling water;
= w,, isspeed of the cooling water in the tubes of the condenser, m/s;
= &oc 1S local resistance coefficient. The values of this coefficient for some

types of local resistances are given in the table 20.

Table20-The values of the coefficient of local resistance

Type of local resistance Coefficient
value &,
Inlet to the tubes from the water chamber 0,5
Outlet from the pipes to the water chamber 1,0
Turning the water in the water chamber 0,5

pw-w‘f,_OS. 1000 - 22

APywenin = Sioc - 2 =V, 5 = 1000 Pa
P - WS 1000 - 22
APwen.out = Stoc * T =1 T = 2000 Pa
i 1000 - 22
APtyrn = $ioc * Pw > 2 = 0,5- 5 = 1000 Pa
AProc = 2 - APyenin + 2 - APwenout + APiurn = 2 - 1000 + 2 - 2000 + 1000
= 7000 Pa
For the calculate the friction pressure losses it is necessary to use the Altshul
formula
— 2L pwWy
Apfr_ffr'd_h' 5 , Pa.
Where: -
L is length of heat transfer tubes, m;
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dy, = d;,, 1S Characteristic size (hydraulic diameter), m;
¢$7r=0,035...0,037 is coefficient of friction. Assume 0.036

2-L py, - ws
Apgr =g WZ ¥ = 0.036
h

2146 100022
0,0266 2 4

Aps = Apjoe + Apgr = 7000 + 39754 = 46754 Pa = 0,046754 Mpa

Where: -

Where: -

Where: -

Table 21

el —

= 46754 -

12047,5

1000 -0.87-1000

* 1,=0,86...0,88 is the efficiency of the pump.

= Apy istotal hydraulic resistance of a two-way condenser, Pa;

E, = N, - T, = 647 - 6600 = 4273116 kWh

_Ep Ty _ 427311615

100

100

" T,p=6500...7000 h is number of hours of use of rated power.

= 64 million rubles.

3.4.2. Power of the pump for pumping water through the condenser

= 647 kW

3.4.3. Electric power consumption for the circulation pump drive

3.4.4. The cost of electricity for pumping water through the condenser

» T,=14...16 rub/kW - h is electricity tariff for nuclear power plants.

doye = 28 mm

Options

6wa”=0,7 mm

doye = 28 mm

doye = 28 mm

doyr = 28 mm
5wall:1 mm 5wall:115 mm 5wa”=2 mm
C.ona» Million rubles 91 129 189 247
C,;, million rubles 64 63 61 58
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4. Financial management, resource efficiency and resource conservation

4.1.Analysis of competitive technical solutions

The condenser is designed for circulating water supply systems for steam turbines. steam
turbine condenser consists of a body with a steam intake unit, condenser tubes fixed in tube
sheets and adjacent to the body, front and rear water chambers with an additional unit for
introducing a cooling medium. An additional input unit is connected to the inlet part of the front
water chamber, and the upper part of the rear water chamber is equipped with a unit for
connection to the ejection system. This technical solution allows for reliable filling of the upper
tubes of condenser with a cooling medium with minimal energy and labor costs. Adecrease in
the thermal power of the turbine leads to a decrease in the electrical power generation and an
increase in the cost of electricity
Using this analysis, the scientific project where modified to improve the designs and
make it withstand successfully. in order to study this modification, the strengths and
weaknesses of the comparative structures needed to be evaluated. All available

information on competitive developments is used (Table 22).

Table 22 — The results of calculations of the competitive structures of the

condenser
Design options
Type of Cost 1000-KIIC -1 with 1000-KIIC -1 with
doye = 28 mm; dwan=0.7 mm doye = 28 mm; dwal =2 mm

million rubles 91 247
cond ’
ol million rubles 64 58
Notes: -

Ceong 1S COst Of the condenser;
= C, isthe cost of electricity for pumping water through the condenser.

The analysis is carried out using a scorecard. The scorecard is shown in table
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The object of research is a steam turbine condenser, which uses two types of
heat exchange tubes. Therefore, the comparison will be made on the basis of data on
two options for the design of the condenser with different sizes of heat exchange
tubes thickness. Condensers for NPP turbines are manufactured at Leningrad Metal

Plant (Power Machines).

Table 23 - Scorecard for comparing competitive technical solutions

ltems to assess Value of Points Competitiveness
criteria C B, B, K, K,
Technical criteria for evaluating resource efficiency
1. Energy efficiency 0,2 3 4 0,6 0,8
2. Dimensions and weight 0,15 4 2 0,6 0,3
3. Environmental safety 0,05 4 3 0,2 0,15
4. Lifetime 0,2 3 4 0,6 0,8
5. Reliability 0,2 2 4 0,4 0,8
Economic performance indicators

1. Price 0,15 4 2 0,6 0,3
2. Maintenance 0,02 3 3 0,06 0,06
3. The competitiveness of the product 0,03 3 3 0,09 0,09
Total 1 3,15 3,3

The analysis of competitive technical solutions is defined as follows:

Kl:ZCBI

2
i=1
Where: -
» K, - competitiveness of scientific research;

= C - indicator weight (in unit fractions);

= B; - score of the it" indicator.
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Indices for indicators "1" - first type 1000-KIIC -1 with d,,; = 28 mm; &,,,4;;=0.7
mm; "2" - second typel000-KIIC -1 with d,,,; = 28 mm; §,,,;=2mm.

Calculation example:
K;=>»C-B;=02-34+0,15-4+...40,03-3 = 3,15.

The results show that the competitiveness of option 1 was 3.15, while that of

option 2 was 3.3.

Thus, the investigated scientific development (condenser design), which uses
tubes with d,,; = 28 mm; 6,4, = 2 mm, is competitive and has a number of

advantages in terms of technical and economic indicators of resource efficiency.

4.2.Project initiation
Initiation processes define initial goals and content and fix initial financial
resources. The internal and external stakeholders of the project are determined,

which will interact and influence the overall result of the scientific project.

4.2.1. Project goals and results
Information about the stakeholders of the project, the hierarchy of project

goals and criteria for achieving goals is presented in table below.

Table 24 — Stakeholders of the project

Stakeholders of the project Stakeholders of the project expectations

TPU, NPP operation, design and engineering, ) o )
) High efficiency equipment (condenser)
project executor

Information about the hierarchy of project goals and criteria for achieving goals is

given in the table below.

Table 25 — Project goals and results
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Project goals

Provide reliable condensers for the turbine installation of a nuclear
power plant, reduce energy costs for driving circulation pumps, and

increase the efficiency of using the condenser

Expected results

of the project

Based on the conducted research, analyze the sensitivity, find
shortcomings, suggest the necessary measures to improve these

indicators.

Acceptance
criteria of the

project result

Improving efficiency in relation to the proposed measures to

improve the reliability of the equipment.

Project completion on time

Requirements to

Stability of technological equipment

the project results

The efficiency of the equipment used

Convenience in usage

4.2.2. Organizational structure of the project

The organizational structure of the project is presented in the table 26.

According to calculations the amount of work time for Engineer and Supervisor we

found the number of hours like it mentioned in table 26
Table 26 — Project Working Group

Ne Name

Position Functions

Working
days spent

Ahmed Ibrahim

Project Executor Work on project implementation

Gvozdyakov D.V.

) Coordination of work activities and
Project Manager _ ) o _
assistance in project implementation

Total:

So, the time spent for my research is equal:

for your Supervisor (Project Manager) — 10 - 4 = 40 hours;
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for me as an Engineer (Project Executor) — 56 - 10 = 560 hours.

4.2.3. Assumptions and constraints

Limitations and assumptions are summarized in table 24.

Table 27 — Limitations and assumptions

Factor Limitations/assumptions
1. Project budget for design 270 000 RUB
1.1 Source of budgeting Own funds / Rosatom scholarship
2. Project timeline: 1 October 2020 — 15 January 2021
2.1 Date of approval of the project

1 October 2020

management plan
2.2 Project completion date 31 December 2020

3. Other _

As a result of the initialization of the project, the goals and expected results
were formulated, the stakeholders of the project and the financial framework were
identified, which is very important for the successful completion of the project and

its implementation.

4.2.4. Project planning

The main way to develop a design implementation schedule is called a Gantt
chart. A Gantt chart is a horizontal graph that depicts work on a topic in long time
periods, described by completion dates and start dates for the assigned work (tables
28 and 29)
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Note: -
=t =(3t,,+2t.)-02 is expected labor intensity of performing one job,
person-days;
= T, =t, /4 isthe duration of the execution of one job, working days, where 4

=1 is number of performers performing the same job, person.
T.=T,-k. - duration of one job, calendar days, where k =1.65 is calendar

factor.
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Table 28 — Design and research timing
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No The laboriousness of the task .
] ] Duration of the
Duration of the task in
tmin, tmax, o . task in calendar
working daysT,;
Task daysT,
person-days person-days person-days

SV Eng sV Eng SV | Eng SV Eng S\ Eng
1 Drawing up the technical assignment 2,8 33 3 3 5.0
2 Literature review 43 6,8 53 53 8.7
3 Selection of the research field 4,1 6.6 5,1 5,1 8.4
4 Calendar planning 2,8 33 3 3 5.0
5 Description of the design object 4,5 7 5,5 3,5 9.1
6 Statement of the design problem 4,1 6,1 4,9 4,9 8.1
7 Development of the calculation model 6,5 7 6,7 6,7 11.1
8 Variational calculations of the object 5,7 77 6.5 6,5 10.7
9 Evaluation of calculation results 3,2 5,2 4 4 6.6

Comparative calculations of economic 6 8,5 7 7
10 . . 11.6
efficiency object

11 Choosing the optimal design 6,3 8,8 73 7.3 12.0
12 Drawing up a final report 6,5 9 7.5 7.5 12.4

Name | Sheet




Duration of the task
TKi
Ne Task Executors OoCT NOV DEC
days
1 Drawing up the Y 5
technical assignment
2 Literature review Eng 8,7
3 Selection o_f the Eng 8,4
research field
4 Calendar planning SV 5
5 Descr_iption _of the Eng 91
design object
6 | Statement of the design Eng 8,1
problem
7 Development of the Eng 11,1
calculation model
8 | Variational calculations Eng 10,7
of the object
9 Evaluation of sV 6,6
calculation results
10 Comparative 11,6
calculations of Eng
economic
11 | Choosing t_he optimal Eng 12
design
12 Drawing up a final Eng 12,4
report
- SV

Thus, the duration of the task performed by the engineer and the supervisor. In general, the

duration of work in calendar days for an engineer is 56 days, and for a supervisor is 10 days.
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4.2.5. Project budgeting

The project budget must display reliable values for all types of costs

associated with its implementation. The costs of this project include:

= costs of purchasing equipment;

= costs for materials and other products;

= expenses for the main and additional salaries of the theme

performers;

= costs for special equipment;

= costs of social security contributions;

= overhead costs.

required for paperwork.

4.2.5.1. Costs for materials and other products

Table 30 — Costs for materials for the project

These costs include office supplies, printing costs, and various equipment

Name Unit of measurement | Number | Price per unit, RUB Expenses (Ey), RUB
Paper Pack 1 250 250
Pens Unit 2 50 100
Pencils Unit 1 50 50
Ruler Unit 1 40 40
Printing Page 200 2 400
Folder Unit 2 5 10
Stapler Unit 1 150 150
Staples Pack 1 40 40
Hole puncher Unit 1 250 250

Total 1 290
Sheet
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4.2.5.2. Costs for specialized equipment

This item includes all costs that are associated with the purchase of special
equipment (for example, instruments, instrumentation, stands, devices and

mechanisms) necessary for the project.

Table 31 — Costs for specialized equipment

Price per Total price of
Ne Name Number _ ]
unit, RUB equipment, RUB
1 Laptop 1 55 000 55 000
Microsoft Windows 10
2 ) 1 4500 4500
Professional x64
3 MacAfee Anti-Virus 1 1690 1690
Microsoft Office 2019 Pro
4 1 3500 3500
Plus
Total, RUB 64690

The cost of specialized equipment is recorded in the form of depreciation
charges.

Depreciation is the gradual transfer of costs incurred to purchase or build
property, plant and equipment to the cost of the finished product. With its help,
money spent on the construction or purchase of property is compensated.
Depreciation deductions are paid during the entire period of property exploitation.

Let's calculate the amount of monthly depreciation deductions in a linear way.
Equipment costs are 64690 RUB. The operating life of the computer is 7 years, the
Microsoft Windows 10 license is 4 years, the rest of the software is a year. Then the

annual depreciation rate for them, respectively:
Npi = 7 100% = 14,29%;
Npwin = 7 - 100% = 25%;

Npss = 7 - 100% = 100%.
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Academic year depreciation (9 months) for Laptop, Microsoft Windows 10

License, and Supporting Software:

D; = 55000 Noo T _ 30000 14,29% 90 _ 1938 RUB

L= 100% 365 100% 365 ’
Npwin T 25% 90

Dwinio = 4500 - . —— = 4500 - .—— =1277.4RUB

Win10 100% 365 100% 365 ’

Npss T 100%
. —— =15190
100% 365

where T — number of working days

90
—— = 1279.7 RUB,

Dec = 5190 - : :
55 100% 365

Total depreciation for a year:
D= DL + DWinlO + DSS = 34‘951 RUB

4.2.5.3. Basic salary
The amount of expenses for wages of employees is determined based on the labor

intensity of the work performed and the current system of salaries and tariff rates.

The calculation of the basic salary of the head of a scientific project is based
on the sectoral wage system. The branch system of remuneration at TPU assumes

the following composition of wages:

1) Salary - determined by the enterprise. In TPU, salaries are distributed in
accordance with the positions held, for example, assistant, art. lecturer,
associate professor, professor (see "Regulations on remuneration™ given on
the website of the Planning and Finance Department of TPU).

2) Incentive payments - set by the head of departments for effective work,
performance of additional duties, etc.

3) Other payments; district coefficient.

Since incentive bonuses, other payments and incentives depend on the
activities of the manager in particular, we will take the coefficient of incentive
bonuses equal to 30%, and the coefficient of incentives for the manager for

conscientious work activity is 25%.
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The basic salary of a manager is determined by the formula:

Sy, =S, - Tw, (11)
where S, is worker’s regular salary;

T, is duration of work, work days.

Additional salary:

S,aq = 0,15+ S, (12)
Average daily salary for a 5-day working week:
Sy =2, (13)
where S 1s worker's monthly salary, RUB;

F4 1s number of working days in a month, days,
M =11.2 is number of months of work without vacation during the year
Full salary can be defined as:
Sk = Sp + Sadd, (14)
Taking into account the document "Regulations on wages"”, associate
professor, candidate of technical sciences, working at TPU has a salary equal to S,
= 36 000 rubles A design engineer with no experience in Tomsk has an average
salary of 18,000 rubles. With this in mind, we calculate the size of the total salary of
the project manager and design engineer during the study.
Monthly salaries:
= For project supervisor:
Shsup = Sr - (1 + Ky +Kkq) - ky = 36000 - (1 40,3+ 0,25) - 1,3 =
72540 RUB;
Sksup = Sbsup + Sadd = 72 540 + 0,15 - 72 540 = 83420 RUB.
=  For engineer developer:
Sbeng = Sr - (1 + Ky +Kkq) -k, = 18000 - (1 4+ 0,3+ 0,25) - 1,3 =
36 270 RUB;
Skeng = Sbeeng + Sada = 36270 + 0,15 - 36270 = 41711 RUB.
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Average daily salary:

_ Sb.sup. __ 72540 )
Spap, = 2 = 22 = 3524,1 RUB;
_ Speng. __ 36270 _
Speng. = 2t = 278 = 1762,4 RUB,

where the average number of working days in a month was determined as:

Tw _ 247 _
Fq=-%=21=2058

Let's assume that the project manager spent 25 working days on it, then the
design engineer was engaged in the rest of the time (80 days). Salaries of project
participants for the period of work:

Ssup = SD.sup. * tsup = 3524.2 - 10 = 35242 RUB;
Seng = Speng. * teng = 1762.1 - 56 = 986678 RUB.

Additional salaries of project participants:

Saddsup. = 0,15 - 35242 = 10881 RUB;
Saddeng, = 0,15 - 36270 = 5440,5 RUB.

Daily additional salaries:

10880,3

SD.add.sup. = 2058 = 528,63 RUB;
5440,5
Spaddeng = 555 = 2644 RUB.

Additional salary for the entire project period:
Spadd.sup = Sp.add.sup * tsup = 528,63 - 10 = 5286,3 RUB;
Spadd.eng = Sp.add.eng, * teng = 264,4 - 56 = 14801,7 RUB.
Full salary for the period of the project:
Sksup = Sbsup T Spaddsup = 72540 + 5286,3 = 77826,3 RUB;
Skeng = Sbeeng + Spaddeng = 36270 + 14801,7 = 51071,7 RUB.

4.2.5.4. Contributions to social funds
Here | will consider the obligatory contributions according to the norms

established by the legislation of the Russian Federation to the state social insurance
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bodies (FSS), the pension fund (PF) and medical insurance (FFOMS) from the
costs of wages of employees. The amount of contributions to extra-budgetary

funds is determined by the formula:

Sexb = kexb(SF.sup + SF.eng)v (15)

where k.,,— contribution rate to extrabudgetary funds.
To date, the following contributions must be made from the amount

provided as payment for labor:

= 22% towards the accrual of future pension;
» 5,1% to the Mandatory Health Insurance Fund;

= 2 9% to the Social Insurance Fund:;

= from 0,2 to 8,5% for insurance against accidents that may occur at work

(the exact amount depends on the risk class, which includes the

profession and position of the employee).
The work of a manager and a design engineer belongs to the 1 risk class.

Thus, the total deductions amount to 30,2%.
Sexy = 0,302 - (77826,3 + 51071,7) = 38927,2 RUB

4.2.5.5. Organization of research costs budget
In the previous subchapters, the values of the main costs of the research

were calculated. Let us take them all in one table 29.

Table 32 — Research cost budgeting

Name Cost, RUB. Cost, %
Costs for materials and other products 1290.0 0.62
Costs for specialized equipment 3494.5 1.69
Supervisor salary costs 77826.3 37.66
Design engineer salary costs 51071.7 24.71
Contributions to social funds 38927.2 18.83
Sheet
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Overheads 34065.7 16.48
Research budget 206675.4 100.0

In the course of the completed project, a condenser-refrigerator was calculated for
the implementation of the condenser types depending on the sickness that is 0.7 and
1.5 mm, length and number of the tube.

In the literature review, advanced condenser designs were considered.
The technological scheme was justified connected by a pipeline.

Depending on all this variant we found that it affects the cost of condenser
iIf we use a less metal during designing the condenser so the cost of the condenser
lower but the electrical cost of pumping to condenser will be higher than the
condenser that uses higher thickness of tube with more metal and more cost value of

condenser

So it is preferred to get condenser with low thickness as the cost will be so
small like the first variant of condenser with 0.7 mm thickness and 28 mm diameter
and taking into account that pumping cost will not be affected too much that is why
| suggest to choose the variant 1000-K1IC -1 d,,,; = 28 mm; Swan = 2 mm.
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5. Social responsibility

Introduction
In modern conditions, one of the main directions of radical improvement of all
preventive work to reduce occupational injuries and occupational morbidity is the
widespread introduction of a comprehensive occupational health and safety
management system, that is, by combining disparate measures into a single system

of targeted actions at all levels and stages of the production process.

Labor security could be a framework of authoritative, social and financial,
organizational, mechanical, sterile and restorative and preventive measures and
implies that guarantee the safety, preservation of human wellbeing and proficiency

within the prepare of work.

Rules on labor security and security are presented in arrange to anticipate
mishaps, guarantee secure working conditions for representatives and are required

for laborers, directors, building and specialized laborers.

A dangerous generation figure may be a generation figure whose introduction
beneath certain conditions leads to harm or other sudden, sharp deterioration of
health.

A destructive generation calculate may be a generation figure whose affect
on an representative in certain conditions leads to sickness or a diminish in working

capacity.
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6. Safe working conditions
6.1.Special legal norms of labor legislation
Most of the work that is carried out in production is directly related

to the presence of dangerous and harmful production factors.

When hiring, the applicant is informed about this, and also indicated
in the employment contract. And, accordingly, the employer is also obliged
to familiarize not only with such working conditions, but also to teach safety
measures, safe work practices, conduct internships at the workplace, provide
training on labor protection, and periodically check the employee's

knowledge of labor protection requirements.

In accordance with Art. 221 - 225 of the Labor Code of the Russian
Federation in the conditions of dangerous and (or) harmful production
factors, it should be provided by the employer of workers with personal
protective equipment, special clothing, disinfecting or rinsing agents, all
necessary share of first aid, etc. Also, at his own expense, the employer must
ensure the issuance of special shoes and clothes, as well as other personal
protective equipment. In addition, according to part 3 of article 221 of the
Labor Code of the Russian Federation, the employer must provide care for

special clothing (I.E. storage, repair, replacement, washing, drying).

It is also envisaged to undergo a medical examination for workers
who perform work in conditions with dangerous and (or) harmful production
factors, which is indicated in Article 213 of the Labor Code of the Russian
Federation. Moreover, both during employment and in the process of work.
In the order of the Ministry of Health and Social Development of the Russian
Federation dated 12.04.2011 Ne 302n. The procedure for conducting a
medical examination is indicated. The requirements of this document
stipulate that a medical examination should be carried out once a year, or

twice a year. It depends on the type of activity of the employee in the
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workplace, as well as on the presence of specific harmful factors. According
to part 6 of article 213 of the Labor Code of the Russian Federation, for
workers whose work is associated with sources of increased danger (for
example, the influence of adverse production factors and harmful
substances), as well as for those working under conditions of increased
danger, a mandatory psychiatric examination should be performed at least
once every 5 years. According to the Decree of the Ministry of Labor of the
Russian Federation and the Ministry of Education of the Russian Federation
of 13.01.2003 No. 1/29 “On approving the procedure for training on labor
protection and testing knowledge of labor protection requirements for
employees of organizations”, a production worker must, in addition to a
medical examination at least once every 3 years, pass his knowledge test

occupational safety, as well as first aid training for injured people.
6.2.0rganizational arrangements for the layout of the working area
6.2.1. Microclimate of the working room

During work in the laboratory, it is necessary to create favorable
conditions for the microclimate of the workplace. Prolonged exposure of a
person to adverse weather conditions can dramatically worsen his well-being,
reduce labor productivity and lead to diseases. The microclimate is
determined by combinations of temperature, humidity, air velocity and

thermal radiation acting on the human body.

High air temperature contributes to rapid fatigue of the worker, and
can lead to overheating of the body, cause a violation of thermoregulation,
poor health, decreased attention, heat stroke, increased stress on the heart.
Low air temperature can cause local or general hypothermia, cause colds, and
lead to diseases of the peripheral nervous system (radiculitis, bronchitis,

rheumatism). Low humidity can cause the mucous membranes of the
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respiratory tract to dry out. Air mobility effectively contributes to the heat

transfer of the human body and is positively manifested at high temperatures

and negatively at low.

According to SanPin 2.2.4.548-96, work in the laboratory belongs to

category 1b in terms of energy consumption - this is light physical work,

which does not require lifting and carrying heavy loads, is performed while

sitting or is connected with walking.

industrial premises in accordance with SanPin 2.2.4.548-96

We give the optimal and permissible microclimate indicators of

Table 33 - Optimum microclimate indicators

Period of the year Temperature, |Relative humidity, % Air flowrate, m /s
degrees, °C
Cold 21-23 40-60 0.1
Warm 22-24 40-60 0.1
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Table 34 - Permissible indicators microclimate

Air flowrate,
Period Temperature, Surface Relative m/s
of the degrees, C temperature, | humidity, %
year C
Range| Range for air for air
temperature
below | above temperature range
r.h. r.h. range below | above (relative
(relative humidity), no
humidity), no more
more
Cold | 19.0-| 23.1-| 18.0-25.0 15-75 0.1 0.2
20.9 24.0
Warm | 20.0—-| 24.1- | 19.0-29.0 15-75 0.1 0.3
21.9 28.0

6.2.2. Work area illumination

Not only eye health and human performance, but also his physical and

psych emotional state directly depends on the degree of illumination. Moreover,

in premises for various purposes, the lighting requirements should vary. Also,

when calculating the illumination, it is reasonable to take into account the

characteristics of the working process carried out by a person in such a room, its

frequency and duration

In practice, two types of lighting are used: natural and artificial. Natural

lateral and artificial working, as well as combined, which consists of local lighting
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of workplaces and general lighting of the room. These types of lighting are
standardized by Set of rules 52.13330.2011.

In this laboratory, work is carried out on personal computers. According
to SanPin 2.2.2 / 2.4.1340-03[1] “Hygienic requirements for personal electronic
computers and organization of work”, artificial lighting in premises for the
operation of a personal computer should be carried out by a general uniform
lighting system. Illumination on the table surface in the area of the working
document should be 300-500 lux. Lighting should not create glare on the surface

of the screen. Illumination of the screen surface should not be more than 300 lux.

In the laboratory, medium-precision work is carried out with the smallest
size of the object of discrimination 0.5 - 1.0 mm, the contrast of the object of
discrimination with the background is medium. The category of visual work is 1V,
sub discharge b, thus the illumination of the working surface from general lighting
systems is 200 lux (Set of rules 52.13330.2011 “Natural and artificial lighting”).

Table 35 - Lighting requirements for residential and public buildings.

Artificial lighting Natural lighting, DLR, %, at
Illumination on the Coefficient of Top lighting or Side
working surface pulsation of combined
from the general illumination CP, %, no
lighting system, lux more
300 20 2.5 0.7

Thus, there are no violations of the lighting standards in the laboratory.

6.2.3. Noise level at the workplace

Noise pollution of the environment at the workplace adversely affects
workers: attention is reduced, energy consumption increases with the same

physical

activity, the speed of mental reactions slows down, etc. As a result, labor
productivity and the quality of the work performed are reduced.

Sheet

@DIOPA.562527.001 113

Name

Sheet| M Document | Signature | Data

97




are printers, plotters, copying equipment and equipment for air conditioning, fans

The main sources of noise in rooms equipped with computer technology

of cooling systems.

for personal electronic computers and organization of work”, the noise level at

accordance with SanPin 2.2.2 / 2.4.1340-03[1] “Hygienic requirements

workplaces should not exceed 50 dB

6.2.4. Elevated electromagnetic radiation

PCs are sources of broadband electromagnetic radiation:

« soft x-ray;
e ultraviolet 200-400 nm;
« visible 400-750 nm;

« near infrared 750-2000 nm;

« 3 kHz radio frequency range;

« electrostatic fields:

Table 36 - Temporary permissible levels of EMF created by PC in the workplace.

Name of parameters

Temporary Permissible Levels

Electric field strength In the frequency range 5 Hz - 2 kHz 25V/m
In the frequency range 2 kHz - 400 kHz 2.5V/m

Magnetic flux density In the frequency range 5 Hz - 2 kHz 250 nT
In the frequency range 2 kHz - 400 kHz 25nT
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Electrostatic field strength 15 kV/m

If at the surveyed workplace equipped with a PC, the intensity of the
electric and / or magnetic field in the range of 5 - 2000 Hz exceeds the values
given above, it is necessary to measure the background EMF levels of industrial
frequency (with the equipment turned off). The background level of the electric

field with a frequency of 50 Hz should not exceed 500 V / m.

The background levels of the magnetic field induction should not exceed
the values causing violations of the requirements for the visual parameters of the
VDT. As a precaution, you should limit the duration of work with the PC, do not
place them concentrated in the work area and turn them off if they are not working.
Along with this, it is necessary to install air ionizers in the room, ventilate the
room more often and, at least once during the work shift, clean the screen of dust
(SanPin 2.2.2 / 2.4.1340-03)[1].

6.2.5. Arrangements for the layout of the working area
Of great importance in the work is the organization of jobs for employees
and the creation of favorable working conditions. Work in the laboratory is
usually characterized by low motor activity, monotony, prolonged stay indoors.

All this causes fatigue and naturally affects the results of labor.

In a laboratory with an area of 30 m2, no more than 5 people can work
simultaneously, therefore, the norms of the office space are taken into account.
To ensure favorable microclimate conditions, the room is equipped with a hood.
The depth of the table is 800mm, width 1.5m. The distance between workers is at
least 1.5 m. The width of the passage is about 2m. The planes of computer screens
are perpendicular to the windows, the dimensions of the furniture correspond to

the size of the room, there is no clutter.
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The mode of work and rest provides for compliance with a certain duration
of continuous work on the PC and breaks, regulated taking into account the

duration of the shift, types and categories of work.

Labor in the laboratory belongs to category B - creative work in dialogue
with a PC, the third category of severity. The mode of work and rest of operators
working with computers should be as follows: after every hour of intensive work,
a 15-minute break should be arranged, with a less intensive break every 2 - hours.
The effectiveness of regulated breaks increases when combined with workout
gymnastics. Gymnastics should include a set of exercises aimed at filling the
deficit of motor activity, relieving tension in the muscles of the neck, back, and
reducing vision fatigue. It is carried out for 5 to 7 minutes. 1-2 times per shift
(SanPin 2.2.2 /2.4.1340-03[1]) Since the work was carried out mainly on a PC,
according to (SanPin 2.2.2 /2.4.1340-03[1]) the following requirements are

imposed on the layout of the workplace of a computer operator:

The desktop should be adjustable in height within 680-800 mm; in the
absence of such a possibility, its height shall be 725 mm. The optimal dimensions
of the worktop are 1400x1000 mm. Under the tabletop, there should be free
legroom with a height of at least 600 mm, a width of 500 mm, and a depth of 650
mm. On the surface of the desktop for documents, it is necessary to provide for
the placement of a special stand, the distance from which should be the same as

the distance from the eyes to the keyboard, which reduces visual fatigue.

The working chair (chair) must be equipped with a lifting and swiveling
device that provides seat and backrest height adjustment; its design should also
include a change in the angle of inclination of the back. The working chair must
have armrests. The adjustment of each parameter should be easy to carry out, be
independent and have a secure fit. The height of the seat surface must be
adjustable between 400-500 mm. The width and depth of the seat must be at least
400 mm. The height of the back surface should be at least 300 mm, width at least
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380 mm. The radius of its curvature in the horizontal plane is 400 mm. The angle

of the backrest should vary between 90-110° to the plane of the seat. The coating

material of the working chair should allow easy cleaning from contamination. The

surface of the seat and back should be semi-soft, with a non-slip, non-electrifying

and breathable coating.

7. Industrial safety

Industrial safety is understood as a system of organizational measures

and technical means that prevent or reduce the likelihood of exposure to

working personnel of dangerous traumatic production factors that arise in the

work area during the course of labor activity. In our work, it is necessary to

find out dangerous and harmful factors that may arise when working with an

information system. Subsequent selection is made using GOST 12.0.003—

2015 "Dangerous and harmful production factors. Classification”. The

selection results are shown in the table below.

Table 37 - Harmful and dangerous factors when working with a computer.

Source of
factor, name of
the type of work

List of factors (according to GOST12.0.003—

2015)

Relevant regulatory
documents

Harmful

Dangerous

1) Computer

work

1) The microclimate of

the working room;

2) increased or decreased
humidity of the air of
the working area

3)Hlumination of
the working area;

1) Exposure to 1) SanPin 2.2.4.548-96;

2)GOST R 12.1.019-2009;
3)GOST 12.1.030-81;
4)SP 52.13330.2011,
5)SanPin 2.2.2/2.4.1340-
03;

6) GOST 12.1.003-83;

7) SanPin 2.2.2/2.4.1340—
03

electrical current

4)Increased noise
in the workplace;
5) Increased level

of electromagnetic
radiation
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7.1.Analysis of harmful and dangerous factors that can be created by

objectof study and laboratory during research

7.1.1. Analysis of identified hazardous factors

The laboratory room where the work was carried out belongs to category B

The causes of the fire may be:

=

Short circuit currents.

no

Malfunction of electric networks.

3. Ignorance of fire safety rules or negligence of staff.

4. Smoking in the wrong places.
In this regard, the following fire safety standards must be observed in

the laboratory:

1. To protect the network from overloads, it is forbidden to include
additional non- intended consumers.

2. Carry out work in the laboratory only when the equipment and
electrical wiring are in good condition.

3. For extinguish a fire (fire extinguisher).

4. Have aplan of evacuation of people, which should hang in a

conspicuous place.

5. Place the equipment so that there is sufficient passageway to the exit.
The building of the Tomsk polytechnical University, in which the

laboratory is located, meets the fire safety requirements.
7.1.2. Electrical safety
Electrical safety is a system of organizational and technical measures

aimed at protecting people from the harmful and dangerous effects of electric

current. There is a danger of electric shock in all cases where electrical
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installations and equipment are used. Electrical installations are classified by

voltage - with a rated voltage of up to 1000 V (rooms without increased

danger), up to 1000 V with the presence of an aggressive environment

(rooms with increased danger) and over 1000 V (rooms especially

dangerous) (according to the Rules for the Installation of Electrical

Installations). To ensure safe operation, it is necessary to exclude possible

sources of electric shock:

1.

2.

Accidental contact with live parts under voltage.

The appearance of voltage on the mechanical parts of electrical
equipment (cases, covers, etc.) due to insulation damage or other
reasons.

The occurrence of stress on the ground or supporting surface.

According to the degree of danger of electric shock, this laboratory

belongs to rooms without increased danger, it is a dry room without increased

dusting, the air temperature is normal, the floor is covered with insulating

material. All electrical equipment and devices are in place and have protective
grounding with a resistance of not more than 4 onms (GOST 12.1.030-81.) All

employees undergo initial electrical safety training. Before starting work, it is

necessary to check the serviceability of conductive wires. It is forbidden to use

wires with damaged insulation or without insulation, as well as wires that are

not equipped with plugs or soldered terminals, to connect electrical appliances.

Instruments must be kept clean. At the end of the work, disconnect the

equipment from the network.

Electric shock during GQW can occur during careless handling of the

connecting wires or in the event of an emergency - shorting of live parts to

the equipment case in the absence of grounding and grounding. This can

happen when working with electrical laboratory equipment.
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Table 38 - Permissible levels of touch voltages and currents.

Type of Current
Mode Variable, 50 Hz Constant
U, I, Duration, min U, I, Duration, min
B MA B MA
Normal 2 0.3 <10 8 1 <10

First aid to the victim should consist in immediately disconnecting
the current that caused the injury, disconnecting (in rubber gloves) the
victim from the leads and calling the doctor. If the victim is conscious,
but before that he was swooning or has been under current for a long
time, he needs to ensure peace before the doctor arrives. If the victim
lost consciousness, but breathing persists, it is necessary to put him in
comfortably, evenly, unfasten his tight clothes, create an influx of fresh
air, remove unnecessary people from the room, breathe ammonia, spray
with water, rub and warm the body. With convulsive and rare breathing,
artificial respiration is necessary. In the absence of signs of life (lack of

pulse and breathing), the victim cannot be considered.

It is necessary immediately, without wasting time, before the

arrival of the doctor to do artificial respiration.

7.2.Air exchange in laboratory

Air exchange in public buildings is necessary to clean the air of
harmful substances: to remove harmful substances (emitted harmful

gases, vapors and dust), to remove water vapor and excess heat.

In residential and public buildings, carbon dioxide (CO2) exhaled
by people is a constant harmful emission. The required air exchange is
determined by the amount of carbon dioxide exhaled by a person and

by its permissible concentration. The amount of carbon dioxide,
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depending on the age of the person and the work performed, as well as
the permissible concentration of carbon dioxide for different rooms. The
carbon dioxide content in the air can be determined by the chemical
composition of the air[4]. However, given the increased carbon dioxide
content in the atmosphere of settlements, the CO2 content should be

taken into account when calculating:
- for large cities (over 300 thousand inhabitants)— 0.5 I/m3.

Determine the required rate of air exchange in a laboratory for
two people, if the volume of the room is V=32 m3. The laboratory is
located in 4426 office of the hostel building Vershinina of Tomsk
university. The amount of carbon dioxide exhaled by an adult with light
work in an institution is 18 I/h[4]. The maximum permissible
concentration of carbon dioxide for institutions is 1.25 I/m3. The

required air exchange in the laboratory is determined by the formula 1:

L=

Xy — Xp
where L — air exchange required, m3/h;

G —is the amount of harmful substances released into the room air, g/h;

P — number of people working in the laboratory;

Xv — maximum permissible concentration of harmfulness in the air of the

working area of the room [3], mg/m3;

xn — the maximum possible concentration of the same harmfulness in the air

of populated areas [3], mg/m3.
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The rate of air exchange (n), which shows how many times in one
hour the air is completely replaced in the room, which is determined by the

formula 2.

n= h~1

L
]/Tl )
where -V, is the internal volume of the room, m?

» According to [3], the permissible air exchange rate should be in the range from
3to 10 h.

Required air exchange in the laboratory, according to 1:

18-1

_ _ 3
L=1755-g5 = 24m/h

The required air exchange rate is:

_ 2 075 p
n=30=0

Thus, the calculated consumed air exchange in the laboratory should be 48
m3/h.

Safety in emergency situations

In case of emergency, you must immediately call the fire department

at number “01” from your business phone or “101” from your mobile phone.

The notification of civil defense alerts in the event of an emergency
to the personnel of the objects is carried out using voice information through
broadcasting channels, radio broadcast networks and communication
networks. On the territory of the Tomsk university hostel they do not use,

do not produce, do not process, do not store radioactive, fire hazardous, and
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also explosive substances that create a real threat of an emergency source.

As the most probable technological emergencies, the project considers
Fire at the territory object.

Fire hazards for humans include toxic combustion products, low

oxygen concentration, open flames, smoke, and high air temperatures.
The following measures must be observed to prevent fire:
= Reducing the determining size of the combustible medium.

=  Prevention of the formation of a combustible medium.

In case of overheating, short circuits, etc. possible ignition of electrical
installations, wiring. To extinguish the fire, it is necessary to use special means,
it is impossible to use water and other conductive substances. Therefore, the
premises should be equipped with means for extinguishing electrical

installations and electrical wiring under voltage.

In case of overheating, short circuits, etc. possible ignition of electrical
installations, wiring. To extinguish the fire, it is necessary to use special means,
it is impossible to use water and other conductive substances. Therefore, the
premises should be equipped with means for extinguishing -electrical

installations and electrical wiring under voltage.
8. Ecological safety

8.1.Environmental impact of nuclear power

The environmental impact of nuclear power results from the nuclear fuel

cycle, operation, and the effects of nuclear accidents.

The greenhouse gas emissions from nuclear fission power are much smaller
than those associated with coal, oil and gas, and the routine health risks are much

smaller than those associated with coal. However, there is a "catastrophic risk"
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potential if containment fails, which in nuclear reactors can be brought about by
overheated fuels melting and releasing large quantities of fission products into the

environment.

The most long-lived radioactive wastes, including spent nuclear fuel, must
be contained and isolated from the environment for a long period of time. On the
other side, spent nuclear fuel could be reused, yielding even more energy, and

reducing the amount of waste to be contained.
» Other waste

Moderate amounts of low-level waste are through chemical and volume
control system (CVCS). This includes gas, liquid, and solid waste produced
through the process of purifying the water through evaporation. Liquid waste is
reprocessed continuously, and gas waste is filtered, compressed, stored to allow
decay,[3] diluted, and then discharged. The rate at which this is allowed is
regulated and studies must prove that such discharge does not violate dose limits

to a member of the public (see radioactive effluent emissions).

Solid waste can be disposed of simply by placing it where it will not be

disturbed for a few years.
Power plant emission
> Radioactive gases and effluents

Most commercial nuclear power plants release gaseous and liquid
radiological effluents into the environment as a byproduct of the Chemical

Volume Control System.

Civilians living within 50 miles (80 km) of a nuclear power plant typically
receive about 0.1 uSv per year. For comparison, the average person living at or

above sea level receives at least 260 uSv from cosmic radiation.
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All reactors are to have a containment building. The walls of containment
buildings are several feet thick and made of concrete and therefore can stop the
release of any radiation emitted by the reactor into the environment. If a person is
to worry about an energy source that releases large amounts of radiation into the
environment, they should worry about coal- fired plants. "The waste produced by
coal plants is actually more radioactive than that generated by their nuclear
counterparts. In fact, the fly ash emitted by a [coal] power plant— a by-product
from burning coal for electricity—carries into the surrounding environment 100
times more radiation than a nuclear power plant producing the same amount of
energy.” Coal-fired plants are much more hazardous to people's health than
nuclear power plants as they release much more radioactive elements into the
environment and subsequently expose people to greater levels of radiation than
nuclear plants do. "Estimated radiation doses ingested by people living near the
coal plants were equal to or higher than doses for people living around the nuclear
facilities. At one extreme, the scientists estimated fly ash radiation in individuals'
bones at around 18 millirems (thousandths of a rem, a unit for measuring doses of
ionizing radiation) a year. Doses for the two nuclear plants, by contrast, ranged
from between three and six millirems for the same period. And when all food was
grown in the area, radiation doses were 50 to 200 percent higher around the coal

plants.”

The total amount of radioactivity released through this method depends on
the power plant, the regulatory requirements, and the plant's performance.
Atmospheric dispersion models combined with pathway models are employed to
accurately approximate the dose to a member of the public from the effluents

emitted. Effluent monitoring is conducted continuously at the plant.
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9. Comparison to coal-fired generation

In terms of net radioactive release, the National Council on Radiation
Protection and Measurements (NCRP) estimated the average radioactivity per
short ton of coal is 17,100 millicuries/4,000,000 tons.

In terms of dose to a human living nearby, it is sometimes cited that coal
plants release 100 times the radioactivity of nuclear plants[3]. This comes from
NCRP Reports No. 92 and No. 95 which estimated the dose to the population from
1000 MWe coal and nuclear plants at 4.9 man-Sv/year and 0.048 man-Sv/year
respectively (a typical Chest x-ray gives a dose of about 0.06 mSv for comparison).
The Environmental Protection Agency estimates an added dose of 0.3 uSv per
year for living within 50 miles (80 km) of a coal plant and 0.009 milli-rem for a
nuclear plant for yearly radiation dose estimation. Nuclear power plants in normal

operation emit less radioactivity than coal power plants.

Unlike coal-fired or oil-fired generation, nuclear power generation does not
directly produce any sulfur dioxide, nitrogen oxides, or mercury (pollution from
fossil fuels is blamed for 24,000 early deaths each year in the U.S. alone).
However, as with all energy sources, there is some pollution associated with

support activities such as mining, manufacturing and transportation.

A major European Union-funded research study known as Extern, or
Externalities of Energy, undertaken over the period of 1995 to 2005 found that the
environmental and health costs of nuclear power, per unit of energy delivered, was
€0.0019/kWh. This is lower than that of many renewable sources including the
environmental impact caused by biomass use and the manufacture of photovoltaic
solar panels, and was over thirty times lower than coals impact of €0.06/kWh, or
6 cents/kWh. However, the energy source of the lowest external costs associated
with it was found to be wind power at €0.0009/kWh, which is an environmental

and health impact just under half the price of Nuclear power.
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» Waste heat

As with all thermoelectric plants, nuclear power plants need cooling
systems. The most common systems for thermal power plants, including nuclear,

are.

= Once-through cooling, in which water is drawn from a large body, passes

through the cooling system, and then flows back into the water body.

= Cooling pond, in which water is drawn from a pond dedicated to the purpose,

passes through the cooling system, then returns to the pond.

= Cooling towers, in which water recirculates through the cooling system until

it evaporates from the tower.

Nuclear plants exchange 60 to 70% of their thermal energy by cycling with
a body of water or by evaporating water through a cooling tower. This thermal
efficiency is somewhat lower than that of coal-fired power plants, thus creating

more waste heat.

It is possible to use waste heat in cogeneration applications such as district
heating. The principles of cogeneration and district heating with nuclear power are
the same as any other form of thermal power production. One use of nuclear heat
generation was with the Agesta Nuclear Power Plant in Sweden. In Switzerland,
the Beznau Nuclear Power Plant provides heat to about 20,000 people. However,
district heating with nuclear power plants is less common than with other modes

of waste heat generation.

A number of thermal stations use indirect seawater cooling or cooling

towers that in comparison use little to no freshwater.
9.1.Water consumption and risks

During the process of nuclear power generation, large volumes of water are

used. The uranium fuel inside reactors undergoes induced nuclear fission which
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releases great amounts of energy that is used to heat water. The water turns into

steam and rotates a turbine, creating electricity.

When intaking water for cooling, nuclear plants, like all thermal power
plants including coal, geothermal and biomass power plants, use special structures.
Water is often drawn through screens to minimize to entry of debris. The problem
Is that many aquatic organisms are trapped and killed against the screens, through
a process known as impingement[2].Aquatic organisms small enough to pass
through the screens are subject to toxic stress in a process known as entrainment.

Billions of marine organisms are sucked into the cooling systems and destroyed.
9.2.Greenhouse gas emissions

Many stages of the nuclear fuel chain — mining, milling, transport, fuel
fabrication, enrichment, reactor construction, decommissioning and waste
management — use fossil fuels, or involve changes to land use, and hence emit

carbon dioxide and conventional pollutants.

Nuclear energy contributes a very small amount of emissions into the
atmosphere which can cause many environmental problems such as global
warming. Uranium is not burned in a nuclear power plant as coal is so there are no
emissions from it. All of the waste that comes from the fission of uranium stays in
the plant and is therefore able to be disposed of in a safe way in which the uranium

IS kept out of the environment.

Nuclear energy produces far less carbon dioxide than coal, 9 grams per
kilowatt hour compared with 790-1017 grams per kilowatt hour for coal[5]. Also,
nuclear energy produces the same amount if not less greenhouse gasses than
renewable resources. Like all energy sources, various life cycle analysis (LCA)
studies have led to a range of estimates on the median value for nuclear power,
with most comparisons of carbon dioxide emissions show nuclear power as

comparable to renewable energy sources.
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Nuclear power, primarily from ~1970 to 2013, is estimated to have

prevented the atmospheric emission of 64 gigatons of CO2-equivalent.
10.Calculation of the maximum permissible discharge

It is required to calculate maximum permissible discharge (MPD) of
radionuclides for a NPP designed specifically for given region. Calculation has to
be carried out for normal operation mode and repair period, if electrical capacity,
Ne, of the NPP is known.

Emission goes through the chimney consisting of the main chimney and

internal one.

The internal one has diameter d, and it is used during normal operation
mode, when the gas mixture is being vented with the volumetric flow rate V1.[2]

The main chimney is needed to emit the gas mixture during repair period, when

the volumetric flow rate is V2. The diameter of the main tube is D.

NPP’s normal operation mode time assumed equal to tno. Temperature

difference of the gas mixture and the air, where the mixture is emitted, is AT.

Capacity expansion limit and buffer area sizes are needed to be determined

either.
Notes: -
Critical groups of population are exposed to external and

internal irradiations; internal one includes irradiation due to

breathing and with dietary intake (all of the possible ways).
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11.Maximum permissible discharge
Table39-. Initial Data

Reqi " Russian Far
egion, ci
: Y East
N, MW 1200
H,m 160
d,m 1.3
D,m 35
M3
Vl’T 55
M3
VZ'T 120
AT,°C 18
days
Ot,W 320
Reactor type WWER

Bq
MPD; = Kq(TC; — Cni) —=

Where: -

K is coefficient of meteorological dilution of component in the atmosphere,

TC; is tolerable concentration of the component, %

C.; 1s background concentration of the component, C—L3
m

If the value of C,,; is unknown, the evaluation of MPD; can be done via the

formula below: -

1 Bq
MPDL = —KdTCi, -,
Y S
Ci m3
TC; = 2346367$, K; = 559558115.6T, y = 30,
Sheet
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1
MPD; = 30 559558115.6 * 2346367 = 1.12-10 Bgq/s.

Where: -

Is y is a factor; y = 30 for operating NPP and, if the following capacity
expansion is planned; y = 10 at the stage of NPP design.

Coefficient of meteorological dilution of component in the atmosphere is
calculated with the formula

H2\VAT m3
Kd - 7N’
A - F - m . n N a . C . (_) S
4]

1602112018 m3 3
K; = —~,— = 559558115.6 —.
0.2-1-0,35-1.58-0.07-3-(1) s s

Where: -

H is height of the tube, m;

3
V, is volumetric flow rate of the gas mixture, mT;

A is a factor depending on temperature stratification of the atmosphere and

defining the conditions of vertical or horizontal dissipation at an intensive turbulent

2 1
exchange in the atmosphere , s3 - °Cs;
F is a factor taking account of component settling capability;

m and n are dimensionless correcting factors;

«a is factor of temporal settling, it is taken equal to 1—13;

(i) is wind rose factor;

Vo

¢ 1S wind rose correction factor.
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Table 40- A factor values

Russian Far East 0.2

Table 41- F factor values

F=1 Gases and aerosol

1
" T 067+ 01JF + 034F

1
= 0.35.
0.67 + 0.1v/13.05 + 0.343/13.05
_ 10°wgD
f= H2AT ’
_ 10%-41.45%-35 13,08
B 1602-18 7
WO = A ,

5 m
Wo = 1o = 41.45—.
A==-d3,
4

A= % 1.32 = 1.32 m?2.

where w,, is outlet velocity of gases, ?;

D is chimney diameter (D = d in case repair period).

The factor n depends on parameter V,,,:

|4 —0653 var
m " H’
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Vo = 0.65 |8 _ 14
me 160

n=3- \/(1.19 —0.3)(4.36 — 1.19) = 1.85.

Table 42- n factor values

n=23—(V,—03)(436—V,) V,, € (0.3;2]

Table 43- Wind predominant directions for different regions of Russia

v
Region Wind predominant direction (v_>
0

Russian Far East North — North - West 3:1

¢ = 1.3 — 1.5 if hill country, slope is 0.1-0.15; difference of elevation
less than 100m
Firstly, annual discharge of radioactive noble gases of a NPP is calculated

with the following formula:

Ci
Byn = By N, year'
Ci
B,, = 20-800 = 16000 .
year

Where: -

B,, is normalized discharge of radioactive noble gases, B,, is assumed equal to

ci
MW-year’

20

Capacity expansion limit is calculated with the formula

RNG
Nlm — 2.iMPD; "o
e — Ve )
Ban

tho = 320-24-60-60 = 27648000

B,, = 16000-3.7-101° =5.9-10*

Sheet

@DIOPA.562527.001 113

Name

Sheet| M Document | Signature | Data

117




RNG

where Y., MPD; Is maximum permissible discharge of radioactive noble gases

only.

1 Bq
MPDgy¢ = ;KdTCRNG' T'

1 15 B4
MPDgye = 35 559558115.6 - 80000000 = 1.49 - 10 -

1.49-10% - 27648000

lim _ . — . 10
NA™ = 1200 =5 101 5.57-10

Buffer area size
Size of the buffer area is calculated by the formula
X = 2BH,
where f is a factor depending on V;,,:
B = 4.95V,, (1+0.28f3),if Vy, < 2;

1
p =4.95-093 (1 + 0.28 - 13.05§> = 6.55,

X =2-6.55-160 = 2099.08.
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Table 44- All results

Element n TC,Bgq/m3 n /TC MPD; Bq/s MPD; Bq/day
4IAr 74000000 77700 952.38 1.22E+12 1.05E+17
85kr 1200000 4070000 0.29 6.36E+13 5.50E+18

8Smyy 12000000 629000 19.08 9.84E+12 8.50E+17
87Kr 25000000 129500 193.05 2.03E+12 1.75E+17
88Kr 34000000 48100 706.86 7.52E+11 6.50E+16
133xe 67000000 2257000 29.69 3.53E+13 3.05E+18
135Xe 48000000 407000 117.94 6.36E+12 5.50E+17
89Sr 0.4 35 0.01 5.47E+08 4.73E+13
90gr 1 1.5 0.67 2.35E+07 2.03E+12
131] 1200 5 240.00 7.82E+07 6.76E+12
134Cs 0.1 0.42 0.24 6.57E+06 5.67E+11
137¢Cs 0.3 0.31 0.97 4.85E+06 4.19E+11
1403 + 1405 0.4 22 0.02 3.44E+08 2.97E+13
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Conclusion:

The project was to design nuclear power plant with electric power 1200
MW with Four loops horizontal steam generator, in the thermal calculation
part calculation of thermal the heating surfaces of steam generator, in the
design calculation of SG to determine the main dimension to design
horizontal steam generator, in the mechanical calculation part determined
the static strength of the main elements of the steam generator and
determine the wall thickness of these elements, in the hydraulic calculation
of steam generator determined the pressure  losses when the coolant
moves in it, in the calculation of separation part is to estimate the humidity
of steam in front of the steam receiving ceiling, which is located at the top
of the steam volume, in thermal insulation part calculated the parameters

of thermal insulation layer .

In the part of NNP thermal calculation the application of knowledge, skills, tools,
and techniques to project activities to meet project requirements. Project
management is accomplished through the use of processes such as: initiating,
designing, calculating, choosing equipment, and representing.

As in the previous project stages, all activities are accomplished fulfilling the
established management system that ensures the achievement of all the NPP
project goals.

As a result of the calculations, of NPP with a VVER-300 and saturated steam
turbine with low speed that was divided into high pressure part and low-pressure
part which drives an electrical generator of 25Hz, and by following steam flow
after condensing and the stages of reheating the water before reaching the NPP
steam generator.

In this work, it was calculated the average values maximum allowable emissions of
radioactive materials into the atmosphere from the designed nuclear power station

with the possibility of further expansion
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MPD;values obtained in the normal operation mode and repair mode can be
concluded that in the repair mode emission limit values higher than during normal

operation of the planned power plant.
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