The Proposal of the D20 Inventory Monitoring Methodology

for Heavy Water Reactors
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Abstract

The heavy water reactors use D2O as the reactor coolant. The coolant absorbs the heat
energy from the fuel assemblies and transmits the energy to secondary heat exchangers
such as the steam generators. The decrease of the coolant causes the decrease of the
cooling capabilities on the fuel assemblies and has effects on the safety of the reactor. In
this paper, the real-time monitoring methodology was proposed, simulated using operation

data and evaluated
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d 4 A% Cold Leg & &% =34
g % Al 2-Loop=E 4702 Hot Legt 4719 Cold Legl = 4w zhztel &2 v
S 2.

Volume of Each Cold Leg Section = 563.62 ft* (15.962 m®)
Volume of Each Hot Leg Section = 519.21 ft* (14.327 m®)

Cold Leg =4 %

flo

Uhg k2ol Axkd 4 ol

_ Cold LegVolume
Cold Leg Mass = Cold Leg Specific Volume

Cold Lego] Saturation 2l ] Specific VolumeS Vcf, Saturation PressureZ Pcs @ 3ht}.
W Cold Leg Pressure Pc”} Saturation Pressure®t} =W Cold Leg Specific Volume=
Vefoll 4 VefxKe(Pe-Pes) 2 7 43Al €t}

o] 71 A, Kci= Bulk Modules of Compressibility of Cold Lege]™, ¥+ Cold Leg ==oA 1

Bar ¢+2 S7b Q1% 1 4t° 9 Zaw gedu @9 (@M - bar) otk

Cold Leg Pressure Pc= Outlet Head Pressure-Poh(Bar(g)) ¢} Inlet-Outlet Header A}o]<]
ote 2o Fom ZALHTL

Pc = Poh + 12.41 Bar(g)
Cold Leg Specific Volume 2 Vcf(1-Kc(Poh, + 12.41 - Pcsa)) o]t
(n & Cold Leg 152 1234 = 344 )

(Poh + 12.41)) Pcs oW

4
21 563.62

Cold Leg Mass We =57 (1R (Poh, + 12.41 — Pcs,))

Vefp> Cold Leg =% Tihn(Inlet Header =%)ol A 2] Specific Volume©] 3L, Pcs, < Tihy ©ll



212] Cold Leg Saturation Pressure®]t}.

4% A% Hot Leg 5F %

Iy

A
(1) Hot Leg Enthalpy 74t

HTS9 Z} Loope Cold Legol Al ¥AZE A XA Hot LeglZ T7F 224 v A=}

25 FdstUA dx2 F9o Hl#H = Enthalpy 57H7F Al €
Hot Leg Enthalpy = Cold Leg Enthalpy + BTU/Ib added by Reactor
Cold Leg Enthalpyt The3F #Zo] ZAHETH
Hen = 2.068(Tihy) — 65.58
o714, Hen = BTU/Ib, Tihy = Cold Leg =%(TC)
AZE (t+a0)/Fy A a2l A H e == Enthalpy(BTU/Ib)&=
Hry = 4.89325 x 10° x Je(t+ At)/Fy
wabA AIZE (trat)ol A9 Hot Leg Enthalpy Hhy £
Hhy = Hen + Hry
(2) HTS Mass Flow A4t
Loop% 270¢] Pump”Zt &% = 31, Quality>0 <1 75,
HTS Mass¥ ts¥ Zt
F = 5174 - 0.8602(Hci+Hcez)/2 - 0.3216(Hri+Hr)/2 - 1182(Wgi1+Wgs)/2
o] 714, Wgn & Hot Leg °l A9 Quality
(3) Quality Wgn ALt

Hot Leg W&o+ Saturated Steam Wgn b, Saturated Liquid Wix b 7} itbar 74
w, Wgn + Win = 1, S& Wiy = 1-Wgn ©]t}

T3 Hot Leg Enthalpy® tha3 #Zo] Fo]zlt}
Hot Leg Enthalpy Hhy = Wgn x Hgn + Win x Hiy
(1-Wgn)S Wiy o2 2|3kald,

Wgn = (Hhy - Hfn)/(Hgn - Hin)



gelshd,

W — Hhy + 0.4925%Poh% — 27.3805% Poh y, — 359.183
N 770.048 — 26.3131xPoh , — 0.065xPoh%

(4) Hot Leg Mass A2k

Wgn>0 4 vl Hot Leg MassE Al4Fsl7] 98]
Specific Volume Mixture = Wgn X Vagn + Wiy x Viy

= Wan (Vgn - Vi) + Viy

h 2} A
Hot Leg Mass Why = 519.21 / (Wgn(Vgn - VIn)+ViN)
6. 7tSH7 T4 F =4
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1,982 mm

1,004 mm
Heater \

14,377 mm
(Normal Operation)
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Ve =V, + Vg

O 7kst7l 714 AA 3 S

Vg = 45.3m® — Vg

o714, 453 m® & 7}k7] AA A A
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