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Research on Quality of Helium Gas in Primary System
of 10 MW High-Temperature Gas-Cooling Reactor

ZHU Jiang, LI Zhi-hui
(Institute of Nuclear and New Energy Technology, Tsinghua University, Beijing 100084, China)

Abstract: The primary coolant of 10 MW High-Temperature Gas-Cooling Reactor is helium gas
which contains 7 types of impurities affecting the quality of the coolant. These impurities
include H,O, CO,, H,, CO, CHy4, N; and O,. By analyzing quality variation of helium gas for the
reactor working on different conditions, the following conclusions were draw. At first, after
being purified by the helium purification system, the helium gas can meet the quality
requirements of the technical specifications during the power operating of the reactor. Secondly,
the helium gas’s quality decreases when the temperature of the helium gas in the primary system

increases. Finally, water is the source item for the slowly changing of impurities.
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Fig. 1 Simple diagram for helium purification system of HTR-10

Fio AESEAHIR T, TR AE— € VI, el A . 20 7 0 R i T AR
WSS R AR SR N, Hy AT CO 20l O SR . IRV PE R PR B0 B AW [ AR 52
FeAb il HyO F1 COy, JFRE U e i W, Brch IREGRBE TARIRE N —196 C.
AR AR, TR N ST WETERIKAIRIEH Nov Oyv CO. CHy A1 Ar 4
250 CPL 2y FORRH A T 70, EEE JBUE. BB RIS E AR
FHRME B Hh AL R JA IR K HoO A1 HUE I FEEA SIS R G i, iRl ks
COyo Y IiRAM G, EHEITAN IR " ks sm e, 2R THE R AR AL



276

JRTRERFEOR 44

HAPR, i ARG, #2207 Hy BT CO 1
ARG IR A W T — GRS A He
Crd T =Bt /AN 1117 N 19 Wy e 1112 N SR
SHNAYAE Ny CHy FIZA &) Oy (FESAAL
R B E 0,5 Cu WAER Cu0), LA
Ar. Kr 55U VR 1), X808 s (iR v
TEPER IR BT o REIR AT R IR IS IR RS
NGRS, BA- AR R I AR
JE FRATL N i T [ 28] s W — [l it o s B
EWIBITIN, SUL RS LI 5% 0] %
RAEE MR — [P EIF . SRR
Iy FIRIRAERE Tl R LRCR A 95%.
1.2 SEEHEMPNESE

Ohy 0 s R HE— R 2 IS
b RGBS I AR DU 40 2%
K, HTR-10WE T 1ESARRAER T RS
WME R, SARREERI M RS S R S
[l s s T AN IRE R, i T 1
)G EACSR R DRI TR . AL T
IRE s b SR A — Rl HoR 2, I

B A 208 s N HE— (R8s 0 5% ) 200
T, DAL BORE s HE B RE O T B A
Je 2 T O A ST R G AL
B FIEMRATRE AU I A AR AR RN 23
IR TAE RN TARRES, B, B e a2
FRARSE . NIRRT, SAREERI T R 4t
BUE T EIE, 16 2HEEGOW-MACA
AP IIGM-592 1 L AL, NICE T
JCHE FEL S S TR DU A o AT E10 min P 58 RO
FER 2T Hay 02y Npv CHyy CO. COZ% I
IR, RBUE 20 ppb, H1H AN E
FENFVAEFFIMARSV SR AT, WA
FURERITE N —110~420 °C, AHXS Y (7K 7%
A48 40.001 3~25 000 ppm™.

2 RNE—ERERERSmERTTE
20034 420074E4), HTR-1034 % 7 {{tig %=
WHATESIEAT . BBt — e AT £ 0 3 —
(=] i 2 A T R
F2420054E11 H8H—9H ], S Wi HE

R2 REBEANERIEP-—EBIES|SARREETK

Table 2 Concentration variation of helium gas impurities for primary system during reactor power raising

IiF ] HELSH O 5B
IhE KW

T TR FEE /ppm )
H,0 & ik 5/ °C

(2005 4E 11 D R/ C H, 0, N, CH, CO CO,
8 [9:47 0 22.01 030 033 172 — — 024 —176.0
8 H 11:24 260 50.10 - - 124 — 009 028 —76.1
8 [ 12:58 1000 215.91 0.61 — 079 003 035 032 —176.2
8 [ 14:02 1 800 256.08 — 031 066 002 044 021 —176.3
8 [ 14:35 2155 335.14 0.53 — 068 01 066 058 —75.8
8 [ 14:46 2300 358.48 034 — 066 006 067 050 —75.7
8 1 15:10 2650 426.20 030 007 061 008 085 0.56 —76.0
8 1 16:10 2710 497.51 056 — 056 007 095 066 —76.6
8 [116:47 2658 510.14 070 010 063 012 1.06 08 —76.6
8 [117:53 2734 538.34 1.08 007 055 0.3 104 084 —176.3
8 [20:32 2897 576.58 146 — 054 016 130 1.04 —76.2
9 [104:34 3083 667.71 189 007 056 021 159 126 —176.5
9 1 06:29 3459 710.77 261 008 059 016 191 130 —76.8
9 [ 10:01 3708 746.30 337 — 055 021 187 150 —176.7
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Table 3 Helium gas qualities data of reactor power at 3.2 MW

i) HEASH 1 4 2 W /ppm ]
TR KW H,0 8% sl 5/ °C
(2005 4 11 A) R/ C H, 0, N, CH;, CO  CO,
9 [ 19: 01 3241 731.17 394 009 048 035 284 174 —76.3
10 H 19: 06 3170 720.04 3.29 — 048 028 198 148 —76.3
11 H 20: 26 3267 723.78 258 028 052 023 207 128 —77.0
12 H 19: 58 3257 722.35 219 035 041 023 158 114 —775

RKAaN R NHEDNZ 53 HITE3.24 6.6 F17.2 MW
I . MRFTTEH, N HED) KPR
m PSSR R, SR Ak

*z4

R . AT E N 6.6817.2 MWINH 5 HE, M
SRR IACEANTR], ABHE AR IR AR ],
PL, ZR R AR A—EL

REENR SR 3.2, 6.6 F1 7MW Bt —EI RS LRRE

Table 4 Concentration of helium gas impurities for primary system of reactor power at 3.2, 6.6 and 7 MW

‘ \ & R S /ppm -
LR /MW e O SRR C H,0 & 5 B/ C
Hy 0O, N, CH4 CO CO,
32 722.35 2.33 0.07 0.25 0.21 1.73 1.14 —76.9
6.6 770.92 3.57 0.11 0.56 03 2.05 1.58 —177.3
7.2 766.90 4.52 0.15 0.48 0.44 2.48 1.52 —80.5
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after disconnecting helium purification system
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