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This is a report on the experimental operations and maintenances of the mock-up
test facility with a full-scale reaction tube for the HTTR hydrogen production system in 2003
fiscal year. The fourth and fifth experimental test operations were performed, from May to
July and from October to December in 2003, for the following tests; (a) start-up and
shutdown operation test, (b) process change test, (c) continuous hydrogen-production test
and (d) chemical reaction shutdown test. From the results, a long time-range stability of the
hydrogen production system was confirmed, a behavior of the helium-gas cooling system,
consists of steam generator and radiator, during chemical reaction shutdown, was
understood, and so on. Periodic inspections on boiler equipment and high-pressure gas
production facilities were performed from end of July 2003.

This report is summarized on outlines and results of the tests, outlines and results

of the periodic inspections, and operation records of the mock-up test facility.

Keywords; Nuclear Heat Utilization, HTTR, Hydrogen Production System, Steam Reforming,
Mock-up Test Facility, Fourth Experimental Test Operation, and Fifth Experimental Test

Operation.
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HART s sEseE (OUT. TR &89 Tt [BkoAZFAENOEIKZ
BHa U T, WAOEG OERA A 4R, @il T BRT9tR (HTTR : High Temperature Engineering
Test Reactor) ZHWT, RN AFKBEEI X T LOMAMFELED TNB D,

KFEL, EEOBRBEMEHEEADOHFOEENICRALNE I, LWL RIF—JFEEL
THEZED, BEWVPRICBWTHFEOSEATEINS, &Z2AW, KBEZERRTIEZDIZ
EAEPKRPACERBIEDLEY OB THET 57280, KEBEMETEHIIHTEZDIZEENSIZ
MEDDITRNF—EEZDBREND D, TERCBTHAREEIT. & UTLERBOMREE
AR L ZRIEKSE EKOIEEFONIT L D ARBK[EEENERTH S, ZOHEICE BKEH
B, SRKBRFRENEINT 3 & (LABRBIOWBEICE D CO: DFEHHIMIENZ ZEn5,
NICREANQOEMEMNTTICREOKBEHRRTINNEELEE 2> TN,

RF BRI A ORD D ITEBET A FN S HEINEEROANY I LT A ZFB L TK
H#zHET 5 HTTR KFREE S X7 L OHFERREELED TN, BT AFE, BHMICAY Y
LAHA PO EEREEM L NTRBEMICEREZA NS 2 LICE D, FPEH O THHIsRE
950 CZERT D ENTES=D, REOIIN, KEBEE, (LFTEOBEL, £ARITOE
LHMNAREE /2%, M AFICL KRR EL. BHE L TaBE 28T, COz
DYEHN DI NKBRGE S ZF L ELTHETH 5,

EHRA ZFITKFREE S AT A B ERET 220121, a) KBO RN 2D XKIBRITH LT
RFFEZFET 520 0REEE RETIEEKBEEY X 57 A2 REICEET 5 -0 O HIEE
. FEFIFN S HEKEABRT S N F U LAOBITOFM R OBIFERE, )REEICE
THREKBEES XA T L2 REET 2720 O ERBEER, SOEMARNBETH S, N5 DK
MO ZHMEL T, HTTR &EAY > OKEKHERIC L BKEEES X5 A TEUF, HTTR
KRBEES AT L) DRI N @),

AL 2 DKEBIKBEIIARNTREINS,

CH4+H20=3H2 +CO -+ AH(298K) ; AH(298K) =206kdJ/mol (1.1

HTTR EH#t 9 5KR[BEFKREE S A F LA DR Z Fig. 1.11TRT,

JRTIFT 950 CITMEE N 1 RN T LN ISR B HES T 2 RAU T AH A EESTH L

(BASTHAR 10MW), HHIZASSHEE 2 tH 2 RAU T AT DK RGBSR, AR 78
RELTHIGEIN D, KEAKKEBITITHRARIEZTHE 2720 QMK 2 FE L - KinENGE
INTHBD, RISEOIMUZANY T LHA (FES) : 4.1MPa. /KEKSESEA DB : 880T),
ARZTOEAHZ (AF > ERRORE N ZBT RIGH O LR T X OFFR EH7 : 4.5MPa.
KAKWERATRE : 450C) BN THATHEITS,

Z DR EEIC, RFPFEEKREE S AT LAZ2REITEET 500 OBES. 8
RUEFIT I — FORFEEZENEL T, FARBRZEHELWS, B —F CTHETPFEEEEL -
IKREEHREE TH 2 IERRE—RINERBRER) T, MRBRERE) &I 28ELE,
SERK 14 4 2 BIZRiE L = RBEBOBERRICBWT, 75 AHED LNGERLRAH R : A
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5 > DR EIE D 99%LL L) 2 FUEHT 120Nm3/h DKBRE 2T, FHERE D OMRERE TS Z
EERER LM, ZOH, L 14 F 3 IR T IHRIC K 25 BREEE O Y AR Z 3 T,
81 FEBEREEML, KRKBEROBRHEEICET S HBRET>TN50, 51T, F
R 14 EEICIE. HEMMORBETIELZERTHEEDIT. B2 EEE 3 HRBRERICBNT,
FEENF LIBT3, T 02 AR ICEE T BB, KRR E R O KRR I B 2 R,
WA ZEL A B DAL S LR IR 3 B s 2 A W R H I A5 AT 5 Bk 25
JELTWB0O, :

AFELZORDERK 15 FEEICER L 7255 4 B &5 5 BRBRERICR T 2568 &2 O/ R,
WRTHBREREDORFEEE L TORA T RVE—MENREMEERE, BEN ZBLEER DR
EREFICEL THETEHOTH S,
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2. WBRIEEOWE

BRI, HTTR T B KRR EAE RS A7 ACVF,. HTTR KEHES 25
L)D 55 HTTR HHESHERD 5 TIROKBRIE S AT LD EBREE L 12D D TH % Table
2.1 IZABREE & HTTR KFRHE S AT ADEEH TTO K ZIRT,

FEHBOD BARKKERTE. RINVENNAOREERE, EAREENE, WESEZ
HTTR KFEEES AT A ER UM E/2D LD HTTR ABHES AT A ERCRBEZ 1 A48
FIL. RISEOBERELFURE, FhERsESHEEED TS, HTTR ARRES 27
LDOKELIUBRIIRIEE 30 KOFETH B0, KINE 1 AOARRBREBIT HTTR kFEHE
VAT LD 130 BETIVITHET B,

¥/e, dlBEE. HPEA~ONEMHL RREZEL SO EEGHEEN O/, KERLE
AT LOEEE - BEEGONE, SICETIEEARNERTES LS. ANUTLHAEER
=T DR T2 AT A DERBEOHRED HTTR KBHES A FLAEBIRU &G EL
TW3, Table 2.2 ICBRERE O EKERSLEM %, £/~ Fig. 2.1 KRER D ZHBREZRT.

ABREEIL, AY 2 ERR/ERIGES B TAZZRET LD DKEGHER. L5 Y
T LH A T KEREERRTHITT BN 7 A AR EE, ARG SR S 7% 2 24t
#3972 DR ARG R i R DK R BERR AR, BN R OB I RRIOR R KSR E BT S HEH X
Z2HHa T B DORIEMA A GHERRIF. KRR TRIE S N KEEDERN X & REELS
T B0 DRIMERBOM, WmAKRME,. FHGIHERG, BKEMETHRLTNS, Fig. 2.2
ICRBEBOSRINMA & TS, RFEONMEZRT.

(1) KAEKLER
IKERRBE L ERAY UL B ETTOLREKIGEETH D, PRI IRy MUK
WWEZ 1IAIRL . ZTOAETITEANY T LAZTR L TRBEICREZLA S, KGENEOf
BEICIER TR T A(AY > ERRDBEEH D) HE L, KERKBERISICE D k#ER
595,

(2) NV 2 LA AHKE R
AU LT ARG L, MAANY T AN A2 KRG E RIS TERETHD, AU
LR AU D AA R, BFERRERSRBORE 2R3 7 LH 2 n#ss,
KERKQBE R, RGBSR, AKFER, KPRB. NV TLGHEE2 KT 5L ICER
W—T2BRLTND, O, NUTAEREOEHNRBZIT O AU T LH A ES 775
Bl NI LAHARORF ZRET DAY D LT ARERERFEN S5,

()EEH A i ek i '
R A BERR R RIE, KRR ERITER LB AT V2 AT HRETH D, AT HX
ZIRIERABHT A (LNG) ORETEET S LNG ¥ > 7, Th 2% 0 19 LNG R> 7, LNG
ZRibT 570D LNG &R, T AL U ERRH X 2R T 3R AY—I8 2 7,
IBWIAY L EREERE L BMET 2 BN 2 s, SN REIH 2 BB 5 B
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(4) KRR BLRAEE
RIEEHBHE R, ARTEE RSB EIR AR 2 TR T A B a2 1% ORI H AR T
BT B RE T, FKENHT O OMKZAY > T N T LT ERLWETT D KT
B, AKFEERMVOICRIBAREN SRS,

(5) 1 AL E st fv
BRI, AERKRERTERLIKE, —BILRBEDERTA, WRTREKIED A
7 HALERRBEAD T HRETH D, ERAAGHE, ERL—F, kHRIA TLT
A THENSEB,

(6) IEMEA A fia B
ARIEMEAT A BHERMIL. AT S RKBREOTRET ADE L 2R E/N—TV T BIODER
HAEZURTHRETH D, FRBEBEOFRAR « ERHX - T4 LT 2 Z)—HZEK
L TWB/, KERER 2R e 56 L E TOMMPIIEICERT A2 LIRT 5
BWEFELTWB, iz, KkERKMERMICD, T APANOLERBEAZ LT 520, &
FHZEHBLTND, B BESEROQN)ZIFHKT S LN2 ¥ 27, LN2 K27, &
LS5 LN2 ZHME. [ULBOERT A —HITHT 58RI AT -5 2 I P55,
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Table 2.1 Design specifications of HTTR hydrogen production system and the mock-up test facility.

Terms HTTR hydrogen production system Mock-up test facility

Inlet pressure of steam reformer
Process-gas / Helium-gas 4.5/4.1 MPa

Inlet temperature of steam reformer

Process-gas / Helium-gas 450 /880 C
Outlet temperature of steam reformer
Process-gas / Helium-gas 580/585°C 600/650 C
Natural-gas feed flow-rate 1400 kg/h 43.2 kg/h
Helium-gas circulation flow-rate 9070 kg/h | 327.6 kg/h
Steam-carbon ratio 35
Hydrogen production rate 4240 Nm’/h 110 Nm*/h
Heat source Nuclear reactor Electric heater
(10 MW) (0.42 MW)
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Table 2.2 Nominal conditions of the mock-up test facility

Subsystem and items

Nominal conditions (available)

Steam reformer
Helium-gas side

* Inlet pressure of steam reformer

* Inlet temperature of steam reformer

* Outlet temperature of steam reformer
Process-gas side

* Inlet pressure of steam reformer

* Inlet temperature of steam reformer

* Qutlet temperature of steam reformer
* Hydrogen production rate

« Steam-carbon ratio

4.1 MPa
880°C
650C

4.4 MPa
450°C
600°C
110Nm’/h
3.5

Pressure difference control between helium-gas and process-gas 0.04 MPa

Helium circulation system
* Inlet temperature of circulation pump
* circulation flow rate

150C
91 g/s (0~120 g/s)

Natural-gas feed system

+ Feed pressure of natural-gas feed system
+ feed flow rate

4.95 MPa
12 g/s (0~16 g/s)

Steam feed system

* Pressure of steam generator
- feed flow rate

4.6 MPa
47 g/s (0~58 gls)

Nitrogen-gas feed system
* Feed pressure of nitrogen-gas feed system

* feed flow rate during start-up period
* feed flow rate during waiting period

4.95 MPa

15g/s (0~30 g/s)
30 g/s (0~30 gls)
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3. LEFEERTFOWME

AREBREEE L, R 15 4 8 AICEMSBIZAD., BT IROE—FENBEGRDOIERKREICD
WTTIRSERR 15 4F 8 AIT. EEEN A BE R O R LREICD W TR 16 £ 9 Bizehehn
BIFMEICEK UK T Uiz, £ 15 4F 7 ARICHEASHZ R L, Sk 16 42 9 HRICIEA
RMET ZIRA WRAIR OB T L2 E R L 2.

7B, 5 ERBERK THROYR 15 4F 12 A 11 B, AROEDERET AL 5585 RRE
ERL 2 E A, BNERMEOMBIEER 7 4 Ny D J XN T 5 PHICBED & 5 Z &ivm
T, BEBOERRESRERT 5720, TR 16 48 1 AICEE T 2 RIS RIHEOLHE R ET0,
SRR I B I 2 U UL EE T 7 ¢ OV OREFRML OB, REMES 2 ERL 2,
FORER, YHIEALITERE AR E D, B A BRI KD EEENNE U A
L7me 2O, FRk 16 FEICHEZITo 2 (0,

2B, AETIIES OB MPa IHRMEZSEHL TWA, K1 I W RTHE—FEHEEGED
PERERREE, 725 NCEIEN 2 BLE MR DR EZREICEIR T B QBANIER B — D EE
5L TWEOT, ABICEDESOHA MPa 37—V EEZEKT DD ET 5,

3. 1 mHEFRELIETFRE
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Table 3.1.1-1 List of boiler and the first category pressure vessels to be inspected
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Table 3.1.1-2 Specification of the boiler and the first category pressure vessels
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Table 3.1.1-3 (a) Inspection results of boiler and the first category pressure vessels(1/3)
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Table 3.1.1-3 (b) Inspection results of boiler and the first category pressure vessels(2/3)
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Table 3.1.1-3 (c) Inspection results of boiler and the first category pressure vessels(3/3)
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Table 3.1.2-1 Inspection Items
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Table 3.1.2-3(a) Results of overhaul inspection (Non-destructive inspection)
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o | EMEEATY 75 —7—5— | BRRE | SAEOIERE - o
(C14U) PT | ShE DR i
6 R R A 2 N7 4 Vv — | BEBRE | ARECNRER O ERE - ok
(F 4 U) PT | S EOSITE i
7 BNy R HERE | SfmosEnsg @ o
(SB551. SB552) | PT |SEORES i
o | ELVFaT—o—T Ry K | BERE | S EOSMRE - ot
(MB551. MB552) [ pT | hEokEE i
g HY—IJRU T A HERE | AEONERE - ok
(ST551. ST552) [ pT |ABORKES -
0| TTVEF ARy K| BERE | SEOERE - P
(CB551. CB55) PT |SE7I VHMOBER| ™ -
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Table 3.1.2-3(b) Results of overhaul inspection (Non-destructive inspection) (Continued)

Wom & REHE A ﬁﬁg ﬁﬁf G
NENC B AT | AR ONEDSVERE | o .
(F551~F556) PT | HEohER i i
| R 5 5 1) R | AR OWEONMGRE | ke
BT | WEOwEEE
N T FE | AERONEOA GRS | on
PT |4 EOBEER

T HBRE | AERCATRONERE BT
14| LN2RY TR —3 2% o
7 e PT [ BE O R | | B
5| LN2RYTES C YRS | ShE DI EIRRE P on
BT HE o e |
N DR FE | AERUREOARRE | ke
PT | S EDBER
17| LNGHEY TS C R | SHEOIMERE 4 &k
T | HEOwER
18| EE s (x 7 gy | FORE | SHEOAGIRE e ot
PT | EOEER
1o | Eoei ZiEsse (X g G) | DA | SHEIDIMEERE e o
PT | SNEDOBEER
20 7K§\§§LE&)§%§(R 1 R) E*ﬁjﬁﬁ ﬂ@@ﬂﬁjﬁﬁ ﬁ &"7/(‘/ é‘?f%
MT,PT | SV DEHER g5
ARRE | SR ONE DI RE
21 #MA2 (X 1 i &
TKFELES ( 0S) T W o iR %
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Table 3.1.2-4(a) Results of thickness inspection on high pressure gas component

1. RBRGE

R B F Ik W oE K A
PNRAATa—FROBERESHE2ERL, MIELLET 28 | ILEREL EEZFL, 0, #f
BT EBITOELOS R DENC I FESFREL, B | BoREELELIEDRNT
REW 7Y TZNEFAER LR L, HONUDED TR | &, (IEEFHROEA, BE
7 RI7E % 2R E RIS LVBIE 2, WEL EEHETDHL)
2. ARG R
N HE ' N——
BAE | L HEES e B | WERE
A H ¥Rt 1548 A 19 H~9 A 4 H S6DM. 22HR 28 | | o
GM-8 HIEE 7
= E | JEs | SEE | ATERE
RERTEE B | A | e | pE | R
#% (mm) (mm) (mm)
R E @ 4 5.4 2.44 Pk &
fREES 4 6.2 3.14 o H&
fRE@D 4 5.5 2.44 Bk G
ARIE® 4 5.4 2.44 % H
A AR JREIE® 4 5.2 1.90 % E¥
1 (C3H) SRAE®@ 4 5.4 9.44 Brar B
TREIE® 4 5.5 2.44 Hrax ak
JiEi A ©) 4 5.9 3.14 Prax ak
JRfIE® 4 5.6 2.44 Bk B
TR FL—]h 4 21.5 13.5 Bk E¥
He WA AT /AW 8 5.1 1.90 Brax EXis
5 AU B RGBS EERSEARER 4 80.5 34.1 Brax =
(BIH) L ERARE S 2 65.4 8.4 Brax e
3 B )va I 4 24.2 | 7.70+1.0 | K Ak
4 By —H 4 25.6 | 9.25+1.0 B Gk
AT ANHRER 4 9.9 6.28 514 &
TEAREE(1L318~1320) | 12 1.9 0.85 Brak Bt
EakE (L32D) 4 4.5 2.47 ek &
EARYE(323,136) | 8 2.0 0.97 Hiak &
3 [EAEHE (B3U) TEAHYE (1324,1.325) 8 1.0 0.46 Hrar et
BB (1L327,.329) 8 1.0 0.46 R X
FEATME(1328,.330) 8 0.9 0.46 Bk i
HEARYE (1331, 1L332) 8 2.0 0.97 & B
1EAEE (1L333) 4 4.2 3.05 Bk ks
1EAEYE (1.334,.335) 8 2.0 0.97 Brax =X
: FEEBTE1L339) 4 1.0 0.26 Brar i
4| 3B/ —5—(C13V) | 3 B/—5—{zEV& 8 2.0 1.04 ek &
5| T78-7—5—(C14U) | 7758—/-7—{cEE | 8 3.0 1.84 o =
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Table 3.1.2-4(b) Results of thickness inspection on high pressure gas component (Continued)

= WE | WEs | SHES | siERE
ﬁfm‘”‘%ﬁﬁ WA | MWE | EE | mE | R
, # (mm) | (mm) (mm)

o (L]~ | I 4 6.6 4.70 i aik
6 @’Qgﬁﬁ Y F [ 1| 7o | ase | mm | &k
TR 4 6.8 4.56 ek Bk
PSR JIFER 4 6.7 4,70 Hrax X
7 @&lecég : 2)/ K - EREEER 4 6.9 4.56 T B
TEER 4 6.8 4.56 i X
_ L ER AR 4 7.8 6.22 Brax B
. j‘iif/h T ERIAER 1 79 | 622 | H B
EEREEE 4 8.0 6.03 ik Ak

(MB551) — =
TEREEER 4 8.0 6.03 Hrax NEXi
_ RS 4 8.0 6.22 Foe ar
. FrEaT TR 4 78 | 622 | ma | Ak

TR — o
(MB552) _EEREEES 4 8.0 6.03 Frax B
TR 4 7.9 6.03 Pk Gl
. IR 8 7.9 3.6 B ki
w| 7 (5;35;;7 . T EREED 8 7.6 3.56 i B
TEREEER 8 7.7 3.56 ik i
- fIRE 8 1.7 3.6 B a
n| 7 (S;;;é? . T EREEET 8 7.9 356 | Hiak N
TR 8 8.2 3.56 v CeXii
1 o— LRF L He W"AA @A)V 4 1.60 0.71 % ¥
~R(CB551) He #'AtH B AV 4 1.60 0.71 Prax EF
3 a— U RF )L He WAA )RV 4 1.60 0.71 Brax G
~R(CB552) He #AH O /A )V 4 1.60 0.71 R ey
” TANE— JIRER 4 5.1 2.24 Prax Bt
(F551) I 4 4.9 1.99 iz i
5 TANE— HFHER 4 5.0 2.24 AR (ki
(F552) $EE 4 5.0 1.99 % Ak
6 T AN — Gk 4 5.0 2.24 Bk =R
(F553) IR 4 4.7 1.99 e o
7 TANE— Gkl 4 5.0 2.24 Bk =X
(F554) B 4 4.7 1.99 B4 B
8 T AN — PR 4 5.0 2.24 % Ak
(F555) Bl 4 4.9 1.99 ek e
19 TANE— ARER 4 5.0 2.24 BrEv X
(F556) i 4 4.8 1.99 PER X
20 | T AYEEREE (B551) AR 2 73.5 4 fETHIE 2 oy
S ONE) 8 4.9 1.75 v CaXis
01 R AINEAER v MRIRER® 4 9.1 4.75 Brax oXid
X7G) v VRIFRE@, ® 8 4.9 2.74 e X
F a—7AIARE 8 3.6 0.78 BiEk X




JAEA-Technology 2006-012

Table 3.1.2-4(c) Results of thickness inspection on high pressure gas component (Continued)

: on. BE | WER | LER | BiERE
’Eﬁﬁfﬁf‘ﬁﬁ) B | N | heE | mE | R
# (mm) | (mm) (mm)

L EE ONE) 8 5.1 3.63 ik E

ot e e v MA@ 4 9.4 6.13 Hak =)
22 EM@?&’%?‘% Ve MARER @D, ® 8 5.1 3.63 Hrax etk
sz VAIRERG) 4 8.9 6.13 i H

F o — 7 IR 12 4.2 2.04 iz &
PIRER 4 2.7 0.89 [ EH
P ARSEES 4 3.2 0.94 3 ks
LN2, GN2 /X v 8 2.5 0.18 4 k&
TIRT YAV RT =)y 4 5.8 0.42 HraR Gk
PANE SN 4 13.5 5.87 ek ok
23 | LN2RZFP2N) | SV F—~oF@ 3 13.9 7.05 ek at&

DINZ ENNINE) 4 6.0 4.50 % =
SC 4 9.5 2.51 Hrax =i

[gZaie)) 4 1.6 0.93 BTk =
Bl 4 1.2 0.63 ek ok
6] 4 1.0 0.07 B34 EF
PR 4 3.0 0.86 v i
PIAREE R 4 2.8 0.80 Bk S
LN2, GN2 /XL 8 2.5 0.16 Friax itk
TYRTF VY3V RT 4 5.8 0.44 Bk e

N =~y RO 1 13.3 6.00 Hrak &
24 | LNGR7(P2G) | S VvH—~oR©® 3 14.1 7.21 Har Atk
N —~oRB 4 5.8 4.60 Biaw ek
SC 4 9.6 2.50 Brak etk
insg= g (6] 4 1.6 0.94 v ahk
[TKguO) 4 1.2 0.64 Prax i
BB G 4 1.0 0.06 [ ks
K e FERTI VS 4 25.4  {20.4+1.0 %ﬁﬁ.& B
25 RIR) fiEEl 12 25.5 |18.3+1.0 | ¥R S
TEBEEED 4 27.3 | 17.8+1.0 | & N
JRER 16 5.0 | 1.43+3.0 4 B
26| KT (X10) “/n:/ie/{ﬁljé/fﬂ/j,%[i 12 5.0 | 1.43+3.0 | #Ex =i

, Fa—T7 HN =~y N E 3.419+ e

8 12.0 20 Frax &
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Table 3.1.2-4(d) Results of thickness inspection on high pressure gas component (Continued)

6w | R il
gty TRk 1564£9H 1 H~9 A 2H S T - i
) ek | 0.1mm
=n. e | BUER/AN | B | RIER]
1 | BIH A A& (L1H) 4 5.4 1.90 5.4 & B
2 | H2H H D B4 (LIH) 4 14.7 5.7 149 | & #%
3 | BE R DB (L12H) 4 14.9 5.7 15.1 A %
4 | FRSGEEGH D BECE (L13H) 4 14.7 5.7 147 | A ¥
5 | ARR I A 0 ALE(L14H) 4 5.3 1.90 5.3 &
6 | AKTFEERH OB (L15H) - 4 3.6 1.29 3.7 &
7| BEZ 7 HABLE (L24H) 4 5.4 1.90 5.3 & K
8 | B3U b E&(L12U) 4 4.2 3.05 4.6 & %
9 | FEAUD AH—F/134U) 4 4.3 3.05 4.4 &
10 | {EEA~YD L —RA(L32U) 4 4.2 3.05 4.3 &
11| FR AIME SR DR (LTG) 4 3.6 2.18 3.6 & %
12 | X3G BBk A H O EAE (L20G) 4 3.5 1.92 3.5 & "%
13 | CV15G HAEE (L18G) 4 2.7 0.54 ®o| A
14 | AV14G H R B (L10G) 4 4.4 0.10 R | &%
15 | JRBbY ZinEhes A DB (LIG) 4 2.7 0.54 2.7 A
16 | LNG Z&#88A DB (L3G) 4 3.6 1.92 3.6 & %
17 | FEr 2@ st 0B L1ILG) 3 3.4 0.70 3.3 &
18 | AREKBARRINAV R(L52G) 4 5.0 0.82 4.9 G
19 | IRERE RN AN 2745508 2 (L15G) 4 3.8 0.88 3.7 i
20 | JFopbn G EERH 0 EE (L16G) 4 4.1 2.04 4.3 %
21 | e a@ B N EREL176) (17-2) 4 4.8 1.74 4.8 &
22 | ey aEEERH nELE(L17G) (17-13) 4 4.2 1.74 4.5 & K
23 | LNG #7 - R7HY(L64G) 4 2.4 0.17 2.4 A %
24 | LRk ABEAZH DB (L2C) 4 4.5 1.76 4.5 &




JAEA-Technology 2006-012

Table 3.1.2-4(c) Results of thickness inspection on high pressure gas component (Continued)

(2 % %) B | ) | o) | o) |
25 | B @ EER H O RLE (L3C) 4 4.6 1.66 4.5 & %
26 | AR AT A (L32C) 4 4.5 1.16 4.3 & #
27 | BB 7 2 — A B (L3C) 4 4.6 1.66 4.5 A ¥
28 | CV3C HinELE (L4C) 4 5.6 3.47 5.5 A
29 | RAERBERERST A D (LIC) 3 4.8 13.85 4.8 a B
30 | ZASKEEEEA N(L156S) 4 3.3 2.45 3.3 & B
31 | AKAEEAER K (L169) 4 4.3 2.95 4.3 a %
32 | CV251S AR(L231S) 4 4.3 2.95 4.3 & ¥
33 | LN2 R 7 Hi [ (L57N) 4 3.7 2.15 3.7 A
34 | LN2 #&F#H 0 (L61N) 4 4.4 2.69 4.4 & K
35 | LN2 $— %7542 (L64N) 4 2.8 1.72 2.8 A
36 | CV63N thH OBl (L76N) 4 2.0 0.49 2.1 B %
37 | KRR A —AMFELE (L8TN) 4 2.0 0.26 1.9 & K
38 | AKFET A ZRAMIELE (L8SN) 4 2.0 1.00 1.9 B %
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Table 3.1.2-5 Results of hermeticity test

1. BB
ARG OB How O
FEMESAEANCTHAOES U EOENICFEL, £DEAT 10 | FERITRHIATRIN C &
55Ul LR FT D, IRIROMERRIL, REFE A OE S5 R O TR (R &5
EHENRADSO)E VT, T TORERS, 8 R OO AR:
HEFERITRRL) . BWER, BATER(Z 7Y, DT TR RUIARE, &
| FRE RIS, BE SRR W TIRIRO A A RA 5,
2. REHE ,
ﬁﬁg TR ISEIH 4R~ A6 F | WEbk | EHEAR | mEsk | s
W % R WD | BELD | gy | w2 | W
4.42 4.50 30 7 a
AU D L H AEBRER 4.2 4.50 30 4 =)
5. 5@ 4.5000 30 4 &
4.42 4.50 30 4> aks
AU 7 LR EFARRA 14.7 14.7 30 43 L
14.8 15.2 3043 (Y3
0.589 0.590 30 43 L
ANY 7L HT ARG R 0.932 1.04 30 43 a
4,42 4.50 30 43 =)
KA PG 4.91 4.95 30 4 G
0.69 0.69 30 4 &
1.8 1.85 304 L
. e 3.5 3.6 30 4> &
A AP 5. 89 5.90 30 ) N
14.7 15.0 30 43 &
19.6 20.3 30 43 =}
BN 2% 4.91 4.95 30 43 =L
0.8 0.82 30 4> GLid
0. 491 0.50 30 43 =i
JEUBE AT R 4 2R 0 4.91 4.95 30 4 Gri
5. 89 5.89 30 4 L
19.7 20. 3 30 43 Bt
KKK ESE 4.91 4.95 30 4 af

SKED: EAEHE B3V) R ERRIL IR EZOFHERICB W GEIRE S (4. 50MPa) I TEM L 72,
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3. 2 FoMoILE

3. 2. 1 BEBEEEKRD I > O%E

SERR 15 48 5 1. BILEREOL/ L —FEHRKRD 91 > OBETHEEER L7z,
BB DR/ L —F 13 AR A SRS EEL RIS ORE R & UTHE L7,
KSR EOMAZIANS V7 ICR L, FRIAT5-00BETHS, TR 14 £0% 3
FRBEIRIC BT, ARSI OISR ASILE 7 4 V& BREHM L D0 RN
BRI HEZ 0N ESIDICRVERICCHER2EM L /-, PHIRENEHL <725 & &BIT,
KERER (FA 9K OBSEEEGHAEMBNICA > TOZIEIER 2 fHCBkLE, ZOR
RIGHASAY > 7k (BEK) OKEHLICEDSOEEL SNEMN, ZOREANY > O—
S DRI A DKELIED, KERER I —F I ET DRk (K ERKZAY >
PR C B BKESMHE TEB NS T T, L —5 5 OR D KDKEE
EOBBI LIS TEBES T B0, Fig.2.1 ORHRICRT &5 CEEHREKEL, #
HEIT 1 0 1/ L— & ik ORI 2 1k T E - Bk KL > TE 5 L5 k@ L.

3. 2. 2 KREKLELRMBEIIH

YRR 15457 A 22 B0 5 30 HIZMT T, ABIIZTE HiY & U /KR KUUE 85 O3 s
PER LU HRICHE LA, SN ETHER L TWldE & RO = v 7 )Vl Td 28,
BIRF = 7V OEEEENEE-> TH D, —BRIERITBWTA L EH ST NIAD TW Sl
WTHB, Fir, ERTOMBRBRERLICEND, KEKKERORIGE & F~FOBHH iR
DEYZT v TRIGEEED, TNERWTEZERGIHEEWGIF 22— TIC X 2tk 2B W
KHREF 2 — T2 WA HOBEELEEZEBL, NI ORER A2k =T 5
Z &, RO FSEE A O BEER <, D OFRE—RFREICER T 2B KR ZERE NN T
EEMERLT-, KEKLERED S QR ZIWDEZIIBWTIE, CCD A A FI2L D& TOfiliE
NKEHE I EEHERL, EAOFREMEEICBW T, FTES E 6000mm X THRIEL 2
OFEMEEENEEEENSBEHLUAIEETHD ZLZHIR Lz, I6IT, HKEM LU Al
LT, HREREE. BE. BUERSBEEE. RO, WESRE, MALAEE. RESTR O
S EERLZ. ZOBE, FRAMOMBIINT 2R L T, XERBIIRENT,
MRER VSR LIEDRNWI EDHRTE,
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To flare stack

A

From

Separator
product-gas
cooler
]
Condensed- ; Receiver tank
water (| Y={M}------- !
pump —
- N
(a) Before improvement
To flare stack
4\
From
product-gas Separator
cooler

Condensed- Receiver tank

water | ¢ J—iMp--=---=
pump

To drain pit

(b) After improvement

Fig.3.2.1 Flow-diagram of the condensed-water return-line of combustion system
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3. 2. 3 EMRMEN RRZVWREEORER

ARMEN Z 2B S RO S 5. FHEM, FAM TEDNBBIC OV TORA WER2HE
FENTITA B LS, R 15 4F 9 HICEREM - BEHPHTTRET B WRABEFEL. 85
BRI 5 R 2 BE L Tz,

ARBEE O RS R EWOHS REL, ABRETZORAWSECTHEE TS Z ENE
WESic, FERIE U TRMCRB SN, ARGKESZ I ABCEBON - RBENICHES
NTVBNREPSRMER LTS, £5, AN X EH 08D & 58R06 OB BZ I IZ TR
13 FEOEBMFICEE 13 HOEEN T AMAREZREL., Eixdid 24 BERERZTO &
EbiT, B BEERSERSIIOWTE. BEEOERRESRICBVWTR—F 7T AR
I X BAMMEA ZOWANF L v ZRERLTWS, IS OERERHIZVThbEE LOE
REFHTHEL TV REMEE X 5ICRET 28 AN SERF 21T o2& 25, M,
AN TEDNEBERIT DD TR OM E RIS TR A VWAVE U B A0 BERR A kR
BRTERT BAEHO AR TREI NS ETHBBENSSH B 2 En 5, REM - AR
HRHOAMRMES AR ERETD L EL, TR 15 EECHBTELEBLE,

TR - G RNRICIE. BIRZERICRE L0 LA UBROEERA ARDEEH N TN S
2, BRSO T ZNEE - SBICREREAND DT EEEZEL T, RN RBAICRHEEE
FALTHBIR Y S THEIL, REICLAAHERBET > 2B R T I IMELTY
%, BIHASIE (@) FURHEUERRE QMR 7 « )L & OFEMTEE. BRI X B st s
B, BUBLAT R IS RE A B, DAE 3 T, (b) KRG E B DR G SR IR A TH R,
AOEEREM, HORSERM. OLNG ¥ > 7 Fid LNG BEEHEAM O LB E T, 0o
S CTH 5. Fig.3.2.2 IKHBR L HRHEDEBERT.



Catalyst dust filter J l ‘

JAEA-Technology 2006012

R T

BER a4

FLe3800 | . ! 53 T\} fl{:a_v;
Separator i9,., & E “"IQ%J =N :’ i
£ EEn e ] i SR £5 1 HE B

,x/r; - o % £200 ! i 2 ,; i | ?jﬁ

ugFDL ! g ' =l (17

aERIN ] = " §

i J =Y g il
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" (b) Steam reformer room

] Evaporator
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~
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(c) LNG tank area ,

1: LG20F
(Catalyst dust filter)

2: LG21F
(Raw-material gas
super heater)

3: LG22F
(Raw-material gas

heater)

4: LG23F
(Steam reformer
outlet tube)
5: LG24F
(Steam reformer top)
6: LG25F
(Steam reformer

inlet tube)

7: LG26F |

(LNG tube bottom)
8: LG27F

(LNG tube top)

Fig.3.2.2 Location of additional burnable-gas detectors
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4. FABOEER OB

AR EIITRR 13 4 9 AWCRIERSET L. SRR 13 £ 10 AD SR 14 4E 2 BT
BealBR MG L BRar R 2 R T B2 T2 Z LB LE @, TO%, FHR14E3A 1
Hins 3 A 16 HIZMTTHE L BRBREREEHRL . KEJUEAFEHRO S 5 AR B ET
B E T > TWBO®, Fk 14 EEICE—IRHRORBETERZE T, ¥ 21HE. 53 ERRK
BiIREREEL., BEMELEER. 75> MHERR, KERQEE SRR B I L SR IR
BoaGHEE D IER L 720,

SERR 15 BBV, 5 H 22 ADS 7 A 6 BITHITTHE 4 mRBEIRE, £/ 154E 10 A 28
S 12 A 10 HOMMICE 5 BEBEEZE KL 2, AROFBEHIXRO SHETH %,

O EEEIERBR— KB RLER A LR E B9 2R

@ EEHE IERBR—AY 7 L H A% HIER OB GIERE B 5 3R

@ 75 MEERBR—T Ot AEFR AR

@ 7T > MR EGK R RLERR

® b2 O R

HZABROBREIZDOWTIEHUTOETHMICE NS, 7B, 5 5 HRBEGRKR THBOFER 15 4 1
2R 11 B, SROEDERHTACLZZERREENL 72 & 23, BUERGOMBEER 7 ¢
WEDIZNT S5 OBIBGEDH D Z ENAMN0, FER 16 F 3 AE TITHEDRRH#E S E
LTz ZORER. YUHEAICEERKINEE D, W1 4 o BT X BN ERENNETE T
ENER &AL 7200,

4. 1 RAREOERZROTE

SRR 154E5 H 22 B 6 7 A 5 HOK 2  HRNCEE 4 BIEtBEiR 2, SERR 15 4F 10 A 28 A
512 A 11 A OHIFICE 5 EitBEEEZER L 2. Figd.1.1 & Fig4.1.2 KZNZTNORBER
DEBILIEERT,

% 4 EEABRERIE, ERR 15 F 5 A 12 HOASREREFICAD, 5 A 21 HIZRHAE. 5 H 22
HIZAU D LA ZNEAGREZEB L TGERICA D, FH . KBEKKERA DN U L0 ZEE 180C
ETHRLZ. 5 A 25 BN S 26 BT TKRERKBESRAONY T LT RES 3.7MPa, RE
T00CETHE - B LA, 0%, 5 A 29 BITkEEZMG, ABRARE2ET7TH 4B ICH
BEELT, EREk T,

5% 5 EIRABGERIL, Ak 15 4 10 A 20 B2 SEEERICAD. 10 A 27 HIZRHKEE. 10 A
28 HIZAU DT AHZAMEBZRE L CEIRICAD, FA. KEKKEBRADANY AN ZRE
180 CETHIR L7, 10 A 31 HITKEKLEIRAONY O AH ZXES 3.6MPa. BE 700°CET
FiR - FiR U7, 10 A 81 H, KAKKEBRAOANY AN ZXES 3.6MPa. #E 700CETH
B FRLUZ. 20%, 11 A 4 BITKBEEEZRBL N, KEKKER LT 5 > D ofEst
WH ARHMGBOEREN LR Lz/zd,. BRAZOZDICHREBEL GER2E L. ARET
ok, ZO%, RERBRERT. 11 A 28 AR LBRERICAD, REEBLRL TRGHHESE
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OEEH Z M E SRRES UisRE FFOFRHALE. WCERERBEOKFETIAZELIL T
KESKEE LT 5> VOBRRETOLERREZEM L /. TORKR, BrE LA ORREIE
TS5 UH Ay RS IREMROBH AL 2 b0 T, ARETADRAWREN &%
BAUTHEZKTL, 12 8 10 HASBEREL T 12 A 11 HICRBEREZR T Lz, I
DT 4.6 HIITIRR B,

DRIz L ZBBREBEIC D W T ORI 2T .
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Table 4.2.1 Test conditions of start-up and shut-down test

Run | Steam
Test item Contents No. | reformer Methane Nitrogen gas and
inlet helium | gas flow-rate steam flow-rates
gas
temperature

Reference; MI1A | 730C 0->6g/s At 50min before of
methane gas supply,
nitrogen gas flow
rate control starts;

Low flow-rate | M2A | 730C 0>4.2g/s ii(;i/sszllfg/s)/%mm,

Start-up test At 50min before of
: methane gas supply,

Low M3A | 700C 0->6g/s steam gas flow rate

temperature control starts;

No.1 (0g/s=>11g/s)/1.5min,
then hold 11g/s

Low M4A | 650C 0->6g/s during 12min,

temperature next

No.2 (11g/s=>28g/s)/15min,
then
(28g/s>47g/s)/90min.

Reference; M1B | 730C 6g/s=>0g/s At 10min before of
methane gas stop,
nitrogen gas flow
rate control starts;

Low flow-rate | M2B | 730°C 42g/s>0gls | Og/s>1lgls, then
(11g/s>30g/s)/50min.
At 270min before of

tShut down Tow M3B | 700C 62/5>0gls methane gas stop,
est steam gas flow rate

temperature .

No.1 control starts;
(47g/s~>39g/s)/90min,
then hold 39g/s

Low M4B | 650C 6g/s>0gl/s during 100min.

temperature next’

No.2 (39g/s>28g/s)/90min,
then
(28g/s>11g/s)/16min,
then

(11g/s>0g/s)/1.5min.
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via steam super heater
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temperature 2
(4.5m)

Reaction tube wall
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temperature 4
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Reaction tube wall
temperature 5
(Om)

Fig.4.2.1 Measuring points of the catalyst tube temperature of steam reformer
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i J 1
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O 11 ]
S o b
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= Il No.5
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- ! No.1 to No.5
o ~0.06 No.1 No.4
= ;
® 008 | ; No.3
Lo . b
o —— No.2
= ~-0.086°C/s
£ -0.1 r M2A: Steam reformer inlet helium gas temp.730°C
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-0.12 ' : :
9:30:00 10:30:00 11:30:00 12:30:00 13:30:00

Time
(b)Temperature change- rate of reaction tube wall

Fig.4.2.2 Temperature changes and temperature change- rate of catalyst tube wall measured at
the beginning of hydrogen production process at start- up operation with conditions
of steam reformer inlet termperature 730 °C and raw- material gas flow- rate 4.2g/s



Temperature change rate [°C/s] .

Temperature change [°C] .

100
80
60
40

20

0.15

01

0.05

-0.05

-0.15

JAEA-Technology 2006-012

B: Shut—downtest

Reaction tube external
wall temperature No.1 to No.5

i ewaa====-=-No3

>
= .

e e mm=wmm=======N03

B: Shut-down test

— — — = =No.l
A: Start—up test N 0.2 ’
5 6 7
Methane gas flow-rate [g/s]
(a)Temperature changes at reaction tube external wall
Reaction tube external No.2

wall temperature No.1 to No

A: Start-up test

g ~~ _Nod4
Tt ===—"--—NoS5
— _~No.4

5 6 7
Methane gas flow-rate [g/s]

(b)Temperature change rates at reaction tube external wall

Fig.4.2.3 Temperature changes and temperature change- rates at reaction tube wall vs
methane gas flow- rate, measured during start- up and shut- down test.
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~ (b)Temperature change rates at reaction tube external wall

Fig.4.2.4 Temperature changes and temperature change- rates at reaction tube wall vs

methane gas supply temperature, measured during start- up and shut- down test.
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Fig.4.2.5 Result of helium gas temperature control test using helium gas cooler
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Table 4.3.1 Test conditions of process change test

Helium Methane Steam
Test Item Contents Step | Gas (g/s) Gas (g/s) (g/s) S/C and
No. Control
Mean | Step | Mean | Step | Mean | Step | mode
Methane I11 10 | 01393 |
10+4g/s 112 10 | +4 [393 | +16
with S/C n3 |9 14 -4 550 ] -16:1 Auto | 8.5
control 114 10 | -4 1393 | -16
Methane gas 115 6 | +4 1236 | +16
and staem Methane gas | I21 12 4
flow-rate 12+2g/s 122 12 | 2 | 48
change with S/C 23 |91 4 | -2 | 8 | Auto | 3.5
control 124 A2 | -2 -8
125 10 +8
Methane gas | IG11 10 3.5
10t 4g/s 1G12 10 2.5
without §/C [ IG13 | 91 14 off |3.5
control 1G14 10 -+ -4 5.833
Methane gas IG15 6 ke 3.5
flow-rate Methane gas | IG21 12 00 35
change 12+2¢/s 1G22 12 | +2 2.99
without /¢ | 1G23 | 91 14 - 1.-2 1472 Off |35
control 1G24 12 -2 4.18
1G25 10 42 ‘35
Methane gas | IBl11 393 3.5
10g/s IB12 393 | +16 4.898
Steam 39.3 IB13 | 91 10 550 |- -16 1 Off |3.5
+16/-6.4¢g/s | 1Bl4 393 | -62. 0.248
Steam without S/C | IB15 331 | 462 3.5
flow-rate control aei
change Methane gas | IB21 472 1 3.5
12g/s 1B22 472 +8 - 4.07
Steam 47.2 IB23 | 91 12 55.0 8 Off 3.5
+8/-8g/s 1B24 472 | 8 0.29
without /¢ | IB25 393 .4 48 35
control s
Helium gas IH1 |91 0
91+3gls IH2 |91 +3
Helium gas IH3 | 94 3012 47.2 Off |35
flow-rate H4 |91 -3
change IH5 |88 +3
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(a) Step input of methane gas flow-rate
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0.15 . .
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3
c 0.05 e ———— o .
8 ek s e ] | /P oyptty (i -Irn T
L Steady state 0.04MPa
£ 0
=
g -0.075MPa
§ -0.05 '
© -0.108MPa
0. -0.1 1 1 1 . I 1 1
900
(c)Helium gas temperature \\Steam reformer inlet
800
Steam reformer outg +52°C
700 - e
3] W +58°C \\ﬂ~
[+
% 600 e —
5 I WA ﬁ
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Y Steam generator outlet
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Fig4.3.1 Anexample of test result, the responses of pressure difference and
temperatures to step inputs of the raw-material gas flow-rate 7
with amplitude +4g/s and -4g/s under S/C controlled.
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Date

Fig. 4.4.1 Results of a week continued hydrogen production test
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Table 4.5.1 Test procedure of Run No. A-2
Run No. : A-2
Date : 2003/06/24

Time Elapsed time Operation
10:00:27 0 Suspension of methane feed ,
10:00:46 19sec Start of nitrogen supply to steam reformer

10:10:37 10min 10sec | Close stop valve at steam trap inlet (AV80S)

10:10:49 10min 22sec | Open stop valve at steam super-heater inlet (AV10S)

Close stop valve for water feed at steam generator inlet

10:11:03 | 10min 36sec
i (AVSS)

10:11:31 11min 4sec | Close stop valve at radiator inlet (AV18S)

10:12:15 11min 48sec | Open stop valve at radiator outlet (AV19S)

Cooling fan inverter: 30%—60%

12:58 2h 58min )
(Fan rotation : 221rpm—336rpm)
) Cooling fan inverter: 60%—20%
13:47 3h 46min i :
(Fan rotation : 336rpm—177rpm)
i Cooling fan inverter: 20%—>55%
14:37 4h 36min .
(Fan rotation : 177rpm—316rpm)
Cooling fan inverter: 556%—>25%
15:38 5h 38min .
(Fan rotation : 316rpm—196rpm)
. Cooling fan inverter: 25%—50%
16:40 6h 39min ]
(Fan rotation : 196rpm—297rpm)
. Cooling fan inverter: 50%—35%
17:42 7h 42min i
(Fan rotation : 297rpm—240rpm)
. Cooling fan inverter: 35%—45%
18:44 8h 44min .
(Fan rotation : 240rpm—278rpm)
Cooling fan inverter: 45%—40%

19:45 9h 44min .
, (Fan rotation : 278rpm—259rpm)




Run No. : A-3
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Table 4.5‘2 Test procedure of Run No. A-3

Date : 2003/07/03

Time Flapsed time Operation
10:00:07 0 Suspension of methane feed
10:00:17 10sec Start of nitrogen supply to steam reformer
10:10:06 9min 59sec | Close stop valve at steam trap inlet (AV80S)
10:10:16 10min 9sec | Open stop valve at steam super-heater inlet (AV10S)
) Close stop valve for water feed at steam generator inlet
10°10:34 10min 27sec
(AV8S)
10:10:48 10min 41sec | Close stop valve at radiator inlet (AV188)
10:11:24 11min 17sec | Open stop valve at radiator outlet (AV19S)
Cooling fan inverter: 0%—10%
10:33:46 33min 39sec .
(Fan rotation : 101rpm—139rpm)
i Cooling fan inverter: 10%—20%
10:36:14 36min 7sec ]
(Fan rotation : 139rpm—177rpm)
Cooling fan inverter: 20%—30%
10:40:24 40min 17sec .
(Fan rotation : 177rpm—221rpm)
) Cooling fan inverter: 30%—>35%
10:59:30 59min 23sec . ‘
(Fan rotation : 221rpm—240rpm)
Cooling fan inverter: 35%—>33%
11:24 1h 24min i
(Fan rotation : 240rpm—>228rpm)
Cooling fan inverter: 33%—35%
2:01 16h 1min

(Fan rotation : 228rpm—>240rpm)
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>N generator superheater Helium
Stop gas inlet
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Ly (AV19S) N
valve N7 ¢
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= Steam trap

Fig.4.5.1 Schematic flow diagram of a helium-gas cooling system consist of steam

generator, radiator, steam superheater and steam reformer with valves.
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Fig.4.5.2 Schematic view of steam generator of mock-up test facility.



JAEA-Technology 2006-012

Quter wall temp. of Air outler

heat echanger tube
(TE82S3) , ﬂ
Outer wall temp. of L 1175 l l 1000 J
heat echanger tube Louver ¢ ]
(TE8252) \[‘ 1// \\
Outer wall temp. of Steam inlet W
heat echanger tube FEESERIAT TRt o
(TE8253) 8 /;‘ﬂ s ==
&
o
i
; I Heat exchanger tube E 2660
Steam/Water ‘ ’
outlet 7
= ~—  Cooling fan ——""|
a'._..‘ ] P
™ Air temp.
G (TE27S1)
Air inlet
{ /M f ) { 1
Front view Side view
(unit : mm)

Fig4.5.3 Schematic view of radiator of mock-up test facility.
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Fig.4.5.4 Result of chemical reaction shut-down test - Run No.A-2
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Fig.4.5.5 Result of chemical reaction shut-down test - Run No.A-3
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IKARRBEENEIGT BT O AT AR EREMHD 450CETHEAL., ¥ 3BBRED
IKFEZME L TEBERT ARAMBOBREOELEZHEL /-, ZOHEZ Fig. 46.212
R, HREIIAZRZMEE LA TOREICE>TEHFL TR, KEEZ2HHELTHEHE
BRBLIERINENo 2. /2. HITR L RGHBHO 75 > DHENS O 1 1%
HMOBERANE (0.1ace/s : ) AMPa, HEE 400C) A% S 2 S BEH 2B
BOETREEHELTH TN RETH o 2. THED, KB THCHERINT
W5b0DEEZ LN,

PLEDREEEENS, EBEIH ZRMBOEREN LR L EZFERIL. AR ZORANWT
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Fig.4.6.1 Historical trend of indication level of gas monitor for steam reformer top
during the process gas heating operation
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Fig.4.6.2 Result of confirmation test on gas seal of steam reformer top flange

using hydrogen gas under the high temperature condition y
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5. 1 H4ERBER
5. 1. 1 Eix@E

& 4 FABEEIIER 15 E5 A 22 ANS 7H 6 BETD 46 HMICEEL =, 77> MOl
B, HE. EH. ZEEONL 2R - 75 T7% Figh 1 ITRT,

5 H 12 ADSKRGHEHRRBOEERT U — 27 v TROGAKREOEBERZITY, 5 A
21 BITAY I LA H A BREREZ 3.1MPa £ THEL. T0%, NUTLHAMBGEZEHL. F
RERBLUTERICA-Z. NYTLHAERERE 350g/s. KEKBEFEANV T LATARE
9lg/s IEL, KBRKKEBAOANY TLAHZRE 180°CT—EREBERRE, KRG RIEHE
HIU—>F 9w TREEAKT U —2Tw TIREBIZA S 72, KRIZ. 5 A 25 BICKRKKEHRADON
U AHAREZE 180CH S T00CIHE. RRI/ V-7 v FICAD. 5 A 28 BITKRLGHE
B DK FEB TR L COKEEEOMERE5ET Lz, 5 A 28 HM S 7 A 4 HE TERERR
%%%bte7H4EKM$T@E%%%TL‘%Eﬁﬁtkatu7H7HK«UWAﬁxm
B EEIEL T ARRBRELR R T L. :

5. 1. 2 ANUDLH ATEBRERREOMBEE R R R

AU AT ZABERIEDONY T AT XL, BBREBOFEBEANY VAT ABEREzHEH I E
ANUY T AHZARORMYIRERITI LD, KNBENEICHEDHEUT LR LOEET
%, KMKSEHT Lo THEMICER L., ABREENFEPITKSBEDN 15ppm 2B X 55
BTV 10ppm DAFICTFN2 ETHRZRW LB EHEDIEICL TS, E-AUTLAHAH
DkE, BFE. —BILKRHE. ZBIEKFE A CRFUREONRA 7O NS5 4 =itk
DH 12 DEICERAL., KOBEOEREIADETEE LREOERNFEIZE SRS —FNRD
D, ANU T LAH ZBERBEORHMYBRERNDETICLZBOM, HDWIEANY T LT AE
WHDREDHADRANWNELC TEELZDDOPEHET HDITHNWTNS,

% 4 FRBEROKDPERSNTHRA IO N 57 4 —OBERKREE Fig52 ITRT, R
HBIITR 15F 5 A 22 HIZFRZHBL. ANV D LAH ZAFHEREIC X A5 TMYREZEBL T
WaH, FNRBIIKMBEILED U EH A 10ppm 2 T2 TESETHER L2, 6 A 20 HIZK?
R 8ppm ET LR LN, ZHUIANU D AT ZFEEREORMEANMET LD TH 5,
ANY D LH ZEHEREINY AT A BT 200 2 D0RKEXAIEALTH0., EH
HOREOFHENIEETZHE. FRPORRICTOEAS LEBIT, KIEL=RHIIAEEEE
HNERETIZDOFEEZTV., TTRIIFBREBICABZEICILTWS, 22T, FHEPOR
MITODBI2EZAKRDPEBDO U, HA7Oa NS5 74— iz kB HARTDW T, K
RAZAVMBRHENTWS, BEENNED THRETPORKICDORAZHEND 6 A 20 HIZK
4ppm DR I N/, 880°C. FHEIH X 6gls THRZHEFD 6 H 6 HIZHK 2ppm. £/ 6 H 24
H O B IEE BRI IZH 2ppm DR I 7z,
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5. 1. 3 /KEKMMROKEAEERBE

SRERETE O KRS MG BT, BB OREERD DKREMERET T L2 ETOMMIC Y
7y FEEEERT S, 7Y — 27 v DBEIEKPCELOEK - BRERLITX DG
K - HENET HHEE - EONEOENRHOERIMCHRLT B & &b, LRNICRERR
(LIS TR S HHeE - OB AR IEL, AEOMEEHERFEZRZbOTH S, RBEETRE
AU A DA O BRI RS BT, AR TS RN RAGHOEERT 1 V5
R RE SO (DER. @EK, QORIDIBEOy V-7 v TEREERL. TORGE
Bt o TR OBHTEITWREOEERZTT D,

KESHONHIER &2 OEHEMIZ. R K (R SHMTRHESNZKTRI LAOKE
) SNk (KR itk TRA SADRMBBINAEK EMBKDESRK 1D
W JIS B 8223-1999 ICED 5N TNB A, ERA SAOBAICH 7z > TIHEE S HESHE R
T ERAL SEAOEEEZE LU TEEEICD> &> THACESBEHEERE LETTHEDN
PENESHNTWEW, LA LAENS, TOEEMIEMICOZ 5 EHELROETH L0 5,
AERBREERE OSBRI 1~2 » HOHIMMICRA S2EHTHILE2ERTH L. ARBREET
FSEERIRINIC 2 TOMIEEIZDWT JIS B 8223-1999 DIEMEE £ R T2 Z SIdR#E & X
5Nfr., 2T, ARBREBR T, FEEEME U TJISB 8223-1999 OEEEE W, RKITT
NS X NBNELTHRT I ROE—RBE NSO KRB W TAMY OHEECALRD
BEERRTEEITED, B IRVE-EEHBROBENZHETEIDBOLLE,

ARBEBIZBITBAEMTEE. > 7IVEE JIS B 8223-1999 WHEDSEHBEEZ
Table5.1 125879, 728, JIS B 8223-1999 i H B MIE T DWW TIEIARBERE Tk z2FKkE
LTHWSZ &, JIS B 8223-1999 12 H B DWW TII/KRGMGREICHZMEA L Thanl &
MNE. TS ERESHEAE Lz, £2. BkDSHEKICES SUEEEOUEKDKEII DN
Tid. JIS B 8223-1999 DHBRINTH BH, #kER1 TRKOEBEEEMEMNERTELIIITE
BB OREHEERBL T, Tables. 1 KRITEFEABHEEZEDRE, R TM 5 HERRDKEIR
BB L E NS, REBHRBHORL VKIZDNWTIERSZOED YT I L TS,

OEHMEEFICETE, ARBREBOKEEHILUTOLIITITD. Fig.2.1 DRWMITR
k32, ¥y o—Y TEREN-MKE S NTKEELERI 2N L — & 128 SRR —
BIKSAY 7T 5. F0O%, KEHBILDBEREELREREFBL. REBREICIDE
FREPHHEL. BRAEAKBICLV Y BTV EBATSIETpH 2HEIL. ZhEHiRK
ELUTHIKRY 71T DA, #KY 27 DKISHAKR L TITE0ED MU, KFREERETA
SREBIIES, FARLKREBRALNZEELZ—EOBKIZHANAL N ABABRERTHM
K DR D, BKOWE, SOFOEEIT. HANA NABHBHOTO RL AREITX
TV, FERA FTKOBAYA 4>, PV OEBRIIRLRBERBZBNOHAKD RL REIZXK-
TiF 5.

% 4 B BEZOKESEDOLEL Fig5.3 ICRTED TH D, BIEATOFRK 16 4 5 HIZH
FBRDKBERED DB —F D5 DEKEFKRZIAY > IR F1 > (BHIKED 51 >)
RV 2RI B TER2ERL, HKk2 R 9TERICERR. 5 A 22 HOE 4 BRABRE
GOEREBEIC 10CETHRELTRAI Y —27 v TERIZA - 2. £0%, 5 A 25 BIZK
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AGREBAONY T LAHAEEE 180CH S T00CITHRL. BKY U — 7 v TIREBICBAT
L7z.. 5 H29 HMS 6 A 17 HETKFEHEERZTo%. 6 H 1ISHNS 23 HETIEZ 1 HD
2 BIOKBEERAE 2R OETEERZTV, TO% 6 A 24 BIOKEEEZMBL T, FH
KMEIERBRIC & IR WARKFE A ORK E B IEURBRIC X 5 mHAICA - /2.6 A 25 BIZIEE
VHEKZ V=T w TIREBIZAD. 6 A 26 BITIIAREBRRO = OHBEBICRL LG, 6 A
29 HIZ—BERGI =27y TREIB o TS 7H 1 HAREGICA D, 2 BIEHORIBEIL
MERICAD, TOBKRL . '

(@pH 1. EHKRDIA O RV ITHEICED, Ay >y (HO) (LEGHMPEEEE
BEEHETEDLIICR oz, BIFEESR (RILK) BEAKIZY 0T v IRERZIV—2T
v TANDYEOBERFIC IS TR LU ZDONIE M BEEEME TS L DIk 72, RREE
BIBEETH S,

GV BEEEET. BREFER RS AKISEEHRT R4 I LR B M ER U, Ein
MZBC TEHBEEENIIH >,

OBHFEEBRIT. BRI 7ICBWTHEERZ U= 7y TRHICEBEBEE 20~2001 g1 BAIRIC
HoTz WKV =T v TIMEEKI V-7 v ITBNWTIIER B EEZB AT 100~
1000 £ g/l DI TEBIL . KFBEGEICA S & 1B TEBFEIHE DK 100 25 400 £ g1 D
MOEB &/, ZD% 6 A 24 BORISMEIEARIC &b RVERKTERAOHAKEEEL,
KFEBE TS NTRGKZHKS >V CRTRRERZHAL 229, . BHD 6 A 25 HIZ 700
wgl ETHEML N, TORBERBEMIED WS,

(@) #7KZ > 7 DL DT 1200 gl ETERLEN, BEZU—27 v 7RIGEEHE
Bl 30 g ZIFEWETLIITRo K. BT TKROBFNISEETH 528, 6 A 24 HIZRGE
IEFBRIC E B RNWERKFBERORAKE RV ZBIEL 27298 1 A2 OBENNE-EI NSRBI
20, BHHRBRZKTUEBO RV VKOS I500ugl TH o7z,

A1 A 2 id, REFEES TIREHEEM 0.05mgl LT 2R L Tz, BREBHBEIT
SEETHD, 2FE., JUNEZRRLTWERNDY, FHEEEZRZBEL TWE,

Pbns, 84 ERABEROKEFETIE. BHARV I O RV THEICED, BAkY >
70 pH EBNIEREICTELLDIT R 2 EXDho72, BEBRFRIIEHEEEA2HERFT S0
WEIZH U WM OUE & BRERNEAE Z XD KREOEEILIEANTEZZEHH D,
FEEHAE D BEMIGEDWTWS, F/2, SOl CidEsinsE c&E L TWe,

5. 1. 4 AR -k -BROWEEKE
FAEFHBPEZICBIT S AR - K - BROMERERITROED TH 5.

(1) RIBRMEH X

5 4 FFRBEE TO LNG 01— U —IZ X 2 KBEH % Fig. 5.4, £/2 LNG 7 > 7 OWALO
FLERZ Fig.540)ITRT. 512, JVTAF v I OBARICERENS LPG HADFEEE %
Fig. 5.4(IZRT . KEFRTEERAKEZR NG, 5 28 Al 4A2MHL, REBESROBT
EHRTId6 B 30 RIC27TRZHERL /=,

(2) N\UTAHZ
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4 ERABERE TR, AU T AHR - — RV, EEM 13.55MPa. &EM 15.90MPa DR
BTHRIEREICAD, BEEKTHRO 7 A 5 BT, {KEM 9.55MPa. &EM 14.32MPa THEMH
BZT=2EME, EHBR TN SEHEINZEERITHN 3564 m3(Normal) TH o 7z,

(3) EFRHXA

% 4 FERBEETO LN2 00—V —IZ &k 5 FEEHE % Fig. 5.4DITRT.

(4) Hixk

% 4 EERBREE TOMKD O —Y —IT & 2@ EHEE Fig. 5.4@1R T, G5HY 320t THo .
KRG G RBEORANT, AN TLAHARBEEBIT, FHEOI Y —2 T TERCRKELE
BIARRICH > TIIRBRED T O — 51 > TORMZITD ZOMY B E2 MGEINICHEET 5,

(5) BXK

5 4 FRBOEE O A EEZ Fig. 54015RT. 728, kVAIZ 1 H 1 HEHET 2 BFRRMOR
BOBAICBI s EEEEBRECENSEHUAMEHAES, £/ MWh IZBEEENEIOfRRE
MNHRTHAZZELBIWTENLZ 1 HYUZDOEEES (BHEAR) Ths.
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Steam reformer inlet 4~th exp.
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(b) Process gas temperature

Fig.5.1 Operational records of the 4- th experimental operation
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(d) Gas pressure

Fig.5.1 Operational records of the 4- th experimental operation (Continued)
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(e) Pressure difference

Fig.5.1 Operational records of the 4- th experimental operation (Continued)
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Fig. 5.2(a) Historical record of concentration of H20 including in helium gas
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(b) Electric conductivity

Fig.5.3 Historical records of water quality control of steam supply system
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Fig.5.3 Historical records of water quality control of steam supply system (Continued)
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Fig.5.3 Historical records of water quality control of steam supply system (Continued)
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The 4-th experimental test operation
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Fig.5.4(a) Mount of liquefied natural gas supply
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Fig.5.4(b) Record of liquefied natural gas tank level
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Fig.5.4(c) Mount of LPG supply (cylinder)
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Fig.5.4(e) Mount of demineralized water supply
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5. 2 5 EREGER
5. 2. 1 gk

5 ORI ERL 15 4 10 A 28 A5 12 A 10 HETO 44 HMICHEEL /=, 75> b
OEEE, HE, Bh, ZEORLV 2R - 75 7% Figh.5 IR,

10 A 20 H2 5 10 H 26 HICKRGEHEREOER 7 U — 27 v 7 R O HIKER A O EhE(H
BP0, 10 A 27 BicAU D A0 A5G0 2 3.1MPa £ THEL. T 0%, NU DT LT ZANE
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Hic/KBELE 2P0 U720, KEKKER EE 7 5 > P ORIBMNT ARMERDREREN LU
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% 5 BRI BT B RO OBEEBRE Fig5.6 1ICRT, FHNIYRL 14 4 10 A 27 HI
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FTOFEAZERLZD, ZOBNICK 8ppm M B & A L. F0BAKSEHBENE B EC
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10 A 28 HO#HE 5 HRBEIZEOEGFIBEHIC 180CE THE L TRKZ Y — 27 v IEIRIC A5
72o 10 A 81 HIT/KARKERAONY T LN AREE 180CH S 700CIKAEL., BREI VU —
DT TIREBICBIT L1 A 4 B S ARREEZHIAL 225 HICHE LEREEEEL TWS,
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AT G, BB THLEEINEBEERITIN 132 mNorma) THolz, 5 4 BTN
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(3) #FIX

% 5 RFBRIEE T LN2 00—V — 12 & B FEEHEZ Fig. 5.8ITRT
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55 5 [EEBUEER TOMK D — 1) —IT L 2 Wi FEE % Fig. 5.8@1IR T A5H0270t TH o 7=,
(5) BX
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Fig.5.5 Operational records of the 5-th experimental operation
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Fig.5.5 Operational records of the 5-th experimental operation (Continued)
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Fig.5.5 Operational records of the 5-th experimental operation (Continued)
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Fig. 5.6(a) Historical record of concentration of H20 including in helium gas
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Fig. 5.6(b) Historical record of concentrations of N2 and H2 including in helium gas
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Fig.5.7 Histroical records of water quality control in steam supply system
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Fig.5.7 Histroical records of water quality control in steam supply system (continued)



Concentration of Cl-

JAEA-Technology 2006-012

1 | ) o ' i ' i “ i
b bR oo
Cold water Hot Steam Cold Steam §upply
crean—up water clean-up water : i
0.8 The 5-th experimental test operation
0.6
Steam super
heater
04 A
]
Steam generater
0.2 ; VAL |
O AM.A&M%M—L’M»A [461 L x? ) L §?me

18-Oct  25-Oct 1~Nov 8-Nov 15=-Nov  22-Nov  28-Nov 6-Dec 13-Dec
2003 Date

(e) Chroride
Fig.5.7 Histroical records of water quality control in steam supply system (continued)
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Fig.5.8(c) Mount of LPG supply (cylinder)
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