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FF 38 (2.3x10" n /sec.ocm®) R A RJE B, ALK @ 4y
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BSBREETRZENEIIHFRARIE S 4 (Research
Reactor Division, RRD), B T & 3£ & 32 [ FY, 4 3% 23 P9,
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HARAXEREZR FHE T ®RAKE Kyoto
University Research Reactor Instltute, KURRDALF B &
RBAT R RERERT » A BT 200 48 A - &35 21
R4 » 24 fLBh 3%, BF 4K 8000 Lk BB K
2E RERNSKRZZHE - (6E - 2 HE2 2
2T -ZE -BEYARPLEBIHRTAR
TR FEERMGBASAXLENFNAB AL 3R
R EAFLEEZ  GBBMENMEFE - BFHEE
ER PR NS 0 8RB Ko i B — .

FAEKREZER FHEERAFARIE LR BT =4
cI:(Dr Ishihara) & & & & JRR-3M & KUR #4458

% #t(Control Rod Drive Mechanism, CRDM)Z 3% 3} >

H B4, % KUR 2 BNCT #2 CNS {442 & #3532 -

FEARZEHFHBRELL AL BEEBETFEE
BAMCER =T 54% AR KAHEAREZER YR —
1 HMIRRBECB R L > kb b FREERS T
FTRERZITaRHZ > BAABIRE TRLEFEFIALA)
%#%ﬁj@%ééé;z%%ﬂ%ﬁﬁmd
Mishima) % B F& 40 & 2R B 8% % %’&H{"‘j‘ T E
JF& o TRR-II %8 -~ DNBR #k A B35 BP E | Mishima
Correlation 53
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1. KUR R E 5 #e ) #2 5 (89/7/1 -89/7/31)

KUR & & %1308 2 7(89/7/1 -89/7/31)
KUR R JE % 45 #5342 4E(89/7/1 -89/7/31)
KUR K& J& 25 #R0324E(89/7/1 -89/7/31)
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l. KUR RE B &G RAE T REFFE3H
F#7(89/7/1 89/7/31)
2. KUR & 3 RIE# 3417(89/7/1 -89/7/31)
3. KUR R JE 5 % & FE 4 3 % (89/7/1 -
89/7/31)
4. KUR R &% A H #8.45(89/7/1 -89/7/31)
AR RERFHEERAMLETEHME, Bk
EaR 5 AR RN B s, B MEE KUR A
FE AR, KUR B -F1E B 8RAAIEEHE, JRR-3M
PR SRR E TG AME £48.

RESBEZTRESTTHEERMERES
(HFIR) &3 £ B AEC# 1959 £ 3 A BB BB R T
B kit 0 1961 & 6 A BA4esE:E > 1965 4 1 Haks
TR AT BRI MAR R B3R 0 0 1965 &£ 8 A
25 REFAMRER > AR R#AHESE 100MW - T
i & (Target Reglon) RABRY FHEESA 23x
10Pn/sec.om® 47 R B R 18 0 &% 42 5 o5 & p) 2R
(Power Ascension Test), HFIR #1966 & 9 A %8 & 34
£ 100MW iE#2 - 1986 % 11 # - HFIR A X A B &
Surveillance Program R #IR & 43 > RECR 2
FFRAKACEELTRANEARE  ABF RS2
AT EM » HFIR AR & 5 5 A E I 5a7 30 4
ESBPARIE S R TG AR X BTk 0 1989 4 4 A
BEBRBRIIME  EMEAEH SSMW F#HigsH -
m?%kiﬂﬁ%ﬁﬁ *s RAEE K A Dr. Gary
Rothenberger , & 48 & Dr. George Flanagan. HFIR &
EBE AN ﬁﬂﬁ"&.ﬁﬂ it —, =.



Bk RAL ORNL # 8 R E B E&8 g5 55 > 13
i# HFIR K15 F R R4T8E » AP KRB R EFEH £
B BRBBEEZIHN  HHFERARE R 4hiis
R~ G RR SRR SR B4 TRRL
HEABERES T S# o
BHEERZESREY HFR SR EZSHRBERST
2 BB F IR GERAAE ol g £
By BEURBE R, 8¢ FREn4E98 HFIR S %
F XA, WA RAR, MABFBEEERT
WAA AR T UEFEHHA F XGEE4T4 B HFIR
HFRIESHMTEL, ERACTE NI RE
BEEBEZERETZREN 2000 & 9 A TaH
HFIR # TRR-II U84, 8% 58 T H AR &,
#2000 4 4 A v TRR-II #4735 5 % 8 ¢ (TRC)E 8
MAILFFHRZEA PEE 10 58 TRR-II — &M 143
HA R, # HFIR &F R a3 ML, BH Rt
fE R AR B B B 42 AT R % Z5 (Dr. Madeline Feltus,
DOE office of nuclear energy, science and technology.
& Mr. Stanley Staten, DOE office of basic energy
sciences). I E BB A SHEHAFRLBEAB LN E
KA R Z PR AR, Bl HFIR 44 82 7K A %p #1242 fo,
BHEEREFBAGBBATULE, (0L35 £
A5 228 B Mr. Stanley Staten #2 ¥ #4f £ B A7 & %
BB A EHE HFBR RER B £ FAR R
NBSR #F R M % #4948, HFBR & NIST ¢ g & &
KEAGFTEREEZMNEKREREEMERRE, MmB
SNAMTE ERWNEKEFB AR T, LD AR
AR E KT iR 2 B R,
A EERERETLHET YT 5 T4k
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- HFIR & J& 25 A2 b 42 5 (89/8 - 89/9)

HFIR & J& 25 1348 42 5 (89/8 - 89/9)
3. HFIR R J& 35 K&4F %£(89/10 - 89/12)
HFIR R & 2 #5535 78 (89/8 - 89/9)

BRIZHIAE B R TR T L0133 F 7 2 4%:
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5.

HFIR R JE & & RAHE ¥ FRE & T &3
£ 47(89/10 - 89/12)

HFIR & e 5 30E 8 £.417(89/10 - 89/12)

HHR&%WHHMA%i@%08wm)

HFIR R B R F 2 RS R ANB %2
(89/10 - 89/12)

HFIR R JE % A7 42 45(89/10 - 89/12)

BPBEARETRET DM, B EREE
1N EEAR, B sw% = HFIR SAR, HFIR &

WREE
xS

, HFIR #:14% Guideline, HFIR iZ & FR #1]4&

Hﬁi—iﬁﬁ. B £ 4.
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A E HFIR & 54485, €4 HFIR &
1959 FBA%5 33t 2] 1966 4 9 AZE L h & 100MV 1E &
£EFLHTOF, HTRR-113tEd27 484,
HFIR 3238 % R AT BRM SL AR A 53R B ) 3k 4
Er TR, L TRR-11 s+ £ 288 L 6 B AL,

#5564 5000 A7 A8 5040 F, BEMEL
b b4 6000 % 51 B4E; LHRNELERMEELS
5000 % %1, v+ Z#BE (Neutron fluence) #i
% 5 1% 4% Deposition BERR 44, B R FIF AL
BFHEHEREOMN, SFBERART FEEE
1x10" n /sec.cm®, B4 LEREE, 2%, A%
AR REREMZ B, WEM T EM444 5000 A7)
Z A1-5052; 12T Afemt i Ar TRR-11 =z & 20MW, &%
AR#P T8 F FH:E 3x10M n /sec. cm?, 4% ik p A ¢
ARG AEE, 1999 %5 A& TRR-11 &4
PN RRAL R B RIE L 2t TR TRR-
[ 4+ -FiR&&ia it 4244 6000 252 Al 6061-
T6. 4t¥#sbF B E A s, B AFIR % ¢ 7R
WA &EADr. D. Selby & Dr. Bill Hill #4#4g:k
WAt 8 A6 F PRI RAT R R E 2 A, Dr.
Selby # B HFIR &x X# & -Fi8 & §iE 2. 3x10”° n
/sec. cm?, 4EikpEaEiE A 4544 5000 & ¥ B A RERE
SWz K, FrAIFIR % TR, R34,
Bt B34 A 454 6000 & 9], sb&H A TRR-11 2t
Ens P FREAKRET 24, TRR-11 &4 ) af i
1999 5 A Brétéa b o 524145, KB 1980



# Dr. Farrell # ORNL HFIR #4244 5000 £
#2 1990 4= Dr. John Weeks # BNL HFBR %4z 24
6000 % 7| 2 A X B 8o 4R 4, R o5# 2 TRR-11 & A3
¥ FiE A, ¥ TRR-I1 4 FiRas sk ik Sizing
Calculation s#ME4E A &4 LI 1 144, 1 42
552 6000 A7) Bagsmpe, 2%, AR Ex M
LAY e, HMEATERE ST 8. ENARIE A B9
Boa i &7, TRR-11 A F FIRER AR % k5
.

HFIR A &4 #E % 2 £ B bk B kel
Savannah River BEa £ F /& 2. HFIR :F & 35 F41¢
KA A M E F 4. ORNL ORR(0ak Ridge
Research Reactor) R /& & &+ F L % — 184 A
UsS1o-Al B2 51 50 A R 35 (TRR-11 7Rk A sh4é
UsSip-Al #RKE). 3% {Bksz HFIR HIRAZMH 2% Mr.
Rodney Knight (&% 78 FH#4, HFIR /7R 4R
#, B &4 HFIR AR H & ¥ & AT B K) s
UsSi,-Al 20, 7548 & TRR-11 #4 ¢z CERCA & B&W
WAL IEORE o ) AR, I Bl U,Si,-ALl B =
ER, HBEZEAT AL U;Siy-Al ok @k 2 2
8k, ARB AR M G AIRK; B PR F BT
A% % HFIR #2 CERCA & B&W mE NS K 44, {2
B 3. }

RESAEGHRESEGG, A% Fission Chamber
Ao mia 3 IFIR S F FRERMEREZN
10% of full power £ 10,000 CPS #5 # Fission
Chamber ARk & iEdbdtE o3 P FRRE. 3. (5



RE M, CR SR @ e 342 4 TRR-11 & 7
FAMR B2 5 M8 Fission Chambers (3 for RPS and
2 for RPCS)%3t, AF X B Eoxia. )
HFIR primary coolant % Flux-to-Flow Ratio %
1.36 at 16,000 gpm; 2.4 at 1500 gpm at
operating mode 1. #%t: {TRR-II primary coolant
% constant flow, 2% Allowable Power vs Flow
map to keep TRR-II in the safe operating
range < F] 22}

% HFIR Boh BRE ke, FEAEBBE RERRE
Z B E) T A
No 1 diesel is an electric start diesel
supplied with its own battery and charger.
No 2 diesel is air start and has its own air
receiver and compressor. iE: {st% HFIR & %,

Common mode failure w3z, #£3% TRR-1I ¥4
b iA F bk
s, HFIRZEERAL LD A RS HY L 5 Lk

(Auxiliary Emergency Power Generators,
AEPG’s), H %3 B &9 AR REMRM T ¥ 4145 4
4T
E:{obBA HFIR A4 THRAEXRAEE, # M B1K
%ﬂﬁ.éﬂ_ﬂiﬁﬁﬁéﬁfk‘gﬁﬁd# A"ff)'ﬁﬁ’]‘%/}??;%
B, XA SE TSR BRI NEEE
HE N i w2 Swing Diesel
Generator &kit48%. TRR-I1 £ &£ TR A 424 4t
Bt )
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HFIR X HZEENFEE, UG SLz B R BOA P
RS XIER A, TRR-11 £ 4] 7 Bp & phrE 2% 24
FEREFNBIERES @, HFIR 7 1965 &4/ =

# Fission Chambers i A Antimony Sb-124 4% 2 ¢
TR, #(r , n) Reaction B & ¥ F &R 58 R,
3 {4t b3 A8 HFIR Dr. Dick Rothrock =t
@ TRR-II project A B REEREBERAF Y DEEE
Z ¥, Dr. Dick Rothrock #:#%: B2 TRR-1I 2
A Beryllium R 488, %T#F L CF-252 or (Am
+ Be) EMEREFABE 2 TR, HREEE2

¥ F 58 B o428 A 10° neutrons/sec, i B+ F
FTRARBLBBEFTEIE LUERE L TR,

Dr. Dick Rothrock & ez TRR-11 A E KN
REXARAER BEREFEBE Y FRARESS
# & (High Sensitivity, Counting Rate > 10 ~ 50
neutrons/sec) % ¥ -F &4 Fission Chambers, it
B %18 ¥ %8 Fission Chambers £ 8 £ 1E ©
L RAF EA#E 2 F Counting Rate, H4&2:2% TRR-
IT Rl AR &2 B f b8 R 435 0k F TR,

748 K2 KUR Dr. Ishihara #3#: &% BF, ¢ -F
FRE B ABER AN Strong Gamma Ray
lonization, 122 BF; # FE&RE X2 FHAE L
Fission Chamber z +4%. F7LALE & REESCELYE 2 5
i, wA RS KUR B eg4k A BF, ¥ T+ EREBR
Fission Chamber ¥ F &8 % £ 45 8 REEFEIEZ
¥+ +F Detector. }



£% KUR & HFIR % 485, #4723 TRR-11 1% F
(AmtBe )tk % # R EE RAME 2 & F3&, 334 B,
Neutron Detector 4k & & -F &34 8.

e HFIR R EA12 B4 BB #2 7 7 00, 1986 & 11 A,
HFIR &t % A B & Vessel Surveillance Program i
HREBER, HECBEAIRS Y FRAMILEE LT
REHERE, HEHFBRONBZEHFTEM, HFIR &
EATVE RS F L E R M, S LS RB A HE A
WA Z R, 1989 4 4 B £ B AR A,
FAMELE S 80 MW E# #1 HFIR Dr. Rothrock ¢,
HFIR 148 W S 154 1989 £ 4 B E8780 8y, #H
Start up 7 X 4 HFIR B REERAIBERFFRE, HAE
Sb-124 = ¥ #A#E 60 R, EH52FFRSb-124 &
FretE M. 1989 & HFIR 42 A Curium-96 45 % & #5345
R BIEZ P TR, LB T4 TRR-11 R R 5

TRR-1I E AR ERIE B8 2 4244 A1-6061-T6 35
SHREREIR %, & A&K TRR-1I In-Service
Inspection Program = &2k, B iT&#/ 454 The
Maximum Inward Deformation of Core Channel, 14
mm Al-6061-S-T62 in Thickness, 4%%= TRR-11 #&
BB R 40 F2 2345 R AT AR R <FA 0.0077 mm, /)
R RBIE CBE N2 ZHEE 1 m . 2R
SEHEREN, MARBEERSG SIhmAEE. Hoz
3% TRR-11 £ 447K B R4S %p K% 8% FEAE Stress
Analysis, &3 ME N 24E A k& Ed ST 2 4k3E,
#E AR ASME Code AR A8 B &43, 7 TRR-11 &
% B .ty ISI program.



3 {sbB A TRR-I] Rk Sim t k2 S0y

#. . HFIRHE AW @ MB0 5 ¥iE, A5
FURBARARRALEHE, UAKB 2 nik s
(Accelerameter) B RIIR &) A 14, L RIEHIALE,
B ER W HELABE oA 2 Ak, 3. {sb2s TRR-1
AT K 4, 235 TRR-11 #4558 %. )

HFIR B &3 E & (EPL) 5 #4348
1). 2B DOE G 151.1 “Emergency Management
Guide”, August 1997. ORNL/M-2344/V1,
2). DOE G 151.1” Comprehensive Emergency
Management System”, August 21, 1996.
3). HFIR PRA, D.H. Johnson, et. al., ORNL/RRD/INT-
36/R1.
4). HFIR Safety Analysis Report, ORNL/M-2344,
Rev. 2.
5). Emergency Planning Zone Document for ORNL,
EPZ-95-1-R1, May 1996
6). DOE-STD-1027.92 “Hazard Categorization and
Accident Analysis Techniques for Compliance
with DOE order 5480. 23, Nuclear Safety
Analysis Reports”, December 1992.
NAE &R, id HFIR PRA Level 1 analysis
and some of Level 2 analysis o# &2, #HH#%
Z R credibility cutoff of 1.0E-6 per year H
& H 2 fuel damage A radioactive material
release % &38 Scenarios, FH4k#BiEuk Scenarios
WA E B THFEREE R 2 Significant
offsite radiological consequence and their



estimated doses, which are the important
source term(No. of Curie, No. of nuclei)
inputs to plug into the EPZ analysis model for
the analysis of emergency planning zone.
HFIR 4% EPZ analysis model [ ISC(3)ST, which is
a industrial source code in Environment
Protection Agency] to get their EPZ as 12
miles. ORNL got an agreement with Tennessee
State government that ORNL can only take care
of 5 miles for HFIR EPZ, it’s the
responsibility of Tennessee State government
beyond 5 miles.

tx: {TRR-II B A7%A PRA 4 # 4 %, SAR "k &,
s 75 TRR-11 Hazard Analysis, 7F & %4 TRR-11
Z Emergency Planning Zone #-#7. # 3 TRR-11 & &
8 PRA 545 2A % & TRR-11 % Emergency Planning
Zone,

HFIR 3% % 38 88 4154 £ B O3 2 B4k — 1L AR 3R

i e

FHRERFEHBARAD LG % ES E &
R#vgh R B SMW > T R# ¥ F#BE A 3x10° n
[secem® > A F FR&ERPEA T FRE S 1x10° n
/sec.cm® > FEF AR ENIEF 36 £ (1961) 9 A B BT
EHEFH CRBRF 12 AT, B 39%F 6 H 258
BREFEERY > BF 8 AmtshRz IMW; I
FEdFe 42 £ 7 REME S REFLHF SMW &
#oHAEERERINBLSR SMW Ed@ it Fidy



350 A 3 FRNESBITRETRIE > i@
BERADZFEETY - AhREBYHINEEH R
SMW E gz 4t %‘Hj’ré’l 6 F, TRR-II #4252 & 7 #
(CLIEFIE )R B 4

TARERFETRMAMGEELIR G B{E B4
(Dr. Ishihara) 4 & & JRR-3M & R &8 A2 B F45
S M BEE) ,%a #t(Control Rod Drive Mechanism, CRDM)

Z %y > g ETJ&z, # KUR 2 F 3532 (BNCT)
f.i/\“f’%//?fﬁ#’t kI E - BRI M RE 7
By ¥ RE B 7% P 2 %% J]/\?J’ )i B

Fe A F 3842 76 % (Boron Neutron Capture Therapy,
BNCT) 4838 F, R KRZR T FRATEH M2
(Prof. Cobayashi) & 4L &R & 5, &I 1996 4
5A8EFRAARBNCT #%EZ %It HEE BEALR
BMﬂﬁ%aﬁﬂkﬂ@%ﬁ;%%ﬁﬁﬁk%%ﬁ

SAE, BT FRILEE LA ORA P F Mixed
Thermal Neutron and Epi-thermal Neutron) %, 34 3,74
BT 19 MREHEB(R =R ERREEE, LEHEE
BEBSUZNT. TMHRHILERFA BNCT ®e L8
BEJR TR HE O AR ARSF, AP F38 & 08 AR 3x10°
n /sec.em’ 7 AEE B FAEA B, #EH B 37 TRR-II
BNCT 1A g ZRESZEL—F K -

FERK 2R FIE TS AS T FR#%EM%E(Cold
Neutron Source Facility, CNS)/BE#» 9 FF}4
I, WA AT FIRE zaﬁﬂ%/&““’(Deuterlum)#iﬂ%
BRpEZAEPE], BREASRARINSEAHR G
(Scattering Cross Section), 3 LARZHFF K&94EiR
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BrEb s WA T FIRERAGREIEEMILESS
6000 % 7] Z-4F; {2444 EH 4464 5000 % 7,
B 2 FF R E M S M5 ¥ sk Deposition AR
B, EAKZR TSR O, SEBER KB
Fi@E A 1x108 n /sec.cm?, RR4T1ERF BEIRE
Z RAJE et AT TRR-11 o & 20MW, & R#k
b 738 B & 3x10M n /sec.cm?, BRAERAEA
BERE G 2 BEJE, FrUAgEspfbst B TRR-I1 45 M 425
4 6000 % %)= Al 6061-T6, f2 A IFiMe£. 2K
Yy B % TRR-1T x Memlst &4 5%,

TAEARL R FIEERME o T

pokl d 3kt X . zero power, primary, secondary
punps & cooling tower fans are OFF; NCV open,
4 shim rods and one regulating rod are in the
24 cm position as the Shutdown margin.

g kiR 0 < Power < 100 Kw, primary,
secondary pumps & cooling tower fans are OFF;
NCV open, 4 shim rods and one regulating rod
are in the bottom position (0 cm). But
normally, turn on the primary/secondary pumps
and cooling tower fans before start up the
reactor.

sh &g R 100 Kw <power < 5 Mw, primary,
secondary pumps are ON, two CT fans are ON for
100 Kw <power < 1| Mw, three CT fans are ON for
5 Mw. But normally, turn on the
primary/secondary pumps during &/ E#ATHRE
% (3w B4 or core reconfiguration/f&it 77

16



&, AepkiEH#EEF) before reactor starts up.
When in 5 MW operation, 4 shim rods are in the
37 cm position and regulating rod is in 35 cm
position. Reactor period is infinite.

ZRREREXXEF key T oida B sk i5Ei
TRR-11 & F i 4%

FARZRTE2IFEBRERE 1D 85T IR,
RIESBIFER, BRPBUMAFIE IR, Hirskns
HAEREAR B R4, Local/DCS sk 48, #4|T R
SHRE, MREAANIES mBSRRE, LT A 4
AEEN B ARBREM BRI E (LA L 48%), MM
Recorder, Chart, Start up Monitor B, 4% 4
shim rods position # & 4.18cm 4ir & (% CRDM %2 B4
¥ T8 L& high humidity region), 2 Fission
Chamber & %/ F &2 &, 4%k £4%7K Pump, R 4%p
KPump R=Z 644 KEAGER, AABBHES
3T B 15 BY 5T AR PR B 45 MR R
BIEBREET T I R ER.

- Spent fuel clean up pump
- Primary clean up pump

- Sweep gas blower

- Cooling tower pump

- Secondary clean up system.

D RAREZEFRETIE B AMBH 2 &AL T £57
A FE]BEAE, EEBACOASEE, HEEAZLX
KAk Pump R E B o B KEF K, BRe#Zdo
B —EgTa L AR, BB SR EMmAE L —



AR, BRAARBERMAYITH, BEEIKEL
REH - B AEE. ZRRR-IIERR B2

FAKREZR FHEBHBARBZREETEHERE
FEEEMAAPEERERAFHREEFRBRAE
7E4% %, TRR-II #X 41548 1¢ 11 Kg, BT TH LB
TR

FHREBHUFHRAHBEMEM, ARBERERGH
AHE, AR R E I E R THE; AR
Rt A% SR T AL R AR T3 s
B A REA.

REREE TR TSRS h ER0F
HLE R -



. #Ei

L ABEBATAERAR, AL LB W Y154 TR
ZHE, BEMERR T BB AZANBTAE
ARBABBEMRE R ERE, S EBR T %
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BREATEEMEBRRERT. ZHE N 485
BAFEERRBAZAZETEEE.

2. OFIR % FRE S EZ HE T/ 48R LR AR
WAZTREEHR LB R DOE 4330.4B Chapter
11 &, 4% TRR-II & 45/ 5%, mA T
YEIEHL WA By BB R E MBS %, &
BEHER SR, SEALIHEER(EE)CH,
K EAEFF1E 45,

3. B AR TRRII:E#4, AR EKRFTRIEE 2
Pl |\, e ffEEXABARLHA KES HFBR &
NBSR 2z %428, {2dy TRR-Il €K& % FHE 28
EK, MAIIREERKNEKREE A% T,
LU B AR R E K T R E X B A.

4. FEHRREZREFEERAEMEIELERE RE 18
4 (Dr. Ishihara) & % & & JRR-3M & KUR = 4]
¥ B& ¥ % # (Control Rod Drive Mechanism,
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$Wm%&ﬁ BIEHE 5, HIZAKEC B R4
L, koo P FIRERE RS T T BRI ITA K22,
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Z B = B & — BR##%(Prof. Mishima) % Bl [% 40 %
BIRE BE KR e 4 28 X %, TRR-II YE
DNBR # 7 8% 3% BF J& | Mishima Correlation /> &,
REBEZFE R OIERLRBAL, bEHE A
Z5 11 MEREEINIEFTEIRE, Mo gy —
. B AT R AT A0SR RAR AL T4 T 5%
P2 AAER 438w Sir AB.
6. 2-& TA KRB R FIEF %A HFIR 8 -F R E %
Z N8, EEAIREH RN FEST TRR-II
BB T AR o b R, R BROE LA B RER )
RAREHREGFE TR I E R, BEITAET LA
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fiise— REHERRER =SS

% FIR FH-FEEn

;—a
H[

Bt 3B 2 B 52 % (Oak Ridge National Laboratory, ORNL)[B £ &R EIFEEEE
HRPEAZ R EREEFEAFREC BZESS, AnF B ERANER S
(High Flux Isotope Reactor , HFIR) B H144:Z T i rH B 8 (2.3x10" n /sec.cm?)
WIE R R FERR, (LA ERARTE AR R, 37 BT 200 88 A (& S8 A STy
H, FRs s 60 ), HiRH S — Bl B e al S =B I AR
JE2%%H (Research Reactor Division, RRD), B T I Sl 4R 2R 50 =HERFY,
FTEERIBRERF T R AT B RIS E 4491 200 LR AR ELIR B 2 e
ANBETEEPFEYS. 2R FEE 2SS O ES A EE R E4] Pu-
239, Cf-252 (T 2% B& 22 K S AL A
%¢%Liﬂuiﬁﬁﬁmﬂmm%lAﬂmAwwﬁsﬁﬁm@@%ﬁi
BEEEET1961 £F 6 ARIAREE, 1965 £ | ABSE RS T8 B R A
U‘“ﬁ AGHY 1965 42 8 H 25 HEBIWIREESR, HEABIIES 100 MW, BRTE
(Target Region)sr KFAH-FEER 2.3x10" n /sec.om’. #FJREGFLER, EE12T D)
HHIEL (Power Ascension Test), HFIR 4 1966 4F 9 H 32525 100MW jEi,
1986 4F 11 H, HFIR #15E A & Surveillance Program JHIEA3E4& 2530, HI5 (B
TR IR AEELL TR E SR E, BRI EiEs2e s, HPIR &
TENS R TP DUE TR i Al B TEL R R T 2R 2 2 24, 1989 4E 4
RFESSBIRETREHIUE, BEHTRSENRY 85 MW Bz <,
it B4 HFIR B 1959 FERAIARRETE] 1966 4 9 A4EETIER 100MW SEiE L g
#9 7.5 57, B2 TRR-II 5T EEFRAEAEE; HFIR @S 5e i i T R s R e st
HEEERG 7E H B TRR-I G2 E8E VAR ZE 6 [ EMHEE.

2. HFIR EEREEH

2.1 BEEE:

et B R 3 S 2R (HFIR) 4475 Vg 7 F - B4 4 % (Inner Diameter is 10
cm), 53 B

2.1.1  One Through Tube: HB-1(Spectrometer).

2.1.2 One Through Tube: HB-4 (Wide Angle Neutron Diffractometer WAND). HB-

4 \ELFE 30 meters /N B EEE (Small Angel Neutron Scattering, SANS).
2.1.3 One Radial Beam Tube: HB-2 (Spectrometer)

2.1.4 One Tangential Beam Tube: HB-3 (Spectrometer)

22 TREERGE
221 EOFRIGEE x 1 (Hydraulic Rabbit Tube ): #2448 S h FE =GR
(SRR

222 BEFEHE  (PAKEIHBNZEET( > 0.1 Mev)BSE, T5E17E
SRS TR AT,

27



223 (ERIRETE x4 (IRNBUTEREEN, (BRI 49 &, BRSNS h TE e

L8

224 RRE x 2 AINERETIEN, BB STRTZE.

22.5 Target Bundle x 30 : fi74 Core Centerline Flux Trap [, Al ERERE
TTERFEE R

2.2.6  Peripheral target position x 6: {i7f4 Flux Trap outer edge.

2.2.7 Spent Fuel Irradiation Facility: For gamma irradiation in the reactor pool. The
initial (maximum) dose rate in the facility is approximately 1 x 10° R/h.

2.3 ¥HPFIRELNE(Cold Neutron Source Facility, CNS) --- st

HFIR 1 TFER i B BT SE B0, MR, s, IBaE, Saa s
A fie R G a2 e, LR 70%, FHER FREMAS(2001 4 )i
WP FIREAE, WTEE 2002 45356, HFIR TR EE N R e R T =
HAE R FEARAE, R th TR A B8 84 HB-4 5[, (75 Supercritical gas
R EERAREE S AIE IR EEE RS 20K, (MK 2.5 in S E S48
B Al- 6061-T6. HFIR 1% R-FIRARRMEE, MU, iR R O eamE s
TRFREI AT, ST ER &5 #5555 ORNL/TM-13498 HFIR CNS Reference Design
Concept, May,1998.

it (KRGS 5000 RVIEHSHEES &, B HRS S 6000 BFELF E
HRSFEEZEFNEES S 5000 77, K 7 EHEE Neutron Fluence) #5715
i3k Deposition JERREY, HATE AR FIRINR JAG SMW, Sk
FeRTER(E 1x10 n /sec.om’, TR ARHIE, (i858, MR A ERSL >
RS (B2 AZRERRFERT TRR-ILLER 20MW, S AZF FSBE T 3x10% n
/sec.om’, SRRFEFRE R H BRI < B, 1999 4F 5 4% TRR-II SFE45H/ e
SR A SR RRAF N 2T B E: TRR-I % oh FIR e SR &%
6000 %51 Al 6061-T6.

STE L B SRR B, TR HFIR Yoo TR MEE 2 A Dr. D. Selby J Dr. Bill
Hill GamikeR A B (5 A AE RS BobFeH38 42 & IR, Dr. Selby FE[A HFIR &%
REHFRERE 2.3x10" n /sec.om?, $EHEEE{H FHSRE 4 5000 ZFIHIEEIE
B BRI, AL HFIR ¥ R -FIRAR RIS, IR, st FsR 44 6000 %
).

teAfEme TRR-II S ENE th FIREALS T2, /518 MEFAE 1999 4£ 5 HAD
SHEERG & RS, WAKEE 1980 4F Dr. Farrell & ORNL HFIR $1524 4 5000
%1 B& 1990 £ Dr. John Weeks 4 BNL HFBR EEE4 6000 RY |z W EEsEE
&, FkFE & TRR-IL sy AE T FE RS, B TRR-I A rh TR ety Sizing
Calculation FFH&{#E Al EEE I8 (EEREIBE S & 6000 RV BigRAE, 4
RE, wtEs AR ARV, TS EEE L= ().

BRI B I REI AT, TRR-IL ¥ b R b B (S R 4047

3.

&RFEER R R ESHFIR)E FER S S8 K 52 Beryllium-reflected),
ZKARFNEAEE /K All, (S EIENE U-235 JRKLZ Flux-trap type [ZFESS, SEEEES 28
ROEFEER 23 RIVEI RS 7 R). 8 OAEAFEERE R 8 ERER S B IR,
MR G RN R R 7t . AR E S E BT

3.1 BRE .

28



- 1R, 35S Two Concentric Fuel Elements. Inner and Quter fuel plates are
curved in the shape of an involute.

- 93% U-235 EiEHE U-Al 5488

- BUGR BRI RS E

- PREMNER 28R R, Total fuel length is 31.125 in., Fuel plate is 24 in.,
Active fuel length is 20 in.

- #R%L Outer annulus: 369 plates with Aluminum cladding, Inner annulus: 171
plates with Aluminum cladding. A burnable poison (Boron) is included in the
inner fuel element to reduce the negative reactivity requirements of the control
plates.

- PR Outer diameter is 17.134 in., Middle diameter is 11.250 in., Inner diameter
is 10.590 in. Coolant gap is 0.05 in.

- The fuel (U;O,-Al) is non-uniformly distributed along the arc of the involute to
minimize the radial peak-to-average power density ratio.

- Central Flux Trap Diameter: 5.067 in.

- A typical core loading is 9.4 Kg of U-235 in total which consists of 6.8 Kg U-
235 in the outer element and 2.6 Kg U-235 in the inner element and 2.8 gram of
B-10 in the inner element.

- The average fuel lifetime with typical experimental loading is approximately 23
days at 85 MW.

- Concentric cylinders for fuel, control elements, and reflector.

- The fuel region is surrounded by a concentric ring of beryllium reflector

approximately 1 ft thick which is in turn subdivided into 3 regions: the removable,

the semi-permanent, and the permanent reflector. The first two regions can be

removed through the quick opening hatch for replacement due to radiation damage.

The permanent beryllium reflector is replaced when the need is indicated by periodic

inspection and analysis. It is estimated that the permanent beryllium will required

replacement after 275,000 ~ 300,000 MWD of operation, or approximately 13 years

at the HFIR’s power level, the next time is projected for midyear 2000. & 1: HFIR

A RS B R EIRRFE RS 1987 4. & 2: TRR-ICRERAIGE S 5788

- The beryllium reflector is surrounded by a water reflector of effectively infinite
thickness. In the axial direction, the reactor is reflected by water.

- In order for the HFIR fuel elements to become critical, they must be in the
presence of a reflector.

- There are approximately 10 spent fuel elements generated in a year sinee there are
about 10 reactor cveles in a vear.

- HFIR RSB EhER B EE R REEIGHN Savannah River BEG = (FHEEE.

- HFIR :E§H 35 FERBAEMRBIEES.

- ORNL ORR(OQak Ridge Research Reactor) 5z fEzs 5 1H 52 25— {# A U,Si,-
AL B9 S S FE 25 (TRR-TL 7R A EEAE U S1,-ALBARY). 3 1 BBEE HFIR
B FAZATEZ Mr. Rodney Knight (E4E]E 78 &y, HFIR 5T ARk, H
FTE HFIR HAZREI SR A AT DI ORT & UsSi,-AL#RRY, 712 K TRR-II
#fiFEE CERCA K B&W HZAZIARH N B8, M AE USL,-ALBRKZ
ER, HREZEIR L USL-AUEHRERIG R, RBNRE SR
1} ARt Bl aT, A3 HFIR 82 CERCA K B&W RE LRI HEEH,
{BRAGREL

3.2 Fuel Cycle:



A fuel cycle for the HFIR normally consists of full-power operation at 85 MW for a
period of from 22 to 23 days (depending on the experiment and radioisotope load in
the reactor), following by an end-of-cycle outage for refueling. A typical end-of-
cycle refueling outage lasts 5 to 7 days.7£ end-of-cycle outage HARS, B EGAE H ks ]
FHHEUA,; TR AR TR IE 8, RO, There are 10 cyeles ina
year [or HFIR.

Interruption for a fuel cycle for experiment installation or removal is strongly
discouraged. Deviations from the schedule are infrequent and are only caused by
periodic change out of major reactor components and its malfunctions.

3.3 FeiiE
- VH¥E Quadrant 66 in.J2 #13f Control Plates [a]_Fiiy-H R A THER.
- —R 66 in.f=:Z f{7 Shimming and Regulating Control Cylinder which has no
safety function [&) T LR FFThE.
HIREHIBIEEAREENT

1). Withdraw: 5.75 in. per minute by shim motor driven by electrical power.
2). Insertion: 50 in. per minute by air motor

- ERERIBERT PR RS BRI S, BaREsiE TR SR,
MEFR 22 in. 33 Volume % Eu,0,, IR 2B HIRE-F FIRIEL K, S S in.
40 Volume % Ta-Al, H &b FRRE M B BIRE 2.

- The control plates, in the form of two thin poison-bearing concentric cylinder,
are located in an annular region between the outer fuel element and the beryllium
reflector. Reactivity is increased by downward motion of the inner cylinder
which is used only for shimming and regulation and has no fast safety function.

- The outer control cylinder has 4 separate quadrants, each having an independent
drive and safety release mechanism. Reactivity is increased as the outer plates
are raised.

- ERERREIESIS AR E, IE SR R RIS OB/ Control
Plates [r]_E3lH, W R —1E #4378 Shimming and Regulating Control
Cylinder [/ T 3H; Z{$HE Magnetic Power 184, PUBEAE 2 ¥855 Control
Plates B IR EZETH ¥ NE A (Time of Flight 7£22 450 ms from

scram initiation signal to fully seated, including 50ms mechanical delay for
control switch). Z{EFFHEE Shimming and Regulating Control Cylinder “REj{E.
- W%UW R L 1L T @RS (LCO):
). SEEERREIEME LCO 3.1.3.4: EHHI#E Maonetic Release Time exceeds 12
millisecond. S FEZS T HEREES.
2). SESERREEMF LCO 3.1.1.3: FHHEEIE Time-ol-Flight exceeds 450 ms
(HFIR BESAIGERS 300 ms), [EZS RHEEE).

3). EEFRFHEA LCO 3.1.1.1: Without strongly absorbing experiment in the
remon able bery Hiun, the five estimated ssmtetric eritical control clements position
shall be greater than or equal to 10,3 m.(a distance from the (ully insert seated
position) withdrawal prior reactor startup o mantam o enough shutdown marein &
B HE SRR A,

). EEEIREIERE LCO 31.1.2: The dillerence between estimated and actual
critical position shall be less than 0.5 1 27 HI S ESS AN E L8]

). SEEEREMELE 1CO 3120 Adegoaie shatdow i murgin shali be ceriied b

demonstrating the core i seb-crweeal i the water-tmmersed and water-retlected



condition and meeting FEFIFRFHMELE LCO 3.1.1.1 by a core reactivity measurement
performed in a critical experimental facility or a core reactivity vertfication pertformed
n the HFIR by source multiplication.

0). SEHEFRHNMEMA: LCO 3.1.3.1: The combined maximum rate ol reactivity addition
by the shim motors for all 5 control clements and by the servo system regulating
motors shall be limited 10 S 0.91sec(0.00692 dela K K per second). R FE2ER
HEREE).

7). SEEPRFHIEME LCO 3.1.3.2; The manual switch shall be “Operable™ for mode 1
and 2. BRI FESR T HEREE).

- FESRRBERARER S IR IR EE:

1). All control elements fully inserted (i.e. R FEHaHART )

2). Four control elements inserted, any one control element fully withdrawn

3). 3-out-0f-4 scram from critical, the shim-regulating cylinder immobilized

4). 3-out-of-4 scram from critical, one shim safety plate fully withdrawn, the shim-
regulating cylinder immobilized.

- IEHEEHEEFE Regulating Control Cylinder £ PID Servo Control depends on
the difference between linear power and power setting demand to insert into or
withdraw from the core.

- PERIEERENRER S St AR A AR AR LT R R R E B LT
SRR AR R NEIn I R 2R T 2 (.

- All control plates have three axial regions of different poison content designed to
minimize the axial peak-to-average power density ratio throughout the core

lifetime. Ff: {3 TRR-T PekilkEsistI= 8 ok,
3.4 HFIR th B8

3.4.1. Wide range fission chambers counting system x 3:

There are three wide range fission chambers are used for control of the reactor start-

up to develop neutron flux signals detected from fission chambers. Fission chambers

are driven by electrical servo motors through a gearbox. Automatic positioning of
the fission chambers through a functional generator enables the system to provide
reactor power and period signals from source range to maximum power, a range of
approximately 10 decades. (2% [-24 HFIR System Overview).
3.4.2. CICx 3 (Rl ABEJJTE, £ Fixed position and can be adjusted mechanically,
they are horizontally located on each side outside the core for medium and high power
range). One is for Lin- N and the other is for Log- N.

- 3.4.3. The set point for each fission chamber is 10.000 ¢ps in order to keep
fission chamber from getting damaged due to over neutron exposure when
reactor power increase. There is a servo motor for each FC at the bottom of
reactor pressure vessel 1o allow FC withdraw downward awtomatically from the
core when reactor power is above 1074 of full power. So. there are fission
chamber position indicators [or their position inside core. £ | TRR-IT S0
(Fes.Z 5 {# Fission Chambers(3 for RPS. and 2 foe RPCS)FHET, EEEH=EH
TR

3.5 {ZHER#S Shutdown Margin:



Adequate shutdown margin shall be verified by demonstrating the core is sub-critical
in the water-immersed and water-reflected condition and meeting JE#FRE[{E 4
(Limit Condition for Operation, LC0)3.1.1.1.

SEEBHEAF LCO 3.1.1.1: Without strongly absorbing experiment in the
removable beryllium, the five estimated symmetric critical control elements position
shall be greater than or equal to 16.3 in. withdrawal prior reactor startup.

3.4 REREEREZ 2 HFIR safety limit:
FAREEEETUT, There are following safety limits for HFIR:

- Flux-to-Flow Ratio: 1.36 at 16,000 gpm, 2.4 at 1500gpm at operating mode 1. Zf:
t TRR-II primary coolant £ constant flow,7¥7# Allowable Power vs Flow map
to keep TRR-II in the safe operating range 2 FERE}

- Primary coolant vessel inlet pressure shall be greater than or equal to 318 psig at
operating mode 1.

- Neutron power shall be less than or equal to 4 MW in operation mode 2

- Neutron power shall be less than or equal to 175 KW in operation mode 3

- Reactor vessel pressure/temperature shall be on or below the safety limit curve
for operating mode 1.

- Primary coolant minimum flow rate > 1350 gpm for mode 1& 2

- Primary coolant minimum flow rate > 850 gpm for a minimum of 12 hours after
shutdown from mode 1& 2.

- Primary coolant inlet temperature < 140 F for mode 1& 2

- Seismic acceleration < 0.15 g for mode 1, 2,3 and pool work sub-mode.

=Wy Bt B
1. EEEE:
1.1 phsRsEE i
Z.~ .1 Mode 1 — Start (FIEREEHER):

- It is automatically controlled to 8.5 MW (N, — 10% of full power range). In this
mode, the reactor is started under control of wide range counting system with full
primary flow and pressure established.

- When reactor reaches N;, the servo system takes control of reactor power and the
conditions are established for power ascension.

- In start-up, certain safety action set point values are lowered for protection in this
low power mode.

1.1.2 Mode 1 — Run (FUEREEER):

- Mode 1 Run is defined as servo controlled from N; to Ng (Full power — 85 MW).

- In this mode the safety action set points are increased to their normal full power
settings.

1.1.3  Mode 2 ({EThEEEHER):

- Mode 2 is a low power operation mode with a maximum power of 2.5 MW,

- Inmode 2, only 10% of full primary flow is required. Start and Run conditions
are defined the same as for mode 1 with N, =250 KW and N; =2.5 MW.

- In start-up, certain safety action set point values are lowered for protection in this
low power mode.

114 Mode 3 (AThEREHIE):

LI
3]



- Mode 3 is defined as an operator controlled start-up and operation with a
maximum power level of 100 KW with no flow or pressure required.

- All control plates withdrawals are manual.

- In start-up, certain safety action set point values are lowered for protection in this
low power mode.

Normal operation for HFIR is Mode 1 full power operation. Nommal start-up
consists of a mode 3 start-up using a pull and wait approach to critical for verification
of new fuel reactivity worth.

1.2 Shutdown Mode:
- The reactor is fueled.
- The control cylinder and/or four plates are fully inserted (i.e., in seat).
- The control switch is in “Operate” position or
- Forced cooling is required per LCO 3.5.1.1
1.3 Secured Mode:
- The reactor is de-fueled or
- The control switch is in the “OFF” position
- Forced cooling is not required per LCO 3.5.1.1
1.4 Pool Work Sub-mode:
Note: The pool work sub-mode may exist concurrent with any operational mode.
- Trradiated target handling activities are occurring.
- Irradiated fuel movements are occurring.
- Hoisting and rigging activities over the spent fuel pools are occurring.

SRR FE key ST LI, T H 3/ FE 253888 key switch FHELEE,
[ PSR AT ARR AR e s E R R S

2 RERMEEAR
- PRI BT BRI S EETRE N E — 28 0 B, HFR AR
SIS E BB TE Mode 1 Run SEEEUN, THHEM—EZEEIRAN R R
=l

a). High primary coolant inlet temperature — 130 F.

b). High reactor heat power — 120% of selected mode range.

¢) High rate of flux increase — 20%/sec.

d) High % neutron flux level to % primary flow ratio — 1.25.

€) Low primary flow — 1900 gpm.

f) Low primary pressure — 368 psig.

g) High primary gamma radiation activity at vessel outlet ~ 150% of normal mode

1 background.

3. DRI
HFIR has the following power control methods:
- Servo Contro! System :
The servo system provides automatic control of power at levels > N in Mode 1
and 2.
- Wide range counting system:
The wide range counting system is used for control of the reactor start-up to develop
neutron flux signals detected from fission chambers. The fission chambers are driven
by electrical motors. Automatic positioning of the chambers enables the system to
provide reactor power and period signals from source range to maximum power, a
range of approximately 10 decades.



HEIR B SRR 2 ShERIESH HN RIS sctback, Reverse, and Fast
reverse which are normally mitiated at setpoints Jower than the seram seipomts 1o
control transients belore the safety systemn is challenged.
1). A scthack is defined as an automatic reduction in reactor power demand in servo
system by inserting the inner control cylinder.
2). A reverse is an automatic insertion of all control plates with the normal speed
shim niolor.
3). A fast reverse is an automatic insertion ol the [our outer control plates by a
unidirectional air motor at a rate of 30 in min. One cxample is % flux & flow = 1.1
- 4 HFIR B8 —E=ERE2 57T ARM (Emergency Poison Injection System):
A poison injection system using gadolinium is provided as an emergency backup for
the normal reactor safety system. The system is only used in an extreme emergency
when shutdown cannot be accomplished by using any of the three following methods:
Reverse, Air motor insert, and Scram.

4. BHERTRENEIEEEERF

EIERTIRE, HIRRER IR R, TEaTRIEHEREESERIT, E
G GRRESE R, NS HER SRR B B, DIFET T —HH
. WA A e

4.1. Pre-startup check and test for Mode 3 (<100 kw fZh=EEE): 3 hours

- Mode switch: Mode 3 position.

- Reactor switch: Operate position.

- Performing five control rods up/down and drop flight of time test.

- Performing scram test for Channel A, B, C of the protection system for all reactor
scram signals.

- IERETE{LEE A& Estimated Critical Position (ECP) test:

1). Reactor operator announces: *“ Reactor will be startup in mode 3”

2). Rising 3 fission chambers to 2.7 in. position

3). Checking primary coolant pressure is 475 psig

4). Withdraw five control rods at the same time until they reach 10 in. position. FhiF

204% Channel A B,C 22 51T Counting rate, channel 1: 271; channel 2: 646; channel 3:

300. AR L AR P e = DB A B R R TR AR A

5). Withdraw five control rods at the same time until they reach 12 in., 151n 17 in.,

18 in. position, respectively. And also record Channel A,B,C neutron Countmg rate M.

6). When the reciprocal of neutron counting rate 1/M approach to zero for position 18

in.(M = 0.08), that means it is the almost critical position for the control rods. Jlnmiz =t

LR DB T R R TR (R S (L E R 18.55 in.

7). B TAEEG FAAIE 18.55 in BISEYE TAZHTH Mode | SIh=REHIE

B B IESS.

8). Reactor operator announces: “ Reactor will be shutdown in mode 3”, select scram

switch and then five control rods drop freely, the reactor is in the S/D status again.

4.2. Pre-startup check and test for Mode 1 (FI)=: SEEE)

- Mode switch: Mode 1 position.

- Reactor switch: Operate position.

- Performing scram test for Channel A, B, C of the protection system for all reactor
scram signals.



- Current ramp test. (DA G SRS HIE (T B FRY, AARISEIEISER(S
Seated {7 1&)

- Heat power test.

- Depressurization test.

- Primary inlet temperature test.

- Rate test,

- Low flow test.

- Flux flow test.

4.3 FEIERER:
fif5¢ 4.2. Pre-startup check and test for Mode 1 4%, [ FESS B[R] ELE), B0
4.3.1 Put reactor power demand switch in 10% (8.5 MW).

4.3.2. FERIZELL P/A system BEHE, FEREIISFAS IR Mode 1 &),

4.3.3 Put three fission chambers in the same position as mode 3.

4.34  [FEFRHTIARIESIESR Mode 3 ELEIHS Z HH B TEEEE YU 18.55 in. It
K IEZR TR H &) LFZE 8.5MW.

4.3.5 LUP/A system RS, [ ESRERA 8.5MW IhEiEa.

4.3.6 ##F Neutron counting rate, Log rate, Linear rate, reactor period 51F &

4.3.7 #ERNT N FEIUES Servo Control F B A tiER

4.3.8  PERFHH EIE TAZET T 22 4572 == S FE 283 88 S 25T Reactor power to
100% in 20% power increment, 2522 7 i 28 88 £ fAE(H 20% power
increment ZEE(RIGTELL P/A system BEHE, EE[ R THE 85SMW s

439 DIEASERE 10% Power (8.5 MW) B[ THR 85MW SEH, H3E 5 5340,
{ESEEE)ME—Y Reactor power demand setting switch BRZEFEF TR S
Hiy. 5 Control rods and 3 fission chamber position are kept unchanged.

4310 HIF7 B FEIEES Servo Control 5 87388, 55 FLARIH [ S B
FHHERARETT B BT OB AR, DU IR AR T 1B 46 2 [ FERE.

PAEEZFBRGE 10% Power (8.5 MW) B2 ThER SSMW Z88, ME— By AR

Reactor EHEFF 20M W DHERFT.UEFRIARAGEIKEE FOV LIS IE %8k

L8 1 20F 35 1¢ Pressure Vessel Embrittlement!

[ FEZRIR IO Mode | FEB@fE hiEEE T FIEE:

1). Normal operation for HFIR is Mode 1 at full power operation. Normal start-up
consists of a mode 3 start-up using a pull and wait approach to critical for verification
of new fuel reactivity worth.

2). After verifying the fuel, the reactor is then started up in Mode 1 Start to N, (10%
full power, 8.5 MW). At N;, the reactor comes under the control of the servo system
and is allowed to stabilize. Then switching to the “Run” condition.

3). When the reactor power is above 10% of full power, operator may withdraw 3
fission chambers from core region in order to keep neutron counting rate under 50,000
cps, otherwise the fission chamber will be damaged due to neutron overdose.
Nommally we keep the indication of F.C around 20,000 cps.

4). HFIR [R P& IE R £ S DI ETE (T EEFY 8SMW, ikl FEMR R O 8
Er g s, #4921 ~ 26 K.

5. {=IHAE
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?_fi&i%)%?@M%TE%E‘ZJ;(%E%?E%%f?ﬁﬁ%%%(@i?ﬁﬂ%ﬁ@%ﬂ%ﬁ%%ﬁ%F'Eﬁ Flight of
ime).
[RIER S, BEREEER S S BRMEERE, Bl RERERHE
R R B SR Z, SRS B i SRR IRRE, UEEs Operate/Off
AR, PRI TRER, RE R RIm BRI, WRhES R
Shutdown Mode {37 & %, BEES Recorder, Chart, Start up Monitor 25§, 3 Fission
chamber 8] TEFI, {F1EFBAIK AC Pump, ZOmAK Pump K /\ & imalzkiE
B EE R REEER.
IR ERER TR RER
- Pony pumps for decay heat removal
- Spent fuel clean up pump
- Primary clean up pump
- Sweep gas blower
- Cooling tower pump
- Compressor air system

6. REEKFEIPZR(Building Check): 1 time per shift, 2 times per day, 9 AM and 20
PM.
7. FERTE:
7.1 Wide range fission chambers x 3:
There are three wide range fission chambers are used for control of the reactor start-
up to develop neutron flux signals detected from fission chambers. Fission chambers
are driven by electrical servo motors through a gearbox. Automatic positioning of
the fission chambers through a functional generator enables the system to provide
reactor power and period signals from source range to maximum power.
7.2. Compensation Ion Chamber x 3: One is for Lin- N and the other is for Log-
N.

7.3. The set point for each fission chamber is 10,000 cps in order to keep fission
chamber from getting damaged due to over neutron exposure when reactor power
increase. There is a servo motor for each FC at the bottom of reactor pressure vessel
to allow FC withdraw downward automatically from the core when reactor power is
above 10% of full power. So, there are fission chamber position indicators for their
position inside core.

8. HFIR Scram Reduction Program:
8.1 HFIR PRA Program:

HFIR had performed PRA for more than 20 years, discussing with HFIR Dr. Mark

Linn about the reactor scram reduction program, he suggests TRR-II had better

conduct PRA as early as possible since PRA is a management tool more than a

technical tool, there are many benefits from PRA as described below:

- Under limited budget condition and to use money more efficiently, PRA can
help and improve the reactor operation and system safety.

- PRA can tell us where are the weakest points in our plant, what significant
enhancements should be done first in the plant system.

- Good PRA program can reduce the amount of reactor scrams, now DOE is
very satisfied with HFIR for their less than one unplanned scram per year, this
is the contribution of PRA analysis results.



- The results of PRA program can provide the important and essential inputs of

significant scenarios consequences for the analysis of reactor emergency
plauning zone.
8.2 Scram Reduction Program in HFIR:
- Started from 1992, HFIR changed their safety channels test program, they tested
safety channels during the HFIR outage period instead of on-line power operation
as they used to do. So, HFIR dropped the scram frequency from S ~ 6 unplanned
scrams per year before 1992 to less than once unplanned scrams per year after
1992.
- HFIR has a set of risk management program to reduce their human errors
contributed to reactor scram.
- HFIR had performed its PRA program to improve and enhance the function of
safety system, so to reduce the reactor scram frequency.
9. HFIR QA Plan:
The QA plan for the HFIR is based on ASME/ANSI NQA-1.

10. g B A
The primary coolant enters the pressure vessel through two 16 in. diameter pipe
above the core, and exits through an 18 in. diameter pipe beneath the core. The flow
rate is 16,000 gpm (1.01m’/s), of which 13,000 gpm (0.82m’/s) flows downward
through the fuel region. The reminder flows through the target, reflector, and control
regions. Reactor core coolant flow is 0.82 m*/sec.
The primary coolant inlet pressure is 468 psig (3.33 MPa), inlet coolant temperature
is 120F (49C). Reactor Start up $2FHEERAT. MBS AR alZKRE FCV LA iR
Al B S 120F 35/ Pressure Embrittlement.
The exit temperature is 156F (69C), the pressure drop through the core is about 110
psi (7.58 MPa).

10.1 The primary coolant system includes the following:
1). Primary AC Pump x 4:

- Three of them are driven by 2200V offsite power with the fourth maintained in
standby.

- Single stage, vertical, centrifugal pumps directly coupled to 600 HP squirrel
cage induction motor.

- Normal flow rate is about 1.01m’/s and pressure is 3.33 Mpa.

2). DC pony motor x 3:

- In the normal operation, 3 HP pony motors are driven by DC power converted
from an inverter, while during loss of offsite power (LOOP), pony motors are
driven by two physically separate trains of DC battery.

- The 1300 gpm flow rate pony motor has to run above 12 hours to remove the
decay heat after LOOP.

- Pony motors are on the back of primary AC motor just like a pony is on his
mother’s back. Pony motors and the primary AC motors share a common shaft
and impeller to pump primary water.

- Safety analysis has shown that 1000 gpm is adequate to protect the core from
damage following a scram from full power.

3). Emergency Depressurization System (EDS):
The EDS functions to protect the reactor vessel from brittle fracture in the event of a
low temperature/high pressure situation. If core inlet temperature drops below 90 F at
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pressures greater than 225 psig, the EDS trips the pressurizer pumps and opens two
valves which relieve primary pressure to the letdown header.
4). (E IR

- EEREMEME LCO 3.5 1.1 Decay heat removal system:

LCO A: Afier shutdown from operation at mode | or mode 2. at least one pony
motor pump shall be in operating, pumping at least 1000 gpm for & minimum of 12
hours.

LCO B: At least one pony motor battery bank associated with a
LCO A shall be “Operable™.

- SEERREHECE LCO 3.5.1.2 Pony motor pump Battery banks:

LCO Az Atleast two operable pony motor pumps shall be in ser ice

LCO Br At least 2 operable pony motor battery banks conneeted to (he pony motor
pumps in criterion A shall be in service and shall be separated by an operable fire
barrier with a 1.5 hours [ire rating.

- CEERHEEM LCO 341 Primary coolant PH:
LCO : The PH of the primary coolant shall be within the following ran
4.8 <PH < 5.2 for mode 1
4.8 < PH < 6.0 for modc 2
The PH may be outside the specified range by up to 0.1 for a total of 8§ hours
operating time. For a period greater than § hours, the reactor have 1o g0 1o the
shutdown mode to wait for a technical evaluation.

pony motor meeting

IO
ge

10.2 The secondary coolant system has:
1). Secondary Pump x3:
- 2/3 operation, all driven by 2200 V offsite power.
- Normal flow rate is 26,000 gpm.
2). Cooling Tower Fan x 8 (two speed).
- Cooling tower is a four cell to transfer 111 MW of heat to the atmosphere.
- About 600 gpm of water is supplied to the tower from the portable system to

make up the losses due to evaporation, drift, and tower blow-down. The
cooling tower basin is 400,000 Gallon.

10.3 HFIR emergency power system is described as following:
1). Emergency Power System:

- Normally, Two 13.8 KV feeders supply to HFIR, one is preferred feeder with
the other acting as alternate. It takes 2 seconds for an automatic transfer upon
loss of incoming voltage.

- In the event of LOOP, the emergency system automatically starts two D/G.
For reliability, the critical loads are split between the diesel generators and the
diesels have dilferent tvpes of starting sy stems. LU N BAREZZEH A=
No dieselis an electrie start diesel supplicd with its own battery and charger.
No 2 dicsel s air start and has its own air receis or and compressor. 71 (HEE
%%, Common mode failure TIE4ET, TRR-II BE SEiiE R I E Z B 1LEL?,
- Major loads on the Emergency power system include the pony motor battery
charger, confinement exhaust fans, and the instrument power system.

2). HHBNEET SRS (Auxiliary Emergency Power Generators, AEPG’s):
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- Two AEPG’s are provided for the sole purpose of serving as a third level
backup power supply for the pony motor battery chargers. When LOOP, each
pony motor battery is sized to supply at least 1000 gpm for 6 hours without being
recharged. During this time, one of the AEPG’s would be brought to the HFIR and
connected to the battery chargers to provide long term decay heat removal. =
ILELR HEIR SR A S B T S B I S i (e a1
BaT; ERRSMEIRTEARY, X R S B i R S S e TR A R E
JIBERE; SRAZIRE . Swing Diesel Generator ##511H%. TRR-II & BB A%
A IERRET
- The AEPG’s are stored at the HFIR 7000 area to maintain a separation greater
than the path of a tornado.
3). Instrument power:
The instrument power system includes battery chargers and batteries which supply

loads critical to the monitoring of the reactor system following a scram due to a power
outage.

10.4. HFIR Confinement and HVAC System is described as the following:

- HFIR K FEZSRE BRGNS EHNEE S, B UUERG4R. The first level of
confinement is the fuel cladding, primary coolant is the second, the third level
of confinement is the ventilation system to maintain a pressure gradient and
provide a positive in leakage of air into the areas of highest potential for
contamination.

- The reactor building is divided into four zones as following:

1). Zone 1 is clean area such as the control room which is maintained at a slightly

positive pressure by separate ventilation fans and dampers. 2f: {TRR-II T

IR IERERERT )

2). Zone 2 areas are generally clean areas with the potential for contamination.

Zone 2 areas are kept at — 0.1 in. water by exhaust fans and regulating the fresh

air intakes.

3). Zone 3 areas include all the areas in the main reactor building except for the

heat exchange cells and the pipe tunnel. Zone 3 area is kept at —0.3 in. water by

exhausting directly to the ventilation system. Zone 3 include the reactor bay, beam
room, and experiment room,

4). Zone 4 is the area with the potential of highest activity and is kept at a — 0.4 in.

water negative pressure. Zone 4 only includes the heat exchanger cells and the

pipe tunnel.

- The exhaust is monitored for beta’gamma activity on the exhaust duct just prior

to entering the stack. The exhaust is also monitored at the 50 foot level of the

stack for noble gas activity, iodine activity, and particulate alpha/beta activity.,

- The filter trains consist of a series of absolute and charcoal filter designed to
be 99.97% effective for removing particulate matter > 0.3 microns and to
remove > 99% of elemental iodine.

There are several imhale dampoers i HE IR confinement with the similar
function as vacuum breaher i TRRC Thesclinips s e vrav il damper s and
will open automatically w et fresh an sita 2 hen the conlTnemont vac e is
oo high.

- Theres no smoke removal svstem m HA A ol HPTR.



HFIR Plant Water Supply is from two 1.5 million gallon water storage tank
supplied by Y-12 ({4548 E R T =47 %5 TH) plant reservoir.

10.5 Instrument Air:

HFIR instrument air system is supplied by one of three main compressors at a

nominal pressure of 90 psig to supply pneumatic control valve and
instrumentation in the plant.

10.6 Acid and Caustic Systems:

- The nitric acid 1s diluted to 5% concentration for use in primary PH control.

- Sulfuric acid is stored and used only for PH control for the secondary water
system.

10.7 HFIR Plant Communication System:

- Walkie-talkie

- Intercom system

- Normal phone

- P/A system

11. Earthquake Design Requirement:
- Design earthquake is 0.15 g horizontal ground motion acceleration, scram
earthquake is 0.08 g (1g = 980Gal).
- Recent HFIR PRA analysis concluded that only a small fraction of the overall
core damage frequency is attributable to seismic-induced failures.
- There is no fault around ORNL HFIR and the seismic activity is very small
around HFIR.

#: | Kobe i# = earthquake: 0.2 g ~0.25 g (200-250Gal), 1/17/1995, 5:47AM.!

12. F#H(% (Main Control Room, MCR):
B8 I EEEEE(Mock uwp)BEEE S K B & EEHTEEA.
FHEFEAE TR E:
1). & 3 &5 Identical but Independent Panel to digitally display and alarm all essential
signals.
2). Control and indication for primary pumps/valves, secondary pumps/valves,
cooling tower fans, primary and spent fuel cleanup system pump, pressurizer,
electrical system, compressor air system.
- All pump switches in MCR has plastic cover for the “stop” switch to avoid
false push the button during power operation.
- All process control and flow chart display are in the control console, there is
no large display panel in the control room.
3). Three operation modes: Shutdown, Secured and power operation,
4). “OPERATE” or “OFF” control mode transfer key.
5). Control shim rod and Regulating rod control switch and indication.
6). Control rods position indication.
7). Power demand setting switch: 100kw, 1IMw,. 85Mw.
8). HP area indication and monitors:
- Reactor bay
- Experiment room
- Beamroom
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- Pool side
- Sub-pile(EER)
- Third level
9). Auto shim servo control system.
10). Control power, magnetic power and recorder power.
11). All protection system scram signal.
12). Linear, Log Counting Rate (LCRx2), period indication.

13). Alarm signal is described on the display panel, operator can see and acknowledge
the alarm.

14). Microphone: Push button default public address system.

15). Emergency push button (plastic cover).

16). Scram reset, Reset, Acknowledge.

19). Protection system relay and connector.

20). All important pool and tank level such as reactor pool, spent fuel pool, sub-pool,

critical pool, etc.

21). There is no door key for the control room in HFIR,

13, pEEE.
- With a cover shicld hateh which is operated manually by a special design
handle on the top of reactlor core.

- Without decay tank, without thermal layer.

- There is a smart reactor pool leakage detecting system in HFIR which
consisting of 11 tubes. one end of each tube is connected to tank leakage
deteeting point while the other end is conncceted to a plastic transparent bottle.
operator can realize the leakage condition by cheeking the ley el of the botule.
&f: { HFIR reactor pool leakage detecting system FJ{ft TRR-IT 23 |

- HFIR core components material is Al-6061,

- RFERE UMM 8 T RIS, 26 SNt R ITRE A, T ie el as
IR g7t BRI TEIR RS 14 205 2 158 cladding on both
side with stainless steel, {EFAHEE 17 ZER. BRI E E4H cladding on

both side with stainless steel.

- There is a quick open hatch attached to BR /IR [HiR =R, LLUFIAE 5 #a.,

- The reactor vessel is sealed on the bottom by a 40-inch diameter bottom head.

- REZERLT 2 KT K Water Tight [ IEE.

14. HFIR 5 RERAUEEE

In 1965, HFIR used 3 permanent fission chambers for reactor operation to detect the
neutrons from Antimony Sb-124 neutron source which were put inside the HFIR
beryllium reflector. Three fission chambers were located under the bottom of the
reactor vessel about 10 ~ 12 mches away. By means of (r, n) reaction of Sb-124 with
Be inside the reflector, the first criticality was achieved in HFIR.

7t iDiscussing with HFIR Dr. Dick Rothrock in this regard for TRR-II project, he
suggests TRR-II may use C£-252 or (Am + Be) as the first start up neutron source
since there is no beryllium in TRR-II, the strength of start up neutron source has to be
greater than 10° neutrons/sec, and to put the neutron source as close as possible to the
core center. He also suggests that TRR-II had better borrow two high sensitivity

( counting rate > 10 ~ 50 neutrons/sec) fission chambers from the local university, put
these two high sensitivity fission chambers close to the core. In this case, TRR-II has
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two benefits, one is we don’t need so strong neutron source to start up the reactor, the
other is we don’t need to use thicker-shielding cask to keep the neutron source.

KUR Mr. Ishihara suggests: The BF, is not stable due to their strong gamma ray
lonization, but BF, sensitivity is 10 times better than Fission Chamber. So in the first
criticality, KUR used BF; as well as fission chamber as the neutron detector. !

15. HFIR RS REBEHER:

1986 £ 11 A, HFIR #1982 A B Vessel Surveillance Program HE R E2EIR, Hig
ORI Z T REE R T RS, SRS Y S
HFIR SREIS R MEF DA77, TR v K R ) BB A R o B4R,
1989 £ 4 BEEBIREIRETHMAE, EHEEIH 85 MW EiEiE 2

EZ HFIR Dr. Rothrock 73, HFIR {EERIE % 1989 4F 4 H E%R48), B Start
up 75 7UHE HFIR & R ER SRR P AN, IR Sb-124 2 2PSEHA(E 60 K, e
HFIR Sb-124 ELAEEE A

1989 £F HFIR used Curium-96, it is a spontaneous neutron source, to start up the
reactor. HFIR put Curium-96 in the flux trap in the center core region, and also used
their current three fission chambers to detect the neutrons for the reactor criticality.
#F: 1Dr. Rothrock suggests there are two important points we have to keep in mind
for the neutron detecting system:

1). To decide how many neutrons we need to detect, this is related to the location and
the sensitivity of fission chamber,

2). To decide how many Curie for the strength of neutron source.

KUR had shutdown for almost a whole month in August 2000, so, after shutdown for
a month, KUR operator use Am+Be neutron source which was stored temporarily in
the core tank storage rack to re-start up their reactor, and the neutron detecting system
is still the same previous 2 fission chambers.

For current KUR, since there is a lot of dirty gamma emitter material inside the core,
BF; counter will be affected by gamma ray, so KUR doesn’t use BF; counter any
more for their re-start up after long term shutdown. !

16. HFIR BEE[HEE:

HFIR [FEZSAHE, i T2 Water ring room A1§% primary coolant sampling room,
process water system room, primary head tank room, HVAC and chiller room, ion-
exchanger room % B2 EEITREEHE, TLEEE, 545 EEEELUH
BB EEERE RS TIE.

17. fi FA{EEEE i (Alternative Shutdown Panel):

There is no g F{FHEE#, only some emergency scram push buttons are in the
HFIR different site for emergency use.

18. Tritium concentration limit in HFIR:

Since HFIR fuel element is 93% U-235 Ei&4s U-Al &<885L, so there is no heavy
water system in the HFIR. There is no Tritium concentration limit problem in the
HFIR.

19. & %% CCTV:

- A

- Core

20. EEFIBERAEA D



20.1 HFIR iE&% A 13-

- 5 shifts in total, 12 hours per shift. 7 a.m. to 7 p.m. for day shift and 7 p.m. to 7 a.m.
for night shift.

- 5 persons per shift. (1 shift supervisor, 1 technical advisor, 3 reactor operators)

= 2 reactor operators are in the control room per shift (Required by regulation).The
other one is conducting the building check.

- 1 health physics personnel per shift support to operation.

- When reactor start up, there are 4 persons in the control room, shift supervisor gives

order to two reactor operators, operation department manager supervises all the

activities in the control room and counter-signs some start-up check lists document. .

- 1 operation department manager and several system engineers responsible for the
system improvement and design change.

- There are 50 people in HFIR operation department (including fuel handling
people).

20.2 HFIR E# 5 7l|8:
HFIR G0, HE g sedlgsmn.
- E#EER (Reactor Operator, R.0): —fFlI$k—1F, £ 8 & HYs B BT
WA E R . AR A ERE:
D). N ZHREFREAN) REZI (EAB
* Nuclear physics
- Heat transfer/Fluid flow
* Chemistry/Thermodynamics
- Radiation protection
© I/C system
Experimental facility
Security procedure
Shift administration
Then taking the written and system test.
2).VufE BRI, FIRA AT
- On-Job-Train checklist training
- System checkout training
- Emergency procedure training
- Integral plant training
- Control room mock up training
* Scenario training
3). EEFFE (Written examination evaluation)
4). CIEAFM& AR 35 (F (Oral walk-through evaluation)
5). ISR GR) THIG R B E (Operation manager walk-through evaluation).
i Lt/ RS s R ARET P IR R A S R B X B R HFIR [
aae e S

- EEH 5 (Senior Reactor Operator, S.R.0): —gH/l[#R-—E 4P, = By HE g
RERFIR—F. A SREERTEESNMEE ), S
1). Technical Specification Requirement (TSR)
2). Safety Analysis Report (SAR)
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3). Design Basis Report (DBR)
4). Plant administration.

HFIR 88 SRR Low power test Bi52, BAHIA7E TRR-I [E4 5
AIBRLAIRATHS TRR-ISBIERTSE AT I, LA TRRAI 14 Zistes .

21. BER A BSEIE -

1. Primary cooling system performance test.

2. Secondary cooling system performance test.

3. Reactor power calibration ¥4 /7B E 3 Es

4. Thermal neutron flux distribution (Fission rate mapping)

5. Measurement of temperature coefficient of reactivity effect.

6. Temperature coefficient measurement by local heating.

7. Temperature distribution on fuel plate surface.

8. Heat transmission rate of heat exchanger.

9. Measurement of neutron flux and gamma dose of experimental facilities.
10. Shutdown margin measurement by using HFIRCE-4 expernimental code.

11. Control Rod Drive Mechanism test (Magnet Release Time, Time of F light, etc)
12. Xenon poison effect measurement.
13. Control rod reactivity calibration

22. FERR B 2= S
22.1 SEATERIE < BRI E R ERNE, MR T
- Cold Neutron Source Abnormal,
A RIS S E T BT A= X e T R, DL 2/3
control logic M RISHENESR. =1 FIREBR SR
1). Hydrogen gas temperature high (200K), normal operating temperature is 20 K.
2). Low pressure of hydrogen gas (7 bar, 1 psia = 14.7 Ib/in> = 0 psig = 1 bar),
3) Pressure difference between hydrogen gas circulator (0.2~0.3 bar), normal
operating delta P is 1 bar,

22.2 EAFERIR « R EREIT:
- Hydraulic Rabbit Abnormal

23. HFIR Operation Procedure:

HFIR B EFEE B, 26 /\Moaian T

. Administration and operation rules and responsibility

. Pool handling procedure

. Reactor startup and system components procedure

. Reactor shutdown and system components procedure

. Special operation procedure (Shipping cask, transportation, etc)

. Announciation response(AP), Abnormal operation procedure(AOP), and
Emergency operation procedure(EQP)

. Waste handling procedure

8. Surveillance Test Procedure(STP)

FEESEEEFEERE:

- Emergency response procedure

- Barrel analysis

(o N R U S

~2
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- HFIR Evacuation Procedure

2. HFIR [Tl
3.1 HFIR L &30 (SR EasEn:

- 38 HFIR Z2343H7#R 25 (Safety Analysis Report, SAR)EE HFIR Hs/i4a s
(Technical Specification Requirement, TSR).
- &8 HFIR &R 5 HFIR L2 3% R T BE (Safety Related Equipment
List, SREL).
- BIRREIRETREL T RUEHEEBUER DOE 4330.4B Chapter 11, HFIR H/EE0 R
HFIR %E)%‘?&ﬁ%‘?%ﬁ, HEET HFIR Z 2 2R BB 22 (Maintenance Management
Program
- TR HFIR Z2EHHEIEE, BE HFR X2 B HHEEFER HFR &
EREIEERE

3.2 HFIR Z2 3kt EstEE
e BT EENEERE NI A
- Maintenance Organization and Administration
- Training and Qualification Program of Maintenance Personnel,
- Maintenance Faculties, Equipment, and Tools
- Types of Maintenance
- Maintenance Procedure Approval and Review
- Planning, Scheduling, and Coordination of Maintenance
- Control of Maintenance Activities, Preventive and Predictive Maintenance
- Post-Maintenance Testing
- Procurement of Parts, Material, and Services
- Matenal Receipt, Inspection, Handling, Storage, Retrieval, and Issuance
- Control and Calibration of Measuring and Test Equipment
- Maintenance Tools and Equipment Control
- Faculty Condition Inspection
- Management Involvement
- Maintenance History
- Analysis of Maintenance Problems
- Modification Works
- Additional Maintenance Requirements

3.3 HFIR 5530575 (Critical spare parts) :

a. Nuclear instrument:
Start up monitor, linear power indicator, log rate indicator, PID servo
controller, etc.

b. Process instrument:
Differential device, transmitter, thermal couple, RTD, alarm setting device
CRT, computer, etc.

¢. Mechanical parts:
Primary pump shaft and impeller (already balanced) x 1,
CRDM (motor, gear, limit switch, position indicator, etc.),
Pony motor and shaft, impeller (already balanced) x 1.

3.4 HFIR Overhead Crane Inspection:

)
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The crane crew from ORNL inspect HFIR the crane (50 Ton/ 3 Ton) annually.

3.5 Annual outage duration in HFIR:

- Inaddition to the routine maintenance (7 days during refueling period) following
the end of cycle (23 days full power operation per cycle), there are two special

outages in a year. Each one has about 20 days duration in the Spring and Fall time,
respectively.

- There are 10 reactor cycles in a year for HFIR.

- The total full power operation days are: 23x10= 230 days.

- The total routine operation days are: (23~7)x10-300 davs.

The total annual outage days are @ 20+20=40 days year.

3 6 HFIR In-service Inspection (ISI) Program:

- According to ASME code section 11, HFIR conducts ISI program every year
during annual outage.

- The major outage ISI systems and components are as following:

a). Primary and secondary system piping welding due to the stress level. (HI'[R
had performed the stress analysis [or their primary and secondary piping svstem
conliguration.). 7 | BSR40 TRR-II B2 A E44 A EPC bidding?!
b). Primary pumps, valves, heat exchangers, etc.
¢). Vessel internals such as core support frame, fuel channel, core tank, nozzles, etc.
d). Pumps, valves performance test: Based on the ASME/ANSI OM-1987 code
endorsed by NRC 10 CFR 50; IWV is for valve and IWP is for pump.

- Thereis avery important swelling phenomena due o neutron transmutation for
AI-6061 aluminum material subjected to neutron luence in the reactor core. So
the swelling of all core internal components. beam tubes. cte are the major
concerns in IST program. 3¥: (#8564 Al-6061-T6 SEESEIEIR &, Bk TRR-II
ISI Program 2~ EE %L, HET#EB/NESHTE SR The maximum inward
deformation of core channel, of 14 mm Al-6061-S-T62 in thickness, due to
irradiation swelling for 40 years is 0.0077 mm which is less than the design gap
between fuel bundle and inner wall of core channel ( 1 mm). {HE RS EIRE
W, VR EESETR G ISURERISHE. |

- HFIR ZEZFARFT. #k ASME Code FFHEBEERR. #2217 TRR-11 H2HY ISI program.

FF: EBER TRR-I AZRAEE TR EEE 1A, |

3.7 HFIR Rotating machine diagnosis and predictive maintenance program:
HFIR $H ARSI 2, B, BEE R e, DUk
A EE Z IR EE T (Accelerameter) EETRENMETR, BN IRBIELE, B

RS HTELEA AT AR, B (IERE TRRIE T ZEH.

B2, HFIR EEGGETE
4.1 HFIR $& 338, (emergency planning zone, EPZ)/3 4720 58:
HFIR BEEEtEE EPZ)rfRgiR:
1). 28] DOE G 151.1 “Emergency Management Guide”, August 1997. ORNL/M-
2344/V1,
2). DOE G 151.1” Comprehensive Emergency Management System”, August
21,1996.
3). HFIR PRA, D.H.Johnson,et.al., ORNL/RRD/INT-36/R1.
4). HFIR Safety Analysis Report, ORNL/M-2344, Rev. 2.
5). Emergency Planning Zone Document for ORNL, EPZ-95-1-R1, May 1996
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6). DOE-STD-1027.92 “Hazard Categorization and Accident Analysis Techniques for
Compliance with DOE order 5480.23, Nuclear Safety Analysis Reports”, December
1992,

JNRESCHEESK, AE HFIR PRA Level 1 analysis and some of Level 2 analysis 434fF
FEER, PSR RA credibility cutoff of 1.0E-6 per year H & EE] fuel damage J&
radioactive material release 7 R IH Scenarios, TR IEE EE Scenarios BMIEESIT%
TSE[A[EESR 2 Significant offsite radiolo gical consequence and their estimated
doses, which are the important source term(No. of Curie, No. of nuclei) inputs to plug
into the EPZ analysis model for the analysis of emergency planning zone.

HFIR 4k EPZ analysis model [ ISC{3)ST. which is a industrial source code in
Environment Protection Agency] to get their EPZ as 12 miles.

ORNL got an agreement with Tennessee State government that ORNL can only take

care of 5 miles for HFIR EPZ, it’s the responsibility of Tennessee State government
beyond 5 miles.

wt: {TRR-II HATRA PRA SMTAER, SAR /R E S, #EH45 TRR-11 Hazard
Analysis, 7MEEM TRR-1I 2. Emergency Planning Zone 534
But according to the USA ANSV/ANS15-16-1982 emergency planning for
research reactor and USNRC regulatory guide 2.61, the EPZ for 20 MW TRR-II
research reactor is 400 meters as described below:
2MW < power < 10 MW EPZ= 100meter
1IOMW < power <20 MW  EPZ= 400meter
50MW < power EPZ {HBIETE
INER site boundary radius for TRR-II is 291 meters, there is only 100 meters short
from 400 meters EPZ required by regulatory guide. In this regard, I discuss with
HFIR expert Mr. David Blanchard, Richard Hall, ORNL emergency planning expert
Tina Williford in order to save INER’s resource to avoid to do the hazard analysis for
TRR-II and find out a solution to justify AEC people. !
The only answer is to find a research reactor with the similar type and similar
scenarios [or the signilicant consequence and the same probability. to see their EPZ as
a reference. But there 1s no easy EPZ in the world, said Ms. Williford of ORNL
cmergency response Leam.

43 HFIREPZ ¥ 5]

- According to DOE 151.1-1 Emergency Management Guide, Volume 2

- According to the result of HFIR hazard assessment, HFIR worst case accident
(Single event that would result in the maximum largest exposure, 3 §& Bounding
event) is large break pool LOCA. Its estimated dose at different radius from HFIR
i.e. source term for No. of Curie and No. of nuclei at that boundary, is already
known.

- Finding out how far away for the HFIR that the exposure reaches 1 Rem in 2
hours required by DOE Guide (EPZ = 12 miles).

- Backward to HFIR to find out the exposure of 100 Rem for the worst case
accident (What point would you have a dose of 100 Rem), according to the hazard
analysis model ISC(3)ST, the point is inside HFIR, so the EPZ for 100 Rem is
zZero.

- According to DOE Guide, EPZ doesn’t go beyond 10 miles since it doesn’t make
sense 1f it is beyond 10 miles, so just cut it off at 10 miles. Now the EPZ must be
somewhere in between 0 and 10 miles.

i
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- Since the accident shows that the exposure is less and less from 5 to 10 miles; and
there is an agreement between ORNL and Tennessee State Govemnment, ORNL
has limited resources and will take care of only 5 miles emergency planning area,
the area beyond 5 miles is the responsibility of Tennessee State Government.

- Based on HFIR offsite consequences and its estimated doses in the hazard analysis
report, it is concluded that a nominal radius of 5 miles surrounding HFIR should
be defined as the EPZ for the facility.

- So.the HFIR EPZ is finalized to 5 miles from HFIR center.

4.4 HFIR fEE 3 4¥T(Hazard Assessment)f2fF:

- Screening of material on a quantitative basis against approved quantity limits or
regulations,

- Detailed hazard characterization for those materials not screened out,

- Analysis of possible event scenarios leading to a hazardous release or fuel damage

- Evaluation of the likely consequences of hazardous materials release.

4.5. HFIR Radiological Event Consequences:

Al: Large break LOCA in reactor pool

A2: Large break LOCA outside reactor pool

A3 — A8: Fuel channel flow blockage (95% of core blockage)

A19: Degradation of primary coolant flow and reactor does scram

A20: Small break LOCA

A21: Heat exchanger tube rupture

B1 - B3: Fire

C1 - C3: Seismic event with primary system not intact

C4 — C6: Seismic event with primary system intact

D1 ~D14: Wind (tornado)

El: Dam or equivalent heavy load dropped on spent fuel racks

E3

4.6. Emergency Exercise and Drill for HFIR:

- Ki#EZ(Five miles EPZ) “Exercise” is been conducted by the ORNL
laboratory every year, it might or might not include HFIR emergency
evacuation.

- HFIR emergency management program should conduct at least one HFIR
exercise annually.

- /]NjE% “Drill” is a kinds of small exercise inside HFIR, there are several drills
in the HFIR as below:

1). HFIR portion of Overall ORNL evacuation drill
2). Shelter-in-place drill

3). Fire drill

4). HFIR evacuation drill(FRE/NEZE)

- HFIR faculty shall conduct an annual drill involving radiological hazards.
By 2000 4= 9 H7F HFIR BB HAR, 3% HFIR FEEHE/]\EZ (evacuation
drill), FE=2 MRS RMEF RS, HESNENT:

D). HE NBLLP/A BEEEE NG, MBS I = EE B N EREN
Secured Mode 1%, i [Z FEZSEE S RE, i 1 E B N FE SR 2 B s =2
B, BB EEE A (\(Operation Center). Plant Manager 755888 . & BHHSHE
TR ABL
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2). KRR B NATE TIEA B R B A\ BREEIECE £ & B (Assembly point),
gﬁg%ﬂ)\%ﬁ?ﬁﬁ%ﬁﬁ% EREERABITES —REE HEASER
EAHL

3). ree AN BRUBTRCE MRS T 3 = S HERE [ (Repair Center), EI#E4R)
REBEEETEEAR EEA SR O IRERE LR

4). TTEA B, B3R A BRIE ST/ 2 (Shelter in place).

5). EEFFH— A/ NRFERAR, HEIEEE(Drill Debrief)S 3R

4.7 HFIR Emergency Action Level 74338
- Operational emergency
- Alert
- Site area emergency
- General emergency

# HFIR IR KB

HFIR FH# A fE51E (HFIR upgrade and outage program) was performed from
10/1/00 to 4/30/2001 for 6 months. F0FE FFIAZ:
1. TEE: 7 million USD for this project.
2. B5f2: 10/1/2000 ~ 4/30/2001
3. T{E 52 Work was performed on a 2-shifts, 6 days per week schedule basis.
4. BEI5 TR @A ki According to ALARA, Industry Hygiene and Safety plan,
Hoisting and Rigging Lift Plans.
5. FHRAEEFE X ETIFEE:
- Permanent beryllium replacement
- Cooling tower replacement(After 35 years operation)
- Rebuild rabbit
- Replace safety related electrical power panel
- Beam tube replacement
- Primary/secondary coolant system piping chemical clean MCC-C and E
replacement
- Instrument power transfer switch replacement
- ISI for primary heat exchanger
- Confinement damper replacement
- Control room annunciator system replacement
6. FHE A BT BB RAE:
- Project Manager- Mike Farrar
- Maintenance Supervisor- Maintenance Manager Ron Crone
- Task leaders- Ed Ducko, Ron Reagon
- Technical experts-
- Operation supervisor- Certified HFIR shift supervisor
- Tooling & material staging-
- Component subject matter experts-
- Technicians
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PSR AR KR TR E R s
B R

1. g5

HAFEEHALE FEERFTRE (Kyoto University Research Reactor Institute,
KURRI) (7% B AAKBR T R B ERRER T, 324 B 1 200 B8 A, 435 21 %2, 24 {7
B EEAH 8000 L RE A AZE, IRES S Y | {182 | 41 ,
B2, RS, 1R, BX  RESEANEER IR AR, M E TS %
H Az BRI Z H9eHT, SETEE 2,656,380 (FH E, BEHT REH LEHE,
RS (T E.

FH A ZR I T4 ( Kyoto University Reactor, KUR)EH H 2~ H MNEERETES, '
BARIIRL S MW, RS FEESS 3x10” n /sec.om’, ¥y R FIBAEE e th
THEER 1x10° n /sec.om’. JHESAZEFAEF 36 ££(1961 4) 9 BIRHE THE%E
FHER, [FI4F 12 AR ; BBAN 39 4E(1964 )6 A 25 B S AESFUEER T, F4E 8
HERYERE 1| MW, IGFAIBRD 42 £2(1967 £8) 7 A HEGHI TR EEE T IhE SMW
. SO E KRS IR TR SMW SEEH RIS 3 4,77 3 N HEHET R
SEE R, A EEE IR RS .

FHVREFE IR EBATEE h RIS, & TEmHoea, e E TRl
WFEER, M R et R R 28T, T e P B 4o R R B B B B o s
FFEE. ik TRH—EBE SR HSELSEEE, AEEFEY
STEEHE, Z2EE, N EE R RN T ESEE. T AEE TR ERAT
TEERHS UEHATh TR, e th FEEEE, S B, B
RESERNE, PAELEE, P HHEREER, (RS EREN S E5RER
=

3. EEEM

2.1 BEpEE:

3.1.1 Brh FIEES

HERABE TR E R TS FIRE%HE(Cold Neutron Source Facility, CNS)Eith
TRIEEATEES, e TR AR I (Deuterium) i B AR5 2 14y Al
JRRIES A B NI RS B (Scattering Cross Section), A L2834 B AH4E S freas
M, &2 P FIRS AR ST S 4 07 R 20 0%, MEBSEES 4 Al
5083, AfSga& < 5000 RYIEBSHIESE, FEMILEEE S 6000 BF|ELT; 8
HReEEE EERIEEEE 5000 A7, KEH 72 EE Neutron Fluence) #1415
B[k Deposition B, FEAZR FREIIERRE SMW, (2 HlEE 5 A
B EE 1x10° n/sec.om’, IRETRIGHEIREE & BEER; {HEAZRENIZLAT
TRR-TI IjER 20MW, iz KBV FIBE 52 3x10" n /sec.em’, SR IEBA S EEIE
B R, BTl TRR-I{EREEE S 6000 512 Al 6061-T6, {HF ki 2
S HE TRR-IL Z A HlE+EF7E.

2.1.2 (IR IR ST B ERTRIS( Low Temperature Iiradiation Loop)--- Beam Tube E-4
DIRREEGAIE 10K BB KBS A
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2.1.3 SRR EBEREg

2.1.4. Bith TSR REERE (Boron Neutron Capture Therapy, BNCT)--- Heavy
Water Thermal Column.
7E Heavy Water Thermal Column $17 4 (B E 2 5/, 3984/ > k{m]
B TEEEZHFTH B-10 {EA, 1#5% Prompt Gamma 528, TR M T B-
10 25 &, fih T RERB 2 B 75888 3x10° n /sec.om?. [T HESRZEAN
T
Thermal Neutron + Boron-10 = Gamma Ray + H,
Where Gamma Ray Energy : 478 Kev
H, Energy : 2.2 Mev, 10% Mass Density.
2.1.5. HFFE4R
2.1.6. rHpF-iRAR:
PRI ((EREE) s T AR MBS B, B Oil Flow, Water Flow for
Bubbling Phenomena in multi-phase flow A 15 5 &R~ .
2.1.7. #3 LRI 5 BEESHE (Isotope Separator On Line):
FIRRIIEREE, Dl S BSR B S 2B, Y Ge-Li Detector B3]
Prompt Gamma AT U235, Pu239, Am Z 2 S ZIEY RN ES B,
2.1.8. Neutron Mirror Guide and Spin Echo Experiments
2.1.9. Triple Axis Neutron Spectrometer
2.1.10. Four Circle Neutron Diffractometer
2.1.11. Small Angle Neutron Scattering (SANS)

3.2 [RETERAE

321 BIVKEE x1

322 RiRE x3

323 (ERRSE

33 FfrE

2.3.1 AEHPTE P TR

23.2 BB TE T FHEEREERS)

3.
TSR RR T AU S K AR RIS S Al SEEEHAI R, S EH— R - 8
B, BHIA T IUEMEE, AR ESE 2T
3.2 BRE .
- 25 IRV RIS EYEREL K 5 control rod special fuels) for equilibrium core, {%
MTR-Type 93% r&iRig U-Al S <Rl 1 AR{EIEHE UPSi, MRk
- B5ERE: Manufactured by KUR 251822 NFI(Nuclear Fuel Industry).

- FEEERREISLER FriR, Fuel length 873mm, fuel meat 625mm, & 180Grams for U-
235,
- Bum up: 25%, 0.2% reactivity per week. 25x180Gram/core = 4.5 Kg U** per core.
There are 3-5 spent fuel elements in a year.

- KUR F@H%MARLNRER B R F R, B0 E KUR #E 2005 &5t
AP RS iR AE R
3.3 IR :
- PUfRFHEE Shim Rods. Stroke: 67.5cm, Speed: 10cm/min constant speed.
- —1RP4EE Regulating Rod. Stroke: 67.5cm, Speed: 1cm/sec constant speed.
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- MESHTES S

- ZEREERES AL METE, S/55F Magnetic Power 1845, S5 /B BiE T
AJE L F53 600 ms, including 50ms mechanical delay for control switch).

- IFHEEEE PID Servo Control depends on the difference between linear power
and power setting dial to insert into or withdraw from the core.

3.4 TR
3.4.1 Fission chamber x 2 on top of core (Moveable for source range):

- When Log counting rate reach 10° cps, 2 fission chambers will automatically
withdraw from core in order to save U-235 in the FC.

- When counting rate is less than 2 cps, that means fission chamber is out of order
or neutron counting rate is too low after long term shutdown. If it is the later case
then need 2 Curie Am + Be neutron source which is stored in the temporary rack
surrounding the core to start up the reactor.

3.42 CICx 2 (Fixed, they are horizontally located on each side outside the core for
medium and high power range). One is for Lin- N and the other is for Log-N.

343 UICx 2 (Fixed, they are horizontally located on each side outside the core for
high power range).Two are for safety power.

3.5 Shutdown Margin:

Delta K/ K is 4 %.

?

. FTEEERSR
2. EEESG

A~ BRRIBE R zero power, primary, secondary pumps & cooling tower
fans are OFF; NCV open, 4 shim rods and one regulating rod are in the 24
cm position as the Shutdown margin.

T~ EATEERREK: 0 <Power < 100kw, primary, secondary pumps & cooling
tower fans are OFF; NCV open, 4 shim rods and one regulating rod are in
the bottom position(0 cm). But normally, turn on the primary/secondary
pumps and cooling tower fans before start up the reactor.

1.3 ThaRiEREI&F: 100kw<power < 5 Mw, primary, secondary pumps are ON, two
CT fans are ON for 100kw <power < 1 Mw, three CT fans are ON for 5 Mw. But
normally, turn on the primary/secondary pumps during 1 /i EE T TR (s Hin
A% or core reconfiguration/{EH JIREZE, S AI/KIEEHRS) before reactor starts up.
When in 5 MW operation, 4 shim rods are in the 37 cm position and regulating rod is
in 35 c¢m position. Reactor period is infinite.

—REEER T B key BTLIAH A #Hia.

Suggestion:

Here is a key point I would like to point out that there are only 3 operation modes in

KUR as following:

1. Core re-configuration mode,

2. Natural circulation mode,

3. Power operation mode.

Fdiscussed with KUR engincers very often i this regard. they explamed to e that;

1). In the core re-conliguration mode. it contains thwo activiies which are

“reluchg™ or "supplving” the fresh fuels into temperatory storage rack outside the

core. o they called it core reconfiguration mstead oM relueling mode.



2). In the natural circulation mode, they shutdown the primary. secondary pumps and
open the natural circulation valve alter reactor shutdow . so they more specifically
called it natural circulation mode instead of a general term "shutdow n mode”.

3). In the power operation mode. their power(5 MW) is simaller compuared with TRR-
ITand they don't have middle power trip point in "rod withdraw crror cvent” s
analyzed and suggested by Dr. Yang of TRR-II core analysis group. KUR also uses
low power high neutron [lux setting and high power(110% full power) setting as
their protection system trip point, so they just call it power operation mode.
Comparing current 4 operation modes in TRR-11 with KUR control logic suitation,
and also considering rod withdraw error in our project, I would like (o propose the
following 4 modes to replace current operation modes in TRR-1] (OPDD):

1). Refueling mode (OPDD: Refueling mode),

2). Natural circulation mode (OPDD: Shutdown mode),

3). Low power mode 0-480K'W (OPDD: Startup modc).

4). High power mode 480K W-20MW (OPDD: Power operation mode).

The dilference betw een re(ueling and natural circulation mode in KUR 1s the
position of control rods. When il is in refucling mode, some of the control rods will
be on the top position as a shutdown margin, while it is in the shutdow n mode. all
control rods will be fully inserted into the core.

JRR-3M has 4 operation modes. refucling. natural circulation. low power and high
power modes. Since there is enough excessive reactivity in Jre-3M. so all the control
rods are inserted into the core when refucling.
=~ RERMRET:
- Automatic Rundown: Shim rods motors reverse and insert into core. If alarm
disappear during automatic rundown, then operator still can increase power.
- Slow Scram (To cut magnetic coil with a time delay relay 10-20 ms before
connecting to the magnetic power of shim-rod).
a). Primary coolant flow rate drops below 80% of nominal rate (Bypass is
possible).
b). Secondary coolant flow rate drops below 50% of nominal rate (Bypass is
possible).
¢) When linear power indication exceeds 120% of each range of the power meter.
d) When core tank level drops by more than 20cm (In this case the primary
circulating pump stops).
e) When any one of the doors of the experimental fucilities is opened (Bypass is
possible).
f) When the positive voltage of either of the two CIC power supplies drops.
g) In case of earthquake is above 0.02 g.
h) When the natural convection valve is opened (Bypass is possible).
i) In case of failure of power supplies (Voltage decreases below 90%).
j) When the manual scram button is pressed.
k) When the emergency alarm button is pressed.
- Fast Scram( Immediately cut magnetic coil):
(a). When period is less than 5 second (Normal period is 45 second).
(b). When uncompensated ion chamber (UCT) power exceeds 120% of the
nominal power or 1200 kw (6MW, 20% full power).
For fast scram, there are two safety power channels for core tank level, primary
coolant flow, high temperature, earthquake, etc. All others are single channel
monitor,



3 IERERETAR:

- 4 shim rods: 67.5 cm stroke, speed is 10cm/min constant speed up and down.

- 1regulating rod: 67.5cm stroke, with 1 cm/s constant speed up and down.
- Ifregulating rod reach off range area (Its upper position), then one of the shim
rod withdraw automatically by this signal to make reactor power increase, in order
to compensate the reactor power, regulating rod inserts again according to the
servo controller, this is called “Auto Shimming”.
The upper off range is 80%, lower off range is 25% for the regulating rod.

During reactor shutdown, the “linear power range” meter lamp change its
range automatically. This is the same case for reactor start up.

Shim rod/ regulating rod position digital indicator( 38 cm).

Shim rod selectors, A,B,C,D,AC,BD.

Shim rod rise inhabit lamp.

Regulating rod rise inhabit lamp.

Operator can hear the sound of control rods withdraw, insert or falling down in
the control room by public system.

4 TERERTARE

4.1

TR E AR R (E BRI 1)

4 shim rods position: 4cm. After previous shutdown, it is 4cm higher than
bottom to keep CRDM magnet separate from top high humidity region in the
core.

1 regulating rod position: 0 cm.

During new fuel loading, withdrawing irradiation capsule for core
reconfiguration mode, 4 shim rods and one regulating rod are in the 24 cm
position as the shutdown margin.

Power range selector: 0.3MW

Energizing the control rods magnetic power in this start up check.

To initiate a signal to check area monitor to let reactor auto rundown.
Checking bypass push button( jumper) of protection system.

Following the check list on the CRT step by step to simulate reactor checking
by computer.

Primary pump is OFF and NCV is OPEN when reactor power is less than 100
kw.(LCO)

During core re-configuration or natural circulation mode, reactor power has to
be less than 300 kw (power range selector is in 300 kw). (LCO).

42 HEREIRERCHAICESE, i M52 EIRVEEL i)

[0}

185e R /EH DA EE 4, Tumn on primary water protection system (Turn
ff its bypass) and turn off 0.3 MW power range selector.

4.3 ERHIERRTRESR

Put control switch in “Local” position ( Normally selecting “Local” switch to
start up the reactor).

Following the checklist on the CRT step by step to simulate reactor checking
by computer.

Start primary/secondary pumps and cooling tower fans. Primary coolant outlet
pressure is 0.7 MPa and secondary coolant outlet pressure is 0.343 MPa,
secondary motor valve open 76 %.

NCV will be closed automatically by the pressure head of primary coolant
pump outlet.
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- Speed measurement for lower down and rising up of regulating rod by three
operators, total time for one way is 57 seconds.

- Before reactor starts up, with a check list to check power operation mode,
bypass ON, auto power range is 5 Mw (It will take over automatically when
reactor power reaches 5 Mw), power range switch is 1 w, etc.

5 REEER

1). 7/18/00, using public address system to announce before reactor starts up.

2). Put control switch in “Local” position instead of “DCS” position.

3). Manually withdraw 2 sets of shim rods AD or BC in turn to 2 c¢m first and then to
the middle position 34cm (Upper position is 6§cm). With two identical but
independent log counting rate (LCR) and period meter, readings are as following after
5 minutes:

- LCRreading: 200 cps. Period meter reading: 120 sec, infinite to 45 second.

- Reactor power: 0.3 W.

- Continue lifting 4 shim rods until power reaches 2 W in 2 minutes.

4). Manually withdraw regulating rod to the 26.9cm position (the indicator arrow
rotates a revolution when it rising 1 cm). Two fission chambers are still in the lower
position. Readings are as below:

- LCR: 10’ cps. Period: 60 second.

- Power: 5 kw

5). Withdrawing in turm only one shim rod at a time to increase linear power to the
desired power, (Only keep on rising shim rod, reactor power then will increase.
Otherwise the reactor power will remain unchanged.). Repeat the same procedure to
increase reactor power until it reaches SMW power, 4 shim rods are in 37 em position
and regulating rod is in 35.46 c¢m position.

6). Selecting “servo controller” for the regulating rod and put in the “DCS” selector.
7). Then the regulating rod will withdraw from or insert into the core by servo-
controller depending on the signal difference between power setting dial deviation and
the real linear power.

8). The linear power range indicator will change automatically when selecting “Auto
Control Mode”.

9). The difference between power setting dial and linear power is not allowed to be
too large (< 5%) to avoid overshooting.

10). In 5 MW power, 2 fission chamber will withdraw up automatically when
counting rate reach near 10’ cpm. The reason for 2 fission chambers lifted
automatically to the upper position is in order to avoid the burn up of U-235 in the
fission chamber, 1x 10° Japanese Yen for each fission chamber provided by
Westinghouse company. LCR reading is 510 cps. LCR is 6x10°, period is infinite, 4
shim rods are in automatic shimming status.

11). When reactor power is 5 mw,

- LCRis 6x10°cps,

- Period is infinite,

- Linear power: 101.3%

- AFEHTI S MWL

- Logpower: 4108kw

- Primary thermal power: 4.98 Mw

- Secondary thermal power: 4.61 Mw

- TR 473 Mw (#5)

- ZEHI4.72 Mw (#6)
- Shim A: 60.29 cm
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- ShimB: 53 cm

- Shim C: 50 cm

- Shim D: 48 cm

- Regulating rod: 35 cm

12). It only takes 30 minutes to reach 5 MW for the KUR reactor starts up.

13). Operator should write down step by step all important dynamic records during
reactor starts up and seal it for taking the responsibility (TRR-I just write down the
static records.)

14). On 7/21/00, start up the reactor power to 100 kw for 30 minutes operation for
neutron activation experiment, then shutdown for 1 hour:

- fsE e EE T ER

- Since there is Xenon poison effect due to 7/18/00 shutdown, so the position of
4 shim rods are higher than it was on 7/18/00.

- 4 shim rods rises to 42.5 cm and the regulating rod rises to 35.42 cm position,
keep on in turn rises 4 shim rods until 43.75 cm position (power will increase
according to the rising of shim rod. If shim rod stops, then power will
accordingly keep at a unchanged value.).

- Withdrawing in turn only one shim rod at a time to increase linear power to
desired power, (Only keep on rising shim rod, reactor power then will increase.
Otherwise the reactor power will remain unchanged.). Repeat the same procedure to
increase reactor power until it reaches 100 kw power, 4 shim rods are in 43.75 cm
position and regulating rod is in 35.42 cm position.

- Selecting “servo controller” for the regulating rod and put in the “DCS” selector.

- Put the deviation meter in 1 % deviation.

- 2 fission chambers automatically rise to 46% and 70% position from the
bottom, respectively. (# 1 is 3087 cps, # 2 is 3000 cps).

- 4 shim rods are in automatic shimming status.

- Period is infinite,

- Linear power: 101.%

- NFEHT 100 kw.

- Logpower: 82 kw

- Primary thermal power: 98 kw

- Secondary thermal power: 95 kw

- FZ2HTT: 0.1mw (#5)

- FZEHTT 0.1mw (#6)

- Shim A:43.75 cm

- ShimB:43.75cm

- Shim C: 43.78 cm

- Shim D: 43.00 cm

- Regulating rod: 34.57 em

- It only takes 20 minutes to reach 100 kw for the KUR reactor starts up.

- Operator should write down step by step all the important dynarmic records
during reactor starts up and seal it for taking the responsibility.

- Prof Mishima tell me that operator should use natural circulation mode for
100 kw power operation today if it is the neutron flux measurement
experiment inside the core to avoid disturbing of primary coolant flow in core.

6. 1SR



Put the control mode in the “Local” position instead of the “DCS” position. FEEE
PYfRAHFA Shim Rod B E B A ((On top of reactor, we can see and hear
the 4 shim rods falling down into core with the speed 10 cm/min for 4 shim rods and 1
cm/sec for regulating rod), HRFRFESSTHERE SMW SRS SOKW( It takes only
1 minute), PUfRAHZR Shim Rod 2 A%, FHERIEMEH Regulating Rod FREF AL
i, Regulating Rod 2 A%, [T FEZR IR EZEFINZ0.1kw LU, period is —200
second, -262 second is almost infinite), 2EEEIRE HEE 15 5485 B17] 525
e R R, BT BRUITIEENR, I R s R,
Local/DCS #ifHRL, ZEFEIRIERE, (R RN E AR, gt
SHELEN B ATERA B S G A S8 %0), BARF Recorder, Chart, Start up
Monitor B, i 4 shim rods position FH& 4.18cm (i7f& (4% CRDM HEIEIE
77 high humidity region), 2 Fission chamber & &) F &3, {=1E ¥ A07K Pump, 7t
Ak Pump Fe = 5l EEERE, 5 A GRS BTSSR =g
2.
IFEREMERT TV R E

- Spent fuel clean up pump

- Primary clean up pump

- Sweep gas blower

- Cooling tower pump

- Secondary pressurizer.

it FEASRF T B AR SR HES T ATt E T8iRE (HEME %2
Bl HFRESEETmElK Pump RER OB E%, R O & —
TERRTE FRRIRIR. B S EIEAIME £ —TiEes. Sl AR E T
KA _ERENE RN O B AR
1SR EEAEHISAER is on the display monitor, operator conducts the shutdown
procedure step by step according to the “{Z{EBMHIERFS" to finish the reactor
shutdown.
5  REKEIDFRBuilding Check): 1 time per shift, 2 times per day, 9 AM and 20
PM.
6 HTEIGA:
1). Source range: 2 Fission Chamber, 1 cpm to 10° cpm.
2 FC will withdraw from the core automatically when counting rate reach near
10° epm.
To avoid 2 FC withdraw at the same time ( Can’t monitor reactor power).
2). Intermediate range: CIC.
3). High power range: Uncompensated ion chamber

7 BREERESE:
9.1 HrEREHRE
- For new fuel, before loading into a temporary rack in core, operator has to take
the new fuel from new fuel storage office under the supervision of Prof,
Mishima who has the key and digital code to open the office.
- There is a series number on the surface of the new fuel element.
- Fornew fuel, before loading into a temporary rack surrounding the core for 4
weeks before loading into core, before loading into the temporary rack,



operator has to shake the fuel in the core pool since there’s thin foil on the
surface of fuel which may fluctuate the reactor power.

- For new fuel loading into temporary rack, there is a special tool handle, by
coupling the handle to the cork, operator can revolve the rack circularly to
pinpoint the rack position. The shift supervisor inspects the core by a telescope.

- Using special handle to close the top core shielding.

- Overhead circular crane move circularly (not translutionally ) m the
confinement butlding.

9.2 FiBIREHR(E

For spent fuel, after burn up reach 25%, withdraw the spent fuel to the temporary

rack for 40 days to cool down, then use transfer tube and canal to transfer SF rod

to spent fuel pool (5 x 6 x 7m depth, total volume is 470m*). In average, there is
only one spent fuel generated per year, the fuel cycle in core is also one year.

- Withdraw all control rods in the 24 cm position as the shutdown margin.

- By using a long handle tool, operator clamps the SF rod (another operator uses
a binocular to confirm the SF rod position), put the rod onto the transfer tube
and engage.

- Open the canal valve in the first floor by a long handle tool.

- With the cable driven by a pulley, the transfer device hang up the spent fuel
rod and lower it down to the cart in canal on the first floor, speed is very low.

- By using a rope, operator pull the cart through a canal to spent fuel pool
outside the confinement, and the canal is inside the confinement.

- by a long handle tool, operator clamps the spent fuel rod and put it on the
temporary storage rack.

- In the previous time, all above procedures are operated automatically, but it
had too many troubles, so KUR changes it to manually operate now.

9.3 IEE IR AR F
- Basically, the procedure is the same as spent fuel rod transfer, after the long term
irradiation capsule rod(same size as fuel rod) has been moved to the spent fuel pool,
operator take out the capsule and transfer it to experimental cave beside the spent fuel
pool by a canal. All jobs are underwater by using an underwater lamp which lifetime
is only 30 hours.
- After taking out the capsule from the sample rod, operator put the sample rod back
to the cart, using rope to pull up to and engage the transfer device in canal on the first
floor.
- Operator on top of the core operates the pulley to raise the sample rod to the core
tank by cable.
- Using a long handle tool to clamp the sample rod from the transfer device and move
it to the core (another operator uses a binocular to confirm the spent fuel rod position).

- With a special cover to cover the fuel transfer tube in the core tank.

- With a special design tool to close the top shielding of the core.
8 R
1). Primary Pump x 3:

_ Two of them are driven by 440V 60K W offsite power, one is driven by

75K VA CVCF (UPS) for 30 second (By Japanese Regulation), actually 45
second to keep core flow and avoid lower than 150% CHE.

- Normal flow rate is about 900 m’/hr and pressure is 0.26 MPa.

2). Secondary Pump x3:



- 2/3 operation, all driven by 440V 60 kw offsite power.
- Normal flow rate is 630 m’/hr and pressure is 0.34 MPa.
3). Cooling Tower Fan x3.
- Cooling tower supply water is 10 m*/hr.
4). Core flow: 100 m*/hr.
5). HVAC System:
[ntake and exhaust ducts of reactor building hasve water seal 10 asvoid radio-
nuchide feaks out of continement during cergency .
- The emergency fan flow rate is 10 m’/min to keep pressure lower than
atmosphere.
- The normal pressure inside reactor is 0.5kPascal lower than atmosphere.
- There is no vacuum breaker in KUR.,
- KUR confinement leakage rate test is conducted by STA(H ARHZEFE 77
EHIfE) each year.
6). NCV:
- NCV will be opened automatically duc (o Toss of primary low head afier
turning ofT the primary pump durng reactor shutdown.
- Close NCV when reactor power is 100 kw.,
- IWNCV has been opened during reactor operation. then reactor will seram.
7). Therc is no auxiliary pump in KUR.
9 Earthquake Requirement:
Design earthquake is 0.6 g, scram earthquake is 0.02 ¢ (20 Gal, 1g = 980Gal).
Kobe earthquake: 200-250Gal, 1/17/1995, 5:47AM.
10 F#EfHE:
1). 1 4 &5 Identical but Independent Monitor to digitally display and alarm all
essential signals.
2). Primary pumps/valves, secondary pumps/valves, cooling tower fans, primary and
spent fuel cleanup system pump, NCV, hot sump and ¢old sump pump, etc control
and indication.
- All pump switches in MCR has plastic cover for the “stop” switch to avoid
false push the button during power operation.
- All process control and flow chart display are in the control console, there is
no large display panel in the control room.
3). Three operation modes: Fuel reconfiguration, natural circulation and power
operation, its selector and indicator.
4). “DCS” or “Local” control mode transfer key.
5). Shim rod and R-rod control switch and indication.
- - Shim rod/ regulating rod position digital indicator (e.g. 38 cm).
- Shim rod selectors, A, B, C, D, AC, BD.
- Shim rod rising inhabit lamp.
- Regulating rod rising inhabit lamp (When rising shim rod, this lamp light).
6). Control rods position digital indication.
7). Power range selector: 1 w, 10 w, 100w, 10kw,...1Mw, SMw.
8). Capsule position, CO, valve (pneumatic tube), Pn emergency return.
9). Auto shim, deviation range (15 %), Servo control.
10). Control power, magnetic power and recorder power.
11). All protection system scram signal: Fast scram, slow scram and automatic
rundown.
12). Linear, Log Counting Rate (LCRx2), period indication.



13). Alarm signal is described on the display monitor digitally, operator can see and
acknowledge the alarm.
14). Area monitors:
- B-13EE%, B-43EEs, TC RS, D20 EE, E-3 shielding, Fuel storage pool,
- MCR, ion exchanger room(5mr/h), basement experiment, &1H (Smur/h).
- IX column 1 (8x10% cps), IX column 2, fEIE(Beta, Gamma),
15). Microphone: Push button default public address system.
16). Emergency push button (plastic cover).
17). Emergency water injection valve (plastic cover).
18). Scram reset, Reset, Acknowledge (Also acknowledge in the CRT of display
monitor).
19). Protection system relay and connector.
20). All important tanks level such as core tank, spent fuel pool, sub-pool, hot tank,
cold tank, etc.
21). There is no door key for the control room in KUR.
11 ﬁ%
With a cover shielding which is operated manually by a spectal design handl
on the top of reactor core. also there 1s a small obsenvation hole in the cover
shielding.
- Without decay tank. without thermal layer.
- Without core tank leakage detecting sy stem.
- KUR core tank material is Al-5052, 2m in diameter, 8m in height, 12mm in
thickness.

12 EREGHREERER

In 1964, KURRI Prof. Fujita used 2 BF, counters and 2 Fission Chambers to detect

the five 2 Curie Am**'+Be neutron sources which are in pullet form inside stain-steel

capture, one of them was installed in KUR hydraulic convey and other 4 are put in the
slant exposure tube.

The first criticality timing was described as in the 1967 KUR annual report:

- After 5 special fuels and 6 standard fuel elements had been inserted into the core.

- 4 shim rods and 1 regulating rod are in the upper position.

- Constant linear power recorder was recognized, in other words, the reactor
reached critical condition, the amount of U-235 loaded at that time was 3,0597.7
Gram.

Mr. Ishihara: The BF, is not stable due to their strong gamma ray ionization, but BF,

sensitivity is 10 times better than Fission Chamber. So in the first criticality, KUR

used BF, as well as fission chamber as the neutron detector.

13 EHHEMEREIEET:

Normally, KUR will shutdown for almost a month in August, so, after shutdown
for a month or two, operator will use Am+Be neutron source which is stored in the
core tank temporary rack to start up the reactor, and also use 2 fission chambers as
the counter.

- For current KUR, since there are a lot of dirty material which is gamma emitter
inside the core, BF, counter will be affected by gamma ray, so KUR doesn’t use
BF, counter for their start up after long term shutdown.

16. i SR (Alternative Shutdown Panel):

60



There is an emergency scram push button and radiation level, high temperature,
earthquake indicator in central management office(Fh fi4 18 22).

17. Tritium concentration limit in KUR:

Tritium is Beta decay with 18Kev and 12.5year half life. As the reactor is operated,
part of the deuterium in heavy water system absorbs neutron to tum into tritium,
so the amount of tritium in heavy water system will increase gradually. As a result
for measurement of tritium in heavy water by a scintillation spectrometer at the
time of initial loading, it was found to be 0.0033 uc/ml on August 1,1962, which
agreed with the result of measurement carried out at USAEC. After reactor
operation, the amount of tritium in heavy water was known to be approximately
proportional to the total operation power of reactor, increasing at the rate of 0.06
uc/ml/MWD. The measurement data were as below:

Total reactor power Trtium amount(uc/ml) Date

36KWH(-0.0 MWD) 0.0033 7/20/1964

24 227KWH(1 MWD) 0.069 8/18/1964

120497KWH(SMWD) 0.33 8/23/1964
347512KWD(14.5MWD)  0.84 3/26/1965

- KUR does not have heavy water in the core tank, and there is only little heavy
water ( 2000 liter = 2 m’ in total) in the thermal column for the production of
thermal neutron guide tubes( e.g. BNCT), so KUR doesn’t know the limit of T
concentration in their heavy water system. The chief supervisor Dr. Cobayashi
said that in HFBR people of Brookhaven National Lab replace the old heavy water
by pushing fresh D,0 into system in order to reduce the T® concentration.

- According to the measurement of KUR, Tritium concentration is 210 uc/cm’® now,
so for total 2 m® D,0, it is (2x10° x 210 = 420 Ci, so it is 420Ci /2000 liter = 0.21
Ci/Liter for KUR Tritium concentration now.

- KUR follows the STA regulation: For radiation protection reason, the upper limit
of radioactive gas concentration is 370 mBq/cm’.

- KUR measures tritium concentration by taking sample from air in the D,0 thermal
column of confinement. Normally the value is 2-8 Bg/cm’ for tritium in the air,
the alarm value is 10 Bg/cm’.

- Asasupport mformauon, NIST are linnited 1 no more than 5 Curies per liter of
trititm 1n their heavy water. based upon a possible leakage analysis related to the
Technical Speetficatons, NIST actually restiet 1o fess than 2 Cl

18. B % E CCTV:

- BEREM

- Heat exchange room

- Core

19. EHEF SRR T

19.1 KUR SEEE A J7:

- 7 shifts in a week, 12 hours per shift.

- 5 persons per shift. (1 shift supervisor, 4 reactor operators)

- 2 persons in control room per shift( Required by Japanese Regulation).
- 1 person in central management office.
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- 1 chief supervisor per research reactor. (Required by Japan Science and Technology
Agency regulation). There are 7 chief supervisors in KURRI until now.
- There are 30 people in KUR operation and management division (including fuel
people).
19.2 KUR GEEEFIHRAJ7:
2 A, Zlli##E 6 months.

20. HER R FGHEEH:
1.Primary cooling system performance test.
2.Secondary cooling system performance test.

3.Power calibration #ZH 72 Es

4. Thermal neutron flux distribution A ES{ES

5.Measurement of temperature coefficient of reactivity.

6. Temperature coefficient measurement by local heating.

7. Temperature distribution on fuel plate surface.

8.Heat transmission rate of heat exchanger.

9.Measurement of neutron flux and gamma dose of experifnental facilities.
10.Radioactivity in primary cooling water measurement for Na-24, N-16 and Argon-
41.

11.Measurement of Tritium production in heavy water system.

12.Deutrization of ion exchange resin for heavy water clean up and radioactivity of
heavy water.

13.Test of reactor confinement.

21. EE TR BRI
- 180 gram U-235 per fuel element.
- 1 gram bumup =1 MWD.
- 25% bum up per fuel element.
- 180x0.25 = 45gram per fuel element can burn up = 45 MWD
- KUR is operated for 70-80 hours per week = 2000 hours per year operation =
420MWD = 420 gram burn up in total per year.
- There are 25 fuel elements in core, 25 x 180 gram = 4.5 Kg U-235 Per core.
- 420 gram /4.5 Kg = 10% spent fuel per core per year, that is 25 x 10% = 2.5 spent
fuels per year.
22. Eas e S == S
A= BRI E T
- Cold Neutron Source Abnormal,
ER TR AR I RS G, AN — S HE TE o (EYE A
= —EZEEHOT:
1). Deuterium gas buffer tank pressure high/low for reactor automatic rundown
scram:
B~ Kg/em® for low limit.
4.5 Kg/cm® for upper limit.
2). Pressure of vacuum chamber high (Vacuum chamber B Z2[¥):
There is an alarm signal when it reaches 10 Torr (It indicates that there is air
leaks into the vacuum chamber, it is 107 Torr normally).
There is an automatic rundown scram when it reaches 10 Torr for the vacuum
chamber pressure.



3) When the reactor is ON and CNS is OFF, vacuum chamber is filled with Helium
gas to remove the gamma heating and cooling for the moderator cell, the normal
pressure for He gas is 150 Torr to make sure the moderator cell temperature is less
than 125C°(Otherwise there is Al-5083 Mg deposition to initiate the crack), when
the He gas pressure is as low as 25 Torr, there is an alarm signal in the reactor
control room and results in an automatic rundown scram.

- Low Temperature Loop Abnormal,

- Experimental Beamn Tube Door Open

2. FTHEkEE:
- FCDM: Fission Chamber Drive Mechanism is maintained by KUR and other
contracted private company together.

- Technician office((7{fifE): responsible for all the maintenance activity in
KUR.

- B& i ML B (Critical spare parts)

d. Nuclear instrument:

Start up monitor, linear power indicator, log rate indicator, PID servo
controller, etc.

e. Process instrument:
Differential device, transmitter, thermal couple, RTD, alarm setting device,
CRT, computer, etc.

f. Mechanical parts:

Primary pump x 1, CRDM (motor, gear, limit switch, position indicator, etc.),
small valve.

B BeehE:

1999 ££ 9 B 30 H, fEH ARG UFe SR TIRERA B/ B R AR, AK
Science and Technology Agency ¥ EESREAZE A 7 fEE R A& B %R ( Emergency
Planning), 5 & KUR IEAEER LA R MBI B S B0,

g. STA requests KUR to have 500meter EPZ according to the STA regulation for
reactor power between 100kw and 10 Mw,

h. KUR estimates their EPZ in two postulated accidents to be 300meter for his
5Mw reactor, Prof. Fujita said it is very consistent with STA’s requirement.

i. The distance between KUR and its main gate is about 300 meter.

j. According to the USA ANSVANS15-16-1982 emergency planning for
research reactor and USNRC regulatory guide 2.61, the EPZ is as below:
2MW < power < 10 MW  EPZ= 100meter
10MW < power <20 MW  EPZ= 400meter
50MW < power EPZ {ERIE]E

k. KUR still wants to use 500meter as their EPZ.

. B RS R FErhIRRR

5.1 FFiEREEA:

P AR T BB TV H5(Cold Neutron Source Facility) B T2
FFeEn, OB 1986 4, £ HASE R F IR . 22 fe T IRERIEE AT
BEST(Deuterium)H BAEIRIE 2 i AR, R R RAE/ MBS E T (Scattering
Cross Section), F] DAZSET B ARMBRIERET, P2 e h F IR AR AL 4
INFF PIIR 20 8057, B BERE S A1 5083, ARBERE % S000 RYIFEZHIES
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2, [FEIEISEE S 6000 RFIELF,; (BE IS 51 5000 A5, HB4HFEH
i & (Neutron Fluence) #1% Zi& 8¢ Deposition EARETY, 8 A2 E FrET=x
B SMW, B RBHTE & 3x10" n /sec.em?, $EEE#th F5B 8 1050
/sec.cm’ IR B RBARE I & BEA; {EE TRR-IL D3R 20MW, A E FiB s
3x10" n /sec.cm’, 5 EAREE & RERE, ARLUEFISEE 42 6000 &2 Al 6061-T6,
HRE TR,

FHAEE T EBEBF T TR MR R RIS A e 2 o A8, AT7E s
INETRUES B, (BR B  h TIE L E A A R HRRES, MRS FT TRR-1L {5
TRRE S M AR 1 AlVE.

WP EFER Wavelength KL 4 A Zoh 7, 7] IR RS B E i
W SR B BALER G2 0 HT T B v TR T ESE IR E 1 hF(Very Cold Neutron,
VCN, Wavelength :30-300A)) ki 1F-(Ultra Cold Neutron, UCN, Wavelength
>580A) LAFE R A H AY B FEREEL.

— AR TSR EESERTTOME 1% - 2%, DAJE{E ol
AR LIRS Wavelength AFA 4A Z e th F AN EIRE 248 EE . (NS
R IREE TR E < BV E LIEERR Gamma Heating YR/ IREMEE, T4k (E F
R FEER .

FHARZ R FEESBATS IR M2 85 B T4 % Thermal column(l.5m x
L.5m x 2m depth) A, TER BN 20em 5.2 $080 5, LIE{K Gamma Ray &
1§ FR Gamma Heating. S4B TR HRIRE R EREA TR AT EmaE.
H 7 Nippon SANSO A B FHMIER B R 15 Lo LR R R 2 6.

5.2. P TR EEEER TS EE

W FREREEIA S HAEER, A AR B E T S (S A
%2 ZE=EFRU T
1). Deuterium gas buffer tank pressure high/low for reactor automatic rundown
gcram:
1.0 Kg/em® for low limit.
4.5 Kg/cm’® for upper limit.
2). Pressure of vacuum chamber high (Vacuum chamber B2 F):
There is an alarm signal when it reaches 10™ Torr (It indicates that there is air
leaks into the vacuum chamber, it is 107 Torr normally).
There is an automatic rundown scram when it reaches 10 Torr for the vacuum
chamber pressure.
3).When the reactor is ON and CNS is OFF, vacuum chamber is filled with Helium
gas to remove the gamma heating and cooling for the moderator cell, the normal
pressure for He gas is 150 Torr to make sure the moderator cell temperature is less
than 125C°(Otherwise there is Al-5083 Mg deposition to initiate the crack), when
the He gas pressure is as low as 25 Torr, there is an alarm signal in the reactor
control room and results in an automatic rundown scram.

5.3 P T IREEREERT R EHE:

1. FRIRFlr iR B iR GRIPI R —ERERIN).
2. Logbook AFRILHES.

64



3. Operation plan FEZZ.

4. Purity of Deuterium gas FEF2.(< 25 ppm), if air intrudes, then its purity will exceed
100 ppm).

5. Purity of Helium gas in the refrigerator #5%.(< 25 ppm, if air intrudes, then its

purity will exceed 100 ppm, N,, O,, CO, ).

Control panel alarm clear.

7. Interlock key is ON (so CNS alarm signal can be transmitted to the reactor control
room).

8. Deuterium gas pressure of buffer tank is between 3.0 Kg/cm® G and 3.8 Kg/em?® G.

9. Constant volume pressure of Helium gas in the vacuum chamber (It is filled with
He gas to cool down the moderator cell, 140 — 150 Torr).

10. Control panel CVCF (it means UPS) is OK.

11. Pocket bell alarm system is OK.

12. Hydrogen release alarm system (There are 6 detectors in the reactor confinement).

13. Deuterium gas shutoff valve is open (When emergency, we can save Deuterium
gas in the reactor building if close this valve).

14. Fire alarm system 1s OK.

15. The pressure of helium gas to compressor (3.3 -3.7 Kg/em? G).

16. Primary helium gas release pressure (For Deuterium gas release, >100 Kg/cm® G).

17. Secondary helium gas release pressure (Helium gas is released to reactor stack
with Deuterium gas).

18. Emergency helium supply system valve is open,

19. Compressor room temperature.

20. Helium gas pressure for the condenser and helium transfer tube (> 11 Kg/cm’G).

21. Valve opening to control helium gas into the vacuum chamber (Opening is 70%).

22. The pressure which supplies helium gas to moderator cell (0.2 -0.4 Kg/em*G).

5.4 \yp IR R R E R

o

1. #E& Cooling water system.

2. #E&} Cooling tower water system for the helium compressor and

refrigerator.( There is no such system in our TRR-I system since we use reactor

service water as (he cooling tower sysiem).

3. Check the CNS automatic rundown scram function is normal in the reactor
control room.

4. Start the rough (Rotary) pump to evacuate the existing helium gas in the

vacuum chamber, it will take 1 hour to reach < 3 x 10~ m bar pressure (The

vacuum chamber is filled with helium gas when CNS is OFF, its pressure is 140

Torr).

Start turbine molecular pump until it reaches < 1 x 10~ m bar.

6. Using mass spectrometer to analyze the impurity gas content in the helium gas
system, to make sure that there is no air intruding into the helium gas system.
{The emission current is 5 mA and the sensitivity are 10° and 10°, respectively
to distinguish the mass number for 4(He, D,), 20(Ne), 28(N,), 32(0,), 44(CO,)}.

This gas analyzer system is very important for monitoring the leakage of helium
gas system, but there is no plan for this system for TRR-II until now.

7. #BEf helium gas compressor (Screw type) to compress and adjust helium gas
into the refrigerator and then the moderator cell (It will always keep the inlet
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pressure of the compressor above the atmosphere, otherwise air is easily to enter
the helium gas system).

8. #E&f Refrigerator, control turbine speed and helium flow rate in order to force
helium gas into the refrigerator and then the moderator cell.

9. Refrigerator #EE%% 5 /)\FF, HH OB ESE 100 K, HEFRFEEHEEIH 23R
jon pump, vacuum chamber 7 B ZZEF a] = 1.9 x 107 Torr.
10. Refrigerator #EE1% 14 /NEf, HLHTIBEE 24 -28 K, LFHEERREIENE

bt

11. With PIC (Pressure Indication Control) to control the pressure of deuterium gas
in buffer tank at 2.2 Kg/em?G (Setting value is 1.95 Kg/cm’G).
12. Waiting for reactor full power operation.

5.5 W FIRE R ENE R R E:

1. Cold neutron source is always started before reactor starts up.

2. It needs 4 hours for evacuating the vacuum chamber and 1 hour for the safety
check, it also needs another 6 hours for introducing deuterium gas into the
moderator cell, 5o it is suggested that we start the cold neutron source facility one
day ahead of the reactor start up.

3. Vacuum chamber {EE Z€2+ PR-V102 (Low pressure gauge, 10 — 1020 m bar) is
a diaphragm displacement/electrical resistance type pressure gauge, by
measuring the resistance change due to the displacement change, we can find the
pressure change. It is not filament type which is not endurable.

4. Vacuum chamber & E 225} PR-V101 (Low low pressure gauge, <107 m bar) is
a 500 volts and plate cathode type pressure gauge, very endurable for 15 years
usage).

5. There is no pressure resistance for buffer tank pressure, moderator transfer tube
pressure and moderator cell pressure in a second range (There is a pressure
resistance in 100 msec range).
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