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( or core reconfigurat

16



: ) before reactor s

When i n 5 MW operation, 4 sh

37 ¢cm position and regulatin

position. Reactor period 1is
k ey ,

TRR- 11

15

, Local / DCS ,

( ) .
Recorder, Chart, Start up Mo

Sshim rods position 4. 18cm

high humidity region), 2
Chamber : Pump,
Pump :

Spent fuel c¢cl ean up pump
Primary clean up pump
Sweep gas Dbl ower

Cooling tower pump
Secondary clean up system.

Pump :

17



TRR- 1|

, TRR-II 11 Kg,

18



Neutron Spallation
Source Project, HFIR

(Atomic City)

2. HFIR
DOE 4330.4B Chapter
11 : TRR-II ,
: ( ) :
3. TRR-II :
: HFBR
NBSR : TRR-II
4,
(Dr. Ishihara) JRR-3M  KUR

(Control Rod Drive Mechanism,

19



CRDM)

5

-UAERD

DNBR

TRR-II

11

KUR BNCT CNS
, TRR-II
1999 KUR
JRR-3M TRR-II

(IAEA)
(Prof. Mishima)
, TRR-II
Mishima Correlation ,

TRR-II

20



21



22



23



TRR-II 2/2/2001,
( )
2001 2 @
®
2002 5 @ (
)
®
® (91.7~93.6)
SDD
2003 o ® (91.7~93.6)
®
®
@
2004 12
®
(2004.7~2005.10)
@
2005 32 @

SECNONCNONC)

(2005.11~2006.7)

24




© ®

)
2006 16 @
(2006.7~2006.12)
@
2006.7.1 ®
First critica @
®
®20MW
@
®
2007 ®20MW

25




(69)

@

TRRII (1)
(1)
® (29) (20)
) ) ) )
1. 1 1
2.
3. 2 2
4,
5. 3.
4. 4
6. 5 5
6. 6.
7.
3 ) ( 2
(4) ) (6)
) ) @ ()
) ( 3
) )
@) @)
) 2
& 2
(6)x4
(1) x4
(1) x4
(3) x4
(1) x4
TRR-II

26
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F. HFIRE R
L Hif

ff@ﬁfﬁg 15 d e % (Oak Ridge National Laboratory, ORNL) g S i uﬂﬁz‘fu

-IP_IIJ\%E‘?S,EI?}H Vi IR B R ﬂﬁl {1 Sl rl‘Ei: EXSY(ET
( High Flux Isotope Reactor HFI R)ﬂE V1 E#ﬁﬂﬁ'ﬁ[w PIEH2. 3x1015n/%c cm?)
TR R, SR ﬁﬂ%[ﬁdﬁ%ﬂ FUEEYT ZOO%k(qu?; TP e
H, HrEhg i e 60 ~),H ”“Fiﬁ‘ﬂt" [t Eﬁ@ﬁﬁ%ﬁ[ﬁ&'?ﬁ”ﬁlﬁt K R T I
T %é”“”( esearch Reactor Division, RRD) R cp?,ﬁﬁ,f{ Uik “*ﬁiﬁ il %ﬁff fIFl,

%1??”'%%TF'F = L A A ﬁ‘w‘EJ 20 EH\EWA“W” /1‘ g
S ERES RS R R 1%[ SEE IR e AT fi—?ijﬂ Pu-
239, Cf-2 Z[ﬁ F B PR

e @;:%g (HFIR) (1% 5! AEC 7 1959 7 3 * Eh’?‘)ﬁﬁﬁﬁﬁlﬁﬁl” :
i j?@ﬁ 1961 =+ 6 F |} sz ﬁiﬂ 1965 =+ 1 Jﬁ%ﬁhﬁ%@ RS
HIEE, 4 1965 F 8 £ 2 (¥R P, EHRAE SRS 100 MW, ﬁfﬁﬁ?ll&
(Target Reglon)ﬁiﬁﬂw ;F_;EHE 2.3x10" n /sec.cn?. ¥R R i, AEE HRF
FFIZE (Power Ascension Test), HFIR %% 1966 & 9 F |33 8=k 100MW SEiEL,
1986 = 11 %], HFIR’FPI”J“ ~E F'1 Surveillance Program?E[J Sy SR, B SR
s = E%Jfkﬂ'?ﬂ“*@”ﬁHF'?EHE't VERET, £ ﬁ’?{l”ﬁ%' V“?%fr%%ﬁﬁl‘%, HFIR YR
A AT J;liﬁ?m Prst [ﬁ[: hJ Al B ?’E&JJF‘F MRl VL, 1989 F 4
J’Eﬁ B ~¥W%W‘1'ﬁ El ;E‘EM‘” 5 MW EifEZ 5 .

=t f SP HFIR [l 1959  Ffji =rt 2] 1966 &+ 9 F| 4tk 1oomwiﬁ_fwilia'bﬁﬂj

4755 = TRR-I 37 Fﬁ‘ HFlR@;lHam&w R R
HIEE ﬂé'd’ﬁf?%ﬂlﬁﬂ?TRRIlﬁéiﬁﬁi TR 6 (] ﬁ'ﬁ[

2. HFIR ﬁéfﬁ%r%ﬂﬁ

2.1 YRR

[ FT= B ] S R (HRIR)FUE P 5= Hi= eS8 (Inner Diameter is 10
cm), 75 |l £

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

2.1.2 One Through Tube: HB-4 (Wide Angle Neutron Diffractometer WAND). HB-
4t 30 meters /| £ @ﬁfﬁ%&g‘ {(Small Angel Neutron Scattering, SANS).

2.1.3 E)ne Radial Beam Tube: HB-2 (Spectrometer)

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

2.2 Eﬁ«ﬁf%ﬁﬁ
221 A pICASE T x 1 (Hydraulic Rabbit Tube): F6L#8 45 iy 115 BTl
ri‘-:{? E% EH

2.2.2 T“@EFEHFI 'rﬂ?”vj\ ’féz’@,ﬁiﬁﬁ' | (>01Mev)Ef1,HFn[,F{; 113@
S P 3 (AP,
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223 [TRIBRAFTHT x 42 CORTSS SHIL, (0 ] 4978, IR I H = g B

@9

2.2.4 ni’_Fh X 2 fba g R S H?ﬂ LIS F,l’“‘}}W‘a’

225 Target Bundlex 30: AP #* Core Centerllne Flux Trap '], i % & [ﬂ [ A
L SR PR

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

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

2.3 Yﬁﬂ =" YRi5E%%5(Cold Neutron Source Facility, CNS) --- !5 ;E%’%EH l

HFIR S HI—J mf?ﬂl rJulaw&q LT, IR R, BSYE, G iﬁwﬁ‘&u
r%p‘ﬁ Vi{[ = B, B SR S 70%, 7 RSN TR [ 1£(2001 ?F)

S ﬂsi%lg‘* * EI—L 2002 ?Fﬁslﬁl HFIRhJHH 1’7?)5*’?;}#@@#@[@% 4%3*
s | e = (1 Hi= 1@%E[lé4ﬁﬁlg HB-4 9|, IEIF' Supercrltlcal gas
wﬁwwé‘fﬁmﬁﬁi VB W fl SEENEL £ 20K, A 2.510n. ﬁ’ﬁﬁ%k

& Al- 6061-T6. HFIRhJ I—w ﬁﬁi = Fl hjf—}:—éﬂ‘“'I#FW% 3Pk
ﬁ 4F =g T, 53 PF’T%F, r}?"h—. ORNL/TM 13498 HFIR CNS Reference Design
Concept May,1998.

(B4 5000 512 21952 1 51, SAF IEL-57) 2 6000 R
Ep ”%;%ﬁ%‘. | uéﬂ 5000 J [MHH kM) E (Neutron Fluence) B 288
I’F‘LE&E Depostlonﬁirﬁnué’a'\ﬂ% E'ZDFJJ ISR TS U | SMW, 52 iU g e~
J‘JL“HH [ E E 1x10™ n /sec.cn?, PP e e, (e *"E‘* HJK%EWWJ BEE NS
gl o (ELRAYE i‘.frjfjl“”"?TRR 1 ﬁJ} 20MW, :E@H\K“HH @;uﬁqi 3x10"n
&xun;j@%%q¢&qﬁ 1VV%ILEM9@5 hiTMQnﬁgnﬁﬁJ%
iﬁ%@“'bﬁﬂifﬁ‘ BRI TRRADNIH = RS [ M 15 2

6000 -5/ Al 6061-T6.

f?{“;:TIF“g[EI—&EE R, = HRIR IS 3’@'%957[% * Dr. D. Selby ¥ Dr. Bill
Hill ST A T i ™ @Biﬂﬁﬂv R Vﬁi EEE% Dr. Selby?”[ﬂ HFIR §&
J\JK‘HF %E ﬁ,ljli_ZleOlsn Sec.cnv, & ﬁﬁi*'[[ﬁl“ EE% £ 5000 3 [IFE e =
af’sl‘;ﬂ/ )V R B }HFIRhJ pl1=" 3’71 1@’511 [E= I[,{-] F”F:HEI” éﬂf’}f 6000—r

IF‘J%?%%? TRR-II if%}ii’“ﬁ Ili'i’ﬁﬁlil%ﬁ Nazh fﬁ% RS RITE 1999 F 5 F]H[]
éjrff § Vﬁ,ﬂ‘ﬁf}«j’ Iff o |7f‘~E% 11980 = Dr. Farrell #% ORNL HFIRa:]'j_L’\i> 5000

el 1990 % Dr. John Weeks %~ BNL HFBR %} 7 & 6000 +=%]] I/F A H R

37 i E#EAEE TRR-I1 5 A2y 1575 ﬂ%.ﬁ %, %5 TR ( REHEIE Fh“ ﬁ’%ﬁf&zmg
alculatlon*[ﬁl[pjﬁI = AE M1 55 iz, ey ]E‘“éﬂfu 6000 %[ KA i, 2

S, 1LY FRL 1P, 20 R
ﬂ&”fﬁﬁ% J955 53 A R #%ﬁnﬁ TRR- = YRRl o 5547}

3. JEfgE =N

P Sk R (HFIRY R AR5 1% SR Berylium-reflected),
7##%‘*U"j"ﬂf7f‘¥ﬁf’}[ fp = ﬁ%’“{fU -235735 I Flux-trap type ™~ iy, JEifelyE 7] 28
«(quf[ﬁﬁt 23 PR R RS T ), A |$EET'§4£"8“9LRL@| @ VBRI,
0 EJ;LTT T 6 025 b, JE'TE'FTJEEB‘E;IEW%WL“
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- 1RVISR], & Two Concentric Fuel Elements. Inner and Outer fuel plates are
curved in the shape of an involute.

- 93% U-235 ﬂEjﬁ‘U -Al F[_ANT%H

- Sl A i o

- W%H /1@@3 ?&m[‘p‘,ﬁk Total fuel lengthis31.125 in., Fuel plateis24in.,
Active fuel Iength is20in.

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

- R Outer diameter is17.134 in., Middle diameter is 11.250 in., Inner diameter
1510.590 in. Coolant gap is0.05 in.

- Thefud (U;04-Al) is non-uniformly distributed along the arc of the involute to
minimize the radial peak-to-average power density ratio.

- Centra Flux Trap Diameter: 5.067 in.

- Atypical coreloading 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.

- Theaverage fuel lifetime with typical experimental loading is approximately 23
daysat 85 MW.

- Concentric cylindersfor fuel, control elements, and reflector.

- Thefuel region is surrounded by a concentric ring of beryllium reflector

approximately 1 ft thick which isin 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

e X SHE VR UG 1987 & L 20 TRR1 A R %'BL’H'E{;}.

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

- Inorder for the HFIR fuel elements to become critical, they must be in the
presence of areflector.

- There are approximately 10 spent fuel elements generated in ayear since there are
about 10 reactor cyclesin ayear.

- HFIR M [ e SR EGE = Sy L5 57 A1 Savannah River g ke (=7 4CE .

- HFIRE 35 & (4 5 %I%%@ .

- ORNL ORR(Oak Ridge Research Reactor) ™~ Ty ELl] il 57— [l H ] UsSiy-
AL IR o g (TRR- 3527 198 UGSE-ALSSE]). 22 {3822 HFIR
Ewé:ff‘y,%lgfa; Mr Rodney Knight (2! i 78@ g HRIR [T PR Pt ff, [N

£ HFlRﬁiﬁz%{algjﬂ;{ T Jﬁvﬁ)rﬁw U,Si,-Al B3], 7+ 3 TRR-II
fﬁ‘:ﬁﬁﬁ’? CERCA = B&W Ry A5 2 J}%B‘é} =aJF|LFJ1“ﬁ+T U,Si,-Al 5]
AL, EFHEZ P UgSi-ALSE] J. AP, AL o
7H {a =EUFHT e ki E”f HFIRE’? CERCA K B&W % ° Hjjrd dF: Fid,

)

3.2 Fuel Cycle
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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.i+ end-of-cycle outage 4], “E*/ﬁ%ﬁlﬁfﬁﬁ
UIRRYIN T ﬂﬁf”ﬁ% FIIF [ F=HHREE S 1 2, &8, Thereare 10 cyclesina
year for HFIR.

Interruption for afuel 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 [Hﬁ
4154 Quadrant 66 in.«~ . ¥ Control Plates [FIJJ—%E T ] ok,

- — 66 in.~ V #%F Shimming and Regulating Control Cylinder which has no

%fety functlon [f [ AN R TR,

- DRUTIER L I =SSR
1). Wlthdraw 5 in. per minute by shim motor driven by electrical power.
2). Insertion: 50 in. per minute by air motor

PRGSO D SRV I B R e
FHETED, %2 in. 33 Volume % Eu,0,, f TR IR 1 P&L[srﬂ , FAETESL 5in.
40 Volume % Ta-Al; [ 1e TR [Hﬁ = Wydﬁjjﬂ ST, %ﬂf S

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

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

- PEIERARAR he kA, TR HERELES D L Contro
Plates [il F—?E L, [l }l‘“ T‘«Lr‘ Shimming and Regulating Control
Cylmder N ;Ll Eﬂj Magnetlc Power jf] A4, PULTE VSR Control
Platesjfé;[ Jo ke JET T *Jﬁ S (Time of Flight 4 55450 ms from
scram initiation signal to fully seated, including 50ms mechanical delay for
control switch). ?;ll'ﬁﬁ»ﬁ\ﬂj r%"rr% Shimming and Regulating Control Cylinder 7 £ [™.

- T |1, 1V SERIEIFEE (LCO)
1). ﬁﬁt[’iﬂ] [ LCO3.134: % ﬂﬁd?{ﬁ Magnetic Release Time exceeds 12
millisecond, @“%é”j {'ﬁ?fgﬁ
2). TEWEITLH [%fF LCO3.1.13: ¥ & 'JUE Time-of-Flight exceeds 450 ms
(HFIR /% 4E'[J “fif £ 300 ms), & iy TR
3). & EﬁHﬁEU %% LCO 3.1.1.1: Without strongly absorbing experiment in the
removable berylllum the five estimated symmetric critical control elements position
shall be greater than or equal to 16.3 in.(a distance from the fully insert seated
position) withdrawal prior reactor startup to maintain a enough shutdown margin. f \
B~ TR j JER SFP%J
4). e Eﬂrﬂﬁ?[r %[F LCO 3.1.1.2: The difference between estimated and actual
critical position shall be lessthan 0.5in. HII~ T?%’E'T{'é?%éﬁ
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5). ﬁﬂ;ﬁi[ﬁiﬁul % F LCO 3.1.2: Adequate shutdown margin shall be verified by
demonstrating the core |s sub-critical in the water-immersed and water-reflected
condition and meeting 3£ Eﬂﬂiﬁku %% LCO 3.1.1.1 by acore reactivity measurement
performed in acritical experlmental facility or a core reactivity verification performed
in the HFIR by source multiplication.

6). 3 {EEB«LTHJ %% LCO 3.1.3.1: The combined maximum rate of reactivity addition
by the shim motors for all 5 control elements and by the servo system regulating
motors shall be limited to $ 0.91/sec(0.00692 delta K/K per second) AR R T

JEHTED.
J;) ﬁﬁsﬂiﬁi %% LCO 3.1.3.2: The manual switch shall be “Operable’ for mode 1
and 2. 7\ E'] 7 {'JL’EﬁEﬁJ

© R SRR B PR

1). All control elements fully inserted (i e’;’%[ﬁl%ﬁf

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

3). 3-out-of-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.

- ﬁ SETHHE 525 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.
S A e frﬂmﬁﬂj R ORI
Uuéﬁ 7 7 O T S~ e S

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

lifetime. ﬁ‘i‘ {7 TRRIIPLFF[H'ﬁ gy e Al Al )

3.4 HFIR {1+ BRI &

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 signal's from source range to maximum power, arange of
approximately 10 decades. (% @%‘.'-24 HFIR System Overview).
3.4.2. CICx 3 (¥ Jﬁ *EC[UfE), B Fixed position and can be adjusted mechanically,
they are horizontally located on each side outside the core for medium and high power
range). Oneisfor Lin- N and the other isfor Log- N.

- 3.4.3. 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. Thereis 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 arefission
chamber position indicators for their position inside core. Z: { TRR-I1 [[1=" 1]

ey . 5 [[5 Fission Chambers(3 for RPS and 2 foe RPCQ)H%ET, fQL?\ SR

El %” %}
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3.5 f@EER 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 i@’ﬂ@ﬂﬂﬁjﬂ 1
(Limit Condition for Operation, LCO)3.1.1.1.

{Eﬂ;@ﬂﬂﬁu %4 LCO 3.1.1.1: Without strongly absorbing experiment in the
removabIJe beryllium, the five estimated symmetric critical control elements position
shall be greater than or equal to 16.3 in. withdrawal prior reactor startup.

34 7 [F[JLEEE‘LE“.%EZ?Q"R V HFIR safety limit:
T 7 [ﬁj}@%l;ﬁlﬁi?“* , 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. 7
{TRR-II primary coolant £% constant flow,j< & | Allowable Power vs Flow map
to keep TRR-I1 in the safe operating range Fﬁj@}

- 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.

TR R
1. g
1.1 ZjssesRifEug

"4~ .1 Mode 1 - Start (ﬁ,ﬁﬁ%iﬁ_{ﬂ@ﬁﬁ):

- Itisautomatically 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 Model—-Run (ﬁ,ﬁﬁ«iﬁ_ﬂ@f@?@):

- Mode 1 Runisdefined as servo controlled from N, to N (Full power —85 MW).

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

1.1.3 Mode 2 ({7 2 =);

- Mode 2 isalow power operation mode with a maximum power of 2.5 MW.

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

- Instart-up, certain safety action set point values are lowered for protection in this
low power mode.
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1.1.4 Mode 3 (=] EifEfgi=L):
- Mode 3 isdefined 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.
- Instart-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. Normal start-up
consists of amode 3 start-up using a pull and wait approach to critical for verification
of new fuel reactivity worth.

1.2 Shutdown Mode:
- Thereactor isfueled.
- The control cylinder and/or four plates are fully inserted (i.e., in seat).
- Thecontrol switchisin “Operate’ position or
- Forced cooling isrequired per LCO 3.5.1.1
1.3 Secured Mode:
- Thereactor isde-fueled or
- Thecontrol switchisin 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.
- lrradiated target handling activities are occurring.
- Irradiated fuel movements are occurring.
- Hoaisting and ri ggi ng activities over the spent fuel pools are occurring.

< FESEIAEIN ITE ] key AT iy e I key switch 1T g8,

'E/ TR~ (A fﬁ}fﬁ: i eSS ETRE RN =

2 R
- TIPS SR U B 5, HRIR I (i

AR ] BT ri odel Run SEFEGE N ) = b f (7 SBEIT ]E{’Cf%a%
2,

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

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

c) 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.

TP
HFI R has thefoIIOW| ng power control methods:
- Servo Control 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
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provide reactor power and period signals from source range to maximum power, a
range of approxi mately 10 decades.
- HFIRE | = FE IR 1 s TZLTHW =7 W% Setback, Reverse, and Fast
reverse which are normally |n|t|ated at setpoints lower than the scram setpointsto
control transients before the safety system is challenged.
1). A setback 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 motor.
3). A fast reverse is an automatic insertion of the four outer control plates by a
unidirectional air motor at arate of 50 in/min. One exampleis % flux/& flow > 1.1
- 9 HRIR T~ = By ¢ 55% (Emergency Poison Injection System):
A poison injection system using gadolinium is provided as an emergency backup for
the normal reactor safety system. The system isonly used in an extreme emergency
when shutdown cannot be accomplished by using any of the three following methods:
Reverse, Air motor insert, and Scram.

A W@TF' T R sﬂgﬁ@ o

i 'ﬂﬁ% A R EI[ T2 A *‘%Aﬁﬁ el pUL AL ST
w%“; =)k ?ﬁ,jﬁ”FlzgllﬁﬂﬁﬁW|&A.l, ) fﬁzwﬁ PIFRES ™~ ZE)
[ 3” ?"L[Jff

4.1. Pre-startup check and test for Mode 3 (<100 kw f#%=]s5k EifEE =): 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.

- jtiﬁk[ﬁ-ﬁ Fl[ﬁ&ﬁﬁr’ g Estimated Critical Position (ECP) test:

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

2). Rising 3 fission chambersto 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. [Feﬁﬂj
l%&Channel A,B,C I/ f[1=" Counting rate, channel 1: 271; channel 2: 646; channel 3:

%omﬁ PRI 2T R R A R R

5). Wlthdraw five control rods at the same time unti they reach 12 in., 15in., 17 in.,

18 in. position, respectively. And aso record Channel A,B,C neutron Counting rate M.

6). When the reciprocal of neutron counting rate 1/M approach to zero for position 18
in.(M = 0.08), that meansit is the almost critical position for the control rods. ULJE\J]f T
PTG T T S R 115 1855 in.

7). M= [Jﬁvguﬁ[ A *fp’ 18.55 in A[J55 i A Mode 1 skt
TN SEEL /&ﬁﬁ# r‘l‘f‘F'*x—'El

8). Reactor operator announces: “ Reactor will be shutdown in mode 3, select scram
switch and then five control rods drop freely, the reactor isin the S/D status again.

4.2. Pre-startup check and test for Mode 1 (ﬁ TR ER )
- 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 (1| ™+ FHIZRIR R o 12, BT S
Seated f‘FI')

- Heat power test.

- Depressurization test.

- Primary inlet temperature test.

- Ratetest.

- Low flow test.

- Fux flow test.

4.3 ﬁﬁ%ﬁbﬁﬁﬁfﬁﬂ:

fit %" 4.2. Pre-startup check and test for Mode 1 &, ™ i S| ’?'T‘*J, W™

4.3.1 Put reactor power demand switch in 10% (8.5 MW).

4.3.2. 1% 1| PIA system 38, = e K5 = Mode 175

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

434 [l miﬁtu%# Mode 3 =1 Eel U P Il [l il 7 ity 18.85 in. 1=
E;]:@rgﬁmﬁj} Fl *J ¥ = 85MW.

4.35 [I'] PIA system ’? T‘{‘ o MRS © RS 8.BMW Tk SETaEl,

4.3.6 fwdy Neutron counting rate, Log rate, Linear rate, reactor period de}FIfJ’.

437 K% ﬁjﬂ”ﬁﬁ“ FH1= gl Servo Control | 1EY ) = SEiEL

A3.8 IR AR I RS L] Reactor power to
100% in 20% power mcrement i [J;t SEI=ES ﬂ@ﬁﬁﬁ”J (st 20% power
increment 33 £ Um%:i | PIA system [?{‘,, @ Z[| = T 85MW SEifEi T ]

439 '] FEEERE10% F:)ower (8.5 MW) Tu = ik 85SMW ﬁﬁi 155 5] ﬁf
@fjf BIEIE— iV Reactor power demand setting switch 2[[fi' % = |F d-F| T
f I, 5 Control rods and 3 fission chamber position are kept unchanged.

4.3.10 ﬂﬁkﬂﬂﬁ Fl1= Ed> 4 Servo Control [ 1Y = SRl %, 57 T‘iﬁﬁﬂﬁ‘ﬁ’* Aisis
*Vrﬁ’?ﬁ?" [y TEPAIE T SRR R, T (SR RS R e

') b 4 R 10% Power (8.5 MW) [ % XJizk 85MW i, i~ Bii HifiufL
Reactor &) f-F[ 20MW ZJffif, S A 7 N "<l FCV ][ 1= (?pr MpliE
tT—fJIH 120F 3 ju’?i’ Pressure Vessel Embrlttlement}

] @gwﬁg[ 715 Mode 1 f%‘éﬁ@% 13344 T[T

1). Normal operation for HFIR isMode i at full power operation. Normal start-up
consists of amode 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 isthen 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.
Normally we keep the indication of F.C around 20,000 cps.
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@HHRQ%ﬁiﬁﬁt:ﬂ}ﬁﬁﬁﬂ“ﬁﬁﬁ”%MW SRR g
%ﬁ@ﬁﬂﬁuwfi~

5. R
S = AT %F‘ﬁ Ik 21 s ﬁi’ﬁ[ﬂ%@};ﬁﬁjﬂﬁﬁéw\ﬂj fii] Flight of
Time).

RS (R, ol AV 2 R T e ,lﬂﬂﬁm*fiﬂﬁWﬁ“@
R B2, »ﬁf%ﬁﬂ%ﬁ@w@wm ‘s, = ) OperatelOff
b PERIERSER, BEEa i R jﬁﬁéﬁﬁ*&%ﬁgfﬁ”
Shutdown Mode fib f‘ﬁ[ m}ﬂ ,,F FJ;fJ Recorder Chart, Start up Monitor F‘ﬂ’ﬁl 3 Fission
chamber‘é*ﬂ (B =[5, -2 15 F[ -}« AC Pump, % {5} F‘ “f< Pump ¥ * ’[h F[ J‘«H

L e E[Hmﬁfm .
(g i (EAEE] N ﬁﬁ@
- 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. Ryle b3 (Building Check): 1 time per shift, 2 times per day, 9 AM and 20

PM.
7. Fl=ENEH

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 lon Chamber x 3: Oneisfor Lin- N and the other isfor Log-
N.

7.3. The set point for each fission chamber is 10,000 cpsin order to keep fission
chamber from getting damaged due to over neutron exposure when reactor power
increase. Thereis a servo motor for each FC at the bottom of reactor pressure vessel
to alow 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-11 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.
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- PRA can tell uswhere are the weakest pointsin 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.

- Theresults of PRA program can provide the important and essential inputs of
significant scenarios consequences for the analysis of reactor emergency
planning 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

asthey used to do. So, HFIR dropped the scram frequency from 5 ~ 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. R 2k
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 7| :jﬁxﬁfj,ﬂx I ] *wﬁ 'F‘[H*’J‘ RJEJ FCV I'| [ -
ik J “J<3EL R it 120F %f Y Pressure Embrittlement.
1Jhe exit temperature is 156F (69C), the pressure drop through the coreis about 110
psi (7.58 MPa).

10.1 The primary coolant system includesthe 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:

- Inthe 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 apony ison his
mother’ s back. Pony motors and the primary AC motors share a common shaft
and impeller to pump primary water.
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- 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 vessal from brittle fracture in the event of a
low temperature/high pressure situation. If core inlet temperature drops below 90 F at
pressures greater than 225 psig, the EDS trips the pressurizer pumps and opens two
valves which relieve primary pressure to the letdown header.

4). LT

- SETHEIAL Ul |$ LCO 3.5.1.1 Decay heat removal system:

LCOA: A%ter shutdown from operation at mode 1 or mode 2, at least one pony
motor pump shall be in operating, pumping at least 1000 gpm for a minimum of 12
hours.

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

- E Eﬂﬂ&ﬁku %% LCO 3.5.1.2 Pony motor pump/Battery banks:

LCOA: At least two operable pony motor pumps shall be in service

LCO B: At least 2 operable pony motor battery banks connected to the pony motor
pumps in criterion A shall be in service and shall be separated by an operable fire
barrier with a1.5 hoursfire rating.

- i@ﬁ@“ﬁf % LCO 3.4.1 Primary coolant PH:
LCO : The PH of the primary coolant shall be within the following range:

4.8 <PH < 5.2 for mode 1

4.8 <PH < 6.0 for mode 2
The PH may be outside the specified range by up to 0.1 for atotal of 8 hours
operating time. For a period greater than 8 hours, the reactor have to go to the
shutdown mode to wait for atechnical evaluation.

10.2 The secondary coolant system has:
1). Secondary Pump x3:
- 2/3 operation, al driven by 2200 V offsite power.
- Normal flow rateis 26,000 gpm.
2). Cooling Tower Fan x 8 (two speed).
- Cooling tower isafour 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 asfollowing:
1). Emergency Power System:

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

- Inthe 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 different types of starting systems.I'j ™ £} T [f' l/? HERTEa

38



- No ldiesel isan electric start diesel supplied with its own battery and charger.
No 2 diesel isair start and hasits own air receiver and compressor. Z=: { £}
#EEs Common mode failure fi Jﬁ%cf TRR-11 BX 3050 iﬁrréki7 :EKEI H—fé‘#r?}
- Major loads on the Emergency power system include the pony motor battery
charger confinement exhaust fans, and the instrument power system.
2). WEhE 2SS (Auxiliary Emergency Power Generators, AEPG's):
- Two AEPG’ s are provided for the sole purpose of serving as athird 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 chargersto provide long term decay heat removal. E:L
{IF—&ﬁ,, HFIR f%é}fﬁ ?ﬁiﬁﬁ”ﬁli HE I J[ﬁx]%%ﬁ{r ﬁ)ﬁﬂ SEEGES e )
RO, i R I, < B e
}Jlﬂ E; E’*ﬁﬁ[“"?\r I/ Swing Diesel Generalor%irfrﬂfé, TRR-I1 B uLF“H’F' =
i)
-  The AEPG’sare stored at the HFIR 7000 area to maintain a separation greater
than the path of atornado.
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 asthe following:

- HFIR ™ B g FR0 8 [ SRt i 4., 8 DS ast Thefirst level of
confinement is the fuel cladding, primary cool ant 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.

- Thereactor 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

posrtrve pressure by separate ventilation fans and dampers A{TRR-II = }iﬁ‘ﬂ Ed

AeEt .}
2) Zone ; 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 areais 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 isthe area with the potential of highest activity and iskept 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 particul ate al pha/beta activity.
- Thefilter 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.
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- There are several inhale dampers in HFIR confinement with the similar
function as vacuum breaker in TRR. These dampers are gravity dampers and
will open automatically to let fresh air enter when the confinement vacuum is
too high.

- Thereisno smoke remova systemin HVAC of HFIR.

HFIR Plant Water Supply isfrom two 1.5 million gallon water storage tank
supplied by Y-12 (@Wﬁﬁ@il%}:’%j’ﬁﬁzﬁﬁi'?%'j ) 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:

- Thenitric acid is 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-takie

- Intercom system

- Normal phone

- PIA system

11. Earthquake Design Requirement:
- Design earthquakeis 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.
- Thereisno fault around ORNL HFIR and the seismic activity isvery small
around HFIR.

1 { Kobedi" T earthaueke: 0.2 g ~0.25 g (200-250Ga), 1/17/1995, 5:47AM.}

12. 2 #_L”ﬁj[]ji' (Main Control Room, MCR):
F [ B (Mock up) N RO B A M.
= PRI I R
1.5 3 fF"[ 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 switchesin 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, thereis
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.
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6). Control rods position indication.
7). Power demand setting switch: 100kw, 1IMw,. 85Mw.
8). HP areaindication and monitors:

- Reactor bay

- Experiment room

- Beamroom

- Pool side

- Sub-pile(%Fk %)

- Third leve

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-pooal,

critical pool, etc.

21). Thereis no door key for the control room in HFIR.

13. ’?ET?%:‘
With a cover shield hatch which is operated manually by a special design
handle on the top of reactor core.

- Without decay tank, without thermal layer.

- Thereisasmart reactor pool leakage detecting system in HFIR which
consisting of 11 tubes, one end of each tube is connected to tank |eakage
detecting point while the other end is connected to a plastic transparent bottle,
operator can realize the leakage condition by checking the level of the bottle.

{ HFIR reactor pool leakage detecting system fi* ff TRR-I1 %% }

- LHZI R core components material is Al- 6061

- l{;l“g\é‘ }E - FFE_E Té‘rﬁ/\ 8 [i@[ Iw P—j i Ig"tJJZFE l‘] JE&’JJ?FEQE[“@
KR TR 7j<ﬁm| B 1A F[’r‘.m,;[ﬁt 14“3’\p NS claddlng on both
side with stainless steel, [Zh 31 17 4 AL ES A1 ETELALER cladding on
both side with stainless steel.

- Thereisaquick open hatch attached to B /4¢ 1 l’rlﬁ.jf_,ff’? , T FPSSRI R

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

- 2K T2 Water Tight i

14. HFIR F17% b b P

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 inches away. By means of (r , n) reaction of Sb-124 with
Be inside the reflector, the first criticality was achieved in HFIR.
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=: {Discussing with HFIR Dr. Dick Rothrock in thisregard for TRR-I1 project, he
suggests TRR-11 may use Cf-252 or (Am + Be) asthe first start up neutron source
since thereis no berylliumin TRR-II, the strength of start up neutron source hasto 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-11 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-1I has
two benefits, one iswe don’t need so strong neutron source to start up the reactor, the
other iswe 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
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.}

15. HFIR S HA{dV s %@T@E{c:

1986 & 11 F|, HFIR{M » Eif1 Vessel Surveillance Program jfJz4s+ 52 5, £ 4
B AR 1 E‘F%ﬂ@l“%’*" PSRRI BB AR, B Pﬁfﬁ’g& el ’ﬁ“fi#ﬁ e,
HFIR JJ i =+ 4 T g%é%n Fr,2 j ] Al R AR V%FTEF*L

1989 & 4 VG5 s B«IF Y’J 59? *JJE” 85 MW 3y Z 5

= HFIR Dr. Rothrock =} u, HFIR @*ﬁpx F 4 kT 1989 F 4 FJ;[% g@ El Start

up LR HRIR FIov gﬁ ;#W*E?EF{ “TIpl PEL Sb-124 1 o Fu b 60 =, ﬁp g
H1="Y5 Sb-124 u'j A= gﬁ“r

1989 # 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.

= {Dr. Rothrock suggests there are two important points we have to keep in mind

JFor the neutron detecting system:

1). To decide how many neutrons we need to detect, thisis related to the location and

the sengitivity 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
amonth, 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 thereisalot of dirty gamma emitter material inside the core,
BF; counter will be affected by gammaray, so KUR doesn’'t use BF; counter any
more for their re-start up after long term shutdown.}

16. HFIR 3%7[5}1[5’5%‘:

HFIR ™~ sy 3, B9 2 1 Water ring room &7 primary coolant sampling room,
process water system room, primary head tank room, HVAC and chiller room, ion-
exchanger room 35 fli] 1V #-F41 ﬁe?f B, P, SFH 73 :F‘*'IE&‘HP &3

i%', AL R R R ST [

[EF B[S iR (Alter native Shutdown Panel):

Thereisno |TFJF' (g5 14%, only some emergency scram push buttons arein the
HFIR different site for emergency use.

18. Tritium concentration limit in HFIR:
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Since HFIR fuel element is 93% U- 235[‘51 EAE U-Al 7 i &), so there is no heavy
water system in the HFIR. Thereisno Tr|t|um concentration limit problem in the
HFIR.

19. ® 4 = CCTV:

-

- Core

20 S\VE_". ?ll’g‘: VE‘};I'\” K J

20.1 HFIR S2iEL ~ Jy:

- 5shiftsintotal, 12 hours per shift. 7 am. to 7 p.m. for day shiftand 7 p.m.to 7 am.

for night shift.

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

- 2reactor operators are in the control room per shift (Required by regulation).The

other one is conducting the building check.

- 1 hedlth physics personnel per shift support to operation.

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

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

activitiesin 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 HFI R SEELE 75
HFIR ?”Q\WBF‘F IS S i
- ;EE‘EE (Reactor Operator, R.O): — A&7 5~ =, | EHEEY 235 H s fe 7

S LU

D). B G+ 7'5)
Nuclear physics

- Heat transfer/Fluid flow

- Chemistry/Thermodynamics

- Radiation protection

- 1/C system

- Experimental facility

- Security procedure

- Shift administration

Then taking the written and system test.

2) I R RUIERER S v M | FH/D‘
On-Job- Traln checkllst training

- System checkout training

- Emergency procedure training

- Integral plant training

- Control room mock up training
Scenario training
). 2T n:}?«a [Fh (Written examination evaluation)

4) =i f EF’IEIﬁ;LJﬁé[”:(OraI walk-through evaluation)

5). EHHAE IR (R ) S IEF—r 'FL' (Operation manager walk-through evaluation).

EEEE RO
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S R TR S B 19 5 HFIR =
LSS Y

- ﬁj&ﬁﬁiﬁ (Senlor Reactor Operator, S.R.0): - {[&‘g”ﬁ A SN
AR S 5 RO S A R R R meu;ff.

1). Technical Specification Requwement (TSR)
2). Safety Analysis Report (SAR)

3). Design Basis Report (DBR)

4). Plant administration.

HFIR BEEE YR FD'J‘" Low power test f I;w&,?zw IfﬁTRRIIﬁEﬂF
A I F@Eﬂ'ﬁ”TRR II{ il 5&5*/?1%?”% I I{H{" e

21 PR EERH IR E

1. Primary cooling system performance test.

2. Secondary cooling system performance test.

3. Reactor power calibration 7% 1] jf]| ke

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 experimental code.
11. Control Rod Drive Mechanism test (Magnet Release Time, Time of Flight, etc)
12. Xenon poison effect measurement.

13. Control rod reactivity calibration

22. kR &"l%ﬂﬁ%ﬂﬁ‘ﬂg:’ﬁ#pl
22. 1747 }?Lﬁ“”%f ‘I/WE&?@E—LL@[F 5F}:E FJ‘J ;‘4’ J -JF[Ff [
- Cold Neutron Source Abnormal,
AR 1’?”1“54&’;%75?[ Bl = TS EREHES © IS T ek, 1] 213
control logic 53 [f[l=h gt~ TEEN . = [l pl = YR e ety o fo = By
1). Hydrogen gas temperature hi gh (ZOOIA) normal operat| ng 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 deltaPis 1 bar.

22.2 37 H VE'%F%T%%I B
- Hydraulic abbltAbnormaI

23. HFIR Operation Procedure:

HIFIREHHAR ) 2 B 1L F ) 7 g

1. Administration and operatlon rules and responsibility
2. Pool handling procedure

3. Reactor startup and system components procedure

4. Reactor shutdown and system components procedure



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

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

7. Waste handling procedure

8. Surveillance Test Procedure(STP)

YR BRI, g

- Emergency response procedure

- Barrel analysis

- HFIR Evacuation Procedure

%, HFIR }%L:J”'?ﬁ;a\éll

31HFIR % 2 s hgere ).
- Eﬁﬁ HFIRY = 55 PF’T%“ (Safety Analysis Report, SAR){E Hi HFIR % o gy
(Technlcal Specmcatlon Requirement, TSR)

EF {HFIR S = 73 T’Ti&f,}fﬁﬁ HFIRY = I%ffﬁiﬁﬁ(%ﬂ‘ety Related Equipment
List, SREL).
- Eﬁﬁi‘\[a&' Rl A aﬁ%mér T“J DOE 4330.4B Chapter 11, HFIR % 534 gy k>
HFIR Y = %ﬁﬁ HI, #5 HRIR Y = %p‘ﬁ AEfX ;f%',?{(Mamtenance Management
Program) )
Ai%ngFlRi 2 FAESTHR T, E R HRR D 2 A ST HAIR

I

32 HFIR % 2 e Sot i )
4= %}‘[jﬁ “é] /H—[—zh;il[ Jr“gqj F’m f”j, thE'? J FLI
- Ma ntenance Organization and Administration
- Training and Qualification Program of Maintenance Personnel.
- Maintenance Faculties, Equipment, and Tools
- Typesof Maintenance
- Maintenance Procedure Approva 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
- Material Receipt, Inspection, Handling, Storage, Retrieval, and |ssuance
- Control and Calibration of Measuring and Test Equipment
- Maintenance Tools and Equipment Control
- Faculty Condition Inspection
- Management Involvement
- Maintenance History
- Anaysis of Maintenance Problems
- Modification Works
- Additional Maintenance Requirements

3.3 HFIR EZ; LLﬁF”fI! ¥ &l (Critical spareparts):
a. Nuclear instrument:
Start up monitor, linear power indicator, log rate indicator, PID servo
controller, etc.
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b. Processinstrument:
Differential device, transmitter, thermal couple, RTD, alarm setting device,
CRT, computer, etc.
c. 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:

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

3.5 Annual outage duration in HFIR:

- In addition 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 ayear. Each one has about 20 days duration in the Spring and Fall time,
respectively.

- There are 10 reactor cyclesin ayear for HFIR.

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

- Thetotal routine operation days are: (23+7)x10=300 days.

Thetotal annual outage days are : 20+20=40 days/year.

3 6 HFIR In-service Inspection (1Sl) Program:

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

- Themagjor outage I1SI systems and components are as following:

a). Primary and secondary system piping welding due to the stress level. (HFIR
had performed the stress analysis for their primary and secondary piping system
configuration.). Z=: { Hﬁlﬁ HI TRR- f\j‘ =I37]* EPC bidding?}
b). Primary pumps, valves, heat exchangers, etc
). Vessdl 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 isfor valve and IWP isfor pump.

- Thereisavery important swelling phenomena due to neutron transmutation for
Al-6061 aluminum material subjected to neutron fluence in the reactor core. So
the swelling of all core internal components, beam tubes, etc are the major
concernsin ISl program {EF\F"IAE Al-6061-T6 E«Hﬁﬁﬁmﬁ'%& FLF F TRR-II
ISI Program V;I&HF FIF Jwﬂﬁ A= 77 AE N The maximum inward
deformation of core channel of 14 mm Al-6061-S-T62 in thickness, due to
irradiation swelling for 40 yearsis 0.0077 mm which is less than the design gap
between fuel bundle and inner wall of core channel (1 mm). {FI'd¢ [%‘é,ﬂ?rﬁﬁﬁﬁqlﬁ
I, [ IREALTLER 1S BRI )

- HFIR ﬁ‘ﬁci Fir, (&~ ASME Code * #IgEE 4, H# 1 TRR-II |1 [f ISI program.

B TRRA| 5 (=l ERE AL )

3. @ H FI R Rotatlng machine diagnosis and predictive maintenance program:

HFIR S A BEEA B L, B ), & ”{’“*JUEIJEHH%? 2 N
BT 7 (Accelerameten) BT (i, JRELS PRELAFIGH, AT
RaPAR = 2 PR N IZF‘J%& = "‘%FTRR | =15 V% F )

. HFIR A
4.1 HFIR B B8 (emergency planning zone, EPZ) 75 #+H B
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HFIR BRI B3 (EPZ) 55 7 (G
1). 3 DOE G 151.1 “Emergency Management Guide”, August 1997. ORNL/M-
2344/V 1,
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.
ENiTRY [{fﬁ[j\ 1 HFIR PRA Level 1 analysis and some of Level 2 analysis 75 1
AN, PSSR0 credibility cutoff of 1.0E-6 per year =" #7515 fuel damage ko
radioactive material release [V = 7f1 Scenarios, F| |7f‘~E%1 ﬂ*“gcenarlos fhicrsy T AT
i HE Uj [ﬂ AN Sgnlflcani offsite radiological consequence and their eﬂl mated
doses, which are the important source term(No. of Curie, No. of nuclel) inputs to plug
into the EPZ analysis model for the analysis of emergency planning zone.
HFIR {# EPZ analysis model [ ISC(3)ST, which isaindustrial source codein
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 milesfor HFIR EPZ, it’ s the responsibility of Tennessee State government
beyond 5 miles.
A TRRAN IR PRA TP, SAR -4 3, 204 it TRR-11 Hazard
Analysis, £ 3 it~ TRR-11 7 Emergency Planning Zone 7 f7.
But according to the USA ANSI/ANS15-16-1982 emergency planning for
research reactor and USNRC regulatory guide 2.61, the EPZ for 20 MW TRR-11
research reactor is 400 meters as described below:
2MW < power <10 MW EPZ= 100meter
10MW < power <20 MW  EPZ= 400meter
50MW < power EPZ {5 ¢
INER site boundary radius for TRR-11 is 291 meters, there is only 100 meters short
from 400 meters EPZ required by regulatory guide. Inthisregard, | discusswith
HFIR expert Mr. David Blanchard, Richard Hall, ORNL emergency planning expert
TinaWilliford in order to save INER’ s resource to avoid to do the hazard analysis for
TRR-11 and find out a solution to justify AEC people.}
The only answer isto find a research reactor with the similar type and similar
scenarios for the significant consequence and the same probability, to see their EPZ as
areference. But there is no easy EPZ in the world, said Ms. Williford of ORNL
emergency response team.

4.3 HFIR EPZ [VEF A

- According to D(FE 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, ~ 7 Bounding
event) islarge 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 Remin 2
hours required by DOE Guide (EPZ = 12 miles).
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- 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 1SC(3)ST, the point isinside HFIR, so the EPZ for 100 Remis
zero.

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

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

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

- So, the HFIR EPZ isfinalized to 5 miles from HFIR center.

4.4 HFIR g 357 #r(Hazard Assessment)®d 3.

- 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 rel ease.
4.5. HFIR Radiological Event Consequences:

A1l: 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)

E1: Dam or equivalent heavy load dropped on spent fuel racks

4.6. Emergency Exerciseand Drill for HFIR:

- *iﬁj?f‘,'( 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.

- 'J‘iFﬁ' 1 “Drill” isakinds of small exerciseinside HFIR, there are several drills
in the HFIR as below:

1). HFIR portion of Overall ORNL evacuation drill
2). Shelter-in-place drill
3). Firedrill
4). HFIR evacuation drill (}?ﬁﬁ’r'y i?q’??[l)
- HFIR faculty shall conduct an annual drill involving radiological hazards.
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TS 2000 F 9 F| i HFIR%/{’F@FJ Hl, s HRIR & %, it | iFJq E4(evacuat|on
o|riu>:E TR @ﬁ*p PRIE, Evm

D- JIEL* £31) PIA RS et ﬂgust L R

Secured l\/lode &, 30 'P%a%fiiiéﬁfé FE EEL SO TR ?ﬁ%bﬂﬁﬂﬁﬁr
}ﬁr—fﬁﬁt fl1-= (Operation Center). Plant Manager 7t 3Ei§El| 1- U\F[%ﬁ[%ﬁ*_

T

2). ’9’15% RS PIEe e R - E }é’w_%ﬁr—f%ﬁ {(Assembly point),

E“l’%«'?ﬁ’%’ S B lEWEIJ 7 ;J A F R = - ;%ﬁ;gﬂ'—%'j R
"

ﬁ; A S BT #ﬁ %T rﬁ% EREE

WFH‘JITEQE&{ Equ M "‘ﬁ =il ﬂf”qfﬁg‘l’@? =

4). iwpxh fed 5+ ?{ 21 2 (Shelter in place).

5). Jffi F‘fﬁ@— ffit ] Eﬂj 1&1?74, F’[FE %’Tﬂ(DnII Debrlef)*]‘ﬁf“}{ﬁ};

6

ST 1 (Repair Center), (ISR

4.7 HFIR Emergency Action Level [ 535

—_
_f

- Operational emergency
- Alert

- Site areaemergency

- General emergency

HFIR 7| s iS5 3

HFIR +| 7% 253 (HFIR upgrade and outage program) was performed from

10/1/00 to 4/30/2001 for 6 months. &y ? = NI FL

1. 5EET: 7 million USD for this prOJect

2 Ejjﬁ‘g' 10/1/2000 ~ 4/30/2001

3.

[E1,=%: Work was performed on a 2-shifts, 6 days per week schedule basis.
T A ?J (#5% According to ALARA, Industry Hygiene and Safety plan,
Hoisting and Rigging Lift Plans.

5. FaEAERHE 2 I (BHED

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

ISl for primary heat exchanger

Confinement damper replacement

Control room annunciator system replacement

6. R (SRR A

Project Manager- Mike Farrar
Maintenance Supervisor- Maintenance Manager Ron Crone
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- Task leaders- Ed Ducko, Ron Reagon

- Technical experts-

- Operation supervisor- Certified HFIR shift supervisor
- Tooling & material staging-

- Component subject matter experts-

- Technicians

,=& R g

El7_[: F -8R E R 6 (Kyoto University Research Reactor Institute,
KURRI)W?E%J\BW%@H:WE ﬂ EPEST 20068 ﬁwa | 21 59, 24 1
ShEFSE, B F AT 8000 £k IRTE A = [Jb[ﬁﬁﬂ‘h‘*éﬁ UECE N R XN
P S R BURSTERE B P H R
1 = fH (19| VPt & 5 s EHET2656380 [F T, 2R = A B ’Llfl*[?;%"
gy 1 [ A

Fﬁﬁﬂ*’*"ﬁw 75( Kyoto University Reactor, KUR)fHF I I 2t ﬁ%ﬁﬁlﬁ *l
FBAECDE L, 5 MW, ﬁfﬂ\rﬂﬂw e 3x1013n/sec o, 45 Fl 1= YRR g i 1
~"3i]E£) 1x10% n /sec.cm?’. ﬁjﬁﬂ**?ﬁ"ﬁ”ﬁl 36 F (1961 F) 9 * ?E%“W4 *E%}fﬁl
Hl% [FilF 12 £ F%p 39 7 (1964 7 )6 *| 25EIE’|4»’EFEF'#E?,EHWJ il
JEE?L"JJ} 2 1MW, & fE’\E%J%MZ F (1967 F) 7k JE[ﬁ? [ISa TP ire ¥ R Saa IS 5MW
FETGEL, ] pu*ﬁmwuga Tz BMW SEifEiH Eﬁ'asﬁn T 3F [ HFRESY
e, H'%éﬁliﬂ%‘v?ﬁﬂ TS

S ARGy 11 BIPRT, SLREPRIT, el 1)
(i [ PSR SR, R A R L A
L'F I r»’TT'iJ/m %J%— | L }E‘HIEHJ ﬁﬁ[ AN W
SR, 2 S, S I*Ti”v?'ﬁ’]%lfﬁmf‘ﬁw' S g
= E[éﬁ%‘ﬁlfﬁ P Il ([P HAETEL = MBI T, vl 20055,
fﬂ“’?ﬁﬁﬂiﬁﬁ [H || CEERL Fl F’Tﬁ”ﬁ‘fﬁ@% ARSI E"Iﬁ n,ﬁjiﬂ“‘*' EA

3. BREhy

2.1 E"ﬁ?gﬁf

311U = YRR

_F]Jﬁﬂ"\%»”_ﬁ'l\;’&%ﬁ'ﬁ'(ﬁlr’?{ﬁﬁIQ'?W%(COM Neutron Source Facility, CNS)F’;PEA [1
S E fﬁ'ﬁg{tiﬁ[ i {1 VEIREA il ™ [k 77 (Deuterium) i S22 . 155 J AlF,
FURIED T F ] o fﬁé&pl(gcattermg CrossSectlon) Bl FLjEI*k IRt e
i, SRS HH ?W%ﬁ‘%¥%ﬁﬁi*ﬁﬂﬁkﬁ4 SYF T 20 5T, AR %E{/‘f Al
5083, < £S %ﬂ = 5000 = JHII pp;ézmau }‘El%[ﬂ:’ £ /‘A# 6000 <= 3[[RI1; {E!
tﬁ”éfiﬁ'ﬁ Ufﬂ/‘f 5000 3, PEBH 1= kAR (Neutron Fluence)@‘ E254
H;]Eﬁ‘y Depostlon‘jmqnaéf’a'\ﬁ/ ‘Fh *‘\Eﬁ"ﬁw BT | UE ] BMW, 38 g 20
FlI="3p] &l & 1x10* n /sec.om?, E\%{«} ) R gl} lﬁ'iﬁ}F S E
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TRR-I1 73 20MW, ﬁﬁ*ﬁﬂli'{ ﬁ,'J # 3x10" n /sec.cm?, VPR i E R
Vg, Bl TRRAL S 4 & 6000 #[1.0 Al 6061-T6, [ESH 1= 1P
B TRR I /raﬁu;’rgﬂrgg{a

2 1 2 (XFl E%JEH“EM R (Low Temperature Irradiation Loop)--- Beam Tube E-4
TRRE 4G F‘ = 10K°¢,f—4r%ﬂ FE#‘EE‘”&]}IJ/WJ‘*.

2.1.3 (M TR e Rl

2.1.4. 7l =R RS (Boron Neutron Capture Therapy, BNCT)--- Heavy
Water Thermal Column.

& Heavy Water Thermal Column FIEp 4 T BREED £, %‘FBZQTE (MR
H [ o Bl VA= B-10 (B, rﬁ,ﬁ Prompt Gamma & dy, i IE R 'ﬁ‘zf [1 B-
10 ﬁa 1 P SRV 5] SETRTES 3X10° n fsec.c, o i A
.

Thermal Neutron + Boron-10 - GammaRay + H,
Where Gamma Ray Energy : 478 Kev
H, Energy : 2.2 Mev, 10% Mass Density.
2.15. lé‘ﬁﬁﬁl
2.1.6. 15jF[1+" m&l
il rﬁ (1% =BT R J?}gﬂ[iﬁrﬁ@pr % Ol Flow, Water Flow for
Bubbling Phenomenaln multl -phase flow fi g Eliﬁﬁﬁ‘r I’ E%{
2.1.7. %L F[H F i 2k 57 BEI (1sotope Separator On Lme)
(RS ES lﬁjﬁ.ﬁf IS RS CAUREREATE 7Fl1 Ge-Li Detector £
Prompt Gamma |} 55 1 U235, Pu23£) Am="1 7] %JE%%’*J&[ |t Sk r“j%’r
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 Eﬁéﬁ%ﬁﬁj
321 e 7j<i;§§f x1
322 ;?nri'ﬁ?,_ x3
323 [RIRIHT

33 fﬂHli'gc‘
231 T B (7 1 TREE)
232 ;wjﬂﬂ 1= 3ﬁ (E%%HH RS

3. e =
SR T S SRR N T, ST, B R R
E BB T ] urg#—@}ﬁ ¥ ﬁlwﬁﬁ,{gg ISRl
2 R
25 AR (P g FAEYELSE] Y 5 control rod special fuels) for equilibrium core, [
MTR-Type 93% ﬁ iﬁ’{#U -Al & ﬁﬁ’aHb 1#&[%1&’{% U3Slz*7’§H
- Bk Manufactured by KU ;5 .  NFI(Nuclear Fuel Industry).
- FEVESEI YA TS, Fuel length 873mm, fuel meat 625mm, 1 180Grams for U-
235.
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- Burn up: 25%, 0.2% reactivity per week. 25x180Gram/core = 4.5 Kg U?* per core.
There are 3-5 spent fuel elementsin ayear.

- KUR ™[l i A PSR] 4 s = S (B | 0E, SO E KUR #i= 2005 - fif

DR ra RIS
33ﬂﬂﬁ
[HFSFE" SR Shim Rods. Stroke: 67.5cm, Speed: 10cm/min constant speed.

- — FlE%5 Regulating Rod. Stroke: 67.5cm, Speed: 1cm/sec constant speed.

: ﬁ@'ff%ﬁ A 2

. ﬂﬁﬂ%ﬁ'@gﬁ&%@ #m Fl, 51 Magnetic Power 1)k, gl JoF 11174 45

(H 3;= 600 ms, |ncI uding 50ms mechanical delay for control switch).

- ﬁ inﬁit B JDI D Servo Control depends on the difference between linear power

and power setting dial to insert into or withdraw from the core.
34 Hi~ ENHIERER:
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 isless than 2 cps, that means fission chamber is out of order
or neutron counting rate istoo low after long term shutdown. If it isthe 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.

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

3.4.3 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:

DeltaK/ K is4 %.

i R AR
2. ETEHMEIS
[7] ~ IS R 481 zero power, primary, secondary pumps & cooling tower
fans are OFF; NCV open, 4 shim rods and one regulating rod arein the 24
cm position as the Shutdown margin.

“F I7j<rF B8 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 7 ErfEifgi =4 100kw<power < 5 Mw, primary, secondary pumps are ON, two

CT fansare ON for 100kw <power < 1 Mw, three CT fansare ON for 5 Mw. But

normally, turn on the primary/secondary pumps during ' Jﬁﬁﬁ*n}ﬁ@ﬁ EN (e adEAl

2] or core reconfiguration/ {1 ﬂhﬁg\ {1 [[ Fﬁﬂ;ﬂiﬁf ) before reactor starts up.

When in 5 MW operation, 4 shimrods arein the 37 cm position and regulating rod is

in 35 cm position. Reactor period isinfinite.
= FEEEAESN V] E ) key TR qEUE
Suggestion:

Hereisakey point | would like to point out that there are only 3 operation modesin
KUR asfollowing:
1. Core re-configuration mode,
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2. Natural circulation mode,

3. Power operation mode.

| discussed with KUR engineers very often in this regard, they explained to me that:
1). In the core re-configuration mode, it contains two activities which are
"refueling” or "supplying" the fresh fuels into temperatory storage rack outside the
core, so they called it core reconfiguration instead of refueling mode.

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

3). In the power operation mode, their power(5 MW) is smaller compared with TRR-
Il and they don't have middle power trip point in "rod withdraw error event” as
analyzed and suggested by Dr. Yang of TRR-11 core analysis group. KUR also uses
low power high neutron flux 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 modesin TRR-11 with KUR control logic suitation,
and also considering rod withdraw error in our project, | would like to propose the
following 4 modes to replace current operation modesin TRR-11 (OPDD):

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

2). Natura circulation mode (OPDD: Shutdown mode),
3). Low power mode 0-480KW (OPDD: Startup mode),
4). High power mode 480KW-20MW (OPDD: Power operation mode).
The difference between refueling and natural circulation modein KUR isthe
position of control rods. When it isin refueling mode, some of the control rods will
be on the top position as a shutdown margin, whileit isin the shutdown mode, all
control rods will be fully inserted into the core.

JRR-3M has 4 operation modes, refueling, natural circulation, low power and high
power modes. Since there is enough excessive reactivity in Jrr-3M, so al the control
rods are inserted into the core when refueling.

= R

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 atime 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 (Bypassis
possible).

b). Secondary coolant flow rate drops below 50% of hominal rate (Bypassis
possible).

c) 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).

€) When any one of the doors of the experimental facilitiesis opened (Bypassis
possible).

f) When the positive voltage of either of the two CIC power supplies drops.

0) In case of earthquake is above 0.02 g.

h) When the natural convection valve is opened (Bypassis possible).

1) In case of failure of power supplies (V oltage 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):
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(@). When period isless than 5 second (Normal period is 45 second).

(b). When uncompensated ion chamber (UCI) 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 TR
- 4 shimrods: 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.

- If regulating 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, thisis 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. Thisis the same case for reactor start up.

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

- Shimrod selectors, A,B,C,D,AC,BD.

- Shimrod 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 TR -

4.1 g#ﬁr R e (A SUES R R )
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.

- 1regulating rod position: O 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.

- Toinitiate asignal 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 isless than 100
kw.(LCO)

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

4.2 {IVT SRR A A ISEIE, te ik RIS S ) i )
- ik Elﬁ&%ﬁﬁ“' Mﬁ%ﬁ[ %, Turn on primary water protection system (Turn
off its bypass) and turn off 0.3 MW power range selector.

4.3 @ﬁt' SR A

- Put control switchin*“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 pressureis 0.343 MPa,
secondary motor valve open 76 %.

- NCV will be closed automatically by the pressure head of primary coolant
pump outlet.

- Speed measurement for lower down and rising up of regulating rod by three
operators, total time for one way is 57 seconds.

- Beforereactor starts up, with a check list to check power operation mode,
bypass ON, auto power rangeis5 Mw (It will take over automatically when
reactor power reaches 5 Mw), power range switch is 1 w, etc.

5 P

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

2). Put control switchin“Loca” position instead of “DCS’ position.

3). Manually withdraw 2 sets of shim rods AD or BC in turn to 2 cm first and then to
the middle position 34cm (Upper position is 68cm). 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 arevolution 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 turn only one shim rod at atime 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 cm position
and regulating rod isin 35.46 cm 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). In5 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 isin order to avoid the burn up of U-235 in the
fission chamber, 1x 10° Japanese Y en for each fission chamber provided by
Westinghouse company. LCR reading is 510 cps. LCR is 6x10°, period isinfinite, 4
shim rods are in automatic shimming status.

11). When reactor power is 5 mw,

- LCRis6x10%ps,

- Periodisinfinite,

- Linear power: 101.3%
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- AT B MW,

- Log power: 4108kw

- Primary thermal power: 4.98 Mw

- Secondary thermal power: 4.61 Mw

- A =473 Mw (#5)

- A=V 472 Mw (#6)

- ShimA: 60.29 cm

- ShimB:53cm

- Shim C: 50 cm

- ShimD: 48cm

- 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:

- ok s SR A

- Sincethereis 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 shimrodsrisesto 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 atime 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 isin 35.42 cm position.

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

- Put the deviation meter in 1 % deviation.

- 2fission 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 isinfinite,

- Linear power: 101.%

- Y9100 kw.

- Log power: 82 kw

- Primary thermal power: 98 kw

- Secondary thermal power: 95 kw

- A= 0.1mw (#5)

- A= 0.1mw (#6)

- ShimA:43.75cm

- ShimB: 43.75cm

- ShimC: 43.78 cm

- ShimD: 43.00 cm

- Regulating rod: 34.57 cm

- It only takes 20 minutes to reach 100 kw for the KUR reactor starts up.
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- Operator should write down step by step al the important dynamic records
during reactor starts up and sedl it for taking the responsibility.

- Prof. Mishimatell 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. AV

Put the control mode in the “Local” position instead of the “DCS" position. = g {5
PUFLFE =5 Shim Rod [ﬁJE?*] F IE#FK [ﬁz‘éjﬁ * < (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), Hﬁﬁij’?f’%é ﬁj} FI1T SMW 374 i fee £ SOKW( It takes only
1 minute), YA ER Shim Rod = * i<, = B3 5 %55 Regulating Rod ™ [ BRJT?} ot
-, Regulating Rod = ™ &, & jEeds ik “lé ~13%(0.1kw ') ™, period is—200
second, -262 second is almost infinite), Hﬁ [HJ*E; %EH% 15 53 S F A
@%lwwa@mﬁﬁﬁ@ﬁ%@#ﬂﬂ%ﬁwwﬁﬁﬁﬁw%ﬂ
Local/DCS HSAE, I EREA I #Wfﬁﬂﬂw%%ﬂf““ﬂﬁéﬁﬁ*
SERERINCE l’z#r L m? W '?L‘* FL) B Recorder, Chart, Start up
Monitor Fﬁﬂﬁ }{ﬁj’ 4 shim rods position | {¢ PF {4.18cm *Eﬂ(}{’ CRDM i Fl_H
“* high humidity region), 2 Fission chamber | 1£7s K“TU“‘E @LP hJ [ 7 Pump K
i ﬁr[ A= Pump = 7 AR R, IR AR T B I

@’Lﬁ % [ERERE T/UF;QJITF JETHEL:
Spent uel clean up pump
- Primary clean up pump
- Sweep gas blower
- Cooling tower pump
- Secondary pressurizer.

1’{7{4\4@1_’]\_; F[’]'IQ(FI%U&J [/F%J;+H‘t[[j o }Ljijj}jjigé[l—‘ IEIF[ J‘E‘lik‘l‘
g EU £ r}g’]\{ltul [[ - hJ [H I~ Pump i BT l’gjt] FIJ%\ Flj LR I’Eﬁ}l—lT
,L f pL-F PR, PN TE E k) & - g *F"En = qu’?fF l’]ﬁr@%ﬁfm BV B,
AR e TR AR
H fﬁ%ﬁlu: ‘%< ison the di splay monitor, operator conducts the shutdown
procedure step by step according to the “ f41- *ﬁ%yﬁﬂﬁ%” to finish the reactor
shutdown.
5 R Fl3 (Building Check): 1 time per shift, 2 times per day, 9 AM and
20 PM.
6  Hi= BRI
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° cpm.
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 R ELF
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9.1 FHIFIH =

- For new fuel, before loading into atemporary rack in core, operator hasto take
the new fuel from new fuel storage office under the supervision of Prof.
Mishimawho has the key and digital code to open the office.

- Thereisaseries number on the surface of the new fuel element.

- For new fuel, before loading into atemporary 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 atelescope.

- Using specia handle to close the top core shielding.
- Overhead circular crane move circularly (not trandlationally ) in the
confinement building.

0.2 H SRt =
For spent fuel, after burn up reach 25%, withdraw the spent fuel to the temporary
rack for 40 daysto 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, thereis
only one spent fuel generated per year, the fuel cyclein coreisalso one year.

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

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

- Open the canal valvein the first floor by along 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 isvery low.

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

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

- Inthe previoustime, all above procedures are operated automatically, but it
had too many troubles, so KUR changes it to manually operate now.

0.3 SR e (=
- 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 acanal. All jobs are underwater by using an underwater lamp which lifetime
isonly 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 along 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 aspecial cover to cover the fuel transfer tube in the core tank.
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- Withaspecia design tool to close the top shielding of the core.
8 SRR
1). Primary Pump x 3:

- Two of them are driven by 440V 60KW offsite power, one is driven by
75KVA CVCF (UPS) for 30 second (By Japanese Regulation), actually 45
second to keep core flow and avoid lower than 150% CHF.

- Normal flow rateis about 900 m*hr and pressure is 0.26 MPa.

2). Secondary Pump x3:
- 2/3 operation, al driven by 440V 60 kw offsite power.
- Normal flow rateis 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:

- Intake and exhaust ducts of reactor building have water seal to avoid radio-
nuclide leaks out of confinement during emergency.

- The emergency fan flow rateis 10 m*min to keep pressure lower than
atmosphere.

- Thenormal pressure inside reactor is 0.5kPascal lower than atmosphere.

- Thereisno vacuum breaker in KUR.

- KUR confinement |eakage rate test is conducted by STA(F £ %[§L5F="]
E‘fﬁﬂ ") each year.

6). NCV:

- NCV will be opened automatically due to loss of primary flow head after
turning off the primary pump during reactor shutdown.

- Close NCV when reactor power is 100 kw.

- If NCV has been opened during reactor operation, then reactor will scram.

7). Thereisno auxiliary pump in KUR.

9 Earthquake Requirement:

Design earthquake is 0.6 g, scram earthquake is 0.02 g (20 Gal, 1g = 980Gal).

Kobe earthquake: 200-250Gal, 1/17/1995, 5:47AM.

10 = ?}”ﬁjﬂ:i'

1). 5 4*F"[ 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 cold sump pump, etc control
and indication.

- All pump switchesin 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, thereis
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.

- - Shimrod/ regulating rod position digital indicator (e.g. 38 cm).

- Shimrod selectors, A, B, C, D, AC, BD.

- Shimrod rising inhabit lamp.

- Regulating rod rising inhabit lamp (When rising shim rod, this lamp light).
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6). Control rods position digital indication.
7). Power range selector: 1 w, 10 w, 100w, 10kw,...1Mw, 5SMw.
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-13pj¥, B-43p]Es, TCapjes, D20 3=, E-3 shielding, Fuel storage pooal,
- MCR, ion exchanger room(5mr/h), basement experiment, % 1 (5mr/h).
- IX column 1 (8x10? cps), IX column 2, % Fi(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). Thereis no door key for the control room in KUR.
11 %*‘ﬁ%‘:
- With acover shielding which is operated manually by a special design handle
on the top of reactor core, also there isasmall observation hole in the cover
shielding.
- Without decay tank, without thermal layer.
- Without core tank |eakage detecting system.
- KUR core tank materia is Al-5052, 2m in diameter, 8min height, 12mm in
thickness.

12 BRI

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.

Thefirst criticality timing was described asin the 1967 KUR annual report:

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

- 4 shimrodsand 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; aswell as fission chamber as the neutron detector.

13 RE T
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Normally, KUR will shutdown for almost a month in August, so, after shutdown
for amonth 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 alot of dirty material which is gamma emitter
inside the core, BF; counter will be affected by gammaray, so KUR doesn’'t use
BF; counter for their start up after long term shutdown.

16. ﬁFJ B[S iR (Alter native Shutdown Panel):

There is an emergency scram push button and radiation level, high temperature,
earthquake indicator in central management office(f| I%&EFE,I %).

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 turn into tritium,
so the amount of tritium in heavy water system will increase gradually. As aresult
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 Tritium amount(uc/ml) Date
36KWH(-0.0 MWD) 0.0033 7/20/1964
24,227TKWH(1 MWD) 0.069 8/18/1964
120497KWH(5MWD) 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 isonly 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 T3
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,O into system in order to reduce the T2 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 is420Ci /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 mBg/cn®.

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

As asupport information, NIST are limited to no more than 5 Curies per liter of
tritium in their heavy water, based upon a possible |eakage analysis related to the
Technical Specifications, NIST actually restrict it to less than 2 Cill.

18. Ry¥h 94’2 CCTV:

e ST

61



- Heat exchange room
- Core
19, " F} k-
19.1 KUR fﬁ
- 7 shiftsin aweek, 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.
1 chief supervisor per research reactor. (Required by Japan Science and Technology
Agency regulation). There are 7 chief supervisorsin KURRI until now.
- There are 30 people in KUR operation and management division (including fuel
people).
19.2 KUR s 5 ~ 2
2 *~, 74l 6 months.

20, SREE W B

1.Primary cooling system performance test.

2.Secondary cooling system performance test.

3.Power calibration £5:¢1 7 13H] kR

4. Thermal neutron flux distribution Jf[| 785

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 experimental 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. H&Lﬁiﬁﬂj@ﬁ’ﬁ“@
180 gram U-235 per fuel element.
- lgramburnup=1MWD.
- 25% burn up per fuel element.
- 180x0.25 = 45gram per fuel element can burn up = 45 MWD
-  KURisoperated for 70-80 hours per week = 2000 hours per year operation =
420MWD = 420 gram burn up in total per year.
-  Thereare 25 fuel elementsin 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. YRR A T
7R H;f NGl J%T =) (5 I“b—FFZ/[l
- ColdJ Neutron Source Abnormal
G TR E = [ R, A - TR R (RS T
F 2 (A E
1). Deuterium gas buffer tank pressure high/low for reactor automatic rundown
scram:

62



F'I~ Kg/lem? for low limit.

4.5 Kg/cm?* for upper limit.
2). Pressure of vacuum chamber high (Vacuum chamber ® 2+ ):

Thereisan alarm signal when it reaches 10 Torr (It indicates that thereis air
leaks into the vacuum chamber, it is 10”7 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 isfilled with Helium
gas to remove the gamma heating and cooling for the moderator cell, the normal
pressure for He gasis 150 Torr to make sure the moderator cell temperatureis less
than 125C°(Otherwise there is Al-5083 Mg deposition to initiate the crack), when
the He gas pressureis aslow as 25 Torr, thereisan alarm signal in the reactor
control room and results in an automatic rundown scram.

Low Temperature Loop Abnormal,

Experimental Beam Tube Door Open

B RS

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

- Technician office( %2"): responsible for all the maintenance activity in
KUR.

- B2l fTFJFﬁ[E[T‘;«' £ (Critica spare parts) :

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

e. Processinstrument:
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.

. BIFE:

1999 F 9 F| 30 [, 7k [ 14 Puikitt UFGAISRIE (= el b it Fijf gt &+ &, |14

Science and Technology Agency  foIs M ™ |~ ol 7 E&L%ﬁﬁ( Emergency

Planning), ! KUR [ o e | T .

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 postul ated accidents to be 300meter for his
5Mw reactor, Prof. Fujitasaid it is very consistent with STA’ s requirement.

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

j. According to the USA ANSI/ANS15-16-1982 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 {fi[llF" ¢

kK. KUR still wants to use 500meter as their EPZ.
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F’ SR I H = VRS
i’; i JH TR R

mjﬁﬂq‘%rﬁl% A ERTT H1- R4%(Cold Neutron Source Facility) i fl 1= %[ 57
Wujﬁ[ ﬁlﬁ# 1986 = | £ E'ié% R_‘quflw Wi :TF’?{qulH TR - ik
J"}[“(DGUte”um)lmnuﬂtyﬁqi [/{‘IJ AL, R ES }T‘ EJHI F[Ljﬁfﬁé&fl( tering

CrossSectlon) K EH\ ILH%W?L?E‘*? :“’? WWJHH T @%?ﬂﬁﬁ 4

S P 20 «;;, LS Al 5083, [N L4 A & 5000 f/IJ | BRuEES

£, *E'Elfﬁf/ﬁ & 0000 f%liﬁ {8k ”%i%ﬁﬁ' 'JF”5000 3, W’E 1= B
u

ifjE! (Neutron Fluence) & pﬁbﬁuﬁ‘y:’fﬁ Deposmon =R, _F]J:ﬁﬂ"\%’_ﬁH ealEs
[ UE] MW, ;EEH\::%HI% R 3x10% n /sec.om?, FEREEE 1= PRl E 107 n

/sec.cm? )% EJ e VR (FRL TRR-I 2 20MW, $8 A Z4 1275 ;gyﬁql_
3x10* n /sec.om?, F A=A 1 I, {7141 7 & 6000 £ Al 6061-TS,
[FVs g

@W**@gﬁﬁﬁmmh4ﬁ%TE@“&”f HATRBUE D 14, i O
25 Fljﬁfﬁé&lﬂ [ﬁ_l}[x EM@:HH ?F" s T;Eni_ﬂ & fsom A TRR INEE
”ﬁ'jt':“l’ mﬂ\yﬁqu N

=T AR Wav engthﬁU'iA A=, e B HEIEATRL ﬁ;p&ﬁhﬂi@z\
&ﬁﬁ#&#”[/ﬂ%"*| IR T AT S "LI'JIE’rh H1="(Very Cold Neutron,
VCN, Wavelength :30-300A)) » (1 [1= (Ultra dNeutron UCN, Wavelength
>580A)! | ﬁ”gutf{ﬂ%’ﬁ% ’4

- %W““ng VS HH f y[E'[ A1 7J'F'JZ_[/ 19% - 2%, I 1) .J%“‘*J
T F‘ Bk Jg'g Wavelength—‘\jj" A l/(jj Fl 150 AEHEE i i vaé@f}a [ﬂt

R RS FRE Y # 1 PR Gamma Heating = Vil Lﬁf}ﬂ%r,,ﬁ] J‘@]E{“
AT TR

B **EH ’EEEM%*F’%‘{?LHli'iﬁﬁ%’éﬁ”@i' %5715\ Thermal column(1.5m x
1.5m x 2m depth)[* |, 7 'R 25T F | 20em BV BV, [ X Gamma Ray &
‘”N[l;'?ﬁ GammaHeatlng %/ Jéﬁéfp' FIB’B;[a%dFHi\ M b&;n;1 EE&%W&
14 Nippon SANSO ** F ﬁrm’[zsﬁu (B AL /A5 F,gr;@wgw@g 5

5.2. 1 - IR RS A (R

{‘IJ [H ?Flgll%l?j}gﬂ EJ4 flat: uL@IF[’i'F v]LFF[ [,[E{{L@rﬁlg ¢ [/I ﬂ‘ﬁrﬂ
F. = Tk R
1). Deuterium gas buffer tank pressure high/low for reactor automatic rundown
scram:
1.0 Kg/en?? for low limit.
4.5 Kglcm? for upper limit.
2). Pressure of vacuum chamber high (Vacuum chamber g 274 ):
Thereisan alarm signal when it reaches 10* Torr (It indicates that thereis 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 isfilled with Helium
gas to remove the gamma heating and cooling for the moderator cell, the normal
pressure for He gasis 150 Torr to make sure the moderator cell temperatureisless
than 125C°(Otherwise there is Al-5083 Mg deposition to initiate the crack), when



the He gas pressureisaslow as 25 Torr, thereisan alarm signal in the reactor
control room and results in an automatic rundown scram.

5.3 411~ YRRAG PR I 1

? F TR p s (7 e (5 — s g %)

Logbook {1 ﬁ ,H[J:;}}J E;?J

Operation plan FE§J

Purity of Deuterium gasfféf.?: (< 25 ppm), if air intrudes, then its purity will exceed

100 ppm).

5. Purity of Helium gasin the refrigerator 7 Pgl“ (< 25 ppm, if air intrudes, then its

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

Control panel alarm clear.

Interlock key isON (so CNS alarm signal can be transmitted to the reactor control

room).

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

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

10. Control panel CVCF (it means UPS) isOK.

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
gasin the reactor building if close thisvalve).

14. Fire alarm system is OK.

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

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

17. Secondary helium gas release pressure (Helium gasis 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/lcm®G).

21. Vave 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/cn?G).

P.W!\)H

No

SAIH I~ I R EprE -

1. #&4 Cooling water system.

2. &g Cooling tower water system for the helium compressor and

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

service water as the cooling tower system).

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 gasin 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.

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.

o o
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7.

8.

9

{The emission current is5 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-I1 until now.

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

I Refrigerator, control turbine speed and helium flow rate in order to force
helium gas into the refrigerator and then the moderator cell.

. Refrigerator ¥ 5 'J‘E%']:, ELENE REVE S 100 K, PG S 2450

ion pump, vacuum chamber 7 € 273, F fii= 1.9 x 10" Torr.

10. Refrigerator & f iz 14 [, £ L1 HEE HE 24 -28 K, [P [SIELTfEFF - 8

1

.
1. With PIC (Pressure Indication Control) to control the pressure of deuterium gas
in buffer tank at 2.2 Kg/cm?G (Setting value is 1.95 Kg/cn?G).

12. Waiting for reactor full power operation.

5

1
2.

3.

S = TR R S A

Cold neutron source is always started before reactor starts up.

It needs 4 hours for evacuating the vacuum chamber and 1 hour for the safety

check, it al'so needs another 6 hours for introducing deuterium gas into the

moderator cell, so it is suggested that we start the cold neutron source facility one
day ahead of the reactor start up.

Vacuum chamber [ 2+ PR-V 102 (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.

. Vacuum chamber ﬁ"J 1 =} PR-V 101 (Low low pressure gauge, <102 m bar) is
a 500 volts and plate cathode type pressure gauge, very endurable for 15 years
usage).

. Thereis 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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