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Measurement of Concentrations of y -ray Emitters Induced in the Concrete Shield

of the JAERI Electron Linac Facility
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Measurement has been made to study distributions of y-ray emitters induced in the
concrete shield of the JAERI electron linac factility. Core boring was carried out at seven
positions to take samples from the concrete shield, and y-ray counting rates and y-ray
spectra of these samples were measured with a Nal(T{) detector and a Ge semiconductor
detector, respectively. The following radionuclides were detected in the concrete samples:
®Co, 13Cs, 5?Eu and '™Eu generated through thermal neutron capture reaction, and 2Na
and 5*Mn generated through nuclear reactions by bremsstrahlung and fast neutrons. The
relation between the distributions of y-ray emitters, as a function of the depth of concrete,

and the positions of core boring is discussed.

Keywords : High-energy Accelerator, Electron Linac, Induced Radioactivity,
Concrete Shield, y-ray Emitter
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1. #E5

BRI F MR T, RSN —RE—- AR TNMNY —F y FEIIARLUZRICE
D RBERITED, EBARTTOMDERE, NERERNOEI PRSI N,
MEHE X N BCEEYE, NEBCRFERLEDOEDMERENIILDADEREOHIT
TR DH E & BT, MR ORERUBERITIIHNEREEY 25 LW T, HESOH
ESHEPRROTII Y P a DV OBEN S, INREOFBEICHVIESRECREORE
PIRIZER S NAMEREORESAT LB T ZLENS 2. HIZIZ 7 U— M, ERdK
RUBBOEELREESNE LTRBICAVWSRTWS 2D, 227 U— MITERS NS %
BEOSMIIHT MR TERTH S,

B TR F MR O 2 > 7 ) — MERETICERT NSRBI DL T, INET
LW O ORIEREHEIC S BFHIARE SR TS [1-8. LhL, ERI N2 REHEREN
ERAEDOPRIZBNTEDL IR AMEL TVERNTDNTIET — 754872 <, AAIL Armstrong
5 (1] ©&tE, Urabe 5 6], Kimura 5 [7) RU#AS 8] OAECR SN TS, LT,
MESFOBEPIFRIFT -, E—AHAREL, £ERINIHHMEEORR, BRELUIM
FOBEBREAHIETHEDINE, LV OMERERICIBTEERAT - OEFNFARTH S,

FH|TIE, FHAFERENOET) 27 v VRRICSWT, F—Fy rE, MEEEFDOI
0 — MEBENS 2T RV AL DRBERRL, ERFARIIRET D v REHEEO
DHEREL ROV THRET 5.

BFUZT7 v o EFRRAOBE

HHAWEROET U T v 7 RS O#E, MEBOHERVFIRAEIIDNT, RROHIZ
VEREELTFIZRRS, L0FELNHAERR, XK (9, 10) TEdhEhTnd,
HEMEMORHCET U Z7 v 71k 1960 EICEFI N, TOHEMN 10 £/, EEPEFHE
MOBE, RI OEEFESICRH TN, 1970 ELSETFE—LOLANF-RUBNELT
L OMATERTOR, 1972 FRERLAEZEFY 7 v 713, 1993 4F 10 A 3 BITEELZ#
TESETH 21 £/, THTHERUNEZHBD & THBRARIEICER S 71/z. Table 1 KU 2
iZ, 1960 EICBRINAEETFU T v I RCENTIHRICLD 1972 IR LAEETIZT v 7,
FONFNOMEEZETT . Table 3 1K, 1961 05 1993 EihiT THAKZRZHAL TiThhic
Bige sy — < EINES ORI A ERT (10, HALFEOE—AMHAE, THEiTEHBRLT 24
PlEsmlz, £&, MEBSOHNAKML, BHATEEROAVTEA &ML TR, €I TH
TOHREE, BWHITEEORRIIDNTORENSD,
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KA TEEGOBT ST v YRR EERO RRRERT. BFHRICL D AN ENE
BT, 5 AOMEETHEO T RN — S TIES N, RAREICL 0 ZRAMITECTE
RENOE— AREEREONTENE, E—ABEER 3 AS D, TOKE (4 8 0y —
¥y NESEMEH, ThTNTFTHOgMCRmaNT:,

o TC: # 25N F—0w b, MEFREERSY -5 v T, RITFMEICL S B8 FIIEHE
DEIEIZHWS N,

o TR: HEY—F v b Ty VZABEREAY—T v T, (v, n), (v, p) KIWEFFRIAHLE
RI OEEMTIZHE W5 7z,

o TLg: BT REHA,

e TLe: #>2%) + A5 —5 v b, HHTERERHSY -7 v T, RIFBEMEICE 23T
BT ORFEICH W B U,

TREDS =y hEE—AREED ERIZ, TO®%, BARET <A bo kT LItk
DARDES ICKES Nk, TR OREICIE, EEEEFAALROEDI, BETHREMAS >
H—4y b & THEERE S (1086 4F). 7t TLo BMEEN, 34 U— MRk
DA BB XN B TR /2T, E—AREEOEE, BEE N (1080 ),

3. EE

3.1 3ArTU— hEREDSDREEHRIX

TSR OEELIZ XD T 0 ) — MEREHICERES NV v BREBECHFA ZHEAS2D, 3
Fh—USFickoary)—rREEER L. Fig 2 TR U/ NBEENETNDHNET
OR—1) T OEESEFRT, 22570 —bEBHE, MEESE-—LBmRELFEIR IS, B
R 5 cm OFIKTRZIZIZTEBET DL IR L. TCAADOD 7 ) — MEREEEIZIE, Z

CEFLZRETEST 10 cm(f8 20 cm, &S 5em) DM T Oy IR EN T2, Nol
OB TEICH T Oy 7 2R OBREHABCRERRET o2,

B U -BIROEEHNT, + BART FMVAEOEBICRIERKICANSZDIZ, ¥1VE ROy
#—T 10 em MRRICYIMT L7, EREOFIETERE, 9L A3 70— MaBOTEE, F5T
HE45cm EX 95cm, BE 22g/em® THot,
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Fig. 1 KA TEUHOEFI ST v V BREESO AREETT. EFHICL0ARENE
W3, 5 ADNEETHED T ANF — ETILES N2, ROMEITL D EREIIIECTE
RENOE - LBEEEVDT 5N 5, U—ABEEIL 3 ASH D, FOAM (4 ) I3y —
By NEAERE N, FNENTEO IR S Hs,

o TC: ¥ 27N F—5 v b, WHFEREERS -7 o MT, MRIGHHEEICE 2R FHEHE
DRFICHWE N,

¢ TR: B&¥—% v b, Tyl ABREAY—7 9 FT, (v, 1) (v. p) REERALE
RI ORI 5 AU,

o Tlg: ETHREHA,

e Tle: #2%) + Wy =% v b, W EFEAEERS -7 v b T, ROBEREICL 2T
EHTOMFEICH O LI,

INEDY—4 vy FEE—LBEEO-ERL, TO®E, BEAWRT b I Eick
DRDEDICKEE Nz, TR OEITKE, BEBETHRAEROLZDIZ, BETFREHRS >IN
F—5 oy EFETHEESRE S 172 (1986 F). £z TLe @#EEN, 320U MERE
OARIICHRESN-E TR C/ET, E-LBRRENTEE, BEINSZ (1989 £),

3. RE

3.1 327U — MERMENSDERFHRI

M OEERII LD I 7 — RERRETITERE N v BREBBOSHZRRLLD, O
FR—UFcE0a> 7 — FRABEREBRLAZ, Fig 2 0h—-U >/ NBEFNFNDNET
DR-) T OFESERT, 27— RN, NMEFCE—LHBEELIFERLEI NS, B
B 5 cm OBIRTEZIZIFERT AL DR LA, TCHAODI 7 U — MERETIE, =
WEBLERETEZ 0em(@ 20 em, & S em) DT Oy FBAEEN TV, Nol
ONBTIIIOMT Oy 7 EROBRERBCEREZT >/,

EE L7 HROEENS, v BARY FVRAEOBIMEREIIAND DI, F1YECRAy
&—T 10 cm HRIZERI L7z, FREOFIETERE, vkLALa 20— FEBOTEE, #I5T
B 45cm, £E 95cm, BE 22g/cm® THolk,
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3.2 Nal(T/) #®EEgEERAWC v RTHEOAE

Nal(TO) IR A, 31 B TR FETHRRLAI > 7 U— PEBHIDWT, TORTS
FITO + BaHREMEL . MEEBEBOERNE Fig. 3 1RT. BIEC %1mn@zujh&
B E 10 cm OMERE AR, AMICEES3 127, Eé34/?®\ﬂﬂﬁﬁ&
M-, MIERKORER T, HO KX B(T5keV) 2Ny P TEALDIZES 1 mm DA R
T AR EES . REOBRLEERHEORLES—RTHLIICHS ERBEL L AROHR
LAZ y FRIEICSREL, UEEE2E8bETIORCERLIZ T - FABR 5O 5 = A
ey REBLTEHHLAE., REEMSOESIT, MEMEBSED S EREHRERT, ¥ mE
B NA Y L —TEHE L, HERANLAULE, 50keV 5 3 MeV @ 4 MEFET L3I0
L WEIS R ORGSR IR U 300 s, E2iE 500s &L, F—F v bE, Tl
MEEZICHL TWEEHEE Ocm &L, MBICEDEEENRELENLTS 0~ 20 cm & HiH

TiE 1 £ 2 cm MG, FALETIZ 5 £21 10 em R TREZT > 72,

Gy — Rz VK T RO FRROBNMRESEENTED, MEREOERIC
U%ﬁéhtﬁ%ﬁﬁ@ﬁ%@vﬁﬁﬁﬁéﬁéﬁi,LQ%%®ﬁ%ﬁﬁﬁbﬁlTéﬁﬁ$
DELERPENSD, 4 ETHERD LI, Ge LEARNEE MW y AT PO
%%T@,ﬁ—beu%\b4T%Hbt:/bUw%ﬁﬂﬁb@%%@ﬁ%ﬁ&@b#ﬁﬁ
XATWAEY, BT, CORBO 125 cm (GESHEEICE L ARG TOFEEE, Tl
FIBFBNY I IR E L, RHTEEEE apr, (cps) i Ny 725 RadBDE
HROMMBEED 3153 0) &L, KRITE>TRDE.

”ML22{2+VT%Y+4%(Q*EJ} (1)

TIT. t,, t 1, ENENRE, Ny 7T T ROMWERE (s), ny Ny 2 T T RER
B (cps) THD., N 7777 FEEOMETE, ¢, =500s Tnp = 390 cps THOLLD
sl OEIERERDS 5008 D& E, npp, = 0.38 cps £E7ED.

3.3 v BARY MR

Cle MBGRINIRE B N BARY FAAHICED, 227 U-— MR OZE I EORE
%ﬁmbtumitﬁwtﬁﬁwﬁﬁéimk4tﬁﬁaz&bb»wﬂﬁ&U%ﬁi,ﬁﬁ%
N B ATAY T R IT (11 EROTE o

v@z&bh»ﬁ%&@i&@%ﬁ%%ﬁ?ét@t,M%ﬁﬂ&ﬁ&@U%ﬁ&U%ﬁ%ﬁ
AT EEEGEEERL, 2TRLF—E—7 RT3 - HFRMRERD . REMAK
%ﬁﬁ@ﬁ%ﬁ@,mﬁ@ﬁﬁﬂFintﬂyF&UH%M@KHMMMEL&ﬂﬂ@@gi
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2%y &MV, RS [12] OFEICED, H—ERESAZHDER 450n, BE 95 cm, %
B 21 g/em® OMAIRRIEZERLZ, BRI 3 DERL, REMOF— 2 Roids2&12D
WTHFEEZTT> 7=

Fig. 4 ICE— 7 BRTFER OIS S RTEHEERE OB E 273, BHREZ, /L AR/So
VT TEERT L0, 77 UNEOGFEEEERWTREEERT, S WHEET.OE T 11.5 cm
BN EIZEE L.

Table 5 121, 3 DORIEAKRBEBREZNTND v BARZ RSB s FELRLTR)L
FoU—VildT - HEERT, E-UEI 3 DORFEMTES —RL T3, -
JIERTHIE—IRE I DODOFETEEL, INE yBIXIF—ICHL 7Oy FLTESH
Y — B E Fig 5 177,

G270 — FEROREE Table 4 KT Fig. 4 (TR U &M T, BIEREIIEE O 4
MBI T 1x10%s, £/ 5%x108s &L, BIEEN: v BAXRYT MASFNFNOHK
BOFEREIFNF-E-VOFREED ST, Fig 5 OY—JARMEFZANTEREI LD
BREZEELL. SOCINSIEDNTHFEERICHTI2HEIEZITV, IMESRNEREETL
721993 10 A 3 BB T H HEEBEE G-,

4. B

41 ALV - bORIAMICHEIT S ~ RHHE

Fig. 6 iZ, Nal(T¢)BRHBERWTRIEL = v FeHEE22 7 ) — MEREERE D & O
ML T Oy LR ERT. FHEEIL, TC O/A (Fig. 2 @ No. ) S I L=R2E1NED
A<, KNT TC OTFER (No.5) RUEDRTH (No.7), TLr DRTA (No.6), TR OfIE (No.2), &
L TIEEE (No.3) DIBITEL 725, 272, /LAEHAE Nod) ORBHIB LTI, BEAK
ENBoNLMo, Nol, 5 RU 7 DREO v WEKRE, REMBEICLOEGHIRZED
DG, REDPS 3~6cem HEDTRINERZD, ZOHITERCHLIIZHEEBPEMICHEILT
W3,

4.2 B#%IBHEK

Fig. 742, No.l MSEBML~ 0~ 10em DT> 7 1) — FaRED v AT FLERT, MNiES
OEEIZ L ORI N HEEEE S LT #Na, i, ®Co, MCs, %2Eu KT ™Eu @ 6
FEAFEE SNz, BHED v BARYT FIVORGERR, MESOEEKETHSH 1 ERITfrbnk,

—_— 4 —
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2%) 2RV, JIES [12) @AEICED, -2 BEESMEZRDOERE 45cm, BE 95cm, &
B 21g/em® OMBERBEEZERLL. SFEIE 3 DEEL, BFEEOE—7ROESDEIZD
WTHEHEZ T 2.

Fig. 4 (¥ — 72 BAEFF OB HE S RIEBEHGEECEEZ RT. FHEEIL, /UL AD/NA
N7 TEEET L720, 77 UNVROEEZHNWTREERED S EERET.OETH 11.5cm
BEN=frBICARIE L7,

Table 5 1214, 3 DORERAKRBBEZINTND y BART M heH oI BARe2Ix)l
F-E—2IlWTLE—IURELRT. E—IWRE, 3 DOFFM TR WL THE, HE—
JICHTHE—IHEE 3 DOBETFEL, IHE yBIFRNF-IHLTOy FLTHSH
JmE— 7 BhERE & Fig. 5 1TRT.

a7 — MBI ORIET Table 4 BTX Fig. 4 i L& TiT0, RIER BB OB EE
BBEEITIEU T 1x10%s, FREE5x100s &L, BIEESN 4 BAXRT BB SFHNFNOHE
BOFEREIALF-E— VD5 EMEEDH LI, Fe 5 O — 7 HRMBEANVTHEEI SO
BEEEHLL, S5CINSEDWTHHEREIINT SHEZTY, MRENELEZKLTL
7= 1993 £ 10 A 3 BIC BT 2 MG EiBE £ B,

4. BE

4.1 a2V —+rOREHMEICE TS + BEHEHE

Fig. 6 iZ, Nal(TO)BRHBEAWTAIE L/ v BEMEEEZD >0 ) — MERERE 5 CHEAE
LT Oy B LARRERT, SHEEIL, TC OTS (Fig 2 @ No 1) S HFER L ZHENRD
B, KT TC DTFE (No.5) RUEDETH (No.7), TLr PHIA (No.6), TR OHIE (No.2), £
LUMEEE (No.3) DIEIELS 25, £/, /NVAERE Nod) DRBHIIBWTIR, FELFAE
EREBSNEM-. Nol, 5 B 7 OHEO v BEHEZE, FIEICLDEMEZRLS S
OO, REAMS 3~6cm SN TRAEARD, FORIESIHLIZEZEEEENIHAILT
Wa,

4.2 #%iEER

Fig. 712, No.l ®SFELAZ 0~ 10cm D2 7Y — bEE D v WAXT PN ERT, TEEE
OEEEIC L O ER SN MEEEE LT 2Na, ¥Mn, %Co, ¥4Cs, 92Eu RN 1MEu O 6 1%
BORTEING, AFED v BARZ MVORIER, MESOEER TS 1 FRITHONL,

— 4 —
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T OFD. MEEEDROI LS ) — MIZERINDERRE S L THOTE [4, 6-8 IXHL
THESNTHWAKEDS S, HENEmLIOEN S (LM 83.8 B), PFe (44.5 H) A
BOHi 8570 (2441 B) R I T THRRIBI NS o .

N AR FVEBWTAZINAHEDS S, PNa OEFRICAND 12745 keV OV —7 (K
&%9%”@@,mﬂuDHMA&V@E—?@5%&EEéQ%:TH%%@E@%%E%
FoTit, =7 7233 keV OP—7EZFAWNT ¥EuW 2FRL, KT 12745 keV OE— 7 MK
e MEL L AFE5EELIE “Na OBEEZRD,

ngm,&E:am%ggﬁﬁmﬁﬁﬁ5®ﬁﬁtﬁbrfmy%bt%%%%?@hA@
S S, AREAIIBWTAERBEO AT OSBRI INEN o, Nol OR
BHz 5175 0Co OEENL, 10 ~ 20 cm BT 20 ~ 30 cm ORBIOHE@A, THo CHED
%é@ﬁﬂf%%ﬂtﬂiﬁ#%ﬂﬁbt%@&@,%@%m@%%bkoitﬂnn%,mw
90 em BT5 20 ~ 30 cm OREMNSOLREINTH D, TOMBORS THRETRBEZT
HoTiid, 5 2 DOREHIBNT 0Co, ¥Mn CEBESBNMEZRLAOE, MR
BGHDH D, TOREHETER SN 0Co, ¥Mn NEENTNDEOTHD, T OMITIRI
S8 No.6 D 0~ 10 cm KT No.7 @ 0 ~ 10 cm DEEHT LA MEENTHLE, INODOHR
ﬂ?@vﬁ%ﬁ$®winﬁmf%,&ﬁ%ﬁﬁ?@%ﬁ%ﬁ%@ﬁ&Q%étﬁﬁéﬁ;DE
KBTI EMEDSNTNS (Fig. 6(a), (), (g))-

B T L ¥ B TR B A REE, MRS By — Yy MEICAR LRI
%@ﬁx5~FT%&?%%@W%%&%*%?tzmﬁﬂiéuxm%%T%5ﬂ6%¥E~
A@I$»¥-ﬁﬁﬁ%hf@,ﬁ%ﬁﬁﬁ@%ﬁﬁﬁﬁ&ﬁﬁﬁk%<ﬁ~fyb%ﬁtﬁm
T%%%moit,%¢ﬁ%mﬁ@ﬁ%ﬁi*»$—ﬁ10~w3&vwﬁﬁfﬁzéék#%@
Wm;&%wﬁzféb,9—¥v%ﬁﬁ®i<m6htﬁﬁé%<a,&&%ﬁmtﬂméﬂ
6[Bkka6K@,qﬁX&DF»%ﬁTﬁﬁéHKWEKOWT,ﬂyﬁU—bKaihé
ﬁiugﬁ%ﬁﬁﬂ%ﬁ&@#ﬁ%t&Déﬁéhéﬁmt%hewﬁﬁﬁﬁﬁ%%io@m,
IM&,w%uﬁﬁwﬁmma¢ﬁ%ﬁﬁﬁmm;nme,it,”defMMDMﬁ%H%ﬁ
SHEPH R LA TFRERGICE DERSNZEEZALND. _

TC #iAD No.1 & TLg BIAD No.6, =7, TR fIFED No.2 & TC TED No.5 RURDHI
EO No7 SRR UARED y SEAKEEEET S S, 320 - FORR{OEGVRE, TC
s TL = TR EA &~ TEy, JOEH& LT, TC ZHA L7 EZBREFHEA TL KU TR
DREEEL BN &, TC PHFHERRMEHTE I TRERERDILDOF =T

— 5 —
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COf, MEEEDOT ) — MRIZERINAREMERE S L TROR 4, 6-8) IT8L
TRESNTOAKED S L, HEHPEMMOE L S (CHEM 83.8 B). ¥Fe (44.5 H) REH
godin 70 (2441 BB I TEBBENED o
qﬁx&ﬁhwm3mfﬁﬁémt&ﬁ@53Q%amﬁﬁtmméum5mvme—b@£
&%999%Ni1“awDMMAmwan&ﬁm%9®&§méu%:TH%%@E@%EE&
FoTid, =7 7233 keV OP— AT ¥Ew #FBL, KNWT 12745 keV OE—JHM
5 BMELIcLAF52ELEE 2Na OBEEZRD .
FgSK,&ﬁft@%ﬁéﬁﬁ@ﬁ@@BQE%EﬁLTny%Lt%%%%?ﬁ%A@
S 5T, AREAEICBWTHERBEO AT OREHERBIIRE SN o2, Nol OR
ﬂﬁﬁﬁ%mmo@%ﬁﬁ’mAJMGn&UQUchm®ﬁﬂ@m%@m,%ﬂ%@@%®
%é@ﬁﬂf%%ﬂtﬂi@ﬂ%ﬂﬁbt%@;@,%@%mﬁ%%btoitmnn%,mm
mcm&U20~%cm@ﬁﬂﬁ%@&ﬁ&éhfﬁb,%@ﬁ%@%éf@&&?@ﬁﬁ&?
HoTub, 205 2 DOREHIBNT 0Co, ¥Mn CEBENEWEERLAZOE, BT IR
ﬁﬁﬁﬁ%@,%@H%k?iﬁéﬂthxMMnﬁﬁiﬂTm%ka%%o:@ﬂtﬁﬁ
ﬁﬁN@ﬁ@omunm&UNa7mowmcmwﬁﬂm%ﬂﬁ%ﬂﬁihfmtu:nema
ﬂf@vﬁﬁﬁﬁmwimsmfﬁ,ﬁﬁ%ﬁ%?@%&%ﬁ%@ﬁ%@ﬁétﬁwéﬁiD%
<HD T EMEDENTWVD (Fig. 6(a), (), (g)-

5 ZEE

BT F—E T IR R BT A HEEIE, MESNE-BFRY—5 v FEFICAR LRI
%mﬁzﬁ—FT%E?%%%M%%&%@ﬁ?tztﬁﬁﬁéuxm%%v%5n5%¥e~
A®I$w¥~ﬁﬁm£mfm,ﬁ%ﬁ%ﬁ@%EMﬂgmﬁﬁﬂk%<ﬁw¥vb%ﬁtﬁm
T%%%wait,%*ﬁ?mﬁﬁﬁﬁﬁl$w$—ﬁ1&w%l&V®ﬁﬁTﬁC%Ek#%%
RiZE2HONETHY, F—7 v SETAD TN EEERLS &, BESANITKRhEN
éuaonmmamm,qﬁx&ﬁbWﬁﬁfﬁﬁéHtﬁﬁnowT,:yau—hmaihé
ﬁ%ug#6ﬁﬁﬂ%ﬁkﬁ¢ﬁ¥t¢UE&%ﬂéEE&%h%@&mﬁﬁﬁ%%?Omw,
1%&,w%uﬁﬁwﬁmm%¢ﬁ%mﬁﬁmm;ﬂﬂ5,itﬁ%ﬁ&ﬂﬁﬁmMﬁ%ﬁﬁ%
PFPHE TR L BT RERIGICE DERENZEBEASND, _

TC HiAD No.1 & TLg BIAD No.6, =7, TR flfED No.2 & TC FTERD No.5 RURDHI
£D No.T SR URED v fetEEERET s E, I7 U — roELOEEWE, TC
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FCh-mlEnsar 27— MIBICB TR T 7L ZAENEN ST &R ENBITS
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control room

)
mo=[

electron storage ring

UMW

N

Position Boring depth Position Boring depth

(cm) (cm)
No.1 310 No.5 60
No.2 200 No.6 150
No.3 120 No.7 250
No.4 130

1 A concrete rod was taken from the floor.

Fig. 2 Positions of core boring.
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concrete samples

Y1 Nal{Tl) detector Cd plate

pre-amp.  main-amp. .
muilti-
channal

analyzer

,.., lead shield ) ~__|single channe! analyzer

‘ timer & counter

el
Fig. 3 Configuration of the Nal{T¥¢} detector and concrete samples for measuring v-ray

counting rate.

lead shield

iron shield

detector —-— acrylic plate

v

to cryostate

Fig. 4 Configuration of the Ge detector and a concrete sample for measuring ~y-ray spec-

trum.
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10 T

....................................

L]

- Efficiency curve

152
Eu volume source

O No.1
No.2

10

Full-energy-peak efficiency (%)

y-ray energy (keV)

Fig. 5 Full-energy-peak efficiency curve for the Ge detector.
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10 r I ¥ T T T T .
- No. 1 ( ) 1
‘101 =
@ ]
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e ]
2 |
© y = 17.3%exp(-0.0416*x) | 4
o
g - :
c
3
O 100 - -
- Detection limit 7
10" - '
g 50 100 150
3 I 1 i ' | ]
- No. 2 ) -
= F ]
(=8 L
o -
9 - .
T L
[o)]
£ r b
=
=
o
o :‘ —:
e Q Tl LI ]
,10-1 | 1 | L 1 1
0 50 100 180

Depth of concrete (cm)

Fig. 6 ~-ray counting rates as a function of the depth of concrete. (a) Boring position No.1;

(b) No.2. Error bars represent three standard deviations of the counting rate.
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- 1 T { ! ] ! ]
- No. 3
r & Detection limit ]
- ? o 1
1 | L 1.
0 50 100 150
- i v 1 v -

- No. 4 .

o

-1 | 1 1 1 1 i
0 50 100 150

Depth of concrete (cm)

Fig. 6 - continued. (c) Boring position No.3; (d) No.4.
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Lol Ll

- No. 5 (e)

Detection limit ]

l 1 I i I 1
0 50 100 150
[T ! 1 T 1 ' -
- No. 6 ]
- -
-
o o 1 S OO I
- () -
l 1 ] [ 1
0 50 1C0 150

Depth of concrete {(cm)

Fig. 6 - continued. {e) Boring position No.5; (f) No.6.
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Depth of concrete (cm)

Fig. 6 - continued. (g) Boring position No.7.

CT T T T T T ]
L NO. 7 (g) i
Detection limit ]
\ 4 :
100 150



JAERI-Tech 97-027

‘T'oN uoiised Fulioq ay) e WO O ~ ( WOy usy e} oidures 93010u0 oy3 Jo wmiyoads Aevi-L g 314

0oV

000E

JagunN r[auueyn

000e 000} 0
T . _ 1001
4,01
201
dE
_ Ol
o -
= = = ¥
i &l E s & &
=] [~ sl 2
K °
g yOl
& o
c @ -
Z o
= b
£ g0k

e )




10 E ¥ 1 T T T E
i No. 1 ]
10 F E
¢ E
3
[=2 g -
I 5
c C ]
=) L i
s ]
O 10 E E
| ) o 4
o r :
O C ]
10°F .
10-3 1 2 [ 1
0 50 100 150
102 E 1 T v T T ]
- No. 2 ) .
10' F 3
o - -
g0 ¢ 5
c C N
° L i
Tt ]
g 10" O E
c - ]
(=] r .
o v\v
10'2:— 3
10~3 1 { 1 1 i
0 50 100 150

Depth of concrete (cm)

Fig. 8 Concentrations of ~-ray emitters as a function of the depth of concrete. (a) Boring

position No.1; (b) No.2.
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Fig. 8 - continued. (¢} Boring position No.3; (d) No.5.
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Fig. 8 - continued. (e) Boring position No.6; (f) No.7.
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radiation source
$45cmXxX 150 cm

Alcover
'

reflector

Nal{T1)

Fig. 9 Geometry for calculating total efficiencies of a Nal(T¥) detector.
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1.0F [ ] L Py - v
b \ *
H ‘Uniform distribution ]

L
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-
b=

akh
AL)

Exponential distribution

Total efficiency of Nal{Tl)
detector (arbit, unit)

Counting rate {cps)

1 i ! i 1 L H L 1 n 1

Y, S 10 15 20 25

Position of the end of the cylinderical source (cm}

Fig. 10 (a) Total efficiencies of the Nal{T/) detector, as a function of the source position,
calculated by the EGS4 code; (b) Fitted curves for the y-ray counting rates of the concrete

samples taken from the boring positions No.1, 5 and 7.

1 -
}, -
' ]
- 4

2 01t -
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[ang X ]
- [Co-B0]/[Eu-152] [Na-22]/[Eu-152] 1
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i —A—No.5 —&—No.5 1
| A --0--No.7 --m--No.7

001 N I 1 ] " I L 1 "

0 10 26 30 40 50

Depth of concrete (cm)

Fig. 11 Ratios of [ ®°Co ]/[ '%?Eu ] and [ ?*Na |/[ *?Eu | as a function of the depth of concrete.
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Table 1 Principal parameters of the electron linac constructed in 1960.

Electron energy, peak beam current 15 MeV, 200 mA
18 MeV, 100 mA

20 MeV, 40 mA
Beam pulse length 0.05 ~ 4 ps
Pulse repetition rate 50 ~ 300 pps
Operating frequency 2856 MHz, %ﬂ mode
Accelerator section 1mx6
Klystron 5 MW x 2

Table 2 Principal parameters of the electron linac constructed in 1972

Electron energy, peak beam current 195 MeV, 0 mA
120 MeV, 500 mA
100 MeV, 2,000 mA

Beam pulse length 002 ~ 2 us

Pulse repetition rate 10 ~ 600 pps
Operating frequency 2856 MHz, %7? mode
Accelerator section Z2mx 2, 3mx3
Klystron 20 MW x 5(6)
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Table 3 Research themes and operating time of the electron linac.

Research theme Start

End

- Neutron cross section measurement Apr. 1961 Mar. 1991 21158.72

- €~ and y-ray irradiation, activation analysis, 3-v spectroscopy;,

radioisotopes production, and low temperature irradiation

Apr. 1961
- Collaborative research programs Apr. 1961
- Development of accelerator components

Apr. 1972
- Reactor physics experiment Jan. 1973
- Neutron diffraction Apr. 1975
- Development of neutren guide tube  Oct. 1985
. Tree electron laser experiment Cct. 1986
- Slow positron beam experiment Mar. 1987
- Neutron radiography Dec. 1987
- Electron storage ring experiment Apr. 1989
- Fast positron beam experiment Feb. 1990
- Gaseous effluent analysis Mar. 1993

Mar
Sep

Sep.

Aug

g.
Sep.
Sep.

Mar.
Sep.
Sep.
Oct.
Sep.
Sep.

. 1992
. 1993

1993
1978
1985
1987
1991
1993
1993
1993
1993
1993

Sum

Beam time
(h) (%)
64.68
2157.44 6.50
74.00 0.23
2423.95 7.41
218.93 0.67
1607.20 4.91
1227.70 3.75
54.56 0.17
1135.01 3.47
1123.48 3.43
1212.86 3.71
236.98 0.72
84.11 0.26
32714.94 100.00

Table 4 Measurement conditions of y-ray spectrum.

. Detector (Ge semi-conducter detector
GMX-25190-P (EG & G ORTEC)
Relative efficiency 27.2 %, FWHM 1.72 keV

- Measurement time

1x10%sor5x10%s

- Shield lead 10 ¢cm + iron 5 cm + acrylic plate 1 cm
- Number of memory channel 4096 ch {0.75 keV /ch)
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Table 6 ~-ray emitters detected in the concrete samples and

their production reactions and cross sections.

Cross section®

Abundance of target

Nuclide Half life Nuclear reaction (barn) nuclide (%)
2Na 260y HNa(y, n)*Nc 0.012 100
ZNa(n, 2n)%Na 0.016 (14.0MeV) 100
2\ g (v, pn)?*Na 0.024 79.0
M\In  312.5d  Mn(vy, n)**Mn 0.010 100
55Mn(n, 2n)%Mn 0.770  (14.0MeV) 100
5 Fe(n, p)**Mn 0.399 (14.0MeV) 5.8
%Fe(y, pn)**Mn 0.020 91.7
%Co 527y %9Co(n, 7)%°Co 32 (thermal) 100
134 2.05y 1¥Cs(n, v)¥Cs 27 {thermal) 100
152y 1354y P1Eu(n, 4)*?Eu 5,935 (thermal) 47.8
154Ey 859y 15%Eu{n, v)'*Eu 603 (thermal) 52.2

* From reference {17].



