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3. BEHDMNYFTLADERE

(1) Fission Yield
@ Dudey N.D. : Review of low—mass atom Production in fast Reactors

(ANL—7434 (1968)1]
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3.0 82 x 10°
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T R F T
Pu-239 #H o # F 2.5x 107
79 SERERR U - 23 # $ # F  L02x107*
U — 238 Ko~y br  230x107
TR NF T
Pu— 239 # f # TF 1.64 % 107
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BH~ 10 BRETHEEELONBND
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TkD, TORWNBEME TECTERT /20K, BEPOKOBREICHESYTE ) F9 4
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HAW B EFE TROWEBESUER, MHEIEOS 7 4 24 » (AR ) RUBBA 7
ﬁXM@%®@W@H,@@WI@“&E%%%$@%@%EW?5OPmexan%s@
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MBI B R LA DRERYMEE~E SN TRIER T O b ) Fv 4213, PWR #E 40
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FUOLBILEREBEAEEHAHKREETH » /. TNOOERKIT, FFRNE N (TEERBNE
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(7} BREERMH (KK, #B7E)
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( 143CiA) BMFENEEENB LFEML T, 20 MY F9 20 THEAODER, Blo-
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25y 7 ZBLTHIHENED D 15BN ELNVEFRENCSELhTEE~RE $Hh 3 &
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1BLTFTHY, @BHENKBEINA NI FULE, £-6RFRTLDICHMBPTERTS Y



SN841-81-37

F o ( FHEM ) ief L PWR D4 36 ~45 %, BWRODES 20 ~30% (C—1F+ ¥ =—
VEE ) Thotoe KENHEEHE MY F U LBHBEAS 7 H 2 3B TAmRT 3 b
DF oL (HEE)IRHLPIOBLEEETN TV AR bbb RITOAE L RN L T E
ST=Did, BB ) F Y ARERRI TR FERMERERLT HTO k2, &
BA7HARD MY F 7 LDOKEAN HTO TLHLNA I ERIDBBUBRTT VDY R

7 3 —TCTRINERVREERETIKRBEAERESNCELEZEDLEELON S,

—F, BAEFRiKoTI, PYF YLD main pathway BBEIRTH LT Lid, #Ete
oy PREBODEBE-RTEECATH o1 LALLM FU 20ERR IS 5 frEihE]
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Bt s, SEO—EORBRICHE D THEIHEES NS MU F 9 LR EFAHEDOEN vHh
Or)FLRERTZDOTHLEERTTEREFT—sBRELTV 3, ULty bE

- RRUBERANRETH AL AL ORI, FUEDEO ) F Y 40X Xi3 Pathway
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DPIER LT A AABTT S ) F Y L0EAE, BEL S ISHHBRTHD, BORT~
THHEXEBA 7V RB~ELND EFML TS, L LEkLORETIE, PWRRK AR
BEDTERT 2 PV F O LD B0 BHERIEBRRESNEREEED, I 50%H MR HR

i stce



SN841-81-37
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#—1 Estimated Rate of Tritium Generation and Rate of Appearance
in Waste Sireams of a PWR

Estimated Rate,
Ci tritium/1000 MWe-yr

Source Generation Appearance in
Waste Sireams

Fission 2 x 104 2 x 102
Burnsble Poison Rods 1.2x 10364 1.2 x 1034
Control Rods 0C»© 0
Soluble Poison Boron 5-10 x 102f 5-10 x 102f
T1i Activation 14¢ 14
613 Activation 8¢ 8
Deuterium Activation 1° 1

ABased on thermal fission yield at 1.3 x 1074 tritons/fission (Dudey), 2.7 x 1021
fissions/MWtd (i.e., 200 MeV/fission),and a thermal-~to-electrical conversion’

efficiency of 33%.

bAssumes 1% cladding failure.

CData (Locante) converted to Ci/1000 MWe/yr.

dn initial eycle only.

€Control by Ag-In-Cd alloy.

fFrom data of Kouts.
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-2 Estimated Rate of Tritium Generation and Ratevof
Apperance in Waste Streams of a BWR

Estimated Rate,
Ci/1000 MWe-yr

Source

Appearance
Generation in Waste Streams
Fission 2 x 10da 2 x 10%
Deuterium Activation, 2H(n, ) 3H 14¢ 14
Boron Activationt (control rods) 10%c 0

ml

#Based on thermal fission yield of 1.3 x 10~% tritium/fission, (Dudey) 2.7 x 1021

fission/MWt-d (i.e., 200 MeV/fission),and a thermal-to-electrical conversion
efficiency of 33%.

bAssuming 1% defective cladding, about 200 Ci will appear in primary coolant

and the same amount as an upper limit may appear in spent-fuel coolant
(Section C.2.).

CSmith..
d10Bn, 2¢) 11 and 1B m,e) 1i; "Li(n, ne) 3H.
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-3 Tritium Found in PWR Liquid Discharges.

Tritium Raleased in Liquids.
Ci/1000 MWe-yr

Plant Fuel
Cladding? 19690 19700 1971¢ 1972¢

Shippingport Zr 517 38 NA NA
Yankee-Rowe ss-zrd 8,900 3,100 10,000 10,200
Indi‘o't-n Point-1 S8 5,300 —_ 4,800 4,050
San Onofre-1 88 11,000 13,000 11,800 10,400
Connecticut Yankee 88 11,800 16,600 11,800 -11,400
Robert Ginna Zr 74 398 477 400
Point Beach 1 & 2 Zr - —_ 690 1,500
Maine Yankee Zr —_ — - 1748
Falisades _ Zr ‘ - — — 960
Robinson | Zr — - 420 685
Surry-1 Zr - —_ —_ 100€
A(MED.

bcaleulated from data tabulated by the Envirommental Protection Agency
(Logadon 1971),

Ccalculated from power production (Nucleonics Week) and release data (DRD).
dgs through 1970, Zr beyond.

€plants operated less than one year.
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%#-4  Amounts of Tritium in Liguid Discharges at BWRs

Ci /1000 MWe-yr

Reactor Cladding™ 1969P  1970P  1971¢ 1972°
Dresden-1 Zr 61 31 122 325
Big Rock Point Zr 590 1188 236 239
Humboldt Bay Zr 114 141 190 302
LaCrosse 88 - 1300 89200 4100
Nine Mile Point Zr - 46 36 73

" Oystar Creek Zr 128 55 48 120

. Millstone 1 Zr — - 30 - bb.
Dresden 2,3 Zr — — 123 20
Monticello Zr — - 4.3 1.8x 104
Pilgrim 1 Zr - — _ 448
Quad-Cities 1,2  Zr = ~ — “10d
Vermont Yankee  Zr - - - od
A(MEI).

bcalculated from data in Logsden, 1971,

CCalculated from data in Nucleonics Week, Report on Releases at Radioactivity
- in Effiuents Solid Waste from Nuclear Power Plants for 1972 (Directorate of
Regulatory Operations, USAEC, August 1973).

dplants operated less than 1 year.
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ol # 1k # o h o H 4 OH M E #B % H B a
Frv—v (a2 )
o A HE -4 H jits " " . .
R CMWB /T ) LT ( Ci ) ( Ci) (% ) (Ci) (% )
BWR BWR 6600 ~ 10200 4.7 6. 95 x 10° 2 0.3 6.0 X 10 9
Ave 9400
P WR PWR 10800 ~ 19500 6. 4 1. 67 % 10° 15% 10 0.9 6.3 x 102 38
Ave 14800
GTBR BWR 10200 ~ 11900 a7 7.86 % 10% 0.7 0.1 1.3 x 102 17
Ave 10800
BWR 10200 ~ 11900 2 4
Ave 10800
PGT 1. 40 x 10° 5.6 0.4 5.1 x 10° 36
18400 ~ 28000 :
P WR 2.8
Ave 21100
GTP PWR 19600 ~-29800 6.8 2. 52 X 10° 1.0 X 10 0.4 1.1 % 10° 44
Ave 21500
c—1 BWR 3200 ~ 19700 28, 5 6.12 x 10° 3.1 % 10 0.5 1.6 x 10° 26
Ave 6400
26300 ~ 28700 5.6 2.95 x 10° 1.2 %10 0.4 9.8 x 10° 33
Ave 27400
c-2 PWR
12200 ~ 16800 13. 9 2. 87 x 10° 2.2 % 10 0.8 1.3 x 10° 45
Ave 14500
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1C
{max 4. 8 Ci/MWa } (44 % ) {13 Ci MWa)
{) LWR ! 10Ci/MWald, #EdgH—-3 0 44 i,

i) GCR :

14 Ci/MWa ld, B H - 3D 50 %icfid.
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i
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i I
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U B
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I

i),
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) e s e o e B S S B e
90 | Suggested Correlation
80 {Grossman) i

3H Found in Irradiated
70 I Cladding After Leach

60 [ {(Megerth) Probable Average Linear .

50 F Power Range for Present LWRs _|
40 .
30 | i
Possible Average Linear
20 : Power for Future LWRs
10 7]
L 1 | ! ! ] | ] 1 1 ]
0 8§ 10 14 20 30

Burnup-Averaged Linear Power Rating.kW/ft

-7 Correlation of Behavior of Fission-Product
Tritium with Linear Power Rating in LWR
Fuels.

(Released tritium is bound to Zircaloy hulls.)

%
100 7

75

50 4

25

0 500 1000 1500 2000
Mean Temperature of the Uranium Oxide (T )

Bj—8 Percentage of Tritium Retained in Uranium Oxide
and in Zircaloy Cladding as a Function of the Mean
Temperature of the Uranium Oxide

KEY: 1. Mean UOy temperature in T

Tritium Control in Reprocessing Plant,J.P.Goumandy
and P.M; qual BNWL-TR-322, 1978
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100%
1FU
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Feed
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Solvent
Tank

_
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Extraction

1AX ~ 0.2%

1BS

1AP

A

G-111

1AR
99.9%

1cX

1BP

H-100
Serub

1BR

1.8%

0.01 M HNO3

Mixer
Settlers

iCR
~0.2%

Distribution of Tritium in the First-Cycle Extraction System
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Fresh 11.824gal/d

——— — - Recycle
Solution P St%%%e-
Makeup 4783(19.3) DAT5(2.9
T~ i (2.9)
1825(0.96)  1550(0.6)
| Process
|
| HA 16,562 (17.7) U @
i . Evap
- Extraction 5
Dissol- Column
Vet of |825 825(0.96)
Tritium [$318/¢
in Fuel 1913(16.4)
ACID
1375 1305(96 .4) Recov,
(101.6) 5.3(0.006)
— 11,524(13.4) 12, 659
Eva (108.4) L]
70gals/d |
Ogals/ . 10,746
] 92) |
[Evap
HLW WASTE
Storage 170(1.5) . '
6.7% of Tritium) Discharge

Units=gal/d (% of Input Tritium)
— 11  Tritium Paths and Amounts in the West Valley Plant

(Percentages are the portions of total tritium appearing in
dissolver solution.)
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942gal/d

Clean

Malkeup

443 gal/d

Parti

Purification
Decon

fion

79gal/d

80 gal/s

NaQOHa
Makeup

General

-Leacher, HA
Column, HAW
Concentrator,

270 0

.6gal/d

Plant

396
gal/d

Acid Fractio-
nafor

00%-Tritium

940(99.7) |,

%ﬂ/d

Venti-
lation

Scrub-

put from fuel

164gal/d

==

1028(79)

ber

(20.8)

i
[
2.4(0.3) }
|
1

LAW
VAULT

F——————————=

1194.4 (79.3)

-
i
I
|
|
I

=

B— 12

| Evapo-
rator

=—==== Tritium Flowpaths

Units=gal/d (% Input Tritium)

Tritium Paths and Amounts in the Midwest Fuel Recovery Plant

(Percentages are the portions of {otal tritium appearing in dissol-
ver solution.)

38, 253gal/d

42, 278gal/d

Colfl Chemi-
ca

Process
Makeup

6020(16.9)

3852(L.5)

Dissolver

35,531(14.

2)

2890
(1.2)

Partition Puri-
ficat Solvent
wash DOG, &

" VOG Systems

1275 (0.5)

100% of
Tritium

38562

s

Extract
Contact

6742(102.7) |

6684(99)

34,256(13.7
34,120(95.8)

40,140gal/d [

35,395

= gal/d

190gal/d
Caustic | _

HAW

248(3.
MConcentrat

Concenira-
[8Ba0q1127

LAW

HAW
Storage

K13

Acid

Fractionator

6020(16.9)

96.3%

Tritium
Stack

Acid

Recycle

Units=gal/d (% of Input Tritium)

Tritiom Paths and Amounts in the Barnwell Nuclear Fuel Plant,

(Percentages are the portions of total {ritium appearing in dissol-
ver solution.)
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GASEOUS WASTE
5% (as HT)
28 Ci SH/MTHM

FUEL
100% .
547 Ci SH/MTHM

* 35MW/MTHM

25, 000MWD/MTHM

DISSOLVER
HEAD-END SOLUTION
OPERA TIONS 80%, 437 Ci SH/MTHM

CLADDING HULLS
159
82 Ci SH/MTHM

CONCENTRATE

HIGH LEVEL WASTE LOW LEVEL LIQUID

WASTE

8% 43 Ci 3H/MTHM 729 394 Ci SH/MTHM| .

B— 14 Disgtribution of Tritium in Fuel Reprocessing Wastes
(100% SH Assumes No Cooling of Reference Fuel)
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STACK
%
3%
OFF-GAS { SOLVENT |19 ORGANIC
PROCESS [ EXTRACTION CLEANUP
- PROCESS
<1% 1%,
10% 73% l —
. 63% N
QUEOUS
FUEL, FUEL |100% | HEAD-END e TREATMENT
STO
TORAGE PROCESS |749, A%E}Sgggs 7%
16% 10% ~—OR—+ OR
RECYCLE
Zr-HULLS CALCINE OR
STORAGE rrocess |10%
GROUND WATER
— 15

Possible Flowpaths of Tritium in a Typical Shear-Ieach
Purex Scheme for Processing LWR Fuels,

(Numbers are percentages of the tritium in the spent fuel.)
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(ZENo. T — 1)
ANL-8102
Tritium and Noble-Gas Fission Products in the Nuclear Fuel Cicle,
L. Reactor
LE Trevorrow,B.J Kullen etc. (Octorber 1974)
E B

BTHCED S b ) F9 A LBHROERICOVTHRNB, M) F 9 L OEREIE, BAR,
KD OB RUASEHO BRI TS 5,

#3f L-EFFR, LWR, HTGR, LMFBR Th %,
BEEEPIEONLF— 425+ F v ARUFEN ROBRUKBRREED R URIKBERY
FZDENENDEL ¥ MBI ZERETMES 5 C & bR

F— s B LPTVL S 1,000 MWe —y DI F A+ CI2HE(L L,

# OB

BWRICHIFID bUFILEkrDHEE)
BWR OSUBRUEGBRENRIC N VF 9 ARY ¥Kr ARHENns0id, &L TRREER
EOMWIE4M L TOHRIC X D —RBIHKFABITT BT Lick b, (Smith)
FYFY AR, H, 0 LORBRIGICEDTEPLTHO KL B bDEFZEALLNS, (Ray) T
DEIIRBWR KBWVTI, KiF b FULE2RBROBEEENRANESTILFRTH %,
HAZ (P Kr ) B, BBRREICDS 5 —iBEIKD~DBEMENEN DT, [USEENELT
RRP~HBIhs6DEEL LN S,
A BWR System Description
H B
B BWRIEZBUIS MY FULOER
BWR IZHBWTH, RIGRTBFRT L Y F 9 L3ERT 5, (Smith)
3l
HlfeE (B ORGHE
RS (EKR DT RIT)
it (L1 RUB ORI oHaL)
1,000MWe ®BWR i35 M ) F v aDEREEGEER - 11TRT,

® @ ® ©
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#—1 BWREKBUBMYFILOERBLERDR\BITTLE
' Ci/ 1,000 MWe —y

Source Ean, BRI~ ik
BaH 2% 10* {a) 2% 102 {b)
Bk D TR 1 () 14

CH (n, @) *H)
B DEEHEL (d) 100 (o) 0
) |

a . fission yield: 1.3 % 107* triton /fission , 2.7 % 10%' f{ission /MWed,
WX 33%

b BHEMMNE 1 HELT200Ci &L,

¢ . Smith DF—7 |

d.198 (n, 2¢)3H, '°B (n, «)’Li (n, ne )*H

C BWROEEWRICETE MY F I LOET
1. BiEltoE
BWR O—EHIFEA~ M) F o anHBRT 8 E L TR,
@ EKZODHFRIFIT LK » THEIKPTERK
@ THEMRIAE L TRE D S
@ WEEIIRIaE, D OEBIC & BHEPED 5 O
PEZBND, M FULE, HEEMTTHE, SUS HEEELTERYT 548 (Chaney),
L WR OEREHTFTOS US BEEH -0 HBORERHE TS < (Kouts , Smith) |
BROWETE, HEEOB.C < by 7 X ol b Y F 9 ANEKFHS T L0 T EbtE
HERTVW5B, (Ebersole, 1972) ' '
T, BIEBETERT 3 b ) F Y A, EFFOERIRNBTTS ) FY A
HFELEW,
BFXESTE L THIATORER» SRES AN F U LR, —REHIARPTTEP L
THO KEHESN B, T LTI OERI, BEET CRESH S ERay BIERLTY 5o
DT &k, Eakins BUYang OFEBEH—HL, HTO~NDF U b Y L DEHBEET,
ORI LHIT 5, Fhie, KEOBWR OE&ICE VT, —RGHIKPIABT
L= b U F 94k, $XTESXIBEEOKTHTO & LTRENIE, RENIHEN S,
BWR DikABEREY & L TBEE~KIL M) FYya0e=s ) Y 7HERECL 1,000 MWe
—y RBELTE - 2IRLIS
2. Pathways of Tritium

— 40—
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=l

PWRICHITS b UFDLARE “krDEEH)
A PWRSystem Description

& 0
B PWRItEBIS MY F o7 LDER

PWRIZHBIFS b Y FUL0EliiiEll, W obhb2h RLEEROE, BORE—KE
KoFo g (boron solute ) DPEHETH 5, (Kahn 1971)

1L o

thermal fission @b ) F o LDINREE, 1.3 X 107* triton . fission (Dudey) T
brETHE, BKF BWREUPWR) LBV T 18,500Ci .~ 1,000 MWe —y D H Y
FULBERT B, Chid, 1.8g X2 0.6 €1 yr KHET 5,

BRRUCEB Y F o ADIEE, hiEF a0 — EMGRIEREIIRTS 32, *°° Pu
Dthermal fission ®+ Y F 9 4ONEEF, *UD2{FETHD, BEESENTSL™Pu
POOEIEHEML, +UF Y LOERIE bbb FhENT 3,

2. Boron Shim

~—~REEKBD F o Y DHEHET 500 ~ 1000Ci/~ 1000 MWe —y OF ) F 2 254K T
5, (Kouts ) ®o¥ (\'B) DOiH{LOEEIL,
® '"B (n, 2a¢)*H
@ 2step reaction

B (n,a2)"Li (n, ne)?®H

TORIGIC & AR, OIIE~TDEN, Lk LigEkeic " Li AEFEThEEERK

%, (Kahn 1971, Ray)
3. Other Sources

ZTOMD Y F Y LOERIFE L TR, SUS OflffilEdo '° B, BAIKGD °Li kU
"Li, BHKBOERKROBEHLEEZ S b,

Burnable Poison rode (B,0; ) @+ U F 7 L4ERKD first core TOMBEhICH VT
BETH- 7208, BETlEAg —In —Cd ORIEESERENE XS0, BMETLE -
7o

Westinghouse P WR T3, BWEIKOPHHFAED/-HICLI 2EHLTBY, TORANE
Bk, " LioHDEmMEGE A 4 v fktls (ROTOL1 2E<) oMLY 2.2ppmicis
IALNTWAS, X, 999%7 Li %MHT AL Litk->Tthermal cross section K
FW LI (n, ) HREZEREZETHS,

C. PWR OBEEMRICEL S b ) F 7 L0EH
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1. BHELzOR

MY F o AOEREEERBEEFE - TIORT M) FYASNRRMRANSTT S8 bERE
i, BB RN S OMEHO & Y F U A0 ETHEIRDD 1t B OES{LILLD
M) F I LADERTH D,

PWR OEEVRICHRIEING ) F s, BEKPLEIATOEDTTHO L LTH
LT3, Yankee — Rowe Reactor ®€=% Y v /ERicLhid, BENJHHE Ol
b F U LAOKENE, BEEEYRTHY, [EREVRRDTHITE 7o LHLEYS,
SEERMEOT HO &I d Belemental TritiumDEE&E, Sh -7,

BT TEABTHER LA N Y F U A BRENRA R S0 2 RE, BEORSEIKRET
%, Zircaloy Cladding OWIBEI&E LTI, 0.1% (DOCKET 50382 -30) , 025
% (Thomasson ) , 0.2% (Wright ) 2% 3, X, SEOEETHE0.7% (Wright )
Db

SUS WHEDES, BMABRTERLEN ) F VL0080 BHWBEELEL THEBLLY |
Zircaloy WEEOES, W1%ThH-7, (Locante)

BE OB 1 %L RETNE, BEMR BTV F 4R, 200C7 1000 MWe
— vy DBEAKPD B DERES 1000Ci /1000 MWe —y &7 1T, &t
1200Ci/ 1000 MWe —y &785,

SUS HAEEM /2P WR O34, BEWRNEITS Y7y, 1200C/7 1000
MWe —y (Zircaloy Cladding ®iB&) KLV 1HihE2Him 35, TDRERER 8K
L7
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#z-1 Estimated Rate of Tritium Generation and Rate of
Appearance in Waste Streams of a BWR

Estimated Rate,
Ci/1000 MWe-yr

Source

Appearance
Generation in Waste Streams
Fission 2 x 1042 2 x 102b
Deuterium Activation, 2H(n, r)3H 14° 14
Boron Activationd(control rods) 10tc -0

8Based on thermal fission yield of 1.3 x 10™4 tritons/fission, (Dudey) 2.7 x 1021
fissions/MWt-d (i.e., 200 MeV/fission), and a thermal-fo-electrical conversion
efficiency of 33%.

bAssuming 1% defective cladding,about 200 Ci will appear in primary coolant
and the same amount as an upper limit may appear in spent-fuel coolant
(Section c.2.).

CSmith.
leB(ﬂ, 2a)3H and 10B(n, cx)7Li; rirLi(n, ncz)3H.
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=2 Amounts of Tritium in Liquid Discharges at BWRs

Ci/1000 MWe-yr

Reactor Cladding? 1969b 19700  1971° 1972¢
Dresden-1 Zr 61 31 122 325
Big Rock Point Zr 590 1188 236 239
Humboldt Ray Zr : 114 141 190 302
LaCrosse 88 - 1300 3900 4100
Nine Mile Point Zr — 46 - 36 73
Qyster Creek Zr 128 55 48 120
Millstone 1 . Zr | R - 30 55
Dresden 2,3 Zr ‘ — — 123 90
Monticello Zr - - 4.3  1.8x107*
Pilgrim 1 zr I — - 4qd
Quad-Cities 1,2  Zr - — — 10d

Vermont Yankee Zr — — — 0d

4(NEI).
bcaleulated from data in Logsden,1971.

cCalculated from data in Nucleonics Week, Report on Releases at Radioactivity
in Effluents Solid Waste from Nuclear Power Plants for 1972 (Direciorate of
' Regulatory Operations, USAEC, August 1973).

dplants operated less than 1 year.
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#—7  Estimated Rate of Tritium Generation and Rate of
Appearance in Waste Sireams of a PWR

Source

Estimated Rafe,
Ci tritium/1000 Mwe-yr

Appearance in

Generation Waste Streams

Fission 2 x 102 2 x 10%b
Burnable Poison Rods 1.2 x 108¢.d 1.2 x 103d
Control Rods 0C»© 0
Soluble Poison Boron 5-10 x 104 5-10 x 102f
TLi Activation 14¢ 14

6Li Activation 8¢ 8
Deuterium Activation 1¢ 1

4Based on thermal fission yield at 1.3 x 10~4 tritons/fission (Dudey),
2.7x 1021 figsion/MWtd (i.e.,200MeV/fission),and a thermal-to-
electrical conversion efficiency of 33%.

bassumes 1% cladding failure.

CData (Locante) converted to Ci/1000 MWe-yr.

dpp initial cycle only.

€ Control by Ag-In-Cd alioy.

fFrom data of Kouis.
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#—8 Tritium

Found in PWR Liquid Discharges

Tritium Released in Liguids
Ci/1000 MWe-yr

Plant Fuel

Cladding® 19690 1970P 1971¢  1972¢
Shippingport Zr 517 38 NA NA
Yankee-Rows ss-zrd 8,900 3,100 10,000 10,200
Indian Point-1 88 5,300 - 4, 800 4,050
San Onofre-1 88 11,000 13,000 11, 800 10,400
Connecticut Yankee SS 11, 800 16,600 li, 800 11,400
Robert Ginna Zr 74 398 477 400
Point Beach 1 & 2 Zr — - 690 1,500
Maine Yankee Zr - —_— ~ 174
Palisades Zr - - - 960
Robinson Zr — —_ 420 685
Surry-1 Zr - — - 100€
a(NEI).

bcaleulated from data tabulated by the Environmental Protection Agency

( Logadon 1971).

CCalculated from power production (Nucleonics Week) and release data (DRD).

dss through 1970, Zr beyond.

€plants operated less than one year.
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(HNo. T — 2)

1.

PB-226323
Accumulation and Release of Tritium in PWR
J.W.Lentsch, K. Hormyik,R.K. Turnock (Nov.1973)

B =
L1 B #
H OB
1.2 b YF o ADER
P F7LE, PWREBWTIEZSHR, BHEFBRIN, ZOMOBBIRCK » TERT %,
PUFYLAOEKEIR, ***U®DL25 X 10* thermal fission X0 1HEERET 2, TDE
pEE, TERSRICI-THHRS °Sr & " Cs DERED 700~ 800 5D 1 TH B,
FOMO MY F O LOERKEE LTIE, PWRDBE, #ikhoB, Li RUFEAZOKRS
{biz X B3RO initial fuel Cycle R X 1A burnable poison rods id> "B @
B £ BERT S 5o
#Fh R Cburnable poison rods MTEKT S bV F U 403, BEHEE (CZircaloy) &
U'poison rods O¥EE (SUS) &L THHIKP~N) 255, BEOERICEINIE, £D
) — 2 BRI, MK Cpoison rods THEETS b I F 9 LD 1 HTH o720 2 30
BrFRB3 M) FULOEROE- FEERBICOVLTE, £{OMARLEILTED,
CZTRCDL BTN,
b F U LDEREESHIKEANORHEIT OV T Westing House Electric Corporation
WEELTHWEDOTE-1IKRT,
Equilibrium fuel cycle ® Y F o LD 95 %I, BMEOZEZHZTHRL, 5%,
BEKPEGTHW3 B, 0.1 %, #HKPOLI RU0.01 %3, BREOKSETERT
BLERZCDTF—#FRLTWSB, Equilibrium fuel cycle UTHHIKHTHERL 2D, &
Hkdh~mHEns b F U 4iEd, 690CIi /EELRELSR, TOARE, BHEH»S 16 %,
U BM581%, Li ho 2%, EhkESS0.1%THSB, Initial cycle idburnable p
—oison HHD F Y F Y LDY — 7 NIEET 58, 540Ci /EO 2 BHCHET 5o
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#—1 bYFYLOERR Ci/y)
(a)
Y OF o s D K R R 24 ki ?%ﬁﬂ?kfiﬂ’\ﬁiﬂjégé
=&l % 10,950 110
Burnable Poison cy:r:]e[bl 980 10
Soluble Poison'®* B
initial cycle {c) 400 400
equilibrium cycle ¢! 560 560
T L1 OFERIG el 11 11
S Li OFRIE (e) 6 6
¢ D ORI 1 1
Total initial 12350 540
equilibrium 11,530 690
(a) 3358MWt Plant Load Factor =080
) B, O, @t =2211b ("B =6.16kg)

{c) initial Bconc
(d]

(e}

initial Bconc

Liconc =2ppm (99.9% 7 Li)

=86 0 ppm, B reduction rate =2.8ppm./ &

=120 0ppm, Breduction rate =4.2ppm./ &
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(kN0 T — 3)

Tritium in Power Reactors
Reactor and Fuel-Processing Technology,Vol.12,No.1

(winter 1968-69)
Joseph W.Ray (Battelle Memorial Institute)

BHFE(CIFBH — 3 DER
(1) 3 &E%s5rs
H- 3, 87x107° triton/fission DB THERL, TOHHRIT123Xx 107 CiH—3
/MWtd it% L <, 1000 MWle)DBE-FHFiIcBTIE 40 Ci/day KT 5,
(2) '° B OMKIE _
PWR DiEl/keETchemical shim & Lfiﬁﬂuén?u\é ' BIZEITORIETH — 3 245k
T3, '
"B (n, 2¢) T
"B (,a)"Li (n, na) T
"B (n,d)*Be (n,a)*Li (n, )T
"B (n,d)?*Be (n,a)® Li (n, )T
"B (n, T)® Be
1B (n, T)® Be ORIGPHFRZAF—D LI WMEIZ 10Me V Th D ERHIKS,
1B (n, d)?*Be (n,a)®Li (n,a) TORIGE, *° Be BREETT ClettkF
&, ‘He RBZETEDTREAE DDA, |
' B (n, d)° Be ORBOPHETIAAVF—DLEWER, 435Me VT, 4do T3
BUGEETEZ, 14Me VITHL 21 mb TH 3, RIEWEESEL, H - 3ERE TIKS 3~
HFHBRIEENEETADICIORIBBHRTE 5,
B (n, 2¢) TORERFPHFFAF-—DLEWEN 1 Me VTHD, WriiEs 1 Me
—-V: 15mb»55Me V: 75mb Th b,
9B (n,¢) ' Li (n, na) TORGE, '° BO (n, ¢ ) RIEHHGHTTED,
Li @ (n, neg ) RIBOFHFALrF-OLIVEMNIMe VTh>3, TORIGETEMEL, 3
MeV T0mb, 6MeVT400mb, ZLT6~10MeV & 400mb TH 3,

H—3®migration (77

P WR O— ke CER L 72H — 31, “Hkomigration iZfk-> THFFOZEBTT
Bo
X, #E B TRAETER ULH — 3 b— k@A~ L, ERCEFROSR BT
5. - : |
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COH-3DBTEEAS LT
@® H-3®xzawF—<&range
® H -3 &Kk FOHEL

HBETH Bo
#— 2 Range of Triton in Core Material
Triton Range
PR ¥ B , mil
Me V U0, S US Zirconium
3 1.2 0.9 1.4
6 2.5 . 2.3 3.4
g 5.3 4,2 6.5
12 11.8 6.6 10.5
15 15.6 9.5 14.5

H— 3 &kSFOER (affinity)

10 B shimdid, 14 & LTHRBECYHOoRETFXESFELTH- 34, M HEIKEpIC R
b B, EDFr—RARBNTS, BEVKPOH — 3, HEHKEBABMHT 5H — 3 OEEIIC,
FTERATO wERE b,

Radiolysis Process (%, free radicals 4% L, kDA 4 &Efree radicals DRIGCED
K#E, BERUH,0, OFTOSRESRMETRKT 5T LB SN,

BEEUhSDOH — 3D 8T (migration)
BB e TSI X » THEMK L - Triton (3, KEENXEHHIC X - THEM OBEE NS,
seleii~F-Triton OT R AFE—Z~Z b &rangn OFHIC I, UO  MEH SORBTIHT
¢ BESFIBAODENT (0.4in ¢ DEARTH 0.6 %) KB THEED» oSN BEEREFTSH
Bo
BREHE v S DFETT ORI,
® UO: »oofi# (diffusion )
® MEREES DS 7 v 7 BUFF+ v 7~DCollection
@ HHEELHEL TOER
TH S, 7
Zircaloy —clad ~UO, #kih50H — 3 O ZIEL TRWIEWLA, Zr WDKK
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EIHUP SHET T NERED OH — 33, BEKPAREE B XD LAZircaloy claddicignt
TW3EELZOLNE, (B, INTOESHEH - 3 BHEEPEI AL ETHIT, BESEhOK
FiEEL05ppm. g LTFETHEML, Zirconium hydride layer & LTIiFHT 34U 51, F0

BE&i, 107 mil /y &5, )
B » TWLWwAs, Ziracloy —clad BEOETFFEOKOH — 3 VXAZRIFEL, BEEVYHS

DOH— 3 DRIHIEF 01 BTH D LERST
Zircaloy clad DBWR o—kigtikhics 0 5H - 3 0EBOW T LTH — 3D LA

= AR A A

BUBITIB(CHETSEH~3

HRYEEE 25,000 MWD /TU ©UO, thoH ~ 383, H270Ci/ MTUTH 3,

SUS clad ®UO, —Th O, A oBEMEICEY 2H — 3 DREHRIC L, SAWN, B@RD
KEhZh0.2BKRHEN, 99.6 BOEBRIPICE - /-,

INSOMAZERE, H-300EKMTITLUT-7E2RELTINR0D, KEHOH -3
BRI X BEEEDICEEL, BFRETEKBOTRBRRKREINSGEVWD T LERLTL 3,
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(NIl — 1)

- ORNL-TM-2994
The Distribution of Fission Product Tritium in a
Zircaloy-Clad UO: Blanket Rod from PWR-1
J.H.Goode, C.M.Cox {June, 1970)

E B

&MMA A Zircaloy — 2 —clad UO, Blanket i, Shipping Port P WR O 1 430

T3.41 BFIMA F THFE N

Z®dBlanket (&, FUFULORHERSD I DIIHEGTEIT -7

OB, BEHES SO L) FY A0E R, WHACHL, BEIcE N ) F U A0RD
93 %, Zircaloy Clad & (tritide & LT &, THHRERINK.

1. #% R

LWRODORF vV AR Zircaloy — 2#8UO, O 7V RULMFBR QR 7 ¥ LA
BPuO, ~UQ, 7 OEDFRICIE, MENHP KWt LIERIZEE MV FTLPR
5L AERE L TR 5 C LA L7,

wRgoRER, <5KW/ft T105~350°C, 10~25KW 7ft T500~1,000°CT&-
1o

Y FoL0ELoRY, EREOEENERUIKL2HFELTHE L, ERickhid, Zir
—caloy — 2 ~Clad UO, rod i, 5KW./fi ORHTEEREI25CTH )59 208
50 AR L o

AE33, Shipping Post PWR TOBKNREERE & LIZ MY F U L DT 5:EMDOHE
WAEHZBHDTH B,

Z ORI, 041in £2, 10.26in & DZircaloy — 2#EEFitnormal enrichment
UQ. Nl b 26 ¥ 3&BAT, CORMER, £aKiAsrTh, 1957F12H 188 K
PWR — 1icsfiah, 27,786 KRS full Power M8z, 196442 A 9 HICHDE Sh
fo REHOBEEIR, ORNL ~ERO7HITEI N .

2. F g
e, SRROTEBERAMELAE (-1, 2) Alumina cut off Wheel TI104 @
Segment WL, K— 2icawd & Hic, #E, Clad KO 7 O ZOME S ht—i5 %igh
Y 37H% (leach or dissolve ) L7te HERU® HiE, CuO (700°C) THLLTAKE LTHIK

— 52—
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L, BbFas—-o—TIREBMNEE, Bbdas—v— 7RIS EFKSE, 500 ~600 °C
(RZET) Tdesorb L, Y FL—vavh oy sd—Tr Y F2LE20EL.

end plug , #EAYICHEEEZED U c%DCladding segment , BEOMIF 5 & Com
—plete segment {3, 12M— BB TEMRL 72 .

Zircaloy — 2Cladding ®&&8kF i3, 6M-NH,F, IM—-NH,NO, (Zirflex soln,)
TR L 120

3. & B
{1) Burn —up

17 Cs ORFED, SHME LR THhE, 7.67 X 102° fission cm? F1ihHH 3.41 % —
FIMA T %, 7535, '*7 Cs DOHT{#, fission yield #F— 3, 5TFRT, _

BEE®D life time DVarious stages T 3 EHEH HICAS 4 2 REBN AR Y
FULDREEFRE— 6T,

1970 F 4 R 1 BRETH > T3 MY F V4D source £k — 7ICFRD,

Mirror Image Bundle (Bundle 0202, Blanket Assembly J — 11) D#AHEEEEI3,
T, 6.97 X 10%° fission /cm® LFMiZ N, L LAKoEBEOERCLNIE, 5.7
X 102" fission /cm?® iKIE~»TW5, Mirror Image Bundle 0202 Dfthd rod 3, 4.9
~T75X10% fission/cm® OFEHICH -,

Stachew %, **° Pu @?*° Ulcxtd 5 fission ratio %58 3 SeedDi&k 1) @ SRBEE D Bi—
anket rod IL2WT, 3: 1%L EEEEEHELI, B4DHETIE, ¥ 3SeeddBb b
T, 2.2: 1, Bundle 0320 ®@rod — 10 EX L5 4Seed DD T, 3.0: 1 TH-7,

(2) Fission Product Concentrations
FP QORER, MEHED top & bottom THDRUB, TOHERER - 8ITRL T,
{3) Linear Heat Rating

Lynamid, % 3Seed ®#Vic, Blanket Assembly (F —5) ®rod 38 L, Core —
1 OFEdic, 103KW ft ORBADE—sHBoh3 & FHEhirod DUO, Hicm—
icrostructual change FEFEEL LW EHE L,f;:n 5 Z 517-Bundle Dlife timehdFHHR
AL, HEK W/ ft TS S,

Rubin & Lynam {3, S#RHEFID rod DLy b ORI, 1440°C THY, Ry bDF
HIREIL 400 °C TH B EFHHE Lz, Westing house itkiud Cladding OXMREL, 277C T
EH2TICTH -1,

A DHRBRICHVI rod 17, DEMICEVEEDBundle DD TH 70 rod — 100 tie
me avaraged limear heat rate (2, 4.84 KW/ ft TdH-t,

{4) Tritium in Cladding
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RAEHEOCIad O Y 7 AEEETT 1400 Cieim# L, Clad AT W TWEH R %
BHEHEI, Ho , D: , T, &%d 5 mass spectrometer analysis ®D#%, + 7 D0
NOBELRERT 5101, 74 »PT deuterium of *know spike” 12 &#F. SHFOD
BRI, ROEBDTH S,

Cladding segment | T» H,

No (ppm) (ppm)
2, 3, 4 . < 0.02 64~ 130
6, 7, 8, 9 < 0.02 9

2, 3, 4® segment T BINLOHITFERIE, Cladding DOKFESFERIHLT
westing house DOFERAETEE L7, THOHDHIFEIL, seed 4 O, 52 — 93 ppm OHEAT
Hote P)FY A@ﬁciiF%"chf&‘b\@Tmass spectrometry THIEHEL,H - 70

Zircaloy Cladding @44 ¥ 7rEZirflex RETERL, ThdDH Y7 LOA 3 7,
12M—HNO , TRHSEI BOD 173, fT8bLh T, ThEhOEMR, T NTOBRK
EFRPD M) FILOBHET-Fo (K- 10)

DEPLOBRD )V F U LBRER Y 75—k ENhid, 0~95%DrY)FuLaid, £
Fa—v—T7TRELTHBIN, TOERMN) F YL, Zirconium tritide & LT metal
PICTFHES 2 T EAEH O MITH - Fee

Westing house &k AZircaloy cladding ®Metallographic examinationic k#uid, 7
#i3, cladding OARES (Cooler ) L IC54 3 Bhydride platelets & LTEHbLIBZ
EHRENTL B |

Tritide hydride i, Zirlfex ABEPTKESUEL, NH; XENT & LTHilgha LD
b AT, —H, &LTHN&ENT . Zircaloy oD T Y E=TOWNED 0 BRI 5
N—THRHI N,

O EEME LT, MY F U adlircaloy BTHREAALLTREESNSIETHSB, L
LA S, hydride platets Dmetallographic evidence i3, ZNHED LW EERL
T3, COBMICELBRBITE, &5ICHANLETE B,

Zircaloy it¥tL, 3.68 x 10® dpm./g (L —5~8) OFH U F o aBEFKET NI,
29.75 g Msidewall cladding (&, 1.13X 10'° dpm DMV F I LEZZATVWBHIILS,
{5) Tritiumin UO.

B (L—1~4) TrYyFvs, oFP, URUPu OGS ET-1e (F—-11) &
WD ) F 961, 110X 10° dpm,/mgUTHY, L — 1 ~47T127.49g OUO, 25
P H, &LT1237Xx 10" dpm#&EM L7z X, BEHEDOTNTOBENS 1.48 X 101!
dpm® * H, %KL 7, | o

(6) Tritium in puncture gas
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8 Kr fIFER, M) FYLADRED/HICpuncture gas D 0.546cc AL, T7.53x
10* dpm®D b+ Y F 7 5B L1, - |
HADLEIE, 1.232c¢c THE,5, £+ VF VLRI, 170X 10° dpmic’), rodd
DO2MYFULD001 BICHE L.
{7) Overall Tritium Distibution
BEHEROD ) 57 9 L0 REAEL LORERE D £ L HTRITET,

Zircaloy Cladding L13x10'"dpm =708 %
UO; fuel Pellets 1483%X10" dpm=9292 %
Puncture gas 1.70x10°%dpm =<001 %
Total 1596x10" dpm=100 %
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#—1 Sectioning of PWR-1 Blanket Rod (Rod 10, Bundle 0320, Assy K-10)

Starting Weight 197.9g
Cut Weight 191.4¢g
Cutting Loss 6.5g
Segment HRLEL Net Our Net Crushed Cladding Fuel
Number  Weight? Weight®  Weight® Weight Weight
1 7.2195 7.24  n.a.d 7.21
2 20.8563 20.84 20.93
3 23.4652 23.49 23.54 11.33 55.28
4 22,1377 22,22 22,i4].
b 23.3708 23.37¢ n.a. 3.78% 19.59€
6 23.4252 23.44 n.a,
7 22.9705 22.93 n.a.
8 19.8419 19.85 n.a. 14,64 73.09
9 21.5345 21.51 n.a.
10 6.5389 6.57 n.a. 6.52
Total 191.3605 191.46




SN841-81-37

#z—2 Analytical Scheme for PWR Fuel Rod

' a
Segment  Partion of Leach Analyzed
Treatment . ;

Number Segment No. Solution Off-Gas Mol.Sieve

1,10 All Leached 12M -1 X X X
HNOg

2,3,4 Cladding Leached 12 M I~-2 X X X
HNO3

2,3,4 Claddingb Dissolved, 1-5, X X X
Zirflex® L-7,

L-8

2,3,4 Fuel Leached, 12 M L-3 b:4 X X
HNOg

6,7, All Leached, 12 M -4 X X X

8,9 HNOg

6,7, Claddingb Dissolved, L-6 X X X

8,9 ZirflexC

5 All Archive Sample — — - -

aAnalyzed for uranium, plutonium, 31-12, 8dKr, gamma-emitting fission products
as applicable.

bRandam 1 to 2-g samples of sidewall cladding.
Cﬁ_M'_ NH4F—1_M_ NH4N03 . t
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Absolute
Filters

HOT
CuO -

Molecular

Wet Test
Meter

Off-Gas Holder

Sieve Traps
]

[H] (700T) —~
_L| L~ e
Condenser g %

Sample for
Purge 85ky. SH
Ar-4% Hy » H2
Dissolver
Sample for
3H,, U, Pu, F.P.'s
B— 2 Sample Points for Heavy Elements, Tritium,are Fission Products
in PWR Blanket Rod.
%-3  Uranium and 137Cs in Rod 10, Bundle 0320

Leach Volume Uranium 137¢s

No. (m1) mg/ml mg dpm/ml dpm

1 98 0.022 2.2 7.86x 106 7.6 x 108

2 100 0.639 63.9 1.68 x 108 1.68 x 1010

3 250 1920.0 47,500,0 3.93 x 1010 9.825X1012

4 250  259.0 64,750.0 5.21 x 1010 13.025x1012

Total 112,316.2 22.87 x 1012
F—4 Operating History of Shippingport Core 14
Seed 1 Seed 2 Seed 3 Seed 4

Date of full power startup  12-23-57 5-7-60 10-24-61 1-20-63
Date of shutdown 11-2-59 3-16-61 11-26-62 2-9-64
Equivalent full power days 241.9 329.2 305.4 281.0
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#£—5 Fission Yields for Thermal Neutrons

Fissionable atoms/fission
Isotope 137 g6 Tritium?
235y 0.062 0.00013
236y (0.062)2 (0.00013)
238y (0.062) (0.00013)
239 {0.065) (0.0002)
239py 0.0656 0.00023
240p, (0.0656) (0.00023)
241p, 0.0646 (0.00023)

Ayalues in parertheses are rough estimates, but gross errors
should not significantly effect the results, as indicated in
Table 8.
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#=-6 Summary of Calculated Operating Conditions and Isotopic
Concentrations for Shippingport Fuel Rod 0320-102

Exposure Period

Initial Seed April 1,
Startup 1 2 3 4 1970
Average heat rate, kw/ft 0.37 5.07 4.61 4.59 4.58 —_—
Concentrations, atoms/ em?®
U0, x 10-24
235y 1.74-40  4.28-5 6.57-6 1.15-6 2.33-7 2.33-7
236y 0 1.88-5 2.35-5 2.36-5 2.31-5 2.31-5
237y 0 1.68-8 2.15-8 2.16-8 2.12-8 ~0
238y . 2.426-2  2.41-2 2,39-2 2.37-2 2.35-2 2.35-2
239y 0 1,61-8  1.60-8 1,58-8 1.57-8 ~0
239 0 2.32-6 2.20-6 2.27-6 2.26-6 ~0
239py 0 6.29-5 6.87-5 6.84-5 6.78-5 7,01-5
240py 0 2.11-5 4.28-5 4.84~5 5.00-5 5.00-5
241py 0 4,10-5 1.18-5 1.45-5 1.32-5 1.10-5
137 og 0 1.16-5 2.51-5 3.70-5 4.75-5 4.12-5
SH 0 3.02-8 7.19-8 1,10-7 1.42-7 1.00-7
FPP° 0 1,85-4 3.99-4 5.91-4 7.87-4 7.67-4
% FIMA 0 0.82  1.77 2.63 3.41 3.41

aBased on 137Cs activity=1.7965 x 1011 dpm/g UO, on April 1,1970, and a UOg

density of 10.18g/cm3,
b1,7-4=1.7 x 1074, etc.
CFPP=total fission product pairs.
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&£—7 Calculated Sources of Tritium Present on April 1, 1970

Fissionable Isotope Fraction of Tofal Tritium

235y 0.100
236y 3 x 1075
238y 0.017
239p 9 x 1078
239py 0.723
240py 2.2 x 1074
24lp, 0.160

#&—8  Radiochamical Analysis of Top and Bottom Halves of PWR Blanket Rod

Fissioﬁ.Product Top Half of Rod Bottom Half of Rod

Pu « 3.06 x 106 cpm/mg U 3.17 x 108 cpm/mg U
31, 1.12 x 108 dpm/mg U 1.08 x 106 dpm/mg U
106gy 1.94 x 107 dpm/mg U 1.87 x 107 dpm/mg U
137¢g ' 2.07 x 108 dpm/mg U 2.01.x 108 dpm/mg U
1440q 1.88 x 107 dpm/mg U 1.61 x 107 dpm/mg U
154py 5.42 x 107 dpm/mg U 5.44 x 107 dpm/mg U

— 61—
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#=— 10 Tritium Content of Zircaloy-2 Cladding
Sample 3y , dpm x 1078 3

Leach ~o =~  Weight, 2 Ho

No. Segment No. g  Solution Scrubers Mol.Sieve Gas dpm/g Zr-2
-5 2,8,4 1.35  0.32 none 6.15 0.02 4.8l x 108
L-6°  2,3,4 2,10  0.68 none 11.00 0.01 5.48 x 108
-7  2,3,4 1.46  0.36 0.01 3.64 <0.01 2,75 x 108
L-82  2,38,4 1.02  0.33 <0.01 3.23  <0.01 3.49 x 108

2 eached with nitric acid.

bNot leacted with nitric acid.

#F—11 Tritium Content of UQOg Fuel

Leach  Vol., 3Hp in Solution,  Other 3Hy,2 U, Hg,
No. ml - . dpm S dpm X Smg dpm/mg U
1 98 2.10 x 108 0.37 x 108 2.2 1.12 x 108
2 100 5.16 x 107 0.02 x 107 63.9 8.11 x 105
3 250 5.32 x 1010 0.02 x 1010 2,75 x10% 1,12 x 109
4 250 6.98 x 1010 0,03 x 1010 6.47 x10¢ 1.08 x 106

2Molecular sieve traps, off-gases, etc.
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(ZCHRNo I — 2)
GEAP-10217
Zircaloy-Clad UO; Fuel Rod Evaluation Program
F.H.Megerth (May-July 1970)

1. # = ,

Vallecitors Boiling Water Reactor (VBWR) ®final shut down RT'AE C Fucl
Gecle Program @& T DK TType ] basic assembly ®Zircaloy — 2clad UO, fuel rod
i3, 3x10%° fission cm® (10,000 MWD “TU) EEEBHINAT I, £ L THXS:E
BBiAic, 6 x 1020 fission /¢m® (20,000 MWD ,/TU) % TZircaloy clad fuel Z#
ek 2 ¢ L AFEHET B/0HIT, 98 ADhigher exposure fuel cpcle program rod #5SA —
1 L¥EESh, RO assembly iT#AAEH, Dresden Reactor Unit — 1 TEMI N, T
Dassembly {Z, 7 X 7D 2>Dassembly LOEHRsHh, MEELFRGHLETHFAIKERESh
fro SA — 1fuel rod DOHAEEFMICHITT 5 7R GESMRIEE OB OETEBKZT~<S A
Hic, WEHABREUMTOtwo —phase program A5FTH S 7z,

Program® 1 D phase ICH VT, 104D rod AVBWRKR U Dresden T 1200 iR
19674 1 Bic assembly » SHIO &, Vallecitors Nuclear Center ~N&X o iz, O D
rod (£ 1850 HaBiz L 72 21D 44 KD rod ZMAAA N subassembly {3, 3HDHBHHIT
VNC ~NZE Lo,

2. Fuel Rods (DEER&MEH
2.1 WEBFONFILOEMN (D. E. Rey, L. N. Grossman, F. H. Megerth)
#®OProgram DFHRIC, Eh < B2 HEHEOHE® 7 @D pair 435, 1967HF 1 HICSA -
1 assembly (Rods B 70, A 13, A 41, B 97)X DO hiBkEr» oIV SN,
THoDOBEHEOHED ZhFho pair O 1 2hoOEBFER SO TEKERLMOT R 3%
AL
BEOMETIE, ZOWEDZAEID pair O 2FHP SORBECRB 0T, 7
) FULASERENSHL, 35KKRERUMOFNZFIOOTERT LT S,
{1) Procedure
(i} Sample Preparation
BREED DO OUIMTIE, o b RAUTH - #Ehd, HOEE, Cladding
Segment &, HETERILLE, BEKTESEL . ZRE, WIS cmADIFEL
hF¥FhoCladding segment »oYIDE -7, HABFR 3, HEE, EBEZHEL, Sh

ielded Vacuum out gassing apparatus ~N& -7,
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(i) Out —gassing
g v izasvaEoFE, 1800~ 1900°CTdegass Lk, ThEhodBh%521
AL, TOROKEES 1077 Torr HIFT, 1300°CTH 30 2MIMALIL REN X
i2, 28B® mercury diffusion pump THPGEVEHL, MER~NE- 7T,
(#i) Analysis
RKEEE- o A2 TOH 21, multirange Mcleod gage TRIER, RIKAT &
St _
@ HROK273EF, HRZo=wbF 574 OFHICAVIS, _
® BbOo#1/ 3, 7 —spectrometry T ** Kr ZilE LARHERTF ) F7L%EK
(H, O, HTO, T.0) icfd 5/ XU Metallurgy Mass Spectrometry L—
aboratory ~~i£- 1o,
(2) Result .
SR EE -5 IemL, 2ROBRFFIRBE 3R - tEOER T -4 2% — 6 ITR
L7
Cladding @ b ) F ¥ 4&; 5~58ppb OIS Y, ThiEEmdicERLATY
F 9 LDF2~ 16 BicHHE L7,
b3 ADSHHCHV I Cladding ORERF ICHM T 2 OMPEEIL, 5% 10%° ~
8 x 102° fission/cm?® (17,000~ 30,000 MWD /TU) OfEFIcH b, FIHIIEE
i3, 30~50W, cm? (100,000~ 160,000Btu h . ft * ) OWHICH 7o FAH;
HEREIZ, Dresden OMEITB0W, cm?® (250,000Btu/h. ft* ) THh-7o
Cladding 1@ + ) 79 LOESHRE, LEEHMAE L TRRERUESHIEE LA
BAASE 0, BRUSEE R OSSP BRI 4 5 Cladding 10 F ) F U ABOHRE, Fii-
Frod »oORBAERCELDrod »50 2 HOBEFH & bR & HADEME &
blitEFELIEML,



*—-5 Tritium Content of Cladding Samples
Sample Number .
%‘nd Loqat‘;c;g o Gas Volums Tritium Content © Apgrxl'logl};l;ate Precent Krypton-85
pproxim m . . cps
\inehes) up from | (Mioroliters : e T CTadding (Tritium | dpm (4 b [MWD/TU
Bottom of SA-1 | per Gram ¢ Ci ppb fm [0, gm UO, |in Cladding | gm
i i enerated
Fuel Column)2 at STP) gm Cladding| Cladding (x 1 02 ) g( X 102 )
151760 (51-7/8 | 1025.2 2424 24.8 3.99 50 8 12 23, 900
-~ 29,700
64.14cm (25-1/4 in.) 844.0 561.4 57.8 9.20 81 15 16 )
e 28,500
68.90cm (27-1/8 in.) b28.5 553.4 56.8 9.14 57 16 NA ,
A46U
3.8lem (1-1/2 in.) 836.9 43.3 4.5 0.71 33 2 0.75 16, 900
A46G
70.80cm (27-7/8 in.) 870.2 246.4 25.4 4,02 53 8 6.9 25, 300
BY7D
123.51cm (48--5/8 in.) 924 .4 311.6 32.1 5.14 a7 9 8.9 26, 600
97K
173.3701]; (68-3/8 in.) 969.6 92,7 9.5 1.53 36 4 1.1 18,500

NA = Not Analyzed

(a)= The bottom of the SA-1 fuel column was 586cm (23-1/16in.) above the bottom of the Dresden Reactor active fuel Zones

The height of the SA-1 fuel column was approximafery 192cm (75-5/8in) which included a ~3em( 1- 1/4 in )
non-fueled gap between the top and bottom/subassemblies
(b)= Not corrected for either counting efficiency or decay Analyzed in July 1976
(c )= Corrected to date at discharage ( January 13,1967 )

LE-T8-TF8NS



#*—6 ROD OPERATING DATA
. : 2 2 -3.b
Estimated Heat Flux in W/em® ( Btu/b~ft x 107°)
ees Burnup ‘
tnifial . G Zfa“t;zn . Dresden  Operation
Enrichment Rod-Average, of Sample Time- P
. At Maximum |Time-Averaged| At Maximum Reactor Power
{ weight Averaged
4 f d 1
Rod of percent \ Days of VEWR Rea.ct%-ower Cycles 3 and Average for Rod or Sample
Fissionsem Operation® Rod-Average|Rod-Average
Sample U - 235) + Dresden c c
x 10-20 MWD/tU or Sample or Sample BOC 3 EOC 3| BOC 4| EOC 4
B70 2.76 5.5 20, 200 1,217 [35.1 (1113 { 74 (230) 34 (110) 58 (180) - - -
B70E 6.6 23, 900 41.5 (132) —_ 40 ( 130) 69 (220) | 45 (140 | 53 (170} [ 40 (130)
Al3 3.49 7.0 25, 600 1,204 |44.9 (142) | 88 (280) 41 (130) 70 ( 220) — - -
Al3G 8.1 29,700 52.1 (163) | 182 (420) 47 {150) 80 (250) | 52 (1L60) | 63 (200) [47 (150Q)
Adl 3.49 6.6 24,000 1,204 |42.0 (133) | 88 (280) 36 (110) 63 { 200) — — —
A41E 7.8 28,500 49.8 (158) |132 (420) 43 (140) 74 (230) | 48 (150) | 57 (180) |43 (140)
AdB 2.76 6.0 22,000 1,218 [38.7 (123) 62 (200 40 (130) 69 (220) — — —
A480 4.6 16,900 29.7 ( 94} — 30 (100) 52 (160) | 34 (110) | 41 (130) |31 (100}
Ad6G 6.9 26, 300 44.5 (141) 95 (300) 48 (150) 79 {260) | 51 (160) j 61 (190) |46 (150)
B9 2.76 6.1 22,200 1,218 |38.6 (122) 80 { 250 ) 36 (110) 62 { 200) —_ — -
BYTD 7.3 26,600 46.3 (147) | 121 (380) 43 { 140 75 (240} 1 48 {150) | 58 (180) |44 (140)
BITK 5.1 18,500 32.2 (102) —_ 30 (100 51 (160) | 34 (110) | 41 (130 (30 (100)
{a) Total days at operation, 840 days of which were in Dresden in all cases.
Days of operation in the VBWR is defined af hours at temperature { reactor thermal power >5 MW } divided by 24.
Days of operation in Dresden is defined at hours of turbine-generator cperation divided by 24.
(b) To obtain linear power in kw/ft of rod length, multiply W/em? by 0.103.

{c)

BOC=Beginning of Cycle. EOC=End of Cycle.

LE—T8—TV8NS
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(ERNo.TT — 3 )
GEAP-12205
Tritium Distribution in High Power Fuel Elements
L.N.Grossman and J.0.Hegland (June 1971)
. B & |

BUBTETIBERO N ) F 9 AR EE 7 ot RBRICERE TEEL, B—0BEEL T4
V=T e S, BB RIUPHAOBBE TREFBE R T 30 B5L7 10 XEETH0 %
D+ Y FY LRI CEE T 52 LA A S M TV B, ZhEl OB OMEHET
i, BBEENEHET I M) F U LOEERESICEAL, BREDE, Yot ERPICA SRR
PIREBIEALSEFEREINTVS, £ T, FMATREERT STV E2HAFRORRNN
oy FEFHAD O » FEOVTHREEHEHEE~D F ) F U LOHGEIC DV THIEET - 720

Rod CP - 206
Rod 12FV
3. 8 ¥
B g
7 B
4. REFHZR

Reactor Big Pock Point Reactor (BWR)

BAMHAIEE 176KW Tt (¥—27 223K W/ ft
SRR 12000MWd,/ T (E~% 15000 MWd./T )
Reactor GE Test Reactor (PWR)

BAMMAEE 314KW/ft (2—27 49.TK W1t )
SRR 21000MWd, /T (¥—2% 23500 MWd/T)

3/ 8inch® KA v ML, HNO;(UO. BE) RCHCL (75v F
Bk TEREL, EFEKTY v v T 5, RIT1300°CT 305
ZRSILERAZZ Y F 9 LKEERLT, YYFL—Yayehy
¥ —-THRIE L7

Goode and Cox &RIRREHFETEINL 2.

HRAERUOHRERO ) F Y LBODTEES £7, 8ITTRT,
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#2— 7 Experimental Data for Tritium in Cladding

Tritium Quigas
Weight Data Outgas Outgasin H-3 in in Cladding from Cladding
Specimen (g) Outgassed  (#f-STP) Aliquot(%) Aliguot(dpm) (ag/p) (2£/8)
Zr-o T} 0.237  5-11-71 27.2 41.6 2.2x10°  <1x10t 115
Std.A 0.328 12 45.5 38.5 4.9x108  1.8x107% 138
CP-206-N 0.383 14 157.6 30.1 3.2x107  1.3x1072 411
CP-206-D  0.462 14 222.5 34.7 3.3x107 9.4x1073 482
CP-206-P  0.490 14 227,6 34.1 8.2x107  2.3x10°2 464
CP-206-V  0.361 15 120.6 33.0 2.6x107  1.0x 10-2 334
CP-206-F 0.387 15 182.2 35.8 3.5 x 107 1.2 x 1072 471
CP-206-M 0.518 15 200.2 35.8 2,8x107  7.1x1073 387
Std.B 0.509 18 115.3 33.1 1.0x107  2.9x1073 227
CP-206-J 0.534 19 195.6 40.8 7.0x107  1.5x10°2 366
. CP-206-C  0.585 19 291.6 41.2 5.0x107  9,6x10™3 499
CP-206-W 0.479% 20 178.3 39.6 3.0x107  7.5x10°2 373
CP-206-R  0.586 20 240.8 40.5 7.1x107  1.4x 1072 411
CP-206-A 0,582 20 201.4 39.4 3.1x107  6.1x1073 346
CP-206-T 0.321 20 123.8 39.1 3.3x107 1,1x10-2 386
CP-206-B 0.327 20 553.2 13.3 4.4x108  1,9x103 1693
12FV-H 0.330 21 1172.4 25.7 2.3x107  1.2x10°2 3556
12FV-R 0.456 27 1675.8 18.8 5.5 x 107 2.9x10"2 3607
CP-206-X 0.442 21 187.3 40.0 2.3x107  6.9x 1073 424
12FV-Q  0.345 21 1117.7 . 27.4 2,5x107  1.2x1072 3243
12FV-K  0.366 25 827.9 36.4 1.2x107  4,3x1073 2263
12FV-0 0.345 25 ? 29.9 2,0x108  9.0x107% 3428
12FV-J 0.326 25 959.6 31.1 1.4x107  6.2x1078 2948
12FV-§ 0.408 25 ° 1208.0 31,0 3.1x107  1,1x1072 2959
Blank — 26 2.5 56,3 4.1x10% — -
12FV-L  0.373 26 1025.3 35.7 3.6x10°  1.3x1072 2746
12FV-E 0.303 26 1132.7 27.1  2.2x107  1.2x1072 3742
12FV-P 0.356 27 - 1295.4 27.5 1.83x108  5.9x10°2 3639
12FV-T 0.761 27 325.9 40.4 4.8x108  7.2x10°¢ 428
12FV-N  0.334 27 1386.0 26.2 3.5x108  1,9x10"% 4147
CP-206-V  0.461 a7 206.6 39.3 5.7x107  1.5x1072 448
12FV-M  0.507 28 1724.3 22.6 7.2x108 " 2,9x10°3 3399
CP-206-Y 0.740 28 200,2 38.3 2.6x107  4.3x10°3 270
Std.C 0.861 6-2-71 70.4 36.5 1.1x107  1.6x10°3 82
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#—8 Experimental Data for Tritium in Fuel

Weight

Specimen (2)
CP-206-A 7.88
CP-206-C 13.08
CP-206-D 8.10
CP-206-F 8.79
CP-206-H 11.50
CP-206-J 9.33
CP-206-N 10.01
CP-206-P 9.96
CP-206-R 7.47
CP-206-T 8.06

CP-206-V-2 7.93
Cr-206-v-3 10.86

Blank-1
Blank-2
Blank-3
Standard

12FV-B
12FV-E
12¥V-H
12FV-J

12FV-K
12FV-L
12FV-0

6.23
9.02
8.03
8.83

10.75
9.79
9.95
9.50

10.17

10.22
6.30

Tritium
in Aliquot

(dpm/ml )

3,15 x 108
9.86 x 106
7.34 x 108
7.27 x 106
1.32 x 108
1.18 x 107
1.18 x 107
1.35 x 107
7.96 x 107
6.36 x 106
7.27 x 106
2.88 x 108

1.77 x 104
3.97 x 10%
1.04 x 104
3.52 x 10°

1.39 x 109
2.20 x 108
2.12 x 108
2.20 x 108
1.97 x 108
2.38 x 106
8.21 x 106

Tritium in Fuel

(ug/g)

1,11 x 1073
2.28 x 10~3
2.73 x 1073
2,57 x 1073
3.48 x 1073
3.62 x 1073
3.54 x 1073
3.96 x 1073
3.14 x 10-3
2.81 x 10~
2.46 x 10~3
6.72 x 1074

7.70 x 10-6
1.19 x 1079
3.51x 1076
1.26 x 1074

3.54 x 1074
6.25 x 10~4
6.16 x 1074
6.34 x 10~¢
5.74 x 1074
6.25 x 10™%
3.54 x 1074
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Tritium Concentration ( #g/cm )
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Bg— 14 Tritium Distribution in Rod CP206
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CP - 206 DWEENO MY FYLDRTHR T vH DN, LEHN—BHLALBHERLT
B, LL, 12FV TEREBEED by Z7h o7 VI LIhIFTHED NV FBH 605,

CP - 206Dl (B 14) 2WH T2 HBEENICE3 g, HHPICE0 g 53T
11.3 #g iKiL B, STE L TRI24.2 2g TH B, HWHETO M) F 7 LBOFEUINE30% (
MEDTEAT 10%) ThHaH, COTERIRMTOWBEOH Y 7T Y FULBEENT
WBZEERLTN S,

12FV () 15) OB ARHATEPITOF -y O YAHBRTH L0, EHECHDT S
DR TH B, 5 7iclEET S EWHETPTE2 #g THDB, £/, BRPITH>OTET—7
DSy ERIEBICNSS, BT HL048 ug Kb, STEEAFT I3 g iTii %,

LDz &, MEDICEFEINTHRE MY F LR

CP—206 26% 12FV 3.7%
&5 50

COEERBETO N ) F Y LA BOREERE b Y F U LOFE LOESRED SR, BEPO
b F Y LDRIEBEOREERE10%THD, K14, 15 ORBRES-HT D,

E 16 A~ SHEINE M) FILOEERETOILTT oy b LAEBDTHS, T
icid, Goode and Cox ! HKUF Melehan® OF—# d#i¥/, ov FidZircaloy ~ 2Clad UO.
THEEH 1,7 2 inch BABERE 344 32.000 MWA/ TRU 11400 MWd T TH 5.

16 31 S i REEh ST A MY FyLBEBMEDOETHEBNES S 2R LT
Who T ORI IGEAIEE L D SIEBITH L, _
14, 15 OEBED b ) F7 LORTIZBE DI TRRBEEO SRR -> TV 5. #7
SHIC BT, CP — 206 TIHERBICHABEEICHE > TV ED, 12F V iE 20 TIHBHROKE
AERLTO S, COBNE, 2°00y FOEBREHIKLEHDTH S, CP — 206 FBWR TH
XNl bOTREZZSOCEMASZC &LIFEVA, 12FVEIPWRTHE SN ODTTLF4
BRMOEH LD b 150 7C b HoTWBe EHKTLF ABHETRASHRETR 4L
T3, BRHIEELEEGEIIKETE6DTHD, 12FVTHYFILDE—IHTVFL
HEBESEOMEMHETERI SN T AL L3 E—FKT S, CP—206 TS LieézvFe
£ FEWT MY F YLD L~<ADECOE BWR OETE CREBEAEINS O LKL BHDT

H5,
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100
90 |-
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70 -

Release from Fuel

20

10 [

Ref 4 and 5

{ ] I

10 20 30
Burnup-Averaged Linear Power Rating .kW/ft

B— 16 Tritium Release vs. Linear Power

6. # @
BLETRTY o R ERICAS b ) F 9 AREAIICHE CRET 50 1D 17 BERHO Y
5o LEUEIRIEEE - Bt & OBBRTR L bOTH 5o RHMRATIFMRLBEORRTSHY,
BB AE 16 @ F— 5 1T bEFNTELLbOTH B, KROWMERM 102TH 30

—73 —



SN841—-81-37

/10 kW/ft
<5 kW/ft

/
/

/ P 15 kW/ft
§ 12 / -
: S -~
g / 176 kW/ft
EI / e
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/ e —
4 |- // o e -
/
// e . 2B kW/ft
L — - —_— T
0 — L___._.-- -0 131.4 kw/ft
10, 000 20,000 30, 000

Burnup . MW4/T

- 17 Tritium in Fuel vs Burnup

L1 M) FOLOGEICET A ERERTH 2, afHTE, CP—206THH 24.2 #g, 12FV

T 13.1 ug® b ) F7LhEKESN 3,
MEIRTOF— 7 OREEIRE 10 BLATH 54, HEEPOF -y BERTHIV, (&<K12

FVicoW\WwT) #oERE LTI,
1. #HEEL SO ) F 2 L0EIGEHERHIAH
2. WEEEOW YT v I ETEHBERSERDONR L. RO MY F T LOFRHNIEHE

itMelehamic £ » THEBIEN TV 5,
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#z—11 Experimental Tritium Partitioning Summazry
2 B M Tritium { 2 g)
(€3 - ) .
' Fuel Cladding Gas Found
CP-206 6.0 5.3 <1073 11.3
12FV 0.48 ~2 <5x10” 2.5
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(RNl — 1)

ANL-8135 : =
Tritium and Noble-Gas Fission Products
in the Nuclear Fuel Cycle

II. Fuel Reprocessing Plants
B.J.Kullen,L.E.Trevorrow and M.].Steindler
(March 1975)

z 8

FYF o ARUENROBLBTIEICE T 5 EHic >0 TR~/

EEORENT S v M5 ) F 9 LROFELROBRIEEOFHR U Z @ Pathwaysic
2V ThdmRLis

e OEEMRICBITAF. P. OEEBCH LT~y bz ¥ FTROSERUBEEYEER
ORI DT U o

AEC pilinth 0 HAE T E R OHBAQBLETEOMEHRARY M 1 5V AROHFE RO
HEIco>W T 6 Appendix OFETHEHE 7=

Introduétion
#— 1L WR @ 1000 MWe Bl OO FETRT.
LI 8%,

Fuel Reprocessing Plant Description
H B
E_ 30

Appearance of Tritium at R.P. site

BRI RRD IO SR S A RS OH — 313, HAWRITHTO & LTHITT 5. £0D
HWWEOH — 3 WA 7 F 2R~ B E N %o

H— 3%, ¥ Zircaloy hull £z Zr Compound & LTEENT VS LEEL N D,

head end @A 7 #H 2R iZ#EhOH — 3D 1 ~ 25 Mk ah, (Cochran 1970, Ha—
ney, Peterson), *H, i x4 5 HTODHIE, 10°~10°TH S HEHMRIN TV B, (Griffin) T L
THEDD 75~ 100 BOMEPOH-3 13, HAWRLEL ~VRENELNE,

£ ACHAWELA WORELH - 3EERL, -5 WERHAL0ICHRELIH - 30K
HE%RT .

A . Mechanisms and Amounts

=76 —
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BAETEICENTE, $IRE0ZA, FERRICH-3BPRDABZ T LEEI LN, &
Dr—2ELTR, BEAHOHSTTHSY, AR 1BLUTTH D, ZARBERNOKIKS
NAEH- 3 EMbhoH - 30 1 %LUTFTH S,

Grossman DEERIC L AT, H.— 3099 BUULEGEED= b Y v 7 AR Zircaloy Cla —
dding hiCEET %,

‘li/uﬁ?fEF'CD—H —3DHFAELTORHE, 0.1% (Grossman) ~9% (Goode 19686,
1970, 1970A) OHFICH ST LPHERIN TS, 19714, West Valley Plant @
Stack Ao ENEH -3 2= ) 7 LidT A, 107 Ci*W MWD z&igEom
BT 6.756 X 10 7' Ci* VMWD OH — 3d3fi &, Mk 25 BHART, 75 BHKERT
H -7 (Cochran, 1973) .

Water —Vapor “gas @3, # 7 H XD condenser management Tk »TE{LT 3
A, ChoDRIE, BEDOH - 306750257 v 2 oIl 2B H%TS, T
5O F— & IZMREEREHI T000 ~ 22,000 MWD/ TU, BHBHA1 ~ 5 EOMEMERD DT
HB,

33000MWD /TU, 160 Hi&#IDOL WR O#MFIHOH ~ 3 DFtEER, 690Ci/MTUT
3, (Blomeke , 1974) '

West Valley Plant TZ OB %08 L1 &d+hid, 40Ci/ MTU (1.4 X10°Ci/MWD)
Xi3#¥140Ci/H (3IMTU/HOMNEE) OHATH - 3MRY v 7 RSN Ehb LTk
e

MHTRRICEVT, H-3@HTO & LTKHEAVWHAWRERNEITT 2803 »0H - 312,
B~ BT 2 DEEZ SN B, FOBRERMETIMiI 70— v — Mgk 5H5, Hanford
Purex —Process Flowsheet (Irish ) O T, KETOH - 3 0y 7 BhBE TR
BOTHBENBITT00LEALONS, (Blomeke 1964)

BEERHETOH - 3WHTO S LTHEEL TV IAULERBETRETHSRK & St EEicis
D, BEEFPH-37) —OES, GERAPOH-3BRELI{HPTIDLEEL NS,

Purex ProcessicBid 5H — 3DSEIIC>WWT Henry (1972) {2, HOo K EH—HEBHED
EEOKD TERIRICBET5H— 313, 2H— 30802 % TH3 L0050 EER L

Smith 4., BEOEREREOERTHRIHLABHEOBTOH - 3 OXBEL 1 BLITTHS
&L,

Pk, BEEpicEt Uit — 3 idml, H8o#%, HTO & LTHALW, LALW
RUDbLTHLOBTH 5HhBEEFICEENS,

k-6, U. S. ADBEER7T 7 v BB AH - 30REEE EH TR LIS

B. Pathways of Trituim
{HFAFREBOH — 313, - 16 KR 3 & 5 ic chop —leach #fED 5 3 DO EE pa—



SN841—-81-—-37

thways {CfE-THEEh, West Valley , Midwest EUBarnwell i3 5H - 3 L2
DL EZNETH K- 17 ~ 19 1R LT,

Zircaloy Hull ~NgFd 3H ~ 308IAE, K- 20 KRT &5 KEFFICST @7k
L -»THhE b, (Grossman, Megerth)

THbhb, BFFTEWEE/ITHEL -BREOES, ABSOH-3XHul Rl T
i, BEEEMRICIHTHEH - 3 LABEDANOTHESS, '
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| #&—1 Description of Typical Fuel from Light Water
Reactors of the 1000-MWe Size?
BWR PWR
Pins/Assembly 49 or 64 204
~ Fuel | U0, U0,
‘Enrichment, wt % 239y 1.6- 2.6 1.8-3.3
Active Fuel Length,in. 144 - 148 144
Cladding Diameter,in. 0.563 0.42-0.59
Cladding Thickness,in. 0.032 0.024
Cladding Material Zr-2 Zr-4
Refuelling Frequency, months 12 12
Annual Discharg:e,MTU’o 33 30
Avg. Burnup, MWd/MTU 27,000 33,000
Avg, Linear Power, kw/ft 5 7

3Range of values from various
WASH-1230 (Vol.I) ].

bMTU=metric ton of uranium.

sources [NEI, WASH-1230 (Vol.1),
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F—-3 Estimated Composition of Untreated Dissolver Off-Gas
in Reprocessing of LWR Fuels by Shear-Leach

Operations®»
Liters(STP)/ Liters(STP)/

Constituent MTU 1000 MWe-yr
Xe (stable fission product) 8.3 x 102 2.5 x 10%
Kr (fission product)® 9.0 x 101 2.7 x 108
Total aird 6.7 x 105 2.0 x 107
Xe (air)d 6.7 x 1072 2
Kr (air)d 6.7 x 1071 20
NO® 4.3 x 104 1.3 x 108
NOy® | 4.3 x 104 1.3 x 106
THOf vapor 1.2x 1072 3.7x 1071
THE gas  4.0x10°3 1.2 x 1071

2Agsumes spent fuel (30 MTU/yr) from 1000 MWe reference LWR (ORNL-4451).
bAssu_mes no treatment to remove water, NOX, iodine, or other constiruents.
C85Kr and stable Kr.

dAssumes 100 cfm air enters dissolver (sparge).

€Agsumes the dissolution produces equimolar quantities of NO and NO, and
that these appear in the gas phase in the same ratio.

fAssumes ~1% of total tritium enters dissolver off-gas.

gAssumes THO/TH ratio in off-gas 104,
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#=—4 Estimated Annual Tritium Content of Waste Streams
from U.S.Commercial Reprocessing Plants

High- Level WasteP Low-Level Waste
Plant? Ci Tritium/yr gal/yr Ci Tritium/yr gal/yr
MFRP o° o° 152 x 103d 0.56 x 106
NFS 13 x 10 187 x 108 179 x 103e 8.4 x 106
BNFP 23 x 108 74 x 103 600 x 103d 11 x 106

2Pplant capacities and characteristics of spent fuel listed in Tables 1 and 9.

bHJ‘.gh-level wastes must eventually be calcined. The tritium contained therein
will become available as tritiated waster. High-level wastes are currenily
stored on an interim basis on the reprocessing Plant site.

CCalcination of high-level waste in an integral part of the MFRP process.
All tritiaom appears in low-level waste.

dDischara.ged to the atmosphere through a stack.

€pischaraged to a creek.

T #EK-5 Tritinm and Volumes of Tritiated Water Released
in Reprocessing of LWR Fuels Related to Electrical
Power Production?

Released
Tritium, : Tritiated Water,
Plant Ci/1000 MWE-yr gal/1000 MWE-yr
MFRP 12 x 103 4.5 x 10
NFS 13 x 10° 5.8 x 10°
BNFP 12 x 10° 2.2 x 10°

4Calculations based on full capacity operations (Table 9) and assumption of
thermal efficiency of 34% for LWR.



SN841-81-37

-8 Tritinm Distribution in U.S.Commercial Fuel Reprocessing

Plants
West Valley Midwest Barnwell Total
Fuel Burnup, MWd/MTU 20,000 44,000 40, 000
Cooling Time, days 150 160 160
Capacity, MTU/day, (MTU/yr)®  3(780) 1(300) 5(1500) 9(2580)
31 in Fuel, Ci/day, (Ci/yr)®  750(2x105) 505(1.5x105) 2450(7.4x10%) 3.7x103(11.61
34 Stored with Hulls, Ci/day?  ~120 ~175 ~390 ~585 )
3H to Organic Stream, Ci/day® <6 <5 <20
3  th Hich-
WeedwibHgclenl g o a0
3H Stack Release, Ci/day ~404 ~430€ ~1840€ ~2310
3H Stack Release, ZMPC  0.8(inversion) 0.1 2

0.5
3H Release to Watershed, (average)

Ci/day ~ 500 0 0 ~500

AyWest Valley yr = 260 days : Midwest and Barnwell yr = 300 days.
D169 of total 3H (Megerth).

©<1% of SH in first cycle feed (Smith).

dg.759% of total SH (Cochran 1973).

€Assumes LAW overheads to plant stack.
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=17 Tritium Content and Distribution in Spent Fuels from
Various Types of Reactors

LWR HTGR LMFBR
Fuel Material U0y (U, TH)Og, Cg (U, Pu)Oy
Cladding Material Zr-2 & 4 graphite S. 8.
Average Fuel Burnup, MWd/ MTUP 33,000 94, 000 ~40, 0002
Average Specific- Power, MW/MTUP 37.5 80.7 ~52
Cooling, Days 160 150 30
Tritium Generated, Ci/MTUP 691 1280 1070
SH in Fuel Matrix, % 10-85¢  0-100d 0-5¢€
4 in Gas Form, % 0c 0 0e
34 in Cladding, % 15-90° ? 0°

&Core and blankets mixed.

bBlomeké 1974.

CGrossman, Megerth.

dGroodjohn,]?ublic Service Co. of Colorado.

€Assumes 100% of gas leaving the fuel is diffused in stainless steel cladding.



SN841-81-37

STACK
%
3%
SOLVENT ORGANIC
OFF-GAS || — {EXTRACTION <1% CLEANUE
PROCESS PROCESS
<1
<1% 10% 73% i
63%
AQUEOUS
FUEL
> rueL |100% |EEAD-END ool TREATMENT
STORAGE PROCESS |(74% | aqueous 779
WASTE 0
16% 10% - OR —4 OR—
RECYCLE OR
Zr-HULLS CALCINE
STORAGE PROCESS 10% 1
GROUNDWATER

Possible Flowpaths of Tritium in a Typical Shear-Leach Purex

- 16
Scheme for Processing LWR Fuels. (Numbers are perentages
of the tritium in the spent fuel.).
FRESH 11.824gal/d__ _ _
SOLUTION L D
STORAGE
e __|MAKEUR  |i735(19.3)
i | ] 2475 (2.9)
825(0.96)  [550(0.6) PROCESS
| U
i 16,562 (17.7) FoAp
DISSOLVER HA 43
10 TRA
Tri?zfl;nf EéjLUl\EI:fION 825(096)
in Fuel ACID
RECOV.
1305(96.4)
. e
70gals/d
T0gals/d "] 10.746/(92)
—
HLW WASTE
STORAGE 170(L.5) | DISCHARGE
6.7% of Tritium
UNITS=gal/d (% of Input Tritium)
B— 17 Tritium Paths and Amounts in the West Valley Plant

{Percentages are the portions of total tritium appearing in
dissolver solution.)

1913
(16.4)
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942gal/d

CLEAN MAKEUP

PARTITION

PURIFICATION

DECON

LEACHER HA COLUMI;I
HAW CONCENTRATOR
ACID FRACTIONATOR

443gal/d

79gal/d

100%- TRITIUM
INPUT FROM FUEL

940(99.7)

2.0 S _BER

164 gal/d

1028(79)

i

- |
2.4(03) |

|

y

LAW
VAULT

[—iﬁﬁﬁﬂ793)

RATOR

B—18

EVAPO-

CAICI-
NER

—— ——— TRITIUM FLOWPATHS
UNITS=gal/d (% OF INPUT TRITIUM)

Tritium Paths and Amounts in the Midwest Fuel Recovery Plant.

(Percentages are the portions of total tritium appearing in dissolver

solution.)

36.258 gal/d

COLD CHEMICAL

42,273 gal/d
PROCESS MAKEUP

6020(16.9)

3852(1.5)

DISSOLVER

2890
(L.2)

35,531(14.2)

PARTITION PURIFICAT
SOLVENT WASH DOG
- & VOG SYSTEMS

1275
(0.5)

100% OF TRITIUM 3852

agl

EXTRACT
CONTACT

6742(102.7) |

6684(99)

34, 256(13.7)
34, 120(95.8)

40,140gal/a |

35,395
gal/d

190gal/d
CAUSTIC H

248(3.7)

HAW

CONCENTRA

HAW
STORAGE

— 19

l

LAW

CONCENTRATCR

40, 340(112.7)

ACID
FRAC-

LS

TIONATOR

96.3% OF
TRITIUM

STACK

6020(16.9)

RECYCLE

ACID

UNITS=gal/d (% OF INPUT TRITIUM)

Tritium Paths and Amounts in the Barnwell Nuclear Fuel Plant.

(Percentages are the portions of total fritium appearing in dissolver

solution.)
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100 T T T T T T T T T
90 | SUGGESTED CORRELATION |
g0 | (GROSSMAN) ]

| 33 FOUND IN IRRADIATED
70 [cLADDING AFTER LEACH

g0  (MEGERTH PROBABLE AVERAGE LINEAR 7
POWER RANGE FOR PRESENT LWRs i

60 |
40 ]
30 POSSIBLE AVERAGE LINEAR_
20 POWER FOR FUTURE LWRs T
10 | | , ]
L1 N L 1 1 - Lol
09 8 10 14 20 30

Tritium Released from Fuel percent

Burnup-Averaged Linear Power Rating kW/ft

[@— 20 Correlation of Behavior of Fission-Product
Tritium with Linear Power Rating in LWR
Fuels,
(Released tritium is bound fo Zircaloy hulls.)
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(FC#No. I — 2)

ORNL-TM-851
Management of Fission Product Tritium in

Fuel Reprocessing Wastes
J.O.Blomeke (May 1964)

E B
BONETHAFPO M) F9 41, BUBTEORESEVOEROBRSL OHFICEET 3
e %,
BECKEME 75 ¥ F OBa, BEHREGO L ) F 9 L0b1 < &b 75 BHREL <Lk
EEICES TN TRENIH S 13,

1. #®% =

FEEF12, 26D MV FULR, P UDKRIRETERL, HHERENOFEO LTHER
RIREH D B0

HABIRENES (12X 10" fission XD 1D, £¥¥0FEM & (MPCy = 0.03 2#ci/
ml ) 5%, KEEFHRUHBAICE—TH 5T &45, BEHEPNAET 3 T, SEELEBHLEE
18 LT3,

HOEITEIEBENT, MY ?(g)/-\@ibﬁﬁﬁD 25 BISTERRA 7 AATICHONZ 5 v 7 2B LT
&éh%C&ﬁﬁ%%FThéoEDm,%%ﬁ@ﬁ%ﬁﬁ%ih,%&Km,ﬁv&wﬁﬁwﬁ
EFhTHiiEh 3,

HAWRBHEEBICERINB I FOLE, 2~5BLTTHD,
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(NIl — 3)

TID-4500
Tritium Distribution in the Nuclear Industry
(The Requirement for Control strategies)
B.C.Musgrave (January 1974)

O |
BT T3 BSOS TERT S M) F U all, BABTBCE W THERSWBEEEDRIC
D EN B,
RETHFORICET 2 BAHTIBOS stream iIC B2 b ) F 7 £ OTHEEEE OFEBRZ RIS
L7
)4 2 VRUOFLERSICE B ) F 9 A0FBINT 3ERITO>VWT b~ 7,
I B =
# B
I T/Hratio

1. Reference Concentration

BiEORYFIAL~L, R. C. G. BEDT /HHER— 1 ITART,

#—1 Reference T, H Ratio

Oceans ~10" 18
Surface 5~8x10 '
Release Control Guide (R. C. G. ) 1x10” !
Most Probable Meaning full Target 1x10°13

* - 2 KRRENRETFHEROT /HEETR T
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£-2 ETORRICESS T/H K

e & T./H

Purex Headend 31x10°7
Recycle (27 0H) 14 8.4x10°°%
Recycle (2700H) 104 8.4x 10"

LMFBR (EBR-I)

Primary sodium . I1x10° 5%

Secondary sodium 3x10°°%

2. LWR —B WR B0 HunE
Mo Y Fu LR, HRFIREESH, RO M) Fyald, HTO & LTHAEL, S
ignificant amount @k Y F o 4ld, HT ELTEHET 3,
30,000 MWD /T U O#fl% 5t./d THRAET 3T (Purex ) DBE&, H1H1 71035
74 bEOT HHE, 31X 1077 THd,

M Strategies for Tritium Control

" OB

V BUEISCHITS MUFOLOSE

ICPP TD 1971 & Zirconium AR OMIBFFTE 1 ¥ 4 7 +OU TR OE stream T 1
T v 7 AERERL FYFILESFL, bYF U L0 material BalanceZE L7z, Fh#%
B— 1IR3

B o by F A%Eci, T, R MEBENSR L ) FUADO2ETH -7

WHHROMBRO L F VY 41, 0GLIZRFTHYD, £V FVLD99BMHIARFE (H-
W) ~Ephic

1971 40 Zirconium Campign BRI 1970 DCo —processing Campaign HiT-72 M 1
F o LORPrEERICLNE, Al dissolver IEBWTR, 45%BHHTELTA 7 HZAFR~NHHE
N, 55%H HTO & LTiHMEEIcED, Zirconium Dissolver it Tid, 10 M4 7 HF~
B Eh, 90 BHHBICHE - 12,



SN841-81-37

100%
IFU

G-106
FEED
TANK

IAF

H-118
SOLVE-

NT
TANK]

G-108

-1

EXTRACTION

IAX ~ 0.2%

IBS

IAP

G-111

IAR
99.9%

ICX

IBP

H-100
SCRUB

IBR
1.8%

0.01 M HNOg
MIXER
SETTLERS

ICR
~0.29
C J N
H-103 H-126
STRIP
ICP
<0.19%

Distribution of Tritium in the First-Cycle Extraction System
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(CERNo.II— 4)

ORNL-TM-2793
ORNL Experimental on the Behaivior of Tritium

during Head-End Processing of Irrodiated Reactor Fuel
J.H.Goode, V.C.A.Vaughen (Feb. 1970)

E 5
£0.01 %0 Fission Yield %6 3EHABERMO ) 9 2 OREHER 4~ DRI
UiR{bioBEic W Thy P ELVTEREIT- 10
—BiT, Y FILOFEMOE BT O ) F oL, HIHAK 3~ dkwft LILETHREL
TRy v T iR S hi '

. % =

1966 Fiz, L WR Bl Cons olidated Edison Power Reactor®@#zv@ (Th, U) O.0ER
Mgl dsmale scale DUTERED b ) FOLOBIHIICOWTEHE Lz, (T O#R%HE, cholk
River ®NR X Reactor CIEEETREH 1. )

ZOEHDRT VL AR O ANBRIEDL 7 A2 P~DP)FULDORHIL, SF MV F Y4
BDOUSBLTTHD, €87 Y BREOBEBIKA 7N ZPABHEhB M)V F 7 LBELTHR
s U 7o 20~25 BT LhRIERIT DL - 2o

LO#ER, BIYESBORBROBHDENVCEIEEDTDH -7,

COWEZFORKE, LWR, HTGR RULMF BR Oo#fdDHead End Lf#lcBI A+ )+
U L DEBDOHEERT oo CTOHEREE EDTLMTERNS,

2. HEBRBHYTL
CORBICHVLBEIE, EoRFHEBRMBHORD EHWI,
Dragon (U, Th)C hiF4%, Consolidat ed Edison#ft U Zicaloy— 2 —<clad PWR
BEO Y F U ADOBIBORESTT - 7.
RIGHDLMFBR #EHC SV TR, EAONELTOR M) —ARKBIT5H- 3 DHEETHY
note

3. ¥ B
3.1
a4 0B
3.2 LWR RULMFBR #¥H 6D ) F U 4O H
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3.2.1 HAN
Ry N EANTOEERG, AF¥LAHEEDConsolidated EdisonkU¥Zircaloy — 2 &
D PWRBAEHC D TIF » 7o, B3, NRXIET 25,000MWD,/TU, #&IEMTRIET 43,500
MWD/ TURKIN/bDTH 5,
BEE, BX45m, B5/16inTHY, Edison#iid, 27g ThO: & 1.3g ® U0,
T, PWR{Z, 36g UO, TH»7,
(D Consolidated Edison #%l
end plug DEARE, ERED 0.06 ~0.0018%D ) FU L &h, 8ADNricd
ARTUTEE, 0.03~0.22%0D Y Fo L i, (M) FTL0EIE, 99%ThH-1)
C DERA SAET R, SABERDIC (U, Th) ©1 340 1CID Y F v 448
ARp~HEh 3 iKY, BlomekeDFIEIED 0.5 BiITHHET 5,
BREPICHTO & LTHAET B b ) 79 20MT0%1E, BBARFERLEINDH,
T 3, BUEITBICEW TR, REDO HTODXEME, b BEL~LvORER~NE
TR
@ Zircaloy—2— clad PWR#H
1/ 2 O/NFict AT Shizl, 0.3%0 MY Fyadiithdhic. F0RL1L41, E
BHlish, BO®3 /4@, 2 BRIOKEEIC X - THRINS A
4AM—HNO, THRIBL 7, & 7 HRth~D 0. 13%BHE S s iz,
ORI OAETHhE, BAN. BENKEHIAS M) FYL202KHEE, BX
18.5 BT B,

4. & £
FaDEROBRICT - T, Br OB SHBHOEN 7 -5 2% - 3R,
PWR RO Yankee UOSREDIES, +NTO ) Fo4ld, *°UDthermal fissionTHRR
T3 EREL, (U, Pu)O.EU (U, Pu) C #EOEA, 2.4 x107*tritonfissionDF
ENER % 2% Pu O fission &~ - RicmkE 2R L, (Th, U) 0. #4#4( Cons olidated
Edisson) ™4, thermal fissonZ?**UHKE:80%, ***UFHF 2L L7,

Fission Material Neutron Energy Calculated Yicld
(atoms /fission )
tasy t her mal 1.1 x10™*
2350 t her mal 1.3 x107*
Bisy 10 MeV 1,2 x107*
F39py t her mal 2.3 x107"
238 Py 10 MeV 2.5 x1071
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RO —REROT, BRAOHRICHVWLREY TR, P F Y L0MEHERICH~NIE
BIWDROHELAESIN T I M7

9 ~16kw,/ fi THEXNL MBROBA, FYF v ADHEMD 6 BLUTFTH -7

CE ~APD C 3E EZBRORASRILYUMBEOES, FTHEEDN0.001%BTH T,

BUAICHT BHEIED | ) 7 AROBEER - 2 KRLELSIC, +YF 9 AOKMIERE,
BIEE ORI T L, BRHBEORE (THhbEHT) OBE LTEbEh 5,

IhoDERIE, Yankee fuel rodd60Xe, Kr, HeDiticBd 5Bezell &R, UQ,
#hED & 08 ° Kr DfifthiicBad 5 Hof f man XU Coplin O#5R, UO; MHe DA:pk LiHicBd 5
Duncon et al O#ERE S —FF 5,

FicDuncon et al @, SEMARTERTS b ) FULasiXe Kr & b b IBICAE A
TUOC LI T DT LEHKR Ui, THbb, BEHMNHEEL /58Hed, Xe, Krithh~&k DK
HEnedhDTH B,

Bezellald, BRI kw {t THRAORBIEHWEHIC LR T3 L2mEL 7,

PUFO LR, BFECET2BESRMATE, He bR UREREN (mobile )TH D, BEHL S
biHiEhPThEEL LGNS,

Ray, Wooton xU'Barnes {3, EHHEOPM BIHEF/HRBARICEH 3 b ) 59 L DHRk &
DFFROPT, b Y F7L0BLEMGFEL 2UO. ¥ (dispersed UQ. fuel) DRAF ¥ L2
< b7 REUHEE (cladding) ~NREL, €L T—&REGHKPAGE SRS EBNTH 5,

BFFEDORS— 7Ty 701 HOMIC, ) F 9 L0 Y — 7 REEREIEL KD &/ SIEE
BLTW3,

bYF o ADRBEEBAEN—REL, —KIBHKDOD LY F U LREFIET B0 OREH
FUEEFEL, THSDEE, Tk > THIES 7,

D E TR O —ISHEIKHTRIE L7 b Y F v 413, Zircaloy clad BWR T 0.005~0.007
#ci/ml, SUS clad BWR T#0.03 #ci/ml, SUS clad PWRTO0.5~3 #ci/ml ®
Wil d 5 LIEFIL, BMELTWS,

Zircaloy clad#Elo V) o BEMBEHDE, Y F oL Zircaloy claddingthittr—
itide LLTHRBENEDOTD B,

Z®M%#%, Brown, Storhokid, PM —3AFOBEEZEHEEZHRE L, BB 13 ~ 14x2fi—
ssion/ cm® Z#Z A4 (Dhigh— perf ormance fHIH O BEDOSUSHEBES OAMUDKF DI 5 »
7%BLT, FP (' )G HEKEANYY — 2§52 E2FHR L1,

LoD 7 55203, #BE< ) o 7 RLEBEED interface 1T { FTUOMFHIED - TWH
BAOT, BROZ2T ) Y IRUIKHBRICLZRESFREALEEZL NS, PV F 7L bEKRTIEE
THEKBPABITT A &3, I TH 5,
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#F—3 Irradiation Conditions and Tritium Content of Various Irradiated Fuels

Identification

Irra f oq PuO2 Linear Heat Surface Fission Gas Calculated SH Found in

Bt Content Burnup Rating Temp Release i Content  Fuel

Specimen  (wt %) (Mwd/metric ton) (kw/ft) () (%) mdCi/g (G of cale.)
Con Ed.9 0 25,000 ~3 ~105 ~1.3 0.38 99.8
PWR2 0 43,500 a ~125 a 0.64 54.3
Yanlese 0 35, 000 1~4 350 <8.5 0.58 26.1
NuU-15 5 10, 000 Yo~9 1100 8-41 0.30 1.7-2.8
NU-16 5 20, 000 ~10 1100 17-41 0.61 3.5
NU-17 20 20, 000 ~10 10600 41-58 0.55 ~50
NU-18 20 49, 000 ~10 ~1000 17-100 1.50 0.2-4.3
C3E 28 70, 000+ 28+ 675+ 100 2.37 0.001
F1 : 20 2,000 16 577 8-26 0.06 1.3-3.7
43-11¢4 15 ~20, 000 ~20 ~500 ~50 0.60 1.7
UNC-80 20° 26, 000 28 630 0.5 0.79 0.6-0.7

Anknown.

Brrradiated at steady state to a burnup of 70, 000 Mwd/ton, then melted in TREAT Facility.
€20% PuC-80% UC.

Intact stainless steel-clad rods.
€Intact Zircaloy-2-clad rods.

400 —a— : , , , [
C =
- LWR, PWR Oxide Fuels
| m
=
8
o
= 40 =
9 -
cﬁ -
5} |
s | b Vaverames
2 i iy lAverage for
= - X% T Oxide Tuels
B ) l X —
a 4 -
g=| =
e -
g - n
o —
k4 ®
g i :
]
ot
?' 0.4 ) ] ! ] | 1
0 5 10 15 20 25 30 35

Linear Heat Rating ( km/ft of fuel red)

X — 2 Tritium Content of Irradiated Reactor Fuels as a Funciion of
Linear Heat Rating
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(FERNo.IIL— 5 )
BNWL-TR-322
Tritium Control in Reprocessing Plants
by J.P.Goumandy and P.Miquel (July 1978)
I 7

$ i BIVETHEABZRETICE T3 MY FILRE - TERANSA 3HmMALSEAT LI LI
s, DUTFOBEICLVBUETIETOMN ) F Y LOBHEE =9 -FT AL LBLETH S,
(1) Y44 7rEhib ) Foakick 2R, OFERET 5,

(2) NERFERDINANRN Y F o LKRERNT AR5 CHFEREZBAT ORI Y Fo—d 3,

I BABBCHEIAS N FAORKEER
I 1 FHELHETERICLSZ NI F UL
HARATO MY 77 L OEBMHEE, ROXNTREN S, _
"N (n.3¢) T : 0.2 atoms /cm?® ¢ sec HFEpkFground level TOE
28Mci (= 2.8kg )
i
90 % REE DK
#10% AEE D KES
0.15% X DK
0.2 % KELE or A 5 ¥ HFHOKE
1TU (b ) F o &84 =1 b ) F v AEF100 2 KFE R
KD b Y F Yy LEEFHTUC 3.2x10°ci/m® €3,
3TU, 107°d,/m*®CIPR OEAHEBESICLY, BN EEE LI ARRO L) F v
A& BERBIRRE, 2 arm K15,
BT TlE, 700ci, fission » MT, 10M ci“fission 7Z0#Nd 5%,
1963 F£ T}, 3400 Mci TH » feds, RRAEROBDT 2000 i3 400 Mci KIEBTHS
o
I2 BWR»5ODM)F9LnERBEKHE
BAKFTETE N FOLE, BEMLL, 1RELS, BLUYI Y., =29 LD3E
AR -TEL 3,
 BABRICXS>THEUL MY F 9 AR I a4 BEHEE L THRL TV CRBERETS
Bo (<0.1%) |
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—RFBTO MY F o LDk, EKE tvE (B, B, U FULFEZUKOKRE
THb, PWR TlF, FICHEOHITH vEEEZAL, FARDI-HIT) F7 L2 AVH5DOTBWR
FOE{FEARB0ciTH B,

DS VETN =Y ADEZEHNBEIVAELE ) F U LOELDNRE, FiLORTHD,
FhoRInro/#EcgEIFns &R,

2 U 23% ( thermal fission) =28.6x10"°

o U 38 ({ast ” ) =185x10""

o Pu?’? o =26 x10™
]’thermal

o Pu’*!

1000 MWe O T, 55~ 60 ci/d #ERT 5.
1.3 SEKFREBELERO b Y F v o 58 L RE
35000 MWD /T, 30MW,/T THEShAMETE0mg T (=700c) O+ Fv a4
BERT B0, Chld<Ly bRTRTHBRTHL, Iah oA HAPCRELRT 3, chid
BAR, BEDOEEIKEL, CEAOERTIR, RAMKBER= 1000C Tid40~50%D
M F LMLy FICEED D B0 ~ 60 BAEBEHMPIRERT 5. (K2R
ALy FPEO M) F U LR, HICERERICKDOKZELERICBHEL, BARTEOKITTE
T3, KE~KERELTHRINENZHRE, ~1FBETHA5, RO A VORBEERD
B6, ThOMIERPI N ) F 9 LKOSFET 5L LTS,
1500 t ./ year OFUUBETIE TR, 10°ci O MY F U L2 BT ERENLELLD, BRFE
BE3 x107%ci/m® 2EETEE, #HLDLIRREUANKINT 246805 5,
Pl EDEMHTE, TO22o005bEb0ha2RATHLLIC1ES,
1) KREBNOFZICHMMTIEAES, Kb 10 EMBHIHBEERAL RIS S50, WERE
INHEBMHTEL S0
2) o BbEEBREIS V. TR THKE Y34 7 v hil, MEEEOWBHALIES,
PREROKICHLTEED> 55, MY FIAORENLETS 5. '
DO IBATO Y FULGHERT S,
@ FYVFYLRERDONIBBEEETHRET 2, (HEARABET, )
@ BELTMYFULERET . (HTOH.O%B, EXNH, HeZ&E, HTO LH.S
D4 A »A3H)
A—2) oy FCERADFVF— v a VERRBLTO Y, FHR%ELTHD, CEATH?E
)by 7 REEHADPTSH 5,

I FYLyZREORERBECRDINS R E M) FIASEEHICRATIKEZHCTHEDER)
BEBEETI) Ly 7 REABHT B BITE, US4 7080 b F 9Lk ERROKRO ik
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AXBNET, RORGWEEHET~ETH 3,
BER VT LRSE FPREERROBESET S H-HORIENE,
M. 1 BEEEEOKDT v R
B { LR D I R R I 1
UO, + 2HNO; + 4 0. » U0, (NO;); +H,0
95 1tonT T6kgDAMEL, 8.4 kmoledMB (590kg) HUE, BEEEAI NI
L OHREBEIAEEETH D, Mk, BERNEREHESEON, Z0BEEETRkONL S

N5,
DHER L AT KOE (1kg UdY)
11 480
12. 4 390
14.6 (ZEHA67 %) 290
22 (FEEERRE 96.7 %) 20

BREPSEL S 3 VRBREOLHICEMBERD, Ch EMBICA R EicE b, Bl
bEIRE T, KEEL. TOESHRE, Y5 1ton MY 38kg &1 3, (BAESHriAL
T 4.5g K€ —solvent, 75 v 2SUBEKETIZ1.1g K/ £ - solvent

M.2 bYFILDEkE

IKOBITREITRTET 545, FHHE K= 100 (3 NINER) 0I84A 1L, 902 —U P—solvent iz

BEESNBKE100ke/ 1TUTS B, |
.3 FPARBREFOKD/NT 2

77 YROLETHE, HEOSECEIIN ORVvATATFE R (30 B)BEHV AT S,

2N~ 4N OBRETORGI
HCHO'+ 2HNO, = CO, +NO + NO. + 2H, O

DY 5 20 1000 kg OREEE RBERIEE S0,

Thid 286 kg DIKABEL, FhdVaTAFE FEEBITE55kg OKDAMENsE, K%
BOTIOHICEED T HVATLFE KBV OGN E08, FedKkBAHT 200 kg, (tonlU) &7
5o
FPERRRERR SO S, KIONMABRAL O IFEINS B TIRECREE RS,

M4 32, F3HA 7 LENINERIED S>DK

F2. HIMBYA 20D T 45— +hD, BIEER 12050 £ TINWHBTE 5.(85~
110kg &K/ 1tonv 35 ») Chi3F P Aificisitah 3,

ms5 # &£

PEXDIRBCAmMEnskEDWL<&ED 500~ 1000kg "t » 97 /iCi 3, T4 700
Cid b Y F U LA, '
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¥V MLy OREOEKE
W.1 FUFILNYTOTHER

EIZEBLLTI0HBFFAYTBD OFHETOKERTE bV F 9 LLOTRPIENT L,
HEH0 OFMPRNC L ARG AT EBNBETH S,

HHE SR ORIEEHEIIEKRE PV F UL TREREL, BEPOKERTOMITK
DERERS L UHBEOMEEBEGE D 2, v5 2 W0g /€ —(H') 0.2HAESUAETHE, Xk
OBRBER L1g /LEKB, COEEIRBELY bhRD/MS VTN ES, BUETETOR
Mot Insi b ) F O LOBHEEE BT 5,

V.2 FDFOLNYT—FZ b

TIBHBORBE TESE TRV, BB 8 BROMixer /decanterTiiEsi, K3
WARKEEEEEED N ) F 7 ADORBHEA SR T, (THETEERRICS 2. ) PYFI 4
DOBREFRHIII0CTHD, FPHBELELTHTE Y F 9 4 L HEHTOKETORMITAN,

RETOZHMT 2KEFRFORIIEARTHEONOEFILCTHY, KoOMEHRE & HBOMMHE
EXET BT &G -7,

V.3 ABRESVAL S LPTOR Y FILNYT—FR b

Y F Y LY T —FEscale—up L -REOEAYE, TBEBETIT MO 7 20THEEZIE
TEHICABA AN 3 mTHEEL,

7 A MBEREOPEELLEREAD, TORER4IKRL, SmmBRETHEMA3mLb6m
DLDTITY, SIERVTIOMmEREMEIOSDTER L. BEEHETOREORED
B LHROEE, T L TILERETOTEARET 20D TH B, HOEAOTOREKEES
M Ltze BEATE, KAOH T & RS HEEKBEEME L. K5 6. 7003 EHHE/ 7K
MR 25.50. 100DBEOHRFREAR Uiz, BERENDHZCER, #722EiKhi-T
EEBEMN N —ETHHLEERT,

CHiRFEINICET, ZHORBLENSET b bRENENETH S -EBEIhTH
BMoTHB. BELLBEOSNIBERELBEN L1

WEBAN DL OHEIND S 7 AOBRGKERSHEAI LD T 5, KETENTHRETE, 28
TOMAFRIEIC L 5T LERT, #7285 EHT, B UCHEAD SHBHRDT Z, stBELL
&, B F YAk L ton v 5y M 500 £ EEANE, BEICHINS R EHEER 50ci ton
U5 VRHIET Be bV F U LEREE, BREPICERETS M) F O LAOHEHEE 1 BT (Tci
S 1ton) ICE ST /0icid, BREREEFI0BEEITTILENS S, CORELS, TIHER
BOSTHEARET 5 EMTE B,
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vV i B
BKFREOEAMERECE TR MV F oL YR, BEOHEREHELOME, SRES
NERETHB, WOWB MLy 2 RBE MV F YLD Y o—-LKGRARBTHY, FE
ORI LS TR~NDONREHL T 3GERATH 5 T bl - oo HERRDER X D5,
1) 93 EFnb=yafE | IHTERERINICBRSY, RROKTHETL MY Foon
Y 7 — 0B, |
2) ENNERE, BMERE~OKOMMETRTZBE (Thid b Y F9LKk0FRE N2 DD
HENBEODIEETEN, TOF ) FILKOUEBERGT 250D TH S, )
Zok T by Fy Ak, MEBHEKE 1ton 2 500 £ ST £ DERICIE 5, ERENITIE
PO FTLN)T=REDTHY, P Vw7 REPEBLEBETHICERATE 3L LPbb 10

,— 99 —
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%
100 Zy
75 T
50
25 7
T I I T
0 500 1000 1500 2000
Temperature moyenne de I' UOg (T)
-2 Percentage of Tritium Retained in Uranium Oxide and in

Zircaloy Cladding as a Funciion of the Mean Temperature
of the Uranium Oxide
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