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FIGURE 1. Process Operations and Wastes in the LWR Fuel Cycle
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TABLE 1.2 Distribution of Fissile Plutonium, MT - By(2) 2000

Mode I Mode 11 Mode 111

In Spent Fuel

Inventories 625.9 373.1 431.7
To LWR 0 0 273.2
To FBR 0 242.5 242 .5
In Pu Storage -- ' 260.9 36.5
In HLLW . 0.3 .3
In Solidified HLW 253.0(0) 2.3 2.4
In TRU Wastes from LUWR

MOX Fab. -- 0 4.1

a. Beginning-of-year
b. Packaged Spent Fuel in Engineered Storage
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BfF> b OBAULGEREDORTE, LOBRBY I 712 - P ToRAKRTHH, L
BLEDG, BABIHS LA BLEO RS ABRENO MM #5540, =—F1a
= NI ICMERBT DL RE AR ORD Do ©— IO FLE D b 0 Hb I 20 B
Bk Table L3 CRT o ChLDAKREBAR LB T Lo TETLNL, £ — F]
OBHUEZEREDORERER: ~VTIOBE L LI TABRETHLLEZL LN D, &
RERLT, =~ FIOBAUBMEEHEbE D T, £ 1 b0 S EESHE Yy &
CEMFRRE &b ICHAS N, THOR AR~ bR b,

TABLE 1.3 Gases Released Buring Reprocessing -~ Made III

Toxicity Index,

Mass, grams Ci m? of water
Tritium 2.24 x 103 2.18 x 107 7.27 x 10°
Carbon 6.09 x 10° 2.71 x 10° 3.39 x 108
Krypton 2.35 x 107 5.38 x 108 --
Todine () 2.06 x 103 2.86 4.76 x 107
Xenon 4.09 x 10° : -- -

a. Assumes lodine decontamination factor of 10—3.
REFERENCES

1. Computer Program NUFUEL for Forecasting Nuclear Fuel Requirements and
Related Quantities, WASH-1348, USAEC, October, 1974.

2. M. J. Bell, ORIGEN--The ORNL Isotope Generation and Depietion Code,
ORNL-4628, 0Oak Ridge National Laboratory, Gak Ridge, TN, May 1973.
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TABLE 2.31. Summary of Non-Gaseous Reactor Wasté Vo]umes(a)

Amounts fn 3m/'IOOO MWe-year

BWR PWR
BWR Powdered PUR Powdered
Primary Waste Type Deep-Bed(b) Resin(c) Deep-Bed Resin
Combustible B-y 357 (d) 392 (¢} 223(T) 301 (F)
Non-Combustible Solid g-y'9) 57 57 48 46
Non-Combustible Liquid g-y(") 280 0.14 317 23

Derived from Reference 7; all volumes on ‘uncompacted basis.
Deep-bed demineralizer used for condensate cleanup.
Powdered resin fi]ter-deminera]izer used for condensate cleanup.

Resins + aqueous filter sludges (assumes combustible precoats) + 80%
of miscellaneous dry wastes. ‘

e. Resins + aqueous filter cartridges + filter sludges + 80% of
miscellaneous dry wastes.

f. Resins + aqueous filter cartridges + 80% of miscellaneous dry wastes.
9. 20% of miscellaneous dry wastec.
h. Evaporator slurries.
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TABLE 2.2. Characteristics of Unirradiated LWR Fue1‘Assemb1ies

"Reference"
pur (5) pur (4) Lwr'd

Overall assembly length, 4,059 4.470  eaaa-

Cross Section, cm 21.4 x 21.4 13.9 x 13.9 -.-_._

Fuel element length, m 3.851 4.064 = ceea-.

Active fuel height, m 3.658 3.759 3.70(e)

Fuel element 9D, cm 0.950 1.252 1.16(8)

Fuel element array 17 x 17 8 x 8 121(e)

Assembly total weight, ky 668.6 279 454,32

Uranium/Assembly, kg 461.4 188.7 317.4(M)

MOZ/Assemb1y, kg 523.4 214 .1 353.28

Zircaloy/Assembly, ky 129.7(a) . 56.7(b) 89.55

Hardware/Assembly, kg ]5.5(C) B.Z(d)' 11.485(f)

Total metal/Assembiy, kg T45.2 64.9 101,03

a. Includes Zircaloy control-rod guide thimbles.

b. Includes. Zircaloy fuel-element spacers.

€. Includes 10 kg SS nozzles, 5.5 kg Inconel-718 grids.

d. Includes S5 tie-plates, negligible amount of Incanel springs.

e. Specified only to estimate fuel content of each element of 2.57 kg
heavy metal.

f. Includes 9 kg 55 end pieces, 2.5 kg Inconel-718 spacers.

g. Based on discharges of fuel from PWR and BWR reactors with installed
capacity ratio of 2 PWR:1 BWR, using the same burn-up and fuel
assemrblies of advanced GE and Westinghouse design {(Reference 4,5).
The reference fuel assembly produces a metallic stream comparable to
processing of a mix of PWR and BWR fuel.

h. kg of heavy metal (U + Py),.
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TABLE 2.3. Chemical Composition of the
Reference LWR Fuel Assembly
{As Fabricated)

Values in kg/Assembly (kg/MTHM)(2)

Heavy Metal Oxide Fue?(P) 353.3 (1,134)
PuO2 5.27 (16.9)
UO2 348.903 (1,120)
Zircaloy-4 89.55 {287.5)

Sn 1.43 (4.59).
Fe 0.202 (.648)
Cr 0.112 (.360)
r 87.85 (282)
Stainiess Steel Type 304 ' 9.01 (28.9)
Cr 1.71 (5.49)
Ni 0.811 (2.60)
Mn 0.180 (.578)
Si 0.090 {.289)
p 0.018 {.0578)
C 0.014 {.0449)
Se 0.014 {.0449)
) 0.005 (. 0151)
Fe 6.16 (19.8)

Inconel-718 2.475 (7.96)
Ni 1.31 (4.21)
Cr 0.470 (1.51)
Fe 0.446 (1.43)
Nb/Ta 0.124 (.398)
Mo 0.074 (.238)
Co 0.020 (.0642)
Ti 0.020 (.0642)
Al 0.015 (.0482)
C 0.001 (.003271)

a. MTHM = metric ton of heavy metal (U, Pu}.

b. Data calculated from fuel charge- ‘amounts in
Reference 8.
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Element

Light 91ements(f)

Mo
Tc
Sn
Sb.
Te

Grams/Assembly
Curies/Assembly

Transuranics(d)

Np
Pu
Am
Cm

Grams/Assembly
Curies/Assembiy

Tota? grams/Assembly(g)

Total curies/Assembly

Thermal watts/Assembly

Fission products
Light elements
Transuranics

Total

Total neutrons

w - T o
-

n/sec-Assembly

TABLE 2.4. (contd)

Grams/
Assembly

(b)

Curies/Spent-Fuel Assembly

El

E3
El
to

E5

— D =y
D WOmwMN o

El
E3
E2
EZ2

.9 E3

T =N~y
U — O oW

E-1

120-days T-year Io-year
1.5 E-3 1.5 E-3 3.6 E-3
2.0 E-3 2.0 E-3 2.0 E-3
7.4 E3 1.9 E3 7.9 E-2
5.8 E3 3.5 E3 3.3 £2
1.6 E3 1.4 E3 1.4 £2
2.7 E4 1.1 E4 1.2 £3
4.3 £ 4.3 E1 4.3 E1
8.2 E4 7.9 E4 5.2 E4
2.3 E2 3.2 €2 1.2 E3
3.1 €4 1.6 E4 5.5 E3
1.1 E5 9.5 E4 5.9 E4
1.8 €6 7.6 ES 1.3 k5
7.1 €3 2.9 E3 2.2 €2
1.5 E2 5.9 E1 8.7 EO
1.2 E3 6.6 E2 3.1 E2
8.4 E3 3.6 E3 5.4 E2
1.3 E9 1.2 E9 8.0 £8

Based on recycie core lToading of 70% UOE fuel and 30% MOX fuel,
e

25,000 MWd/MTHM burnup and 35 MW/MTHM s

For 8.4 E3 read 8.4 x 10° or 8400; for 4.0 E-1 read 4.0 x 10-! or

0.40,
Load at 1-year cooling,
Contained in oxide fuel.

cific power.

As tritium assuming 170.3 Ci/assembly at discharge.

Contained in metallic assembly components.

Excludes 3.38 £E5 g UO2 and 6.7 E2 g oxygen from Pu02.

for mass summaries.

See Table 2.2
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2.3.3 ERAERHONE

AR T, T 1,00 0MWe A4RTC o & EREME 2 456 MTHMRES b £ %4 b A
L., E4E 31 14K %ﬁ*ir%v”»ﬂ’g%m;ﬁﬁzéﬁ%%{ﬁmcvaf%i % &, W 1L00 0MWe
SEECDOE14T ROEAFRNHFRET 5, MEHEN 150 0MTHM /F 0O BABTH©
. EM 4800 ho= FAMBKIFRBERE. Ta2bb. 300 BEHOTHECL AY
b 16 ROMMESKLNETEL, CONBRIE, BT 3300 0MWe E0EKIF 4 5
RETHEMEBRBORCHYL T 5, Table25 =7 » B KFRBES RO EFEEL &
LOEBARHTL T 2,

TABLE 2.5. Reference LWR Fuel Assembly Weight Distributions at
Various Appearance Rates

A1l Weights in Metric Tons Per

Assembly T MTHM GHe-year 1500 MTHM
Assemblies, No. -1 -3.21- -147- -4817-
U-Pu weight 0.3114 1 45.6 1500
Oxide fuel weight 0.3533 1.13 51.9 1702
Zircaloy weight 6.0896 0.288 13.2 432
Hardware weight 0.0115 0.037 1.69 55.4
Total weight 0.4544 1.46 66.8 2189

* FERAERNORKEO—RNEETHLMEEE 2500 0MWd T HM. 5% 0.3 2 MWe
/thh K%iﬁ <o
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~ 25 OMPHMOMEY wEBTE 50 BRT AR SR EDO KT 5 KEED S ¢ 121K
BT 5, GFGHAEOEES. BAB B0 7 — v S IFML T -2 L BTIFO 7 — 1 &
DREERBNTHDL, WO OFEASFFTCEH, BERRFLE T — P EEN 2 (KE)
EEBLTFLOL7 — v ~BiENE R, COHBERIC, —REHMHR T ~1KICE X T,
T KBRT BT L B, BAEER, R0 L 32— EHF L ORES, BBRHEED
%6%ﬂ%%¢ﬁb©%nﬁiﬁ%%ﬁiﬁﬁa@ﬁfA%@%%m;b.E%Ff—»«
WAIND,

255 ﬁ%@l%®7—wﬁioﬂi7—»oﬁﬁa¢%

BULBTHBOER7 ~r»OBREIE. MMWstHaMOQOMHM#BBMmmH
Plant M 36 OMTHM % T B 5 3 5,09 “AIE &7 L5 0 0 MTHM 40 BeLA
THTE, = Frf@ KR ME RS 800 BE%Es THAREEH 25 0MTHM & L £,

BUETR7 - v BLUEBY 7 -2 TIabhs—BHE —EOFZE ., 7 — 10 ist5e
AL, BRE. BEASICHEEABEET2REY R RET 25, TOBERL. To X
STHB, RANOR, ERABERHEGEXY 227 ONREAERBEYRE - ==2242, HHRL
TWENWHR 2B 77 A THEET LN, HRLTWABGE., 77 VATHEEL, &
B RBELRERREDNBE~ED, REW, DR EBPEC v b ~En T, HAKEHL,
BERA AL 7 40 2% B L THRBE~E D, b L. # %2 NOEH THERL Clhig, &
NEBREERYLER ~ED, IRIABR 7 700> 733, KEK, # X2 % BORE
BHBLZ—r~E D, 22T, MBESEEXERESE B+ ( Fig. 214 ), ®E, &4
BHBKENRAh bR L SCTED, RE6&REs TR 2 FRELCLKBHLT. k7
BALE~ES, BEYEMLARBEESAFEES ~6<,

PR R TR L Feh 2 2 CRBUER L. MABRE L7 — & 5 0B L TR TR 5o b
Ly #R2BE I e r 07 qBAELE, #RIAOKEEL, WEKC, #2201, By
o b ~RULBELBREETR 50 BRIC, » X2 2BREHCBL. 7 5~ b A ~2EH+,

REEMNEBTEO 7 — v Tk, JE'%WF@—RP%HHt@%%Ed& VBB 7 v ~EA
énéﬁwﬁ%ﬁﬁﬁﬁﬁﬁﬁLfbi5@?.&%%ﬁ%ﬁ$f6%%mﬁ%ﬁf-»x

*  PWRIF.L-TH 89 MTHM, BWRIFGTiE 1 38MTHM,(4° 5)

#K Alleid—General Nuclear Services (AGNS )o# AR B X » = 2 2N L
K% L CTEATELL3HHIATHWSE ; R Keely (AGNS ) #65 M. Steindler
(ANL) ~0FfErR L B,
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FIGURE 2.14. Fuel Storage Canister
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AT YVAPT A 2O RSO EFNABLCT 2bnb, BEW LA 4 THREEEA +
YEIVGAA Y BREEEZ CUKEB s TAr 7 ) 0B4ER» BRI TR 5,

T ROBIE R 28X10° M3/ minDiEN %R b OREBHBICL - THEA R
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7 FORDOFERE28M /min (100 cim)DENE S, HEPAZ 4 2L = v ZR
B EEHL T D, |

N7~ > v TEENGETIEENL, 7 -1 kBO7 402, 44>l
LI VERBRBEHORBLEEGT A LV KREEDOLB LG LA LD THD, LA
T, CNOCOEENE ., FAEMESLE7 Ar 2299 00L 5 2BMBEKR Ly HEP
A7 4r 2, HHRLL(AHEA T+ (FEFF7 -1 0BE ) , K8, 75 2549 2
B K. &8, 72092 #8 2 REK» M- T\nd, (FPig. 215, 216 20 ) #
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TABLE 2.6. Summary of Solid Wastes Volumes from
Spent Fuel Basinsla

Resin
; . Yolume
Facility m3/year Waste Type
1000 MWe Reactor ml.s(b) Combustible, B-Y(c)
Reprocessing plant(d) (e ) ()
(1500 MTU/year) ng . 6\E Combustible, B-vy

a. Yolumes of silver zeolites, ventilation (HEPA) filters,
and aqueous filters specifically identified with only the
operation of the spent fuel basin are not available.

b. Weighted average of values listed in Figures 2.7 -through
2.10.

c. Containing mixed fission products, activation produc@s, and
actinides. Activity levels in reactor-generated resins
may be ~4 Ci/m3.

d. With a storage pool containing about 800 "reference” LWR
assemblies.

e. Personal communication, November 1975, R. B. Keely (Allied-
General Nuciear Services) to L. E. Trevorrow (Argonne
National Laboratory).
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FIGURE 2.20. Waste Generation Flow Sheet for Fuel Reprocessing
IT1 Uranium Purification and Product Formation
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TABLE 2.7. Typical Plutonium Nitrate Specifications(!)

Propérty or Impurity Value

Plutonium concentration, g/liter 100-300
Nitric acid concentration, M 2-10
Entrained organic solvent, vol% max 0.3
Insoluble residue,(a) ppm Py, max - 5000
Uranium, ppm Pu, max 5000
Americium, ppm Pu, max 2800(b)
Other metals, ppm Pu, max {total) 5000
Sulfur {(as sulfate), ppm Pu, max 1000
Fluorine + chlorine, ppm Pu, max (total) 150
Equivalent boron content, ppm Pu, max

{excluding uranium and americium} 10
Fission products

Gamma—emitting,(c) puCi/gPu 40

Zirconium-niobium-95, uCi/gPu 5

a. The insoluble residue after filtering the pTutonium
nitrate solution through a 100 micron filter and washing
with 8 M nitric acid for one hour at 25°C.

b. As determined within 120 days from time of separation.

c. Gamma-emitting fission products whose parent isotopes
have a half-1ife of 30 days or greater.
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FIGURE 2.21. Waste Generation Flow Sheet for Fuel Reprocessing
IV. Pilutonium Purification and Product Formation
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MAINTENANCE AND
DECONTAMINATIOHN

ANALYTICAL
SERVICES

FILTERS

TRASH EQUIPHMENT

FIGURE 2.22.
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Waste Generation Flow Sheet for Fuel Reprocessing

V. Process Support
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CONVERSION SOLVENT
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FIGURE 2.23., Waste Generated in Fuel Reprocessing Operations 1. High

lLevel, Intermediate Level,

and Low Level Liquid Waste
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FIGURE 2.24. Vaste Generated in Fuel Reprocessing Operations
II. Gaseous and Solid Waste
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Composition of Liquid High Level waste(a%

TABLE 2.8,
Basis: 378 Liter/MTHM, 25 GWd/MTHM, 35
MW/MTHM, SGR = 1.0 for MOX Content;(b
No Xe, Kr, 0.1% 1, Br, 87 3u,%c) g 54 py,
0.5% U, A11 Np, Am, Cm
gfliter Ci/Liter Thermal W/Liter
Fission [5 year](e) 1 yea”(r) 10 Yeﬂr(f) 1 year(FJ 10 year(f)
prpgucts( ) ~ - . - - S e .
Iutc)(9) ALY 0.10 0.06 e -
Rb 0.8 - -——-- ---- -
Sr 1.5 140 110 0.16 0.13
Y 0.86 150 110 0.80 0.62
ir 7.0 17 ---- 0.08 -—--
N 38 - 0.18 R
Mo 6.9 - - - ..--
Tc 1.7 0.03 0.03 [ e
Ru 4.5 540 1.1 0.03 -———
Rh 1.1 540 1.1 5.30 0.01
Pd 3.1 —— S R e
Ag 0.16 52 —e-- 0.38 S
Cd .18 0.07 g.04 ---- -—--
Sn 0.11 0.83 _— . .
5b 0.03 i6.8 1.7 0.05 -——-
Te ] 7.2 0.42 Sien o
Cs 5.4 470 190 2.80 0.31
Ba 3.3 200 160 0.80 0.65%
La 2.5 - - - -
Ce 4.8 820 0.3 ¢.54 -
Pr 2.3 830 0.3 6.29 -—--
Nd 8.0 T P ——-- -
P 0.0% 210 19.5 0.08 -———
Sm 1.8 2.9 2.7 - .-
Eu 0.3 21.7 9.7 0.16 0.08
Gd 0.2 ——-- R - N
Total F.P.(i) 57.75 4074 614.6 17.7 1.81
Actinides
U 12.65 Sy cees - R
Np 0.674 0.36 0.36 S -
Pu 0.4 3.96 3.03 0.03 0.03
Am 2.3 2.07 2.07 0.06 0.06
Cm . 0.65 99 .7 45.8 3.56 1.60
Total Act.(!)  16.79 106.2 51.3 3.65 1.69
Total 74.5 4180 664 21 35 3.50
Chemicals
uno, (K 126 - ---- - -
6g (1) 2.8
---(m) . el . el
PO4 4
fe 3 -——— -——-- -—-- ----
Cr 0.5 S S - —--
R 0.2 .- - . S
Na("') 0.1 . R L o

Footnotes follow after next page.
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TABLE 2.9. Composition of High Level Waste(a)
Basis: 25 GWd/MTHM, 35 MW/MTHM,
SGR = 1.0 for MO Content(b) No Xe,
Kr, 0.1% I, Br, 8% S,(¢) o 51 py,
U, A1l Np, Am, Cnm

g/MTHM Ci/MTHM Thermal W/MTHM
Fission
products(d) [5 year](e) 1 year(f) 10 year(f) 1 year(f} 10 year(f)
SPICRACD 1e-3" 40 2.0 e
Rb 3.1 EZ ———— --—— -——— ———-
Sr 5.8 E2 5.4 E4 4.3 E4 6.2 El 5 E1
Y 3.2 E? 5.5 E4 4.3 E4 3.0 E2 2.3 E2
Ir 2.6 E3 6.4 E3 2.1 3.2 E1 —ma-
Nb 1.4 E4 ——-- 6.8 EN -
Mo 2.6 E3 S —
Tc 6.5 E3 1.1 El 1.1 E1 -——- ————
Ru 1.7 E3 2.05 ¢5 4.2 E2 1.3 E1 -————
Rh 4.3 E2 2.05 E§ 4.2 E2 2 E3 4.1
Pd 1.2 €3 -
Ag 6.2 E1 2 E4 -——- 1.4 E2 -——
Cd 6.8 LT 2.5 [1 1.6 E1 -—-- —_———
Sn 4.1 E1 3.2 E? - -——-- ————
Sh 1.1 E1 6.4 E3 6.5 E2 2 E2 -———
Te 3.8 E2 2.7 E3 1.6 E2 -——-- -——
Cs 2.0 E3 1.8 E& 7.1 E4 1.1 E3 1.2 E?
Ba 1.2 E3 7.7 L4 6.2 E4 3.0 E2 2.4 E2
La 9.4 E2 - - -—— -——
Ce 1.8 E3 3.1 ES 1.0 E2 2.1 E2 -———
Pr 8.7 E2 3.1 E5 1.0 E2 2.4 E3 .-
Nd 3.0 E3 ---- —--- -———- -——-
Pm 3 Ei 8.0 E4 7.4 E3 3B 2
Sm 6.9 E2 1.1 E3 1.0 E3 ERE ——n=
Eu 1.1 E2 8.2 E3 3.7 E3 6.1 E? 2.9 E)
Gd 6.6 EI R - --—- ----
Total F.P.(i) 2.18 E4 1.54 E6 2.32 E5 6.69 [3 6.85 E2
Actinides
U 4.8 E3 4 E-2 3 E-2 2 E-4 4 E-4
Np 2.5 E2 1.4 E2 1.4 E2 1.9 E-1 1.9 E-1
Pu 1.5 E2 1.5 E3 1.1 E3 9.7 1.2 E1
Am 8.7 E2 7.8 E2 7.8 E2 2.3 E1 2.2 F1
Cm 2.4 E2 3.8 E4 1.7 €3 1.3 E3 6.1 EZ
Total Act.(i) 6.25 £3 4.02 E2 1.94 £4 1.38 &3 6.4 E2
Total ‘2.82 E4 1.58 E6 2.51 Eb 8.07 E3 1.32 E3
S.F. n/sec mrhm(d) 3.60 E9  2.49 E9 -
Chemicals
Hmoa(k} 4.76 E4 ——--
gd (k) ¢ E3 ---
P042( ) 1.5 E3 _—-
Fe 1.13 E3 -— -—-- ———- ——--
Cr 1.89 E2 ——— p— - ———-
Ni, . 7.6 E1 ——-- ——--
Na {3) 3.8 €1 - ——-- ---- ----

Footnotes follow on next page,
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Footnotes to Tables 2.8 and 2.9

Data from Reference 6 unless otherwise indicated,

b. Data from Reference 9. See Description of Fuel Assembly in
Section 2.3; SGR = Self-Generating Ratio. Percentages apply to
nuclide composition of fuel at 160 days after removal from core.

Reference 5.

Selected fission products with significant mass, activity, or
thermal power.

e. Based on mass of element after 5 year, 160 days cooling of waste
after discharge from reactor core.

f. After cooling for indicated period following processing at 160
days, 1 year cooling corresponds to 1.4 year elapsed time from
discharge from core.

239

g. Modified, for greater yield from Pu fission, to 547 Ci/MTHM

at discharge.
h. 11 E-6 read as 11 x 10°%, 5.8 E2 read as 5.8 x 10°, etc.
i. Total for all elements in the category, listed or not.
J. Spontaneous fission neutrons only; >99% due to Cm and Cf.

k. From Reference 10, waste category PW-7; HNO3 is 2 M free acid.
&d added as a neutron poison.

it. bas2i on Reference 1 flow sheet.
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TABELL 2.10. Properties of Intermediate
Level Waste Solution After
Neutralization
g/?iter(a) Ci/year kg/year(a)
Chemicail Composition
N0§ 400 - 66,000
Na 150 -- 24,750
Hy 15 -- 2,475
Ca, Mn, SO&', C1 1 each -~ 165 each
K, Fe, Ag, F 0.5 each -- 82 each
Misc. Chem (0) minor -- “———
Radicactivity
U 20 -- 3,300
Pu 0.05 -- 8.25%
(b)

I 1.8 2300 297
Fission PFOdUCtb(d) trace 3300 ———
Physical Properties
Volume, Titer/year (@:T) 165,000
solids (@) 97,000
Density {(estimate} 1400
Heat Generation (W/1} 0.01-0.1

a. Based on ~42%

b. Oxalate, citrate, phosphate,

dissolved solids.

acetate, ammonium,

chromate, surfactants, detergents, etc.

¢. Based on ~100% of jodine

219 12

in this stream
71 by weight, and 98% 1311, 2% 12

79y 1291
I by

activity, at 320 days following discharge froum

reactor core.
d. Based on 2.2 Ci/MTHM.

These values may be low by

a factor of 10 or more, compared to values based

on other estimates.

Activity centributed primarily

by fission product Ru, Rh, Zr, and Hb.

. €. Based on 110 Titers per MTHM,

1500 MTHM per year.

f. It is estimated that spent, combustible so]vents3

will

process

be generated at a FRP at the rate of 0.01 m”/
MTU or 15 m3/1500 MTU-year,(8)
includes combustion of the solvent.

but the reference
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TABLE 2.71. Estimated Composition of Low Level
Liquid Waste(d) '

Radionuﬁides uCi/cm3 Chemicals ppm {wt)

3 10 Na 1 [-7
30s, 6 E-7 Fe 3 E-6
108gy 3 E-6 Cr | 1 E-7
131, 5 E-6 POZ 1 £-6
129, 6 E-7 U 1 E-6
137¢4 8 E-7

144, i

Pu {a) 3 E-

241p, 1 E-6

28y, 2 E-9

a. Bases: LLLW after evaporation; nuclide and chemical
content ~1.0 E-10 of HLW, Volume is 3.8 E4 liter per
MTHM; nitric acid is 0.01 M (600 ppm); tritium content
~vi2% of charge; about 180 days cooled.
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Bistribution of Tritium in Fuetl Reprocessing Wastes
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JABLE 2.12. MNoble Gas Fission Products Available

in Fuel Reprocessing(a)

Kl"(d) Xe
g/mTHM () 250 4061
kg/year'®] 375 6091
3 {c)
m~ (STP)/MTHM 0.066 ~0.678
ad (sTP1/year 99 1017
Ci/MTHM
Y0 days cooled 6860 127
120 days cooled 6827 20
1 year cooled 6543 1075
10 years cooled 3652 -
MCi/1500 MTHM
1 year cooled 9.81 -
10 years cooled 5.48 ——--
W/MTHM
90 days cooled 10.3 .11
120 days cooled 10.2 G.0?
1 year cooled 9.8 ——
10 years cooled 5.5 _————
kW/ 1500 MTHM
1 year cooled 14.7 ———-
10 years cooled 8.2 -

Based on 25,000 MWd/MTHM, 35 MW/MTHM; MOX mixture
based on self-generating ratio = 1.0 using 30 wt &
MOX aE 3.98 wt % Pu in natural uranium and 703
3.335 £39 din uranium; plant throughput 1500 MTHM/
year, 1 year cooled off-gas will also contain 26
Ci tritium per MTHM (5% of contained tritium in
fuel) as HT, and 0.4 Ci 14C/MTHM as CO,.

Estimated at § years cooled after processing 160
days following discharge from core.

Atomic weight of Kr = 84.8, Xe = 134.2.

Krypton will contain 6% 85¢r. The total krypton
will be ~120 ppm of the total dissolver off-gas.
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TABLE 2.713.

So01id Wastes From Fuel Reprocessing Operations
Quantities
per MTHM(C) Annua1(b)
VYolume Yolume
Category Type Contents C1ass(a} Mass (m3) Mass (m3)
WET SOLIDS K2UO4 mud K2UO4 (1 kg U/MTHM),
KOH, H20 LL, non-TRU 80 kg .05 120 MT 75
Ion exchange Organic resins, silica
resins, silica A
gel gel, 100 Ci/m™ mixed 5 1), TRy 25 kg 0.05  37.5 MT 75
f.p., Pu, up to 15%. ‘
-i Filter aid, Free HZO’ sand, diatom.,
= sludge earth, flocs, etc. IL, TRU 5 kg .01 7.5 MT 15
[
DRY SOLIDS ~“Fluorinater fines CaF,, UF, (6 g U/MTHM),
Fluorinator ash PuFy (10 mg Pu/MTHM). | = rpy 50 kg 0.1 75 MT 150
fission product fluorides
(0.6 Ci/MTHM) .,
Combustor ash Mixed fission products. LL, TRU ———— .01 - 15
Ag zeolite Zeolite, fission
product iodine. IL, TRY 5 kg 005 7.5 MT 7.5
COMBUSTIBLE Cellulosic, clothes, Misc. organic; mixed IL,TRU(d) -——— 7 -—— 1050
TRASH ggg?er, sorbents, f.p., actinides:
(IL-TRU 80 mg Pu/m®). LL,TRUSA) . 5.3 .- 450
LL, non-TRU(dl~~- .7 - 1050
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TABLE 2.13.
Category Type Contents
NON- Small equipment, Metals, ceramics.
COMBUSTIBLE tools, glass
TRASH
EQUIPMENT Process vessels, Metals, inorganic,
apparatus materials.
FILTERS HEPA, roughing Matal, glass,
filters organics.

a. Class designation based on "200 mr/hr" cut-off for LL/IL and 10 nCi

Pu/g for non-TRU/TRY.

{contd)
Quantities
per MTHM(C) Annuai (P)
Volume Volume
Class (a) Mass (ma)' Mass (mg}
IL,TRU - 0.7 ——— 1050
LL,TRU ——-- 6.2 ——a- 300
LL ,non-TRU ———— 00 ——-- 150
IL, TRU ———— 0.1 --—- 150
LL, non-TRU ———— 0.1 ———— 150
IL,TRU ———- 0.06 --—- 90
LL,TRU .———— 0.1 ———- 150
LL, on-TRU -eee0.01 S 15

Class

IL usually contains mixed fission oroducts and, except for storage pool resins, will also be a TRU

waste.

b. Based on 1500 MTHM/year plant capacity.
MTHM = metric ton of heavy metal (U + Pu).
Uncompacted, noncombusted form.

P0—9L—TS8ELONd
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TABLE 2.,14. Summary of Solid Waste from Fuel Reprocessing

Annual Rate for
1500 MTHM/year, in m3

TRU non-TRU
Combustible (trash)'?) 1500 1050
Noncombustible soltids 1660 315
Slurries, sludges, resins 15 150
Filters . 240 15
3400 ~1500

a. Uncompacted, noncombusted form.

1—3,11—13, 19)
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AHENFE A LVEEYLRETHIMCREI LD, " VEEYTPOSEREENOSEEY
Table2 15 RU Table2 16 KWEHT S, T® Table F—2lE KT LT HBIEE
FRANTHORME (Fl2iF, GWes E4 ), BEESHYY) KEL D EnEkE, &
EREYL . MBI 0.05% %55 . 70 KEHE -~ v hic R RE L HIAR O T
HFEETDHEHRET B, E60, " rEBBPTEBRLAZ HO 15 % EATA D ERET
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TABLE 2.15. Properties of Metals and Selected Elements Contained in Fuel Assembly waste(a)
per 1000 kg of hulls and hardware

Mass (g) Activity, Ci(b) Heat Generation, w{b)
120 day 1 year 10 year 120 day - 1 year 10 year
Metal 1 €6 2.7 E5 1.1 E5 1.2 £4 1.5 €3 5.8 £2 8.6 £
%irca]oy(g) 8.9 ES(f) - - -———— -——- - ———
Stainless Steel 8.9 E4 -———— -——- -———- ---- —-—- -——-
Inconel 2.5 £4 -—-- -———— -—— ———- -——- -———
Mn (4) 1.8 E3 1.7 €4 9.8 E2 5.0 E-1 1.4 g2 7.9 E0 4.1 €£-3
Feld) 6.8 E4 2.2 €4 1.8 £4 1.6 E3 2.9 E1 2.3 E1 2.1 €0
cold) 2.0 £2 2.8 4 1.6 £4 4.4 £3 4.3 €2 2.5 E2 6.8 E
ni (d) 2.1 E4 7.8 E2 7.8 E2 7.3 €2 1.6 E-1 1.6 E-1 1.5 E-1
sp(d) 8.4 £2 5.7 E4 3.5 4 3.3 £3 2.5 2 1.5 g2 1.4 ET
eld) 4.8 1 1.6 4 1.4 4 1.4 3 1.4 E] 1.3 E1 1.3 EO
Fission products‘C) 3.4 £1 8.4 £3 3.2 £2 3.7 £2 3.5 £1 1.4 ET 1.1 £0
TRU Elements(¢) 2.7 €1 5.4 E2 4.7 E2 2.9 £2 6.0 EO 3.0 EO 1.5 EQ
n/sec 6.4 [6 5.9 £6 3.9 E6 R S N
Totals/MTHH 3.3 E5 9.1 E4 3.6 4 4.2 €3 5.0 E2 2.0 £2 2.9 £1
Totals/MT hulls- 1.0 £6 2.8 E5 1.1 E5 1.3 E4 1.5 E3 6.0 E2 8.9 £1

hardware

d.

b
c.
d.
e

Based on data in Table f.? for the reference LWR fuel assembly, 25,000 MWd/MTHM burnup and 35
MW/MTHM specific power. :

For cooling times indicated.
Based on residual fuel in cladding of 0.05%.

Selected on the basis of significant activity fraction after more than

1000 kg of metallic waste =9.898 fuel assemblies =3.08 MTHM. A 1500 MTHM/year plant generates
487 MT of this metallic waste, or 14.8 MT of waste/1000 MWe-year. At an average density of 1
g/cm3, the metailic waste from one day operation of the 1500 MTHM/year plant has a volume of

n1.6 m3.
Includes From 90 to 900 g zirconium fines (0.01 to 0.1% of Zircaloy).

Inciudes 15% of the tritium, corresponding to ~77 Ci/MTHM (239 C13H/1000 kg hulls) at 1-year
cooling.

¥0—9.—T58 LONJ
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TABLE 2.16. Radioactivity Content in Reference Fuel-Assembly Metal
Waste as a Function of Long-Term Coo]ing(a)

Cooling Periods

Fission products(b) 10 year 100 year 1000 year 3000 year 10,000 year
Ci/MT (metal waste) 3.7 E2 2.0 E1 2.7 E-2 £-2 .6 E-
Ci/MTHM {fuel) 1.2 E2 1.3 E1 8.9 E-3 8.5 E-3 8.3 E-3
E-1 .8 E-

Ci/GHe-year 5.5 E3 6.0 E2 4.0 E-1 3.9

Predominant fission products

Ci/MT (metal waste)(C)

Se _——— _—— 4.5 E-4 4.4 E-4 4.1 E-4
ir ——— - 3.3 E-3 3.3 E-3 3.3 E-3
Nb ---- ———- 3.1 E-3 3.1 E-3 3.1 E-3
Tg _—— -—— V.7 £-2 1.7 E-2 1.7 E-2
Pd - ———— 1.6 E-4 1.6 E-4 1.6 E-4
Sn 7 R _———- 7.5 E-4 7.4 E-4 7.1 E-4
Sb ——— R 8.6 E-4 8.5 E-4 8.1 E-4
Cs ——— —--— 5.3 E-4 5.3 E-4 5.3 E-4
Activation products

Ci/MT (metal waste) 1.2 E4 3.8 E2 7.9 EO 6.9 EO 5.6 EQ

Ci/MTHM ({fuel) 3.9 E3 1.2 E2 2.6 EO 2.2 EO 1.8 EO

Ci/GWe-year 1.8 E5 5.7 €3 1.2 E2 1.0 E2 8.3 E1

Predominant activation products

Ci/MT (metal waste)'C)
N i ---- ——--, 5.3 EO 4.8 EOQ 4.5 EO
Ir -—-- ---- 2.3 E-1 2.3 E-1 2.3 £-1
Nb -———- ---- 9.7 E-2 9.5 E-? 9.1 E-2
Mo - ---- 1.4 E-2 1.2 £-2 7.0 E-3
Tc -—-- -—-- 1.9 E-2 1.9 E-2 1.9 £E-2

70—9.L-158 LONd



TABLE 2.16. {contd)

Cooling Periods

Actinides(b) _ 10 year 100 year 1000 year 3000 year 10,000 year
Ci/MT {metal waste) 2.9 E2 2.4 E1 5.4 EQ 2.3 EO 1.3 EO
Ci/MTHM (fuel) 9.5 E1 7.9 EO 1.8 EO 7.4 E-1 4.3 E-1
Ci/GWe-year 4.3 E3 3.6 €2 8.0 E1 3.4 B 2.0 E1

Predominant actinides

Ci/MT {metal waste)(c)
Pa _—— -——— 3.0 E-3 3.6 E-3 3.6 E-3
u -——— -——- 5.9 E-3 5.9 E-3 6.1 E-3
Np wam- -——— 1.9 E-1 1.7 E-1 8,9 -2
| Pu R -—— 2.1 EO 1.8 EO 1.1 EO
: Am - -——— 3.2 EQ 2.9 E-1 8.9 E-2
(473 .
[ Gross totals {fission products,
activation products, and actinides)
Ci/MT (metal waste) 1.3 E4 4.4 E2 1.3 E1 9.2 EO 6.9 EO
Ci/MTHM {fuel) 4.1 E3 1.4 E2 4.4 EO 3.0 EC 2.2 EO
Ci/GWe-year 1.9 ES 6.7 E3 2.0 E2 1.3 E2 1.0 E2

a. Based on reference fuel assembly (Tables 2.2, 2.3, 2.4, and 2.5} and reactor performance of
25,000 MWd/MTHM burnup and 35 MW/MTHM specific power.

b. Based on 0.05% residual fuel with cladding.

¢. Values for Ci/MT (metal waste) convertible by applying the following factors:
X 0.324 = amount/MTHM (fuel}
X 14,8 = amount/GWe-year
X 487 = amount/1500 MTHM (fuel).
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TABLE 2.17. (contd)
ci/mram(D)

g/MTHM(C) 90 day 160 day 1 year 10 year 100 year 1000 year 3000 year

Fission
products (contd}

Gd - 5.1 EI 1.1 E1 9,1 EOQ 5.0 EO —— _——- ———- e
Tb 1.2 EO 3.6 E? 1.8 E2 2.5 E1 p— -—-- e —m—
Actinides
1] 9.7 EB 8.3 E1 3.3 EO - 3.2 EO 2.7 EO 1.8 EO 2.0 ED 2.1 EO
Np 3.3 E2 6.5 EO 6.5 EO 6.5 EO 6.5 EOQ 6.5 EO 6.3 EO 5.5 EO
Pu 7.8 E3 7.4 E4 7.3 E4 7.1 E4 4.7 E4 2.0 E3 6.6 E2 5.8 £E2
Am 7.9 E1 §.7 E1 1.1 E2 1.7 E2 9.7 E2 2.2 E3 5.3 E2 2.6 E1
Cm 8.2 EO 9.9 E3 7.5 E3 3.5 E 4 E2 1.5 E1 1.0 E-1 6§ E-2
Bk 5 E-8 1.5 E-4 1 E-4 8 E-5 ———— ———— S ————
Cf g E-8 2.9 E-b 2.8 E~6 2.7 E-6 1.5 £E-6 4 E-7 —-- e
Total fission products

2.6 £E4 6.6 E& 4.2 E6 2.1 E6 2.5 ES 2.7 t4 1.8 E1 1.7 E1
Total actinides. :

9.7 E5 8.4 E4 8.1 E4 7.5 E£4 4.8 E4 4.2 E3 1.2 E3 6.1 E2

Total thermal watts/MTHM
7 E4 1.9 E4 9.2 E3 8.6 E2 1.9 €2 - 3.8 El 1.9 E1

Total neutrons/Sec—MTHM(e)
1.7 E£8 1.5 E8 1.1 E8 6.4 E7 1.1 E7 4.2 E6 2.7 EB

a. Basis: 25,000 MWA/MTHM, 35 MW/MTHM, initial 23°y enrichment 3.3%. Data from Reference §.

Curies of activity from the indicated elements, per metric ton of heavy metal in
discharged fuel cooled for the times stated at column headings.

Based on element present after 1 year cooling.
d. Based on 523 (i 3H/MTHM at discharge in fuel of 25,000 MWd/MTHM burnup and T”2 = 12.2562 year,
e. Includes (u,n) and spontaneous fission neutrons,

$0—9.—1S8 LONA
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TABLE 2.

Property

18. Properties of High-Level Waste from

Processing of LWR Reference Fuyel

Compared with Properties of "Throw-

away" Fuel(a)

Total g/MTHM
u g/MTHM
Pu -~ g/MTHM

Ci/MTHM
1 year
10 year

W/MTHM
1 year
16 year

cooled
cooled

cooled
cooled

S.F. n/sec-MTHM

1 year
10 year

cooled
cooled

a 0o oo
f . . .

"ThroWaway
Fue1(b)

1.

9

7.8 E3

4 E3

9.8 £7
5.8 E7

26 gpld)
.65 E5

HLW from LWR Reference

Fueﬂc) Processing

—120—

2.3 E4
.8 E3
1.5 E2

1.3 E3

3.6 E9
2.5 E9

Both fuels at 25,000 MWd/MTHM, 35 mu/MTHM, (6)
Fuel fabricated from only enriched uranium.
Fuel fabricated from MOX {uranium and plutonium}.
Includes metallic component of reference fuel.
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.a. Based on 25,000 MWD/MTHM, 35 MW/MTHM,

contains 0.5% of initial U and Pu, no

These percentages are applied to fuel
core. ’

b. Spontaneous fission neutrons only:

x
N
Lyo]
=
A
. | &
TABLE 2.19. Radiation from High LeveT Waste Gererated by Processing of Spent ;:
' {a)
U02-Bear1ng LWR Fuel '.T\
Cooling Time %
3 . el
Saurce 160 d 1.4 y 10.4 y 100 y 1000 y 3000 y bz
s
Fission 1
Products: : A
Ci/MTHM 4.2 E6 .5 ES 2.4 E5 2.7 E4 1.8 EI 1.7 El E:
W/MTHM 1.8 E4 6.4 E3 7.3 E2 7.5 E1 - 1.44 E-2 1.42 E-2 o
Actinides: ‘ ) _
Ci/MTHM 8 E3 2.5 E3. 7.7 E2 1.5 E2 3.9 E1 1.5 E1
W/MTHM- 2.8 EZ .8 E1 1.9 E1 4.6 EO 1.7 EO 4.0 E-1
‘ n/sec~MTHM(b) 1.4 E8 9.2 E7 5.6 E7 2.3 E6 3.1 ES 2.0 EB
Total: .
Ci/MTHM 4.2 E6 1.5 E6 2.4 E5 2.7 E4 5.7 E} 3.2 El
W/MTHM 1.8 E4 6.4 E3 7.4 E2 . 8.0 E1 1.1 EO 4.0 E-1

initﬁa1 U-235 content is 3.3%. The waste
tritium, Xe, Kr, and 0.1% of I and Br.
at 160 days after removal from the reactor

WY 2 TOIA8L °C S U I BT RN~ N OFERYCEBELD L10, 0IX1T 995/

CEM D IZEIARL B ¥ — LW DYHEEH TR 1d AT

B GG TE CN ZUD I CEF I LOEN 2 7 ¢ L6HREY e EREO

U 0TIXZZ G5 Ond 646

¥ 092118 8I0Nd
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TABLE 2.20. Actinide Content of High Level Waste from Processing of
U0, Fuel and of LWR Reference Fuel(2)

"Uranium-0Only" Fuel Cycle LWR Reference MOX Fuel Cycle

Cooling Time Cooling Time

1.4 year 10.4 year 1.4 year 10.4 year

g/MTHM  (Ci/MTHM)  (Ci/MTHK)  g/MTHM  (Ci/MTHM)  (Ci/MTHi)

u 4.8 E3 1.6 E-2 1.4 E-2 4.8 E3 4 E-2 3 E-2
Np 3.3 E2 6.5 EO 6.5 EO 1.5 E2 1.4 E2 1.4 E?
Pu 4.2 E1 3.8 E2 2.6 £2 1.5 E2 1.5 E3 1.1 E3
Am 6.1 F1 1.1 E2 1.1 E2 8.7 E2 7.8 E2 7.8 E2
Cm 6.2 EO 2.0 E3 3.9 E2 2.4 E2 3.8 E4 1.7 E4
Bk 1 E-9 6 E-5 4 E-8 ——-- ——-- S
Cf 1 E-7 3 E-6 1 E-6 ——-- R S
Total 6.3 E3 2.5 E3 7.7 €2 6.2 E3 4.0 E4 1.9 E4

a. 25,000 MWA/MTHM, 35 MW/MTHM, 0.5% of initiat U and Pu, 100% of all
other transuranic elements. The percentages apply at 160 days
after discharge from reactor core.
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JABLE 2.21. Properties of Plutonium from LWR-UQ, Fue1(a)

238p, 239Pu 240p 241Pu 242p Total(f)
wt % 1.03 65.30 22.49 9.01 2.17 ) 100
aCi/g 17.4 : 6.15 E-2 0.227 2.58 E-3 3.9 E-3 0.27
BCi/g - --- --- 1.124 E2 .- 10.13
vCizgth! 2 E-4 4.7 €E-6 --- 2 E-4 - 2.5 E-5
n/sec-g'° 2.8 E3 2.2 E-2 1.02 E3 2.3 E-2 1.73 E3 3 E2
n/sec-g'4) 1.4 E4 45 1.7 E2 10 10 2 E2
Total n/sec-g 1.7 E4 45 1.2 E3 ~10 1.7 £3 5 E2
w/gle) 0.577 1.91 £-3 7.07 £-3  &7.99 E-5 1.15 E-4 9.2 E-3

B4.64 E-3

a. 25,000 MWD/MTHM, 35 MW/MTHM, 7.826 kg Pu discharged/MTHM. Initial 235U = 3.3%.
b. At E >100 kev, o« decay gamma only.
¢. Spontaneous fission.
d. (a,n) on oxygen in Pu02.
e. Based on Qu and QB'
f. Totals are sums of isotopic contribution in relation to their wt % of elemental plutonium.
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TABLE 2,22, Isotopic Content and Radiations from LWR Plutonium

Charge to
Reference LWR-U LWR-Pu LWR-Py
Lwrta) Discharge(®) Charge(©) Discharge(¢)
Fu-238, wt ¢ 2.44 i.03 2.69 3.04
Pu-239, wt ¢ 47.02 65.03 . 44 .57 37.75%
Pu-240, wt 4 26.04 22.49 25.70 27.94
Pu-241, wt ¢ 15.51 .01 16.67 18.90
Pu-242, wt ¢ 8.99 2.17 10.38 12.53
aCi/gpuld) 0.51 0.27 0.55 0.62
aci/gpule) 17.43 10.13 18.74 21.24
yCisgpulf) 38 E-6 25 £-6 ‘ 41 E-6 46 E-6
wgpulsl 17.5 E-3 9.2 E-3 19 E-3 21.1 E-3
n/sec-gpyh) 4.9 £2 3.0 B2 5.2 £2 5.9 E2
kg/MTHM 15.0 7.826 49.8 35.5
a. Based on 30 wt % LWR fuel is MoX at 5wt % Pul, in UD,, 70 wt % LWR
fuel is 3.3% enriched UOQ.. Assumed to be the eauiTibr?um composition,
i.e., reprocessing plant®product and MOX fabrication plant feed.
b. Based on 3.3% enriched feed, 25,000 MWd/MTHM and 35 MW/MTHM
irradiation.
¢. From Reference 6.
d. Includes no contribution of Am.
€. Includes only Pu-241.
f. For E >100 kev. Includes only a or B decay gammas.
g. Based on Qa and i/3 QB'
h. From spontaneous fission only. (a,n) on oxygen about doubles

the emission rate.
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'TABLE 2.23. Mixed Oxide Fabrication Plant Plutonium Feed(a)

238Pu 239Pu 240Pu 241Pu 242Pu Total
wt % 2.48 47.02 26.04 15.51 18.99 100
aCisglPl 17.4 6.15 £-2 0.227 2.58 E-3 3.9 E£-3 ©0.51
acisglc) --- - - 1.124 €2 --- 17.43
vCizg'd) 2 E-4 4.7 E-6 - 2 E-0 - 38 E-6
n/sec-g'¢) 1.68 E4  45.02 1.19 E3 ~10 1.74 €3 9 E2
wyglt) | ¢.577  1.91 E-3 7.07 £-7 4.64 £-309) 1.15 -4 17.5 E-3

a. Derived from data of Reference 2 and based on discharge from the reference LWR
with 30 wt % MCX fuel and 70 wt > 3.3% enriched U0, fuel, 25,000 MWd/MTHM, 35
MW/MTHM, and ap approximate self generation ratio “(SGR) ~1.0

Ho Am included.

only °*1pu dncluded.

at £ >100 kev, decay gammas.

Spontanecus fission and (a.n) on oxygen in Puo,.
Basad on Qu and 1/3 QB'

Beta power only.

v - P @ 0 T
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TABLE 2.24. Amounts and Activities of Plutonium-Contaminated
Waste from Mixed-Oxide Fuel Fabrication

Non-
Combustible Combustible HEPA
So17q(3) So1iqld) Fitters(®)  Liquiatb)
Waste VYolumes
m3/ MTHM in MOX 4.1 0.8 0.3 0.06
m3/ 13.7 MTHM in mox(€) 56 11 4 0.8
w37 450 MTHM in Mox'9) 1.9 3 360 140 27
PTutonium Mass
g/ of waste 30 28 130 750
g/MTHM in MOX 120 22 39 a5
g/13.7 MTHM in MOX 1.7 £3 300 530 620
g/450 MTHM in MOX 5.7 E4 E4 1.7 E4 2 E4
Pu Alpha Activity(®)
Ci/n° of waste 15 14 70 380
Ci/MTHM in MOX : 60 11 20 23
Ci/13.7 MTHM in MOX 850 150 260 310
Ci/450 MTHM in MOX 2.9 E4 5 E3 9 £3 E4
Pu Alpha-Beta
Activity(e)
Ci/m® of waste 540 500 2.3 3 E4
Ci/HMTHM in MOX 2.2 £3 400 700 810
Ci/13.7 MTHM in MOX 3.1 £4 5.4 E3 9.4 £3 £4
Ci/450 MTHM in MOX £6 1.8 E5 3.2 E5 4 E5

a. Values based on simple average of predictions found in References 3
and 4,

b. Calculated from Reference 3.

Represents MOX fraction of fuel for a GWe-year; 30% of a total 45.6
MTHM in enriched-U plus MOX fuels.

d. Represents MOX fraction of fuel for the 1500 MTHM-year case; 30% of
a total 1500 MTHM in enriched-U plus MOX fuels.

e. Data based on "Reference" Pu activity of 0.5 Ci/g alpha and 18 Ci/g
alpha plus beta.
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FABRICATION PROCESS-LINE GLOVE BOX ENCLOSURE
MOX PELLET DECON.
prep. || PRESs [{ SINTER H GRIND (o wAsH DECON.
Ty RATE Pu MASS Pu ALPHA Pu ALPHA. BETA
CELLULOSICS 3 N . -
T , /m3 WASTE 34 4 Py 17 Ci 610 €1
LATEY /g WASTE 2.3 ma Pu 7.2 nCi 5.4 nCi
POLYVINYL CHLORIDE I R
DOy ETHILEnE JMTHM 113 g Py &0 O 2 % 10° C
kv/ PLANT OPERATING AREA
3.5 m3 WASTE/MTHM
120 kg WASTE/MTHM INSPECT AUTOCLAVEH %?ﬁgf ey
NEOPRENE
LATEX
POLYVINYL CHLORIDE RATE Pu MASS Pu ALPHA Pu ALPHA, BETA
| POLYETHYLENE :
LLGTH 7 /r> WASTE 1.7 g Py 0.9 Ci 31 Ci
CELLILOSICS /g WASTE 14 ug Pu 7 u Ci 0.3 mCi
] /MTHM 1 g Pu 0.5 Ci 18 ¢i

3.6 m™ WASTE/MTHM
72 ng WASTE/MTHM

a. Data on m3 and g Pu/MTHM from Table 2.24, ratios for waste categories from Reference 3,
and ratio of glove box/operating-area waste amounts and Pu content from Reference 4.

FIGURE 2.26. Plutonium Combustible Solid Waste from the
“ixed-Gxide Fuel Fabrication Plant'd)
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a. Data on m

FABRICATION PROCESS-LINE GLOVE BOX ENCLOSURE

MOX PELLET | | a ] | DECON.
PREP. PRESS SINTER GRIND WASH & WELD
RATE - Pu MASS  Pu ALPHA Pu ALPHA. BETA
CLADDING SCRAP /md WASTE 33,7 g Pu 17 Ci 610 Ci
METAL SCRAP . .
METAL EQUIPMENT /g9 WASTE 0.2 mg Pu G.T mCi 3.6 mCi
METAL DUCTWORK JMTHM 21.9 g Pu 11 Ci 390 Ci
\\/) PLANT OPERATING AREA
0.65 m> WASTE/MTHM ren s ,
130 kg WASTE/MTHM INSPECT —AUTOCLAVE [ iy =
RATE  Pu MASS  Pu ALPHA Py ALPHA, BETA
METAL . .
s /m WASTE 0.67 a Pu 0.34 Ci 12 Ci
MINERALS /9 WASTE 3 4g Pu 1.5 uCi 54 uCi
JMTHM 0.1 g Pu_ 50 mCi 1.8 Ci
0.15 m> WASTE/MTHM

30 kg WASTE/MTHM

3

FIGURE 2.27.

and g Pu/MTHM from Tabie 2.24,
and ratio of glove box/operating-area wast

Mixed-0Oxide Fuel Fabrication Plant ¢)

Plutonium Noncombustible Solid Waste fram the

ratios for waste categories from Reference 3,
e amounts and Pu content ‘rom Reference 4.
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FABRICATION PROCESS-LINE GLOVE BOX ENCLOSURE

MOX PELLET

- - - | DECON.
PREP. PRESS SINTER GRIND WASH

& WELD

PELLET-WASH SOLUTIONS
CLAD DECONTAMINATION SOLUTIONS

PLANT OPERATING AREA

InspecT [ auToceavel TR & g
COMBINED LIQUID WASTES
RATE Pu MASS Py ALFHA Pu ALPHA, BETA
HNO,-HF ETCH SOLUTIONS|/LITER WASTE 9.3 a Pu 0.4 Ci 14 Ci
F\](N03)3 SOLUTIONS SMTHM ' 13 g Pu 73 [ 210 €3
H,0 RINSES

COMBINED RATE
56 1iters/MTHH

a. Based on data from Reference 3.

FIGURE 2.28. Plutonium Liguid Waste from the Mixed-Oxide

Fuel Fabrication Plant(d)
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FABRICATION PROCESS-LINE GLOVE BOX ENCLOSURE
mox | PeLLET [ a B | Decon.
Hox. ELLE SINTER I GRIND WASH pECON.
RATE Py MASS Pu ALPHA  Pu ALPHA, BETA
INLET (ROUGHING) FILTERS 03 \icoe (o0 b0 oo ¢ 3.5 % 107 ci
OUTLET (HEPA) FILTERS /g WASTE 0.7 mg Pu 0.1 mCi 13 mCi
JMTHM 38.4 g Pu 19 Ci 690 Ci

PLANT QPERATING AREA

P0—92—T68 LONJ

3
0.2 m® WASTE/MTHM HsPECT HauTocLAvE[ ETCH & g
U 58 kg WASTE/MTHM
T
RATE PuMASS  Pu ALPHA Py ALPHA, BETA
EXHAUST (HEPA) FILTERS —
/m> WASTE 6 g Pu 3ci 110 Ci
/g9 WASTE 30 ug Pu 15 u €4 0.5 mCH
FHMTHM 0.6 g Pu 0.3 Ci 1 ¢

0.1 m3 WASTE/MTHHM

22.5 kg WASTE/MTHM

a. Data on m3 and g Pu/MTHM from Table 2.24, ratios for waste categories from Reference 3,
and ratio of glove box/operating-area waste amounts and Pu content from Reference 4.

"FIGURE 2.28. Plutonium Ventilation-Filter Yaste from the
Mixed-Oxide Fuel Fabrication Plant '/
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FLAKRFEET — 2% d->TC Table2 25 KFT, t4., BAFOBROAHLIC o>
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Table 2 27 K% & % %

R, DEDR I TRETLEEREYL. *BE v 2T M, BEAB B LEBEE L 5
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TABLE 2.25. Volumes and Contamination
Categories of Residues
from Decommissioning of
.Light Water Reactors(a’b)

Yolume (m3){c)

Non-
Reactor radioactive Radicactive
Type Materials Materials
BWR - 36,700 23,900

PWR 29,800 7,000

u

1000 MWe capacity.

b. Reference 2, data to be published in a
study of decommissioning by the Atomic
Industrial Forum.

¢c. Includes plant components, building
materials, and a relatively small
contribution from decommissioning wastes
probably in the form of evaporator
bottoms. )

TABLE 2.26. Contaminated Waste from Dismantling a 1500 MTU/year

Fuel Reprocessing Faci]ity(a)

Process Building and Liquid Waste
Waste Tank Galleries " Storage Tanks
Equipment _
Volume {m®) 2,000 1100
Weight (MT) 1,600 910
Avg Tission product
contamination (Ci/ma) 0.04 1.4
% »10 nci/g TRU(P) 20 0
Stainless steel liners
VYolume (m3} 31 130
Weight (MT) 245 1000
Avg fission product
contamination (Ci/m3) 3 3.2
% >10 ncisg TrRU(P) '
Concrete
Volume (m3) 594 --
Weight (MT}) | 1,400 : -~
Avg fission product '
Contamination (Ci/m3) 14 _ --
% »10 nCi/g TRU(P) 43 ' .-
Total shipping volume " 6,510 m°; 1,090 m> = >10 nCi/g TRU

a. Reference 3.
b. Nanocuries per gram of transuranic waste, essentially plutonium.
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TABLE 2.27. Contaminated Waste from Dismantling 3
300 MTHM/year Mixed-Oxide Fabrication

Faci]ity(a)
Volume (m3) Weight (MT)

Equipment 1,500 1,300
Structural material 350~ 1,300
Miscellaneous 550 300

Total 2,400 2,900
% >10 nCi/g TRU(D) 62.7

Total shipping volume 4,000 m3; 2,600 m3 = >10

nCi/g TRU

a. Reference 3.
b. Transuranic waste-essentially plutonium.
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TABLE 3.1. <Characteristics of the Mod-Low Energy Growth Case

Total Electric Total Installed
Generating Capacity, Nuclear Capacity,(a)

Year ' GWe GWe

1973 ' 436 18.4
1980 620 ' 76.0
1985 800 185.0
1990 1040 340.0
2000 1750 - 800.0

a. Includes all types of reactors. See Table 3.2 for pro-
jections of operating capacity for LWRs only.
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T 50

Puld,1 98 14Esb, 2FD2s5¢lCYV ¥4 2aL, 19828 KE50%, 1983
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RHHEREY OREME, RARLE THE B2 2 o MNRILE O FHREER & R
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PHKHIE arEELONB BAKFHRB Y1 7 ~FHtEOKRED, RERE 33000
MWd / MTHMZ~—-2: LTEBREINTnE, CORBEEKED, SROBKFERE
OEBMIBEINZLIOTH I, HEITRERHL BFERIATED19T5FE00
200 0FOMICHUET 5 FEORBOFHMEER , ChELTENWEEL bR 2o
COFRCHAT, 23HRE24HFRUBT BRI EREREY, ~r» ORIGEMER. R
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BEEMBEORAL ( Table 3.8—310)Y 0K 2WnTI3,1978FTH%L, 19771 K
MABEESLEBEIND E NI AT, TEBHE ( Moderateiy—low growth ) @
y—REEDLEE 5Tndo ,
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TABLE 3.2. Projected Nuclear LWR Operating Capacity (@)

Year . [

1574 S
iv?6 I
luys? [ I
17y hH .4
1479 65.5
;uhu 5.4
il 42.3
1yes Ie.?
IRES] i3,y
194 157 .4
11445 1791
1966 202.0
1987 225.4
T4ie 254.0
1954 284.0
1950 315.6
1991 3487
1992 ig2.7
jag3 116.6
[ERE 450.7
1995 183.9
fuie 51b.2
1997 547.6
1998 L7491
1999 609, 7
2000 638.6

4. Reference 7, basved nn
assumnptions summarized in
Section 3.1.2,
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TABLE 3.3. Projected Accumulation of Uranium Ore Tai]ings(a)

P0—9.—1S8 LONd

Annual Addition Accumulation Through End of Year
Yolume Heavy Radio- Thermal Yolume Heavy Radio- Thermal
{Millions Element activity Power {Billions Element activity Power
Year of m3) (MT) (MCH) (kW) of m°) (MT) (MC1) (kW)
1975 2.77 448 0.03 0.71 0.012 1893 0.1 2.9
1976 3.15 510 0.04 0.80 0.015 2403 0.2 3.7
1977 3.50 566 0.04 0.89 0.018 2969 0.2 4.6
1978 3.77 609 0.04 0.96 0.022 3578 0.3 5.6
1979 4.54 734 0.05 “1.16 0.027 4312 0.3 6.7
1980 5.77 933 0.67 1.47 0.032 5246 0.4 8.2
1981 6.78 1096 0.08 1.73 0.039 6341 0.4 9.9
1982 7.88 1274 0.09 2.01 0.047 7616 0.5 11.8
1983 9.20 1487 g.11 2.34 0.058 9102 0.6 14.1
1984 9.77 1579 0.11 2.49 0.066 10681 0.8 16.6
1985 10.78 1743 0.13 2.75 0.077 12424 0.9 19.3
1986 11.72 1895 0.14 2.99 0.089 14319 1.0 22.2
1987 13.36 2160 0.16 31.41 0.102 16479 1.2 25.6
1988 14.58 2357 0.17 3.72 0.117 188136 1.3 29.3
1989 16.03 2590 0.19 4.08 0.133 21426 1.5 33.3
199¢ 17.51 2830 0.20 4.46 0.150 24256 1.7 37.7
1991 18.87 3050 0.22 4.81 0.169 27306 1.9 42.4
1892 20.14 3255 0.24 5.13 0.189 30561 2.1 47 .5
1993 21.63 3495 0.25 5.51 0.211 34056 2.4 52.9
1994 23.06 3726 0.27 5.88 0.234 37782 2.7 58.7
1695 24.39 31943 0.28 6.22 0.258 41725 2.9 64.8
15896 25.81 4171 0.30 6.58 0.284 45896 3.2 71.2
1997 . 27.36 4422 0.32 6.97 0.311 50318 3.5 78.1
1998 28.46 4600 0.33 7.25 0.340 54918 3.9 85.2
1999 29.84 4823 0.35 7.60 0.370 59740 4.2 gz2.7
2000 30.86 4987 0.36 7.86 0.400 64727 4.5 100.4

a. Reference 7, based on assumptions summarized in Section 3.1.2.
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TABLE 3.4. Materials Consumed, Produced, and
Stockpiled for LWR Power {(metric tons)(a)

Uranium Ore

Year Mined Fissile Plutenium
rrod Used Net

1975 8941 2.65 0.0 7.13
1876 10171 3.95 0.0 11.09
1977 11296 5.31 0.0 16.39
1978 12155 6.46 0.0 22.85
1979 14660 7.72 0.0 30.57
1980 18630 8.88 4.40 35.05
1981 21871 10.08 12.90 32.23
1982 26430 13.1 18.90 26.43
1983 29673 18.18 14.30 30.32
1984 31522 23.02 16.20 37.14
1985 34790 24.69 20.90 40..93
1986 37815 28.92 22 .40 47.45
1987 43107 34.20 28.30 53.35
1988 47048 38.41 34.20 h7.56
1989 51701 44.29 38.20 63.65
1990 56492 50.52 41.10 73.07
1991 60876 56.44 43.40 86.12
1992 64971 62.26 48.70 99.68
1993 69763 68.16 51.50 116.34
1994 74377 75.25% 51.00 140.59
1995 78694 B1.60 49.40 172.789
1996 83255 B&6.93 45.50 214.22
1897 88260 91.54 40.50 265.27
1998 91814 95.35 36.10 324.52
1399 96260 98.61 38.60 384.53
2000 99538 102.08 31.60 455.01

a. Reference 7, based on assumptions summarized in
Section 3.1.2.

TABLE 3.5. LWR Fuel Fabricated (metric tons)(?)

Year LWR-U LWR-PU Total

1875 1278.9 0.0 1278.9
1976 1471.8 0.0 1471.8
1977 1683.9 0.0 1683.9
1978 1864 .2 0.0 1864.2
1979 2176.5 0.0 2176.5
1980 2648.6 144 .1 2792.7
1981 3073.4 422.3 3495.7
1982 3442.9 618.8 4061.7
1983 4221.0 468.2 4689.2
1984 4709.4 530.4 5239.8
1985 5091.4 684.3 5775.7
1986 5678.5 733.4 6411.9
1987 6310.9 926.5 7237.4
1988 7005.1 1119.7 8124.8
1989 7657.5 1250.7 8908.2
1999 8488.6 1345.6 9834.2
1991 9255.4 1420.9 10676.3
1992 9883.4 1594 .4 11477.8
1993 10700.7 1686.1 12386.8
1994 11513.7 1669.7 13183.4
1995 12282.8 1617 .4 13900.2
1996 13205.6 1489.7 14695.3
1997 14083.0 1326.0 15409.0
1998 14963.8 1181.9 16145.7
1999 15569.1 1263.8 16832.9
2000 16411.4 1034.6 17446.0

a. Reference 7, based on assumptions
summarized in Section 3.1.2.
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TABLE 3.6. Shipments of Pilutonium by Truck
to Fabrication Plants for LWR
Pu-Recycle Fuei(a)

MTHH Number

per of
Year Year Shipments
1975 0.0 0.0
1976 ' a.0 0.0
1977 0.0 0.0
1978 0.0 0.0
1979 0.0 0.0
1980 6.11 12.2
1981 17,92 35.8
1982 26.25 52.5
1983 19.86 39.7
1984 22.50 45,0
1985 29.03 58.1
1986 31,11 62.2
1987 39.31 78.6
1988 47.50 95.0
1989 53.06 106.1
1990 £7.08 114.2
1991 60.28 120.6
1992 67.64 135.3
1993 71.53 143.1
1994 70.83 141.7
1995 68.61 137.2
1996 63.19 126.4
1997 56.25 112.5
1998 50.14 100.3
1999 53.61 107.2
2000 43.89 87.8

a, Reference 7, based on assumptions sunmarized
in Section 3.1.2.

TABLE 3.7. Fresh Fuel Shipments by Truck to Lsz(a)

LWR-U LWR-PU Total
MTHM per Kumber of MTHM per Number of MTHM per Number of
Year Year Shipments Year Shipments Year Shipments
1975 1279 233 1] 0 1279 233
1976 1472 268 0 0 1472 268
1977 1684 306 0 0 1684 306
1978 1864 339 0 0 1864 339
1979 2177 396 0 0 2177 396
1980 2649 482 144 26 2793 508
1981 3073 559 422 77 3496 636
1982 3443 626 619 13 4062 738
1983 4221 767 468 85 4689 853
1984 4709 856 530 96 5240 953
1985 5091 926 684 124 5776 1050
1986 5679 1032 733 133 6412 1166
1987 6311 1147 927 168 7237 13t6
1988 7005 1274 1120 204 8125 1477
1989 7658 1392 1251 227 8908 1620
1990 8489 1543 1346 245 9834 1788
1991 9255 1683 1421 258 10676 1941
1992 98813 1797 1594 290 131478 2087
1993 10701 1946 1686 o7 12387 2262
1994 11514 2093 1670 304 13183 2397
1995 12283 2233 1617 294 13900 2527
1996 13206 2401 1490 271 14695 2672
1997 14083 2561 1326 241 15409 2802
1998 14964 2721 1182 215 16146 2936
1999 155€9 2831 1268 230 16833 3061
2000 16411 2984 1035 188 17446 3172

a. Reference 7, based on assumptions summarized in Section 3.1.2.
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TABLE 3.8. Predicted Distribution of LWR Spent
Fuel Reprocessing Among U.S.
Facilities in the Near Term(a)

MTHM/ yr (D)

Mew
Year AGNS NFS EXXON Capacity Total

1977 500 500
1978 1000 1000
1979 1500 1500
1980 1500 300 1800
1981 1500 600 2100
1982 1500 600 2100
1983 1500 600 500 2600
1984 1500 600 1000 3100
1985 1500 600 1500 3600
1986 1500 600 1500 1000 4600
1987 1500 6400 1500 1000 4600

a. See Table 3.9 for projected reprocessing
schedules to year 2000.

b. Reference 7.

TABLE 3.9. Comparison of Reprpcessi}g Requirements
and Actfvities(a)

Actual LMWR LWR Fuel
Reprocessing Load Reprocessed

Year (MTHM) ) {MTHM)
197% 494.7
1976 ‘ 712.9
1977 900.3 500.0
1978 1075.2 1000.0
1979 1259.5 1500.0
1980 1435.2 1800.0
1981 1w31.5 2100.0
1982 1910.0 2100.0
1983 2298.4 2600.0
1984 2762.0 3100.0
1985 3284.0 3100.0
1986 3840.2 4100.0
1987 4397.3 5027.5
1988 4965.4 4965.4
1989 5877.8 5577.8
1990 6250.3 6250.3
1991 6961.0 6961.0
1992 7719.4 7719.,4
1992 8515.0 8515.0
1994 9314.4 9314 .4
1995 1G153.8 10153.8
1996 10975.9 109875.9
1997 11744.9 11744 .9
1998 12515.3 12515, 3
1999 13267.7 13267.7
2000 14044.8 14044 .8

a. Reference 7, based on assuwptions summarized
in Section 3.1.2.
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TABLE 3.10. Shipments of Spent LWR Fuel
to Reprecessing Plants(a)

LWR-} LWR-PU Totatl
Year Truck Rail Truck Rail Truck Rafl
1977 409 103 4] 0 409 103
1978 795 210 0 0 795 210
1979 1160 319 0 0 1160 31¢g
1980 1350 389 0 ] 1350 389
1981 1527 461 0 0 1527 461
1982 1381 437 97 "3t 1478 468
1983 1499 496 276 91 1775 587
1984 1652 575 390 136 2042 710
1985 1747 608 265 103 2042 710
1986 2287 834 323 118 2610 952
1987 2686 1029 402 154 3088 1183
1988 2619 1004 . 431 165 3050 1169
1349 2770 1120 523 212 3293 1332
1990 2943 1253 - 608 259 3551 1512
1991 3276 13¢5 679 289 3955 1684
1992 3506 - 1578 701 315 4207 1893
1993 3900 1755 740 333 4641 2088
1994 4070 1935 796 379 4866 2314
1995 4463 2122 842 400 5305 2522
1996 4685 2361 797 ., 402 5482 2762
1997 5094 2567 772 389 5867 2956
1998 5307 2825 681 363 59088 3187
1999 5730 3058 605 323 6335 3381
2000 5870 3333 514 29?2 6384 3624

a. Reference 7, basaed on assumptions summarized 1in
Section 3.1.2.
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TABLE 3.17. Projected Accumulation of Solidified LWR High-Level Wastes at Fuel

Reprocessing Plants Before Shipment(a

Annual Addition

}

Accumulation Through End of Year

Volume Actinide Radio- Thermal Yolume Actinide Radio- Thermal
{Thousands Mass activity Power {Thousands Mass activity Power
Year of m3) (MT) {MC1i) {Mu) of m3) (MT) (Mci) {MUW)
1977 0.03 2.7 959 5 0.03 2.7 959 5
1978 0.06 5.5 2031 10 0.08 8.2 2516 12
1979 0.08 8.2 3202 15 0.17 16.4 4540 22
1980 0.10 9.9 4004 19 0.27 26.3 6506 31
1981 0.12 11.5 4817 .23 0.39 7.8 8539 40
1982 0.12 12.1 4963 25 G.51 49.9 9994 48
1983 0.15 16.1 6240 33 0.68 66.0 12342 61
1984 0.18 19.7 7429 40 0.83 85.7 15058 77
1985 0.18 19.0 7369 39 1.01 104.7 16787 86
19846 0.23 24.8 9772 51 1.24 129.4 20550 105
1987 0.28 30.5 11981 63 1.53 160.0 25138 129
1988 0.28 30.4 11999 63 1.81 190.3 28100 145
1989 0.32 34.6 13580 72 2.12 224.9 31947 165
1990 0.35 39.1 15268 82 2.48 264.0 36342 189
1991 0.39 43.6 17029 92 2.87 307.5 41173 216
1992 0.44 48.1 18906 101 3.31 355.7 46434 244
1993 0.48 52.8 20886 P11 3.79 408.5 52118 274
1954 0.53 57.9 22948 123 4.32 466.5 58202 306
1995 0.58 62.9 25083 134 4.89 529.3 64675 340
1996 0.62 67.4 27135 143 5.51 596.7 71374 374
1997 0.67 71.4 29062 152 6.18 668.0 78177 408
1998 0.7 75.0 30968 161 6.89 743.1 85118 441
1999 0.75 78.4 32810 168 7.64 821.5 92159 473
2000 0.80 82.1 34714 176 8.43 903.6 99401 505

a. Reference

7, based on assumptions summarized in Section 3.1.2.

70—9.—158 LONJ



PNCT 851—76—04

TABLE 3.12. Containers of 10-yr-01d
LWR High-Level Waste
Shipped(a)

Number of
Year Containers
1987 ' 159
1988 . 318
1989 478
© 1990 573
1991 _ 669
1992 : 669
1993 : 828
1994 987
1995 987
1996 1306
1997 1601
1998 1581
1999 1776
2000 1991
2001 2217
2002 2459
2003 2712
2004 2967
2005 3234
2006 3496
2007 3741
2008 : 3986
2009 4226
2010 4473

a. Reference 7, based on assumptions
summarized in Section 3.1.2.
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TABLE 3.13. Projected Accumulation of Solidified LWR High-Level

70—9.~198 LONd

Wastes at a Federal Repository(a)
Annual Addition Accumulation Through End of Year
Annual

Volume Actinide Radio-~ Thermal Number Yolume Actinide Radio- Thermal

_ (Thousands Mass(b) activity Power of - (Thousands Mass(b) activity Power

Year of m3) (MT) (MC1i) (MK) Shipments of m3) (MT) (MC1) (MW}
1987 0.03 2.7 115.29 0.4 13 0.03 2.7 115 0.4
1988 0.06 5.5 244.18 0.8 27 G.06 g.2 355 1.2
1989 0.08 8.2 385.0656 1.3 40 G.17 16.4 728 2.5
1990 0.10 9.9 481.40 1.7 48 0.27 26.3 1184 4.1
1991 0012 11.5 579.14 2.0 56 0.39 37.8 1724 5.9
1992 0.12 12.1 5986.21 2.5 56 .51 49.9 2264 8.2
1993 0.15 16.1 748.80 3.8 69 0.66 66.0 2940 11.6
1694 - 0.18 19.7 891.09 4.8 82 0.83 85.7 373¢% 16.0
1985 0.18 19.0 884 .37 4.4 82 1.01 104.7 4507 19.8
1996 0.23 24.8 1173.11 5.5 109 1.24 129.4 5543 24 .6
1997 0.28 30.5 1438.17 6.9 133 1.53 160.0 6812 30.7
1998 0.28 30.4 1440.14 7.0 132 1.81 190.3 8045 36.6
1599 0.32 34.6 1629.63 8.2 148 2.12 224.9 9432 43.6
2000 0.35 39.1 1831.86 9.5 166 2.48 264.0 10882 51.5
2001 0.39 43.6 2043.22 10.6 185 2.87 307.5 12699 60.3
2002 0.44 48 .1 2268.51 11.6 205 3.31 355.7 14592 69.8
2003 0.48 §2.8 2506.41 12.7 226 3.79 408.5 16669 80.1
2004 0.53 57.9 2753.65 14.0 247 4.32 466 .4 18934 91.3
2005 0.58 62.9 3010.12 15.1 269 4.89 529.3 21391 103.4
2006 0.62 67.4 3256.91 16.0 291 5.51 596.7 24026 115.8
2007 0.67 71.4 3488.78 16.6 312 6.18 668.0 26819 128.5
2008 0.71 75.0 3718.36 17.1 332 6.89 743 .1 29764 141.3
2008 0.75 78.4 . 3940, 38 17.4 352 7.64 821.5 32850 153.9 .
2010 0.80 82.1 4169.76 17.8 373 8.43 903.6 36082 166.6

a. Reference 7, based on assumptions summarized in Section 3.1.2.
b. Note that uranium values are included in this group.



TABLE 3.14. Projected Accumulation of LUWR Cladding Wastes at a Federal Repos{tory(a)

¥P0—9L—~TSB LONJ

Annual Addition . Accumulation Through End of Year

-Vo]ume(b) Actinide Radio- Thermal VO]ume(b) Actinide Radio-  Thermal

{Thousands Mass(c) activity Power {Thousands Mass(c) activity Power
Year of md) (MT) (MCT) (MW) of m3) (MT) (MCH) (MW)
1978 0.10 0.24 2.9 0.032 0.10 0.24 3 0.03
1879 0.24 0.48 6.2 0.068 0.35 0.72 9 0.10
1980 0.35 0.72 9.7 0.107 0.70 1.45 17 0.19
1681 0.42 0.87 12.1 0.133 1.1 2.32 26 0.30
1982 0.49 1.01 14.6 0.181 1.6 3.33 37 0.42
1983 0.49 1.01 14.5 0.160 2.1 4.35 46 0.52
1984 0.60 1.26 17.3 0.192 2.7 5.60 57 0.64
1985 0.70 1.50 20.2 0.224 3.4 7.10 69 0.78
1986 0.70 1.50 20.6 0.227 4.1 §.60 80 0.91
1987 0.94 1.98 27.6 0.305 5.0 10.58 97 1.09
1988 1.2 2.43 33.8 0.373 6.2 13.01 117 1.32
1989 1.1 2.40 33.6 0.371 7.3 15.40 135 1.52
1990 1.3 2.69 37.7 0.417 8.6 18.10 155 1.74
1991 1.4 3.02 42 1 0.465 10 21.12 176 1.98
1992 1.6 3.36 47.0 0.519 12 24 .48 200 2.24
1993 1.8 3.73 52.3 0.578 13 28.21 226 2.52
1994 2.0 4.11 58.0 0.641 15 32.32 254 2.84
1995 2.1 4.50 63.6 0.703 18 36.82 285 3.17
1996 2.3 4.90 69.8 0.771 20 41.72 318 3.53
1997 2.5 5.30 76.0 0.840 22 47.03 353 3.91
1998 2.7 5.67 82.1 0.906 25 52.70 390 4.31
1999 2.9 6.04 88.3 0.974 28 58.74 428 4.73
2000 3.0 6.41 94.5 1.042 31 65.15 468 5.16

a. Reference 7, based on assumptions summarized in Section 3.1.2.
b. Uncompacted volumes. '
c. Note that uranium values are included in this group.
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TABLE 3.15. Projected Accumulation of Fission Product
Tritium from LWR Fuei(2)

" Annual Addition Accumulation Through End of Year

Radio- Thermal Radio- Thermal

Volume activity Power Volume activity Power

Year (m3) {MCi) (Matts) (m3) {MCi) {Watts)
1978 4.8 0.25 g 4.8 0.25 9
1979 10.1 0.53 19 14.9 0.76 27
1980 15.9 0.83 30 30.8 1.55 55
1981 19.9 1.04 37 50.7 2.50 89
1982 24.0 1.25 44 74.7 3.62 129
1883 24.5 1.28 46 99.2 4.70 167
1984 30.6 1.60 ‘ 57 129.8 6.03 215
1985 36.3 1.89 67 166.1 7.60 270
1986 36.2 1.89 67 202.3 9.06 ) 323
1987 48.1 2.51 89 250.3 11.07 394
1988 58.9 3.07 109 309.2 13.53 482
1989 58.9 3.07 109 368.1 15.86 565
1990 66.6 3.47 124 " 434.7 18.46 657
1991 74.8 3,90 139 509.5 21.35 760
1992 83.4 4.35 155 592.9 24.52 873
1963 92.6 4.83 172 685.5 28.00 997
1994 102.4 5.34 190 787.9 31.80 1132
1895 112.5 5.87 209 900.4 35.92 1279
1996 123.0 6.41 228 1023.4 40.36 1437
1997 133.2 6.95 247 1156.6 45.09 1605
- 1998 142.9 7.45 265 1299.5 50.06 1782
1899 152.5 7.95 283 1452.0 55.26 1967
2000 161.8 8.44 300 1613.8 .60.66 2160

a. Reference 7, based on assumptions summarized in Section 3.1.2.

—156—



—LST—

TABLE 3.16. Projected Accumulation of Fission Product Iodine from LWR Fuel(a)

v0—92.~1S8 LONJ

Annual Addition Accumulation Through End of Year
Iodine Radio- Thermal Icdine Radio- Thermal
Volume Mass activity Power Volume Mass -activity Power
Year (m3) {kg) {Curies) {Watts) (m3) {kg) {Curies) (Watts)
1976 0.0 0 0.0 0.0 0.0 0 0 0.0
1977 0.0 0 0.0 0.0 0.0 0 0 0.0

1978 0.04 104 14.2 0.009 0.04 104 14 0.009
1979 0.08 221 30.2- 0.020 g.12 325 44 0.029
1980 0.13 348 47.6 0.031 0.25 673 g2 0.061
1681 © 0.16 435 59.5 0.039 0.47 1108 151 0.100
1982 0.20 523 71.6 0.047 0.61 1631 223 0.147
1983 0.20 536 73.2 0.048 0.81 2167 296 0.195
1984 0.25 669 91.3 0.060 1.06 2836 " 388 0.255
1985 0.30 793 i108.3 0.071 1.36 3629 - 496 0.326
1986 0.30 790 107.9 0.071 1.65 4419 604 0.397
1987 0.39 1050 143.4 0.094 2,05 5469 747 0.491
1988 0.48 1287 175.7 0.116 2.53 . 6756 923 0.607
1989 0.48 1287 175.8 0.116 3.01 8043 1098 0.722
1990 0.54 1455 198.6 0.131 3.55 9498 1297 0.853
-1991 0.61 1634 223.0 0.147 4.16 11132 1520 1.000
1992 0.68 1822 248.7 0.164 4.84 12954 1769 1.163
1993 0.76 2024 276.3 0.182 5.60 - 14979 2045 1.345
1994 0.84 2238 305.4 0.201 6.44 17216 2350 1.5486
1995 0.92 2458 335.5 0.221 7.36 19674 2686 1.767
1996 1.01 2688. 366.,9 0.241 8.36 22362 3053 2.008
1997 1.09 2911 - 397.4 0.261 9.45 25273 3450 2.268
1998 1.17 312z 426.2 0.280 10.62 28395 3876 2.550
1999 1.25 3332 455.0 0.299 11.87 31726 4331 2.849
2000 1.32 3535 482.9 0.318 13 3.167

.18 35262 4814

a. Reference 7, based on assumptions summarized in Section 3.1.2.
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TABLE 3.17. Projected Accumultation of MNoble Gas Fission Products from LWR Fue]‘a)

PO—9L—-T1S8 LONd

Annual Addition Accumulation Through End of Year
Annual

Number Radio- Thermal Number Number Radio- Thermal

of activity Power of of activity Power

Year Cylinders (MCi) (kW) Shipments Cylinders {(MC1) (kW)
1878 25 3.9 6.4 4 25 & 6
15879 52 8.3 13.5 9 77 12 20
1980 82 13.1 21.4 14 159 24 40
1981 103 16.4 26.7 17 262 39 64
1982 124 19.7 32.1 21 386 57 92
1983 126 19.9 32.4 21 512 73 119
1984 155 24.3 39.5 26 667 93 151
1985 183 28.6 46.5 30 849 116 188
1986 183 28.8 46.8 31 1033 137 : 223
1987 244 38.4 62.5 A1 1277 167 272
1988 299 47.0 76.5 50 1576 204 332
1989 299 46.9 76.4 50 1875 238 387
1990 337 2.8 85.9 ‘56 2212 276 449
1991 378 58.1 96.¢2 63 2590 318 518
19592 422 66.0 107.3 70 3012 364 593
1993 469 73.4 119.4 78 3481 415 676
1894 518 81.2 132.2 86 3999 471 766
1895 569 89.2 145.1 a5 4569 531 864
1596 : 623 97.6 158.9 104 . 5192 596 969
1997 676 S 106.1 172.6 113 5868 665 1082
1998 726 114.2 185.7 121 6594 738 1200
1999 777 122.4 199.1 129 7371 814 1325
2000 826 130.4 212.2 138 8197 894 1455

a. Reference 7, based on assumptions summarized in Section 3.1.2.
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TABLE 3.18. Proiected Accumulation of lac from

Spent LWR Fuet(a)

Annual Aecumulation
Addition Through btnd of Year
Year {Ct) (ci)
1978 266 266
1979 564 230
1980 889 1715
1981 1112 2830
1982 1337 1167
1983 1360 5526
1984 1679 7205
1985 1984 9188
1986 1987 11174
1987 2646 13818
1988 3240 17056
19849 3238 20293
199¢ 3653 23943
1991 4097 28018
1992 4570 32604
1993 5079 37679
1994 5619 43293
1995 . 6169 49458
1996 675] 56203
1997 7323 63518
1998 7864 71375
1999 8409 79776
2000 : 3947 88707

a. Reference 7, based on assumptions <ummarized
in Section 3.1.2.
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TABLE 3.19. Projected Accumulation of Beta-Gamma Wastes at Surface BuriaT Grounds(a)

Annual Addition Accumulation Through End of Year
Uncompacted Uncompacted

Volume Radio- Thermal Volume Radio- Thermal

(Millions activity Power {Millions activity Power

Year of m3) {MCi) (kW) of m3) (MC1) (kW)
1975 0.014 0.04 0.49 0.035 0.09 1.1
1976 0.017 0.05 0.60 0.053 0.13 - 1.5
1977 0.021 0.06 0.70 0.073 0.17 2.0
1978 0.024 0.07 0.81 0.097 0.22 2.6
1979 0.028 0.08 0.92" 0.125 0.27 3.2
1980 0.031 0.09 1.03 0.157 0.32 3.8
1981 0.051 0.10 1.19 0.208 0.38 4.5
1982 0.088 0.13 1.46 0.295 0.46 5.4
1983 0.118 0.15 1.78 0.413 0.55 6.5
1984 0.114 0.18 2.12 0.527 0.66 7.8
1985 0.132 0.21 2.49 0.659 0.79 9.2
1986 0.158 0.49 5.66 0.818 1.18 13.7
1987 0.175 0.55 6.37 0.993 1.57 18.3
1988 0.207 0.61 7.12 1.200 1.97 23.1
1989 0.242 0.69 8.02 1.442 2.40 28.1
1990 0.271 0.77 8.96 1.712 2.86 33.5
1991 o 0.297 1.28 14.93 2.009 - 3.77 44 .1
1992 0.321 1.42 16.50. 2.330 4.69 54.9
1993 0.356 1.56 18.11 2.686 5.64 66.0
1994 0.383 1.70. 19.71 3.069 €.60 77.3
1995 0.399 1.83 21.32 3.468 7.58 88.7
1996 0.410 1.97 22.89 3.878 8.58 100.3
1997 0.413 2.10 24.41 4,291 9.58 111.9
1998 0.412 2.23 25.89 4.703 10.59 123.6
1999 0.412 2.35 27.38 5.115 11.62 135.2
2000 0.435 2.48 28.83 5 12.64 146.9

.550

a. Reference 7, based on assumptions summarized in Section 3.1.2.
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TABLE 3.20. Projected Accumulation of Plutonium Alpha (TRU, low level B-v)
Wastes at a Federal Repository(a)

Annual Addition .. - Accumulation Through Ena of Year
Uncompacted - Uncompacted
Volume Actinide Radio- Thermal Volume Actinide Radio- Thermal "

{Thousands Mass(b) activity Power {Millions Mass(b) - activity Power

Year of m°) (MT) (MC1) (kU) - of md) (HT) (MCi) (kW)
1975 ¢6.3 - 0.003 0.0 0.0 0.001 0.01 0.1 0.1
1976 0.4 0.004 0.0 0.0 0.001 0.01 0.1 0.1
1977 0.6 0.005 0.1 0.1 g.002 0.02 0.2 0.2
1978 0.8 0.007 0.1 0.1 0.003 0.02 0.2 0.2
1979 - 1.0 0.009 0.1 0.1 0.004 0.03 0.3 0.3.
1980 1.2 0.011 0.1 .01 0.00% 0.04 0.5 0.5
1981 6.6 0.058 0.7 0.6 0.011 0.70 1.1 1.0
1982 16.8 0.148 1.7 1.4 0.028 0.25 2.8 2.5
1983 24.4 0.215 2.5 2.1 0.053 0.46 5.2 4.7
1984 19.7 6.174 2.0 1.7 0.072 0.64 7.0 6.7
1985 22.7 0.201 2.3 2.0 0.095 0.84 8.0 8.9
1986 28.5 0.252 2.9 2.4 0.124 1.09 11.5 11.8
1987 - 31.0 0.273 3.2 2.7 0.155 1.36 14.2 15.0
1988 38.8 0.342 - 4,0 ~3.3 0.193 1.71 17.6 18.9
1989 46.4 0.410 4.8 4.0 0.240 z2.12 21.6 23.7
1990 52.0 0.45%9 5.3 4.5 0.292 2.58 26.0 29.17
1991 56.4 0.498 5.8 4.8 0.348 3.07 30.7 35.1
1992 60.1 0.530 6.2 5.2 0.408 3.60 35.5 41.6
1993 67.3 0.594 6.9 5.8 0.476 4.20 40.9 48.9
1994 71.5 0.631 7.3 6.1 0.547 4.83 46.5 56.8
1995 72.0 0.636 7.4 6.2 0.619 5.47 51.9 65.0
1996 71.1 0.628 7.3 6.1 0.690 6.09 56.9 73.4
1997 67.4 0.585 6.9 5.8 0.758 6.69 61.4 81.6
1998 62.2 0.549 6.4 5.3 0.820 7.24 65.1 89.6
1599 57.6 0.508 5.9 4.9 0.877 7.75 68.2 97.3
2000 61.1 0.539 6.3 5.2 0.938 8.28 71.6 105.5

a. Reference 7, based on assumptions summarized in Section 3.71.2.
b. Note that uranium values are included in this group.
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TABLE 3.21. Projected Accumulation of Alpha-Beta-Gamma (TRU, intermediate level g-v) lrvlastes(a'i

Annual Addition Accumulation Through End of Year
Uncompacted Uncompacted

Volume Actinide Radic- Thermal Yolume Actinide Radio- Thermal

(Thousands Mass b activity Power {Thousands Mass b activity Power
Year of md) (ko) (M) (kW) of m) (ke) - (MCi) k)
1975 0.7 0.6 0.0 0.0 1.8 2 0.0 0.0
1976 1.8 0.% 0.0 0.0 2.8 Z 0.0 G.G
1977 1.6 V.4 0.0 G.G 4.4 4 G.92 G.0
1978 2.1 1.8 0.1 0.6 6.4 6 0.1: 0.6
1979 2.5 2.2 0.3 1.2 9.0 ] G.36 }.€
1980 3.0 2.7 0.4 2.0 12.0 11 - 0.586 3.0
1981 3.5 3.1 0.5 2.5 15.5 ‘14 1.73 4.4
1982 4.0 3.5 G.7 3.0 16.5 17 1.40 5.9
1983 5.2 4.6 0.7 3.0 24.6 22 1.70 7.1
1984 7.2 6.3 0.8 3.7 31.8 28 2.1 8.7
1985 9.1 8.0 1.0 4.4 40.8 36 2.59 10.7
1986 9.7 8.6 1.0 4.4 50.6 45 2.98 12.1
1987 11.4 10.0 1.3 5.8 61.9 55 3.64 i4.8
1988 13.4 1.9 1.6 7.2 75.4 67 4.45 18.0
1989 15.1 13.3 1.6 7.2 90.k 80 5.1C 20.5
1990 i7.4 15.4 1.8 g.1 107.5 95 5.85 Z3.4
1891 . 19.¢ 17.5 2.0 .1 127.8 11 6.70 26.6
1992 22.72 19.86 2.2 10.1 15G.0 132 7.64 30.3
1993 24.5 21.6 2.5 11.2 174 .5 154 £.67 34,2
1994 . 26.8 23.7 2.8 12.4 201.3 17§ §.8C 38.6
1945 25.86 26.1 3.0 13.6 230.9 204 11.02 43.2
1996 2.1 28.3 5.3 14.9 263.0 232 12.33 48 .2
1997 34.2 30.2 3.6 16.2 297.t 262 13.77 53.5
1998 36.0 31.8 3.9 17.4 333.1 294 15.15 59.0
169¢2 37.5° 33.1 4.1 i8.6 370.6 327 16.65 7 64.6
2000 38.& 34.2 4.4 19.8 409.4 3€1 18.21 73.4

a. Reference 7, based an assumptions summarized in Section 3.1.2.
b. Note that uranium values are included in this group.
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