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TABLE 1

MAJOR SOLIDIFICATION PROCESSES

Process

Developing Countries
and/or Laboratories

Fluidized-Bed
Calcination

Spray Calcination

Pot Calcination or
Vitrification

Phosphate Glass Formation
Rotary Kiln Vitrification

Drum Drier-Pot
Vitrification

Continuous Ceramic
Melter

Wiped Film Evaporatorb

USA: ICPP, PNL
Eurochemic (LOTES Process)

USA: PNIL
Germany (VERA Process)

USA: PHL _
England (FINGAL/HARVEST

Process)

France (PIVER Process)
Italy

India

USA: PNL

France (AVI1 Process)
Germany (FIPS Process)
USA: PNL

Denmark

France

USA: PNL

2ICPP = Idaho Chemical Processing Plant

PNL = Battelle Pacific Northwest Laboratories

bCoupled with vitrifier or pot calciner
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The LOTES process (sae Figure 4) materlals, compositlons and flows for cold testing at pllot scale

Stream Ho 1 2 3 4 5 ] '.‘ -} 9 'I.D 1 12 13 14
Stream Foud Teed atoa. Kerosene Keros. atom. | Shroud | Fluldlz, | Calclner Cyclono. viz:z;l 5:2:? Flr:.‘\fﬁ Condunicata Cu::in- Procuct
alr oir alr air off-qas | off-gas off-gas | make-up | cycle off-gas
Flow rate® 5 004 05 - D015 008 Q=05 [$ L+ 029 S 0e9 413 05 375 0.21 1415 Lg/h
lemp. 9C 25 25 25 25 25 50 350 1% 120 25 50 40 40 400
Hl.'UJ [ 147 12 a8
[
It Jm!- 1) 241
. A A o i
Sc myl 20
[+ my’ 1 53
i r.-yl- N
My my/) | 34
U, % vol 52 n
v 2 ool 125 V!
Gy % vol 35 44
o J2 7.2

SLiquld streams are in I/h;  gaseous streams in standard cuble metart/minute.
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FiLHELA 7 H ARSI OBREDRLIEBCAN, T LTRB -2 % v 705 OBMBAFE
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3.1 SEERYOBREVER
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B EESRATHIENNETHS, AEBEAFEIHLROEHEL (FMEIN D 55, FFERE
HEERATRABETIIN,
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HLLW hicFETELRNEINEKr — 85 (32 Kr -850 107% w4 &¢, 202%4 K
HMLTH, 7V 7 vBENENLIEATIA  BAELOOBMBBICENTERBRETHA
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HLLW thoa 7RI, FRHEABRPCEETIE8001% THO, WHhLEIE5RELT o+
ZCBNTH 100 % HRTETHADI, L 7=9 413 Ci/MTHM TEHLLTHLLW thic
RLFCAENSD, EULDIZ0002% D5 KE L 100 % FTHERYT 3, £ DERI, 7ok
R, BESRE, MEFA, BEKAXERT OBICKET S, 2OFVLEHEDOD, EBROD
AV O —nEFTHRPLBEREULBLTRET Z2EMNRONAEETH S, EBOT vk
BT, BREIEECI0ZUT, FE LI 1 RRTRES B0 id o Thsd,

Y YBRA IR Foe2ICHENTIE, SHBERTO Se ©Te DEDHERT 2ENBAEIN T
B, kBIESEDT oz (1000°CHE) €T, PEBDOCs BERETETHHI, Ch
bEHAHLLW OF RS TH 5,

HLLW OB®E . BERSORLALLTH, B/ 77 A {thERCERINLIEZTHA
Y. BEOHBERUHHEICRELEZ S5 — OB ENERASEERIR T, LRu D
BERNSEYIES (<10%) THHULE, BEKIOEMEEETHOTH S, FEHED
2HaHER 1 x 109 Ci/MTHM T 55,

Table 2 ICR L-B&ERBEMER R, HLLW i FEET 2 BHEEOIREAELT
ZEDLDLTEY, MOEZ OEBLHFLEST 5, Cm— 244 (TLHHED 0.6% GRE LD,
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TABLE 2
RADIOQACTIVE PRODUCTS INTRODUCED TO WASTE SOLIDIFIER FROM HLLW2

— bbb —

Isotope t}‘ vr CT7ETE Quantitvg/!ﬂ'ﬂ}.{
Volatile: .
H-3 12.33 33 3.5 x 1073
Total H = =——m—m 33 3.5 x 1073
Kr-85 10.73 8 x 1073 2 x 107°
Total Kr  —mee= 8 x 1075 3 x 1074
1-129 1.59 x 107 3 x 107° 0.2
Total I = ememe 3 x 107° 0.3
Potentially Volatile:
Se-79 6.5 x 10 0.34 4.9
Total Se ——— 0.34 44
Te-99 2.13 x 10° 13 7.4 x 102
Total Te =~ ——-—- | 13 94 x 102
Ru-103 0.1084 72 2.2 x 10”3
Ru-106 1.01 1.8 x 10° 54
Total Ru  ———m- 1.8 x 10° 2.0 x 108
Rh~1023zb - 56 min 72
"Rh-106b 29.9 sec 1.8 x 10° |
Te 123m 0.3275 1.5 x 1072 1.8 x 10°°
Te 127m 0.298 4.2 x 10% 4.5 x 1072
Total Te —- 4.2 x 102 5.2 x 107
Sb-124 0.1648 0.68 3.9 x 10°°
Sb-125 2.73 5.7 x 10° 5.5
. Sb-126mb. 19.0 min 0.54 6.8 x 1072
Sb-126b 12.4 days 0.53 6.4 x 10°°
Total Sb S 5.7 x 10° 15
Cs-134 2.06 1.2 x 10° 91
Cs-135 2.3 x 10° 0.31 2.7 x 10°
Cs-137 30.1 9.1 x 10* 1.1 x 10°
Total Cs —e—em 9.3 x 10% 2.4 x 10°
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TABLE 2 (Continued)
RADICACTIVE PRODUCTS INTRODUCED TO WASTE SOLIDIFIER FROM HLLWa

' Quantity )

Isotopes Ty VT CI/5TEY &/ UTH
Potential Solids (Major Activities, Only ©):

Ce-144 0.7787 2.4 x 10°

pr-144b 17.98 min 2.4 x 10°

Sr-80 20 6.0 x 10%

v-90b 64.0 hr 6.0 x 10%

Cm-244 17.9 7.0 x 10°

x 10° 6.5 x 101d

Total Solids 1.1

a28,700 MiJd/MTHM burnup, 1% vears after discharge from reactor,
379 2/MTHM. Isotope quantities are from the CWMS which is in
preparation. They were tabrvlated by M. J. Steindler, Argonne
National Laboratory, using the ORIGEN Code developed at Oak Rige
National Laboratory.

These isotopes are supported by longer-lived parents.

©In addition to those listed as potentially volatile (RuRh-106
and Cs-137).

din caleined form; if intermediate level liquid waste (ILLW) is
blended and calcined with HLLW, 1.0 x 103 g. calcine/MTHM will
be formed. ILLW will contribute unegligible activity to the
calcine, ' ' '

b

xY
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ORGSO NLFRUAOT TOBMELSE L IHEROBRICH S AHHEORELAR LD
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LOFRFTENII0ICFR 20 25 v 4 — FREEDEC A, B4 OREMEKICOOTOESHIRS
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OCHABMKRICH L, BAY A FMAEREEX /QERICLTVS,

B, Kulkns 3 P choon7 5 b icsd s 1Y F9 2 OBMEEOHTEAREL, %
MPC B#E- Sz, chd s, FEE G OEESD Y+ 9 51 20vTD 10CFR 20 Off
(2x107Ci /m3) 20T, X /QA#EAT 5 Lhiliks, ChoD_20®ELSES
hi:B%xTable 3 CEHLTFT, ,

2ODXEOBTAE BEA3D1E, NFS 75 v b I THE, AKESVHFDEBLOHFLL
F2hoBonbOTHb, BEMEEZ 5L &, HlZd CWMS BT, Barnwell i
BT, BES 2L LT—RICERAEINTHS, 4 FOBERTIX107scm™ £002X,7Q
DiE%, BERE(LER» S ORFEERE OB ERE ZFM T 5 hCEEL & >, Banwell i
B, ERE I T ATEMN52m AecTH B, KBOTIR, 2T 2x105 OFFERICHEY
95,

BexORMEONEDERBY, BLXUEHRROBROZORICRT 5 KA H ARITCH L,
10CFR 20 ITMPC ENH#EEIN TS, Table 2 iR LIcBMEDE 2T L, HRMPC
THHLEHEY, FERBLO M 2B OREHRBEOT OB/ NME4ATable 4 CRT, -HLESE
AT, BB 3 RAMMERER , BAFEFEED 1/ 102 BA 5R&TRUAC, CORNE
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WAL 7 A RLBY R TFLEFET 2 DICAVE, 22y 7604 FOHROMEmETD
X/Q%1x107ecm® ERELT, BAFERUEED 1/ 10 OEEERLECH LEE
U, 2085 Table 4 KR L, 20t 5, BREAEE~ASERMEO—BL0DR
(Table 2 o DF— %) 2A0T, BIHE7 4+ —FRHRZ2 v 7DF D010 E2HELERLER
Uteo ZHBEMBREEBORAFEERED 1 /10 2, BRLULHEIELICRE v 7 7
At cah 3 EEELTHR L,

_ TABLE 3 |
DISPERSION DATA FOR U.S, COMMERCIAL REPROCESSING PLANTS

, _ x/Q, sec m3
P S Maximum Qffsite -
Facility - ) Annual Average, Ref. 84
: co Ref. 83
AGNS (Barnwell) 5.7x10°% 2 x107
' 8

NFS (West Valley) 4.1 x 10~ 3 x 107% inversion

2 x 10-6‘avérage |

GE (Midwest) 2.8 x10°% 4x108

Table 4 CRLAE 1 XONZIVAHEDFERTG 100U LOBRARFBEER - ML, b5
CAMBHEREED, LHL, TASRINS ORMKICH LTRET RSGROKEE 52
BB ANT Bz,
mCFRmMm:ﬁ@17mﬂ?mﬁﬁmﬁﬁ?aawéﬁﬁwgﬁwﬁbr,xﬁvyf

ORAFEHHAE (MPRR)D 1/ 104, B—RMtkicdt LB A N3, Chitos
T (BRE77 v I TOMDBREE S ORLAEDT) BELEND 1,10 MPRR X903k
BEASOBETED, 2L LTE.

¥ (RR)i o s ci

~§7ﬁﬁ§; <1/10 $665 T amg; <1710

1 . -1
A0 U 5150 (RRIZHAEE) , BABRESSHESh 57 <REE H-3,
C—14 ,Kr—85.1-129)09 %, Kr— 850&8, 1,710 MPRRIZAES, A5 TH
A, H—3, C— 14 ,RUI1—-129 O£KMIIE~%, &£1/10 MPRRs D14, 3x1075
BUO13% E0HHERICHEAD, Kr O2BHREBIZMPC ©20% Xi21./10 MPC @2 &
Wit FPEREBELLO, hoBEORBIZZENASD 1,10 MPRR L0 0ENT &8

— 59 —



MAXIMUM PERMISSIBtE RADIOACTIVE RELEASE QUANTITIES FROM WASTE SOLIDIFIER

1/10 Maximum

" 10x Minimum

1/10 Maximum Allowed

Limiting Permissible Release Required Feed- Volatility, %, for

Isotope 'MPC, uCi/mla Rate at Stack, Ci/dayP to-Stack DFD.C Complete Release
Voiatile:

H-3 2 x 1077 2 x 10? 1 x 1072 8 x 10°
Kr-85 3 x 1077 3 x 10% 2 x 1078 5 x 107
1-129 2 x 10711 2 1 x 1074 8 x 107
Potentially Volatile:

Se-79 1 x 10710 9 3 x 107} 1 x 102
Te-99 2 x 1079 2 x 10° 5 x 107! 2 x 10°
Ru-103 3 x 1072 3 x 102 2 6 x 10}
Ru-106 2 x 10710 2 x 10! 7 x 10% 1 x 1073
Rh-103m 2 x 10~6 2 x 10° 3 x 1073 4 x 101
Rh-108 >1 x 10710 >9 <1 x 10° >7 x 10~
Te-123m 1 x 10710 9 1 x 1072 8 x 105
Te-127m 1 x 1072 9 x 10! 3 x 10} 3

Sb-124 7 x 10710 6 x 10t 8 x 1071 1 x 10°
Sb-125 9 x 10710 8 x 10! 5 x 10° 2 x 107}
Sb-126m >1 x 10710 >9 <q x 107! 2 x 10°
Sb-126 >1 x 10”10 >9 <4 x 107} >2 x 10°
Cs-134 4 x 10730 3 x 10! 2 x 10? 4 x 1073
Cs-135 3 x 1072 3 x 102 8 x 1073 i x 107

10-6L-168 N



TABLE 4 {(Continued)
MAXIMUM PERMISSIBLE RADIOACTIVE RELEASE QUANTITIES FROM WASTE SOLIDIFER

1/10 Maximum 10x Minimum 1/10 Maximum Allowed

. Limiting Permissible Releaseb Required Fged- Yolatility, &, for
Isotope MPC, uCi/m18 Rate at Stack, Ci/day to-~Stack DFP:°© Complete Release
Cs-137 5 x 10710 4 x 10t 1 x 107 7 x 1073
Potential Solids (Major Activities in Addition to Those Above):
Ce-144 2 x 10710 2 x 10! 9 x 10*
Pr-144 >1 x 10710 >0 <2 x 10°
Sr-90 3 x 10711 3 2 x 10°
Y-90 3 x 1079 3 x 10° 2 x 10°

-13 -2 6

Cm-244 3 x 10 3 x 10 2 x 10

8Limiting MPC = smallest of maximum permissable limits for soluble, insoluble, and gaseous'species.

bassumes X/Q from stack-to-ground at site boundary = 1 x 10'7 sec m'a.
®DF = decontamination factor; feed rate; HLLW from 6 2/3 MTU/day of fuel irradiated to 28,700 MWd/MTHM

and coocled 1 1/2 years.

10-62-158 N
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TABLE 5

TYPICAL DECONTAMINATION FACTORS ACROSS OFF-GAS CLEANUP DEVICES

DF
Component
Particulates Volatilized Ru N02 NO
Cyclone 10? 1 1 1
Venturi Scrubber 100-600% P 102,b 2 1
Tube and Shell 102-103b 2x1022,0.h 2 1
Condenser ‘
NOx Absorber 10 10 si 1
Brink Fiber Mist 102 1 | 1 1
Eliminator
Packed Spray Tower 103 102 4 1
NO_ Converter - 2 3.8x10%4 1022 10%
Ruthenium Sorber: |
Silica Gel g3:¢ 10%2.¢ 1 1
Fe203 on Glass . 23 (L to 5)x10 1 1
Sintered Metal Filter 10°F 1 1 1
HEPA Filter 10°%a 1 1 1
a Reference 37
b Reference 64 :
¢ Includes cyclone deentrainment device following 1 m deep bed of

00 Fh D R

i

6 to 12 mesh silica gel. Median size of influent particles coming
from venturi scrubber ranged from 0.3 uym to less than 0.0l um in
diameter and had a mean size of 0.1 um. Particles collected beyond
the silica gel bed rangg? from 0.2 pym to 0.02 uym diameter and had

a mean size of 0.04 um . No other reports have been made of small
particulate removal by beds containing large particles. No removal
is assumed for beds other than silica gel, except those specifically
designed for filtration. Any differences of operational DFs from
these assumed values of 8 for silica gel and 1 for other beds will
not significantly affect the overall estimated system performances.
Reference 88

Reference 2 _

References 16, 89

References 90, 91, 92

100 for fluidized-bed calciner.

A caustic scrubber has only a minor effect on the NO_ removal

efficiency(éé) and is assumed, also, to provide a DF of 5 for N02.
103 if designed for filtering.
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TABLE 6

ESTIMATED-DECONTAMINATION;FACTORS~FOR~CO§MERCIAL
HLLW IN ICPP FLUIDIZED-BED CALCINER

DF

Component Particulates Volatilized Ru NOx
Calciner : ' 4 : : 5z 104 1
Cyclone - 10 1 | 1
Quench Tank and

Venturi Scrubber?P 600 10 1
Silica Gel Adsorber® 8§ 810 1
HEPA Filter 1000 1 1
HEPA Filter 1000 1 1
Overall Feed-to- 2 x 10%% 5 x 103 1
Stack
g With second HEPA filter added as recommended in reference 37.

Includes scrubber separator and demister devices following
scrubber.
¢ Includes cyclone deentrainment device following adsorber bed.

TABLE 7

ESTIMATED DECONTAMINATION FACTORS FOR COMMERCIAL HLLW
IN PNL FLUIDIZED-BED EXPERIMENTAL OFF-GAS SYSTEM

DF
Component  Particulates Volatilized Ru
Calciner-Cyclone SMF 107 10%
Condenser 102 102
Packed Scrubber 10% 102
HEPA Filter 103 1
Overall Feed-to-Stack 1010 106
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TABLE 8

ESTIMATED DECONTAMINATION FACTORS FOR COMMERCIAL
HLLW IN LOTES PROCESS

' DF
Component Particulates Volatilized Ru NO_
Calciner 2 104 1
Cyclone i 10 ' 1 1
Venturi Scrubber : 300 10 ' 1
and Deentrainment
Cyclone \
Condenser and 100 100 1
pemister
HEPA Filter 103 1 1
Overall Feed-to- 6 x 108 1 x 10’ 1

Stack DF
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TABLE 9

TYPICAL EFFLUENTS RESULTING FROM SOLIDIFICATION OF HIGH-LEVEL RADIOACTIVE
WASTE IN WSEP PROCESSES (81 ©)

Radforuthenium Radiocerium
Major ¢1/€1 in FeedD CifCi in Feedb
Stream Constituent PC_ S35 PG EC <5 PG Potential Disposal
Solidifier 1 to 64 KNO3  2x107} 6x10"1 ¢ 81074 6x1073  7x10°%  2x10-3  Recycle to solidifier feed or to
Condensate - {1x1072) R fuel reprocessing plant was.e
. concentrator.
Fractionator 7 to 104 1x10°3 ax10-3  2x10-2  2x1076  sx107% &x1077 Recyc]e for reuse in fuel re-
Bottoms HhO3 ' processing plant.
?:cuTg1ar$d o0, Olﬂﬁg 0.1 lxlo;ad 1075 4x10-6  1x10°8. 13109 1x10-8 Recycle for reuse in fuel
ractionator 1104 4x10° . ' reprocessing plant or provide
Distillate (4x ) ‘ further decontaminatioﬁ
Scrubber 0 to 211 NaOH  1x10°5 ax10°%  3x10"C 1078 ~10-8 4108  Intermediate level waste treat-:
Boticis, ment or combine with high level
aqueous waste.
Final Off- AMr 078 M08 A108 410099 w011 10711 To building ventilation filters.
Gas from ' :
- Sgrubber
Final Gff- Air A10°10  a10710 a30710 430712 a107127 w1072 7o atmosphere.

Gas to Stack

%pased primarily on average of typical values for all HSEP runs,

brota) curies of radionuclide accumulated in auxiliary tank during entire lun/total
curies ¢f radionuclide in feed to solidifier during entire run.

®For in-pot melting runs $5-12 and 55-13.

dAverage value for last three pot calciner runs.

CReference 17, ' .

PC = pot calcination, $5 = spray solidification, PG - phosphate glass solidification

10-6.-168 N
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TABLE 10

ESTIMATED DECONTAMINATION FACTORS FOR COMMERCIAL

HLLW IN VERA PROCESS

Component Particulates Voll).gtilized Ru NO
Calciner and SMF 103 104 20
Condenser 10% o 103 102 1
Condenser 20 20 1
Scrubber 102 20 1
Scrubber 50 10 1
Scrubbef 10 10 1
Condenser 20 20 1
Feed-to-Stack 1012 o 1013 1012 20
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BIHEFEZE1AD, DFORKOMA Table 12 WEHLTHRT (Figurel2& 138R) .
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COTovATONT =7 LOEREEZ, BRECED N7 =9 ATHIE S B (Figure
14158 15% T55 5 cofcagsn-BREIEREEATL &b
FOIRDT S, AT, BERICHE L RuO DRI TICE 0, hENBESNS DT
55LHRENE COUBEMHDOT /7 €7 (HRu— 106480%, Cs— 137410 %T
H5, MOM UK TIL005 % Thd, €7 20RO M LRI % THY, Lidi-T
7 LOR005 B BERL, 2 F Uy —ThREEN T,

BREICEAy FBOMOMTAF =0 2090 B HEEATVE VT bbb, 37 vy
—TODF R 1I0THE, HABAF=ZI LT 4 V2 A BBTAHOTRTDTIF 4T 4
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ESTIMATED DECONTAMINATION FACTORS FOR COMMERCIAL

TABLE 11

HLLW IN FINGAL PROCESS2

DE

Components Particulates Volatilized Ru NO
. Pot Calciner 30 3.3 1
Primary Filter/ 2 x 103 5 x 102 1
Adsorber :
Secondary Filter/ 5 x 107 103 1
Adsorber
Condenser 102 102 2
NOx Absorber 10 10 5
Caustic Serubber 102 102 5
HEPA Filter 102 1 1
15 11
Overall Feed-to- 3 x 10 2 x 10 50

Stack

85ee text. Expected overall feed-to-stack DFs are 1015 for

particulates and 10

for ruthenium.

TABLE 12

'ESTIMATED DECONTAMINATION FACTORS FOR COMMERCIAL
HLLW IN HARVEST PROCESS

Component Particulates , Vziatilized Ru NOx
Pot Calciner 30 3.3 1
Spray Condenser 102 50 2
Caustic Scrubber 102 102 5
Caustic Scrubber 102 50 5
Ru Filter/Adsorber 103 5 x 102 1
HEPA Filter 103 1 1
Overall Feed-to- 1043 108 - 10° 50

Stack
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KHT24DF R, 108T55L500 T3 DLl ., CREBETRES , #RAVF =0
LT ANE—EEBLEBDIEEE > TOBDTHSS, BE 5 EETENNELN IO
BRICBOBE-12DTHAH,

Figure 14 & 15 KRB LA 7 H 2AMB Y 27 A1, TEMBORE (RRER) T3, £
BRERR I ETEL > LML T TR b, B OBERIRES NI < S0 dD F sl
E3ntn(34)%lﬁl%%%®ﬁﬂﬁmi. AVFVH =, WFZ T LT 4N E =, TN F a2y —
RY TN, W =B —NFLRI TN —, VY BT NBREEB LT HEPA 7 144 —TH -
oo COYRFATHESNILT 4~ FHRAL 9y JDF R, AT 2T LLEY T LTHE LG X
107~ 108, 1010 THote, W OHDBREDDF HEETE 2L RAELTbN K, TD
HFIL Table 13 ICE &bz, |

—#HODF 2B LR TIEE A, AF = LEDNTOEYSIEE . BRR Y 53
-, ¥V A5, HEPA 7 404 —T&%2 10, (05—-1)x103, 1 THB, v LD
HFPIRLTE, ZhEni102, 2, 5X 102THB, aVF Uy —EAF=O LT 4L E —
Ty I AODFR&4#10,2THAD, '

ZHSDEEDT o2 p5DOFER (Tableb) 23 &, TERHRHT 5 » + (Figure
14 £ 15) DDF £ RBE2C LM TE 3, Tabke 14 KZHERT,

WTFZD LT 4 vE L, LEARCEANKEDEF DT I T 4 7 RERVRF LD GHEEZNS
BOLDKECTH, ThED b SEAHTHS S, REELF XEELHENE 2 ICOB . &
ECEHT 2LE5bNE Vc cTid, TORFCCABERSN, Lichi->TROBEHNES
N3 EDEFELTVE,

%E® FINGAL / HARVEST o+ 2 L [@iIC, ERAKALF =967 408 —ZHLLW
EHACH T RDPICERMENDETHA D EBRAZ7 4 Z2 —ilid€ 51 v 7HF 34 kghill A&
T, CO7 (v —WEE, 10mgRu/g $/13 340 gRu SRET & LLHEN 5,
chid, IMTHMOHLLW #220#®y FTRESNIBACHER LREINZBICEIIE
%5, |

SV —OREEREBE AN, 05NHY ETHMEN, FEEEND, REHCEEE
BPDONVT =9 LD DHBEEL(ERTITHLI,

Figure 14 KX 2 ¢, BEBEROBERI, V729 L7 40 E —DBRICHABEIN 1= »
FEDEND, BREDSSRE LI T O v EERLT =9 L0, 27 1~ KRSy
JDF 3 Table 14 R ULEEEELD bEFROTETESS, K4 VOFIPS 7oz (3
BHBME) OXERL MEBETOERNRT LIATHE, 27 oy vORUTHLIE, #0005%
DF =2x104) THAI, +7=7 LDEFARIAMEUTORBETII001% (DF =109
KOO THED POV BHRAEBRET TR, 0001 % L0ARTHAD (5 LGB
ﬁ%ﬁ@:yfvﬁ—mnFu,ﬁﬁ%f%1ﬁ~103.E%W%LWATleoﬂTmh
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TABLE-13
DECONTAMINATION FACTORS IN EXPERIMENTAL PIVER SYSTEM

D¥
Component -
Ruthenium Cesium Nonvolaciles
Pot ' 6.7 10° 2 x 103
' Condenser 10 | :
{20
Ru Filter : 30
Alkaline Venturi 5 5
Scrubber
Aqueous Columm 3
Serubber 5x10
5
Silica Gel to 10
104 f
HEPA Filter |
7 10

to 1x10% 10

Overall Feed-to-Stack 5xl0

TABLE 14
ESTIMATED DECONTAMINATION FACTORS FOR INDUSTRIAL PIVER PROCESS

DF

Component

Particulates Volatilized Ru NOx

Pot Calciner 2 x 103 . 6.7 1
 Spray Condenser 10 to 10% 10 2
'Packed Serub Column 10% to 103 10 to 102 4

Ru Filter 2 102 1

Ru Filter 2 102 1

Acid Recovery 10 . 10 5.

Acidic Scrubber 102 10 2

Caustic Scrubber 102 102 5

HEPA Filter 102 1 1

Overall Feed-to-Stacka 1014 to 1016 10!l to 1012 4 x 102

a . . .
Operation of waste evaporator will reduce particulate DF to 1013 to

1014 and ruthenium DF to 1010 +o 1011 (see text).
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58RB) THoho, REBLOBERL=- » tETORDF EHEHFICHLT2 x 106~2 x
107, w7 =9 @R LT2X105~2 % 107C 5, REEFARCBEN2L= » 2 TODR
i, BEFROLTF = LR LTEX8x106~8x%x 108, Tx 106~7x107Th3, &
»T, BRRBRIL7 1 —F@Z22 v /DF &, E T LTIEIWI0B~ 101, vF=w 4
FUT2 x 1010~ 2 x 10D EHETHAD,

BT, ERULAALT =7 L0 RuOEHBLTHB LIy, A 7 AR SEH 2EHEL
oo 1EIEE Y FORBRERENC SN, S 1ERBT V4 ) EERAEA LSUMB L THE
Ent, NOERTI, BECAIHBBAL T = v LOBEEBEL OIAREAATT 2B
AT LICED , EHAEDR USAELBE I Nz, BER LAt & BZIZRENE L,

354 AZVTFTOXRy PHFIFR{TOER

CO7ueRd, BEHLLWAFERAL T, ERZERU/ Y10y MEROBBTRRINTE
20y B S AETRARY YEMICLD ATy A DEBEEE 1 BT TH e —
FNOx D 39% g LI,

TS ABRA 7 ZERTE, VTV ADEREIZ 13%ThHh -1,

7o+ 2 (Figure 18) @2V THMLIDF % Table 15 KRT, v F= a7 4048 |2
103DDF 2B DKAIEEDNIN, NV FRY LT o0 A TOHEAKBRIL53~260iCF
E1hote CCTIR 102 DEARE TS,

FEFH CROEHTHEFORMEBRINRYF 25 —ARRTEB01% Th 1o, M7= A
TANE-TOWMFTODF it 102& 103 OTH -7,

ERERUCEZO VT —oBITAAYR IS SN—FTOREMIRy bavF oy —
PoDHEDLOPINDT, VAT LEHAAN SN ICERBIZILT - FH2% v JDF ¥
BARI2ER0THA D,

T, 94 B 2 A BRI EET BHRIED 93% 47 5 ¥ F ATERE A,
DF{215T&%90, Table 15 0RBO LY FHEINEDFLALASZITHS,

3.6 VUZEMENTRDHERM

361 PNLODYvEIEHFF Ao

Table 9 B L7 (3 4 1 HEEEM) WSEPF—2icE3<¢ &, APS A4 7 #H20E
(2211, Figure 6 ) WAL BE, 70 X027 4 — F24 o 7DF IV F =y AT
1010 | $W FT1012 THoto, BELOSEATHRL= 9 b ETOREDF OB S T 12
Table 9 IR&EN T3 (DF =1,/Table 9iKREN#DF O#H) ,

24 1HTHEBLUIEIWE, FArrDR3PBBERL, 772229 b TEHSNE, T2
L VERBAGERT AL THINLD), CHOoDLDEEHIKEGT 7 747 4 01



TABLE 15

ESTIMATED DECONTAMINATION FACTORS FOR COMMERCTAL
HLLW IN ITALIAN POT PROCESS

T0-6L-1S8 N

Pot Ru Heated NaOH HaOll . HEPA Overall
Calciner Filter Condenser Demister Scrubber Scrubber Filter Feed-to-Stack

Phosphate Glass:

Particulates 103 102 1025103 2 102 102 103 1013 o 104
Volatilized Ru 10% 102 2x10% 1 102 102 1 1010

N0, 2.5 1 2 1 5 5 1 102
Borosilicate Glass: )

Particulates 103 102 102 to 103.2 102 102 103 1013 o 1014
Volatilized Ru 7.8 102 2x10% 1 102 102 1 107

NO,, 1 1 2 1 5 . 5 1 50
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NOT, EE LS A OEEHEE FORBREETTHS (3 1BBR) ,

R R — MR SN 50, ChZ22 v 7~0OHE NOx BICEEMICEBL2E5Z 3
bOTIEE (REFL S 15% . 34 1ESK) , 54155 NOx BEE2= 5 b2 5
ENATHAIDS, MHEEOFT 7 HRABZNEFOLF 7 H R EBE XD,

37 A—9U—FILUHSRL

D77 vAD7T oz (258, Figure 20 ) OFE&HIC>0TiE, B LA LRENTIED
TV FRES NG, BEHEOFPEORLA LI PIVER Vo vz (23 3BRU3.5 3
H) OEEBICESNTIS,

EEEFEL S BPROF 2 PR TTHES D, WOT5 % OREEYENNy LB 5H S
THHD. COREME MoO3 &Zr0sTHY . W80 % £HBT 5 OWEMDS v v e
) T LDHBED BRI IN—ETROBL, T34 % 0BEENE, BODOL % (2,
SVF S —RADCCTRESNS SV RLERRE, REP/ 4 7 AEEP L0 ECERC
KOBBHT 5, 2FBAD 1% BUTOLDNRY 7 —5F@BLI v 7 v+ —icET 5. s
HHBERI FIN—WKAORLGED 13% UTFTHb, Lidi-T, MHFICHT 2{REFODF
(3 130T HY, 275 —TODF F8LETHB,

2 F S —IRNEES 2 PICH U102 EDDF %, AIAKHHEICHLTIZ 300DF 24
+5®

Cho0F 2% PIVERER (3.5 31) TEoALT 2 BLTMOT oexhsBoN
tf—a(Tmms)mgﬁmf,AVMyz%Amﬁaé§7ﬁzﬁ$@DF%§%0.%n
4 Table 16 ICF EDtce FAVDODOALTF =TI LOERIHI0% THIERELI,

3.8 KSARSA¥——RKy FHSRIL

mégf,rf»iﬁr@ﬁﬁm1w4¢wnabnt94“)aﬁmﬁmgntgﬁu
330Ci /£ DT 75 4 EF 4 A2BLT I, B (Figure 218R) =70/ VORGHL
AL, TIF 4 €7 15550 ~200mCi / £D BEHHE Uiz CHRIZBEHEDDF 5
(2~8) x103ICABYT 5 . BRMIEALT =9 BB DI TS, TOERMEBEALE
LTOENT Edibh -1 MRS REERRERBLBAAKEETH -1, BRELEL,
AEEGEBAFERT AL S, DF % 1055 VAN EBLEI 5 L350 L0 ERD
THE D H 5 BH ST TE 26D ERELTVA D av 7oy 12, BENSLBRED SR
BT AR T ETT O LK LTI 102~ 103 ODF %, BRA 7= 4tk LTE 1020
DF foTid, RETALF =T L FTA% —D OB ENE bDICH~NTEERKSET
53,
| BIRBRETA U ABENE, HIAES 10mCi L THY, CAULFF A% - CODF 4
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TABLE 16

ESTIMATED DECONTAMINATION FACTORS FOR COMMERCIAL
HLLW IN FRENCH ROTARY KILN PROCESS

DF

Component Particulates Volatilized Ru NOx
Calciner 1.3 x 103 10 1
Spray Scrubber 10 to 102 10 to 102 2
Condenser 102 10 2
Ferric Oxide Adsorber 2 102 1
Wash Colum 102 10 2
HEPA Filter 103 1 1
Overall Feed-to-Stack 1049 5 10't 10% o 107 8

10580 FICHBYS T 5, —fB I X F OERIPEL,

BEPICISBEBD, 1%H30MITHLUTOR. 7=y LB L,

tRDOF - EERL., 27T PR —AORER=y PO SREMTIT O L, 5
Xx1073% (DF>2x104) BT THBHEAILERETEL, avFry—-2@BLE1
HNOs Bz =y FEABERPDOT /T 47 1 DEEIT, HRFEzT o/ v ELTIOH
(ZOEETOEDF 3105) , HRELLATF=ILELT001 (DF=102)ThBLiHS
N5, F7H2UHRYZ7 LOBYOBBICOVTIR, MEFLzTa/ vE—#IC LIZDF,
ZOONOx B UE L=y b ETAAYVRS TN —LTHI104, HEPAZ7 408 —T 102~103
THBEALI, BRLEAVT =V LEDVTORAKDODF IR 103L 1 THBE A5, TDEE,
27 +—FERZyJDF T, MEFCHLTH 100~ 1012, HELLMF=7 LICHLT
105TH3155,

RS S NOX it 7 HRFICHEENB0, CREFIA X LA NE—DoRETS
FITHREBEENSFICa2 YTy —2FBT 5, RHSBSTHREINLL - BERIER, F7
A% —THRENBZTHAH, TDFTHRbELIVF Y4 —TNEINE, PEDONOx
AN —TREL, BENOx ABE~RHEEN2THAI, Lidi-T, REEOADEITO
NOz i3 54DFit, a7 v+ —ODF Thdd, M2 TH3, 3 >ORBEEEES &,
E51102%x102x 10=105ODFBoN 3B, REDRZ 7 7.5 —Tid, NO A#NO2~NEBT
BIHCBEARIMBENT, DFRETTE, 20X, NOx €37+ —FHRZ v 7
DF 22 x 105&1725 95,



N851-79~01

COToeZ20OMEL, BB MITEKE VA 20 L, BSREESEE (HLLW)
b FYLABREACETHB, FIPS 7ok R TR, P FoaafRdsdcepim
KT H B,

39 HEEESZI VALY

€73y JANE -OFEER (1150C) TOH I ABMPOL T =Y LOEEL, FHEBES
NTOROBENMATH S, COLIRTRERHTTOEERU NOx ILL58{LT, RO &
IRFIHIC L O Ru04 (g) & RuOs (g) OFEBEF L B R AWMl sd 5 ;

O2 +RuOz(s) =RuO4 (g)
2NOz +RuO2(s) =RuO4 (g) + 2NO
RuOs (g) =RuOs(g)+1.202,
WBRIBEOSBICIDERENENO2 (3, CORETIHAEHRT 20, HBICLOBRENE
BMENd, LAd-T, BRAZLSKCHB LTS, B 23555, RuO4 LRuO3DERKE R
BB ERTENRY, HREFANVE - DFRBEAEEL0T, FHIRE~Y7 L, #2
BRUBHAZOEHETELTIT —F —vititARu02 (s) KELTE, REEEE3D,
INSD7T o ROEMHLEERRREAETEI OO - TWEL, S LABMNL 7 H 2EBDTHE
Laliold, HENBENSHETHS I,

ToE2EFRMTHD, BERFOLVF=TLD5~10% b, KERBILYOIIET » 1 4
LR L, TOENBEHRTHEET 5—F, OEMIA 7 H2NE Y 27 LHTRuO2
BN TICHEBT SEEELLI, RUHMLABEAFELTOALT =7 .05%iF. £2EEKRDT 7
TAET D08 % THB,

391 Frvv—JoEEt7Iv Ay —

A7HZBBYZ76 (2T 1H) 32D E —DRFRIZEBINTUVIEN, A NE -0
%Eﬁﬁﬂ%mfiﬁénf:$%éﬁf7#JRVZ-F-J—\t;t. EHRES L7 ang — (Figure 24) &2 v
Fryd—LOBEARTI I, A VE DT s E - ~BREOFZ IEEL, RUOH L-#%
WFVT=TLELTERDLEIBDEBZTOSKEBLLBANTHEAD,, A -5 5%DHE
KORUGE LssD, 7402 ~ODF #5102CH5 LIET &, BRA Y 25 L OHE TFIC
MHEEELDF R 106THS (avFrd -TD102~103%28) , ELALF =9 aicH
LTR,.DFEANE —, 7408 —BLUVFr4 —TENFhi40. 1 BL0102 TH
b, 2DF 34 x103TH 3,

392 PNLO##EE? I v I AN —
PNLO®F Iy 7408 —CHLTHE, A7 H2ALBy A7 a3 FHERFIRTEC, A0
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4 —IEBERAERL Ty =T Y Y725 —VTRBENLEZTTHE, BRI BEF
AR (27T 2H) TE, 2 7HRIC05 LT OEENREB L (A2 —TODF =200),
EOPMDICH LI LI, v7 =7 ABHRBERPCEAT B, SSIRUGLTHRBOT
JT 4 ET ANBABCLENLD, TIF4 T 4 OEBORCHLEBZ LT ETHAD,

393 F4Y7®OPAMELA 7u+x

L7 ARV F R —NTEBENTER, Fa-Ly 7RFUAERIR. Y YENE
A7 28 —RWEBENI, HT7RAE -ZXD—&IZ VITROMETS %57, <10 » 2
2BCEATNI, COTTLRTHLR b FERS NS o7 o

BB DT OMOD T -2 EHMEZN TR, F7HRAE IR F LI, F—FH8HREX
NTVWBEFIPS7u 2 LAKTHE (3 8HBIR) . TR, Tho DRETEOOLIBR
%, PAMELA 7o+ 2Ot sRMT 20 RAE LTERT %,

AT7HZABEHETOEEL T =9 LOBRBRERE , MOS0 2 THESNT Lo RELOD
FEDS LV, HENS . BRCHIEGLT =9 LASEAELETH 56520 BETR,
FREAHE LD, $RECEETERT 5 4 2BELEME 5 NO2 59T 3 fbic,
COMBHREL S,

£ T ARu04ERuUO3EHFTORETHL , A7 HZRODOBRBTCEBICBREINSET
BB LL, FRBYRFLEBBT 5L S, NOBNO2BILINAHERE, rF=v &1
O X DBECECEE # 5 AELT ot REBREEHETETHEAD, FXMHNO3LEE
g BERS/ BESUETR, BRALF =9 L0DF (2, FIPS POBR 7oz H LT
HHEERELLD,

WTE=ULAO10 %eWmEREL, Thirs—MRuO2C T2 (3 IHORBEER) &{E
5, R/ BEER ., A —DhoDF 7 HANINEZBBTEDOTH S0 (Figure 26 ),
RuOeil LTHI103DDF £F2#K A5, 2= v MAB—BRETRETHY, SARONVT =
T LBALAIRHENS LBNFNICARETH B, V7 =Y 2 SUEKODF HRUE
BORXX, 103, THaEKEAD, £-T, A0y —bohHEE/BES2ERATILF=T L
DR, BRFELTHN0005% ., EEBALTF =9 L LT0005%THAI, TIRERORE
Toe R BNTER UAREEEZBE2THA D,

RESE/BREETE, BRIERIBTHIN, vFovanERTARTYTHE, BN T L
TS vOREH LIZ, FIPS 7o+ LEKICH 0005%THAI, ke LTavF vy —
~ADRAL, AF LS BEEPSDT 774 ET 4 OBAR, BT LT oy LT
#1104 (DF=104), R LIENT =Y LTHWEX105(DF=2x104)TH A5,

VAT LDEDDEEICODODTRE >DF £Table 17 €RT,

NOx i F~TNOENO 2 DRAMELT I VTV —~HILENETESS, ZH5DHE
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TABLE 17

ESTIMATED DECONTAMINATION FACTORS IN PAMELA PROCESS

DF
Component
Particulates Volatilized Ru NOx
Melter and Denitrator/ ]‘.04 2 x 1.04 1
Concentrator
Condenser 102'to 103 102 l to 2
HNO3 Absorber 102 10 5
HNO3 Absorber 102 10 5
.HN03bAbsorber 10 10 5
" HEPA Filter 102 to 103 1 1
Overall Feed-to-Stack 1083 to0 10147 107 2 x 10

WEHR, NOx BEPABRETELDOa T vy —OUFLARET E1EAD, 2T vH -0
®’TiE, NOBNOzicB{Lah ndRET 5,

310 DA77 b7 4N LFERSE

HRE (288 OLCATRLLEL S, BEHLLWAMBT 5 & 1A L5 — b5 Rtk
TEEREABET 5D ICABUERELEBUAT, 2 77 RABOLK Y R 7 AR EINT
PRy S AT

TAT P74 WLERBTORRLERCHERINSGBRETR, EBLCE AV T =7 LOESR
BELBRTHAD  FAE, BIEERL 375 CEHT 305°C £ TORETHMEMICL K
PRIRBES 5 &, REMCT~RTONT =9 stpslRT 5004 7 17 4 v ERBTHE, ©
OEBENKEBELRELHET NETH 2, b LIOAHMBELNEHS, BhEH o0 Lok
FTRELELELE>TNTF 2V LOEREBOELTLEBTEBLTHH D,

3.11 PNL ORRIBFITHABELZXT A

R EINIY AT LATE, BRNEHBT 5 0ENIKL>TNOXx OBRECHOUREEZEDT
WA (29 1HBM) , ERxALE 1O 274 (Figure 28) REEXO 7250 NOx IR
ERLTWE, TR, BPORITKCcDr —2%2ERL., s NOx EBREEZRbHOI
ANSHRERT 5,

ATHANB Y AT LF—HBOCERTENTHE, FHECBENO LS, EABEL 7ot &
LTHy bAnvg — (Figureb, 22 1H) tHZAHEONHEZEEB7 s V& - A2 27—
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REEFSBEZoNTA, EEEEILCEBRT ALV T =T LIIHN2%, SMF LIBE~OKNTF,/
TToyvDEER01% THAD (2L21HBE2R) .

A7 H2ABHRORE -7-DF 2 Table 18 ITR¥, ZHE3 YROBPNBERIN TS HE—
DELTo 2 VYR FLTHL, THAMMASATEDIE, COREETIR01% LRELE
D& E~NTHLLW ISR ERARFRED 023 v R0 2BREET &0 EE™ g1
Tid, ‘

NOx BB ®O 2 v 7 v+ —DENE, RIVEOERP SRUMT HERETEC LTHS
KB OKERIBBINEDLTH RO LBREZNSZOT, RIREDED 2 v 7 v+ —TOKSE
FHERARESBOTHS I, Lit-T, thOBHEOa v Fr4 —0BREDER, B2 5<(H
12074 —DbDLVBMETTETHA S,

2DF (HEFIed LT 105~10Y, BERELAALF= 7L TI00)NL, REFEABE7 4~ F
BHL2REy JETORBILDVTODEDTHS, BERLBTAERSL NG 1208RKIT, &
REBEDLIHAFTAVEBELDT, CHIEINOXx BRIEDOL L5 ELDF 7 HAUBY R T A
CAB, FAYDOFIPS7 o2 (388) OF—4MRT ECATH, BIDBRIFLERED
CROCBT T o/ i3 0005% DF =2x104) DA -4 —ThHA3, + 7= LOERE

TABLE 18
ZSTIMATED DECONTAEIJATED FACTORS FOR COMMERCIAL
HLL] ACRO3S- PL PROPOSED OFF-GAS SYSTEM

DF .
Component Particulates Volatilized NO Iodine
Ru | X

Calciner and lO3 50 1 1
SMF2 .

" Venturi Scrub-.lO3 - 10 . 2 1
ber and Knock- _

- Out Pot
Condenser 102 to 10° 2x102 2 1

'NO_ Absorber 10 10 5 1
Condenser 20 200 1.5 1

‘Ru Adsorber 1 10~ 1 1
HFPA Filter 102 to 103 1 1 1
TIodine Adsorber I 1 1 103
HEPA Filter 102 1 1 1
Overall Feed- 104 16b

Overall F to 10 1010 30 103
o- ac .

4pNL Spray Calciner with in-poi melfﬁr

Evaporator reduces this to 10 2.10 See discussion in text.
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(2, AMEIFOBBETII001 % LT DF =109 ordcho > 525¢ 0001%8
FTThdd (43 1HEZME) . HLLWERSB D> F 4+ —ODF 4, #H FTH 102~ 108,
BRELAVF2ULT2X102 (Tabk5BR) 50T, 74— FHOBERERRABHLTO
NOx BNEFTOLDF 3, A FT2x 106 ~2x 107 , FEELIAF= LT 2 X 108
~2x107TTH b, FEFEZBBLLEEE, BT T 108~ 109 #AEALF =Y LT 105TH
Bo L1ilio T, ZBRBUEERATF 7 LICHALT, NOx BRINEOF 7 H 2HICH LIEEALE
BREZEZNOY, 27 o/ EHNFOREE LRI, BRFERADCIEEL0S 50ELEX
ELNRETHAI, CORE, BTN TE7 +— ¥R 4 5 7DF #1012~ 105/
TE52ETHAD,

b UNOx ZEMBHBON & 27 LR - TRBAINIZNSE, WOEHINEMSELZTH
52o NOXx RIREEE Z2DHD 2V F ¥ —HNERBU AT LEBEBAOCNETHS 5, B
BEavF 4 —ODF IBHFT200, BRLUILF =Y LT200TH3, NOXEHBETIE
R TFTL, BRLAAT =T LTHIBOTHAE LFBENS (Table5) , Lizdi-T, 2O
BExBmACL), WU FTDF 82002 L . BREAF =Y L TDF B 2MT 5 &ICIEBET
BP0 TORR, 27 4 —FHRZ v JDFRBHFTI00~102, nF7=maT4x1010
THHD,

AVTFVH —BHARBANT =0 ARERIGET ALIFHCERZh ALY, v ) AX VB
IbCTRETERTHAI, CORBETOEREALT=vLODF(Z, 10~100CTESQIE
103(2 9 2B L0 1A UERKLETHAD, ICPPOWCF TRASMBELINT
VIROOTH 7 HREFBALLCROLHIC, REOREBESLELOTH D , KEOKRT
K, COREBETECUDATOS, 25°C THIRHAK I DOHETIH, 105OD F 257
gt

CORBINNATHABLYRTLE, BIBESB7 1 w8 —DEBITEZ SN o)
Ty TEBAEALIH - DLDTH S,

COHBDRDIC, TTAVFal) -7 F5—BBHFOHICA->TOT, &L SMFHE
LTd, o4 7 F ZAHEBCHEBVEINT I LREVTHA I, HHOEETNIE LD
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TABLE 19

SUMMARY OF ESTIMATED OVERALL FEZD-TO-STACK PROCESS
DECONTAMINATINN FACTORS

Feed~-to-Stack DF

Process - -
Particulates Volarilized NOx
Ru
" ICPP Fluid- 2x1011 2x101lt 1x103
Bed? 7
PNL. Fluid- - 1010 108 2
VBedb
Evrochemic 6x103 1x107 1 to 2
LOTES
PNL Spray 71312 1010¢ 7
German VERA 1012d 1013 20
PNL Pot 1012 1010 7
- British FING\L 1013 1013 50
British HARVEST  1qb3 102 0 10?7 50
Freanch PIVER® 1013 to 101% 1010 5 1011 4x102
Italian Pct®
Phosphace  * 10t% o 1015 1010 60
wlass :
Berosilicate 1014 o 1013 107 25
ass
PNL Phosphate 1012 " 1010 7
Glass
French Rocary 1019 to 1011 10 o 107 &
Tl
German FIPS® - 101! ¢o 1012  10° 2x10°
German PAMELA® 1083 10103 10 2x102
§§§t§r39°52d 1012 e 10%* 1010 10°
I~ »

2yith NOx converter and second HEPA filter,

bIncluding final HEPA filter.

®Data are for total Ru, but since total Ru DF is 0.0l times
total Ce DF, one may assume the majority of released Ru is
in valatilized form.

dIf final HEPA filter is included in wventilation system, 2
particulate DF will be increased by a factor of approximately 10°,

®Jaste Evaporator (concentrator) included in integrated system.
fPNL sprayv calciner with in-pot melter assumed, DF for iodine =
3
107,
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ALARA OBRRABEI ¥ L CHERBHRYMOFNELHATVET LE2EKRT 5 HOTIHALY

1 2% T Table 12 IR LAZDFETT, 3 L2EBETHELLEBHREBDF >6 x
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TABLE 20
CYCLONE COLLECTION EFFICIENCY

Efficiency (% by wt)

Particle size

(umj Conventional High-efficiency
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15-50 80-95 90-99
>40 95-99 95-99
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