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Abstract

The purpose of this research is that it examines techniques for carrying
out notenvironmental impact assessment which noticed only the safety of
facilities here butenvironmental impact assessment at a global scale through-
out the whole nuclear fuelcycle, etc. and establishes the base of the relati-
ve evaluation technique with theenvironmental effect which concerns other
energy Source.

The following items have been studied in this year.

(1) Investigation research of risk processes and risk sources which concern

the energy source variously, etc..

(2} Investigation research on the risk evaluation technique.

(3)Investigation research on the socioscientific evaluation technique which

concerns the risk recognition of the general public. ' |

(4) Investigation and research on the life cvcle assessment technique appli-

cation to the energy source variously.

Work performed by Nuclear Safety Research Association under contract with
Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison: Temohiro Asano, Safety Division, Head Office.
Hiromi Katagiri, Health and Safety Division, Tokai Works.
Shigemitsu Morita, Health and Safety Division, Tokai Works.

% Chairman of Expert Committee on Approaches of Environmental Safety Evalua-
tion for Radioactive Effluents. (Saitama University)
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#1.3.1 Expected damages associated with nuclear power generation,
estimated by Pace

Expected
damages
(cents/kWh)
" Routine operation
(a) Human health costs
Immediate occupational 0.007
mortality
Latent occupational mortality 0.07
Occupational morbidity 0.02
Public mortality 0.001
(b) Wildlife costs 0.01
Accidents |
(a) Human health 2.0
(b) Property damage 0.3
Decommissioning and waste disposal - 0.5
Total 2.908

Source: Pace University 1990. Pace University Center for Environmental
Legal Studies, Environmental Costs of Electricity, prepared for New York
State Energy Research and Development Authority and the U.S. DOE,
Oceana Publications, Inc. New York.




21.3.2 Possible variations of important parameters

Production Probability ef Producilon
% of released Cancer losses per nuclear accidents losses/kWh nuclear
radioactive Population incidents per 1 nuclear (one acciden! per Electricity clectricity produced
inventory densiry (0.5-10) million pers. Cancer incidents accidents 2,000-20,000 pruduced pet (107 American
1-50% Result in million rem (200- per nuclear {million years of nuclear dollars per kKWh)
Cascs considered {0.25-12.5) person rem 3,700)" accident dollars) operation) accident
General nuclear 0.25 0.5 200 6000 1850 20000 150000 00013
accident based on
the impact of 2000 15000 0.0126
Chemobyl 3700 111000 34980 20000 150000 0.0233
{240 million i
person rem) 2000 15000 02332
{1} 200 120000 37815 20000 150000 0.0252
2000 15000 02521
3700 2220000 699580 20000 150000 0.4664
2000 15000 4.663
12.5 0.5 200 300000 94540 20000 150000 0.053
2000 15000 0.6303
3700 3500000 1733800 20000 150000 1.155
2000 15000 11.558
10 200 6000000 1890750 20000 150000 1.26
2000 15000 12.605
3700 111000000 34979000 20000 1500800 2331
2000 15000 23119




21.3.2 Possible variations of important parameters(continued)

Production Probability of Production
% of released Cancer losses per nuclear accidents fosses/kWh nuclear
" radioactive Population incidents per 1 nuclear {one accident per Electricity clectricity produced
inventory density (0.5-10) million pers. Cancer incidents accidents 2,000-20,000 preduced per (10?7 American
1-50% Result in million rem (200- per nuclear (million years of nuclear dollars per kWh)
Cases considered (0.25-12.5) person rem 3,700y accident dollars) operation) accident
Chernobyl 10" ] t 1000 240000 75600 2000 15000 0:5042
cancer
incidents/10°
person rem
Accident like 1 10 1000 2 756300 20000 150000 0.5042
Chernobyl in the
FRG. 10
incidents per 1 10° 2000 15000 5042
petson rem

' 0.25-12.5 limes the percentage released at Chemobyl.

1 0.5-10.0 times the population density of the western part of the USSR.

* 200-3,700 cancer incidents per 1 million person rem.

Sonrce: Hohmeyer, O. 1988. Socia! Costs of Energy Consumption: External Effects of Eleciricity Generatlon In the Federal Republie of Germany, Springer Verlag, New York.



2£1.3.3 DeLuchi's estimates of CO—equivalent emissions of greenhouse
gases from nuclear power piants and upstream processes
in g/kWh delivered to end user

Greenhouse gases from  CO,-equivalent

upstream processes emissions
CH, 2.7
N,O 0.7
NMOCs 0.0
CO 0.1
- NO, 4.6
O, 459
Upstream total 54.0
Greenhouse gases from |
power generation stage
CH, 0.1
N0 33
NMOCs 0.1
CO 0.1
NO, 4.9
Co, 6.5
Power generation total 14.9




21.3.4 DelLuchi’s estimates of total CO.-equivalent emissions for the
nuclear fuel cycle in g/kWh delivered to end user

Length of time CO,-equivalent
period emissions
20-year case 101
100-year case 69
500-year case 60

#1.3.5 Estimated fatality rates per year for routine operations in
the nu;lear fuel cycle

Immediate  Delayed

Type ‘of fatality fatalities fatalities

Occupational 0.09 - 0.5 0.13 - 0.37
0.07 - 0.4 0.07 - 0.33

Public - 0,001-0.01 0.005-0.2

! Applies to underground mining conditions.
2 Applies to surface mining conditions.
Source: Fritzsche (1989), as given in NEA (1992).




#1.3.6 Nuclear fuel cycle: annual radiological health effects®

S
Low (ICRP) (BIER V) (UNSCEAR)
Pickering A
Upstream 0.007320 0.017694 0.039319
Routine 0.026458 0.049608 0.166891
Accidents 0.001340 0.032530 1.449444
Decommissioning 0.005305 0.057844 1.243366
ILLW 0.008412 0.010514 0.023365
Used Fuel 0.000263 0.000329 0.000732
Pickering B
Upstream 0.009211 0.022265 0.049477
Routine 0.011791 0.021675 0.073213
Accidents 0.001340 0.032530 1.449444
“ Decommissioning 0.003619 0.035549 0.756985
LLW 0.008337 0.010421 0.023158
Used Fuel 0.000332 0.000414 0.000921
Bruce A -
Upstream 0.011750 0.028402 0.063116 "
Routine 0.002654 0.004424 0.014747
Accidents 0.000124 0.003150 0.039444
Decommissioning 0.000869 0.010419 0.249412
LW 0.011928 0.014910 0.033132
Used Fuel 0.000423 0.000529 0.001175
Bruce B
Upstream 0.015113 0.036530 0.081177
Routine 0.000910 0.001423 0.006322
Accidents 0.000136 0.003650 0411111
- Decommissioning 0.000794 0.009469 0.209873
ILLW 0.013598 0.016998 0.037773
* Used Fuel 0.000544 (.000680 0.001511
Darlington .
Upstream 0.014295 0.034552 0.076783
~ Routine 0.021528 0.034983 0.098567
-Accidents 0.000656 0.017100 0.638889
Decommissioning 0.003799 0.036731 0.800403
ILLW 0.012603 0.016998 ©0.035008
Used Fuel ' 0.000515 0.000643 0.001429

* Each entry in the table represents the number of fatal cancer effects and an equivalent
number of additional non-fatal cancer effects.

Source: Ontario Hydro, "Full Cost Accounting for Decision Making,” December 1993,




2£1.3.7 Nuclear fuel cycle radiological health & property externality
costs (1992 cents/kWh-Can)

I Station l Low

Pickering A
Upstream 0.000406 0.000507 0.001128
Routine 0.002022 0.003792 0.012755
Accidents 0.000121 0.002603 0.095909
Decommissioning 0.000036 0.000045 0.005704
ILLW 10.000283 0.000353 0.000785
Used Fuel ‘ 0.000001 0.000025 0.000055
Total 0.002869 0.007325 0.116336

Pickering B
Upstream 0.000441 0.000551 0.001225
Routine 0.000669 0.001230 0.004155
Accidents 0.000104 0.002247 0.082786
Decommissioning 0.000041 0.000051 0.004968
LLW 0.000308 0.000384 0.000854
Used Fuel 0.000001 0.000035 0.000078
Total 0.001564 0.004498 0.094066

Bruce A
Upstream 0.000419 0.000524 0.001164
Routine 0.000122 0.006203 . 0.000675
Accidents 0.000013 0.000094 0.001999
Decommissioning 0.000006 0.000008 0.000705
ILLW 0.000292 0.000366 0.000812
Used Fuel 0.000001 0.000030 0.000065
Total 0.000853 0.001225 0.005420

Bruce B ' _ .
Upstream 0.000443 0.000553 0.001230
Routine 0.000031 - 0.000049 0.000218
Accidents 0.000011 0.000082 0.001642
Decommissioning 0.000002 0.000003 0.000721
ILLW 0.000309 0.000387 0.000859
Used Fuel 0.000001 0.000037 0.000081
Total 0.000797 0.001111 0.004751

Darlington i
Upstream 0.000456 0.000571 0.001268
Routine 0.000772 0.001254 0.003537
Accidents 0.000046 0.000855 0.027627
Decommissioning 0.000040 0.000050 0.003730
LLW 0.000321 0.000401 0.000891
Used Fuel 0.000001 0.000036 0.000080
Total 0.001636 0.003167 0.037133

Source: Ontario Hydro, "Full Cost Accounting for Decision Making," December 1993.




#21. 3.8 External costs by station Dolflars per tonne($1992-Can)

Pollutant Lakeview | Lambton | Lambton | Lennox | Nanticoke Total
Station (Unit ¥) (1256) (12) 34) System
Average
50,* 2345 431 535 375 803 734
NO,** 267 87 193 61 214 188
L TSP 46 9 12 9 16 15

*  Includes externality values of SO,, which is derived from SO,.
** Includes externality values of O,, which is derived from NO,.

Source: Ontario Hydro, "Full Cost Accounting for Decision Making," December 1993.

#1.3.9 HNuclear station radiological and fossil external environmental
costs{1992 cents/kWh-$Can)

High
Pickering A
Nuclear 0.002869 0.007325 0.116336
Fossil 0.002676 0.002676 0.002676
Total 0.005545 0.010001 0.119012
Pickering B _
Nuclear 0.001564 0.004498 - 0.094066
Fossil 0.002734 0.002734 0.002734
Total 0.004298 0.007232 0.096800
Bruce A
Nuclear 0.000853 0.001225 0.005420
Fossil 0.000973 0.000973 0.000973
Total 0.001826 £.002198 0.006393
Bruce B
Nuclear 0.000797 0.001111 0.004751
Fossit 0.000752 0.000752 0.000752
Total 0.001549 0.001863 0.005503
Darlington
: Nuclear 0.001636 0.003167 0.037133
Fossil 0.002968 0.002968 0.002968
Total 0.004604 0.006135 0.040101

Source: Ontario Hydro, "Full Cost Accounting for Decision Making,” December 1993,
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R 4.1 KERFFRSMHHAR WASH-1400) THWS =Y — X5 — LDH)

DURATION WARNING ELEVATION co“g:;:2§NT .
RELEASE PROBABE.'E__LITY g&gﬁ RELE§SE Eng?m;?gn RE?EASE RELEASE FRACTION OF CORE INVENTORY RELEASED (@) = =
CATEGORY Reactor-Yr (Hr) {Hx) {Hr) (Meters) (10 Btu/Hr) Xe-Kr Org. I I Cs-Rb Te-Sb Ba-Sr Ru La
PWR 1 9%107 7 2.5 0.5 1.0 25 520 (&) 0.9 6x10°° 0.7 0.4 0.4 0.05 0.4 3x10°°
PWR 2 8x20"° 2.5 0.5 1.0 0 170 0.9 7x107° 0.7 0.5 0.3 0.06 0.02 4x10 >
PWR 3 4x10”° 5.0 1.5 2.0 0 6 0.8 6x10> 0.2 0.2 0.3 0.02  0.03 3x107°
PWR 4 510"’ 2.0 3.0 2.0 0 1 0.6 2x207° 0.09 0.04 0.03 5x107° 3x107> ax107?
PWR 5 7x10”7 2.0 4.0 1.0 0 0.3 0.3 2x107° 0.03 9x107° 5x107° 1x10™° ex10”% 7x107>
PWR 6 6x107°  12.0  10.0 1.0 0 N/A 0.3 2x107° 8x10™% 8x107? 1x10™% 9x10™> 7x107° 1x107°
PWR 7 4x10™° 10.0 10.0 1.0 0 N/A 6x107> 2x107° 2x107° 1x10° 2x107° 1x10™® 1x107° 2x10”7
PWR 8 4x10™> 0.5 0.5 N/A 0 N/A 2x10™° 5x107° 1x1074 _5x10"4 1x10'6 1x10™° 0 ]
PWR 9 ax10”? 0.5 0.5 N/A 0 N/A 3x207° 7x107° 1x1077 ex10” 1x107° 1x107r o 0
BWR 1 1x107° 2.0 2.0 1.5 25 130 1.0 7x107> 0.40  0.40 0.70 0.05 0.5 5x107>
BWR 2 6x10"° 30.0 3.0 2.0 0 30 1.0 7x10™° 0.90 0.50 0.30 0.10 0.03 4x10™>
BWR 3 2x10”° 30.0 3.0 2.0 25 20 1.0 7x107° 0.10 0.10 0.30 0.01 0.0z 3x10°
BWR 4 2x107° 5.0 2.0 2.0 25 N/A 0.6 7x10”% 8x10™ 5x107> 4x107? ex107? ex107? 1x107?
BWR 5 1x1074 3.5 5.0 N/A 150 N/A 5x107% 2x10™2 6x107! ax107% Bx10712 8x107M¢ o 0

(a)

{b)
{c)
{d)

A discussion of the isotopes used in the study is found .in Appendix VI. Background on the isotope groups and release
mechanisms is found in Appendix VII. '

Includes Mo, Rh, Tc, Co.

Includes Nd, Y, Ce, Pr, La, Nb, Am, Cm, Pu, Np, 2r.

A lower energy release rate than this value applies to part of the period over which the radioactivity is being released.

The effect of lower energy release rates on consequences is found in Appendix VI.



F1.4.2 [AREOH

Bin Description of weather sequences in bin
1 Rainfall: None.” Initial stability class: A or B. Initial windspeed: [0, 3 m/s}.
2  Rainfall: None. Initial stability class: A or B. Initial windspeed: (3, = m/s).
3 Rainfall: None. Initial stability class: C or D. Initial windspeed: (0, 1 m/s].
4  Rainfall: None. Initial stability class: C or D. Initial windspeed: (1,2 m/s].
5 - Rainfall: None. Initial stability class: C or D. Initial windspeed: (2,3 m/s].
6 Rainfall: None. Initial stability class: C or D. Initial windspeed: (3, 5 m/s].
7 Rainfall: None. Initial stability class: C or D. Initial windspeed: (5,7 m/s].
8  Rainfall: None. Initial stability class: C or D. Initial windspeed: (7, » m/s].
9 Rainfall: None. Initial stability class: E. Initial windspeed: [0, 1 m/s].
10  Rainfall: None. Initial stability class: E. Initial windspeed: (1,2 m/s].
11  Rainfall: None. Initial stability class: E. Initial windspeed: (2,3 m/s].
12 Rainfaill: None. Initial stability class: E. Initial windspeed: (3, = m/s).
13  Rainfall: None. Initial stability class: F. Initial windspeed: [0, 1 m/s].
14  Rainfall: None. Initial stability class: F, Initial windspeed: (1,2 m/s}.
15 Rainfall: None, Initial stability class: F. Initial windspeed: (2,3 m/s].
16  Rainfall: None. Initial stability class: F, Initial windspeed: (3, = m/s).
17  Rainfall; [0,3 km].> Rainfall intensity: (0, 1 mm/h}.c
18  Rainfall: (3, 6 km]. Rainfall intensity: (0, 1 mm/h].
19  Rainfall: (6, 11 km). Rainfall intensity: (0, 1 mm/h}.
20 Rainfall: (11,21 km). Rainfall intensity: (0, 1 mm/h].
21  Rainfall: (21,40 km]. Rainfall intensity: (0, 1 mm/h].
22  Rainfall: (40, 80 km]. Rainfall intensity: (0, 1 mm/h].
23 Rainfall: [0, 3 km]. Rainfall intensity: (1, 2 mm/h].
24  Rainfall: (3, 6 km]. Rainfall intensity: (1,2 mm/h}.
25  Rainfall: (6, 11 km]. Rainfall intensity: (1,2 mm/h].
26  Rainfall: (11,21 km). Rainfall intensity: (1,2 mm/h].
27  Rainfall: (21,40 km], Rainfall intensity: (1,2 mm/h].
28  Rainfall: (40, 80 km]. Rainfall intensity: (1,2 mm/h].
29  Rainfall: [0,3 km), Rainfall intensity: (2,3 mm/h].
30 Rainfall: (3, 6 km]. Rainfall intensity: (2,3 mm/h].
31  Rainfall: (6,11 km)}. Rainfall intensity: (2,3 mm/h].
32  Rainfall: (11,21 km], Rainfall intensity: (2, 3 mm/h).
33 Rainfall: (21, 40 kim]. Rainfall intensity: {2, 3 mm/h].
34 Rainfall: (40, 80 km]. Rainfall intensity: (2, 3 mm/h).
35  Rainfall: [0,3 km}. Rainfall intensity: (3, » mm/h).
36 Rainfall: (3,6 km). Rainfall intensity: (3, = mm/h).
37 Rainfall: {6, 11 km]. Rainfall intensity: (3, = mm/h).
38 Rainfall: (11, 21 km]. Rainfall intensity: (3, = mm/h).
39  Rainfall: (21, 40 kmn]. Rainfall intensity: (3, = mm/h).
40  Rainfall: (40, 80 km]. Rainfall intensity: (3, & mm/h).

¢ While leading edge of plume is within 80 km of reactor.

* Distance interval measured from reactor in which leading edge of plume first
encounters rainfall. ’

< Intensity of rainfall first encountered by leading edge of plume.
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Fz2.1.1 ERYAS MIHTIETFINOFRER (we/m)

Particulate PM,, NO, S0,

Highest Incremental |

Impact of the Facility 53 0.092 35 0.061 1.8 62 1.08
Background 108 47 71 37 23 76 25
Concentration* ‘
Total Concentration 113 47 74 37 25 138 26
Primary
NAAQS** None None 150 50 100 365 80

*From 1990 EPA AIRS database McMinn Co., TN monitoring station (Site 1.D. 47-107-
0101); 2nd highest 24 hour average and annual mean.

**For regulatory purposes the highest second highest receptor concentration is added to the
baseline concentration and compared to the National Ambient Air Quality Standard (NAAQS).

#z2.1.2 EEYA MIMTIEFIOFEER (Le/m)

Particulate PM,, NO, SO,

24 24 24
hour Annual  howr Annual Annval hour  Annual

Highest Incremental

Impact of the Facility 33 0.048 23 0.032 112 29 0.41
Ba;ckground Concentration® 66 427 64 24 15 93 © 14
Total Concentration 69 42 66 24 16 122 14
Primnary
NAAQS** None  None 150 50 100 365 80

*Prom 1991 EPA AIRS database San Juan Co., NM monitoring stations; 2nd highest 24 hour average
and anpual mean concentrations.

**For regulatory purposes the highest second highest receptor concentration is added to the baseline
concentration and compared to the National Ambient Air Quality Standard (NAAQS).

?ndicates that the mean does not satisfy AIRS summary criteria.
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=2 2.1

Annual airborne radionuclide releases for 36 W-PWRs (1988 data)

AIRBORNES: HAMEPL'T| 1863 MW-HA % Etag
& |FACILITY CAPACITY THERMAL QEN Xt .
owe | mwaRTH) [ : -
Bt Bt It Bk A :

1 | |BEAVER VALLEY 1 23 1.M4E+07 2.16E+01 | 1.61E-01 0.26E-05 | 2.3aE-01
2 | |BEAVER YALLEY 2 023 2.13E+07 2.18E+01 | 1.81E-01 8.30E-04 | 8.25E-D5 | 2.38E-01
3| |BRADWOCD 1 1176 1.04E407 2.T3E+00 | 3.91E-01 1.20E-07 | 1.00E-07 | 1.78E-01 | 1.07E~02 | 8.30E-04
41 {BRAIDWODD 2 1116 4.00E+08 2.68E+00 | 7.04E-01 1.455-02 1.168-62 | 0.605-05
8] |BYRON1 178 1.60E+07 §.10E~01 | 3.28E-01 8.20E¢08 | 1.655-01 | 2.70E-03
G| |BYRON 2 1178 2.04E07 4.10E=01 | 3.29E-01 5.30E+00 | 1.00E-01 | 2.70E-03
7 | |JCALLAWAY 1 1225 2.T6E+07 1.63E+01 | 6.10E-01 _ — 8.20E+01 | 2.80E«L0
o | |CATAWEA Y 1305 2.20E407 || 9.09€+0% | 6.00E+00 | 6.04E-07 | 2.666-08 1.62E-05 | .01E-08 | 2.006+00 | 9.205-01 | 1.91E-01
B | JCATAVWEBA 2 1306 1.08E+07 3.00E+01 | 5.09E+00 | 8.84E-07 | 2.0EE-09 1.02E-08 | 6.O1E-03 2.055000 5.225-01 | 1.918-01
10 | |CO0K T 1162 2.42E407 3.02E+00 | 1.95E-01 1.70E-08 3.428-05 | 1.71E-07 | 7.60E-01 7.2% 4.35E-02
11 JCCOK 2 1199 7.41E«08 3.02E+00 | 1.85E-01 , ] t.70E-08 2.42E-05 | 1.7tE-07 | 7.00E-01 | 7.26E-02 | 0.95E-02
12 { | DIABLO CANYORN 1 1137 1.88E+07 3.26E401 | 1.00E+00 | 2.38E-08 | t.17E-04 1.145-04 1.60E-06 | 4.80E+00 | 5.166-02 | 7.60E-B4
13 | |DIABLO CANYON 2 1184 1.98E+07 3.28E.01 | 1,03E409) § 2.30E-08 | 5.17E-84 1.14E-04 | 1.65E-05 | 4.50E+00 | 6.16E-02 | 2.00E-04
14 | |FARLEY 1 280 1.02E407 1,18E+02 | 2.83E+01 § 2.40E-04 | 2.85E-05 T.47E-05 | 3.08E-06 | 0.86E+02 | 8.19E-01 | 0.27E-D2
16 | {FARLEY 2 860 2.26E+07 6.84E+01 | 5.66E-41 4.66E+02
36 | |HARRS 1 051 1,71E+«07 3.65E-01 | 8.04E-08 3.45E-06 | ABSE-08 4.868E+01 | 1.62E401
17 | JINDIAN POINT 2 1310 1.98E07 1.85E+00 | 7.40E-01 | 1.68E-02 1.62E-04 | 5.65E-03 2.36E-01 | 4.57E-02
13 | |INDIAN PORIT 3 1013 2.14E407 |} 4.606+00 | 3.56E-01 3.582-08 326E+00 | 1.406-01 | 6.02E-02
19 | [M4C aumE 1 1308 2.26E.07 | | 240E+01 | 8.77€+00 | 1.80E-08 | 8.265-07 G.49E08 | 7.20E-06 | 3.695+01 | 4.62E+00 | 7.06E-01 |
20 | |MC AURE 2 1208 2.41E407 2.40E+01 | 8.77E+00 | 1.88E-04 | 6.285-07 6.40E-05 | 7,20E-05 | 3.60E+01 | 4.02E+00 | 2.06E-00
21 | JMILLBTONE 3 1253 2.33E407 7.18E+01 6.2TE-OF 3.11E-04 | 1.60E-06 2.‘15&
22 | | HORTH AMNA 84T 2.20E4Q7 4.T2E4DY | 4.20E-04 1.04E-06 3.00E-04 13.82E-05 | 8.828+00 | 1.46E-02 1_5532-04
23 | |[RCATH ANNA 2 &4y 2.80E407 4.T26+01 | 4.25E-04 1.04E-08 3.80E-08 | 5.62E-05 | 1.828+00 | 1.43E-02 | 1.86E-04
24 | [BALEM 1170 2326407 || 3.00E102 | 7.51E-03 3.6IE-06 | 142603 | 1.10E+DD 3.60E-01
26 | |SMEM2 1170 1.¢0E407 A.70E«02 | 1.65E-02 T.05E-06 | 1.42E-03 | 1.62E+80 | 3.00E.00 | 5.65E-01
26 | | SEQUOYAM 1 1221 5.16E 405 4.85E+00 | 5.24E-01 7.35E-06 | 1.00E+00 | 8.76E«62
27 | | BEQUOYAH 2 1221 1.26E407 8.05E400 | t.24E-01 7.35E-06 | 1.00E«00 ﬂ.?gﬁ
20 | | BOUTH TEXAS ¢ 1311 8.E«08 1.72E+01 | 7.80E«02 i, H1E-01 } 2.20E-01
20 J JBUMMER1 800 1.91E407 1.80E+00 | .73E-01 1.10E-05 4.055:09 2_.235100 &Hﬁﬁ
20 { JBURRY 840 8.455+08 1.35E+01 | 6.10E-01 | 1.45E-04 | 6.80E-08 | 4.20E~08 | 5.225-05 | 0.60E-04 [ 2.08E+00 | 6.40E-02 [ 4.65E-03
3t 3 JBURAY 2 848 1.16E407 3.39E€+01 | 8.0E-01 8.80E-06 | 4.50E-05 B.80E-04 | 2.08E+00 BME-_O?_ 4.05E-83
32 § {TROJAN 1218 1.63E+07 8.44E+D1 | B.50E-01 : 1.656-04 | 4.97€-06 {2.72E400 | 3.86E-01 | 8.72E-02
33| |YOATLE 1218 2.1BE+07 8.33E+01 {3.18E401 1.452-08 S8.97E-06 | 1.93E-04
34 | {WOLF CREEX1 1248 2.01E+07 1.48E402 | 8,72E-09 1.66E-08 | 1.61E-06 | 1.17E+00 | 7.68E-01 | 2.02€-04
38 | [ZI0NY 1085 TOTEQT || 1.88E+02 | 6.206-02 1.00E-06 2.805-08 | 7.85E-08 | 1.70E+00 | 8.70E-63
R ETE 1008 2.08E.07 | | 1.886+02 | B.00E-02 2.00€-08 | 7.66E-06 | 1.70E400 | 8.70E-03

MEAN 1116 1.00E407 | | 6596aY E2TE0E [A30E-08 | RE08 | S19E-00 | §.20iD ) SORE 00 | TBoR 0T

BUM 2006+ 3.88E-04 | 0.60E-00 | 1.48E-03 | 1.12E-02 | 1.35E+83 | 7.12E401 | 1916401




#2.2.1 Annual airborne radionuclide releases for 36 W-PWRs (1988 data) (continued)

NAMEPL'T| 1988 MW-HA
e| Facnmy CAPACTTY |  THERMAL GEN
(MWE) MW-HATH)

BEAVER VALLEY 1 22 1,B4E+07 4.05E-00 7.80E-05 | 8.95E-02
I BEAVERVALLEY 2 (72 2.13E+07 ) a,85E-00 7.60E-05 | 0.65E-02
| BRAIDWOOD ¢ 1176 1.04E+07 1.696-02 2.22E-04 | 6.39E-01
5 BRAIDWCOD 2 1176 2.00E+09 B.08E-04 7.61E-05 | 2.85€-01
BYRON 1 176 1696407 1.24E-02 B.40E-03 | 3.96E+00
BYRON 2 178 2.04E07 1.206-02 9.40E-00 | 9.36E+00
CALLAWAY 1 123 2.70E407 | | 5.30E-02 | 7.28E-01 1.87E-06 | 2406400
CATAWBA 1 1308 2.29E407 | | 7.56E-08 | 1.09E+00 3,26E-07 | 7.70E-08 | 4.18E-10 | 3.70E-02 | 2,38E-00 | 7.62E-04 | 1.226+01
CATAWBA 2 1308 1.00E+07 | [ 7.96E-08 | 1.036+00 3.26E-07 | 7.70E-08 [ 4.15E-10 | 0.75E-00 | 2.38E-00 | 7.62E-04 [ 1.22E+01
COOX 1 1182 2.42E407 3.62E-01 1.04E-07 | 3.306-00 3.40E-03 | 4.04E-01
COOK 2 N 7.A1E+08 2,62E-01 1.0E-07 | 3.00E-08 3.40E-03 | 4.04E-01
i DIABLO CANYON § 137 1.88E+07 B.60E-D2 8.00E-08 2.49E-04 | 7.80E+00
| DIABLO CANYON 2 184 1.08E407 6.00E-02 8.00E-08 2.45E-08 | 7.90E+00
FAPLEY \ 60 1926407 2.02E-01 1.18E-03 [ 1.16E+00
FARLEY 2 360 2.29E407 2.38E-08
HARRIS Y1 051 1.71E+07 8.10E401 143E-08
INDHAN POINT 2 1310 1.05E+07 2.86E-01 \.00E-08 | 4.02€6-06
INDIAN POINT 8 1013 2.14E407 2.08E-01 3.41E-09 | 5926400
] MG QUIRE 1 1208 2.20E+07 | | 1.70E-04 | 4.84E+00 | 1.00E-08 6.65E-10 2.31E-08 5.50E-03 | 1.07E401
: boid C OUIRE 2 1306 241E407 | | 1.70E-04 | 4.04E40 | 1.03E-00 6.85E-10 2.1E-08 5.50E-03 | 1.07E+01
| WILSTONE 3 1263 2.33E407 0.06E-08 | 4.31E-04 0.45E-03 | 2.03E-01
HORTH ANNA 1 07 2.20E.07 | | 2.03E-08 2.87E-10 7.20E-11 | 7.00E-04 | 0.76E-01
! NORTH ANNA 2 047 2.80E+07 | [2.00E-08 2.07E-10 7.20E-11 | 7.00E-04 | 0.76E-D1
_; BALEM 1 . 1170 2.076407 _ 0.70E-04 | 7.65E+00
! BALEM 2 1170 1.50Ee07 4105400 | 3.506-04 | 2.65E+00
: BEGUOYAH { 1221 8.16E+06 . 7.40E-03 | B.16E-07 | 3.32E-07 4.10E-07 1.026-08 | 6.466-01
' SEQUOYAH 2 1221 1.26E+07 7.40E-03 | 6.165-07 | .326-07 4.10E-07 1.62E-06 | 6.45E-01
] SOUTH TEXAS 1311 BA1E408 12608 SEDA| |
5 SUMMER 1 200 1.81E407 | | 8.44E-03 | 2.01E+00 2.20E-03 | 3.62E+00
BURAY 1 548 §.45€+00 | | 1.08E-09 |7.60E-09 | 0.40E-07 | 1.29€-07 | .79E-08 1.32E-10 | 4.75E-03 | 9.06E-01
BURRY 2 [ 1.18E+07 | | 1.08E-09 | 7.80E-03 | 0.40E-07 | 1.205-07 | 3.70E-C0 1.32E-10 | 4.70E-03 | .85E-01
TROJAN 1218 1,00E407 1,17E-01 | 1.JAE-03 | 7.25€-06 | 3.15E-08 2.88E-03 | 2.61E+00
VOQTLE 1 1218 2.13E07 A.NE-04 0.45€-08
WOLF CREEX 1238 2.01E+07 1,18E400 5.60E-06 | 4.09€+00 |
ZION 1036 1.O7E+0T | §3.21E-63 | 8.656-03 [ 1,60E-07 4.10E-00 | 1.25E-09 | 4.85€-08 | 1.05€-07 | 6.78E-04 | $.226-01
ZION 2 1086 2.00E407 | {3.216-09 | 0.55E-03 | 1.60E-07 4,10E-00 [ 1.25E-00 | 4.65E-08 | 1.06E-07 | 6.766-04 | 3.22€-01
: i MEAN 1118 1.00E+07 | 18.30E.03 | 3 50E00 | 2.865:08 ]m‘gﬁm DEIE-QT | ZI0E-08 | 12VE-07.| 2AVEDA N L IEw02: 94 Em:i
: UM V.OTE—D1 | 1.63E+02 | 296505 | 1.92E-05 | 1,26E-06 | 1,06E-05 | 0.87E-07 } 2.45E-07 | 0.76E-02 | 1.07E+02




2. 2.1

Annual airborne radionuclide

releases for 36 W-PWRs (1988 data) (continued)

NAMEPLT| 1988 MW-HR L3510
#{ FACHLITY CAPACITY | THERMAL GEN %z;a I3
awe) | swenRTH) [
s ek e

1| [REAVERVALLEY ) [ 1.G4E+0T 1.16E+00 | 7.95E-05
2 | |BEAVER VALLEY 2 p2d 2136407 1.18E+00 [ 7.95E-08 - 2.22E-01 | 1.00E-05 | 1.15E-02 | 8.956-07
3] |BRAIDWCOD 1175 1.04E+07 4.02E+01 | 1.27E-04 | 2.70E-0} 2.40E-02 | 3.81E-01
4 | |BRAIDWOOD 2 1176 4.05E+08 3.85E+01 | $.33E-06 | 1.00E-03 A.7IE-02 | 2.28E-08
6 | |avron 176 1.69E+07 | | 2.47E-04 ] 0.65E+02 | 1.88E03 | 0.26E+00 1.20E-05 5.60E-04 1.18E-05 |
6 | [BVRON 2 175 2.04E.07 | [2.47E-04 | 5.85E.02 | 1.88E-03 | 0.25E400 1.26E-05 B.60E-04 1.16E-08
7 | [CALLAWAY 1 1238 2.76E407 5.80E«02 2,58E+00 3.79E«01 o L
o | [CATAWBA 1L 1305 2206407 | | 2.306-08 J 1.51E+03 | 4.50E-08 | 1.E5E+01 | A.41E-08 | 1.44E-08 | 1,80E 401 | 1.00E-04 | 6.60E-03 5.89E-03 | 3.60E-03 |
o | |cataweA 2 1305 1.86E,07 | |2.30E-06 | 1.61E¢03 | 4.60E-08 | 1.85E401 | 3.41E-08 | 1.44E-04 | 1.00E+0t | 1.86E-05 | 6.69E-¢3 | 6.89E-03 | %.69E-03
10| [cookt 1162 2.42E407 1.20E+02 | 4.67E-04 ] 0.25E-01 | 1.70E-04 4.08E+00 | 2.32E-05 | 6.25E-02 | 4.02E.04 | E20E-02
1 | [cotk2 1133 TALEL08 1.23E+02 | 4.07E-04 | 6.25E-01 | 1.70E-04 4.08E+00 [ 9.32E-05 | 0.95E-02 | 4.02E-04 | 6.20E-02
12 | | DIABLO CANYON 1 1137 1.65E+07 1.44E+02 | $.60E-04 | 4,68E-01 | 2.99E-05 6.85E400 2.22E-03 | 1.405-06 [ 4.85E-04
13 | oaBlo canvon 2 1164 1.05E+07 1.44E+02 | 1.80E-D4 | 4.83E-01 | 2.35E-08 5.85E400 2.226-03 | 1.49E-08 [2.88E-0¢
14 | [FARLEY 1 060 1026407 1.03E+02 | 1.30E-00 [ 2.18E+00 [ 1.49E-08 G.02E+01 2.58E-07 | 1.26E-03 [ 3.20E-02
161 |[FARLEY2 [ 220607 7.41E+01 | 5.00E-00 | 1.00E-01 [ 0.28E-00 2.00E+01 1.40E-07 { 5.92E-62
16 | |HaRRI9 1 851 1.71E507 | [2.40E-06 | 1.84E+00 3.24E+01 1,13E402 1.82E+01
17 | |INDIAN POINT 2 1310 1.95E+07 2.05E+02 [ 2 07E-09 [4.24E-01 1.13E+01 4.00E-01 | 1,77E-03 | 0.526-03
18 [ [INDIAN POINT 3 1013 2.14E:07 207E402 | B.47E-04 | 2.02Ee00 [1.49E-08]  — [8.24Ew0 1.32E.02 { 2.4¢E-00 [2.20E-03
10 | fMC QUIRE 1 1305 2.26E407 | |1,206-03 [ 1,70E+03 | 1.03E-00 [ 2.44E+01 [4.79E-08 | 1.12E-07 | 7.05E+01 | 0.01E-07 | 1.95E-02 { 1.11E-04 | 1.03E-C3
20 | [MCOUIRE2 1308 241E407 | {1.208-03 | 1.76E+03 | 1.83E-03 | 2.44E+04 | 4.73E-05 | 1.12E-07 | 7.69E 401 | 6.01E-07 [ 1.35E-02 | 1.11€-04 | $.08E-03
21 | [MILLSTONE 3 - 1253 2.33E407 T.17E+01 | 4.45E-09 | 5.02E-01 5.04E+00 ' 1,.63E-05
22 | JHORTH ARNA 1 947 2.20E+07 | | 3.20E-08 | 2.97E+02 | 2.60E+01 | 2.01E-01 | 7.70E-06 1.90E+00 | 6.26E-08 2.47E-04
23 | [NORTH ANHA 2 847 2.80E+07 | [ 9.26E-06 | 2.37E+02 | 2.E0E+01 | 2.01E-01 | 7.70E-06 1.30E+00 | 8.25E-08 2.47E-04
24 | {SALEM1 1170 2.32E407 6.00E+02 0.00E-01 1.50E+01 2.97E-04 | 6.49E-08
26 | [sALEM 2 1170 1.50E+07 1.12E+00 6.03E+00 343401 4.00£400 | a.88E-08
28 | [SEQUOYAH { 122 BABEL08 1.08E+02 1.07E+02 1.83E+00 1.50E-08
27 | | SEQUOYAH 2 1221 1.26E+07 1.08E+02 1.07E402 1.03E+00 1,50E-08
208 | {SOUTHTEXAS | [FIX) 2316400 0.68E+01 5.50E-02 1.20E+00 4.07E-02
20 | |SUMMER1 $00 1.81E+07 | | 2.30E-04 | 2.07E402 | 1.19E-03 | 1.06E+00 | 9.46E-06 | 2.10E-06 | 2.:27E+01 { 1.06E-04 2.25E-05
36 | {SURAY { 845 8.45E406 | |545E-04 | 1.77E402 | 2,25E-03 | 2.01E-01 [4.40E-04 | 4.60E-05 | 2.26E+00 | 2.08E-04 | 8.41E-03 [ 1LV/E-03
o [ {SURRY 2 P 1.166407 | 15.46E-04 | 1.77E+02 [2.05E.03 [ 3.01E-01 | 4.406-04 | 4.69E-08 | 2.28E+00 | 2.08E-04 ___)L17E-03
32 [ |TROJAN 1216 1088407 | |2.25E-07 [ 3.04E402 | 1.02E-03 | 1.35E+00 | 2.10E-00 G.46E+00 | 7.01E-08 | 7.13E-D1 | 5.48E-08 | 2.64E-01
33 | [VOQTLE 1215 2.18E407 7.78E+01 | 4.04E-08 } 6.44E-02 0.20E400 .
34 | [WOLF CREEX 1 - 1238 2016407 7.57E+02 7.88E402 1.48E+01 2.20E-05
as | JzioN . 1088 1.97€407 | |2.28E-04 | 0.65E+02 | 2.06E-04 { 1.73E-01 | 6.70E-00 { 1.31E—04 | 2.76E+01 | 5.10E-0B '
36 | [ZION2 1085 2086407 | | 0.25E-04 | 6.95E+02 | 2.05E-04 | 1.78E-01 | 0.70E-08 | 1.91E—04 | 2.76E+01 | 6.10E-05

MEAR 1112 1.80E407 | [292Ei0e 3 53 Y 15EIS0

SUM £.83E-03 8.00E+01 | 1.10E+03 | 1.64E-00 | 2.49E-02 mcs-na 8.A4SE400 1.1:5-02 1nE+ot

SUMIALL AIRBORNES) 2.ME+04
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BEXEFIMETS2DICE, LFVEOFERIEHBRICEH TS T —IR—2EHER
T5 T ERRERBEEEBSTVA,
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®3.1.1 REAFHABIHEROE RS K
REEREH EEME HE By i e $ il o S E & 3t
C0: 4060 kg 1 4060
Hi BRK B OB k| NO 1. 11 kg 270 300 8630
CFC-11 0. 840 kg 3400 2860
CFC-12 0. 200 kg 7100 1420
A B E | CFC-11 0. 840 ke 1 0. 840 1. 02
CFC-12 0. 200 kg 0. 88 0. 176
NO: 12.6 kg 0.7 8. 83
i # M| S0 3. 40 kg 1 3. 40 12. 2
$0x 1.51E-3 | kg 1 1. 51E-3
HF 6. 08E-5 | kg 1.6 9, 73E-5
23.1.2 Eco-Indicator 35[CBITHEHEFRY
BEAWEH {85 5% £ #
(1) HERBEL 2.5
(2) AV BOHkES 100
(3) mMw 10
(4) #E-wWIoOoEXREL 5
(6) EDRAEYY 2.5
(6) ZDARAEWY 5
(7)) B 25
(8) RKPO&HESELE 5
(9) XkbBDESLE
(10) A MHH 10
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(3. 2. 1id, REBHAX IO kvO AR AICHBEULERBEERBLEEE, REY)
REEBIATINHEDEIDCEETENERLEDBDOTH 3,

REDRIE, RESFRZTORTNEB. 8XOKRERMBIC/Z DM, B - B
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FABBREI IV UAEBY I O RHFEEZNL %, BARERMEN I BB D,
HABERMIBLTNTEORFNERMEETHD, TENLOHRITEREIPFCKRPT
PEWBEHELZ2EOBOLHS. FHABRBRRBED TRVWENESEEZESE, BOT
EHRCIOAE)CbEDEVWHEESZEEEZRT D OEEALSNTWVWS, HHKRE
P OBPELTEE, BEIRHEINSLBEANERREREZDZSTOT, FHER
BLOMMITITEAN RN RABETH S,

ABETIE, HHBERBOBRKASICHETAIHBIIOWTERTS, HED LIS,
ERAERBEZETFFSHMANICERINTRY, XANZERGDLIEBLR) ORED
HBIEAE TS5, 198UFOMBERNERER, 18TECEEEN, ERORTF
SOFHBERBZ2ZTANDIEDICHFSINSIREUNIEEYLSTH %D O E 2
b,%%%tm%m?é%wabfmﬁo:@DOE@M%%%EH,E%h%%E
BMESND 1IN ANMOBICE > TEEREENS, LENST, ZORRBLD B
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BEZONRTWARN, ZOZLEBNAHSOARBRAERLBLOCHEPICERT S Z
EHRBETH D,

ARETE, BMLVEENHLWASHSENS Nevada) 1 POy AT
>35> (Yucca Mountain) WERINZIHDEFELTWVWD, CORBZRELEFELR
WA, 19NEBLCFOHROMEICERPORFFEMASMO P S NSEREMREILT
RTIDOHLWASBIHEBEAEN2OHOLHHINZOT, HLWALAAE=Z
NEFEDOHEMEBEHA L L THETL2OPELETH D,

AETRIVATICF VAR BOREYEORERT D, Ty AT T 05
BIrEHTANROBMENFREPHBOEREOHBEOERNREOHEHNBELR, BEE
BN ZATEEZN, ZITRHERY EFan, £, CONMGEOREZEITE
FEgciREINTE5 Y, EREaNaRECEERRASATHAN, A4



EEUSBILI2BFEXELOBMCBEVEBRENNEETLIOT, 3% R
(discount rate) #EE T3 &, BEMECHTIHERRBEHO T/IILE b0 LD ZES
THDHo

9.1 MMAHH/HA b

FERAEBREOLSFEIRINTINOL Y AT FURERTEII LA TR S,
Iy AR T ORBREHBLAIBOREI T FEFASN TS, BRATIZA
AFELTEREENTVRSEDFTRERW, DULAM—OLDBBEEEE L TEETF
THZENBEL Lo THEENEETTH S, COBBMABELTHZ LMW
MicniE, XEDOER, Y1 bEED, MBI AFANBERORNERS L
EHOREBCIXNTL2HAMCERTEILE2ETATEIIOINRCICEFZTAZ &ICR 5,
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#9.1 Spent fuel source term for repository releases

Inventory Inventory
Isotope (curies)* Isotope (curies)
*H 10,550 B8y 6.98
e 0.0041 %™Np 16.0
PSe 14.4 Bepy 153,000
- BKr 167,000 29py 9,730
%7y 2,013,000 u0py 16,800
oy 2,013,000 #1py 56.4
Sr 637 22p 49,300
%Te 440 M Am 2,200,000
135Cs 15.9 MAm 1,110
51Cs 2,860,000 WAm 829
3'Ba 2,700,000 M0m 109,000
24y 29.9 X5Cm 17.3
B3y 0.39
ney - 8.98

~ * Assumes 22.6 MT of spent fuel with a 10-year cooling time.

#9.2 Operational repository release due to failed spent fuel pins

Releases
Isotope _ (curies/year)*
*H 0.00008
“C 0.0000006
BKr 0.048
1251 0.0000008

*Attributable to the reference 22.6 MT/y of spent fuel.
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9.3 Operational repository release from excavated rock stored at
the surface

- Release Release rate - Total Releases -
rate* reference spent fuel  reference spent fuel
Isotope (curies/sec) (curies/sec) (curies/year)
Z°Rn 29x 10" 1.0 x 10" 0.000016
=Ry 4.0 x 10™ 13x 10 0.000021
210p, 35 x 107 1.2x 10" 2.0 x 107
212pp 4.4 x 10" 1.5 x 1077 3.0x 10°
Py 4.0 x 10 1.3 x 10" 0.000021
21oBi 4.0 x 10" 1.3 x 10°% 0.000021

* Release rate values are for 35 million tons of waste rock.

%084 Preclosure repository accident scenarios anOIV|ng radiation
releases to ‘the public

Number of identified
accident scenarios*

Qualitative ranking of accident
scenario probability and severity*

High frequeﬁcy, medium severity 2
Medium frequency, medium severity ‘16
Medium frequency, low severity | 14
Low frequency, high severity - 8
Low frequency, medium severity 36
Low frequency, low severity 27
Very low frequency, medium severity | 4 -
Very low frequency, low severity 2

* Information is extractea from Harris et al. (1985). Use of the qualitative
terms high, medium, low, and very low is per Harris et al.
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2%9.5 Releases resulting from preclosure accidents at a spent fuel

repository
Releases from spent
Releases from shaft  fuel handling accident
drop of spent fuel in receiving area
Isotope (curies) (curies)
*H 9 5.4
e 0.06 0.036
BKr 6000 3600
Sr 0.0002
0y ~ 0.0002
1251 0.009 0.0054
¥1Cs - 0.0002
Pu 0.00014

Am, Cm . . 0.000005

296 Cumulative aqueous releases from the Yucca Mountain repository
for a 1, 000, 000 year time frame

Incremental quantity
released from 22.6

Quantity release as MT of fuel from a
reported by Barnard* reference reactor
Isotope (curies/MT spent fuel) - {curies)
PTc 8.9 297
i 0.020 0.68
ZNp 0.0001 0
U 100,000 0

* Derived from Bamard 1992
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9.7 Conditional releases to the accessible environment for a human
intrusion event

Release to the environment (curies)’

Isofope at 500 y at 5,000 y at 50,000 y
e 0.0002 0.0001 4x107
%7y 2.8 2.8 28 -
D¢ 19.4 19.2 16.5
135Cs 0.70 0.70 0.69
264 0.0012 0.095 1.3
20T 0.014 0.16 1.3
Bipy 0.0002 0.002 0.016
23py 13 1.8 1.8
24y 3.7 3.7 3.3
B3y 0.02 0.02 0.02
Bey 041 0.48 0.61
B3y 0.31 031 0.31
BN 1.3 1.8 1.8
ipy 145 0 | 0
29py 425 377 106
2u0pyy 718 446 3.8
22py 2.5 2.5 2.3
% Am 2520 . 2.4 0.01
#Am 26 | 0o 0
WAm 350 23.0 0.34
#Cm 0.73 0.51 0.01

* Release assumes that a human intrusion event has occurred, and that 50% of the
inventory of waste containing 2.1 MT of the reference spent fuel is transported to the
surface.
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#%9.8 Reference assumptions for volcanic expulsion scenario

Basaltic- igneous Massive volcanic

activity expulsion
Probability of 0.00024 1x10°®
occurrence in 10,000 _
years
Probability that 3.5x10% .001
event expels the
reference spent fuel
Total probability 8.4x10°? . 1x10™M
of release
Incremental release
quantities, curies
ol 0.0002 0.0023
*Te 384 440
35Cs 1.4 15.9
3y 7.4 83.6
Bsy 10 113
*Np 3.6 40.7
g 1! 791 8,980
#opy 937 10,600
py 5.3 60.1
*Am ' 5.0 56.8
Am 48.3 548
*Cm : 1.1 12.5

* Incremental releases are those releases attributable to the presence of 22.6 MT
of the reference spent fuel in the repository. The volcanic event is assumed to
occur at 5,000 years,
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29.9 Primary emissions or activities, pathways, and impacts linked
to the nuclear fuel cycle from spent fuel disposal

Environmental

Impact
Emissions/activities pathway Impact evaluation
Preclosure air
emissions
Radionuclides Atmospheric Human health Minimal
dispersion, impacts
deposition on due to low
land surface releases
Damage to Modeling
wildlife and request to
biosystems assess
impacts
Post-closure emissions
“C Atmospheric Human health Quantified
dispersion ‘
$Te, 1 Leaching to Human health Quantified
ground water,
food chain
pathways _ ‘ _
Radionuclides from Discharge to Human health Quantified
intrusive/expulsive surface and/or air
scenarios |
Land use change Development of  Loss of biotic QuaIitétive
roads, permanent  habitat, loss of evaluation
impoundment natural resources
Socioeconomic effects  Direct effect Loss of gaming  Not yet
revenues, real evaluated
estate
devaluation
Employment Not yet
benefits evaluated
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2%9.10 Release modes and environmental pathways used in EPA
(Smith 1985) analysis of repository health effects

Release mode

Pathways included in this release mode

Releases to river
(aqueous releases)

Releases directly to land
surface (human intrusion)

Releases due to volcane

Releases directly to land

Releases to air over land

Releases to air over ocean

Drinking water

Freshwater fish ingestion

Food crops ingestion

Milk ingestion

Beef ingestion

Inhalation of resuspended material
External dose-ground contamination
External dose-air submersion

Food crops ingestion

Milk ingestion

Beef ingestion

Inhalation of resuspended material
External dose-ground contamination
External dose-air submersion

Food crops ingestion

Milk ingestion

Beef ingestion

Inhalation of resuspended material
External dose-ground contamination
External dose-air submersion

Food crops ingestion

Milk ingestion

Beef ingestion

Inhalation of dispersed and resuspended
material

External dose-ground contamination

External dose-air submersion

Ocean fish ingestion
Ocean shellfish ingestion
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290,11 Number of fatal cancers per curie released from a repository

Nuclide Releases to a Releases to land
river (aqueous  surface (human ,
mode) intrusion) Volcanic releases
“C 0.117 0117 0.117
*Te 0.0073 1.1 x 107 0.004
23] 0.161 0.0079 0.111
135Cs 0.0155 0.0012 0.0098
my 0.0392 0.0013 0.0119
By 0.0434 0.0004 0.0165
B8y 0.0370 0.0017 0.0112
VI 0.0412 0.0014 0.0113
BNp 0.159 0.0002 0.0566
Bpy 0.0994 0.0125 0.0240
20py 0.0968 0.0104 0.0230
2py 0.0958 0.0127 0.0218
#Am 0.1084 0.0021 0.051
#Am 0.1144 - 0.0049 0.068
M5Cm 0.202 0.016 0.121

Numbers are derived from Smith (1985), adjusted to BEIR V dose factors.

29 12 Number of genetic effects per curie released from a repository

Nuclide Releases to a Releases to land
river (aqueous surface (human
mode) intrusion) Volcanic releases
e 0.0606 0.0606 0.0606
#Te 0.0003 52 x 10%® 0.00002
1291 0.0004 0.00002 0.00026
3Cs 0.006 0.0047 0.0040
By .0.0033 (.0001 0.00002
By 0.0041 0.0002 0.0015
Bey 0.0031 0.0001 0.00002
2y 0.0036 0.0001 0.0001
?.3"Np- 0.0258 0.00004 0.0073
B9py 0.0161 0.0020 0.0014
240py 0.0157 0.0016 0.0014
22py 0.0154 0.0020 0.0013
HAm 0.0178 0.0003 0.0061
*Am 0.0189 0.0009 0.0010
¥Cm 0.0328 0.0027 0.0151

Numbers are derived from Smith (1985).
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#9. 13 Health effects from the Yucca Mountain repository due to
fong-term releases from the reference reactor spent fuel

Approximate delay
from repository
Fatal cancers Genetic effects closure to health
Nuclide {deaths/GW(e)-y) (effects/GW(e)-y) effects (years)
Aqueous release
*Tc 0.109 0.0052 2,000 - 100,000
| 0.0545 0.00012 20,000 - 100,000
Gaseous release
ue 0.14 0.073 200 - 20,000

2%9.14 Incremental long-term health effects from human intrusion and
volcanic scenarios at Yucca Mountain repository attributable to
22. 6MT of spent fuel from the reference reactor

Conditional Expected Conditional  Expected
latent cancer latent cancer genetic genetic
Release scenario fatalities fatalities effects effects
Human intrusion events
(probability = 3.6 x 16*
for 10,000 years) _
at 500 years , 18.3 6.6x10™ 2.80 1.0x10*
at 5,000 years 5.79 2.1x10* 0.93 3.3x10°
at 50,000 years 0.13 4.7x10% 0.024 8.6x107
Basaltic igneous events
(probability = 8.4x10”
for 10,000 years)
at 5,000 years | 44,8 3.8x107 2.55 2.1x10°

Massive volcanic expulsion
(probability = 1x10™"
for 10,000 years)

at 5,000 years 508 5.1x107 28.9 2.9x10°"
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B19.1 Location of the Yucca Mountain site.
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9.3 Surface and underground facilities at the planned Yucca

Mountain repository.
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An Integrated Approach to Assessing Air Toxics Health Risks
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HLTHWa EUORBICET 2HE&ES S, K300 E2FATVS, ZOF—
i, T[HEE (in-ground) | KEFFEEZ2RETEH2HOTHY, KL (FAM (as-ship
ped) ] P THRHE (as-fire) ] RIFEERRTHHO TRV, BHITRERVEERDN
KHEDRWREBAB DT ENTWVE LD, TOF—F13, £ OGHRVREICY
REN, WEPEEFRRIERINTWEFEERBRL THAWL,

XD TR 2RETL2HEREZERTE2D, USGSTF—F bty bz2ERFL,
FT—52X03TT, ASPRMNEEABCHEDBILEENTOARHBCEREN R
EMSORBICETAETF—FIERALE. 5K, ZITUILZHEEL,
USGShH &0 AT kTF—F2®kEL, hb—F, HBER Bitz2RE%T55—
FERBEIITLEY, ZOTNITUXLDR—RL, BIREEESLSEPR I OAHM
F—FTHY, RIS P CBTE2MENZEZ2EDDOTH D, eRFNVIU I L
B, RBELAT—FEy ORMPOBRELET—FAHEAL, I5ic—E, #H
Kl BEEZRETLSTF—FRELINBELDICLE,

REFE D FIFEDODVTE, REEEAERT -IR—XE2HWE, ZhbD0HARK
MEL, USGSTF—RN—ZA0RBEALCHMBORBTH 24, T (as-
shipped) | BREZIL TF]FE (as-received) | RR—ZXDHBTHB. MEYE B,
EREERICI>TESIFTZ2TN, TNERFTEIHFLVBETF—IR—IAEER
L7z,

R B 0 BE 12 B S 5 H B BE 4R

EPR I O{LEHEIFHITHE T 5 EMAFE (Field Chemical Emissions Mesurement:
FCEM)7n2z7rid, PISCESYulaz/b0o—8BTHD, BRESS5> M
SOBRBHEOHLEBECHTIEREZNETHLDICEEEINEZ, 0Ty b
Tid, BREEZRERTBHBVLSONDOTA YA b2ERL, K@WAAY LTI 5
2frolz. BBBEDT I b1 7, BREERKOHE2RBLEETFRRES
SrRMouA MR, BRFECBWT, ZOVATOTS D FERHEN LD LRER
BOLRIRUEEZRELE. HonTF—05, BEAEERTIZ Yy K&
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MEME QYRR ICHT 2 HMEERERD I,
- BERANRELZ v b |
~¥WFIREE: As, Be, Cd, Cr, Pb, Mn, Ni

CHHBEHERIRERAEL TR L,
Ei=a: [(BR:/KS)XPM] >

i1z,

E, =MEYWE" " OUHE (1b/10 2Btu)

Ak: =ARFTOMEME I OBE (ppn)

K4 =GR QRS (8K

PM =iEWUCAOHEHKES(DL/102Blu)

ai,bi =P ISCESHEAKXEF—FILEI<HMETH I"OHERHER

(R

-
—

- EIRERMEME : Heg, HC 1, HF

G EEIBRERTOREDEON - T — P2 REITHEELE. ZOHMKREK
WRE, RESERHICEKEL TEDS.

- EWHE RO FY, PLIY, RIVATNFER, PAHs (fl, X/ (a)
—EL2), Y1 FFOH/ 758 W, 2,3, 1,8-F 5 00-p-F A FF
PUEHRPER, BWCAHLECPREMERHFEOI I TLOHEER D,
BHxOBERHBEICDONTREILL ZHHAE (1b/1012Blu) &, B BRI &
fBICEKEL R,

- FMBROHAKNEELI= v b
FHMEUOHAKNBEEIZy FCBETA2T -5, ATk, KERH
WRITARD > E. ZO0Ok®), ZORETEZAAX NTOMNENEICET S H
HEAK (b/10 Bt F TR THRELZ. REMERIFORWAMKAI =Y b,
BEMNRRFEOS I>ABMAXALIZy b, ROHTRAXKAIZy b OFFHRFERI,
METHEE L.
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EHEEEOLE 320300 - Mo TF—F &5l EHLENS, @
A1y " EORBMEOYNLERE, UTOSEBOFEETHET 5.

1. ¥k FIFZ2HNWT, 200EKBTZE4OIZy FOBBREZALSHITT

Do
BERRT -7, BREAOEE, V-X, B4O0RBEOFERHEER, FLLE, R

EREEMN, TV CAKKEOTFAZEE,

2. EPRIDARMBERAEKICETE, ARXTZIZy b, BREEEZRD T3,
GEREEELUTEELR LR, REABRPONEBDEEHBE, FTHREBTH S,
EPRI® MN&ke(as~-fired))] kT —FX—ADAKFKEZ, ¥Rk FVFTazy
FCHRETAIAROT 7 RUER (#, Powder RiverZH OVWyoningliEFK) K&

S, BAOARXALZy hORWCAHHEREET S,

3. 2AKRKANAIZYy FEHETZEVWCABHEZHEET 5.

UDIDRWLARE, R—RAFr—AYFUARVEREET I RXN—-ZADRERH

& (pudblic filings)icHETE, HLxDOERANIZ Y PORWCAHHREHET 2,

4. ERAXAIZy FCHETAHREVEOBEHNEZHEET S,
HEEWEDLMEROTRAICESE, fiRoHEEBRZHNWT, Bx0aRXXIIZ

v MCHEOHHEBEORGZE DA TS, FH1ILSORKROBRBIRAEFHER, F

JE2ms0BkEEE, BXUFEIAS0EWCAHEEL S DIZ, EURHERZ

AWT, anazy FeETO2REVEAFHEZHET 5.
5. AEMKOAAKRKALI=Zy FCHETOHMENEOREBREHREET 5.
BHMEEHAXAIZy MICEL TR, TXRTOMEDHEIZDNT, BEHHAB(BA

BANCHTI2HHDEOER)ZAWE. FH1IMPSONROBEHREFARFRE &

HICHHGEHRAEWTEZO Iy M TAMEBDEREYEZ23ET 5,
ZOFEHEIE, PICES FCEM/RP /7 bTHREEZF-EIZv FbHED,

—r

A

— I R—ARVPRELFUFRBIFBZITRTOIZy PCERA L. BoNERE,
2I0EITBIT S, R—AF—AvFUF BT —EOE~xOIZ Yy FCHEBYEH
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HEOHEEBIVCRES TV A BI2ARLMEDEREBEOHEHEZE .

LBy RSN

RETN—LERETINVE, FEMSORHBELETY— (BREB)ANDBBER S
ERBUODTBDDTH D, Venkatram & Seigneurid, KEPILFYWHOELEH L I 2
V=2a 3500 BLAEREETINVE, BREVAZT7EAANORMM S BHRA
Lz W, A2V —-Z2FVLRNVOBEROREDIZ, EPARRBELRISC
(Industrial Source Complex) EF I ZHBZL TWES, 1 SCE, TN—LFTOBEE
DORBABEIMEAVAZATHRT D IEEZR/REL TS, ZOEFNICIE2DOD
N—Va?ﬁ&@,%h%ﬂ%ﬁﬁﬁ@ﬁ%?ilvuya?RUE%?EJV—y
asN—Var, 1SCLT 2BRKAELEE, BMEVEEOEEANHTZH N TEE
HBREFMEZEETDDHOTHD, VAV TFTEAAC TR, ETEHBBICL 218
MHNHYETEREZHTHOT, RFEDISCLT 2EFINEHERBLE,

BOAIBICHEREICDWTIE, [SCLT 2RREEFEES (I TR, BEEm),
REREE, FTARE, $HTABREEEZLELT S, TNEOF—Fn5, BFH,
#H, AT I ARFEALT, APERERIEHETETZ. Chb60F—%iE, T
FIVF—1{E® B (Energy Information Administration) ® 73 > FEEBERABEICES
SUDIF—#R—XDFEHRD 5H /.,

WHRRBRT— i, BREESE (STability ARay: STAR)F—¥2EHATNVWS, &
NBAKEREEBRZCLORMBLUCAROEESBETHY, XEEHT—EX
(National Weather Service: NWS)DQHERICHB T2 BB EHEREKT -4 % Kk
LTWws. ERETI M, BHBEETINWS TOIBEDSTARF—4 %
HOMTE, COF-FRETLORET 5> MEFRAERET2 ERBES ALY
BRBHS W, WALOHE), Z<OHRITONT, EAEILEMOKET —oH
RENBVEADVHBLH, IILEKKT—FRODVTRE, TRTOTF> D
WTISCLT 2057+ MERA WA, |

FEFMOBEEE TR, REFMANS50knE T, 1knfElE, 22. 5EOAE TH
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ELE, CORFRIE, 750 HHIIESSBRBETRBEINDWRERED
HHIEROKXFAEAIN-—L TS, [HHEHE] XU THEMSE) EHEORBE,
REFLRFBEBNOAODEEZEICHEL 2, HEBELCPERY LR EXRVUBED O EE,
BENTDTRWEZD, BFICIREBEL TRV, £k, XKEPToHELTLIES
S5RWERELE.

BEROREFERMSOTN—LBERZVEIBHEICE, ABICL28Te2T> THEE
HELE. BHDEETLHIREFOFEGNKRELS, BREMBERCHT HMOFEERD
L, MWl ihbhol,. COBMICETE, HEMBIIBVTERIIRES
NTVWABRANBEORMNIT, BRDEBORETI AL OHHIKEDSREELLT
REZENTEBEFERELE. EAVRTZERMBLOERVRAZZHETSES
2, FHEBORE#ZEIT20T, 2TO7S 507N —LABNERSIEHEED
&, WAL, |

ERUAEA T EF—FBLIVEFNEHZAVT, 2TOT75 2 MZD0NT,
ISCLT 2R&3¥3alb—>areffok,. Bx0T75 MOV TRDE
ISCLT 20797y bhid, 752050 HICEDL, B4 OHEBHEFRIC
BII2EERE, #E<EVLHREEBIUVRRRETH® S,

1 8 T 1A

BB, HAETORBHACBIIAZTMENERERSL SNESAK,
MEHBORENEE: REYEONER: OBERIEF>50THS. ZORE
FEZAAY T, ENRE (internal dose;RETDEAEZN LU TERINEHYE
B) i A < B (external exposure;BAZEML TW A ARBERTOYER) IS
LWeRET 5. B%, FREEMIMBRNFERICRZD, ENREO L VA
ABEE<REDHEVOT, CORERUETEHHDTSH 5,

B A KEE Maxinally Exposed Individuval:ME 1)
AEHMEDEO—KRBEBEBREITERZNALTOBRATHD, ZITORENTEXR




AZFTHE, ThERHETE. N—ATX—AOBREFAMTIE, EPADEMKAIR
ETHHBARKERE ME I)ZRANVWE, THIMREENII,/ B, HKET0kg, Fin
MIEEL, REBENBERX @TROEBEFNICL> TRE) OHATHRI TR
WBIZEERELTWS, |

il A8 IE#5E (Reasonably Exposed Individual:RE I)

BABRKEER, »AVHETE, OLAKEENTHD, RELLEREEETSH
B, CORBTERAAY DT, EENAEP ADFEREET, =5 CAMmuLEE
R TIE G ER (BRTAST RS — P BATOBRBMAS — > DL SR EEAS
A—HEMBANL, ZOEABERE (RE )2, BAEERETA DS xR
RREL, RENAGEHSLCRBERESS — > 2HOBAE L TEET 5. BAME
ERBROFETIE, BAGEEOENI, TRTRETS> MEBTRDNBEL
EEBAY - BB,

CBATEITEE, BARERTEENUT LD, HFRUTSEKGHE
HACHT B REREERT 5, OB, FLEDH, BE EHOLSn
A 73 & o kAT B

CRETS L MES COREMEIE, ARSTOHBMALAD TS TEEICED
NTnB, ZOERIE, HOESEECESNTERLE. |
CERRE, MEMEOBRRERDHLDOT, AKNEBO L LB EGER
ICEET B,

EAGEREORER, BxoBEILOWT, BABERER:EARKBEERE
DEERMTS BERAF—V 277705 —] REETHORMAVE, BARKE
BRCBEA,— ULV Ty - RN, BABERACEETBRAOEA
BERERARD 5NB,

S E R EE (Average Population Exposure)
EHERBRERIE, BEXBREOREE, RETI7 M MIERTA AL - EADITEY
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BEEEZEEDFIEEOTH S, 1990F0OKEADTRE Census) DF—FZ2H4 DR
BE7S5bEFLETHBEEKTFREICE LEZ, IN50OBFRER, HHETI
THOWERFLEEIIHDL, RABBEVRNIVICRBRESINTVDI ARTETSER
25250 THB, 2IhbH, ANO-EBEHTITFHRENRBELOIND., COFEHEE
ERRBEREEEVTDTSE, BL40XETS MALOEROE(HNEAICHET
BNAVATRABRBERATENDS,

HE/ G

XEEPARBVYUAITEAA MOEENFRERICHTSFEFEZRHEL TS, F
TANEOF—=RTR LT, LEBRBRIVAIAELSND LD, @Y%, BELREE
EHoTW3, BAEVYAIERI AT L (Integrated Risk Information Systems:
IRISIE, H¥EPHICBBSNER-R, LEULSBTN0H2 NOREFEITHLT,
EPAOABELAERZNARZ2EDT —IN—RATHS. COIRISDIEFERI,
EPADPBELEURITEAA NOEDOERERY —ATH 5.

REEZEH

FEEAEME X, BY, £EREU A8 M#E (incremental lifetime cancer risk)
CTRY. Au—7 7y ¥ —(slope factor)id, (mg/kg-day)"OEBEffTER=N, 1H
T, RE kgD, HEMEEZFH IngRBLUEBETIIERISNDEERE
A7 ELTEHEIND, BARAD—THER, 8%, BERBRIELFEZN T84
@UXD%ME%WBMTméo%Eluﬂﬁ@é%%ﬁmﬁiéakﬁﬁtﬁﬁé
EERBUAVREETAEAICE, 22y MR Iy 2y -BEHEIND, 2O
Ay hURAZ Ty 75—, #3LHESNDEERSAZVE, FETIKeDFEHE
BAN, 1ABEDUNOZEERRT B ERELLAT—T 77 25 —05, BE
HiEd. CITORETEAASMNTHE, REMIASHHIELIMEVEORERY
A2, tEERE, IRISTFIRN—ARLLBAO-T 7775 —2EHET
Do
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EREOREREHER, EPRIOHEOHAERBETHS., tHIZETLHIHED
IRISF—FIR-—ZADAA—T 7775 —3KED2DOHEBERICHBITBHEIC
EOWTW3, Bif, BHFORE ARETF-FAPfTahz?. E¥EMNEPAOF
BEBLIUVFOBRFOEET—FZ2RAWVWS L, SEPRIOCHETIE, EEDOURI T
FO -, BEOIRISKKLAHED1 /30l ER». TOBREWTERA A

FTHE, R—ATr—XFVFRBWTE, tHDLIZY b l)jﬁ?yﬁﬁ-—&b“(‘,

IRISD4IXICORODDIZHEPRIMNFELALXINEZHAWS, 20
PFUFTr—ATE, #h95L21, IRISOA-ZY M MIRIZ 77 —2AN
THHES 5.

FREEYE

ERBERBEOLEAICE, TNUTTHRWARIHBEDLRVWHRENSS, ££5<0D
BAEBZILAONTWS, HEHEEOPHEICET B HEIEA L NIl (no-observed-adverse-
effect-leve:NOAEL)IX, ABIUVBYEBHAANISRDON, THERKEEE
REEBLELZEBRTRLUTEAZEEFR (reference dose:R D)2 dH T, ERE
b, ABEERERELEBAORELVANNERRZLTYS, ARICL TRALEEE
(inhalationreference condentration:R f C)%, HA—WA—F—OREEEEE
Bl ME2RER) 28aAN, LEBRBUCHETILRE VAN EZE5EXS{CEMHERE
EEEENTNVD,

Bz 0oPEIcET 5E HFMhHEK (hazardous quotient)id, AEHBEREZEET S
RfDitﬂRfo%bt%@&bTE%?éaﬁﬁ@%ﬁﬁﬁﬁtﬁ&?%%ﬁ
2, AERERENAMTE, HHEEERE (hazardous index) ZAVWTERT . BF
EERLZ2BABRTRE, WIARZBEDIRVTHASERAEND., GEEEEMN
1B EOBACR, FRBEYEOBNNSSZEERT.

JRA7EE & REELEEN
BAFEES XOEREBEY ALY
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EHETIINLEONLBE, BLAUREZEICHTLIHEHEHAWT, @« 0HE
A2y FZDOVWTHEADYEOERBIVHEEBMARBREIV A EMBBILIVESE
EEREHELE, RERUAZE, BEAHAOBRNTHY, 1D20HKEIZy b
DNTHE, 1D0BRABABBREIAIVBLIPIDOEERAEBEREIURAITH
Z(COMmME, HRETHIILEVEARNBIVOEINFECETIBART—FHN
BWEEGOF 7+ NV FOREELTRAWS), FEREERICIODWTHAELIIMEL,
120y PZDOWT1IDORAEEkEEZRD -,

ERURY
ERICHTEIMARBY RV ORANRER, »2EANTOESE D HBE R
BOBBETHZ. EHVACHETSZ ZORER, MxO0RETS > L Os50knBEN
CEETABAOREY A/ HMBORBMICELL, ThZEX ANES O BEHR
OHEDERECEARBEINZLR/RELTVNS, ZOBRBICHET3EANIRE,
BEMENIVE (EEERBIVECHE) THIILE2TATVELD, EXOREL
=y MZETBERBEROHGMEI, TVETHRLT, BER—IXDEHALDOBER
BEROMEEERD I,

FUF G
REEFNOREBLVERLAEZREFTONRBEHRAFHAOU A7 OEKREZHES
DRTEED, RESFUTEFTML =,
- ERKZDOWTHE, EPRIOEHLEZMTEARL, TRISOAO—-T7T777
F—EHWD,
cBKAFEELZy ML, EPAOEAMBARAT FICE T SSubpart Da New Source
Performance StandardiCHiN95HDEREL, D
S RBEHRH TV FICET AN P RHT)BRTBR L > R(GT)
YFrUFERHWS,
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REBFICE->T, BEEVAI/BIUAEREECHISIEENIA-FIIEX
NEFAHEREERF L, BAONSA—FOREEEO@EEHE SMITL, /8T A
—FIHTERERE) A/ BLUEEHEROBEZTML T, RERURIBEIV
HEREEEECET ST — VA ENE FREEREHEELE, ELLTEELEN
FSA—FIL, FHICHETZ D THS. BENTA—FBLRIZy hRO—TF7
PO —DEIBRMONRTA—FIE, (LBD)IRI SEHPIFYAHHTERL
oo BIEMANTIZ, UFONTIA—YOREEEREE- .
CEMANRETIC N (BoOIBEOBENERME) . BRTOMBY LB,
GRPOEERBEELMBYEICHEHTZHENIA—F, BERENEORIEN
RaMicB I 2RER, EHYEOHFHEE, BLUEWUCAKHE.
CBMAARES T (BENAERMHOBLUARL). TXRTOKRBHHEICH
T 5 PRI
CHAKAKERT T b TRTORBHEICET 2 HEHBEK.
BBENTA—IBP+RRF—FEETVWTVB EEIRE, HELEBY EFBLO
THEBERMZ, REEEGEELTHAVW:., BEYIERE-RBLAGTHAAKD
WTIE, FHEROBEBRRERBS RNk, BRENERBORVWAERKAS
DHEAERALTHDEEEL B, BENERHE2RELAGHMAN OO P HH
BORBERL, RENERBORVEMKHOBEROZNERAL TS S. Tibb,
53% M5 118% THB. ).
BHAADEWCABHBIZIOWTHBRERKETDAM /. HAKAIKDWVT
i3, FRELHEEIZESNT, BHT A ENTEAN k. TRABRDVTH, &
EiEz, £+ —10%EKEL(Thbb, HOMLFOHHRED 2HZOK
BOBTHS., )o TNEOBIRATA—F OERARBMOKFNEED 5EESNZN
DT, D+, ~10%DEIZEET YR DIER, NTA—FOEHNOEEERT
ROThh, ZERODIVAIOEH~OEEZRTHOTIEAN,
REMENSE, EOLAEEENEDIAIEELEETINNDMAZDT, £0OKF
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REZBERTEIEDIT, EONTA—FTOMANEIORLEMNIHLENITRS, L
AL, TOREBFTIX, 1D22BAZNRIA-IHNOESLEEFREEKIIHT IR
JOBREESA2bOTRAVWWH, YA VASEHAENRT A—F EFETDWERY
A MMBRYERE. ).

EE®
ERTRTOKARELI= Y b UMM A SHEHEINIHMENHICETCYR T %
TET DD ORENRMEAEZREFELZ. CAAADS O RBICNALAEED, 2010
FLBARBFORBRRICESE, HHBBLUI AL 2RELE, ZORER,
EPADREFTHENEBLIVEPRIAIN—AORREORMKEZHNE LRI
WMEYBEITHIT AHBAHE (Blectric Utility Trace Substances Synthesis Report)
ELTEDEEDE, PISCEST7OY 7 FCBIWBEPR I ORI ETE,
BEEORBYBICOVWTHES L CHHET >k, B0y b OB KR
BIUOTT Y PEHR, BEFEOR—Ar—AyFUFBLO 200/ EFUA
KETSEFMLE. EPRIOFCEMY LT LY TOFSATRHELEF -5 %
AWt A—%1{t, ThbbHREERDLE, Cho2ARBFT—FR—-2EED
CAWTH~sDREELI-y FCETAHEEZRD -, M4 DREFHFOHknBEN OR
HBEEGD, KSEHWMEETVICEDORD, REFALORKBABREES X UHBIE
BAARZEBEEZEPAOERBNFEEZAVWTHELEZ., Zho0RBEREE-REY
DAZw MR T 70 —ROVICEEBELNS, BHLO0RELZy MCET2H
FRABLIVHEHEBARSEERE Y A7EMER, ZoViCERENRETENE FEH
BE)ZFELE. RETSC MR HEEh2BBYEORARBICE S EFBAR
BEROHFEDEL, COFEZAWVWTHELE., VAJHECRBEIREFREB &
DARBERBRNTA-FOHEERZ, > FTUAHBIUORESTICE > TREALE.

HEHEW, FREOFEOBERBICXEEB > /=Decision Focus Incorporated®
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