
I 
[ 

i 
I 
I 
I 
T 
J 
I 
I 

I 
[ 

[ 
[ 
[ 
C 

UCRLl51»« •* 

"V 
^ 7 ^ t ^ - v j ^ 

-—a 

ENT FUELi 
<€sx f / ^ R 

/ 

in 

v'^-lli'.' ---4' s 

LAWRENCBIVER^^ 
ilc \ y v . 

// NL*'H 1;~i 

/ / ' 

?^%s^;' 
-Fi;E£-CL^UOi r ,-. :l-

FUELGLADDIHS— 

SJ 
iiV 

ii 

KiflMAHMfl 
/•.«=*> j ; 

S ^ ! 
0 ' - - V E R T ! S ? L A T I 

— NOSE PIECE 

Ifttmimoii OF TW ncutti l i l l l 

s/c*9/0/9i>3 
TERA ADVANCED SERVICES CORPORATION 



UCRL1518G 

SPENT FUEL DATA BASE: 
COMMERCIAL 

LIGHT WATER REACTORS 

Submitted 1o: 

Lawrence Livermore Laboratory 
P.O.Box808,LI56 
Livermore, California 94500 

Attention: Dr. Henry Cheung 

Michael J. Hauf 
B. George Kniazewycz 

1 TERA ADVANCED SERVICES CORPORATION 

2150 Shatluck Avenue 
Berkeley, Cafomla 94704 
415-845-5200 

Ttw b«* « W » f i ** « M W « * * t V W M by m u r n ol *» IMHd Stm GOOTWW. 

»**WfN. * utfL«m Bi •<* krtrwb., m u m w,'va (* m » ( W M . or 
» " » * * f" « « * ra M * * p^Mf pnri n^u. fcVrar***ien»c*M.: 
w»wt« watai, proa*, w m** I* I * * m , ndnirt, mmbcarT, at H m i i , dm 
w mowByi «y>P>«vtt or i-*>3Jy in rtrowit, nonniwWian, « fMxi^ ty tta U«M 
%mm ftwnmtm or * * «pncy thwo I. Ito <*« ytf «*drt rf urtVi ficrtMd bniidomi 
ffKMwIlvllJtIOftlllKithHialWUMWiMwCWOTnWigKiYipiCYllMtWt. 

December 1979 
Berkeley. CaWbmta 
Delias, Tews 
Btrhtida Maryland 
WotNngton, D.G 
HfwYcxttNewYod. 
Del Mar, Cadfornta 
Baton Rouge, Louftiona 

Revision 2 

SfSTmSUTIfJN OF THIS DOCUMEHt IS 



TABLE OF CONTENTS 

Section Poge 

EXECUTIVE SUMMARY I 

1.0 INTRODUCTION , 1-1 

2.0 SPENT FUEL PHYSICAL CHARACTERISTICS 2-1 

2.1 General Fuel Descriptions and Data 2-1 
2.2 General Electric (BWR) Fuel 2-14 
2.3 Westinghouse (PWR) Fuel 2-21 
2.4 Combustion Engineering (PWR) Fuel 2-21 
2.5 Babcock & Wilcox (PWR) Fuel 2-21 

3.0 COMPOSITION OF SPENT FUEL AND FUEL BUNDLES 
IN THE SPENT FUEL STORAGE POOL 3-1 

3.1 Composition of Spent Fuel 3-1 
3.2 Composition of the Material Deposited 

Externally to the Spent Fuel 3-1 
3.3 Fuel Bundle Materials 3-1 

4.0 SPENT FUEL TRANSPORTATION/SHIPPING CASKS 4-1 

4.1 Transportation Practices 4-1 
4.2 Description of Casks 4-6 

5.0 ACCIDENT CONSIDERATIONS/POTENTIAL 
RADIOACTIVITY RELEASES 5-1 

5.1 General Safety and Accident Considerations 5-1 
5.2 Accidents and Natural Phenomena Events 5-9 
5.3 Considerations and Assumptions Used for 

Off-site Transportation Accident Analysis 5-15 

6.0 REFERENCES 6-1 

APPENDIX A 

ORIGEN Calculations: 
Power 35.00 MW/MTU 
Bornup 12,000 M WD/MTU A- l 

APPENDIX B 

ORIGEN Calculations: 
Power 35.00 MW/MTU 
Bumup 20,000 MWD/MTU ' . . . B-l 



TABUE OF CONTENTS 

(CONTINUED) 

Section Pace 

APPENDIX C 

ORIGEN Calculations: 
Power 35.00 MW/MTU 
Burnup 25,000 MWD/MTU C-l 

APPENDIX D 

ORIGEN Calculations: 
Power 35.00 MW/MTU 
Burnup 33,000 MWD/MTU D-l 

APPENDIX E 

Reactor Spent Fuel Pool and Fuel Handling Design/Materials . . . . E-1 

APPENDIX F 

Safety Guide 25: Assumptions Used for Evaluating the 
Potential Radiological Consequences of a Fuel Handling 
Accident in the Fuel Handling and Storage Facility for 
Boiling and Pressurized Water Reactors F-l 

APPENDIX G 

I0CFR2O - Standards for Protection Against Radiation 
and I0CFR7I - Packaging of Radioactive Material for 
Transport and Transportation of Radioactive Material 
Under Certain Conditions G-l 

1 
TERA CORPORATION 



LIST OF TABLES 

Table Page 

2-1 Cumulative MTU Discharged 2 4 

2-2 Maximum Fuel Burnups on Stored Commercial F u e l . . . . . . . . . . 2-6 

2-3 Fuel Bundle Materials 2-11 

2-4 General Electric Fuel Assembly Designs 2-16 

2-5 Fuel Parameters - General Electric BWR6 (8 x 8) 2 -1 ; 

2-6 Westinghouse Electric Fuel Assembly Designs 2-22 

2-7 Fuel Parameters - Westinghouse 17 x 17 Fuel Assembly 2-23 

2-8 Combustion Engineering Fuel Assembly Designs 2-25 

2-9 Fuel Parameters Combustion Engineering System 

80 Assembly (16 x 16) 2-26 

2-10 Babcock & Wilcox Fuel Assembly Designs 2-31 

2-11 Fuel Parameters - Babcock & Wilcox Mark C Assembly 

(17x17) 2-32 

3-1 Fuel Bundle Materials 3-2 

4-1 Summary Table - Spent Fuel Casks 4-8 

4-2 TN-Spent Fuel Cask - Detailed Characteristics 4-11 

4-3 TN-8DataSheet 4-12 

4-4 TN-9DataSheet 4-15 

4-5 M l 10/24: Rail Cask System for the Transportation 
of Irradiated Fuel Elements - Description 4-20 

5-1 Radioactivity Present in Spent Fuels 
(Megacuries per Metric Ton of Uranium) 5-3 

5-2 Calculated Source Terms for Low Probability 
Missile Accident Analysis Away-From-Reoctor Storage Pool 5-11 



UST OF TABLES 

(CONTINUED) 

Table Page 

5-3 Calculated Site Boundary Dose Rates for Low Probability 
Missile Accident at Away-From-Reactor Storage Pool 5-12 

5-4 Accident Probabilities for Truck or Rail Travel 
Per Vehicle Mile for the Accident Severity Categories 
(From WASH-1238) 5-17 

5-5 Probability of "N" or More Persons Receiving a Dose to the Skin 
of "D" Millirem or More From the Release of 1,100 Curies of 
Krypton-85 in an Accident (From WASH-1238) 5-18 

5-6 Probability of "N" or More Persons Receiving a Dose to the 
Thyroid of "D" Millirem or More From the Release of 0.01 Curies 
of lodine-131 in an Accident (From WASH-1238) 5-19 

5-7 Probability of "N" or More Persons Receiving a Dose to the Lungs 
of "D" Millirem or More from 1.3 Curies of Gross Fisssion 
Products Which Became Airborne as a Result of an Accident 
(From WASH-1238) 5-20 

5-8 Probability of "N" or More Persons Receiving a Dose to the Whole Body 
of "D" Millirem or More Over a Period of One Year Following the 
Release in an Accident of 130 Curies of Gross Fission Products 
Which Deposit On the Ground (80% of the Dose is to the Skin) 
(From WASH-1238) 5-21 

TERA CORPORATION 



LIST OF FIGURES 

Figure Poae 

2-1 Accumulation of LWR Fuel Assemblies 

Source: Reference I 2-2 

' 2-2 Cumulative MTU Discharged - Reference I 2-3 

2-3 Cutaway of Typical Oxide Fuel Rod 

for Commercial LWR Power Plant 2-8 

.2-4 Typical BWR Fuel Assembly 2-9 

2-5 Typical PWR Fuel Assembly 2-10 

2-6 Spent Fuel Heat Generation Rate 2-15 

2-7 BWR-6 (8 x 8) Fuel Assembly - Isometric 
General Electric Company 2-18 

2-8 BWR-6 (8x8) Fuel Assembly 
General Electric Company 2-19 

2-9 BWR-6 Typical Core Cell 

General Electric Company 2-20 

2-10 Fuel Assembly Outline 17 x 17-Westinghouse 2-24 

2-11 System 80 Fuel Rod Combustion Engineering 2-27 
2-12 System 80 Fuel Assembly Combustion Engineering 2-28 

2-13 System 80 Fuel Spacer Grip Combustion Engineering 2-29 

2-14 System 80 Fuel Assembly Hold Down 
Combustion Engineering 2-30 

2-15 Mark C Fuel Assembly - Babcock & Wilcox 2-33 

2-16 Mark C Pressurized Fuel Rod Assembly - Babcock & Wilcox 2-34 

2-17 Fuel Rod Schematic - Westing-house 2-35 

4-1 Schematic of NFS-4 Spent Fuel Shipping Cask 4-9 

4-2 TN-8Packaging 4-13 



LIST OF FIGURES 

(CONTINUED) 

Figure Page 

4-3 Trans Nuclear, Inc. Model TN-8 Packaging Cross-Section 4-14 

4-4 TN-9Packaging 4-16 

4-5 TN-9 Packaging Cross-Section 4-17 

4-6 NLI 10/24 Rail Cask for Spent Fuel Shipping 4-21 

4-7 NLI 10/24 Rail Cask Cross-Section 4-22 

4-8 IF 300 Spent Fuel Shipping Cask 

Shown in Normal Rail Transport Configuration 4-24 

4-9 IF 300 Nine-Axle Truck Shipment 4-25 

4-10 IF 300 BWR-Cask 4-26 

4-11 IF300PWR-Cask 4-27 



EXECUTIVE SUMMARY 

As a conssquence of this country's non-proliferation policy, the reprocessing of 

spent nuclear fuel has been delayed indefinitely. This has resulted in spent light 

water reactor (LWR) fuel being considered as a potential waste form for 

disposal. Since the Nuclear Regulatory Commission (NRC) is currently 

developing methodologies for use in the regulation of the management and 

disposal of high-level and transuranic wastes, a comprehensive data base 

describing LWR fuel technology must be compiled. This documerit provides that 

technology baseline ond, os such, will support the development of those 

evaluation standards and criteria applicable to spent nuclear fuel. 

The most likely scenario for the spent fuel waste management program includes 

the following: 

t Fuel is discharged from the reactor and is retained at the 
site in a spent fuel pool for a short period of time (less 
than one year). This allows for decay of the short lived 
radioactive fission products. 

t The "cooled" fuel is then shipped to an off-site interim 
storage facility where i t is repackaged as necessary to 
meet the criteria of the final disposal site. This interim 
facility also uses pools for spent fuel storage but in this 
case, for periods of up to twenty years. 

• Following interim storage, the repackaged fuel is trans­
ported to a federal repository where it is stored in 
preparation for retrievable underground disposal in deep 
geologic formations. 

In order to adequately develop licensing methodologies for each of these waste 

management program steps, four categories of information must be included in 

the spent fuel data base. These are: 

• Physical characteristics of the spent fuel 

• Composition of the spent fuel and fuel bundles in the 
spent fuel pool 



• Spent fuel transportation and shipping cask descriptions 

• Accident considerations and potential radioactive releases 

Sections 2.0 through 5.0 of this report contain the specific data for each of the 
above categories. Because of the nature of a data base, this executive summary 

• provides a guide to the types of information to be found in each section rather 
than a condensed listing of the information itself. 

Physical Characteristics 

Section 2.0 of the report describes the physical, chemical, thermal, and 
radiological characteristics of spent nuclear fuel resulting from the operation;; of 
reactors manufactured by General Electric (BWR), Westinghouse (PWR), 
Combustion Engineering (PWR), and Babcock and Wilcox (PWR). Also included 
are projections of the future quantities of fuel to be discharged expressed in both 
number of assemblies and metric tons of uranium. 

Composition 

Section 3.0 consists primarily of the inventories of fission products contained in 
the fuel as a function of time after discharge from the reactor. Description of 
the activation products deposited on the fuel assemblies and the fuel bundle 
materials are also provided. <-< 

Transportation 

In Section 4.0, transportation practices are discussed and regulatory require­
ments applicable to the shipping of spent nuclear fuel are summarized. 
Following this is a detailed description of each of the spent fuel shiping casks in 
use in the United States. Both truck and rail casks are included. 

Accident Considerations 

Section 5.0 is concerned with a description of typical postulated accidents for 
LWR fuel during storage or transportation including the potential radiooctive 

1 
TERA CORPORATION 



released associated with such accidents. The initial section covers the charac­

teristics of the most biologically significant radionuclides present as a function 

of time after discharge from the reactor. Alternate sources of radioactivity 

(such as the pool water purification system) and possible release mechanisms are 

also discussed. The final sections analyze the probabilities and consequences of 

specific fuel pool and transportation accidents. 

TERA CORPORATION 



I 
i !,0 INTRODUCTION 

[ I The purpose of this document is to establish a detailed and comprehensive base 
of physical, chemical, thermal and rodiological data which will serve to describe 

i | the specific characteristics of spent nuclear reactor fuel, the typical plant fuel 
storage environment, the mechanisms of fuel handling and transportation, and 

| j postulated modes of accidental fuel failure. These date k,ve been accumulated 
' to provide a common basis from which to perform evaluations and analyses in 
, support of the Nuclear Regulatory Commission's waste management program 

which is under the control and auspices of the Lawrence Livermore Laboratory 
(LLL). 

)! 

The Nuclear Regulatory Commission is currently developing standards and licensing 
l ( review methodologies with which it can effectively and efficiently regulate 

the management and disposal of high-level and transuranic wastes (HLTW). 
j , A major aspect of the HLTW program is the development of an information 

base and standards in the areas of: 

!i 
; - • Waste form performance c r i t e r i a 

j !• » HLTW repository site suitability criteria 
! [ 

• HLTW repository design/performance criteria 

j \ • HLTW management radiological performance objectives 

The spent fuel waste management program encompasses the handling of spent 
LWR fuel in the following scenario. The spent fuel is stored at the reactor for 
short periods of time before it is transported to an off-site interim storage pool 
(either privately or federally owned). At this interim facility, the spent fuel will 
be repackaged as necessary to meet the criteria of the federal repository to 
which it will be sent next. It is understood that total interim storage could be 
for periods approaching 20 years. Upon the completion of storage and 
repackaging, either by the removal of the fuel material and separation of 
cladding hull from the spent reactor fuel or by any other potential packaging 

1.1 TERACORPORATION 
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technique, the repackaged spent fuel will then be transported to a federal 

repository where it will be stored in preparation for underground retrievable 

disposal in a deep geologic formation. 

The purpose of the LLL program is to develop potential criteria for evaluating 

the regulatory decisions necessary to allow the implementation of this or a 

similar spent fuel waste management program. 

In order to achieve the regulatory program for the waste management activities 

dealing with spent LWR fuel, criteria and methods which encompass the 

technology presently utilized in the nuclear industry must be developed. The 

spent fuel data base document has been prepared to provide this technology 

baseline. 

1-2 
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I 
i 
i l 10 SPENT FUEL PHYSICAL CHARACTERISTICS 
it 

f ( The following material is provided to define the physical, chemical, thermal and 

radiological characteristics of the spent nuclear fuel resulting from operation of 

• | reactors designed by the following reactor manufacturers: 

j ; • General Electric Company (BWR) 

• Westinghouse (PWR) 

i' j • Combustion Engineering (PWR) 

• Babcock & Wilcox Company (PWR) 

Emphasis has been placed on BWR and PWR fuel types, since only one HTGR 

j j facility is in operation in the United States and since General Atomic Company 

has ceased manufacturing operations. Further, due to their more exotic charac-

j teristics and very limited numbers, research and experimental reactor fuels and 
v Pu-recycle elements have not been included in the data base at this time. This 

information will be provided if it is deemed necessary. The bulk of the data 

presented will be in a tabular or graphical form. 

!i 
l ! 2.1 GENERAL FUEL DESCRIPTIONS AND DATA 

! ! This section summarizes data applicable to all spent fuel types and provides 

typical fuel configurations and data. 

fi 
2.1.i ENERGY CAPACITY AND SPENT FUEL DISCHARGED 

| | 
The inventory of nuclear fuel discharged to spent fuel pools is summarized (and 

' : projected) in Figures 2-1 and 2-2, and Table 2-1. 

Figure 2-1 shows the cumulative discharge of spent fuel assemblies through the 

i ' year 1986. Two projections are shown. The lower curve represents the results of 

II 
f 
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TABLE 2-1 

CUMULATIVE MTU DISCHARGED 

Year Low Cose ERDA 77-25 

1970 54 
1971 142 
1972 287 
1973 489 
1974 769 
1975 1197 
1976 1814 2342 
1977 2635 3376 
1978 3614 4733 
1979 4690 6258 
1980 5864 8121 
1981 7126 10017 
1982 8541 12490 
1983 10190 15366 
1984 12080 18636 
1985 14257 22587 
1986 16791 26903 
1987 19673 
1988 22847 
1989 26292 
1990 30015 
1991 34033 
1992 38365 
1993 43024 
1994 48020 
1995 53743 
1996 59111 
1997 65042 
1998 71762 
1999 78662 
2000 85937 

Assumptions: In Column 2 a ratio of 0.176 MTU/Assembly for a BWR and 
0.412 MTU/Assembly for a PWR were used. These were the 

(3) calculated averages from ERDA-25. 
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If 
jj ERDA's* planning projection based on ERDA long range goals. The upper curve 

is based on o recenl survey completed for ERDA of both existing plants and 
j ( those under construction. Over the near term, i.e., to 1986, the upper curve is 
w considered to be the more accurate projection because it is based on actual 
I j industry data. 

I Figure 2-2 uses the number of PWR and BWR bundles discharged to plot the 
i cumulative metric tons of uranium discharged. This information is extended to 

the year 2000 in Table 2-1. Using the industry projection, there will be 26,000 
j i MTU in 1986. The ERDA projection for the year 2000 shows that 86,000 MTU 

will have been discharged. While numerous projections appear nearly weekly, the 
j exact magnitude of the cumulative inventory is not presently critical and data 

are only provided to indicate the future magnitude of the spent fuel disposal 
' | problem. 
j i 

p uel in U.S. pools includes zircaloy as the principal cladding alloy, but also 
includes fuel with stainless steel cladding from both boiling water reactor (BWR) 

( and pressurized water reactor (PWR) electric generating plants. Approximately 
| j 90 percent of the fuel bundles now stored in U.S. pools have zircaloy-2 or 

zircaloy-4 cladding. The nominal compositions for the two alloys are; zircaloy-
! | 2, 1.5 Sn, 0.20 Fe, 0.15 Cr, 0.05 Ni; zircaloy-4, 1.5 Sn, 0.24 Fe, 0.13 Cr, 0.005 Ni . 

Zircaloy-2 is the principal BWR cladding and zircaloy-4 is the principal PWR 
; j cladding. The behavior of the two alloys is expected to be similar under pool 

storage conditions. Only three U.S. power reactors currently operate with 
J / stainless steel clodding: Connecticut Yankee (PWR, 600 MW^, San Onofre I 
' ! (PWR, 450 MWe) and La Crosse (BWR, 56 MWe). Stainless >teel fuel cladding 
, ; materials are alloys 304 and 348H. 

2.1.2 MAXIMUM FUEL BURNUPS 
P 
I.I 

Table 2-2 summarizes maximum burnups on fuel now in storage, reported by 
1 | surveyed U.S. uti l i t ies.^ 

ERDA has been replaced by the Department of Energy (DOE). 
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TABLE 2-2 

MAXIMUM FUEL BURNUPS ON STORED 
COMMERCIAL FUEL 

Clodding Reactor 

Burnup* 
MWd/MTU 
Maximum 

Zircaloy-2 BWR 25,000 

Zircaloy-4 PWR 33,160 

Stainless Steel PWR 33,200 

Stainless Steel BWR 22,000 

Reactor 
Discharge Dote 

1974 

1976 

1973 

1975 

Applies to burnup on peak bundle, i.e., fuel bundle subjected to highest 
neutron f luence. 

2-6 
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Fuel burnup expressed as MWd/MTU is a measure of the power generated by the 

fuel. On the other hand, radiation damage phenomena generally are correlated 

in terms of neutron fluence (neutrons/cm ). A rigorous conversion from burnup 

(e.g., MWd/MTU) to fluence must account for the physics of the specific fuel and 

reactor in question. However, the following expression approximates the 

conversion for a pressurized water reactor (based on data in WCAP-8837 by H, 

H. Crain, T. E. Coye, and P. J. 5ipush, Tables 2-4 and 2-5): 

I MWd/MTU « 1.7 x I 0 1 7 n/cm 2 , > I MeV. 

Thus, the estimated neutron fluence corresponding to 33,000 MWd/MTU is 5.6 x 
21 2 10 n/cm , > I MeV. Values for BWRs would generally be lower due to lower 

power densities. Changes in cladding properties, such as increased strength, 
(5) decreased ductility and metal growth have been reported for zircaloy and 

stainless steel. The residual radioactivity in the cladding and the fission 
(8) product inventories and heat generation rate are relatcble to fuel burnup, but 

they decrease with time after discharge, due to radioactive decay. 

2.1.3 FUEL CONFIGURATIONS 

Figures 2-3, 2-4 and 2-5 snow a typical LWR fuel element, typical BWR fuel 

assembly and typical PWR fuel assembly, respectively. Table 2-3 summarizes 

the range of materials in stainless- and zircaloy-clad fuel bundles. 

2.1.4 COMPOSITION* 

Typical characteristics of spent fuel, as listed in Appendix C, are based on 

operation of a typical large PWR with fuel exposed to 25,000 megawatt-days 

thermal per metric ton of uranium (MWd/MTU) at a specific power of 35 mega­

watts per metric ton (MW/MTU). Composition of BWR spent fuel would be 

* Extracted from Reference 9. 
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TABLE 2-3 

FUEL BUNDLE MATERIALS' :<a) 

Component Sub-Components Material Alloy 

Fuel Rods: — Zircaloy; Zry-2(BWR) 

Zry-4 (PWR) 

Stainless Steel: 304 

348H 

Fuel Spacers: Grid: Stainless Steel 304 

Inconel 718 

Zircaloy Zry-4 

Springs: Inconel 718 

Upper Tie Plates: Bail/Tie Plate Stainless Steel 304 

Bolts/Nuts Stainless Steel 304 

Inconel £00 

Springs Incone! 718 

Lower Tie Plates: Tia Plate/Nozzle Stainless Steel 304 

Tie Rods: Zircaloy 

Stainless Steel 

- -

(a) Some variations on material and alloy specifications may occur. 

2-11 % 
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similar, but its fresh-fuel U-235 content would be from I to 10 percent lower. 

The wives shown in the tobies represent onticipated maximum burnup of 25,000 

MWd/MTU under current operating conditions, although an expectancy of 33,000 

MWd/MTU has been indicated by the suppliers.* With operation at this higher 

burnup, the activity of a number of the long-lived fission products and trans-

uranics would be increased, but by no more than about 30 percent. Howr/er, due 

to periodic reactor shutdowns as necessary for partial refueling of the core and 

for plont maintenance at least annuolly, the actual time of fuel residence in the 

reactor will always be longer than that implied by the specific power and burnup 

values stated above. Therefore, the activity of intermediate-lived fission 

products and transuranics (half-life of one to five years) is expected to be 

reduced from the indicated values. (Appendices A, B and D prssent composition 

data for other specific powers and burnups.) The composition data were 

extracted from output of the ORIGEN computer code at the Oak Ridge National 

Laboratory.** 

2.J.4.I FISSION PRODUCTS 

During its service in a reactor, nuclear fuel undergoes fission. A portion of the 

initial urom'um and some of the plutonium generated in situ is fragmented or 

fissioned, with a release of heat and the production of fragments, or fission 

products. These fission products consist of two groups of elements: one group 

has atomic weights somewhat less than half thot of uranium? the other group has 

atomic weights somewhat more than half that of uranium. Some of these fission 

product elements are stable and indistinguishable from elements found in nature, 

while some are unstable (radioactive) and seek a stable state by radioactive 

decay. A measure of their instability is the half-life of each radionuclide. These 

half-lives vary from a small fraction of a second to millions of years. Specific 

* Nuclear Fuel, September 4, 1978 reports that severa! nuclear utilities are 
moving to an 18 month refueling schedule, with somewhat higher uranium 
enrichments and expected burnups in the 40,000 MWd/MTU range, 

** ORIGEN-Ook Ridge National Laboratory model for spent fuel. 
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I 
| | activity, a function of decay time, and biological effects of the emitted 

radiation are the predominant factors in evaluating the human risk of exposure 

to the radioactive constituents in spent fuels. 

Table C-7 (Appendix C) lists the fission product radionuclides prt? -.tit in spent 

fuel in concentrations that produce more than 0.001 curie per metric ton of 

uranium contained in the spent fuel after a decay time of 120 days following 

reactor shutdown (the decay time normally stipulated as a minimum for storage 

prior to spent fuel reprocessing). This table characterizes each nuclide by its 

half-life, mode of decay, specific activity, energy (MEV) of the principal modes 

of decay, and the primary daughter element produced by radioactive decay. 

Table C-l (Appendix C) is a tabulation of the radioactivity generated by these 

nuclides as a function of decay time. The times were chosen to represent the 

conditions at reader shutdown (0 days), short storage times (30 and 90 days), 

release for shipping to a reprocessing plant (normally about 120 days), the 

maximum average age (365 days) for the fuel in a large spent fuel storage 

installation, and after 10 years (3,653 days) to show decay characteristics of 

individual nuclides over a relatively long time period in storage. Table C-2 

(Appendix C) shows the quantities of these same radionuclides in units of grams 

per metric ton of uranium in the fuels, again as a function of decay times over a 

range of 0 to 3,653 days. 

2.1.4.2 TRANSURANICS 

During its service in a reactor, c portion of the uranium present also undergoes 

nuclear transmutation by the absorption of neutrons. Elements formed from 

uranium, or from further transmutation of uranium absorption products, consti­

tute a group of heavy nuclides knows as transuronics. 

Table C-8 (Appendix C) lists the transuranics and their daughter products present 

in spent fuels in concentrations which produce more than 0.0001 curie per metric 

ton of uranium in the fuel after a decay time of 180 days following reactor 

shutdown. The nuclides are characterized in the same manner as shown in Table 

C-7. Similarly, Tables C-3 and C-4 (Appendix C) show the radioactivity and 

grams per metric ton of uranium, respectively. 

1 
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2.1.4.3 LIGHT ELEMENTS AND MATERIALS OF CONSTRUCTION 

The metallic structural components of reactor fuels also undergo transmutation 

while in service in a reoctor. Table C-8 identifies those radionuclides from this 

source present in concentrations which produce more than 0.001 curie per metric 

. ton of uranium in the spent fuel. Table C-9 provides the equivalent quantities of 

light elements. The contribution to total radioactivity of the fuel assembly from 

this source is minor, being at least two orders of magnitude less than that of the 

fission products in the fuel. 

2.1.5 HEAT GENERATION* 

Radioactive decay is a mechanism by which an unstable nuclide reaches a more 

stable energy state by the ejection of alpha and beta or beta particles from its 

nucleus and the release of energy in the form of gamma rays. The ejection and 

absorption by matter of such particles and energy rays produce heat. The 

radionuclides present in spent fuel produce heat in the fuel by this mechanism. 

The rate of heat generation reflects the total radioactive decay processes going 

on at any specific time after reactor shutdown and is a complex function of the 

quantities of radionuclides present and their decay rates. Figure 2-6 is a plot of 

heat generation for spent fuel that has been exposed to 25,000 MWd/MTU of 

reactor operation at a specific power of 35 MW/MTU. Heat decay rate declines 

from a thermal power of almost 100 KW/MTU at 10 days to less than I KW/MTU 

as delay times approach 10 days. 

2.2 GENERAL ELECTRIC (BWR) FUEL 1 0 

Tables 2 4 and 2-5 and Figures 2-7 through 2-9 provide specific, detailed fuel 

assembly design parameters and drawings for General Electric fuel assemblies. 

* Extracted from Reference 9. 
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TABLE 2-4 

GENERAL ELECTRIC FUEL ASSEMBLY DESIGNS 

Parameter I 2 

Overall assembly length (cm) 435 435 

Active fuel length (cm) 366 366 

Nominal envelope (13.8 cm) 2 (13.9 cm) 2 

Avg wt U per assembly (kg) 195 210 

Total weight per assembly (kg) 310 275 

Fuel rod array 7x7 8x8 

Fuel rod 0 . D. (cm) 1.45 1.25 

Fuel rod clad material Zirc-2 Zirc-2 

Burnable poison material G d 2 0 3 G d 2 0 3 

TERACORPORATION 
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TABLE 2-S 

FUEL PARAMETERS 
GENERAL ELECTRIC 

BWR6(8x8) 

WEIGHT 275 Kg 

CLADDING 
Material Zircaloy-2 
Thickness 0.086 cm 

FUEL COMPOSITION 

uo2 210 Kg 
Zircaloy-2 53 Kg 
Zircaloy-4 2 Kg 
Type 304SS 4 Kg 

ACTIVITY PER ASSEMBLY (Ci) 160 days lyr 
Cladding & Structural — — 
Actinides — .. . 
Fission Products 1.5 x l O 3 7 .8x10* 

HEAT GENERATION (WATTS) 
Actinides . . . . . . 
Fission Products 7.0 x I 0 2 3.8 x l O 2 

Total Weight 

2-17 
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2.3 WESTINGHOUSE(PWR)FUEL 

Tables 2-6 and 2-7 and Figures 2-10 and 2-17 provide specific, detailed fuel 

assembly design parameters and drawings for Westinghouse fuel assemblies. 

2.4 COMBUSTION ENGINEERING (PWR) F U E L 1 2 

Tables 2-8 and 2-9 and Figures 2-11 through 2-14 provide specific, detailed fuel 

assembly design parameters and drawings for Combustion Engineering fuel 

assemblies. 

2.5 BABCOCK & WILCOX (PWR) FUEL 13,14 

Tables 2-10 and 2-11 and Figures 2-15 through 2-16 provide specific, detailed 

fuel assembly design parameters and drawings for Babcock & Wilcox fuel assem­

blies. 

2-21 
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Overall assembly 
length (cm) 283 352 352 

Active fuel length (cm) 231 309 305 

Nominal envelope (182 cm) 2 (21.4 cm) 2 (19.7 cm) 2 

AvgwtUper 
assembly (kg) 255 410 340 

Total weight per 
assembly (kg) - 600 485 

Fuel rod array 18x18 15 x 15 14x14 

Fuel rod 0. D. (cm) 0,86 1.07 1.07 

Fuel rod clad material SS SS SS 

Burnable poison material - - -

2-22 

8 
3 
* # 
o 

410 410 

366 366 

(21.4 cm)2 (19.7 cm)2 

445 390 

650 570 

15x15 14x14 

1.07 1.07 

Zlrc-4 Zlrc-4 

Bore- Borated 
silicate pyrex 

glass 

415 418 

366 366 

(21.4 cm) 2 (2L4cm) 2 

445 450 

650 650 

15x15 15x15 

1.07 1.07 

Zirc-4 Zirc-4 

Boro- Borated 
silicate pyrex 

glass 

418 410 

366 366 

(21.4 cm)2 (21A cm)2 

445 521 

640 656 

15x15 17x17 

1.07 0.95 

Zirc-4 Zirc-4 

Boro- Boro-
silicate silicate 

gloss gloss 



TABLE 2-7 

FUEL PARAMETERS 
WESTINGHOUSE ,, 

17x17 FUEL ASSEMBLY11 

WEIGHT 656 Kg 

CLADDING 
Material Zircaloy-4 
Thickness .057 cm 
Conductivity — 

FUEL COMPOSITION 

uo 2 521 Kg 
Zircaloy-4 129 Kg 
Inconel 625 ? 
Type304SS ? 

ACTIVITY PER ASSEMBLY (Ci) I60days ( l ' 
1.1 x I 0 4 Clodding & Structural 
I60days ( l ' 
1.1 x I 0 4 

Actinides 5.1 x I 0 4 

Fission Products 1.7 x l O 6 

(1) time after discharge 

DECAY HEAT PER ASSEMBLY 
(WATTS) 

Actinides 
160 days 
3.4x10* 

Fission Products 7.7 x I 0 3 

4 . 0 x l O z 

4.6 x I0 4 

8.9 x l O 5 

lyr 
1.9 x I0 2 

4.2 x I0 3 

IQyrs 
9.6 x l O 2 

2.9 x l O 3 

1.3 x 10 5 

IQyrs 
9.0x10 
4.3 x I0 2 

CORROSION PRODUCTS ON STRUCTURAL 
MEMBERS OF FUEL ASSEMBLIES 

RADIONUCLIDE Ci/ASSEMBLY ELEMENT MASS (ams) 

Cr-51 0.21 Cr 0.23 
Mn-54 0.05 Fe 1.86 , 

7.0 x I 0 " J Co-58 0.70 Co 
1.86 , 
7.0 x I 0 " J 

Fe-59 0.03 Ni 2.56 
Co-60 0.11 Zr 0.40 
Zr-95 0.01 

2-23 
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TABLE 2-8 

COMBUSTION ENGINEERING FUEL ASSEMBLY DESIGNS 

Parameter 

Overall assembly length (cm) 
Active fuel tenqlh (cm) 

Nominal envelope 

Avg wt U per assembly (kg) 

Total weight per assembly (kg) 

Fuel rod array 

Fuel rod O . D . (cm) 

Fuel rod clad material 

Burnable poison material 

I 

378 426 399 464 464 449* 
335.3 344.7 347.2 348 381 381 

(20.6 c m ) 2 (20 .8 c m ) 2 (20 .8 c m ) 2 (20 .8 c m ) 2 (20 .8 c m ) 2 (20.2 c m ) 2 

415 375 375 375 450 485 

615 590 570 570 650 652 

15 x 15 14 x 14 14 x 14 14 x 14 14 x 14 16 x 16 
1.05 1.12 1.12 1.12 1.12 0.97 

Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4 

B^C B 4 C B 4 C B f t C - B^C 

o o 

This value applies to the 1 6 x 1 6 core array used at Arkansas Nuclear I . The later CE "System 80" plants are currently designed 
with a 16 x 16 array; of the parameters listed in this table, only the overall assembly length differs in the "System 80" destgn, 
and It is 453 cm. The weight may be greater by a small amount, of course, with the additional assembly length. 



TABLE 2-? 

FUEL PARAMETERS 
COMBUSTION ENGINEERING 

SYSTEM 80 ASSEMBLY 
(16x16) 

WEIGHT 652 Kg 

CLADDING 
Material Zircaloy-4 

Thickness 0.089 cm 

FUEL COMPOSITION 

uo2 
435 Kg 

Zircaloy-4 134 Kg 
Inconel 625 1.0 Kg 

Type 3045S 3.3 Kg 

Fission Products 

ACTIVITY PER ASSEMBLY (Ci) 160 days 
Cloddirv | & Structural 7.1 x I 0 3 

Actinidts 3.4x10* 
I.I x 10° 

hi 
2.7x10 
3.1 x 10" 
6.0 x 10 

3 

5 

lOyrs 
6.5 x I0 2 

2.0 x I0 4 

8.6 x 10* 

HEAT GENERATION (WATTS) 
Actinides 2.3 x I 0 2 

Fission Products 5^ x I 0 3 

1.3x10' 6.1 x 10 
2.8 x | 0 3 2.9 x I0 2 

CORROSION PRODUCTS ON STRUCTURAL MEMBERS 
OF FUEL ASSEMBLIES 

ISOTOPE 

Cr-5f 
Mu-54 
Co-58 
Fe-59 
Co-60 
Zr-95 

Ci/ASSEMBLY ELEMENT MASS (ams) 

0.17 Cr 0.19 
0.04 Fe 1.55 
0.58 Co 0.006 
0.02 Ni 2.13 
0.09 Zr 0.33 
0.01 
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TABLE 2-10 

BABCOCK & WILCOX FUEL ASSEMBLY DESIGNS13' l 4 

!i PARAMETER 
i ) ' 

. Overall assembly length (cm) 

1 2 !i PARAMETER 
i ) ' 

. Overall assembly length (cm) m 421 

Active fuel length (cm) 366 363 

Nominal envelope (21.7 cm) 2 (21.7 cm) 2 

Avg wt U per assembly (kg) 465 520 

i Totol weight per assembly (kg) 
i ! 

700 746 

Fuel rod array 15 x 15 17 x 17 

Fuel rod 0 . D. (cm) 1.09 0.96 

Fuel rod clad material . Zirc-4 Zirc-4 
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TABLE 2-11 

FUEL PARAMETERS 
BABCOCK& WILCOX I A 

MARK C ASSEMBLY I J » " 
(17x17) 

WEIGHT 746 Kg 

CLADDING 
Material Zircaloy-4 
Thickness 0.119 cm 

FUEL COMPOSITION 

uo2 520 Kg 
Zircaloy-4 228 Kg 

ACTIVITY PER ASSEMBLY (Ci) 160 days 

iiJxlo3 
Cladding & Structural 

160 days 

iiJxlo3 

Actinides 4.3x10* 
Fission Products 1.4 x l O 6 

HEAT GENERATION PER 
ASSEMBLY 
Actinides 

160 days 
2.8x10* 

Fission Products 6.5 x l O 3 

i l l 3 
3 .4x lO J 

3.8 x l O 3 

7.0 x l O 5 

in 2 
1.6x10* 

IQyrs 
8.1 x 10 
2.4 x 10* 

10.0x10* 

IQyrs 
7.6x10 

3.5 x l O 3 3.6 x l O 2 

EXTERNAL CORROSION PRODUCTS 

50TOPE Ci/ASSEMBLY 

0.18 

ELEMENT MASS (gms) 

Cr-51 

Ci/ASSEMBLY 

0.18 Cr 0.20 
Mn-54 0.04 Fe 0.16 
Co-58 0.60 Co 0.006 
Fe-59 0.02 Ni 2.22 
Co-60 0.09 Zr 0.?4 
Zr-95 0.01 
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1 0 COMPOSITION OF SPENT FUEL AhO FUEL BUNDLES 
IN THE SPENT FUEL STORAGE POOL 

Spent fuel is stored in the spent fuel storage pool for a period of at least 120 
days following reactor shutdown. 

Appendix E describes the design of the spent fuel pool for both commercial light 

water reactor types and the operations associated with refueling. 

3.1 COMPOSITION OF SPENT FUEL 

Appendices A, B, C and D give inventories of fission products in fuel rods as a 

function of time after reactor discharge. 

3.2 COMPOSITION OF THE MATERIAL DEPOSITED EXTERNALLY 
TO THE SPENT FUEL 

The activation products on the clodding of the spent fuel come principally from 
corrosion products from the reactor primary circuits which deposit as crud layers 
on fuel bundle surfaces (Fe^O*, Fe^O*, spinnels, sometimes oxides of nickel and 
copper). Crud layers may be 25 to SO urn thick, particularly on BWR fuel rods. 
The layers generally are thinner and sometimes are almost absent on PWR fuel 
rods. The crud layers are quite insoluble at fuel temperatures, but do release 
some particulates to the pool water, together with traces of soluble species. The 
corrosion products on zircaloy rods (ZrO») also have low solubilities and generally 
resist spallation. As described in Appendix E, some of the fission products 
escape to the spent fuel storage pool. 

3.3 FUEL BUNDLE MATERIALS 

Table 3-1 describes the materials contained in stainless- and zircaloy-clad fuel 

bundles. 

TERA CORPORATION 



jj TABLE 3-1 

\\ 
FUEL BUNDLE MATERIALS 

il 
j l 

Component Sub-Components Material Alloy 

[J 

! 

Fuel Rods: Zircaloy: 

Stainless Steel: 

Zry-2(BWR) 

Zry-4 (PWR) 

304 

348H 

Fuel Spacers: Grid: Stainless Steel 
Inconel 

Zircaloy 

304 
718 

Zry-4 

Springs: Inconel 718 

i! Upper Tie Plates: Bail/Tie Plate Stainless Steel 304 

i; 
Bolts/Nuts Stainless Steel 

Inconel 
304 
£00 

! ' Springs Inconel 718 

i ; 
. i 

Lower Tie Plates: Tie Plate/Nozzle Stainless Steel 304 
: • 

Tie Rods: Zircaloy 

Stainless Steel 

-
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M SPENT FUEL TRANSPORTATION/SHIPPING CASKS 

The following section provides o summary of current spent fuel transportation 

practices and a detailed description of fuel shipping casks now being designed 

or used by the nuclear industry. 

4.1 TRANSPORTATION PRACTICES* 

Irradiated nuclear fuel has been transported in the United States since the 

mid-1940% with numerous shipping cask designs developed because of the variety 

of AEC (ERDA), military, research, and commercial nuclear reactors in service. 

Experience gained in the design and use of these casks, plus stringent NRC and 

Department of Transportation (DOT) regulations, have led to the present generation 

of LWR shipping casks. 

All spent LWR fuel transported in the United States currently is shipped in 

heavily shielded casks by truck or rail. Truck casks weigh 25-35 tons when 

fully loaded and will normally accommodate one to three PWR or two to seven 

BWR fuel assemblies. Rail casks can weigh in excess of 100 tons fully loaded 

and can take seven to 12 PWR or 18 to 32 BWR fuel assemblies. Barge shipment 

remains unexploited. Since air shipment of plutonium in any form is presently 

precluded by law, spent fuel cannot be transported by air. 

The primary reliance for safety in transport of irradiated nuclear fuels is based 

on the shipping cask design. Cask design and operation are influenced by regulations 

imposed by the NRC, DOT, and the individual states. These regulations are 

described below. 

* Summary extracted in part from Reference 9. 
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1J 4.1.1 REGULATORY AND STATE REQUIREMENTS 

u Strict criteria regarding ollowoble radiation levels, criticality safety, heat 

dissipation, and release of radioactive materials have been established for spent 

| > fuel shipping casks. Cask design must prevent loss or dispersal of spent fuel 
[ / 

under normal operating and severe design base accident conditions. 

' Primary responsibility for overseeing the transportation of radioactive materials 

, in the United States rests with the DOT and NRC. State requirements are 

i i normally auxiliary regulations that pertain to transportation routes in highway 

weight limits, or require additional safety measures. 
;J> 

Some degree of overlap does exist between the NRC and DOT, but a 

memorandum of understandi.ig signed in 1966 and revised in March of 1973 

generally delineates the authority of the DOT as setting standards for marking, 

labeling, safety in shipment (radiation levels, temperature, etc.), regulating 

shippers and carriers, and approving various packages as suitable for transport of 

radioactive materials. The authority of the NRC (then AEC) was set forth as 

reviewing and approving shipping containers for fissile, Type 8, and large 

quantities of radioactive materials as defined by Title 49 CFR 173.389. This 

represents almost all radioactive materials, 

FEDERAL 

NRC regulations for the transport of radioactive materials are set forth in 

"Standards for Protection Against Radiation" (10 CFR Part 20), and "Packaging 

of Radioactive Materials for Transport and Transportation of Radioactive 

Material Under Certain Conditions" (10 CFR Part 71). 

The packaging and shipping requirements for transport of radioactive materials 

are a function of the quantity, type, and fissile characteristics of the isotopes 

being shipped. The "transport group" of an isotope refers to any one of seven 

* 4-2 
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groups into which radioactive materials in normal form are classified according 

to toxicity ond potential hazard in transport as defined b» Title 49 CFR Part 

173.38?. Because of the presence of plutonium and other highly toxic isotopes, 

irradiated nuclear fuel is classified as Transport Group I, the most restrictive 

grouping, 

The quantities of isotopes which can be shipped as Type A, Type B, or large 

quantities vary with the transport group. Spent nuclear fuel is shipped under a 

large-qjantity designation. 

Shipments of fissile material are classified as either Fissile Class I, II, or III, as 

defined by Title Iff CFR Part 173.389. Spent fuel shipments are rated as the 

most restrictive class, Fissile Class III, which requires special arrangements 

between the shipper ond carrier to ensure nuclear criticality safety for shipment. 

The geieral NRC criteria for packaging and shipment of radioactive materials 

are given in 10 CFR Part 71, Subparts B, C, and D. Because of the larger-

quantity designation for irradiated fuel shipments, spent fuel casks must also be 

designed to mset hypothetical accident conditions when applied sequentially. 

The hypothetical accident conditions and the resultant cask condition, as set 

forth, represent what are considered reasonably conservative estimates of what a 

transportation accident might involve. 

NRC regulations for transportation of radioactive materials are also included in 

10 CJv? Part 20, and require a receiver to check any package (cask) for 

smearcble contamination within three liours after receipt and to notify the 

carrier and the NRC immediately if contamination levels above 22,000 dpm/100 
2 

cm are found. Records must be kept of all such cask surveys ond monitorings. 

Licensees must also maintain and follow established procedures for opening or 

handling any shipping cask. 

TERA CORPORATION 



Security requirements for protection of special nuclear materials given in 10 
CFR Part 73, "Physical Protection of Plants and Materials," paragraphs 73.30-
73.36, 73.60, and 73.70, do not apply for spent fuel shipments because of the 
exemption granted for special nuclear material (SNM) that is not readily 
separable from other radioactive material and that has a dose rate greater than 
100 rem per hour at a distance of three feet when there is no intervening 
shielding. 

DOT regulations for transportation of radioactive materials are given in 49 CFR 
("Transportation") Parts 170-179. These regulations set the criteria for radiation 
levels, surface temperatures, surface contamination levels, bill of lading 
information, labeling, placarding, shipper certification, accident response, and 
general packaging. 

In 1974 the DOT proposed a new labeling system for hazardous materials called 
the DOT HI system. If adopted, this system will alter the information given 
below and would require additional emergency response information to be carried 
with the shipment. 

Spent fuel casks are transported in exclusive-use vehicles and must be filled only 
by the consignor and opened only by the consignee* Allowoble radiation limits 
for exclusive-use vehHes are: 

• 1000 mR/hr at three feet from the external surface of the 
package (cask) 

• 200 mR/hr at any point from the external surface of the 
vehicle (truck or rail car) 

• 10 mR/hr at six feet from the external surface of the 
vehicle 

• 2 mR/hr in any normally occupied position in the vehicle 

4-4 

T£RA CORPORATION 



Because of the large size of the packages used for shipping irradiated fuel, the 

limiting foctor will be the radiation level at either three feet from the surface of 

the package or six feet from the vehicle. Therefore, the radiation levels at the 

package surfoce will be considerably below those allowed by the regulation. 

Based on actual experience, radiation levels around some irradiated fuel casks 

may exceed 200 mrem/hr at the surfoce of the cask, but will meet the 

limitations of 1,000 mrem/hr for closed vehicle shipments. In order to meet the 

limitation of 10 mrem/hr at six feet from the vehicle surface, the level will 

rarely exceed about 5) or 60 mrem/hr at the vehicle surfoce, or 25 mrem/hr at 

three feet from the truck or rail car. 

Although a radiation level of 2 mrem/hr is permitted in a truck cab, the level 

based on actual experience is unlikely to exceed 0.2 mrem/hr, because of the 

distance from the cask and shielding provided by intervening material. 

Surface contamination levels must be 2,200 dpm/IOO cm or less for beta-gamma 

(($-*) radiation, and less than or equal to 220 dpm/IOO cm for alpha (a) 

radiation. 

Heat generated within shipping casks must be dissipated so as not to affect the 

efficiency of the cask or to damage the contents. Maximum accessible external 

surface temperature of a package (cask) transported as an exclusive use shipment 

must be I80°F or less. 

STATE AND LOCAL 

State and local regulations on the transport of nuclear materials are normally 

limited to those requirements for any type of vehicle traffic, such as gross 

vehicle weight ond dimensions. Overweight shipments are sometimes subject to 

limitations on routing and time of operation. In addition, some states have 

adopted or ore considering regulations to cover the following: 
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• Routing restrictions, speed limits, or blanket prohibi­
tions on shipments 

• Advance notification of shipments and approval by states 

• Inspection of shipments 

• Pilot vehicles or escorts 

a Special training of drivers, additional monitoring person­
nel, and emergency plans 

• Requiring drivers to carry copies of state regulations 

• Special-use trains 

• Classifying drivers as radiation workers 

• Emergency preparedness by state officials 

The effect each of the above can have on transportation of spent fuel will 

vary from state to state and will have to be evaluated on an individual basis. 

4.2 DESCRIPTION OF CASKS 

At present, all spent fuel shipments in the United States are by truck or rail 

casks. Truck casks are more mobile and much lighter than rail casks. Truck 

casks are limited to o loaded weight of about 25 tons because of the maximum 

73,280-pound load limit (tractor-trailer included) for most highways. Weights 

up to 35 tons are usually acceptable on an overweight basis, although most states 

will require certain restrictions, such as routings, time of travel, or early notifi­

cation of shipment. Rail casks weigh about 100 tons fully loaded, and have 

a much larger fuel assembly capacity. (It would take six trips with a truck 

cask to carry the same amount of fuel that could be transported in a fully loaded 

rail cask.) 

4-6 
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One advantage to truck casks is the faster turn-around time, about three to 

1 four days being necessary for a 3,200-kilometer round trip with a truck cask, 

compared with nine days for a rail cask. Experience at one reprocessing plant 

| showed two round trips of 177 kilometers each were possible in slightly more 

L than four hours with a truck cask. Truck casks will still be needed for those 

r- ' reactors without rail facilities. Of the 89 reactors scheduled for operation 

L by 1980, 56 percent have rail spurs at the site. Table 4-1 summarizes those 

casks in the United States that are either presently licensed or known to be 

( in the planning/fabrication stage and that are capable of transporting spent 

LWR fuel. 

The majority of those casks presently licensed or known to be in the planning/fabri-

j cation stage in the United States are discussed in more detail below. 

t 
I 
I 
I 
i: 

i 

C 
E 

4.2.1 TRUCK CASKS 

NFS-4-The Nuclear Fuel Services NFS-4 is a water-filled I PWR/2 BWR truck 

cask. The license application was submitted in January 1972, with final AEC 

approval in November 1972. The first two casks were completed in 1973. The 

cask has an internal cavity 452 cm long by 34 cm in diameter, with interchangeable 

baskets for either PWR or BWR fuel assemblies. Surrounding the cavity for 

gamma shielding and structural strength is 16.8 cm of lead and about 4 cm of 

stainless steel (in several layers). Neutron shielding is provided around the 

body by 11.4 cm of borated water-antifreeze solution. The cask lid is held down 

with high-strength bolts and sealed with Teflon O-rings. Stainless-steel-encased 

balsa wood impact limiters are provided around the side and ends of the cask. 

(See Figure 4-1.) 

Heat rejection is by convection through the water coolant in the cavity to the 

inner wall, conduction to the neutron shield, convection to the outer wall, and 

convection plus radiation to the atmosphere. Maximum heat rejection capacity 

4-7 _ 
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TABLE 4-1 

SUMMARY TABLE 
SPENT FUEL CASKS 

PHaary 
Transport 

Weight 
Loaded, 
tons"* 

Capacity 
In Eleaents. 
PWR/BWn 

Fluid Cavity 
In Length/Ola 

Cavity cm 

Design Heat 
Generation Major Neutron 
Rata. kW ^Shielding Shielding 

Caika 
Available 
Jan. 1 M 6 

NHC-l Truck 25 
NFS-4 Truck 25 

NL1-1/2 Truck 24 
HLI-I0/Z4 Rail 97 
TN-* Truck/rail 40 
TM-9 Truck/rail 38 
TM-12««» Rail 107 
IF-300 Rait 68 

1/2 

1/2 

1/2 

10/24 

3 PWR 

7 BWR 

12/32 

7/18 

Water 452/34 

Water 452/34 

He Hun 452/32 

Hellua 455/114 

Air 427/170 

Air 452/170 

Air 467 

Water 4S8/9S 

11.5 

11.5 

10.6 

77 

35.5 

24.5 

135 

61.5 

Lead and 
steel 

•orated H*0 
antifreeze 

Lead and 
steel 

•orated H z0 
antifreeze 

Lead and 
steel 

Water 

Lead and 
steel 

Water 

Lead and 
steal 

•orated solid 
resin 

Lead and 
steel 

•orated solid 
resin 

Steel •orated solid 
resfn 

Uranitaa 
and steel 

Water 

•Cask Initials: 
MAC » Nuclear Assurance Corporation 
NFS » nuclear Fuel Services* Inc. 
W.I * ML Industries (previously National Lead Coapany) 
TN ' Trans Nuclaelre 
IF - "Irradiated Fuel", syabol used by General Electric Corporation. 

"Hot including auxiliaries. 
""Not authorized by U.S. Nuclear Regulatory CoeeHsslan. 
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FIGURE 4-1 

SCHEMATIC OF NFS-4 SPENT FUEL SHIPPING CASK 
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is 11.5 kW. Maximum design conditions for the inner cavity during normal trans­

port are I74°C at 150 psig. Normal pressure upon receipt is almost always 

less than 5 psig, however, so the design is quite conservative. Under the maximum 

fire accident, the cask will withstand 222°C at 948 psig with no loss of containment. 

TN-8-The Transnuclear TN-8 is a 40-ton truck cask designed to transport three 

PWR assemblies in an air atmosphere. The TN-8 will normally travel under 

overweight restrictions, although several could be placed together on a rail 

car. A license was granted by the AEC in 1974. Casks of the same design are 

presently operated in Europe. The TN-8 has an inner cavity length of 427 cm, 

with three separate cubicles of 24 x 24 cm for the individual assemblies. Shielding 

is by 18.5 cm of lead and 6 cm of steel (in several layers). Neutron shielding 

is provided by 15 cm of borated solid resin. Shock absorbing covers are attached 

to the top and bottom of the cask. (See Tables 4-2 and 4-3 for detailed charac­

teristics. See also Figures 4-2 and 4-3.) 

Maximum design heat generation is based on 35.5 '<W. During normal operation 

the maximum temperature of the inner shell(s) is I I5°C. Heat rejection is 

via conduction through the cask body to the outer wall, with convection and 

radiation from copper cooling fins on the outside. Pressure is stated to be atmos­

pheric during transport. The cavity design pressure is 110 psig. 

A unique feature of the TN-8 is a cylindrical shell which is placed around the 

outside of the cask before it is lowered into a loading or unloading pool. The 

annular space is filled with clean water during loading. This, along with other 

devices to protect the ends of the cask, minimizes contamination of the cask 

surface and therefore reduces decontamination time and expense. 

TN-9-The Transnuclear TN-9 is essentially identical to the TN-8 except the 

TN-9 is designed for seven BWR assemblies. The inner cask cavities are 25 

cm longer, with the cask design heat generation rate equal to 24.5 kW. (See 

Tables 4-2 and 4-4 and Figures 4-4 and 4-5 for details.) 

1 
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TABLE 4-2 

TN-SPENT FUEL CASK - DETAILED CHARACTERISTICS 

PACKAGING TN 8 TN 9 

FUEL 

Type of Fuel 
Number of Assemblies 
Average Burnup, MWD/TU 
Minimum Cooling Time, Days 
Maximum Residual Power, KW 

CAVITY 

Fluid During Transport 
Pressure During Transport 
Design Pressure, psia 
Cavity Length 

SHIELDING 

Gamma Shield Material 
Gamma Dose Rate (2 m from surface), mr/hr 
Neutron Shield Material 
Neutron Dose Rate (2 m from surface), mr/hr 

HEAT REJECTION 

Surface 
Mode 

OVERALL DIMENSIONS 

Outside Diameter 
Length With Covers 
Length Without Covers 

WEIGHT 

Total Weight, Loaded, lb. 
Total Weight, Empty, lb. 
Weight, Two Covers, lb. 
Weight, Lid, lb. 

The TN-12 cask is also available with an exten­
sion. This cask has the following different data: 

Cavity Length: Iff?' 
Length With Covers: 237" 
Total Weight, Loaded, lb: 225,000 
Total Weight, Empty, lb: 194,000 

PWR 
3 

38,500 
ISO 

35.5 

Air 

fc-
I4> 

BWR 
7 

36,500 
150 

24.5 

TN 12 

PWR/BWR 
12/32 

38,500/36,500 
150 
135 

Air Air 
-Atmospheric -> 

125 440 
14'10" I5'3" 

Lead Lead Steel 
6.5 6.5 6.5 
<^~Borated Solid Resin—-> 

2 2 2 

Nickel Plated Copper Fins 
Natural Convection & Radiation 

5'8" 
18-1" 
16' 

78,000 
73,200 

1,820 
1,870 

5'8" 
Iffll" 
I6'I0" 

77,600 
73,000 

1,820 
1,510 

81?' 
2 2 i |" 

I7'6" 

213,800 
183,000 

5,230 
7,710 

4-11 
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TABLE 4-3 

TN-8 DATA SHEET 

AEC Certificate of Compliance Number: SNM-1474 Amendment 71-1. 

Common Name: Transnuclear, TN-8 

Date of Most Recent AEC Certificate Revision: May 14, 1974 

Description of Packaging: 

The inner steel lined cavity is divided into three compart­
ments which are surrounded in order, by a lead shield, 
a secondary steel containment, a solid resin neutron 
shield. Nickel plated copper fins protrude through the 
resin and dissipate heat energy to the surrounding air 
by natural convection and radiation. Balsa wood is located 
inside removable covers and fixed end drums to provide 
impact protection. The atmosphere in the cavity is dry 
air near atmospheric pressure. 

Interior and Exterior Dimensions: Three compartments 9.1 inches by 
9.1 inches by 168 inches, each. Outside diameter 67.5 inches, length with 
covers 218 inches, without covers 192 inches. 

Type and Thickness of Shielding: Lead - 7 inches, Resin - 6 inches. 

Authorized Contents: Three irradiated PWR fuel assemblies. 

Heat Removal Capacity: 35.5 kw 

Special Conditions of Use: Truck transport on custom trailer with over­
weight permit. 

Number of Packagings Owned: As of January 1975, two in fabrication 
for use in U.S.A. 

Identification and Date of Safety Analysis Report: 
Transnuclear, Inc. TN-8/9 Safety Analysis Report 
Rev. 4, May 6,1974 - Docket No. 70-1375. 

IAEA Certified: Yes 

Other Pertinent Data: Two TN-S's are operational in Europe. 
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COPPER DEFLECTORS (2 X 350) 
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FIGURE 4-3 

TRANS NUCLEAR, INC. MODEL TN-8 PACKAGING CROSS-SECTION 
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TABLE 4-4 

TN-9 DATA SHEET 

1. AEC Certificate of Compliance Number: SNM-1474 Amendment 71-2. 

2. Common Name: Transnuclear, TN-9 

• 3. Date of Most Recent AEC Certificate Revision: May 14,1974 

4. Description of Packaging: 

The inner steel lined cavity is divided into seven compart­
ments which are surrounded in order, by a lead shield, 
a secondary steel containment, a solid resin neutron 
shield. Nickel plated copper fins protrude through the 
resin and dissipate heat energy to the surrounding air 
by natural convection and radiation. Balsa wood is located 
inside removable covers and fixed end drums to provide 
impact protection. The atmosphere in the cavity is dry 
air «ar atmospheric pressure. 

5. Interior and Exterior Dimensions: Seven compartments 5.9 inches by 
5.9 inches by 178 inches, each. Outside diameter 67.5 inches, length with 
covers 227 inches, without covers 198 inches. 

6. Type and Thickness of Shielding: Lead - 7 inches, Resin - 6 inches. 

7. Authorized Contents: Seven irradiated PWR fuel assemblies. 

8. Heat Removal Capacity: 35.5 kw 

9. Special Conditions of Use: Truck transport on custom trailer with over­
weight permit. 

10. Number of Pockagings Owned: As of January 1975, two in fabrication 
for use in U.5.A. 

11. Identification and Date of Safety Analysis Report: 
Transnuclear, Inc. TN-8/9 Safety Analysis Report 
Rev. 4, May 6,1974 

12. IAEA Certified: Yes 

13. Other Pertinent Data: Two TN-9*s are operational in Europe. 
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NLI fe-The National Lead Industries NLI ft is a 24-ton helium-filled I PWR/2 

BWR truck cask. The cask can be used with on optional 600 mm inner container 

that provides an additional level of confinement. Initial issue of the SAR was 

in December 1972, with NRC approval granted in March 1975. The cask has 

a cavity length of 452 cm and a diameter of 34 cm, or 32 cm if the optional 

inner container is used. Shielding around the body is provided by 7 cm of depleted 

uranium, 5.4 cm of lead, and 3.8 cm of steel (in several layers). Neutron shielding 

is provided by 12,7 cm of water. Two lids are used to seal the cask at the top. 

Depleted uranium and steel are used for shielding on the ends. 

Maximum heat generation rate is based on 10.6 kW. Maximum fuel temperature 

under conditions of normal transport is conservatively estimated at 545°C. 

Normal maximum design pressure is 120 psig when the inner container is used, 

or 22.5 psig when it is absent. Maximum fuel temperature during a fire accident 

condition is 594°C. The cask has a pressure rating of 543 psig at 454°C when 

the inner container is used, at 264 psig at 454°C when it is absent. 

At the present time, there are three NLI-fe casks in the United States, and there 

are plans to fabricat'. seven more eventually. 

4.2.2 RAIL CASKS 

TN-12—The Transnuclear TN-12 is a 107-ton rail cask capable of accommodating 

12 PWR or 32 BWR fuel assemblies in an air atmosphere. This cask is under­

going licensing review in Europe, and once a license is obtained there, the com­

pany plans to submit its application to the NRC for use in the United States. 

The cask has an inner cavity 373 cm long, and has an extension that will allow 

use of the cask for fuel assemblies up to 502 cm long. Total loaded cask weight 

is 116 tons with the extension in place. (See Table 4-2 for details.) 
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Numerous features designed to improve operation and reduce operator dose 

commitments are said to be included as a result of the company's experience in 

Europe, The cask uses a solid stainless'steel body for gamma shielding and a 

borated solid resin for neutron attenuation. Maximum heat rejection is based on 

135 kW. Design pressure is 425 psig. 

N i l 10/24—The National Lead Industries NLl 10/24 authorized by NRC in June 

1976, is a 97-ton, helium-filled, 10 PWR/24 BWR rail cask. No casks have been 

delivered yet, but NLl expects to eventually build a total of 15. Four are under 

construction. 

The cavity is 455 cm long by 114 cm in diameter. The cask hos two 

interchangeable aluminum baskets for use with PWR or BWR fuel. Gamma 

shielding is provided by 15 cm of lead plus about 5-8.6 cm of stainless steel (in 

several layers). Neutron shielding is provided by nine inches of water. Depleted 

wanwm shielding is used on the cask ends and at strategic locations in the cask 

wall. Impact structures are used to protect the cask ends and sides. Two closure 

heads are used. (See Table 4-5 and Figures 4-6 and 4-7.) 

Maximum heat generation rate is based on 77 kW (including an axial peaking 

factor of I.I). Two auxiliary cooling systems are provided to circulate water 

through channels alongside the inner cavity. Auxiliary cooling is not needed for 

the cask during fire accident conditions. Without auxiliary cooling and at 

maximum heat generation rate (including 1.1 axial peaking factor), the average 

fuel temperature is 348°C. Without the cooling system in operation, heat 

dissipation is by conduction through the body to the neutron shield, convection to 

the outer surface, and convection plus radiation from the finned outer surface to 

the atmosphere. Maximum fuel temperature during fire accident conditions is 

533 C. Normal cavity pressure during transport is expected to be about 23 psig, 

with a maximum internal pressure of 105 psig occurring in the fire accident. 

L 
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TABLE 4-5 

NLI 10/24: RAIL CASK SYSTEM FOR THE TRANSPORTATION 
OF IRRADIATED FUEL ELEMENTS - DESCRIPTION 

Cask Capacity: 

Basket: 

Cask Package Dimensions: 

Cask Cavity Dimensions: 

Cask Weight: 

System Weight: 

Rail car: 

Shielding: 

Criticality: 

10-PWR Assemblies 
24-BWR Assemblies 

Interchangeable PWR/BWR aluminum 

Diameter-63" 
Length-204.5" 

Diameter 45" 
Length-179.5" 

200,000 pounds, loaded 

Cask, rail car and secondary cooling 
units-335,000 pounds 

59' length, with unlimited rail interchange 
capabilities (6000 Ibs./linear foot) 

Gammas - Lead and Uranium/steel combination 
Neutron - Water 

Stainless steel clad Ag/ln/Cd alloy 

4-20 
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FIGURE U 
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1F-30Q—The General Electric IF-300 is a 68-ton water-filled rail cask copable 

of transporting seven PWR or 18 BWR fuel assemblies. Licensing was begun in 

January 1971 and approval was granted by the AEC in 1373. 

The IF-300 is provided with two interchangeable stainless steel boskets, one 

for each type of fuel. Gamma shielding around the body is provided by a combina­

tion of 10 cm depleted uranium clad with stainless steel. Shielding around the 

cask ends is provided by 7,6 cm of depleted uranium clad in stainless steel. 

Neutron shielding is provided by the water in the cask plus an annular layer 

outside the gamma shield. The outer wall and ends of the cask are finned for 

impact protection. (See Figures 4-8 through 4-11.) 

Maximum heat generation is based on 76.7 kW. Cooling is provided by convection 

to the inner cavity wall, conduction to the outer neutron shield and convection 

to the corrugated outer wall. Forced air impingement is used to cool the outer 

shell. During normal operation, the maximum fuel temperature is expected 

to be I63°C. If the forced air impingement system is lost, the temperature 

wi 11 rise to a maximum of 221 °C. If shielding water is lost from the outer compart­

ment, the maximum fuel temperature could reach 788°C, but only after all 

the inner cavity water has boiled off. It has been conservatively estimated 

that this would require more than two days. 
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5.0 ACCDENTCONSDERATIONS/POTENTiAL 
RADIOACTIVITY RELEASES 

The purpose of this section is to provide a description of typical postulated 

accident failure modes for spent fuel (during pool storage and transportation) and 

the radioactivity releases which may be associated with incidents of this type. 

This data may then be used 1o develop engineered safety features to prevent such 

incidents and/or to estimate the potential individual and population radiation 

exposures which could result. 

The objective is to give the reoder a feeling for the mechanisms and magnitude 

of such postulated occurrences. 

5.I GENERAL SAFETY AND ACCDENT CONSIDERATIONS* 

To be a potential radiological hazard to the general public, radioactive materials 

must be released from a facility and dispersed off-site. For this to happen: 

• The radioactive materials involved must be available in a 
disposable form, 

t There must be a mechanism available for the release of 
such mcterials from the facility, and 

• There must be a mechanism available for off-site disper­
sion of such releosed material. 

Although the inventory of radioactive materials contained in aged spent fuels 

may be in the order of a billion curies or more, very little is available in a 

disposable form; there is no mechanism available for the release of radioactive 

materials in significant quantities from the facility; and the only mechanism 

available for off-site dispersion is atmospheric dispersion. Increased spent fuel 

storage with AR (at reactor) or AFR (away from reactor) storage normally 

involves only aged fuel. The underwater storage of aged spent fuels is an 

operation involving an extremely low risk of a catastrophic release of 

radioactivity. 

Extracted from Reference 9 
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The radioactive materials present in a spent fuel storage installation are: 

• The spent fuel in storage 

• Impurities in the pool water 

• The "crud" deposits on the surfaces on the fuel pins and 
fuel assembly structural components 

• Airborne radioactivity, primarily due to entrainment in 
evaporating pool water 

• Impurities removed from the pool waters by filtration and 
ion exchange treatment 

• Wash solutions generated during shipping cask cleanup and 
miscellaneous decontamination operations 

• Dry materials such as contaminated protective clothing, 
blotting paper, cleaning materials and ventilation system 
filters. 

5.1.1 COMPOSITION OF SPENT FUEL 

The spent fuel in storage is highly radioactive, with a total inventory of 

radionuclides in the erder of 10 curies per metric ton of contained uranium. 

The gross radiooctivity in curies per metric ton of uranium as a function of time 

since discharge from a reactor (decay time) is shown in Table 5-1. The decay 

times were chosen to represent: 

Days Event _ _ 

0 - At time of discharge from reactor 

160 - Probable minimum decay time for receipt at on AFR storage 

based on 1—131 content in spent fuel 

365 - Nominal average minimum decay time for an AFR storage 

inventory-based on logistics of spent fuel transfer 

3,652 - Time when only long lived activity remains 
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TABLE 5-1 

RADIOACTIVITY PRESENT IN SPENT FUELS* 
(Megocuries per Metric Ton of Uranium ) 

Decay Time-Days 
After Discharge 0 160 365 3,653 

Fission Product 
Nuclides*** 165 4.25 2.06 0.523 

Actinides and Their 
Daughter Elements*** 41 .06 .07 .05 

Light Elements & Fuel 
Element Construc­
tion Materials*** 

0.213 0.060 0.027 0.003 

ft 

See Appendices A-D for tabulations of nuclides pre snt 
Based on metric tons of uranium charged to a rear or 

*** Source - ORIGEN code - Reference PWR 
- Power - 35 MW/MTU 

Burnup - 25,000 MWd/MTU 
- Flux - 3.26 x l 0 , 3 n / c m 2 
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Note that from a gross radioactivity standpoint, the fission product nuclides are 

predominant throughout the life of spent fuels in storage, but that 97.4 percent 

of this activity decays away in the first 160 days and 98.8 percent is gone in 365 

days. 

The fission product radionuclides are fi, ? emitters, and only those few that 

enter into biological processes are of major concern. For freshly discharged 

fuels at a reactor, a principal concern is the 8-day 1-131 which is absorbed by 

: jnts, animals and humons, particularly in natural iodine deficient inland 

ligations. However, since the quantity of 1-131 present in discharged fuel is 

reduced by a factor of about a million times in the first 160 da>j of decay, it is 

not a major concern for the storage of spent fuels in an AFR storage facility. 

Those fission product nuclides of primary concern under conditions of long term 

spent fuel storage ate Kr-85, Cs-134, Cs-137 and possibly 1-129. These nuclides 

are present in significant quantities, are soluble in water and biologically mobile. 

Cesium enters the muscle tissue of animals and man. The isotope, 1-129, has a 

low specific activity (1.4 dpm/g) and hence has a minimal direct radiological 

effect, i.e., it is physically impossible to absorb enough to give a dose that is 

more than a small fraction of that from natural radionucl'jes (e.g., K-40 1780 

dpm/g) present in thyroid tissue. However, because of its 17 million year half-

life, its release to the environment should be minimized. 

Mony of the actiniaes and their daughter elements are also short lived; 99.6 

percent decay away in 160 days. Of those present in aged spent fuel stored in an 

AFR storage facility, the plutonium isotopes present the most significant 

potential hazard. 

Of the materials of fuel element construction and surface crud deposits, the 

most significant radionuclide is Co-60. 

The only way in which the radionuclides in spent fuel could be mode available for 

dispersal is by steal rupturing of fuel pins. As fuel assemblies must be 

handled under wc..r to provide the necessary protective shielding, a rupture of 
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fuel pins would allow the escape of free gases, primarily Kr-85, and contact of 

the fuel material by the pool waters. However, as corrosion rates of ceramic 

fuel materials are low, the only observable effect might be a slight increase in 

the Cs-137 content of the pool waters. 

5.1.2 KRYPTON 85 

The principal radioactive gas which could escape from defective fuel elements in 

storage is Kr-85. The evidence to date indicates that the free gases present in 

fuel pin void spaces leak out rather quickly from defective fuel elements in the 

reactor and upon discharge, but that the gases which are contained within 

the fuel pellet matrix have an extremely low diffusion rate and hence a low leak 

rate. Experience at the NFS West Valley reprocessing plant with chopping fuel, 

in preparation for dissolution, showed that the release of krypton from spent fuel 

was marginally observable on their krypton stack monitor; almost all of the 

krypton was retained in the fuel unit until its dissolution. This experience 

indicates that even the rupture of a number of fuel elements in the storage pool 

would not cause o release of Kr-85 in sufficient quantities to be measurable off-

site. 

5.1.3 CESIUM 134/137 

Stable cesium is rare geologically and in the biosphere but radioactive cesium 

from weapons testing fallout is widely distributed thoughout the biosphere. 

Cesium-137 is important as it is readily absorbed from the food intake by both 

animals and man. However, the cesium in spent fuel is strongly bound within the 

fuel matrix even when the fuel pellets are exposed to the pool water. The 

dissolution rate of cesium is very low and decreases sharply with time. The 

cesium concentration in pool waters is readily controllable by circulation through 

on ion exchange resin bed. 
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5.U POOL WATER ACTIVITY 

The fuel pellets ore sintered ceramic cylinders which have a very low corrosion 

rate in water, and the contained radiooctivity is tightly bound within the fuel 

material. In oddition, the fuel material is hermetically sealed within highly 

corrosion resistant zirconium alloy (or stainless steel) cladding tubes with welded 

end closures. The only mechanism available under normal operating conditions 

for radionuclides in spent fuel to become availoble for disperso) is through the 

corrosion of defective fuel pins by the pool waters. Experience at pools where 

aged fuel has been stored (G. E. - Morris Operation and NFS - West Valley) 

has shown that the activity level of the pool water does show on increase when 

more fuel is added to a pool but that the activity decreases rapidly with time. 

The apparent explanation is that only the fuel directly exposed by a cladding 

defect is available for attack and only for a relatively short time. 

NFS reported on experienced pool waters composition of 76 percent Cs; 6 

percent Cs-I34; 6 percent Sb-124; 6 percent Ce-144 and I percent Sr-90. G. E. 

- Morris Operation has ilso identified Co-60 os a minor contaminant in pool waters. 

Becauseofthedirectr .jMonshipbetweenpoolwateractivitylevelsandoccupational 

exposures, there is un incentive to keep pool water activity levels under control 

at all times; values *i the range of 10 to 10" uCi/ml are common. 

5.1.5 SURFACE CRUD DEPOSITS 

Crud deposits hove been observed on the surfaces of fuel pins and fuel assembly 

hardware, particularly on the inner low nozzle surfaces. The thickness of these 

crud layers varies from almost nil up to about ISO microns.** Most crud deposits 

range between 25 to 50 microns. Surface appearance varies from a dense black 

for PWR fuels to an orange-red for some BWR fuels, depending upon reactor 

primary coolant circuit characteristics. These crud layer* are oxides of iron, 

nickel, and copper and mixed oxides. % 

* 
Safety Analysis Report, Vol. Ill, NFS Reprocessing Plant, p. X-3-6, Docket 
50-201, docketed December 13,1973. 

«* 
BNWL-22K, A. B. Johnson, Jr., "Behavior of Spent Nuclear Fuel in Water 
Pool Storage." 

% 
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These crud deposits slough off during shipping and are the principal source 

of contamination of cask coolants. A small fraction also apparently becomes 

either dissolved or suspended in the pool waters, e.g., Co-60. However, based 

on visual observations at the NFS - West Valley plant, most of the crud deposits 

remained on the fuel assembly until it was chopped up prior to reprocessing. 

S.! .6 AIRBORNE RADIOACTIVITY 

Airborne radioactivity within a spent fuel storage facility is o function of: the 

pool water activity, care used in handling fuel, frequency of fuel transfer 

operations aid good housekeeping practices. Based on NFS experience, the 
Q 

airborne activity levels are a foctor of 10 less than the pool water activity and 

are routinely less than five percent of the occupational exposure limits in 

10CFR20, Appendix B, Toble I. 

5. 1.7 POOL WATER PURIFICATION SYSTEM 

Spent fuel storage pools are serviced by a pool water cleanup system consisting 

of filters and ion exchange units, and the necessary pumps, tanks and piping. 

These systems may contain concentrations of radionuclides as much as 100 times 

that of the pool waters, enough to require local shielding and carefully controlled 

operating procedures. However, the inventory of radionuclides available for 

disposal is limited to that contained in a spent filter or ion exchange unit at the 

time of replacement. As these are wetted materials, spills could cause a local 

decontamination and cleanup problem, but the materials involved are readily 

contained. 

5.1.8 DECONTAMINATION SOLUTIONS 

Shipping casks represent the major source of contaminated wash solutions. 

During shipment some of the surface crud on fuel assemblies can become 

dislodged and become a source of contamination to the cask cavity. On receipt 

at the storage installation, the water in the cask cavity is sampled for 

% 
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radioactivity and , if necessary, flushed out before the cask is opened. The wash 

waters generated are collected in the on-site low level waste system for 

treatment prior to disposal. 

Wash solutions from plant decontamination operations are also collected in the 

low level waste system for treatment prior to disposal. 

5.1.9 DRY WASTE MATERIALS 

A spent fuel storage operation also generates dry radioactive waste materials. 

These consist of contaminated protective clothing, blotting paper, and cleaning 

mops and plastic sheeting. Such materials are normally collected in plastic bags 

and packaged in drums prior to disposal. The contained radioactivity in such 

drums is normally in the order of 200 uCi/drum. This activity adheres to the 

materials involved and is not in a readily dispersable form. 

5.1.10 RELEASE MECHANISMS 

As underwater storage is a low temperature, low pressure environment, there is 

no driving force for the sudden release of a mojor fraction of the rodiooctive 

materials contained in the stored spent fuel even under abnormal operating 

conditions. Small quantities of radioactive materials could be released inside the 

facility during an inadvertent venting of a shipping cask while it is being 

prepared for unloading or a spill of low level waste materials in the waste 

handling and treatment sysitm. 

5.1.11 OFF-SITE DISPERSAL MECHANISMS 

Again, because of the absence of high temperatures or pressures in an under 

water spent fuel storage operation, the only mechanism for off-site dispersal of 

released radioactive materials is atmospheric conditions. 
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5.2 ACCIDENTS AND NATURAL PHENOMENA EVENTS 

I 
I 
I 

For an accident to represent a potential radiological hazard to the general 

public, the same conditions apply-radiooctive materials must be released from 

the facility and dispersed off-site. For this to happen: 

• The radioactive materials involved must be rendered 
into a dispersable form, 

• These must be released from the facility, and 

t The conditions must be present for dispersion off-site 
of such released materials. 

A range of potential Occidents and natural phenomena events have been 

postulated in various documents. Appendix F presents the highly conservative 

assumptions used for evaluating the potential radiological consequences of a fuel 

handling accident in the fuel handling and storage facility for boiling and 

pressurized water reactors (Regulatory Guide 1.25). Discussed below are 

incidents at other fuel storage repositories and during transportation. 

5.2.1 ACCIDENTS RESULTING IN RUPTURING OF FUR PINS 

Both NFS and AGNS included in their safety analysis reports (Docket Nos. 50-201 

and 70-1729, respectively) an underwater fuel drop accident in which it was 

assumed that all of the fuel pins in a fuel assembly were ruptured. Because of 

the oge of the spent fuel, very little I— 131 would be available for dispersion off-

site. The NFS calculated release rates for an assembly exposed for 33,000 

MWD/MTU and cooled for a minimum of 120 days were: 

Release Rate Ci/Sec 
Nuclide From Fuel From Pool 
Kr-85 5.5 x I0" 4 5.5 x I0" 4 

Xe-I3l 9.2 x I0" 7 9.2 x I0" 7 

1-129 3.7 x I 0 " 1 0 3.7 x I 0 " 1 2 

1-131 2.9 x I0* 7 2.9 x I0" 9 
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With ground level release dispersion factors in the order of 10 to 10 sec/nr 

at most sites, site boundary concentrations would be a small fraction of the 

IOCFR20, Appendix B, Column I I , limits. 

5.2.2 LOW PROBABILITY MISSILE ACCIDENT 

Analyses have been made of a low probability missile accident at a storage only 

type of facility containing one year and three year, aged, spent fuel. The 

Occident was defined as the penetration of the building by a tornado generated 

missile that lands in the storage pool. The activity in the gap between the fuel 

clodding is released from the fuel pins ruptured by the impact of the missile. 

The missile evaluated was a 34.3 cm diameter by 10.7 m foot long utility pole, 

traveling at 232 kph. 

Assuming that the missile entered the pool at an optimum angle, a 13.7 m row of 

fuel assemblies could be impacted if the missile was not deflected from its 

course of travel. Assuming a uniform storage array of 40 BWR assemblies and 27 

PWR assemblies, a total of 20 MT of fuel could be impacted. It was assumed 

that 10 percent (a high figure) of the contained Kr-85 is in the fuel cladding gap 

and hence available for release. Similarly, I percent of the 1-129 is also assumed 

present in the gap. However, iodine is soluble in water and an underwater 

release would be subject to a decontamination factor of at least 100. On this 

basis, the source terms for spent fuel exposed to an average of 28,000 MWd/MTU 

shown in Table 5-2 were calculated. 

Assuming an atmospheric dispersion factor (X/Q) of 10" sec/m for a ground 

level release and a site boundary distance of 275 meters, the calculated dose 

rates are shown in Table 5-3. 

The calculated doses shown in Table 5-3 are obviously quite small and are a 

fraction of the average annual natural background dose of greater than 0.1 rem. 
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TABLE 5-2 

CALCULATED SOURCE TERMS FOR LOW PROBABILITY 
MISSILE ACCIDENT ANALYSIS 

AWAY-i^ROM-REACTOR STORAGE POOL 

Radio­
nuclide 

Inventory 
C i / M T * 

I yr 
decay 

3 yr 
decoy 

Fraction 
in 

Gap 
Release 

Fractions 

Ci Released 
per MTU 

I yr old 
fuel 

3 yr old 
fuel 

Curies Released 
per 20 MT of Fuel 

I yr 
old 

3 yr 
old 

Kr-8«t 

M 2 9 

9.6x lO c 8 . 4 x l 0 J 

3 . l x t 0 ~ 2 3 . l x l 0 ~ 2 

0.1 
0.01 

0.1 
0.01 

9.6xl02 8.4xl02 

3. IxlO-6 3.IxlO-6 

1.9xl0H l.7xlOH 

6.2xl0~5 6.2xl0~5 

Bases: 

28,000 (average) MWd/MTU Burnup, ORIGEN Code Calculation. 
Kr-85 = 10%; 1-129 = 1% 
Kr-85 = 100%; 1-129= 1% of gap activity 



TABLE 5-3 

C A L C U L A T E D SITE BOUNDARY DOSE RATES FOR LOW 
PROBABILITY MISSILE ACCIDENT AT 

A W A Y - F R O M - R E A C T O R STORAGE POOL 

Ci Released 

Ci/nr^ Concentra­
tions at 

Site Boundary R e m / 
Radio­
nuclide 

1 yr 
decay 

3 yr 
decay 

1 yr 3 yr 
decay decay 3 

Rem/Ci-sec/m 

Kr-85 1.9x10^ I . 7 x l 0 4 1.9 1.7 3 . 0 x l 0 " 2 

1-129 6 . 2 x l 0 ~ 5 6 .2x lO" 5 6 x l 0 " 9 6 x l 0 ~ 9 4 . 6 x l 0 6 

50 year commitment 
Skin 

Cr i t i ca l Organ Dose (Rems) 
I yr 3 yr 

decay decay 

5.7x10' 

2.9x!0' 

. 2 * * 

. 2 * * * 
5.1x10 

2.9x10 

. 2 * * 

2 * * * 

Thyroid 



5.2.3 FIRES AND EXPLOSIONS 

Fires ond explosions could be the driving force for the dispersion of radioactive 

materials in finely divided forms. However, there is no need for the use of explosive 

materials in on AFR storage facility and normal operating procedures limit 

the accumulation of combustible materials such os poper. Such materials are 

used for routine decontamination operations, but as soon as used, these materials 

must be properly bagged to prevent a further spread of contamination. Serious 

fires and explosions are not considered credible in an AFR storage facility, 

5.2.4 CRITICALITY ACCIDENT 

Assuming the fuel storage design was adequate, a criticality accident in a spent 

fuel pool could conceivably approach the power levels (less than 1,000 Kw) of 

a "swimming pool" type of research reactor. As proven by the operation of 

such reactors for many years, conditions did not generate enough energy to 

disperse any radioactive materials to the atmosphere from under more than 

4 m of water. 

5.2.5 HIGH POOL WATER ACTIVITY 

Based on operating experience at the G. E. Morris Operation and the NFS West 

Valley Plant, spent fuel storage pool waler activity should normally be maintained 

at less than 5 x 1 0 mCi/ml. At this concentration the dose rate on the bridge 

crane above the pool is less than 2 mrem/hr. 

During a period of high pool water activity, fuel transfer activities would 

normally be curtailed until the pool water activity is reduced to normal 

operating levels. 
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5.2.6 LOWERING OF POOL WATER LEVEL 

A 1,000 ton capacity storage pool is estimated to contain 3.7 million liters of 

water and be 9.5 m deep. Trie water in a spent fuel storage pool serves the dual 

functions of heat removal and shielding. Spent fuel storage pools are normally 

designed with a minimum of 4 m of water over the fuel in storage, enough to 

reduce the gamma dose rate from the fuel assemblies to less than 0.5 mr/hr at 

the pool surface. 

Fuel tronsfer mechanisms have limit switches and mechanical stops to prevent 

raising a fuel assembly or a storage canister to less than 3 meters of the water 

surface. 

A loss of five percent of the water, about 185,000 liters, 
would have only a negligible impact on personnel expo­
sures 

A loss of 25 percent of the water, about 925,000 liters, 
would reduce the shielding over the stored fuel to about 2 
meters. Under these conditions the fuel transfer bridge 
crane work could be carried on within the facility but this 
may have to be done under "special work permit" 
conditions. 

The fall of the water level to this depth may require an emergency modification 

of the cooling water circuit inlet and outlet lines, such as connecting emergency 

supply and cutting off any bleed-off system, but this should be feasible without 

serious overexposure of personnel. 

While the loss of all water is beyond the design basis envelope, it involves only 

low risks for independent spent fuel storage facilities. The major consequences 

of such an unlikely event would be a small skyshine dose at a site boundary. 

The heat generation rate of spent fuel decreases rapidly with time for a short 

period following discharge from a reactor. For example, at one year after discharge 

the spent fuel heat generation rate is less than one percent of its rate when 

it is discharged from the reactor. At ten years its heat generation rate has 

decreased by another factor of ten to one-tenth of one percent, 

5-14 *a^ 
TERA CORPORATION 



Assuming that the spent fuel stored at on independent spent fuel storage 

installation is at least one year old, calculations have been performed to show 

that loss of water should not result in fuel failure due to high temperatures. 

Cooling by natural convection air currents alone should be adequate. 

53 CONSIDERATIONS AND ASSUMPTIONS USED FOR OFF-SITE 
TRANSPORTATION ACCIDENT ANALYSIS 

All information in this section is summarized from WASH-1238, "Environment 

Survey of Transportation of Radioactive Materials To and From Nuclear Power 

Plants." The consequences of a major release of radioactive material from 

a spent fuel shipping cask could be severej however, the lew probability of such 

on occurrence during transportation makes the risk from such accidents extremely 

small. Spent fuel shipping casks are designed to withstand severe transportation 

accidents without significant loss of contents or increase in external radiation 

levels. The casks are protected from the damaging effects of impact, puncture, 

and fire by thick outer plates, protective crash frames, or other protective 

features designed to control damage. 

Transportation accidents occur in a range of frequencies and severities. Most 

accidents occur at low vehicle speeds. The severity of accidents is greater at 

higher speeds, but the frequency decreases as the severity increases. Transportation 

accidents usually involve some combination of impact, puncture, fire, or submersion 

in water. 

5.3.1 ESTIMATES OF RELEASES IN ACCIDENTS 

Estimates of the amount of radioactive material released and the calculated 

doses in the unlikely event that a shipping cask is breached are summarized 

below. The consequences in terms of potential doses to humans have been 

calculated for the estimated releases of Kr-85, 1-131, and fission products. 

Normal distributions of weather and population densities for a release on land 

were used in the calculations. 
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Table 5-4 shows the probability of a transportation accident per vehicle 

mile in each of the five accident severity categories. Tables 5-5 through 5-

8 show the probabilities of "W or more persons receiving doses of "D" or more 

millirem as a result of a release of I.I x I 0 3 Ci of Kr-85, I x I 0 * 2 CI of 1-131, 

and 130 Ci of gross fission products, with all of the krypton and iodine and one 

percent of the gross fission products being dispersed in the air. It would require 

an accident of the extra severe category to cause a release of this magnitude. 

Therefore, the total probability of "N" or more persons receiving doses of "D" 

or more millirem from the transportation of spent fuel would be the probabilities 

in Tables 5-5 through 5-8 multiplied by the appropriate probability in Table 

5-4 multiplied by the distance traveled. 

5.3.2 CONSEQUENCES OF IMPLEMENTING STORAGE ALTERNATIVES 
FOR OFF-SITE TRANSPORTATION ACCIDENT ANALYSIS 

The severity of the consequences of a single transportation accident will not 

change for any particular storage alternotive. However, the probability of 

occurrence increases in direct proportion ot the increase in distance of shipment 

of spent fuel for those alternatives which involve transportation for off-site 

storage. Specifically, those storage alternatives which involve off-site transpor­

tation are independent storoge facilities, trans-shipment, and use of government 

facilities. 

The estimated average distance from a nuclear power plant site to an AFR 

storage facility over which the irradiated fuel would be transported is 1,000 

miles. From Tables 5-6 ond Table 5-7, the probability of 100 persons receiving 

a dose to the skin of 100 millirem from a release of 1,100 curies of Kr-85 as 

the result of on extra severe transportation accident is 4 x 10" . Consequently, 

the environmental risk due to off-site transportation accidents involving spent 

fuel casks remains extremely small. 
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TABLE 5-4 

ACCIDENT PROBABILITIB FOR TRUCK OR RAIL TRAVEL 
PER VEHICLE MILE FOR THE ACCIDENT SEVERITY CATEGORIES 

(FROM WASH-1238) 

Minor Moderate Severe Extra Severe Extreme 

\ | 2 x I 0 ' 6 3 x I0" 7 8 x I0" ? 2 x 10"" 1 x I 0 " 1 3 
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TABLE 5-5 

PROBABILITY OF I T OR MORE PERSONS RECEIVING A DOSE 
TO THE SKIN OF "D" MILLIREM OR MORE FROM THE 

RELEASE OF 1,100 CURIES OF KRYPTON-85 
IN AN ACCIDENT (FROM WASH-1238) 

Number of 
People, "N" 1 

Dose (millirem), "D" 
10 100 1000 5000 

1 0.9 0.5 0.1 2 x I0" 2 3 x I 0 " 3 

10 0.6 0.2 3 x \0~2 1 x I 0 " 3 

I02 0.2 4 x I 0 " 2 2 x I 0 * 3 

I03 7 x I 0 " 2 2 x I 0 " 3 

10* 1 x I 0" 2 

I05 S x I 0 " 4 
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TABLE 5-6 

PROBABILITY OF "N" OR MORE PERSONS RECEIVING A DOSE 
TO THE THYROID OF «D" MILLIREM OR MORE FROM 

THE RELEASE OF 0.01 CURIES OF IODINE-131 
IN AN ACCIDENT (FROM WASH-1238) 

Number of 
People, "N" 1 

Dose (mi 
. 10 

llirem), "D" 
100 1000 

1 0.5 9 x I 0 " 2 1 x I 0 " 2 2 x I 0 " 4 

10 0.1 1 x I 0 " 2 it x \0'k 

I02 2 x I 0" 2 6 x I 0 " 4 

I03 1 x I 0 " 3 
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TABLE 5-7 

PROBABILITY OF "N" OR MORE PERSONS RECEIVING A DOSE 
TO THE LUNGS OF "D" MILLIREM OR MORE FROM 
1.3 CURIES OF GROSS FISSION PRODUCTS WHICH 

BECAME AIRBORNE AS A RESULT 
OF AN ACCIDENT 

(FROM WASH-1238) 

K, , , Dose (millirem), "D" 
Number of •—— 

People. "N" I 10 _|00_ J00O 5000 10,000 

I I 0.8 0.3 5 x I 0 " 2 I x I0" 2 4 x I 0 " 3 

10 0.8 0.3 6 x I 0 " 2 4 x I 0 " 3 3 x I0" 4 4 x I 0" 5 

102 0.4 9 x I0" 2 6 x I 0 ' 3 I x I0" 4 

10 3 0.1 I x I0" 2 2 x I0" 4 

10 4 4 x I0" 2 5 x IO"4 

10 5 4 x I0" 3 
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TABLE 5-8 

PROBABILITY OF n N" OR MORE PERSONS RECEIVING A DOSE TO THE 
WHOLE BODY OF "D" MILLIREM OR MORE OVER A PERIOD OF 
ONE YEAR FOLLOWING THE RELEASE IN AN ACCIDENT OF 130 

CURIES OF GROSS FISSION PRODUCTS WHICH DEPOSIT ON 
THE GROUND (80% OF THE DOSE IS TO 

THE SKIN)(FROM WASH-1238) 

Number of 
People, "N" 1 JP_ 

Dose (millirem). "DM 

100 1000 5000 10,000 

1 1 1 1 0.9 t .7 0.7 

10 1 1 0.9 0.7 0.3 0.2 

I02 1 0.9 0.6 0.3 0.1 6 x I 0 " 2 

I03 1 0.7 0.4 9 x I0" 2 2 x I0" 2 6 x I 0 " 3 

10* 0.8 0.5 0.2 3 x I0" 2 9 x I0" 4 2 x 10"* 

I05 0.7 0.'+ 8 x 10"' 1 2 x I 0 " 3 
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APPENDIX A 

ORIGEN CALCULATIONS 

Power 35.00 MW/MTU 

Burnup 12,000 MWD/MTU 
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TABLE A-1 

ACTIVITIES OF FISSION PRODUCTS 
IN SPENT FUEL VS. DECAY TIMES 

•UCUOC • i O l O I C I H I M . CVtlCl 
••SIS : »I • ( «H»< K1 IL CHlffi(0 n •taCT'D 

CHfttfiE OtSCKI f t t f 0 . T 0 . 1 1 . 1 2 . ' 5 . ' 1 0 . I J O . T S O . 1 1 0 0 . T 

H J • 0 0 2 . J 7 - C 2 2 . J M 0 2 2 . 5 1 - 0 2 2 , 2 « « 0 2 2 . 1 2 - 0 2 I . U ' D J I . J S - 0 2 l . » 7 « 0 ) l . » ) . O I I . I S - 0 1 

2H 7 ] . 0 0 1 . « 7 < 0 I I . S 2 - 1 ) , 1 , 0 « - 2 « . 0 0 • DO . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 

Ga 77 • 00 l . « T « O I 2 . H . 1 1 2 . « - 7 « • 0 0 . 0 0 . 0 0 . 0 0 , 0 0 • 0 0 • 0 0 

« >2 .oo • 0 0 • 09 • 0 0 . 0 0 . 0 0 . 0 0 •OD . 0 0 . 0 0 •oc 
S i V] . 0 0 » . 3 I < D I • 0 1) ,0D • 00 .OD . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 

G[ M . 0 0 • 00 • 00 • 00 . 0 0 .oo .oc •oo . 0 0 • Oil • OD 
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ClillJt .00 1.11-01 l.»0-OI 1 . 3 3 - 01 7.13-01 ».7»- 01 5.15-01 t . 57 - 01 1.71-01 4.30* 0 2 " ' S . 1 0 - 0 3 
com .on .00 .00 .00 -co .oo .00 .oo ,00 .00 • 00 
I « I I J .00 .00 .00 .00 .00 ,00 .00 •ao •Of .00 •oo 
' D i n .On 7.t7*03 .00 • CO .00 .00 .03 •00 ,00 .oo • 00 
K i l l .00 7,t7*03 .00 .00 .Co .00 .09 •00 .00 .00 • 00 
c o m .00 .00 .CO .00 .00 .00 •oo •DO .00 .00 • 00 
l i m i t .00 2.74-02 1.IJ-D3 2 . 1 1 - 03 1.13-01 l . O f Dt 2.14-13 2 . 7 1 - 21 .00 .00 • 00 
I t . I t .00 t . t« -02 7.SI-03 2.17-03 1.17-01 I.OS- ot 2.44-11 J . 4 1 - 21 .00 .00 .oo 
S t i l t .00 .00 .00 .00 .00 .00 .OD .00 .00 .00 .00 
'01 IS •00 4.11*01 •00 .00 .00 .00 .00 .00 • DO .00 .00 

* 
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•oata; » . a n a . tu»aur - 12000.HBO, n v l : > . n * l l a / c « a * 2 - cc 

. avcii iE a i o i a i c i n i t i i e m u s 
a ' j l - • ! «r «t>ai K i l l CMKCD i t tc ic iea 

cmasc BllCaiKC 0 . t 0 . 7 I t T 2 7 S. T 10 T 20. T >0 . 1 l o o . » 
lOUJa .CO 1.10-03 .00 .oo •on .00 .00 .00 .00 .00 • 0 0 
• Oils .00 t . t l ' C ! .00 .03 .00 .00 .00 .00 • DD .00 .00 
CDllSa .00 a.oJ-02 a.aa 01 3.OM0I 1.17*00 3.10 03 a . i a - l l I . O I . 23 •oo .00 .OD 
CDIIi .00 k . l l 'OJ a . jo . 01 l.il I I .00 .00 • DO .00 .00 .00 •00 
imiiFi .00 a. i i ' 0 3 a . 70- Da l . lk I I .00 .00 .00 • 00 .00 .00 • DO 
l a l l i .00 .00 .00 .ao •oo .00 .00 •00 .00 • 00 .oc 
sans .00 .00 .00 .00 .00 .oo .00 • DD .00 .00 • 00 
" l i b .00 ».o?<03 .00 .00 .00 .00 •00 •DO .00 .00 .on 
ec.ua .00 .00 .00 .00 .DO .00 .00 .00 .00 .00 .00 
!M]6« •00 j . U ' C i .00 .oo • 00 tOO .00 .00 .on .00 • DO 
U l l l .00 i .a. 'C? .CIJ .oo .00 .0 9 .00 •00 .00 .00 .00 
S t i l t .00 .00 .00 •00 .00 .00 .00 •00 .00 .00 .00 
" i n •00 a . M . o j .00 .00 • 00 .00 .OD .00 .00 .00 .00 
c u n m .00 i .ai 'CO .00 .oo .on .00 .00 •00 .00 .00 • 00 
c o i n .00 a.20«cj .1)0 .00 .00 .00 .00 •00 .00 .00 .00 
i«U7n .00 6.20*0] .00 .30 •00 .00 .00 •oo .00 .00 .00 
l a l l l .00 2. '2»0J .03 .00 .00 .00 .00 • DO .00 • 00 .00 
s u n n .00 7.23'OD l - 3 « - 02 ?.«2- 03 1 .01-01 l . a l . IS .00 •00 .00 .00 .00 
! « H 7 .00 •no .00 .00 • 00 .00 .00 • DO .00 • 0 0 .00 
( D i l l .00 l . H ' O J .00 .00 .00 .DO .00 .00 .00 .00 .00 
I k l l l B .00 7.J7-0J .00 .00 .00 .00 .00 •00 .00 .oo .DO 
i n n .00 a . l t ' O ! .00 .00 .00 .00 .00 .00 .00 .00 .00 
S t i l l .00 .oc .OD .00 .00 .00 .oo •00 •oo .00 .00 
CCll^ft .00 3.2«'0S .00 .00 . 0 ; .oo .00 .00 .00 ,00 •oc 
I t l H .01 : . ;<*os .00 .00 .00 .00 .00 • oc .00 :D0 .00 
1NIJ9B .00 a .a l 'O ] .00 .00 •OD .00 .00 • 00 .00 .00 .OD 
IhlJV .DC 3. ja-02 .00 .DO .00 .00 .00 •00 • 00 .00 .00 
s u n n .00 1 .5X00 >.»!• 00 S.SD*00 J . 11.DO 1.13t 00 s . t 2 - o ; 3 . ( 2 - 0« 1.37-01 a . 7 2 - 2 2 .00 
i a l u .00 .00 .00 .OD .OD .00 .00 .00 .00 .00 .00 
o n . : .00 r..aa (03 .00 • CD >DD .OD .00 .00 .00 • 00 .00 
l*-i;:» •" S.S!«C3 •CO .00 .01 .OD .00 .00 .OD .00 .00 
Ik l iC .oc J.33-01 .00 .00 .DO .00 .OD .00 .00 •00 .00 
! M 2 t .00 .00 •CO .OD .00 .00 .00 •OD • DO .00 .oc 
IDlJl •oc I.JIM1J .00 .00 .00 .00 .00 .00 .00 .00 .oc 
IK1ZJ» .00 J.Jl'OJ .00 .00 .OD .00 .00 -00 .00 .00 .00 
M n .or |.01*02 .00 .00 .00 .30 ,00 • 00 •00 .00 .00 
l « i ; i » .00 S.JJ-OS S.I2-0a i . U - OS S.OI-OS S.oa. OS » . w - o s a . a i - OS a .JTDJ l .Js-Oj '2.DI-0S 
»).-> .00 l.aJ<03 .00 • CD • 00 .OD .00 .00 .00 .00 .00 
H l . i .00 .00 .00 .00 .00 .oo •no •00 .00 • DO • 00 
I»I77 .00 l.?»'OJ .00 .00 .00 .00 .00 .00 .OD .00 • 00 
s»>22 .0(1 .00 .00 .00 .00 .00 .00 • 00 .00 •DO .00 

!.!»< .00 J.00-01 .00 .00 .00 .00 .00 •00 .00 .00 .00 
s o i ; ; .CD 1.00-02 a . l s - 0< l . a a - IS .oo .00 .00 .00 . i t •00 .OD " 
i t ) ; ; .JO .CO .00 .00 .00 .00 .00 •00 .oo •oo •SO 
lM;3a .90 7.»1'03 .00 .CO .00 .00 .00 .00 .00 .00 • 00 
i t i . - ] .cc v.as«C2 .00 . c .10 .00 »0D -co .CO • 00 .00 
i.kl. J* .00 t . H « 0 2 • CO .00 .00 .00 ,00 •OD .00 • 00 .00 
!»!.-! .on » .0»-0! 3 . n < 93 2 . S O * 03 1.00.02 I .Ot t 02 2.a:-01 a . ta - 0* I . S 5 - H •to .00 
S«l<! • LU .00 •oc • 00 .00 .00 .00 .00 .00 •00 .oc 
111:3* .or J.27-02 l . t z - 01 1 . 2 1 - 02 J.Ja-03 a.JJ- 0« t .sa-07 1-31- 11 S.21-21 .00 .00 
I I I ; J .00 .00 •00 .co .00 .00 .00 .00 .00 • 00 • 00 
I H 2 I .00 l .Oi-OI .00 .00 .00 .00 •00 •00 .00 .00 .00 
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HH»= * . » » « . MM**: I2UBJUD. lUtt- I.«»MJ»«""I-IIC 

•UClliC l lDIt lCUII IT, WHIH 
HSU : III H "H i t «I1L W W I Tl IFtCTtl 

CM>6>f D H m m r . 0. T 0. T 1 . T 7 V S 7 ID, t 20. 7 50. 7 100. t 
I»I2« .00 .00 .00 .CO .00 .00 .00 •DO .00 .00 • 00 
snr»n .00 3.2)*DD .00 .Co .00 .00 • 00 .OD .00 • DO .00 
SH7* .03 1.17*01 2. I I ' 0 1 1.14*01 I . I K C 1 . 5 4 02 S.Ol- 01 J.47. 17 .00 .OD .00 
HI74 .00 .00 .00 .00 •00 .00 • OD .00 .00 .DD •00 
SPi]25« .00 5.44*01 .00 • CO • 00 .00 .00 .00 .00 .00 .00 
54125 .00 1.00*04 1.37*01 7.55-02 2.01-01 4 .0] 20 .00 .00 ,0D .00 .00 
5412s .00 2.55*03 2.44401 2.37*03 2.0S*D1 1.51 0] 7.1>* 02 2.0) * 07 I .»4*0 l 1 . 0 4 - 03 l.M-oi' 
11125« .00 1.11'CJ ».1»»02 4.24 *W • .45*02 4.57< 07 3.04* 02 • .43* Dl 4.47*00 J.«2- 03 7.77-04 
U>2> .00 .00 .00 .00 ,00 .00 .00 .00 .00 .00 • DO 
SM25 .00 1,12-01 1.42-01 1*42-01 1.42-01 1.42- 01 1.47-01 1.42- 01 1.47-01 l . « 2 - Dl 1.42-01 
S|l2t« .00 4.17*00 1.42-01 1.42-01 1.42-01 1.42-01 1.47- 01 | . « 2 - 01 1.47-01 1.47- 01 1.12-01 
51124 .00 2.3»*0I J.02-01 1.44-01 1.41-01 1.4!- 01 1.11- 01 l . 4 | - 01 | .41-01 1.41- 01 I.40-01 
H I 2 t .00 • 00 .00 .CO .00 .00 .00 • 00 .DC .00 .00 
SKI2TH .00 « . ; i . o ! .00 .00 .00 .00 •so .00 ,oo .00 .00 
Sk l i l .00 4.22*04 .00 .00 .00 .oo ,00 .00 .OD .00 • ?0 
5B121 .00 4.24*04 4.55-0] 2.34-01 2.70-24 .00 .00 • 00 .00 .00 .00 
: t i27« .00 | . | 0 * 0 * 4.51*01 4.IT'03 1.13*03 l . l l * 02 1.04- 01 4.47- 07 7 . 4 « - l l .00 .00 
urn .00 4.44.04 4.44.01 4.13*03 1.12*03 1.10*02 1.03- 01 1.17. 07 7.41-17 • 00 .00 
J l i 7 .00 .00 .00 .00 .OD •00 .00 .00 .00 .00 .00 

SM7I .00 1,11.05 .00 .00 .00 .00 .00 .00 .00 .00 .00 
s a l ? " .00 1.12*04 .00 .00 .00 .00 .00 .00 .00 .00 .00 
55124 .00 2 . ) l *04 .no .oo .00 .OD ,00 •00 .09 • 00 .OD 
u i ; t .00 .co .00 .00 .00 .00 .00 •00 •00 .00 .00 
1121 .oc 1.71*01 .00 .00 .00 .DD .00 .00 .00 .00 •oc 

l [ | 2 l .00 • OC .00 .00 .00 .00 .OD •00 " .00 .00 .00 
iKlJ'l l ,00 l . i2 '0S .00 .00 .00 .00 .00 •00 •00 .00 .00 
S M 2 » .00 4*44*01 .00 .00 .00 .00 • oo .00 .03 .00 .00 

>•!."• .oc 3.51«0S .00 .00 • DO .00 .00 •00 .00 .00 .00 
I I I J«« ,oc 5.44*04 1.04*01 2.14*03 3.12*01 1 . 1 * . 02 1.45- 12 •00 .00 .00 .00 
rti:' .or l . ]»*£S 5.I1-0J |.<0*03 2.11*01 1.24- 02 2.44- 12 •DO .00 • DO .DO 
I I » .00 1.22-02 1.25-02 1.24-02 1.24-02 1.24- 02 1,24- 02 1.24- 02 1.24-02 " 1 . 2 4 -02 " 1.21-02 

•l|2«« •oc 4.40-01 J . l t -04 1.47-07 1.44-14 .00 .00 •00 .00 .00 .00 
H i l l .00 .00 .00 .00 .oo .00 .00 .DD .OD .00 .00 
541 JO .00 4.JS-0S • 00 .CD •00 .00 .00 .00 • DO .00 .00 
s t i i ? " .00 5.11*01 .00 .00 .00 .00 .00 .00 .00 .00 .00 
SHJD . [ ; 4.44.(14 .00 .OC .00 .00 .DD .00 • DO •00 •00 
UI3C .on .00 .DO .00 .DO .00 .DD .00 .03 ' . 0 0 " .00 
D i o n .oc 7.10401 .00 .00 .00 .00 • 00 .00 .OD .00 .00 
1I3D .00 1.04-04 .00 .00 •00 .00 .DD •00 •on .00 .OD 

I E I J O .DO .00 .00 .00 .00 .00 .00 •00 .00 .00 .00 
S t i l l ,DD ».2>T«0S .00 .00 .00 .00 .00 .00 .00 •DO .00 
!> IJ I .00 4.41.OS .00 .00 .00 .00 .00 .00 • DO .00 .00 
U I J 1 " .00 1.41*05 1.01-11 .00 .00 .00 " .00 " ' -00 .00 "" .DD " .00 
H i l l .CD 1.2KDS 5.51-11 • CO .00 .00 .00 .00 .00 .DD .00 
• I I I .00 4.40*05 4.11*02 1 . 0 1 * 0 0 2.12-04 4.4b- 22 .00 .00 .00 .00 .00 

> L I ! » .00 7,SI*0S 1.15*02 | . 9 4 * 0 0 1.1.-05 5 . 5 1 - IS .00 .00 .00 • 0 D .00 
l l l l l .00 .00 .00 • CO .00 .00 .00 .DD ,00 .00 .00 
mu; .00 l . ]0*0» • 00 .00 • 00 .00 .00 .DO .DD •00 .DO 
S1II2H .oo .00 .00 .00 .00 .00 .00 ~~ .00 ,00 •00 — ' .00 
Sell? .00 1.17.04 .00 .00 • 00 ."0 • 00 .OD .00 ,00 .00 
H I 12 .00 1.11401 4.12-03 2 . 0 2 - O f .00 •00 • DO .00 .00 .00 .00 

11)2 .00 l -J l '04 4.11-01 2.01-04 •DO •00 .00 .00 •00 .00 .00 
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mm: I1.00W, luttup: inoo.mro. nui= l.ai'iinraitu-iu 
mcuer tionitnriit , cuiici 

•tils : ai *r mil* KUi caatlco »• »t«c«» 
CHltiC D I 4 C H 4 M E 0 7 o. r 1 . T 2 7 S. 7 1 0 . 7 20. 7 so. , 100. 4 

ICI32 .00 .00 .00 .00 .00 • 00 .00 .00 .00 .00 • SD 
i l l l l .00 0 1 .00 .03 .00 .00 .00 .00 .00 .00 .90 
• E l ] ) " •oo l . d ' C t .00 .00 •oo .00 .00 .00 .00 • DO .00 
t i l l ! .00 ».2l<01 .00 .00 .00 .00 .00 •Oo .00 .00 .00 
1113 .00 | . ' 2 ' 0 4 .00 .00 • DO .00 .DO .00 .00 .00 .00 

>M3Sn .00 « . H ' c t 7.42- 01 3.72-17 .00 .00 .00 •00 .00 .00 •00 
U I I S .DO l . i i ' 0 4 1.44*01 l . i v -o i ! .12-14 .00 .00 .09 .00 .00 .00 
cms .00 .00 • CO • 00 .DO .00 .00 .00 .Do .00 .00 
S t i l l .00 l . l l ' C t .00 ,00 • CO .oo .30 .00 .DO .00 .00 
IE1JI .00 l.44«C4 •00 .00 .00 •oo .00 .00 .00 .00 .00 
m i .oe 2.22'04 .00 .00 .03 .00 .00 .00 • DO • 00 .00 

I E I K .00 .o: .00 .00 .oo .00 .00 •oo .00 .00 .oc 
CSIlan .oo 2.«5'0« .00 • DO .00 .00 .00 .00 .OD .OD .00 
CI l i t .00 J . tJ 'Ol 3 . 4 1 ' 01 1 .31 'Da 2.40*04 2 . 0 0 < 0< J.21.01 | . 3 l * D S 4.54.D1 1.74-0) 1.10-11 
t i l l * .00 .00 • DO .03 .00 .00 • 00 .00 .00 .OD .DC 
•111* .1") i . r i M i t .00 • 00 .00 .00 .CD • 00 .OD .00 .00 
H I S .00 I.7J.D4 .00 .00 .09 .oo .00 .00 .DO .03 .Do 

I I I JIB .OD S.2O-04 .00 .00 .00 .00 .00 .00 • 00 .00 .00 
m i s .00 ».3I<CS • 00 .00 .00 .00 .DO •00 • DO .00 .00 
CSlJSn .00 4 . 2 f 0 3 .00 .00 .00 .00 .00 • 00 .00 .00 • 00 
m i s .00 9.44-02 4.52- 02 4.52-02 4.52-02 4.52 02 4 . 4 7 - 0 2 4.52-02 1.(7-02 4.52-D2 4.52-02 
<"»U fl« .CO l.JJ.OO .00 .03 .00 .03 .00 .00 .00 .00 • 00 
61114 .00 • 0 0 .oo .00 .00 .D>) .00 •00 .on • 00 •oo 

H i d • 00 7 .7««D5 ,0D .00 .00 .00 .00 .00 .00 .00 .03 
St 116 .00 .00 .00 .03 .00 .00 .CO .00 .00 .00 .03 
CS114 .00 2.<i '0> 2.02. 02 4.44*00 4.53-05 2 .47 . 1) .00 • 00 .DO .00 .00 
41134 .00 .00 .00 .03 .00 .00 • 00 .00 .00 .00 .OC 

H I T .00 1.73.04 .00 • 00 .00 .00 .00 .00 .OD • 00 .00 
« ! . • • » .00 1,41«D4 .00 • eg .DO .00 .00 .00 .00 .00 .00 
c u n .oc 3.44.04 J.Vi» 04 3.41*34 S.«1JJ« J.14.04 1.43.0* l . l t t g a 2.40-04 1.75*04 3.43*03 
i l l ] I n .oc 3,70<04 S.4«< 0« 3 . 4 L 0 . 3.42*04 1.44* ot 3.30.01 2.44.04 2,33.04 1.17.01 3.47*03 
S1I17 .00 .00 .00 .00 .on .00 .00 .oo .01 .00 .oc 

111* .oo 1,1*.01 • 00 .00 .00 .00 .00 .00 .00 .00 • DC 
•E l ! ( .00 1.73.04 .00 .03 .00 •00 .00 .00 ,00 .00 • DO 
CS114 .DC l . l i «04 .00 .00 .03 .00 .00 • 00 .00 .00 .00 
m i l .or .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

1134 .00 1.44*04 .00 .DO •oo .00 .00 •oo • DO .00 .00 
I I 11< .oc l.»2*04 .00 .00 .00 .00 .00 .00 .00 •00 .00 
c i i n .00 l*4S*04 .00 .00 .00 .00 .00 .00 .DO .00 .00 
• i l l * .oo M J < 0 4 .00 .00 .00 .00 .00 •00 .00 .00 .00 
111H ,00 • 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
I [ ]«E .00 I .07-01 .00 • CD .00 .00 .00 .00 .oo .00 .Do 
C!|.C .on 1.41*01 .00 .00 .00 .00 .00 .00 .00 .00 ~" *D0 
M I . I .oc | . » * C 4 1.37*04 3 . 1 0 * 0 2 4.41-03 1.14. 11 .00 .00 .00 .00 •cc 
i n t o .00 i . i s - : i I .SI* )• 1 .57<Oi 1.J3-3J 1.34- 11 .00 .00 .Of .00 .00 
cine .CO .00 .CO .00 .00 .00 .00 .00 .00 .00 .00 
» [ | ' : .00 J . l l ' 0 5 .00 .00 .00 .00 • 00 .00 .00 .00 .00 
csui .00 1.24.04 .00 .00 .GO .00 •oo .00 .00 .00 • 0 0 
Hl]«l .00 | .1 |*C4 .00 .00 .00 .00 .00 .00 .00 • DO .00 
H H ) .00 J.?4»0» • DO .00 .00 .00 .00 .00 .00 •00 • 00 
cu.i .00 |.74»04 2.54* IS i.n-m 2.14.02 2 . 1 1 - 01 1 . 5 0 - 1 1 .00 .oo .00 .00 
K i l l .00 .30 • to • 00 • 00 .00 .00 .00 .00 •00 .00 
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li.OOMi I I I I U ' : IjDOD.mrO, nun 1.01'll>rt>"i.I[[ 

•UCLIDC HOI I IC I I I IH . CUIUS 
•ins : »1 o' "iii i «t!ii tm«no to it«cto« 

e m a i l 0 1 i c " " » 4 [ 0, . t a . f 1 . 1 2 . T 1 . . t 1 0 . . f 2 0 . , I S O . 1 I D D . T 

H I a? . 0 0 1 . 1 0 * 0 1 • 00 . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 3 0 . 0 0 . 0 0 

CSI42 . 0 0 4 . 4 K 0 S . 0 0 . 0 0 . 0 0 . 0 0 . 3 0 . 0 0 . 0 0 . 0 0 • DO 

<•!•; .'• I . S T - e a . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 • OD • OD 
1 1 1 . , . o n l . 4 4 " 0 4 . 0 0 . 0 0 . 0 0 .DO . 0 0 • 00 • 3D .DC . 0 0 

c c i « ? . 0 0 . 0 0 .CD .OD . 0 3 • DO . 0 0 . o r . 0 1 .DO . 0 0 

M l « 2 . 0 5 l . l a ' O a .CO .:o . 0 3 .CD . 0 3 • o r . 3 3 .DC . 0 0 
n o l i ; . 0 0 • 00 • 00 . 0 0 . 0 3 • t o • CD • 0 0 . 0 0 . 0 0 . 0 0 

I l l l J .oo 2 . 0 S * C a . 0 0 .CO .DO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DC 
m a ! . 0 0 1 . 0 4 * 0 1 . 0 0 • OD • 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 .DO 
S i l l ! . 0 0 1 . 7 1 * 0 4 . 0 0 . 0 0 . 0 0 . 0 0 .OD • DO . 0 0 . 0 0 . 0 0 
l » l " 3 . 0 0 I . S S ' C l • 00 . 0 0 . 0 0 . 0 0 . 0 0 • DO . 0 0 . 0 0 . 0 0 

C U 4 I .oo 1 . 1 1 * 0 4 3 . 0 1 - I t . 0 3 .oo • 00 , 0 0 • DO • DO . 0 0 . 0 0 
( i l > J .Ca I . S C - 0 4 | . l t * O a 1.1? < 02 l . l t - 0 2 l . a l . .10 . 0 0 • DD • DO . 0 0 .OD 
>.D14J . 0 0 . 3 0 .CO .CD . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 •oo .oc 
t i ] " " • 0 0 l . a t « 0 4 .DC . 0 0 , 0 0 . 0 0 . 0 0 • 0 0 .DO . 0 0 . 0 0 
C C i a t . 0 0 l . I 3 * D S '•or •01 S . M ' 'OS 3 . 1 4 * 0 1 1 . 4 1 * 0 1 • • 0 1 * .Da L I T * 02 1 . 5 T - 02 3 . 1 2 - 1 4 • 00 
M l a a . 0 0 I . U ' O S 1.01*01 S . t l i 'OS 1 . 1 1 * 0 1 l . a i . '05 1 . 0 1 * 54 I . I T * 0 2 I . S T - 02 3 . 1 2 - l a . 0 0 
• D l " ? -co • DO . 0 0 . 0 0 . 0 0 .OD . 0 0 • 00 . 0 0 ,oo . 0 0 

C l l " S . 0 0 I . 0 4 * 0 4 .CD .CO . 0 0 • 00 •oo •DD . 0 0 . 0 0 • DC 
K | " S . 0 0 1 . 3 1 * 0 4 . 0 0 • CD . 0 0 . 0 0 . 0 0 •DO . 0 3 . 0 0 • DO 
k J I ' l .OS • 00 . 0 0 .03 . 0 0 . 0 0 • CD • OD • Of . 0 0 . 3 0 
C l l . t . 0 0 4 . 1 ) > 0 1 .LO . 0 0 . 0 0 .oc . 0 0 . 0 0 .OD . 0 0 • Dt 
? H " 4 . 0 0 t . l l - 0 1 .110 • 3D . 0 0 . 0 0 .OD -DD . 0 0 . 0 0 . 0 0 
4 u l » 4 . 0 0 . 0 0 . 0 0 .CD . 0 0 . 0 0 . 0 0 • DO .DO • DO . 0 0 
t i l " ? .DO a . 1 1 * 0 5 .oo . 0 0 • OD . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .DC 
P R I * T . I I I 4 . 1 1 * 0 1 . 0 0 . 0 3 , 0 3 . 0 0 .CD • 0 0 .DC . 0 0 .DD 
U l . l . 0 0 4 . 1 1 ' C S 2.aa* 0 ] 3 . I S * 01 1 , 1 4 - D l 1 . 0 4 - 14 . 0 0 • DO . 0 0 .DO • DC 
" a | t t .CO 4 . t S * 3 a 4.30* oa 1 . 1 S * oa t . 4 t * D a S . I V 04 2 . 4 5 * Oa 7 . 0 5 * 03 1 . 0 0 * 02 1 . 7 4 - 0 1 3 . 2 1 - 0 7 
S » ) * ' • S t . 0 0 •u> .3D .or . 3 0 . 0 0 •M .or .oo .DC 
t i l a f . 0 0 1 . 0 1 . 0 1 . 1 3 • CO • 00 . 0 0 • DO • 0 0 . 0 0 . 0 0 . g e 
» l | " » . 0 1 1 . 0 4 * 0 1 •CO .oo •oc . 0 0 • OS • 00 . 0 0 . 0 0 • CO 
U K 1 •00 • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 00 . 0 5 . 0 0 .oc 
• " H B A . 0 0 ! . ; • • [ ! « ».»!• 0 3 ; . » • o i I . 4 | * 0 1 1 . 1 1 - 01 2 , 4 7 - •Of 2 . 1 4 - 22 , 0 0 . 0 0 • DC 
F a t a l . 0 0 1 . 4 K 0 S S . M * 02 1 . 1 1 * 02 4 . 3 1 * 3 0 l - M - '02 2 . 1 4 - 10 l . » 4 23 . 0 0 . 0 0 . 0 0 
S a H l .or . 0 0 . 0 0 .CO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 00 
a c i a a .or 1 . 3 1 * 0 5 . 0 0 • CO . 0 0 . 0 0 • 00 . 0 0 . 0 0 • 00 . 0 0 
k j l a l •oo 3 . 4 1 * 0 1 . 0 0 .CO . 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • .oo 
p a i a a . 0 0 1 . 1 1 * 0 1 3 . a 2 - a t l . C S - 14 . 0 0 . 0 0 , 0 0 • 0 0 .oo . 0 0 . 0 0 
i a l a l . 0 0 . 0 0 . 0 0 . 0 0 .CO . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 • DO 
"(•110 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 00 . 0 0 , 0 0 . 0 0 • DO 
' • I S O . 0 0 1 . 1 1 * 0 3 . 0 0 . 0 0 .oo . 0 0 . 0 0 . 0 0 • 0 0 • 00 .DO 
11*110 .on . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oo • 00 . 0 0 . 0 0 • OC 
" 1 1 1 1 . 0 ? 1 . 1 1 * 0 1 .CO • CO . 0 0 . 0 0 . 0 3 . 0 0 . 0 0 " .CO ' >00 
P« l ( 1 .OS l . ' l ' C S . 0 0 • CO .CD . 3 0 . 0 0 • CO .oc . 0 0 . 0 0 
1 M S 1 . 0 0 4 . 1 1 * 0 2 4 . 4 3 * 02 4 - 1 2 * 02 4 . 1 4 * 0 2 4 . 1 a * 02 4 . 1 1 * 02 4 . 1 3 * 02 1 . 4 4 * 02 a . " 4 * 0 2 2 . 1 1 * 0 2 
l l l l j l . 0 3 . 0 0 . 0 0 . 0 0 . 0 3 • 00 , 0 0 . 0 0 •oo .OD .oo 
mm . 0 0 1 . 1 4 * 0 1 . 0 0 . 0 0 . 3 3 . 0 0 . 0 0 , 0 0 . 0 0 • 0 0 . 0 0 
S« IS2 . 0 0 • 00 . 0 0 • 00 . 0 0 . 0 0 . 0 0 .DO . 0 0 . 0 0 . 0 0 
I U I I ; K . 0 0 ; . o i . c ; . 0 0 . 0 0 • 00 • 00 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
l u i n .or « . a i * o o 4 , 4 0 * 0 0 4 . 3 4 * 00 a . 2 2 * 0 0 1 . 1 1 * oo 3 . J S * 00 2 . 1 1 * 00 l . a t * 00 2 . 1 1 - 0 1 1 . 3 4 - 0 2 
a 1 1 ; . 0 0 . 0 0 .CO •co .oc . 0 0 , 0 0 , 0 0 , 0 0 . 0 0 . 0 0 
w i l l 3 •Oo * . 3 I * 0 4 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 • 00 . 0 0 . 0 0 . 0 0 
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Matt: Jt.aun, mania: i n n j w t . rtui: !.*t'l)»/t«»»-UC 
•KLiac aioincritiit, CMICI 

UlH : "1 17 «I»Y «tl»l CMHID TO HtICT0« 

CK11KC oiiCHtacc 0. 1 0 . • 1 . t 2 . » 3 . f 10. « 20. 7 SO. t . 100. T 
i u;si .00 2.11*03 1.21-04 l .aa-20 .00 .00 .00 .00 .00 .00 .00 
I ruis) .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

U I 3 1 .00 1.17*00 1.41*00 1.13*110 4.40-01 2-23-01 t .74-0J S.21-05 1.4 4.01 l . a l -23 •oo 
\ M I S * .00 a.50»0a .00 .00 .oo .00 .00 •00 .00 • 00 .00 

!«IS« .00 .00 .00 .00 .00 .00 .00 •00 .00 .00 • 00 
l u i » .00 1.14*02 7.10.02 7.74*02 7.33*02 7.23*02 4.33*02 S.ll<07 3 ,3202 4.04*01 1.04*01 

; W134 .00 .00 .00 • 00 • 00 .00 .00 .00 jot .00 .00 
1 s " > " .00 3.0a*0t .00 .00 .00 .00 .00 •00 •00 .00 .oo 
[ twss .00 1.43*03 1.30*03 1 . 4 0 * 0 3 1.11*03 7.47-02 1.41*02 3.51* . i 7.71-01 7.44-04 3.14-14 
1 . D i l i .00 .00 .00 .00 .00 .00 .00 .00 •go .00 • 09 

SBI54 .00 1.41*04 .00 • 00 .00 ,00 .00 .00 .go .00 .00 
(una .00 3.4t<ot 1.53*02 J.J7-01 7.34-03 I . I4-1P .00 .00 .oo .00 .00 

( e m i t .00 .00 .00 .09 •so .00 .oo .00 .00 •00 • 00 
3"IS» • 0 0 1.40*03 .00 .00 ,00 .00 .00 .00 .00 .09 .00 
[ U I D .00 4.41*03 • 00 .00 .00 .00 .00 .00 •DO .00 - c 
(0147 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .oc 
l u i i i •00 4.42*03 .00 .00 .00 •DO .00 .00 •00 .00 .00 
W i n .00 • 00 .oo .00 .00 .00 .00 •DO .00 •oo .00 

] t t m t .00 2.32*03 .00 .00 .00 .00 .00 •DO .00 .00 .00 
tc is * .00 j .a j»os .00 .00 .00 .00 .00 • 00 .00 .00 .00 

1 IBIS* .00 •oo .00 .00 .00 .00 .00 •DO .00 .00 .00 
tulbD .00 1.03*03 .00 .00 .00 •00 .00 .00 .00 .00 .00 
• UH0 .DO .00 .OD .00 .DO .00 .00 •00 .00 .00 .00 

; U l t C • 0 3 2.03*02 1.33*01 a . 3 i * 0 | 4.03*00 1.10-01 4.10-04 1.14-13 .00 ,90 • 00 _. 
j 01163 .00 .00 .00 .00 .00 .DO .00 .00 .09 ,00 •cc 
j ti.ni .00 4-10*02 .00 .00 .00 .00 .00 •00 .09 .00 .00 
! 1 H H .00 a.0a*02 a.ao-02 a.23.05 4 .7014 .00 .00 .00 .03 .00 • 00 

Hi lo 1 •oc .oc .00 .00 .09 .00 .00 • 00 .09 •00 .00 
tH<,2 .00 | .«»*02 .00 .00 .30 .00 .00 -00 .00 .00 .00 

[ tSI4 'a .00 1.44*02 .00 .00 .00 .00 .00 .00 .00 .00 .00 
14162 .00 .00 .00 .00 .00 .00 .09 •00 .00 .09 • 00 
t i l t ? .00 .00 .00 .00 .00 .oo .00 .00 .00 .00 • 00 

' IEU3B .00 a.44*01 .00 .00 .00 .00 .00 .00 .00 .00 •go 
T»|b) .oc a.31*01 .00 .00 .00 .00 .00 .00 .00 .00 • DO 
Dua l .00 .30 .00 .00 .00 .00 .00 •00 .no .00 .00 
l i l t a .00 2.»»*OI .00 •oo .00 .00 .00 •00 .oo .00 
Ollaa .00 .00 .go .00 .00 ,00 • 00 .00 .00 " .00 .00 
Oilain .oo a.33*01 .00 .00 .00 .00 .00 ,00 .00 .00 .00 
0>lai .00 1.01*01 .00 .00 .00 • 00 .00 .00 .00 .00 .00 
WI43 .00 .00 .00 .00 .00 .00 .00 •00 .00 .00 .00 

, 0*146 .00 ««ta*oo ».aj -o» « . 14-14 .00 .00 .00 .00 ,00 ,00 • 00 
i "Jltaa .00 1.42-03 I . i 2 -0S | . 4 7 - g i 1.42-03 1.42.03 1.43-OS 1.41-03 l.ao-os 1.31-03 1 .34-03 

h ; n i .00 1.24-01 I .oa-07 4 .30 - l t .00 .00 .00 .DO .00 .00 • 00 
1 [ « l i » .a t .00 .00 .00 .00 .00 .go .00 .00 .00 .00 

l t l » l .00 •DO .00 .to •oo .00 .00 .00 .00 .00 .00 
70111. •00 1-40*01 ».S1*»4 »..»*g» 1.30*04 4.14*03 2.00*03 1.77*03 4.23*04 4.44*04 1.37*04 
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M N t : » .O I I I> . lUIMiP: I t i W . M O * *i4)Ir J .04 . | )«««*41 -HC 

f l t U t r U I C U H I T , CU'KS 
••sis : " i «r » [ « ' W N i I U H I I r« t tac to i 

(HIKE 01 [CHIME 
H .00 2.17*02 

2> .00 1.4 7*01 
ci .00 1.14*01 
IS .00 5.24*04 
SI .00 a.aj '04 
M .00 J. j» '0a 
• 1 .00 1,44*04 
t l •oo 4,24*04 
St jits 1.07.04 
T •00 1,ll<07 

28 .05 s.oa<C4 
U •00 1.20-Ct 
"0 .00 7.43-04 
TI .00 • .02*01 
Oil •00 2.70'OS 
DM • n S . ' l ' t i 
' 0 • 00 2.44-Os 
U .00 2.47-os 
CD .00 1.4a-0a 
Ik •00 7.24-D4 
Jk •DO 3.44-04 
Sb .00 4.42-01 
IE .00 1.44*04 

1 ,00 1.31*07 
I t .00 l .SO'H 
<S • 00 1.10-Cl 
I' .00 t .2a '0 t 
l< .00 4.27*01 
CI •oo 1.24*01 
P8 .DC s.is*c« 
"0 •DC l . 23 '0 l 
pn •oc 1.24*04 
5" • 30 1.It'll 
EU .00 r.aa'O* 
to .00 5.o»*ai 
1> .00 4.21*02 
0* .00 4.04*01 
HO .oc 1.24*01 
totals .00 1.40*04 

SUItOl 

0. T 
2.34-02 
1.52-13 
2,14-13 
4.14-14 
I.SS-OI 
3.25-11 
S.LS'OJ 
1.47.00 
1.IS<05 
s.2i*os 
* .a i *0S 

l .SI -oa 
4.11*00 
3.47.CS 
>.«4*D5 
2.14-02 
3-71*02 
4.12.01 
».5a-02 
5.70-0 J 
2.S2.0I 
2 . l « ' 01 
a.H*02 
1.92.02 
1.41*04 
5.05-Oa 
I.Sl'Oa 
4.51*05 
7.11*05 
2.»«"0J 
1.01*0 Si 
4.11*02 
J.H'Ol 
l . i i . oo 
1.53*01 
4.42-0I 
l.a}-05 
J.14'01 

.00 

0 . » 
2.11*02 
2.C4-24 
2.42-24 

•go 
I.SS-OI 
.00 

4.14*03 
4.11-01 
1.11*05 
2.11*05 
3.01*05 
5.41*05 
i . c a - n 
S.aKOO 
2.04*05 
2.10"OS 
2.la-02 
1.01'02 
1.13*01 
5. IS-0I 
2.50'Cl 
2.31*01 
l .2l '0> 
1.02*00 
1.44.00 
7-11*0. 
1.10.0a 
1.57*32 
•••(•OS 
S.41«0S 
3.15*01 

».io*oa 
1,12.02 
2.21'01 
I.IS'OO 
a.14-31 
4.11-la 
1.(2-OS 
1.11*01 

.00 

2.2a<02 
.00 
•oo 
.00 

i .ss-oi 
.00 

a.II .01 
i.*«-Oa 
l.:l*Ol 
>.20*oa 
>.a!<oa 
7 . » . . a 

.03 
4.al*oa 
4.44*01 
a . i n c . 
2 . ja-02 
1.11.0? 
l.tJ'OC 
l.ac-oa 
••01*02 
2>O5.03 
1.15*03 
1.21-02 
I . It-OS 
».4T<01 
J.42-0* 
5.10-0) 
3.54»os 
3.SB.OS 
•-S4-0S 
T.il'Da 
l .S9.02 
l - l t . O ] 
l .ao-o i 
1.05*00 

• 00 
l * i2-ns 
1*10*0t 
.00 

2 . r 
2.I2«D2 

.00 

.00 

.00 
I.SS-OI 

.00 
a.si>os 
i . i i - o a 
J.22.01 
1.21*01 
1.41*02 
1.51*03 

.00 
S.13.0D 
a . i i ' o a 
1.75*01 
2. ia-02 
a.10.01 
«•42-01 
2.15-01 
1.07.02 
1.54*01 
• .11*02 
1.24-02 
5.SI-1S 
S.71'01 
l .S i .Ol 
l . l l - l l 
I.a?<OS 
1.47.05 
I .iit-la 
5.«S«0a 
1.54-02 
1.14*03 
2.25-01 
I .10-01 
.00 

1.a2-05 
1.11*05 
.oo 

s . » 
l.Tv.(12 
.00 
.00 
,00 

l.SS-01 
.00 

1.72.0J 
f . M - 0 1 
2.tl<04 
2.ai 'oa 
7.41-01 
1.47-01 
.00 

S,43*00 
s .a i .oJ 
s.44*oi 
I . l a - 0 2 
1.13.00 
S.IS-01 
5.12-11 
a.3»-OI 
7.35>02 
1.04*112 
1.24-02 
.00 

a.;s>oa 
1.30*01 

.00 
1.01.oa 
1.01'Oa 

.00 
2.15*01 
l . ] l * 0 2 
1.12.02 
4.71-0 J 
4.10-04 

.CO 
I,42-OS 
2.00.0S 

10. T 
1.15-02 

.00 
,00 
•to 

i . ss .o i 
• 00 

2.70*03 
t.32-04 
2.44.0a 
2.44*04 
1.55-01 
1.13-01 

.00 
s.al'DD 
l.ao.02 
1.40*02 
».Ja-02 
2.10-02 
a.57-01 
S.a7-2a 
l .a2-01 
2.04.02 
«.a)«ci 
1.24-02 
.oo 

I.Jl.oa 
!.»a«oa 

.oo 
1.17.02 
1.17.02 

• 00 
2.05*03 
4.11*02 
S.S0*02 
S.21-05 
l . i a - l ! 

.00 
1.41-t* 
1.27*05 

20. 1 
7.41*01 

.00 

.00 

.00 
i .ss-oi 

.on 
1.42*03 
1.12-04 
2.01*01 
2.04*04 
7.S5-OI 
a . ia -o i 

.00 
»•ai*oo 
I .42.01 
1.42-01 
J.!a-02 
4.41-01 
2.JJ.01 

.00 
1.42-01 
I.S4.01 
4.47*00 
1.24-02 

.00 
2.51.0a 
2.11.0a 

.0? 
I.S7-02 
I.S7-02 

.00 
5.00.02 
5.U-02 
1.14*02 
1.4 4.04 
.00 
.00 

l.ao-oi 
4.25*04 

50. t 
1.42*01 
.00 
.00 
.00 

i .ss-oi 
.00 

2.07*02 
1.12-04 
1.13*03 
4 , I J ' 0 1 
7.55-01 
4.41-El 

.00 
S.43'00 
1.42-10 
1.47-10 
2.Ja-C2 
1.11-14 
4.10-C1 

.DO 
1.42-01 
2,14-CI 
2.42-OJ 
1.24-02 

• 00 
i.2S«ca 
1.17.0a 
,00 

1.12-ia 
1.12-la 

.00 
J.'4-Ol 
4.44*02 
4.04*01 
1.44-21 
.00 
•oo 

1.3»- OS 
4.44*04 

100. 7 
I .45-01 
.00 
•00 
.00 

I.SS-OI 
.00 

1.14*00 
1.12-04 
2.14*03 
2.14*03 
7.SS-01 
1.51-01 
.00 

5.41'DO 
2.04-Ji 
2.D4-2S 
2.14-02 

.00 
4 .10-0 ! 

• 00 
1.42-01 
2.12-01 
Tr.77,-04 
1.24-02 

.00 
l . ' J ' O l 
1.47.03 

.oo 
•oo 
.oo 
.oo 

1.21-07 
2.44.02 
1.04'DI 

•00 
.00 
•00 

1.34-DS 
1.17*04 

f t l l l S .00 1.10'Ot 1-I4«04 4.14-05 1.27*05 4,44*U4 

A-IO 1 
TERA CORPORATION 



TABLE A-2 

QUANTITIES OF FISSION PRODUCTS 
IN SPENT FUEL VS. DECAY TIMES 

*i*l': *!-C3"». IUMUP: 12D0D.M0, FlU«- ).D9*n>'C*l992-SE.C 

•HICtlOE CWC1«T«1U0«1, UUM 
• I ' l l : « I 01 W i l l K i l l CHIIStO TO «r*£IO« 

H 1 
211 72 
Gl 7 2 
i t 77 
«• 7 J 
U 71 
01 71 
( I 1 . 
U 7S 
St 75" 
U 71 
» 71. 
£1 I t 
U 7t 
IS 7b 
l i 7t 
a. nn 
a 77 
• 1 77 
4( l i d 
i t 17 
« I t 
i i 7*n 
>S 7 * 
S( 7t 
I I 79 
SC 79H 
SC 79 
IS J* 
I I bG 
i i i: 
BP tC« 
25 t : 
I t so 
IS H 
St 111) 
St M 
t» ei 
» t i n 
•> ai 
u t-7 
t» *?« 
t« hi 
« 62 
U 111 
si el 
E* f ! 
• I El« 
>- » ; 
st •< 
E> can 
»» t< 

CniliC 
.00 
.00 
.00 
.11? 
.00 

.00 

.00 

.00 

.CD 

.00 

.00 

.DC 

•M 
. ;c 
•or 
.oc 
•DC 
.DC 
. 0 0 
. u c 

•oc 
. c ; 
.oc 
.00 
.oc 
•o : 
• DC 
.ot 
•oc 
•oc 
*oc 
.00 
•or 
•oc 
.01 
•oc 

•00 

n i i L i ' t r 
2.»»-07 
1.5 7-05 
9.74-Ct 
l - l . -OJ 
l . l l - l l 
9.I7-C1 
••11-07 
I . .9-02 
1.12-0' 
••99-01 
' • • • •C I , 
J . n - c ; 
l - H - C I 
1.31-CI 
2.1J-Dk 
2.|9-0« 
7. .D-[J 
2.70-09 
2.92-01 
9.11-10 
I-92-01 
2-29-C9 

• 00 
2. ) • - ( ) • 
• • ' J - C I 
5.Si-OS 
2-11-OS 
2-22*00 
2-02.0> 
2-13-Ct 
J.9C*00 
2.99-07 
t .21-0t 
I-29-C1 
• •31-111 
1.0«-O« 
J.I«-0< 
5.9;i00 
| . 2 i - 0 » 
2.110-02 
1.20*01 
2<3«-0t 
1.19-0. 
• • IS-02 
1.00-CS 
5.92-09 
• *U-OJ 
5.29-0] 
2-co*:i 
I .21-0« 
1.20-05 
J.15-0) 

2.91-02 
l . t S - t t 
7.01-20 
1*11-0) 

.00 
• * | 7 - 0 | 

•oo 
• • •9-02 

.00 

.00 

.00 
1.1*1-07 

.00 
1.01-01 

.00 
7.21-09 

.00 
•of 

• • • 1 - 2 0 
1 . « • - . t 
1.95-01 

• CD 
. 0 0 
•CO 

S.19-01 
.CO 
•00 

2,22*00 
2 .07-0• 

• CO 
1,90*00 

.00 

.00 
i . ; « - o i 

•00 
.00 
.00 

S, 90*00 
.00 

2.00-02 
1.10*01 

.00 
i . co -2 ; 
• .2J-02 

• 00 
,co 
• CO 
.00 

2.00*0] 
.00 
• 00 
.00 

0 . ' 
7.39-D2 
7.11-10 
9 * • I ' l l 
1.11-0] 
• DO 

•••1-D1 
.00 

I .M-02 
.03 
.00 
• DO 

1.19-02 
.00 

I.DS-01 
• DC 

2.21-09 
• OD 
• CO 

1.19-1] 

J.95-01 
-Oo 

I . 79-01 
• :c 
.go 

2.22*00 
2.12-09 

. :o 
3.90-00 

• Co 
• CD 

I.2*-01 
.OD 
.00 
• CO 

*r.9o*0D 
.00 

2 .00-02 
1.10*01 

• on !.•;-•• 
••7J*02 

• GO 
• CD 
• CO 
• CI 

2.00*01 
.00 
.00 
.CO 

2.1I-E7 
.00 
. 03 

1 .11-0} 
.00 

9.17-03 
•00 

l .»9-02 
.00 
• 03 
.00 

J.19-02 
.00 

1.01-01 
.00 

2.21-09 
.00 
.00 
.00 
•00 

1.9S-DI 
.00 
•oo 
• 00 

l . ' * -DJ 
• CO 
.00 

2.27*00 
2.25-0* 

.00 
1.90*00 

.00 

.CO 
1.29-0] 

.00 

.00 

.00 
4.90*00 

.00 
7.00-02 
1.10*01 

.00 

.00 
••23-C2 

.00 

.00 

2 . 7 
2.19-02 

• 00 
• DO 

' . l l - O J 
.00 

« . t l - o > 
.00 

l . M - 0 2 
.00 
.00 
.00 

1.19-02 
.00 

1-bl-DS 
• CO 

2.21-09 
.00 
• 00 
.00 
.00 

J.9S-DI 
.00 
.00 
.DO 

• .71-01 
• CO 
.00 

2.27*00 
2.«9-09 

.DO 
1.90*00 

.00 

.00 
I .29-01 

.00 

.00 
• DO 

•-.90*00 
.00 

2.00-02 
1.10*01 

.00 

.00 
•••21-02 

• DO 
• C O 
,00 
.00 

2.00 .01 
•CO 
.00 
.00 

5 . 7 
I .19 -02 
. 00 
.00 

i . u - o i 
.00 

9.17-01 
.00 

I . .9-D2 
.00 
.00 
.00 

1.19*02 
,00 

1.01-01 
. 00 

7 .21-09 
.00 
.00 
.00 
.00 

1.91-01 
• DO 
• 00 
.00 

1.79-01 
.00 
.00 

2.22*00 
1.20-09 

.00 
l.vO.OD 
.00 
.00 

1.29-31 
.00 
.00 
.00 

S.90*00 
.00 

2.00-0? 
1.10*01 

.00 
• CO 

1.21-02 
.00 
•oo 
.00 
.00 

2,00*01 
.00 
.00 
• 00 

ID. 7 
1.39-02 
.00 
•OD 

I.JI-OS 
.00 

9.17-0) 
.00 

•••9*02 
•DO 
•00 
• 00 

l . K - 0 2 
•00 

1.01-01 
•oo 

2.21-09 
•oo 
• CO 
. 0 0 
.00 

1..S-0I 
.OD 
.00 
•oo 

J.79-0) 
.00 
.00 

i.22*OD 
9.11-09 

• 00 
1.90*00 

.00 
• 00 

| . 2« -0 I 
.00 
.30 
.CD 

5. 90*00 
.00 

7.DD-D2 
1.10*01 

.00 

.00 
t .2 ' -D2 

.00 

.03 

.03 

. 00 
2.00*01 

.00 

.00 
• 00 

20. 9 
7,92-01 
.oo 
.00 

7.11-01 
.00 

9 . (7 -01 
.00 

1.99-02 
•00 
.00 
. O D 

1.19-02 
.00 

1.01-01 
.00 

2.21-09 
.00 
.00 
.OD 
,oo 

1..S-D1 
,00 
.CD 
,oo 

••79-01 
,0C 
•00 

2,22*00 
»,)S-D9 

, 00 
J.10-00 

.00 

. 00 
1.29-01 

• 00 
.00 
.00 

1,90*00 
.00 

2.00*02 
1,10*01 

.00 

.00 
••21-02 

.00 

.« 

.00 
.00 

2.00*01 
,00 
.00 
,00 

SO. 9 
| . » t - 0 ) 
.00 
.00 

l . l l - C ! 
• 00 

9 . 1 7 - 0 1 
.00 

I .19-02 
.00 
. 00 
•DO 

1.H-C2 
• DO 

1.01-01 
.OD 

2.21-C> 
.00 
.00 
.00 
.00 

Mi -01 
.00 
.00 
,00 

>. 79-01 
• DC 
. 0 0 

2.22*00 
I .19-CI 

. 0 0 
1 . 9 D - C 0 

• CO 
.00 

1.29-CI 
.DO 
.00 
.00 

S.90*00 
.00 

2.00 -02 
1.10*01 

.00 

.00 
• •71-02 

.00 

.00 

.00 
• 00 

100. 9 
1.72-DS 

.OD 
• DO 

l . l l - C l 
.OC 

• •17-01 
.00 

1.99-02 
• DO 
• DC 
• DC 

1.19-02 
.DO 

I.OJ-01 
.00 

2.21-09 
• CD 
• 00 
.OC 
• 00 

1.95-01 
.OD 
.OD 
.00 

1.79-01 
•cc 
.oc 

2.22*00 
2*S'-C1 

.00 
J.'C'OU 

•cc 
•cc 

1.29-01 
• •IP 
.00 
.oc 

4.90'OC 
. 00 

2 .00-02 
1.10*01 

. 00 

.00 
t .21-02 

.00 

.00 

.00 
• 00 

I.DO'Oi 
. 0 0 
. 0 0 
. 0 0 

A - l l 
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rtiar- S L O O P * * I U I I * U " = moo-ni io. F L U I : ]»0f*ii«/c«*#2-iEC 

•ucuoi COUUITIIIIONS. mm 
M i l l : HI (if M M ' M i l l . C M K t t I * K 4 t t « l 

CN*»t[ P1SCHIB5E 0. T 0 . T | , T 2 . T S. T 10. T 20* 9 SO. T 100. t 
• I i> .00 4.22*01 4.22*01 4.22*01 4.22*C| 4.22*01 4.22*01 4.22*01 4.27*01 4,22*01 «.22'C1 
St IS .00 7.SI-C5 .0D .03 .00 ,00 ,00 .00 • !>' .00 .DO 
|« IS .00 5.4I-C9 .00 ,C0 ,00 .00 ,00 .00 .00 -Do *00 
44 151* .00 1.44-02 .00 .00 .00 ,00 ,Q0 >00 ,00 .00 #00 
• I IS .00 ' .12*01 1.10*0. 1.21.01 1.21-01 I .11.01 1.3)400 ».»3*00 l.4S*00 J.J1-01 2.IS-02 
i i i s ,oo i . i t - o i J . i i . o i 3.90*01 s . t t ' o i «.02-ci 4.27*01 1.11*01 ».»1 31 4.12*01 s.»7*oi 
I I 8b .00 1.I4-C4 ,00 ,0D ,00 .60 .00 .00 ,00 ,00 .00 
• > Ik .00 4.13*0] 1.11*01 l . | 3 *0 i I .13*01 I . U ' 0 1 I.13*01 I . ) ! " 0 1 I, I3'(11 I . I J . O I i .11*01 
•4 4b". .00 1*34-01 .DD *0D .00 ,00 ,00 .00 ,00 .00 ,00 
IB I t .DO 2.24-03 1.44-0} 5.95-04 2.45-09 J.11-14 1 ,11 - ) ! .00 .00 .00 .00 
SI I t .00 1.11-02 1.10-02 1,11-02 I.11-02 1.11-02 1.41-02 1,11-02 1.11-02 I .4 I -C2 1.11-02 
(•» I I .011 2.I2-0« .00 .00 .00 ,00 ,00 .00 .00 .00 .OD 
• I I I .00 2.0D-02 .00 .00 .00 .00 .00 .00 .00 ,00 ,00 
H I T ,oo i . o r e ; i .01.02 i .ai*02 1.01.02 1.01.02 1.01.02 , .01*02 i .oi*o» 1.01.02 1.01.02 
• I 47H .30 3.12-01 .00 ,00 ,00 .00 .00 .00 .00 .go , . 0 
SB 17 .00 2.17-06 2.11-04 2.15-01 2.13-04 2,11-01 2.13-04 7 .H-04 2.IS-04 2.20-01 2.71-01 
H 44 .00 9,97-05 .00 .00 .00 .00 .00 .00 .00 .00 'DO 
IR I I .00 4.44-C2 .00 .00 .00 ,00 .00 ,00 ,00 .00 .00 
*» t i ,uo t . i s - c i .oo ,oa .oo ,00 ,00 ,oo *oo .00 .o t 
5» n> .Ot I .O .C2 1.97.02 1.47*02 l . H ' 0 2 1.47*02 1.17*02 1.47*02 1.41*02 1,<1<02 1.17.02 
t» t< . c : i .s i -cs .oo ,;a ,00 .00 .00 .00 ,00 .00 .00 
•1 i t .00 i . s i -o i .00 .00 .00 ,00 ,00 .uo .00 .00 .OD 
Ft I t .00 1.11-03 .01] .00 ,00 .00 .00 .00 .00 ,00 .30 
5° 44 .00 1.07.01 1.21.31 4.7l,*00 3.09-01 2-37-03 1.07-0° 2.17-20 ,00 .00 .01 
' 6 1 .50 1.54*02 I . |4*02 |.»4*02 l . l f ' 0 2 l.9»*02 1.49,02 1,44*02 1.4'*02 1.49*02 >.»4*02 

t l 93 .00 l.OS-Ot .LP ,00 .00 .00 ,00 .00 .01 .00 .00 
ip «r .co Lie-el ,co ,00 .oo ,00 .00 >oo ,oa ,00 »oo 
it '0 .iJD 2.17*02 2.17*02 2.3»*D2 2.1S'C2 7.27*02 2 , | l * 0 2 l . |7*02 1.44*02 4.95*01 2.01*01 

V 90f< .00 1.94-01 ,00 .CO .30 .00 .00 .00 .00 .QQ .00 
7 «C .00 4.19-02 . .11-02 »,1».0! 4.0S-C2 S.HO-02 S.|»-0? 1.15-02 3.74-02 I .11-02 5.24-03 

7°- 9C .00 2.12*00 4.17*00 5.49*00 |.7«*0O 1.41*01 3,01*01 S,S!*0I 4 . 5 4 . f l | J.77*02 2,21*02 
» 9i .30 4.45-os ,00 . ;o ,oo .so .DO ,00 .on ,00 ,cc 
lb 91 .00 7.42-CI -00 .OD .00 .00 .00 *00 .DC .00 .00 
SI 91 .00 3.11-01 ,00 ,00 .CO .00 .00 ,00 .00 ,00 .00 

7 91", .00 1.95-02 .00 .00 .00 .00 .00 ,00 .00 ,00 .DC 
' 91 . i : S.IS'D] 2.01*01 4.79.00 7.11-0] 1.0S-02 2.54-01 I.15-17 2,50-51 .00 .00 

71 91 ,0C | .9 | *07 2.53*07 2.45*02 2.31*02 2.33*02 2,>]*02 2.55*07 2*S'*02 2.S!*02 2.53.02 
«" 92 .00 1.17-01 .OD .00 .00 .00 .00 .00 .00 .00 ,00 
11 92 .00 3.41-03 .00 ,00 .00 .00 .00 .00 ,00 .Do -"0 
si 97 *oo i .o i -o i *oo .oo .oo ,00 ,00 #00 *oa ,00 *oo 

7 <2 .00 I.52-01 ,00 ,00 .00 .00 ,00 .DD ,00 .Do .00 
7» 92 .00 M I ' U 2*41*02 2.41*02 2,41.02 2,41*02 2.41*02 2 , l l *D2 2.11*02 2.41*02 7 . I I .D2 
'» 9 ] .00 2.S0-04 .00 .00 .00 .00 .00 .OD .00 ,00 " .00 
ft 93 ,LC 7,12-05 .CO ,0C ,30 ,C0 ,00 .00 *C0 .00 ,00 
5" 91 .Ot I.17-D3 .00 ,00 .CO .00 ,00 ,00 .00 ,00 ,00 
7 '•> M 4.4I-C1 .CC ,00 .CO .00 ,00 .00 .00 .00 .00 

"• 'J • " 2.»t*C2 2.95*02 2.95*02 2.95>C2 2,9S'D2 2.95*02 2,95*07 7.95*07 2.45*02 2.95-02 
4t 4In .Ot 4.93-05 4.11-0} 1.22-0« 1.4»-0« 3.17-04 4.51-04 1.11-03 1,73-05 2.47-03 1.45-05 
*' ' - • « 1.0.-Oi 2,04-04 3.12-01 1.45-04 2.07-05 9,51-05 5.27-Dl 1.04*05 4 .41-0] 1*10-02 
IP 14 .00 5.74-07 ,00 ,00 .00 -C] .00 .00 ,00 ,00 
• ' <" -a: 1.44-cs .ao ,00 .00 ,00 .00 ,00 .00 .00 
VI 94 .00 9*24-04 .00 ,00 .00 .DD ,00 ,00 .00 .00 

.00 
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»»»[» : )1.C0»», HIB1U': 12000.»»0. r u i n i .0»* l )N««*#J- lEC 

BUClIDC C3NCII 
•1313 : " I 0 ' 

CRitaC O I S C H I K E 0 . 9 0 . « 1 . 9 
7 94 • 0 0 I . B S - G 2 . 0 0 . 0 0 . 0 0 

2« »« . 0 0 1 . 3 9 * 0 2 J . l / 9 ' 0 2 3* 04 <07 3 . 0 4 * 0 2 
• 1 93 . 0 0 4 . 4 1 - 0 4 . 0 0 • 00 . 0 9 
SB 95 .oc 1 . 1 0 - 0 9 . 0 0 • DO . 0 0 

T 95 .oc 9 . 3 3 - 0 3 . 0 0 . 0 0 . 0 0 
21 I S •cc 7 . 9 1 * 0 ! 3 - 0 3 * 0 1 l . ' . S - O l 1 . 4 2 * 0 0 
t i m i .oc 4 . 1 9 - 0 7 3 . 7 4 - 0 2 1 . 7 7 - 0 2 1 . 4 4 - 0 1 
H8 95 •oc • . 2 0 * 0 1 2 . 7 0 * 0 1 ; . 4 1 * 0 1 I . I 4 * C O 
• * 95 . 0 0 i.is*c; 2 , 9 7 * 0 2 2 . 7 5 * 0 2 1 . 0 1 * 0 2 

I 94 . 0 5 2 . 0 4 - 0 3 . 0 0 .CO .DO 
21 94 .so 3 . 1 9 * 0 2 1 , 1 9 * 0 2 3 . 1 9 * 0 2 3 . 1 4 * 0 7 
h i 94 . 0 0 1 . 4 2 - 0 9 . 0 0 • 00 • CO 
»0 94 •DC 2 . 1 0 * 0 0 t. woo 2 . 1 0 * 0 0 2 . 1 3 * 0 0 

7 97 . 0 0 1 , 1 5 - 3 5 . 0 0 • 00 . 0 0 
2B 97 .CO 1 . 1 3 - 0 1 •CO .CO . 0 0 
48 9 7*. . P I 1 . 3 1 - C a .CO . 0 0 • 0 0 
>•( 97 . 0 0 4 . 2 3 - 0 2 . 0 0 . 0 9 •oo 
• 0 97 .oc 3 . 0 9 * 0 2 1 . 1 0 * 0 2 3 . 1 0 * 0 2 1 . 1 0 * 0 2 
2B 91 . 0 0 I . 7 9 - C 9 . 0 0 • 00 . 0 0 
• t t i n . 0 0 I . I S - C ] . 0 0 .Oo . 0 0 
> t I I .oo I . 2 1 - C 9 . 0 0 . 0 0 . 0 0 
»o *e . 0 0 3 , 3 1 * 0 2 3 . C 7 * 0 2 3 . 0 1 * 0 2 3 . 0 7 * 0 2 
H(i 99 . 0 0 :.2t-cs . 0 0 • to .oo 
"0 41 . 0 0 3 . 7 9 . C O 7 . 9 7 - 1 0 2 . 1 2 - 1 7 . 0 3 
7C V9n . 0 9 2 . 4 5 - 0 1 4 . 3 9 - 1 1 1 * 1 2 - 1 1 . 0 0 
IC 99 . 0 0 S . I S . C 2 1 . 1 9 * 0 2 3.19*1)2 3 . 1 9 * 0 2 
t u 99 . 0 0 9 . I S - 0 9 7 ,97 . -04 4 . 9 1 - 0 9 I . S 3 - 0 1 
4 f i C D • OP 3 . D J - 0 S .or .DC . 0 0 
••c i - c .oc l . H 7 * C 2 1 . 4 7 * 0 2 3 . 9 1 * 0 2 3 . 9 7 * 0 2 
7 C i : : •CO 1 . 1 1 - 0 5 . 0 0 .Co .on 
» i i i : : .cc 4 . S S * C 0 4 . 5 S < 0 0 4 . 5 5 * 0 0 4 . 5 5 . 0 0 
4 * 1 0 ] .efl 1 , 1 0 - 0 9 .CO • 00 . 0 0 
M I C I .oc 1 . 2 3 - 0 2 . 0 0 .CO . 0 0 
tcici .DC 1 . 1 1 - 0 2 •CD • DO .OD 
•mci . 0 0 2 , 1 0 * 0 2 2 . 1 0 * 0 2 2 . 1 0 * 0 2 2 . 1 0 * 0 7 
HD1CI . 0 0 1 . 9 2 - 0 3 . 0 0 • CO . 0 0 
7CIC2B . 0 0 1 . 1 2 - 0 3 . 0 0 . 0 0 . 0 0 
TC1C2 .oc 1 , 1 9 - 0 5 *oo .CO • 0 0 
•uioi .oo 2 - S J - 0 2 J . S J ' 0 2 2 . 3 3 * 0 2 2 - 5 3 * 0 2 
KD103 .oc 4 . 4 2 - 0 1 .DO . 0 0 . 0 0 
icioi .oc i.34-09 . 0 0 .OD . 0 0 
P u l . J . 0 0 1 . S 9 . 0 1 1 . 4 3 * 0 0 2 . 1 9 * 0 0 4 . 0 . - 0 2 
BHli iJn . 3 0 3 . S 9 - 0 2 7 . 1 4 - 0 3 2 . 1 9 - 0 3 4 - 0 1 - 0 5 
( « ] ; ! .so ! . 9 C * 0 2 l . t D * 0 2 1 . 7 3 * 0 2 1 , 1 4 * 0 2 
" O I C * .cc 4 . 4 1 - 0 4 .CO • 3D • 00 
i t ic. .of 9 . 1 0 - 0 3 . 0 0 . 0 0 . 0 0 
fcjjt* . 3 0 J . S 9 < 0 2 1 . 5 9 * 0 2 » . 5 9 * 0 2 1 . 5 4 * 0 2 
B M 3 4 * .or 1*42 -US .CO .Cc . 3 0 
BrtJCa . 0 0 1 . 2 S - 0 9 .oo • CO . 0 0 
• D l C a .oc 2 . S S - 0 I 2 . 3 5 * 0 1 2 . 5 5 * 0 1 2 . 5 5 * 0 1 
»oi:s •oc 2 . I S - C 9 . 0 0 ,c 0 

. 3 0 
I C K S . 0 ' . S . 1 2 - 0 S .CO . 0 0 . 0 0 

A-13 

• unions, wins 
Hta»T K i l l CH7.MED in I t 'OIOK 

2 . 1 5 . • 1 0 . T 2 0 . t SB. 1 1 0 0 . 1 
• DO . 0 3 . 0 0 . 0 0 . 3 0 . 0 0 

1 * 0 9 * 0 2 1 . 0 9 * 0 2 J . 0 4 * 0 2 3 . 0 9 * 0 2 1 . 0 4 . 0 2 1 . 0 4 * 0 2 
. 0 0 .oo . I t , 0 0 . 0 0 . 0 0 
. 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 3 
. 0 0 .oo • 5 u . 0 0 . 0 0 . 0 0 

1 . 1 0 - 0 2 2 . 7 7 - 0 7 4 . 4 S - H 1 . 1 7 - 3 2 . 0 0 . 0 0 
9 . 0 9 - 0 5 1 . 9 0 - 1 0 i . i a - i l . 0 1 ' . 0 0 • CC 
3 . 9 4 - 0 2 1 . 2 4 ' 0 » 1 . 1 3 - 1 5 2 . 1 4 - 3 9 . 0 0 . 0 0 
1 . C 5 . C 2 1 . 3 5 * 0 2 1 . 0 5 * 0 7 3 . 0 5 . 0 2 1 . 0 1 * 0 2 3 . o S * C 2 

. 0 0 . 0 0 • DO . 0 0 . 0 3 . 3 0 
1 . 1 4 * 0 2 1 . 1 4 * 0 2 3 . 1 4 * 3 2 3 . 1 4 * 0 2 I . l 4 * g 2 ) v 1 4 * 0 Z 

• DO . 0 0 . 0 0 . 0 0 . 0 0 .oo 
2 . 1 0 * 0 0 2 . 1 0 * 0 0 2 . 4 0 * 0 0 7 . 1 1 * 0 3 2 . 1 0 9 8 0 2 . 1 0 * 0 0 

. 0 0 . 0 3 . 0 3 . 0 0 . 3 3 . 0 3 

. 3 0 . 0 0 .Oh . 0 0 . 0 0 . 3 3 
•3D • 00 . 0 3 . 0 0 . 0 0 .DC 
. 0 0 . 0 0 *oo . 3 0 . 0 0 • 3D 

1 . 1 0 * 0 2 1 . 1 0 . 0 2 1 . 1 0 * 0 2 3 , 1 0 * 0 2 3 . 1 3 * 3 2 1 - 1 0 * 0 2 
. 3 0 . 0 0 . 0 3 , 0 3 . 0 0 . 0 3 
. 3 0 . 3 0 . 0 0 , 0 0 . 3 3 • 00 
. 0 0 . 0 0 . 0 9 . 0 0 . 0 0 . 0 3 

3 . 0 1 * 0 2 1 . 0 7 * 0 2 ! . 3 1 . 0 2 3 , 0 7 * 0 2 1 . 3 7 . 0 , S .C1-B2 
. 0 0 . 0 0 . 0 0 . 0 0 . 3 0 . 0 0 
. 3 0 . 0 0 . 0 0 . 3 3 . 3 3 . 3 0 
. 3 3 . 0 9 . 0 0 • 0 3 . 3 3 . 3 0 

3 . 1 9 * 0 2 1 . 1 9 * 0 2 3 . 1 4 * 0 2 3 . 1 4 * 3 2 1 . 1 9 * 3 2 3 . 1 4 * 0 2 
2 . S 7 - 0 3 J . 7 0 - 0 3 1 . 0 9 - 3 2 2 . 1 3 - 0 2 5 . 7 1 - 0 7 t . D S - 0 1 

. 0 0 . 3 D • OC • 0 3 .DO . 0 0 
3 . 9 1 * 0 2 1 . 9 7 * 0 2 3 . 4 7 . 0 2 3 . 4 1 * 0 2 1 . 9 7 * 0 2 1 . 9 7 . 0 J 

• 00 . 0 0 . 3 0 . 0 0 . 0 0 .CC 
4 . 1 5 . 0 0 4 . 3 5 * 0 0 4 . 5 5 * 0 0 4 . 5 5 * 0 0 4 . 5 5 * 3 0 t . 5 5 - 0 0 

. 0 3 . 0 0 . 0 3 . 0 3 •OD . 0 0 

. 3 3 . 0 0 . 3 3 . 3 0 . 0 3 .oc 

. 0 3 .OD . 0 0 . 0 3 . 0 3 . 0 3 
2 . 6 0 * 0 2 2 . 1 0 * 0 2 7 . 1 0 * 0 2 7 . 1 3 * 0 2 2 . 1 0 * 0 2 2 . 1 0 * 0 2 

. 0 0 . 0 0 . 3 3 , 0 0 . 0 3 . 0 0 

. 0 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 3 

. 0 0 . 0 3 . 0 0 . 0 3 , 0 0 • OC 
2 , S I > C 2 2 . 1 3 * 0 2 2 . 5 3 * 0 2 2 . 5 3 * 0 2 2 - 5 1 * 0 2 2 . 5 3 * 0 2 

. 0 0 . 3 0 . 0 0 . 0 0 • 03 • 03 
•DO . 3 0 . 0 0 . 0 0 . 0 0 . 3 3 

I . D O - 0 4 9 . 7 0 - 1 1 4 , 1 3 - 2 7 . 0 3 • 00 • 33 
I . U 1 - C 7 4 . 7 0 - 1 4 4 . 1 4 - 3 0 . 3 0 • 00 . 3 3 
K i t ' 0 2 | . 1 4 * 0 2 1 . 7 4 * 0 2 1 . 7 4 * 3 2 1 . 7 4 * 0 2 1 . 1 4 * 3 2 

• CO • DO . 0 0 . B r . 3 3 . 3 3 
. 0 0 . 0 3 . 0 0 . 3 0 . 3 3 • CO 

| . S 9 * D 2 1 . 5 4 * 0 2 I . S 4 « t 2 1 . 5 4 . 3 2 1 . 5 4 * 0 2 1 . 5 9 * 0 2 
• 3 0 . 0 3 . 0 0 .01 . 3 0 . 0 0 
,D0 .On .1)0 . 3 3 • 33 . 0 0 

2 . 5 5 * 3 1 2 . 5 5 * 0 1 2 . 1 5 * 3 1 2 . 5 5 * 0 1 2 . 5 5 * 0 1 2 . 5 5 * 0 1 
. 3 3 . 0 0 . 0 3 . 0 0 . 0 0 . 0 3 
. 3 3 . 0 0 . 0 0 • 3 0 . 0 0 .oc 
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• t«L«; n.OOKIr, I I I I W i : I7000.IKO, Hilt: ! .04* l l» /£»"*2- l (C 

WCtI0[ C M C C a l M I I M l * » « « 
•m i : iii *r mini IHI«. Cuifito 10 tnciei 

I M W O l S C n l t t l 0 . 1 0 . 1 1 . 1 7 . » 5 . 1 1 0 . 1 2 0 . T 5 0 . 1 1 0 0 . T 
•uio*. . 0 0 1 . 0 1 - 0 1 . 0 0 . 0 0 • DC . 0 0 • 0 0 . 0 0 • 0 0 .OD • 00 
»H I05n •00 ! . 0 O - 0 « . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
"BIOS •DO 4 . 1 C - 0 I 5 . 7 D - I 1 • • 4 4 - 1 1 . 0 0 . 0 0 . 0 0 •00 . 0 0 .DD • DO 
40105 .on 7 . 3 5 * 0 1 1 . 4 3 * 0 1 I . « 1 * 0 I l . 4 ! * 0 l 1 . 4 3 * 0 1 7 . 4 * * 0 1 7 . 1 ) . 0 1 7 . 4 3*01 1 . 4 3 * 0 1 1 . 4 3 * 0 1 
K I C 4 .»•• 1 . ( 4 - 0 4 . " 0 . 0 0 .no . 0 0 . 0 0 .DD . 0 0 . 0 0 • DD 

twot 5 . 4 7 * 0 1 4 . 7 1 * 0 1 1 . 1 1 * 0 1 2 . 1 7 * 0 1 1 . 4 1 * 0 1 1 . 7 1 * 0 0 5 . 4 7 - 0 2 $ . 7 2 - 0 5 1 . 1 1 - H 4 . 1 4 - 7 4 
FHlCbH • . 4 1 - 0 1 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oc . 0 0 
Ch j^ t 4 . 2 4 - 0 5 4 . 4 4 - 0 5 1 . 1 1 - 0 1 J , 4 7 . 0 1 I . K - O S 1 . 4 1 - 0 4 5 . 1 4 - 0 1 5 . 4 1 - 1 1 9 . 5 4 - 7 0 5 , 4 1 - 3 5 
C D K t I 4 . 5 1 * 0 1 S . 4 4 * 0 1 4 . 0 1 * 0 1 1 . 1 1 * 0 1 4 . 7 9 * 0 1 1 . 0 0 * 0 2 1 , 0 7 * 0 2 1 , 0 7 * 0 2 1 . 0 7 * 0 2 1 . 0 2 * 0 2 
DU137 . 1 . 1 . 2 1 - 0 4 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 
f » : ; i . 0 0 4 . 4 4 - 0 3 . 0 0 • 00 . 0 0 • 0 0 . 0 0 .110 .oc . 0 0 . 0 0 
P0IU7H •oc 1 . 4 7 - 0 5 .CO . 0 0 . 0 0 .CD • DO . 0 0 , 0 5 . 0 0 .OC 
PLIL7 . 3 0 4 . 9 | * D I • . 1 1 * 0 1 • • 1 1 * 0 ] • . 1 1 * 0 1 1 . 1 1 * 0 I 4 . 4 1 * 0 1 4 . 4 1 * 0 1 4 . 4 1 * 0 1 4 , 4 1 * 0 1 • . l l ' O l 
I C I : 7 . 3 0 1 . 4 0 - 0 4 1 . 0 0 - 0 4 1 . 1 1 - 0 4 4 . 4 7 - 0 4 1 . 1 1 - 0 1 2 . 4 1 - 0 5 l . D > - D ! I . 9 D - 0 5 7 . 4 1 - 0 4 • • 4 4 - 0 4 
SHllt . 0 0 « , 7 0 - 0 « . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
( H U B .00 • . 2 2 - 0 1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .on . 0 0 . 0 0 
H I D I . 0 0 1 . 1 4 * 0 1 i . m o i J . I « * 0 I ] . M « C I 3 . 1 4 * 0 1 1 . 1 4 * 0 1 1 . 1 4 * 0 1 1 , 1 4 * 0 1 ] . I « * C I 1 . | 4 > 0 I 
• M O ! .CO 2 . 7 0 - 1 ! . 0 0 • CO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 •cc 
CDI:B . 0 0 | . 0 l - 0 « I - C 5 - 0 I 1 . 0 1 - 0 1 1 . 0 5 - 0 1 1 . 0 5 - 0 4 1 . 0 5 - 0 1 1 . 0 5 - 0 4 1 . 0 5 - 0 1 1 . 0 5 - 0 1 1 . 0 5 - 0 4 
C H | ( . * . 0 0 t.n-cs , 0 0 . 0 0 .OD . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 • 00 
F31C9H - 0 0 S - l l - 0 7 . 0 0 • 00 . 0 0 . 0 0 . 0 0 • DC . 0 0 . 0 0 • 0 0 
P l l i ;o .on 7 . 1 2 - 0 7 , 3 0 . 0 0 .OD . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 30 
*u lL9 f i .0(1 l . t t - C S 1 . 1 7 - 1 7 I . C 1 - I 7 J . 1 4 - 1 4 « . 2 1 - 1 1 7 . 4 7 - 1 1 4 . 1 1 - 2 0 1 . ( 0 - 2 2 » . 1 1 - 3 0 . 0 0 
U | [ l .or 1 . 5 1 * 0 1 ] . 5 ? < 0 1 1 . 5 2 * 0 1 | . 5 ? * 0 1 1 . 5 2 * 0 1 1 . 5 7 * 0 1 1 . 5 7 * 0 1 1 . 5 7 * 0 1 1 . 5 2 * 0 1 1 . 5 2 * 0 1 
CblCV .OD 1 . 2 4 - 1 1 1 . 1 0 - 1 1 1 . 4 4 - 1 2 7 . 2 D - I 2 4 . 1 2 - 1 2 1 . 7 0 - 1 3 4 . 1 1 - 1 4 1 . 1 4 - 1 4 t . l t - 2 4 4 . 1 0 - 1 4 
« h U 0 . 0 0 2 - 4 0 - 0 4 . 0 0 . 0 0 • DD . 0 0 . 0 3 .or • DO . 0 0 •oc 
four . 0 0 4 . 1 1 * 0 0 4 . 1 1 * 0 0 l . l l ' D D 4 . 4 1 * 0 0 4 . 4 1 * 0 0 5 . 4 t * D O 4 . 4 1 * 0 0 4 . 4 1 * 0 0 4 . 1 1 ' t O 4 . ( | * 0 D 
' H I C K . 0 0 4 . 7 9 - 0 2 4 . 4 7 - 0 2 5 . 4 7 - 5 ? J . 2 1 - 0 2 1 . 1 9 - 0 2 5 . 4 0 - 0 4 1 . 4 4 - 0 4 1 , 7 4 - 1 0 1 . 4 1 - 2 3 .OC 
4 4 1 1 : . 0 0 ( . I 7 - C 4 9 . 9 7 - 0 1 4 . 7 1 - 0 4 4 . 4 9 - 0 1 1 . 1 2 - 0 1 1 . 5 4 - 1 1 S . ' S - l l 2 . 5 4 - 1 7 2 . 1 7 - 3 0 . 0 0 
t : . u .Da 2 - ! ! * C 3 2 . 1 0 * 0 0 :.9i*oo 2 . 4 1 * 0 0 2 . 1 4 ' C O 7 . 1 7 * 0 0 2 . 9 7 * 0 0 2 . 4 7 * 0 0 7 . I K C 0 2 . 1 7 * 0 0 
p u t i f .c: 7.ss-c« . 0 0 • CO . 0 3 . 0 0 . 0 0 . 0 0 .DO .OC .OC 
n .111 . 0 0 1 . 1 5 - 0 4 . 0 0 .OD . 0 0 . 0 0 .or . 0 0 . 0 0 . 0 0 . 0 0 
• m m . 0 0 1 . 4 4 - 0 5 . 0 0 .CD .OD . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DC 
• t i l l . 0 0 1 . 1 0 - 0 1 4 . 1 4 - 0 5 4 . 4 5 - 0 1 J . 1 1 - 1 4 1 . 1 0 . 1 1 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
ecu in . 0 0 1 . 2 1 - 0 7 . 0 0 . 0 0 . 0 0 . 0 0 .DO . 0 0 .DD . 0 0 • OC 
C L I l l . 0 " J - 1 I - 0 D J . U - C O ] . 4 I * 0 D 1 . 4 4 .CO 1 , 4 4 * 0 0 1 . 4 1 * 0 0 1 . 4 1 * 0 0 1 . 4 4 * 0 0 1 .44 *D0 1 . 4 t * 0 0 
FU 1 J ? . 0 0 1 . 3 1 - 3 2 . 0 0 • CO . 0 3 . 0 0 .DO .OD .DD • CO .oc 
• U | 2 . 0 0 1 . 4 1 - 0 1 • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 3 0 . 0 0 . 0 0 . 0 0 
C0 I12 . 0 0 2 . 3 1 * 0 0 2 . 0 1 * 0 0 2 . 0 1 * 0 0 1 . 0 1 * 0 0 2 . 0 1 * 0 0 2 . 0 3 * 0 S 2 . 0 1 * 0 0 2 . 0 3 * 0 0 2 . 0 1 * 0 0 7 . 0 1 * 0 0 
' D i l i . 0 0 1 . 1 0 - 0 5 . 0 0 • DO . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
• 0 1 1 3 " . 0 0 4 . 4 4 - 0 7 . 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 • 00 
ten i . 0 0 2 . 2 4 - 0 1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .OD . 0 0 . 0 0 
cjiun . 0 0 J . H - O ! J . 2 7 - 0 1 1 . 2 4 - 0 1 1 . 1 5 - 0 1 3 . 0 0 - 0 ] 2 . 5 9 - 0 1 2 . 0 7 - 0 1 I . 2 1 - 0 1 2 . 7 1 - 0 1 2 * 3 4 - 0 5 
c:iu . 0 0 2 . 2 0 - 0 1 2 . 2 2 - 0 1 2 . 2 2 - 9 1 2 . 2 7 - 0 1 2 . 2 2 - 0 1 7 . 2 2 - 0 1 2 . 7 7 - 0 1 2 . 2 7 . D 1 2 . 2 7 - 0 1 7 . 2 2 - 0 1 
I M I 3 .o c 

4 . 1 5 - 0 5 • • 1 1 - 0 1 1 . 1 3 - 0 4 2 . 0 1 - 0 4 1 , 5 4 - 0 4 7 . 4 7 - 0 4 | . J ! - C 1 7 . 1 7 - 0 1 1 . 0 7 - 0 ] 3 . 1 3 - 0 1 
• L I U . 0 3 1 . 1 2 - 0 5 , 0 0 . 0 0 .„D . 0 0 . 0 0 .OC . 0 " . 0 0 • CD 
A b l t l . 3 0 3 . 4 1 - 0 7 . 0 0 . 0 0 .OD . 0 0 . 0 0 . 0 0 . 0 0 .OD . 0 0 
con* . 0 0 1 - 4 4 * 0 . ; l . « 4 * 0 0 1 . 4 4 * 0 0 1 . 4 4 * 0 0 J . 4 4 - 0 0 l . 4 4 * 0 D i . t 4 * c r ' • •DO 1 . 1 4 * 1 0 3 . 4 4 * 0 0 
m i " . 0 3 1 . 1 1 - 0 4 1 . 4 5 - C 7 1 . 1 0 - 0 1 7 . 5 4 - 0 * • . 7 7 - 1 1 1 . 2 0 - 1 7 I . 2 2 - 2 H t w • .DO . 0 0 
I M I I . 0 0 1 . 2 4 - 1 1 S . S 1 - I 2 2 . 3 9 - 1 2 1 . 7 1 - 1 } 7 . 4 1 - 1 4 1 . 4 4 - 2 7 1 . 1 5 - 1 1 .JO . 0 0 .to 
: M I « .DC I . M - 0 4 . 2 . 1 1 - 0 4 2 . V C 4 1 . 0 4 - 0 4 1 . 0 1 - 0 4 1 . 0 7 - 0 4 1 . 0 7 - 0 4 3 . 0 1 - 0 4 1 . 0 7 - 0 4 1 .0 7-01, 
» ' J | | 5 . 0 0 7 . 1 4 - 0 4 . 0 0 . 0 0 . 0 0 . 0 0 . 3 0 .OC .;; * U U • u^ 
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r « M l : 75.00m, tu»»U»; I200D-"«0. 1»>= ).0««l>»/C««"J-l[C 

•vciioc cMccKiuiiaw. w i t 
I45I5 : »1 Of H|41T « ( I » l CHtHtO • • I t I C10« 

cm'ot OlKKtatE D. T 0. 1 1 . > 2 . 7 4 . T 10. T 20. T SO. T 100. 1 
16115*1 .00 3.44-07 • DO • 00 .00 .00 .00 .00 .00 .00 .00 
•4115 •DC 4.45-05 .DD .00 .00 .00 .00 • 00 .oo .00 .00 
ecus" .oo 1.52-02 3,51-03 1.14-03 <<?J-"b 1.17-07 2.50-14 1.04-21 .00 .00 .00 
C0II5 .00 1.20-02 4.44-15 2 . n - ? i .00 ,00 .00 .00 .00 .00 .00 
IK! IS" .00 1.01-01 7.75-14 2.74-25 .00 .00 .00 .00 ,00 ,00 .09 
M i l .00 4.40-01 4.44-DI 4.44-01 4.47-01 4.41-01 4.47-01 4.47-CI 4 .47- .1 4.47-01 4.47-01 
5MIS .00 5.10-02 5.14-02 4.1. -02 5. 14-02 5.14-02 S.I4-D2 5.14-02 5.14-02 5.14-02 5.14-02 
• c u t • DO 1.21-04 .CD .00 .00 .00 • OO .00 .00 .00 .00 
CDIIt .00 1.04*00 1,04*00 1.04*00 | .04*00 1.04*00 1.04*00 1.04*00 1.01*00 1.01*00 1.01*00 
Iti l lMI .00 4.51-05 .00 .00 .00 .00 .00 • 00 .00 .00 • 00 
im ib .DC 1.10-0) .00 .00 .00 .DD • 00 .00 .00 .OD .OC 
5*114 .00 J . l t -01 1.11-01 S. I1-0I ) .41-01 3.11-01 l . H - 0 1 1.41-01 I . I 1 -01 1.17-01 1.11-01 
l u l l ' .00 1.24-04 .00 .03 .00 .00 .00 .00 .00 .00 .oc 
c n i ?» .00 3.10-01 .00 ,00 . „ i .00 .00 .00 .03 .09 . o c 

CbllT .DD S.S5-C1 .00 .00 .00 .00 ,30 .00 •00 .00 • DC 
l»>J] Th .00 4.47-04 .00 .00 .00 .00 .00 .00 ,00 .00 .DO 
H i l l .00 7.14-05 .00 .00 .00 .DO .00 .00 .00 .DD .DO 
5»ll>" .00 4.01-05 1.05-04 J . 21-01 1.27-12 1.17-20 .00 .00 .00 .00 .DO 
ShllT .00 1.01-00 I . C K O O l.Oi.OO 1.04*00 1.04.00 1.01*00 1.04*00 1.01*00 1.04*00 1 . 0 4 * 0 0 
t a i n .oc 1.10-04 • 00 .00 .00 .00 .OD .00 .or • OD .00 
I M H n .oc 2.04-11 .00 .00 .00 .00 .00 .00 .09 .DC .00 
l i t j e .09 j . ! « - o r .00 .00 ,00 .00 .00 .00 .00 .DO .00 
SK1U .110 1.10'CQ 1.10*00 I.IO'OO I.IO'OO 1,10*00 1.10*00 1.10*00 1.10*00 1.10*00 1 . 1 0 * 0 0 
CJIl in .00 5.51-04 .DO .Do .00 .00 .00 .00 .00 .oc .CO 
t o r n • DC 2.05-05 • 00 .00 .00 ,00 .00 " .00 .00 .00 ' .CO 
M i l d .OC 1,17-05 .00 .30 .00 .00 .00 .00 ,01 .00 • 0 0 
K i l l •or 4.10-0? .00 .03 .03 .00 .00 .00 .00 ,00 .09 
' .MIIA .00 1,15-01 l . s r - o i 1 .2501 7.04-01 2.57-01 1.21-05 7.40-Ot 1.11-12 1.11-25 • : c 
' . l l l l .00 l.lfc'OD 1.11.00 1.14.00 I .U .DC 1.14*00 l . |4*00 1.14*00 1.14*D0 1.14*00 I . I . - 0 0 
C O . ; .00 4,25-94 •to .00 .00 .00 .00 .00 • 00 .00 .09 
l-l.'CH .00 1.11-01 .00 .00 .on .00 ,00 .00 .00 .00 .00 
IS I .3 .00 1.41-04 .00 • 00 .00 .00 ,00 .00 .00 .00 .DO 
S»l."3 • 00 1.22*00 1.22*00 1 . 2 2 * 0 0 1.22*00 1.22*00 1.22*00 1.22*00 1 . 2 7 * 0 0 1.22*00 1.2? J : 
c o u i .00 I.4S-05 .00 • on .00 • DO .00 .00 .DO .00 JO 
I>||2I*I .Oc |.14"0S .00 .00 .00 .00 .00 .00 .00 .00 .00 
K i n .or 1.24-01 .00 .00 .00 .oo .oo .DD ,00 .00 .00 
• M i n i .DC 1.32-04 1.32-04 1.31-01 1.31-04 1.30-D4 1.24-04 1.20-06 1 , 1 9 - 0 4 1.34-01 5.10-07 
5M2I .DO 7.14-03 .00 .00 .00 .00 • 00 .00 .00 • 00 .00 
i " IJ l .00 |.SS*0D 1.34*00 1.34.00 3.34*00 1.34*00 1*14*00 1.34*00 1 . 1 4 * 0 0 1.34*00 1.34-00 
11.122 .00 4.2«-07 • CO .00 .00 .00 .00 .00 .00 .00 .00 
i'm .00 1,41*00 1.47*00 1.47*00 l . t l .OO 1.47*00 1.47*00 1.47.00 1.4 7*00 1.47*00 1.17*00 
SBI;:» .DO l . l l - D I .DD .00 .00 .00 .00 .00 .00 .OD .00 
!JI;J •DO 1.14-04 H I - I S 4,15-21 .00 .00 ,00 • 00 .OD .00 .00 
IC122 .0? 2.70-02 J . i l - 0 2 2 . M - 0 2 2.*e-02 2 . 1 ( 0 ? 2.11-02 2.11-02 2.4>.02 2.1I-C2 2.14-0J 
IM.Jn • 30 1.11-04 .DO .00 .00 .00 .00 .00 .00 .00 .00 
I - . I .1 •oc 1,05-07 .00 .03 .00 .00 • 00 .00 .01 .oo .oc 
!*123>; .DC 2.53-05 .00 .DO .00 .00 • 00 .00 .00 .00 .00 
SM7) .DO 7.14-01 ».11-0I 2.74-01 1.17-02 1.24-02 J . t i - 0 5 1.14-DI I . 17 -1 I • DO .DO 
S » | i ! .00 4.14-01 1.22*00 l.M.OO l,S«.00 1.44'Co |.45*00 1.45*00 1.45*00 1.45*00 1.45*00 
I t l i l K .00 3.40-04 2 .11 -0 . I.40-D4 1.11-0) 1.11-01 7.2!-11 1.41-15 5.74-25 .00 .DD 
U l . - : •oc 1.22-05 1.37-05 l.««-D& 1.51-05 l . i ' -OS 1.54-05 1.54-05 1.51-05 I .5 I -C5 l .bl -05 
i» i2 i .so 4.71-01 .00 .03 .00 .00 .00 .00 .00 .00 .00 

A-15 % 
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»•«•: n.wh, mra>: inn .mi. rm: i.gt>na/t«»a-iic 
•UC1IDI CHCtlT»l|KS> Mini 

H i l l : 'I IF " t i l l •*•.•<•. CWMtl II itlCIH 

CHIIfct OtSCHHIC 0. 1 0 . 1 1 . » 2 . » 5 . T 10. • 13. I 50. 1 loo. i 
S I I2 I .00 2.12*00 2.12*00 2.17*00 2.17*00 2.12*00 2.12*30 2.12*00 1.12*00 1.12*03 * . | 2 *00 
»»I21" .00 1.10.0* .00 •30 • 00 .oo .00 .00 .00 .00 • 00 
JI I21 .00 1.70-01 I . I I - D I ».*l-Ot * . 1 7 - 3 5 , 1.07- t ! 2.11-12 1.11-71 .00 .00 .3D 
H12« .00 s . i i - o j I .52-0J 1.11-01 i . n - 0 1 1.00-02 1.00-02 1.00-02 1.03-02 1.00-02 1.03-02 
i* i25» •0!) J.*»-05 .00 .00 .00 .00 .03 •OD .00 .00 .00 
5>I25 .00 1.31.02 1.11-0* ».M-H7 I . I I - | ] l . * ) -25 .00 .00 .00 •00 .00 
SII25 .00 2.* MOO 2.15*00 2.21*00 1.11*30 1.50*00 » . * l -OI 1.12-01 l .* ! -D2 * .»s-o* 1.17.11 
u i ! S « JO 1.11-02 I .11-02 J. 11-02 l .»1-0? J.*5-02 l . t l - 0 2 l . t l - 0 ! 1.57-0* l . * 2 - 0 I l . l l - l ) 
n i 2 s .oo 2.11-01 l . i l ' 0 1 «. t * -Cl 1.H-OI |.22*00 2.05*00 2.51*30 2.71*03 : .7 * .co 2.1**00 
s*i2* .00 5.30*30 5.00*00 5.30*00 5.00*30 5.03*00 5.00*00 5.00*30 5.00*00 s.oo-co 5*00*00 
5I17*« .00 >.>*-0l 1.11-0* 1.11-0» 1.11-01 1.11-01 1.11*0* I . I 1-01 1.11-01 1.11-01 | .11-01 
5 H f t .00 2 . I I - 0 * J . * t - 0 i 1.11-0* l . *1 -S* l . * * -3» l . i l - O i i . n - o * | . * 1 - 0 * l . t f - 0 * 1.11-0* 
I I I . ' * .00 1.25-C! • .15-01 • • » - 0 ! 1 .5 I -3J <.11-01 1.71-0! 1.11-3) S.2J-01 * .?7-01 1.01-01 
S1177H .00 2.22-0* .00 .00 .03 .00 .00 • 00 .03 .03 .00 
! « i : i .00 S.21-01 .00 .00 .00 .00 .30 .00 .03 .00 .00 
I I I ? ! .oo 2.11-01 2.17-01 1.02-1* 1.07-2* .00 • 00 .03 •00 .00 .00 
i f u r « •Oil I.J MOO * .»o-o i * , U - 0 J J.JO-01 1.17-02 1.11-05 1.11-11 1.15-71 .00 .00 
• CUT .00 2.21-02 2. IS-01 1.17-0] 1.71-0* *.11-35 1.11-01 J.55-1J 2-10-21 • 30 .03 

1177 .00 1.0!.01 1.11*01 1.17*01 1.20*01 1.21*01 1.21*01 1.21*31 1.21*01 1.21*01 1.21*31 
SNI2* .DC 7.I1-D1 .00 • DO .00 .00 .OD • DD .00 .03 • DC 
Sbl2!» .00 l .2 t -01 .00 .CO .00 .00 • 03 .00 .03 .03 .00 
51121 .00 1.71-01 .00 .00 • DO .OD .00 .DD .00 .30 • 03 
I I I M .00 l . l l ' D I 1.11*01 1 . 1 1 * 0 1 J . 1 1 . 0 1 l . l l . C l 1 . 1 1 . 0 1 1 . 1 1 * 0 1 1.11*01 I . I ! * O I 1 . 1 3 * 0 1 

J I ; > .oo 1.71-35 .CO • DO .00 .00 .03 • DO .30 • 03 .00 
i t i . ' t .00 2 . H - O I 2 . H - 0 1 2 .H -D I 2.11-01 2 .4 . -01 2.11-01 2.11-01 t .41-01 2.11-DI 7.M-0I 
i k i i i i i .30 1.15-02 .00 .00 .00 .00 .00 .113 .00 • 00 • 0 0 
5M21 .OD 2.77-05 .00 .00 .00 .00 • CO .30 • CO .33 • DO 
1)171 .00 •.11-02 .00 .00 • 00 .00 .00 .00 .00 ,00 • 00 
U i f w .DO l.IO'OO 1.0S-OI 7.11-02 1.17-01 5.51-37 1 . 2 1 - 1 * 1.72-33 .on .00 • 03 
11121 .00 l .*0-02 2.7*-01 ..42-05 I.Ol-Db 5.11-10 1 . 1 7 - 1 * • 00 .33 .03 .00 
l l ? i .00 7.51*01 l . * l * 0 1 1.70*01 7.7|«31 ?.7|*C1 7.11*01 7.71*01 1 , 7 1 * 0 1 7.71*01 1.7|*0I 

> n ; t n .00 1.<2.0* 1,05-01 7.01-12 l . l l - l * 2.10-11 .00 ',33 .DO .00 • DO 
I £ I 2 1 .03 2.»2-02 2.(2-02 2.12-02 2.17-02 2.12-02 2.12-02 2.12-02 2.12-02 2 . * ! -02 2.15-02 
i l l 10 .00 1.11-01 .00 .00 .00 .00 .00 • 00 ,00 .30 .03 
SII1C" .00 2.7t-01 .03 .00 .00 .00 .03 .00 .00 .00 .33 
51113 .oe i .s»-oi .00 ,00 .30 .00 • 00 .3D .00 .00 .00 
HI1C .00 1.17*02 I.17-02 1.17*02 1.17*02 1.17*02 1,17*02 l . l ! «32 l . *7 '02 1.17*02 1.11*02 

I I ion .00 I .SI -05 .00 • 3D .00 .00 .00 .00 .03 .30 .00 
I l l s •00 5.15-01 •oo .00 .00 .00 .00 • OD .00 .03 .00 

I I DO .00 1.11*00 1.11*03 | . | l * 0 0 1.11*30 1.19*00 1.11 0 1 . 1 1 * 0 3 1.11*00 l . l?*00 1.11*00 
» l ; l .oo 2.20-0] .00 .03 .03 .00 .00 • DO •oo .00 .30 
s u n .00 I.51-02 .00 .03 .03 .00 .00 • DO ,00 .OD .00 
t [ lJ IB .00 1.11-01 1.71-21 .00 .00 .30 .00 .00 .03 .DO .33 
i n ) i .DC 1.11-02 1.12-2* .03 •00 .03 • 00 • 00 • 3C ,03 .30 

m i .00 >.5»«00 J.17-01 1.15-0* 1.71-11 J.IS-27 .00 .00 .03 .00 • S3 
H u m .00 1.15-02 I . H - D 1 2-35-05 1.17-10 i .tO-20 .00 •00 .03 .00 .00 
I C I l l .00 1.12*32 I.10*02 1.10*02 l . .0*02 1.10*32 1.10*32 | .«0 '02 1.10*07 1.10*02 1.10*02 
5*11! .30 2.01-01 .00 .00 .00 .03 .00 • DO .30 ,OD .00 
S5112« •DC .00 • CO .CO .00 .03 .00 • DO .00 .03 .oo 
S l I lJ .CO 1.1S-0J .to .00 .03 .30 .00 .00 .30 .33 .00 
ICI12 .30 I.JKOO 2.01-0* t.12-15 I .13-11 .33 .oo •00 .30 .30 .00 
1112 .00 1-11-01 * . I I - I 0 2.01-11 .03 .33 .00 •03 .30 .00 .00 

A-16 % 
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•••»»= n.cemt, HtaUPs IJOOO.MO, »im= I.Oa*i3af»a>j-|CC 

•UCLIOI c m u K i i i m , •KM 
l u l l ; »7 t< nut? rctn CMlut II Ki tW 

CMKl DI1CM.IH 0. • 0. 1 1.1 I . t i . T 10. T 20. t SO. t 100. » 
rfis; .DO i.««*o2 s,si*o2 1.53*02 I.SJ*D2 i.ss*02 1.53*02 S.SS»O2 3.55*02 j.43-02 s.ss.oi 
SU33 .00 3>aa-03 ,00 ,tg , D o .00 .00 .00 .00 ,00 .00 
I[I33» .00 5. 20-02 ,00 .00 .00 .00 .00 .00 .00 .00 .00 
i n n .oo a.»7-os .oo .00 ,00 .00 ,00 .00 .00 .00 ,oo 
u!> .00 i . i i -oo .00 .00 .DO ,00 ,oo ,oo .or .00 .oo 

>ii!j« ,00 |.o»-oi i . «o - i i » .M-jj .00 .00 .00 .00 .or .00 .oc 
u i s : .00 i . i j -oa i . t i - o i i .<o-o a i . t i - i o .00 ,oo .00 .00 .on .00 '" 
» " ' -00 a.ifO? •,31*02 a.31*02 >.)HD2 a.3l*02 ».»l«0I 4.11,02 4.3l*0i • .!»*0t *..l».|]j 
Ul la .00 3.»a-05 .00 .00 .00 .00 .00 .00 .00 .00 .00 
H13« .OC 4.17-02 .00 ,00 .00 .00 ,00 .00 .00 .00 .00 

Ilia .00 1,15-02 .00 .00 .00 .01 .00 .00 .00 .00 .00 
" U t -00 5.4»*02 1.70*02 5.70*02 4.70*02 5.70*01 1.70*01 1,10*02 5.70*02 1.70*02 J.lO'Oi 
CSISaK .00 l.Oa.o! .00 .00 .00 .00 .00 .00 .00 .00 .DO 
CSI31 .00 3*02*01 2,71*01 2.10-01 2.1S.0I I,13*01 1.5KDD 1.05*00 l.aa-02 1.37-04 k.22-H 
• " « ••>» 1.21*00 5.41*00 1.10*00 l.l«*03 1.11*01 I.ttagl 1.2».0I l.»4*01 ! .J««0| J.J»<03 
1113$ .oo s.ai-o» .oo .go .oo .oo >oo .DO ,0O .00 .00 

1115 .00 4.M-0I .00 .00 .00 .00 ,00 ,00 ,00 ,00 .00 
MI55N .00 5.12-03 .00 .00 .00 .00 .00 JO .00 ,00 ,00 
•II5^- .00 I.TI-01 .00 ,00 .00 .00 .00 .00 .00 .00 .00 
tMSi« .00 2.3I.0* .00 ,0o .00 ,00 .00 .00 .00 ,00 ,00 
CS.IIS .00 |.0'*C2 |.0««0i J.01*02 3.01,0] 1,OI<0! 1.01*02 t.01*02 1.01*02 I.01*0! 1.01*02 
04135*. .00 1.54-Qk .00 .00 ,00 ,00 .00 ,00 ,00 ,00 ,00 
• i l l s .50 «.**-c« 1.01-0* S.04-0* ».20-J« 5.45.04 4.20-Da 7.a4-o4 ».»a-0a l.»a-01 2.44-01 

1116 .00 3,14-04 ,00 .00 .DO ,00 .00 .00 ,00 ,00 .On 
i " ! k .00 >.}I*C2 ..51*02 t . 31*02 i.31,02 1.31*02 1.31*02 1.34*02 ».3«*M 1.31*02 1.31*02" 
CS134 .00 1.11-01 2.73-01 t.Si-OS I.H-04 a.02-ll ,00 .00 .00 ,QD ,00 
6M3b .00 3,21*00 3*aO*DO l.kO*DO 1,40*00 l.tO.Og 1.40*00 J.40'00 1.40*00 1.ID«C0 3.40*00 

1131 .00 a.!2-0a ,00 ,00 ,00 .00 ,00 .00 .00 .00 .00 
• t i l ' .00 5.13-03 .00 .00 .00 .00 ,00 .00 .00 ,00 .00 
c » - ' -00 a.55*02 ».t)»02 4.51*02 4.45>D2 a.35.0! a,ok<02 ].fc|*02 2.17*02 l.aS*02 • ,*,J*DI 
»»I3>» .00 t.14.05 V.14-05 4.I1-Q5 k.72-05 k.SI-OS k, 15-05 J.44-05 •.33-05 !.l?-OS *.4?-0» " 
•*>>' •O 0 a .a j .oo t 52*00 ^.52*00 I•»3'0t 2.55*01 i .a i .01 f.M*0| |.|5*D2 1.17*02 ».11*02 

" J 1 'OH 1.20-04 .CO .DC .00 ,00 .00 ,00 .00 ,00 . 0 0 
U15» .00 2-14-CJ ,00 .CO .00 .00 ,00 .0( .00 .00 .00 
Cill l .00 4.1I-C2 ,00 .00 ,00 ,00 ,00 ,00 .00 ,00 >0C 
11131 ,00 «,35*02 a,35*02 a.33*02 ».35*02 «.3S*02 •.15*02 •.35*02 •,!5<C2 4.35*0} a.35*02 

* i 3 * *oo j.kO-os .oo .Do *oo .oo .DO ,00 .oo .oo " ' . D O — 
« i n .go o.ok-oa ,oo ,oo .oo .00 .00 .00 .00 .00 ,oo 
' • ' 3 » .00 1.21-02 .00 .00 . 00 .00 ,00 .00 .00 .00 .00 
S1I3» .00 1.13-01 .00 .00 .00 .00 .00 .00 .00 .00 .00 
U1S« .00 • , t k . C 2 «.77*0i a,7).C2 ».77-02 *.77*02 aJ.Jt'OJ a.J7*02 •,J7«02 *>.7T»02 a.77*02 
" " « *0" ».12-0» ,00 .Co .00 .00 .00 ,00 ,00 ,00 .00 
t s » ! *oo t . i t - ts ,oo ,00 .oo ,oo .oo .iio ' .00 " .00 " ' .00 — 
eiKO .00 l.ak*C| l.tl-OI ». 25-03 t.12-00 l.«2-|k ,00 ,00 ,00 .00 .00 
1*1.0 .00 1.13*00 2.k3-02 k.ao-Oa •.H-D« 2,aa.(7 .00 ,00 .00 .00 .00 
t u « t .oo a , . , . [ j a.»i*02 a.w.02 * . » * ! «.«a.02 a.n.O! a,<a*02 « , ' i*o; «.a*«01 a.ta*02 
« l a l .00 *,.12-0k .00 ,00 .00 .00 .00 .00 .00 .00 .00 
CSl«l .00 J.l3-0a .00 .00 ,00 .00 .OD ,00 .00 ,00 .00 
! " " .00 2.31-02 .00 .00 .00 .00 .00 .00 .00 .00 . 00 

l , 1 » l .00 J.05-01 .00 ,00 .00 .00 .00 .00 ,00 .00 ,00 
C""> •!"> a. 15*01 t.OI'OO 2.02.00 2.50-02 1.01-05 k .kl - lk l . ^ - J J .00 .00 .00 
' " " •"> S.aa»02 a.52*02 a.M.oj ».ki*02 a.k>»02 a..n*02 a.ki«o? a .»l .o? a.4^02 a.»i«02 
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menu CMtcaiitiiwi. •»«« 
• U I S -- HI I t M i l l M i l l C M H t t I t K l t H I 

Cm " i t oiscnitst 0 . 7 0 . T 1 . t 2 . 1 5- » 10. T 20. 1 50. r 100, T 
M i l 2 .00 2 .0 l -0 t .00 .00 .00 •00 .00 .00 .00 .00 "' .00 " 
CSI12 .00 2.71-05 .00 .00 .00 .00 .00 .00 .00 • 00 .00 
S»l<2 • 30 I .JI-D? .00 .00 ,00 .00 •00 .00 .00 .00 .00 
U K ? .30 1.15-01 • 00 .00 .00 •00 .00 .00 .00 .00 .00 
C£H! .00 1.11*02 1.13*02 1.11*02 1.13*02 1.11*02 1,11*02 1.11*02 1 . 0 * 0 2 • .11*02 1.11*02 
»112 •DO I.1D-02 .00 • 00 .00 .00 .00 .00 .00 .00 .00 
*i>i«2 .00 2.01-00 2.01*00 2. 01.00 2.01*00 2.01.00 2.01*00 3.0|*00 2.01*00 2.01*00 2.01*00" 
•C IO ,00 2.10-01 •00 .00 .00 •00 .00 .00 • 00 .00 .00 
CSI<i3 .30 J.21-05 .00 .DO .00 .00 .00 .00 .00 • 00 .00 
!«I«J .00 l.11-C« .00 .00 .oo .00 •o: .00 .00 • 00 .00 
H I " ) .00 I . lS-02 ,00 • 00 .00 .00 .00 ,00 .00 .OD .00 
d m .00 2.J3-C0 1.11-30 2.21-35 .00 .00 .00 •oo .00 .00 .00 
I I I " ! .DO 2.2»'0I 2.15-01 7.11-03 2.37-07 2.21-15 .00 •00 .00 .00 .00 ' 
1 0 I O .00 1.51*02 3.13*02 3.13*02 3.11.02 3.13*02 1.13*02 1.11*02 1.13*02 3.13*02 J.13-02 
l l l . l .00 7.50-C5 .DO .00 .00 .00 .00 .00 .oo .00 . - 0 
CI1N •00 2.73*02 2.11*02 1.15*02 1.12*02 1.51*01 1.17*00 3.11-02 1.13-01 1.11-17 5.22-11 
PhlM • 00 I . IJ -02 • .21-03 '..12-03 1,71-03 1.11-03 1.11-01 1.55-01 2.01-10 5.05-22 .00 
M m • 00 1.72*02 2.21-02 2 . l | *o? 3.3«*02 1.00*02 1.13*02 1.11*07 • .11*02 1.11*02 1.11*02 
cms •00 2.50.03 .00 .DO .00 .00 .00 .00 .00 .00 •oo 
«!•! .00 2.11-01 .00 .00 .00 .00 ,00 .00 .00 .00 • 00 
M l l i .00 2.15*02 2 ,U*D2 2.U<02 2.11*02 2.11*02 2.11*03 1.11*02 1.11*02 2.11*02 2 . 1 1 * 0 2 
C t l . l .00 • .31-03 ,00 .00 .00 .00 .00 .oo .00 .00 • 00 
P=l<.t •Co LtO-02 .00 .CD .00 .00 .00 .go .00 .00 .00 
K i l l .00 2,i««P2 2.11*02 2.11*02 2.11*C2 2.11<07 2.11*02 2.11*02 2.11*02 2.1KC2 2 . l l ' 02 
C!t«7 .30 5.11-01 ,00 .CO .00 .00 .00 .00 .oo .00 .00 
K M .lit 1.21-03 .00 .03 .00 .00 .00 • DO .03 .00 .00 
1CH7 •DC I.Sl'CO 3.11-02 3.11-01 1.07-01 1.32-11 .00 .00 .00 .00 .00 
f u n ? .00 1.1]*D7 1.00*02 1.51*01 1.21.0] 1.30*DI 2.15.01 7,51*00 5.J1-D1 1.12-01 1.15-10 
5»I17 • 00 l .30<t l 1.11*01 2.11*01 3.ta>0l 5.11*01 1 . H . 0 I 1,12*07 1.11*01 1.20*02 1.20*03 
CE1U •o: 2.I5-D1 .CD ,00 .00 .oo .00 .00 .oo .03 .oo 
MHO •oc ) . t l - 0 1 .00 .30 .00 .00 .00 .OD .00 .00 .DC 
kj laf • 00 1.37*02 1.37*02 1.37*02 1.37*02 1.37*02 1.17*02 1.37*02 1.17*02 1.37*02 1.17.03 
PMagn .00 1.51*00 3.51-01 1.11-01 3.71-03 1.07-01 1.27-1) 1.01-21 .00 .00 .DO 
P»ll« .oc 1.00*09 J.11-03 1.15-03 1.11-35 1.37-01 1.31-15 1.01-71 .00 .00 .00 
> • ! • • .00 3 .0 l *0 l 3.21*01 3.21*01 3.30.01 1.30*01 3.10*01 J.30'01 1-30*01 1.30*01 ) • 10*01 
W i l l .UC 1.10-01 •CO .00 .00 .00 .00 .oo .00 .00 .DO 
U|>< .00 3.14-02 .00 .OD .00 .00 .00 .00 .00 .00 .00 " 
m m .00 I.11.0D I .13M 3 2.51-22 .00 .00 .00 .00 .00 .00 • DO 
SPI11 .00 i.<3*00 7.35-00 1.33*00 7.35*00 I . .5 -00 7.15*00 t . l l 'GO 7.31*00 1.15*00 7 . 1 5 * 0 0 
•SI'.D .00 5.11*01 5.17*01 5.17*01 5,»7*01 5 .U*01 5.17*01 S.»7*DI 5.17*01 5.17*01 1 . 1 7 * 0 1 

'»!» •Dp 7.20-0* .00 .00 .00 .00 .00 •oo .00 .00 .DO 
SPtlSC •DP l.2<<0? 1.2*.02 1.21*02 | .21 '02 1.21*02 1.71*02 1.31*02 1.21*02 1.71*02 1 . 2 1 * 0 2 
M l 51 .00 1.15-03 .OD .00 .00 .00 .00 .00 .00 .DD .DO 
»« l i ] .OD 2-31-01 •oo .00 .00 .00 .oo • 00 .00 .00 • DO 
5"ISI • 00 2.12*01 2.13.01 2.13*01 2.«2*01 2.10*01 2.11*01 2.25*01 2.01*01 1.11*01 l . l O ' O l 
Cum •or 1.11.01 t.75-02 1.15-01 2.23-01 1.15-01 1.17-01 1.10*00 3,12*00 1.05*00 1 - 3 1 * 0 1 
P»1S2 •00 5.71-01 .oo .03 .00 .00 .00 .00 .00 .00 •OO 
irlil • 31' 3.72-01 3.72*01 3. 72 .01 3.72*01 3.12*01 ! . 7 j * 0 l 3.72-01 1.12*01 1.72*01 3.72*01 
[UI1JB .On 1.31-05 .00 .00 .CO .JO .00 .00 • 0 0 .00 .00 
'U l i2 •00 2.21-02 2.25-02 2,22-02 2.15-02 2.-1-02 D I - 0 2 1.21-02 1 . 1 1 - 0 1 1.27-01 7.01-03 
M11J ,uo I . H - 0 2 1.11-02 1.11-02 1.11-02 2.02-02 2,11-02 2.21-02 2.J1-02 2.55-02 1.51-02 
»«IS3 • 00 2.12-0* •oo .00 .oo .00 .00 .00 .00 .00 .00 
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H » C * : Ik.GMO, IV»Mf= HWOrfHO. f l » t : ! . O t * l l a r c a i * ; - l ' C 

• K i l l ! ( • •C la l I111 l . l t . ( t i n 
• ISIS : »1 or « l » l K i l l CtUDCED IS l ( IC I0» 

CHI HE DllCHMCt 0 . 1 0 . 1 1 . 1 7 . 1 5, T 10. 1 20. 1 t o . i 100. T 
5" 155 .00 1.01-01 7 . M - I 5 1.10-25 .00 • DO .00 .00 .00 .00 .00 
tun: •00 i . i s . o i J . 00.51 1.00 <S1 1.00*01 3.00*01 J.00-01 1.00*01 J.00-01 1.00*01 l.OO'Ol 
OOISJ .00 J.U-Oa ) . l» -04 1.2b-0« 1.41-01 1.17-0) 2.14-04 l .b l -O I • .27-11 1,14-27 -00 
misi •Oo »-I|-DS .00 • 00 .00 ,00 .00 •00 .00 .00 .00 
S » I 5 1 • 0 0 1.02'01 1.02*01 1.02>01 1.02*01 ).02>01 1.02-01 I.02*01 1.02*01 1.02'CI ••02*01 
l l l t l •00 l . l )*DO 5.11.00 5.1)'CD 5.20*00 • • • • • 0 0 b.11.00 ).52*C0 7,21*00 4.21-01 7.11-02 
CO 151 .00 b.5b-02 1.21-DI 1.44-01 2.»b-01 5.11-01 1.12*00 1.11*00 1.21*00 4,14*00 5,11*00 
S-.155 .00 5.74-04 .00 • 00 .00 .00 ,00 .00 .00 .00 .00 
[0155 • 0 0 1.21*00 1.14*00 l.oi.oo 1.11-01 4.02-01 1.11-01 2.41-02 4.10-Ob 4.75-01 1.01-17 
(0155 • DO l.bO-02 1.11-0) 2-11-01 • .7b-Dl 1.07-01 1.12.00 1.21.00 1.11*00 l . l | *OD 1.11*00 
<al5b .00 4.51-01 .00 .00 .00 .00 • 00 .00 .00 .DO .00 
EUI54 .oo 1.74-01 l . M - 0 2 ••01-04 • .51-01 2.11-15 .00 .00 ,00 .00 .00 
tO l i t .00 4.44*00 1.40*00 4.42*00 4.42-00 1.42-00 ••47*00 1.b7'00 1.42*00 1.42>0D 1.42*00 
Shi 5? .00 • .01 .01 •CO .00 .00 .00 • 00 •DO .00 .00 .00 
(UI5T •or 7.12-01 .00 .00 .00 ,00 .00 •DO .00 .00 .00 
00)57 .00 ).14.02 2.12-02 2.42-02 2.b2-02 2.47-02 2.47-07 2.42-02 2.42-02 2.42-02 7.42-02 
SulSI •50 ) . I t -Da .00 • no .00 ,00 .00 .00 • DO ,00 • 00 
U I 5 1 .00 2.7«*00 2.71*00 2.71*00 2.71*00 2.71*00 2.71*00 2.71*00 2.71*00 2.11*00 2.11.00 
( a l i i .00 1.51-05 .00 .00 .00 .00 .00 .00 .00 .00 • 00 
tout •DC 2.22-0] .00 • DO .00 .00 .00 • DO ,00 ,00 •oc 
10151 .00 a.15-01 1.11-0) ••17-01 • .17-01 ••17-01 ••17-01 • . I ' - O I • .17-01 1.17-01 l . l l - D l 
EulbD .00 2-20-Ob .00 • DC .CO .00 .00 •00 • DO .00 .00 
1011.3 •cc l . l l - O I >.41-01 l . f l - D l l . » l -O I 1.11-01 1.11-01 1.11-01 1 , 1 1 - 0 1 1.11-01 1.11-01 
i s i i : •Of 1.71-02 7.51-01 l . lb -01 5.la-Da 1.51-05 ••21-10 | . 0 D - I t 1 . 4 M 1 .00 .oo 
CT16C •ot- 1.14-02 2.10-02 1.11-02 1.50-02 1.55-02 1.55-02 J.55-07 1.55-02 1.55-C2 1.55-02 
(bib) .1)0 1.10-04 .00 .00 .00 .00 .00 .00 • DO .00 .oo 
l i l b l •Ob J.15-0) a.01-07 l .bl- IO 1.00-11 • •b l -15 .00 .DO • DO .OD .01 
D'lbl • 0 0 5.«S-02 5.10-02 5.10-02 5,(0-02 5.10-02 ».40"02 5.10-02 5.10-02 5.1D-D7 5.40-02 
CCIt.2 • DO l . l i - 0 4 .00 .oo .00 .00 .00 ,00 • DC .00 .00 
Ifc)b2« .00 1.24-04 .00 .00 .00 • 00 .00 .DO .00 .00 .00 
I t U J • DO .00 .00 • CD .00 . .0 .00 .DD .00 .00 . ID 
Or 162 .00 1.11-02 1.41-02 J # la-02 l . i l - 0 2 l . lb-02 J .m-02 ] . l b -02 1.44.02 1.I1-C2 l . M - 0 2 
I t l b l n •00 2.11-0* • DO • CO .00 ,00 .00 .00 .00 .00 .00 
l i l t l .00 l.bb-01 .00 .00 .00 .00 .00 .00 .00 .00 .00 
t t l b ) .on 2.41-02 2.41-02 2 .U-02 2.b1-02 2 . t l - 02 2.41-02 2.41-02 2.41-02 2.41-02 2.41-02 
I4lbb •00 I .b0-01 .CO .00 .00 .00 .00 .oo .00 .00 • OD 
OIlab ,00 " ' 7.11-0) 1.22-01 1.22-0] 7.22-01 7.23-0) 1.72-0] 7.22-01 7.22-01 7-22-OJ 7.2J-0J 
DTIbSa .00 1.71-04 .00 .00 .00 .00 ,00 .00 .00 .00 .00 
OTI45 .00 1.12-04 .00 .oo ,00 ,00 .00 .00 •on .00 • 00 
K = H 5 .00 ».»|-0J 5.12-0! 5.12-01 5.12-01 5.12-0) 5 .1 ! -01 5.42-OJ 5.47-01 5,12-01 5.12-01 
etna .00 2.44-05 1.01-11 l . b l - | 1 .00 ,00 .00 .oo .00 .00 • 00 
Miltt l t .00 1.11-04 7.11-04 1.1I-04 7.10-04 7,10-04 7.11-04 7.14-04 7.47-04 7.41-04 1.11-04 
Kjlbb .00 1.11-OS l .a l -13 4.24-70 .00 ,00 ,00 .00 .00 .00 • 00 
rubi • 00 1.51-01 . .54 -01 I.S4-01 l . ib -O) 1,34-0) 1,54-01 1.44-01 1.54-01 I .S4-C) !.i< 
I B H I .00 1.21-Oa 1.27-0* | .27-0« 1.27-01 1.21-Ob 1.27-01 1.27-0* 1.2'-0» 1.77-01 !•' I 0 1 U .00 1.27*04 1.21*01 1.27.0b 1.27*01 1.2l«Cb |.»1«0« 1.77*01 1.27*01 1.77*01 1 -0 
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M a l t - M.ODM, I V I M ! ' : I 2MQ.M0 , (LUIS t . ( * » l » K » « f > U 

CLCHtll C a c t l f M l l t M . « M « 
l i s t l : I I w m l K I M . tumi* H N l c l M 

C«I«S[ DI5CHa1t[ o. r a . T l . ? >. 1 1 . ' 10. 1 
ff •00 2.11-02 2.»!-02 2.31-02 2,11.02 2.11-02 I . » l -02 1.31-02 

;• .00 1.17-01 1-43-1* 2 .H -30 .00 .00 • 10 .00 
11 .00 1.01-01 1.01-20 l . l l - l l •00 .00 • 00 .00 
CI • 00 1.27-01 1.21*01 1.21*01 1.2<41 1,21-01 1.27-01 • •27-111 
•s .30 ] ,« l -02 3.M-02 l . H - 0 2 l .M-02 1.11*02 1.11-02 3 .H-02 
if .00 2.01*01 2.01*01 2,C1*0I 2.01*01 2.01*01 2.03*01 2.03*01 
H .00 1.11*00 l . tg.oo l.io*oo 1.10*00 4.10*00 5 .M .00 1.10*00 
ac .00 1.17*02 1-17*02 l . !T*02 l . l l ' M 1.11*02 1.13*02 1.11*02 
HI .00 1.10.02 1.10*02 1.10*02 i.ai*C2 l . t l>02 1.11*02 1.11*02 
31 • 30 1.21*02 ) . n * 0 2 1.11*02 I.IO'OJ 1.11*02 1.11*02 3.13*02 

1 • DO 2.11*02 2.07*02 2.t>'02 | . l l * 0 2 > . » » • » I .M*OJ 1.11*02 
;s .00 l . l t ' O ! 1.11*03 i . i n r i 1.11*01 1.11*01 1.17*03 1.11*03 
he .OD 1.21*01 2.71*01 l . H * O I 1.11*00 3.11-02 7.11-01 ••13-03 
rt> .00 1.11*03 1.21*03 1 .1* *C1 1.27*01 1.21*01 1*27*0) 1.27.03 
ic .00 ].11*02 3.11*02 3.I«*D2 3.11*02 l . l»*02 I . l»*02 3.11*02 
«u .DC 7.11*02 7.11*02 7.17*02 7.22*02 1.01*02 1.11.02 1.11*02 
BH .00 l.ai.*C2 1.11*02 1.1!'02 1.71*02 1*71*02 1.11*32 1.74*0! 
fB .00 2.12*02 2.*2*02 2,11*02 I-11*02 2.14*02 2.17.02 2.11*02 
I t .00 1.11*01 1.12*01 1.52*01 J.>2*01 1.12*01 1.12*01 1.12*01 
CD .00 1.11*01 1.11*01 1.19*01 l . ' i ' O i 1.11*01 1.11*01 1.11*01 
la .00 1.17.01 4.44-01 1.41-01 1 . . I -D1 ••11-01 6.11-01 1.41-01 
Sh • CO l . m o i l .aOOl 1.11*0) 1.17*01 1.31*01 1.31*01 1.31*01 
SB •oc i.5«*oo 1.11*00 i . « * O c a.lS'DO 1.10*00 1.70.00 3.20*00 
u .DC 1.11*02 1.17*02 l . ( l *C2 1.16*02 1.11*02 1.11*02 1.11*02 
I •Or. 1.Sl*CI • • •2*01 1.11*01 • .11*01 •.12*01 1,12*01 1.12*01 

I t • DO 1.11*03 1,11*01 1.11*05 1.15*03 1.11*01 1.11*03 1.15*03 
cs .00 1.32'C! 1.01*01 1.07*01 1.01*01 1.11*02 1.17*02 1.01*02 
?< .00 1.7I*C2 1.12*02 *.51*02 l . . l * 0 2 1.12*02 1.21*02 1.70*02 
i i .oc •.10*02 a.77*02 a.77*02 • .77*02 1.27*02 1.77*02 1.77*02 
Cl ..: 1.21*01 1.I7*C] 1.17*cl 1.01*01 1.11*02 1.10*02 1.37*02 
r* .cc 1.22*02 1.12*02 i .n* l>2 t . t l * 0 2 1.11*02 1.11*02 1.11*02 
w .00 1.27<C1 1.3**03 1.11*01 l . t i ' O l 1.11*01 1*55*01 1.11*03 
•*t .oc 1.01*02 1.01*02 «.S«*01 ( .21*01 1.10*01 2.11*01 2.11*00 
SI .oc 2.15*02 2.15*02 2.11*02 2.71*02 2.11*112 1.22*02 3.17*02 
[U .oc ).13*01 1.17*01 3.14*01 1.41*01 1.10101 1.11*01 1.11*01 
to •oc ••11*01 1.21*01 1.10*01 I . H ' O l 1.11*01 1*11*01 1.11*01 
I I •oc 1.11-01 1.21-01 a.21-01 4 . H - 0 1 1.11-01 1.17-01 1.17-01 
Ot .o: 1.11-01 | .11-01 l . t l - 0 1 1.15-01 i . t i - o i 1.11-01 1.11-01 
«0 • JC l . l a - 0 1 1,12-01 S. I2-g] 1.12-01 5.12-01 1.12-03 1.12-01 

<« .00 1.11-01 1.11-01 1.41-01 l . t l - O I l . t l - 0 1 l . l l - O l 1.11-03 
I 0 I U 5 .00 1.21*0*, 1.27*01 l . l l *0« 1.27*01 1.22*111 1.21*01 1.21*01 

m i lot ,oo .00 .00 .oo .00 .00 

20 . 1 
I.12-01 
.00 
,00 

1.27-01 
1.11-02 
2.01*01 
1.10*00 
1.17*02 
M » * 0 2 
2.11*02 
1.11*02 
1.11*03 
2.71-0) 
1.21*03 
1.11*02 
• .11*02 
1,71*02 
>.11*02 
1.12*01 
1.11*01 
1.70-01 
1.11*01 
1.03*00 
1.11,02 
| .12*01 
I . IS -01 
1.12.02 
1.11*0! 
1,17*02 
• .37*02 
1.11*02 
I .11*01 
1.11-01 
1.12*02 
1.11*01 
1.72*01 
1.17-01 
••11-01 
1.12*03 
i .11-03 
1.22*01 

1 0 . 1 
I . U - 0 1 
•00 
.00 

1.21-01 
! * | l - 0 2 
2*01*01 
1.10*CO 
1.11*02 
1.12*02 ».!••« 
1.11*02 
1.11*0) 
• . I 7 > 0 1 
».2T*D1 
) . I1*D2 
1.11*02 
1.21*02 
1.11*01 
1.12*01 
l . l l ' C I 
1.71-01 
1.11*01 

l.oi *ro 
•••1*02 
1.12*01 
1.11*01 
• .11*02 
1.11*02 
1,77*02 
1.17*02 
1.11*02 
l . l t 'OS 
l . l t - M 
1.11*02 
3.17*01 
1.11*01 
1.17-01 
• • •5 -01 
1.12-01 
I . M - U 
1.22*01 

ioo. r 
1*12-01 

.00 
•00 

1.21-01 
I.11-02 
2.01*01 
1.10*00 
| . l l * 0 2 
1.11*02 
| . I 1 *02 
| . I 1 ' 0 2 
1.11*01 
1.12-02 
1.27*01 
1.11*02 
1.11*02 
1.71*02 
2-»l«02 
1.12*01 
1.11*01 
• .71-01 
1.11*01 
3*01*00 
1.11*02 
1.12*01 
1*11*03 
».t l«02 
1.17*02 
1.27*02 
* . )7 *02 
1.11*02 
1*11*03 
1.11-10 
3.13*02 
1.31*01 
| . 1 l *O I 

'1.17-01 
1.11-01 
i . «2 -0 ) 
1.11-01 
1.21*01 

1.27*01 1.27*01 1.27*01 1.27*01 1.21*01 

A-20 
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T A B U A-3 

ACTIVITIES OF TRANSURANIC NUCLIDES 
IN SPENT FUEL VS. DECAY TIMES 

• l i l t : I t . 0 0 4 1 , I I I I W : IJ Igg.ant . - ( . In : J.0l>l]ft /C|-*i2-|(C 

•ucnor •uiaiciiii it, CIMICI 
(•ill : »i «r miff «tu t tmMti » inctu 

CHIME O l i t H K t t 0. 1 o. r 1 . t 2 . * 
Ht 4 •00 .00 .00 .00 .00 .00 
Il707 .00 J.lO-Ol i.fli-m 1.12-07 7.12-07 S.32-01 
112 gl .00 J.47-03 1.01-01 7.11-03 1.21-01 2.11-01 
uroi .go 2.47-10 1.77-11 1.71-11 1.10-10 2.55-10 
•n!06 .00 .00 .00 .00 .00 .00 
•(737 .go .00 .00 .00 •00 .00 
»»23« •00 .00 .00 .00 .00 .00 
•0231 .00 1.17-01 1.11-01 1.11-01 1.21-01 1.14-01 
fe.'io • 00 J.H- I I 4.27-11 1.11-11 2 .12-1 ' 1.11-13 
• • i n .03 3.41-01 1.07-01 1.12-ot J . I 1 - 7 1.11-01 
••212 .00 1.02-0* 1.41-01 2.11-01 1.37-01 5.11-01 
• »7I1 .CO 3.01-01 1.17-01 6 . H - 0 1 1.71-01 2.11-01 
111:1 .00 .00 .00 • GO .00 .oo 
u r j o .00 3.00-17 1.21-11 1 . 1 1 - 1 1 1.12-10 1.11-10 
b i ; n .03 J . 4 I - 0 I 1.07-0 7 1.12-01 J.11-01 5.31-07 
11712 .on | . 02 -01 1.11-01 2.10-01 J.57-01 5.16.01 
632IJ .00 1.12-01 3.11-01 1,13-01 7.2*-01 1.16-01 
11714 .00 J.0I-O1 1.77-01 4.11-01 1.21-01 2.11-01 
•02IC • 00 f .16-17 7.21-11 1.13-11 1.11-10 3.42-10 
»0?1I • 00 I . .2 -10 1.05-10 1.21-10 1.71-10 1.40-01 
• 0 2 1 2 .oc 4.52.03 l.aa-o< 1.31-01 2.21-01 3.15-C4 
• 0213 .00 ••ID-DC 1.10-01 1.JJ-01 7.10-01 l . l i - 0 1 
• 0 7 1 1 .00 3.31-Of 1.77-01 1.J1-01 1.71-01 2.11-01 
•07)4 • CO S. i l -O l 1.07-07 1.12-07 2.17-07 3.31-01 
PC'16 .DO 1.32-01 I . H - 0 1 2.11-01 J.57-01 5.16-DI 
•OJ)» • DO J.DI-01 1.77-01 4 .H-04 1.23-01 2.11-01 
• t?|7 .oc | . ( 2 - 0 » J.11-01 I .13-01 7.26-01 1.16-01 
• s ; i i .00 5 .» | -01 1.02-07 1.12-07 r.13-01 3.33-07 
i v ? o .00 I .S2-DI 1.61-01 2.11-01 3.57-01 3.66-01 
»«22 .30 1.31-0" 1.77-01 1.M-07 1.21-01 2 . C - 0 I 
f i ; n .DC ••12-01 1.11-01 ••13-01 7.21i i» 1.(4-01 
re 22 j .05 1.01-01 l .T I - ' - l 2 . H - 0 1 1.0I-D1 7.45-01 
• • 2 2 ! .00 S. I I -01 1.07-01 1.12-01 2.11-Of 5.33-01 
W22« .00 7..D2-OI 1.1.1-01 2.11-01 3.57-01 3.16.01 
M72S .00 1.21-01 J.10-01 i .S I -01 7.24-01 1.16-01 
n : ; t .30 J. ID-OI 1.77-01 . .31-01 1.23-31 2.11-Dl 
" 2 2 i .00 1..24-I3 2.17-13 3.13-13 1.65-11 2.21-12 
K275 .00 ) .12-01 3.11-01 1.11-01 7.26-01 1.11-01 
•C227 • 00 7.13-01 1.21-07 1.17-07 r.12-07 4.32-03 
IC22I .00 I -26- I3 2.12-13 1.13-11 1.15-11 7.21-12 
1"22? .go 6.04-01 1,01-07 1.11-07 2.11-01 5.24-07 
H-221 .go l.os-ot 1.11-01 7.1>*01 3.51-01 5.13-04 
I N T I .or 2.43-01 1.UI-01 1.IJ-C1 1.24-31 1.11-01 
W J C •3D I .J I -OS I.J5-DS 2.01-03 2.11-05 1.11-03 
t *2 ! l .33 ••02-01 1.39-07 1.M-02 1.31-02 1.11-02 
M2I2 •oc 1.11-12 3.67-17 7.12-12 1.11-11 1.41-11 
1B21! .oo 2.32-03 .00 • CO .OC .00 
1K7J4 .00 1.20-01 3.20-01 J.211-01 3.20-01 J.70-01 
M i l l .DO 4 . U - 0 6 1.12-01 6.V0-C6 7.11-06 1.31-06 
M 2 ! ' .30 0.72-02 2.10-22 .03 .00 .00 
« 2 ; j •oc J.75-02 1. l*-02 7.77-02 1.10-02 7-30-02 
• * 7 J H • UD 1-2I-OI J.20-01 '•20-01 3.20-01 3.20-DI 

3 . T 
.00 

I . S I - g l 
1.16-01 
3.15-10 

.00 
• 00 
.00 

2.11-01 
7.11-04 
t.31-04 
I . l0~03 
1.13-07 
.oo 

7.11-01 
1.31-06 
1.10-0) 
i . l l - 0 1 
1.15-07 
3.11-01 
1.15-01 
7.01-01 
2.12-Dl 
1.15-07 
l . j l - 0 6 
l.io-o: 
••16-07 
2.11-01 
1.31-06 
1.10-01 
I.15-07 
2.11-01 
1.11-gl 
I.31-06 
1.10-DJ 
2.11-01 
1.15-07 
1.10-17 
2.11-01 
1.31-04 
1.10-12 
1.14-04 
I.10-03 
2.41-01 
1.45-05 
1.11-02 
1.14-11 

.30 
3.20-01 
1.17-05 

.00 
7.11-02 
3.20-01 

10. T 
.00 

J . l l - 06 
1.13-01 
1.04-01 

•00 
.00 
•00 

1.71-01 
1.24-01 
J.11-01 
l . l l - O l 
3.10-07 

.ao 
1-21-01 
3.11-06 
1.11-03 
1.11-01 
3.10-07 
1.21-01 
1.51-01 
1.51-01 
I-6S-01 
1.10.07 
3.11-04 
1.11-01 
3.10-01 
1.71-01 
3.11-06 
1.11-01 
3.40-07 
4.11-01 
» .«7-0 | 
3.11-D4 
1.14-OS 
1.71-01 
3 . 4 D - 0 » 
1.10-11 
I . K - C l 
1.11-06 
3.10-11 
3.13-06 
1.11-03 
1.71-01 
1.64-Ck 
1.11-02 
I . ' l - l l 

.DO 
1.70-01 
1.58-05 

•DO 
7.34-02 
3.20-01 

20. I 
,30 

1.00-04 
I . S f O l 
2.01-01 

.00 

.00 

.00 
1.11-01 
2.14-07 
1.01-06 
1.41-01 
1.4J-04 

.00 
2.1"-01 
1.02-04 
I .S I -01 
1.4 7-01 
1.17-04 
2.10-07 
2.11-01 
1.11-01 
4.2 7-01 
1.11-04 
1.02-01 
1.5I-0J 
1.11-04 
1.11-01 
I.0J-C6 
1.31-03 
1.4 1-01 
1.41-01 
1.12-07 
4.07-04 
1-S4-01 
4.47.01 
I.43-06 
1.0 7-11 
1.47-01 
1.07-06 
I . D 7 - I I 
1.17-06 
I .S I -01 
1.47-01 
3.11-04 
l . l r - 0 2 
1.53-10 

.CD 
3.2D-0I 
2.32-05 

.00 
7.41-02 
1..0-OI 

SO. . 
.00 

1.16-05 
1.23-01 
3.41-01 

.00 
,00 
.00 

2.55-07 
J.21-06 
1.17-03 
1.17-03 
1.17-06 

.00 
3.77-04 
2.17-05 
i . l i - n i 
2.33-07 
1.47-01 
3.77-C4 
I .10-01 
7.51-04 
7.11-D7 
1.17-06 
2.17-05 
1.17-03 
1.17-06 
2.33-0? 
7.17-05 
I . l7 i 03 
1.17-06 
2.35-07 
1.01-07 
2.17-OS 
I.17-03 
2.35-07 
1.17-06 
3.01-10 
2.SS-01 
2.17-05 
3.01-10 
2.11-03 
1.17-03 
2.55-07 
7.75-CI 
6.31-C2 
3.12-10 
.00 

3.20-01 
3.32-03 

.00 
7.11-02-
1.70-01 

100. 1 
• 00 

7.15-05 
2.61-04 
1.71-01 

.00 
• 00 
.00 

3..-1-07 
1.10-03 
1.17-05 
1.73-04 
3.12-OS 
.00 

1.10-03 
T.17-03 
J.25-01 
3.16-01 
1.32-05 
1.10-03 
2.15-07 
1.64-04 
3.71-0? 
3.12-03 
1.17-03 
7.23-01 
3.12-05 
5.11-07 
7.17-05 
7.25-01 
3.32-05 
S.16-07 
1.00-06 
l . l V t J i 
7 .25-0 . 
3.16-07 
3.12-03 
1.17-10 
5.16-07 
1.17-03 
1.11-10 
7.07-05 
T.25-01 
3.16-07 
1.56-01 
1.11-02 
1.61-10 

.00 
3.20-01 
t . l l ' O J 

• 00 
1.75-02 
3.20-01 

t 
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m • cut • - i i .no «•»/•!• aiaiwr - fuel ttt i ' u«d 
n a n : n.oiH, I H W ' : IJOM.I 

C»4»S[ OliCKOCC 0. 7 
M J H .00 I.JS-03 1.20-04 
U73? .00 4.10-04 l.70-D« 
U711 .00 •.S1-0S ••S1-0S 
1)714 2.2fe*oo l . l j ' 0 0 1.15*00 
U21S 4.99-02 •.11-02 ».31-02 
U234 .00 l,S«-0l l .S»- t l 
U217 • 00 •••(•OS • • 1 I - 0 I 
u25t 1,17-01 1.10-01 3.20-01 
U219 ,00 i.TS*or .00 
U7»0 .00 2. t2-20 I .CO-lt 

•P215 •DO 5.40-01 .00 
•P217 .00 • - •1 -02 7.J0-02 
KP21I • 00 1.41*04 t,«3-09 
» 2 » .oc |.71*07 7.11-01 
W24CII .00 2.t2-20 1.00-M 
» 2 , 0 .00 2 . I I -04 .00 
runt. .00 2 .M-02 2.34-02 
•U2SS .00 1.19*02 1.45*02 
PU2H .00 2.»3>02 l.nt'01 
Pu240 .110 I. .4-D2 1.14-02 
pu2*.i .00 l.74*0» 1,1* ID* 
'0242 .00 4.74-02 • . 7 . -02 
PU?«J • 00 i .4i«ot • .24-11 
PU?44 .00 2*42-20 1.00-M 
PU2-.5 •00 3.19-15 .00 
i«2»l .03 4.07*00 1.30*01 
11-24 2n •or «.01-01 •.OS-OI 

>*;«: •00 • .14*01 •.05-01 
ank «£ .00 2,10-01 2.41-01 
ln?tt .00 1.74*0! 1.10-72 
AH?*l& .00 U0»->! t . 4 l - | S 
CII242 • 00 4.14*02 4.|4*D2 
C«243 .00 3.S2-U2 3.10-02 
e«2M •00 1.10*01 1.04*51 
C«2*.s .00 4.25-09 4.2S-D« 
Cfl;ib .00 J.SO-05 3.50-OS 
c«2«? .00 ••24-11 « .2»- l l 
c»r«« •oo J . t l -11 3.91-11 
c»2«4 •DO 1.34-04 3.SS-I4 
("250 .00 l . 2 ' - U 1.27-11 
f»24 9 .00 1.01-01 5.74-01 
f>2ia .00 1.17-01 l , 2 7 - | l 
17 249 .90 9 .« t - l2 » .04- | l 
cr?io .00 3.41-10 .'.19-10 
tflil .00 1.17-12 1.11-12 
"212 •00 7.40-11 t . l l - U 
c r i u .00 3.79-12 1,14-13 
« 2 i t .00 « . ) l - l t 1.S4-I4 
(52ss •00 1.44-12 S.25-11 

l«l<L 2.45-00 I.S»'07 1*I7*0» 

i, rmii ].i«<|]a/(na>2-tic 
•uctiot f iuoicimit , cu«!ti 

• •s is : m or M[II. »tm CHtisco 
0 . 1 1 . < 2 . 1 S. 4 

1.20-04 J.20-0« ).70-01 S.70-01 
• • I I - O * 1.02-01 1.11-01 1.(4-01 
4.S1-0S ••S5-0S 4.51-OS ••41*01 
1-11.00 1.75.00 1,75.00 1.75.00 
• •J I -02 • .11-02 4.11-02 • .11-02 
l*S«-OI 1*54-01 1.54-01 !.5«-01 
• • • • -01 • , 0 t -0 l J.»4-0l 3.14-01 
1.10-01 J.20-01 1.20-0, 3.20 ,1 

,00 .00 • 0 0 .00 
• • S i - I t J . 2 4 - I t 4 . 2 4 ' l t 1.11-11 

.00 • 00 • 00 • oo 
7.JD-02 7.30-02 7.30-02 7.JI-0? 
1.91-14 u u .uo .110 
2.11-01 2.11-01 2.11-01 2.11-01 
1.S1-19 J.21-11 t . 2 t - l « 1 .5L1 I 

.00 • 00 .00 .00 
2.74-02 l .»7-02 1.54-02 J.41-33 
1.91.02 l.tS>02 1.45*02 l .« l*02 
2.M.D2 7 .O-02 2.41-02 7. IKD7 
I . U - 0 2 1-44'02 • • • • •02 1.44*02 
1.1S*C» 1.4I-0* 1.41-0. l.54*0« 
4.14-02 • .14-02 •.14-02 i.74-02 
• . 2» -U 4.2« 11 4.21-11 4.24-11 
I.S4-I9 3.71-19 4.27-15 1.53-11 

.00 .00 •DD .00 
1.1!'01 1.35.01 S.99.CI 1.11*07 
• . t«-OI ••01-01 • .01-01 1.76-01 
••Ot-DI 1.01-01 •.01-01 3.94-0] 
2.«I-DI 2.11-01 2.11-01 2.11-31 
2. OS-22 •.2<-22 >.15-72 1.99-21 
I . U - I J •-13-13 2.11-1) l . l l - l l 
•>Sb*D2 l .9l*D2 • . O i . 0 1 7.07-01 
].««-02 1.44-02 1.17-02 1.14-02 
1.0.'01 ,.04*01 1.02.0] i.os*oo 
4.25-04 4.2S-D4 4.25-0» 4.25-0* 
1.50-05 3.50-05 1.50-OS 3.50-OS 
• . 2 « - l l 4 .2< - l l • . 2 « - l l « .2« - | l 
3.91-11 3.91-11 3.91-11 1.91-11 
2.13-I7 t .»» -2 l .00 .00 
1.27-11 1.27-11 1.27-I1 1.27-11 
4.94-01 1 . IS -0 I 1.41-01 1.25-04 
1.27-11 ••27-11 ••27-11 1 .27-U 
i . 0 ( - | | ••OS-ID 1.41.10 1.77-10 
1.5.-10 1.45-10 1.71-ID 2.19-10 
1.17-12 1.11-12 1.11-12 1.17-17 
4 .11 -1 , S . I S - U ••SO-11 2.05-11 
I .M-1S 2.54-11 1,70-24 .00 
7.00-17 • .51-11 1.91-19 4*91-2S 
i . i t - u 1.01-14 4.05-22 .00 
1.44*o4 1.77*04 1.4I -0* l .«7*0» 

A-22 

70 I f lC lO l 

10. r 20. 7 SO. 9 100. 9 
J.70-0« 1.20.01 J.70-04 i.20-0< 
l . l t - o l 1.52-0) l - n - o j 7.04-0* 
••••-OS S.13-0S 4.13-OS 7.91-05 
••7S*00 1.74-00 1.77*00 1.71-00 
t.31-02 • . l t - 0 2 • .11-02 ••11-02 
1.64-01 1.54-01 l . !» -01 • •St-Dl 
i »-01 1.4«-01 3.75-02 1.41.01 
3.20-01 3.2r-oi 3.20-01 1.20-01 

.00 .00 .00 .00 
3.02-11 4 . 0 2 1 * (•SO-17 3.00-17 

• DO •SO .00 .OC 
7.J«-02 7 .M-02 • nfl.fl? A. 7VD2 

.00 .00 til* • 00 
2 . 1 , - 0 , 2 -H-OI 2.10-01 2.79-01 
1 .02-U 4 .D2-U 1.50-17 1.0C-11 

.00 .00 .00 • 00 
7.20-03 l . t« -0« 1.31-07 4.14-13 
l . l«*02 1.70*02 1.31-C2 9 . |2*0 I 
I .« l *02 2.41*02 2.«7*C2 2.»7*02 
1.44*0? 1.44*02 1.44*02 I.»S*02 
1.10*0< 4.11*01 1.4*-01 1.53-02 
4.7«-02 4.1«-02 4.7*-02 4.74-02 
4.2»"l l 4 . 2 « - l l • •24 -1 I •..24.-11 
l . 0 3 - | l 4-01-11 1.50-17 1.00-17 

.00 .00 .00 .00 
7.79*02 3.4« 02 5.17-02 S.25«D2 
3.17-01 3,70-01 3.23-01 2.57-01 
3*17-01 3.70-01 3.23-CI 2.5 7-01 
2 .1 I -0 I 2.11-01 2.10-01 2.79-01 
3.«»-2l ».l»-21 1.9S-20 3.91-20 
l . H - 1 4 1.05-15 • 00 .00 
3 .H-01 l.OJ-01 2.44-CI 2.11-01 
2.11-02 2.24-02 1.19-02 4.01-01 
7-41*00 S.IC*00 1.42-00 2.11-01 
4.2S-D4 4.2<-0« 4.23 - M 4.2c-0» 
3.4 4-05 3.O-0S 3.«7-C5 1.45-05 
••24-11 • * 2 » - l l 4.24-11 * . .2<- l l 
l . t l - U 3 . t l - l l 3 . 4 1 - U 1.51-11 

.00 .00 .00 .00 
, . 2 7 - n 1.27-14 1.27-11 1.27-11 
J.27-11 7.00-1S 2.11-25 • 00 
1.77-11 1.27-H | . 2 > - H ••21-11 
1.79-10 1.75-10 1.45-10 1.50-10 
2.14-10 l . X - 1 0 2.57-11 • • •2-12 
1.34-12 1.15-12 1.32-12 1.27-12 
S.S3-I2 • .01-13 1.54-14 J .H-22 

• 00 .00 .00 • DO 
.00 .00 .00 • OO 
•oo .00 • 00 • DO 

l . l l ' O * 1.7»*03 2.71*03 1.14*01 

TERA CORPORATION 
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r t f - J i . O O " . I V K I ' : 12000.»«D, r u t : ) .0 l -13«'C»"2-tCC 

timiirTii icrivm. cuius 

(••M PISCHIBCC 0. T 0 . T 1 . ' ?. I 5 . T 10. » 20. T 50. 1 IO0> 1 
71 • 00 3.17-OS i .o i -os l.lk-OS | .21-01 2.11-01 1.11-01 5.11-0% 1 • u . c / i 1.51-01 1.33-0. 
n • 00 I.DJ-01 l.»»"0« I . H - 0 1 3.57-01 5.11-01 1.10-01 l . l l - O J 1 .55-03 1.21-01 1.50-01 
• i • 00 1.02-01 1,4»-0l J . U - n i 1.57-01 i .» i -o« L10-0 3 1.11-01 1 .55.-03 W I l - 0 3 t .So-fl l 
»o .00 l.»T-0> 2.77-DI 3.57-01 S .H -01 t . t l - 0 1 1.11-01 2.11-03 » •51-03 l .» l -03 1.35-01 
• i .00 1.11-01 i . n - o i 1.13-01 7.21-01 1.U-C1 2.11-01 ( • r i - o i • .17.01 2 .H-C7 S . l i -07 
IK .DC ••D7-V* 1.40-Dl 7.11-0- J.S7-01 5.11-CI 1.10-01 I . I I - D 3 1 . 5 ' 03 I.2I-CS ••30-01 
f l .00 1.22-01 ».75-0» ».77-0» ••11-01 I . IO-OI «.* | -D» t.JD-OI 2 .07-07 I .SI-C7 I . M - 0 1 

•> .00 J.02-01 I . M - 0 1 2.11-m l.ST-D» S . l l -D l 1.10-03 l . l l -OJ 1 .51-03 ••11-03 ••31-01 
IC .00 I .S7-CI 1.10-0? 1.11-01 J .M-D7 S . l l -07 1.11-01 3.2I-OI ( .11-01 2.M-C5 7.21-05 
IH .00 M 5 - 0 1 J . H - 0 1 3 . I I - 0 1 l .«<-01 3.11.01 1.15-01 3.15-DI t .15-01 I .15-01 1.11-01 
11 .00 t . i ; - o i J . t l - 0 1 J.11-01 I .» ! -01 J.»S-01 l . t ! - 0 1 1.11-01 1 .11-01 3.»»-CI ••o'-oi 
U 1.11.00 I . IC-07 1.11-01 2.11-00 2.17-00 2.15.03 2.10.00 2B5l«DD t .11-00 2.31-CO 2.31-00 

»» .00 i . n - o ? 3,5.1-01 3.51-01 J.S1-DI J.51-01 I .S I -01 3.51-C) ] .55-01 1.51-01 3.11-01 
HI .00 1.15-01 1.11-01 1.71-01 1.71-01 l . l l - D I 1.15-01 l . l l ' O 7 ••I 'OS 2.11-01 1.61-02 
1> .00 i .13-01 1.11-1)1 l . t u f j l 3.17.DI k.10-01 1.12-02 2.10.02 I .15-02 5.11-02 S.iS-02 
t» • DO ».»7'02 1.25-02 D.17-02 2.01-02 J..0I-0I t .71-00 7.1J-CD t .17-00 l . l l -CO 1.51-01 
11 .00 1 . I I -0J S.7l-nt ..n-oi 3.15-01 I . I 1 - 0 1 1.25-01 2.22-11 7 .00-15 l - J l - H 1.27-11 
cr .00 1.S2-I0 ••71-10 1.11-10 S.10-10 4.21-10 1.71-ID I.DD-IO 3 .03-10 1.42-10 1.51-10 
is .00 I . i » - I 2 5.25-13 7.11-11 1 .01-H 4..DS-22 .00 .00 .00 •DO .00 
l o t u s 2.15'DD 1.S1-D7 l.kT»0< J.11-HI 1.77.0* 1.11-01 1 . .1 -0 I | . | l » D I J .71-03 J .7 I -0J I.11-03 

Stlttfit .00 .00 .00 •CO .00 .00 

>0l<l.S 2.15*00 3.31-07 l . l l - O l l . l l - O - l . l l ' O l 2,11-Kl 

[ 
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TABLE A-': 

QUANTITIES OF TRANSURANIC NUCLIDES 
IN SPENT FUEL VS. DECAY TIMES 

r m s n.aona, ium»>: 12040.""P. Hin= i i f t M i N / c - t i u - s c c 

w c u o c c o - c o m m a i . -anus 
•41,14 z « l i f « 1 I « *IH CHlMtO 7» I C I C I H 

C M K l O t j l n m t 0 , 4 0 . 1 1 . 1 
m • .00 1.22-01 4.16.01 7,40-01 1.14-02 
712C 7 ,00 2.15-14 4.14-14 7.41-14 1.54-15 
11204 .00 1.24-IJ 2.04-11 2.44-11 4.10-11 
H254 •00 4 .0J- I4 2 . I 4 - I 4 2,11-14 ) .»0* |4 
re:ct ,00 7.1J-14 2.12-14 4.16-15 2.74-14 
1S2C7 .00 4.14-12 1.21-11 2,22-11 7.01-11 
4 4 7 " .00 l . l i - O l 2.44-04 1.07-01 1.04-07 
11201 .00 7.47-14 4.11-14 4.74-14 1.60-15 
7>K10 •00 J . t l - l l 7.74-11 1.J4-12 1.21.12 
' t? l 1 .00 2.14-11 4.17-14 4.74-|4 1.11-14 
44212 .00 7.J0-1I 1.21-10 1.54-10 2.54-10 
'B21« .00 4.17-17 1.44-14 1.41-14 3 .H -16 
• 1294 .00 1.24-12 1.40-12 2.21-12 1.41-12 
11210 .00 2.41-14 4.04-14 7.10-14 2.11-14 
S I7 I I .00 1.11-16 2.44-14 1.41-14 7.04-14 
BI2I2 .00 4.44-12 1.15-11 1.44-11 2.44-11 
1I2IS .00 4.44-14 2.12-14 2.14-16 S.46-)6 
11214 .00 4.74-17 1.07-14 1.42-14 2.77-14 
'0210 .oc 2.10-14 4.07-15 6.72-14 2.41-14 
r o i l l .DC 1.S4-21 2.47-21 4.14-21 4.53-21 
40712 .00 1.47-22 4.10-22 7.16-22 I .J4-2 I 
f i l l ! .00 4.64-24 1.04-24 1.41-24 5.41-25 
r;:\* .00 1.14-21 1.41-23 2.40-23 4.64-21 
P121S • 00 1.46-21 1.14-21 4.11-21 1.00 -20 
'1214 .30 2.42-14 1.15-14 4.24-16 1.02-15 

«:>• .00 I.C6-17 1.44-17 2.21-17 4,14-17 
• 7217 .00 4.44-21 2.45-71 2.72-21 4.44-21 
n . n i .00 ••20-14 7.40-11 1.10-11 2.2 7-17 
p>.;2G .00 l . l l - U 1.44.13 J.31-13 l . l ' - l l 
fl.722 .3D l -»4- |4 3.10-14 1.12-11 4.01-14 
r»2; i •00 4.42-17 2.25-17 2.40-17 4 .0 ' -17 
rs;:3 .30 2.72-17 1.40-17 4.04-17 i.r/7-i4 
M721 .CO 1.0S-12 1.41-12 2.77-12 5.64-12 
tint ,00 4.34-10 1.05-04 1.34-04 2.21-21 
M225 .00 1.14-11 4.44-14 1,11-13 1. (5-11 
M224 .uO 1.15-04 4.12-04 4.41-04 1.25-01 
r"22> .00 4.14-14 1.01-15 1.44-15 1.70-15 
K22S .00 1.41-11 4.17-14 7.43-14 1.75-11 
«22 7 .00 1.02-04 1.71-04 2.24-04 4.00-04 
4C224 .00 4.40-20 1.01-14 1.42-14 J.44-14 
lt.227 .00 1.42-12 1.44-12 4.72-12 4.12-12 
7H224 .00 1.24-07 2.05-07 2.41-07 4.31-07 
1«221 .00 1.14-01 1.47-01 7.26-04 1.14-01 
IH730 .50 7.04-04 4.01-04 1.05-01 1.44-01 
i * :3 i .00 1,14.06 4.24-01 1.21-04 (.24-04 
1H232 .00 J.44-04 5.14-04 6.51-05 1.04-04 
7H233 .00 4 . 4 0 - I I .00 .00 .00 
7H214 .00 1.44-0; 1.11-04 1.14-04 1.31-05 
M21I .00 1,14-04 1.11-04 |.45-01 1.44-04 
H212 .00 2 .04-0 ' 4,04-21 .00 .00 
t>»;i! .00 7.41-04 1.14-04 1.54-Ok 1.41-06 
M?34ft .00 4.47-10 1.4S-10 4.65-10 4.45-10 

2 . r 
1.77-02 
2.(0-15 
1.23-11 
1.21-14 
1.41-11 
2.24-10 
2.44-07 
2.55-15 
1.10-11 
2.16-14 
1.20-10 
(.41-16 
7.27-12 
7.11-15 
1.24-15 
4.00-11 
4.17-14 
4.11-14 
1.20-11 
1.44-20 
2.11-21 
1.44-25 
1.07-22 
1.13-20 
1.41-15 
4.45-17 
7.13-21 
4.14-17 
6.40-13 
1.43-11 
6.51-17 
1.44-I4 
J.01-11 
1.64-04 
2.46-11 
2.1S-OI 
4.72-14 
2.00-11 
7.10-04 
1.01.11 
1,64-11 
1,12.111 
5.17-01 
2 .27-0! 
( .74-01 
1.11-01 

.00 
I.11-C5 
1.16-04 

. : o 
1.51-06 
(.44-10 

5. ' 
3.44-02 
7.27-14 
1.14-12 
1.11-11 
3.01-12 
1.33-04 
1.14-04 
5.45-15 
1 .74- , , 
5.60-14 
7.14-10 
1.50-15 
2 . 4 1 - u 
5.75-14 
1.11-15 
7.52-11 
1.12-15 
2.57-15 
1.22-12 
4.01-20 
1.47-21 
1.47-74 
4.35-72 
4.75-20 
1.14-14 
4.04-14 
1.52-20 
1.07-14 
1.20-12 
7.46-11 
1.40-14 
4.04-16 
2.44-11 
4,(1-04 
( .12-11 
1.14-07 
4.23-14 
4.71-13 
1.40-01 
4.41-11 
1.32-11 
1.11-04 
1.14-01 
4.40-01 
1.26-01 
l . l l - O l 

.00 
1.11-05 
1,15-04 

,00 
1,57-04 
1.14-10 

10. t 
4.51-02 
| . U - | 4 
1.11-17 
2.55-11 
4.17-11 
4.(7-04 
4.01-04 
1.04-14 
S.74-10 
1.74-13 
1.07-04 
1,14-14 
1.02-10 
1.44-11 
7,10-15 
1.07-10 
2.57-15 
(.75-15 
4.52-12 
(.11-20 
5.11-21 
1.67-21 
1-11-21 
1.01-14 
1.27.15 
1.11-15 
2.41-23 
2.41-14 
1.62-12 
2.51-17 
2.67-14 
1.17-15 
6,71-11 
4.21-04 
1.21-12 
1.45-07 
1.12-13 
1.16-13 
4.17-01 
1.11-17 
4.44-11 
1.11-06 
2.21-07 
l .SO-0! 
1.26.01 
7.26-01 

.CO 
1.11-05 
1.11.01 

•00 
1.54-06 
4.45-10 

to. t 
1.15-01 
4.22-14 
1.41-12 
5.10.11 
5.11-10 
2 - l t 01 
1.03-05 
2,04-14 
1.43-04 
J.75-11 
1.11-04 
4.17-14 
1 . K - I 0 
2.75-12 
1.43-14 
1.0«-I0 
5.04-15 
1.21-14 
(.20-11 
2.14-14 
s.57-71 
7.11-71 
5.11-21 
2.75-14 
I .13-15 
3.04-15 
5. (1-20 
4.21-14 
1.(4-12 
4.24-12 
4.14-14 
2.41-15 
l .S f - lC 
4.64-04 
2.42-12 
1.45-04 
1.(1-13 
1-61-1? 
1.10-01 
4.04-17 
7.50-10 
l . ( » - 0 ( 
4,4 3-07 
1.6J-02 
(.2 4-04 
1.67-01 

.00 
1.14-05 
5.24-04 

.00 
1.64-06 
4.44-10 

SO. t 
1.75-01 
1 .51 -1 ! 
1.15-12 
1.17-17 
1.7T-04 
2.41-07 
2. (1-05 
5.41-14 
4.01-04 
1.14-12 
1.41-10 
2.41-13 
7.41-04 
I . 44-11 
1,41-14 
1,02-11 
1,34-11 
1 .40- I ] 
1.26-10 
(.34-14 
4.71-71 
1.41-21 
1.21-70 
4,11-14 
3.17-14 
2.44-11 
1.41-14 
2.21-11 
I.21-12 
4.40-11 
1.41-14 
1.05-14 
5.51-10 
7.31-04 
4.50-12 
( .56-04 
1.12-12 
4.14-12 
1.41..01 
1.11-16 
( .44-10 
1.41-94 
1.14-06 
1.44-02 
1.24-01 
3.50-01 

.00 
1.11-OS 
1.12-01 
.00 

3 .K-C6 
4. (5-10 

J5Sk\ 
3.77-11 
(.45-11 

J:,'. 4:.,' 
1.24-04 
4.51-05 

Xtll 
1.51-10 

3 . 1 2 - n 

7.43-11 

7.01-14 

?::;:,'! 
i:;::.! 
2.01-14 
1.17-11 
3.60-14 
4.47-15 
2.14-10 
3.30-13 
2.62-14 
1.I0-0» 
1.51-04 
1 .44- , , 
3.15-05 
2.44-12 
1.01-11 
4.43-01 
3.07-14 

!::;:s; 
::{«} 

.00 
1.31-05 
1.10-03 

.00 
4.2 7- 06 
4.45-10 
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•04 I1 I 1 4 . M M , 1U14UP: 1200D.MD. H.W- 5 . 0 9 * I ! « « « " 2 - J M 

•UCtlOC Cd«C[«l»>IIOk$, t l l M 
•1111 ; »! OF KI.VT P( l» l CH»1EI| to tttCTOt 

< « . > t c m s c n i P t t 0 . 1 0 . I • • 1 2 . I 
P 4 ; ] l . 3D t . n - i o 1 . 4 1 - 1 0 1 . 4 1 - 1 0 1 . 4 1 - 1 3 1 . 9 1 - 1 0 

an: -0C 1 . 7 I - 0 S 4 . 3 1 - 0 5 4 . 2 4 - 0 5 4 . 1 7 - 3 5 5 . 5 9 - 0 5 
m a .DO I . 7 7 - C 1 4 . 7 4 - 3 1 4 . 7 1 - 0 ) 4 . 1 C - 5 3 1 . 4 1 - C ) 
u ? ; « 1 . 4 4 * 0 2 2 . 1 7 * 0 2 2 . 4 2 * 0 2 2 . 1 2 * 3 2 2 . 4 2 . 0 2 2 . 1 2 * 0 2 

u ; ) i 1 . 2 x 0 4 l , » f D ( 2 . 0 1 * 0 4 2 * 3 4 * 0 4 2 . 0 4 * 0 4 2 . 0 4 * 0 4 
v . - i t . 3 0 2 . 4 1 * 0 ) 2 . 4 1 * 0 1 2 . 4 1 * 0 1 2 . 4 1 * 0 1 2 . 1 1 * 0 ) 
u r n . O r 5 . 4 1 * 0 0 5 . 1 4 - 0 4 5 . 4 1 - 3 5 4 . V 5 - 0 4 1 , 7 2 - 0 4 
u ; j ( 1 . 4 1 . 0 5 I . S K R 4 . 5 4 * 0 5 4 . 4 4 * 0 5 4 . 4 4 . 0 5 9 . 5 4 * 3 5 
i n * . 0 0 5 . 2 1 - 0 1 .00 • CO . o r . 0 0 
l l ? * ! . 0 0 2 , 4 1 - 2 4 1 . 0 1 - 2 5 1 * 1 0 - 2 5 1 . 5 2 - 2 5 4 - 7 4 - 2 4 

W 2 1 t . o c 4 . 2 4 - 0 7 .30 . 0 3 . 0 0 . 0 0 
" • 2 1 7 . 0 0 4 . 4 1 . 0 1 1 , 0 1 * 0 2 I . 0 4 * r 2 1 . 0 1 * 0 2 1 . 0 4 * 0 2 
• . ' 7 ) 4 . 0 0 2 . 9 4 - m 1 . 4 4 - 1 4 1 . 4 2 - 1 . . 0 0 . 0 0 
hF' ; )9 • DO 7 . 4 1 ' D I 1 . 2 1 - 0 4 1 . 2 1 - 0 4 1 . 2 1 - 0 4 1 . 2 1 - 0 4 
KP.lCP. .oc ? . > , - ; ! 4 . 1 2 - 2 1 1 . 4 7 - 7 1 1 . 0 4 - 2 1 4 . 1 1 . 2 ) 
4P213 . 0 0 2 . . . - 0 1 .DO .CO . O f . 0 0 
PlyJln .LD 4 . t ! - C 4 4 . 4 5 - 0 5 4 . 2 1 - 0 5 1 . 7 0 - D 5 2 . 4 0 - 0 5 
PU,- (B . 0 0 1 . 1 2 * 0 1 1 . 1 5 * 0 1 1 . 1 4 * 0 1 1 . 1 4 * 0 1 I . U * C 1 
P u l l l . 0 0 1 . 9 5 * 0 1 4 . U 4 * D 1 4 . ( 4 * 3 1 1 . 3 4 * 0 1 4 . 0 4 * 0 ] 
» u ? i : . 0 0 1 . 5 5 * 0 2 7 . 5 5 * 0 2 1 . 5 4 * 0 2 7 . 5 5 * D 2 7 . 5 5 * 0 2 
P J ; I | . 0 0 1 . 1 > * 0 2 1 . 7 2 * 0 2 1 . 1 0 * 3 2 1 . 4 4 * 3 2 1 . 5 4 * 0 2 
n . ? i ? . 0 0 l . l l ' O I 1 . 7 1 * 0 1 1 . 1 1 * 0 1 | . 7 ] * 0 1 l . ? ) * O I 
P . . -4 ) . c c I.21-01 1 , 4 4 - 1 7 1 . 4 4 - 1 ? 1 . 4 4 - 1 ? 1 . 5 4 - 1 ) 
Pu?* i • o : 1 . 4 1 - 1 5 J . t t - 1 5 1 . 9 1 - 1 4 1 . 1 4 - 1 4 1 . 5 4 - 1 4 
P u i s i .oc 2 . 4 1 - 2 1 . C t • o : . 3 0 .OD 
J « ; « l . 0 0 1.7 7*00 1 . 1 4 * 0 0 5 . 1 4 . 0 0 9 . 1 1 * 3 3 1 . 1 5 . C I 
* * 7 4 2 l l . 0 0 4 . 1 7 - 0 2 1 . 1 4 - 0 2 4 . 1 4 - 0 2 4 . 1 5 - 0 2 4 . 1 1 - 0 2 
» ' 2 « 2 . 0 0 5 . 1 4 - 0 1 5 . 0 3 - C 7 4 . 4 4 . 0 7 4 . 4 1 - D ? 4 . 4 4 - 0 J 
I P . 2 1 ! .DD l . l i ' C O 1 . 4 4 * 0 0 1 . 9 4 * 3 0 J . 4 b « D 0 1 . 4 4 . D O 
1*^*1 •oo 5 . 1 4 - 0 5 4 . 1 4 - 1 0 6 . 9 2 - 1 D l . < | - 2 » J . 7 5 - 2 9 
I p 2 t i .OF 1 . 7 1 - 1 ' 1 - 4 3 - 1 4 1 . 2 3 - 1 9 7 . 1 5 - 2 0 3 . ' : 2 - 2 0 
C".4< . 0 ? 2 . 4 1 - 0 ] 1 * 4 5 - 0 1 1 . 1 4 - 0 1 4 . 7 4 - 0 2 1 . 2 1 - 0 2 
c « ; « ) . 0 0 1 . 4 5 - 0 4 7 . 1 1 - f . i 1 . 4 1 - 0 4 7 . 4 9 - 0 4 T . l l - 0 4 
C 4 . 4 1 . 0 0 1 . 1 5 - 0 1 1 . 1 4 - 0 1 1 . 1 1 - C I 1 . 1 0 - 0 1 1 . 2 5 - C 1 
C h ? l 5 . 3 0 1 . 5 4 - 0 1 3 . 5 4 - 0 1 1 . 5 4 - 0 1 1 . 4 1 - 0 1 3 . 4 9 - 0 5 
mist . 0 0 1 . 1 1 - 0 4 1 . 1 1 - 0 4 I . U - 0 4 l - l l - O i 1 . 1 3 - 0 4 
C « J ' l • o : 4 . 4 0 - 0 7 4 . I O - 0 7 4 . 1 0 - 0 7 4 , 1 0 - 0 7 4 . 4 3 - C 7 
C n 2 l l . 0 0 4 , 5 6 - 0 4 4 . 1 5 - 0 * » . 4 5 - 0 4 4 . 5 4 - 0 4 4 . 5 4 - 0 9 
C«7 l» . 0 0 4 . 4 4 - 1 4 . 1 . 0 1 - 2 1 1 . 4 7 - 2 4 4 . 4 4 - 2 1 • 0 0 
0 2 ) 0 .CD 1 . 5 5 - 1 ? 1 - 4 5 - 1 7 1 . 5 4 - 1 ! 1 . 5 5 - 1 1 1 . 5 5 - 1 7 
t « 2 4 » .DO 4 . 7 2 - 1 1 1 . 4 4 - 1 1 2 . 4 7 - 1 1 1 . 1 9 - 1 1 1 . 4 2 - 1 2 
1.K250 . 0 0 I . D 1 - J 4 J . 2 1 - 2 5 1 . 2 7 - 2 5 5 . 2 7 - 2 5 3 . 2 1 - 2 S 
Cf J«« • DO 2 . 1 1 - 1 2 4 . 4 4 - 1 2 I . H - I I 2 . 4 1 - 1 1 S . . I - 1 1 
C f J l O . 0 0 1 . 1 0 - 1 2 1 . 2 4 - 1 2 1 . 2 5 - 1 2 ) . 1 5 - 1 7 2 . 9 9 - 1 2 
" 2 5 1 •CD 1 . 4 1 - 1 1 1 . 4 1 - 1 1 > . 4 7 - 1 1 4 . 4 7 - 1 1 1 . 4 4 - 1 3 
C f J 5 2 . 3 0 1 . 1 2 - 1 ! 1 . 1 1 - 1 1 1 . 2 5 - 1 1 1 . 0 5 - 1 ! 1 . 1 9 - 1 4 
C I 2 4 1 .CD l . l l - H 1 . 4 1 - 1 4 2 . 5 9 - 1 1 4 . H - 2 1 S . 1 7 - 2 9 
c r 7 5 i . 0 0 5 . 1 5 - 2 0 1 . 1 4 - 2 0 4 - 2 1 - 2 1 7 . 7 1 - 2 2 2 . 1 5 - 2 3 
i s ? i j .3D 4 . 4 5 - 1 7 2 . 1 1 - 1 7 2 . 1 4 - 1 1 4 . 1 1 - 2 1 2 . 4 3 - 2 4 

i n n I . O O ' B ' 4 . 1 7 * 0 5 4 . 1 7 * 0 4 9 . 1 7 * 0 4 9 . 1 7 * 0 5 1 . 1 7 * 0 4 

4 . t 10. t 7". ' SO. » 100- » 
1.41-10 I.11-10 1.41-10 1.41-10 1.11-10 
4.10-04 7.47-05 7.09-CS J.14-04 J.1C-05 
4 .91-0! 5.10-01 5.44.01 4 . 4 1 - t l 1.14-03 
2,11*32 J . l ) *02 ) . |4*02 2.14*C2 2.11*02 
2.04*04 2.01*04 2.04*04 2.0VD4 2.04*04 
2.41*01 2.43*01 2.11.0) 2.41*C1 2.>!*31 
4.10-04 1.21-04 2.01-04 4 . I I - C 1 4.40-01 
9.44*04 4.59*04 »,Sl<05 4*!4*C5 4.44*04 

.00 .DO .00 .00 . I t 
1.44-24 1.24-24 4,50-24 | .42-21 1.21-23 
.00 .03 ,00 -00 .OC 

1.04*02 1.01*02 1,04*02 1.12*02 | . j i * 0 2 
,00 .00 ,00 .DC .00 

I.21-04 1.21-05 1.21-04 1.20-05 1.20-Dl 
1.42-24 2 .12 - j l 4,41-24 1.40-24 2.79-24 
.00 .00 .03 .00 ,DC 

I.40-05 4,13-04 1,44-0? 2.11-10 1.21-14 
1 .1 ! *0 | 1.09*01 1.01*01 7.44*00 5.4CD0 
4.01*0] 4 .04*0! 4.01*03 1 . 0 1 * 0 4.01'C] 
7.55*02 7.54*02 7.44*02 7.41*D2 7.41*02 
1.57*02 1.01*0? 1.12*01 1.12*CI | .51*00 
| . ) ! * 0 I 1.73*01 1.11*01 1,?]*C1 ],11*01 
1.41-1? l . t l - 1 ? 1.91-11 1.14-17 i . 4 t - l ? 
I . M - J 4 1.71-1) l . i l 11 1.49-13 1.70-12 

-Qfi .00 . 0 ' .00 .CC 
1.11*01 1.(1*01 1,04*02 1.41*02 I.41-02 
4.01-02 1,91-02 3.1r-02 1.32-02 2.11-02 
4.14-0? 4.71-07 4.51-07 3.41.01 J . H - 0 1 
1,45*00 1.44*CD 1,44«DD |.15«rO |.15*CD 
4.19-24 1.31-21 2.44-21 4.54-21 1.12-2? 
1.01-7! 5 .31-2! I.10-24 .00 .DC 
2.11-04 4.51-05 9.14-05 7.49-35 1.J4-05 
1.11-0* t . l t - O l 1.94-04 2.54-04 1.17-04 
1.12-01 9.21-02 1.24-02 1.19 -o2 j . 4 . - 0 3 
3.44-03 3.54-05 3.41-03 1.53-0] J.sl-OJ 
1.15-04 1.11-04 1.11-04 1.11-04 1.12-04 
r.aO-01 4.10-07 4.10-07 4.10-C1 4.IC-07 
9.45-09 4,55-09 1,54-04 4 . 5 4 - t l 9.54-01 

.00 .00 ,00 .00 .DC 
1.54-1? 1.54-17 1,45-1? 1.54-17 ).!>•-> > 
7.50-13 1.35-14 4.14-11 1.11-21 .00 
J.21-25 5.27-25 J.21-25 3.24-25 1.24-24 
4.35-11 4.11-11 4.10-11 4.05-11 l . H - l l 
2.SS-I2 1 . 9 t - i ; 1.14-12 2.35-13 l . i i - l i 
1.14-13 t .41 -1 ) 1.5'-13 1.15-13 l . c l - l l 
3.12-14 | . 0 ) - I 4 7 .51 - l t 2.90-19 5.91-24 

.00 .00 ,00 .00 .00 
1.21-29 .00 ,0P .00 .OC 

•00 .00 .00 .00 .OC 
9.17*05 4.17.(15 ». i» '05 1.17*05 4.17*05 
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FUC4S 15 .00M, |inM>4i 17000.»«0. I M l : J.04*13»/CIH42-5tC 

CtuHE si iCKirei 0. T 
«f .00 3.22-01 S . I I - 0 1 
t l .00 1.24-1) 2.04-13 
• • .00 1.25-01 2.40-01 
(1 .00 1.20-12 1,11-11 
n .OD 2.4D-I5 S.57-IS 
• i .00 4.11-21 2.45*21 
th .00 I . J I - 1 ! 2.15-13 
rit •00 S.04-11 5.15-17 

•> .00 3.77-01 4.11-0* 
i t .00 1.02-01 1.71-01 
1H .00 7.51-04 • . 47-04 
H .00 I .H -C4 1.4504 
U 1.00*04 1.12*05 1.12*05 

44 .00 1.>1*02 1.04*02 
»U .00 4.47*01 4.11*01 
I N .00 3.2 7.00 5.74*00 
Cn .CJ 4.07-01 1.24-01 
l l .00 4-22-11 3.44-11 
CF .00 4.14-12 1,42-11 
IS .00 4.4S-I7 I .11-11 
lOIILS I . O O * D I 4.41*05 •.17*05 

Jultol .00 .CO .00 

IOI1LS 1.00.34 1,17.05 4.11.05 

ElCFItkl CWCFUl l l t lMS, S U M 
l l l l l : » l OF H I I I T K i l l CHIKtO 

0 . I 1 . T 2 . 1 5 . > 
7.40-03 1.11-02 1.77-02 3.44-02 
2.70-13 4.42-11 7.24.13 1.17-12 
4, 01-01 1.04-07 2.14.07 1.14-04 
1.71-11 2.74-11 4.71-11 1.04-10 
•.37-15 3.01-14 1.22-13 1.27-12 
2.72-21 4,41-71 7.11-21 L ' 2 - 2 0 
J .H-13 4.10-11 ••22-13 1.15-17 
1.51-17 1.44-14 2.40-14 4.45-14 
1.77-04 1.47-Dl 3.21-01 1.21-01 
2.24-04 «.00-04 1.10.01 1.40-01 
1.11-03 1.11-01 2.45-03 5.00-03 
1.41-04 1.10-04 1,11-04 2.11-04 
4.12*05 ••1?*05 1.»!*05 4.17*05 
1,04.02 1.04*02 1.01*02 1.04*02 
4.41*33 4.44.01 4.11*01 4.41*03 
4.15*00 1.11*01 1.11*01 1.41*01 
J.15-01 1.47-01 1.42-01 1.11-01 
a .»7 -n 1.14-11 4.42-12 7.511-13 
1.41-11 2.41-11 4.00-1] ••70-11 
2.14-14 4.34-21 2.41-24 .00 
1.11*oS 4.1J.D5 4.»l*05 4.17*05 

.00 .00 • 00 

1.11*05 1.17*05 1.17*05 
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10. 1 10. f 50 . T 100. 1 
4.S4-C2 1.JS-0I 1.75-01 7.15-01 
1.15-12 1.4S-12 1.40-12 1.21-12 
4.01-04 ] . OJ-OS 2.70-05 4.72-05 
2.01-10 4.45-10 2.51-Cl 1.11-04 
4.51-12 4,70-11 1.24-10 4.22-04 
2.41*20 5.11-20 1.17-71 1 .10 - I t 
4.14-12 1.10-11 5.43-11 2.14-10 
M s - i s J.44-IS 1.11-14 2.45-14 
4.04-07 1.44-04 1.37-04 3.15-05 
4.S1-0I 1.10-01 1.13-07 1.13-01 
1.25-01 1.71-02 4.11-02 • . 4 4 - 0 2 
1.34-01 5.37-04 1.12-03 2.10-01 
1.17*05 1.12*05 1.17*05 4.12*05 
1.0*-02 1.01*02 1.12*02 1.74*02 
4.11*01 4.11*01 4,«3*(3 4.40*03 
4.13*01 1.01*02 1.52*02 | .55*02 
4.47-02 4.72-02 2.11-02 4 .7 | -03 
I.3J-14 4.14-la 3.74-25 1.25-25 
4.44-11 4.50-11 4.15-11 3.1S-U 
• 00 .00 .00 .00 

4,11*05 f.17*05 1.17*05 •.17*05 
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TABLE A-5 

ACTIVITIES OF LIGHT ELEMENTS AND 
MATERIALS OF CONSTRUCTION 

PRESENT IN SPENT FUEL 
VS. DECAY TIMES 

N ( l : » . • » • , | » I H I > : I 2 0 H . M D , FllK= I . O a . l l t / C a a U - l I C 

•UCUM • i O l M t l l l l l l . m i t t 
M i l l ; I I I i r M i l l K I M Cuatt t t I t M l f i t " 

( I I I U D I K H i K t 0 . I 0 . i I . I I , I i , I 10. 1 t « . I 10- 1 100. t 
'« | ,00 .00 .00 .00 .00 .00 .00 .00 .OO .00 .00 
II J .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
k ) .oo «.J»-o* a.sj-oa «,;r.oi i . n - o i s . t i -ot S.JD-OI >.t*-ot i.ar-Oa 2.42-01 i . s t -m 
H a .00 .Og .00 .00 .00 .00 .00 .00 .00 .00 .00 

lt{ 1 .00 .00 .00 .CO .00 .00 .00 .00 .00 .00 .00 
IK a .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 _ .00 
H • .00 «.M-0> .00 .00 >0D .00 .00 .00 ,00 " .00 " .00 
t l i .00 .00 .00 ,00 ,00 .00 .00 .00 .00 .00 ,00 
u i .DO .oo .oc .oo ,00 .DO ,oo .00 .00 .00 .00 
I I I .00 1,01-1) .00 .DO ,00 .00 .00 .00 ,00 .00 .00 
M • .if 1,11'Dl .00 .00 .00 .00 ,00 ,00 .00 .00 .00 
t l 1 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
i t 10 .oo I . J . - M » . ]< •» • t . j a - o i i . s a - o i » . J » . O I » . 3 « - o i " t . x - o i » . i « - o i a . i a - o i « . i a - o i " 
l i I I .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
I 10 .OD .00 .00 .00 .00 .00 ,00 ,00 ,00 .00 .00 
• I ] .00 .00 .00 .00 .00 .00 .00 .00 ,00 .00 .00 
I I? .00 I . S I - l a .00 .00 .00 .00 ,00 .00 .00 .00 .00 
c 1? .OD .00 .00 .00 .00 .00 ,00 ,00 .00 ,00 .00 
( I S .00 .00 .00 .00 .00 .00 ,00 ,00 ,00 .00 .00 
c i> .00 i . i i - m T . i t - o t i . i t - o * J . I « - D « i . i t - o t T. i«-o» I . I » - O I ; . n - o « i . is -oa i . u - o a 
I I I ,oo .00 .00 .oo .00 .DO .00 .oo .oo .00 .DO 
h 1* .QC , 0 0 ,00 .00 , 0 0 , 0 0 , 0 0 , 0 0 ,00 ,00 ,00 
II 15 .00 ,00 .00 .00 .00 ,00 ,00 ,00 ,DI> ,00 .00 
li lb .00 I.St*0? .00 ,00 .00 .00 .00 .00 ,00 ,00 .00 
0 H .OD .00 .00 .00 .00 .00 .00 " " .QO ' .00 .00 ' " .00 ~ 
o n .oo .oo .co .oo ,00 ,oo ,oo .DO ,00 .00 ,00 
0 l> *0C .00 .00 .00 .00 .00 ,0Q .00 .00 .00 .00 
0 i t .oo s .oo- i t .00 -:o .oo .on .00 ,00 ,00 .DO .DO 
r 11 .00 .DO .00 ,co .oo ,uo ,00 >oo .DO .DO .00 
' JO .00 l . l f - 1 1 .00 .00 .00 .00 .00 .DO _ .OO .DO .go __ 

at JO .CO .DO .00 .00 .00 ' ' .00 .00 - .00 " ,00 .00 ,00 
>[ 21 ,00 .DO .00 .00 .DO .DO .00 .00 ,00 .00 .00 
at 22 .DO .00 .00 .00 .00 .DO ,00 .00 .00 .OD .DO 
« 21 .00 S.IT-OS .,00 ,00 ,00 .00 .00 .00 .30 .00 .00 
in :2 .oo .oo *oo *oo .Qo ,oo ,00 ,DD ,00 ,oo ,uo 
a* 23 .00 .00 .00 .00 .00 .00 .00 _ .00 .00 .00 _ .00 ^_ 
III 2a .OD 5.5**01 .00 -OJ .00 ,00 " " .00 " ,00 " ' .OD .00 ~ ' .00 
M li .00 J.70-05 .00 .00 ,00 ,00 .00 .00 .00 .00 .00 
•i 1* .00 .DO .00 .00 .00 .00 .00 ,00 .00 .00 .00 
• l 25 .00 .00 .00 .00 .00 .00 .00 .DO .00 .00 .00 
HG 2* .00 .00 .00 .00 .00 .DO .DO .00 .00 .00 .00 
'i 2T .00 a . ! l - 0 2 .00 ,00 .00 ,00 .00 .00 ,00 .00 .00 
I t 21 .SD .00 .00 .DO ,00 ,00 .00 .00 * .00 "" .00 - ~ " ,00 
•L 29 ,D0 a . t l ' D I .00 .03 .DO .00 .00 .00 ,00 ,00 ,00 
IL 21 ,00 1,12*00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
St 21 .00 *QQ .00 .00 .00 .00 .00 too ,C0 .00 .00 
51 2* .00 .00 .00 ,00 ,QQ .DO .00 ,00 ,00 .00 .QQ 
si so .DO .oo .oo .oo .oo .no .DO .DO .or .00 .oo 
51 si .00 i.a»»oi .00 ,00 .00 .00 .00 .00 " .on .00 .00 — 

' 31 .00 .00 .00 ,00 .00 .00 .00 ,Q0 .OP .00 ,00 
• 12 .DO i.as-ns 2,at-os i .2 . -o» s . - a - u i . o s - i t ,00 .00 ,00 ,00 .00 
' ) i ,00 ,00 . - 0 .Da .ao .00 .oa .00 .00 .00 .00 
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Mail: ll.ooaa, l«Mv»: IMUJO. Rifts J.|i.is»/£i"2-stc 
•utui! •lOlotCimii. cuatcs m i s : m ar «tiu win CHiatco it iriciti 

C n l H E O l S C H I I t t 0 . 1 o . • 1 . » 2 . r S . r I D . 1 I D . 1 5 0 . 1 1 0 0 . T 

• >• . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .00 . 0 0 . 0 0 •DO • DO • 00 
S 12 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 .oo .oo . 0 0 • DO 
I 1 1 . 0 3 . 0 0 • 0 0 .so . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
S !< . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
S I S . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 3 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 
S 11 . 9 0 . 0 0 .OD . 0 0 .Og .DD . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
S I T . 0 0 . 0 0 .DO .oo • DO . 0 3 . 0 0 • 00 . 0 0 . 0 0 " . 0 0 ~ 

CI I S . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 .OD . 0 0 
a it . 0 0 . 0 0 .DO . 0 0 . 0 0 . 0 0 .OD • 0 0 •°o . 0 0 . 0 0 
(L J I . 0 0 • DO . 0 0 . 0 0 . 0 0 . 0 0 .DO •DD . 0 0 . 0 0 . 0 0 
C l St . 0 1 . 0 0 . 0 0 .to . 0 0 .OD . 0 0 . 0 0 . 0 0 .DD • DO 
l » I t •Op . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .DO . 0 0 . 0 0 .DO . 0 0 
M u . 0 0 . 0 0 • 00 . 0 0 . 0 0 .00 . 0 0 . 0 0 . 0 0 . 0 0 ' " " . 0 0 
11 3 1 . 0 0 .DO . 0 0 . 0 0 . 0 9 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
• » ! 1 . 0 0 . 0 0 . 0 0 . 0 0 •ao . 0 0 • 00 .DO • DO . 9 0 . . 0 
I I 10 . 0 0 • 0 0 . 0 0 . 0 0 .oo . 0 0 . 0 0 • 00 .DD . 0 0 .OD 
U «1 . 0 0 |.»- 13 .DD .oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
« J I . 0 0 . 0 0 • DD . 0 0 . 0 0 .oo . 0 0 • 00 .DD •00 . 0 0 
> <D . 0 0 .DO . 0 0 .DO • 00 .oo . 0 0 . 0 0 . 0 0 . 0 0 " ' . 0 0 
> 1 ! . 0 0 • DD . 0 0 . 0 0 . 0 0 . 0 0 .DO . 0 0 •oo . 0 0 . 0 0 

> > : .DC U S - •11 . 0 0 ,po . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .OD . 0 0 
> 13 . 0 0 5 . 2 1 - 21 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO 
I 44 . 0 0 L I T - 12 • DO . 0 0 . 0 0 .DO .DD . 0 0 . 0 0 . 0 0 . 0 0 

CI to . 0 0 . 0 0 . 0 0 .DD . 0 9 • DO .DO . 0 0 . 0 0 • DO .DO 
c i « i .OC . 0 0 •DD . 0 3 . 0 0 .00 .DO . 3 0 • DO .DO ' .OD 
c i 1 2 .oc . 0 0 . 0 0 . 0 0 .CO . 0 0 . 0 0 . 0 0 .DO . 0 0 . 0 0 
CI 1 ) .or • DO • DO . 0 0 . 0 0 .Og . 0 0 .DO . 0 0 . 0 0 . 0 0 
C I • • . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .On . 0 0 .DD 
CI I S .cc 1 . 3 1 - 12 S . 7 5 - 1 2 1 . 2 1 - 1 2 l . i l - I J 3 . 1 0 - 1 1 3 . 1 1 - 1 5 1 . 1 2 - 1 1 I . 1 1 - 2 5 . 0 0 . 0 0 
C I I I . 0 0 . 0 0 • DO • 00 .DO . 0 0 . 0 0 .DO . 0 0 • 00 . 0 0 
CI «T • 0 0 J . I ? - 01 1 . 7 1 . 1 1 1 . 0 1 - 1 1 • Oo . 0 0 .OD .OD . 0 0 . 0 0 ~ . 0 0 
C I I I . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 .OD . 0 0 .oo . 0 0 . 0 0 
CI . 1 . 0 0 . 0 0 . 0 0 . 0 0 • DD . 0 0 . 0 0 . 0 0 . 0 0 .OD . 0 0 
SC I S . 0 0 . 0 0 • 0 0 . 0 0 • DO . 0 0 .DO . 0 0 . 0 0 . 0 0 .oo 
SC I I .oc l . S I - 11 1 . 1 1 . 1 5 1 , 0 3 - 1 5 1 . 1 1 - 1 1 3 . 1 1 - 1 7 1 . 2 2 - U . 0 0 . 0 0 . 0 0 . 0 0 
sc «» .JO 1 . H - OS 1 . 2 1 - 1 2 2 . 5 1 - 1 1 . 0 0 . 0 0 .DO • 0 9 . 0 0 . 0 0 , 0 0 
SC • « . 0 0 1 . 1 3 - 0 1 1 . 1 7 - 1 1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 " •oo 
SC I t . 0 0 2 . 1 2 - OS . 0 0 . 0 0 . 0 0 .OD .oo • 0 0 • 0 0 . 0 0 . 0 0 
sc so . 0 0 J . O t - O S . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .OD . 0 0 
T l I t . 0 0 • 00 • 00 . 0 0 . 0 0 . 0 0 . 0 0 • 00 .DO • 00 . 0 0 
T l I T • CO • 00 .OD • OQ . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 , 0 0 • 0 0 
Tl I B •on . 0 0 • DO . 0 0 .OD . 0 0 . 0 0 •OD .DD . 0 0 . 0 0 
Tl 19 . 3 : . 0 0 .CO . 0 0 .DO . 0 0 . 0 0 . 0 0 . 0 0 • 00 .CO 
11 5 = . 0 9 •OD . 0 0 . 0 0 .OD . 0 0 .OD . 0 0 . 0 9 .DD . 0 0 
I I SI .oo » . M - D l •OD • DO . 0 0 . 0 0 .DD . 0 9 . 0 9 . 0 0 . 0 0 

V I f .or . 0 0 • CO . 0 0 . 0 0 . 0 0 . 0 0 • 00 . 0 0 .DO . 0 0 
I SD .DO . 0 0 . 0 0 . 0 0 • 00 • DO .OD . 0 0 . 0 0 • DD . 0 0 
" 5 | .DO .DD . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
1 52 . 0 0 J . 1 0 * 02 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 .00 . 0 0 . 0 0 • DO 
' S I . 0 0 I . S » - 01 .oo . 0 0 • DO . . 0 . 0 0 • 00 . 0 0 . 0 0 • DO 
V S I .no I . 7 I - 0 1 .CO . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 • DO 

CI SO • 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oo .Oft . 0 0 . 0 0 
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•OUCH I I .COW, • « • • » • : 12O00.H»0. 7lU>- J . O f • ! ) « « » • « - l i t 

•UCLIOC MOioitmtit, cuius 
• ISIS : «l OF M1«T " t i l l CHIItCO TO MICTOI 

CH|>b[ D l S l a l H l 0 . , T 0 , , 1 1 , , T 2 ' . 1 s. . T 1 0 . T 2 0 . t so. 1 1 0 0 . T 

C I S | .DO l . » 7 » 0 b 2.0KD1 ) . b b « 0 2 2 . 1 1 ' '00 2 . 1 1 - 'Ob 1 . 2 1 - l b •DO . 0 0 • 00 . 0 0 

c» a .DC . 0 0 , 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 0 •oo • 00 • 0 0 

c« s; .DP . 0 0 . 0 0 . 0 0 .DO . 0 0 . 0 0 . 0 0 . 0 0 • Do • 00 

CO S I .CC . 0 0 . 0 0 '.CO • DO . 0 0 • 00 • DO •on . 0 0 . 0 0 

C« SS . 0 0 2 . b * » D 2 . 0 0 . 0 0 . 0 3 •DO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 

i * 5b • 0 0 S . | 2 » 0 2 b.17*02 b . l J . 02 2 . S 7 ' '02 l . l l < 02 • • 0 ' ' 0 3 .•!•-01 I . 2 7 - 0 S • • 2 1 - lb • 0 0 

m ss .DO . 0 0 • CO •oo . 0 0 .CO • DO . 0 0 •Oil . 0 0 • DO 
a N Sb . 0 0 2 . b « . C S . 0 0 . 0 0 .oo •oo . 0 0 • 00 . 0 0 . 0 0 • 00 

Kb I t . 0 0 ; . 5 1 ' C 0 . 0 0 .00 . 0 0 .so . 3 0 . 0 0 . 0 0 . 0 0 • 00 

»a si . 0 0 • • • 7 - O J . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 •DO . 0 0 • DD • 00 

' £ Sb •oc . 0 0 . 0 0 .00 . 0 0 .oc .DO . 0 0 •DO • DO • DO 

f t SS . 3 0 J . J S # 0 5 l . l b ' O I 2 . W - OS 2 . 5 T . 0 J l . b l i 03 • . ! ! • 02 2 . S J ' 02 L b 7 -01 S . b l - 0 ] I . I S - O t 

n st . 0 0 . 0 0 . 0 0 • 30 , 0 3 .CO .DO . 0 0 . 0 0 • 0 0 •oo 
>C 5 1 . 0 0 . 0 0 .c.0 . 0 0 . 0 0 . 0 0 • 00 .oo . 0 0 . 0 0 • 00 

rc si .oo . 0 0 • DO . 0 0 .on - 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO 

i t s ' . 0 0 b . « » « 0 2 1 . 2 ( i 0 2 b . 2 l < 01 1 , 7 1 ' 00 b . b j - 0 1 1 . 0 0 - 10 l . l l - 22 . 0 0 . 0 0 , 0 0 

co sen . 0 0 .DO . 0 0 . 0 0 . 0 0 .DD . 0 0 . 0 0 . 0 0 .DD . 0 0 

co ie . 0 0 2 . b l i D I 1 . 0 b - Ob S . S P 0> l . b » ' 0 2 2 - I V 01 s.oi- 'Ob t . l l - 12 , 0 0 . 0 0 . 0 0 

cc i« . 0 0 . 0 3 • CO .EC .DD . 0 0 . 0 0 10 . 0 0 .oo . 0 0 

co ten .or 2 . 2 2 « 0 7 . 0 0 . 0 0 . 0 0 • 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 0 

CO bO ,oc b . ! 7 « 0 l » . l i b 0 1 b .SD* 01 1 . 2 7 ' 01 J . 7 b . 01 2 .S2« 0 1 1 . 1 0 * 01 J . ( • • 0 0 » . M - 02 1 . 2 1 - 0 5 

CO b l . 0 0 1 .07»D1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO • 0 0 . 0 0 . 0 0 

CO b2 . 0 0 l . b V < 0 0 •OD . 0 0 . 0 0 • DO . 0 0 • 00 • 00 . 0 0 . 0 0 

111 S I • DC • 00 . 0 0 . 0 0 . 0 0 • DO . 0 0 • 00 . 0 0 .OD . 0 0 

I I I 5 ! . 0 0 J .TT 'OO 3 . 7 7 « C 0 J . / ! ' 00 J - > " 00 1 . 7 1 ' 00 I . 7 7 » 0 0 I . 2 7 « 00 J . 7 7 « 0 0 J , 7 7 > 00 J . ? ? t K 

I l l b l . 0 0 .DO . 0 0 • 00 .DO • CD . 0 0 .OD . 0 1 . 0 0 • DC 

b l b l . 3 3 . i t .CO • CD • CO • DO . 3 3 .OD .oo . 0 0 .OC 

I I I l! . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 00 • 3C 

m t i • 0 0 S . b l « 0 2 S . I 7 1 0 2 » .bb«02 S .ab< 02 S . 1 0 - 02 S . 2 M 02 s.oe 02 b . 7 1 < 0 2 J . 1 b > 02 2 . 1 1 - 0 2 

111 bb . 0 0 . 0 0 . 0 0 .OD . 0 0 .OD . 0 0 . 0 0 . 0 0 • OD • OC 

Ml bS . 0 0 l . t S ' O J . 0 0 . 0 0 . 0 0 .UO . 0 0 . 0 0 . 0 0 • 00 •or 
cu t: .CO • 00 . 0 0 .CD . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oc 
Cu b l . 0 0 .DO . 0 0 .on . 0 9 . 0 0 . 0 0 •oo . 0 0 . 0 0 .Oc 
Cu bb .oo l . l b ' 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • OD .oc . 0 0 .cc 
Cu bS . 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .DO . 0 0 . 0 0 . 0 0 

CU bb . 0 0 b . l l ' O D . 0 0 . 0 0 . 0 0 •DO . 0 0 . 0 0 . 0 0 . 0 0 • DO 

211 b ! . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .DO . 0 0 . 0 0 

I N b« . 0 0 . 0 0 . 0 0 . 0 0 .oc . 0 0 . 0 0 . 0 0 . 0 0 .DD . 0 0 

7a bS . 0 0 l . b O - 0 5 l . 2 » - OS 1 . 0 2 - o S S . I O - O b J . O J - Ob • . I I - 0 1 S . 2 I - 10 I , b 1 - l b . 0 0 . 0 0 

7a u . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 • DO 

2b b ) . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oo . 0 0 . 0 0 

7 * ba . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 •oo . 0 0 . 0 0 , 0 0 , l )U . 0 0 

7b tbf l .CO . 0 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 3 0 , 0 0 . 0 0 • 0 0 

7a b t . 0 0 . 0 0 , 0 0 .Ou .oo •DO . 0 0 . 0 0 . 0 0 . 0 0 • DO 

2b 10 . 3 0 . 0 0 . 0 0 . 3 3 . 0 0 • 00 . 0 0 . 0 0 .o- . 0 0 . 0 0 

2b 7 l a .to . 0 0 . 0 0 .0:1 . 0 0 • 0 0 . 0 0 .00 . 0 0 . 0 0 • 00 

7a 71 . 3 0 • 0 0 .CO . 0 0 .oo .DO . 0 0 . 0 0 . 0 0 •DO . 0 0 

LI fab . 0 0 .CO . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 0 .HI . 0 0 .oo 
CI > ! • 0 0 • DO .DO . 0 0 • DO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 ' . 0 0 ~ 

CI 11 .OD . 3 0 . 0 0 • 03 . 0 0 •oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
DC TD • DO . 0 0 •oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 0 0 • 00 

SR I I . 0 0 . 0 0 . 0 0 .OD . 0 0 • 0 0 • OD . 0 0 . 0 0 . 0 0 • 0 0 
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P6feC*= li.OOAn. IU»NU»: WOOO,«VDt H U i : J,0**jJ*'C«»«2-if£ 

cHiiai DISCMKtl 0. 1 
SI 1 ' • 00 J.21-01 1.17*00 
50 10 .00 I .J I -D I 1.20-04 
St »l .00 4.21-00 .00 
r ion .00 .00 .00 
T t o .00 1.71*01 1.20-01 
t im .00 1.14*00 .00 
T I I .00 t.SS'Ol 2.»S'0l 

2* 10 .00 .00 .09 
2» I I .00 .00 .00 
2» 12 .00 .00 .00 
I I 4 ] .00 1.17-02 J . 17-02 
71 I I .oo .00 .00 
I I IS .00 2.11*01 4.JO-0J 
I I 11 .90 .00 .00 
«1 42 .00 .00 .00 
M l l n .00 I . . 1 -01 1.11-01 
• I 1} .00 .00 .00 
«fc 41 .00 1.50-15 1.10-1S 
«t 4S .00 2.21'Dl 1.14*01 
«» I I .00 1.02'CI .00 
«b 47 • 00 I.SO-OI .00 
10 4? .00 .00 .00 
I'D 41 .00 .00 .oo 
rtt 1)F .00 .00 .00 
r*U 4 1 .DC .00 .00 
n is .00 .00 .00 
HO 4 | .DO .00 .00 
HO 47 .Do .00 .00 
•0 IB .CD .00 .00 
•0 44 .oc 1.11-01 J . 0 7 - U 
"0I5C .00 .00 .00 
•CIS) .00 .00 .DD 
Tc 441 .DC 1.15-01 2 . 4 1 - U 
I t 44 •DC 7.J7-IS 7.11-1S 
IMC] .00 .DD .00 
• UICI .DC .oo .00 
CDll Ir • DO .00 .00 
com .00 .DO .00 
COIISn .00 .00 .00 
cons .00 I .S2-0) 1.07-IS 
C01I4K .00 .00 .00 
en 19 .00 S.I 1-01 .00 
eu; i • ?o 1.70-01 .00 
t i l l ] .01 .00 ,00 
1MI4M .00 s-n-oi .00 
1MI4 .00 5.2S-02 .00 
l*ll.~|l! •CO 1.70-01 .00 
IM.- I •to ,00 .00 
S M I I •00 .00 .00 
SMIS .00 .00 .Do 
SI | |b .00 .00 .00 
SHII7K .00 1.05*01 | .22*02 

IllCllOt • l O I O U t l t l " . CUI I t i 
• ISIS : «1 • ' M i l l "ft»L CKlMtO 

I.IO'OO 2.14 01 l . l t - O l 1.51-10 
i . | i - o i l . l i - O i L I S 04 1.07*01 

.00 .00 .00 .00 

.00 .00 .00 .00 
I .J I -Ol l . l l - 01 I . IS-Ol 1.07-01 

.00 .00 .00 .00 
1.24*01 1.1S*00 1.45 02 l . t l - O I 

.00 .00 .00 .00 

.00 .00 .00 .00 

.00 .00 .00 .00 
1.17-02 1.17- 02 1.11 02 1.17*02 

.00 .00 .00 .00 
4.41«0J , . ! ! • 02 I.OQ- 01 1.15-05 

.00 .00 • 00 .00 

.00 .00 .00 • 00 
1.12-01 2.21-0} 1.14- 01 7.10-03 

.00 .00 .00 .00 
I . IO- IS l-JO- 15 1.10- IS 1.ID-IS 
1.15*01 l.OJ'OJ 2.21- 01 1.11-01 

.00 .00 .00 .00 

.00 .00 .00 .00 

.00 .00 .00 .00 
.OD .00 .00 .00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.00 • 00 .00 .00 
.OD • 00 .00 .00 
.00 .00 .00 .00 
.00 .DC .00 .00 

1.71-21 .00 .00 .00 
.oo .00 .00 .00 
.00 .00 .00 .00 

1.17-71 .DD .CD • DO 
7. I I -1S 7 . 1 1 - IS 7 .11- 15 7 .H-15 

.00 *DD ,00 .00 

.00 .DO .00 .00 

.DO .OD .00 .00 

.DD .00 .00 .OD 

.OD .00 ,00 .00 
1.77-25 .00 .00 .00 

.00 .00 .OD .00 

.00 .00 .00 .OD 

.00 .00 .oo .00 

.00 .00 .00 .00 

.03 .00 .00 .00 

.00 .00 .00 .00 

.00 .00 .00 • 00 

.00 .00 .00 .00 

.00 ,00 .00 .00 

.00 .00 .00 .00 

.00 .00 .00 .00 
I.10*00 1 . 1 7 - 0 1 2.05- 12 .00 

A-30 

lo * * i r f H 

10. t 2 0 . T so t 1 0 0 . 1 
2 .21 - 10 .00 .00 • 0 0 
1.17- o: 7.1**05 J.S| - OS 1 . 0 2 - 0 5 

.00 .00 .00 .DO 

.00 .00 •00 .00 
1.17- OS 7.11-05 S.St* OS 1.02*01 

.00 .OD .00 •00 
1.7o-l» .00 .00 .00 

.00 .00 .00 .00 

.00 .00 .00 • 00 

.00 ,00 .00 • 00 
3.17- 02 1,17-02 3 . i> - 02 3.17-02 

.00 .00 .00 .00 
2 .11 - 11 .00 .00 .00 

.00 .00 .00 .00 

.00 .00 .00 • 00 
1-31- 02 2.05-02 2.11* 02 3.IS-02 

.00 .00 .00 .00 
1.30- IS 1.10-15 1.30- IS . 1.10-15 
4 .21 - 11 .oo .00 .00 ' 

.00 .00 .00 .00 

.CO .oo • 00 .00 

.00 .oo .00 .00 
.00 .00 .00 • 00 
.00 .00 .00 .DC 
.00 .00 .00 .00 
.00 .00 .00 .00 
.00 .00 .00 .oo 
• 00 •DO .00 .00 
.00 .00 »DD • DO 
.00 .00 .00 .00 
.00 ,00 .00 .oo 
.00 .00 .00 .00 
.00 .00 .00 • DO 

1 . 4 1 - 15 7,11-15 7 . 1 1 - 15 7.47-IS 
• 00 •00 .00 .00 
.00 .00 .00 • DO 
.00 .00 •00 .00 
.00 .00 .00 • 00 
•DD .00 .00 .00 
•DO .00 .00 • 0 0 
• 00 • 00 •00 • 00 
.00 .00 .oo .00 
• DD .00 •00 .00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.00 .00 •00 .00 
.00 .00 •OD .00 
.00 .00 •00 .00 
.00 .00 • DD .00 
.00 .00 • DO • 00 
.00 .00 • 00 .00 
.00 .00 •00 .00 
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M r t i : n.wrni. IvlMir-: )2D00."»». riui: 1.0«*lli'ca»a2-sr:c 

•UClIOt 111 
••lis : "I • ' 

e m a i l DIICHlliT 0. t 0 . 1 1 . 1 
M i l t .00 .00 .00 •oo .00 
S a m • DO .00 .00 .00 • 00 
s a i l * ' .DO 1.10*D1 1.01*01 1.00*00 4.0H0I , 
s a i l i .00 •Do .00 .00 .00 
Sal20 .00 .00 .00 .00 • 00 
sal?l« •Do 1.03-01 1.03-01 1.03-01 1.02-01 
s a i n .00 I.1T.03 .00 .00 •00 
5KI22 .DD •oo .00 .DD • 00 
s n u a .00 1.11.CI .oo .00 • DO 
SM<S .DD J.JI -01 2.01-01 I.31-01 « . 1 1 - 0 2 
i*H» .00 .00 .00 .00 .00 
SKI 25" • DD 7.21-0I .00 .DO • OD 
sal « .DC J.0|*00 3-IS-03 2.2J-0S k.01-12 
sn."l .DC .00 .00 .00 .00 
s i i ; s .00 .00 .00 .00 • 00 
StUaB .00 l . U - 0 2 .CD .00 • DO 
l n i ; . •00 l . i l - 0 0 a. lD-01 2.1I-U1 2 .0« -02 
SB125 •DO >.S1*0I l . a i *o l 1.12'01 l . 2 J * 0 | 
5dl2ta • DC J . l | . 0 2 .CD .oo • 00 
S i W l .00 1.01-02 « .1M>* 1.13-01 1-17-10 
l l l i i .00 • 0 0 .00 • DO .00 
If J?S» • DD « ,7S-*00 S.55'00 S.l|>00 1.07*00 
UI2S .00 .00 • DO .00 .oo 
U l . ' t •30 • CO .00 .00 •00 
TMIO .30 .00 .00 .00 .00 
U I I I .00 • 00 .00 .00 .00 
l i n n .00 .00 .00 .00 • 00 
I M » 2 .00 .00 .00 .00 .00 

alio • 00 .00 .00 .00 .00 
•111 .oo .00 •00 .00 .oo 
• 112 .00 .00 ,00 .00 .00 
. I I 1K .00 -so .oo .00 .00 
a l l ! .00 .00 .00 .00 • 00 
a l ia •00 .00 .00 .00 •00 
. H S U .00 •00 .00 • DO .00 
a l l s •ijO .00 .00 .00 • 00 
a l i a •00 .00 . 0 0 ~~ .00 •OD 
a l i i .00 •00 .00 .00 •CO 
W l i i •oo ».»»*0* i . l l * o i 2.J&*D« •. .11*03 
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I t i c t l l l l l , CUIUS 
win acini cameo i i ICICI I I 

2. f S, T 10. r 2D. 1 ' 0 . 1 100. 1 
•DO .00 .00 .00 .00 • 00 
•DO .00 .00 .00 • 00 .00 

I.IS'OO 1.11-02 s . io-ot * .2a-0» 1.13-21 .or 
.00 .00 .00 .00 .00 .00 
.00 .so .00 •SB .00 .00 

1,01-01 •• IS-02 1.H-C2 l . j a -02 l .S i -02 1.1.-02 
.00 .00 .go •oo .00 • 00 
,00 ,00 •DO .00 .00 • DO 
.DO ,00 .DO .00 •DO • 00 

S.71-01 1,32-05 5.21-10 l . l a - 1 1 .00 .00 
.00 .00 .00 .00 .00 .00 
.00 .00 .r>o .00 • DO .00 

1.21-2) ,00 • DO .00 •DO .00 ' ~ 
•oo .00 .Do .00 .00 .00 
.00 .00 .DO .00 .00 •"0 
.00 .00 .00 •oo .00 •oo 

2.«i-oa ». 5,1-10 l . i ) - 1 1 .00 •oo .oo 
1.41.00 a,10*00 1.22*00 • •J* -02 • .21-05 1.12-10 

.00 .00 .00 .00 .00 •00 
1.11-11 .00 .00 .00 • 00 • 00 

.00 .00 .00 •DO .00 .00 
3.11*00 1.12*00 5.1.5-01 3.11-02 I .M-DS l . « t - l l 
.00 .00 .00 .00 .00 .00 
,00 .00 .00 .00 .00 .00 
.00 .00 •DO .00 •DO .00 
.00 .00 • 00 .00 •OD .00 
.00 .00 .00 .00 .DD .00 
.00 .00 •oo •00 .00 .00 
,00 .00 .00 •oo .00 .00 
.00 .00 •00 .00 .00 • DO 
.OD •00 " .00 .oo - " .00 • DC 
.00 .00 .00 .00 .00 • 00 
.00 .00 .00 .00 .DD • 00 
.00 .00 • DO .00 • DP .00 
.00 .00 .DO .00 .00 .00 
.00 .00 .00 •Qfl .00 .00 
.00 •00 .00 ~ .00 ' .DD .00 
.00 .00 • DO .00 •00 .00 

2.13*03 l . t l ' O J 1.10.02 1.15«02 S.10'02 2.12*02 
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u n c i : IS.oO"". I» IN1»: l2000j (Bt , t vg i ; *..gt*t3*4fcf»*2-'>tc 

IlHIEDIiL iCMIIH. CUIUS 
••sis = in or «t<n uttii cHinef n traciM 

u i u i oi CHUM. 0 . T 0. T 1 . 7 2 . T S . » ID . 7 20. 1 SO. T loo. r 
N .00 .31-01 1.17-Dl I .21-01 1,11-01 3 .1 I - 0 I 1,30-04 2,11-04 1.12-04 2.I2-C7 1.51-01 

•I .00 .13-03 1.31-01 1.31-Os 1.31-01 1.31-01 1,31-01 1.11-01 4.31-01 i . i i - O a 1.34-01 
c • 00 .11-01 7,11-01 7.11-01 7,11-01 7,11-01 1,11-01 7 . I1 -0 I 7.11-04 7 . IS-0 I 1,11-04 

» .00 .13-01 2.44-05 l . J i -n t 3.11-11 LOS-14 .00 .00 .00 .00 .00 
t« •00 .72-01 5.71-12 1.21-12 1.11-12 3.10- IJ l . l l - 1 5 I . I 2 - H 3.11-25 .00 .00 
sc .00 .33-01 1.30-12 ••03-lS ) .31-11 3.11-17 1.22-21 .00 .00 .oo .00 
CI .00 ,11"0l 2.01*0 3 3.14.02 2,11*00 2.11-01 1.21-16 ,DD .on .00 .00 
IN .00 .ts-os 1.17*02 1.10*02 2.57.02 1.11*02 1.07*00 1.11-01 1.21.04 1.23-14 • 00 
I t .00 M l - 0 3 3.21*03 3.02*03 2.57*03 I . l 7 i 0 1 1,11*02 2.13*02 1.42*01 5.14-03 1.11.01 
[0 .00 .,«.!• i.o'*ni 5.54*01 7.12*02 S . IKOI 2.52*01 1.10*01 S. I I -00 4.41-02 1.21-05 
•1 .00 i .SI ,03 i.51*02 S.50*02 5.11,02 5.11*02 5.71*02 5.12*02 4.74*02 3.11'02 2,47*02 
71 .00 .to-os I .2 I -0S 1.02-OS i.ID-He 2.01-01 1.11-01 5.21-10 1.11-11 .00 • 00 
SI .00 .41*01 1.11*00 S.10*00 2.17-01 2.01-03 I .07-OI 1.47-05 7.34-05 3.51-OS 1.02-05 
r .oo ,!2*C1 2,45*01 1.21*01 l . |5*0& I.S4-02 1.07-01 1.12-01 7.35-05 3.5|-o4 1.02-03 

71 .00 1 . l l *C4 1,30*03 1.11*03 l . 1 i *02 1.01*01 3.11-02 3.17-02 3 .H-02 3.11-02 1,17-02 
"1 ..10 .21*0* 1.11*0* I .1S-0) l .0 ) *03 2.21*01 7*11-01 1.31-07 2.04-02 2.11-02 3.15-02 
10 .00 . S I - 0 I 3.07-11 1.71-21 .00 .00 .00 .00 .00 .00 .00 
»C .00 •3 i -CI 7 . I I -1S 7.11-IS 7.11-1*. 7,11'IS 7.11-15 7.11-15 7.41-15 7.11-14 7.11-15 
CD ,00 •25-01 I.07-1S 3.77-25 ,DD ,00 .00 ,00 .00 .00 .00 
SI .00 .24,01 1,33*02 1.10*01 4.21*00 1,14*00 1.17-01 1.11.02 1.54-02 4.S4-C2 4.14-02 
SI .00 .7 . -01 1.54'01 l .4 l*DI 1.23*01 4,51*00 1.10*00 1.22*00 1.14-02 4,21-05 1.12-10 
I t .00 l.l«,<00 S.Si'OO 4.11,00 S,07*00 3,11*00 1.12100 5.05-01 1.11-02 1.75-PS 4.44-11 
70II IS .00 .71*05 1.17*0* 2.25*01 5.71*03 2.73*03 1-14M1 7.40*02 4.15*02 3.(0*02 2.47,02 

SHI I t ! .00 .00 .00 .00 .00 .00 

llliLS .00 J.71*05 2.25*01 2.71*03 1.40*02 1.10*02 

1 
I 
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TABLE A-6 

QUANTITIES OF LIGHT ELEMENTS AND 
MATERIALS OF CONSTRUCTION 

PRESENT IN SPENT FUEL 
VS. DECAY TIMES 

M a i l : Jt.OOan. IW4WP: I1MO.MIO, f l l l l : I . O l . l l k / C f K ' l - H X 

OICLIDC C ( 4 t ' ( 1 4 - I | « a i , M i n i 
44114 : » l or M i l l W i l l CK441I0 I t K l c l O t 

CN14SI 0IS[lll44[ 
n 1 •00 1.14-02 
H 2 .00 1.74-05 
H 3 .00 4.52-10 
H 4 .00 J.4S-21 

HI 3 • CO 1-S'-|2 
KC 4 .00 1.74-01 
M 4 .00 4.07-14 
11 4 • CO 4.01-04 
I I 7 .00 2.41-13 
11 • .00 3.02-25 
*[ 1 .00 1.44-31 
41 t .00 1.5S-CS 
(1 IS .CO 1.J1-D4 
41 11 .00 .00 
> 10 .00 1.44-11 
4 11 .PC ».14-14 
• 12 .00 2.42-71 
C 12 1.04*02 1.04*02 
C 11 l . l t ' O O 7.31*00 
C 1 * • DO l .» l -04 
4 11 .39 • CO 
h 14 .Co 4,01-04 
4 IS .00 1.12-14 
4 I t .CO 1.54-04 
o n 1.14*05 I.34.DS 
0 1 ! • CO 2.17*00 
0 11 .03 1.17-21 
D j4 •or 2.44-34 
f 14 • CC 1,44-34 
' 20 .00 i . 32-27 

41 20 .00 1.40-14 
>t 21 • 00 4.02-14 
hi 22 .30 4.10-04 
41 2 ! .00 1.42-IS 
4< 22 .00 • 0 0 
u 23 .DC 4.J4- I0 
41 74 •DO 4-42-15 
ki a .00 4 .41- IJ 
4* 74 .00 H 4 - I 2 
M 25 .00 4.45-04 
M lb .00 1.47-04 
n 77 .30 4 .17- I1 
•L 77 .00 1.04.04 
n ;« .33 1.41-01 
H 24 .00 1.44-04 
SI 21 1 . 4 4 * 0 ? 1.44*02 
l l 21 1 . 4 4 * 0 1 1.4(*0I 
SI !0 1 . 2 4 * 0 1 1.24*01 
SI I I .00 3.47-01 
4 11 • 03 4.11-04 
4 12 .00 4.IS-04 
4 !1 •00 .00 

0 . 1 
7.14-07 
I.T4-0S 
4.44-10 
1,41-24 
1.41-17 
1.74-01 

.DO 
4.01-04 
2.41-11 

.DC 

.00 
4.55-05 
4.11-04 

•00 
1.14-11 
4.14-14 

• DO 
I.O4<02 
2,11*00 
1.41-04 

.00 
1,04-01 
7.12-14 

.01 
1.34*01 
2,17*00 
1.17-21 

.00 
S.41-34 

.00 
1.40-14 
4.02-14 
4.10-04 

.00 

.00 
4.74-10 

.00 

.00 
1.15-12 
4 .4J-04 
1,47-04 

.CO 
2.04-04 

,00 
,00 

1.44*02 
1.41*01 
1.74*01 

.00 
1,14-04 
1.40-11 

.00 

0 . 1 
7.11-07 
1.74-01 
4.41-10 
1.41-74 
I.44-11 
3.74-01 

.00 
4.01-04 
2.45-11 

.00 

.00 
4 ,55-01 
4.51-04 

.30 
1.14-12 
1.14-14 

.00 
1,04*02 
2.11*00 
1.41-04 

.00 
1.14-01 
1.17-14 

.00 
1.14*31 
2.47.00 
1*11-21 
.CO 

S.HJ-14 
.00 

1.40-14 
4.02-11 
4.10-04 

.00 

.OH 
4.74-10 

.00 

.00 
l. lS-12 
4.4S-04 
1.47-01 

.DO 
2.04-D* 

.33 

.00 
1.44*02 
1-14*01 
1.24*01 

.ou 
1.14-04 
2.14-I2 

I . 7 
7.11-02 
1.71-04 
4.27-10 
] . 'S-24 
7.1J- I1 
1-74-01 
• 00 

4.01-04 
2 .4S -H 

.00 

.00 
4.5S-0S 
4.11-04 

.00 
2.11-12 
4.14-14 

.00 
1.04*02 
2.3>'D0 
1.41-04 

,00 
2.14-01 
1.17-14 

.03 
1.14-05 
2.17,00 
1.37-21 

.00 
1.43-14 

.00 
1.40-14 
4.02-14 
4.10-01 

.00 
•oo 

4.74-10 
. D O 
*oo 

I .15-12 
4.45-01 
1.47-04 

.00 
2.04-04 

.00 

.00 
1.44*07 
1-11*31 
1.24*01 

.00 
(.14-04 
1.11-14 

2 . • 
7.11-02 
1.77-01 
4.04-10 
1.41-14 
S.11-11 
3.74-01 

.00 
4 .01-04 
7 .45-11 

.00 

.CO 
1.55-05 
4.13-04 

.00 
1.49-17 
4.14-14 

.00 
1.04*07 
2.34*00 
i.41-04 

.00 
4,11-01 
1.11-14 

.DD 
1.14*35 
2.17*00 
1.37-21 

.00 
1.43-34 

• 00 
1.40-14 
4 .02-14 
4 .10-04 

.00 

.00 
4.71-10 

.00 

.00 
I.11-12 
4.41.94 
1.47-04 

.00 
7.04-04 

.00 

.00 
1.44.02 
1.44*01 
I -74*01 

.00 
(.14-04 
2.42-24 

.00 

s . • 
1.31-0? 
1.74-01 
1,41-10 
1.15-24 
I.15-1o 
1.14-01 
.00 

4.31-01 
2 . 4 1 - 1 ! 

.00 

.00 
4.SS-0S 
6.SJ-04 

.00 
4.42-12 
4.14-14 

• 00 
1.04*02 
2.11*00 
1.41-04 

.00 
1.04-07 
1.12-14 

,00 
1.14*01 
2.(7*00 
1.17-71 

.CO 
1.43-14 

.00 
1.40-14 
4. 02-14 
4.10-01 

.00 

.00 
4 .74-10 

. 0 3 

.00 
1.14-12 
4.41-01 
1.47-04 

.00 
7.04-Ob 

.00 

.00 
1,44*07 
l . K . D I 
1.74*01 

.30 
t . | 4 - 0 4 

.00 

.00 

ID. 1 
T . l l - 02 
1.74-01 
2> .17-10 
1.41-24 
1.41-10 
1.14-01 

.00 
4,01-04 
7-45-1) 

.00 

.00 
4.11-01 
4.13-04 

.00 
1.(1-11 
4.14-14 

,00 
I.04«c2 
2.11-00 
1.41-04 

-DO 
J.01-07 
7 .12-14 

.00 
1.14*01 
7-17*00 
1.17.21 

.00 
1.43-34 

• 00 
1.40-14 
4 .07-14 
4 .10 -0* 

• DO 
.00 

4.74-10 
.00 
.00 

1.15-12 
4.45-04 
1.47-04 

• 00 
2.04-04 

• 00 
.00 

1.44-02 
1.11*01 
1.24*01 

.00 
(.14-04 

.00 
• 00 

20. T 
7.11-02 
t .74-01 
1.44-10 
3.41-24 
1.04-10 
1.11-01 

.Oil 
4.0S-04 
2.45-11 

.00 
• DO 

4,15-OS 
4.11-04 

.00 
1.44-11 
4 . | 4 . | , 

.00 
1.01*07 
2.11*00 
1.41-04 

.03 
1.44-01 
7.17-14 

. D O 
1.14*01 
2.17*00 
1.11-21 

.00 
1.1J-34 

.00 
l . in-14 
1.07-19 
4.10-31 

•oc 
.00 

4.74-10 
• 00 
.00 

1.15-12 
4.45-04 
1.17-04 

.00 
7.01-04 

.00 

. 0 ' 
3.44*02 
1,14*01 
1.24.01 

• 00 
( . 1 4 - 0 4 

. 00 

. 0 0 

10. 9 
7.11-02 
1.74-01 
I . 7 0 - I I 
1.45-24 
4.21-10 
1.74-01 

. D O 
4.01-04 
2 .45 -11 

• 00 
.00 

4.55-CS 
4.51-04 

• 00 
4 .04-11 
4 .14-14 

,00 
1.04*02 
2.31-CO 
1-40-04 

.00 
4.71-(7 
).12-14 

-DO 
1.34TS 
2.(7*00 
1.37-71 

-DO 
l.*»!-!4 
• DO 

1-40-U 
4.07-14 
4.10-04 

.00 

.00 
4.71-10 

.00 
,00 

1.15-12 
4.45-04 
1,47-04 

•00 
2,04-04 

-DO 
.00 

J .44 .02 
1.44-01 
1.24*01 

• DO 
(.14-04 

•DO 
. 0 0 

I DO. I 
7.11-02 
I .14-01 
I.41-12 
1.41-14 
4.14-10 
! . > 4 - r i 
.00 

4.01-04 
2.41-11 

.00 

.03 
4.15-01 
4.S1-04 

.00 
1,11-10 
1.14-14 

.1 
• ..4*02 
2.14*00 
1.44-04 

.00 
1.45-04 
7.17-14 

• DC 
| . 1 4 - 3 5 
2 .17 .00 
1.17-21 
.0.0 

5.43-14 
.00 

1.4 0-14 
9.02-14 
4.10-04 

.00 
• DC 

4.14-10 
• CO 
• 00 

1.11-12 
4.41-04 
1.41-04 

.DO 
2.34-04 

.00 

.00 
1.44*02 
| . 4 | * 0 I 
1.24*01 

.00 
( . 1 4 . 0 4 

.CO 

.00 

L 
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• i K « : I t . g e m . IU IW>: 17000.«»C n u t : I . Q t * l 3 t j / U a i l - U t 

w'Ltot eoiccimiii is, itus 
t l l l l : « l t r N U I t w i l l t M t t I B l | IMC10I 

C M I H OIUHIXE o. r o . » 1 . 7 7 . 1 s . V 10 , T >0, 1 SO 1 100. 1 
» 14 .00 .00 • 00 .00 .00 .00 .00 .00 J o .00 .00 
i 37 .00 S.12-01 1 .71-91 ».71.01 t . l t - D I 5 . I t -01 S*7t '01 5.74-01 5.74-01 i . 7 t .01 5.74-01 
I 31 .00 • DO .00 .00 .OD .00 .oo .00 .00 .00 • OD 
5 )» .00 .00 .00 .00 .00 .00 • DO .OD .00 .00 .00 
5 15 ,00 •oo .00 • 00 •00 .00 .00 .oo .00 .00 .00 
1 3k .00 .00 .00 .00 •09 • 00 .00 .09 .03 .00 • 00 
S 17 .00 .00 .00 • OD • 00 .00 .00 .00 .00 .09 " , 0 0 

Cl IS .00 .00 .00 • 00 •00 .00 .00 .00 ,00 .OD .00 
Cl I t .00 .00 .00 .00 .00 .00 .00 •00 .00 .DO .00 
ci :> .00 • DO .CO .00 •00 .00 .00 ,00 .00 •DO • 00 
Cl ! • .00 .00 .00 .00 .00 .00 .00 .00 ,00 .00 • 00 
an n .00 .00 .00 .00 •oo .00 .00 • 00 • 00 .09 .00 
IB ST .00 .00 .90 .09 • 00 .00 .00 •DO .oo .00 .00 
•a si .00 .00 .00 .00 .00 •DO .00 • 00 .00 .00 .00 
at i t .00 .00 .00 .00 .00 .00 .OD .00 .00 .00 • 00 
aa <: .00 .00 .00 .oo .00 .00 .00 .00 .on .oo .00 
aa <i • 00 I . IS-20 .00 .00 .00 .00 .00 .00 .00 .00 .00 
> : t .00 .oo .00 .00 .00 .00 .00 •DO .00 .00 •00 
« «D .00 .00 .110 .00 .00 .oo .00 .DO .00 .00 • OD 
> <l •00 1.17-17 1 .17-1» 1.17-17 1.17-17 1 .17 17 1 . 1 7 - 17 J.*7- |7 1.17-17 1.17- 17 1.17-17 
I a? .30 2.7a-23 .DO .00 .00 .00 .00 .JO .00 .00 .00 
> as .00 1.12-27 .00 .03 .oo .00 .00 .0(1 •on .DO .oo 
a aa .00 1.11-21 .00 .Ou .00 •DO .00 .00 .00 • DO • 00 

ca ao .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
CI al .00 .00 .00 .00 • 00 .00 .00 .00 .00 " .00 .00 
ca a; .00 1.02-21 J.OS-21 1.05-21 1.05-21 l . D S . 21 3 . 0 S - 21 I . 0 5 - 21 5.0!-21 1 , 0 5 - 21 1.05-21 
ci as .00 i .a i -20 1 .11-20 t.aJ-20 t . a j - j o 1 .4) - :o 1 . 4 1 - 20 1.4J- 20 1.1J-20 1 . 1 1 - 20 l . t l - 2 0 
ci * * .00 M 7 - I 0 t . 3 7 - 1 0 1.17-10 » . 37-10 t . l l . 10 1 . 1 7 - 10 t . ] 7 . 10 • .1T-10 1 . 3 7 ID t . S I - I D 
ci as .00 t . 7 7 - l t 5 , 2 i - i a 2.4«->4 I . O J - l l 2.22- 17 2.22- I t 1.01- 22 2.24.24 .00 • DO 
Ci at .00 1.02-10 1.07-10 1.02-10 1.02-10 1.02. 10 1.D2- 10 1 . 0 2- 10 J.02-10 1 . 0 7 10 3.32-19 
Cl a l • 00 2.10-la 2.42-20 1,55-25 • 00 .00 • DO .00 •00 .09 .00 
ca at .00 .00 .00 .00 .00 .00 .00 .oo .00 .DD .00 
Cl a l .00 .00 .00 .00 .00 .Oo ,00 .00 .00 .OD .00 
sc as .00 1.11-11 1.21- l t 4.11*11 1 .52- l t 1 .11- I t 1 . 5 5 - I t l.SS- 11 a.55-14 1 . 5 5 - I t 1.55-11 
sc at .00 a . a t - l t 2.12.14 l . l » - l » 2.11-29 1.07- 21 1 . 2 5 - 25 i . t t - 17 .00 • 00 .00 
St »7 • 00 l . l t - I O l . a o - i i 1.12-21 .00 .00 .OD .00 .00 .00 .DO 
sc aa .00 7.11-11 i . n - 2 5 l . t i - j i .00 .00 .99 .00 .00 • 00 ' .OD ' " 
sc at • 00 S. l l -13 .00 .00 • DO .00 .00 .00 .00 •00 .00 
sc so • 00 1.57-11 .00 .00 .00 .00 .00 .00 •00 .00 .00 
11 at .oo 2 .25 - l t a . s t . i t 1,52-11 1.4»-|« 1.11- I t 1 . 7 1 - I t 1 .71- 11 l i f l . l t 1 . 7 1 - I t l . l l - l t 
I I as • DO l . l l -Da l . t i -oa l . t l -oa 1.11-04 l . t l - m 1 . 1 1 * 01 !•»•• 04 l . t t - 0 4 I . M - 01 1.11-01 
11 t l .00 1.04-OS l.Oa-07 l.Oa-Ol 1.01-07 1.04- 07 l . o a - 07 1.01- 07 1,01-07 1.04- 07 | .oa-07 
11 at .00 4. I t -Da t . j a - o t a.14-oa 4.14.04 4.14- 04 4 . 1 1 - 0! a . l t - 04 t . J i -oa 4.14- 01 a.la-oa — 

11 SO .90 2.91-0} 2.01-01 2.01-01 2.01-01 » .0 i - 01 2 .01 - 01 2 .01 - 0! 2.01-01 1 .01- 01 2.01-01 
11 SI •oo l .a t -10 .00 • DO .00 .00 .00 .00 .00 .00 .00 

•? S t .00 • DO .oo .DO .00 .00 .00 .00 .00 • DO .00 
• so .30 1.OS-OS 1.05-01 1.95-01 t.os-os 1,05- 0] 1.05- 03 1.05- 01 1.05-01 i .os- 01 I .05-D1 
• SI .00 1.57.00 1.71*00 1.71*00 1.11*00 1.71<00 l . l l 'OD 1.71* 00 1.11*00 1.71*00 1.11*00 
> S2 .00 1.02-07 .00 .00 .00 .00 .00 •00 •oo .00 .00 
« s i .00 4.25-10 .00 .00 .oo .00 • 00 .00 .00 .00 .00 
* sa .00 2.Da-12 .00 • CD .00 .00 .00 .oo .00 .00 .00 

c> so 1.71.02 ».77«02 1.77*02 1.77*02 1.11.02 l . ) 7 * 02 1.77* 02 1.77* 02 1.77*02 1.77* 02 I . 7 L 0 ! 

TERA CORPORATION 
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' • t i n : » .0D"> . i n m - a : I7000.MP. Hint: ].01*ll>/C*iai2->tC 

•Wi l l i c M c u t H i i f H . sum 
i i s u : 111 or m i n at H I c«»i»r.o t# at icni 

ci >t 
C» 12 
( • 1 ) 
ca sa 
[a Si 
•a 51 
aa SS 
aa St 
at 41 
M 1» 
ft 51 
ft ss 
n st 
rt s? 
f( si 
n st 
CO SIM 
CO it 
CO SI 
Co toa 
CO 10 
CO M 
CO 12 
M Si 
ai s i 
al to 
al t l 
• I t : 
a] 13 
al ta 
ai as 
CU 12 
CU bl 
Cu ta 
cu as 
Cu at 
^a t3 
2a i t 
2a IS 
2a at 
2a IT 
2a t l 
2a t t * 
2a n 
2a ; : 
2a ) i a 
2a ; • 
M I t 
01 70 
CI I I 
Ct >3 
M al 

CHUM 
.00 

l . M . O I 
1.11*02 
i . t 7 * o i 

•00 
.00 

2.11*0] 
.or 
.00 
.DO 

•.12*02 
.00 

1.11*01 
1.25-02 
a.II*OI 

.00 

.00 

.oo 

.00 

.00 
.00 
.00 
.00 

1.11*01 
.00 

1 . 11*03 
3.11*02 
1.02*03 

.00 
2.sa*02 

.00 

.00 
•00 
.00 
.00 
.00 
.00 
•00 
.00 
.00 
.00 
.00 
.00 
.00 
•oo 
.00 
• 00 
• 00 
•on 
.00 
.00 
.00 

DISCHIIlt 
i . IS -O I 
1.13.0! 
1.11*02 
1.01*02 
2.55-01 
1.11-02 
2.11*01 
1.22-02 
1.10-01 
1.02-12 
•1.10*02 
I . I t * 0 0 
l . l t i o a 
l . a s i c j 
a.11'01 
1.01-02 

.30 
t .21-01 
1.12-01 
1.ISO? 
a.10-02 
) .as-ct 
i . i a - c t 
i . i2*oa 
a . i i * c i 
I.3S*C1 
3.21*C2 
1.01*03 
1.11*00 
2.Sa*C2 
l . o i - o i 
.00 

1.12-02 
i.ni-oi 
J.21-01 
1.11-01 

.00 
t . t l - 0 5 
I .15-01 
2.ai-oa 

.00 

.00 

.00 

.oo 

.00 

.00 

.00 

.00 

.00 

.00 
• DO 

4.11-02 

0. I 
2.21-02 
1.11*01 
1.11*02 
1,01*02 

.00 
t .03-02 
2.11*01 

.00 

.00 

.00 
1.10*02 
1.25*00 
1.11*01 
i.as*02 
S.02*01 
2.SI -01 

.CO 
I . i i . O l 
••11-01 

,00 
a . l t - 0 2 

.00 

.00 
1.12*01 
a .« i *o i 
7.35105 
1.21-02 
1.01*0 3 
1.11*00 
2.5<<02 

.CO 

.00 
1.74-02 

.00 
2.23-01 

.00 

.00 
I .41-05 
I . S I - O I 
2.11-01 

.CO 

.00 

.00 

.00 
,00 
.00 
.oo 
.00 
.00 
.00 
• DO 

a.11-12 

0 . I 
3 .«5-0) 
l . W ' O ! 
3 .11*0! 
1.01*02 

.00 
3.11-02 
2.11*01 

.30 

.00 
.03 

1.10*02 
l.ia*oo 
|.l«*Oa 
l.«S*02 
S.Oi*OI 
i.ss-Oa 

.00 
l . la -OI 
1.11-01 

.00 
a.at-02 

.oo 

.00 
l .»2*0l 
a, l«-01 
T . » * n i 
1.21*02 
1.01*01 
».»i*00 
2.M*D2 

.00 

.00 
a.0a-o2 

.CO 
2.21-01 

.CO 

.00 
1.49-05 
1.2a-o» 
2.41-Ot 

. 0 D 

.DO 

.00 

.Oo 

.00 
• Og 
.00 
.00 
• CO 
.00 
.00 

• . •1 -02 

I . « 
2.14-05 
1.13*0) 
1.17-02 
1.01*02 

• 00 
I .21-02 
2.11*01 

.oo 

.00 

.00 
1.10*02 
1.01*00 
| . ) i * o a 
3.11*02 
5.05*01 
3 . I 2 - 0 5 

. 00 
2 .37-02 
• • •2 -01 

. 00 
1.77-02 

.CO 

.00 
i.»2*oa 
a.»»*oi 
7 .15*0! 
3.21*02 
1 .01-0} 
• • • 1 * 0 0 
2 .5*'02 

. 0 0 

.00 
1.71-02 

.00 
2.21-01 

.00 

. 0 0 
1.11-05 
• ••s-io 
2.ai-oa 

.00 

.00 

.00 

.00 

.00 

.00 

.oo 

.00 

.oo 
•00 
,00 

a . I I - 0 2 

2 . I 
2. t2-0» 
l .a ) *03 
1.IIVD2 
1.01*02 
.00 

1.31-02 
2.11*01 

,00 
.00 
.00 

• • •0*02 
1.11-01 
1.11-01 
l..S*C2 
S.05-01 
I .10-01 

.00 
a.lo-Oa 
1.11.01 

.00 
1,10-02 

.00 

.00 
' ,12*01 
. .11*01 
7,15*01 
] . . l * 0 2 
l .O I 'C l 
1.75*00 
2.5«*02 

.00 

.00 
l . t * 01 
.00 

2.21-01 
.00 
.00 

i .a i -os 
2 . H - I 0 
2 . H - 0 1 

.00 

.00 

.00 

.00 
• 00 
• DO 
• 00 
.00 
•oo 
• wO 
.00 

• • •1 -02 

5. 1 
J . S i - I I 
I.al»03 
1.17*07 
1.01*01 

00 
ia-01 

2.11*01 
.00 
• 00 
,00 

• .10*02 
1.51-01 
l.)1«0a 
3.i3»0? 
5.05*01 
• .01-15 

,cs 
l . t l - O I 
1.11-01 

.00 
2.22-02 

.00 

.00 
1.12*01 
a.II*OI 
7 .15-01 
3.21*02 
1.01*03 
• •55*00 
2.51*02 

.00 

.00 
3.51-01 
.00 

2 . -1-01 
• 10 
.oo 

1.11-05 
l . l l - l l 
2.ai-oa 

.00 

.00 

.00 

.00 

.00 

.00 
• 00 
.oo 
.00 
.00 
• 00 

a .13-02 

10, 1 
.00 

1,11*0] 
3 .D-02 
1.01*02 

•00 
1.71-05 
2.11*01 

.00 

.00 
•00 

•,50*02 
1.11-02 
l . ) i *oa 
1.15-07 
5.05*01 
1 . H - 2 J 

.00 
l . l l - l l 
• • • • • O l 

.00 
1.15-02 

.00 
•on 

1.12*0* 
1,11*01 
7.15*0! 
1.21.07 
1.01*03 
•.21*00 
2.51*02 

.00 

.00 
• .11-01 

.00 
2.21-01 

.00 
,00 

l . t1-05 
t .15-11 
2.1I-0- . 

.00 
•DO 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
•00 

JO. » 
. 00 

J.aJ'Ol 
1,17.02 
1.01*02 

.00 
a .o i 3t 
l . i a . 0 3 

.00 

.00 

.00 
1.10*02 
• .17-01 
1.11*01 
1.15.02 
5.05*01 

•DO 
.00 

1.11-31 
l.oo*oo 

.00 
1 .01-01 

. 00 
•DO 

1.12-0% 
a.11.01 
1.35*01 
3.21*02 
1.01*01 
1,41*00 
2.51*02 

•oo 
.oo 

1.27*00 
.00 

2.2 "-01 
.00 
.00 

1.41-05 
2.04-11 
2.11-0a 

.00 

.00 
.00 
,00 
,00 
.00 
,00 
.00 
.00 
.oo 
.00 

4.11-02 

SO. T 
.00 

1.13* Dl 
3.17*C2 
1,01*02 

.00 
5.10-21 
2, la.C3 

.00 

.00 

.00 
1.10*02 
2 .17-0 . 
1.11*31 
3.15*02 
5.05*01 

.00 

.00 

.00 
• •01*00 ' 

.00 
5.11*05 

.00 

.00 
1,11*01 
a . i i - c i 
7.35-C3 
1.21*02 
1.01*01 
4.01-00 
2.51*02 

.00 

.OD 
2.12 • 00 

.00 
2 .23-01 

.00 

. 00 
l . t l -CS 
l .Dt-32 
2.11-01 

.00 

.00 

.00 

.OD 

.00 

.00 

.DO 

.00 

.00 ' 

.Oo 
.OD 

t .13-02 

100. T 
.00 

1.11*01 
1.11*07 
| .0I<02 
,00 
.00 

2 , |1 *01 ' 
.00 
.00 
.00 

1.10*02 
I.51-12 
1.11*01 
1.15*02 
S. .5 .0 I 
.00 
• 00 
.00 

1.01*00 
.00 

I . D - O I 
.00 
.DO 

1,12*0» 
a.17*01 
1.)5*D3 
1.21*02 
1-01*01 
1 . | l *00 
2.51*02 

.00 

.oo 
1.11*00 
.00 

2.23-01 
• 00 
.00 

I . H - 0 5 
.00 

J . I I -OI 
•Cf 
.00 _ 
.00 
• DO 
•oo 
• 00 
. 00 
. 00 
.DO 
•oc 
.00 

• • •1 -02 
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M r t t : n . o o M . I U I H U M i n o o . M O , mm I . O » * I I * J / C M I 2 - I [ C 

W C L I O I c w c K K t i i i i i i , ai«r» 
• t i l & : «T tr W i l l K i l l t»»ISCO I t I ' l t l O l 

CHIICC PlScmmt 0. I 0 . I I . I 2 . 1 5 . T 10. T 20. T 5D. 1 100. I 
SI I I .00 1.11-03 3.12-04 1.35-01 1.73-04 4.71-01 3*0*- ) * 1*12-24 .00 .00 .00 
SI 10 .00 I.S3-07 1.47-07 1.13-07 1.32-07 1.12-07 7.51-07 4.44-07 5,21-07 2.41-0? 1.23-04 
S» ' 1 .00 I.7S-04 .00 .03 .00 .00 .00 .00 .00 .00 .00 

I ICfl .00 .00 .00 .OD .00 .00 .00 .00 .00 .00 .00 
I 40 .00 2.24-03 2.20-10 rf.ll-10 2-14-10 2.11-10 1.14-10 l . lJ - IO I . I V I O 4.45-11 I . I I M 1 
I I I I * .00 2.41-01 .CO .00 .00 .00 .00 .00 .00 .00 .DO _ 
I I I .00 3 . | t -03 1.21-03 4.30-04 4.71-05 4.34-0? 1.14-12 4.14-22 .00 .00 ~ .00 

I t 10 1.1K0S I . I l>05 1.11*05 1.1L05 1 . I I -05 1.11*05 l.l«*DS 1.11.05 1.10*05 1.11.05 I.•••OS 
>• ' 1 2.57*01 2.57*01 2.57*04 2.57*01 2.5I*0< 2.5T>OI j .57*01 2.i?*C« 2.57*01 2.57*01 2.57.01 
It I? 3.13*04 1 . I H M ] . l l * c * S.»l*04 3.11*04 3.11*01 3.14*04 3.II*C« 3.14*04 S.ta' IK 1.11*04 
2« 13 .00 I.7.K01 1,24*01 1.2<*oi 1.21*01 1.14*01 1.24*01 1.24*01 1.24*01 i .2 l *CI I.24*01 
24 I I 4.02*01 4.02*01 4.02*04 4*02*01 4.02*04 4.02*04 4.02*04 4.02*01 4.02*01 1.02*01 1.02*04 
24 45 .DO 1.15*00 4. IC-0I 2.01-01 2.31-02 4.75-01 S. I I -09 I . 3 I - 1 I 1.44-34 .00 .00 
21 14 4.44*03 4.41*03 4.44*03 4.14*03 4.14*03 4.44*03 4.44*03 1.44.03 4.44*03 4.44*03 4.41*03 
45 92 *0C .OD .00 .00 .00 .00 .00 .00 .00 .00 .00 
46 1)11 .00 2.42-Dk 3.11-04 i.04-04 4.04-04 1.32-05 2.72-05 4.43-05 7.24-05 I .Dl-GI I.11-04 
4k I I .00 I .10-01 1.33-01 1.27-01 3.15-07 t .51.07 3.11-04 1.35-05 1.43-05 1.15-Ok 1.43-01 
• I I I .00 4.15-12 4.15-12 4.15-12 4.15-12 4.45-12 4.15-12 4.IS-J2 4 - I 5 - 1 I 4.15-12 4.15-12 
41 IS .00 5.12-01 J.10-01 2,01-01 2-42-02 5.42-04 1.57-01 1.54-17 .00 .00 .00 
4k II .00 7.11-04 .00 ,00 .00 .00 .00 .00 .00 .00 .00 
41 17 .00 2.11-14 .DO .CO .00 .00 .00 .00 .00 .00 u00 
"o 12 .oc ,oo *oo .oo .oo .oo ,oo .go .01 .DO .oo 
CO I ) .00 .00 ,00 .00 .00 .00 .00 .00 ,00 ,00 .00 
40 134 .GO .00 .CO .00 .00 .00 .OQ .00 .00 .00 .00 
"0 14 -00 1.41-20 1.03-11 | . I I - . I 2.12-14 5 . 1 1 1 1 1.23-14 2.42.11 4.74-11 l . l l - | 7 " 2.31-17 " 
• I 45 .00 2.41*00 3.31*00 1.11,00 4.01*00 4.12*00 1.12*00 4.12*00 4.12*00 4,12*00 4.12*00 
•B I I .00 3.54-02 J.51-02 3.5k-02 3.54-02 3.54-02 J. ik-02 3.54-02 3.54-02 3.54-02 3.54-02 
"0 17 -DO 5.37-04 5.37-04 5,31-04 5.37-04 5 .37-0 | 5.37-04 5.31-04 5.37-05 5.37.04 5.37-04 
•0 I t .DC 1.24-01 1.24-04 1.24-01 1.24-01 1.24-01 1.24-01 1.24-01 | .24-04 1.25-01 1,21-01 
«0 I I .00 3.21-11 I .41-21 I.41-31 .00 .00 .CD .00 .00 .00 ,00 _ 
PG1S0 .00 .00 .00 .00 .00 .00 .00 .00 ,00 ~ .00 .00 
« I O I .oo .oo .oo .oo ,oo .oo .00 .00 .oc .00 .00 
K 194 .00 2.57-15 5.55-25 1.51-32 .00 .00 .00 .00 .00 .00 .00 
IC I I .00 1,21-13 a . l l - H l . i l - 1 3 I . H - 1 3 4.44-13 I . H - 1 3 4 . 4 4 - u 4.41-11 l . t l - 1 3 4.44-13 
IC1C1 .00 .00 .00 .CD .DO .OD .00 .00 .00 .00 .OC 

.00 .00 -00 .00 •UIOI .DC .00 .OD .00 .00 ,DD .00 
ecus" .DO .oo .op .oo .oo .DO ~ .oo .00 " .00 ' .00 " .00 
t O I I ! .00 1.51-07 1*51-07 1.51-07 1.54-07 1.51-07 1.51-07 . .51-07 1.54-01 1*51-01 1.51-07 
C0|15H .OD .00 .00 .00 .00 .00 .00 .00 ,00 ,00 .00 
C0I15 *DQ 2.11-04 2,01-21 1,10-31 .00 .00 .00 .00 .00 .OD .00 
101144 .00 ,DD .00 .DO .00 .00 .00 .00 ,00 .O'i .00 
C0I1I .DO 3.55-12 .DD .00 .00 .00 .00 ,00 ,00 .00 .00 
t o r n ,oo 3 . i i * i 3 .oo ,co .uo .oo .DO .00 .00 "" .00 ,00 "~~ 
IW13 .DD .00 .CO .00 .OD .00 .00 .00 .00 .QD .00 
INljirt .00 4*31-12 .OD .CO *0D .00 .00 .00 .Of .00 .00 
K i l l .00 4 . I I - H .00 .00 .00 .00 ,00 .flO .00 .00 .00 
14]?lfl .00 3.40-13 .00 .00 .00 .00 .00 .00 ,00 .00 ,00 
IM. ' I ,00 .00 «D0 ,00 .00 .00 .00 .DO .On .00 .00 
5«1H 2.31*01 2,31*01 2,31*01 2.3i*01 2.31*01 2.31*01 2.11*01 2.31*01 2.31*01 2 . 1 1 * 0 1 ' 2 . 1 1 * 0 1 ' 
54)15 1.21*01 1.23*01 1.23*01 1.23*01 1.23*01 |.23*01 1.23*0] 1.73*01 1.23*01 1.23*01 1.23*0] 
54114 5.01*02 5.02*02 5.02*02 5.02*02 5.02*02 5-02*02 5.02*02 5.02*02 5.02*02 5.02*02 5.02*02 
5411711 .00 I.31-01 1.53-01 4.17-05 l . l l - O I 2.51-11 .00 .00 .00 .00 • 00 
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rH*t- » . 0 M > . IUIWI>: 11M0>MD, Hilt- 1 . 0 » • l » / C K » 2 - i U 

WCLI I I r S C U I M I I M S . • • " ! 
•ttis : «i»' KMi mm crntt ?t K U I H 

C W I H g l s O M t t 0 . 7 0 . ' 1 . T 2 . 1 5 . 7 10. T 20. t t O . T 100. T 
S«II7 l .kk*02 2.ki*G2 2 .17-0 ; 2. tr*02 2 .»<o2 J . » " 0 2 J . k » * D 2 2.k7*02 2.i1*02 2.tT*C2 2.17.02 
M i l l • • • • •0 2 l.»k*02 • • • • • 0 2 i.<k*02 • • • i * 0 2 t,»k*C2 • • • 1 * 0 2 l .«k*02 t.«t*C2 • • • i * 0 2 • • • i * 0 2 
SHIM" •00 J . I V M 2.M-CJ 2.0S-01 1 - l t -D I • . 21 -0 * 2.07-05 1.21-07 S.J0-I2 1.25-25 • DC 
sunt 1.01*02 1.00*02 1.00*02 1.0D<02 1.00*D2 1.00*0! 1.00*02 1.00*02 |.0O*O2 1.00*02 3.00*02 
Skl20 I . I S ' O ! I . IS'OJ 1,IS*01 1. IS*0! | . | 5 * 0 J 1.15*05 1.11*01 1.15.0! I .1S.0) 1.15*01 I . IS.OJ 
Skl2|« .00 J.IS-O) 2 , iS-01 2 . H - 0 1 2 . i ] - 0 1 I.kO-01 2.SJ-0) 2.1J-0J 2.21-01 l . i l - 0 1 1.0»-01 
s» i : i .00 I . IS-C1 .00 .00 .00 .00 .oo .00 .00 .00 .00 
SH2J > . i i *02 I .k i *c7 |.kS*02 UiS*02 1.15*02 l.kS*D2 l . i l * 0 2 l.k5-02 l.kS*02 |.k5*C2 l.kS*02 
shi;jti •00 2.01.0b .00 • 00 .00 .00 • DO .00 .00 .00 • DO 
Skl<l •oc s.«o-os 2.17-05 1.10-DS S.li-Ok ».11-07 1.5k-D« 4.22-l« ».»1-2J .DO .OC 
SM2« 2.01*02 2.01*02 2.01*02 2-01'02 2.01*02 2.01*02 2.01*02 2.01*02 2.01*02 2 . 0 ! * 0 ! 1 . 0 1 * 0 2 
5kl25» .00 • . k i - 0 7 .00 •CO .00 .00 .00 .00 .00 .00 • CO 
s * l i i ,00 2.71-DS J.Si-DI 2 . M - I 0 S.M-17 l.0»-2» .00 .00 .00 .00 • 00 
s m i .00 l . k l -D I l ,k»-OI l . t i - o i ! .k«-DI J . K - O I 1.H-0I l .k t -01 l .kk-DI 1,10-01 l . l l - O I 
S B I J I .00 ( .k l -02 l .k l -02 l . i l - 0 2 l . t l - 0 2 l .k l -02 l.il-02 t . k i -02 l.kH-02 1.41-02 l . t i - 0 2 
5»1?»« .00 S . l t - l l .00 .00 .00 .00 • CD .00 .00 .00 .OD 
sMik .00 i . i» -os 2 .H-0S l.2«-OS l . lk-Ok 1.70-01 i .«2 - l« 1.72-2J .00 •00 .00 
SBIJS .00 1.40-02 I.41-D2 l . » - 0 2 | . | » -02 O.»7-0J ». 15-01 I . I 5-01 I . IJ .D5 l . t f - D I l . O l - l l 
5112k* .00 k.»]-10 .00 .00 • 00 .00 • DO OO .00 .00 .00 
sei2t .00 H S - 0 7 S.lS-Dt 1.11-10 I ' l S - l S 2.15-2k .00 .00 .00 .00 •00 
U12« .DO l .« l -0« l . f l - 0 1 2.ID-0« 2.21-0* 2. i2-0< 2.22-0» 2.22-0" 2.2?-0» 2.72-01 2.22-0* 
7U2SH • DO 2 . M - 0 * 1.01-0» J.l l -Ok 2.« l -0» ».»-» 1.01-0* 2.10-05 2,15-01 7.77-10 2.11-15 
IE l iS • DO I .S i -C l 2.«S-D1 1.12-01 i.fS-OJ r.kk-DI l.2k-»2 1.S7-02 l.k7-02 i . n - o ? l . k l - 0 2 
11126 .DC I . I t -OS 1.27-DS 1.21-OS 1.21-05 1.2I-0S I.2I-DS 1.2I-C5 1.20-05 i .2«- :s | .2«-05 
11)11 .00 .00 • DD .00 .00 • 00 .00 .00 .DO • 00 .00 
l l l t l .00 .00 .00 .00 .00 .00 .00 .00 .01 .00 .00 
WI I2« .00 .Do .00 .DO .00 .00 .00 .00 .00 .00 .00 
" 1 * 2 .00 .DO .00 .DO .00 .00 .00 .00 .00 .00 • DO 

. i t : .OD • 00 .00 • DO .00 •DO .00 •oo • DO • DO • DC 
• i l l .00 .DO ,00 • DO .OD • 00 .00 .00 .00 .00 .DC 
. i t ? • 00 .00 .00 • DO •oo .00 .00 • DO .DO .00 • DO 
k l t l n .OD .00 .00 • DO .00 .00 .00 • 00 .00 .00 • DC 
• I t ] .00 .00 .00 .00 .00 ,00 • 00 • 00 •oo • 00 • OC 
• l i t .00 .oo .00 .00 .00 .00 .00 .00 •oo • 00 .00 
• HS> .00 .oo .00 .00 .00 .00 .00 .00 .00 • DO .00 
• i t s .00 ,00 .00 .00 .oo .00 .00 •oo .00 • 00 .00 
• l i t .00 .00 .00 .00 .00 •00 .00 •00 .00 • 00 .00 
i l l ? .00 .00 .00 .00 .00 .00 .00 .00 •so .00 .00 
lOtkL • •1 I *0S •.11*05 «.-3*05 <.11*05 • .11*05 » . 1 1 * 0 5 «.11*05 ••11*05 « . 1 1 * 0 5 • •H-OS «.l l*OS 
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r i K i : J S . B M , i H i i r UMO.BKO, r im: j ,r»' i !«/t»"2-nc 

(LtHtkl C«C[«t»l|U«J. • < • ! 
• • i l l s III tr H i l l K I H ( m m t» ICHCTOt 

I I 
II 
I 

CI 
sc 
I] 

rt 
CO 
• I 
CO 
211 
SI 
T 

2» 
lit 
no 
ic 
CO 
34 
Si 
II 
IOULS 

CHt>SC 
.00 
.00 
.00 
.00 
.00 

1.0 »*02 
.00 

1.11*05 
.00 
.00 
.00 
.00 
.00 

• .00 '02 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

• . | C 0 3 
2.14*03 
l .52«0« 

.00 
2.4?*0« 

.00 

.00 

.00 

.00 
2.30*05 

.00 

.00 

.00 

.00 
1..7*D3 

.00 

.00 
4.11*05 

.00 SUIIOI 

oisc«»c[ 
2.14-02 
3.11-01 
4.01-04 
7.20-05 
4.54-13 
1.01*02 
1.42-01 
J-J«'0S 
2.32-22 
4.I0-C1 
4.11-10 
4.43-04 
2.04-05 
••00.07 
4.14-01 
5.12-01 
1.47-17 
1.24-01 
i.n-io 
2.44-03 
l.SI'OO 
••10*03 
2.11-03 
1.58*04 
1.11*00 
2.I7*0« 
2.54-01 
2-57-04 
4.14-02 
S.7S-0! 
2-10*05 
S.17-01 
2.11*00 
4.11-13 
1.42-07 
1.47.0) 
S . l t - 0 | 
l . M - 0 3 
• . I I . O S 

•00 

0. t 
1.11-02 
3.74-01 
4.01-04 
1.20-DS 
t.OS-13 
1.01*02 
1.01-01 
I.J«*OS 
s .n - i i 
4.10-04 
• , 7 t - I O 
4.41-04 
2.01-0. 
•.00*02 
4.14-01 
5.74-01 
l . l l - l l 
1.21-01 
1.30-14 
2.»«-03 
1.77*00 
• .10.03 
2.11*03 
1.52*04 
1.31.00 
2,12*04 
2.71*01 
2.51-04 
4,14-02 
1.21-03 
2.30.05 
I . IO-DI 
3.35*00 
4.44-13 
1.5**0 7 
l ,1 l *0J 
• .00-01 
2.47-01 
• .11 .01 

.00 

0. T 
I . I I -C2 
3. 74 -01 
• .01.01 
7.70-05 
1.25-12 
I.01"02 
1.1.-31 
1.1X05 
S.»3-! l 
4.10-0* 
« .7t - l0 
4.43-04 
2.0*-Ok 
•.0C>02 
«. 1 . -0« 
5.71-01 
l . ' 7 - l l 
1.24-04 
• .11-14 

2.44-01 
1.11*00 
4.13*01 
2.13*03 
1.51*1. 
1.21*00 
2.42*34 
2.14-01 
2.51-01 
t . h - 0 2 
4.10-04 
2.30.05 
2.01-01 
3.75*00 
4.44-13 
i.s»-oi 
1.41*03 
1.41-01 
1.44-03 
1.14 MS 

.00 

I . I 
1.14-02 
3.71-01 
4.01*01 
7.20-05 
2.27-12 
1.01.02 
7.S5-0» 
1.S«'05 
5.1J-34 
4.10-01 
«.1»-10 
4.43-01 
7 . 0 . - 0 . 
1.00*02 
4.11-01 
5,71-01 
1.17-11 
1,24-04 
5.52-14 
2.44-01 
1.7*"00 
•. lO'DJ 
2.13*01 
|.S2«0« 
1.05*00 
2.12*01 
S.21-01 
2.51-04 
4.43-02 
•.71-OS 
2.50*05 
2.42-02 
• • I I.OP 
• . • • - 1 3 
1.51-0! 
1,«1*01 
1.17-01 
$••7-0) 
«.) l*0S 

.00 

1.31-02 
3.74-01 
••01-01 
1.20-05 
•.01-12 
1.01.07 
• .51-01 
1.14"OS 
5.43-34 
i .10.01 
•.74-10 
4.»3-01 
2*04-04 
••00*02 
4 .H-04 
5 . H - 0 I 
1*17-17 
1.24-07 
4.33-14 
2.44-0] 

i.M-ao 
••10*03 
2.13*C3 
1.52*04 
|.D3*00 
2.42*04 
1.11-01 
2.51-04 
4.13-02 
4.54-07 
2.30.05 
5.14-04 
• .14.00 
4.14-IJ 
I . 4* -07 
1.47*01 
1.15-01 
1.10.03 
• * l l * 0 5 
.00 

5. 1 
7.31-02 
1.74-01 
4.01-04 
7.20-05 
4.51-12 
1.01.02 
1.04-07 
l .M'OS 
5.13-14 
4.10-0* 
4,14-10 
4.13-04 
2.04-04 
•.00*02 
1.14-04 
5.74-01 
1.41-17 
1.24-04 
4.55-14 
2 .41-0! 
1.14*00 
4.10*01 
2.14*03 
1,52*04 
1,07*00 
2.12*04 
5.11-01 
2.51-04 
4.11-02 
1.41-10 
2.10*05 
1.12-05 
• .14*00 
4 . 4 1 - 1 ! 
1.54-07 
! . l l « 0 ! 
1.40-01 
l .2* -02 
«,11*05 

10, 7 20. 1 50. 1 100. * 
1,14-01 1.14-02 1.14-0! 1.34-0! 
3.14-01 3.14-01 1.74-01 1.74-01 
•.01-04 4.01-04 4.01-01 4.01-01 
1.20-05 7.20-05 1.20-05 1.20-05 
1.14-11 3.51-11 1,10-11 1.41-10 
••04*02 l . 0»D7 1.01*02 1*01*02 
2.01-07 3.44.07 1,74-CI 1**5-04 
1,34*05 1.14.05 1.34.C5 1.14*05 
5.13*34 5.13-11 i .41-31 S.41-14 
4.10-01 4.10-01 4.10-01 4.10-01 
4.74-10 4,11-10 4.14-10 4.74-10 
4.43-04 4.11-04 4-43-04 4.4 3-04 
2.04-04 2.01.01 2.04-04 2.04-04 
••00*07 4.00*02 4.00*02 4.00.02 
1.14-04 4 .H -04 I . I 4 - C I • ..•••04 
5.71-01 5.71-01 5.11-01 5.71-01 
1,17-17 1.47.11 ] .41-11 1.17-17 
1,24-01 1.24-04 1.24-04 1.2«-0» 
4.55-14 4.55-|4 4-55-14 4.15-14 
2.44-01 2.44-01 2.44 -CS 2.44-03 
1.11-00 1.74.00 1.11.00 1.74.00 
4.10-0! 4.10.01 4.10*0] 4.10-01 
2 . l « *0 ! 2.11'OJ *.!••« ; .14*03 
1.57*04 1.57*04 1.52*C4 1.5j«0l 
I.OI'DO 1.00*00 1.01*00 I.OJ-OO 
2.12*01 2.47*01 2.42*04 7.42*04 
1.11-01 1.50*00 1.01*00 4.15*00 
2.57-04 2.57-04 2.57-04 7.51-04 
t.13-02 t . l l - 0 2 1.13-02 4.13-02 
1.73-10 1.15-10 4 . 4 5 - n 1.14-11 
2-30*05 2.10*05 2.30*05 2.10*05 
5.M.05 1.11-01 2.11-04 5.14-04 
• .14.00 4-U'CO 4.14*00 (.11*00 
4.44-13 • . 44 -1 ] 4.44.|B 4*44-11 
1.51-07 1.54-07 ».S4-Jl 1.51-07 
3.47*03 3.41*01 3.47*03 1.41*01 
3 .4L0 I 1.44-01 3.11-01 3.47-01 
1.51-02 1*70-02 1.11-02 1.71-02 
4.11.05 •.11*05 ••11*05 1.14.05 

I4IH.S 4.11*05 4.11*05 4.11*05 4.14*05 4.11*05 4.11*05 
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APPENDIX B 

ORIGEN CALCULATIONS 

Power-35.00 MW/MTU 

Bomup- 20,000 MWD/MTU 

% 
TERACORPORAtiON 



TABLE B-l 

ACTIVITIES OF FISSION PRODUCTS 
IN SPENT FUEL VS. DECAY TIMES 

• ta f l : » . • » . IUIW»: 1SMO.MO. »l»«- i,to<l5>"">2-l[C 

•UCLIOC •lOIOacimiT, CMItS 
•HIS ; a| | l • ( • • • Kl iv CHlMCO la I t l t t M 

C H l ' H D I I C H I W 0 . . 7 0 . I 1 . > 2 . T 5 . 7 I D . 7 2 0 . 1 S O . 7 I D D . 1 
B I . 0 0 a . I t . 0 2 a.oi '02 4 . 0 M D 2 > . * l > 0 2 j . H ' o ; 1 . 1 2 * 0 2 2 . 1 5 ( 0 2 i . l a . D i 2 , » » » D I l . a l - D O 

ft 12 . 0 0 l . l t ' O I l . a l - u 2 . 5 » - ? a . 3D . 0 0 . 0 0 .OD .oo . 0 0 • OD 
( 1 12 . 0 0 l - l t a o l 2.71-1 J 1 . 1 1 - 2 1 . 0 0 . 0 0 . 0 0 .oo . 0 0 . 0 0 . 0 0 
H 12 . 0 0 • 0 0 .oo . 0 0 • 0 0 . 0 0 . 0 0 .OD . 0 0 .GO . 0 0 
U ) ! . 0 0 « . J S « O I . 0 0 . 0 3 .oo • 00 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
I t I I . 0 0 . 3 0 . 0 0 . 3 0 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 3 . 0 0 
M l a . 0 0 " I . 5 L D 2 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 
U 1> . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
U I S . 0 0 2 . 2 K 0 2 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
U t i n . 0 0 2 . | l « 0 2 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 • 0 0 .OD . 0 0 . 0 0 
a[ 15 . 0 0 2 . 2 » ' 0 2 .DO .OU . 0 0 .oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
IS 75 . 0 0 • 00 .oo . 0 0 • DO . 0 0 . 0 0 • 0 0 . . • 0 0 . 0 0 . 0 0 
CI l b . 0 0 1 . 7 3 . 0 2 . 0 0 . 0 0 . 0 0 . 0 0 .oo . 0 0 . 0 0 . 0 0 • Oo 
•E 1 * • 0 0 •so . 0 0 . 0 0 .OD . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
>S l a . 0 0 s.afoo .oo . 0 0 . 0 0 •uo . 0 0 . 0 0 • D O . 0 0 • 00 
SI I t . 0 0 . 0 0 .on . 0 0 . 0 0 . 0 0 . 0 0 •00 . 0 0 . 0 0 . 0 0 
t l I K • 0 0 2.10.0] .oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 
01 I I . 0 0 »."0«02 .oo . 0 0 . 0 0 . 0 0 . 0 0 •oo • 00 • 00 . 0 0 
»S I I . 0 0 2 - 5 K 0 I a.72- l a " . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 • 00 . 0 0 
51 77B . 0 0 7. l2 '00 |.«- l a • 00 . 0 0 .oo . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
Si 7 ' . 0 0 • DO .oo • 00 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 
6! 1 " • DO t . X . O J . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
IS 7an •oc • 00 . 0 0 .no . 0 0 .oo , 0 0 • 0 0 . 0 0 . 0 3 , 0 0 
•s l a •oc H l ' B I . 0 0 .OD • 0 0 . 0 0 . 0 3 . 0 0 .OD , 0 0 . 0 0 
Si 71 . 0 0 • 00 . 0 0 .OD . 0 0 . 0 0 .oo • 0 0 .oo . 0 0 . 0 0 
• 5 79 . 0 0 l . t D ' O I . 0 0 . 0 0 • 00 . 0 0 ,DD . 0 0 .or . 0 0 . 0 0 
Si 7»A . 0 0 j . ' O ' O a . 0 0 .OD • 0 0 . 0 0 . 0 0 • DO . 0 0 .OD . 0 0 
SI 71 .or 2 . 5 1 - 0 1 2 . S I - I 91 2 . 5 1 - 0 1 2 . 5 1 - 0 1 2 . 5 1 - 0 1 2 . 5 1 - 0 1 2 . 5 1 - 0 1 2 . 5 1 - 0 1 2 . 5 1 - 0 1 2 . 5 1 - 0 1 
Lt T« . c t .DO , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .OD .oc 
i s e : .or 2 . ] 7 > 0 I . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .CD . 0 0 
s i t o . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 •oo .OD .OD . 0 0 
• s t o .oc 2 . » K C 0 . 0 0 .oo . 0 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 .oo 
n i t , 0 0 | . 2 0 « D 1 . 0 0 . 0 0 . 0 0 . 0 0 .DD • DO . 0 0 . 0 0 . 0 0 
KB SO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
•S t l . 0 1 ' » . » « C 1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 3 0 
s i t i n ,0L ' a . j S . o j . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 .DO 
SI t l .0(1 ! . I D « O a . 0 0 . 0 0 .OD . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 
tfc t l .or . 0 0 . 0 0 • 00 • DO . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 .DC 
• a n i l . 0 0 J . J t ' 0 2 .CO . 0 0 . 0 0 . 0 0 , 0 0 .oo . 0 0 . 0 0 . 0 0 
• • i l .oo .oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .OD .DO . 0 0 . 0 0 
51 ( 2 .on . 0 0 . 0 0 .oo . 0 0 . 0 0 .oo . 0 0 . 0 0 , 0 0 . 0 0 
f t I 2 H . 0 0 l . ! « < 0 1 . 0 0 . 0 0 .CO .oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
Pi 1? .CO l . S I ' C ! 5 . 7 « - l I I • DO . 0 0 . 0 0 . 0 0 •oo • 00 .oo . 0 0 
ac t ? . 0 0 . 0 0 . 0 3 . 0 9 .CO .uO . 0 0 • OD • DC . 0 0 . 0 3 
St 1 ! " . 0 0 a . i ; . o a . 1 0 . 0 0 . 0 0 . 1 0 . 0 0 . 0 0 .CD . 0 0 . 0 0 
Si t l . 0 0 « . | " c a . 0 0 • 0 0 • 00 . 0 0 . 0 0 •uo .CD • 00 . 0 0 
IC I I . 0 0 • . o i ' O a . 0 0 •oo . 0 0 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 
I I I I K .JO • • 0 2 ' 0 a . 0 0 . 0 0 . 0 0 .oc . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
ah a l . 0 0 • CO •CD . 0 0 • OD .[ID . 0 0 •OD .DO . 0 0 . 0 0 
SI »« .oo 2.0KCS . 0 0 . 0 0 •oc • 00 . 0 0 .DD .OD . 0 0 . 0 0 
tfi can . 0 0 a.oa«oj . 0 0 . 0 0 • CO .DO . 0 0 • 0 0 . 0 0 . 0 0 , 0 D 
all t a . 0 0 2-01'OS . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 •OD .oo . 0 0 . 0 0 

TERA CORPORATION 



• M i l . »••*««. I W W : nMCMO. 11111= J.20MJH««»«-ICC 

( M I I C D i i t m l H 0. 1 
• • 11 •DC .DO •CD 
SI I t .00 2.71'OS .00 
»« 15 •00 2.21*05 .00 
«« 11" .00 2.51*05 •DO 
» IS .00 7.I»*0S 7.7«*01 
11 (5 •00 .00 ,oo 
hi I t .00 I . I2 .0S .00 
• • kk •00 .00 •00 
• • i t n •00 3.12*01 •00 
lit n .00 J. |5*0? 1.11*01 
51 l» .00 .00 • CO 
M M .00 t .11'05 .00 
•> l> .00 S.ji 'OS .00 
n i i .00 I.JC-04 1 .JO-OS 
s» m .00 I .JJ-01 .05 
SI 11 •00 .00 .00 
la at .00 7,01*05 .00 
m i t •oo 7.11*05 .00 
M » .00 1.12*04 .00 
SI I I .00 .00 • 00 
IB 11 .00 1.71*05 .00 
• • I I •DC 1.22*05 .oo 
I D 1 * .00 1.2«»0S .00 
SB 11 .00 1*01*01 3.05'OS 

T i t .00 .00 • to 
m to .00 1.02.01 •CO 
» i 13 .00 l.03*0k •oo 
s« ic .00 S.21'01 S.21'01 

1 ton .00 1,10*00 .10 
T 10 .or 5.13*01 5.21*01 

2» 13 .00 .DO .00 
>t I I .00 7.11*05 .so 
«• 11 .00 l . | 5 *C I •00 
51 I I .00 l . J l ' C I .00 

1 11*1 .00 7.21*0S .00 
T 11 .10 1.21*01 1,17*0* 

» 1 | .00 ,oo .00 
Ml 12 .00 1.12*05 .00 
I I 12 .00 | . | « * 0 I .00 
SB 12 .oo 1.11.01 •00 

1 12 .00 1.3»*0t •00 
7» 17 .00 .90 •00 
U 11 . 0 ] l ,1t*0S .03 
•a v i .00 1.11*01 • 03 
S* 13 .00 | , H * C I • 00 

t 1J .03 1.11*01 • 00 
2B 11 .0!l 1.21*00 l '2 I*D0 
t l 13H .00 I . IS-02 I .1D.02 
Iks VI •so .00 .00 
IB VI .00 1.11*01 •CO 
11 11 .on I .Sl 'OS .00 
SI 11 .00 l . j S * 0 | •00 

wciiot i i i i t ini t i iT, emits 
m i s - «i «' «•••< " t i n CHIMED 

o. r _ i . t .2 . i . ; . ' 
• 00 •00 ' .00 .00 
• 00 • 00 .00 .00 
.00 • 00 .00 .00 
.00 • 00 .00 .00 

7.45*01 7.31*03 ».12, >0J S.71.03 
.00 •oo • 00 .00 
.00 • 00 .OD .00 
.00 .00 .00 .00 
.00 .00 ,00 .00 

I . IS-D1 1.11-Dk 5 . 5 2 . .10 ,00 
• 00 •00 • DO ,00 
.90 .00 • 00 .00 
.00 .00 .00 .00 

1.30-OS 1.10-05 1 . 1 0 . 05 1.10-OS 
.00 • 00 .00 .00 
.0(1 •00 ,00 .00 
.OD • OD .00 .00 
.00 .00 .oo ,00 
.00 •DD .00 .00 
.00 • 00 ,00 .oo 
• 00 •oo .00 ,00 
.00 .00 .00 .00 
.00 .00 .00 .00 

1.20*01 7.77.0] 5,17. 01 2.71-OS 
• 00 • 00 .00 .00 
.00 • 00 .00 .00 
.DO .00 .00 .00 

5 . l t * 0 l 5 . 1 * 0 1 • . 1 1 . 01 l . l ' . O I 
.03 •DO .00 .00 

S . lLDt 5.11.0k l . l l * 01 1*11*01 
.00 .00 .00 .00 
.DO • 00 .00 .00 
.00 •00 .00 ,00 
.00 • 00 .00 .00 
.00 •03 .00 .00 

1.1k.OS 1.71*01 2,15. 02 S.77-01 
.DO .00 .00 .00 
.00 • OS .oo .OD 
.00 •00 .00 .00 
.00 • 00 • DO .00 
.00 • 00 .00 .00 
.03 •00 .00 ,00 
• 00 •00 •00 .00 
.oo .03 .00 .00 
.00 .00 • 00 .00 
.00 •00 • DO .00 

I .2M00 1.21.00 1 . 2 1 * 1 30 1.21*00 
1.12-02 1.01-01 l . k l - 91 3.10-01 

.00 • OD .00 • 00 
.00 • DC .no .00 
.03 •oc .00 .00 
.00 .00 ,00 .00 

B-2 

i« •t<r:«i 

ID . ' 20, » SO. » 100. 1 
•00 .00 .00 .00 
.00 .00 .00 .00 
.00 ,00 .00 .00 
•00 .00 .00 .00 

I . H ' O l 2.11*03 1.11*02 ••21*01 
.00 .00 .00 <0D 
.00 .00 •00 .00 
.00 .oo .00 .00 
,00 •OD .00 ,00 
•on .00 .00 .00 
.00 .00 .00 .00 
.00 .00 ,00 .00 
•00 .00 .00 .00 

1,30-OS 1.10-OS 1.10-05 LID-OS 
.DO .OD .00 .00 
.DO .00 .00 .00 
.00 .00 .Og .00 
-DO .00 .00 .00 
•00 .00 .00 .00 
*00 •00 .DD .00 
• 00 ,00 .00 .00 
•oo .00 .00 .00 
.00 .00 .DO .DO 

7.21-11 .00 .00 .00 
.00 .00 .DD .00 
•00 .00 .00 .DO 
.00 .00 .DO .oo 

* .0**0k 3.20*01 1.51*11* I .11*03 
.DO ,03 .30 .0, , 

I . D ' * D I 1.20*Ol 1.51*01 l.*S*03 
•00 .03 • DO .00 
.00 .00 .00 •00 
•00 .oo .00 • DO 
.00 .00 .00 • DO 
.00 .00 .00 • DO 

2.S7-IS •go .00 • DO 
.00 .00 .00 .00 
•DO .00 .00 •00 
•oo .00 .00 .00 
.00 .oo .00 .00 
.00 .00 .00 .00 
.00 .00 • 03 .00 
.00 .00 .00 " " .00 
.09 .00 .00 .00 
•00 .00 .00 .00 
.00 .10 .00 .oo 

1.21*00 1.21*00 1 .21*00 1.21*00 
S.12-01 7.01.01 1.12.00 1.20*00 

.00 .03 .00 .00 
.00 •on .00 .00 
• GO .00 •00 .00 
• DO .00 .00 .00 

TERA CORPORATION 



POkCt: 3b.ODIN, OUIhUP: 20000.HVO, r i m : 3,20*l3l/CNb»2-StC 

«ucLior •iLioicniiiT. cumcs 
H U S : III OF H t l . t >f.l<L CHlllEP 10 ICU10II 

C r l l l u r oiicmicc 0. • 1 0. , 1 1 . ' 2 . 1 i, • f 1 0 . , T 2 0 . t S O . 1 I G O . 7 
1 U .on I . 1 4 - 0 1 .oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 

n n .01) . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .DC 
n « •oo • , . 11 'GS . 0 0 .00 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 • 00 
in »s .so I . J J ' O k . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .on .on . 0 0 . 0 0 

t « i . 0 0 » .»1»D» . 0 0 . 0 3 . 0 0 .00 . 0 0 • DO .oo • DO • DC 
11 «5 . 0 0 I . U . O b b . b l - • 0 , l . O i ' ' 01 J . < 0 - 0 < 1 . 1 2 . 0 2 1 . 1 ? . ' 0 ] 2 . 0 3 - 11 . 0 0 • 00 . 0 0 
h i l i i i . 0 0 1 , 9 1 - 0 9 1 . 1 1 ' >D« L i b - '01 l.U'OI >.!>' >01 1 . 2 1 - 01 1 . 1 0 - 13 . 0 0 . 0 0 . O 0 

M «J1 . 0 0 l . b l ' C b I . O b ' •01 S . ' b ' 'OS 7 . 2 3«D9 ,.!,' OJ 1 . 2 1 - 02 1 . 3 9 - I I . 0 0 . 0 0 . 0 0 
HO »s . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 • 00 .DD . 0 0 . 0 0 .DD .oc 

1 ( b . 0 0 l . l l i D l . 0 0 .00 • 00 .oo . 0 0 .oo , 0 0 . 0 0 • 00 
?; t b • DO oc •co . 00 . 0 0 , 0 0 . 0 0 •00 . 0 0 . 0 0 .DC 
1.3 9b . 0 0 1 . J 9 . C J . 0 0 .oo .CO .00 . 0 0 . 0 0 , 0 0 . 0 0 •oc 
»0 «b . 0 0 • 00 . 0 0 .oo . 0 0 . 0 0 . 0 0 • 0 0 .oo . 0 0 . 0 0 

t « ! . 0 0 1 . 1 1 - 0 1 . 0 0 . 0 0 • DO .CO . 0 0 .DO , 0 0 . 0 0 . 0 0 
21 91 .oo l . b l . O b . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oc 
b[ t i n . 0 0 I . S L O b . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 •oo 
Ml 9 1 .OJ | . 1 1 - 0 6 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 00 . 0 0 .OD • oc 
«[ 9 7 .oo . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO . 0 0 .DD •cc 
« t t . 0 0 I . I K U .CO . 0 0 .DO •00 .oo . 0 0 . 0 0 .DD •ot 
ke t a n . 0 0 l . b l . O b . 0 0 . 0 0 . 0 0 • 00 • 00 . 0 0 , 0 0 . 0 0 •oc 
U 4b . 0 0 » . 1 9 < 0 < . 0 0 . 0 0 . 0 0 .00 . 0 0 • 00 • 0 0 . 0 0 •oc 
"0 91 . 0 0 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 
bS 99 . 0 0 I . T K O t .00 . 0 0 . 0 0 • CD . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
bO 9 9 .ur | . » ' C ! • « - 0 « v.. "Ji­ I ! . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 .cc 
IC 99h . 0 0 l - S S ' C l J . 3 6 - 0 1 l l . S»- 1? . 0 0 . 0 0 . 0 0 • 00 • 03 . 0 0 .oc 
K 99 . 0 0 6 . l b . D O ».»!• 00 I . 9 J - CO 1 . 9 1 . 0 0 •.«)• OD !.<!• 00 1 . 9 3 * OD I . 9 3«00 1 . 1 3 * 0 0 1 . 9 1 . 0 0 
6„ 99 . 0 1 .CO .c: . 3 0 . 3 0 . 0 0 .CO . 0 0 . 0 3 • DO ,cc 
b ! i ; c .oc 1 . 9 1 - 0 6 . 0 0 . 0 0 .CO . 0 0 .OD . 0 0 .DO . 0 0 .oc 
"L1LD . 3 1 .DC •co . 0 0 .1.0 •CO . 0 0 . 0 0 . 0 0 . 0 0 .DC 
i C i ; o .or 1 .13 'OS . 0 0 .CO . 0 0 • 00 . 0 0 . 0 0 . 0 0 .OD .DC 
R„1LG .DC . 0 0 . 0 0 .CD . 0 3 .1.0 . 0 0 . 0 0 • 00 . 0 0 .o: 
• • I O I .DC 1 . 1 9 - 0 6 .CD . 0 0 .Oc • 00 . 0 0 . 0 0 . 0 0 . 0 0 .oc 
• - 1C1 . 0 0 1 . 1 0 * 0 6 .CO . 0 0 .CO . 0 0 , 0 0 .OD . 0 0 . 0 0 •c: 
i t i : i . 0 0 l . b f C b .CD .CO .oc . 0 0 . 0 9 •cc . 0 0 • 00 .cc 
t » i : i .oc . 0 0 .CO . 0 0 • 00 . 0 0 .DO •DO • CO • CO .cc 
M i c 2 .DC l . l b ' C I .LD . 3 0 • cc .DO . 0 0 . 0 0 . 0 0 . 0 0 • oc 
t t ! C 2 « . 0 0 1 . 3 * » 0 b . 0 0 . 0 0 . 0 0 .OD . 0 0 • 00 .OD • 0 0 • DC 
K i t ; . 0 0 > . J » « 0 , • DO . 0 0 .CO .DO . 0 0 •DO .OD .oc • DC 
t u I C i . 3 0 • DO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO .oc .DO 
n a i j j . 0 0 i . ; ? - o i . 0 0 . 0 0 • DO . 0 0 • OD . 0 0 . 0 0 . 0 0 • 00 
tens . 0 0 | . ! 1 ' 0 6 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 •oc 
>n: i . 0 0 L 2 7 « C l r . b i - OS 7 . 1 2 ' 01 2 . 1 2 - 2 3 S . S 5 . DO l . b l - 01 2 . 1 7 - 2? .or . 0 0 , 0 0 
' » i . : « .CO l . l t - O l 2 , 6 J « OS ; . in 01 2 . 1 1 - 0 1 J . i t - oo 1 . 6 1 - 01 2 . 1 7 - 22 . 0 0 . 3 0 . 0 0 
> n : i . 3 3 . 0 0 . 0 0 . 3 0 . . t • CC .CO . 0 0 . 0 0 . 3 0 . 0 0 
r.tn . 0 0 I . I 3 - 0 6 . 0 0 . 0 0 . 0 0 .oo . 0 0 . 0 0 .or • CD . 0 0 
T : U « . 0 0 1 . I J - C 6 . 0 0 .CO . 0 0 .uo . 0 0 • DC . 0 0 . 0 0 .DC 
i - i . - * .on . 0 0 .CO . 0 0 • DC .CD . 1 0 • 00 . 0 0 • CO .oc 
F M L « H . 0 0 • • 2 1 . 0 9 . 0 0 . 3 0 . 0 0 .co .DO . 0 0 . 0 0 . 0 0 • DC 
» » I : I . 0 0 i . l l . O i . 0 0 . 0 0 . 0 0 . 0 0 .DO • 00 . 0 0 • 0 0 . 0 0 
n.i:« . 0 0 . 0 0 .CO . 0 0 .oc .DO .CD • 00 . 0 0 • 0 0 . 3D 
« | 3 i .DD 1 . I O D F . .CD .CO • 00 • DD .DD . 0 0 , 0 0 . 0 0 .CO 
H l b S .oo 1 . 1 1 - 0 5 . 0 0 . 3 3 •or . 0 0 . 0 0 . 0 0 .or . 0 0 , 0 0 

I 
T M % 
X TERA CORPORATION 



•>««»; I t . COM. • • • M p : JKOO.wrl, nuti I . » * l I » r . M « 2 - | [ t 

HUCUDI •10U4CIU177 , CUHt! 
• • I l l = " I • ' « » ! > X 1 U CHIIItO f t «(>CI»« 

CNMIH DI5CH1HCC 0. 1 0 . t 1 . » I . > 1 . 7 I D . 1 JO. 4 5 0 . 1 100. I 
»UIC5 .00 4.14'DS •DO .oo .DO .00 .DD .00 .00 .00 •oc 
Union .00 • • • • • O S .00 .00 .00 .00 .00 • 00 • DO .00 • 00 
• H I ; > .00 4 . IMDJ s . 74-11 .00 .00 .00 .00 •00 .00 .00 .00 
w i c s .DO .DO • DO .00 • 00 .00 .oo •00 •00 •DO .00 
ICILt .DD I .OxOi .00 .00 • 00 .00 .00 .00 .00 .00 • 00 
BJICI .00 • . ' • • o s - . 4 1 * 0 5 2.57*05 1.14,05 t .74,04 l.lO'O*. 3.40*02 1.54-01 1.4J' 10 l . l t - 2 5 
• m o m .00 1.24*04 .00 .00 • 00 .00 .00 .00 .00 .00 .00 
• H l H .00 S.11*05 2 . 4 1 * 0 5 2.57*05 l . n . 0 5 4.14.04 1.10.0» 1.50*02 1.J4-01 I . H - 10 1.74-25 
-01D4 .00 ,00 • DO • 00 .oo •CO • OD .OD .oo • 00 .00 
tu i :T • 00 5.11*05 .00 .00 .09 ,00 .00 • DO .00 .OD .00 
(hi :? .00 5.11*05 .00 .00 .oo .00 • 00 .00 .03 • 00 .00 
•"CIMTB .DO J.04*05 .00 .00 .00 .00 .00 •00 .00 • OD .DO 
• O K I JO 5.14-02 1.14-02 5.11-02 5.14-02 5 . K . 0 2 5.14-02 5.14-0- 5.14-02 S.|4- 02 5.14-02 
• u s ; .00 .00 .00 ,00 • 00 .00 • 00 .00 •so .00 • 00 
>U10I .oo 1.52*05 .00 .00 .00 .00 .00 • 00 .OD •00 .00 
R K I : B .CO ) .12*05 •00 .00 .00 .00 .00 •00 .00 • 00 .110 
•OICJ .00 .00 .00 .00 •00 .00 .00 • DD .00 • 00 .00 
•CI0» .00 1.44-04 .00 .00 .00 •DO .00 .00 .00 .00 • 00 
till 01 .00 .30 .00 .00 .00 • DO .00 •OD •0» •00 .DO 
«H)0t .00 1.45*05 .00 .00 • 00 •oo • 00 .00 .00 .00 .00 
H,|0"« .00 «.44*02 .00 .00 • 00 .DO ,00 •00 •00 • 00 .00 
•Dial .00 J.l>*05 .00 .00 • 00 .00 .00 • 00 .00 .00 .00 
l&ISVN .oo I . l t ' D S I.CS-07 Z.74-0T 2.00-07 1.15.01 2.14-04 l . l | - 0 » 4.04-12 2.S4- I* .00 
• 11C« .oc .00 .00 .03 .00 .DD .00 •00 .00 .00 .00 
Ci i ;« .00 3.50-01 1.0S-O7 2,11-01 2.00-07 1.15-07 2 . H - 0 I J . H - D t 4.44.12 2.54- 14 •oc 
t K i i ; .00 7.I4-C4 .CO .00 •00 .00 • 00 .00 .or .00 .00 
m i 10 .00 .00 .110 • 00 .OD .00 .00 .00 .DD .00 .00 
(CMC*- .00 1.14*0} 1,04-01 •.75*02 4 .4»*0! 1.11*02 4.10*00 t .11-02 2.75-04 2.52- I I .00 
• t i i c .00 1.51*04 l . l l ' 0 2 1.14*02 4 .11.0] 2.11*01 ! .11*00 7.44-03 J.51-01 1.27- 20 .DO 
CC1]C .01 .00 .00 .03 .00 •oo .00 .00 .00 .00 .00 
•>U11 in .00 1.47*01 .OD .00 .00 .00 .00 .OD .00 .OD .no 
M i l .oc 1.4IH04 .00 • 03 .00 .00 .00 •OD .DO .00 .DO 
• 0)1111 .00 5.5!*04 .00 .00 .00 .00 .00 • 00 .00 • 00 .DC 
I C I I I .00 • • i t *D» I .40-00 1.31-07 7.44-11 1.41.25 .00 • 00 .00 • 00 .00 
( i l l IK .00 I . I . ' C I .00 .00 .00 .00 .00 .00 .00 • DO .30 
c o i n .00 .oo .00 .00 .00 .00 .OD • 00 .00 • 00 .OD 
•0112 .00 I . I5*D4 .00 .00 .00 .00 .00 .00 .00 .00 .DO " 
11112 .00 ) .15*01 • DO .00 .00 .00 .00 •oo .00 .00 .00 
Ci l lJ .00 -CO .00 .DO .00 .00 .00 • 00 .00 .00 .00 
roils .00 1.45*04 .00 .oo .DD .00 .00 .00 .00 .00 .00 
»CJ 1 1H .DO I . IS 'OJ .00 .00 .00 • 0 0 •oo .00 .00 • 00 .OD 
l l l l ] .05 1.51*01 .00 .00 .00 .00 .00 .00 .00 .00 .00 
C u l l I n .00 J.D'OO I.71*DO 2.71*00 2.41>30 2.51.00 2.14*00 1.4».|)|] | . t3*00 2 . 1 1 - 0 1 " 1.14-02 
C U l l l .00 .00 .00 .03 .00 .00 .00 .00 .oc .oo .00 
M i l •CO • 00 .00 .00 .00 .00 .00 .00 .oo .00 .OD 
• D i l i .00 t .20*01 .00 • 00 .00 .00 • DO .00 .00 .00 .00 
1UII4 .30 t . 2 0 ' 0 1 .00 • 00 .00 .DO .DO •00 .00 • 00 .00 
U I K .30 .00 .03 .00 .00 •oo .00 .00 .00 •00 .oo 
I M | . « .go J.31-01 1,41-02 2.2.-02 I.1C-0J I .21-34 2.01-12 J.10-2J .00 .00 • DD 
14114 •00 J . I2 -OI 5.10-02 2.11-02 1.24-01 t .44-04 2.00- |2 2-02-23 .00 • 00 • OO 
5WII4 • 00 .00 .oo • 00 .00 .00 .00 .00 .00 •Oo • 00 
f i l l 5 .00 7.54*01 .00 • DO .00 ,00 • 00 .00 .00 • 03 .00 

TERA CORPORATION 



f««t>.- Jl.CBH., WW- 2OO00.HI0. ILUU !.20>l!»/(P!.tJ-StC 

mcilot ••oieiciiilit. cu»l(S 
• • V H : » l i r KC1¥I K i l l CHUHO M •CICTOI 

CHAI&C oiscniaic 0< 1 » 0 . . T 1 . I 2 . , 1 5 . » 1 0 . 1 J O . f 5 0 . j 1 0 0 . 
I 6 I 1 S B .DC 2 . 1 1 « 0 J . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 
• 0115 . 0 0 l . « * * 0 1 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
C O l l S " . 0 0 J . 3 2 ' 3 2 1 .1 • • 02 l . t l ' '01 l . ) » < 0 0 Lit.- ' 0 ) 1 , 2 2 - n I . J 5 - ; ! . 0 0 • 0 0 . 0 0 
C U 1 1 . 0 0 l . l l ' O ! S , R - • 0 « ! . » ] • 11 . 0 0 . 0 0 . 0 0 .DD . 0 0 . 0 3 . 0 0 
H. I1SH , 0 0 M J ' O I S . H - -Of l . » - I I . 0 0 . 0 0 .OD •DO . 0 0 . 0 0 • 00 
l l l l t . 0 0 • 00 . 0 0 .3D . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
i M I S • DO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO . 0 0 . 0 0 . 0 0 ' . 0 0 
• ( . l i t • DO 1 . 0 7 * 0 ] . 0 0 .co . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
CM l b . 0 0 . 3 0 .uo . 0 0 . 0 0 . 0 0 . 0 0 • 30 . 0 0 . 0 3 .oo 
: s j j t>" • 00 . . S 1 - 0 2 . 0 0 . 0 0 . 0 0 . 0 0 • 03 . 0 0 . 0 0 . 0 0 • o : 
n.m . 0 0 1 . 2 2 * 0 ] . 0 0 .oo . 0 0 .DO • DO • 00 . 0 0 . 3 0 . 3 0 
V i m , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oo . 0 0 • 00 . 0 0 • 00 • 0 0 
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CI l » c .011 6 . 0 2 . C 1 .CO .oo • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
N l « . 0 0 i . O J . O l . 0 0 .00 . 0 0 .CD . 0 3 . 0 3 . 0 0 .oo . 0 0 
• H > B . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
P i - m n . 0 0 S . I I ' D I l . l l ' 0 1 2 . l l < 0 1 « . 1 D ' D 1 2 . 2 1 - D l 1 . 2 0 - 0 1 2 . 1 0 - 2 2 . 0 3 . 0 0 . 0 0 
#H)>.B . 0 0 2 . 0 9 ' D S 7 . 1 » « 0 2 2 . J K D2 I . l j f O O » . • • - 02 2 . 1 7 - 1 0 2 . 0 W 1 . 0 0 .DD . 0 0 
i n l i l . 0 0 . 0 0 , 0 0 . 0 0 .oo . 0 0 .CO .OD . 0 0 . 0 0 .oo 
K H I .•:n J . ! « . 0 5 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oo . 0 0 

>))•• • 00 i . 7 i « o s .DD . 0 0 .oo . 0 0 . 0 0 . 0 0 . 0 0 .OD • 00 
F P H 9 . 0 0 k . H » 0 S l . l l - 0 1 l.H- 1 1 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . D D . 0 0 
S l i m . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .00 • 0 0 •OD . 0 0 . 0 0 
• 0 1 SO . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 • 00 
F M S O . 0 0 t . t O ' O ) . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
S ' l S C . 0 0 . 0 0 . 0 0 •on . 0 0 . 0 0 . 0 0 •oo •or . 0 0 . 0 0 
1 . 1 ' . I . 0 0 l . l t ' O S . 0 0 .DO .on . 0 0 . 0 0 .oo .of . 0 0 " ~ • 0 0 
F - l i l . 3 0 | . « 6 ' D S . 0 0 . 3 3 . 0 3 •oc , 0 0 • OD .on .DD . 0 0 
' . ' 1 1 1 , 0 0 » . i 2 » 0 2 1 . 2 7 * 02 I . 2 5 - I 32 t . i i ' O i » . ) t . C2 I . M . 0 2 I . S 7 - 0 2 » . ' ' 2 « 0 2 • • 2 ! > 0 2 « . l l > 0 2 
r-r.i . 0 0 . 0 0 .00 . 0 ) . 0 0 . 0 0 . 0 0 . 0 3 . 0 0 . 3 0 • 00 
f » I S 2 . 0 0 I . 1 2 « 0 » . 0 0 . 3 0 .oc .110 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 
in 112 . 0 0 . 0 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 
i . i ' j p i . 0 0 1 . 0 7 . 1 2 . 0 0 . 0 0 • 0 0 .no . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 
l u u .oo J . » t » D D I . I K I DO 7 . 7 » « 00 1 . 1 . ' 0 0 7 .12« I 90 S . I M O O • , « l > 0 D 2 . S 2 - O D » . « S - 0 l I . . I - 0 2 
r t > i 2 , 0 0 . 0 0 . 0 0 .DO . 0 0 .oo , 0 0 . 0 3 . 0 0 . 0 0 .DD 
M i l ! . 0 0 7 . 1 0 ' D . . 0 0 . [ 0 .on , 0 0 . 0 0 . 0 0 . 0 0 • DO • DD 
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• g « [ l : l l .OOX, l U l t u r : IDOOO.I 

CHIKC oiscmtci 0. 1 
SMSJ .00 J.iJ'OS S.14-01 
(HIS) .00 .00 .00 
« I S J .00 1.31*00 4.41*00 
" I S 4 .00 5.31*04 .00 
sms« .00 • 00 .oc 
n i i . .00 2.41*03 2.41*0] 
ID 154 .00 .00 .DO 
S«IS5 .Do S.M*04 .00 
[VIS* .00 i . : i«o> 2.41*03 
DUSS .00 .00 .00 
5*154 .00 1.71*04 .00 
[UIS4 .00 1.34*05 1.41*03 
I l l l l .00 .00 .CO 
S«I5» .00 1.24*04 .00 
luisi .00 I . J . . 01 .00 
soisi .00 .00 .00 
[I j l i l •DO 5.41*03 .00 
ccisa .00 .00 .00 
Cull? .00 1.31-11 .00 
CCIL9 .oo 3.3«*03 .00 
l o l U .OD • 00 .00 
( U I L ? .00 1.40*01 .CO 
bbl43 .00 • 3D .00 
16140 •do 5.51*02 2.35*02 
I ' l l C .00 .00 .00 
C i K I .00 S.5»*C2 .OD 
tb 161 .00 5.55*C2 4.SP-02 
0TI6I .00 • CD • CD 
ICU1 .00 2.M'G2 .00 
lutlr .oc 2.13*02 .00 
i»U2 .at • 00 .00 
IM6.* .oc .00 .00 
l i l t ! " •00 4 .21 -01 .00 
m i ) .00 4.02*01 .00 
t> i ' . j .or. .00 .00 
>Hk« .or 4.11*01 .00 
01144 .00 • DD .00 
011454 •on 1.11*02 .00 
01145 .00 J.52*01 .00 
TO145 .00 .00 .00 
Dllt4 .00 1.24*00 1 . 1 4 - 0 1 
hvlbb" .00 ». 13-03 1.IS-0S 
H:iib .30 3.44*01 1,41-01 
K i l t .00 • 30 .00 
I M e l .30 •00 .00 

I O I U .go l . H ' O l 4.17*04 

, r iUK ).20*1)4/C»I42-!CC 

tucnot uomcium, emits 
I tSIS : "1 0' " I ' K " t " ' 0M14UO 

0 , 1 1 . 1 2 - 1 I * 1 
1.01-20 ,00 .00 • CO 

.CO .00 .00 .00 
4.10' '00 J.»5*00 l.01< 'DO 4.41-02 

.00 .00 • 00 .00 

.00 .00 .OD .00 
2 .41 ' 'OJ j . j j * r s 2.2t< 03 l.4»*03 

• OD .to .00 .00 
.DO .OD .00 .00 

1 . 1 1 * 0 1 i . 23 .01 l.52« OS 4.12402 
.00 .00 .00 .00 
.DO .oo .oo •oo 

4.51*01 4.44-03 2.31- 10 • 00 
.OD .00 .00 .DD 
.00 .00 .00 .00 
.00 .00 .OD • 00 
.00 .00 .00 • 00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.oo .00 .00 .00 
.00 .00 .00 .00 
.00 .00 .00 • 00 
.00 .09 .00 .00 

1.20*02 1.44*01 4.»T- 01 I.32-OS 
.00 .00 • 00 .00 
.oc .00 .00 .00 

S.I2- •OS 4 . 4 I - H .00 .00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.o: .00 .00 • DO 

.oo .00 . .0 .00 
,00 .00 .00 • 00 
.00 .00 .00 .00 
.DO .DD .OD .OD 
.00 .00 .00 .00 
.DO .00 .OD .00 
.00 .00 .00 • 00 
•00 .oo .oo • 00 
.00 .00 .OD .00 
.00 .oc .00 .00 

4.10- 14 • 00 • CO .00 
» . I3* 05 4.12-DS 1 . 1 2 - OS i.io-os 
t . 1 0 - 14 .OD .00 • DO 

.00 .00 .00 • DO 

.33 .30 • 00 • go 
J.tO* 04 1.11*04 1 . 1 1 4 OS 3.IS*0S 

B-9 

10 t t lC IOI 

10. 1 20. » so. 1 100. I 
.00 .00 • 00 ,00 
•00 .00 .00 .00 

2.40-04 4.15-01 1 .40- 11 •00 
.00 .00 .00 ,00 
•00 .OD .00 .00 

l,S4*0J 1.03*03 2 . 1 2 * 02 3.23*01 
.00 ,00 .00 .00 
• 00 .00 .00 .00 

1.10'01 ).S>*00 !.*.•-OS 1.41-14 
.00 ,00 •00 .00 
.00 .00 .00 .00 
.oo .00 • 00 .00 
.00 .00 .DO .00 
.00 .00 • 00 .00 
.00 • DO .00 .00 
.00 .00 .oo .00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.00 .00 .00 .oo 
.Oo .00 .00 .00 
• 00 .00 .00 .00 
.00 .00 .00 .00 
•DO .00 .00 .00 

3.IJ-1S .oc .00 .00 
.00 .00 .00 • DO 
.00 .oo .00 .DO 
.00 ,00 .00 .oc 
.00 .00 .00 .DD 
.00 .00 .00 .00 
.00 .00 .00 .00 
•00 .oo .00 .00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.00 .00 .00 .00 
.00 .00 • DO .00 
• 00 .00 .00 .oo 
• 00 .00 .00 .00 
.go •oo .00 .00 
•Og .00 .00 .00 
• 00 .00 .00 .00 
.00 .00 .00 .00 

4.01-05 4.02*05 I . I I - OS 1 .42-05 
.00 .00 .00 .00 
•00 .OD .00 .00 
.00 .OP .00 .00 

2.03*05 l.44*0S 2.20* 04 2.20*04 

% 
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Htt- It.OOH. IMMIK 1M0D.I 

C H I O ; [ DJSCHlaCC 0 . 1 
H • DO « . l t < 0 2 « . 0 1 * 0 2 

2a .CO I . U - O I l . l l ' l ) 
( h . 0 0 1 . 2 2 * 0 3 2 . I t - l S 

« . 0 0 5 .10 'Of t 1 . 7 2 - 1 1 

u .DC 5 . 7 1 - 0 5 J . 1 1 - 0 1 
Si­ .DO , . » l * O t 5 . 7 1 - 1 1 
ft* . 0 0 l . » 2 ' 0 l 7 . 1 1 * 0 3 
• 1 . 0 0 7 . 5 5 - 0 1 1 . 1 X 0 1 
in . 0 0 7 . 5 0 * 0 1 1 . 5 7 * 0 5 

f . 0 0 | . I 2 * C 7 5 . 0 3 * 0 5 
;s . 0 0 a . » » * D l l . a l * 0 5 
kS . 0 0 1 . 2 0 * 0 7 I . G 7 * O I 
no .CO ft.lft-0* 3 . 5 2 - D * 
7£ , 0 3 1 , 1 5 * 0 1 1 . 1 3 * 0 0 
• u . 0 0 3 . 1 1 * 0 1 5 . 4 . 4 0 b 
• t i . 0 9 S - i « * 0 1 5 . 5 1 * 0 5 
»0 • 00 ft.01-05 5 . 1 1 - 0 2 
• 1 . 0 0 a . S l - D S 1 . 2 1 - 0 3 
CO . 0 0 a , 1 0 * C « 1 . 2 1 * 0 2 
in •oo • . ( • • 0 1 1 . 1 1 - 0 1 
3ft . 0 0 3 . 1 2 - C 1 « .Vf t«03 
i t . 0 0 1 . 7 1 ' C t ft.mo) 

'c • o r l . t 4 * C t 3 . a i * 0 l 
I . 0 0 l . 3 7 * 0 » a . l | . 0 2 

«{ . 0 0 t . i 7 * o i 1 . 3 1 * 0 2 
t i . 0 0 t . a t ' O * l . « * 0 5 
•ft . 0 0 1 . 0 2 * 0 1 7 . a 7 < 0 » 
I * . 0 0 1 . 1 1 * 0 1 l . S f t - O l 
CE • DO I . 3 a * o i 1 . 1 1 * D 6 
F» . 0 0 1 . 1 V 0 1 1 . 1 2 * 0 5 
«D . 0 0 I . 2 5 * 0 1 2 . 1 1 * 0 3 
M .DC l . f t T ' O l 1 . 1 7 * 0 5 
51 • 00 1 . 2 1 ' O S » . 2 7 * 0 2 
[u •DC I . S i ' O l > . 0 » * 0 3 
ID • o r a . 1 1 * 3 3 1 . 1 1 * 0 0 
1o . o n 1 . 5 5 * 0 3 2 . 3 5 * 0 2 
Or . s o 1 . 1 2 * 0 2 t . 7 1 - 0 1 
m . 0 0 ) . « » * 0 I l . M - 0 5 
I011L1 .ON | . l | * 0 1 • • 1 7 * 0 1 

S U I I D I .go . 0 0 . 0 0 

loT«tS .00 1•11*01 S.10'01 

. r iui: 1.20.|»/o>fti'i[C 

uccmiL IC I I I I IT . cutics 
iisn : fti or HUM K I I I CHiioto 

0 . I I . 1 2 . T 5 . 7 
• - 0 3 * 0 2 3 . 1 1 * 0 2 s . a a - D 2 3 . 1 7 * 0 2 
2 . 5 a - 2 a . 0 0 . 0 0 . 0 0 
1 . 7 1 - 2 * . 0 0 .so .oo 

. 0 0 . 0 0 . 0 0 . 0 0 
2 . S I - 0 1 2 . ( 1 - 0 1 » , 5 I - D I 2 , 5 1 - 0 1 

. 0 3 • 90 .DO ,on 
1 1 5 * 3 3 7 . 3 1 . 0 ) 1 . 1 2 - C ) S . 7 1 . 0 3 
1 t f t - 01 a .32-Of t 3 . 1 0 - 0 5 1 . 3 0 - 0 5 
1 72*0? 5 . 1 1 - 0 1 a . M . C i 1 . 1 3 * 0 1 
2 . 1 1 * 0 5 1 . 1 1 * 0 1 5 . 0 1 * 0 1 ft.ft).Oft 
1 . 0 1 * 0 5 3 . i o * o i 1 . 1 3 * 0 2 1 . 2 2 - 0 0 
S - D ' O S 7 . 3 0 - o a 1 . 5 5 * 0 3 3 . 2 2 - 0 1 
9 . . M - 1 2 . 0 0 . 0 0 . 0 0 
ft. 1 ]<C0 1 . i l - o o i . t i - o a 1 . 1 3 * 0 0 
3 . 3 1 * 0 5 i . 7 i « o s 1 . 7 « ' 0 f t 1 .10-Oft 
3 . 3 1 * 0 5 1 . 7 1 ' 0 1 1 . 7 1 * 0 1 1.10-Oft 
5 . la -02 l . M - 0 2 5 . 1 1 - 0 2 5 . 1 1 - 0 2 
1 . 1 1 * 0 2 5 . 1 3 * 0 2 2 . 0 X 0 2 1 . 0 3 - 0 1 
ft,01*01 ft.01'00 2 - i l - l l O 2 . 1 1 * 0 0 
• . a a - 0 2 2 . 5 1 - 0 3 1 . 6 2 - a b « . D > - | 2 
3 .3 f t *03 1 . 3 7 . 0 ) i . o - o ; l . l i - O I 
ft, 5*03 3 . 1 5 - 0 1 2 . 1 1 - 0 3 1 . 3 1 * 0 3 
l . i l ' O f t a . s s - o s I . S 2 - C 3 6 . 7 1 - 0 2 
1 . 3 1 * 0 0 2 . 1 1 - 0 2 2 . 1 1 - 0 2 2 . 1 1 - 0 2 
2 - 3 1 * 0 0 1 . 2 0 - 0 i 5 . 7 1 - 3 5 . 0 0 

| . 5 » « t b 1 . 3 1 * 0 5 1 . 1 1 - D 3 7 . 7 V 0 1 
l . 1 3 * 0 « 1 . 0 3 * 0 1 S . 1 » * 0 « 5 . n * 0 a 
3 . 1 1 * 0 2 5 . 1 1 - 0 ) 1 . 3 3 - 1 1 . 0 0 
• • : * 0 5 1 . 5 1 * 0 5 1 . 1 7 - 0 5 1 . 2 1 . 0 f t 
7 . 5 *05 1 . 3 7 * 0 5 1 . 1 7 - O S | . 2 i * o a 
S . j . - G I 1 . 1 1 - 0 5 1 . 0 5 - H . 0 0 

i . c i ' O s | . | 2 - D < 1 , 7 1 * 0 « 3 . 0 1 - 0 1 
9 . 2 1 * 0 2 » . 2 1 - 0 2 I . H - D 2 • . • 2 - 0 2 
5 . 2 5 * 0 3 ft.Sa-D) 3 . 7 1 - 0 3 2 . 1 7 - D 3 

i . i j ' O O 2 . 1 5 * 0 0 1 . 0 3 - 0 9 a . a a - 0 2 
1 . 2 0 * 0 2 > . l i * D ] a . » 7 - o i 1 . 3 2 - 0 5 
i . i o - n . 0 0 .110 . 0 0 
t . 3 -05 1 . 1 2 - 0 5 • . 1 2 - 0 3 t . 3 D - 0 5 
3 . a 'Ok 1 . 1 ) . 0 1 1 . 1 1 - O S 3 . 1 5 . 0 5 

0 0 . 0 0 . 0 0 

1 - 1 1 * 0 3 2 . 0 3 * 0 5 7 . 7 0 - 0 a 

B-IO 

to ancioa 

10. » 20. » 1 0 . T 100- 1 
2.35-02 1.31-0! 2.17.01 l . a l -00 

•OO • 00 . 0 0 . 0 0 
. 0 0 . 0 0 . 0 0 . 0 0 

• 0 0 . 0 0 . 0 0 . 0 0 
2.51-01 2.51-01 2.51-01 2.5I-D1 

•DO . 0 0 . 0 0 . 0 0 
ft.ia-01 2-11-0) 3.11'OJ 1.21-01 
1.30-05 1.10-05 1.30-05 1-30-05 
ft.01'01 3 .2r-oi 1.51-01 a.aft*0J 
«.01-0ft 3.2010ft 1.53.01 a.a5»oi 
1-21'DO I.21-00 1.21*00 1.21*00 
5.12-01 7.11-01 1.12*00 1-20*00 

. 0 0 . 0 0 . 0 0 • 00 
I.SS-DO I . U - 0 0 1.13*00 1.13-00 
3.50.02 3.5a-01 3.13-10 3.7»-jS 
3.50102 3.sa-oi 3.11-10 3.71-25 
5.|a-02 5-H-02 5.11-02 S.lft-OI 
4.10-02 3.11-05 5.10-11 • 00 
i.»»-oo 1.01,00 2.13-0) 1.11-01 
a.12-23 . 0 0 . 0 0 . 0 0 
2.7a-oi 2 . 7 I - 0 I 2. I I - 0 1 2.71-01 
3.12-02 2.11,01 3.17-01 5.53-01 
I-5HD2 1.21*01 S.al-03 ) .11-01 
2.11-02 2.1«-02 2.11-02 2.11-01 

. 0 0 .OD • 3 0 . 0 0 
5.5«.C< a.lT.oa 2.QI.01 t .5«-03 
ft.ftl'Oft 3.11-01 l.aa.oa 1.12*03 

.oo . 0 0 . 0 0 .DO 
1.50.02 2.01-02 a . t i - i a . 0 0 
l.S0<02 2.01-02 ft.ll-lft . 0 0 

. 0 0 . 0 0 . 0 0 .OD 
1.15-03 5.71*02 * .D l -Ol J.71-07 
1.57*02 7.42-02 1.23.02 1.1C02 
n r . o i | .0a*03 2.(2.02 3.23*0) 
2.10-Oft ft .15-01 1.10-22 . 0 0 
3.13-13 .OD . 0 0 . 0 0 

. 0 0 .OD . 0 0 . .00 
».0l-05 • .0»-05 1.17-05 1.12-05 
2.03*05 i.a»*os 1.20*01 2.20-Oft 
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TABLE B-2 

QUANTITIES OF FISSION PRODUCTS 
IN SPENT FUEL VS. DECAY TIMES 

• • • I t : l i . g g M , t u M u r : 20Mt,«»0, l u l l : 1 . 1 0 M > » / t ' » r t - » c 

• K L I K C M L i t i t ' i i t t s . d ins 
M U S : III 01 M i l * ( t i l l CaltiCO I I I F tC I t t 

CM4.C DISC*'".! D. I 0 . T I . I 2 . I 5 . » 10. T 20. 1 S0> T 100. I 
H ] .00 4.21-02 9.21-02 4.14-02 I.01-O2 l . i ; - 0 2 1.22-02 2.43-02 1.11-02 2.54-03 1.52-04 

24 22 .00 1,19.05 2.u»' |» 2.I4-1G .00 .00 .00 .00 .00 .00 .00 
a i; .co 4.04-04 4.94-20 1.23-10 ,00 ,00 .00 .00 .no .00 .oo 
U 72 . 0 : 2.42-C1 2.45-CI I . iS -01 2 .15 -3 ! 1.14-0} ! .45-01 I . I J - 0 1 J.15-03 2.15-01 2 . I4 -0J 
( I 71 .00 4.11-04 .CO , u 0 .00 .GO .00 .00 .00 .00 ,00 
G[ I ] .00 I.S1-G] i . ' . l -O) 1.51-01 i .H -OJ 1.51-01 1.51*0) 1.51-0) i .41-01 1.51-0) 1.11-01 
t i 74 .00 4.4S-07 .00 ,00 ,00 .00 .00 '00 .00 ,00 .00 
tE l< .00 1.04-02 J.,04-02 1.04-02 3,04-02 1.04-OZ 1.04-02 !.0»-«2 I.Qt-02 1.04-02 1.01-0! 
I I 74 .00 I . ID-DI .tO ,00 ,03 ,00 .00 ,00 .00 .00 ,00 
IE !*.» .00 4. 12-01 .CO .00 .00 .00 .00 .00 'DO .00 .00 
a is .oo ) . i t - o t .oo .oo .DO .00 .00 ,00 .00 .00 ,00 
i i 14 .00 l . l« -02 5.11-02 5.14-02 S.l»"02 S. l t -02 5.19-02 S . | l -02 5.19-02 J.19-02 5.19-02 
01 U .00 l . t l - 0 1 .00 ,00 ,03 i£;0 .OD *0O .00 ,DD *0C 
IE It. .00 1.14-01 1.14-01 1.24-01 1.75-01 1.74.01 1,74-01 1.14-01 I . ' 4 -01 I.74-01 1.75-01 
is I t .00 S.14-04 .00 .00 .00 .00 .00 ,0C ,00 .00 .00 
5E I t .DO 4.12-Oi 4.34-04 4.J4-D4 4.34-04 4.14-04 1.14-04 4.14-0* 4.34-04 k-34-04 1,11-01 
4E 7 IK .00 1.71-07 .UD .00 .00 .00 .00 ,00 .00 .00 .OD 
CE 77 .00 2.75-01 .00 .00 .00 .00 .03 .00 .00 .00 .00 
•4 77 .00 2.44-01 4,49.20 3.14-33 .00 .00 .00 .00 .01) .00 .00 
41 17* .00 9.14-10 2.41-24 .00 .00 .00 .00 .00 .00 .00 .00 
!E 77 .00 5.74-01 5.11-01 5.71-01 S . l t - 0 | 5.74-01 5.74-01 J.71-01 S.11-01 5.74-01 5 , ' i - O I 
6C I« .QC 2.34-G4 .00 .00 .00 ,00 .00 .00 .00 .00 .00 
<5 Ten .OC .30 .00 ,0s .00 .00 .00 .00 .00 .00 .00 
•4 71 .C: 2.4?-C'4 .00 .00 .00 .00 .00 .00 .00 .00 .00 
51 IP .GC |.49»0D 1.49*00 1.49*00 |.<<**00 1.49*03 1.44*00 1.49*00 1.49*00 1.49-00 1.<»*00 
•5 71 .CG 4.27-04 ,00 ,00 .DO .00 .00 .00 .DO .00 .00 
5E 79H ,:C 2.2V-L-5 -00 .00 .00 .00 .00 .00 .00 .00 .00 
41 79 .OC l.uC'CO 1.40*00 1.10*00 3.40*00 l.tO*00 3.40.00 3.40*00 3.40*00 1.40-00 1.40*00 
" 19 .GC l. IS-04 1.44-04 1.51-04 l .» l -04 4.11-04 S.27-04 I.19-09 1.10-03 2.25-03 9.11-01 
•5 >0 .00 2.57-C4 .OD .00 ,00 ,00 .00 .OD .OD .00 .00 
4c to .or t . io*co k.io.oo 4 . IO .OO t . lo -oo 4.10*00 t . io*oo t . io*oo i , io*oo 4.10*00 4.10-00 
tfi tan .CO 2.49.07 .CO .Go .02 .00 .00 .00 .00 ,00 ,00 
*» fcO .00 4,94-Ci ,00 ,00 ,00 .00 .00 .00 .00 .00 .00 
" 10 .OG 1.92-0] 1.92-01 1.92-01 1.92-01 1.92-01 1.92-01 1.92-01 1.92-01 1,92-01 1.92-01 
'5 I I .Do 1.01-04 .00 .DO .00 .00 *U0 .00 .00 .00 .00 
5E E l l .ro 1.07-09 .00 .DO .00 .00 .00 .00 .00 .00 .00 
SE I I .On 1.05-09 .00 .00 .OD .00 ,00 .00 .00 .00 .00 
»» I I .00 9.12*00 «.42>00 9.12*00 9.42*00 9.42*00 9.42*00 t .42 '00 9.47*1'') 9,42*00 9,42<00 
4fi | |H .00 2.11-01 .GO ,OQ ,00 ,00 .00 .00 .00 .00 .00 
» «> .00 5.55-02 S.55-02 5.S5-02 5.55-02 5,55-02 5.55-02 S.55-02 5.55-02 S.55-02 5.54-02 
SE >? .00 2.34*01 2.09*01 2.09*01 2,09*01 2.0\ 01 2.09*01 2.09*01 2.09*0] 2.g9*Dl 2.09*01 
51 bin .00 1.49-04 .00 .OD .00 .00 .00 .00 .00 .00 .00 
6" ' 2 .00 l . ) 9 - 0 ! 5.10-22 2.51-14 .00 ,00 ,00 .00 -Of ,00 " ,00 
" ii >00 1.12-01 1.11.01 1,73-01 1.7 J-Dj i.73-01 1.11-01 1,71-01 1.71-01 1.73.01 1.71-01 
5L tin .OJ 2.41-04 .GO .00 .00 ,00 .00 . jo .00 .OD -00 
Si i ! .00 4.42-09 .CO ,00 ,00 ,U0 .00 .00 ,L0 .00 .00 
f- E) .00 5.75-01 .GO .OD .OC .00 .U3 .00 .00 .00 .00 
ih ESI .00 4.44-03 .00 .GO ,QC .00 .00 .00 .00 ,0G .00 
'» >> .30 2.91*01 2.91*01 2.41*01 2.91*01 2.91*31 2,91*01 2.91*01 2.91*01 2.91*01 2.91*01 
5E 14 .00 2.94-09 .00 .00 .00 ..10 .00 .30 ,00 .go .30 
f>, 1411 .CO 1.09-05 .CO .00 .00 ,00 .00 ,00 .00 .00 .00 
9. 44 ,00 2.14-01 .00 .00 .00 .00 ,00 .00 .00 .QQ .00 
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, l u t w r : luooo.wo. C L U I : ] . 2 o * u i ' c i i * 9 2 - i t c 

w c i i M c w c m u i j o t s . tains 
H i l l : at or H [ » t " t i l l CHiHtCO 10 MaClOl 

• • 14 
sc is 
t« IS 
>• IS" 
I I IS 
• I IS 
I I I I 
• 3 I . 
I I UN 
• I I I 
SI I I 
M «> 
M I I 
• I I ) 
Si t i n 
sa • » 
• a I t 
I t I I 
• I I I 
SI I I 
(2 19 
RB a* 
n i i 
sa i< 
T i t 

IR 10 
•9 ID 
SI 10 
i ion 
T 70 

1* 90 
«P 41 
• i 91 
SB (1 

r »i» 
> t i 

21 I I 
I I 92 
• I «2 
SI 42 
t 92 

2> 9? 
I I 9) 
Co 43 
U 9) 
1 »1 

78 9] 
<ir 51*. 
•U 9S 
» 91 
• • 91 
» f l 

Ch i l i ciscHiati 0. > 0 . 1 1 . 9 2 . t 5 . » io. r 2 0 . T SO. 1 100. T 
.00 4.40*01 1.90*01 1.90*01 1.90*01 4.90*01 4.90*01 4.90*01 1 . 9 0 * 0 1 4.90'01 4.90*01 
.00 4.71.05 .00 •CO .00 .oo .00 • 00 .00 .00 .00 
.00 5.10-01 .DC .00 .00 .00 .00 .00 .00 .00 .00 
.00 J.01-02 .00 .00 .00 .00 .00 .00 .00 .00 •00 
•00 2.02*0] 1.99*01 I . H * O I I .19.01 1.11*01 1.91*01 1 . 0 1 * 0 1 5.59-00 1.11-01 1.29-02 
.go 1.11*01 1.19*01 9.11*01 1.29*01 I*35*0I 1.91*01 1 . 0 1 * 0 1 7.57.01 . ».o»*oi. ••13*01 
.00 I . H - 0 4 .00 .00 ,00 .00 .00 .00 .00 .00 .00 
.00 1.27.02 1.21*02 1.21*02 1.21*02 1.21*02 1.21*02 1 . 2 1 * 0 2 1.27*02 1.27*02 1.21*02 
.00 l . i l - D I .00 • 00 .00 .00 .00 .DO .OD .00 • DC 
.00 l . f l - 0 3 1.39-09 i.ni-os S. 11-09 1.79.IS 1.55-32 • 00 .00 .00 .00 
.00 1.91-02 9.31-02 9.31-02 9.J1-D2 9.17-02 4.31-02 4.31-02 9.17-02 9.17-02 4.1T-D2 
•00 _ 2.09-09 .00 .00 • 00 .00 .00 • 00 .00 .00 .00 
.00 1.12-02 .00 .00 .oo •oo .00 .00 .00 .00 • 00 
•Oc | . $ | . 0 2 1.51*02 1.51*02 1.51.02 1.51*02 1.51*02 | .S I *02 1.51*0! l . l l ' O l 1.51*02 
.00 1.0.-01 .00 • 00 .00 •00 .00 .09 .00 .00 • 00 
.00 I.OI-DS i.oa-os 1.01-OS 1.01-05 1.01-05 1.01-05 l.DI-OS 1.09-05 1.09-05 1.10-05 
•be 4.19-OS • 00 .00 .00 •00 .00 .00 .oo .00 .DC 
.00 S.1S-02 .00 .00 .00 •oo .00 .00 .00 .00 ,00 
.00 4.D9-03 • 00 .00 .00 .00 .00 .00 .00 .00 .00 
•00 2.}D*D2 2.30*02 2.30*02 2.10*02 2.30*02 2.10*02 2.30*02 2.30*02 2.30*02 2.30*02 
•ac 1.12-05 .00 .00 .00 .oo .00 .00 .00 .00 .00 
•00 1.90-0} .00 .CD .00 .00 .00 .00 .00 .CD .00 
.oc 1.13-01 .00 .00 .00 .00 .00 .00 .00 .00 .00 
.00 3.59*01 1,01*01 9.25*00 2.I5-C1 2.12-03 4.51-10 2.51-20 .00 • DO • 00 
.90 ?.2»>02 2.99*02 1.09*02 3.10*02 3.10*02 3.10*02 1.10*02 3.10*02 3.10*02 3.10*02 
.00 2.19-09 .00 .00 .00 .00 .00 .00 .00 .00 .00 
.00 1.92-03 .00 • DO .00 .00 .00 .DO .00 .00 .00 
.00 1.10*02 l . l l * 0 2 1 . 4 9 * 0 2 1.11*02 J.53*02 3.21*02 2.|4*02 2.21*02 1.01-02 3.19*01 
.oc 1.19-02 • 00 .00 .00 .00 .00 .00 ,00 .00 • DO 
.oc ••91-02 9.S1-02 9.52-02 9.19-02 9.11-02 1.51-07 1.52-02 S . i l - 02 2.I0-D2 1 . 1 1 - 0 3 
.00 7.11 "00 1.00*01 1.11*01 1.9I*D1 ; .M*DI 5.01*01 1.11*01 1.52*02 2.70*02 3 . 1 1 * 0 2 
•oo S.42.-0S .00 • 00 • 00 .00 • 00 .oo .00 .00 .CC 
•00 4.4S-04 .00 .00 .00 .00 • OD .00 .00 .00 .00 
.00 1.99-01 .00 .00 .00 .00 .00 .GO .00 .DO • OD 
•00 l . l i - 0 2 .uo .00 .DO .DO .00 •00 .00 .00 .oo 
.OD ».24*0I 1.13*01 ••03*00 1.19-01 9.43-01 2.31-01 I.0S.17 2.10-34 .00 • 00 
.00 3.91*02 1.11*02 1.92*02 1.99*02 4.00*02 4.00*02 I.D0.D2 9.00*02 9.00*02 «.00-02 
.00 1.01-05 .00 .00 .00 .00 • 00 .00 .00 .00 .00 
•00 $.19-05 .DO .00 .00 .00 • 00 • DO .00 .OD .00 
.00 9.17-07 .00 .00 .00 .00 .00 •DO .00 .DO .00 
•oo I .90-01 .CO .00 .00 .00 .00 •00 .00 .DO .00 
.01) 9.21*02 9,21*02 9 . H * 0 I 9.21*02 9.21*02 4.21*02 9.29*02 9.21*02 9.21.02 9.21*02 
.00 2 .11-0! .DO • DO .00 .00 .00 .00 .00 .00 • 00 
.00 4.44-05 .00 .30 .03 .00 .oo .OC .00 .00 .OD 
.00 S.71-03 .10 .00 • 00 .CO .00 .00 .or .00 • DC 
•on 9.31-01 .00 .03 .00 .<iO .00 .00 .09 .30 .00 
• OC 9.11*02 9,12*02 9.»2'32 9.72*C2 9.77*C2 4.72*02 9.77*02 4.17*02 9.12*02 1.72*02 
•oo 1*12-09 2.23-09 2.92-09 3.19-09 5.49-09 1.10-0! 1.81-03 2.10-03 3 .4 . -01 9.25-03 
.oo 9.11-01 1.15-09 9.12-01 1.IT-OS 4.21-OS 1.71-09 S.45-09 1.79-03 1.12-03 1.77-02 
•oo S.10-07 .00 .00 .OC .00 .00 .00 .00 .00 • 00 
•CO 1.SI-OS .00 .oo .oc .00 .00 • 00 .00 .00 .00 
.00 4.71-CI .00 .00 .oc .00 .00 .00 .00 .00 • 00 
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Matt: ».00aa, lulMlp: 20M0.aa0. nut: 3.2IMSa/Cn..i-ICC 
aucmt toatlalii l laal. mat 

•HIS : III If Hint M i l l t n l W I I I irtCtOI 

C M K C D l l X H l l t E 0 . T 0 . 1 1 . 1 2 . 1 1 . 9 1 0 . T 2 0 . 1 1 0 * ' • DD. t 

1 «9 . 0 0 1 . 3 1 - 0 2 . 0 0 . 0 0 .DO . 0 0 . 0 0 . 0 0 .DO . 0 3 . 0 0 

n •• . •oo 4 . 4 1 . 0 2 9 . 9 1 * 0 2 9 . 9 4 * 0 7 9 . 4 4 * 0 2 4 . 9 1 * 0 2 9 . 9 1 * 0 2 4 , 4 S * C 2 4 . 9 1 * 0 2 4 . » 5 » 0 2 4 . 9 1 * 0 2 

M » i . 0 0 • . • 1 . 0 . , 0 0 •Oo . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 • OD 
s i n . 0 0 4 . 4 3 - 0 9 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO , 0 0 . 0 0 

1 4 1 . 0 0 1 . 0 0 - 0 ! . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 00 
2» i s .oo 1 . 9 1 * 0 1 3 . 0 3 * 0 1 1 . 9 9 * 0 1 I . 9 I . 0 D 3 . 2 7 - 0 7 7 . 7 4 - 1 ) 7 9 . 4 T - H I . I 1 -12 • 0 0 . 0 0 

h i 95« . 0 0 9 . 9 3 - 0 2 1 . 1 1 - 0 2 1 . 2 9 - 0 2 1 . 1 7 - 0 1 9 , 0 1 - 0 1 1 . 1 7 - 1 0 1 . 1 1 . 1 1 .oo . 0 5 . 0 0 
« t 11 . 0 0 9 . 2 1 * 0 1 2 .70*111 1 . 9 7 * 0 1 1 . 1 9 * 0 0 1 . 9 1 - 0 2 3 . 7 1 - 0 7 1 . 1 2 - 1 ! 2 . 1 7 - 1 4 •DD . 0 0 
aC 1 1 . 0 0 1 . 1 1 * 0 2 9.31*112 9 . 9 9 * 0 2 4 . 1 9 * 0 2 4 . 9 1 * 0 2 4 . 9 3 * 0 7 9 . 9 1 . 0 2 4 . 9 3 * 0 2 4 . 1 3 * 0 2 9 . 9 3 * 0 2 

1 94 . 0 0 1 . 9 7 - 0 ) . 0 0 . 0 0 , 0 0 , 0 0 • 00 •ot> . 0 0 •OD . 0 0 

7a 1 . . 0 0 1 . 1 1 * 0 2 1 . 1 1 * 0 2 1 * 11*02 1 . 1 1 * 0 2 1 . 1 1 * 0 2 1 . 1 4 - 0 2 1 . 1 1 * 0 2 1 . 1 1 * 0 2 $ . J 1 » 0 J 1 . 1 1 * 0 2 

S I 91 . 0 0 9 . 1 4 - 0 * . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 
ao I t . 0 0 1 . 0 9 * 0 1 1 .1 .9*01 1 . 0 9 * 0 1 1 . 0 1 * 0 1 1 . 0 9 * 0 1 1 . 0 9 * 0 1 • • 0 9 * 0 1 1 . 0 9 * 0 1 1 . 0 9 * 0 1 3 . 0 9 * 0 1 

1 97 . 0 0 1 . 4 0 - 0 1 . 0 0 • 3D . 0 0 . 0 0 .DD . 0 0 , 0 0 • 0 0 . 0 0 
74, 97 . 0 0 l . a l - 0 1 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DO . 0 0 
4 | 9TB • 00 9 . 1 7 - 0 9 . 0 0 . 0 0 . 0 0 . 0 0 • 00 • 00 . 0 0 . 0 0 . 0 0 
I B 97 . 3 0 a . i s - D ? . 0 0 . 0 0 • 00 • DO . 0 0 .oo . 0 0 . 0 0 . 0 0 
40 I T . 0 0 S . l 1 * 0 2 1 . 1 2 * 0 2 1 . 1 2 * 0 2 1 . 1 2 * 0 2 1 . 1 2 * 0 2 1 . 1 7 * 0 2 1 . 1 7 * 0 ! 1 . 1 7 * 0 2 1 . 1 2 4 0 2 1 . 1 7 * 0 2 
70 99 . 0 0 t . 9 7 - 0 9 . t o • Do . 0 0 . 0 0 . 0 0 . 0 0 . D O . 0 0 • 00 
Mb 9ba . 0 0 1 . 7 3 - 0 3 . 0 0 . 0 0 . 0 0 • DO .oo . 0 0 . 0 0 . 0 0 • DO 
he i t • DO 4 . S 4 - C 4 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .DD . 0 0 . 0 0 • DO 
*<S 9fl . 3D S . 1 1 . 0 2 1 . 1 3 * 0 2 1 . 1 1 * 0 2 1 . 1 3 * 0 2 1 . 1 1 * 0 2 1 . 1 3 * 0 2 4 . 1 5 . 0 2 1 . 1 3 * 0 2 1 . 1 3 * 0 2 1 . 1 3 * 0 2 
* C CQ . 0 1 ;.;«-:) . a : .CO . 0 0 . 0 0 • 00 .CD . 0 0 •oc . 0 0 
ao 17 •oc 3 . 7 7 . 0 0 7 . 9 9 - 1 0 2 . 1 1 - 1 7 . 0 0 . 0 0 .3D . 0 0 . 0 0 . 0 0 • 00 
I t 4«n • 0 [ 2 . H - 0 I 1 . 3 7 - 1 1 1 . 1 1 - 1 1 . 0 0 . 0 0 . 0 0 . 0 0 • DO • DO . 0 0 
1C I I . 0 0 1 . 2 0 . 0 2 1 . 2 9 * 0 2 1 . 2 1 * 0 2 1 . 2 9 . J 2 1 . 2 9 * 0 2 1 . 2 9 * 0 7 5 . 2 9 * D 2 5 . 7 I - 0 2 1 , 2 4 * 0 2 4 . 2 4 . 1 ) 2 
til | 9 • 00 1 . 1 9 - 0 3 1 . 1 9 - 0 3 2 . 0 9 - 0 1 1 . 0 4 - 0 3 9 . 7 7 - 0 3 9 . 9 1 - 0 ! 1 . 1 1 - 0 2 3 . 1 1 - 0 2 1 . 7 0 - 0 2 1 . 7 1 - 0 1 
n n i : o • 03 3 . 0 9 - C 3 .co . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 •DC . 0 0 . 0 0 
a c i : o • t i t i . » l * C 2 1 . 9 3 * 0 2 1 . 1 3 * 0 2 1 . 4 t * 0 2 1 . 9 1 * 0 2 4 . 1 3 * 0 2 1 . 1 3 * 0 2 1 . 1 1 * 0 2 1 . 1 3 * 0 2 1 . 4 3 * 0 2 
K I : O •oc 2 . 2 0 - 0 1 . 0 0 • DO .DO . 0 0 . 0 0 . 0 0 . 0 0 • DO • DO 
t j i : : . S t 1 . 9 0 - 3 1 1 . 9 3 * 0 1 3 . 9 3 * 0 1 1 . 9 0 . 3 1 1 . 9 0 * 0 1 I . 9 D * D 1 1 * 4 0 * 0 1 1 * 9 0 * 0 1 1 . 9 0 * 0 1 3 . 9 0 * 0 1 
l c 131 • o r i . s . - o * . t o .oo .oo . D O . 0 3 .DC .DO • 00 .DC 

" £ i ; i . 0 0 1 . 2 4 - 0 2 . 0 0 . 0 3 , 0 0 . 0 0 . 0 0 .00 • DD , 0 0 . 0 0 
I C I C I . 0 0 3 . 2 0 - C 2 • CO . 0 0 . 0 0 . 0 0 . 0 0 •DO . 0 0 . 0 0 .DC 
• U I : I . o r 1 . 7 0 * 0 2 9 . 7 0 * 0 2 9 . 7 0 * 0 2 9 . 7 0 * 0 2 9 . 7 0 * 0 2 9 . 7 0 * 0 7 9 . 7 0 * 0 2 9 . 7 0 * 0 2 4 . 7 0 * 0 2 9 . 7 0 * 0 2 
ao iO? . o r 4 . 1 1 - 0 1 . 0 0 . 0 0 . 0 0 . 5 0 . 0 0 . 0 0 .oo . 0 0 . 0 0 
1CIC7B . 3 0 1 . 1 0 - C ! . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 . 0 0 .DO • 0 0 < . 0 0 
« 112 • 03 3 . 3 9 - 0 4 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 
euiil . 0 3 9 . i C * 0 2 4 . 9 0 * 0 2 9 . 9 0 * 0 2 9 . 4 0 , 0 2 4 . 9 0 * 0 2 9 , 9 0 * 0 7 4 . 4 0 * 0 2 9 * 9 0 * 0 2 4 . 4 0 * 0 2 4 . 4 0 * 0 7 
• a i o i . 0 0 1 , 1 1 - 0 * . 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
I C I O ! . 0 0 S . 7 9 - 0 9 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
l u U l . 0 0 1 . 9 7 * 0 1 1 . 2 1 * 0 0 2.41*110 1 . 4 3 - 0 2 1 . 1 1 - 0 4 4 . 1 I - 1 J 1 . 1 7 - 2 7 . 0 0 . 0 0 . 0 0 
c n l l i l a .on 1 . 9 1 - 0 2 1 . 2 1 . 0 3 2 . 9 1 - 0 3 4 . 4 9 - 0 1 1 . 1 1 - 0 7 1 . 1 9 - 1 1 1 . 7 1 - 3 0 . 0 0 . 0 0 . 0 0 
9 H I L ! . 3 0 2 . 1 1 * 0 2 2 . 9 7 * 0 2 2 . 7 2 * 0 2 2 . 7 1 * 0 2 2 . 7 4 * 0 2 2 . 7 4 * 0 2 2 . 1 1 * 0 2 2 . 7 4 * 0 2 2 . 7 4 * 0 1 2 . 7 1 * 0 2 
" i . i : i . 0 0 1 . 1 1 - 0 9 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3 .oo . o r . 0 0 • 00 
u i : > . 0 3 1 . 1 3 - 0 2 . 0 0 . 0 0 . 0 0 . 0 0 • 03 . 0 0 . 1 0 . 0 0 . 0 0 
« b i : » . 3 0 2 . 1 9 * 0 2 2 . 9 9 * 0 2 2 . 1 1 * 0 2 2 - l " 0 2 2 . 9 9 * 0 2 2 . 1 4 * 0 2 2 . 1 4 * 0 2 2 . 9 9 * 0 2 2 . 1 4 * 0 2 7 . 1 4 * 0 2 
• H | t 4 a . 0 0 1 . 0 1 - 0 9 . 0 0 . 0 0 .QC . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
BH1C4 •Oil 2 . 2 9 - 0 9 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .oo .oo . 9 0 . 0 0 
' 0 1 3 1 . 0 0 1 . 1 7 * 0 1 1 . 1 7 * 0 1 « . | 7 * 0 I 1 . 1 1 * 0 1 1 . 1 7 * 9 1 1 . 1 7 * 0 1 1 . 1 7 * 0 1 1 . 1 7 * 0 1 1 . 1 7 * 0 1 1 . 1 7 * 0 1 
• x i e i . 0 0 1 . 2 7 - 0 9 . 0 3 . 0 3 . O f •CO . 0 0 , 0 0 . 0 0 . 0 0 . 0 0 
i c K S . 0 0 9 . 1 7 - 0 4 . 0 0 . 0 0 .DC . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 • DD 
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90411: 14.0014. 9U»4tl*: 20000.H40. FiUi : ].20*1]4J/C"**2-S[C 

n u i : H I 01 « » « • « i u cxMtco 10 t r i c i o i 

CH«P;C o i j : « i « t [ 0. T 0 . T 1 . » 2 . 1 4. T 10. t 20. T S O . T 100, Y 
1U1D5 .oc I.1J-CI .00 ,00 .00 .00 .00 .00 • DD ,00 • DO 
l a i c m .oc l . 7 i - c i .00 •go .00 .00 .00 .00 .00 •00 • DO 
1»1SS .03 7.15-01 4.11-14 •..19-11 .00 .00 .00 .CD •00 .00 • 00 
•1)104 .no 1.94*02 1.44.07 1.44*02 1.41-02 1.11*02 1.19102 1.11102 1 . H i 02 1 . 1 1 * 0 2 1 .99102 
m o t .00 2.14-04 .00 • 00 • DO .00 .OD .00 .00 .00 • 00 
tuict .00 1.31-0? 1.72*01 7.41*01 (..11.01 2 , .0 .01 1,21.00 J.09-01 1.05-09 _ I . 0 » - I 1 1 . 1 1 - 2 1 
f K L H .90 4.04-01 .00 .00 .00 .00 " .00 .00 ' .00 ' .00 . 0 0 " 
IHl^'b .00 1.40-ci 9.25-04 ».2!-0» 9.11-DS 2.14-04 1.11-04 1.17-01 1.11-11 1.02-11 1 . 0 7 - 1 4 
ro io i .00 1.13*02 1.21*0! 1.40*02 1.45*02 l .1l>02 2.11102 1.17102 2 .1 ' .02 2.1»*02 2 . 1 1 - 0 2 
9ulC7 .DC 1.2S-01 .00 .00 .00 •00 .00 .00 .00 .00 .oo 
0,107 .00 4.12-01 .00 • CO .00 .00 .DO .00 .00 .00 .00 
F0U7H .oc 2.17-04 .CD .00 .00 .00 .00 .OD .00 .00 .00 
H K T .00 1.04*02 1.01.02 1 . 0 1 * 0 2 l -0 l*D2 | .0 | *02 " 1.0HD2 I.DI1D2 1.01102 1.01*02 1.01-02 
<blGT .00 4.42-C4 9.14-04 1.12-01 1.72-DS 2.71-05 5.19-04 1.13-09 2,20.09 4.10-04 1.07-01 
4ULB .OD i . io -C i .CO .00 .00 .00 • DO •00 .00 .00 .10 
4H5B .o : 4.71-05 .00 .00 .00 .00 .00 .00 .00 .00 • 00 
• i l . l • 0C 1.11*01 7.11*01 J . I I O I 7.11.01 t . l l i O l 7.11.01 ».|3*01 7.11101 1.13*01 1 . I H 0 I 
441C4 .00 1.34-12 .00 .CO .00 .00 .00 .OD .00 • 00 .00 
C3, 3 1 .00 4.44-01 4.44-01 » . » - o i 4.11-01 1.41-ot 1.11-01 9.11-01 9.49-01 4.41-01 4.44-01 
s - i : i .09 i . t s - c i • 00 .00 .30 .00 .00 .OD .00 .00 •00 
iv i :9n .SC i . ; t - c t .CO .00 .00 • 00 .00 •or .00 .00 • DC 
r ; i :« .or l . ;? -C| .00 .00 .00 .JO .00 .00 .00 • DO .00 
IJICoit .or 4.19-1:5 1.19-14 1.34-14 1.71.-17 1 .12-17 1.21-11 5 .01 -H 1.19-21 1.17-21 .oc 
luCS .oc J . I t . C I 1.17*31 1.17*01 1.17.31 1.17.01 1.17)01 1.17-01 1-17*01 1.17*01 3.17.01 
C0I34 .00 1.12-10 1.15-10 1.01-10 1.47-11 1.11-11 1.09-12 1.95-11 1.14-15 1.91 -2 i 7.05-15 
BhllD .10 1.44-05 .oo .OD .00 .00 .00 .00 .00 .00 .00 
m i o .00 1.53*01 1.53'l j l 1.51*31 1.41*01 1.51>DI 1.51.01 1.5S*0I 1.31*01 1.53*01 1.51*01 
•Cll?» .lit 2.(9-01 2.21-01 1.19-01 1 .01.-01 1.90-02 l . H - O ) 1.30-05 S.11-10 4.14-2) .00 
• L I U .cc 2.02-05 3.21-31 2.70-01 1.41-31. 4.44-01 2.11-10 1.19-12 I .S I -17 7.11 > 10 .00 
C0113 .01 I . IO IJ ] 1.11-01 >. 11*01 l . l ? ' 0 1 1.1 HOI 1.11*01 1.13*01 1.13*01 1.11*01 1.13*01 
CD 111H .oc 2.17-04 .00 .00 .00 .00 .oo .00 .00 .00 .00 
W i l l .00 4.42"09 .00 .00 .00 .00 • HO .00 .00 .00 .00 
I I I ! I K .00 2.17-05 .OB .00 .00 .oo .00 .00 .00 .00 •oo 
11.111 .00 2.24-01 5.11-04 1.S1-D1 1.13-14 1.01-10 .00 • 00 .00 .00 .00 
CDllln .00 S.77-07 .00 .00 .oo .00 .00 .00 .00 .00 .00 
c o i n *"'i 7.7D*00 7.52-00 J.92*D0 1.72.30 1.92.00 1.12100 7.92100 1.12100 7.12*00 7.92*00 
K 1 I 2 .00 1.19-02 .00 .00 .00 .00 .00 .00 .30 • 00 .00 
44112 .00 2.12-0) .00 .00 .00 .00 .00 .30 .00 .00 .00 
CL1I2 .00 9.14*00 4.14*00 ».J5*»D «.J5-00 1.15100 1.J4.00 9.14.00 1.15.00 1.J5*00 9*15*00 
' O i l ! .00 1.22-05 .00 .00 .00 .00 .DO .00 .00 .00 .00 
•&1I3R .00 1.05-01 .00 • 00 .00 .00 .00 .00 .00 .00 • 00 
i b l l l .on 2.50-01 .00 .00 .00 .00 .00 .00 •oo .00 .oo 
[[.111" .00 1.22-02 1.21-02 (.20-02 1.17-02 1.11-02 9.54-01 7.99-03 9.44-01 1.01-01 1 .19-05 
c - u ) .03 2.25-01 2.21-01 2.28-3! 2 .2>-0l 2.28-01 2.21-01 2.21-01 2.21-01 2,21-01 2.21-01 
1- 11) ."3 !•!$'<» 1.1I-S4 «.91-01 1.24-31 1.11-31 2.12-01 i.OI-OJ 7.12-01 1.14-02 1.24-02 
t -111 .cr t .14-05 .00 •00 .00 •oo .00 .00 .00 • CO • CO 
>.!!< .31 4.11-CI .00 .CO . a : .03 .CO .CC .un .00 .00 
U l l l •03 1.5i*00 4.44»D0 htM.DO 1.54'DO fc.44*0D I . 5 H 0 0 9.59100 1.51.00 4.51*00 1 .49*00 
I h l l l l .00 1.44-04 2.4I-D4 1.19-07 5 . t t - 0» 1.41-10 9 . 0 ) - ] ! 9.14-21 .00 .00 .00 
IM14 .00 2.2T-10 4.14-11 I .S7- I1 • •11.11 S . ' 7 - l i 1.99-21 1.97-12 • on .00 .00 
! M H .CI 2.21-04 2.11-04 i .H-OS J.OJ-CJ 1.U4-G5 3.04-05 1.09-05 1 . 0 1 - 0 4 1.31-05 1.04-05 
' i l l - . • 00 1.91-04 .00 .30 .oc .00 • DO .00 .00 .00 .OC 
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>0M»= tt.ODMI, lUl»U*>r 20000.1)10, F lu l : J.?D*l)»/C»i*2-SIC 

•UC4.IDC C M C O I H I J O i J , W>fl! 
• '515 = >l Of M i l l » i l i l CHIDSCO TO I tJCIOl 

• H I S * 
•6115 
cousn 
a u s 
i n n M I 
m i s 
SUI5 
• m i t 
c o i n 
I » n i « 
I M I l 
Still* 
IGilT 
CCII7B 
[ D i l l 
l » l l t « 
1 * 1 1 7 
IV I I III 
Sk i l l 
C S I l t 
IM11*" 
1M]» 
Ski l l 
M I I M 
C£>l J V 

M i l 
S l l l l f l 
f-11 * 
c n : : 
IM.'C" 
M 2 D 
SM23 
CDI21 
l u m 
M i l 
SH2IR 
S » I ; I 
SI12| 
11.122 
51122 
s;i;?n 
Stl .T 
I J I 2 7 
I'.liJH 
'M2> 
!M2!fl 
:M;J 
i-Ui 
U I 2 ! n 
u i ; i 
M i > 

.00 

.00 
•00 
.00 
.00 
•00 
•00 
• 00 
• DO 
. 0 0 

•GC 
. 0 0 
•oo 

.110 
-cc 
.oc 
. 0 0 
. 0 0 
. 0 0 
• 0 0 
-co 

. 0 0 
-DC 
. 0 0 
. 0 0 
• 0 0 
•Ln 
ill?. 
.03 
•oo 
•Cu 
•CO 
-C'J 
.03 
.33 
.03 

1.13-CI 
1.11-OS 
I .10 -0 ! 
| . K - 0 2 
I.21-03 
l . J l - 0 1 
1.I7-C2 
••Ot-OS 
l . l l 'OO 
I.S1-C1 
J.15-01 
I.31-03 
1.17-01 
I.OS-CI 
1 .51-01 
s.2«-oi 
l . l l -OS 
2,i«-o« 
2.35«0Q 
2.21.01 
7.11-11 
J.83.C? 
2.3|*CD 
t , M - U 
2.10-OS 
1.51-04 
s .o i -o i 
2. I6-C1 
2.11-CO 
1.10-01 
1.11-01 
• . • • -Ob 
2.29*03 
l . i l .OS 
I . U - H 
J.51.31 
l . ? i - 0 t 
t . i l - 0 1 
2.4 MOO 
l . i i - o » 
2.11-30 
1.11-07 
1.51-01 
t .21-02 
1.1V31 
1.22-07 
2.11-05 
t .S i -01 
2.10-00 
1.52-CS 
i . r t - c s 
S.SD-D1 

0. I 
.00 
.00 

1,11-03 
I . O I - M 
1 .J0 -U 
1.11-01 
1.15-02 

.00 
1,17-03 

.00 

.00 
1.07-00 

• LO 
• LO 
. 0 0 
.CO 
•SO 

J.JO-O* 
2.05*00 

.00 
-CO 
.00 

2.01*00 
.00 

.00 
2 .10-03 
2.11*00 

•CO 
.00 
.00 

2,21*00 
•00 
• OD 
.00 

1.23-01 
.00 

2.11*00 
.00 

2.11*00 
.00 

1.1D-IJ 
1.12-02 

•CO 
.00 
.03 

5.71-01 
2.>l*0b 
1,11-01 
1.11-04 

.00 

0 . I 
.00 
.09 

l .M-OJ 
J.51-21 
J.21-2S 
i . n - o i 
1.15-02 

• DO 
I.17*00 

.00 
.00 

1.01*00 
• 03 
. 0 0 
. 0 0 
. 0 0 
• 00 

I.01-01 
2.04*00 

•00 
• 00 
. 0 D 

2.01*00 
• 03 
. 0 0 
• CO 
. 0 0 

| .»0-01 
2.11.00 

• DO 
, 0 0 
. 0 3 

2 . 2 1 ' 0 0 
• OS 
. 0 0 
. 0 » 

1.21-01 
• 00 

2.11,00 
• oo 

2.21*00 
• 00 

V . l l -21 
1.12-02 

• 00 
.00 
.00 

3.12-01 
<.M*OQ 
» .2 l -0 l 
L IS-05 

• 00 

1- « 
.00 
.00 

5.2>-DS 
.00 
.00 

1.70-01 
• . •1 -02 

.00 
i.•>*oo 

.30 

.00 
1.01*00 

.00 

.00 

.00 

.00 

.00 
1.1I-12 
j.ovoo 

.00 

.00 

.go 
2.01*00 

.oo 

.CO 

.00 
•oo 

1.07-OJ 
2.1«<0C 

.00 

.00 

.00 
2.21*00 

• CO 
.00 
.00 

1.21-01 
.00 

2.11.30 
.00 

2.71-00 
.00 
•:c 

1.12-02 
• CO 
• 00 
.00 

1.21-01 
2.(1.30 
l . l t - O t 
• .11*05 

.01 

.00 

.00 
l . l l - D I 
.00 
.00 

• .10-01 
• • •5 -02 

.00 
1.17*00 

.00 

.00 
1.07*00 

•00 
.00 
•DO 
.00 
.00 

S.St-20 
!.04*00 

.00 
.00 
•00 

2.01*00 
.00 
•00 
.00 
.00 

J.lD-Oi 
2.11*00 

.00 
•CO 
.00 

2.21*00 
•DO 
.00 
•00 

1.17-01 
.00 

» . i l * 00 
•00 

2.11*00 
•00 
•00 

•••.2-02 
.00 
.oo 
•10 

1.11-02 
i.onoo 
2.11-07 
I .H-OS 

.00 

s . t 
• 00 
,00 

l . l l - I S 
,00 
.00 

• .10-01 
1.15-02 

•Oo 
1.1H00 
.00 
•09 

1,01*00 
.00 
.00 
.00 
• 00 
.00 
.00 

2.05*00 
. 00 
.00 
.03 

2.01*00 
• 00 
.00 
.oo 
.00 

I.IT-OS 
2 . | I *0D 
.00 
.00 
.00 

2.21*00 
•oo 
. 0 0 
• CO 

i .os-o i 
.00 

J.«l*DO 
.00 

2.71*00 
.00 
.00 

1.12-02 
.oo 
.00 
.00 

J .11-05 
s.oi»oo 
1.21-10 
I . I I - 0 5 
.00 

10. T 
.00 
•DO 

S.01-21 
•00 
.00 

•.TO-01 
1.15-0! 

•DD 
1.17*00 

.00 

.00 
1.01*00 

.00 
•00 
.00 
•oo 
.00 
•oo 

2,05*011 
.oo 
• 00 
.00 

2.01*00 
.00 
.00 
.00 
• DO 

1.11-07 
2.11*00 

.00 

.00 

.00 
2,21*00 

.00 

.00 

.00 
J,»7*06 

.00 
J.1»*0D 

.00 
2,71*00 

.00 
• DO 

1.12-0? 
• DO 
• CD 
. 0 0 

1 . 5 2 - 0 ! 
3.05*1)0 
1 .17-15 
• • J l - 0 5 

• DO 

20. T 
.00 
.00 
• DO 
• 00 
• DO 

••10-01 
• .•••-02 

.00 
I.12*00 

.00 

.05 
1.07.00 

.00 

.00 

.00 
•00 
,00 
.00 

2.05*00 
.00 
. 00 
.00 

2-01*00 
.00 
•00 
.00 
.00 

1.T2-12 
2*11*00 

•DC 
.OD 
•00 

2>21*DD 
.00 
.00 
.00 

1*51-01 
,00 

2.11*00 
•00 

2.11*00 
.00 
.00 

1.12-02 
.0" 
.00 
.00 

2.11-11 
J.OS»OD 
2.51-21 
1.31-05 

.DO 

• DO 
,00 
• 00 
.00 

• .10-01 
1.15 -02 

.00 
1,11100 

,00 
•00 

1,07*00 
• DO 
• 00 
.00 
.00 
.00 
•00 

2.D5-00 
.00 
• DO 
• DO 

2.01*00 
• DO 
.00 
.00 
• CO 

1.0i -71 
2.11*00 

• 00 
.00 
•00 

2.7H0D 
.00 
.00 
.OD 

2.11-01 
• 00 

2.11*00 
-DO 

2.7H00 
.00 
• 00 

1,12-02 
.00 
.00 
.00 
.00 

1.35*00 
•00 

1 .31-05 
• DD 

IOC ' 
• 00 
.00 
.Oo 
. 00 
• DO 

• . 7 0 - 0 1 
• • • 5 - 0 2 

. 00 
I••»>30 

.OD 

.00 
1.07*00 

• 00 
• DO 
• 00 
•oo 
. 00 
. 0 0 

2.05*00 
• 00 
• o c 
• DC 

7.01*00 
-00 
. 0 0 
• 00 
• OD 
•or 

2.11*00 
.00 
.00 
.00 

2.21*00 
•oc 
.00 
• 00 

1.10-01 
• 00 

2.11*00 
-00 

1.71*00 
.00 
.00 

• .17 -02 
.00 
• 00 
• 00 
• 00 

1.05*00 
• o o 

1.31-05 
• 00 
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I 
I 
L 

10411! 3S.OO»*. lUIMir : 20000.««0, f l U l : 3.20' ,Jk/C".«2-Stt 

W C L I D I CO»C[»l>»lIO«S. U>HS 
l u l l : «i cr K K V I « H H emieco to »ricio» 

CHIKC OISI««»tf o. r 0 . 1 I . 1 2 . 1 1 . 1 10. 1 20. 1 SO. T 100, 1 
l>12> ' .00 3.44*00 1.11*00 3*44*00 3,11*00 3,44*00 3.11*00 i . i i<oo 1.11*00 3.41*00 1.14*00" 
11124" •DC 1.04-01 .00 .01) .00 .DO .00 .00 .00 .00 • 00 
M l ) > .00 1.01-02 1.44-01 1.43-03 I.Sl-O-. 2.2).Ok 1.10-12 1.11-21 .00 • DO ,00 
1IIJ4 .00 J."1-02 ) . t« -02 1.34-02 J . l l - O i 3.30-02 1.30-02 1.10-02 1.&0-02 3 . S D - 0 2 1.30-02 
11IJW • 90 4.S3-CS • UO .33 .00 .DO .00 .00 •oo • 90 .00 
i » i ; i .00 1.11-01 I.41-C4 1.14-01 i .22-13 4.41-21 .00 .00 .01 .00 .00 
3412s .00 4.11*03 4.11*00 1.20.00 3. .1 .00 2.01*00 1.30*00 1.40-01 2.74-02 " l - I S - 0 1 1.32-11" 
I I I JIB .00 t.kT-02 1.31-02 1-11-02 1.12-02 4.1S-02 3.J 7.02 1,11-03 4.74-04 1>04-D1 1.01-13 
u i 2 i •DO 1.14-01 1.00*00 1.21*00 1.11*90 J.kl'OO i.n*oo 3.14*00 1.11*00 1.11*00 1.11-00 
1*124 .00 1,10.CO 1.10*00 1.10*09 1.19*011 1.10*00 1.10*00 4.10*00 l.10*C0 1.10*00 1.10-00 
35124*1 .00 l . k l -01 3.Sk-0t 1.S1-D1 l . s i - c t 3.14-01 3.11-04 3.14-04 1.14-04 1.14-01 3.14-04 
SH.-l .00 4.14-0* 4.11-01 3.31-34 1.51-0* 1.32.0k 3.32-04 3.12-ot 3.32-04 1.32-04 3.32-04 
1 U ; t .00 l . lb-C2 1.20-02 1.21-02 1,21-02 1.22-02 1.24-02 1.23-02 1.14-02 1.14-02 • • ' • - 0 2 
SMJI" .00 2.12-04 .00 .00 • DO .00 .00 .00 • 00 .00 .00 
3*121 .00 4.10-03 .00 .00 .00 .00 .00 .00 .00 .00 .DO 
i b l 2 l .00 2.14-01 2.14-01 l .Ok-lJ 1 . 1 1 - 2 1 .00 .00 .oo •00 •00 .oo 
71I2III •oo l.bl'DO 4.10-01 5.10-01 | . 1 1 - 0 1 LSI -02 1.12-01 1.21-10 1.05-20 .00 • 00 
111)1 .00 2.70-02 3.11-03 2-03*03 1 . 4 4 - 0 4 1.31-01 4.04-01 4 . 5 2 - 1 , 1.73-23 • 00 .00 
Hit .00 2.03-03 2.13*01 J . lk 'Ol 2.20*01 2.21*01 3.22*01 2.22*01 2.22*01 2.22«01 2.22*01 

1M21 •00 ••21-03 .00 .Do .00 .00 .oo .00 .00 .00 .00 
HUM .00 1.41-0! .00 • DO .03 .00 .00 .00 .00 •00 .00 
S t i l l •or 4.41-cs .00 .00 .00 •QO • 00 .00 .00 ,00 .00 
t l l ; l .00 M l ' O I 7.13*02 I . IS '01 l . l i >0» 1.15*01 1.(5.01 l . l i * O I 7.11*01 1.11*01 1.11-01 
I12< • 00 4.71-01 .00 .00 .00 .00 .00 .00 .00 •00 .00 

« I 2 » •DO • • •3-01 1.12-01 • • •2-01 1.12-01 1.12-DI 1.12-01 1.12-01 1.12-01 1.12-01 1.42-01 
ShWln .00 1.11-02 .oo .00 .00 •00 .00 .00 .DC .00 .00 
! M ; i •00 3.30-ci .00 • DC .oo • CO .00 .00 .00 .CO ,00 
Ss l . i .00 4.71-C2 .00 • 00 .03 •so .00 • 00 .on .00 .00 
H i 2»n •00 1.31'CO 3.30-01 7.12-02 1.21-03 1.03-01 1.40-14 4.17-J3 .00 .00 .00 
l . l , - i .00 1.11-02 2.C1-04 l.lk-DS I.04-D4 k.15-10 1.24-14 .00 .00 • DO .00 
1121 •00 1.32*02 1.33<02 1.11*02 1.34*02 1.34*02 1.34*02 1.3«-02 1.34*02 1 . 3 4 * 0 2 1.34*02 

rt l ?4n • DC 2.11-01 1.14-01 2*44-11 1.01-11 1.02-33 .00 .00 .03 -00 .90 
llf.t •DC 1.01-C2 l.CI-OJ S.01-02 1.03*02 S.01-02 S.DI-02 1.31-02 •,.01-02 1 * 1 1 - 0 2 1.14-02 
St 133 • DC 3 . H - 0 ) .oo .00 .00 .00 .00 .00 • DO ,00 .00 
Sjl;5» •DC 2 . M - 0 1 .00 • 00 •DO .00 .00 .00 .00 .10 • JO 
Sb 1)3 •ot 1.44-03 .00 •oo .00 .00 .00 .00 .00 .110 ,00 
11130 .00 2.11*02 2.51-02 2.51*02 2.11*02 2.11*02 2.11*02 2.4]*02 2.11*02 2.!1*02 2.11*32 
I I 3I» •oc • . • 1 -05 .00 •SO .00 .00 .00 .00 .00 • 110 .00 
>H0 .00 1.0S-C2 .00 .00 .00 .00 .oo .10 .00 .00 .00 

» I I 0 •oo 1.14*00 3.40*00 3.10*00 1.40*00 3.40*00 1.40*110 3.40*00 1.40*00 3,40*00 1.40*00 
Sk i l l •or J.15-0) .00 .00 .00 .CO .00 .00 .00 .00 .00 
H i l l .oc 1.11-02 .00 .00 .09 .00 .00 .00 ,00 .00 .oo 
t n ; i » .on 1.12-0] 3.40-2 3 .00 ,03 .00 .00 •00 .00 • 90 .00 
l l l l l •00 l .k i -02 1.11-24 .03 • 00 ,00 .00 .oo .03 ,30 .00 
m i .110 1.1S*DD 3.41-01 •••u-w 1.11-11 3.11-21 .00 .00 .00 .00 .oo 

unm .00 1.2I-C2 l . i l -OS 2.11-OS 1.42-tO 4.42-20 .00 .00 .or .00 .00 
l l l j l •on 2.13*02 2.11*02 2 . i l * 0 i 2.11*02 2.11*02 2.11*02 2.11*02 2.11*02 2,41*02 2.41*02 
Ski J2 .00 2.34-03 .00 • 00 .00 •CD .00 .or .00 ,00 ,oo 
" . i l j jn .30 .00 •so .03 .oo .00 .00 .00 .00 .03 ,00 
Sol 12 .00 l . M - C ) .00 .00 .00 .DO .00 •co .00 ,00 .00 
" I J 2 .00 4.14*00 2.01-01 4 . 1 1 - l i 4.12-14 .00 ,00 • 00 .00 • DO .00 

1 . ' ! .00 l.JS-01 4.22-10 2.0S-I4 .00 .00 .oo • 00 .00 .00 .00 
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40a£«: 15.00W. lu»"iU«: 70000.»iO. f l l l i : 3.20*llh/CH442-5[C 

MlCUOl COI t la lHTlOai . t i l " 5 
M i l l : at or H t m K [ t l l CH44CCO I» HCICIM 

C«l"*l 0!SCH>M[ 0. 1 0 . T 1* > 7 . T 5 . 1 1 0 . T 10. « so. . T •oo- ' 
1(1)2 .00 •-27*02 4.12*0! 1.12*02 4.12*02 4.12*02 4.17*02 4.11102 4.12*02 1.12' >02 4.12*02 
SilJJ •oc 1.44-01 .00 .00 .00 .00 .00 .00 .00 .00 •00 
111)!" .CO i . | 9 -02 .00 .03 .00 .00 .00 •00 .30 .00 • 00 
u u i .oc I .47-C1 .1/0 .00 • DD .oo .00 .30 .03 .00 •00 

I I ! ) •00 1.44*00 .oo .33 .03 ,00 •DO .00 .00 .00 .00 
I l l ) ) ' .00 I-04-D1 1.74-11 1.53-21 .00 .OD .00 •00 .on .00 • 00 
I I I ) ! ' .00 1.32'CI 4.01-05 4.CI-04 t.10-70 ,00 .00 •DO •00 .00 .00 
K i l l .00 I .7 I -02 k . l K D ! 4.11*01 4.11*02 k.41'02 4.I1*D2 k.»»*02 4.11*02 4.11 ' •02 4.41102 
541)4 •00 1-ll-CS .00 • 03 .30 .00 .00 .00 .00 .00 • 00 
U l l a .DC 5.11-02 .00 .00 .00 .00 .OD .00 .00 .00 • OD 

11)1 .00 • • I I - 0 2 .00 .DO .00 ,00 • OD .00 •00 .00 • OD 
•:i)> •DO 4.42-07 4.42*02 4.42*02 4.42*01 1.42*02 1.12.07 4.421 '02 ».17*0*' 4.42*02 • . 1 2 * 0 2 

Cium .00 5.22-01 .00 • 30 .00 .00 .on .00 .00 .00 • OD 
c i m .00 7.41*CI | . ] 5 * 0 I 4.14*01 5.70.01 4,04*01 1.47*01 2 . 7 , . mo 1.24-02 !.»>• 04 1 . 4 5 - 1 1 

«•!)• .00 >.»7*D1 2,11*01 2.51*01 1.77*01 5.10*01 1.49< 01 4.14. '01 9.4 4*01 4.4k' '01 ' • 1 4 * 0 1 
n u t .DO 5.42-01 .00 .00 .00 .00 • 00 .00 .00 •DO .00 
m i .DC 1.4C-D1 •DO .00 .oo .OD .00 .00 .00 • 00 • DO 

« l ! 5 " .oc 5.11-0) .CD .00 .00 .00 • DO .00 .00 .00 .00 
H i l l .OC 1.41-01 .00 .DO • 00 • OD • 00 .oo .00 .00 .00 
t i l l ! " .oc ». Ik-Hi .00 .00 .00 • DO .09 .00 ,00 .00 • 00 
C1U5 •00 | .11*02 1.11.02 1.71*02 1.71*02 1 . 7 1 * 0 2 1 . 7 I < 02 l . l t * '02 1.71*02 | . t l < 0 i 1 . 1 4 * 0 2 
* l l ! 5 a .oc 1.79-01 .00 • DC .03 .30 .00 •oo .00 •00 • 00 
H l l i •oc • •31-0) 4.01-01 4.01-03 4.04-01 4.10-01 4.22- 0 ! 4 .41- '01 1.44-0) 4.07- 01 1.12-0) 

J i l t .oc 1.2a-Cl .CO .OC .00 .00 .00 .00 .00 .00 • 00 
11114 •oc | . . l ' 0 ! 1.41*03 1.11*01 1.11*01 1.41 *03 1.41* 01 1.41* 01 1.41*01 1.4|* '01 1.11.01 
CI I lk .:o 5-11-01 4.17-03 I . D S - 0 4 1.15-09 k.12-11 .00 .00 .00 .00 • DC 
( • l i t .or 4.52*C0 • .04-00 4.05*00 1.05*00 9.05*00 9.05* 00 4.(1*.* 00 4.05*00 4.05* 00 9.05*00 

11)1 • oc 4.I2-C1 .oc .00 .DO •DO .10 .00 .00 •30 -DO 
7.1117 •oc 5.15-01 .00 .00 .03 .00 .00 .OD .oo .00 .00 
CSU7 .00 1.51*02 7.54402 1.50.02 7.41*02 7.24*02 4.15* 02 4.02* 02 1.17.02 2 . !< i iD2 7.57.01 
H U H . 0 1 ' I . I5-C4 1.14-0* 1.11-04 1.12-04 1.01-04 1.02- 04 1.01- 05 7.71-05 1.41* 05 1.11-05 
P.IS7 .00 1.11*01 1.10.01 2 . I ) * 0 I 1.10*01 ».J»>C1 1.44* 01 1.70* 02 2.14.02 5.11* 02 4.14*0! 

l .S ! .00 l . j o - c i •CO .00 .3D .00 .00 • 00 •DO • CO • DO 
>. I l l •or 2-1I-C2 .00 .00 .00 .00 .CO .03 .OD .00 • DO 
C11J! .0(1 9.I1-C2 .00 .03 • OD ,00 .00 • 00 .00 .00 • 00 
U i l l .:!' 7.10-02 7.10*02 2.13*02 l . J O * 0 2 7.10*02 7.10*07 7.10* 02 7.10*02 7 . I0* '02 1 . 1 C * 0 2 

115* .00 1.50-05 .00 • 00 .OD .00 .00 .00 .00 .00 .oc 
K I H .00 I - I I -C4 .00 .oo .00 .00 •00 .00 .00 .00 • DO 
CSIJ1 • 00 1.25-02 .00 .00 .00 .00 .00 .00 .00 .00 • OC 
e i u i • Oo 1-11-01 .00 .03 .00 ,00 •on •DO .00 .03 • 00 
t * u * . .00 !.•••:! 7.11*02 I . I * -02 7.14*02 7.44*02 7.14*07 7.11 • 02 7.41*02 7.44* 02 1.44*0! 
l i H D •an 2.07.01 .00 • on • 00 •uo .00 .00 •or .00 •00 
CI1.0 • 3D 1-I4-C1 .DO .Co .00 .00 .00 • 00 •DC .00 .00 '" 
H | « ; •DD 2.41*01 1.1*-01 1 .1 . -0 ! 4.17-DI 1.51-14 .00 .90 .00 .00 • OD 
l i | > 3 .CD 1.22*C0 2.17-32 a.2k-04 4.10-09 2.11-17 .00 • OD •on .00 •00 
c!i>: .3D 1.41*02 1.10-02 4.10-02 1.10.02 1.10.02 4.10*02 a.ig. 02 I,1D*D2 • • I D * 02 4OD-02 
M i l .3D L S I - l a ,00 .03 .OC .00 .00 .DO • CD .00 • DO 
C I M •3D ).57-04 • CD .CO .00 ,3D .00 •DO .DO .00 .00 
» K I • DD 2..1-C2 • CD .00 .DC • 00 • OD • DC •CD .30 • DO 
Li I.I .00 2.44-01 .00 • 00 .00 .no .00 .00 .00 • 00 • DO 
CIIII .00 5.41*01 a . 7 2 * 0 0 1.41*00 2.41-02 1 , 7 5 - 0 4 4 . 4 2 - 14 4 . 1 1 - 1) •on .00 • DO 
» l > l .03 4.9I*D2 7.42*02 ».4»*02 7.51*02 1 . 5 1 * 0 2 1.51*02 7 . 5 1 . 02 7.51*02 7 . 5 , * 02 7.51*02 
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roaca: is.ooim. luikur: 2DO00.IMD. r u n : ).20>i)i.rtii«»J-sEC 
HUCLiDt COHCtKTItllOM. M l " ! 

i « S i l - Hi 11 MEW K i l l CKIIl lO 10 HH1M 

Hl«2 
tsu; 
H I U . 
U»*2 
Ctl«2 

Ml«2 
I I I * ) 
m«! 
( I K ! 
l«l«! 
c t l « J 
Ml«! 
M/l>! 
H I " 
ClKt 

t ) | » 
tl l .S 
M l * i 

Ul't 
Ph|«b 
* 5 I " 
C(l«7 
M / * > 
hb]»f 

SHI») 
C[l«> 
" I I I 
*31«* 
t . | « r « 
» » l . l 

> } • • * 
« H » 
S»l»« 
lOlbO 
FkllO 
i« l iC 
>C1S1 
Fi- l i l 
S ' l i l 
lulSI 
f "1S2 

a i l ! " 
(UIS? 
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ro«t<: ».oo»>. tumi'= JOOOD.«»O. *IUJ= i.2D»ii*j/cii*a2-stc 

PIUCUOl CMCCal l l l lOM. Hani 
11511 : HI or H [ I | I M i l l CNIIttD to M K W I 

C O M a lSCMHI o. r 0 . T 1 . 7 2 . 7 5 . » 10. T 20. f SO. • 100. 1 
1»IS1 .00 i.10-01 I . H - 1 4 2.07-25 ,00 .00 .00 .00 .00 .00 .00 
[U1S1 .00 4.17*01 4.45*01 4,41*01 k. tS'Ol a.45-01 4.41*01 4.45*01 4.45*01 4.41*01 4.41-01 
00151 .00 2.11.01 1.14-01 I.SO-01 1.15*04 2.41-04 1.27-01 1.10-01 1.44-12 4.54.24 •00 
raisa .00 | .gt -04 .00 .30 .00 .CO .00 •00 .00 .00 .00 
SH1S4 .00 i . ta .01 l . t i ' O I 1.44*01 | .»a*CI 1.44*01 1.44*01 1.44*01 1.44401 1.44*C1 |.»4*01 
I t i l l * .00 1.44*01 1.11-01 1.44*0] 1.47*01 1.55-01 1.14*01 1.10*0] 7.12*00 1.44*00 2*21-01 
00154 .00 1.24-01 i .05-01 4.44*01 1.04-00 1.1J.O0 1.41*00 1.21*00 1.01*01 1.51*01 1.10*01 
SKI44 .00 1.27-04 .00 .00 .00 .00 .00 .00 .00 .00 • 00 
l l l l lS •00 2 . J 7 ' 0 0 1.14*00 2.17.00 1.15*00 1.1*400 J.11-01 S.S7-02 1.21-01 1.24-01 5.41-17 
t i l l ! .00 2.11-02 2.51-01 a.21-01 1.44-01 1.40*00 2.22*00 2.S>*00 2.14*00 2.14*00 2.44-00 
S1IS4 .00 l . l l -CJ .00 .00 .00 .00 .00 .00 .00 .00 .00 
emit .00 l . t l . 0 0 2.44-02 1.11-01 l .«a-OI 4 . I I - I S .00 .00 .00 .00 .00 
(u l i t •00 I . l l ' O l 2.54*01 2.57*0] 2.57*01 2.51-01 1.17*01 2.17*01 2.51-01 2.57*01 2.S7*OI 
5HI51 .30 i.la-oa .00 .00 .00 .00 .00 .oo .00 .00 .00 
IU1SI .00 t .42-01 .CO .00 .00 .00 .00 • DO .00 .00 • DO 
i t iw .00 2.15-02 1.10-02 1.10-02 1.10-02 1.10-02 1.10-02 1.10-02 1.1.0-02 1.10-02 1.10-02 
emit .00 2.27-04 .00 ,00 .00 .00 .oo .00 .00 .00 .00 
(.l/)5l •00 a.01'00 a.07.00 4.07*00 4.57.00 4.07*00 1.07*00 1.07*00 4.07*00 4.07*00 4.07*00 
Eulia •00 a.to-os .00 .00 .00 .00 .00 .00 .00 .00 • DO 
com .00 1.05-01 .00 .00 .00 .00 .00 .00 .00 .00 • DD 
Itlit .00 1.10-01 H I - 0 1 I . IJ -Oj 4.12-01 1.11-01 1.43-01 4.41-01 1.11-01 1.11-01 1.13-01 
EulaO .00 2.*7-0a .00 .00 .00 .00 .00 .00 .on .00 • 00 
ciuo .oo a.12-01 a.12.01 a,12-01 4.12-01 4.12-01 4.17-01 4.12-01 4.17-01 4.12-01 4.12-01 
TsllO •oc a.»2-C2 2.07-02 1.06-02 1.47-01 4,14-01 1.17-01 2.74-17 1.15-12 .00 .00 
t l l t C .00 7.44-C2 I.CS-OI 1.15-01 l .J«-01 1.24-01 1.24-01 1.24-01 1.24-01 1.24-01 1.24-01 
t;in .cc 1.77-04 .00 .DD .00 .00 .00 .00 .or .00 •00 
l o l M •00 ».I»-0J 5.54-01 a.ti-lo S.47-14 4.11-1S .00 .00 .00 .00 .00 
ClTlt) .00 1.11-01 • .14-01 1.15-01 1 .15-01 1.15-01 1.IS-01 1.15-01 1.15-01 1.15-01 1.15.01 
t u t ; .00 2.aa-0» .00 .00 .00 .00 •00 .00 .00 •00 • 00 
Tfa|a;n .oc 1.24-04 .00 .00 .00 .00 .00 .00 .00 .00 .00 
u u r .oc .30 .00 .00 • 00 .00 .00 .00 .00 .00 • DC 
Of 162 .at 4.I1-C2 1.71-02 t.71-02 I .7J-02 1.11-02 1.71-02 1.71-02 I .77.02 1.71-02 1 . 7 1 - 0 2 
UlftjN .00 J . l l - 0 1 .00 .00 .00 .00 .00 • 00 .00 .00 .00 
l U l ! .00 2.04-01 ,00 .00 .00 .00 .00 .00 .00 .00 .00 
O l l t ! .00 7.»2-02 7.42-02 7.42-02 7.42-02 1.42-02 1.42-02 7.42-02 7.47-02 7.42-02 7.42-02 
Ifaloa ,00 «.«S-0i .00 .00 .00 .00 .00 • 00 .00 .00 .00 
CI I K .Oil 2.14-02 2.15-02 2.IS-02 2.15-02 2.IS-02 7.15-02 2 . 1 S - D 2 2.15-02 2.11-02 2.15-02 
Driein .00 1.10-01 .Co .00 .05 .00 .00 JO .00 .00 .00 
07165 .00 4.21-04 .00 ,00 .00 .00 ,00 •DO .00 .00 .00 
ICIbS .0(1 2.27-02 2.21-02 2.27-02 2.27-02 2.27-02 2.27.02 2-2 ' -02 2.27-02 2.27-02 2.21-02 
Cilaa .00 4.01-01 4 .21-11 2 .41 -H .00 .00 .00 .00 .00 .00 .00 
•Cloth .00 S.OI-OS S.OI-OS S.OI-OS S.OI-OS S.OI-OS S.07-05 S.D5-D5 5.01-05 4.44-OS 4.10-04 
Kllta .00 4.42.05 2.07-11 l . l O - l l .00 .00 .00 .00 .00 .00 • DO 
[ H o t .on s.so-os S.14-01 S.14-0] 4.14-01 5.14-01 5.14-01 s-i'-oi 5.14-01 5.11-01 5.40-01 
t ' l l l .00 4.45.04 t.tS-Oa l.tS-04 4.tS-04 4.4S-C4 4.45-0* 4.45-01 4.45-04 I . IS-C4 4.41-04 

I 0 I K .00 2. |2 '0« 2.12*04 2.12*04 2.12*04 2.12'D4 2.12*04 2.12*04 2.17*04 2.12*04 2.12*04 
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»»»»-- I L O O M . U l l l I P : JOOOO.1.0. H i l l : ! . 2 0 * I 1 » / C " i « - J [ c 

citniki contmnnons, man; 
•I11S : I I I OF BLll» « l l » l CHIHCO 10 • t I C I O I 

CHICJC 0 I 5 C H M 6 C 0. 1 0 . T 1 . 1 2 . « 5. « 10. 7 ZO. f SO. 1 
H . 0 0 1 . 7 1 - 0 7 • . 21 -0 ] l . l t -O? <.01-02 ] . l 1 -02 1.22-02 I . D - 0 2 1.11-02 2.55-01 

/» . 0 3 1 . 1 1 - 0 5 . . 07 -11 i .n -u . 0 0 . 0 0 . 0 0 •«o . 0 0 . 0 0 
a . 0 0 l . l « * C 5 l . l f - 2 0 1.20-10 , 0 0 , 0 0 . 0 0 .SO . 0 0 . 0 0 
I t • 00 2 . 1 1 - 0 1 2.12-01 2.12-01 2.174)1 2.17-01 2.17-01 2.17-01 2.17-01 2.17-01 
• S •so S . 1 1 . 0 2 5.11-02 5.11-0? S . l l - 02 i.11-02 4.11-02 5.11-02 5 .H-02 5.11-02 
51 . 0 0 ! . 2 » « 0 I J.21-01 1.71*01 1.21.01 1.21*0| 1.27-01 1.21*01 J.71'01 1.21*01 

** .110 l . l l . t D 1.12*00 1.12*00 1.12*00 1.12*00 f .11 .00 1..2.0D 1.17*00 1.11*00 

.» . 0 3 2 . 1 7 * 0 2 2.11*02 2,11*37 2.*.5*C2 2.H*C2 2. .1*02 2.17*02 2.12.02 2.27.07 
1 * •;c ! - 1 » • C ? 2.20*02 2.20*02 !.2]*C2 2.22*02 2.25*02 J.2l*07 2.11*02 2.11*02 
SB •oo 1 . ! ? » C 2 1,07*02 1.01*02 1.12*02 S.I3-C2 5.51*02 5.20*02 1.57.02 3.11*0! 
1 . 0 0 1 . 2 7 * 0 2 1.11*02 1.11*02 1.10*02 1.10*02 1.10*02 1.10*07 1.10*02 ).10*02 

2« . 0 0 2 . 1 1 * 0 1 2.11-0] 2.1!*0S 1.13*01 2 .11-0! 2.11*01 2.10*01 2.11*01 2.51*01 

« .on 1 . 2 1 * 0 1 2.71*01 1.17*0] 1.11*00 J.11-02 1.27-01 2 .11-0! 1.51.01 1.I1-C2 
•o . 0 0 1 . 1 1 * 0 ! 2.OS'01 2 .01-3! 2.11*01 2.11*01 2.11*01 2.11*01 2.11*01 2.11-01 
i t . 3 0 5 . 2 0 * 0 2 5.21*02 5.71*02 S.21-02 5.21*02 1.21*02 S.2i*02 S.2l*C2 5.21*02 
r u . 3 3 I J I ' H 1.11*0! L l O ' C l 1.27*0! 1.21-01 1.22*01 1.22*01 1.22*01 1.22*0! 
• i* . 0 0 2 . H * C 2 2.17*02 2,72-32 ?.7S*D2 2.15*02 2.75*02 2.75*07 2.75*02 2,7*,*02 
9b . 0 0 i . l l . 0 2 s.si-o; 5 .WD2 ».»7*CJ . .11*02 1.15*02 1.31*07 1.11*02 1.11*02 
»L . 0 3 1 . 2 1 * 0 1 1.11*01 1.11*01 1.11-01 1.17*01 1.17*01 1.17*01 1.11*01 3.17*01 
CO . 0 0 l . | i * C I 3.21*01 1.21*01 1.72*01 J.21*0l 1.21*01 3.21*01 1.21*01 1.23.01 
l » . 0 0 1 . 1 9 - 0 1 1. .1-01 1.11-01 » .J l -OI 1.72-01 «.71-01 1.15-01 1.71-01 1.12-01 
1 * . 0 0 2 . 7 1 * 0 1 J.t«-DI 2 . | 7 ' 0 I 1.11*31 2 . l ! * C j J - H ' O l ?.«!*01 2.11*01 2.13.01 
i t .at 1 . 5 5 * 0 3 1.37-00 V . J . - K 1.01*C0 ••11*00 S.5. .03 5.10*03 S.bt.CO 5,51 TO 
11 .co l . ! 2 ' C 7 1.25*02 1.2«*32 1.2. .02 1.J5-C2 1.27*02 1.21*02 1.2f.C2 1.21*02 

1 •t,c l . l I ' U 1.11-02 1.55*02 I.S1*C2 1.51*02 l . l t - 0 2 | .5t*0? l .St-02 1.51*02 
I t .ox !.!!•(! ! . 2 » * 0 ! l .2 i«oj J.2I*C1 J.2«*01 ] .2<*01 1.2»*0J ],2>*C1 3 , ; l * 0 1 
cs .oc 1. .1*0! 1.11*01 1,11*01 1.11*0! l . l l ' O l 1.55*01 1.17*01 1.31*01 1.10*9! 
P I .:c 7.»l*07 7.11*02 I,<b*02 1.01*02 ».11*02 7.15*02 1.00*03 1.13*01 1.17*01 
l » •uo 7.tt*C2 l , t l * 0 2 7.11*02 i.«-c- 7.11*02 l . H - 0 2 2.11*02 7.»1*02 1.11*02 
U •oc 1.12*01 1.13*01 1.77*nl l .fcl*3] 1.10*0] 1.5«*01 1.51*01 1.51-01 1.51*01 
PI; .oc 1.1«<C2 1.13*02 1,1V*02 7.51-02 7.51*02 7-51*32 1.51*02 7.51*02 7.51*32 
1.0 .CO 2.11*01 2.27*03 2.31*01 2.11*03 2.11'OJ J .55-3! 2.55*03 2.55*01 2.55*01 
M .oc 1.20*02 1.11*02 1.10*02 1.»,1*01 7.2CCI 1.21*01 1.77*00 1.27-01 2.22-01 
5" .Do 1.51*02 1.11*02 1.72*32 1,t7*07 5,01*02 5.11*02 5.71*02 5.77*02 5.71.02 
I n . 0 0 1.52*01 » . l l «01 1.15*01 • . 21 *01 i .17*01 1.00*01 7.17*01 7.17.01 7.77*01 
10 • '. J 1.07*01 1.10.01 1.11*01 1.11-01 J.5l*0> 1.11*01 1.11*01 1.50.01 5.02*01 
l g . 0 0 1.11-01 « .u i -o j t . l i - O I «.«1-01 • • • 3 - 0 I 1.11-01 1,13-01 I . I I - O I 1.11-01 
t t . 0 0 1.10-Cl 1.01-01 1.H-D1 1.21-01 1.21-DI 1.21-01 1.21-01 1.21-01 1.71-01 
HS . 0 0 2-2«-C2 2-21-02 2.21-02 2.21-02 J.21-02 2.21-02 8<2»-02 2.21-02 2.21-02 
t« . 0 0 S.17.01 1.01,-0} . . 01 -o l ».o.-oi I .D I -QJ . . 0 . - 0 3 t . 0 t - 0 1 I .Ot-01 i .D . -O l 
707*15 .00 2.12*01 2.12«»i 2 . |2*0t 2.12*01 2 .12*0 . 2.12.01 2.12*01 2,12.01 2.12*01 

S U I I O I .CO .CO , 0 0 •DO • 00 . 0 0 

l O U l S . 0 0 2.12*01 2.I2*D1 2,12*01 2.12*0* 2 . I2*0» 

B-20 

100. 1 
1.52-01 
.00 
.00 

2.11-01 
5.(1-0? 
3.21*01 
1,42*00 
2.21*02 
2.11.02 
2.12*02 
1.10*02 
2.11*01 
2.20*02 
2 . 1 l * 0 ! 
S.71.02 
1.22*01 
2.75*0? 
1.11*02 
1.11*01 
1.23*01 
1.11-01 
2.11*01 
J.M'OO 
1.21*02 
1.51.02 
1.21'01 
1.11*02 
1.51*01 
7 . I . - 02 
l .S .*01 
1.41-02 
?.5S*0! 
1.11-10 
5.11*02 
l , ! 5 *01 
5,11*01 
1,13-01 
1,21-01 
2.21-02 

t . o i - o i 
2.12*01 

^ 
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TABLE B-3 

ACTIVITIES OF TRANSURANIC NUCLIDES 
IN SPENT FUEL VS. DECAY TIMES 

90lCI: J5.00IU. IUIPIU1: 70000."90. ftUi: 3 .JQ ' IJ««»«" ! -JU 

MICLlOt I I O I O I C I I I I U . CUHtS 
• m i : in ef Htm n i u cmwct to «c«cio« 

CMtt t DI5CMIIII 0. 1 D. 1 1 . < 1 . 1 5 . 1 10. 1 20. 1 5 0 . V 100. t 
M « .00 .00 .00 .00 .00 .OD .00 .00 ,00 .00 .00 
11.201 • DC 2.29-07 1.31-01 1.22-07 7.13-01 1.11-09 2.42-04 5.11-04 1.09-03 2 . I2-05 1.01-05 
11! 31 .DO 1.21-01 1.11-01 2,11-01 1.99-09 9.01-09 1.21-01 1.71-01 l . l l - O l l . l l - O l • •57.01 
11209 • 00 ••12-10 2.11-10 2.19-10 1-11-10 9.11-10 7.99-10 1.11-01 2.19-04 7.93- 01 1.19-01 
• i ! : b .00 • DD .00 .00 .00 .00 .00 •DO •00 .00 .00 
» i i :? .00 .00 .00 .00 .OD .00 • 00 •DO ,00 .00 .00 
r i i o i .00 • DO . to .00 .00 ,00 ,0D •DO .00 .00 .00 
n i : « .os 1 . 7 1 - 0 1 1.10-01 1.07-01 l . l l - D l I.19-C1 1.91-01 4.54-01 1.21-01 3 .40-0 ' I . IJ -D7 
• IMC • 00 1 -91 - 1 0 2.01-10 2.71-10 5.11-10 1.19 07 7.99-0* 4.11-01 2.52-01 2.11-04 1.99-05 
psri l .00 2.21-07 1.17-07 1.21-07 7.15-07 1.20-09 2.13-04 5.12-01 1.05-05 I . I 9 -05 4.05-05 
»».-!? • 00 3-51-09 5.15-01 9.11-01 I.02-O1 1.91-01 1.19-03 l . l l - O l 5.02-09 1.13-01 2.11-0] 
tHl> .00 1.59 .09 1.11-01 1.15-01 1.15-Dl 1.99-01 1.14-07 3.41-07 I.21-D4 1.10-04 2.17-05 
H.-59 • 00 .CO .00 .OD .00 .00 .OD .00 .00 .00 ,00 
(1210 • 00 1.31-10 2.01-10 2.11-10 5.11-IU 1.39-01 7.19-0' 9.11-01 2.52-D? 2.13-119 1.99.05 
91711 •DO 2.29-07 3.17-07 1.21-01 1.14-D7 1.20-09 2.13-09 5.12-04 1.05-05 2,11-05 4.05-05 
11212 •so J.JI-Ot 5.15-09 9.11-01 1.02-03 1.99-01 3.39-01 1.71-03 5'02-Dl l . l l - D l 2.17-01 
(1211 •111) 9.29-01 1.10-01 1.07-01 I .1 I -C1 I.99-D1 1.41-01 4.54-01 1.29-07 1.40-07 1.93-07 
I I 7 H .00 7.59-09 1.71-01 1.11-01 1.11-01 1.91-01 1.19-01 1.41-07 1.24-Ot 1.30-01 2.11-05 
F C : I C .00 4.19-11 l . l l - I O 1.91-10 1.I1-1D 1.09-10 4.10-09 1.11-01 2.52-07 2.13-01 l . H - 0 4 
• t . ' i i • oo t . ! | - 1 0 l .C I -01 1.71-01 2.21-01 3.90-09 7.11-01 1.59-01 l . l l - O l 1.11-01 1.12-01 
K212 .00 2.21-04 3,10-Oa 1.1C-09 L S I - 0 1 1.01-01 2.15-01 1.01-0! 1,27-01 2.45-33 1.51-01 
PC2I1 .or 9.19-01 1.11-01 1.01-01 1.31-01 1.12-01 3.15-01 4.11-01 1.21-07 3.52-07 1,11-07 
rc: i« .00 1.59-01 1.71-01 1.19-01 1-13-01 3.11-31 1.14-07 1.41-07 1.24-01 7.30-01 2.11-04 
r ;? , i .oc 2.25-07 1.11-01 1.29-01 1,35-01 1.20-Ct 2-43-0I 5.12-04 1.05-05 2.13-05 4.05-05 
ic: 16 .00 3.SI-CI 5.IS-D1 9.91-01 1.02-03 1.19-01 3.31-03 1.19-03 5.02-D3 3.11-03 2,31-01 
« : i a .30 L i t . 0 1 9.11-01 1.14-CI 1.13-01 3.99-C9 1.11-07 S.t l -OI 1.24-04 7.10-04 2.41-05 
• 1217 •o; 1 .29- t l 1.10-01 1.01-01 1.11-01 1,99-09 B.43-01 1.54-01 1.21-07 3.10-01 I.93-C7 
F.,'11 .o: 7.29-07 1.17-C7 9,29-Dl 7.15-07 1.20-04 2.43-04 5.17-09 I.05-D5 2.11-05 4,05-05 
H : : J .Ot ) .5«-0» 5.15-Di 9.91-D1 1.02-01 1,99-01 3.39-03 4.71-01 i .07-03 1.13-03 2,17-01 
*•?!} .DC 7.54-Cl 9.71-0» 1.19-01 l . l l - O l l . l f O l ••14-01 1.11-07 1.24-04 1.1D-04 2,11-05 
run .Do 9 - 2 I - 0 I 1.10-01 1.01-01 l . l l - D l 1.79-01 1.43-01 4.54-01 1.21-07 3.10-07 1.11-07 
ma • OC l . | « -O l 5.15-01 9.17-01 1.01-31 1,91-01 3.47-g! 7.14-Dl 1.41-07 l . l t - 0 7 1.47-07 
" 2 2 3 .00 2.21-07 1.17-07 1.21-07 1.15-07 1.20-D9 2.43-04 5.17-04 1.05-D5 2.13-05 4.05-05 
99229 .00 3 . s i - c i 5-15*01 9.11-01 I .U2-DI 1.49-01 3.31-03 1.71-03 5.02-03 1.13-03 2.11-01 
H225 .DC 1.42-01 J.DS-Ol 1,01-01 l . l l - D l 1.19-01 3.41-01 4.54-01 1.21-01 3.40-37 1,91-07 
49729 .or 7.59-09 1.71-01 l . U - O I 1.13-01 1.99-01 1.19-07 1.41-07 1.21-04 1.30-04 2.11-05 
" 2 2 1 .DC 5.79-11 1.19-11 1.01-12 1.15-12 1.10-12 1.91-11 1.73-11 1.31-10 l . l l - I O 1.11-10 
9C275 .00 • .21-01 1.10-01 1.07-01 1.11-01 1.99-01 3.43-01 4.54-01 1.21-07 1.40-07 1,19-01 
K227 .00 2.71-07 1.19-07 1.71-07 1.J1-D7 1.20-09 2.42-04 5.12-04 1.05.05 2.11-OS 1.05-05 
IC22I .00 s . r ' - u 7.11-1> 1.01-12 1.15-12 4.10-12 1.91-11 4.11-11 l . l l - I O 4.11-10 1.11-10 
l«22 T .or 2.11-07 3,51-0 7 1.11-07 7.25-07 l . l l - O l 7.59-04 5.05-04 1.01-05 2.71 -05 5.11-05 
IM;2A .00 1.57-01 5.13-01 1.11-01 1.01-31 1.91-01 3.15-01 l . l l - O ! 5.02-03 1.11-03 7.51-01 
l«224 .00 1.77-01 1,01-01 1.11-01 l . l l - O l 1.19-01 3.11-01 4.51-01 1.21-01 1,40-07 1.11-07 
l«2!3 •or 1.11-05 2.17-05 2 .H-05 1.17-35 1.11-05 1.14-01 1.15-09 2.71-09 4.44-31 1.33-03 
i . i a i .30 i . 5 i - c i 1.12-02 1.12-02 3.12-02 1.12-02 3.12-02 1.17-02 S . I ' -02 1.11-02 M 5 - 0 ? 
In212 .09 1.11-12 1.22-11 1.91-11 2.01-11 1.12-11 4.11-11 l . l l - I D 2.27-10 3.31-10 1.10-01 
IH2J) .on 9,15-01 .00 • DO .03 .03 • DD .30 .00 .DD .00 
l»71l • Lid 1.11-01 l . l l - D i J.19-DI 1.11-01 l . U - O I l . l l - O l l - H - C l l . l l - O l l . l l - O l l . l l - O l 
" 2 ) 1 .so l .H-CS l . H - 0 5 1.97-05 1.51-05 1.57-05 1.77-05 2.11-05 2.17-05 1.71-05 l . l 0 -05 
M232 .00 2.11-01 1.21-22 .00 .CO • DO .00 .DO • 00 • DO .00 
" 2 1 1 .CO 1.17-01 1.11-01 1.93-DI 1.91-01 1 . 9 1 - 0 1 1.41-01 1.49-01 1.47-01 1.10-01 2.05-01 
••2)<» .oo ! . 2 | - 0 I l . l l - D l 1.11-01 I .19-01 l . l l - O l l . l l - D l l . l l - O l l - l l - O I 3.11-01 1.11-01 
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•OUtl : ! ' . .0O*«, ll)>«U»; iODDD.IltD, 7lU>: LJO' l )«»t»»»J- l tC 

NUCLIDE • • O I O I C I H I I T , cunts 
H i l l : in or H C I I I > [ i i i . ci<>"t'o 70 - r i c i o * 

C H I « « 0 1 » H 1 > C [ 0 . 1 0 . • 1 . 7 
>I;I< . 0 0 3 . 0 1 - 0 1 1 . 1 1 - 0 * . 1 , 1 1 - 0 4 J . 1 4 - 0 * 

1)2)2 . 0 0 2 ' 3 7 - D l 2 . 2 7 - 0 J 2 . 1 1 - D 1 2 , 1 7 - O J 
D711 .OS i . t 2 - C i 1 , 4 1 - 0 5 5 . 4 5 - 0 5 5 . 4 4 - 0 5 
0 2 1 * 2 . 7 4 * 0 0 1 . 1 5 * 0 0 1 . 4 5 * 0 0 1 . 4 5 * 0 0 1 . 4 5 . 0 0 

u 2 1 i 4 . 1 4 - 0 2 3 . 1 2 - 0 2 3 , 1 2 - 0 2 1 . I 2 - C 2 1 . 1 7 - 0 2 
U.-16 • CO 2 . 2 1 - D 1 2 . 2 1 - 0 1 2 , 2 1 - 0 1 2 , 2 1 - 0 1 
1|7! I .on » . 7 1 * 0 i 1 * * 1 * 0 1 | . 7 4 * 0 0 1 . 1 5 * 0 0 

U I 3 1 1 . 2 2 - 0 1 l . U - O I 1 . U - C 1 I . l l - D I 3 . 1 1 - 0 1 
U.'SI .DO 1 . 1 0 * 0 7 . 0 0 . 0 0 . 0 0 
l j?*o .DC 4 . 5 1 - 1 1 i . T i - i » 2.is-ir S . I 7 - 1 2 

4 f f ) ( . . 0 0 i.smo . 0 0 . 0 0 .oo 
W;JI •DC 1 . 5 7 - 0 1 1 . 7 , 3 - 0 1 1 . 4 1 - 0 1 1 , 4 1 - 0 1 

w i n .CO H C . C 1 2 . 3 7 - 0 4 2 . 2 1 - 1 1 . 0 0 
4 " 2 ! 1 • 0 0 l ."**o? 2 . 5 7 * 0 0 2 . 5 1 * 0 0 2 . 5 1 * 0 0 
**P?«Cn . 0 0 4 . 3 1 - 1 1 1 . 7 4 - 1 1 2 * 4 3 - 1 7 5 . 1 7 - 1 1 
» ? ; , [ ! . 0 3 3 . 4 0 * 0 4 . 0 0 . 0 0 , 0 0 
» « : : 4 . 1 0 1 . 5 1 - C 2 1.111-02 1 . 1 3 - 0 2 T . S 1 - 0 2 
l u i j l . 0 0 1 .21 .1 .2 7 , 4 4 * 0 2 7 . 5 1 * 0 2 7 . 1 1 * 0 2 
f l i ? ! ! . 0 0 2 . » * > D 2 2 . M * 0 2 2 . « > 0 2 2 . 1 * * 0 2 
»u?.o . 0 0 3 . 1 5 * 0 2 3 . 1 5 * 0 2 3 . 1 5 * 0 2 3 . 1 5 * 0 2 
• • i . ; * i . 0 0 5 . 0 4 * 0 4 4 , 1 1 * 0 4 * . * 1 * 0 « 4 . 1 0 * 0 4 
-•U2ii2 .DC 3 . 5 1 - 0 1 1 . 5 1 - 0 1 3 . 5 1 - 0 1 J . 5 1 - 0 1 
F i J i O •or 1 . 2 1 ' D * 1 . 5 6 - 0 7 3 . 5 6 - 0 4 1 , 5 1 . 0 1 
• L 7 N * .OD 4 - S j - H 1 . 1 7 - 1 ? 2 . 4 3 - 1 7 1 . 1 7 - 1 1 
f c - i l S .OC 1 . 4 5 - 1 1 . 0 9 . 0 0 . 0 0 
Al»?*l •CO 2 . 5 2 * 0 1 4 , 5 4 * 0 1 4 . 1 1 * 0 1 1 . 0 5 * 0 2 
i r ! « ! « . 0 0 2 . 3 1 . D O 2 , 3 1 * 0 0 2 . 3 1 * 0 0 2 . 1 0 * 0 0 
1«2»7 . 0 0 1 . 9 5 * 0 4 2 , 1 1 * 0 0 2 . 3 1 * 0 0 2 , 3 0 * 0 0 
• " H I , 0 5 2 . 5 7 * 0 0 2 . 5 1 * 0 0 2 . 5 1 * 0 0 2 . 5 1 * 0 0 
I - : . * . .ac J - 7 b * D « 2 , 3 0 - 2 0 1 . 4 2 - 2 0 t . l j - 2 0 
4 4 7 * 5 . 0 0 2 . 5 1 - 1 0 2 . 1 1 - 1 0 1 . 1 1 - 1 0 1 . 1 5 - 1 0 
CP?'.? . 0 0 t . < * * 0 1 4 , 4 4 * 0 1 3 . 3 0 * 0 3 1 * 1 1 * 0 3 
f . - J . 5 " l . l l - D I » . 2 » - 0 1 4 . 2 1 - 0 1 4 . 2 7 - 0 1 
C i -2* * . 0 0 1 . 1 2 * 0 2 1 . 4 0 * 0 2 1 . 7 7 * 0 2 1 . 7 3 * 0 2 
c«;«5 •or. 1 . 4 4 - 0 2 1 . 4 4 - 0 2 1 * 4 4 - 0 2 1 . 4 4 - 3 2 
C»2«t •on 1 . I D - C J 1 . 7 0 - 0 1 1 . 7 0 - 0 3 1 . 7 0 - 0 3 
( P 2 < 7 . 0 0 1 . 1 4 - C l S . S t - 0 1 J . 5 4 - 0 1 3 . 5 t - 0 » 
C " 7 " l •on 5 . 1 1 - 0 * 5 . 1 1 - 0 4 5 . 1 4 . 0 1 S . 1 1 - 0 1 
f . « 2 * 1 .ou 1 . 1 1 - 0 1 4 . 4 3 - 1 1 2 * 1 1 - 1 4 l . l f l l 
t » 2 S 0 . 0 0 3 . 1 2 - 1 1 3 . 7 2 - 1 4 3 . 7 2 - i t 3 . 7 2 - 1 4 
» « . 2 t l .ou 1 . 2 1 - 0 5 1 . 4 1 - 0 5 1 . 7 1 - 0 5 7 . 4 4 - 0 * 

»;:o •DO 1 . 1 0 - 0 1 3 . 7 2 - I t 1 . 7 2 - 1 4 3 . 1 2 - 1 4 
CI 2 k * .oo S . I O - 0 9 1 . 1 0 - D l 1 . 5 1 - 0 1 2 . 4 4 - 0 1 
C I I S 3 . 0 0 1 . 2 1 - P 7 1 . 2 1 - 0 7 1 . 7 1 - 0 7 1 * 2 1 - 0 ! 
C f J l l .OC T . O S - l O 7 . 0 5 - 1 0 1 . 0 5 - 1 0 1 . 0 4 - 1 0 
C l?42 .DO t . » » - a i 4 . 5 5 - 0 4 1 . 2 3 - 0 1 i . l l - D l 
l ( 2 s l .oo v ) . - 0 « 1 . 4 3 - 1 0 1 . 1 1 - 1 2 1 . 1 7 - 1 5 
c f : i > . 0 0 1 . 4 2 - 1 3 1 , 0 7 - 1 J 1 . 1 1 - 1 1 1 . 3 1 - 1 4 
l i ! 5 1 . 0 - 2*1 ,7-07 4 . 4 5 - 1 D 1 . 2 7 - 1 1 1 . 1 7 - 1 3 

l O l l i 2 . 6 5 * 0 0 1 . 1 3 * 0 1 5 . 5 4 * 0 4 l . * 2 * 0 * 5 . 1 1 * 0 ' . 

7. 1 
1.11-0* 
1.41-01 
S.77-05 
1,45*00 
1.17-02 
2.11-01 
1.10*00 
3.11-01 

*oo 
l . t l - 1 7 

.00 
l , * l - D l 

,00 
7.51*00 
1.41-I7 

•DO 
3.10-02 
7.i1'C2 
2.11*111 
3,15-02 
4.51*04 
1.51-t) 
3,54-01 
1.70-11 

• 00 
1,10*02 
2.2**0G 
2.2**00 
2.51*00 
1.21-11 
S . l l - i l 
2.13*02 
4.13-01 
l.4»*02 
1.44-02 
1,70-01 
3.31-01 
l . H - 0 * 
4.40-2* 
3.7J-14 
1.42-Ot 
3 . 1 2 - H 
3.41-01 
1.17-07 
7.04-10 
4 .14-0 , 
3.12-21 

2 .or -s t 
l . t l - l l 
4.71*01 

3. T 
3.11-04 
4.51-03 
5.11-OS 
1.41*00 
3.17-07 
2.21-31 
1.5*-01 
3.11-01 

.OD 
2 . 1 2 - 1 * 

.00 
1,4*-01 

.00 
2.51.00 
2.32-14 

.00 
2.15-02 
7.41.02 
2.11*07 
3.15*02 
3.17*04 
1.51-01 
l .St -D* 
2.11-14 
.00 

3.13*172 
2.24.DO 
2.24*00 
2.51*00 
3.02-11 
».57-12 
4.41*00 
3.17-0! 
1.50*02 
1.41-02 
1.41-03 
3.31-01 
1.11-01 

.00 

1*71*14 
1.0*-01 
s.n-14 
«.*2-01 
1.11-01 
1..07-IO 
l * l t - 0 1 
.00 

7.05-72 
.00 

1.14*0* 

10. T 
1.11-0* 
3.11-01 
*.33-05 
| .«7*00 
3.17.02 
7.21-0! 
7.11.01 
1.11-01 

.00 
l . i j - l t 

.00 
1.1*-0I 

.00 
2.11*00 
4.41-11 

.00 
1.43-01 
7.11*02 
2.4**02 
3.15*02 
3.11*0* 
l . i l - 0 1 
3-5t-Dl 
« . S ! - | * 

.00 
4.47*02 
2.21*00 
2.21*00 
2.51*00 
S . l l - l t 
1 . 1 i - | . 
1.11*00 
3. (7-0] 
I*2**02 
1.45-02 
l . t l - D l 
3.14.01 
1.11-0* 

.00 
3.71-14 
5.40-01 
3.11-14 
4.45--B 
7.44-01 
7.O0-I0 
4.01-01 

.00 

.00 

.00 
3.31*0* 

20. I 
3.11-0* 
4**3-01 
7.31.01 
l*>*'00 
1.1 ) - « 
2.21-01 
4.11-01 
3.17-01 

.00 
1 . I O - H 

.00 
1.4 7-01 

,00 
2.37*00 
1,10-14 

.00 
7**1-0* 
* . i * * 0 2 
2.11*02 
3, l **02 
1.15*01 
3.51-01 
3.51-01 
••11-14 

.03 
i.or-DJ 
2.11*00 
2.11*00 
2.17*00 
1.11-11 
2 . J 3 - I ! 
1.73*00 
2.71-CI 
••41*01 
1.45-02 
1.44-03 
3.51-01 
S . l l - 0 1 

.00 
3.77-H 
(.'0-12 
J.)I-It 
!*37-0| 
4.11.01 
fK-IO 
3,10.10 

.00 

.00 

.00 
2.11*01 

»D. » 
3.11-0* 
1.73-01 
1.27.05 
1.1**30 
1.11-02 
2.22-01 
1*11-01 
3.11.01 

.00 
2.21-13 

• 00 
1.10-01 

.00 
2.31*00 
2-21-11 

.OD 
5.02-07 
1.22*02 
2,41*02 
l . l * *C2 
4 .44 'Cl 
3.11-01 
1.51-01 
2 . 2 7 - l i 

.00 
1.41*01 
1.1**00 
1.1* *00 
2*57.00 
2,15-lt 

.00 
1,11400 
l . l t - C l 
1.41*01 
1.45-02 
l . t l - 0 3 
1,11-01 
l . i f - 0 1 

.00 
3.71-14 
1,11-23 
1,11-11 
4.17-01 
» . 2 0 - M 
1.71-10 
l . * l - t l 

,00 
,00 
.00 _ 

1.33403 

IOo. 1 
3.11-0* 
2.30*03 
1.34-0* 
1.40*00 
1.13-02 
2.22*01 
1.01-02 
1.11-01 

• DP 
4.32.15 

.00 
2.01-01 

.00 
2.35.00 
4.33-11 

.DO 
2.42-12 
J.54'02 
2 . * « 0 2 
3.12*02 
l . j l ' 0 2 
3.51-01 
3.34-01 
1.53-11 

.00 
1.10*01 
1.44*00 
1.41*00 
2.15*00 
1.11-11 
.00 

1.20*00 
* . * « - 0 2 
1.15*00 
l l * - 0 2 
l . t l - D l 
1.11*01 
5.11-01 

.00 
1,10-14 

• 00 
1.70-14 
3.7 3 - 0 1 " 
t . iO- IO 
1.11-10 
2.11-11 

• 00 
• 00 _ 
•OD 

7 . . » ' 01 
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»0M»= JS.COB. . I U W JOOOO.MIO. mix­ ! , 70 *13««" H2*3CC 

cunntiL act] ( I I I , CIl'KS 
H i l ! i I I I or H [ I I I «£1U (MMCO 10 Micion 

C«I°GI 01 5t««»tl 's. T 0 . 1 ) , 1 2 . » 1 . r 10. a 20. « 10 . I • oo. • 
.00 l.21-0a 1,11-01 J.11-0« j . a i - o « t.oa-oa 1.21-01 1 .71-01 1.12-01 1 .11-01 1.12-01 
•:c J . j ' - 0 « S.15-01 t . n - o i 1.02-CJ l , i i -01 3.11-01 a .71-0 ! s-oa-ol 3 .17-01 2.11-01 
.00 l.S»-0a 5.15-31 l .al -oa 1.0. 01 I . H - O I 3.11-0) a .75-01 5.01-05 1 .17-01 2.1T-0I 
.00 l . l i -Oa t . i s - o i 1.05-0! l . a l ."J 2.77-C! l . i l - Q ) T .7C-0J I .25-C1 1 .11-01 1.02-01 
.00 a.2a-0l 1.10-01 1.01-0! l .a l -0< 1.11-01 1.41-01 a .41-01 1.21-01 1 .10 -CI i .13-01 
.oc l . i l - g i S.lJ-Ol 1.11-01 1.07-01 i . n . O ! i . i i - O ] a .75-0) 5.01-01 1 .11-03 2 , . 1 0 1 
.00 1.1J-0I 1.15-Di 1.71-01 j .aa -OI I . a l -D I 7.JI -DI 1 .11-01 2.75-01 7 .51-07 l . l a -o t 
.00 ! .5»-0a 5.15-01 i . i i -oa 1.02-03 . l»-03 1.11-OJ a .75 -0 ! 5 .0a-0! ! . ' 7 - 0 1 2.11-01 
•of J.JO-DJ a.00-0 J « ,» l -0 ! t .ao-o l 1.22-01 2.11-01 5 .11-01 1.01.05 2 .11-05 1.11-05 
.00 i . ie .oo l.aa-Ol 1.50-01 1.50-01 1.51-01 1.17-01 1 .sa-oi l.ba-OI I . 5 ) - m 1.53-01 
.00 I . M - O I a.71-01 a.11-01 a . i i - o i l . l i - 0 1 a . I I - O I a .12-01 a .H -O I a . l ' - 0 l 5.21-DI 

2.15*00 1.11*07 1,11*01 1.21*00 l . | l <00 3.1).00 2.11*00 2 .10.00 2.51.00 2 .22.00 2.11.00 
.00 I.»2*07 2.7a*O0 2.la'DO 2.la'DO 2.7i*£0 2.71*00 2 , l« .00 2.1a.00 2 .75*00 2.H.O0 
.00 l . a i . 05 5 , l l *0a J .O'Mt l . ta 'Da 1.1?"0. a . i l - 0 1 ] .21*01 2 .01 '0* 5 .12*03 1.10*01 
.00 1.72*01 5.11*01 1.11*01 | . l ? ' 0 7 1.11*02 3.10*02 1 .11*02 1.05*0! 1 .11*5 ! l .5 |*03 
.00 1.13*03 1.12*01 3 . i l ' 0 3 1.55*01 .12*02 1.55*02 i .21*02 1.11*01 2 .15*01 5.22*00 
.00 l .»l-t lS l . l l -OV l . l l -OJ ' • n - O i 1.12-01 l .oa-oi i .10-09 1.70-12 1 .71-11 J . i c - u 
.00 1.D0-C7 2.05-07 r . » - o T 2.01-07 .11-01 I . H - D I i . ; l - 0 7 l . l l - O I 5 .10-01 1.11-01 
.00 » . u - o i 1,15-10 • .71-1] l . l ' - l l 1.49-la .00 .00 .00 .00 .00 

IKS 2.15*00 J-»0 '5; 5.5»*0l 5>.12>Ol 5.11 .a* .H.Oa a . l l . i j a | .35*0! 2. |a*0a 7 .35*01 2.12*03 
51*701 ,00 .00 .00 ri)0 .00 .00 

ICTiUS i .«*OD St*Q*0? &.*>*D* *.Ti»0-. J.JJ»D« T*Ji«Q5 
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I 

TABLE B-4 

QUANTITIES OF TRANSURANIC NUCLIDES 
IN SPENT FUEL VS. DECAY TIMES 

i 
» « « • = 1 5 . 0 0 M , lUlai l f : 2D000•"•<>. ft«= 3.20*I1>'CM42-3CC 

CN444C 0I5C(4«»CC 0. T 
n • .00 2.11-02 3.44.02 
1L207 .00 1.20-lS 1 .77 - l i 
112C1 .03 • • • 2 - U 4 .14- IJ 
I.2C4 .30 i.lfl' 5 , 4 4 - H 
f t iO« JO 1.44-IS l . l l - l a j 
H.2C7 .00 1.14-11 4.55-11 
4 . ; : . • 00 4.J7-CI 1.04-07 
f t ; : * •00 4.12-15 2 . .1-15 
r»;is .03 1.7D-12 2.54-12 
Ft; I I .00 4.24-15 1.14-1« 
»t :u •00 2.57-10 J.44-10 
•B2ia .00 2.11-14 2.41-14 
• i::» • Qfi 7.17-12 1.01-11 
n;m •00 l . l l - I S 1.44-11 
: i2i i .00 5 .51 -1* 4.12-14 
am .00 2 . .S-1 I 1.12-11 
ei :n .00 2.2. -15 5.44-14 
t i? i< .00 | . 4 ' - 1 4 2.11-14 
•o.-io .00 1.J1-K 2 .2«- l« 
P021I .Of 4 .4»-2 l • .42-21 
f t : 12 .or l-2»-2l 1,14-21 
M 2 I ! -or 1.24-24 I . S t - J * 
K2 I4 .DC 2.47-23 3.44-2 3 
P&215 .30 l . l t - 2 1 1.15-20 
>>02U .oc 1,31-15 l . « l -15 
»C2|1 .00 2.41-17 l . a l - 17 
• 1217 .DC 2.41-20 4.40-21 
6.219 •oc 1.74-17 2.41-17 
"2.-0 •or 3.41-13 5.42-11 

»:;; •OP 4 .4 IM4 4 . 3 1 - H 
7S22J .oc 2,14-14 4.25-17 
FU22J • DO 1.01*14 1.42-14 
M221 .00 • • •4 -12 4,55-12 
«J22l • DO 2 .21 -0 ' 1.21-0* 
M225 .00 1.11-12 2 ,41-1] 
•1224 .10 7 .44-0 ' • .12-0) 
4*224 .011 2 . 7 3 - 1 * J.14-14 
• C22S .00 2.30-11 I .40-1J 
4C227 .00 I .40-D) s.n-o» 
4C224 .00 2 . 1 4 - 1 ' 3.50-14 
1H227 .00 1.70-12 1.11-11 
1H224 •Do ••J«-07 4.75-0 7 
7H224 .DO ••1D-DI a.72-04 
7h7!0 • DC • .51-04 1.12-0! 
1«2M .01 I .4 I -C4 1,47-01 
11.212 .oc 1.41*05 1.11-04 
1^21! .on 1.14-10 ,0C 
l«2)a .00 j . i i - e s 1.37-03 
•1211 .00 1.00-0« 1.05-04 
M212 .00 4.45-07 l .a l -2 7 
" 2 1 1 • CO t - l l - 0 4 1.41-04 
•47 Ian .00 • •41-10 «, .42-10 

I 

I 
I 
1 TERA CORPORATION 

•uciiot cwio i i i i iw , una 
• i l l ! : at or HI»ir niiii CHIIHO 

0 . T 1 . • 2 . « 3. t 
• • •7-32 4.14-02 4.00-02 1.21-01 
2.21-15 1.14-15 4.30-15 1.11-14 
1.41-11 1.25-12 2.01-12 4,11-12 
5.71-ia I . 4 | - | ' 1-05-14 1.45-14 
2 .44 -K I .72* |a 3.10-11 1 . M - I 2 
«.47-11 2-23-K1 4.00-10 7.17-04 
1.53-07 1.14-07 1.12-0) J .M-04 
1.14-lS 1.11*15 • .31-15 1.44-15 
}.J«-12 4.43-12 1.44-11 • . I S - , , 
1 .11-1 ' J . f l - H 4.45-14 1.04-13 
a.59-10 7.24-10 1.21-Ot 2 . 4 l - 0 » 
) , t a - | 4 i .5»-14 1.05-15 1.51-14 
1.04-11 1.11.11 2.05-11 5 . 4 0 * u 
2.14-15 4.11-15 1.10-14 4.43-14 
1.02-15 1.17-15 2.44-IS 4.31-15 
a . U - l l 4.44-11 1.15-10 2 . 2 ' - l 0 
5.41-14 1 .51 -U I.LV-15 1.41-15 
2.40-14 • .11-14 T.75-14 2.40-15 
1.11-la 4 .1J- I4 2 .01-1] 1.40-12 
1.24-20 2.I4-2D l,a«-2D 7.44-20 
2.11-21 1.47-21 4.00-21 1.21-20 
4.21-25 1 .10-24 1.52-24 2.42-24 
4.10-23 4.14-23 1.31-22 a.40-22 
1.45-20 2.52-20 a.11-20 »-0|-2u 
| . «« - I5 2.42-15 4.14-15 ).4J-1S 
a. 11-17 4.41-17 1.22-14 4.10-14 
, .55-21 • •70-21 1.20-20 2.21-20 
3.24-17 5.71-17 • .30-17 2.04-14 
4 . 7 I - I J 1.11-12 I . M - 1 2 3.44-12 
1.51-11 1. I1-1J 2.24-13 7.52-13 
4.01-17 1.44-17 1.10-14 2.05-15 
1.74-14 2.46-15 • .37-14 ».5»-]4 
4.24-12 l . a l - l l 2.33-11 5.11-11 
».00-04 4.34-04 i . 0 5 - « 2.04-OS 
1.74-13 1.41-13 4 . » » - l l t . 24-13 
1.11-04 1.15-01 1.41-01 1.17-07 
4.40-14 4 .1J- I5 1.14-14 4.14-14 
1.41-13 2.aa-IS 3.37-11 4.24-11 
4.51-07 1.01-04 1.44-01 J.40-01 
«.54-14 I .7D- I4 1.42-14 7.14-11 
1.31-11 2.21-11 3 . J 4 - I I 4 . 1 4 - U 
1.77-07 1.23-04 2,04-04 • .01-04 
5.20-04 4.41-01 • .15-01 1.70*07 
1.24-03 I .4D-0 ] 2.25-03 • •2o-0 ! 
S . I4 -0 I S . H - C I 3.19-04 5.14-04 
1.10-Oa 1.44-04 2.11-04 4.54-oa 

.00 .00 .00 .00 
J.31-05 l . H - 1 5 1.11-35 1.37-03 
l .o i -oa 3.14-04 1.30-04. 3.72-Oa 

.00 • DC .00 .00 
1.44-05 1 . 4 1 - 0 4 T.41-04 7.44-04 
t .42-10 4.42-10 4.42-10 4.42-10 

to »r»ci»» 

10. r 20. 4 SO. 1 100. 1 
2.02-01 3.74-01 t .74 .01 1.41-00 
2.44-|4 1.50-11 1.44-11 1.14-11 
5 . 1 5 - i j 4.20-12 4.73*12 2.42-12 
1.51-14 4.44.11 1.44 -17 ».»o-i> 
• ••7-n •j.aD-IO 1.55-01 1.14*01 
1.04-01 4,14-04 2.71-07 1.14-04 
1.21-05 1.2 7-05 ( .43-05 1.11-01 
1.41-11 2.41-11 2.43-14 1.11-11 
3.15-10 3.11-04 3.41-01 I.DJ-OJ 
2.07-11 4.21-11 • .13-42 2.45-12 
J.aD-DI i.40-o» 2.74-04 1.70-04 
1.10-14 J . I 5 - I 4 2.21-13 1.75-11 
••34-10 5.47-10 S.15-04 1.51-01 
3 - 3 4 - U 2.01-12 2.21-11 1.32-10 
1.24-la 2.52-14 4 . 4 2 - I t 1.45-11 
J-2'-10 J . 4J-10 2.42-10 1.57-10 
3.4»-15 4.47-15 1.42.1a •.75-14 
I .0«* |5 2.51-11 1.44-1] 4.43-11 
4.24-12 5.54-11 4.24-10 J.4S-0» 
| . 4 » . | 4 1 .05 -H 1.25-14 1.77-11 
1.71-20 1.41-20 1.14-20 4.11-21 
5.04-24 1.00-2! I . 7 4 - 2 ! 4.42-21 
1.37.21 4.74-21 2.77-20 l . O ' - U 
1 .74 -H 3.51-14 4.70-14 I .01-11 
1.14-14 1.41-14 1'10-la t .71-15 
1.21-15 4.46-15 2 . 5 4 - K 1.01-11 
4.0 J-20 T.44.20 2.22-14 5 . 1 1 1 1 
3 . « t - , t 0.12-14 2.70-15 4.70-15 
5.17-12 5.41-12 • .14-12 2.51-12 
201-12 4 . 1 1 - l i 4.74-11 1.45-10 
3.10.14 7.27-15 2.03-45 5 .0 . -11 
l . . ' - 1 3 3.42-13 1 .03- I t 2.21-14 
4.47-11 2.01-10 S . 5 I - I 0 1.H-04 
2.94-01 3.11-01 2.34-01 1.41-01 
1.47-12 1.24-12 4.11-12 2.24-11 
3.45-07 1.21-04 7.14-04 1.40-05 
2.02-11 S.72-13 1.42-12 • .21-12 
1.13-12 2. .2-12 4.21-12 1. .1-11 
T.02-01 1.4 3.111 3.11-07 1.30-07 
2.11-17 5 - ' » - l 7 2.00-14 • . • 1 - 1 4 
1.40-10 1.24-10 • .12-10 1.14-04 
5.77-04 4.12-P4 4.44-04 2.11-04 
3.04-07 4.01-07 1.41-04 • .17-04 
T.44-01 1.40-02 3.43-02 4.42-02 
5.14-01 5 .11-01 l.tO-ol S.4 0-04 
1.05-0! 2.01-03 5.04-01 1.01-02 

.00 .00 .00 .00 
1.17-03 1.17-03 I . I 7 - 0 J 1.17-05 
4.42-01 5.4?-Ol 1.00-01 1.70-01 

.00 .00 •00 .00 
I.01-O5 a.n-04 4 . ( 0 - 0 . I.Dfl-05 
4.42-10 4.47-10 4.42-10 4.47-10 



P O M t : IS.DOHl, I U M U P : 20O0O.I 

t H C M DISCHIKE 0 . 1 
M 2 3 1 ,oo 1.55-09 I .10-10 
U2S2 .00 9.11-05 1.07-0* 
11233 .03 5.11-0] 5.95-0] 
U73> 1.1M02 J . ) l * 02 2.)1*02 
B235 J.21'09 1.11*01 l . l l ' O l 
U211 .DO 1.19*01 1.17*03 
U237 .00 1.11*00 1.19-09 
1)231 1.17.D5 9.51*05 7.5>'D5 
11239 .30 S . l l -C I .00 
O240 .00 7.03-21 1.70-23 

«»2H .DO 2.30-01 .00 
unn .oo 2.23.02 2.31*02 
Will .DO 7.21.01 7.11-11 
KP23V .00 ••11*01 l . l l -DS 
1P24CII .00 l . J l - 2 1 1.11-2 5 
I P J I O .DO 2.73-03 .00 
M2S1 ,LJ 1.19-09 I.7D-01 
»u23» .00 1.29*01 • . • 2 *01 
Fl)23 .00 1.10*01 • ••••OS 
•11210 .00 1.43.03 1.11*03 
fu 'a l .90 4.45*02 1.70<02 
ru;<7 .00 4.30*01 • .00*01 
i u : i ) .00 l .St .02 1.37-1S 
ru2«. • CC S. l l -13 9.91-11 
ru2<-. .00 7.17-11 .oo 
««24l .00 7-14*00 1.39*01 
M24 2« .00 2.31-CI 2.37-01 
11217 .PC 2.<l-02 2.15-01 
11213 .00 1.34*01 l . ) i * O I 
<«;.« .00 5.44-04 7.15-21 
1124S •oc 4.17-17 1.11-11 
t " 2 « .00 l-'S'OO 1,31*00 
Ca2l3 .00 1.37-0) «.32-03 
C1241 .00 2.25*00 2.23*00 
C1215 .00 9.11-02 1.31-02 
cnji i . .00 5.14-01 5.99-01 
{«2i7 .00 •.os-os •.03-OS 
C.124I .00 1.44-04 1.41-01 
C«2i9 .00 1.14-11 1.15-20 
Cn2SD .00 1.52-15 1.52-15 
l«219 .00 1.01-01 • .•2-07 
(USD •oo T.H-12 t.SS-23 
CFJ<9 .00 l . l l - I O 2.11-09 
c r ; i : . 0 1 ! 1.11-09 1.17-09 
tf i i i .DC 1.15-10 9,95-10 
cr;s2 .00 1-30-10 1*22-10 
C12SS .00 l . l l - l l 1.12-15 
ci25i .0" 1.01-11 1.12-17 
CS253 .00 1.D7-I3 2.75-11 
10111 1.00*01 9.79<05 9.79*05 

I H.U»: ].70*llli/C*ll«2-StC 

MlCUOt ClMClllHIIONS. ntHS 
•ISIS : " I Or HIIV7 «[I1L CHIItCO 

0 . 7 1 . 7 2 . 1 5. 7 
1.10-10 1.10-10 I.1D-I0 1.10-10 
1.1«-04 1.14-04 1.13-0*. 2.11-01 
s.n-oi I .00-01 t .Ot-01 1.11-01 
2.31*02 2.3«*02 2.35*02 2.11*02 
1,11'01 1.44*04 1.11*01 1.11*01 
1.11*03 3.11*01 3.11*03 1.11*0) 
l.bl-OS ) . l l -OS 1.35-05 1.17-05 
U.iJ'DS ».bJ.nl 1.53*05 9.53*05 

.00 .00 .00 .oo 
2.1 . -71 5.51-21 1.05-22 2.51-22 

.00 .00 .00 .00 
2.11*02 2.31*02 2.12*02 2.12*-2 
4.47-24 .00 .00 .00 
1.11-OS 1.11-05 1.11-05 1.11-05 
2.45-25 1.11-25 1.02-25 2.11-21 

.00 .00 • CO .00 
1.17-04 1.12-0*. 1 . 1 1 - 0 1 5.35-05 
9.95*01 4.14*01 1 . 1 1 * 0 1 1.19*01 
«,M'OJ 9.4«*0) 1.lt*D3 1.11*0) 
1.91*01 | . 1 ) * 0 ) 1.13*01 1.11*01 
I . IS '02 ••72*02 1.51*02 3.91*02 
f.OO'Ol i .oc*oi 9.00*01 9.00*01 
3.37-iS 1.37-15 1 37-15 1.J7-15 
1.44-12 2.92-12 5.41-12 1.11-11 

.00 .oo .00 .00 
1.71*01 i .o t . t i i 5,21*01 1.12*02 
i.37-01 2 .1 t -0 l 2.35-01 2.12-01 
2.15-01 2.19-01 2.11-01 2.79-Ot 
1.31*01 1.19*01 1.31*01 1.11*01 
1.15-77 2.27-2) 1.25-27 1.02-21 
2.71-11 l-Oi-JT I . U - l l 1.39-11 
5.91-01 <.1»-01 1,15-02 1.19-01 
«.2l-03 7.17-33 1.97-01 1.91-03 
2.21*00 2.16'DO 2.01*00 1.15*00 
t.31-02 1.11-02 9.37-02 1.37-02 
J.99-01 S.11-01 5.99-01 S.99-0) 
9.01-05 1.01-05 1.03-05 9.03-05 
1.91-01 l . l l - J l 1.11-01 1.41-09 
2.94-71 1\)S-2S 5,59-11 .00 
».S2-1S •1.52-15 1,52-15 1.32-15 
J.21-0* 1.57-07 2.05-09 1,12-10 
9.55-2) 9.55-2) 1.55-2] 9.51-2) 
I.17-0» ».5I>07 9.03-09 1.01-01 
1.11.-04 1.1S-99 1.C1.C9 9.13-10 
V15-10 1. .5-10 •.15-10 9.11-10 
1.16-1Q 1.00-10 7,71-11 1.51-11 
1.23-11 1,01-19 7.13-21 • OC 
1.12-17 1.51-11 2,15-20 1 .21-21 
J.72-15 S.52-11 1.09-23 • 00 
9.79*05 1.19.05 9,19*05 1 , 7 1 . 0 5 

B-25 

70 uncios 
10. r 20. 1 50, 1 100. « 

1.10-10 ) . i o - i o 1.10-10 1.10-10 
2.10-01 2 . ) l -0a 1.71-01 1.01-01 
1.11-03 1.9S-03 7.71-0) 1.11-01 
2.37*02 2,10*02 2.91*1)2 2.41*02 
1.41401 1.41.01 1,11*01 1.11*01 
3.11*03 1,11*03 1.1L03 1.50*03 
1.22-01 5.13-01 1 .3 l -? l 1.21-07 
9.53*05 9.51*05 9.51*05 1.5)*05 

.00 .00 .00 .00 
9,95-22 9.12-22 2.14-21 1.11-21 

.00 .00 .00 .DC 
2.33*02 2.17*02 2.55*02 2.90*02 

.00 ,00 .00 • DO 
1-1I-05 1,11-05 1.10-05 1.10.04 
4.2 7- 24 • ,11-71 2.11-21 1.21-21 

.00 .00 .00 • 00 
1.51-05 1.19-01 9.11-10 1,11-15 
4.22*01 1,91*01 1.07*01 2.10*01 
1.11*0) 1.11.01 1.17*01 1.11*01 
1.11*03 1.11*01 1.42*01 | .42*03 
3.01*02 1,17*02 1.11*01 1.21*00 
9.00*01 1.00*01 i .oo*ci 9.00*01 
1.17-15 1.11-15 1.31-15 1 .37 - : b 

2.57-11 5*15-11 1.21-10 2.51-10 
.00 .00 .00 .00 

| .9)*02 1.01*02 1.)1*02 1.31*02 
2.27.01 2.17-01 1.11-01 i .SI -CI 
2.11-01 2.10-01 2.27-01 1.11-01 
1.31*01 1.31*01 1.33*01 1.13*C1 
2.01-21 3.11-21 1.11-21 1.97-24 
1.31-20 •.13-2a .00 • CO 
5.47-04 5.27-04 1.55-01 3.12-01 
7.54-01 1.07-03 3. I7-03 1.01-01 
1.51*00 1.05*00 1.11-01 1.11-02 
9.17-02 9.11-02 9.34-02 1.10-02 
5.41-01 S.l l-OS 5.15-03 5.91-03 
1.01-05 1.01-05 1,03-05 9.01-05 
1.44-01 1.11-01 1*13-01 1.91-01 

.00 .00 .00 .oo 
9.52-15 1.52-15 1.51-75 9.50-15 
1.23-12 1.07.15 1.11-21 .00 
9.51-2) 9.59-2) 9.51-?) 9 .51-2! 
1.09-ca 1.07-01 1,01-01 • .19-09 
7.30-10 9.12*10 1,11-11 5.91-12 
• • •2 -10 l . l ' - I O 4.21-10 1.12-10 
7.11-12 1.9U-1) 2 . 1 7 - u 5.43-22 

.00 .00 .00 •DO 
l .T ! - )S •on .00 .00 

.00 ,00 • DO • 00 
1.79*05 9.19*05 9.77.05 1.11*05 

TERA. WPORATION 
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fmCi; Ji.oom, luiui*: Jdono,«»o, n u n j.jO'iJ»««"l-st<: 

ILInCMl CO«C1PII»»IIO»I. m a s 
••SI! : 117 Of H£».I K1H CHtllEO 10 HC1C7M 

C M U I OlSCHAI&r. 0. t 0. » 1 . I 2 . 1 5. > 10. V 20. 1 so. r 100. 4 
w .00 2.13-02 1.44-02 4.47-02 4.14-02 1.U0-02 1.24-01 2.02-01 1.74-01 4.74-01 1.44*00 
71 .00 • . • ' • 1 3 • •17-11 7-4J-13 1.24-12 2.04-12 4 . H - 1 2 5.11-12 4.25-12 4.17-12 1.24-12 
' 1 .00 4.40-01 1.01-07 1.53-07 1.40-01 1.14-07 4.00-04 1.24-05 1.27-05 1.14-05 1.44-04 
(1 .00 1.24-11 • .41-11 S.47-11 1.17-11 1-34-10 2.13-10 4.10-10 1.42-10 1.74-04 1.41-01 
n .00 1.41-14 2.40-14 1.31-14 7.27-14 2.04-11 1.41-12 4.21-12 5.54-11 1.24-10 1.45*04 
«i .00 2.41-20 4.10-21 4.51-21 • .70-21 1.20-20 2.23-20 4.03-20 7.44-20 2.22-14 5.4 4-14 
to .00 4.40-11 4.21-11 7.75-13 1*25-12 2.04-12 4,42-12 7.52-12 1.17.11 5.14-11 1.14-10 
Fft • 00 1.40-14 2 . 0 4 - U 2.34-14 1.41-14 5.47.14 1.14-15 2-24-IS 4.55-15 1.24-14 2.71-14 
U .00 4.14-04 I .3D-0 I 1.11-04 2*44-04 4.55-04 1.31-07 1.44-07 1.11-04 7.41 -04 2.70-05 
<c .oo l.io-n 5.33-04 4.51-04 1.01-04 1.44-0t 3.40-01 7.02-01 1.4 3-07 3.11-01 ••10-07 
IB .00 i . a t - t J 1.24-01 1.34-01 1.47-01 2.55-01 4.10-03 4.51,-03 1.41-02 3.44-D2 7.43-02 
44 .00 ] .01-01 3.13-04 1.14-M 1.24-04 1.31-04 3.10-04 4.50-04 5.40-04 1.01-01 1.71-03 
U 1.00*04 4.72*01 • .12*0". 4.72*05 4.72*0!, 4.72*06 4.77*05 4.72*05 4.77*05 4.72*05 4.72*05 

4? .00 1.05*02 2.11*02 2.31*02 2.11*02 2.12*02 2.32*02 2.11*02 3.17*02 2.55*02 J.4C02 
PU .00 4 .14 'Cl 4.43*01 4.43*01 4.42.01 4.14*03 4.13*03 4.75*03 4,41*01 l.«4*C3 1.40*03 
>n .00 2.13*01 2.70*01 1.15*01 4.42*01 4.41*01 1.25*02 2.07*02 1.14*02 4.44*C2 4.52*02 
en .00 ( .30*00 3.44*00 1*12*00 2.44*00 2.21*00 1.47*00 1.44*00 1.15*00 4.!•-<)< 1.44-01 
l i .00 l . 0 3 - 0 « 1.42-Oj 1.21-04 4.54-04 2.05-04 1,12-10 3.23-12 1*02-15 4.51-21 4.11-23 
Cf .00 2.54-04 • • •3-04 5.41-04 1.11-04 l.Ob-OI 1.22-01 1.21-01 1.11-01 1.04-01 4.54-04 
Ci .00 I.37-J3 2.71-14 3,12-11 5-S2-14 1.04-21 .00 .39 .on .00 • 00 
roi«L& i«oo*o* 4.74*05 4.74*0 & 4. IS'35 4.74.05 4,74*05 ».J4*oS 4.74*05 4.74*05 4.74*05 4.74-01 

i l l t lOt .00 .00 .00 •CO .00 .00 

IOULS 1.00*04 4.14*05 4.74'ilS 4.74*05 4.74*05 4,74*05 

B-26 
% 

TERA CORPORATION 



TABLE B-5 

ACTIVITIES OF LIGHT ELEMENTS AND 
MATERIALS OF CONSTRUCTION 

PRESENT IN SPENT FUEL 
VS. DECAY TIMES 

• O r t t : 1S.08H., Ulnar: 7000D.MD. l u l l ].20.|»SC*t>2-SEC 

HuCllOC l>o I01CTl f ] l r . CUIUS 
I1US : HI OF Ht l» I K i l l CK1KCD 70 • C l ( T H 

CWHH M U M U E 0. 1 0 . T 1 . » 2 . 1 1 . 1 10. • 20. 7 to. i 100. T . 
M 1 •00 .00 .00 • 00 .00 .00 .00 .00 .00 .00 .DO 
H 2 .00 .00 • 00 .00 .00 .00 .00 ,00 .00 .00 .00 
H J .00 2.03-05 7.oo-oi 1 . 4 1 - 0 1 1.47-01 1.11-05 1.5S-0S 1.15-01 4.17-04 1.21-04 7,21-Ot 
H • .oo ,00 .00 .00 .00 .00 .00 .00 •00 • 00 .00 

K 3 •00 .00 .00 .00 .00 .00 .00 •00 .00 .00 .00 
« 4 .00 • DO • 00 .00 • 00 .00 ,00 .00 .00 .00 .oo 
« 1 .00 1 . 7 7 - 0 3 ,00 .00 • 00 .00 .00 .00 .03 .00 .00 
11 » .00 .00 .00 .00 .00 .00 .00 •00 .00 .00 .00 
11 I .00 .00 .00 • DO .00 .00 .00 .DO ,00 .00 • 00 
11 1 •oc 2.34-12 .OS • 00 .oo ,00 .00 • DO .00 .00 .00 
11 • .00 3.34-03 .CO ,00 .DO .00 .00 •DO .00 .00 .00 
IE • .00 • DO .CO .00 .00 •DO .00 .DO .00 .00 .00 
I I 10 .co 2.00-01 2.00-0) 2 . 0 0 - 0 3 2.00.07 2.00-01 2.00-07 2.00.07 2.00-07 2.00-07 2.00-0?' 
11 I I .00 .00 .00 .OD .00 .00 .00 .00 .DC .00 .00 
1 10 .00 .00 •00 .00 .00 .00 .00 .00 .00 •on .00 
1 11 .DC .00 .00 • 00 .00 .00 .OD .00 .00 .00 .DO 
• 12 .00 1.24-13 .00 • OE .00 .00 .OD .00 .00 .00 .DO 
C 12 .oc .00 .00 .00 .00 .00 • DO .00 .00 .DO .DO 
C 1 ! .00 .00 .00 .00 .00 .00 .DO .00 .00 .00 .00 
C 14 .00 2.14-03 2.14-03 2.14-03 2.14-03 2.14-01 2.13-01 2.13-03 2.1J-OJ 2.12-03 I .11 -01 
II 13 .00 .oo •00 .00 • DO .DO .00 .00 .00 .00 .OD 
N 14 .00 .00 .00 .03 .00 ,00 .00 •0(1 .00 .00 ,00 
> 11 .00 .00 .oo .00 .oo .OD .00 •Oil' .00 .00 .00 
ii n .00 1.12-02 .00 .00 .00 .00 .00 •00 .00 .00 .DC 
0 Ik .00 .00 .00 .03 .DO .oo .09 •OD .00 .00 .00 
0 IT .oo .00 .00 .03 .00 .CD .00 .00 .or .00 • DO 
s i i •or .DO •DO .03 .00 .00 .00 • DO .00 .00 .00 
0 14 .00 4.4S-2J .00 .03 .00 ,00 .00 .00 .00 •00 .oc 
f 14 .30 • DO .00 .00 .00 ,00 • 00 .00 • 00 .00 .00 
1 20 .00 1 . 1 4 - 1 1 .oo .00 .oo .00 .00 .00 .oc .00 .00 

«.[ 2£ .00 • 00 .00 .00 .00 .00 .00 .00 .00 .00 ' .00 
M ;i .or .00 .00 .30 .OD .00 .00 .DO .OD .00 .00 
III 22 .00 .00 .00 .00 .00 .oc .00 .00 .00 .00 .DO 
M 21 .oc 4.4S-0S .00 • oo .00 .00 .00 .00 ,00 .00 .00 
HI 72 •00 .00 .00 .00 .00 .00 ,00 .00 .00 .00 .30 
Hi 2] .oo .00 .00 .00 .00 .DO .00 .00 .00 .00 .00 
hi 2* .00 1.12-07 .00 .03 .OD .00 .00 .DO . 0 0 *" .00 : - . 0 0 — 

M 21 .or 4.45-05 ,00 .00 • DO .00 .00 .DO .DO .00 .Cg 
46 24 .00 • 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
»C 25 .00 .00 .00 .00 .oo .00 .00 .00 .DO .00 .00 
f t 21 .00 .00 ,00 .oo .00 .00 .00 .00 .00 .oo .00 
n 2 7 .00 4.10-02 .00 .00 .OD .DO .OD .00 .00 .00 • DO 
I L ;> .on .00 .00 .00 .00 .00 .OD .DO . 0 0 " " .00 .00 
»l 2> .00 S.4?«01 .00 .00 .00 .00 .00 .DO .or ,00 • 00 
11 24 .03 l.t»iCO .00 .03 .00 .00 .DO .00 •OD .00 .00 
11 21 .00 .00 .00 .03 .00 .00 .00 •CD • (0 .00 .00 
SI 24 .00 .00 .00 .00 •oc .00 .00 .00 .00 .00 .oo 
SI JO .00 • 00 .00 .DO .01 .OP .00 •DO •DO .00 .00 
SI I I .0:1 1.43.01 ,00 .Do .00 • DO .00 .DO .on .00 " " .00 
t 31 .00 .CO .03 .00 .00 .00 .OD • DO .DO .00 .00 
f 32 •00 3.71-03 4.73-05 I.S*-D4 7.54-11 1 . 1 5 - 1 1 .OD .00 .00 .oo • 00 
P 33 .00 .00 .00 .00 .00 .oo .00 .DO • DC .00 .00 

TERA CORPORATION 
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P0>£«: 3S.00M. tUl«U»: 20000.IWD, r tVf : J.JO'lJU/CMW-StC 

• I K I I O I I I O I O « C I I « I I T , cutits 
•ISIS : «l OF « [«» ' K i l l CHittCD I» «C»CIO» 

CHIIOE OlStmllE 0 . J 0 . ' 1 . 1 2 . T 5 . 1 1 0 . » 20. I 1 0 . 1 100. 
F ] • .00 .00 .00 .00 • 00 .00 .00 .00 .00 .00 .00 
s 5 : •30 .00 .00 .no .00 •DO .00 .00 .00 .00 .00 
1 J ! •00 .00 • 00 .03 .00 .00 .09 .00 .09 .09 .00 
J J< .L3 •oo .00 .00 .00 •DO .00 • 00 .00 .00 .00 
S 14 .00 .00 .00 .00 .00 •DO .00 •00 .00 .00 .00 
1 I t .03 • 00 • DO .00 .00 •00 .00 .00 .00 ,00 .00 
S 1) .00 • 00 .00 .00 .00 .DO .00 .00 .00 ~" .00 .00 

CL IS .00 .00 •CD .00 .00 .00 • DO .DO .00 .00 .00 
CL SI .00 • 30 .00 .03 • 00 .00 .00 .00 .00 ,00 .OD 
«t 37 .00 • 00 • liD .00 .00 ,00 .on • DO .00 .00 .00 
Ci J ! .00 .00 .00 .00 .00 • DO .00 .00 .00 .00 .00 
Ail 14 .00 • 00 .00 .00 .00 .00 .00 •OD .00 .DO .00 
<• St .00 •00 .00 .00 •oo .00 • DO •00 .00 .00 .00 
i t SI .00 • 00 • 00 .00 .00 .00 .00 • DO .00 .00 .00 
I I SI .00 .00 • 00 .00 .00 .00 •oo .00 .00 .00 .00 
1? 10 .00 .00 .00 .CO .00 .00 ,00 •00 •00 .03 .00 
•> 41 .00 {.SO 12 .00 .00 •so .00 • 00 .30 .00 .00 .00 
« s« .CO .00 .00 .00 .00 .00 • OS •00 •00 .00 .00 
I 10 .90 • 00 .00 .00 .00 .00 .00 .00 .00 .DO .00 
• 11 .00 .00 .00 .00 .00 .00 .00 .00 .00 .DO .00 
I 42 .00 1.11- I I .00 • 00 .00 .00 .00 .00 .00 . 0 D .00 
• u .00 J.IS 20 .00 .03 .00 .00 • DO .OD •00 .00 .00 
I 44 .00 S.I2- 12 .00 .00 .00 •DO .00 .00 • DO .00 .00 

CI 40 .OC .00 .00 .00 .00 .DO .00 .00 .09 .00 .00 
CI . 1 • 00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .0 0 
CI • •" • 00 •oo .00 .00 .00 .00 .00 •DO .00 .90 •s: 
CI • ! •oc .00 .00 .00 .00 .00 .00 • DO .OD .00 .oc 
CI 4* .00 • DO .00 .03 .oo .oo .00 .00 .OD • 00 .oc 
CI IS •CO S . l l - 11 2 .S1- I1 1 . 1 1 - 1 1 1 .10-12 1.10-12 1 . 7 1 - 1 1 1 . 1 1 - 1 1 S . 7 2 - 2 4 .00 ,°c CI I I .oc • 00 .00 .09 .00 .00 .00 .00 .OD .00 .00 
CI 47 • 00 J.JJ- 111 S.S2-1I 1 . 1 1 - 1 1 • 00 .00 .00 .00 .00 .00 .00 
CI I I .00 •00 .00 .00 .oc .00 .00 • Do • DC .09 .00 
CI 41 •so •on .00 .CO .00 .co .90 • DO .03 .00 .00 
SC IS .09 .00 •00 .03 .00 .00 .00 • 0 0 . .00 .00 .00 
SC I I •00 L S I - 1) I .SO- I I 1 . 2 3 - 1 1 > . » ! - S S.J7-14 1.41-20 ,00 .00 .00 .00 
sc • » •10 i . l l - 01 2.42-12 4. l»->« .00 .00 .00 •oo .00 .00 .00 
SC • • .or 2.22- 01 5.11-11 .00 .00 .00 • OS ,00 .OD .00 .oo 
SC I * .00 J . H - OS .00 .00 .oo .00 .00 • 00 .oo .00 .00 
SC SO • 00 1.12- 01 .00 •oo .00 .00 • 00 .00 .00 .00 • 00 
TS I t .00 •00 •00 .03 .00 .00 .00 •00 • DO • 00 .00 
TI I I • 00 .00 .00 .00 .00 •00 .00 .00 .00 .00 .09 
TI I I .00 .00 .00 • 03 .00 •00 .00 .09 • DO .00 .oo 
TI 11 .00 .00 .CO .00 • CO .00 .00 .00 •or .00 .00 
11 SC •to .30 .00 .00 .00 .00 .oo .00 .00 .00 .00 
11 SI .00 1.10- 0) .00 • DO .00 .00 .00 .00 •3D .00 .00 
• I t .09 .00 • 03 .03 .00 .00 .00 .00 • DO .00 .00 
t S3 .oc .00 ,00 .00 .00 .00 .00 ,00 .00 •00 .30 
F Si .CO .00 .00 .03 .00 .Oo • CO • OD .00 .00 ,00 
1 12 .oo ! . . ] • 02 •CO .03 .00 •00 .oo .00 •DO .00 ,00 
f S3 .00 0.17- Dl .00 .03 .00 .00 .00 •00 .00 .00 .00 
• SI .00 t.?2> 03 .00 .00 .00 .00 .00 .00 .00 .00 .DO 

CI SO JO .00 .00 .00 .00 .00 .00 • 00 •DO .00 .00 

TERA CORPORATION 



unit- J5.00»«. lulMJr: 20000-WO" ' t i l l : J.2D.|Jh/Cii»»2-SCC 

MICUDE • I D l o l t t l a l l t . COMES 
Uili - «' or Hint Ki l l CHHHO t« Kicioa 

C»lt i [ O i s c m i u 0 , 1 0 . 1 1 . 1 2 . 7 S. 7 10. 1 J O . 1 1 0 . r • 00- ' 
u 11 .00 2 .13 'M 2.21*03 l .»l*02 2.11*00 2.11-0. l . i l - l l .00 .00 .00 .00 
N S2 .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 
CI S! .30 .00 .00 • 00 .00 .00 .00 .00 .00 .00 .00 
CI SI • DO .00 .00 • 00 .00 .00 .OD .00 .00 .00 .00 
[« Si • 0 0 J.71-02 .00 .00 .00 .00 • 00 .00 .00 • 00 .00 
«» 5« .00 1.32*02 1.17.02 4 . 7 7 . 0 2 J.11.02 I.S1.02 1.21*01 l .»5-0 l « . S I - O S S . I S - l l .00 
•II S5 .oo • 00 .00 .00 •00 .00 .OD .00 .00 .00 • 00 ~ 
n, 51 • 3 0 J.IS'OS • 00 .00 • 00 .00 .00 .00 •00 .00 .00 
>1 51 .00 2.1 noo .00 .00 •oo .00 .00 .00 .oc .00 .00 
UK se .30 1.02-02 • 00 .00 .00 .00 .00 •00 .00 .00 .00 
« 51 .00 .00 .00 .00 .03 .00 • to .00 •DO .00 •00 
H SS .00 S.JI'OJ S . D J * 0 3 1 . 7 7 * 0 3 «.10.01 J.11.01 1.11*03 1.12*02 2 .SI -0 I 1.70-03 ••11-01 
»f S4 .00 .00 .00 .oo .00 .00 .00 .00 .00 •00 • 00 
rt s i .00 .00 .00 .00 .00 .00 .00 JO .00 • 00 .00 
t£ 51 .00 .00 .00 .00 .00 .00 .00 .00 .oo •00 •00 
' t s* .00 S . l i ' 0 2 i . i i ' o ; «.W*01 2.01.00 7.JJ-0S 3.12-10 2.07-22 .00 .00 .00 
CO Sin .LD .00 .00 .00 .00 .oo .00 .00 .00 • 00 • 00 
CO 51 .oc 2.11.01 I . I I . O I S.I7.JJ 1.11.02 2.21*01 S . I I -O I 1=05-11 .00 .00 .00 
CO 51 .00 .DO .oo .00 .00 .00 .00 .00 .00 • 00 .DO 
to ton .00 1.11*02 .00 .00 .00 .00 .00 .00 .00 .00 • 00 
CO 10 .00 |.11*02 1.12.02 1.07.02 1.02*02 I . * D * O I S.11.01 3.13*01 1.10*00 L S I - 0 1 2.11-01 
co n .00 1.11*01 • DO .00 .00 .00 .00 .00 .00 .00 .00 
CO 12 .00 l . l j . 0 0 .00 .00 .00 .00 .00 •00 .00 • 03 .00 
•.1 SI .00 • DO .00 .00 .00 .00 ,00 •oo .00 .00 .00 
hi SI .00 I .SD 'OO 1.50.00 I.SD.OO I.SO'OO k.SO.QO 1.50-00 4.50*00 1.50.00 1.50 .00 4.11*00 
h] t t .00 .00 .00 .03 .00 .00 .00 .00 .00 .00 .30 
hi I I •on .00 .00 .00 .00 .00 •00 .00 • 00 .00 .00 
111 12 .00 .00 .00 .00 .03 .00 .00 .00 .00 • DO .00 
hi 1 ! .00 1 . 1 0 * 0 2 ».l»»02 1.17.02 » . n . 0 2 f> .21*02 ».0S*D2 ••17*02 I.0>*02 L I S ' 0 2 1.12*02 
h] ! • .00 .00 • 00 .00 • DO .00 .oo .00 • DO .00 .00 
• 1 IS .00 2.11*03 .00 .00 .00 .:o .00 .00 • DO .00 .00 
Cu 12 .00 .00 .00 .CO .00 .03 .00 .00 •00 .00 .00 
Cu • ) .00 .00 .00 .00 .oo .00 .00 .oo .00 .00 .00 
Cu 1 * .00 J..SKO0 .00 .00 .oo .00 .30 •oo .00 .00 .oc 
Cu IS .00 .00 .00 .00 .00 .00 .00 •oo .00 .00 .00 
Cu I I .00 1.71.00 .00 .00 .00 .00 .03 .00 ,00 .00 • 00 
<• l > . 0 0 " " .00 .DO " .00 .00 .00 .00 •oo .00 • 00 •oo 
2« H .00 .00 .00 .00 • 00 •00 .00 .00 .00 .00 .00 
7« IS .00 l . !5-0< i . n - o s l . l i -OS l . o - i - O S 1.SI-OS 7.12-07 i .01-01 >.32-13 .00 .00 
2h I I .00 .00 ,00 •Oo .00 .00 •00 .00 .00 .00 .00 
Ih I I .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 • DO 
7« I I .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 •00 
?h 4IB .00 .oo .00 .00 .00 .00 .00 .00 .00 ,00 •00 
2h I I .00 .00 .00 • Oo .00 .00 .00 .00 ,00 .00 • 0 0 
2k 75 .00 .00 .oo .00 .00 .00 .00 .00 .on .09 • 00 
7« TIN .CO .00 .00 .00 .30 .00 .00 .00 .oo .00 •00 
In 71 .00 .00 •CO .33 .03 .00 .00 .00 .00 .00 • DO 
U I I .00 .00 .00 .00 .33 .00 .00 .00 ,00 .00 •00 
I I 10 •90 •30 •00 .00 •o i : .00 •00 • 00 .00 .00 ' .00 
I I I I • 00 .00 .oo • 00 .00 .00 •00 .00 .00 .00 • 00 
U 10 .00 .00 .00 .00 .00 .00 •00 .00 .00 .00 .00 
SI • • .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 

I 

TERA CORPORATION 



I 
1 

( PQhtlu IS.OOKifi OUMur: 20000.1*40. 41U-: 1.7D.ll l i /C*tl2-srC 

! «UCLIO[ •loiotctid'i'. mum 
I 14515 ; 111 Of m m M i l l CHlt l io TO l[4C10l 

C « « i t Ol }C«»t [ 0. 1 0 . > 1 . 1 2 . t »• 1 1 0 . T 20. 1 so. i • DO. 1 

> • • ' .00 1.51*01 1.04*01 4.11*30 2.13-01 J.o«-oi 4.41-10 2.51-70 .00 .00 .00 
SI 40 .00 J . I 1-0. 1.11-04 1.10-04 1.05-04 2.14-01 2.71-04 2 . H - 0 1 1,41-04 1.12-Oi 2*44-0) 
54 ' 1 .00 4-24*00 •CO .03 .00 .00 • DO .00 .00 .00 .00 

f 40P .00 .00 •00 • 00 .DO .00 .00 .00 •DO .00 .00 
1 40 .00 1.14*01 1.11*04 I . ID-Ol 1.0 5-04 J .U-04 2.11-04 2.44-04 1.11-04 t .17-04 2.44-05 
I l i f t .00 4.02*00 .00 .00 .00 .00 • 00 .00 .03 .00 •00 
1 41 .00 4.11*01 1.24*01 •• •2*01 1.24*00 1.10-02 4,10-01 1.4T-|1 .00 .00 •00 

2c 4C •oo .00 .00 • 00 .09 .00 .00 .00 .00 • 00 •oc 
21 11 .00 .30 .00 • 00 • 00 .00 .00 .00 .00 .03 • 00 
n 4 j .00 .30 .00 .DO .03 .00 .00 .00 .00 .00 •00 
2« 1] ,00 5.41-02 5.45*0! S.45-02 1.45-02 S. i i -02 5.15-02 5.15-02 S.4',-02 5.45-02 S.15-01 
24 41 .00 .00 .00 .00 .00 .00 .00 .00 ,00 ,00 • 00 
7S 4$ .00 2.44*04 1.01*04 4.11*01 1.41*02 1.11*01 4.11-05 1.24-11 ,00 .00 • 00 
24 H .00 .00 •DO .00 .00 .00 .00 .00 .00 .00 .00 
ie 42 .00 .00 .00 .00 .00 .oo .00 .oa .00 .00 .00 
U 1lH •DO 2.01-05 1.12-01 1.2!-01 4 .41 .0) J . l i - 0 1 l . l f - 0 2 2.10-02 1.54-02 5.04-02 4.42-02 
M 4) • 00 .00 • DO .00 •DC .00 .00 .oo .00 .00 •DC 
44 44 • DO 1.01-11 1.01-14 1.01-14 1.01-14 1.01-11 1.01-11 1.01-11 1.07-14 1 .01 - I I 1.01-14 
4t 4S •oo 2.54.0* 1*44*04 t .BVOl 2.14*0} 1.44*01 1.44-04 4 , « | - l l .00 •DO • 00 
M 14 -oc 1.26*01 • DO .00 .00 .00 .00 .00 .00 .00 .00 
M 47 •oc 4.21-01 .00 .00 • DO .00 .00 •00 .00 .00 .00 
I'D 42 .00 .00 .00 .00 .00 .03 .00 ,00 .00 .00 • DO 
HO 41 •oc .30 .00 .03 .00 ,00 .00 .00 •oo .30 .00 
«J !!•> .oc .00 .00 .00 •00 .00 .00 .00 .00 .00 .00 
PC 4 * .DO • 00 .00 .00 .00 •oo .00 •o t 

.00 .00 .00 
1*3 IS .00 .00 .OD .03 .00 .00 .00 .00 • DC .OD .00 
••a 44 .00 • 30 .00 .03 .00 ,oo .00 .00 .00 .00 •oc 
w n .DC .00 .00 .00 •so .00 .00 .00 .00 .00 • QQ 
• 0 4s .DO .00 .DO .00 .00 .00 .00 .00 .00 .00 •00 
fO 44 .00 2.14-01 4.45-11 1.32-21 .03 .30 .00 .00 .00 ,00 •03 
raise .Dt • 30 .00 .00 .oo .00 .00 •00 .00 .00 •00 
u i j •CD .00 .00 .03 •CO .00 .00 .00 .00 .03 • oc 
u t i n .00 2.04-01 4 .1S- I1 1.21-24 .00 .30 .00 .00 .00 .03 .03 
K 44 .00 1.41-1] 1.11-1 J 1.11-11 1 . 4 7 - 1 1 1.41-11 1.41-11 1.17-tJ 1 . 1 1 - 1 1 1.41-11 1.41-11 
ICID1 .Dt .00 .00 .03 .oo .00 .00 .00 .DO .00 • 33 
l u i a i .00 .00 .oo .03 .00 .00 .30 •00 .Of .00 • 00 
[ D i l i * .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
co i l ) •on .00 .00 .03 .00 .00 .00 •00 .00 .00 >oo 
CO n sn .00 .00 .00 .00 • 00 .00 .00 •oo .00 .00 • 00 
C0II5 .00 1.44-01 1 .14 - i i 4.12-25 •go ,00 .00 •00 .00 .00 •DO 
C 0 I I 1 ' •DO .00 .00 .00 .00 .00 • DO .00 .00 .00 • DO 
CI 1H .00 4.11-04 •CO .00 .oo .03 .00 • DO .00 .00 •00 
m i l .00 1.14-04 .00 .00 • 0 0 .00 .00 .00 ,00 .00 ~ " •00 
t h i l l .00 • CD •CO .OD • 03 ,03 .00 •00 .00 .00 .00 
1M144 •oc 4.11-04 .00 • 00 • 00 .00 .00 •00 .00 .oo • CO 
1H14 .01) l . l l - O J ,oo .03 .00 .00 .00 •oo .oo .00 .00 
l i . K i n •;o 1.14-04 .00 .00 .oc .00 .00 .30 .oo •03 • 00 
14121 • DO .oo .00 .03 .00 .00 .00 .00 .00 .00 .00 
1V.1I4 .30 .00 .00 .00 .00 .03 .00 .00 .00 .00 .00 
i » l | 5 .00 .00 .CD • 00 .00 .00 ,00 •00 .00 .00 .00 
SMI t .00 .00 .0° .00 .oo .03 .00 .00 .00 .00 .00 
i t l l ' n .00 ••14*04 1.12*02 4.11*00 l . M - 0 4 2.21-12 .00 .00 .00 .00 .00 

TERA CORPORATION ] 

I 



• • • [ • = 35.001", IU««II»: 20000.»"0. UU«= J.20«|)«/£"««2-5EC 

•UCLIDE l l O I O I C I J v m , CUMCS 
i i ju : m or nc»r "tt>i CHMSEO i« ttictoi 

CM40E D 1 S C H I H E 0 . 7 0 . 1 1. 7 2. 7 s 7 10 7 20. » 10, T 100. t 
l a i n .00 • 00 ,00 .00 .00 .00 .00 .00 .00 .00 .00 
mi l l •00 .00 .00 .00 .00 .00 .00 .00 ,00 .00 .00 
S«] l '» .00 l . t l ' D I J .4M0I 1.21*01 4.15*00 2.52*03 1.21-01 7.41- 04 J.O!" 01 1.15- 21 .00 
smii .00 .00 •oo .00 .00 • 00 .OD .00 .00 .00 .00 
I4I2D .00 .00 ,00 .00 • 00 .00 .00 .00 .00 .00 • DO 
stum .00 1.77-01 1.77-01 1.77-ai 1.74-01 1.74-01 J.41- 01 1.42- 01 • • < • - 01 1.12- 01 7.11-0! 
51121 .00 l . t J . D ! .00 .03 •oo .DD .00 .00 .00 ,00 • 00 
ill!! .00 .00 .no .00 .00 .00 .00 • OD .DO .oo .00 
S»|23» .00 1.45.01 .00 .00 .00 .00 .00 .00 .00 .00 • 00 
SHU! ,00 3.47-01 2.41-DI 1.44-01 1.24-02 4.42-D3 1.51- OS 4.33- ID 1.01- I I • 00 .00 
milt .00 .OD ,00 .00 • 00 .DD .00 .oo ,00 .00 .00 
MI25K .00 t - I K O I .00 .00 .00 ,00 .00 .00 .00 .00 .00 
SI 125 .00 3.JI-00 «•31-01 2.17-05 4.57-12 1.32-23 .00 • DO .00 .00 .00 
3HI21 .CO • 00 .00 .00 .00 .00 .00 .00 .00 • 00 .CO 
5*121 • DO .00 .00 .00 -co .00 .00 .00 ,00 .00 .oc 
SB124H ,00 1.04-01 • 00 .00 .00 .00 .00 .00 ,00 .00 .00 
54121 .00 2.51*00 1.14.01 3.15-01 3.44-02 i.42-04 1.72- 04 l . l l - 11 ,00 .00 • 00 
SII25 .00 2.51*01 2.43*01 2.11*01 •2 .00 .01 I.SS.01 7.17.00 l . t t « 00 1.52- 01 4 . 1 1 - 05 1.41-10 
Sil?IK .00 4.51-02 •00 • OD •00 • 00 .00 .00 .00 •00 .00 
SB 124 .00 1.21-01 ••••-o« I .M-DS 2.01-10 3.24-14 .OD .00 .00 • 00 .00 
7EI24 .DO .00 •00 .00 .00 .00 .00 .00 .00 • 00 •us 
UI2S" .00 I . I5«00 7.34*00 1.21'00 4.27*00 4 •42*00 2.47' 00 1.23- 01 4 . 3 1 - 02 2 . 1 5 - G5 7,51-11 
' i )2S .DC .DD .oc .00 .03 .00 .00 .00 .00 .00 •cc 
'Mat .DC .00 .03 .OD .oo .00 .oo .00 .00 • 00 • DC 
• 1I(D .00 .00 .DO .oo .00 .OD • 00 • DD .oo .00 .00 
K i l l .00 .00 ,00 • DO .OD •OD • 00 .00 .00 • 00 • DC 
t l l t J n .00 • DO .00 .00 .00 ,00 .00 .00 .00 .oo .01 
'«1«2 .00 .00 .00 .00 • 00 .00 .00 .00 .00 .00 .00 

i n : .00 • 30 .00 .oo .00 .00 .1)0 •oo .00 .00 .00 
• i d .DC .00 .00 .00 • 00 ,00 • 00 .110 • 00 .CD .oc 
• 112 •00 .oo .00 .00 .00 .00 .00 •oo ,00 .DD .00 
«1IJ» .00 .00 .00 • DO .00 .00 .00 • 00 ,00 ,0D .00 
« I I 3 .00 .00 ,00 .00 .00 .00 .00 .00 .00 ,00 .00 
• ] » • • DO .00 .00 .00 • 00 .00 .00 .00 .00 ,00 .00 
«i is» .00 • 00 .00 .00 .00 .00 ,00 • DO .00 ,00 .00 
• its .10 .00 .00 .CD .oo •00 .00 .00 .oo ,00 .00 
l l l l .oc " .00 " .oo " .00 .00 .00 .00 •00 .03 .00 .00 
• I t ) .DO .00 .00 .00 .00 .oo .OD .00 .DO .00 .00 
ICI lL • DD 4.13*05 i . 7 i * o i 2.47*01 1.03*03 4,40.03 2,4i»g3 | . 2 « « 03 1.50* 02 4 . 5 2 ' 02 4.41.02 

TERA CORPORATION 



IOM»p: .««», I n ; s.ici'llt/caxj-ttc 

tlcatiiUL m u m . emits 
• H I S - «t «r «E I | f K i l l CtUMIO 7 i HtlCTH 

CI 

t«»»6t 
.00 
•oo 
.00 
•00 
.00 
• DO 
.00 
.oo 
• GO 
.00 
.00 
.00 
.00 
•oo 
.00 
.00 
.00 
.00 

U .0 
10TALS .0 

SDH01 

Dtstmict 
2.33-05 
J.04-0J 
2.14-OS 
J .T I -C I 
3.14-04 
I.17-C1 
7.14*01 
2.11*03 
3.12*01 
2.11*04 
1.3>'0l 
1.25-01 
1.20*01 
1.11*03 
2.41*04 
2.54*01 
2.14-01 
2.05-01 
7-4S-C1 
1.15.CI 
2 . I K C I 
4.44*00 
4.13*05 

I .00 

0. 7 
I.00-0i 
2.00-07 
l.H-OJ. 
i.rj-os 
2.52-11 
2.JO-12 
7.24*03 
4,71*02 
1.14*03 
i . l l ' D * 
1.43*02 
7.44-04 
1,14*01 
1.21*01 
1.03*04 
1.44*04 
4.45-17 
1.77-13 
J.14-15 
1.41*02 
2.52*Dl 
- .34*00 
4.11*04 

•00 

0 . > 
I . I I - p i 
2.OO-0I 
2 . I4-0J 
1.51-flt 
1.17-11 
4.21-14 
3.11*02 
5.71-02 
4.17*01 
S.W«0J 
4.43*02 
I.1S-0S 
4.17*00 
1.42*01 
4.11*01 
4,05*03 
1.J2 -24 
l . i i - U 
4.17-75 
l . M - 0 1 
2.35*01 
1.21*00 
i .47*01 

.00 

1 . « 
1.42-05 
2.00-OT 
2.11-01 
7.S4-1I 
7.10-12 
7.71-15 
2.14*00 
1.41*0} 
1.11*01 
4.44'D2 
1.34.D2 
4.15-05 
2.11-01 
1.24*30 
S.1T<02 
1.14.03 

,00 
| .77-11 
• DO 

1.11*00 
2 .0 I *D | 
1.27*00 
I . O ! * 0 ! 

.00 

2 . 7 
1.11-05 
2.00-Oi 
2.14-01 
I .SS-JI 
1.10-12 
S. l l -14 
2.41-01 
1.54*02 
1.14*03 
1.12*02 
».3?*02 
1.54-CS 
2.31-01 
1.7J-02 
I . I I ' C I 
2.4.*!S 

.00 
1.17-11 
.00 

z.io-ca 
1.55'01 
4.12*00 
4.40*01 
.00 

5, 7 
1.51-05 
7.OO-07 
2.1J-03 
• 00 

1.71*14 
«.<l -20 
3.54-14 
1.21*01 
| . t | * 0 3 
5.14*01 
1.17*02 
1.17-07 
2.71-01 
2,17-0« 
5.14-02 
1.11-07 
.00 

1.17-13 
.00 

2.10-01 
1.17*00 
2.17*00 
2.11*03 

10. 1 
(•15-05 
2.00-07 
2.11-0} 

•00 
7.11-11 

•00 
• DO 

1.11-01 
3*17*07 
3.10*01 
1.70*02 
• .04-01 
2.15-01 
2.15-01 
1.15-02 
2-10-02 

.03 
1.17-15 

•00 
l .u .oi 
I.IKOO 
••23-01 
1.28*03 

20. 1 
1,57.0. 
2.00-07 
2.13-OJ 

.00 
1.72-21 

.00 

.00 
1.51-0} 
2.51*01 
4.j»*oo 
• . |5«02 
1.32-11 
1,11-01 
1.11-01 
S.15-07 
3.55-02 

.00 
1.17-1} 

.00 
l . H - O l 
1.57-01 
1.11-07 
1.50*02 

$ 0 . 1., 
1.71-01 
2.00-07 
2.12-03 

.00 
• 00 
.00 
.00 

5.15-11 
t .70-01 
1.57-01 
».SI*02 

.00 
1.12-05 
1.12-C* 
5,15-02 
5,01-01 

.00 
I.11-13 

• DO 
1.17-01 
4 . I I -C5 
2.15-95 
1.52*02 

100. 7 
7.23-03 
2.00-01 
2.11-01 

.00 

.oc 

.00 

.oo 
• 30 

1.41-01 
2.17-01 
1.11*02 

.OC 
2.11-05 
2.11-05 
5.15-02 
5,12-02 

.00 
1.47-11 

.00 
7.13-02 
1.B3-10 
7.S4-II 
4.14-52 

l U ' l i .00 4.13*05 2.47*01 «.io*03 1.71*03 4.52*02 
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TABLE B-6 

QUANTITIES OF LIGHT ELEMENTS AND 
MATERIALS OF CONSTRUCTION 

PRESENT IN SPENT FUEL 
VS. DECAY TIMES 

M f f I : » • • * • * • |*1I4W: 2000!.««t, HUH ],I0<l3t/CI»II-tIC 

•ucuor CNctnti iTim, Ktrrs 
u i n : »t »r m m n u i c u n c i i t t r i e ' " 

t« I I4£ O I l t » » » « 0 . 1 0 . 1 1 . > 2 . 1 5. 1 10. r ?o. r SO. 1 100. 1 
» 1 .00 l .J I -01 1.27-01 1.21-01 1.21-01 1.17-01 1.27-01 1.27-01 1.27-01 I..I7 -01 1.21-01 
« I ,0D 4.31-01 5.37-05 J.32-05 5.11-33 1.37-05 5.32-05 3,32-05 1.37-03 S.J2-0J 3.32-05 
» 3 •OD J.01-04 2.04-04 2,04-04 l ,? f -04 1.17-04 1.31-01 1.11-04 4.71-10 1.23-10 1,44-1? 
M 1 .00 1.44-75 1.41-23 1.41-23 1.40-23 1.41-23 1.41-23 1,41-25 l.4*-2S l . t l - 2 5 1.41-25 

« 3 .09 2.02-11 3.40-11 7.12-11 1.33-10 J.13-10 3.34-10 1.21-10 1.43-01 1.11-01 7,10-01 
« l .00 4.41-01 4,14-01 4,41-01 4.41-01 4.41-01 4.41-01 4,11-01 4.41-01 4.11-01 1.41-01 
M 4 .DO 1.44-14 .00 .00 .00 .00 ,00 .00 .00 .00 • DO 
l l 4 .00 1.04.01 1.04-01 1.04-01 1-04-04 1.04-01 1.01-01 1.04-Di 1.04-01 1.04-DI l .Ol -Di 
U T .00 1.13-11 1,13-12 1 . 13-12 1.13-12 I . IS-12 1 . 1 3 - H 1.13-12 1.13-12 1.13-12 1.13-1? 
LI • .00 1.40-24 .00 .OD .00 .oo .oo .00 .00 • 00 .00 
t t 1 .OD 4.50-31 .00 .00 .00 .DO • 00 .00 .00 .00 .00 
• I 1 .00 1.13-04 1.13-04 l . U - 0 4 1.13-04 1.13-04 1.13-01 1.13-04 1.17-04 i . i s - m 1.13-04 
M ID .00 1.40-05 1.10-05 J.40-05 1.40-03 I.40-D5 1.40-05 1.10-05 1.10-05 1.40-05 1.4D-05 
• [ I I .00 .00 .DO .00 • DO .DO .00 .00 .DO •DO .00 
• 10 .00 1.70-13 1,11*12 2,51-12 4.7S-I2 1.44-12 2.03-11 3.17-11 1.15-11 1.15-10 1.44-10 
1 I I .00 7.11-11 1 . H - I 3 2.71-13 7.71-13 7.11-13 7.71-13 7.71-13 7.71-13 ?.7|-13 7.71-IS 
• 12 .00 2.41-2? .00 .DO .00 .On .00 .00 .00 .00 • DO 
C I I 1.04.0I 1.04.0? 1,04*02 1.04*0? | .04'D2 l . i . . * H 1.04*01 1.04*0? 1.04*02 1.04*02 1.04*02 
C 13 1.14*00 3.25*00 1.25*00 3.25*00 3.?4*DD 3.25*00 3.25*00 3.23*00 3.25.00 3.23*30 3.23*00 
E ! • • DO 4.14-04 4.74-04 4.74-04 4.74-04 4.74-04 4.71-04 4.11-oa 4.74-04 4.74-01 4,73-04 
• 13 .DC .00 .00 •oc .00 .00 • 00 .00 .00 .00 • DC 
1 11 .00 2.40-01 4.11-04 4.«i-04 4,44-04 1.45-0? 1.11-01 4.01-07 1.14-04 2.12-04 5.74-04 
> IS ,U3 4.01-11 4.01-13 4.01-13 4.01-13 4.01-13 4-01-11 4.01-1) 4-01-13 4.01-13 4.01-13 
• 14 .00 1.73-04 .00 .re .00 .00 .00 .OD .00 .OD .00 
• I t 1 . 3 * * 0 S 1.34,05 1.34*03 1.34*05 1.31*05 1.14*05 1.14*05 1.34*05 1,14*05 1.11*05 | .31*0J 
1 17 .00 4.44*00 4.14*00 4.44.00 4.41*00 4.141£» 4.41*30 1.14*00 4.11*00 i . i i » r o 4.14*00 
0 18 ,oc 1.25-20 1.25-20 1.25-20 1.25-20 1.23-20 !.23-20 1.25-20 1.21-20 1.25-20 1.2!-20 
0 H .00 2.42-13 .00 .oo .09 .00 .00 .00 .00 .00 .00 
7 H .or 3.23-31 S.45-33 5.45-33 S.4S-33 5.43-33 5.43-33 3,43-33 5.45-33 5.45-33 5.45-11 
1 20 .oc 7.53-22 .OD .00 .00 .00 .03 .00 .00 ,oc .00 

•1 70 .00 1.17-14 1.17-14 7 . H - I 4 7,17-14 7.J7-I4 7 . H - I 4 7.17-14 7.J7-I4 7.17-14 7.17-14 
«£ 21 .00 4.77-11 4 . 7 7 - U 4.77-11 4,77-11 1.77-11 4.77-11 4.17-11 4.77-14 4.77-11 1.11-14 
" I .2 .00 l . l l - D I 1.41-DI 1.41-01 1,11-01 1.41-DI 1,41-01 I . I1 -04 1,11-01 i . e i - o i 1.41-04 
W 2) oo 3.41-15 .00 .00 .00 .OD .00 .00 .00 .OD • 00 
XI 22 .30 .00 .00 .CO ,DD .00 .03 .00 .01 .OD .00 
" 2) .00 1.13-01 1,43-01 1.43-04 1.41-01 1*43-01 1.41-04 I.41-C1 l . H - 0 1 I.43-C1 1.4 1-01 
• • 24 .00 1.21-14 .00 .00 .00 .00 .00 .00 .00 .DO .00 
U 25 .00 •.21-13 .00 .00 .00 .00 .00 .00 .00 .00 •00 
m i t .00 3.5S-I? 3 . 5 4 - 1 ! 3.54-12 3.34-12 J.54-12 3.34-12 3.14-12 3.54-1? 3.14-1? 3.54-1? 
•4 25 .DC 1.41-04 1.41-04 1.41-04 7.41-04 7.44-04 1.51-04 7.44-01 7.41-C4 1.44-01 7.41-04 
»t 24 .00 3.10-01 3.40-04 J.40-01 3.4 0-01 J.40-04 3.10-O4 3.1D-M 3.10-01 3.40-04 3.40-01 
•6 27 .OD 4.41-11 .00 .3D .00 .00 .00 .Oc .0" • CO • or 
«l 27 .00 1.53-04 1.33-04 3.S3-04 3.5J-C4 1,53-04 3,53-04 3.31-Ct 3.31.04 1.33-34 3,53-04 
• I 24 .00 2.05-04 .00 .CO .00 .00 .00 • 00 . 0 " .3D .00 
• I 24 .00 2.32-04 • DO .oo .00 .03 .00 .CO •cn .00 .uD 
31 !t 3.44*02 3.44.02 1 . 4 4 * 0 2 1.44'02 3.44.02 3.4<*02 3.41.02 3.44*0? 3.4"*0." 3. 44 • 02 3.41*02 
31 2» 1.11*01 1.11*01 1 . 4 1 * 0 1 l . l l ' O l l . l l ' O l 1.44*01 | . ( 4 *D I Ip f l *0 ] 1.•••CI 1.11*01 1.11*01 
31 3D 1.24*01 1.24*01 1 . 2 4 * 0 1 1.21*01 1.21*01 1.24*01 1.24*01 1.21*01 I>?4*D1 1.24*01 1.24,01 
31 31 .03 4.22-07 .00 .00 .DC .00 .00 .00 .01 • CD • DO 
' Jl .03 1.40-01 1.40-03 1.43-01 I . IC-03 1.ID-01 1.10-03 I.1C-D3 1.41-03 1.10-03 1 . 4 0 - 0 3 
i 32 .00 1.30-04 1.44-10 S.Sl-12 2.41-14 3.41-21 • DO .oo .00 •00 .00 
' 3 j .00 .00 .OD .00 .01 .OD • 00 .00 .00 • 00 .DO 
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M « l - " 3 1 . f t * * . IVtJHf»£ * O m . l M D - f t « i : S*lQ*li*/t*,*l.Hc 

«HCi» I C « a C t M t l I I M S . « IHS 
I IS IS = HI IF HCJIW RCItl <MI«CLO t« »(»CIO« 

CHIKE ODCHIRfl 0* t 0. I I . T ; , I ) , f , 0 . T 20. f 4 0 . f 100* T 
** 3* -00 -00 .00 •00 ,00 ,00 .00 *00 ,00 .00 .00 
J *1 -DO 1.J1-0T 1.72-07 1.72-07 l.»?-D7 1.72-07 3,72*07 I t t f -OT i,72-C7 J.T2-07 |-7*>-or 
S 33 .00 .00 -DO .DO .CD .00 .00 .QD .00 ,00 .00 
* >* >0D .DO .00 .00 *0P ,00 .00 .00 ,00 .00 *00 
s i s »oo .00 *oo -DO «uo ,oo ,oo ,QO *oo *oo .oo 
S 3* . 0 0 _ , 0 0 .00 .00 -00 .00 .00 .00 ,09 , 0 0 . 0 0 
S 3 ' tOO .00 .00 ,00 . 0 0 . 0 0 >00 *00 . 0 0 .00 . 0 0 

CL 3S .00 .00 .00 >00 .00 .00 .00 .00 . 0 0 *00 . 0 0 
CL 34 , 0 0 *QQ .QO , 0 0 . 0 0 *00 , 0 0 . D 0 .00 .00 . 0 0 
U 3T ,Oo ,00 .00 .00 .00 ,00 ,00 .00 .00 .00 .DD 
CL Iff .00 .00 «00 ,00 .00 .00 ,00 *00 ,00 .00 .00 
*fi I t .00 _ .00 _ .00 *00 .00 ,00 .00 .00 •OO .00 . 00 
« J» -00 ,00 ' .00 ' .00 ' .00 .00 .00 .00 .00 " .00 .00 "" 
M 3* .00 .00 .00 .00 .00 .00 ,00 .QO .00 .00 .00 
"> 39 .00 .00 .00 .00 .00 .00 .00 -00 .00 .00 tOg 
« "5 .00 ,00 »00 .00 .00 ,00 .00 .00 .00 .00 .00 
* R * ) *0D S.94-20 .00 .00 .DO .00 .00 .00 *0D ,00 .Ofj 
* ** «0C .00 -00 .00 . 0 0 , 0 0 .00 >DD .00 .00 .CO 
• 10 *0O *D0 .00 .00 .03 -00 .00 .00 .00 .00 . 0 0 
> *« -DO 4.3J-27 t .14-77 4.S4-J7 ».S»-I7 ff,*4-|7 t , 5 * * | 7 t . 5 * - j 7 #.5**17 t . * 4 - l 7 f . & t - l l 
« 42 *0C 1.53-22 .00 .00 -00 .00 .00 .00 ,00 .DD ,00 
* * s *0C 4 - U W 7 *00 «00 .00 ,00 .00 *00 .00 .03 .00 
• >< .DC ;,*%'20 .00 .00 .00 .00 .00 .00 ,00 .DD .00 

C* *D .00 .00 .00 .00 ,00 .00 .00 .00 .00 .TO .00 
ci * i .oo ,ao .DO .00 *oo .00 .oo .oo .DO .oo .DO 
C* *7 .00 ; , l .B-;o 2-44-20 2.49-70 7.49-70 Z.44.20 2,44*70 ?,.•--[? J.fc*-20 2.44-20 2.49-20 
O «1 -00 3 .29 -1* J . 2 4 - H 3-24- l f J * 2 l - ] f 3.29-14 1.2*-] * J.24-19 1 .29-1* J,24-14 J.*?«-i« 
ta *« .00 2 , T | - o i 2-71-09 2.71-01 2.71-04 2.7»-0f 2,74-04 2.74-09 2 .7 l -0 f 2.74-04 2.71-09 
« 45 -OF 2.01-1$ 1-43-15 J.04-14 4.44-14 ».*1-17 4,70-19 4.52-22 4.78-29 .00 .00 
tt at .00 4.47-jo • - • ? - ! 0 (.47-10 4-4T-IG k.47-10 l . t M D I . 47 - . 0 l . t T - j c 1-47*10 • .97-10 
C* *1 IOCI 5.50-I4 5.74-20 1.21-24 *00 .00 .00 .00 .00 ,C0 ,00 
f* »» .00 ,U0 -DO .00 .00 .00 ,00 .00 .00 .00 .00 
C* »f .00 .00 ,00 .03 .00 .00 ,00 .00 .00 .DO .DQ 
St «S .DD 1-21-15 l * U - I S 2.30-15 J .11 - IS * .24 - l5 3.34-15 J.34--5 J.34-1S J-J4-15 J.Jb-15 
SC * t ,00 4.44-11 2.71-14 1 . 2 * - I I 2 . 2 1 - ) * 1.11-70 1.30-24 S.45-31 .00 .JO -DO 
St 47 .Ofl J.2J-J0 2.44-11 4*03-24 .00 .00 .00 .00 .00 .00 ,00 
« « i .ON " ' 1.40-10 J.34-2S 1*1*>37 ,00 .00 .00 .00 .00 .00 .QO " 
it- I * .OH 3.47-13 *00 *00 .00 *D0 .00 .00 .OD .00 .00 
SC SO .00 W ' t - l S *00 .00 «0D .00 *00 .00 .00 .00 .00 
" * b * - D 3.V3-JI * * 3 7 - ) « 7 .3S-U t*ik'tt « ,& | -J I I . S 4 - 1 I l . & f - I I l , » 4 - | l t , 5 4 - | l t . & f - l l 
I I 41 .00 3*41-04 3*41-0* 3.41'D« 3.4l>Q4 l .^ l -Ct S.vl-04 3.41-04 3.«I-Q* 3,»1-C» 3,41-04 
' 1 * • -00 3.0' -07 i -0* '0 7 1#3»'07 3.04-07 3.04-07 3,04-0 7 3*04-07 J.i/.-D? 3*0*-D7 J.04-07 
71 44 .00 7.41-04 I .,41-04 7.4I-Q4 1.41*04 7.41-04 7 .M-04 T.4H-04 7.H--0* 1,41-0- V,<t|-Q4 
T » 10 -00 3-44-03 3-44-03 3*44-03 3.44-03 ).4fc-03 3.4f-03 3.44-0J 3-46-03 J.44-PJ J . 4 f 0 3 
1 1 41 -Qc i .73- io «oo , 0 Q . Q Q . D O *oo . D O , o r ,00 .<JC 
' • ' -30 . 0 0 -00 -QO «QC ,00 .QQ ,00 .00 ,30 .UC 
* M -DO 1.34-02 1.34-02 l-Jfc-02 l*3(-D2 l.J>-D2 I .J4-02 1,36-0? 1.36-02 1,36-02 1.34-02 
V *1 .00 2.11*00 3-04*00 3*04*00 3,Uf*0O 3J)t*Cfl 3,04*00 3.04*C0 3.06*00 3.04*^0 J.Ot'OO 
V H .00 | .52-CI .00 -OD -00 .00 .00 ,DD *(jD .00 .00 
V it *D7 4-41-10 *00 .DD .00 ,00 .00 *D0 .05 ,0D ,0P 
9 * * - t 1 0 2.J4-1? -00 .00 *DC »liQ .00 .00 .DP *DD .DO 

C* 50 1*11*02 | . 7 i *02 1*75»02 1.75*02 I . H ' 0 2 1.7S*0i 1-75*02 1.15*02 1.74*02 | ,7i->0* 1.71*0? 
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, iViMir: I0M«.M0> ti.il- j . I O * l ) « ( C » « « l - i t c 

•VClHt C M C C I t l l l l M S . «H«S 
l i t is : in ir « t m " t i n cmmto rg urictm 

« 51 
ci a 
ca s i 
CI Si 
« SI 
• • SI 
M Si 
M SI 
H 5 7 
"II SI 
U S. 
f t ss 
n st 
'C ST 
»f St 
' [ 51 
CO SIM 
CO SI 
CO 5 1 
CO 4 OH 
CO to 
CO t l 
co t : 
M SI 
»J SI 
M tc 
M t ) 
••I i ; 
t i l ! 
Ill t> 
«1 tb 
Cv t ; 
Cli S3 
Cu ta 
Cli 15 
CO I t 
Zt 13 
211 I t 
2a tS 

2a IT 
la t l 
2a t m 
2s M 
J l 10 
7a 7]a 
•*a 11 
CI IV 
t i 7; 
t l I ) 
U 10 
U 00 

CHl'al 
.00 

I . H « 0 ) 
1.11-0! 
• • I 1*01 

.00 

.00 
2 .11-0! 

.00 

.00 
.00 

».|2<02 
.00 

l . 3 i * 0 i 
3.25*02 
1.71*01 

•DO 
•DC 
.00 
.00 
.00 
•00 
.DC 
.DC 

l .V l 'Dt 
.00 

) . ! t * 0 ) 
3.11-02 
1.02-0 J 
.or 

2.5«*02 
.00 
.or 
.00 
.DO 
.00 
.".(i 
.00 
.oo 
.00 
•oo 
.00 
.00 
.00 
•00 
.00 

•ot 
.00 

OlSCHMCt 
2.31-01 
J.IJ'DS 
1.15*02 
I.oa>o2 
2,11-01 
I .Oi-OI 
2.12*01 
1.31.02 
I . I I - D 1 
) . t t - 1 2 
••71*02 
2 .1L00 
1.11*01 
S.10*02 
S.11'01 
1.15.0? 
• DO 

• .10-01 
I.11-00 
l.SS-OI 
1.02-01 
1.52-07 
1.31-DI 
1.9?.LI 
I .S I ID I 
J.S1it>> 
3.2KC2 
I.00*01 
1.52*01 
2.53*02 
1.13-Oa 
.00 

••71-02 
f.JO-DT 
i-'s-ni 
1.11-01 
.00 

1.21-OS 
1.S2-0I 
7 . IS-0 I 

.00 

.oo 
• 00 
• 00 
.30 
.00 
.09 
• DO 
• DO 
. 3 0 

0 . I 
I . t S - O I 
3 .13*0) 
) .»5*02 
i .0a»02 

•00 
i . a i - 0 2 
2.12-0J 

.00 

.oo 

.00 
1.71*02 
2.01'DO 
1.11*01 
3.10*02 
S.25*01 
2.17-03 

• DO 
J.17-01 
l . l f O O 

.00 
1.11-02 

.00 
• DO 

I * l 2 * 0 i 
( .51*01 
7.31*03 
1.21*02 
I.00*03 
I.S2*0] 
2,S3*02 

.00 

.00 
1.11-01 

.00 
J . U - O I 

.00 
.00 

1 .32-05 
1 .11-01 
I . IS-OI 

.00 

.00 

.00 

.00 
•to 
•CO 
.CO 
.CO 
.00 
.00 
.00 

I .11-01 

0 . > 
1.21-03 
) . l ) * 0 3 
) . » * 0 2 
l .oa*02 

• 00 
7.23-02 
2.12'OJ 

.00 
• 00 
• 00 

».77.02 
1.11*00 
l.) ')*Oi 
3.10*02 
1.21*01 
1.75-01 

• 00 
i . H - 0 1 
1.11.00 

• 00 
1.IS-02 

•to 
• 00 

1>«2*0> 
LS I -01 

.7.3i*9I 
1.21*02 
l .Oo'oJ 
1.52.01 
2.S3*02 

•00 
.oo 

1 . 1 1 - 0 1 
•oo 

1.IS-01 
•oo 
•oo 

1 . 3 2 - D S 
l . t l - D l 
i . is-oa 
•oo 
. 0 0 
•oo 
. 0 0 
• to 
.Dg 
.00 
.Oo 
.00 
• DO 
.00 

I . H - f l l 

I . » 
2.SI-DS 
) . t ) . 0 3 
s. is-Oi 
1.01.02 

•oo 
1.S2-D2 
2.12*03 

.00 

.00 

.00 
1,71*02 
i .n-oo 
| . ) i - O t 
1.40*02 
5.21*01 
« . 1 3 - 0 s 

• DO 
2.SJ-02 
1.10.00 

.00 
• • •1 -02 

.00 

.00 
1.12'3I 
I .S I *0 i 
7.31*03 
3.21*02 
1.00*01 
1.61*01 
2*53*02 

.00 

.00 
2.02-0:. 

. 00 
I . I ! - 0 1 

.00 
1.32-OS 
5.12-07 
l.lS-Oa 

.00 

.00 

.00 

.00 

.03 

.00 

.00 
•oo 
.03 
.00 
.00 

I .11-01 

2 . 7 
2 .M-07 
3.13*01 
}. IS*02 
i.oa*02 

•00 
I . l a - 0 2 
2.12*03 

• DO 
.00 
.00 

• .71*02 
1.21*90 
1.11*01 
l.tO-02 
S.21'01 
l . n - 0 7 
.00 

1.21-01 
1.70.00 
•CO 

2.15-02 
•00 
JO 

1.12.01 
I .S I 'O l 
7.31*03 
3.21*02 
i.oo*oi 
1,10-01 
2.33*02 

.00 
,00 

J . lS-Ol 
.00 

3.IS-01 
.00 
.00 

1.12-05 
1.13-01 
7,15-01 

.00 

.00 

.00 
• DO 
.00 
.00 
•00 
. to 
.00 
•no 
.co 

l . U - 0 1 

S . 7 
3.M.-2I 
J.«J*03 
) . IS*02 
| . oa*02 
• 00 

1.10-03 
2.12*03 

.00 
•00 
.00 

••71.02 
S.IS-OI 
l , l i * O i 
3.10*02 
S.21*01 
1.11-15 

,00 
1.71-01 
i.io.oo 
.00 

S.27-D2 
.00 
.00 

1.12*01 
l . i l - O I 
7.31*01 
3.21*02 
1.00*03 
1.17*01 
1.51*02 

.00 

.00 
t .51-01 

,00 
1.IS-01 
.30 
.oo 

1.32-OS 
l . t l - l l 
7.15-01 

.00 

.00 

.00 
• 03 
.00 
.00 
.00 
• CO 
.oo 
.00 
. 03 

I . 1 1 - 0 ) 

10. 1 
.00 

J . l ) * 0 ) 
3.15*02 
1.01-02 
.00 

2.15-05 
2.12*03 

.00 

.00 

.00 
1.71*02 
1.11-CI 
1.11*01 
3.10.0! 
5.21*01 
1.20-27 

.DO 
3 .33- l t 
1.10*00 

.00 
2.71-02 

.00 
•DO 

1.12*01 
•.51*01 
>«1*03 
1.21*02 
1.00*03 
1.11*01 
2.53*02 

.00 

.DO 
1.11*00 

•00 
I .«5-01 

.00 

.00 
1.12-05 
1.15-11 
I.1S-DI 

•00 
•oo 
.00 

.DO 

.00 
1.11-01 

20. 1 
.00 

».1S*0> 
1.15-0! 
1.01*02 

.00 
s-is-Oi 
2.12*0) 

.00 
• 00 
•oa 

••71*02 
1.01-02 
1.11*01 
3.10*02 
5.21*01 

.00 
• DO 

1 . 2 1 - ! ! 
1.11-00 

.00 
7.32-0) 

• DO 
.Of 

1.17*01 
I .51.01 
1.11*01 
1.21*02 
1,00*0) 
l . l l ' C l 
2.S!*02 

.00 

.00 
2.22*00 

.00 
1.15-01 

,00 
•00 

1.32-05 
l . t l - I J 
1,11-01 

.00 

.oo 
,or 
,00 
,co 
,30 
.or 
.o*1 

,or 
.on 
.on 

1,11-01 

SO. T 
•00 

1.13*0! 
! . i » * 0 2 
1.D1.02 
• 00 

7.11-20 
2.12*03 

.CO 

.00 
•00 

I .71-02 
S. l l -Ot 
1.31*01 
3.t0*07 
5.21*01 

.DO 

.00 
,00 

1.13*00 
.00 

1.10-01 
• 03 
.00 

l . « 2 * f l 
1 . 57-31 
7.31*03 
3 .2 ' * :2 
l,00*C3 
I.0S**1I 
2,S1*C2 

• DO 
. 0 9 

1.»7*C0 
.00 

J.I5-C1 
.00 
.00 

1.32-OS 
S.5J-3I 
7.15-01 

.00 

.00 

.00 
,00 
.03 
.03 

110* •_ 
• 00 

1.13*0) 
J,«J*02 
1.01*02 
.00 
. 0 0 

1 .12*0) 
• 00 
. 0 0 
•00 

1.11*02 
5 . t l - 1 J 
1.31*01 
3.10*02 
5.71*01 

.oo 

.00 
• 00 

1.17*00 
.00 

1.13-01 
.00 
.00 

1.12*01 
1.51*01 
7.11*03 
3.21-02 
|.00*C3 
l . l l -CO 
2.5J<02 

• oc 
.C3 

1.15*00 
. 00 

1.15-01 
• 00 
. 00 

• • 3 2 - 0 5 
.00 

7.15-01 
• 00 
• OD 
• 0 0 
.00 
• 00 

.03 

.00 

l . l l - O l l . i l - O I 

B-35 
% 

TERA CORPORATION 

http://ti.il-


M*t»: n.oof-. »¥»mn jooto.mt, r i w : i .70*i)»tn*.2-irt 

m u l c t t w t t t i i t i i w i i , s m 
l l l l l ; »! « M i l l a c i d ( N t M t t I t I ' l I T M 

M I ' 
» to 
» I I 
t »0» 
• ' 0 
I ' I K 
» ' I 

711 «0 
2» ' 1 

;« »; 
2« I I 
2* »• 
a t i 
?e t t 
41 «2 
«6 t i n 
w t ) 
14 t t 
• I t l 
H t t 
«* IT 
"0 t? 
« 1J 
« t i n 
40 t t 
"6 t l 
no t t 
»0 t7 
*0 t t 
•o i « 
ntiro 
ncioi 
I t t tB 
I t I t 
It 101 
• U C I 
t e n H I 
c o m 
CO)15" 
cons 
COlltH 
t i n t 
c o m 
H i l l 
i n n tit 
I M J t 
Hil21« 
1*121 
v t u t 
S1IIS 
S» IU 
H i i r o 

C"1»H 
.00 
• DO 
.00 
,90 
.00 
.00 
.00 

I .11*01 
LST 'OI 
l . ' l ' O I 

• DO 
• .02*01 

.00 
4.44.05 

.OC 

.00 
.1.J 
.00 
.00 
.00 
.00 
.00 

• 00 
,00 
.00 
.or 
.or 
,00 
.or, 
.on 
.00 
.09 
•0U 
.00 ' 
.00 
•00 
.00 
.00 
.0(1 
•00 
.00 
.OC 
•00 
•oo 
.00 

2.31*01 
1.21*01 
5.01*02 

.00 

oi i«Hi«tr 
I.2S-0J 
2.21-Ot 
l . tO-Ol 
.00 

J.44-03 
2,12-01 
l . l t - O I 
1 . I I -D1 
2.14-04 
I . IS 'O* 
2.11.01 
t . 02 -01 
>.27.00 
t . t l ' 0 3 

.CO 
1.11-04 
l . I t - 0 7 
S.43-11 
4.57-01 
t . ; t - o t 
2.11-15 

.00 

.30 

.90 
S . ' 4 - l l 
i.ii'oo 
) . I S - 0 I 
l.Ot-OS 
1.74-01 
S.OO-ll 

.00 
.00 

1 . I t - I t 
1.01-11 
.00 
• DO 
.DO 

l .Si -07 
• DO 

1.24-0* 
.00 

1.17-12 
•..11-15 
.00 

4.14.12 
).11-11 
1.10-1S 
.00 

4.1L01 
I.2K01 
S.03-02 
1.11-01 

0 . 1 
l .T t -O l 
2.20-04 

5.12-10 
.00 

1.33-03 
l . l f O S 
2.14*0* 
l . t j . o t 
2.13-01 
4.02'Ot 
« , « T - O I 
l . t t ' O l 

.00 
t .42-04 
J.LO-07 
1.11-11 
t .27-01 

.00 

.00 
,00 
,co 
.CO 

1 .07 -U 
4.12*00 
| . I 5 - 0 | 
t.O'-CS 
l . l i ' O l 
t . i s . n 

.00 
.oo 

t . n - i i 
I . K . l l 

.CO 

. 0 0 
.00 

1.S3-07 
.00 

2.21-21 
,00 
.00 
.00 
.03 
.OD 
.CD 
.00 
.00 

I . l l 'Ol 
1.21*01 
4.00*02 
1,41-01 

0 . > 
l . N - 0 4 
7.11-04 

.00 
.00 

5.11-10 
.00 

J.12-04 
1.11-05 
2.St'04 
l . lS'Ot 
2.11*01 
t.02*t)t 
2 . I I - 0 1 
4.4t«oJ 

.CD 
1.11-05 
t.01-07 
1 .41-U 
2.10-01 

.00 

.CD 

.00 

.00 
.00 

l . t S - i l 
4.11.00 
1.11-01 
t ,o i -os 
l . i t - o t 
2.ID-30 

.09 

.00 
2 . H - J I 
l . l t - l l 
.00 
,oo 
.00 

1.11-07 
.00 

• .CI -J l 
.Oil 
.DO 
. 0 0 
. 0 0 
, 9 a 
.00 
.00 
.00 

2-11-01 
1.23-01 
S.C0'02 
S.II-CS 

I . I 
• .J . I -04 
2.I4-D4 

.00 
.00 

1.41-10 
.00 

1.11-01 
1.1**01 
2 , i f f * 
l . tS 'O I 
2.11*0) 
1.02*04 
l.it-O! 
4.44*01 

.00 
1.45-05 
I .01-07 
1.41-11 
2.»0-D2 

.00 

.00 

.00 

.00 

.00 
2 . S I - I I 
4,47.00 
l . t l - D l 
t.Ot-JS 
1.71-01 

• 00 
.00 
.00 
.03 

I .11-11 
.00 
.00 
•oo 

1.51-01 
• DC 
. 0 0 
. 0 0 
.00 
•oc 
.00 
.oo 
.1.9 
• 00 
. u o 

2.31-01 
1.23*01 
5.0C-02 
2.0C-01 

>. T 
7.Jt-0t 
2.11-04 

.00 
.00 

l . t l ' I D 
.00 

4,14-07 
I . I t -OS 
>.14'04 
l . l l ' O l 
I . l l ' O l 
t .112*0. 
J.24-04 
t . t t ' O ] 

.00 
2.13-01 
1.17-04 
i .Vl- l l 
4*22-01 

.DO 

.00 
.00-
.90 
.DO 

l . l t - l l 
7.02.00 
H S - O l 
l.Ot-OS 
l .74-0t 

•CO 
•CO 
,00 
.00 

l . l t - l l 
JO 
,00 
.00 

1.11-07 
.00 
.00 
.oo 
.00 
.00 
.00 
.03 
.00 
.00 
.ou 

2.11'01 
1.23*01 
1.00*02 
2.71-17 

». » 
1.31-14 
l . tk-Ot 
.03 
,00 

S.OI-10 
.00 

1.11-12 
l . l l ' C S 
2.51»0l 
l . t l . O t 
2*13*01 
1.02'Ot 
«.42-0» 
4.<4«0J 

.09 
4.tO-01 
7.40-Ot 
1.41-11 
5.05-91 

.oo 

. 0 0 

. 0 0 

. o o 

. 00 
1 .03-11 
1.02*00 
1.IS-01 
I.O1-01 
1.74-01 
.09 
.00 
.CO 
.OD 

l . l l - l l 
• 00 
.00 
.00 

1.51-07 
.00 
.CD 
.00 
.00 
.00 
.00 
.90 
.CO 
.00 
• CO 

2 . 1 1 * 0 1 
1 . 2 3 * 0 1 
1 . 0 0 * 0 2 

• DO 

10. r 
l . t t - I S 
1.73-04 
.00 
.00 

I . i t - I D 
.oo 

7.11-22 
1.11.05 
2.5»*C. 
J.tS«D4 
2. IJ .01 
4.02*04 
1.11*17 
1.44.01 

.00 
••••-OS 
7.11-05 
S.41-11 
1.14-17 

• OD 

.09 
•00 

2.01-17 
7.02*00 
1.45-01 
4.04-01 
1.74-0* 

• 09 
•CO 
.00 
• 00 

l . l l - l l 
. 0 0 
• OD 
. 0 9 

I .SI-07 
.00 
•oo 
.99 
.00 
•00 
.DC 
.00 
.90 
• 3D 
• 00 

2 . J 1 . 0 I 
1.21'CI 
1.00*52 

20. r 
.00 

| . l > - 0 , 
.00 
.00 

l .SI-10 
.00 
•on 

l . l ' .Ol 
2.14*01 
3.t5.01 
2,13'Dl 
I.02*01 
).14-34 
4.41*03 

.OC 
1,24-04 
7.12-05 
5.41-11 

,00 
,00 
.00 
.OD 
.09 
.00 

l . t l - I I 
7.07>CO 
1.15-01 
4.04-03 
l . l t - O I 
.00 
.00 
.DC 
.00 

I . H - 1 1 
.00 
.00 
.00 

I .S ' -OI 
•CO 
.00 
.DO 
.00 
.09 
. 00 
. 0 " 
.Oi. 
. 09 
.on 

2.11*01 
1,21*01 
S.0f"*02 

.DI­

SC. I 
.00 

4.11-07 
.00 
.00 

l . t l -10 
.00 
.00 

1.11.01 
2.!»•!)< 
l . t l ' O I 
2.11*91 
4.02.01 
,00 

4.11*01 
.00 

1.71-01 
J.21-14 
S.41-11 

.09 

.00 

.00 

.00 

.00 

.00 
t . » l - t t 
7.02*00 
l - l i - O I 
4.01.D1 
1.71-01 
.90 
.00 
•CO 
.09 

l . l t - l l 
.90 
.00 
.00 

1.51-07 
.00 
.00 
.00 
•DO 
.00 
.00 
.99 
• 3D 
.CD 
.00 

2.11'C! 
1.23*51 
S.00'C2 

.00 

100 . > 
. 00 

1.11-01 
. 0 0 
. 00 

l . l l - l l 
•oc 
.oc 

l . l t . D l 
2.11.01 
l .»5*0 l 
2.13*01 
l . 0 2 ' 0 l 

.00 
4.tl«03 

• OC 
l . ' 2 -Ol 
T . t l -O I 
5 . I J - I 1 

• 00 
• DO 
• 00 
.00 
• 00 
.00 

I . ' 4 -14 
7.02*09 
1.15-01 
l.Ot-OS 
1.71-01 

.09 

.00 

.90 

.00 
l . l l - l l 

• 00 
• OD 
. 0 0 

1.11-07 
• 00 
. 0 0 
• DO 
. 0 0 
.OC 
. 0 0 
. 0 0 
. 0 9 
• 00 
.00 

2.11*01 
1.21*01 
S.Ct*C2 

• OC 

1 
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• IH t t r l l . « » , » • • » • : 1000D.HIIO. f u l l : 3.20*l la/CM»i- l , IC 

W C U I ! C M C C H l a i l l H i . • • • « ! 
• t in : «i or HI.11 miu CMHICO ri aticm 

CH1HE 011CHMM o. t o . • 1 . 1 2 . T ! . T 10. t 20. T SO. T 100. f 
W i l l J.11'0 2 2.11*02 2.11*02 2.11*02 2,11*02 2.17*02 2.11*02 2.17*02 2.17*02 1.17*02 2.17*02 
H i l l I . M . 0 J 1.17*02 I . i7»»2 1.17*02 (.11*02 •.11*02 i.«T*or !.<7*02 1.11*02 1.17*07 1.17*07 
M U M •00 ••11-03 1.31-OJ 2.10-03 l . l l - O I 1.11-01 2.75-04 1.11-07 1.11*12 1.11-21 • OC 
l « l | 7 J.01'0? 2.11-02 I . t t * 0 2 2 . W 0 2 2. • • •02 2.11*02 2.11*32 2.11*02 2.11*02 2.11*02 2.11*02 
1KI20 l . l l ' O l 1.1S<03 1.11*03 l . l i 'OS 1.11*03 I.IS*C3 1.15*03 1.11.03 1.15*03 l . l l * t l 1.14*03 
5112|" .00 1.51-03 1.41-03 1.51-03 1,12.03 1.11-01 1.31-03 1.11-03 1.11-03 2.11-01 1.11-0] 
51IJ1 .00 2.02-03 .00 .00 • 00 .00 .00 .00 .00 .00 .00 
Si ;?! l .15'o2 1.11*02 1.11*02 1.11*02 1 . 1 1 * 0 2 1.14.02 1.11*02 1.11.02 l . l l * 0 2 1.15'OJ 1.15'D? 
1M23H .00 2.21-01 .oo .00 •on .00 • DO •oo .on ,ro • DO 
S1I23 .00 1.11-04 2.11-01 1.13-ci l . 1 7 - 0 1 I . K - 0 1 1.17-01 7.17-11 1.11-22 .00 .00 
S»12» 2.03*02 2.03*02 2.03*02 2.03*02 2.01*02 2.03*02 2.03.02 2.03*02 2.0**02 2.03'02 2.01*0-
SH125B .00 l.DI-DT .oo •00 .00 .00 .03 .00 .05 ,00 .00 
1*175 .00 2.14-05 3.17-01 2.22-10 1.12-11 1.11-21 .00 •00 .00 .00 • OD 
S1IJI .00 1.21-01 1.21-01 1.21-01 1.21-01 1.21-01 1.21-01 1.21.01 1.21-01 . . J l - m ; • ; » i 
11123 .00 2-13-02 2.11-02 2.11-02 2 .M-02 2.11-02 2.11-02 2.11-02 2.11-02 2.11-02 2 . 1 * 02 
l l l i m .00 I.D1-10 .00 .00 • 00 .00 .00 .00 .00 .00 .00 
11I2« .00 1.13-01 1-05-05 2.23'01 2.10-01 3.01-01 1 . I 0 - 1 * 1.71-23 .00 .00 •oc 
41125 .00 J . . ( - C I 2.21-02 2.11 -02 1.11-02 i.«,-o; 1.11-01 1.11-03 ),»1-D1 1,11-01 1.7J-IJ 
111?!" .00 1.31-10 .00 .00 .00 .00 .00 • 00 .oo .00 .CO 
l l W I .00 1.13-01 I .Ol -DI 2.11-10 J.15-IJ 1.11-21 .00 .00 .00 .00 •JO 
U I 2 * .00 1.31-01 1.21-01 1 , H - 0 I 5.T7-01 1.11-01 4.71-01 5.71-01 5.11-01 5.71-01 4.71-C: 
u i ; i * i .00 l . l l - O . 5 .11-0 . 1.11-01 1.51-01 1.11-C1 i.is-o« 1.57-05 3.30-01 1.51-01 • 21-11 
U I 2 1 •oo 1.40-01 1.11-03 1.01-01 1.01-02 1.11-02 2.25-02 2.74-02 2.13-02 2 .1 l - t 2 ; . » l - 02 
'1121 .00 1.14-04 • .10-05 • .10-01 • • •0 -01 • • • 0 - 0 1 • . . 0 - 0 5 1.10-05 l . tC-05 1.10.04 «.tO-DS 
" H O .00 •00 .00 .00 .00 .00 .00 .00 .DO .00 .00 
uiei .00 .00 .00 -CD • 00 .00 .00 .00 .or .00 .00 
H i l l " .00 • 00 .oo .00 .00 • 00 .00 .50 .00 .00 • OC 
« U 2 .00 .00 .00 .00 .oo .00 .00 .00 .or ,00 .00 
•no .03 .00 .00 .00 .00 • 00 .00 .00 .00 .00 .00 
k 1 HI .00 .03 .00 .00 • 00 •oc .00 .00 .oo .00 • 00 
v i » ; •ro .90 .110 .00 .00 .00 .00 .00 .00 .00 .00 
k i l l " .00 .00 •en .00 • 00 .00 .00 .00 .00 .00 .00 
k i t ) .00 .00 • CO .00 .00 •00 .DO .00 .00 .00 .oc 
• i n .00 .00 .00 .00 .00 .00 • 00 .00 .00 .00 .oc 
I M S " .00 .00 .00 .00 .00 .00 • DO .00 .00 -OD .30 
• I IS .00 .00 .00 .00 .00 .oo .00 .00 .00 •or •oc 
b i l l .00 .30 .110 .00 .00 .00 •03 .00 .00 .09 .00 
bl l> .on .DO .00 .00 .00 .00 .00 .CO .DO • OD • 00 
I l I l L 1.11*05 1.11*04 • . 1 1 * 0 1 1.11*01 • .11.01 • • l t * o l >.|1*05 1.11*05 1.11*04 1 . 1 1 * 0 4 1.11*05 
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M i l l : » . • « , IMIW>: M W . n l , f l l l i : ).10*ll«/C»il2-5fC 

tirwat cnciiiTKiitw, aim 
• l i l t : HI H M i l l * l l l CWH(0 10 I t t c l O I 

t » l « l t Disunite 0. T D. T 1 . 1 2 . T 5. 7 
H .00 1 .2 I -0 I 1.21-0] 1,11-01 1.27-01 1.27-01 1.27-01 

HC .00 4.41-0] t .11-01 4 .M-DI 4.41-01 1.11-01 4 . » l - » l 
11 •DO I.D4-CI 1.01-01 1 .M-0 I | .01-01 ••04-01 1.04-01 
I t • 00 I .ZI -04 1.27-01 1.27-0* 1.27-31 1.27-01 1.27-04 
1 .00 I . H - 1 2 2.10-12 J.31-12 S.52-12 1.11-11 7 .11-n 
c 1.07*02 i.o**02 1.04*02 1.07-02 1.01.02 1.07*02 1.01*02 
N .00 I .OI -CI «.11-01 S.«4-0I ««i f -u„ 1-15-0! 1.11-07 
S I . I I * os 1 lOOS 1.11*05 1.31*05 1.11*04 1.14*05 |.l«*OS 
r .00 7.11.21 S.15-11 5 .»5- ! l S. ,5-31 5.45-31 S.45-S] 

K •DO l - l l - O l ) .11-01 1.11-01 1.11-01 1.11-01 1.11-01 
h* .00 1.11.01 I . I 1 - 0 1 1.13-01 1*41-01 1.43-01 I . 4 I - 01 
*6 .00 1.11-03 1.11-0] 1.11-01 | . 11 -01 1 . I I -0J 1,11-01 
<L .00 1.55-04 1.51-04 1.S1-04 J.5J-04 J.5J-04 1 . 5 - 0 4 
SI >.oo. 0? 1.00*02 1.00*02 4.00.02 4.03.02 1.C0.C2 4.00*02 

f .00 I . IC-01 1.10-01 (."0-01 1.10-01 1-10-01 1.10-01 
i •DO 1.51-07 1.72-07 1.72-01 1,72-07 1.72-07 1.12-01 
1 .00 1.5S-1! ».S»-|7 1.54-17 4 . 5 4 1 1 I .St-17 1.44-I7 

ci .00 1.41-01 1.47-01 1.47-01 1.47-04 J .17-0 ' J.47-01 
i t .DO J.11-10 I . H - I S 2.30-IS J.11-14 1.24-IS 1.14-15 
11 .oc I.SS-OI 4.S4-C1 4.SS-D3 4.SS-D1 1.SS-01 4.55-01 
V .00 2.11*00 1.05*00 1.07*00 1.07*05 5.07.0D 1,07*00 

c» • •10* 0 ) 1.10*01 I . I O . O I •..10-03 1-10*0] 4.10*01 4.10*01 
•4 2.14* o i i . W ' C ) 2.15*01 2.12*01 2.12*01 2.12*01 2.17*0) 
r i 1.52* ot 1.57*01 I.S2*D» 1.52*01 1.52*0> H ? * U 1 1.52*04 
CO • CD 7.17*00 2,11*00 2.11*00 2.01*00 1.44*00 1.45*00 
N] 2.62" 09 2.12 *0l 2.12*01 2.12*04 ?.I2*0< " .12*04 2.12*04 
CU .00 4.72.01 s. co-oi S.22-OI 5.17-01 7.00-01 1.01*00 
7* .00 I . I I - C 1 J.11-01 1.1I-0" 7.18-04 7.16-01 7.11-04 
SI .30 l . l l - C I 1.11-01 1.11-01 1.11-01 1.16-01 1.11-01 
1 .DC 4.30-03 1.13-01 S. i ; -04 s-is-os 4.19-D1 S. 10-10 

7» ! . ! [ • • OS 2.10*05 2.JO<04 2.10*0$ 2.10*05 2.10*05 7.30.05 
46 • 00 4.57-01 1.22-0! 2.S0-01 I.»0-02 l . l l - O l S.4I-0S 
no .JO 5.27*00 4.27*00 4.71*00 1.11.00 7.11)00 1.17*00 
IC .00 1.01-11 1.11-11 l - H - l l 1.11-11 l . l l - l l I . M - 1 1 
CD •DC 1.41-07 L S I -01 LS I -07 1.51-07 1.51-07 1.51-01 
s> J.47.D] J.17.01 l , I T * o ! ] . l7*03 } .47*0] 3.47*01 1.47-: i 
se .00 4.7T-D1 1.77-01 4.74-01 1.11-01 1.44-01 4.41-31 
it .00 S . I I - 0 1 T.OS-DS 1.11-03 1.11-02 I .SI -02 2.11-02 
101 i l l » . ! ( • OS I .U*OS i . n * o s ••11*05 1.11*05 i . l»*os » . | l *0S 

Sill 101 .00 .00 •00 •00 .oo ,00 

10. ( ID . 1 SO. T 
1.27-01 1.27-01 1.27-01 
t .41-01 4.41-0) 4.41-01 
I .01-0! 1.04-01 1.04-01 
1-27-Dl 1.21-04 1.27-01 
1.05-11 1,11-11 1.14-10 
1.0*102 1,01*02 1,01*02 
t .01-07 1.11-04 2.17-06 
1.11*05 1.11*05 I . J I . r s 
S.4S-J1 5.45-11 S.45-1* 
1.11-01 l . l l - D I I.11-04 
1.11-07 I . H - O I 1.11-01 
1.1 i -o] | . n - 0 1 i . l l - r i 
l .SI-04 3.5'-Ok 3.51-CI 
1.00*07 4.00*02 4.00*02 
l.«O.C3 1.40-01 1.10-01 
1.17-07 1.77-01 1.72-01 
1.S4-I7 1,54-17 1.S4-H 
1.47-D1 3.47-01 1.47-01 
1.11-15 3.36-15 3.36-15 
1.5S-0J 4.55-01 1.55-r* 
1,07*00 3,07*00 3.07-S. 
1.10*03 l.l?*CS <.I0*"3 
2.12*03 2.12*01 2.I?*C3 
1.52*C« 1,57*04 ].4}«-4 
I.3H0D 1,12*00 1.11'LU 
2.6?<01 2.17*01 2.«?*0« 
1.56*00 2.ir t*00 S,25*30 
I.91-01 7,11-CI 1.41-34 
l . l l - C I 1,11-Cl 1.1!-"I 
l . i t l -10 J . 51-10 1.41-10 
2.30*05 2-SC3S 2.10*"5 
J.OI-04 2,01-04 4 .4« - r i 
7.17*00 7.17*00 7.17*00 
I . H - I I I . I 1 - I I 1.11-11 
1.51-07 I.5J-07 (.51-37 
1.17.03 1.47*0! 1.17.01 
6.54-C1 1.55-01 6.54-11 
2.17-02 2 .H -02 1.0D-r2 
4.11*05 4.11*05 4.11*05 

100. 7 
.27-01 
.41-01 
.01-01 
•2 7-04 
.ic-io 
.01*02 
. | l -04 
.31*05 

45-33 
11-01 
4,-01 
11-03 
51-05 
00*02 

. • [ - 0 1 
.77-07 
S6-17 
47-01 
14-14 

.55-01 
•07-00 
. I f O ) 
.12.31 
.1.7*04 
.H*0D 
.17*01 
.Sj-CO 
, l l - 0 < 

.1*-Cl 

.11-11 

.10*05 

.30-04 
•17(30 
. H - l l 
.51.37 
.17*01 
.51-01 
CO-02 
11.05 

I07IL5 4.11*05 1.11*05 1.11*05 «.11*05 4.11*05 « . l«*01 

B-38 
% 

TERA CORPORATION 

http://MW.nl


p««"= s t . m i t taingrs I M I O . M O , nun j.2D*i!»"""«2-itc 

CUHII CMCIIttlllOM! Mini 
• • l i t : «7 or K i n NTH CMItCO 10 HICI1I 

C N I I C ! oiscniisr c. t 2. r 10. T SO. 7 
N .00 I .J7-0 I 1.27-01 1.27-01 1.2 7-01 1.27-01 

"[ .00 t . l t - 0 1 4.41-01 4 . H - 0 I 1.11-01 4.<4-0| 
11 .00 1.04-01 1.0k-01 1.04-01 1.04-01 1.04-01 
• t • oo 1-77-01 1.21-04 1.21-04 1.27-0* I .27-01 

i .00 1.41-12 J.lk-12 4.11-12 I . O ' - l l l . ' 4 -10 
c 1.0) 07 | .0 '»02 1.01-02 l.D4*02 1.04.02 1.04.0? 
a .00 3.07-00 s.ki-oa 1.(3-07 I . 0 1 - 0 ! 2.12-01 
0 1.3" OS 1.31*03 I . IMD5 l.Jk-Oi 1.11*05 l . )1*05 
r .00 7.3J-22 S.4S-3! 3 ,45 -1 ! 4.45-33 5 . 4 5 - j j 

»[ .00 l . l l - O I 1.11-01 1.11-01 1.11-01 i . i i - o a 
t j » .CO I.1J-C1 i . ta-09 1.11-01 1.13-09 1.43-01 
BE • 00 I . I1-DJ 1.11-03 1.11-03 i - i i - o s I .1 I -0S 
11 • CD J.55-Ok J.SJ-04 J.5 3-D' 1.31-Ok 1.53-04 
11 4.00 02 i.DD'or ••0D>02 a.00*02 k.00*02 1.00*02 
7> .00 l . io-t iJ I.4D-D] l .«0-01 I.1D-C] J.40-DJ 
i .00 1.51-07 1.72-07 1.72-07 1.77-07 1.72-07 
H .00 1.35-17 l . l k - l t 1.34-17 4.31-11 4.34-17 

CI .00 1.44-04 3.k7-09 1.4 7-04 3.47.01 3.47-04 
3C .00 3.73-10 2.10-13 1.24-13 1.14-lS 1.34-13 
I I .00 1.35-D3 4.55-0! ••33-03 1.SS-0J 1.SS-C3 
V .CO 2.»k*00 3,07*00 3.CK00 l.C7«D0 3.07*00 

en «.10*03 I . IO 'O ! 4.10'OJ • .10*03 4.10'Dl I . IO'HJ 
*4 2.1t« 01 2.12*01 2.12*0] 2.12*03 2.12*01 2.12*01 
r t 1.5?' 01 1.32*01 l.M'Ok I.S2*D. I.S7*D* 1.32*04 
CO .00 2.17*00 2. l t *00 1.41*00 1.13*00 1.43*00 
III 2.12* 01 !.«;-o« 2.17'Ok 2.I!*D4 2.«7*0k ?.12*04 
cu .00 1 . 72-01 3.22-01 7.00-01 1.51'Oa 3.25'UO 
2" • CO 7.11-01 7.18-Dk 7.IB-Ok 7.18-Qk 7,1B-C( 
St .00 1.11-01 l . l t -O I l . l l - O I 1.18-01 1.16-01 
T .00 t .10-03 3.42-Ok 4.11-07 4.41-10 1.41-10 

2> 2.10* OS 2.10*05 2.30*03 2.30*01 2.30*03 2 . i ; * 0 3 
M • 00 t .41-01 i.so-oi 4." -Ok 1.04-01 k.»1-0k 
no .00 S.21*00 k.7l*D0 1.11*00 T.|7*00 7.11*00 
ic ,00 1.0*-11 l . K - 1 1 i.i«-n 1.11-11 1.11-11 
CD .00 1.41-07 1.51-07 1.31-07 1.31-07 1.30-01 
IK 1.17* 01 3.17'OJ 3 . 0 * 0 1 1.17*03 1.17*01 3.17*01 
31 .00 4.77-01 4.74-01 4.41-01 4.34-01 4.51-CI 
• [ .00 S.14-0J •.11*03 1.31-02 2.I2-D2 I.0O-Q2 

107411 1,11*05 1.11*03 ••11*03 4.11*05 4.11*04 • • • • •OS 
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APPENDIX C 

ORIGEN CALCUUTIONS 

Power 35.00 MW/MTU 

Bumup 25,000 MWD/ 'TU 

TERA CORPORATION 



TABLE C-1 

ACTIVITIES OF FISSION PRODUCTS IN SPENT FUEL VS, DECAY TIMES 

»C«CT« 3S .00M. CURNUPa 25000.*«0, «LW<« 3 .ME I3VC»"2 -SEC 

„ NUCLIOE *10!0*CTIV|TV, CURIES 
OASIS ' MT * Mt«VT K t U CHMGEO TO REACTOR 

3 0 . 0 
2.0TE-0I 
7.03E 03 
UT4E 02 
6.3SE OS 
6.39E 04 
6.3IE 04 
6.63E 03 
2.3IE 00 
1.22E 0* 
I .37E-0I 
I.S6E 0': 
I.S4E -••• 
I . M E 01 
».15E OS 
3.95E OS 
9.1SE 05 
3.0SE OS 
7.13E-02 
5.I4E 04 
3.0SE 03 
LOSE 01 
6.57E 02 
I.9SE 00 
2.0SE 00 
7 . l i e 00 
7.2IE 01 
I . I 6E -01 
3.72E 03 
I . I3E 03 
4 .0 IE -0 I 
L I T E 02 
7.20E 03 
1.20E 02 
4 .0 IE-01 
2.02E-01 
1.S1E 03 
I f lSE 04 
L I T E 04 
2.TOE 04 
4.37E 04 
2.36E-02 
M K 04 
2.49E 03 
5.2IE 04 
I.S7E 05 
2.6 IE-01 
9.0SE 03 
O.30E 04 
l .StE 03 
7.I5E 04 
3.38E OS 
3.I9E 05 
••SEE OS 
1«09E 00 
3.S6E OS 
U O « 06 
1.30E 04 
1.0IE OS 
2.43E 03 
U10E OS 
• •I3E 03 
2.49E 04 
2.43E 03 
*>IOE 02 
0.02E 00. 
• • O K 03 
1.S8C 03 
3.6SE 04 
I.32E 01 
6.33E 02 
I.212 OT 

TOTALS 0.0 LOSE 01 I . I I E OT 4. 62 E 06 4.2SE 0« 2.C4E 00 2.S3E 05 

:H*I ICE OISCHARGE 
.0 2.97E-0I 
.0 7.I7E 03 
.0 S.3IE 02 
.0 9.47E OS 
.0 0.40E 04 
.0 6.6SE 04 
.0 I.23E 0* 
.0 2.3IE 00 
.0 I.67E 00 
.0 I .27E-01 
.0 I.09E 00 
•0 2.07E 04 
•0 I . I1E 01 
• 0 I.SSE 06 
• 0 4.1 BE OS 
.0 I.SSE 06 
.0 6.34E OS 
.0 7.I3E-02 
.0 S.SIE 04 
.0 4.92E 04 
.0 2.06E 01 
.0 LOSE 03 
.0 4.46E 00 
• 0 3.UE 00 
.0 3.4SE 01 
.0 7.92E 01 
.0 I . I 6 E - 0 I 
.0 4.36E 03 
.0 9.7IE 03 
.0 4 .0 IE-OI 
.0 2.6SE 02 
• 0 7.27E 03 
.0 6.41E 02 
.0 S.09E 02 
.0 2.40E-01 
.0 1.4SE 03 
.0 9.I2E 04 
.0 1.36E 04 
.0 2.07E OS 
•0 0.1 IE 04 
.0 2.33E- 02 
.0 9.63E OS 
.0 6.02E 03 
.0 I.9SF Ot 
.0 I.62E OS 
.0 2.68E-0I 
.0 4, SEE 04 
.0 0.32E 04 
.0 7.00E 03 
.0 7.90E 04 
.0 I.72E 06 
.0 I.76E 06 
•0 1.04E 06 
.0 L I T E 06 
.0 I .4 IE 06 
.0 I . 1 M 06 
.0 1.40E 04 
.0 6.0SE 05 
.0 3.S7E 04 
.0 I.06E OS 
.0 2.15E OS 
. 0 4.I3E 04 
.0 4.S6E 04 
.0 9.00E 02 
• 0 0.06E 00 
.0 6.90E 03 
•0 l.tOE 03 
.0 I.43E OS 
.0 I.44E 01 
.0 0.44E 02 
.0 Z.40E 07 

90. 0 160. 0 341- 0 36S3. D 
2.97E-0I 2.97E-0I 2.97E-0I ; .97E-01 
7.74E 03 7.6SE 03 7.30E 03 4.12E 03 
I . I 7E 01 I .39E 00 6.00E-04 0.0 
2.0SE OS I . I 2E OS 7.30E 03 6..60E-I6 
6.36E 04 6.33E 04 6.24E 04 9.00E 04 
0.36E 04 6.33E 04 6.24E 04 S.OOE 04 
4.25E OS I.OOE OS I.64E 04 2.13E- IJ 
2.31E 00 2.31E 00 2 .3 IE 00 2.3IE 00 
6.44E 05 3.07E OS 3.3 IE 04 2 .73E-U 
J.S6E-0I I .71E-0I 2.43E-OI I.03E 00 
U07E 06 5.6IE OS 7.42E 04 9 .00E-U 
• • H E 03 3.90E 03 4.46E 02 3.46E-13 
I . I IE 01 1.1 IE 01 I . U E 01 I . I I E 01 
3.20E OS 9.39E 04 2 .ME 03 2.03E>22 
3.S3E 05 3.09E OS 2.10E 05 4.31E 02 
3.20E 05 9.40E 04 2.60E 03 2.63E-22 
3.53E OS 3.09E OS 2.I0E OS 4.38E 02 
7.I3E-02 TolSE-02 7.13E-02 T.IJE-02 
4,JOE 04 3.S9E 04 2.05E 04 2.42E 00 
I . I6E 01 1.76E-02 9 .63E-U 0.0 
2.03E 01 2.0 IE 01 1.96E 01 1.20E 0 1 
2.S9E 02 0.71E 01 3.60E 00 2.32E-22 
E.S4E-01 3.21E-0I 1.02E-O2 L.67E-22 
I.OSE-OI 3.32E-01 I.OBE-02 I.Y4E-22 
4 .0 IE-0 I I.25E-02 4.92E-07 0.0 
6.14E 01 S.04E 01 2.62E 01 2.SOE-03 
i.ise-oi I . U E - 0 1 I . ISE-01 1.01E-01 
2.69E 03 I.1SE 03 6>15E 02 1.32E-05 
l .SIE 01 9.92E-02 »,04E-ee 0.0 
4.01E-01 4 .0 IE -0 I 4 .0 IE -0 I 4 .0 IE -01 
9.39E 01 4.I9E 01 3.96E 00 1.44E-I6 
0.92E 03 6.S9E 03 S.71E 03 5.0IE 02 
4.24E 00 I.40E-01 S.62E-02 5.62E-02 
4.01E-0I 4.0IE-C1 4.01E-01 * .016-0 1 
1.43E-01 9.52E-42 2.90E-02 1.56E-I0 
1.S7E 03 I.S6E 03 I.39E 03 1.42E 02 
7. SUE 03 5.00E 03 1.366 03 1 . I3E-06 
7.96E 03 S.I OE 03 I.39E 03 1.I6E-06 
O.OOE 03 I.07E 03 2.66E 01 0.0 
I.26E 04 2.99E 03 4 . I9E 01 o.o 2.37E-02 2.36E-92 2.30E-02 2.3BE-02 
4.24E 02 I.02E 00 2.ISE-0S 0.0 
LOSE 02 1.92E 00 I.39E-0S 0.0 
2.01E 01 2.09E-03 4.52E-I5 0.0 
I.49E OS li40E 05 I . I 6 E OS 5.59E 03 
2.08E-OJ 2.60E-OI 2.00E-0I 2.60E-0I 
4.02E 02 9.6 IE 00 I.72E-04 O.O 
C.27E 04 0.23E 04 6.13E 04 4>.6t£ 04 
6.43E 01 1.S4E 09 2 . 746-05 0.0 
7.02E 04 7.T9E 04 7.69E 04 6.2SE 04 
1.31E 04 2.9SE 02 4.41E-03 0.0 
l .SIE 04 3.39E 02 5.00E-03 0.0 
2.42E 05 S.44E 04 O.90E 02 0.0 
9.30E 05 7.1 IE 05 4.00E 05 1.6IE 02 
I.OOE 04 4.66E 02 1.J3E-C2 0.0 
9 .3 IE OS 7 . H E 05 4 . M E 03 l .btE 02 
I . I 3E 04 * . (?£ 03 5.70E 03 I.93E 00 
2.29E OS 2.77E 01 4.72E-0S 0.0 
I.12E 01 2. I2E-02 2.23E-10 0.0 
I.OOE OS 1.0 IE OS S.T3E 04 6.09E 03 
O.JOE 02 I.94E 02 6.22E 00 6.7SE-24 
1 . I I E 03 2.0 IE 03 9 .0 IE 01 9.79E-23 
I . I2E 01 2.1ZE-CI 2 .23E- I0 0.0 
t.04C 02 9.13E 02 9.79E 02 9.1SE 02 

-T.9SE 00 7. I7C 00 7.64E 00 4.73E 00 
6.76E 03 6.66E 03 0.37E 03 3.0SE 03 
I.SSE 03 I.SOE 03 I.39E 03 3.7SE 02 
2.36E 03 9.70E 01 0.44E-03 0.0 
I . I I E 01 9.07E 00 S.03E 00 3.9OE-04 
3.S6E 02 I . I2E 02 2.SSE 01 S.24E-I3 
6.62E 00 4.2SE 06 2.06E 06 2.S3E OS 
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TABLE C-2 

QUANTITIES OF FISSION PRODUCTS IN SPENT FUEL VS. DECAY TIME5 

»D»EB. 55.00NH. »u«Ni*>» 2»O00.**>. r w i.»t ISN/C»»»2-SEC 

NUCLIDE CPNCENTMTI g«. e*ws 
H S I S « XT OF HE4VT ( C H I CHHGED TO M4CTCR 

CH46CE DISCH4RGE 30. D »0 . 0 100. B 36S. 0 3653. 0 
OE T2 0.0 4.011-03 4.04E-03 4.04E-03 4.04E-43 4,0«E-03 «,0»E-OJ 
CE N 0.0 I . I7E-02 1 . I K - 0 2 l . l t f - 0 2 L I « - 0 2 L I7E-C2 I . l>E-0? 
Of '» 0.0 3.36E-02 3.36E-C2 3.34C-02 3.14E-02 3.36E-C2 3.34E-02 
CE >4 0 . 0 2 . T U - C 1 J..7TE-0I 2.TTE-0I 2.T7E-01 2.7TE-01 2.T7E-0I 
*5 75 0.0 f . M E - 0 ? 9.S3E-02 I.S3E-02 9.S3E-02 9.S3E-02 9.S3E-32 
SE ' 6 CO I.S5E-C3 LSCE-03 1.S4E-03 LS6E-03 L54S-03 LS4E-03 
SE 77 0.0 6.42E-CI 6.4JE-01 6.4SE-0I 6.4SE-DI 6.4SE-CI 6.4SE-:t 
SE IB 0.0 I.OOE 00 I.40E 00 l.OOE 00 LtOE 00 1 .60E 00 I.60E OC 
5E 79 CO 4.2CE 00 4 . 2 H 00 4.26E 00 *.24E 00 «.24C 00 4.26E CC 
SE 00 O.C LOSE 01 I.05E 01 LOSE 01 LOSE 61 LOSE 01 LOSE 01 
SE B2 0.0 2.*»E 01 2.60S 01 2.08E 01 2.6BE 01 2.0BE 01 2 .6BE 01 
BO SI 0.0 L74E 01 I .HE Ol !.»«£ 01 l . '«E 0! I . 74 f OJ I . N E SI 
Kft 02 0.0 S.03E-01 5.06E-01 S.06E-01 S.06E-01 S.06E-C1 5.13 6E-: i 
•Cfc 03 0.0 3.42E 01 3.42E Ok 3.42E 01 3,«2E 01 3.42E 01 3.4JE 0 1 
US «4 0.0 0.46E 01 0.46E Ol I.«»E 0! 1.40E 01 I .46E 01 0.46E CL 
KB OS CO 2.01E 01 t.OOE CI l.VTE 01 LOSE 01 LOSE 01 1.05c 0 1 
KR «4 CO I.49E 02 L49E Hi 1.4«E 02 l.»»E 02 1.49E 02 I .49E 02 
KB 05 0 .0 «,03E 01 0.04E C! 0.06E 01 ».0»E 01 0.I6E 01 t.OOE 01 
fil! ST C.O LOSE 02 1.4SE t2 LOSE 02 LOSE 02 LOSE 02 L95E 02 
SB 06 0.0 0.6BE-02 9.I2E-C2 S.31E-02 9.33E-02 9.33E-02 9.33S-02 
SB 07 0.0 LOSE-03 WOK-03 l.OSE-03 LOSE-03 1.0SE-C3 LOSE-33 
SR 10 0.0 2.12E 02 2.B2E 02 2.02E 02 2 . I2E 02 2. I2E 02 2.B2E 31 
SB «« 0.0 3.35E 01 2.25E 01 1.01E 01 S.90E 00 2.S9E-01 2.4IE-20 
SP 90 0 .0 4.S2E 02 4.SIE 02 4.50E 02 4.4TE 02 4 .4IE 02 3.53E 02 
T 09 CO 3.43E 02 3.54E 02 3.06E 02 3.72E 02 3.T6E 02 3.76E 02 
t 99 0.0 1.22E-0I L 1 T E - 0 I J.17E-01 L»6E»0l 1.1SE-01 4.20E-02 
T 91 0,0 S.OOE Ol 3.S3E 0) l.T»E 01 ?.S»E 00 t .T IE -O I ».69E-lfe 

ZK 90 0.0 L 2 I E 0| I.30E 0! I.49E 01 1.70E 01 2.31E 01 L l l E 02 
2R 91 0 .0 4.34E 02 4.49E 02 4.&7E 02 4.T6E 02 4 .03E 02 4.64E 02 
ID 92 0*0 S.I3E 02 5.I3E 02 5.13E 02 S.13E 02 S.13E 02 S.13E 02 
20 93 0.0 S.69E 02 S.70E 02 S. JOE 02 S.70E 02 S.70E 02 S..TCS 02 
211 94 0.0 6.0BE 02 0.06E 02 4. OOE 02 4.08E 02 6.0BE Oi t.OOE 02 
2R 9S 0.0 >.«5E 01 S.T9E 01 3.07E 01 L»6E. 01 1.67E CO L30E-1S 
2R 90 0.0 •.JOE 02 0.26c 02 4.28E 02 4.20E 02 6.2BE 02 4.26E 02 
NS 9S O.O 4.30E Ol 3.99E 01 2.72E 01 L « I E 01 L I 9 E 00 LSCE-IS 
Nf 95" 0.0 S.42E-02 4.0SE-0? 2.ISE-02 L02E-02 I.17E-03 9.09E-19 
«0 95 0.0 4.90E 02 5. I4E 02 S.S4E 02 5.B3E 02 6.09E 02 6.12E 02 
«0 94 0.0 1.43E 01 1.93E 0] 1.93E 01 I.93E 01 I.93E 01 I .93E Ol 
NO 97 0*0 *.26E 02 0.20E 02 4.29E 02 4.29E 02 6.29E 02 4.29E 02 
«0 98 O.O 6.30E 02 4.38E 02 4.3BE 02 4.JOE 02 0.36E 02 4.3Bt 02 
MO100 0*0 7.27E 02 7.27E 02 7.27E 02 > . t U 02 ».27E 02 7.27E 02 
TC 99 0*0 6.49E 02 6.53E 02 4.53E 02 0.S3E 02 4.53E 02 4.S3E 02 
RU 99 0.0 2. I0E-03 2.27E-03 2.42E-03 3.035-03 4.23E-03 2.3SE-02 
RUlOO 0.0 3.07E Ol 3.07E 0| 3.07E 01 3.07E 01 3.07E 01 J.07E 0 1 
RulOl 0.0 &.93E 02 5.93E 02 S.93E 02 S.43E 02 S.43E 02 S.93E 02 
RUI02 0.0 5.T2E 02 5.T2E 02 S.T2E 02 5.T2E 02 S.72C 02 S.72E 02 
XU103 0.0 4 .ME Ol 2.66E 01 0.99E 00 2.93E 00 ( . I 0 E - 0 2 t.2Zl-£1 
C.U10« 0.0 3.00E 02 3.00E 02 3.90E 02 3.B0E 02 3.8CC 02 3.80E 03 



TABLE C-2 

(CONT.) 

POIEM 3!.00««. (UMNU** 23000.410. FLUX" 3.24E 13K/Crt»I-SEC 

NUCLIOE CaHCEKTHlTlOkJ,, U H S 
• I t I S < " I O F HE4V1 * * I * l CNMCEO TO IE1CTC* 

CH4I0E OIKM4N0E 30. 0 * 0 . 0 ISO. 0 345- D 3453. 0 
RUI06 0.0 I.ESE 02 I . I ( E 02 1.04E 02 9.2*E 01 4.30E 01 1 J l E - 0 1 
•HI03 0.0 3.23E 02 3.43E 02 3.4IE 02 3.»»E 02 3.TIE 02 J.TIE 02 
•KIOSK 0.0 4.74E-02 2.BIC-02 0.12E-CJ 2 . M 2 - 0 3 T.97E-0S 4.0IE-JO 
POI04 0.0 1.4K 02 I . 4 K 02 1.44E 02 I .4 IE 02 I .«4E 02 1 .«OE 02 
»D105 0.0 2.0BE 02 2.01E 02 2.04E 02 2.09E 02 2.09E 02 2.09E 02 
PDIOt 0.0 1.T0E 02 ttTTE 02 l.tOE 02 2.03E 02 2.32E 02 2.9SE 02 
PDIOT 0.0 1.30E 02 1.39E 02 1.39E 02 1.39E 02 I.39E 02 I.lit 02 
PD10E 0.0 9. HE 01 9 . H E 01 M I C CI 9.1 IE 01 9 . H E 01 9 .HE 01 
POMO 0.0 2.64E 01 3 . U E 01 2.44E 01 2 . * *E 01 2.44E 01 2.64E 01 
4GIC9 0.0 4.22E 01 4.24E 01 4.24E 01 4.24E 01 4.24E 01 i-?4E 01 
4C110 0.0 I . H E 01 I.09E 01 9 . « E 00 7.03E 00 *.34E 00 S.13E-04 
C.DII0 0.0 T.tOE 00 I.73E 00 I.04E 01 1.Z0E 01 I.S3E 01 1.96E 01 
M i l l 0.0 I.2TE 01 I.30E 01 I.31C 01 1.31E 01 I . M E 01 1.31E 01 
CD112 0.0 S.ME 00 J.70E 00 5.T0E 00 S.TOE 00 5.TOE 00 5.TOE 00 
CDI13 0.0 2.O4E-0I 2.06E-OI 2.06E-OI 2.0OE-OI 2.06£-01 2.0OE-01 
COII34 0.0 4, 4IE-02 9.45E-02 t.3TE-02 9.29E-02 4.04E-D2 5.90E-52 
C01I4 0.0 T.09E 00 T.09E 00 T.09E 00 T.09E 00 T.09E 00 T.09E 00 
C0I15H 0.0 4.1IE-02 2.5IE-02 1.02E-02 3.42E-03 I.41E-04 9.04E-27 
CDII6 0.0 2.44E 00 2.49E 00 2.49E 00 2.49E 00 2.49E 00 2.49E 00 
IN1I3 0.0 2 .ME-03 3.23E-03 3.47E-C3 4.12E-0J T.26E-0J 3.STE-02 
1N1IS 0.0 9.0TE-01 I.02E 00 1.03E CO I.01E 00 I.04E 00 1.04E 00 
SN1IS 0.0 B.3TE-02 0.4JE-02 2.42E-02 0.42E-02 0.42E-02 B.42E-02 
SNll« O.O I.S2E 00 I.S2E 00 I.S2E 00 I.SJE 00 I.SEE 00 I .52E 00 
SNI1T 0.0 2.51E 00 3.SIE 00 2.51 E 00 2.S1E 00 2.SIE 00 2.S1E JO 
SNUB 0.0 2.05E 00 2.63E 00 2«ME 00 2.45E 00 2.15E 00 2.65E 00 
SNI19 0.0 2.S9E 00 2.54E 00 2.S9E 00 2.40E 00 2.60E 00 2.0.E 00 
SN119H 0.0 I.TTE-02 I.42E-02 I.3TE-C2 I . I2E-02 4.30E-03 S.74E-S* 
SN120 0.0 2.TOE 00 2.TOE 00 2 . TOE 00 2.TOE 00 2.TOE 00 2.TOE 00 
SN12IM 0.0 1.9TE-03 1.96E-03 W9«£*03 1.9SE-03 I.94C-03 1.TIE-01 
SMI22 0.0 3.01E 00 3.01E 00 3.01E 00 3.0IE 00 3.0IE 00 3.01E 00 
SNI23 0.0 S.30E-01 1.SIE-01 3.2TE-0I 2.25E-01 T.4TE-02 1.60E-09 
SNI24 0.0 4.41E 00 4.4IE 00 4.AIE 00 4. I1E 00 4.«1E 00 4.61E 00 
SN126 0.0 I.41E 01 1.41E 01 1.412 01 1.4 IE 01 I . H E 01 1.41E 01 
SBI21 0.0 2.T3E 00 2.TIE 00 2.TIE DO 2.T4E 00 2.T4E 00 2.T4E 00 
SBI23 0.0 2 .HE 00 2.9TE 00 S.ME 90 3. I9E 00 3.34E 00 3.42E 00 
SB12« 0.0 l .SIE-02 I.OTE-02 5.3TE-03 2.40E-03 2.26E'04 B.21E-2I 
SB125 0.0 «.94E 00 4.9TE 00 4.60E OO 4.24E 00 S.45E 00 S.S5E-0) 
TEI22 0.0 I.33E-01 I .34E-0I I .34E-0I 1.34E-01 I .34E-0I I . 34EOI 
TEI24 0.0 3.02E-02 S.44E-02 O.OOE-02 4.29E-02 O.SIE-02 6.S3E-02 
TEI25 0.0 I . 4 K 00 I.42E 00 I.40E «» l.ZtC 00 3.06E 00 0.03E 00 
TEI2SH 0.0 0. OJE-02 0.40E-02 2.70E-O2 I .44E-02 T.T2E-02 7.BEE-03 
TE126 0.0 3.T6E-0I 3 . I 2E-0 I 3 . U E - 0 I 3. I4E-01 3. I4E-01 3.85E-01 
TE12T 0.0 3.45E-02 4.4TE-03 2.95E-0J l«B9E-03 S.UE-04 4.29E-13 
TE12TH 0.0 I.44E CC I.24E 00 I.44E-01 S.4 IE-0 I I .4TE-0I I .22E-I0 
TE12S 0.0 T.3SE 01 7.3SE 01 7.35E 01 7>3*>E Ot 7.35E 01 T ,35E 0) 
TEI29X 0.0 2.6IE 00 I.44E 00 4.15E-0I 9.T2E-02 I.38E-03 0.0 
TEI30 0.0 2.60E 02 2.O0E 02 2.60E 02 2.00E 02 2.00E 02 2.00E 01 

1127 0.0 3.I3E 01 4. I9E 01 3.23E 01 3.26E 01 3.306 01 3.31E 01 

TERA CORPORATION 



TABLE C-2 

(CONT.) 

»OfE«' JS.OOHI. SlANI** MOOO.MO. »LU«» 3.t»Z I3fc/Ci»«2-«C 

NUCLIDE CONCENTRATIONS. « • * « > . . . . „ . _ „ 
•4SIS • NT B> HEAV< M14L CHMSEO TO MAGTC* 

CM4HCE 
1111 0.0 

I t I I I 0.0 
IE 129 0.0 
KEI30 0.0 
•E13I o.o IE 132 0.0 
IE 134 0.0 
IE 136 0.0 
CJ133 0.0 
M I X 0.0 
CI135 0.0 
CSI3T o.o 141)4 o.o •4135 0.0 
•4136 0.0 
•4137 0.0 
•4130 o.e •4140 0.0 
LAUe o.o 14139 0.0 
CE14C 0.0 
CEI4I 0.0 
CEI42 0.0 
CEI4I o.o PR 141 0.0 
P»|43 CO 
PRI44 0.0 
N0I42 0.0 
N0I43 0.0 
NDI44 0.0 
NDI4S 0.0 
NOI46 0.0 
NDi4e 0.0 
ND150 0.0 
P»147 0.0 
PK14B 0.0 
P«|4| l l 0.0 
S«l»7 CO 
$«|4( 0.0 
W ! t < 0.0 
*«1£>. 0.0 
SKIS) o.o 1*152 0.0 
S«l»4 0.0 
EU151 0.0 
EUISZ 0.0 
EU1S3 o.e BHS4 0.0 
EUI5S 0.0 
EU156 0.0 
CBIS2 o.o 60153 0.0 
60154 0.0 
SDI5S 0.0 
CO 15b 0.0 
CD 1ST o.o SO 158 0.0 
69160 o.o 10159 0.0 
TJIOO 0.0 
DM00 o.o DYI6I o.o DT162 o.e Or i t s o.o pri»4 0.0 
HO 1*5 o.o t * l » 6 0.0 
EDICT 0.0 
5J0T0T 0.0 

TOTALS o«o 

DtlCHMCE 
I.34E 02 
I . HE 30 
8 . 6 1 1 - 0 3 
Z.99E-01 
3 . ME CZ 
• . O K 02 
1.I4E 03 
I . T K 03 
I .43E OZ 
U t K 02 
Z.3ZE 02 
« .ME 02 
I . ME 01 
LOSE-02 
I . Z K 01 
I . I K 01 
9.94E 02 
I .36E 01 
7. IOE-03 
t . f l E OZ 
«. HE OZ 
5.TSE 01 
«.fOE OZ 
3.1IE OZ 
».30E 02 
Z.I9E 01 
1.94E-02 
I.03E 01 
•.TOE OZ 
0.03E OZ 
C.40E OZ 
>.I3E OZ 
Z.tZE OZ 
I .3IE OZ 
I . I4E OZ 
1.3IE 00 
1.93E 00 
3.4IE 01 
I.03E 02 
*.20E 00 
3.00E OZ 
J.04E 01 
7.42E 01 
2.44S 01 
4.30E-C2 
4 .4SE-02 
0.3IE 01 
I . ISE 01 
3.33E 00 
Z.StE 00 
T.4IE-02 
« . OtE-03 

I.IZE oe 
I.09E-0Z 
3.3SE 01 
2 . 4 6 6 - 0 2 
• . E t c 00 
4.11E-OI 
I.ZOE 00 
T.47E-02 
1.39E-01 
1.02E-0I 
I.IOE-OI 
J.30E-OI 
4 .I6E-0Z 
i.OIE-OZ 
• . M E - 0 3 
I .IZE- 03 
2.43E 04 

JO. 0 
I . 3 K 02 
I.T2E 00 
l . M E - 0 3 
3.30E-01 
J.35E 02 
O.OOE 02 
I . I4E I ) 
I.TIE 03 
O.tTE (1 
I . 2 IE 02 
2.3JE 02 
t . lTE 02 
3.Z0E 01 
I.CJE-C2 
I.33E 01 
I .36E 01 
0.94E OZ 
4.13E 00 
T.19E-03 
9 .OK 02 
9.0ZE OZ 
3.03E 01 
t . f l E OZ 
3.40E OZ 
O.STE OZ 
I.ZOE 00 
1.44E-02 
1.03E 01 
6.ore oz 
4.20E 02 
1.496 02 
1.I3E 02 
2.02E 02 
I.31E OZ 
1.14E 02 
3.T3E-02 
LITE 00 
S.OTE 01 
LOSE 02 
T.94E 00 
3.00E 02 
J. iTE 01 
T.4ZE 01 
2.4TE 01 
0.4TE-OZ. 
4.43E-0Z 
0.4TE 01 
I . I 4 E 01 
3.Z9E 00 
A.62E-0I 
T.4EE-02 
3.T2E-0J 
I . Z K 00 
5 . 9 2 6 - 0 2 
3.TSE 01 
3 .4SE-02 
0.Z9E 00 
4 .1IE-01 
I.ZOE 00 
0.4IE-0Z 
I.ITE-OI 
I.OOE-01 
1 .SOE-OI 
I.30E-OI 
4 . U E - 0 2 
f .OIE-02 
0 .94E-03 
I . I 2 E - 0 3 
2.64E 04 

• 0 . 0 
I.34E 02 
I.TIE 00 
z.ort-oi 
3.00E-01 
3.34E 02 
ttOOE 02 
I . I4E 03 
I . TOE 03 
0.09E OZ 
I . H E 02 
2.33E 02 
f . «4E OZ 
».»5E 0 . 
I , 04 E-02 
I.J4E 01 
1.T2E 01 
9. 94E OZ 
1.796-01 
7.14E-03 
9.5IE OZ 
9.0IE OZ 
4.49E 00 
1.91 E OZ 
I .94E 02 
4.T9E OZ 
2.4TE-0I 
1.24E-02 
I.03E 01 
T.02E 02 
A.TSE OZ 
S.49E OZ 
I . ISE OZ 
Z.*2£ 12 
I .3IE OZ 
I . ISE OZ 
3 .04E-03 
4.Z6E-01 
4.I0E 01 
I.04E 02 
7.94E 00 
3.OOE 02 
3.06E 01 
7.4ZE 01 
2.47E 01 
I . I4E-01 
4.39E-0Z 
0.47E 01 
l.SOE 01 
3.21E 00 
4.Z4E-02 
T.44E-02 
3 . 1 3 6 - 0 3 
1.42E 00 
I.34E-C1 
3 . H E 01 
3 .43E-02 
I.29E 00 
4 . U 6 - C I 
I.ZOE 00 
3.I5E-0Z 
I . I2E-01 
I .09E-01 
I.SOE-01 
I .30E-0I 
4.IOE-0Z 
t .OIE-02 
I .94E-03 
I .12E-03 
I . ME 04 

1 4 0 . 0 
1.34E 02 
I .TIE 00 
Z.OTE-03 
j.ooe-oi 
3.30E 12 
O.OOE 01 
I .I4E 03 
I . T K 03 
O.fOE 02 
I.OOE 02 
l O J E 02 
9.4 »E 02 
4.5TE 01 
I.04E-0Z 
I.34E 01 
3 . I4E 01 
9.94E 02 
4 .04E-03 
7 .19E-03 
4 .50E 02 
M I E 02 
1.9 IE 00 
0.9IE 02 
2.40E 02 
I . ISE 02 
O.93E-03 
I .OSE-02 
I .03E 01 
T.02E OZ 
T.ZIE 02 
9.49E 02 
5 . I3E 02 
I .IZE 02 
1.3IE 02 
I.OOE 02 
I.IOE-03 
I.3ZE-01 
4.74E 0) 
I.OOE 02 
T.94E 00 
3.00E 02 
3 . I0E 01 
7.4ZE 01 
1.4 TE 01 
I.09E-OI 
4.35E-C2 
0.4TE 01 
Z.44E 01 
3.13E 00 
1 . « S - 0 3 
7 . 4 5 i - 0 2 
Z.50E-03 
2 .0IE 00 
2 .24E-0I 
3 . 0 IE 01 
3 .43E-02 
I .29E 00 
4 . I 1 E - 0 I 
I.ZOE 00 
I . I I E - 0 2 
1.97E-01 
I .09E-01 
I.JOE-01 
I .30E-0I 
4 .I4E-0Z 
5 .01E-02 
0 .94E-03 
1 . I2E-03 
2 .64E 04 

jos. e 
I.34E 02 
I.TIE 00 
t . 0 7 1 - 0 3 
3 .00E-0I 
3.JOE 02 
O.OIE 02 
I .14E 03 
I.TOE 03 
t . M E OZ 
1.9ZE 01 
2.33E OZ 
9.37E OZ 
0.42E 01 
I.04E-0Z 
I.34E 01 
4.36E 01 
9.94E OZ 
0.05E-00 
T.I9E-03 
9 . M E 02 
9 . H E OZ 
2 .42E-02 
0 .9IE 02 
I . M E OZ 
0.07E OZ 
I .OiE-07 
4 .35E-03 
I .03E 01 
T.OZE 02 
O.IOE OZ 
1.49E OZ 
5 . I3E 02 
I . 0 2 E 02 
I .31E OZ 
4.41E 01 
3 .TOE-OS 
4.ZZE-03 
4.2SE 01 
I.OTI 02 
T.94E 00 
3.OOE 02 
J . H E 01 
T.42E 01 
2.47E 01 

3 .30E-0I 
4.ZZE-0Z 
0.4TE 01 
2.36E 01 
2 .90E 00 
U S J t - 0 7 
T.4IE-0Z 
I .42E-03 
3 . I0E 00 
4.OS E-01 
3 . H E 01 
3 . 4 5 6 - 0 2 
4 .29E 00 
4 . 1 1 6 - 0 1 
I.ZOE 00 
2 .26E-03 
2 . I I E - 0 1 
I.OOE-01 
I.SOE-01 
1.30E-01 
4 . 1 6 6 - 0 2 
S,01 6 - 0 ! 
4 .94 6 - 0 ) 
I . 1 2 6 - 0 3 
I .ME 04 

J093. 0 
I.36E 02 
I.T2E 00 
1.136-03 
3 JOE-01 
3.36E 02 
O.00E 0 2 
I.I4E 03 
I.TOE 03 
0.09E 02 
4.32E 00 
2 J 3 E 02 
T.42E 02 
I.49E 0 2 
I . I2E-02 
1.34E 01 
2.I9E 02 
9.94E 02 
o.e 
7.I9E-03 
9.56E 02 
9.OOE 02 
o.e 
0.9IE 02 
3 . 0 4 6 - 0 2 
0.07E 02 
o.c 
2 .135-06 
1.03E 0 1 
7.0ZE 02 
9.69E 02 
&.49E 02 
5.13E 02 
2.02E 02 
U 1 E 02 
0.72E OS 
4 . I I E - 2 9 
4.SSE-2? 
I.40E 02 
I.07E 02 
T.94E 00 
3.OCt 02 
3.S9E 01 
T.42E 01 
Z.47E 01 
Z.02E 00 
2 .616-02 
0.47E 01 
I.14E 91 
T.05E-OI 
o.c 
7.93E-C2 
I.IOE-07 
I.S3E 0; 
Z.STE OS 
3.0IE 01 
3 .4SE-02 
I .25E «: 
6 . H E - O i 
I.ZOE 00 
4.64E-IT 
2 .136-01 
1.09E-S1 
I.SOE-01 
I .30E-01 
4 . I 6 E - 0 2 
S.01E-02 
0 .94E-03 
1 . I2E-03 
C.44E 04 I .44E 04 t . M E 04 2.44E 04 2.J.4E 04 2 . M E 04 2.64E 04 

C4 % 
WA CORPORATION 



TABLE C-3 

ACTIVITIES OF TRANSURANIC NUCLIDES IN SPENT FUEL VS. DECAY TIMES 

PIMER* 3 S . 0 0 M . »UBNl*>« 2 5 0 0 0 . « t f > < FLUX< 3 .2SE I 3 N / C I * * 2 - S E C 

NUCLfOE HAOIOACT1VITY 
• A S I S « " «IT O F ' M E i » V « E t « l CHAMED TO REACTOR 

TH231 
TH234 
PA233 
PA234H 

U232 
U234 
U235 
U236 
U23T 
U23S 

NP23T 
NP239 
PU236 
PU23B 
PU239 
PJ240 
PU24I 
PU242 
All 24 I 
All 24 2 * 
AH24 2 
»«?»3 
CH24 2 
C«24 3 
CM 244 
CH245 
C«?4& 
SU9T0T 

CHAR 
0.0 
0.0 
0.0 
0.0 
o.o 
1.64E 
7.07E 
0.0 
0.0 
3.22E 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o.o 
0.0 
2.03E 

CE DISCHARGE 
7.ore-oi 
3. I7E-0 I 
2.09E-0I 
3.21E-0I 
2. TIE-03 

00 9.30E-01 
02 2.53E-C2 

2.54E-0I 
0.1 »E OS 

01 3.16E-01 
2.23E-01 
1.9BS OT 
l.rSE-OI 
1.33C 03 
3.0IE 02 
3.09E 02 
7.25E 04 
6. 636-01 
4.39E 01 
4.21E OC 
3.44E 04 
6.24E 00 
I . 366 04 
1.I4E 00 
S.80E 02 
0.39E-02 
6.6SE-03 

CC 2.CTE 0 ' 

30 . D 
2.S3E-02 
3.IM-0I 
t . l « - O I 
3.I7E.0I 
t .HE-03 
9.3OE-0I 
2.S3E-02 
2.54E-0I 
S.TtE 04 
3 . I6E-0 I 
2.30E-0I 
2.06F 03 
I.T3E-01 
1.3SE 03 
3. I3E 02 
3.19E 02 
T.22E 04 
6.03E-01 
S.34E 01 
4.25E 00 
4.2SE 00 
6.25E 00 
1.2 IE 04 
I.13E 00 
5.7BE 02 
6.39E-02 
5.65E-03 
1.27E 05 

• 0 . t> 
2. S3 E-02 
3.14E-0I 
1.206-01 
J . I6E-0 I 
3.12E-03 
9.30E-01 
2. 53 E- 02 
2.S4E-0I 
I.Q9E 01 
3.166-01 
2.30E-01 
6.26E 00 
I.66E-01 
I.JTE OJ 
3.13E 02 
3.09E 02 
7.176 04 
6.63E-0I 
7.23E 01 
4.25E 00 
4.2SE 00 
6.25E 00 
9.3SE 03 
1.13E 00 
S.74E 02 
6.39E-02 
S.6SE-03 
0.39E 04 

140. 0 
2.S3E-02 
3 . I6E-0 I 
2 .302-01 
3 . I0E-0 I 
3.42E-03 
9 .3 IE-01 
2.53E-0 2 
2.S4E-C; 
1.T7E 00 
3.16E-0I 
2.30E-01 
6.2SE 0 0 
1.58E-0I 
1.3SE 03 
3.13E 02 
S.09E 02 
7.1 OE 04 
6.63E-' 
9.42E t 
4.24E 00 
4.24E 00 
6.25E 00 
6.9SE 03 
I . I2E 00 
S.70E 02 
6.J9E-02 
0.65E-03 
0.0'E 0 

365. 0 1653. D 
2.S3E-02 2.S3E-02 
3.1OC-0I 3.16E-01 
2.30E-0I 2.32E-01 
4. I6E-0I 3.16E-0I 
4.20E-03 H.43E-CJ 
9.336-01 9.68E-JI 
2.S3E-02 2.53E-G2 
2.54 6-01 2.54E-0I 
1.66E 00 I.96E OC 
3.16E-01 3.I6E-OI 
2.30E-01 2.32E-0) 
6.25F 00 6.2SE 09 
!.3BE-0i 1.5SE-02 
I.39E 03 1.31E 0 3 
3.13c 02 3.13E 02 
3.09E 02 3.B9E 0 2 
6.92E 04 4.SIE 04 
6.636-01 6.6 3E-3 1 
'. .S7E 02 9.60E 02 
4.23E 00 4.066 00 
4.23E 00 4 .06E 00 
6.25E OC 6.25E 00 
2.91E 03 3.33E 00 
I . H E 00 9.14E-01 
5 .ME 02 3.9SE 0 2 
6.39E-02 6.3BE-32 
6.65E-03 B.64t-5 3 
T.49E 04 4.BSE 0 ' 

"HALS 2.C3E 00 *•• I IE 07 1 .27E OS C.39E 04 6 .07E 04 7.4.9E 04 4 .BSE 0» 

TABLE C-4 

QUANTITIES OF TRANSURANIC NUCLIDES IN SPENT FUEL VS. DECAY TIMES 

PO»E»= 3 5 . C 0 M I . BURNtPs 2 5 0 0 0 . M P i FLUX« 3 . Z 6 E I S K / C « * « 2 - 5 E C 

NUCLIDE CONCENTRATIONS. GRAMS 
BASIS * MT Of HEAVY HETAL CHARGEO TO REACTOR 

CHARGE DISCHARGE 3O. D 90. 0 160. D 365. 0 3653. C 
HE 4 o.o 5.66E-02 6,866-02 5. 56 E- 02 I .02E-01 1.34E-C: 3.67E-0 1 

U233 0 . 0 ScSOE-03 S.01E-03 S.02E-03 5.046-03 5.106-03 6.0SE-3 3 
U234 2.04E 02 I.505 C2 l.SOE 02 l.SOE 02 l.SOE 02 1.51E 02 1.S6E 02 
U23S 3.JOE 04 1.18E 04 1.1SE 04 1.16E 04 1.1 BE 04 1.14E 0> 1.1BE 0' 
U236 0 . 0 «,00E 03 4.O0E 03 4.01E 03 4.0IE 03 4 .0 IE 03 4.01E 03 
U23B 9.67E OS 9.49E OS 9.49E OS 9.49E OS 9.49E OS 9.49E OS 9.«96 OS 

NP237 0 . 0 3.1BE 02 3.26E 02 3.26E 02 3.26E 02 3.26E 02 3.29E 02 
PU23S 0 . 0 T.E-7E 01 0.02E 01 6.09E 01 6.15E 01 6.23E 01 7.76E 01 
PU239 0 . 0 5. 02E 03 5.1 IE 03 S.I IE 03 5.1 IE 03 S.1IE 03 S.11E 03 
PU240 0 . 0 1.76E 03 I.76E 03 1.T6E 03 1.76E 03 1.7&E 03 I.70E 03 
PU24I 0 . 0 7. 13E 02 7.1 IE 02 7.0SE 02 6.99E 02 6.80E 02 4.44E 02 
PU242 0 . 0 1.70E 02 1.70E 02 I.70E 02 1.70E 02 I.TOE 02 1.70E 02 
AH 241 0 . 0 1.20E 01 l.SOE 01 2 . H E 01 2.75E 01 4.586 Oi 2.tOt 02 
AM242H 0 , 0 4.37E-01 4.37E-0I 4.37E-01 4.36E-01 4.35E-0I 4. ISE-0I 

.AM 243 0 . 0 3.24E 01 3.25E 01 3.2SE 01 3.2SE 01 3.2SE 01 3.2SE 01 
CX242 0 . 0 4 . H E 00 3 .ME 00 2.52E 00 2.;0E 00 t.TSE-01 I.OIE-OJ 
«M243 0 . 0 2.47E-02 2.44E-02 2.46E-02 2.45E-92 2.42E-02 1.99E-02 
CM244 0 . 0 7. I6E 00 7.I4E 00 7.09E 00 7.04E 00 6.89E 03 4.08E 00 
CH24S 0 . 0 3.62E-01 3.62E-0I 3.626-01 3.62E-0I 3.620-01 3.6SE-01 
CN246 0 . 0 2.S0E-02 2.B0E-02 2.B0E-1. 2.60E-02 2.60E-02 2.00E-02 
SUBTOT I.OCE 06 9.74E OS 9.74E OS 9.74E OS 9.74E OS 9.74E OS 9.74E 0> 

TOTALS I.OOE 06 9 .74E OS 9 . 7 4 E 05 9 . 7 4 E OS 9 . 7 4 E OS 9 . 7 4 E OS 9 . 7 4 E OS 
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TABLE C-5 

ACTIVITIES OF LIGHT ELEMENTS AND MATERIALS OF CONSTRUCTION 
PRESENT IN SPENT FUEL VS. DECAY TIMES 

• CWERs 3 5 . 0 0 * « . BJ*mP* 2 5 0 0 0 . « « . FkUX< 3 . 2 6 E l ) K / £ * » 2 - S E C 

N U C L C J E ( U O l t H C T l v t t r , CUtHES 
BaSIS « MT Of HE4W1 H E M l CH»&6£0 TO REACTOR 

M 3 
C 14 

c» «s 
SC 46 
C = SI 
«N 54 
r c 55 
FF 59 
C He 
CC t ' 
M ?'• 
M 63 
&»• K 1 ! 

» VI 
?"• 1-3 
? - 9 -
N » 93" 
~ - 95 
» ; 93 
TC 99 
5" I I 7» 
S M 19" 
5 M ; i *• 
i>t I ; J 

SBI2i 
&H12C 
TEi25" 
SJr)t37 

CH.S 
0 . 0 
o.o 
c.o 
o.o 
o.o 
c.c 
c.c 
o.e 
c.c 

c.c 
o.c 
c.c 

c.c 
?'S 
c.c 
c : 
O.r 
O.c 
r.c 
o.c 
o.r 
c.c 
C C 

GE 0ISCM4R6 
« .«2E 0. 
3 . S6E-0I 
J . 2 4 E - 0 ; 
4 . J 9 * C 
l . « 9 ! 
2 .26E 
1.S6E 
1 . TCC 
V. 5 7 ; 
b . O i l 
2. ' E : 
4.34C 
« . ? 5 C 

I.OTt 
7.5!,'; 
5. 14-
* . : ? c 

3 . :? • o. 
I . 3 9 : - C 
i . : » r - c ( 

I . J 5 ' C 
i . n : o, 
2 . « 9 : - 0 
3 . s i : C 
I . 9 /1 
1 . 2 1 ; 
o. 2 t : 
4 . 10; 
1.B5F 

3 0 . 
4 . » 0 E 
3 . 5 6 E -
2 . 8 6 E -
3 .43E 
D.9TE 
2 . l i e 
I . 5 3 E 
l .OTE 
T . I S E 
4 . 9 9 E 
2.TSE 
4 . 3 4 E 
2 . T 2 E 
T.SCf 
7 . 5 o t -
2 . 2 HE 
4,<.»E-
2 .o3 t 
i . 3 9 : -
i . « s -
2 . 0 4 < 
2 . 1 3 1 
i . < B [ -
3 . 2 3 t 
I . 4 1 [ 
I . I9F 
1 . 1 9 " 
4 , 2 7 * 
I . 4 3 : 

90 
4 .5SE 
3. 56E 
2. 22E 
2. 09E 
2. 01 E 
1.84E 

03 I . 4 6 C 
02 4.24E 
03 3.»»£ 
03 4.6t*t 
OC 2. TSi 
02 «. 33E 

1.22E 
3. TOE 
7, 5 6 t 
1.20E 
5. I I E 
1. 9 'L 
I . 3 9 E 

0? 1. OS-E 
S3 l . » i : 

i . » o : 
? . 4 » £ 
2. 31 L 
7. :3» 
I . I«E 
4 . 2 6 E 

»SL 
05 9.1 | E C« 

0 160, 
02 4 . S 1 E 
01 3 .S6E-
02 I.6SE' 
00 I .I7E 
03 3 . 5 IE 
62 l.STE 
03 1.39E 

I . 4 4 E 
2 . 0 2 E 

76E 
2 . 7 S E 
4 . J 3 E 
4 .B0E 
1 . 6 2 6 

„ 7.5&E-
34 5 . 7 C i 
03 t . V I t ' 
'."• I . 06E 
",2 I . J 9 E -
32 I .D5E-
02 4 . 5 5 E 
01 I.4BE 
01 2.4tt£. 
C« I .5 ?£ 
:3 UI3E 
04 l . i v E 
Cl 6 . 7 b F -
C3 4 . 3 6 E 

5 .99S 

0 365. • 0 3 6 5 3 . D 
02 4.37E 02 2 .63E 02 
01 3.16E-0I 3 . b 6 E - C I 
02 6.99E-03 7 . C 3 E - 3 * 
00 8.1SE-0I 3 . 4 6 E - 1 3 
02 2 . H E OC O.C 
02 « . a c e oi S .34E- I12 
03 L I V E 03 i.CBE 32 
01 6 . 1 3 E - 0 1 6 . 2 5 E - J J 
03 2 . 7 5 E 02 3 . 6 3 L - U 
03 4 . 4 2 E 03 1.3&E 33 
OC 2 . 7 5 E OC 2.7JE s : 
02 4 . 3 I E C2 4.C3E C2 
OC 3 . 1 2 E - 0 I 2 . 9 : E - i " 
01 1 .4SE OC 2 . I 4 S - I 7 
C2 T.r . l .C-02 7 , b o C - i £ 

93 6.4CE 02 3 . b i : - U 
C3 d . 2 I E - 0 3 3 . 7 4 E - C £ 
34 1 . 3 3 1 CJ 6 . i : £ - ! 3 
"I I . 3 9 E - 0 2 i . 3 9 t - : i 
02 I . 3 5 E - C ? 1 . C 5 E - ; i 
O: l . T S E - 0 4 C i ' 
c i 6 . 4 : : oc i . i 4 E - J 4 
: i 2 . 4 f , t - c i 2 . ? 7 £ - ; i 
0 ' !>.J3E Ci o . : » : - : = 
03 2 . 9 3 1 02 « . 4 ; £ - ; . 
C4 9 .3VE C3 9 .32£ 3c 
•» I . 3JE-C7 c . : 
CJ J.SHE 03 3 .80E 01 
^« 2 . 7 4 £ 04 3 . 4 . E ; J 

I [ l T i „ 5 2.DTE 9 e 2 . 1 3 E Oi 1 . 4 0 E 0 5 4 . 1 1 E 04 i . 9 9 t 3 4 2 . 7 4 E 04 3 . 4 4 E 0 3 
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TABLE C-6 

QUANTITIES OF LIGHT ELEMENTS AND MATERIALS OF CONSTRUCTION 
PRESENT IN SPENT FUEL VS. DECAY TIMES 

»0»M« 3 I . 0 Q M . i U » N » . i » 0 0 0 . « « . fLUi« 3 . U E 1)N/CM«2*SEC 

n u e t u t coNceHTRitioi*. e»»ns\ _ „ 
t t i u • «T » i c t v i K U I CHMOCO TO M»CTC'9 

C H U C E OI*Cfl»«S; 30. II 40. 0 1*0. 0 3d5. 0 3653. 0 
« I 0 .0 ».3?E-0< k .JTf-02 4OTE-02 1 .37E-02 k.J7E-02 » . 3 7 | - S 2 
M J O.C 4 . T 7 E - 0 , 4 . 7 4 E - 0 2 4 . T 0 S - 0 2 4 . 4 S E - 0 2 4 . 3 C E - C 2 2 . 7 1 E - 3 C 

« i C O » . 4 4 5 - 0 4 l . i k E - 9 4 I . 3 0 E - 0 3 I . I I E - 0 3 J . 2 5 E - 0 3 J . U E - C i 
* a O.C « . 9 6 E - 0 I » . » M - 0 I », OoE-Ol t . » » E t l i . 9 6 F . » 9 l » . 9 D E - C 1 
L I 6 I . 2 I E - C I 3 . l » E - 0 c J . I 9 E - 0 2 3. I t E - O Z 3 . I 9 E - 0 2 J . 1 9 E - C 2 J , | 9 F - ; 2 
11 1 1.(11 00 LITE 0. LITE 00 WIFE 60 LITE OC I . f t tt I .B'E 0: 

t I I CO :.»1E-Oo 2.4IE-C3 2.4IE-0J 2 .HE-33 7.61E-C3 J.blE-OJ 
C 12 1.T6E 01 1.7»E 01 I .ME 01 1.7BC 01 1.7»E 01 l.»»F 0] I .7uE 31 
C 13 ! . l t t - 0 1 2.IKE 0. 2 . H E 00 2.04E 09 2 .»»E 00 2.*aC 05 2.»cE 3: 
C I ' C C 7 . 9 9 E - 9 c 7 . 9 9 E - 0 2 7 . 9 9 E - 0 2 7 . 9 9 E « « 2 7 .9YC-C2 7 . 9 J F - 3 J 
N l« I . 99F 91 1.90= Ol I .9HE 01 I . 9 6 E 01 1 .96E 01 I . V a E 01 I ,96E 31 
x 19 7 . 9 3 E - 0 2 B . I 3 F - 0 c H . I 3 E - 0 2 t , l 3 E - 0 2 D . I 3 E - 0 2 I . 1 3 F - C 2 » . l 3 S - 3 2 
0 lt> 1 . 3 4 E 0 : I . J 4 E 0 ] 1 . 3 4 E Ob 1 . 3 4 E 95 I . 3 a E 35 I . J « E 05 1 . 3 . 1 OS 
0 17 i.lK t l 5 .91E Ol 5 . 9 I E 01 5 . 9 I E 01 5 .911: 01 5 . V I E 01 5 . 9 I C 31 
0 I * 3.0EE CI 3 . 0 8 ; Oc S,9lii 02 3 .9SE 02 3 .06C 92 3 .00E 02 3 .06E 32 

» . 27 l.OeE C2 I . 0 « l Oc I.SOC 02 I.OOE 02 I .SoC 02 LOSE C2 I .CoE 32 
SI I* l .»SE CI I . t o : s , l,»t>£ 01 I . M F 01 l . b e E 01 I . b u t 01 I . « ' ; i 
51 24 f . 7 a t - C I » . 7 S t - 0 . H . 7 S C - 0 I R. T5C-HL » . 7 5 E - C I A .7SE-C I 0 . 7 ; ' - : : 
J I 3C S . k i E - C I » . » » L * l l . 5 . 9 4 E - 0 I S. <»•»-- 01 S . 9 4 E - 3 I 5 . 9 4 F - 0 I S . V a c - ; ; 
T | «c I .37E CI 1.37E 3i I .37E 01 1 . 3 ' E 01 I . J ' t 01 1 .37c 0) I .37E 51 
M <7 I . 29E CI 1.20c Oi l . i » : 01 l»Z«E 31 I . 2«£ 91 1.2oC 01 1 ,2uE Z , 
T l 4B l . J £ C i 1.32E Oc I . 3 2 E 02 I . 32E 02 I . J 2 C %/ 1 .32E 02 I . J i t L i 
Tl as 1 . 0 I F 01 1.15? Oi l , l 5 t 01 l . I S c 01 I . I S f 01 l . l b E 01 I . I s : ~i 
t l :>; I .TCE 01 i.Oit 9i i . o i : 01 I . O I E 01 i . c i t 31 I . M r ci i . : : r ; ; 

1 ••: CO l . » * : - ( c '..4iE-C? 1.4SI-S? 1.45E-02 l.«Jb-02 l.4bt-:<, 
v M C.3 3.I0E Oi 3.2IE 00 3.2DC CC 3.30E OC 3.JCC 90 3 .3 ; : : : 

CB 5: I.57E 02 li«9E 0< l.«9E 92 l.«9E 92 l.»«E t2 I.45E 02 1 .»«: :c 
C» f l C.r 2.06C-C. 9.7JC-02 2.1HE-C2 3.9IE-53 2,2-'E-C5 O.C 
C° 52 J.C'F 03 3.07E 5j 3.07E 03 3 .0 ' t OJ 1.07C 0} 3.97E C3 J.C7E 33 
CO tJ J.17E C2 3.52E Oc 3.52E C2 3,52E 92 3.S2E 92 3.S2F 02 3.52E :i 
C M. 9.CSE 91 t . t S c Ol 9.1SE 01 «.KnE 01 C | « F 31 9 . < e C CI 9 .6cE 31 
»* 54 3.C 2 . « 3 £ - 0 i 2 . 6 4 E - 0 2 2 .30E-OJ I . 9 6 E - J ? 1 .2 . IE-C2 6 . 6 V £ > : t 
••1 i s l . t ^ " I I . T I E Ol 1-70E 0) 1.76E 01 1 .TBE 01 1 .7V£ 01 1 .B3E 01 
Ft t i l 2 . I 0 E 72 i.t><tr 0< 2.0Q£ 02 2 .99E 02 2 . 9 V E C2 2 . 9 9 E C2 2,PvE Id 
H ^ ' ' O.C 6 .24C-OI 6 . I 9 E - 9 I 5 . t l «E -0 l 5 . 5 5 E - 5 1 * . 7 t ) C - 0 l 4 . 3 . £ - ; i 
l-E ' - » . 4 3 t 03 3 .42E 5 j 3 .42E 03 3 .42E 93 3 .42E 93 3 . » ? E 03 3 . 4 c i C3 
tl 57 E.J5E CI « . » 3 ' 01 9 . 4 . H 91 9 .43E 01 9 . 0 E 91 9 . 4 3 F CI « . t 3 E 31 
FF 5o 1 . 2 t 71 l . « 0 : •>! I . 4 9 E 01 l . S ' I t 01 I . S I E Ol l . 5 I E 01 I . S i t 31 
CO i » O.r . ' .C3E-9 I 2 . 2 S E - C I I . 2 5 E - 0 I 6 . 3 9 E - 0 2 H . 7 1 F - C 3 t . l 5 f - i u 

CO ft * . 4 | E CI ».9 ' i£ Cl « . » V t 91 ». 99C 31 4 .VVE 31 » . * v r 01 4 , 9 ¥ » H 
CO - • C.r 4 ,»5E 0 , » . » « 00 4 , 3 1 1 JC a.JOF. 90 J . « C t C: 1 . 1 9 ; : ; 
HI be 0 .41F CJ *-.37E 3 , 6 .37E CJ t . ] 7 E 93 a . J T t 93 « . 3 7 t 03 C..37E ; j 
h i 5« C O J . o : ; 9i 3 .63E 91 J . S3E 01 3 . M E 91 3 . t 3 C 01 3 .03E 31 
S I I." i.Stt CJ 2 . 5 5 t Oj 2 . 5 5 E 07. £ .55E 93 2 .5SC 03 2 . 5 5 C 03 2,5eE 03 
h i . . I l . l - r -t l . 2 t t 0 . l .?oC C2 l . ? 6 t 32 1.26F 3 ; I . .V .F 02 1 , i t c ; , 
* l 1 . ' J . ( W C i j . ' J E 9c 3.fiJT Oc J. l iJE 3i! 3 . 6 J I C 3 . i . IC C2 J . . . J . ){ 
N| t) 0 . : 7. Oar. 9 . 7 .03L 09 7.92C 09 7 . 9 I E 90 * . V d l . OC 0 . 5 . 1 . 3 . 
h i 14 I . I 3 E C: 1 . I 2 C Oc l . l i E C2 I , l i t 92 1 .121 92 l . l ? t C2 l . l ^ [ : . 
f.u t . I . i » . 9 » : - ^ c « . . 43E-92 t . 3 0 l - 9 i 7 . J 1 E - 0 2 l . C I C - C I E i .u lC-3 > 
CU • ' . 0 . 0 2 . I 7 S - 0 I 2 . I 7 E - 0 I 2 , | 7 r - 3 | ? , l 7 f « : i ? . 1 7 t - 0 l 2 . I 7 F . J 1 
JO Mi C - 1 . 1 , 2 . - 0 ! l . 0 2 E - f l 1 . 6 2 F - 3 I | . f , 2 L - 0 l l . u / E - C I 1 . 0 ^ E - ; i 
7» ^1 l .J ' ,E Ot U 3 * ' Oi l .?5C 05 LtW « l .2 ( iL Or. l . ^ n t C5 I ,?oE 3? 
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TABLE C-7 

CHARACTERISTICS OF THE FISSION PRODUCT 
NUCLIDES PRESENT IN SPENT FUEL FOR STORAGE 

Nuclide Symbol 

Mode Specific Mev - Major 
Half- of Activity Mode of Decoy Primcry 
Life Decoy Ci/gm Daughter 

I2S 
125m 

Tritium 
Selenium 79 
Krypton 85 
Rubidium 86 
Strontium 89 
Strontium 90 
Yttrium 90 
Yttrium 91 
Zirconium 93 
Niobium 93m 
Zirconium 95 
Niobium 95m 
Niobium 95 
Technieium 99 
Ruthenium 103 
Rhodium 103m 
Ruthenium 106 
Rhodium |0rS 
Pollodium 107 
Silver 110-n 
Silver M0 
Silver I I 
Codmiun 113m 
Cadmium 115m 
Tin M9rr 
Tin I23T, 
Tellurium 123m 
Antimony 124 
Antimony 
Tellurium 
Tin 126 

Antimony 126m 
Antimony 126 
Tellurium 127m 
Tellurium 127 
Tellurium 129m 
Tellurium 129 
Iodine 129 
Xenon 131m 
Iodine 131 
Cesium 134 
Cesium 135 
Cesium 136 
Cesium 137 
Barium i37m 
Barium 140 
Lanthanum 140 
Cerium 141 
Praseodymium 143 
Cerium 144 
Praseodymium 144 
Neodymium 147 
Promethiunn 147 
Promethium 148m 
Promethium 148 
Samarium 151 
Europium 152 
Gadolinium IS3 
Europium 154 
Europium 155 
Europium 156 
Terbium 160 
Godolinium 162 
Terbium 162m 

H 3 
Se 79 
Kr 85 
Rb B6 
Sr 89 
Sr 90 
Y90 
Y 91 
ZR 93 
Nb 93m 
Zr 55 
Nb 95m 
Nb 95 
Tc 99 
Ru 103 
Rh 103m 
Ru IDS 
Rh 106 
Pd 107 
Ag 110m 
Ag 110 
Ag I I I 
Cd 113m 
Cd 113m 
5n 119m 
Sn 123m 
Te 123m 
5b 124 
Sb 125 
Te 125m 
Sn 126 
Sb 126m 
Sb 126 
Te 127m 
Te 127 
Te 129m 
Te 129 
I 129 
Xe I3lm 
1 131 
Cs 134 
Cs 135 
Cs 136 
Cs 137 
Bo 137m 
Ba 140 
Lo 140 
Ce 141 
Pr 143 
Ce 144 
Pr 144 
Nd 147 
Pm 147 
Pm 148m 
Pm 146 
Sm 151 
Eu 152 
Gd 153 
EJ 154 
Eu 155 
Eu 156 
Tb !60 
Gd 162 
Tb 162m 

I2 .3Y, 
6.5xKPY 
10.7Y 
18.7D 
50.5D 
29Y 
64 H 
58.60 , 
9.5xl0 5Y 
12 Y 
65.5D 
3.6D 
35 . ID , 
2.1x10^ 
39.6D 
56 W 
36?D 
2.2* . 
6.5xlODY 
252D 
24S 
7.5D 
14.6Y 
44.60 
2453 
I29D 
I20D 
60D 
2.73Y 

IO 3 Y 
I9.V. 
12.4D 
I09D 
9.4H 
33.4D 
70*. , 
U X I O ' Y 
12D 
80 
2 Y 6 2.3x!06Y 
I3D 
30.IY 
2.5M 
12.6D 
40H 
32.5D 
13.6D 
284D 
17.3M 
l!D 
2.6Y 
41.3D 
5.4D 
93Y 
I3Y 
242D 
I6Y 
4.8Y 
I5.2D 
72.3D 
I0M 
7.5M 

9,600 
0.07 

390 
82,000 
28,000 

140 
540,000 
240,000 

0.004 
320 

21,000 
3B0,OO0 
38,000 

0.017 
32,000, 
3.2x10' 

3,400, 
1.3x10 

0.0005 
4 ,700 o 

4.3x10' 
160,000 

220 
25,000 
4,500 
8,100 
9,000 

17,000 
1,000 

18,000 
0,028 

7.8x10 
B3,000 
9,300, 

2.6*I0 6 

30,000, 
2.1x10' 

O.O00I7 
83,000 

120,000 
1,300 

0.001 
74.000 

8 7 8 
5.5x10° 
73,000 

560,000 
28,000 
66,000 
3,200, 

7.55x10' 
6,000 

940 
21,000 

160,000 
25.5 

180 
3,500 

145 
480 

160,000 
ll ,000„ 
1.2x10° 

0.019 
0.15 
0.67 
1.77 
1.49 
0.55 
2.29 
1.55 
0.06 
0.03 
0.366 

0.16 
0.29 
0.225 

0.039 
0.92 
0.035 
0.08 
2.89 
1.03 
0.59 
1.63 

1.41 
0.089 
0.61 
0.03 
0.11 
0.25 
1.9 
I.I 
0.088 
0.69 
I.I 
1.47 
0.15 
0.16 
0.61 
0.66 
0.21 
0.34 
0.51 

0.51 
I.0B 
0.91 
l.76(?) 
1.761?) 
1.21 
0.03 

0.76 
0.23 
0.77 

0.50 
0.04 
0.51 
0.51 

0.66 
0.66 
0.34 
0.26 
0.93 
0.024 
1.08 
0.16 
1.69 
0.43 
0.035 
0.86 
0.67 
0.70 
0.058 
0.24 
0.70 
0.028 
0.04 

0.36 
0.80 

0.B2 
0.66 
0.66 

8 1.5x10' 

C-9 

1.0 0.54 
1.36 1.60 
0.44 0.15 
0.931 , 
0.32 0.03 
3.0 0.70 
0.80 0.91 
0.23 0.21 
0.40 0.55 
2.48 0.55 
0.076 0.022 
0.74 0.12 

. 0.097 
0.58 0.12 
0.16 0.09 
0.49 0.09 
0.57 O.BB 
1.0 0.44 
1.3 0.26 

He 3 
Br 79 
Rb 85 
Sr 86 
Y 89 
Y 90 
Zr 90 
Sr 91 
( *93 
Nb 93 
Nb 95 
Nb 95 
Wo 95 
Ru 99 
Rh 103m 
Rh 103 
Rh 106 
Pd 106 
Ag 107 
Cd 107 
Cd 110 
Ag I I I 
In 113 
In 115 
Sn 119 
Sb 123 
Te 123 
Te 124 
Te 125 
Te 125 
Sb I2£ 
Sb 126 
Te 126 
I 127 
I 127 
I 129 
I 129 
Xe 129 
Xe 131 
Xe 131 
Ba 134 
Ba 135 
Ba 136 
Bo 137 
Bo 137m 
Lo 140 
Ce 140 
Pr 141 
Nd 143 
Pr 144 
Nd 144 
Pm 147 
Sm 147 
Sm 148 
Sm 148 
Eu 151 
Gd 152 
Tb 153 
Gd 154 
Gd 155 
Gd 156 
Dy 160 
Tb 162 
Tb 162 

^ 
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TABLE C-E 

CHARACTERISTICS OF THE ACTINIDES 
AND THEIR DAUGHTER ELEMENTS 

PRESENT IN SPENT FUEL FOR STORACE 

Nuclide 

Thollium-208 

Lead-212 

Bismuth-212 

Polonium-212 

Rodon-220 

Radium-224 

Thorium-228 

Thorium-231 

Thorium-234 

Protactinium-233 

Protactinium- 234m 

Protactinium-234 

Uronium-232 

Uronium-233 

Uranium-234 

Uronium-235 

Uranium-236 

Uronium-238 

Neptunium-237 

Neptunium-239 

Plutonium-236 

Plutonium-23B 

Plutonium-239 

Plutonium-240 

Plutonium-241 

Plutonium-242 

Americium-241 

Americium-242M 

Americium-242 

Americium-243 

Curium-242 

Curium-243 

Curium-244 

Symbol 

Tl 208 

Pb 212 

Bi 212 

Po 212 

Rn 220 

Ro 224 

Th 228 

Th 231 

Th 234 

Po233 

Po 234m 

Pa 234 

U 232 

U 233 

U 234 

U 235 

U 236 

U 238 

Np 237 

Np239 

Pu 236 

Pu 238 

Pu 239 

Pu 240 

Pu 241 

Pu 242 

An-. 241 

Am 242m 

Am 242 

Am 243 

Cm 242 

Cm 243 

Cm 244 

Hall-Life 

3M 

22, 3Y 

60M 

45S 

55S 

3.6D 

I.9Y 

25H 

24D 

27D 

I.I7M 

6.7H 

72Y 

l.6x!0SY 

2.4xl05Y 

7.0xl08Y 

2.34xl07Y 

4.47xl09Y 

4.lxl0 6Y 

2.35D 

2.85Y 

87.8Y 

2 . 4 x l o \ 

6.54xl03Y 

I5Y 

2.87xl05Y 

433Y 

41.mx 

I6H 

7.37x,03Y 

I63D 

28Y 

I7.9Y 

Mod* 
of 

Decay 

B.Y 

B.Y 

B,Y 

a.Y 

o.Y 

a,Y 

a.Y 

B,Y 

6,Y 

B,T 

Y 

8,Y 

a.Y 

a.Y 

a,Y 

a.Y 

a.Y 

Ct.Y 

a,Y 

B,Y 

aiY 

a i l 

OiY 

a.Y 

a,6 

a.Y 

a,Y 

Y 

B,Y 

a.Y 

a.Y 

a.Y 

a.Y 

,8 

Specific 
Activity, 

Ci/qm 

3x I0 8 

76 
I.5xl07 

I.2xl09 

9.2xl06 

l.fixlO5 

B30 
5.4xl05 

2.3XI0* 
2.1x10* 
6.7xlo' 
2. lxt0 6 

21 

2.6x10" 
6.4x10" 
2.2x10"' 
6.5x10' 
3.3x10' 
3.7x10'' 
2.3xl05 

530 
17 
0.6 
0.23 
99 
3.8x10' 

3.4 

3.3*I0 L 

4.8xl0 5 

0.2 

3.3xl0 3 

53 

82 

-5 

MEV - Major 
Mode ol Decay 

1.795 2.61 

0.017 0.046 

2,25 0,727 

11.7 
6.8 
5.69 
5.42 

0.49 

0.53 

4.8 

4.8 

4.4 

4.5 
4,2 
4.6 

5.8 

5.5 

5,2 

5.2 

4.9 

4.9 

5.5 

0.63 
5.3 
6.1 
5.8 

5.8 

2.61 

0.27 

0,24 

0.08 

0.303 0.084 

0.193 0.069 

0.26 0.31 

0.76 

0.044 

0.058 

0.042 

0.05 

0.19 

0.05 

0.048 

0.029 

0,28 

0.048 

0.043 

0.052 

0.045 

0.15 

0.045 

0.06 

0.049 

0.042 

0.075 

0.044 

0.28 

0.C43 

0.33 

0.02 

Primary 
Daughter 

Pb-208 

Bi-210 

Po-212 

Pb-208 

Po-215 

Rn-220 

Ra-224 

Po-231 

Pa-234 

U-233 

Po-234 

U-234 

Th-228 

Th-229 

Th-230 

Th-231 

Th-232 

Th-234 

Po-233 

Pn-239 
U-232 

U-234 

U-235 

U-236 

Am-241, 

U-238 

Np-237 

Am-242 

Cm-242 

Np-239 

Pu-238 

Pu-239 

Pu-240 

U-237 

C-10 % 
TERA CORPORATION 



TABLE C-9 

CHARACTERISTICS OF RADIOACTIVE LIGHT ELEMENTS AND 
MATERIALS OF CONSTRUCTION PRESENT IN SPENT FUEL FOR STORAGE 

(More Than 0.001 Ci/MTU After 180 Days Decay) 

Mode Specific Mev - Major 
Half- of Activity Mode of Decay Primary 

Nuclide Symbol Life Decay Ci/gm ft y Daughter 

Calcium-45 Ca-45 I6.3D «,Y I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 

0.257 0.012 Sc-45 
Scandium-46 Sc-46 83.8D S,Y 

I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 

0.357 0.889 Ti-46 
Chromium-51 Cr-51 27.7D «.Y 

I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 

- 0.32 V-51 
Manganese-54 Mn-54 3I2D «Ft 

I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 

- 0.835 Cr-54 
lron-55 Fe-55 2.7Y e 

I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 

0.232 . Mn-55 
lron-59 Fe-59 44.6D M 

I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 

0.467 I.I Co-59 
Cobalt-58 Co-58 71.3D M 

I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 

0.475 0.81 Fe-58 
Colbalt-60 Co-60 5.27Y 

8xlO*Y 
P.Y 

I.SxIO,5 

3.4x10* 
9.2x10* 
7.7x10^ 
2.4x10;? 
5.0x107 
3.1x10* 
U x K r 0.318 1.33 Ni-60 

Nickel Ni-59 
5.27Y 
8xlO*Y e 0.76 1.107 - Co-59 

Nickel-63 Ni-63 I00Y 6 5.6 , 
2.9x107 
2.4x10* 

0.066 . Cu-63 
Strontium-89 Sr-89 50.5D 8,Y 

5.6 , 
2.9x107 
2.4x10* 

1.49 0.909 Y-89 
Yttrium-91 Y-91 58.6D, 

9.5xl0 3Y 
M 

5.6 , 
2.9x107 
2.4x10* 1.55 1.205 Zn-91 

Zirconium-93 Zr-93 
58.6D, 
9.5xl0 3Y P,Y 0.004 0.063 0.03 Nb-93 

Niobium-93m Nb-93m 12Y Y ?° 4 3.9xKf 
- 0.03 Nb-93 

Niobium-95 Nb-95 35. ID, 
=3x107 
2.1x10^ 

P ?° 4 3.9xKf 0.159 0.766 Mo-95 
Molybdenum-93 Mo-93 

35. ID, 
=3x107 
2.1x10^ 

e«Y 13 0.925 0.03 Nb-93 
Technetium-99 Tc-99 

35. ID, 
=3x107 
2.1x10^ P 0.018 . 

7.9x10* 
4.4xl0 J 

0.292 . Rn-99 
Tin-177m Sn-I77m I4D Y 

0.018 . 
7.9x10* 
4.4xl0 J 

- 0.159 Sn-117 
Tin- II 9m Sn-ll9m 245D Y 

0.018 . 
7.9x10* 
4.4xl0 J - 0.024 Sm-119 

Tin-I2lm Sn-I2lm 50Y 6.Y 5 9 7 3.8x10/ 
1.7x10* 
l.lxiof 
1.8x10* 

0.354 0.037 Sb-121 
Tim- 123m Sn-I23m 40M B,Y 

5 9 7 3.8x10/ 
1.7x10* 
l.lxiof 
1.8x10* 

1.26 0.16 Sn-123 
Antimony-124 Sb-124 60D P.Y 

5 9 7 3.8x10/ 
1.7x10* 
l.lxiof 
1.8x10* 

0.61 0.60 Te-124 
Antimony-125 Sb-125 2.7Y P.Y 

5 9 7 3.8x10/ 
1.7x10* 
l.lxiof 
1.8x10* 

0.30 0.428 Te-125 
Tellurium-125m Te-I25m 58D Y 

5 9 7 3.8x10/ 
1.7x10* 
l.lxiof 
1.8x10* - 0.035 Te-125 

C-l l % 
TERA CORPORATION 



APPENDIX D 

ORIGEN CALCULATIONS 

Power 35.00 MW/MTU 

Bumup 33,000 MWD/MTU 

% 
TERA CORPORATION 



TABLED-1 

ACTIVITIES OF FISSION PRODUCTS 
IN SPENT FUEL VS. DECAY TIMES 

(Bn», «UH«ll»: 3300D.WD. FlOi: ) .<«.JJ«/[».>!-5fC 

HUCIIOC • l O l O i C t i l i H . CUtllS 
• • i n s «! of xciii «T<i CHUSCO IO iritToa 

7 . M - C ? 
Q. T 0 . 7 1 . 7 2 . 7 * . 7 1 0 . 7 2 0 . 7 m. 7 1 0 0 . 7 

7 . M - C ? » .07> 02 7 .01« 32 l . l l ' I ! l .<2'02 S . « 2 ' 0 2 • . O " 0 2 2 . 3 " 0 2 ».2t»ei J . S t ' O D 

I . J J ' O I 2 , « 7 - I S 3 . ! 3 - ; H . 0 3 . 0 3 .DO .30 . 0 5 .90 .DC 

? . ) B * C 1 S . S k - 1 3 1 . 7 J - ?« . 0 3 .DO . 0 0 . 0 3 . 0 3 . 0 0 .DC 

•oc •co >0L . 0 0 . 0 0 . 0 3 . 0 9 . 0 0 . 0 0 . 0 0 

t . M ' O I . 0 0 . 0 0 .oo . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 0 

• 30 . 0 0 . 0 9 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 

l . B O ' 0 2 . 0 0 . 3 0 • 03 , 0 0 . 0 0 •or . 0 3 . 9 0 • 00 

. 0 0 . 0 0 . 3 0 . 0 0 • DC . 0 0 . 0 9 . 0 0 . 0 3 • CO 

2 . 2 J ' G 2 . 0 0 . 3 0 . 0 0 . 3 0 . 0 0 . 0 0 • 0? .DC • 30 

? ->«»02 . 1 0 . 0 0 . 0 0 . 0 0 . 0 3 •CO . 0 9 . 0 0 . 0 0 

2 .23»C? . 0 9 . 3 0 . 0 0 ,00 . 0 3 . 0 3 • CO . 0 0 . 0 0 

• JO . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 1 .or . 0 0 . 0 0 

».»»'02 .DO • CO . 0 3 . 0 0 • DO .00 . 0 0 . 0 0 •00 
. 3 0 . 0 0 . 0 0 . 0 0 . 0 3 . 0 0 • DO .on . 0 0 . 0 0 

J. IJ 'DI . 0 0 . 0 0 .DO , 0 0 . 0 0 .DD . 0 0 . 0 3 . „ [ 

. 3 0 . 0 3 .JO . 0 0 .30 . 0 3 .DO . 0 ? . 3 3 . 0 0 

2 . I 5 H J . 0 0 . 0 3 . 0 0 • CO .CO .on .on • 00 . 0 0 

1.31*^1 . 0 3 . 0 3 . 0 0 • 0 0 , 0 9 . 0 - •en . 0 0 . 0 0 

2.»»'03 « . » ? - l « . 0 3 . 0 0 . 0 0 . 0 0 .09 . 0 0 . 0 3 . 0 0 

fl.p.00 l . t S - I t . 0 0 .or . 0 0 • CO . 0 0 .on . 0 1 .CO 

. 3 0 .03 . 0 3 . 0 3 . 0 0 . 0 3 . 3 0 . 0 ? .CO , 0 C 

l . S I ' C ! .DC . 0 ; .on . 00 . 0 0 . 0 3 .CO .Of 
• r o . 0 3 . 3 0 .DO . 0 0 .CO . 0 0 • D r . 0 0 

(,.!»•» .CO . 9 0 • 05 . 0 0 . 0 0 .30 . 3 ? .00 • or 
. 0 0 . 3 3 . 0 0 . 0 0 . 0 0 •30 . 0 " ' . 0 0 .CO 

1 . 3 3 ' 3 « . 0 3 . 3 0 • 00 . 3 0 . 0 0 . 0 3 • DC 
1 . 33«0« • 03 .DO • DO . 3 0 .3D •or • 00 . 0 0 . 0 0 
S , » » - O I 3 . 9 J - D l 3 . ! 6 - 01 3 . 5 1 - D I 3 . ' " 01 J . 7 » - 0 I 3 . » P - 0 1 5 . » » - O I 3,»e-oi 3 . 9 1 - 0 1 

. 3 b .CO . 0 0 . 0 0 . 0 0 . 0 0 .30 . 0 0 , 0 0 . 3 0 

2 . U ' 0 « . 0 0 . 0 0 . 0 0 . 0 3 . 0 0 • 0? .OP . 3 0 

• oc . 0 0 .CO .DD . 0 0 . 0 0 . L D . 0 " • 00 • LC 

? . ! « . C 3 .03 . 0 0 . 0 " . 0 0 • 00 .00 .on . 0 0 . O r 
I . J T . C 1 . 0 0 • 30 . 0 0 . 0 0 . 0 0 • 00 .r-* . 0 0 • CO 

. 3 : . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 .30 • C r , 0 0 . 0 0 
• • S k ' O l . 0 0 • DO . 0 3 . 0 9 . 0 0 • JO • 3C . 0 0 . 0 0 
t . S l - 0 ! • CO . 0 0 . 3 0 . 0 0 . 0 9 .00 • CO . 0 3 •or 
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.00 
• DO 
. 0 0 
. 0 0 

7.11-02 
• CO 
.00 
•oc 
.DO 
.DO 
.DO 
.00 
.00 
.00 
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n u t : }i,ooim. mum'- 11000.M10. n»»= s.M.is»««»2-ste 

HUCIIDI •tOlftCIDIK, CMItS 
Mils : oi or m m rem CHIKCO to »c«cio« 

CHItlt DISCHIMGC 0. t 0 . I 1 . » 2 . 1 s. t 10. T 2 0 . T SO. t 100. T 
I t l l t l l .00 2 .SMCJ .00 ' .00 .00 .00 .00 •00 ,00 .DO .00 
• t n s .00 ».S»«CJ .00 .00 .00 .00 .00 •00 .00 •00 .00 
c o m r .03 » .«»T2 I .S I ' 02 • .11*01 1.11*00 •..M-OJ I.DS-IO 1.12-23 .00 .00 .00 
cons •00 f .OKCl t . . l l -0» 2 . 2 . - I I .00 .00 .DD •DO .00 .00 >oc 
t t l lSn .00 » .3k '0 I k . n - c i 2 . « - l l .00 • DO • DO •00 •00 .OD • DC 
I»I IS .00 .3D .CO .33 .00 •00 ,0D •03 •on .00 .00 
S M I ! .00 .00 .00 .00 .00 .00 .00 .00 •0I> .00 .00 
•Gi l t .00 • . • S ' C l .00 .03 .09 .DO .00 .oo .00 .00 .00 
t o u t .00 •00 .CO .90 .00 .00 .00 •00 .00 .00 .00 
Sun t * .00 l . M . C ! .CO .03 .00 .00 .00 • CD .00 •03 • DO 
i « n t .00 i , i 0 ' O i .00 .00 • 00 .00 .00 .09 .03 .00 .30 
si i n .00 ,3C .DO .03 • 00 .00 .03 .03 .03 .00 . 3 : 
» l IF .00 » . w o s .oo .00 .03 • 00 .30 .00 .00 .00 .00 
Cull'K .00 l . 2J '0 l .90 .33 .03 .00 • OD .0? .00 • L: .CC 
con? ,00 4.H.OS .00 .00 .00 .DO .03 •CO •CD • DO • 03 
I«l lTn .11 t.'O'OS .00 .00 .00 .DO .00 •do .01 • DO • 33 
1»II7 .00 «.C»<01 .00 .00 .00 .00 .00 •oo • 0 0 • 33 • 03 
SMI»» .00 1.01'tJI t . M - 0 1 2.SS-02 t . l l -OT 1.37-H .00 .03 .or .03 • OC 
SM17 .00 .00 .00 .00 .00 .00 .30 .oo .03 • 33 .03 
c o m .00 t . t l ' C ] .CD .03 .00 .30 .30 .03 .00 ,30 • DC 
M i l ! " .09 I .J I -02 .00 .00 .03 .3D .00 •oo .03 . r j .03 
M i l .00 I . I J -0J .00 .00 • CO .00 .00 .00 .oo .DO • OC 
l i n r .OS .03 .00 .00 .00 .DO .03 .00 .oc .00 .DC 
c o m a .00 <.»»»t l •oo .00 .00 .00 .00 .oo • DO .03 • or 
c u m .03 • . . • L C I .00 .03 .00 .00 .30 .00 .00 .33 .3C 
O H M .or k.»«'C3 .00 .08 .00 .00 .00 .00 • 0 0 .03 • 03 
111)* ,o: « .m.c2 • L0 .Of .00 .00 .00 •op .or ,33 • D : 
W K I .00 l . l i ' C l l . t t . o i . . l . ' O l 1 . 7 0 . 0 0 2.«J«00 1.17-01 T.J7-0» 2.9-.-0I 1.11-2I .30 
S M I ' .oo .03 .CO • CO .00 .00 • 00 .UD .03 • 33 .30 
C3irc .oo 1.3] 'CI .00 .00 .00 .1)0 • 30 •00 .00 .30 .00 
IM2CH .00 « . s i « n •Oo .00 .00 .00 .00 .00 .00 • 3D • DO 
Ihl lC .00 «.S|«DJ •CO .00 • DO .00 .00 .00 .01 .00 .00 
» I 2 C .00 • 00 • CO .33 .00 .00 .00 .00 .00 .00 .03 
c o i n .00 4.12*01 ,00 .03 .00 .00 .00 .CO .00 .00 • 00 
IM21S .30 ».I2«C1 . to .00 .03 .30 .00 .00 .DO .33 .03 
IK12I •o: I-2KC2 .00 .03 .00 .00 .03 • DO . 0 " .33 .00 
S<J2J» .CO S.»0-0» S.M-D« S.M-Ok S . 5 S - 0 k S.SO-M S.lS-Ok 5 . 1 l - C « . t t - O I S.55-M 2 .25 -C* 
SJI12I .oc ».tT«0I .00 .00 • 00 .00 .00 .00 •DO ,03 • OC 
» I 2 I JO .00 .00 .00 .03 .00 .03 •DO • 00 .00 .03 
1HI2J .00 • .U«03 .00 .00 • GO .00 • CO .or • DO .00 • Do 
SM22 • o : .30 .00 .03 • 03 .00 .00 .00 • 03 .oc .OC 
SSI?!" .01 ).27<02 .00 .30 • c: .00 .00 .33 •or .00 • CO 
•;sl."2 .33 l ' 2 I ' C ! 2 . H - D I k.30-15 .33 .» 3 .33 • CO • 3 " .33 .3r 
l [ l>2 .on • JO .00 .33 .CO .33 .30 • C n • J " ,?0 .33 
u n i o .30 i.as'On .CO • CO .03 .03 .30 • b? ,0 .30 •00 
IS12J .00 l . l k ' 0 1 .03 .01) .00 .00 .OC • i;p • D n .03 .03 
SMf3» .00 I . H ' C J .CO .33 .33 .30 .00 •30 .U1 .CO • 03 
5V12S .00 |.03>0k k.23*03 •..23*03 1.35.03 1,71.02 «.ID-01 1.M-CS 2 . t? - l« .03 .03 
s.- i ; i .00 .03 .CO .03 .00 .00 .or . c : .3? .00 -00 
» I H J » .03 1.1S-CI • .02 -31 2 . t5 -0 l J . l t -02 • .03-01 1.17-05 2 .J1- I0 I . O ' - l t .00 .03 
H i ; ! .00 .CO • CO .03 .03 •CO .00 .30 •30 .03 .OC 
n i 2 « .on I .M«0« .00 .00 .00 .00 .00 • DO •on .00 .DD 

TERA CORPORATION 



[ 

I. 
I 

PIMl: 11 ,00M. IDIMIK 1NH. I ID. n u n l,M>l3»,/CM-2-3IC 

•VCLIOC HOIOICIUIIT, emits 
• • U S = " I OF HC««7 " [ I I I CMMCCO 10 «(»"tO» 

CHIME omaUCC 0. T 0 . 1 1 . 1 2. . 1 S . 1 10. * 20. t 5 0 . t 1 0 0 . 1 
SHU- .00 .00 .DO .DO • 0 0 .00 .00 .00 .00 .00 • DO 
J i lMK •DO l . * 7 ' 0 ! .00 •90 •00 .00 • DO .00 .00 • CO .00 
31121 .00 • •!'•« l - a i -02 1.52*01 I .01-00 1 .13.0! 2 . M - 0 I l . » 5 - 11 .00 .00 .00 
u i?« .00 .00 .CO .30 • 03 .00 .00 .00 .00 .00 • 00 
5>iKi» .00 l . l l ' O ! .03 •03 .00 .00 .00 .00 • DO •oc .00 
51125 .00 l .tO-Ol * .Ol 'OI I.JO-01 3.20-01 !.«!. '20 .00 .00 .00 .00 .00 
SJI2S .00 t .11 '01 t .TJ .O l l.JO'Ol r . i f o i S.St. ,01 2.57.01 I . I 3*02 S.«7'0| 2.17*02 1.57-05 
11125-. .00 1.21-03 3.1H03 1 .J . .3 ! 2.»7«C1 2.30- 01 I.OT.OS 2 . I S . 02 2.27.01 1.02-92 1.72-0* 
I I US .00 .30 .00 .00 .00 .00 ,00 .00 .00 .00 .00 
51121 ,00 s.so-oi 3.50-01 5.50-01 3.30-01 5.50- 01 S.SO-OI 5.50- 01 5.50-01 5.50-01 S.SO-OI 
Sb |?b* •DO 2.1l«OI 5,50-01 S..M-OI 5.59-31 S.'-O- 01 S.50-01 5.50-01 S.lt l 'OI s . i o - n s .sc.oi 
si i2» .00 l .»l>CI I.OI'DD 5.51-01 S .M-3] » . » • • 01 S.M-OI 5.H1- 01 S .H -31 5 . M - 0 I S .M-OI 
i i i;» .00 .OC •co .03 .CO .00 • oo •DO .00 • 03 .00 
SNIJJH .00 I.JS'03 .00 .00 .00 .co .00 .00 .00 ,03 .00 
Still .00 1.12»0« .0? .03 .00 .00 .00 .DO • DO ,00 .00 
i t i i ) .00 >.5.<0« I .M -D3 1.25-01 n r - 2 . .00 .00 •00 .00 ,00 .00 
U127» .00 I . T I ' C l l .OI 'Dt 1.70-03 I . i l . 0 3 1 . 7 1 . <E2 1.17-01 l . 5 | - 01 • • 2 1 - 1 1 ,00 .110 
71127 .00 O . W ' M 1.33.0k » . t l ' 0 3 I . H ' O l l . l t * C 2 I . IS-OI !.••-01 1 . 2 7 - 1 * •oc • GO 
u ; i .oo .03 .03 .00 .00 • 00 .oo .00 .09 .03 .or 

S M J » .00 2.*Q*QS .00 • 00 .03 .oc • 00 .00 •on •oo . 0 0 
S b l i l " .oc 2.12'05 .00 • oc .00 .00 .03 •00 .00 .03 .00 
56122 •oc l . | l * 0 « • 00 .00 • 0 0 .33 .00 •00 .00 • 09 .DC 
U l.'t ,oc .00 .00 .00 .01 .03 .00 •00 .00 • DO .cc 

I I ? - .DC 1.2HC1 .00 .00 .03 • 00 • 03 ,00 .00 .CO .03 
- £ u « ,oc • DC .03 .03 .00 .00 .00 •00 .00 ,03 .cc 
5»i:ir. .33 i . j i ' o s .03 .00 .03 ,00 .CO .00 •oc •oc .00 
S'.: : i •oc S.SI'CS .30 .03 .30 .UC • CO .00 .03 ,C3 .00 
S6 1 i • •or I . IS'CS .00 • 03 • 0 3 .CD •oo .00 .09 •OD .00 
U I 2 ' » .00 l . t l . C - l .O I 'O . 2 . S I - 0 3 l . t l . O l 2 . 2 1 . 02 1,55-12 • DO •09 • 03 • 09 
TCI21 .oc S.»i'OS • • • • • 0 3 I . B ' » 1 2.52-01 | . » 7 - 02 2.91-1? •CO .00 .CD .00 

u ; « •DO 3.71-02 1.15-02 1.1S-02 3.T5-32 3 . IS- 02 1.1S-02 1 . 7 5 - 02 1 .15 .02 1 . 7 S - 0 2 1 . 7 5 - 0 2 
UIJ1P .or l . t l ' O I 1.05-01 H I - O S 2.55-13 .00 .00 .00 .00 .CO .cc 
M I ; « .00 .CO .CO .CO • 00 .09 • 03 .00 .00 .00 • cc 
S k i l l .or l . H ' O S .03 .00 .00 .00 .00 •CO u)0 .00 .00 
ssno* .03 l.OI'OS .00 .00 .00 .00 •00 .00 .00 .33 .30 
J M J O .00 7.55*01 .00 .00 .00 .00 • 09 .09 .30 .CO .00 
t i l 10 .03 .oo • 00 .03 .00 .00 .00 .00 .09 .PC " .00 

I I33« .00 2.I2>0< .00 .03 .00 .00 .CO .00 .09 .00 .00 
1110 .03 »,O2"0* .00 .03 .00 .00 .00 • 3 0 . 0 " .03 .00 

1(110 .oo .00 .00 .03 .00 .00 .00 .00 .00 .03 .00 
5i .Ul .or •••S'OS .00 • 03 .00 .00 .CO • CO .00 • OD .00 
S=I31 . 0 " 1.33-01 .CO .0:1 ,uo .03 .CO .1? .09 .03 • 30 
l L l ! l n .oo i . s c o s 1.21-IT .03 • CO .00 .co • CO . 0 " .C3 .00 
H i l l .o:> • • • I 'Os J . I f l l .00 •i~. .00 .CO •0" • C" .CO .30 
l l l l .03 I .O I 'C l «.<>«02 J.01.00 2 . 2 7 - M • .»!. 22 • DO • C3 • j n • CO .oc 

I C I ' M .oo i . n . o s 1.23.02 2.07-00 ) . : i - o » 5.2.9- IS .CO .If •03 *uC 
K i l l .00 .30 .CO • OJ .00 .00 .00 , u : .00 • 05 .00 
S',132 .03 J.Ji-Ct •00 .01 .03 ,00 .03 • 00 . 0 " .DC .CO 
S t l32» .03 • 00 • 00 .C3 ,uc , i jC • CO .33 .00 • 00 .00 
Si 112 .00 1.11.01 .00 .00 • JO .00 • CO .00 .00 .03 .00 
m i ; .00 1.31-01 1 . 3 1 - 0 1 2.13-01 .DC .00 .00 .00 .09 .00 • DO 

111! .00 | . « l * 0 l 4.SI-03 2.11-01 .or .00 .00 .00 •on .03 .110 

i 
\ i 
i 
? 
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Hutt: ».00K>. I V I M P ; isooo.nvD. f iui ; ).M.|l»/ciu>2-5cc 

MKLlDt I I H I K I I I I 1 1 , HH1CS 
U{IS S "I Or KtlU " t i l l CHIIttD I I II1CIOI 

( M H I D I I : K I » | [ 0 . 1 0 . 1 1 . t 2 7 J . 1 10. 1 20. 7 1 0 . T 100. 7 
H I S ! .00 •90 .00 .00 •00 .00 .00 •oo .00 •oo • 00 
S I D ) .00 l . l l ' O I •00 •DO .00 .00 ,00 .00 .00 • 00 ,00 
i t 111" .00 l.ti*Cfc .00 .00 ,00 .00 ,00 .00 .00 .00 .00 
U m .00 S.JO'OS .00 .01 •oo .00 .CO .00 .00 .CO ,00 
UJJ .00 I . M ' O l •DO .00 .00 •00 .00 •00 .00 .00 .00 

H U M .00 «.55«o« I . M - O I 3 . U - I 7 .00 •oo ,00 .00 •or .00 .00 
i t i u .00 | . l t * C * l . H « 0 1 l .H-DS J . H - I S .00 .00 •DO .00 .00 .00 
CSI!) .00 .00 .00 .00 .00 ,00 .00 .00 .00 .00 .00 
SI I X .00 I . IS 'O I .00 .00 .00 .00 .00 .00 .00 • 00 .00 
H i l l .00 l . l l . C i .00 .00 .00 ,00 .00 ,00 .01 .00 .00 

l i ! « .00 i . U ' O l .00 .00 •o: .00 .00 •00 .00 .00 .CC 
>CI!« .00 .00 .00 .00 • 00 ,00 .00 • 00 • 00 .00 .00 
CSISt« .00 1.21*0* .00 .00 .00 .00 .00 •00 .00 .00 •oo 
c u t .oo 2.ST.0S 2.17.05 2.22 405 I . I I ' O S l . l i < OS «.7t«0« t .r»«03 2.V7.02 1.17-02 S.10-10 
M I J « .00 • Oo .00 •oo .00 .00 .00 .00 •00 .00 • JO 
7EUS .00 I . H ' O k .00 .00 .00 .00 .00 .so .oc .00 • DC 
IDS .00 | . l l < 0 » .00 • DO .00 ,00 .00 •00 • DO .oo •DO 

« I J 5 » .00 S.OJ'DS .00 .00 .00 .00 .00 .00 .DC .oc • DC 
H I is ,00 J .n«cs .00 .00 .00 .00 .00 •oo .00 .00 • DO 
csnsii .00 S. I7-C. .00 .00 .00 ,00 .00 •00 .00 .00 .00 
CSISS .00 2.SS-C1 2.51-01 2.S.-01 2.51-01 2 . 5 * . 01 2.51-01 2.51-01 2 .S I -0 I 2.51-01 2.S.-01 
H U S K ,o: J . O S - C I .00 • OD • 00 .00 .DO .00 .00 .00 • oc 
FA l i s .00 • CO .00 .00 .CO ,00 • DO • 00 .00 .00 .oc 

l i s t .00 • • •2 '05 .00 .00 • 00 .00 .oo •00 .00 ,00 .00 
» t u » .00 • 00 • 00 .30 •oo • 00 .00 .00 .00 .03 .oc 
tsisw .00 » . 5 " 0 » S.«?*02 l . 3 D * 0 1 2.2»-5« 7.17- 13 .00 •oo .03 .CO .30 
t u n • DC .00 .00 .oc .00 .00 .00 .00 .00 • 00 .CC 

l i s t .CD l . l j ' O t • 00 • 00 .00 ,00 .oo •00 .00 .00 • DC 
K i l l .oc 1.17'Ds .00 .00 •or .CD .00 •CO .03 .00 • DC 
C i l l l .00 1.01*05 I.Ol'OS 1 . 0 7 * 0 5 1.05*05 1.0«« OS » ,H«0" l.kO'D" ».e<*0< l . » | . O i l . o n o * 
M i l l * .oc 1.01*05 l.CI'OS 1.03-OS l . l t ' D t • • • I * c« t .OJ'O. 1 .05 .C ».1»*0» l . l t ' M l -Ol 'O' 
b i l l ! .o: . 3 : •CO .00 .00 .00 .00 .00 .09 .00 .00 

) l ) l •OS ! . . ! • [ > . •00 • oc •00 .oo .JO .00 • DO .00 .00 
» [ | ) l .oc l . l l ' C t .00 • OD .00 .DO .00 .00 .00 .00 .00 
CSI 11 •or 1.11*01 •00 • 00 •00 .00 .00 .00 .00 .00 .CD 
H I J 1 •JO • 00 • DO .00 • 00 .00 ,00 .03 .on .OD • DC 

1131 .00 1.31*01 .00 .00 .00 .00 .09 .00 .00 •CO .00 
•cm .00 l . ' S ' O l .00 • 00 .00 .00 .00 •00 •on .00 .00 
CSI I t .00 l« '3 '0s .00 • 00 .00 .00 .00 •oo .00 .00 • 00 
t » t l t .oc I . 7 K 0 I .00 • CO .00 .00 .oo •00 •Of .oo • 00 
L l l l l .oc .00 .00 .00 .00 .00 .00 .09 •oo .00 •oc 
«!l«3 •oc l . o i * c i .00 .CO .00 .00 .CO .00 .Of .CO .00 
CSItO .00 i . sv .c . .00 .00 .00 .DO .00 •or •on .00 >uo 
r < n c •oc 1.7CCI I.10*D« ! . ««02 •..14-01 1.12- 11 .00 ,iC » i i r •ra .01 
m < : .CO 1.75*04 i . M . 0 1 l.)7'D2 J,01-31 I . J t - 11 .oo •C5 .3? .CD .00 
CCHO .3C . • 5 .00 .00 .00 .00 .00 • r n . 0 " -00 • uc 
> U « | .oc J.71*CS •CO .CO .00 .OD .03 .on . 0 " .DC 
CSKI .09 l . l l *C« .CO .CO .00 .00 .00 .CI .00 •ro .00 
F l l a l .03 l .S ' -C I .00 •oc .00 .00 .co •CC .or .CO .00 
t l l . l .00 l . s i . o * •00 .oo .00 . . 0 .00 >cc .OP .30 -co 
t l ) « l •DO l. lJ'Cb 2.1l>05 S.32"0» I . 5O02 ? . . » - 01 1.15-11 •oo .on .oc .01 
M | « ! .00 • DO .00 .00 •Oo .00 .00 .00 . c .00 • 00 

: II 
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• t a l i : ]>,OOI*i I I I IM ' : 3)000.»»D. n.U>= I.I1l|Iarcail)-StC 

•itCLlIC •iOIfaCtlrttT. CUIICS 
• M i l : at •> aUt i m i l CHiHti TO iricToa 

[ H I K E 01SCH1HE 0 . T 0 . T 1 . T 2 • T 5 . > 1 0 . T 2 1 . T S O . T 1 0 0 . t 
l l l l » .DO 1 . 0 1 . O S .oo . 0 0 . 0 0 . 0 0 . 0 0 .DO . D 1 .DO • DO 
C S I O . 0 0 I . I K 0 S . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
M i l ? . 0 0 l . l l ' O l . 0 0 . 0 0 • 00 . 0 0 . 0 0 •oo . 0 0 . 0 0 . 0 0 
» ] t 2 . 0 0 J . M ' C I • DO . 0 0 . 0 0 .oo . 0 0 • 00 •of . 0 0 . 0 0 
C E 1 I 2 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 
• a l i a . 0 0 I . 1 1 - 0 1 .DO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
H01H . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 .on • 00 . 0 0 
i t H J . 0 0 J . 0 1 - 0 1 . 0 0 . 0 0 • DO . 0 0 . 0 0 . 0 0 .oo . 0 0 •oc 
CSIU . 0 0 1 . 1 0 ' C S . 0 0 .00 . 0 0 . 0 0 • DO • 0 0 . 0 3 • 03 • DC 
e m i . 0 0 | . | » * C | . 0 0 . 0 0 . 0 0 •oo . 0 0 • 0 0 •on • 00 •oc 
t l l > 3 . 0 0 l . « 2 ' 0 1 . 0 0 .DC . 0 0 . 0 0 . 0 0 .oe . 0 0 . 0 3 •:c 
« I I 3 . 0 0 l . » J . 0 » 3 . 1 3 - 1 1 . 0 0 .00 . 0 0 . 0 0 • 00 .oo . 0 3 . 0 0 
K i l l . 0 0 l . ' O ' O * : . i»o» 1 . 1 6 * 0 2 i . n - 0 2 1 . 1 1 . -10 . 0 0 . 0 0 •or- . 0 0 . 3 0 
aoii3 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • t o . 0 0 • 03 . 0 0 . 0 3 • DC 
l l l l « . 0 0 1 . 2 1 . 0 1 . C I .DO . 0 0 . 0 0 .DO •oo .oo . 0 0 . 0 0 
C t l . . . ("] 1 . 2 1 * 0 1 i . c i ' O i 1 . 5 1 - 0 5 5 . 1 5 - 0 5 2 . 1 1 ' 05 1 . 1 1 * 0 1 1 . 6 1 * 0 2 2 . 2 T - 3 2 S . 5 D - I I • DC 
m o •oo 1 . 2 7 * 0 1 t.oi*oi L S I - 0 5 S . 1 5 * 0 4 2 . 1 1 . •OS 1 . 6 6 * 0 1 l . H « 0 2 2 . 2 7 - 0 2 5 . 5 0 - 1 1 . 0 0 
H I " • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • on . 0 0 . 0 0 .oc .oc 
c ih ) . 0 0 i .n.os ,oo .DO . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 . 3 0 .oc 
• ins . 0 0 t . « l « 0 5 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • CO 
aons . 0 0 . 0 0 .DO .CO • 00 . 0 0 . 0 0 . 0 0 • O f .to •CO 
CI 111, .go l . 0 2 * C S .OD .oo . 0 0 . 0 0 . 0 0 , 0 0 .on . 0 0 • OC 
n u t . 0 0 l . 0 2 ' C 5 . 0 0 . 0 0 .DO . 0 0 • DO . 0 0 . 0 0 . 0 0 •cc 
Kl'l • DC • CO . 0 0 . 0 0 .oc . 0 3 . 0 3 • 00 . 0 0 . 0 0 .cr 
a n ) . 3 0 1 . 3 6 - 0 5 , 0 0 . 0 0 • 0 0 . 0 0 • CO . 0 3 • 0 * .CO .oc 
H U T . 0 0 1 . 3 1 - C S . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 •cf . 0 0 • c : • UC 
fcClll .DC 6 . ( 7 . 0 5 2 . 1 1 * 0 3 1 . 1 5 - 0 1 a . S I - O S 1 . 0 1 . 11 .CD • 00 .or . 0 0 .cc 
r n l i i .DC 1 . 0 1 * 0 5 1 . 0 5 - 0 1 1 . 0 0 - 0 5 | . 5 1 - 0 1 6>,12- 01 2 . 1 1 * 0 1 T . I I ' O ! S . 6 6 * 0 2 J . O ' - D I 3 - 6 J - 0 T 
S h | < 7 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 .OD . 0 0 .oo . 0 0 • OC 
c t m . 0 0 1 . 1 5 . 0 5 .DO . 0 0 •OD • 0 0 .DO . 0 0 . 0 0 . 0 0 •oc 
•mm • 00 i . 0 1 - 0 5 • DO . 0 0 • 00 .1,0 .DO . 0 0 . 0 0 . 0 0 •cc 
W i l l . 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 •or . 0 0 • CO 
• « H I « .oo 1 . 0 6 * 0 6 1 . 1 1 * 0 3 2 . 1 1 ' C J 1 . 7 7 . 0 1 2 . 1 1 - 0 1 3 . 2 » - 0 1 2 . 1 1 - 2 2 •Of . 0 0 .oc 
• • 1 1 1 . 0 0 2 . 2 ) - 0 5 7 . 6 0 * 0 1 2 . 3 2 * 0 2 1 . 1 5 - 0 0 l . » l - 02 2 . . S - I 6 2 . 1 5 - 2 ! . 0 0 . 0 0 •oc 
3 * 1 1 1 . 0 0 .so . 0 0 .CO . 0 0 • 0 0 . 0 0 . 0 0 • OD .CO • DC 
• B | « « . 0 0 1 . 1 3 * 0 5 . 0 0 . 0 0 . 0 0 • 00 .OD . 0 0 • O f • DC . 0 0 
k i l l ! .oo 1 . 1 1 - 0 5 . t o . 0 0 . 0 0 . 0 0 . 0 0 • DO . 0 0 .CO • CO 
• n l i l . 0 0 7 . M - 0 S I . 3 I - 0 J 1 . 3 0 - 1 1 . 0 0 . 0 0 . 0 0 • CO .or . 3 0 •oo 
S M i * ,011 . 9 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 •oo . 0 0 •ro .oc 
M>IS3 . 0 0 . 0 0 . 0 0 .oo .no . 0 0 . 0 0 •DO .oo . 0 0 . 0 0 
•alto . 0 0 l . 1 l * 0 3 .DO . 0 0 . 0 0 . 0 0 .OD • 0 0 .oo .OD .DC 
S«150 . 0 0 . 0 0 .co .011 •or - 5 0 . 0 0 • DO .on . 0 0 .oc 
W i l l .oo 2 . 0 1 - 0 5 . 0 0 " .co . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 " ' • 0 0 
• n i s i . 0 0 l - « " t l .OD • ou . 0 0 . 0 0 . 0 0 • 00 •or • oc .DC 
• r l i l . 0 0 l . 2 6 > 0 3 1 . 2 1 - 0 3 1 . 2 7 > 0 3 1 . 2 6 i 0 1 1 . 2 5 * 1 03 1 . 2 2 * 0 3 1 . 1 7 . 0 3 ] . ( , ' 0 1 1 . 5 1 * 0 2 5 . 1 2 - 0 2 
[ t i l l .on ,;c . 0 3 . 0 0 •no . 0 0 . 0 0 . 0 0 .OP • ro • c : 
• H S J .O'J I . M - O S .co . 0 0 • 0 0 . 0 0 . 0 0 .0 0 , 0 1 • CO .or 
S»IS2 . 0 3 • 3D . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 .DO . . ' 9 
| U 1 S 2 » . 0 0 6 . J I . C 2 . 0 0 . 0 0 • DC • 0 0 . 0 0 . 0 0 . 0 1 .:o • 0 0 
I U ) W .01) 1 . 0 1 ' C I 1 . 0 7 - 0 1 1 . 0 6 * 0 1 1 . 0 2 * 0 1 » . 6 5 * l ao 1 . 1 1 * 0 0 6 .01 -CO J . I ODD 1 . 0 3 - 0 1 3 . 1 5 - 0 2 
t o 42 . 0 1 . 0 0 . 0 0 . 3 0 .oc . 0 0 . 0 0 , 0 0 . 0 1 . 0 0 •or 
• M S I . 0 0 I . I 2 « C I . 0 0 . 0 0 •or .oo . 0 0 . 0 0 .ro .oc 

i 

i 
] 

1 | 
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H«EI= Il.OOPIIf. W W : 11300.1 

C M K t 01SCHM6C 0 . 1 
S M S J . 0 0 S . 7 M 0 5 i . 3 » - 0 t 
emu . 0 0 . 0 0 . 0 0 
( D I S S . 0 0 1 . 3 1 * 0 1 2 . 5 1 * 0 1 
M ! S « . 0 0 t . 3 l < 0 » . 0 0 
i«is« .oo • 00 . 0 0 
Cu]S< . 0 0 1 . 3 1 * 0 1 7 , 0 1 * 0 3 
601 S> . 0 0 . 0 0 . 0 0 
5«1SS . 0 0 • , . « 3 ' 0 » . 0 0 
CUIS5 . 0 0 7 . 1 0 * 0 ] » . » 2 * 0 J 
M I S S . 0 0 , 0 0 . 0 0 
S « ] 5 * . 0 0 :.!>>o« • 0 0 
ton* , 0 0 2 . 1 1 * 0 5 « . 1 " 0 3 
CO l i t . 0 0 . 0 0 . 3 0 
V M S ! • 0 0 i.to-o« • 0 0 
t l l l l J . 0 0 l , i o * o « •00 
C01S7 . 0 0 • 00 . 0 0 
I U I S I • 00 7 . 7 7 * 0 1 . 0 0 
0C1SI . 0 0 • 00 • 00 
lU ISt . . 0 0 t.oooi . 0 0 
K I S 7 . 0 0 I . I f O l • DO 
T»)S» . 0 0 . 0 0 • DO 
C u l t s . 0 0 | . I 7 * C 3 •CO 
ODltC .or • 00 .CO 
1 9 ) 6 : • DC I .»«*CJ 1 . 2 2 * 0 2 
C ' l t O .DC . 0 0 . 0 0 
coin . 0 0 7 . 5 2 . 0 2 • DO 
H i l l •oc 7 . 5 2 * 0 ? 1 . 9 0 - 0 ? 
D T I H •DC . 0 0 • 3D 
CO lb? •oo J . ' O ' D I • DO 
l s l b ? n .or 3 . 7 O 0 2 • CO 
I B I 1 2 • 3C . 0 0 • DO 
Of I t ? • CO . 3 0 . 0 0 
I t l t l n •DC l . « l * O I •CO 
l l l l ! , 0 0 1 . 2 1 * 0 ) •DO 
0T1S3 • DC . 0 0 • DO 
I 8 I K •or S . 5 ' * 0 1 . 0 0 
D T l t i •DO . 0 0 .CD 
O t l t S i l . 0 0 3 . I M C ? .Op 
outs •OD | . 2 T * 0 2 .CO 
H01 I5 •on • 00 . 0 0 
O l l t t •oc 1 . 2 1 * 0 1 1 . 3 5 - 0 1 
HQlbbH •on l . l l - M l . l l - D I 
• : u t • 00 1 . 1 5 * 0 2 2 . 0 1 - 0 1 
( H i t • 0 ~ • 30 •no 
[ H U T •30 . 3 D .uo 

K i l l •00 | . i l * o i l . 7 7 * 0 f c 

l t r iu i r ],M«|]li/eff««2-*,C< 

•ucuoc i ioi i ietmn. ettici 
mis= OT ir Htm mm CHIMED 

0 . > 1 . T 2 . T S . T 

!,>* •11 . 0 0 . 0 0 • 00 
. 0 0 . 0 0 . 0 0 . 0 0 

2 . 0 7 * 0 1 1 . 1 1 * 0 1 • . 0 1 00 1 . 1 7 - 0 1 
. 0 0 . 0 0 . 0 0 . 0 0 
. 0 0 . 0 0 • 0 0 . 0 0 

t . n oi ».!•< 0 1 t . M < 03 5 . 1 0 * 0 3 
.oa . 0 0 . 0 0 • DO 
. 0 0 . 0 0 . 0 0 . 0 0 

».<!< 01 S . l » < 0 3 J .S« 03 1 . 1 7 * 0 3 
• 00 • 0 0 . 0 0 . 0 0 
• 00 . 0 0 •CO . 0 0 

l . . S < 02 i . i s - 02 5 . 1 5 - ID .oo 
. 0 0 . 0 0 . 0 0 . 0 0 
. 0 0 . 0 0 . 0 0 .DO 
• 00 . 0 0 •uo . 0 0 
. 0 0 • 00 . 0 0 ,oo 
. 0 0 • 00 • DO . 0 0 
. 0 0 •oo . 0 0 . 0 0 
. 0 3 • 00 • DO . 0 0 
. 0 0 . 0 0 . 0 0 , 0 0 
. 0 0 • DO . 0 0 . 0 0 
•oo • DO . 0 0 . 0 0 
• 03 .CO . 0 0 . 0 0 

3 . I I * 0 2 • •<!• 01 1 . 3 2 * 00 3 . 5 0 - 0 5 
. 0 0 . 0 0 . 0 0 . 0 0 
. 0 0 . 0 0 • DD . 0 0 

7 . I J - OS 1 . 7 1 - 1« • DO • CD 
. 0 0 .oo . 0 0 . 0 0 
. 0 0 . 0 0 . 0 0 . 0 0 
• CO . 0 0 . 0 0 . 0 0 
. 0 0 . 0 0 . 0 0 . 0 0 
. 0 0 . 0 3 . 0 0 . 0 0 
. 0 0 . 0 0 , 0 0 . 0 0 
. 0 0 .DO . 0 0 . 0 0 
. 0 0 . 0 0 . 0 0 . 0 0 
• DO . 0 0 . 0 0 . 0 0 
.CO . 0 0 . 0 0 .oo 
• DO . 0 0 . 0 0 . 0 3 
• DO . 0 0 , 0 0 . 0 0 
.oo .CO . 0 0 . 0 0 

• • • 3 - 1« . 0 0 .oo . 0 0 
M J - 01 1 . 1 3 - O t 1 . 1 0 . 01 7 , 0 1 - 0 1 
1 . 2 k - 11 • CD • DO • CO 

. 0 3 .oo . 0 0 . 0 0 

. 0 0 • go . 0 0 . 3 0 

«.»»• 31 ? . * < < c t 1 . 3 0 - c i l . 9 D * o 5 

D-9 

Kicton 

10 t 2 0 . t so. » I O C . 7 
. 0 0 . 0 0 . 0 0 . 0 0 
• DO . 0 0 . 0 0 . 0 0 

».«.?• 01 J . 1 1 - 0 1 4 . 1 2 - 22 . 0 0 
. 0 0 . 0 0 . 0 0 .oo 
• 00 . 0 0 . 0 0 . 0 0 

• . . S I * 01 !.«»< 03 I . I ! . 02 1 . 3 0 * 0 ! 
. 0 0 . 0 0 . 0 0 • 00 
• 0 0 . 0 3 . 0 0 . 0 0 

l . » S * 02 l . S t ' O O 3 . 1 ) • OS 1 . 7 7 - 1 1 
.oo , 0 0 . 0 3 .DC 
. 0 0 . 0 0 . 0 0 .CO 
, 0 0 . 0 0 . 0 0 .oc 
. 0 0 .oo . 0 0 .oc 
. 0 0 . 0 0 .oo . 0 0 
. 0 0 . 0 9 .oo • DC 
. 0 0 . 0 0 . 0 0 .oc 
. 0 0 , 0 0 .DO .oo 
• DO . 0 0 . 0 0 . 0 0 
.00 . 0 0 •on • DC 
• 00 . 0 0 • CD . 0 0 
• 00 . 0 0 . 0 0 .DC 
. 0 0 . 0 0 • DO .DC 
• CO . 0 0 • OS 

».;•- 13 . 0 0 .DC .oc 
• CO .or • DO .D[ 
. 0 0 . 0 0 . 0 0 . 0 0 
. 0 0 . 0 0 • DO .oc 
• 0 0 •or . 0 0 . 3 0 
•on • 0 0 . 0 0 .oc 
. 0 0 . 0 0 . 0 0 . 0 0 
•DO . 0 5 • DO . 0 0 
. 0 0 . 0 0 .CO • DC 
• 00 . 0 3 . 0 0 • DC 
•00 • DO . 0 0 . 0 0 
•OD • DO . 0 0 . 0 0 
•00 . 0 9 . 0 0 • DC 
. 0 0 . 0 0 . 0 0 . 0 0 
.cc . 3 3 . 0 3 . 0 0 
•or • 30 . 0 3 . 0 0 
• 00 •DO . 0 0 . 0 0 
. 0 0 . 0 0 . 0 0 . 0 0 

T . 0 T - 0< 1 . I H - 0 « i . t o - » 1 . 1 1 - 0 1 
. 0 0 . D r . 0 0 .oc 
•on . 3 0 . 0 0 • cr 
. 0 0 .or .CO • = C 

3 - 2 0 * »s 2 . Si' C5 ! . ] « • os 3 . « 1 * 0 « 
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M » l « : J1.00*«. • W W : I H M - M i . ftm: I . I 1 *1H /C«MJ-HC 

l U H M I L 1 C 7 I I I I T , CUIK1 
l l t l l = »! I f »!«»' W i l l CHIUCO 71 I t lCtOt 

CWMC OiscHtnt 
M .DO I . I ••02 

2* • SO 2. } I *D I 
41 .00 I.24*C1 
a • 00 4.«4*D4 
it • DO 4.14*05 
n .00 J . 'S 'Ct 
I I .03 • • j U D i . 
I I .00 4.11*Ct 
SI .00 4.71*04 
1 .DC 1.01*0) 

2» • DO 4.»7*D4 
•>• .00 1.11*07 
«o .DO 1.12*04 
7C •DO 4.14*04 
»il .DC l .2 l 'C4 
»H .DO t>12*04 
»D •Oc 5*41*05 
tc .00 t . l l ' C S 
CO .00 5 . l t * 0 * 
IX •or 1.31*05 
i« .00 1.I0-C4 
St .ct 4 . H * : 4 
>t .DC I.SOC4 
1 ,oo 1.14*07 

>l .00 i . n * 0 4 
fs .09 t.JJ'Ov 
( 1 •DC ).74*C4 
11 .DC 7.51*04 
CI .DC 7.23*04 
fp .OC ».31'34 
4r, •3D 1.21*04 
*H .3C 1.43*04 
1« .30 4.41*05 
IV .OC M l * 0 5 
40 .DO J.11*01 
13 .JO 2.12*01 
ct • 07 1.21*02 
HD •oc 1.15*02 
»»UVi .00 | . * l«0« 

51)1707 .00 • 3D 

0. 1 
J.OH02 
2.47-11 
1.51-11 
4 . 1 2 - H 
J..1I-DI 
1.04-15 
I . I V D I 
2.01*01 
1.10*05 
i .«,o*05 
4.14*05 
1.03*04 
1.50-04 
1.13*01 
7. i t *05 
7.11*05 
l . l l - O l 
1.51*01 
1.41*02 
I .47-01 
4 .27*0] 
».»7*01 
4.11*04 
4.47*02 
1.34*02 
1.45*0*. 
1.14*05 
| . | 4 * 0 » 
1.25.04 
1.03*34 
2.44*0J 
1.15«0S> 
1.21*01 

i . n * o i 
2.55*01 
4.22*02 
I.1S-C7 
» . i i - r « 
4.14*04 

.00 

0 . I 
7.01*02 
I . 30-21 
4.71-71 

•00 
l .M-O I 

.00 
1.11*04 
1.12*00 
1.74*05 
2.41*05 
2.11*01 
s.s»*os 
1.45-12 
1.13*01 
4.21*05 
5.21*05 
l . l l - O l 
2.41*0] 
5.11*01 
J . 21-01 
1.21*03 
l . j l ' 0 1 
2>0>*C1 
I . I 2 T 0 
2.07*00 
3.21*05 
1.01*05 
1.17*02 
4.34*05 
1.51*05 
1.15*01 
1.01*05 
1,27*01 
1.34*01 
2.01*01 
1.11*02 
1 .41-H 
7.11-01 
4 . t t * 0 l 

,00 

I . » 
4.71*02 

.00 
•00 
.00 

s . n - o i 
.00 

1.07,01 
7.71-01 
1.21*01 
».3(*04 
i . : » * o i 
1.00*04 
.00 

I . 4 K 0 I 
3.02*05 
3.02*05 
1.11-01 
I .41 .01 
1.20*01 
I .T I -02 
1.34.0 J 
7.11*31 
4.41*01 
3.75-02 
1.21-05 
2.11*05 
1.4t«3« 
5.01-01 
5.14*35 
5.15.35 
t .53-05 
1.44*34 
1.24*0] 
I .2C.01 
l . H ' O I 
1.11*01 

.00 
7.10-01 
2.13.04 

.00 

2. 1 
4.42*02 

.00 
•00 
.00 

1.11-01 
.00 

1.01*01 
1.44-C5 
7.41*01 
7.13*01 
4.45*02 
1.41*01 
.oo 

1.11*01 
1.50*C5 
1.50*05 
I.11-01 
5.14*02 
4.75*00 
1.21-01 
1.I2*C2 
5.54<C5 
2.45<C3 
3.15-02 
5.10-15 
2.11*05 
1.<>(*U4 
1.24-11 
2.11'05 
2.I1*C5 
1.05-14 
4.42*04 
1.25*01 
1.00*01 
i.oa*oo 
I.12*00 

.00 
1.10-01 
1.10*04 
.00 

5 . r 
5.12*07 
.00 
.00 
.00 

3.41-0) 
.00 

1.11*0] 
1.44-05 
4.11.01 
4.11*01 
1.41*00 
5.13-01 

.00 
I . 4 H 0 I 
|.10*04 
|.1D*C« 
1.11-01 
1.04*01 
1.31*00 
1.05-11 
1.01*30 
2 .57*0 ] 
| . 0 7 * 0 ] 
3 .75-02 

.00 
1.41*05 
1.01*01 

.00 
1.44*01 
1.14*01 
.00 

2.14.04 
1.22*01 
* .«J*0 ) 
1.77-01 
1.50-05 
.00 

7.01-94 
1.10.05 

10. f 
4.04.02 

.00 

.00 

.00 
1.11.0) 

•00 
»•01*01 
1.14-05 
4.09.01 
5.01*01 
1.11.00 
1.21-01 

.00 
1.11.01 
4.02.02 
4.02*02 
1-11-01 
2.05-cl 
4.54*00 
1.0«-22 
5-51-01 
7.14.02 
2.15*02 
J.75-02 

.00 
l . l t . O I 
• . a s . 0 4 

•oo 
1.44.02 
i.4i<a? 

•CO 
7 . H . 0 1 
I .17.03 
4.14*03 
4.41-04 
I .24-1J 

•CO 
7.37-0* 
3.2(|.0S 

2 0 , T 
2 . 1 1 . 0 2 

.00 

.00 

.00 
l . l l - O l 

•OC 
1.17*0] 
1.44-05 
1.15.01 
4.15.04 
l .M*0O 
1.2«*0U 

.00 
1.41*01 
4.01.01 
4.02-01 
l . l l - O l 
1.24-04 
1.11.00 

. 30 
5 .50-01 
5 . 5 1 . 0 1 
2 . 2 7 . 0 1 
3 .75-02 

.00 
4.14.04 
4.14*04 

.CO 
2.27-02 
2.27-02 

.oo 
5.44*02 
1.01.03 
2.11*0] 
2.71-01 

.00 
•or 

7.0--04 
2.14*05 

SO. I 
1.21«01 

.00 

.00 
•oo 

) . M - 0 > 
.00 

1.42*02 
I.14-ti5 
3.27.04 
2.27.01 
1.14*00 
1.75.00 
.oo 

1.4l»t>l 
4.24-10 
4.21-10 
l . l l - O l 
1.41-11 
1.01-31 

.00 
5.S0-O1 
1.12*30 
1.02-72 
1.75-nj 

.DO 
1.1|*01 
1.11.01 

.OC 
5.50-11 
5.50-l« 

.CO 
2.02-01 
1.51.02 
1.12*02 
4.32-22 

.00 

.oo 
4 .10 -04 
1-14*05 

too. r 
2.51*00 

• OD 
. 0 0 
.OD 

J . l l - O l 
• DO 

1.11*01 
l . l t 'OS 
4.40*0] 
5.40*01 
1.41.00 
1.11*00 
.oc 

I . U ' O I 
4 . ,2-25 
4.52-25 
l . l l - O l 
.00 

7.51-0J 
.00 

S.SC-Ol 
1.54*00 
2.7.--CI 
3.75-02 

.00 
| . 0 l * D l 
1.01*04 
.00 
.OC 
.00 
.OC 

1.41-07 
5.72*02 
1.10*01 

.00 
•00 
,00 

4.11-04 
1.47*04 

ICI'LS .00 .41*01 1.4I«05 1,30*04 ! .20 '05 1.14*05 

D-IO 
% 
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1 

TABLE D-2 

QUANTITIES OF FISSION PRODUCTS 
IN SPENT FUEL VS. DECAY TIMES 

»••(•: is.lora. Inlaw: I1«00.«*X, l u l l : 1.49*|l«/c«.»l. it l 

wcinc cwct»inii»»s. nam 
••sis : «t OF Hiii* m i l cm»«to to it icioi 

CHIHI OI lCHlKt 0 . 1 0 . 9 1 . 7 7 . 9 5. 9 1 0 . ' 20. T 5 0 . 4 100. 1 
H ] .00 I . I 1-02 M l > * » 1.21-02 7 .01-07 4.12-02 5.54.02 4.22-02 2.40-02 4.41-03 2,45.04 

V >» .00 2.S4-0S 7.44-)4 3. 52-30 .00 ,00 .00 .00 .00 .oo .00 
t* It .00 7.70-01 L I S - : ; I.SJ-SO • DO .00 .00 .00 .00 .00 • 00 
I t 72 .00 S.I 7-03 S.90-01 S.90-0J 5.40.03 S.9D-03 5.40-03 S-'O-Ol S.4O-03 5.40-01 5.40-0J 
«« »J .00 5.40-01 .10 •so .00 .00 .03 .00 .00 • 33 •OC 
CI I ) .00 | .S|-C2 1.51-02 I.S1-CJ L S I - 0 2 1.51-01 1.51-02 1.44-02 1.51-02 1.51-37 ••51-02 
U 74 .CO S.5I-0T .00 .00 •OC .DO .03 .00 •ou .30 •CO 
a 7« .00 S.S9-02 S.S4-02 S.SI-02 J.54-32 5.59-02 4.54-02 5.S9-C2 5.54-02 S.54-02 5.59-02 
(1 7S .00 l . H - 0 7 .00 .00 .00 .00 .00 ,00 .00 .00 •00 
I t TSI> .00 I . I 3-01 •CO .00 .00 .00 .03 .03 ,00 .03 •33 
lit 75 .00 7.29-04 .00 .00 •oo .00 .00 .OC .00 .00 •DC 
IS 7S .00 i.n-o: 1.11-02 1.44-02 ( .44-02 1.44-02 1.45-02 1.94-32 1.44-02 1.94-02 1.41-02 
SI 71 • DO 1.70-07 .00 • CO • 00 .DO .00 .CO .00 .03 .Co 
61 7| .00 2.94-CI 2.44.01 2.49-01 2.94-01 2.14-CI 2.94-01 2.44-01 2.44-01 2.99-01 2.49-01 
IS 71 .00 7.27-C4 .00 .oo .00 .DO .00 .CO .00 .03 .oc 
St I I . r i 1.11-03 1.14-0 J 1.14-03 1.1443 1.44-0! 1.14-03 1.11-03 1.14-03 1.14-03 1.14-01 
I t 7 711 .00 7,90-01 .1.0 .00 .00 .DO .00 .00 ,00 • 3D • 30 
H 71 .03 1.10-09 .00 ,00 .00 .DO .00 .00 .00 • DO •oc 
• i 77 •oc i - i t - 0 1 4.51-20 1.41-31 .oo ,00 .03 •00 .00 .03 >cc 
St 77" .DC 4.12-10 I . 7 J - J . .OS -30 .DO .00 .30 .03 .CC •oc 
St 77 •oc 9.9S-0I 9.41-01 4-91-01 4.41-01 4.4B-01 9.91-01 9 . ,» -0 l 9.4B-0I 9.91-31 4.41-01 
Ct 71 .oc 2.4I.C9 .00 .00 .00 .00 .CO .00 ,33 .03 •3C 
• S 7|» •oc .00 .00 .DC .OD .00 .00 •CO ,00 .30 • 30 
»S 71 .00 2.99-04 .00 .OC .00 .00 .30 .00 .00 .03 •ot 
i t 71 .oc 2.S9.C0 2-54*00 2.54*00 2.54*00 2.54>C3 2.59*03 2.54«[|i| 2-S<*0D 2.54*00 7.54.00 
IS 74 .00 9.91-CS .00 .00 • 00 .00 .00 .30 .03 ,30 •or 
St 791- .oc 2.I3-0S .00 .03 .00 .00 .CO .CO ,00 .03 •ot 
SI 79 .00 s. i i«oo 5.71*30 5.71*00 S. 11*30 5.71*00 5.71.00 5.71*33 5.71*00 5.71*00 5.71'CO 
ta 79 .oc S.44-04 S.41-Q4 S.I1-C4 4,07-04 4.41-09 J.SI-04 l . H - C ) 1.71-OJ 1.54-CJ 4*[>4-03 
IS I t .DC 2.31-01 .00 .30 • 03 .03 .00 •00 .DC .03 • DC 
St ID •cc 4.91-00 9.47400 9.47*00 9.97*00 «.*7*00 9.97*33 4.97*00 9.47*00 9.97*00 9,97»D0 
It ton .9C 2.SI-07 .00 .00 .oo .00 .03 .00 .00 .00 • OC 
I t «o .00 l .oj-os .00 .00 .00 ,00 .03 •00 • 30 .00 •oc 
« to •at 2.13-01 2,13-01 2.11-01 2.11-01 2.13-01 2 . I J - 3 I 2.13-01 2.11-01 i . r < -e i 2.4J-OI 
• S I I •11 J.01-04 .00 .03 .00 ,00 .03 •00 .DO . 3 j • OC 
St 11" .00 1.12-04 .00 .00 •o: .30 .00 •CO .33 .33 •Oc 
St I I .03 J . t l -09 .00 .00 • DC .03 .CO •DO .3D .33 •cc 
I I I I .00 I.S1-01 1.63*01 1.51*01 1.51*01 1.53*01 1.53*01 I .5 ! *DI 1.51*01 1.51*31 1.51*01 
IR I IH .00 S .4 I -0 I .00 ,03 .00 •oo .03 .OC .OD .30 •30 
• I I I •00 l.SS-01 l.SS-01 l.SS-01 l.SS-01 1.55-01 I .SS- j i 1.5.5-01 1.59-01 1.55-01 1 .55-01 
St a; .00 3.21-01 1 . 7 I - 0 1 3.24*01 1.21*31 3.21*01 1.21*01 3.21-31 J . 2 » 0 I 3.71*31 1.21*01 
»R 12* • OC I . I 1-01 .00 .00 .or .00 .00 .00 .30 .CO • 03 
f . «2 .03 2-57-C! 4.71-22 4.44-34 .CO .vO .to 'C? . 1 . * .33 •DC 
•a i? .00 4.US-SI 4.14-01 a.IB-31 » . t6 -3 | 4.14-01 9.81-01 9 . .6 -0 I 4 . | t . C I * .Bb-3l 9.B1-0I 
St IJPI .30 1.11-15 •00 .00 ,C3 .00 .CD •cr . 3 •re • i-C 
St 13 •DO 3.4O.09 .00 • "0 .03 .uO • CD .or .CO .OC .JC 
I I 1 ] •00 4.J2-CI •no • CD .00 .00 .CD •oc .U" ,33 •oc 
« l ) « .00 J.14-03 ,00 • CO .00 .CO •CO • 00 ,0r .00 •or 
ia is .01 4.04*01 4.01*01 4.04*01 4.04,01 4.04*01 4,04*01 4.04-01 4.36*01 4.3.-D1 4 . 0 C 0 I 
St 14 .01 1.S7-04 .CO • 00 .00 -30 • CO •:r .03 •33 • or 
lU | 9 K .00 9.1S-0I .00 • CD .00 .cc .00 .33 .0" .DC .00 
• I • • .00 2 . 4 I - 0 ! • 00 • OD .oc .00 .00 ,00 .DO • 03 • 00 
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• • I t 
JE I ! 
«• I I 
M Ellt 
M l i 
Ml 15 
II I t 
•a i t 
n i t " 
»a u 
!» I t 
«» I I 
• I I I 
H I I 
si a in !< »> 
•> aa 
»• e« 
»» » 
SB El 
t i I t 
KB I f 
at I t 
si i t 

• a t 
•» i s 
«! 13 
M tO 

t ton 
I to 

71 10 
•a t i 
• i n 
SB t l 

t t in 
i t l 

21 t l 
«• 12 
•a 12 
S» 12 
t t2 

n t i 
IQ 13 
•a is 
SB 13 
t 13 

2» 13 
lil 13" 
«! 13 
•a t . 
•a i t 
s» i t 

CHlKI 
.00 
.00 
.00 
.00 
.oc 
.DO 

' .00 " 
.00 
.00 
.00 
.00 
.00 
.oo 
.oo 
•00 
.00 
.00 
.DC 
• 00 
.00 
.00 
•00 
.00 
.00 
.00 
.00 
.00 
• CO 
.oc 
.ot 
.00 
.00 
•or 
.oc 
.00 
.oc 
•oc 
.00 
.00 
.00 
•oc 
.00 
.oc 
.OP 
•oo 
•Or 
.00 
•oo 
•DO 
.oo 
•oo 

OUCHKEC 
1.11*02 
1.47.D1 
2.42-01 
7.10-CI 
}.11*01 
t .37.01 

" 1.32-01 
I .12.02 
2.53-Di 
7.01-C3 
1.1S-CI 
i . n - c a 
• • •1-02 
2.SM02 
3.50-01 
5.72-05 
7,21-CS 
t .a2-02 
4.11-03 
l . l ' * C 2 
2.13-Ci 
l . l i - D J 
i . i l - O J 
2.17'DI 
1.31*02 
2.21-0* 
I . I t . 0 3 

i.so«o! 
3.12-07 
I .11-01 
l . l t ' O l 
5.11-CI 
1.41-Ot 
2.13-01 
l . t t - 0 2 
t . a t . o i 
i.aa*oz 
t . i t - o t 
a . i l - 0 5 
(.31-02 
1.21-01 
(.12*02 
2.12-36 
4.32-0S 
S.11-03 
3.17-01 
7.3I.C2 
l . a l . o t 
2 .00 -01 
4 .33 -07 
1.17-05 
t . ] 7 - 0 t 

0. « 
1.11*02 

.00 

.00 

.CO 
2.11'DI 
t.a2>01 

.00 
1.12*02 

.00 
2.51-01 
1.22-01 

.CO 

.00 
2.30*02 

.Ot 
S.73-05 

.CO 
• 00 
.10 

3.»1'02 
.00 
.00 
.00 

a.15-co 
a.5l*02 

.00 

.00 
».i7*gz 

• CO 
1.12-01 
2.32*01 

.00 

.00 

.CO 
.00 

1.17*01 
9.11*02 

.00 

.00 

.00 

.oo 
1.12-02 

.00 
• 00 
.DO 
.00 

7,15(02 
5.11-01 
2 . I 1 - 0 1 

.00 

.00 

.00 

0 . » 
1.11*02 

• 09 
. o o 
.09 

7.14'CI 
t . U ' D I 

~ .00 
1.12*02 

• OD 
I.17-05 
1.22-01 

.00 

.00 
2.31*02 

.00 
1 .71.05 

.00 

.00 

.co 
3.al>02 

.00 

.00 

.00 
1.52*00 
t .»2*02 

.00 
• 00 

5.1<<02 
.00 

l . t l - 0 1 
2.11*01 

.Oo 

.00 

.00 
.00 

t .at*oo 
1.03*02 

.00 
• 00 

1.12*02 
.DO 
.00 
.00 
•00 

1.15.02 
l . l l - D * 
i . |a-Oi 

• oo 
.03 
.33 

I . I 
1.11*02 
.00 
.00 
.00 

2.21*91 
t . l l ' O I 

.00 
1.12-D1 
.00 

1.2I-D1 
1.22-01 
.00 
.00 

2.11*02 
• 00 

5 .73 .05 
. 00 
.00 
•oo 

3.t1.02 
• 00 
.00 
• 00 

2.21-01 
1.15*02 

.00 

.CO 
S.Jl-D? 

.01 
1.10-31 
1.31*01 

•oo 
.00 
• 00 
•oo 

a . I O - O I 
1.01*02 

.00 
• 00 
• 00 
• 03 

4.42*02 
.10 
.00 
• 00 
.DC 

7.35*02 
7 . i0 -0a 
5 .05-35 

•cr 
.03 
• CO 

2 . » 
1*11*02 
.00 
.00 
•00 

2.11*01 
t.73*CI 

• 00 
1.12*02 

.00 
1.22-t-: 
1.22-01 

.DO 

.00 
2.J4*02 

. 00 
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.00 

.00 

.110 
3.11*02 

.00 

.00 

.00 
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1.15*02 

.CO 
• 00 

1.21*02 
.00 

I . J i - o i 
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.00 

.00 

.00 
•oo 
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.00 

.oo 

.00 

.DO 
1.12*02 

.oc 
• DO 
.00 
.00 

1.11.U2 
1.111-01 
1.12-05 

.00 

.1-0 
• 00 

1.11*02 
• 00 
.00 
.00 

2.13*01 
1.07.32 

• 00 
1.12*02 
.00 

2.00-32 
••22-01 
.00 
.00 

2.31*32 
• 00 

1 ,73-01 
.00 
.00 
.DO 

3.11*02 
.00 
• DD 
.DO 

7.91-10 
1.45*02 

.00 

.03 
1.11*02 

.DO 
1-2I -0 I 
a.J i 'Oi 
.00 
.DO 
.00 
.00 

2.02-01 
1,01.02 

.00 

.00 
• DO 
• 00 

i . i ? * 3 2 
. 00 
.or 
•oo 
.00 

7.15*02 
1.11-3] 
3.10-Da 

.CO 

. 0 0 

.oc 

10. T 
1.11*02 

•00 
•00 
.00 

| .S5*0I 
l.oa*07 

•UD 
1.12*02 
,DC 
.DO 

1.22-01 
.00 
.00 

2,11-02 
.00 

5-73-01 
. 00 
.00 
.00 

3.11.02 
.00 
.00 
.00 

2.12-20 
a.Ai.02 

.00 

.00 
a.3D*0? 

.00 
1.12-01 
1,10*02 

.DO 
• 00 
.00 
• DO 

1.111-11 
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.00 

.30 

.00 

.00 
1.17*07 
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.or 
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• DO 

7.31*02 
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.00 

.00 

.or 
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•CO 
.on 
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.00 
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1.22-01 
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1.71-05 
.00 
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.00 
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.00 
.00 
.00 
.00 
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.00 

3.31*02 
.30 
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2.31*02 

.or 

.on 

.00 
•oo 

1.11-31 
1.01*02 

.00 
•00 
•or 
,00 
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,w 
• DC 
,00 
.OC 
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1.17-01 
2.13-0. 

.or 
•00 
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.00 
.00 
.00 
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1.22.02 
.00 

1.12*02 
.DO 
.00 

1.22-01 
.00 
.DO 
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.00 
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•00 
.OD 
.00 
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.00 
.00 
.00 
.00 
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.00 
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.00 
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1.10*02 
.OD 
• CO 
.00 
.00 
.00 
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.00 
.00 
.00 
.00 
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•OC 
.00 
.00 
.03 

1.35*02 
1.17-03 
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.00 
.00 
.00 
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1.11*02 

• 00 
• 00 
.oc 

a . i t - 02 
1.2J'02 
.00 

1.12*02 
.00 
.00 

1.2 2-01 
.00 
. 00 

2.11*02 
• OD 

5.11-05 
.00 
.00 

,00 
• 00 
,oo 

1.15*02 
.00 
• 00 

4.47.01 
.OD 

1.21-0! 
1.21*02 

• DO 
• DO 
•OC 
.00 
.00 

1.01*02 
.110 
.00 
.oo 
.00 

1.12.02 
.00 
.DC 
• OC 
.DD 

7.31*02 
1.12-03 
2.71-02 
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(it 17 
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.00 
.00 
.00 
.00 
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• Do 
• 00 
• DO 
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.00 
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7.»O*02 
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.00 
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.00 

.00 
.00 
.00 
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.OD 
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.00 

7.»2-10 
a.35-11 
• ••2*02 
• .21-03 

.00 
••73*02 

.00 
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.CO 

.00 
• 00 

7.77*02 
.00 
.00 
.00 

1.10*02 
,00 
.00 

«.i0<00 
• .21-01 
3.13*02 
.00 
.00 

S.M'02 
.00 
.03 

2,«1*D2 
.00 
•00 

0. r 
.00 

1*t0*02 
.00 
,00 
.00 

I.31*01 
I .M-02 
l . t l * 01 
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.00 
i.31*02 

•00 
3.«1<0I 

• CO 
. 0 0 
• 00 
.00 

1.33*02 
.00 
.00 
.00 

1.50*02 
.00 

2.11-11 
I.10-11 
•••2*02 
«.7»-03 

.00 
••73*02 

.00 
S.aa«0l 

• 00 
• CD 
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7.77*02 
.00 
.00 
.00 
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•00 
,00 
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2.71-01 
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• DO 
.00 

».M<02 
.00 
.03 
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I . T 
•00 

1.»0*02 
.00 
.00 
•oo 
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1.11-03 
1.71*00 
7 .H*02 

.00 
••31*02 

.00 
l . ( a *0 l 

.00 

.00 
.DO 
.00 

••33*02 
•oo 
.00 
-00 

• .50*02 
.00 
.00 
.00 

• • •2*02 
a . j i -o j 

.oc 
«.7)*02 

.oo 
5.a* .oi 

.00 

.00 

.00 
•00 

7.77*02 
.00 
.oo 
• 00 

1 . 7 0 * 0 2 
• 00 
.00 

1 .M-02 
| .«a-0J 
S.»7*02 
.00 
.00 

•..11*02 
.09 
. t : 

2*«3*02 
.00 
.cc 

2. 1 
•00 

: .10.07 
.00 
.00 
.00 

3.13-02 
1.11-05 
3.75-02 
1.12*02 

• DO 
••31*02 

•oo 
J . I * . 0 1 

• DO 
.00 
,00 
.00 

(.13*02 
.00 
.00 
.00 

• 00*02 
.00 
.00 
.00 

| .12*02 
1.01-03 

.00 
».1J*02 

.00 
s.a«*oi 

• 00 
.00 
.00 

1.77*02 
.00 
.00 
•oo 

2.70*02 
.00 
.00 

| . 2a -0 t 
1.21-01 
3.«2>02 

•3D 
.00 

S-al*02 
.00 
.00 

2.»3'02 
.00 
.00 

! . 1 
.oo 

7 . t O 1 0 7 
. 0 0 
.oo 
.00 

2 .»* -01 
3.23*10 
3.01-07 
1.13102 

.00 
••31*02 

.00 
3,aa*ot 

.00 

.00 
• 00 
•oo 

1.31*02 
.00 
• DO 
• OD 

1.50*0? 
.00 
.00 
.00 

l . « * 0 2 
l . M - 0 2 

.00 
• .11*02 
.00 

S.»a*Ol 
.00 
.00 
.00 

7.71*02 
.00 
.00 
.09 

7.70*02 
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• 00 

5.11-15 
S . l l - l a 
l.»2*02 

• DO 
,oc 

•. .•1*02 
.00 
• CO 

J.aJ.02 
.00 
.00 

10. I 
.00 

7.10*02 
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•00 
.00 

• • 1 7 - U 
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1.01-15 
7.13*07 

•00 
••31*02 

.00 
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.00 

.00 
.00 
.00 

•.13*02 
•00 
.00 
.00 

• .50*02 
.00 
.00 
•00 

• • •2*02 
3.11-02 

.00 
••73*02 

.00 
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.00 

.00 
,00 

7.77*02 
.00 
•00 
.00 

7.70*02 
,00 
,00 
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3.9.7*02 
• 00 
.30 

S.a«*C2 
.00 
.0" 

2 ,a j *02 
.03 
.on 
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.00 

7.»l»02 
.00 
.00 
.00 

1.11 32 
.00 

2.1S-31 
7.71*02 

•00 
•.31*02 

.00 
l*«a*Ol 

,09 
.00 
.00 
.on 

1.33*02 
.09 
. 00 
.00 

1.13*02 
.00 
. 03 
.00 

1.12*02 
5.11-02 

.09 
•.11*02 

.30 
5.a" '0! 

.or 

.09 

.09 
1.77*02 

.00 
,00 
.00 

7.70*Q2 
.09 
.00 
•or. 
.cc 

3.17*02 
. H 
.09 

5.11*02 
.or 
. 0 " 

2 . a 1*02 

S O . T 
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. 0 0 
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• 00 

1.73*02 
.00 

>.31*02 
.00 

3 . • • •01 
.00 
.00 
.90 
.00 

•.13*32 
.00 
.00 
.00 

••50*02 
.00 
.00 
.00 
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l . a i - : i 
•oo 

••13*02 
• CO 

S.aa*31 

.00 

.00 
1.77*02 

.00 

.00 

.00 
7.70*02 
.00 
.00 
.00 
• 93 

I.a2*02 
.00 
.09 

i . " l<02 
.cc 
.00 

2.11*02 
.30 
• 00 

100. 1 
.00 

7.10*92 
.09 
.00 
• OD 
.00 
.00 
.00 

7.71*0, 
.00 

• *1)*02 
• 00 

l . l a .O I 
.00 
• to 
.00 
.00 

1.33*02 
.1,0 
.00 
.00 

••50*02 
•oc 
.00 
.01 

1.17*02 
2 . H - 0 1 

.00 
•.11*02 

• 00 
S.aa*01 

.00 

.09 
• CC 

7.77«02 
.00 
.oc 
.oo 

7.70*02 
• CO 
.00 
-LO 
• CO 

1.12*32 
.DC 
.110 

S.<*>02 
.CC 
.OC 

2.»!*02 
.CC 
. i lD 
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Unlet* 
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• K l C l 
M i d * 
POluf 
«H07 
cole ' 
BMjoe 
P O I C I 
1(101 
C0IC1 
•M34 
POIS«H 
P0IC1 
> t i : ( > 
» w : t 

•M ID 
•0|1D 
•bllOK 
i i n o 
C01I0 
'Oi l IK 
t i l l 
• O i l l it 
•(111 
c c i i m 
r e m 
7DII2 
•5112 
COII2 
•0113 
• b i l l " 
• t i l ! 
ccnsn 
t O l l l 
1 M I ) 
f o i l * 
M f 
cm i> 
iHi i tn 
l u l l * 
w i l t 
' O n ' 

c m t t t 
.00 
.00 
.00 
•00 
.00 
.00 _ 
.00 
.00 
.00 
.00 
• DO 
.00 . 
«0D 
.00 
.00 
• n 
.00 
.00 
.00 
.00 
J C 
.00 
.00 
.00 
• CO 
.00 
• 00 
•00 
. 0 0 
•CO 
•CO 
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. 0 0 
. 0 0 
.00 
•DO 
.00 
.00 
.00 
• 00 
.or 
.00 
.00 
•CO 
.00 
•OF 
.99 
.00 
.00 
.00 
.00 

OIlCHUfE 
J.ts-ai 
«.t5-D4 
t . t o o i 
1 . (3*02 
i , » - o t 
l . l t ' 0 2 
l.tO-DJ 
I . tO-Ot 
2,(4*02 
I . I2-C3 
1.50-03 
2,47-05 
2.33*02 
2.SD.C5 
I.J2-DS 
j.n-cs 
1.57*02 
«.15-12 
• .17-07 
1.13-05 
1.24-ct 
I .5C-0I 
3.24-Ot 
( .51*01 
1.47-04 
t . ( t - 0 ( 
I . S t ' C l 
l . tO-OI 
• . , 1 - 0 $ 
( .01*01 
1.52-04 
i . ts -04 
J.14-CS 
2.14-01 
I-2>-l>t 
1.72*01 
t .11-02 
2.'S"C3 
».4l«00 
1.31-05 
I . H - O i 
2.12-03 
• .75-02 
2.20-01 
I .3I -D3 
1.(3-05 

i . » t - c r 
l . J t - C I 
( .71-05 
1.(1-04 
t . i t - o t 
».2O-0t 

_ 0 . t 
.00 
.00 

1 .32 -1* 
2.11402 

. 0 0 
1 .10 '02 

.00 
l . t l . O t 
3 . I I "02 

.00 

.00 

.00 
2.31-02 
2. (1-05 

.CO 

.00 
1.S71D2 

.CD 
t .31 -01 

.00 

.00 

.00 
I.11-1S 
(,C2*D1 
I . 2 I - 0 * 

.CO 
1.31*01 
t . J 2 - 0 l 
• •15-01 
4.10*01 

.GO 

.CO 

.00 
J .2t -Oi 
.CO 

1.15*01 
.00 
.CO 

t, t3*Oll 
.00 
• CO 
.00 

4 . (4 -02 
2.22-01 
i . n - o j 

.00 
•00 

l , 2 t *01 
1,43-05 
1.10-10 
2 . t t>0 t 

.00 

_ C. 1 
" .00 

.00 
».15-31 
>. i t*or 
.00 

l . J I ' 02 
" .00 

1.24-04 
1.35*02 

• 00 
.00 
.00 

2.11*02 
1.11-05 

.00 

.00 
I .5T.02 

.00 
4.37-07 

.00 

.00 

.00 
I.11-15 
(.,02*01 
1.15-01 
.00 

) . M * 0 I 
5.55-01 
1.05-01 
t . 11*01 

.Co 

.00 

.00 
i . l i - o i 
.00 

(.15*01 
>ou 
.00 

4.43*00 
.00 
.00 
.CO 

4.15-02 
2.22-01 
2.33-03 

.CO 

.CD 
l . M ' t l 
I .30-01 
1.17-10 
J.10-Co 
.00 

1 . » 
.00 
.CO 
.00 

2.14.02 
.00 

t .«2*01 
.00 

(.44-oS 
1.11*02 

• 00 
.00 
.00 

2 . 1 3 . 0 2 
(.4,1-05 

. 00 

. 00 
1.57*02 

. 0 0 
t . 3 7 - 0 7 

. 00 
•00 
.00 

I . SI - I t 
t .52*01 
( • •1 -10 

• CO 
3.31*01 
3 . K - D I 
• •51-01 
• • l « ' D I 

.00 

.00 

.00 
t . 4 4 - l ( 

.00 
].»S*0J 
.00 
.00 

l .» ! *00 
.00 
.00 
•oc 

4.52-02 
2.22-31 
1.50-33 

• 00 
.00 

1.2»*01 
• *2 t -07 
t . t y - u 
j . n - o t 

.03 

1 . T 
.00 
.00 
.00 

2,««*02 
.10 

. ' . " ' O l 
•00 

t .21-01 
t.22*02 

.00 

.00 

.00 
2.11*02 
(•12-05 

.00 

.00 
1.57.0! 

.00 
t .37-07 

•00 
.00 
.00 

t . l l - l t 
( .02*01 
4 . ( 1 - 1 0 

.00 
3.31*01 
1.11-01 
1.44.01 
1.11*01 

.00 

.oo 

.00 
1.41-30 

. 00 
1.15*01 

. 00 

.00 
4.43*00 

. 0 0 

. 00 

.[>D 
4 .10 .02 
2 .22-01 
5 .11-03 

. 00 

.CO 
l .2 t *Dl 
2 . ( » - 0 l 
4 .11 - l t 
3.11-04 

.00 

1 . 1 
.00 
• DO 
• 00 

I . l t . 0 2 
.00 

1.(5*00 
• 00 

t . 34 -0 ( 
• • ( • • 0 2 

• 00 
• 00 
.00 

2.33*02 
I .Jt -Ot 
.00 
.00 

1>57*02 
.00 

4.37-0 7 
.00 
.00 
.00 

4.14-17 
(.07*01 
(.14-71 

.03 
3.31*01 
5.77-03 
( .37-10 
1.17*01 
.00 
.CO 
.00 
.03 
.00 

i . r s ' o i 
.00 
.00 

4.43'DO 
.CO 
.00 
.CO 

3,71-07 
2.22-01 
1.17-02 
.00 
.00 

1.24*31 
» .77 - | ( 
l .Dt-20 
3.17-ot 

•DO 

10. T 
.00 
.00 
•00 

2-(t«02 
•00 

I .T1-0I 
.00 

1.10-07 
• . (7«02 

.00 
•CO 
• DO 

J.JJ*07 
2.54-04 

• DO 
,00 

1.57*02 
• DD 

4.37-07 
.00 
.00 
.00 

S.t2-1» 
l .Df 'OI 
5.50-12 

•00 
J.3»*0I 
3.17-05 
5.(2-12 
4.17*01 

.00 
•so 
.00 
.Co 
• CD 

1.15-Jl 
.00 
.00 

4.41.00 
.CO 
• 00 
.00 

2. (1-02 
2.22-CI 
I .M-CJ 

.00 
•o : 

1.24.01 
• . ( 3 -27 
I.10-11 
3 .D-04 

.00 

10. T 
" . 0 0 " 

.00 

.go 
J . | t *02 

.DO 
1 . ( 1 - 0 4 . 

. 00 
1.71-20 
4 . (7*02 

.CO 

.00 

.00 
I . 3 3*112 
4 . (5-01 

.00 
•DC 

1.57*02 
.00 

t .17-07 
.00 
.00 
.00 

2.10-20 
(.02*01 
2.05-14 

.DO 
3.3»*OI 
1.75-01 
2 .53 -K 
4 . | t * 01 

.00 

.or 

.00 
' .on 

.00 
I . r5*01 

.OP 

.00 
4.41*00 

.or 

.00 

.oc 
| . 7 t - 0 2 
2.27-01 
1 . 1 . 02 

.CO 

.or 
1.24*01 

•03 
•DO 

3.17-04 
.00 

_ i D . T 
•00 
• CD 
• OD 

2.14*02 
• CD _•.((•» 
.DD ~ 

I.74-14 
• . ( 7 . 0 2 

.CO 

.OD 
•Oo 

2 . J J . J 2 
I . K - O j 

.00 

.00 
1 .57 .02 

.00 
4.17-01 

.00 

.00 

.00 
I .13-21 
( . 0 2 . 0 ) 
1.07-21 

.CO 
1.11.01 
1.(0-22 
2.32-24 
«.17*01 

.CD 

.DD 

.CD 

.00 

.00 
1 .75 .01 

.00 

.00 
t . t l ' C O 

.00 

.33 

.DO 
1.44-03 
2.27-01 
4.45-07 

.Ct 

.00 
1.24,01 

•CD 
.00 

I . | 7 - 0 l 
.DO 

100. 1 
.DO 
,00 
.00 

7.14*02 
.DD 

l . t l . 1 1 
— .OD ~ 

I.14-J4) 
4.(1*02 

.DC 

.CO 

.00 
2.13*02 " 
2.33-03 

.OD 

.CD 
1.57*02 

. 0 0 
4 . 1 7 - 0 1 

. 00 

.DC 
.00 
.oo 

I .O ' -D l 
7 , ( 3 * n 

.DD 
3 . 3 C 0 I 
.00 
.OD 

•-17*01 
.DC 
.00 
.00 
.00 
, 0 0 

» . » 5 . 0 | 
.OD 
.00 

4.43«00 
.DC 
.CO 
,3C 

3.3t-0« 
7.22-01 
t . l» -C2 

.OD 

.:t 
I .24-01 
.OD 
.00 

J . I 7-01 
.00 

[ 
D-14 
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' • I l l * : 15.10m. IHWK l l«c ."*» . HWS J.«««U«/C«»J-Stt 

• W L I I I CMC! 
11115 : • • »f 

C M H C P | $ ( H « « t t 0 . T 0 . 1 i . * 
i t n i n . 0 0 S . 2 2 - 0 1 . 0 0 • 00 .DO 
t e n s . 0 0 t . D t - O S . 0 0 . 0 0 • 0 0 
CDI IS i i . 0 0 2 . M - 0 J J . 7 1 - 0 1 I . I S - 0 3 t . 7 5 - 0 5 
c o n s . 0 0 I . J I - 0 ! l . 2 S - l k • • • 3 - 2 1 . 0 0 
I k l l S " • 0 0 1 . 5 0 - 0 3 I . I S - I S < . 0 l - 7 b . 0 0 
I O I 5 • 0 0 1 . 1 1 ' C O 1 . 2 5 - 0 0 i . » > o o 1 . 2 1 . 0 0 
J k l l S • DO I . V S . P I 1 . 1 S - 0 I 1 . 1 5 - 0 1 I . I S - O I 
> H | l • DO 1 .30 -CS • DO . 0 0 . 0 0 
t o u t . 0 0 1 . 7 1 * 0 0 ] . 7 I « 0 0 1 . 7 1 ' 0 0 3 . 7 t - 3 0 
l"l l |fck • 00 2 . 2 t - 0 « • DO . 0 0 , 0 0 
M i l . 0 0 2 . 1 0 - 0 7 . 0 0 . 0 0 • 0 0 
S « l l t •DO 2 , 7 5 ' D D 2 . 7 t ' 0 o 7 . 7 M 0 0 2 . 7 5 * 0 0 
H I 17 . 0 0 5 . 1 3 - 0 5 . 0 0 • DO • DO 
C o l l i n . 0 0 I . S J - O l . 0 0 . 0 0 . 0 0 
CDI1T • DO 7 . 7 1 - 0 1 . 0 0 •DO • DO 
i m p n •0 c t . 2 f 0 k . 0 0 • 00 . 0 0 
i n n .OC 1 . 1 2 - 0 . . 0 0 • OD . 0 0 
S h l l l l i . 0 0 ( • 1 0 - 0 1 1 . 0 2 - 0 5 1 , 1 1 - D J 1 . 2 1 - H 
m i l ) . 0 0 1 . 1 2 * 0 0 1 . 1 7 * 0 0 1 . 1 2 * 0 0 3 . 1 2 * 0 0 
e m u •oc 2 . t k . 0 k , 0 0 . 0 0 . 0 0 
Ik 1 1 1 * . 0 0 J . H - l l . 0 0 . 0 0 . o o 
M u . 0 0 k . 5 3 - 0 7 . 0 0 .oc • 0 0 
! k | l l .oc k.OC'OO k . 0 0 > 0 0 « .C0*O0 1 . 0 0 00 
e u i M . o : l . t > - O t . 0 0 . 0 0 . 0 0 
C t | l » . o c 2 . 1 3 - 0 5 . 0 0 . 0 0 . 0 0 
m i n i ' . 0 3 1 . 0 2 - O k • CO . 0 0 . 0 0 
I H | 1 • IIC 5 . 1 1 - 0 7 . 0 0 . 0 0 . 0 0 
S k l U n . 0 0 t . 2 0 - 0 1 1 . 2 7 - O J 2 . 7 0 - 0 1 1 . 5 1 - 9 5 
s u n t • DC k . l k ' D D 1 . 1 1 * 0 0 t . I k ' O D k . l k ' 0 0 
CUI7C •on S . t t - O t . 0 0 • CD . 0 0 
r . u c M •On 1 . 5 * - 0 7 • DO . 0 0 . 0 3 
I M : : . 0 0 2 . 2 1 - 0 t . 0 0 . 0 0 . 0 0 
Ski 20 • 0 0 k . 1 2 * 0 0 t . l 2 < D 0 k . 12>00 t . ! 2 . 9 0 
« m •oo 2 , 2 1 - 0 5 . 0 0 . 0 0 . 0 0 
l h ] 2 | H . o n l . l l - C S •CO . o o . 0 0 
i f c i . ' i .On k . 0 5 - 0 1 • t o . 3 0 .DO 
5 * K ! » .Oil l . k k - o s l . k l - O S 1 , « 3 - 0 S l . k l - O S 
i S1." I . 5 0 l . 3 k - 0 2 . 0 0 . 0 0 . 0 0 
i e t 2 i . 0 0 • . 5 1 * 0 0 1 . 5 2 * 0 0 k . S 2 * 0 0 k . 5 2 * 0 0 
I A I 2 2 • DO 1 . 3 1 - 0 7 . 0 0 . 0 0 . 0 0 
1*122 .on S.Ok.DO s . o * » o o 5 . 0 k * 0 0 s . n t ' o o 
S1122H . 0 1 J . 1 . - 0 7 . 0 0 . 0 0 . 0 0 
11122 . 0 0 1 . 1 2 - 0 ] 7 . 0 0 - 1 3 2 . 0 1 - 2 0 • 0 0 
i f u j . 3 : 1 . 3 1 - C I 1 . 1 1 - 0 ) J . 1 1 - 0 1 J . 1 7 - 0 1 
J M ; ! B . 0 ? t . 2 > - 0 t . 0 0 . 0 0 .CD 
M i ! . 3 0 i . k t - o i .CO •so • : i 
S H 2 3« . 0 3 1 . 5 1 - 0 5 . 0 0 . 0 0 . o r 
S M 2 1 . 0 1 l . ! l > o o 1 . 5 3 - 0 1 k , 1 7 - 0 l l . S S - 0 1 
s t i ; i . 0 0 • • • 0 * 0 0 i . i « * o o 5 . 1 1 * 0 0 S.kS.OO 
t l l ! ) > . 0 0 J .Sk -OS 1 , 1 3 - 0 5 j . 1 2 - 0 5 l . k t - O k 
tc I ? J • 03 1 . 1 3 - O k • • 2 k - 0 k k . 3 1 - 0 k • , t C - 3 k 
I k l 2 k . 0 0 5 . 5 0 - 0 7 . 0 0 . 0 0 .or. 

D-15 

I t t U I H l . t»"S 
•[111 HEI1L CHIMtO TO HC'CIOI 

2 . T 5. t i o . r 2 0 . * 1 0 . f 1 0 0 . 1 
. 0 0 . 0 0 . 0 0 . o o . 0 0 . 0 0 
. 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 

1.17-07 3.11-15 • . 5 1 - 2 1 . 0 0 . 0 0 . o 0 

.DO . 0 0 . 0 0 . 0 9 . 0 0 • 0 0 

. 0 0 . 0 0 . 0 0 .DC . 0 0 • oc 
1.2k.00 1.2k>0 0 | . » k * 0 0 1 . 2 k * 0 0 1 .2k»0D l . 2 k * 0 0 
1.15-DI I . H - D I 1 . 1 5 . 0 1 1 , 1 5 - 0 1 1 . 1 5 - 0 1 1 . 1 5 - 0 1 

. 0 0 . 0 0 .DO • DO • 0 0 . 0 0 

J.7fOQ J.IHOO J . I K O O 3 . 7 1 * 0 0 3 . 7 1 . 0 0 1 . 7 1 * 0 0 
. 0 0 • D O .uo . 0 0 . 0 0 .OC 
.C3 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 

* . l t*DD 2 . 7 5 * 0 0 2 . 7 1 * 0 0 2 . 7 t * 0 0 2 . 7 1 . 0 0 2 . 1 » > 0 0 
. 0 0 . 0 0 .DO . 0 0 . 0 0 . 0 0 
. 0 0 . 0 0 • DO . 0 0 . 0 0 . o c 
. 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • 0 0 
. 0 0 • DO . 0 0 . 0 0 .OD . c c 
. 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 

1.12-11 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
3.12'00 S . 1 2 ' 0 0 ] . 1 2 * 0 0 1 . 1 2 . 0 0 1 . 1 2 * 0 0 1 . 1 2 * 0 0 

. 0 0 .OD . 0 0 . 0 0 . 0 0 . 0 0 

. 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 

. 0 0 .DO . 0 0 . 0 3 .CO • o c 
• .00.00 t . 0 0 . 0 0 k . 0 0 * 0 0 1 . 0 0 * 0 0 k . 0 3 * 0 0 k . 0 0 * 0 0 

. 0 0 . 0 0 . 0 3 . 0 3 •CO . o c 

. 0 0 . 0 0 . 3 0 . 0 3 . 0 0 . o : 

. 0 0 . 0 0 . 0 3 •on . 0 0 . o c 
• CO • CO . 0 0 .3C .CD . o t 

S.Ik-Ok 2.15-05 l . b t - 0 7 l . » l - 1 2 • . 1 1 - 7 5 . o c 
«.15*00 k.lS'OO k , 1 5 * 0 0 • . 1 5 * 0 0 1 . 1 5 * 0 0 k . 1 5 * 0 0 

. 0 0 . 0 0 . 0 0 . 0 0 .CO . 0 0 

. 0 0 . 0 0 . 0 0 . 0 3 . 0 0 .LC 

. 0 0 • DO . 0 0 . 3 0 . 0 0 • uc 
• .32*00 k . 1 2 * 0 0 k . 1 2 * 0 0 • . 3 2 * 0 0 1 . 3 2 * 0 0 • . 1 2 * 0 0 

. 0 0 . 0 0 . 3 0 . 0 3 . 0 0 • o c 

. 0 0 . 0 0 . 0 0 .OC . 0 0 . 0 0 

.OD . 0 0 .OC , 0 0 •DO . c c 
I .M-OS l . l i - 0 5 1 . 1 1 - 0 5 1 . 2 0 - 0 5 1 . 1 2 - 0 5 5 . ) l - 0 k 

. 0 0 . 0 0 . 0 0 . o r . 3 0 .DC 
«.S2'00 k . 5 2 * 3 0 k . 5 7 * 0 0 • . 5 7 * 0 0 » . 5 2 * 0 0 1 . 5 2 * 0 0 

. 0 0 . 0 0 , J 0 . 0 0 . 0 0 . 0 0 
i .05 '00 i . o t . o o 5. , 0 5 . 0 0 5 . O f . 0 0 5 . 0 5 * 0 0 5 . 0 t < 0 0 

. 0 0 .CO . 0 0 . 0 1 .CO . o o 

. 0 3 . 0 0 . 0 0 . 0 0 . 0 0 .OC 
1.11-01 1 . 1 1 - 0 1 1 . 1 1 - 0 1 $ . 1 1 - 0 1 1 . 1 1 - 0 1 1 . 1 1 - 0 1 

. 0 0 . 0 0 .DC . c r . 0 0 • DC 

. 0 0 . 0 0 • DO • LP , 0 0 • 00 

.1.0 . 0 3 • 00 • 03 . 3 0 . 0 0 
2.10-02 • . 8 3 - 0 5 1 . 9 3 - 0 9 J . O k - l l . 0 0 .CC 
S.SHCD S.HkOO-' - ' ' i . k l ' O O S . t l ' O i . 5 . 1 1 * 0 0 S.kl'DO 
».1S-07 1 . 5 1 - 0 1 1 . 0 2 . 1 k 1 . 2 1 - 2 1 •CO . 0 0 
k.17-01 l . b » - D k k . t « - O k k .bH-Ok k . s e - O k l .kl-Ok 

. 0 0 .CD . 0 3 . 0 0 • 03 . 0 0 

TERA CORPORATION 



*Mt*s 15.4*»». I I I IO: 3MG1.MI. ' i n : J.«MU»/t»«»-itC 

•KIMC CHCCtHMIMt. mt*% 
mti : nr « « K I Ktu etitnto ?• tticiM 

CMlit D<^""H 0. 1 0. 1 I. 1 1.1 ; . I 10. r 10. 7 10. T 100, »_ 
JO * 7.55*03 7".'55*BO I.SJ.OO 1.55-OC 7,55*00 7.55*99 7,55*09 7.55*90 ~7.55»00 7.55-00 

1 >••:*« .00 1.14,01 .00 •00 .00 •00 .00 .03 .00 .30 • 30 1 55124 •00 i . H - o ; ».1«-01 3.71-0} 1.47 04 5 . I C O * 1.52-1I 1,11-JO .OS .90 •30 
ni2« .00 1.51-02 1.12-Dl 1.17-01 1.20-01 1.20-01 1.20-01 1.20-01 1.20-31 1.23-01 1-70-OI 
S»!!J» .00 5.44-C5 .00 •00 .00 .03 .00 •00 .00 .30 .30 

ft SH25 .00 1.14.91 1,41-04 I.0I-B4 i . ia-is 5.11-25 .30 .00 .00 .00 .00 

1 SHU'S " . 0 0 ' " i.52*C9 ' ( .23*00 " 1.1)'CO 4.11*00 '5.24.00 2,41.00 t .72-01 5.15-02" ' 2 .31 -35 "5.20-lf 

f 71|JS« .00 1.11-01 1,41-01 1.55-01 1.45-gi 1.21*01 5.12-02 1.4' '02 1.25.33 5.45-31 ••51-12 
1 UI2S .DO 2.35.00 Z. t l 'Og 3.31*00 4.11*00 5.15*30 | . I 4 "00 l. l /WOI 1.13*31 I ' l l ' C l 1.13*01 

5*124 .00 1.11*01 1.44*0| l . W * 0 | 1.14*01 1.14*31 1.11*01 1,11*01 I.44-C1 1.14'CI l .»4*0l 
5H251 .go 1.11-07 7.00-01 7.00-0' 7.00-01 7.00-01 7.00-01 7.30-01 7.00-01 7.03-31 5.11-01 

1 51124 .00 I .S l -O l 1.22-0 J 4.41-04 4.54-04 4.S4-04 4.14-04 5,55-04 4.5(1-04 5.55-34. 5.55-35 
71124 .00 1.11-02 4.2J-02 4,24-02 4.77-02 4.21-02 1.32-92 4.34-02 4.5Z-32 1.52-02 5.51-02 
Sh|2tH •00 J.17-05 .00 .00 .00 .00 .09 .03 .Of • DO .00 

a 5»121 .00 I .15-0) .00 •00 .00 .00 .00 .DO .00 .90 • UQ 
55127 .00 1.22-01 J.15-04 1.22-13 1.31.21 .00 .00 .00 .30 • 30 •3G 
1U27» .00 1.11*90 1.11*00 7. 10-01 1.12-01 1 . H - W 1.17-05 1.43-13 1.11-20 • 00 .30 

3 I U 2 7 .03 J.JO-OJ 1.4J-0J ' ,52-03 1.11-04 4.41-05 1.10-01 5.44-1) 1.55-73 •DO .33 

| 1127 .00 1,11-01 l.«3*01 1.11*01 1.0?>31 4.33*01 4.04.01 4,04.01 4.04401 • > 0 4 * 3 1 4.04.01 

| S»I2» .00 1.42-01 .00 •OQ .00 .00 .00 .03 .00 .03 .00 
» i ; « n .00 I.14-03 .09 .00 • 30 ,01/ *0o •03 .00 .90 .09 
5*121 .00 I .W-02 ,00 .00 • CO .30 .09 .30 .00 .03 • 99 
11121 .00 1.14*02 1.14*02 1.14*02 1.14.02 1.14.02 1.14.32 1.14*02 1.11.92 1.1L92 I . H - 0 2 

I 11."* .00 2.I2-C4 .00 .OC .00 • •JO .00 .03 .00 .33 .99 

1 11121 .oc 1.32*00 3.02'Og 3.02*30 3.32'DO 3.02*00 3.02*00 3,02*00 3.02*CO 3.32*00 3.02>gg 

I 5H21" .00 1.41-0; ,00 • 00 .00 .33 .00 •3D .03 .33 • 09 
5*121 .00 1.45-05 .CO ,00 .09 .30 •00 •00 .00 • 3D .09 
S t i l t .oc 7.14-02 .oo .00 .00 .00 .00 .33 .00 •09 .09 

• U K I n .00 2.25*00 1.41-01 4,41-02 1.37-03 7.J0-01 l . i l - 1 4 I .O l -W .00 .99 .99 
H I 21 .oc I .14-02 J.24-04 J.U-05 1.11-0* 4..45-10 1,31-14 •00 .00 .93 .99 
H i t .cc 2.2I*C2 2.30*02 2.30*02 2.10*02 2.30*02 2.10*07 2.10*02 2,39.02 2.13*02 1.19*02 

i | [ ]2»« .00 1.15-04 4.71-01 1,11-10 2 - 0 1 - U 3.77-32 .00 .30 .00 .93 • 09 
11121 .03 ••07-02 1.01-02 1,01-02 ».oi-c; 1,01-C2 1.DO-D2 1.01-02 1.10-02 1.11-32 1.17-02 
5*139 .00 1.21-03 ,00 .00 .00 ,00 .00 .00 .00 .33 .00 

1 1«HC» .00 2.14-C3 •DO .30 .09 .00 .00 .00 .00 .03 .00 

I 35113 .|IC I . M - 0 3 .00 .00 .00 .00 .00 .09 .00 .03 •00 I TCIJC .Of 1.24*92 4.24*02 4.24*02 4 . 2 4 , 3 2 t.24>02 4.24-02 «.24'02 1.25*02 1,75.02 ••25*02 I Mien .00 I.71-04 .00 .00 .03 .30 .09 .00 .00 • CO .09 
1133 -3C J.31-02 .00 .oo .00 ,00 •Ml .00 .00 .03 .00 

H I 30 ,00 1.11*01 1.13*01 ••13*01 1.13*01 1.13*01 1.13.01 I . I J .O I 1.13.01 1 . 1 1 * 0 1 1.13*91 

i 5*1 Jl ,00 2.33-03 .00 .00 .00 .00 •00 .00 .oo .00 •09 

1 S3I3I .30 1.41-0} .00 .CO • SO .00 .30 .00 .Of .99 .09 
3 • ( 111" .00 l . l » - t l 4.04-23 • 30 .00 ,03 •go .30 .30 ,99 • 110 

« I J 1 .00 1.54-02 1.32-2?, .00 .03 .30 ,oo .(,0 , rp .30 .00 
MSI .00 1.12*00 1.41-03 t . U - 0 4 1 .13 -11 4.02-27 ,00 • 30 .01 .99 • 39 

II n i s m .00 • .71-32 1.42-03 2.45-05 1 .41-10 t . * i - ; o ,30 • 00 • 90 .33 .09 
•[111 .00 1.32*92 4.10*02 1.10*32 1 . I T 0 2 1.10132 4.19402 • • 1 0 * 0 2 4.19*92 1.10*91 1.IC*02 

1 3 M I 7 .00 2.01-03 .00 .00 .00 .00 .00 .03 .33 .09 .99 
51II2II .00 .00 ,00 .03 .00 .03 •30 • 33 .Of .33 • Cf 
11112 .00 1.01-03 .00 .00 •00 •vO •go .09 .39 .33 .00 
1(112 .03 1.5l*00 i .»0-0» 4.W-1S 5.57-31 .30 .3D •30 • S3 .03 .OC 
I I I ? .00 i . i ' -m 4.17-10 l - . l i - l * ,00 .00 ,00 .111* , Q 1 .33 .00 
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*>•!(•= Jl.OOM, I l i lM l r : I W O D . M O . »iul= l .n * l !« /C«»»2-HC 

MiCLiot cwctmmiiois. w i n 
WSIS : HI 11 1"1 •{111 CaaffCP » •[>CTM 

C » l « i l DI stumer 0 . T 0 . T 1 . i 2 . I 1 . T 10. , T > 0 . , T JO. . 1 1 0 0 . T 
1 1 ) 3 2 . 0 0 1 . 1 1 * 0 1 1 . 1 1 . 0 3 1 . I H 0 ) i.u-ni l . l l ' O J 1 . 1 1 * 0 1 I . l l ' '03 l . l l ' ' 01 I . | l * 0 3 1 . 1 1 * 0 ! 
U l l ] . 0 0 1 . 1 1 - D 3 • DO • 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
U I J J F I . 0 0 i.)t-o: . 0 0 . 0 0 . 0 0 . 0 0 . 0 9 • DO . 0 0 . 0 0 . 0 0 
U 1 3 ) . 0 0 l . H - 0 3 •DO • DO . 0 0 .DO . 0 0 .DD . 0 0 . 0 0 •oo 

1 ) 3 3 •00 > .17*DD •DO • DO . 0 0 .OC . 0 0 .DC .DD . 0 0 . 0 0 
U ) 3 3 n .DO I . D 1 - D I 1 . 1 7 - 1 3 1 . 1 3 - 2 ! . 0 0 . 9 0 . 0 0 • DD . 0 3 . 0 0 .oc 
H I ) } . 0 0 ] . D 1 * 0 I 1 . 1 2 - 0 1 1 . 1 7 - 0 1 1 . 1 1 - 2 0 . 0 0 .CD .00 .D:< . 0 0 .»c 
CS133 . 0 9 t.n*c2 1 . 0 1 * 0 1 1 . 3 1 * 0 1 l . D I - 0 1 1 . 0 1 * 0 1 1 . 0 1 * 0 1 J . D 1 • 0 ! I . D H •03 1 . 0 1 * 3 3 1 .0 1*03 
5 1 1 ) 1 • 0 0 3 .21-CS, •CD • OO . 0 0 . 0 0 . 0 0 • 03 . 0 0 . 0 0 • JO 
I [ ) 3 < . 0 0 I .K -C; . 0 0 • DO . 0 0 . 0 0 • OD . 0 0 . 0 0 . 0 0 • 00 

1 1 1 ! • DO J . 1 1 - 0 2 . 0 0 • DO . 0 0 . 0 0 •or • DD •DC • DO • 00 
> [ ) ) « • DO 1 . 1 1 * 0 ) 1 . 1 1 * 0 3 l . l t * D l 1 . 1 1 * 0 3 1 . 5 1 * 0 1 1 . 1 " '03 l . i H '03 l . ! . l * 0 3 1 . 1 1 « 0 3 1 . 1 1 * 0 3 
C5131li •CD 1 . D 2 . 0 1 . 0 0 . 0 0 • DO . 0 0 .OD . 0 0 , 0 0 •DO • 00 

csm . D 0 1 .17*C2 1 .12>D2 l . 7 D * C 2 1 . 1 1 . 0 2 1 . 0 0 * 0 2 3 . 1 . " . 0 1 1 , 1 ) 1 'DO 2 . 2 1 - 01 • • I T -' 0 1 1 . 0 7 - 1 3 

•>)>• • DO 1 . 1 1 * 0 1 7 . 1 2 * 0 1 1 . 1 1 * 0 1 1 . 1 1 * 0 2 1 . 1 1 - 0 2 2 . 2 3 . .02 2 . 1 2 i '02 2 , 1 1 * 02 2 . 1 1 . 3 2 2 - l * * C 2 
I t l S S •f"> 1 . 1 1 - 0 1 • DO . 0 0 . 0 0 • CO . 0 0 . 0 0 . 0 3 . 0 0 • CD 

l ) ! i . 0 3 1 . 7 1 - 0 1 . 0 0 . 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 3 • 00 .OC 
H i i m •OD S . l l - C S •DO .OD •oo .DC • OD .CO . 0 0 . 0 0 .DC 
I L I S 1 •no ) . » - C I . 0 3 . 0 0 • 0 0 .no .DO . 0 0 .or .CD • DC 
C H U M . 0 0 1 . 1 7 - 0 ! . 0 0 . 3 0 • DO . 0 0 .DO . 0 0 . 0 0 ,co • DC 
C 1 I 3 5 . 0 ( 2 . 1 1 - 0 2 2 . 1 1 * 0 2 2 . I » * D 2 2 . H . 0 2 2 . 1 1 * 0 2 2 . 1 1 * 02 2 . « ! • '02 2 . a i * o : ;••.»' •0? 2 . 1 1 * 0 2 
p > i : i » .oc 3 . 7 7 - 0 1 .CO .cc . 0 0 .llC . 0 3 .cc .or •DS »CC 
EA|S1 . 0 0 3 . 1 4 - 0 ! 1 . 1 1 - 0 2 1 . 1 1 - 0 2 3 . 1 6 - 0 2 1 . 1 7 - 0 2 3 . 1 » - 02 3 . 2 2 - 02 3 . 2 » - 02 3 . 1 1 - •02 3 , e 2 - 0 2 

] ) J t .oc 1 . 1 3 - 0 1 • 00 .3D .OD . 0 0 • DO , 0 0 . 5 0 - 3 0 . 0 0 
• t | ) t .oo 2 . J 4 - C 1 2 . 1 1 . 0 1 2 . 1 5 * 0 1 2 . 3 1 - 3 3 2 . 3 5 . 0 ! 2 . 3 1 * 0 3 2 . 3 1 < 03 2 . 3 1 * 0 1 2 , 1 5 * 0 1 2 , ) 1 * C 3 
C S I l t . 0 0 1 . 1 1 . 0 1 1 . J 1 - 0 3 1 . 2 1 - 0 1 3 . 1 0 - 0 1 1 . 0 1 - 1 2 . 0 0 . 0 3 . O l - . 0 0 .OC 
t M 3 6 .oc 2 . 2 t ' U I 2 . 3 " 0 1 2 . 1 1 * 0 1 2 . 3 K 0 1 J . 3 1 - C I 2 . 3 1 * 0 1 2 . ! 1 > 01 2 . S I * 01 2 . 1 1 ' '01 2 , 3 1 * 0 1 

I D ) . 0 0 1 . 1 1 - 0 1 . 0 0 • CO . 0 0 .cc . 0 0 . 0 0 , 0 3 • 35 .CC 
l t l ! t . C I i . l l - C S . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 • DC . 0 3 . 3 0 .cc 
U I 1 I •oc I . 2 1 ' 0 J 1 . 2 1 * 0 1 1 . 2 1 * 0 3 l ' 2 2 - C ] 1 . 1 1 * 0 3 l . l l * O i 1 . 1 1 . '02 7 . 1 1 . 02 1 , 1 2 . '52 1 . 2 1 * 0 2 
• • 1 1 1 * . 0 0 1 , 1 1 - 0 1 1 . 1 1 - 0 1 1 . 1 1 - 0 1 1 , 1 1 - 0 1 l . t O - 0 1 1 . 1 1 - 0 1 l . l l - 01 1 . 1 1 - 0 1 i . M - '01 1 . 1 7 - 0 1 
( 1 1 3 ) .or 1 . 2 2 . 0 1 1 . 1 3 . 0 1 1 . 1 2 * 0 1 1 . 1 1 * 0 1 1 . 3 1 * 0 1 1 . 7 3 * 0 2 2 . 1 K C2 !.*(• 02 1 . 1 1 1 '02 1 . 1 1 * 0 ) 

1 1 ) 1 . 0 0 1 . 2 0 - C ! .CO . 0 0 • 00 . 0 0 . 0 0 • CO . 0 0 . 0 0 • 0 0 
i u : « . 0 0 2 . 1 1 - 0 2 •CO . 0 0 . 0 0 . 0 0 . 0 0 • DD . 0 3 . 0 0 .oc 
C S I 3 I . 0 0 « . 1 2 . 0 2 . 0 0 • Oo . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 .CO • CO 
•n;c . 0 0 1 . 2 2 * 0 3 1 . 2 2 * 0 1 1 . 2 2 * 0 1 1 . 2 2 . 0 1 1 . 2 2 . 0 3 1 . 2 2 * 0 3 1 . 2 2 * 03 1 . 2 2 * 03 1 .22< '03 1 . 7 2 * 0 3 

i m .oo 1 . 1 1 - C i .ca • CO . 0 0 . 0 0 . 0 0 . 0 3 . 3 0 • 30 • 00 
« | 3 1 . 0 0 r . i t - o i .oo . 0 0 . 0 3 . 3 0 . 0 0 .oo .SO . 3 0 ,G0 
CS131 . 0 0 1 . 2 2 - 0 2 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3 . 0 3 . 0 0 . 0 0 •oo 
I I I 31 . 0 0 I . J 1 - 0 I . 0 0 • 00 . 0 0 . 0 0 . 0 0 . 0 3 . 0 0 -co . 0 0 
l l | ! l . 0 0 1 . 2 . " 0 1 1 . 2 T « 0 1 1 . 2 1 * 0 1 1 . 2 2 * 0 3 l . 2 7 . c 3 1 . 2 ' * 0 1 1 .2 7 ' ' 0 ! 1 .2 7*03 1 . 2 7 . 0 3 1 . 2 7 . 0 3 
I L I 1 D . 0 0 2 . 0 0 01 •LO . 0 0 . 0 0 . 0 3 .or . 0 3 . 0 0 . 0 0 .OC 
CSI»D • 00 I . 3 0 - C 1 . 0 3 • DO . 0 3 . u 3 . 0 0 . 0 " . 0 3 . 0 0 . 0 0 
m«o •o: 2 . 3 3 * 0 1 I . 7 1 - 0 I 1 . 0 2 - C l S . 1 1 - 0 1 1 . 1 3 - U . 3 0 .:c . 3 - . 0 3 »cr 
i n - : .o: 3 . ) b * u 3 2 . 1 1 - 0 2 1 . 3 1 - 0 1 1 . 0 3 - 3 1 2 . 3 1 . 1 7 , 0 0 • i r • £ r . 0 0 .(:. C f . H 0 . 0 0 | . 2 l « 0 3 1 1 1 * 3 ! 1 . 3 1 * 0 1 1 . 3 1 . 0 1 1 . 1 1 . 1 3 I . J I * 03 :.3i« T I 1 . J 1 * 03 1 -51 < ' 3 ! 1 . 1 1 * 3 ! 
I t l M •110 » . J 2 - O k •Oil • 90 . 0 0 . 0 0 .CO . 3 0 . 3 3 • 0 0 .CC 
CS11I . 0 0 J . J J - 0 1 • 0 0 . 0 0 . 0 0 . 0 3 . 0 0 . 3 3 • 0 0 . 0 0 .oc 
• 1 ) 1 ) . 0 0 2 . 1 2 - 0 2 • 0 0 . 0 0 . 0 0 . 0 0 • 00 .on . 0 3 . 3 0 . 0 0 
U K ) .oc 2 . 7 1 - 0 1 . 0 0 • 00 . 0 3 . 0 0 • DO •on . 0 3 •CO • DC 
C i l . l . 0 ' 1 . 1 7 * 0 1 1 . 3 2 * 0 0 i-snoo 1 . 3 0 - 0 2 t . i o - c i » . I 2 - I t 1 . 1 7 - 33 . 0 0 • 00 .OC 
1 . H I • DO 1 . 1 1 * 0 3 1 . 1 1 * 0 1 • • 2 0 * 0 1 1 . 2 3 * 0 1 1 . 2 0 * 0 1 1 . 2 0 . 0 1 1 . 2 0 * 03 1 . 2 0 . 0 ; 1 . 2 C •03 | . 2 C * 0 3 
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* M » = K . I M a . I i n w r : !>MO.»aD, n.0%: L W U M W l ' I l l 

•vniii cacuraiiiMi, •»•,-» 
M i l l : « t *< M i l l HCUL M I M E S I I i U C I M 

OK? 
• i l l ? 
141*2 
CE142 
M142 

' 401*2 
I I14 J 
C1M3 
•no 
t i l t ] 
CU4S 
ml«j 
«;KJ 
I H M 
M m 
43144 
« |44 
Mi l l 
431*4 
CI HI 
r tm 
*JI*4 
CIl»7 
»H1T 
• .wil l 
M!«7 

cun 
»I1*» 
•01*1 

mm 
sum 
KIM 
4i|44 
f a l M 
1»|44 
40140 
M I 4 0 
S»liO 
•OlSJ 
f" lS] 
S«IS1 
tulS) 
»»I42 
4«1S2 
•UI42II 
10152 
W142 
flllSJ 

( U N I l i u u m 0. 7 0 . T 1 . 1 2 . * »• » 10. 1 . 20. t 40 . 1 _ I ' D . 7 
.00 2.01 -0» " .00 ' " . 0 0 .00 .00 .00 ,00 .00 ,00 ~ .oo 
.00 2.40-05 .00 .00 .00 .00 .00 .00 .00 ,00 .00 
.00 1.21-02 .00 .00 .00 .00 .00 .00 .00 .00 .00 
.00 1.07.01 .00 .00 .00 •00 .00 ,00 *bu .00 .00 
.00 1.11*03 1.17*01 1.17*0! 1.17*03 1.11.03 1.17401 1.17*01 1.17*0) 1.11403 1.1-*03 
.00 1.71.07 ,00 •00 .oo .00 .00 • 00 ,00 .00 .00 
•00 2.04*01 2,04*01" 2.04.01 2.04.01 2.04*111 2.0'"01 2.04*01 2.01*01 2,M»01'" "2.a»»oi' 
.00 7. .4-07 .00 .00 .00 .00 .00 .DO .00 .00 .00 
.00 1.I7-C4 .00 .00 .00 .00 .00 •00 .00 .00 .00 
•00 1.74-01 •oo .00 .00 •03 .00 .00 .00 .00 .00 
.00 J.41-02 .00 .00 .00 . . 3 .00 •00 .00 .00 .00 
.00 2,1**00 • •24-20 2.01-15 .00 .00 .00 .00 .00 .00 .oc 
.00 2.19*01 2.44-01 7.14-01 2.20-01 2.07.14 .00 •00 .00 .00 .00 
.00 7 , ( ! *37 t.D>'0 2 4.04*02 1.04*02 ( .04.02 1,04*02 l .0»*02 (.04*02 ( .0**02 (.04*02 
.00 • •44>-04 .00 .00 .00 .00 .00 •00 .00 .00 ,oo 
.00 J.»»*02 3.14*02 2.44*02 1.11.02 4.42*01 4.44*00 S.2»-02 7.1C-04 1.72-17 7.42-37 
.00 1.4t-07 1.34-02 1.13-02 4 . 1 ) 4 ) 2.10.01 1.1J-04 2.24-04 3.00-10 7.71-72 .00 
.01 4.41.07 1,01*01 1.0>*0> 1.1«*3S 1.21*01 1.14.0! 1.14*03 1.14*0) l . )4»o! | .1«*0) 
.00 2.21-03 .00 .oo .00 .00 • 00 .00 .00 .00 " .00 
.00 2 . H - C I .00 .00 .00 .00 .00 .00 .on .00 .00 
.00 4.14"02 4.44*02 4*44*02 4.14'C2 4.44*02 4.14-02 4,14*02 4.4«*02 4.IS-C2 4.44.02 
.00 • •71 .01 .00 .00 .00 .00 .00 .00 ,00 .00 .00 
• DC 1.41-02 .00 .00 .oo .00 • 00 .00 .00 .00 •oc 
.DO 7.02.02 7.02*02 7.02*02 7.D?*02 7.02*02 7.02*02 7.02*07 7.07*02 7.02*02 7.(2-02 
.00 4.31-04 ,00 »0Q .00 .00 .00 .00 .oo • CO .00 
.0c 4.47-C! .00 -00 .00 .00 .00 .00 .00 .CD .0D 
-DC I .4(*C0 1.11-02 1.4*-04 1.07-07 1.32-11 .00 .00 .00 .CO .00 
-or ••12*02 I . IS '02 l.Dt*32 4.21.01 7.13.01 3.22*01 (.54W00 t.ll'-Oi 2 . K - 0 4 3.91-10 
• DC 4.44'DI 4 .2**dl 4,43*01 7.24*31 4.44*01 1.34,02 1.47.02 1.4«'02 1.44*02 l . i t - H i 
.00 2.(1-04 .00 \ 

•00 \ 
.00 .00 .00 .00 .00 .03 .00 .00 

.00 7,11-0* 
.00 \ 
•00 \ .90 • DO .00 .00 .00 .00 .00 .on 

.00 3.73*07 ) .7!*02 ' J.7!«02 3.71*32 3.71.02 3.73*02 3.79*02 3 . I V 0 2 3.73*02 3.73.02 

.00 1.41*00 4.37-01 I . H - 0 1 4.44-03 I.17-D5 1.47-13 1.21-74 .00 .00 .00 

.00 1.3**00 4.43-0 5 1.42-01 4. (3-34 1 .U .01 1,47-14 l . J l - 2 " • 03 .00 .00 

.DC 1,40*02 1.43*02 1,44*02 1.44,32 1.44.02 1.44*02 1.44*07 1.44*02 1.44*02 1.44.02 

.00 4,24-04 .00 .00 .00 .00 .00 .00 .00 •00 .oo 

.00 1.31-02 .00 .00 .00 .00 .00 .00 .00 .00 ,oc 

.on l . f l .DO | . 0 » - l » 3.27-22 .00 .00 .00 .00 .Ofl .00 •00 

.oo 4.23*00 4.14*00 «.1'*00 1.14,30 ( .14.00 4.14.00 1.14*110 1.14*00 (.14*00 ( . • • • 00 

.00 1.17*02 1.77*02 I-77.J2 1.77*02 1.77*02 1.11*02 1.17.02 1.77*02 I .77-02 1.77*02 

.00 I .14-01 ,00 .00 .oo .00 •00 .09 .00 .00 .00 

.on 1.1*.02 1.74*02 3.44*02 1.44*37 1.H-D2 3.74*07 3.14*02 3>44<D2 1.14*02 1.44*02 

.00 I . H . 0 ! .10 • CO .CO .3D .00 .00 .3" .03 • DC 

.01 2.70-CI •oc • 33 . 0 " .fO .00 .(.p . jn •c: ,oc 
•00 4.44*31 4.44*01 4.41.(11 4.41*01 4.44*01 4.41*01 4.31*01 3.47*01 3.11*01 2.IC*CI 
•uo 4.3t-02 1. '2-01 2.11-01 4.21-01 I .11-01 1.17-00 3.42*00 *.* '*oo 1.44.01 J.SJ'01 
.00 l . i l - C * ,00 .03 .00 .00 .00 .DO ,00 .00 .30 
•0D 1.42*01 4.42*01 4.42.01 4.42,01 4.12.01 4.42*01 1.42*01 4.47*01 4.47*01 4 , t2 '01 
.ou I.44.C*' •to •6o .00 .U9 .00 .00 .00 .00 ,00 
.00 4.42-02 4.*«-n2 4.11-02 4,21-02 4.42-02 4.14-02 1.10-07 1.14-02 1.07-0! 1.71-04 
.00 1.30-51 1.10-31 1.JO-01 1,11.31 l . l l - D l 1.J4-01 1.34-01 1.40-01 1.44-01 J , .4 .01 
.00 J . u - n . .00 .00 .00 .00 •DO .00 ,00 .03 .00 
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•£...,«.. i*r;*r,-.'i i_i „S^amrts.*"3ital3 

r w c i : 31.MH4. IVtNt: IMOD.mil. HOI- l.i 

midtot eo«ciHi(nti»«s. «••« 
•ISIS : » | OF "(III Htltl CMMCD TO «t»CIO« 

(NIKE DlSCKIKt 0. 1 0. 1 1 . 1 2 . 1 ! . 1 10. » 20. 1 1 0 . 1 .. IOC 1 
SM13 .00 1.32*00 1,13-14 3.34-21 .00 .00 .00 .00 .00 .00 .00 
111113 .00 1.30*02 1.32*02 l . »<02 1.32*02 1.32*02 1.32*02 3.>7*0l 1.32*02 1.32*02 3.32*02 
10113 .00 t.31-03 1.21-0 3 1.43-03 3.30-33 1.14-03 1.02-01 7.41-07 7.47.12 1,14-21 •00 
M i l * .Op 1.31-04 •00 .00 .00 .00 .00 .00 .00 .00 .00 
5»1M • 00 3.11*01 3.71'DI 3.71*01 3.71*01 1.11*01 1.71*01 3.71*01 J.71.01 3.71*01 3.71.01 
tu]»« .00 >,11*01 4.13*01 ..74*01 4.47*01 4.47*01 3.43.01 3.14«01 2.0*. 01 1.11*00 4.41-01 
(O i l * .00 i.«i*oo 2.00*00 2.40*00 1.15*00 l . i l 'CD 1.10*01 1.14*01 2.41*01 4.47»01 4.44*01 
1»ISS .00 1.31-04 ,00 • 00 .00 .00 .00 .uo .00 .00 .00 
[ U l i i .00 1.44*00 1.43*00 1.04.00 4 .0X00 2.11*00 4.74-01 1.10-01 2.41-03 2.41-01 1.14.14 
W i l l .00 4.20-02 S.14-01 1.13-01 1.14*00 3.21.0D 1.11.00 S,40400 4.03*00 i.03*00 ••03*00 
S-.IS4 .00 1.04-02 ,00 ,00 .00 .00 ,00 .00 .0(1 ,00 • OC 
NJIS4 .00 4.71*00 1.31-02 2 .H -0J 2.24-07 1.01-14 .00 .00 .00 .00 • DO 

M i l l .00 t .DI*01 1.31*01 9.12*01 4.12*01 1.17-01 ».12*0I | .12*0 I 1.17-01 •.12*01 1.17.01 
K i l l •DO 4.47-04 .00 .00 .oo .00 .00 .00 .00 .00 • 00 
(UIIT .00 1.72-D! .00 •09 .09 .00 • 00 .00 .00 .00 .00 
J I 1 7 •DO 3.12-02 • ,14-02 4.14-02 4.34-02 4,14-02 4.34-02 4.34-02 4.14-02 4.34-D2 4.14-02 
l u l l . •OD 3-01-04 .00 .00 .DO .«" .00 .00 .00 ,00 .OC 
C3ISF .00 1.11*01 1.34*01 1.34*01 1.34*01 1.34<01 1.34.01 1.34.01 1.34.01 1.34*01 1-3**01 
C u l l ' .00 J.77-01 .00 • 00 .00 .00 .00 .00 .00 .00 • 00 
6011* .00 4.34-03 .00 .00 .00 .00 .00 .00 .00 .00 .00 
I I l i t .00 ) .7t*00 1.14*00 1.14*00 I ' l l •DO 1.74*00 1.14*30 1.74.00 1.74*00 l.14»00 1.74.00 
EJUC •or 3.11-04 .00 • 00 • 00 .00 .00 .00 .00 .00 •oc 
tun: •oc 4.41-CI 4.11-01 4.41-01 1.41-01 1.41-01 4.41-gl 4.41-01 4.41-01 4.41-01 1.41-01 
ni.o .00 1.31-01 1.10-02 2.10-02 3.40-03 1.14-04 1.01-04 7.37-17 4.11-32 .00 • 00 
El i te .00 2.17-0) 3.12-01 3. w -oi 4.23-01 4.27-01 4.2T-0I 4.27-01 4.27-03 4.27-01 4.27-01 
com .00 2.3»-04 .00 .00 .03 .00 .00 .00 .03 .00 .00 
TSUI .00 4.31-93 1.37-07 4.10-10 7 . 4 1 - 1 ' • .11-11 .00 .00 .0? .DO .OC 
D i l i ] .00 2.25-01 2.31-01 2. 31 "CI 2.31-01 2.31-01 2.31-01 2.31-01 2.31-01 2.31-0) 2.31-0] 
CCI«2 .00 3.31-1)4 .00 .00 .00 .00 .00 .00 .00 .00 .00 
I I I t 2" .00 2.31-114 .OD .00 .00 .00 .00 .00 .00 .00 .00 
11112 • 00 " .00 .00 • DO • 00 .00 .00 .00 .00 .00 .00 " 
Dil l? .OD 1.17'01 1.17-01 1 . 1 1 - 0 1 1.47-01 1.17-01 1.11-01 1.17-01 1.47-01 1.17-01 1.17-01 
I f l l i B •o: 5.10-07 ,00 .00 .00 .00 .00 .00 .00 .00 .00 
T l l t J •oc 2.74-DS .CO .00 • DO .00 • 00 .00 .u-1 .00 .DC 
O l l l ! .00 2.0S-01 2.03-01 2.01-01 2.01-03 2.01-03 2.01-01 2.31-01 2.01-01 2.31-01 2.01-01 
11 l l » .JO 4.71-011 ,00 .00 •OH .00 .?5 .00 .00 .00 • DC 
Or I n .00 4.41-02 4.43-02 4.43-02 4.41-02 4.43-01 4.43-02 4.41-02 , . 4 ' - 0 2 4.41-02 ••43-02 
O l l l l " .00 4.31-01 .00 .00 .00 .00 .OD .00 •DO .00 • 00 
01141 .00 1.14-01 .00 .00 .00 .00 .00 .00 .DO .DO •00 
« 3 l i l .00 1.02-01 1.02-01 1.02-01 1.02-01 1.02-01 1.02-01 1.02-01 1.02-01 1.0!-01 1.07-01 
Dll44 •00 1.14-05 3.42-13 1.44-14 .,00 ,00 .00 .00 .00 .00 .OC 
W i t t " .oo 3.14.04 3.44-04 2.11-04 3.14-D1 3.41-04 3.41-04 3.V4-04 3.41-04 3.I1-C4 3.74-04 
M i t t .00 2.07-04 2.47-13 1.71-11 .05 .JO .00 .00 .O r. .20 • I/O 
t - l k t .00 2.44-D2 2.47-02 2.47-02 2.47-02 2.47-02 2.47-02 2.47-02 2,17-02 2.41-02 2.17-02 
(HUT • DO 4.44*03 4.44-03 4.44-OJ 4.44-OJ 4.44'OS 4.44-03 4.44-03 4*44-03 4.44-03 4.11-03 

l O I ' l •OD I.41*D4 3.41-04 3.44*04 3.44>04 3.44*04 1.44104 3.44>04 3.44.04 3.44 "04 3.44>04 
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[ 

M M * : 3 5 . M M . t M M I P : lHDD.ml l . f l « l = J . M « l l l i / C M 4 2 - l K 

n w u cwcm'tiuim, •MM 
I I S I I : « l W K i l l M i l l CHIMCD I t MucIOl 

c i u t t t DiscmME 0. I 0 . 1 ) . 7 2 . T 1 . 1 10. ' 10. T t o . t 100. 1 
H .00 j .41-02 I .J1-02 ' 1.21-02 1.01-02 1.12-02 1.11-02 4.22-02 2.40-02 1.13-03 Z.41*04 

2 | .00 2.S4-01 2 . H - ) » 3.12*10 .00 .00 .00 .00 .00 •00 .00 
Bi .00 1.40-CS l . l S - l t 1.11-30 .00 .00 .00 .00 .00 • 00 •00 
IE ,30 J.T2-DI l .T l 'O I 3.71-01 3,71-01 3.11*01 3,71-01 J - ' l - O l 3.71-01 1.71-01 3.71-01 
#1 .00 ».»!-02 1.14.02 J.44-02 • •44-02 I .14-02 1.14-02 • .14*02 1.14-02 1,14-32 1.44-02 
SI .00 S.JO.01 1,10*01 1*20*01 S.25<Cl S-20'01 1.20*01 1.20*01 1.20*01 1.20*51 3.20*01 
I I .00 1.13*01 i . i ) * o i 1.11*01 1.11*01 l .S!*0 l 1.11*01 1.11*01 ).SJ*0I 1.13*0) | . 1 ) *01 
I I .00 3 . t l *02 3.71*02 1.11*02 3.71*02 ) . t ) * 0 2 1.41*02 3.40*02 3,11*02 3.14*02 1.41*02 
I I •DO 1.32*02 3.32*02 3.11*02 ) . l l * 0 2 1.31*02 3.10*32 3.14*02 3.1!<02 3.40*32 !.41*02 
SI •00 1.21*02 4.01*02 1,17*02 1.11*02 1.12*02 1.31*02 7.14*02 4.11*02 1.01*02 3.11*02 
f •00 4.11*02 1.12*02 1.11*02 1.11*02 1.41*02 1.41*0 2 4.41*02 4.41*02 4,11*02 1.41*02 

21 .00 5.11*03 1.44*0! 3.41*D3 3 . .1*01 1,11*03 3.71*01 3.77*0) 3.14*03 i .o«*rs * . l l * 0 3 
HI •00 4.13*01 2,51*01 1.11*01 1.77*00 3.11-02 2.14-01 3 . ( 4 - 0 ! 7.21-03 1.71-12 3.11-02 
40 .00 1.31*0! 1 . I K 0 1 3.11*01 3.11*01 ) . 1 ) I 0 ! 3.17*0) 3.11*03 1.17*03 1.17*33 '•'IV, l ( «oo •.11*02 1.12*02 1.12*02 1.12*02 1.12*02 1.12*02 e.*2*02 1.17*02 1.42*02 1.12*02 
mi • L3 2.17*0! 2.1l*OJ 2.21*01 2 .21*0! 2.20*03 2.11*01 2.11*0) 2.11*03 2.11*") 2.11*03 
IH •00 3.11*02 3.13*02 3.11*02 3.12*02 1.12*02 1.12*02 3.12*02 1.17*02 3.12*02 3.12*02 
n .00 1.2**03 1.21*0! 1.21*01 1.33*01 1.17*01 1.11*03 1.12*03 ) . l ! * 0 3 ).17*03 }•".!!? 
lb •oc 4.12*01 4.04*31 1.01*0) 4.05*01 4.01*01 4.02*01 4.02*01 4,07*01 4.02*01 4.07*01 
u .00 1.31*01 ••13*01 «.4**01 1.17*01 1.11*01 1.10*01 • .13*01 ••44*01 1.41*31 l . *1*01 
•• .oo 1.20*00 1.21*00 1.21*00 1.21*00 1.21*00 1.21*00 1.24*00 1.27*00 i . 2 i * ro 1.2**00 
St •00 1.27*01 S.21*01 (..11*01 1.15*01 S . l l ' C l 1.11*01 5.11*0) 1,11*01 1.13*01 1.11*01 
SI .00 1.10*01 1.11*01 1.71*0) l . ,« *01 1.11*01 1.74*01 I . ; I * O I 1,02'C1 1.01*01 1.01*01 
tc •0C i . JI'O? S.IS*02 S.15*02 S . . . -02 1.47*02 1.70*32 1.72*02 1.72*02 1.72*32 5.77*02 
1 .00 2.11*02 2.41*0? 2.»C'02 2.79*02 2.73*02 2.70*02 2.70*01 2.70*02 2.70*02 l'H.V, 

i t •or S . i7 *0 ! 5.11*6! S.4»«0)! S.4«*03 1.1I*C3 1.11*03 : . t a * c ) 1.11*0! 1.14*C3 i.*»*C3 
cs •DC 2.11*01 2.12*01 2.![,*03 l . l t ' O l 2.11*01 2.11*03 2.30*03 2,D»*CS 1.49*33 '•li'.l\ «« .00 ).J4*03 1.34*0) 1.11*0) 1.42*03 | . 4» *0 ) 1.41*03 1.71*03 2.03*03 2,34*33 J.44*03 
l« • 00 1.21*0] 1.21*01 1.21*0) 1.27*03 1,21*03 l .JT'Ol 1.27*0! 1.27*0) 1.77*33 ••'..J} cr. •at 2 , f l * C ! 2.11*01 2,71*0) 2.41*0) 2 .M*03 2.11*0! 2.41*01 2,i* i*C! 3 .41*0! 2.41*03 
I I .00 1.11*09 1,11*0) 1.20'OS 1.20*01 1.20*01 ) .10*01 1.20*0! 1,70*03 1.20*0! I'"*.;; ID .oc 3.7I*U3 1.10*01 1.11*0) 1.15'DJ 1.01*03 1.11*01 4.17*03 1.17*03 1.12**.3 I.12«C1 
In •00 ) . l t ' E 7 1.11*02 l.0»*02 1.2**01 1.13*01 3.22*01 • .14*00 4.01-C1 7 , l t - 3 1 Mi"!! SI •0? t .M*C2 7.11*02 1.01*02 1.20*32 I.11*02 1.71*32 1.01*02 1.04*02 4.44*02 t .11*32 
[u .oc 1.10*02 1.11*02 1.15*02 1.11*02 1.10*0! 1.71*02 1.47*02 l.S»*C2 1.13*32 1.11*02 
I'D •oc 4,44*01 1.01*02 1.03*02 1.01*02 1.01*02 1.14-02 1.71*02 1.14*02 1.13*32 1,1**02 
11 .00 1.12*00 l.«S*00 1.12*00 1.10*00 1.71*00 1.71*00 ).71*00 1,71*00 ] . ) 4 * [ 0 | .71*00 
D| .00 4.10-01 1.01*00 1.01*00 1.11*00 |.12*D0 1.12*00 1.17*00 1.12*00 1.12*30 |.12*00 
W> »oc 1.D1-D) 1.D3-0J J.01-0) 1.01-01 1.03-01 1.03-01 1.01-D1 1.03-01 1.03-31 l'!l'il [ I •as J . l i - 0 2 1.11-02 3.11*02 3.11-32 3 .H -02 3,11-02 3*11*02 3.11-02 1.11-02 3.14-02 
t o t u s .o<' 3.44*34 1,«1*0* 1.11*01 ! . | 1 * 3 1 3.11*01 3,11*01 3.11*04 3.41*04 3.19*01 1.41*04 

SUIlDt .00 .00 ,oo •DO .or .03 

3.41*04 3.44*01 3.44*04 1.41*31 ! . * ' * 0 4 

[ 
D-20 

% 
TERA CORPORATION 

http://lHDD.mll


TABLE D-3 

ACTIVITIES OF TRANSURANIC NUCLIDES 
IN SPENT FUEL VS. DECAY TIMES 

n . a w i •IWMIDS HOOO.HIO, rmi : i.n.n*rtitii2-S[c 

MKLIDr M O I M C I I V l l t . CDWS 
• • l is: «r t» mitr Kin c«M(i it man 

« i 
n?o» 
112(1 
?l?01 
>)!0» 

mot 
•1701 
'1210 
' ( I I I 
11212 
M271 
11251 
(121C 
II2II 
H M ? 
•1211 
•1211 
Haiti 
n m 
mil 
PS?|J 
'0211 
P5?IS 
P&2II 
n:it 
Mil 
n i n 

«•.:?? 
f m i 

« « j 
pi?;t 
f«?2S 
« 224 
" 2 2 1 
IC225 
•C22? 
IC27I 
1«?2? 
1*221 
1N221 
m;»c 
IH711 
1*21! 
1«?33 
IM23I 
P>?JI 
" 2 5 2 
» ? ! ! 
M 2 ! l » 

•00 
•oc 
.00 
,00 
.00 
.ao 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
,00 
.00 
.00 
•on 
.00 
.00 
.00 
.00 
.00 
•00 
.oc 
.oc 
.03 
.oc 
.00 
.oc 
.oc 
.oc 
.oc 
.or 
.oc 
.oc 
.00 
.oc 
.00 
,oo 
.00 
•on 
.00 
. or 
.00 
.oo 
.00 
.oo 
.00 
.00 

DIlCHllCt 
.1)0 

• •s i -»? 
J.30-01 
1.S0-C1 

•CO 
.00 
.00 

2.01-07 
$.21-10 
1.11-0) 
1.17-01 
1.1S-01 

.00 
1.21-10 
I .H -OT 
l . l l - C l 
1.01-0? 
| . l l - 0 » 
1.11-10 
2.SI -01 
l . l l - O l 
7.30-0? 
l . l l - C I 
l . l l - O I 
l . l l . C S 
l . tS-OI 
2.01-0? 
1.11-0? 
I .1J-01 
l . tS-DI 

:.o»-o? 
I . l l - C i 
I . 1 1 - 0 7 
1.17-01 
2 . I J - 0 ? 
1.15-01 
; . 0 2 l ! 
2.oi-c? 
»,s«-o? 
2.02-13 
1.16-07 
1.17-CJ 
J . H - C I 
..o'-cs 
1.31-CD 
; . i » - n 
1.12-02 
1.1S-0I 
2.11-OS 
1.1T-0I 
l . l t - 0 1 
3.22-01 

0. I 
.00 

I .01-01 
7.00-01 
f . J M O 

.00 
,00 
.CO 

l . i J - O I 
l . K - 1 0 
1.0?-01 
I.H-OJ 
1.11-01 
.oo 

l . l l - I O 
1.07-01 
l . l l - O l 
1.2J-0I 
l . l l - O l 
1.11-10 
1.22-01 
1.21-01 
1.11-Dl 
1,11-01 
1.C7-01 
I . H - 0 1 
l . l l - O l 
1.21-01 
I.O7-01 
1.11-01 
1.11-01 
1.2S-0I 
1 . I 5 -0 I 
1.07-01 
I .11-03 
1.77-GI 
I . M - 0 1 
2.SI-12 
1.21-01 
l . l l - D l 
J.Sl-12 
1.10*01 
1.11-01 
l . H - C I 
2.30-01 
I.11-C2 
2.11-11 

.00 
l . l l - D l 
2 . I I -OS 
1.1S-2I 
1.11-01 
1.11-01 

o. » 
•00 

I .J l -Ol 
0.10-01 
7.17-10 

.00 
.00 
.00 

1.12-01 
7.11-10 
1.21-01 
2.11-01 
2.01-01 

• DO 
7.11-10 
1.21-01 
2 .J I -01 
1.12-01 
2.01-01 
s .c j - ip 
1.71-01 
1.11-03 
1.51-01 
2.31-CI 
1.21-CI 
2.11-Dl 
2.CI-01 
1.12-01 
1.21-01 
2.31-0! 
2.01-01 
3.12-01 
1.11-01 
1.21-01 
2.11-01 
1.12-01 
2 . M - D I 
3.03-12 
1.12-01 
l . l l - D l 
1.01-12 
1.21-01 
2.32-01 
1.11-31 
7.13-31 
1.11-02 
7.71-11 

.Oil 
I .11-01 
2.11-01 

•on 
1.10-CI 
1.11-01 

I . 1 

,:!U 
1.21-01 
I .11-10 

.00 

:ss 
. .ES 
!:;;:S5 
7 ,11 -01 

• 00 
1.21-01 
l . l l - D l 
3.13-03 
1.21-10 
1.51-01 
7.21-C1 
1.11-01 
2.71 01 
1.11-01 

J.15-01 

iiiSi 
l . l l - D l 
2.11-01 
l . M - 0 1 
1.S1-31 
I .15 -0 I 
2.71-01 
1.11-12 
1.15-01 
I .11-31 
1.11-12 
l . l l - D l 
1.52-03 

MX 
I . M - 0 2 
l . i l - l l 

l I l l - O I 

j . i 
.00 

2,1.1-01 
2.07-01 
1.11-10 

.00 

.00 

.00 
1.10-01 
2.21-01 
2.70-01 
S.IJ-01 
«.JS-0« 

.00 
2.21.01 
2.10-01 
1.71-DJ 
1.10-01 
1.23-01 
l . l l - D l 
1.01-01 
3.11-01 
1.10-CI 
1 . 2 3 0 1 
2.70- t i i 
1.71-01 
1.21-CI 
1.50-01 
2.70-Cl 
i .11-01 
1.21-CI 
1.10-01 
3.77.01 
2.70-01 
S.71-01 
I.1D-DI 
1.21-01 
1.13-12 
I.SD-CS 
2 . H - C l 
1 .11 -1 ! 
2.11-01 
1.71-03 
I.SO-U1 
1 . 1 ! .05 
1.11-02 
•-11-11 

.00 
1.11-01 
2-12-01 

.00 
3.10-01 
1.11-01 

5. 1 
• 00 

1.17-01 
». |»-03 
3.37-01 

.00 
• 00 
.00 

1.21-01 
f .DJ-ol 
1.1(-01 
1.11-02 
1.10-07 

.00 
1.01-01 
l . l l - O l 
1.11-02 
1.21-01 
i . i o - o i 
7.10-01 
1.55-01 
7.11-01 
t . l D - O I 
I.10-07 
l . l l - O l 
I . I I -D7 
I . 1 0 - 0 ' 
1.21-01 
5.11-01 
1.11-02 
1.10-07 
1.21-01 
7.21-01 
l . l l - O l 
1.11-02 
1.21-01 
1.10-07 
2.11-1I 
1.21-31 
4.11-01 
2.11-11 
s.il-oi 
I .11 -07 
1.21-CI 
1 .12-05 
I . 11 -07 
1.2C-1I 

.00 
1.11-01 
3.01-01 

.CD 
3 . H - 3 1 
l . l l - O l 

10. 1 
.00 

• •07-01 
1.07-03 
2.07-01 

• 00 
.00 
.DO 

1.12-01 
S . l f - 0 | 
I .01-01 
l . l?-02 
3.01-07 

.00 
3.13-01 
I .OI-Ol 
I . I7-D2 
1.17-01 
l.Ol-O) 
l . l l - O l 
2.71-01 
1.07-02 
1.21-cl 
1.01-0? 
l .Ol -Cl 
l . l ' - 0 2 
3.01-07 
1.17.01 
••01-01 
1.17-02 
3.0.-C7 
1.12-01 
1.21-c? 
1.01-01 
1.17-02 
1.12-01 
J-1.1-C? 

i . n - i l 
i . i?-c« 
1.01-01 
l . I ' - l l 
1.12-Cl 
1.17-cj 
l . l l - M 
i . i i - n 
l.tf>-(2 
1.12-ic 

.30 
3.11-01 
1.21-01 

• on 
l . l l - D l 
l . l l - O l 

20. 1 
,00 

I.SI-OS 
l . l l - O l 
1.10-01 
.oo 
,00 
.00 

1.11-07 
2.07-0? 
I.SI-OS 
1.11-07 
i.oo-oi 
.oc 

2.07-07 
I.SI-OS 
1.71-02 
1,11-07 
I.OO-Ol 
2.07-07 
1.77-01 
l . H - 0 2 
l - l l -O? 
1.01-01 
1.51-DS 
l .? ' -02 
1.0--C1 
I.11-07 
l.S'-CS 
1.71-CJ 
I.DO-Cl 
l . l> -07 
2.2 2-07 
I.SI-OS 
l . | i - 0 2 
l . l" -C7 
I.D"-Cl 
1.12-IC 
l ' l t - 0 ? 
1.11-05 
1.17-10 
1 .5 ' -01 
l . l» -02 
I . I - -C7 
2.17-Cl 
l . l ' - C J 
1.C3-10 

.00 
l . l l - C I 
3,SI-OS. 

•DO 
3.11-01 
3.11-01 

_ - 0 . 1 
• DO 

1.11-05 
1.11-01 
I.OS -01 

.00 
,00 
• CD 

1 . 1 1 - 1 ? 
2.25-01 
3.11-CS 
1.11-0? 
S.«»-Ol 

.03 
2.25-91 
3.11 -OS 
I .31-02 
1.71-0? 
1.12-04 
2 . 2 5 - S l 
1.51-01 
1.72-01 
1.11-07 
5 . 1 2 - n 
1.11-51 
1.11 -C2 
5.12-Cl 
1.71-3? 
3.11-05 
1.31 -C2 
S.I2-CI 
l . ' l - S ? 
l . i -C? 
I.11-05 
l . ! ' . -02 
1.71-07 
5.(2-01 
S.10-10 
1.71-57 
3 . i i -a 
S.lO-10 
1.15-05 
I . I t -02 
1.71-07 
S . l l -C I 
l . l l - \ > 
7.21-10 

,0D 
l . l l - C I 
l . l l - C S 

.DO 
1,71 -Cl 
l . l l - D l 

IDO. I 
.00 

S.23-DS 
3.01.03 
2.11-01 

.00 
• 00 

" .uc ~ 
I .10-01 
1.31-01 
S.21-0S 
1.12-03 
2 .11-01 

•DC 
l . l l -CS 
S.2I-0S 
1.12-03 
1.30-01 
1.11-01 
l . l l - C l 
1.57-01 
5.11-01 
1.27-01 
2 .11-cl 
1.21-01 
1.12-01 
7.H-CS 
I . i c - C i 
i .7»-Cl 
1.12-Cl 
2.11-rs 
I.1C-01 
7.11-07 
S.71-CS 
1.17-DS 
1.30-01 
2.11-DS 
l.21-D» 
l.ic-oi 
S.2I-0S 
1.21-01 
1.17-oS 
1.17-03 
1.1;-31 
I .11-01 
| .1 ' -C2 
l . l l - O l 

• CO 
3.11-01 
1.17-OS 

.00 
1 .2 ( -0 I 
l . l l - C l 
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M i l l : It.tO" •»»: 1M».I 

c««»st 0ISCH11K 0 . 1 
M i l l .00 1,11.03 J . H - 0 1 
nil! .00 1.52-03 1.37-01 
ulli .oc S.SI-CS S.tl-OS 
11231 7.21*00 1.03*00 1.03-00 
U?1S t . n - 0 2 1.11-02 1.11-02 
1,1 I t .00 2.11-01 2.11-01 
u ; u .00 i . o i . e . J.00-02 
U23l 1.22-01 3 . H - 0 1 l . l t - O I 
(1211 .00 2.11-07 •DO 
11213 • DO I.SS-15 l . l l - I S 

•>•?]> .00 t . to.oo .00 
«2S7 • 00 J.32-CI 1.10-01 
W71I .00 1.16*05 S . H - D I 
6P2*i .00 2.17.C7 l . t t - D I 
* P 2 I C H .00 l-SJ-IS 1.I3-1S 
6P2I0 .00 1.51-01 .00 
Hi ! Ik .00 3.10-01 l .« | -01 
1U2SI .00 2.71-03 2,71-03 
Hi2! i .00 1.11.02 1.21*02 
•>u2io • 0 0 1.10*02 1,10*02 
iu2«l .00 I . M ' . S 1,OS-OS 
fu;>! .00 i . io*co 1.10*00 
»u:is •00 1.21'CS J . t l - 0 1 
PU2tl .00 | .S t - |S 1.11-15 
P|)2lS .00 2.S1-I0 .10 
>•)«! •DC 7.11'CI 1.11-02 
H2l2*l .00 7.15*U0 1.11.00 
• I ! * ? •oc 6.11-01 1.11*00 
in :« ! .St 1 . I t ' l l l . l t - O I 
11211 .00 l . l l -CS 1.C1-1I 
1»!1S .00 i . l j - 0 1 t . l l - O t 
EPfM .00 I . I H O » 2.11*01 
C«2«! .00 1.52*00 J.sr-OD 
01211 .00 2.53-03 J .SI -Dl 
C»«I5 .00 I.St .01 l .St -01 
C»ilt .JE 7.11-02 J.11-02 
CK21J •00 2.11-0; 2.11-07 
CP2H .00 l . l t - O J t .16 -01 
CH2I1 .00 1.23-02 1.15-10 
U2S0 .00 l . U - l ! 1.17-13 
t « 2 H • 00 3.13-03 1.23-01 
««2S0 .oc 1.21-03 1.17-13 
t ' 2 H • CO I .OS-It 2 ,7 l -0 t 
tr2'.o .0? 1.12-05 1.01-05 
CI25I .03 1.02-07 3.02-07 
ens? .On s . t i - cs S.21-05 
C72S3 • 00 t . l l - O t I .SI-07 
cr?i< .00 l . l l - O l S.21-10 
CJ2S! .00 i .ss-ot 1.71.07 
K i l l 2.*S«00 l.S«*C7 I.JJ-05 

I, 11.111= ).11*l317C"--7-S[C 

lUCUOt H O I O t C I K I M . CUIItCS 
•ISIS -- " or H t m K I I L CHIDOCO 

0 . 7 I . 1 2. 7 S. T 
1«11-01 l . l t -OH l . U - 0 1 3.11-01 
1.17-03 1.S7-03 I.11.02 1.10-02 
S.61-05 S.7J-0S 5 . I I -0S t . l l -OS 
1.03-00 1.01.00 1.31*00 I.OIillg 
I .M-02 i .m-02 l . t l - 0 2 l . t l - 0 2 
2>l t -0 l 2.11-01 2.11-01 J.11-31 
2.SI-00 2.I3-0O 2.32-00 2.0l i00 
3.11-0] l . H - 0 1 S.|»-01 1.11-01 

.00 • 00 .00 .00 
1.37-15 1.0?-15 I .1S- I1 3.10-11 

• 00 •oo .oo .00 
3.*D-0I 3.10-01 1,10-01 3.11-01 
S . l l - l l • 00 • DO .00 
l . t l ' O I l . t K O I l . l t - 0 1 l . t t -O I 
1.37-15 1.02-IS 1.15.11 3.10-11 

.OD .00 • DO .00 
3.21-01 2.11-01 2.23-01 1.C7-DI 
2.11-03 2 . H - 0 1 2.11-03 2.71'03 
3.21-02 ] .2 t -02 3.21-02 3.21-02 
'••C*C2 1.10-02 1.10-02 1.10-02 
1.5<-0S 1.01*65 1 .66-01 t . i i - a i 
M c * 0 0 l.lC'DO 1.10-CO I . I O - O O 
2 . t l - g l 2.41-07 2.61-07 2.61-07 
1.31-15 1.03-15 1.15.11 1.10-11 

.CD • 00 • CO • DO 
1.11*02 2.10.02 3,11-02 1.21-02 
7. l j *30 7.11-00 1,17-00 7.77.00 
7.13*00 1.11*00 1.11-00 7.77-30 
I . I t . 0 1 l . l t - 0 1 l . t t - O I 1.11-01 
S . t » - | l 1.01-17 1.11-17 1.12-17 
1.15-01 l . t t - a i 1.11.01 1.05-01 
1.12-0« t.76*CJ I . I KOI l . l l ' O I 
1.11*00 i . i * *oo 3.37-00 3.11-00 
2.11*03 2.11*01 2.15-03 2.01-03 
3.51-01 3.56-01 3,St-OI I .St-OI 
f . l l - 0 2 7.11-02 7.11-02 7.11-0? 
2.11-07 2.61-07 2.11-07 2.61-07 
l . t l - 0 7 l . t t - 0 7 l . l t - 0 1 1.11-07 
3.11-11 I . O O I I 7.22-21 .00 
1.17-13 1.17-11 1.17-11 1.17-13 
2.7.-55 1.71-03 7.15-01 4.11-05 
1.17-11 1.17-11 l . H - l l 1.17-13 
3.11-06 t .St -St 1.12-36 l.CI-05 
t . rs - rs 3.17-05 3,71-05 :.17-05 
l .O l -o ' 3.0I-C7 1.01-01 3.10-07 
5.0)-OS •1.11-05 1.31-05 1.52-05 
1.02-01 ! . | 7 - I 2 2 . 1 1 1 1 .00 
2.31-10 2.21-11 3.11.IS 1.21-11 
1.0)-07 I .S1- I0 I .57-11 .00 
1.21'OS l .K .OS l.jS.CS 1.01.01 

D-22 

is «r«cio» 

i o , r 10. 1 so. t • 00. 7 
3.11-01 1.11-01 3.11-01 J. l«-Ol 
1.12-02 1.71-02 1.33-02 1.20-03 
7.07-05 ••S5-0S 1.12-01 2 . | ( - 0 1 
1.11-00 l .H 'CO 1.31-OD 1.51-00 
1.61-02 1.6»-02 1.11-02 l . t l - 0 2 
2.11-01 2.11 CI 2.11-01 1.17.01 
l .Sl-00 1.11-01 2.JI -01 2.7I-C2 
3.11-01 3.11-01 S . I I - C I 3 , I> -0 I 

.00 .00 • 00 .OC 
t.11-11 1.31-IS 3.21-13 1,50.11 

.oo .oc .00 .DC 
J..3-01 1.11-01 3.76-01 1.21-01 

.00 ,00 .00 .00 
1.16-01 1.11-01 1.15.01 1.15*0) 
1.61-11 l - J l - I J 3,26-13 1 . i D - l l 

• DO • 00 .00 .00 
3.11-02 2.7""03 1.11-06 1.ID-12 
2.61-03 2.11*03 1.16-51 1.33'OJ 
1.21-02 3,2 7-02 3.23-02 3.21*02 
1.11-02 1.12*02 1.83-02 1.11*02 
« - t l -O l 1.11*01 1.81-03 ».J I '02 
1.10*00 i . i r - co 1.ID-CO 1.10*00 
2.11-07 2,11-01 2 .1! -CI f . t t 'O? 
1.65-11 1.11-13 S.26-1J 1.51-13 

• OD •DC .00 • oc 
1.12-03 2-2 7-03 3.15-93 3.11*03 
7.51.D0 7,25*00 1.33TO 5.Oi'OO 
7.51-00 7.25*00 1.33-CC S.CfCO 
1.16*01 1.16*01 1.15-01 |. IS*C1 
1.11-17 1 ,71-1! 1.21- I t 1 , I t - I t 
1.11-11 S.15-15 1.11-25 .oc 
1.23<00 S.15-00 5.11-00 1.13-00 
2.H-C0 2,21-00 1.11*00 1.Ot-OI 
1,73-03 l. l»«03 3.7J-02 5.50*01 
3.S6-01 3.55-01 1.5I-C1 3.53-01 
7.1»-C2 7.17-02 7 .H-02 7.01-02 
2,t>-01 2.6*.07 2.61-07 2 .15-0 ' 
1.11-07 • •11-01 1.11-07 1.16-07 

.00 .00 .00 .00 
l - l ' - l l 1.17-11 1.17-13 1.11-13 
l . 2 i - 3 t 3.»:- !0 1.72-20 .oo 
l . l ' - 1 3 l-« T-I J 1.11-13 1.11-13 
I.CS-C5 I.03-C5 1.61-Tt 1,11-06 
j . « - o s l . ' l -CS 2.13-01 2.C7-0? 
2.11-01 2.57.07 2.1C-CI 2.71-07 
1.13-06 2.11-07 1.15-10 2 .31 - l t 

• uO .00 .00 • 0 0 
.CO .on .00 •oo 
.JO .00 .00 • CO 

7.21-01 1.71-01 l.t7<31 l . ) 6»0 l 
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H . t l r M . o o n , IU»«I)»: UODD.'IID. f t u i : 3 . M * l 3 « « » " ? - ) . t C 

(LCKtmii iciitiir, cunnt 
I I J U = at f>» M i l l " t i l l CMItttO TO It lCTOI 

C M U f OUCHUCt 0 . « 0 , f 1 . t 7 . 1 
u .00 5.31-01 1.01-CK i .«i-o« 1.27-03 7.01-01 
1 .00 1,17-03 1.15-03 2*33-01 1.33-03 5.77-03 
( 1 .00 l .M -03 1.15-03 2.13-01 1.53-03 1.17-01 
PO .00 2.12-D1 l . l f - D l 1.13-03 1.794)3 l . l t - 0 1 
ai .00 2.0»-01 • , 2 ! -0» J.12-BI l.PS-01 1.40-M 
»h .CO l.«7-C3 1.15-03 2.33-C3 3.SJ-:J S.17-C3 
rR .00 2.11-07 5 . H - 0 I 3. SO -01 . . 4 1 - 3 . 1.27-01 
at ,00 1.17-C3 1.15-03 2.31-31 3.13-03 1.77-03 
1C .00 i.u-ot 1.22-01 1,31-01 1,11-01 2-7.-01 
IH .00 l . « 2 T 0 1.31-01 1.33-01 1.11-01 3.37-01 
PI .00 l - K ' C l 1.51-01 • . ( • - 0 1 1.55-01 1.55-01 

V 2.15*00 2 . 2 . T 7 l .02*:2 1.23*C0 <.1C3C i.n.oo 
hP .oc 2.23<C7 >.10*CI I .«*OI i . i : * o i 1.10*01 
P» •oc 1.3?*0S 1.01*05 I.OHOS 1.05*05 1.00'Oi 
IP* .00 2.15*05 1.50*02 1.13*02 2.71'02 1.11*02 
[ » .13 S.«1*0« 2,«3«oa ».1><C» 1.70*01 3.»1*01 

(> .00 1.22-02 1,21-01 2.1.-13 1 . 7 f 0 1 1.U5-C1 
d .00 1.0.-rm • .70-35 1.53-05 1.15-3S 1.17-05 
ES •GO 3.53-01 7.71-07 1.01-07 I .Sj-10 1.57-11 
70I1LS 2.15*00 ••51*07 i . j s - o i 1.2!-01 1.1..5S I.01.C1 

1111101 ,00 • CO .00 .c: .OC .00 

1 . f 
7 0 - 0 ] 
11-07 
U - 0 2 
' 1 - 0 ? 
21-01 
11-07 
35-07 
11-02 
2«-0t 
• 3-01 
51-01 
11*33 
•0*31 
7«*0« 
12.02 

12-ai 
• i - a s 
77-05 
oc 
o . -o . 

I C . T 
.D3-D3 
,17-02 
•17-C2 
.7<-07 
.*?-C* 
.17-;2 
,21-07 
.17-C2 
.11-01 
.•fl-01 
.57-01 
.3!*00 
.-.COI 
.Bt-C. 
.•".•03 
,7«*03 
,2«-0 l 
.13-C5 
.00 

7.2«»0» 

20. » 
I . .5 -01 
1.71-02 
I.71-02 
2.13-02 
1.11-07 
I .M-02 
l . l ' i -OI 
I . H - 0 2 
I.10-05 
! . , « - 0 1 
t - l ' - O I 
2.1"*CD 
l . l l . C I 
••••*Da 
?.21'C3 
».1«»D3 
1.1P-10 
2.52-05 

.00 

SO. T 
1.11-01 
-.37-02 
I . J 7 - M 
2.2«-P2 
• . 7 1 - » ! 
1.17-02 
I.23-C7 
1.37-C2 
1.21-05 
3.15-01 
1.11*01 
2.23-CO 

1.27,P« 
• .11*11 
S.»3*f2 
1.17-11 
1.29-Pi 

.00 

100 . t 
3 .01-03 
1 .57 -0 ] 
1 .52-03 
1.11.02 
I.1C-C1 
1,50-Cl 
2.03-01 
1,50-01 
S.11-C5 
1..1-CI 
7.13-01 
7.200c 
l . l l ' C I 
3.31*01 
3.27*03 
l.DC'OI 
l . l l - l l 
f .2 t -0b 

• CC 
«.71*0> 1.12*?. 1.36*03 

101 US 2.15*90 «.51*07 1.21.05 i .05*05 7,71*». 1.12*01 

D-23 •% 
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TABLE D-4 

QUANTITIES OF TRANSURANIC NUCLIDES 
IN SPENT FUEL VS. DECAY TIMES 

M i t t : JS.coM. i m i F : " t l N t . H O , r i u i : ~ ! .>t . i3a/cai t2-3Cc 

•nCLltc c w c c i i f a t i i o n . m n 
• l i l t = «7 • ' M i l l W t a l CMMtO 70 t t t C 7 U 

c m i t i 011CH1HC 
« 1 •00 1.11-01 
71207 .00 «.52-)5 
71211 .00 1.12-12 
112:1 .00 1.10-17 
11201 .00 l . i o - l i 
11207 .00 2.15-10 
1S2C1 " " .00 "" ».30-07 
' •201 .00 1.50-11 
11210 .00 1.11-12 
•BJII .00 3.11-11 
11217 .00 I.01-C1 
« 2 l a •on 5 . 0 2 - U 
«12C1 .00 1.11-11 
11210 •0D 1.21-15 
H i l l .00 2.01-15 
F12I2 •c: 1.01-10 
am .00 | .0»-»« 
" i n .01) 1.11-11 
10710 .00 1.11-14 
i o ; n .00 2.51-20 
*o; i2 •00 5.31-21 
10211 .00 1.51-23 
M2I4 •so 1.25-23 
foJIS .00 2.15-20 
i a ; i i •00 1.21-15 
70211 .00 5.(2-17 
• I2 |7 .00 1.21-11 
S-.7I1 .00 1 . I I -1T 
«220 •3c 1-11-17 
11.227 .00 1.01-13 
11221 .00 1-15-I5 
f « : ; i .00 3.50.11 
11223 .00 l . l l - U 
M224 .00 1.11-01 
M22S • DC 5.11- I2 
N221 .00 1.11-01 
•1221 .00 1.13*15 
K22S .00 J.S2-I2 
•1227 .00 ••31-01 
i C V l .90 1.01-11 
11227 .00 2.10-11 
l«2i« .3? 1.71-01 
1H221 .30 1.51-07 
i>-;!3 •oc 1.37-03 
lh?!l .00 2.05-01 
T«2J2 .00 1.11-11 
1H2S1 .DO 1.11-10 
7«7Ji .30 1.31-05 
11731 • 00 5.11-01 
112!J .30 1.11-Dl 
11233 .00 1.51-05 
M234« • 00 1.11-10 

0. r 
'2 .52-01 
I . H - 1 S 
2.10-12 
2.21-11 
1.11-13 
j .ap-10 
1.11-07 
1.31-15 
1.11-12 
1.35-11 
l . j l - 0 1 
S.71-11 
I . . 1 - 1 1 
S.35-15 
2.51-15 
I .33-10 
2.25-15 
1.22-11 
l . l l - H 
3.13-20 
7.01-21 
3.21-21 
1.13-23 
3.11-70 
i .51-15 
1.15- |1 
2.10-20 
1.31-17 
2.12-12 
1.27-13 
2 . 3 1 - 1 * 
1.71-11 
2.01-11 
1.21-01 
1.17-33 
1,10-01 
1.01-11 
7.21-13 
1.11-1.1 
1,11-11 
3.17-11 
2.31-01 
1.15-01 
1.11-01 
3.11-01 
2.J1-0* 

.00 
1.31-05 
1.00-01 
1,40-72 
3.15-05 
1.17.10 

o. r 
2.11-01 
1.53-15 
2.11-12 
1.15-11 
I.52-13 
1.30-10 
7.31'01 
7.17-15 
1.11-12 
5 .03-1 ! 
1.17-01 
1.11-11 
1.11-11 
1.32-15 
3.00-15 
1.51-10 
1.13-15 
a.11-11 
1.12-13 
3.12-20 
1.41-21 
2.(1-21 
7 .H-73 
1.21-20 
1.11-15 
7.15-17 
2.21-20 
1.11-17 
2.53-12 
1.35-13 
1.01-11 
l . H - l l 
2.12-11 
1.14-01 
1.23-1} 
2.10-01 
1.30-11 
1.74-13 
I . H - O I 
1.35-11 

i .n- l l 
2,13-01 
1.10-07 
1.27-03 
3.11-01 
2.55-04 

.00 
1.31-05 
1.C1-01 

• 00 
I .14-01 
1,51-10 

I . I 
3.»J-C( 
1.14-13 
1.31-12 
2 . I7 -11 
3.02-13 
7.71-10 
l . J l - 0 1 
I .11-15 
1.11-11 
7,14-14 
2.51-01 
1 . 3 1 - U 
1.14-11 
t.11-15 
1.13-15 
2.41-10 
2.10-15 
l . l S - 1 1 
1.11-13 
5.31-20 
1.27-20 
1.01-24 
1.01-22 
1.30-20 
1.01-14 
1.70-11 
2.43-20 
| . 1 ) - H 
3.15-12 
I .J1-13 
7.73-11 
4 . 7 0 - U 
3.51-11 
2.10-51 
1.01-12 
2.77-ot 
l . t l - H 
1.10-13 
2.51-01 
J . O I - l l 
5.7J-11 
1.21-01 
1.11-01 
1.51-03 
3.14-01 
3.27-01 

•ct 
1.31-05 
4.05-04 

• OC 
1.11-115 
1 .11-10 

2 . T 
1.40-01 
1.17-14 
1.11-12 
2 -12 -U 
1.11-13 
l . l l - O l 
3.25-04 
1.11-15 
2.12-11 
1.04-13 
1.13-01 
I .J1- IS 
1.34-11 
1.11-14 
1.50-15 
3.11-10 
J.11-15 
4.47-11 
3.74-11 
l . i l - 2 0 
2,01-20 
3.49-24 
1.10-22 
1.25-20 
1.15-11 

1.41-14 
2.11-20 
2.01-11 
1.21-12 
2. '1-1S 
7.54-11 
, . I J - I t 
3.25-11 
3.40-01 
1.15-12 
1.21-01 
3.10-14 
7.75-13 
3.11-0! 
3.74-11 
1 .41 . I I 
1.00-04 
2.10-01 
2.0D-C3 
1.11-01 
4.54-01 

,0D 
1.34-05 
4.13-04 

•00 
1.14-05 
4.51-10 

5 . ' 
3.11-01 
2.77-11 
1.41-11 
3.31-11 
5.72-12 
l . J l - 0 1 
1.40-05 
1.77-11 
I .11-10 
2.10-13 
1.31.01 
3.31-15 
1.51-10 
7.27-11 
1.25-11 
7.15-10 
3.37-15 
2.47-15 
l . t i - 1 7 
I .51-11 
4.20-20 
4 1«4-24 
4.11-22 
I .71-11 
3.31-14 
1.10-14 
3.14-70 
4.02-14 
1.27-11 
7.11-11 
1.52-14 
1.11-15 
1.01-10 
1.21-01 
1.51-12 
1.1207 
1.01-11 
1.07-12 
7.10-01 
1.1J-17 
1.17-10 
1.47-05 
2,17-01 
1.41-03 

i . i t -n t 
1.42-04 

• CO 
1.11-05 
4.35-04 

.10 
1.47-05 
4.57-10 

10. • 
1.51-01 
1.75-11 
2.01-11 
5.07-11 
1.51-11 
7.01-01 
1.15-05 
2.0 ' *11 
4.72-10 
1.44-11 
1.20-Ci 
1.27-15 
3.14-10 
3.01-13 
2 . | 1 - | 1 
1.11-01 
5.01-15 
1.11-15 
1.41-12 
7.14-11 
1.03-20 
7.10-24 
1- I5-2I 
3.10-11 
4.IP"14 
I .C1-I5 
5.1C-20 
7.07-14 
l.«3-11 
1.47- I I 
5-11-14 
3.30-15 
1.16*10 
1.01-07 
2.4--12 
3.07-07 
2 . 1 1 - 1 ! 
1.42-17 
1.21-07 
3.02-17 
7.17-10 
2 . 0 1 - t i 
4.aO-07 
5.11-D! 
J . lb-Cl 

i . i - . r i 
.on 

l . H - o s 
1.1J-C1 

•on 
I.11-05 
1.57-10 

20. « 
1.17.00 
I .35-11 
7.21-11 
1.05.11 
1.11-10 
7.01-01 
1.15-01 
1.70*11 
2.55-01 
1.4 3-13 
1.21-01 
1.06-14 
1.41-10 
1.41-12 
l . U - 1 4 
1.22-01 
1.14-15 
2 . 2 5 - H 
4.51-11 
4.13-14 
4.44-20 
1.30-23 
3.11-71 
5.45-11 
5.17-11 
3.55-15 
1.04-11 
1.23-15 
1.15-U 
4.57-12 
1.44-15 
5.10-15 
3.04-10 
1.17-07 
4.2 ' -12 
1.07-01 
7.16-13 
2.10-12 
2.11-07 
I . ID-17 
4.15-10 
2.14-01 
7.17-01 
1.01-02 
3 . I t 01 
2.17-01 

.0? 
1.34-05 
7.41-04 

.01 
I .17-05 
1.57-10 

1 0 . t 
2.10 <00 
1 .41-H 
1.11-11 
2.51-11 
1.73-01 
J.11-07 
3.04' 04 
1.05-11 
2.77-01 
1.71-12 
1.77-01 
1.71-11 
4.12-01 
1.11 - I I 
7 .70 -H 
1.11-10 
2.51-11 
1,30-11 
1.11-10 
l . J I - 1 1 
4.12-70 
3.(1-73 
7.21-70 
I . I O - l l 
3.11-14 
2.CI -14 
2.11-11 
2.41 -15 
1.44-11 
3.11-11 
7.41-11 
1 . I t ' l l 
1.22-10 
1.51-01 
1.71-11 
5 . H - 0 4 
2.57-12 
1.21-12 
1.11-07 
2.13- 11 
1.11-10 
I.44-C5 
2.73-C4 
2.1C-I-7 
1.1T-C1 

4 . t i - r i 

i . i t - r s 
1.71-CI 

.00 
1.14-01 
4 .57-10 

100. T 
>.I7>00 
2.75-11 
••04-11 
4.14-17 
I.51-07 
1.77-01 
5.24-04 ~ 
2.14-13 
l*47-07 
2.12-1? 
4.04-01 
1.34-11 
7.14-01 
1.01-lQ 
1.21-13 
5.15-10 
4 . 1 1 - H 
5.40-11 
1.01-01 
] .5 ! - | l 
1.04-20 
1.01-22 
1.11-20 
• -ac- ia 
2 . 1 2 - H 

1,11-11 
4.C7-|S 
1.20-12 
i . 5 t - i a 
1.11-15 
l . l l - l l 
1.02-01 
5.21-QI 
1.11-11 
2.4J-03 
5.53-12 
2 .24 - j ) 
7.11-07 
i.71-14 
1.41-01 
1.01-05 
4.01-04 
4.1C-02 
1.11-01 
1.11-02 
. . [ 

1.14-05 
1.15-01 

• 0 0 

2 .04-05 
4 .51 -10 
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MHl: H.oom. i m w t 33000.me. ngi: 3.M.|lnrtnii2-i(c 
MICLIOC CMCCII7MI IMI . •»«»! 

H i l l : " I «f M i l l « [ T U CHtHID 10 It iCTOI 

(H1HI 01 ICHMOC 0. r D. « 
r>?3< .00 1.71-01 1.11-10 1 .M- I0 
ll?32 .DC I.OS-01 J.11-01 J.72-0" 
U233 • 00 l .H-OJ S.17-03 i . n - o s 
11219 1.11*0? ,91.02 1.11*02 » . M i » I 
U?!5 1.21*01 1.12*03 7,17*03 7.12*03 
U7H .00 .11*03 1,11*03 1.11*03 
u2l~ .no .23*01 I.21-D3 J .U-05 
u?i i 9.17.0S l.»S»CS 9.93*01 9.93 "01 
U231 .00 k.Sl-Bl .00 .DO 
U210 .DC , l t - 2 l 3.31-21 •..72-21 

kP?36 .00 . l l - C l .00 .00 
H237 .00 .70.12 1 .1302 •1.13*02 
M>?3( .00 •t«<00 2 , 2 3 - U 2.01-23 
>.r>?39 ,00 .JS.O) 1.01-05 1.01-01 
1P213II .00 . •3 -21 2.92-21 •.07-23 
*»?io .00 . .5-03 .00 .00 
i u ? l l .00 1 .71-01 l . < ! - ) l 1.12-01 
PL-211 .00 •10<D? l .9i*D2 l.M'DZ 
lu i l l .00 • l e t s 5,21*03 1.21*01 
»U2»C .DC . ) I *C3 2.11*03 2.11*01 
lu2H .00 .35*0 ! 1.03*03 1.02*01 
PU712 .00 .10*02 j . t O ' o ; S.IO'C! 
' M i l .00 .11-01 1.01-11 1.03-13 
Pf?<« • DO . .1 -11 1.77-10 2.17-10 
•^nE .00 .91-11 .CO .CD 
I * I ? M .00 .17*01 1.31*01 1.32*01 
»*?i2h .DC .17-31 1.I9-D1 ( . ]1 -01 
4-2*2 .DC •95-0? 9.10-D1 1.10-01 
«"I213 .00 .•7*01 1,11*01 1.11*01 
i * : i l .DC .00-03 J . 11-2 5 1.92-21 
I *? ! ! .00 .66-15 7 . 1 1 - l i 1.71-11 
C«J«2 .o : ,b«*ca t .51*00 1.19*00 
c » : o .00 .11-02 7.12-02 7.58-02 
CH219 •oc .13*01 3.10*01 1.01*01 
C«21S .DC .31*110 2.01*00 2.01*00 
C«2lt .00 .33-01 2,13-01 2.33-01 
C»2«l .00 .03-03 : . 3 i - o i 3.03-01 
c»2ii .00 . 3 . - 0 * 1 . 0 . - 0 . 2.01-Dl 
C»2« .on .73-09 1 . 11-17 2 .M-11 
C«75..- .00 .12-12 1,12-72 1.97-M 
H2«1 .00 .31-01 J.V3-06 1.15-15 
!«250 •DO •12-31 3.C0-2D 1.00-20 
cr;*9 .an .5 ' -0> 1.12-3 7 1.51-01 
c'rsc .03 •Jl-07 3.71-07 1.10-D' 
Cl. ' l l . c 0 .90-07 i . r t - s i 1.10-07 
cr:s2 o r .05-07 9.11-01 1.17-01 
errs 3 . 3 ! .79-10 1.31-12 3.53-11 
f t 251 .33 .71-13 9 . 2 1 - H 2 . I 1 - H 
i i , 5 i .00 .12-10 3.11-11 1.11-12 

lorn . 1.00*01 .11*0! 7.45*05 1.11*01 

I . I 
I .11-10 
1.17-01 
1.01-01 
1.17*02 
7.(2*01 
1.11*03 
1 . I M 1 
1.13.01 

.00 
••15-21 
.00 

•••3*02 
.00 

i .o i -os 
7.17-23 

.00 
J .J l -Ol 
1.11*02 
i .?» 'D l 
2.10*03 
1.17*02 
3.*,0<02 
1.03-1] 
1.13-10 

.CO 
7.01-01 
1.11-01 
I .17-01 
1.17*01 
1.12-21 
1.21-15 
2.01*00 
1.11-02 
3.31*01 
2.01*00 
2.11-0I 
3.01-33 
2.31-01 
1.11-22 
1*12-12 
I.D5-D1 
J.03-20 
l . l l - D l 
l . J l - 0 1 
1.13-07 
0.09-01 
I.it-It 
2.15-14 
1.11-11 
1.15*05 

2 . 1 
l .Sl-10 
1.11-01 
1.21-03 
1.11*07 
7.11*03 
1.11*01 
2 . H - 0 1 
1.13*01 

.00 
1.17-20 

. n 
1.13*02 

.00 
1.01-05 
1.31-22 

.00 
1.11-01 
I . 1 I H 2 
1.21*03 
2.11*03 
1.51*02 
3.10*02 
1.01-13 
1.20-10 

.00 
1.11*02 
1.10-01 
1 .71- t l 
9.11*01 
**3 ' -2S 
1*10-11 
1.13-01 
7*11-02 
2.10*01 
2.01'OD 
2.13-01 
3.01-03 
2.01-01 
1.12-21 
1.12-12 
9.10-07 
J.00-70 
2.11-01 
3 . H - 0 1 
I.90-C7 
i.22-01 
S.07-73 
1.01-17 
3.11-20 
1.11*05 

1 . T 
1.51-10 
7.11-01 
9.11-03 
1-72*02 
7.13*03 
1.11*03 
2.17-01 
1.13*01 

.00 
3.11-20 
.DO 

1.11*02 
.OD 

1,01-01 
1.19-22 
.00 

2.02-Jl 
1.13*02 
1.21*03 
2.11*03 
1.21*02 
3.10*92 
1.03-11 
1.92-01 

.00 
2.11*02 
1.11-31 
9.19-01 
1.11.01 
1.19-29 
1.19-11 
9.01-03 
9.17-92 
2.11*01 
2.01*00 
J.33-01 
3.03-03 
2.01-01 

.00 
1.12-12 
9.11-01 
3.0D-2D 
2.11-01 
2.91-07 
1.90-97 
2.11-91 

.00 
1.17-22 
1.21-lb 
1.b5*0S 

10. 1 
1.51-10 
( . 10-01 
7.11-01 
1.11*02 
7.11.0! 
1.51*03 
1.91-05 
9.91.01 

.00 
7.11-20 

.00 
1.19*0? 

.00 
i .oo-oi 
1.11-22 

•00 
1.11-pl 
1.19*0? 
1.27*03 
2.11*01 
1.10*07 
3.10*02 
I .OJ-IJ 
3*>*>-01 

.00 
9.11*02 
1. I I -D1 
9.31-01 
9.17.01 
2 . 1 1 - f i 
3.01-11 
I . H - C 3 
1.11-0? 
2.13*01 
2.01*00 
2.13-01 
3.03-03 
2.07-01 

•co 
1.92-72 
7.12-10 
3.00-20 
2 . 5 7 - d 
2.21-07 
1.19-01 
7.15-C1 

.co 
t . u - i i 

.or 
9.15*05 

20. Y 
I.11-10 
1.22-01 
1.02-03 
1.10*02 
1.11*03 
9.11*03 
1.21-01 
9.13*01 

,00 
1.12-19 

• 03 
1.95*02 

.00 
7.99-01 
1.22-21 

.00 
1.25-01 
1.17*02 
1.2 7*01 
2.11*03 
1.01*02 
1.10*02 
1.03-11 
1.12-01 

.03 
1.5*- -02 
7.11-01 
1.19-01 
9.11*01 
1.76-71 
9.17-22 
1.13-03 
1.91-02 
1.15*01 
2,01*00 
2.37-01 
s.a<-03 
2.01-01 

.03 
7.17-1? 
».3*-13 
3.D--20 
7.17-01 
1.11-01 
| . |«-C7 
5.57-1C 

.3" 

.C? 

.or 
9.95*01 

SO. I 
1.51-10 
i .?o -w 
1.19-02 
! . Jo * r ; 
7.»3*c: 
9.5?»?3 
2.91-01 
e . i ! * c i 

• DO 
3.12-19 
.09 

1.31*02 
.DO 

7.97-05 
3.03-21 

,00 
3.11-01 
i.n*r? 
1.77.1-S 
2.11-03 
9.T1-C1 
3.13*32 
1.01-13 
1.81-M 

.Cj 
1.11*02 
1.11-p) 
7.(1-01 
9.11*01 
1.11.71 
2.95-12 
1.S7-0! 
2.59-02 
1.11*00 
2 . D I « : O 
2.31-31 
3.01-C1 
2.C9-"« 

• CO 
1,17-12 
7.79-21 
3.00-70 
2.31-n 
2.61 •"• 
I . 1 1 - " ! 
7.15-11 

,CC 
.CO 

100. 1 
1,51-10 
3.13-01 
2.30-02 
2.11*02 
; . t i * c 3 
1.53*03 
2.1|-0» 
1.11*01 

.00 
7.02-11 
.00 

(.01*02 
*oc 

7.91-01 
1.05-71 

. o c 

l - l t - 1 1 
7.19*01 
1.21*01 
2.11*01 
1.01'OD 
l . t t *02 
1.03-13 
3.11-01 

.OC 
1,11*02 
1.11-01 
i . 2 2 - : i 
1.J«*01 
2.15-71 

• CO 
1.25-03 
1.17-C3 
9.79-01 
7.00*00 
7.30-01 
3.0 5-01 
7.01-01 

.OC 
1.17-1? 
.00 

2.99-70 
7.15-01 
I.19-09 
l . l t - C l 
* . " c - i i 

.l'v 

• Of 
1.15*01 
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m e t : » . « « » . »»»•«•= iTMO.mo, t u n : > . H « | ] 4 / C I I » I - I C C 

- • . [ • « • ' C M C C I l l l l i m . * M M 
U l l l : I I I « u n i t K i m t M H f t 1» I f K I M 

f t 
f l « 
>1 

(C 
TN 

n 

in 
CM 
en 
CI 
cs 
70, 'Hi 

CHtKC 
.00 
.00 
.00 
.00 
.00 
.00 _ . 

" .00 
.00 
.oo 
.00 
.00 
.00 

1.00*0*" 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

I.QQ.O* 
m i l l , i 

plSCNMIt 
; .»»-ci 
1 .12 .1 ! 
• . 01 -01 
l . i i - I O 
J-37-34 
• •»•!* 
1.7(-12 
I.50-15 
2 . H - 0 . 
I .11 -01 
I.J1-IJ3 
» . i i - m 

" «.»<os 
1 . . . . 0? 
1.12*03 
1.14*02 
4.32*01 
1.35-04 
• .10 -01 
1.12-10 
».»5<C5 

.CO 

0. T 
j . H - t l 
1.41-12 

l . M - 1 0 
• . 7 5 - I I 
2 . .0 -20 

' J.21-12 " 
4.11.14 
3.12-01 
J . .1 -01 
3.43-03 
»,14-04 
».S5*0i 
. . 15 .02 
f .OI 'OS 
1.31.02 
3.17*0! 
I . l l - i l 
3.31-04 
J.13'11 
4.45*05 

.00 

- 0 . 1 
2,11-0) 
2 . M - I 2 
1.11-01 
2.21-10 
I.11-13 
1.23-20 
2.41-12 
4 .M-J4 
3.34-31 
I.M-M 
I.54-01 
».!t-0t 
4.IS"OS 
4.43.02 
f .00 .03 
I . •1*02 
3.tO'01 
1.15-0. 
1.41-04 
I . l l - i 7 
1.4S»0S 

.00 

I . 1 
3.43-01 
t .33 -11 
I.VJ-04 
l . | l - | 0 
i . - i - i i 
2.43-20 
4.03-12 
1.47-14 
4.11-01 
I . J 3 - 0 I 
1 . I I - 0 J 
1.77-04 
I.SS'OS 
1.13*02 
i . f l * M 
3.41*02 
3.45*01 
1.05-0. 
2.11-34 
4.14-15 
I . .5 .OS 

.00 

> . 1 
1.40-DI 
1.13-12 
3,24-04 
( .17-10 
! . » 0 - U 
2.17-20 
4.57-12 
1.2«-15 
I . I I - O I 
3.44-01 
2.17-03 
4.10-0" 
1.35*05 
4.13*02 
l . fS 'D3 
2.14*02 
3.11*03 
1.70-07 
1.73-04 
3.44-20 
1,45>«CS. 
.CO 

S . 7 
l . f l - O I 
1.44-11 
;.«o-o» 
.51-10 

1.41-17 
3 . • • •20 
l . J . - l l 
7.24-15 
I . la -07 
1.10-01 
1.21-01 
»,52-04 
1.55»0S 
«. |a*02 
I . ID .03 
3.34*02 
2.12.01 
• .15-01 
3.01-01 
4.21-3* 
» . i 5 . 0 5 

19. 1 
I .S4-0I 
7 .01 - I I 
».15-04 
I .14-04 
l . . » - | 2 
5.10-70 
2.07-11 
3.13-15 
1.17-07 
1,21-07 
7.35-Jj 
4.10-0« 
1.35*05 
4.1**02 
1.13*113 
3.11*02 
1.1."01 
T.17-30 
2.11-04 

.DO 
1.45*05 

20. 7 
I .37.00 
2.21-11 
1.15-0. 
2.04-07 
4.44-11 
1.01 I I 
2.4(1-11 
I .71-15 
l . l i - 0 4 
2.11-07 
1.37-02 
t,45-C« 
f.SS'OS 
1.13.03 
».J7*0S 
7.11*02 
1,41.01 
2.33-13 
2. |«-0» 

.00 
1.45*05 

_ 5 0 . 1 
2.10.00 
I .TO- I I 
3.07-04 
1.51-01 
4.41-30 
2.41-17 
5.71-11 
1.43-14 
».47-04 
1.31 -01 
3.44-02 
1.11-01 
1.54*05 
5.34.82 
1.03*03 
| . 3 I 'C3 
4.14.00 
3.00-20 
2 .41 -0 . 

.00 
1.45* OS, 

ion. i 
1.11*00 
1.07-11 
5.2.-0 . 
I.2I-0I 
3.01-01 
1 .11- l t 
1.44-10* 
2.45-la 
2.M-0S 
7.11-jT 
7.41-02 
1 .J1-03 . 
1.54*05 
*.OI« 0j 
l.H.OJ 
I.CJ'OJ 
2.7!*00 
2.41-20 
2.13-04 

*gO 
4.45'OS 

101115 l.QO'O* 1.45*05 4.45*05 1..J..04 1.45*05 • , 45.03 
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TABLE D-5 

ACTIVITIES OF LIGHT ELEMENTS AND 
MATERIALS OF CONSTRUCTION 

PRESENT IN SPENT FUEL 
VS. DECAY TIMES 

PMt: n.wt, t u n * : tUNj i i i . rim: s.t>*iiii/c>»2-itc 
•UCLW HUHCII I I" , CUIUS 

UlU : «i ir milt «em CUKCD n §t»cn» 
C«i»lf oucmiit 0. T 0 . 1 1 . 7 2 . T I . T I D . » 20. 1 SO. 1 100. T 

» ! .00 .00 .00 .no • 00 .00 .00 .00 .00 .00 • 00 
H I .00 .00 .00 .00 .00 .00 •00 .00 •00 •DO .00 
H I .00 I.SI-OS ».<«-os V.J1-0J t.OS-OS I.S5-0S 7.22-OS 5.»S.05 3.10-OS S.72-C* 3.12*07 
H • .00 .00 .00 • DO .00 .00 • 00 .00 .00 .00 .00 

« 3 .00 .00 • OS • DO .00 .00 .00 .00 .00 .00 .00 
W i .00 .00 ,nn ,00 .no .on .00 10 .00 .00 .00 
«E i .00 l . » » - t l .00 .00 .00 .00 .00 .00 .00 .00 .00 
LI t .00 .00 .00 .DO .00 .00 .00 .00 .00 .00 .OD 
Li r .00 .00 .00 • DO .00 .00 .00 •DO .00 • 00 .00 
11 1 .00 1.11-11 •00 .00 .00 .00 .00 .00 .00 •oo .00 
•[ 1 •00 l .J l -OJ • CO .00 .00 .00 .00 •oo .00 .00 •oc 
>[ 1 .00 .00 .00 .00 .00 .90 .00 .00 .00 .00 .00 
U 10 .oo •••••or «. l» -01 ».n-ni 1.M-07 1. I1-07 • • • • - 0 7 «.11-07 • . • • - 0 7 «. l«-07 • ,««-07 
EC I I .oc .00 .CO .00 •00 .00 .00 .00 ,00 .00 .DC 
1 10 .00 .30 .00 .00 .00 .00 .00 .30 .00 .00 .00 
1 I I .00 .00 .00 .00 .00 .00 .00 •00 .00 .00 .00 
) 12 .00 I .S2- I2 ,00 .00 •00 .00 .00 .00 .00 .00 .0 0 
C 12 .00 .00 •OD • OD .00 .00 •oo .00 .00 .00 .00 
C 1] .00 .oo .CO • 00 • 0 0 .00 .00 .00 .00 .00 • 00 
t l« .oo • . j j - t j t .72-03 4.72-03 t .72-03 t .72-03 t .72-03 t . l | - 0 3 ».71-01 t . t l - 0 3 l . n - 0 3 
» 13 .oc .30 .00 .CO • 00 • 00 .00 •CO .00 .CO .00 
• 1* •oc .30 .00 .30 .00 .oo .00 • CO .OF .00 .00 
• 15 .oc .00 .CO .00 .oc .00 .00 .00 .00 .00 ,00 
• I t •oc 2.00*02 .CO .00 .00 .00 .00 .00 •00 .00 • CO 
0 I t •oc .00 •00 .00 .00 .00 ,00 • 00 .00 .00 .oc 
0 17 .00 .00 .00 .00 .00 .oo .00 .00 .00 .00 • oc 
0 l> •00 .00 .00 .00 • 00 .00 .00 .00 .or • 00 .oc 
0 H .00 J .U -22 .00 .00 .00 • 00 .00 .00 ,oo .00 • 00 
r i i .oc .00 .00 .00 .00 .00 .00 .on .00 .00 .oc 
> 20 .or 1.42-10 .00 • 30 .01 .00 .00 .00 .00 .00 . l i t 

>il 20 •or .00 .00 • 00 .00 .00 .00 .00 .00 • DO .00 
« 21 .00 .00 ,00 .00 .00 .00 .00 .00 ,00 .no .00 
tt 22 • 00 .00 .00 •oo .00 .00 .CD • CO .00 • DO .00 
«[ 23 • DO 1.H-0S .00 .00 .00 • 00 .00 .DO ,o: .00 ,cc 
M 2? •00 .00 .00 .Of .OD .00 .00 .00 .00 .00 .00 
U 25 •uo .00 .00 .00 .00 .00 • CO .00 .00 .00 .Do 
fct .<< . 0 0 " J.SVOT .00 " .00 .00 .oo .00 •oc .00 .00 .00 
M 25 .00 I . O - O t .00 .CO .00 .00 .00 .00 .00 .oo .00 
'i It .00 .00 .00 .00 .00 .00 .00 •00 .00 .00 .00 
n n .00 .00 .00 .00 .oo .oo .00 .00 .00 • CD .DO 
K 11 ;oc .00 .00 .00 .00 .00 .00 • CD .00 .00 .00 
n 2> .oo S . t l - » .00 .00 .00 .00 .00 • CO ,oc .00 .00 
U 27 •00 .or .CD •oo .uo .00 ,00 • CO .oc .00 • DC 
U 2t .00 t .13 '01 .CD .CO .oc .co .00 .»r ,rn .00 •31 
•L :» .00 J.I»«C0 .CD .00 .03 .CO .CO ,;c .31 .00 • cc 
SI 21 ,00 • 00 .00 .00 .00 .oc .CO •en .00 .CO .00 
SI 21 .00 .00 .00 .00 .00 •OS .00 • 3D .on .00 • CD 
SI SO •or .00 • 00 .00 .oc .00 .00 • 30 • 03 .00 .00 
SI 11 .00 I . M ' O I .CD .00 .oc .00 .00 • DO .00 .00 .00 
r : i .00 •00 •CO .00 •DO .110 .00 .00 .00 .03 • 3 0 
P S2 .00 1.71-03 1.11-OS 3.33-Ct 1.51-10 J.2S-1I .00 • 00 .oo .00 .00 
r ] ) .00 .00 .00 .oo .DO .00 •on • CO .on .00 .CO 
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U l t i - ILOOIW, • m a n * : IJtoO-WO. » W I - J . « t . l > « / t « « l - H C 

•VCLIOC noi i icmm, waits 
• I l l S r »1 • ' H t » T K t l l l CMI t tD ID ttlC10> 
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"" .00 
OlSCHlHC 

.DO 
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.00 
0 . 1 

.00 
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• 0 0 
! . 1 

.00 
S . T 

. 0 0 
1 0 . 1 

. o o 
2 0 . T 

" . 0 0 
s o . 

.00 
J 100 

• 00 
S 12 -00 • DO •00 ,00 .00 .00 •CO .00 •00 .00 .00 
1 11 •00 ,00 .00 ,00 ,00 .00 •00 .00 .00 .00 • 00 
S J» •DO •DO •00 ,00 ,00 .00 •00 •OD .00 .00 .00 
i i s •00 ,00 •DO • 00 ,00 .00 •so .00 .00 • DO .00 
s i t •00 .00 •00 .00 .00 • 00 • 00 •DC •or • OD .00 
s i i .00 "" "" l .»»-!J" •DO " " . 0 0 " ' . 0 0 .00 ' . 0 5 .00 " '" . o o ' " ~ " ' . 0 0 .00 

CI J5 •00 .00 .00 .00 .00 •ao .00 .oc •00 .00 .OD 
CI 3k •00 .DO .00 .00 .00 •00 .DO .oo .00 .00 • 00 
U 11 .00 ,00 .00 .00 • DO •00 .00 •00 .00 .00 .00 
Cl I t •00 .00 .OD .00 • 00 •DO .00 .00 .00 .00 • 00 
•a i t .00 .00 .00 • 00 •00 .00 .00 .00 •oo .00 • 00 
I I 11 .00 .DO ,00 .00 • 00 •00 .00 .00 .00 .00 •00 
H 11 •oo ,00 .00 .00 .00 .00 .00 •00 .DO .00 • DC 
» l * .00 .00 ,00 ,00 .00 .00 •oo •DO .00 .Do .00 
• • a t .CI ,00 •OD .00 ,00 .00 .00 •00 •oo • 00 .00 
» a i •00 t .12-12 .00 .00 .00 •oo •00 .00 •00 .00 .OQ 
« 1« .00 .00 . .00 .00 ,00 •00 .00 • OD •DO .00 .DO 
« ac .00 .00 .00 .00 .00 •DO .00 • DO .00 .00 • 00 
I at .00 .00 .00 .00 .00 .00 .00 •00 •on .00 • 00 
1 12 .00 S.»S-IS .00 .03 .00 .00 • 0 0 .00 ,00 .to •oc 
a <3 .00 i . a i - n .00 .OD .00 .00 .00 .00 •ot .00 .00 
K at •00 2.51-11 •oo ,00 .00 .00 .00 .00 .00 .oo •oc 

t t ao .05 .00 .00 .00 ,00 .00 .00 .oo • DO .oo •oo 
ci ai .00 .00 .00 .00 • 00 .00 .00 .00 .00 .00 . 0 -
t i a2 .00 .00 .00 .00 .00 .oo .00 •00 .00 . to .oo 
ci a i .oc .00 .00 .00 ,00 .00 • DO .oo .00 .00 .00 
c» a« .cc •oo .00 .00 .00 .00 .00 •oo •00 .00 .00 
ct as .00 l . t t - 1 0 i . M - m 1 . 5 1 * 1 1 3 .»0- l ) 7.71-12 7 .77-1* 3 . t? - l7 7 .1 a . ! a .CD .DC 
u at .00 .00 .00 .00 .00 .00 .00 .or .OP .00 .00 
r» a i .00 7.27-01 l . S t - l » 1 . 7 0 - 1 1 .CO .OD .00 .00 .or • DO .00 
ci a i .00 .00 .so .00 .00 .on .00 •00 .00 .00 • DC 
ci at .00 ,00 .00 .00 .00 .00 .00 •00 .00 .oo .DC 
sc as ,00 •so .00 .00 .00 .00 .oo .00 .0? .00 .00 
SC at •DC • . « J - l t I . 1S - I1 » . !S- IJ l . M - i a l . ao - i s a.51-11 I .2 I -2S .00 .00 .oo 
sc a j .00 ]. io-Oa t . t l - 1 2 1.0S-I1 .00 .00 .00 •co •00 • 0 0 .00 
SC a i .00 a . u - o a 2.12-11 .00 .00 .00 .00 .00 .00 .00 • DO 
SC a t .00 I.JI-OS .oo .00 .00 .00 •CO .CO .00 .00 .00 
SC SO .00 I.Ok-OI .00 .00 .00 .00 .oo .00 .00 .00 •OD 
11 at .00 .00 ,00 .00 .00 .00 .00 •DO .00 .00 .00 
11 «T .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 •00 
11 >« •at .00 .00 .00 .00 .00 .00 • CO .00 .03 .00 
11 at .00 ,00 ,oo .00 .09 •CO .00 .00 . 0 " .00 .30 
i i sr .00 . : ? ,co • CO .00 • CO • UD •or .or .ct • CC 
11 SI .00 I , a l -01 . to .oo .00 .00 .oo •uo .0 ' •00 • i/0 
t at .oo ,00 •00 .00 .00 .00 • 00 .CO •ae .00 .00 
1 SO .00 ,00 ,00 • 0 0 .00 .00 ,oo .cc .OP • 03 .00 
t Si .00 .00 .00 .00 .00 .00 .00 .DP .00 .00 .00 
1 S2 .oo 2.11*02 .00 .00 .cc .00 .00 . o : .00 .00 .00 
1 Si .00 t . a f - o t .00 .on ,00 .00 .00 .00 .0? .00 .oc 
• sa •00 1.01-02 .00 .CD .00 ,00 •oo .00 .UD .00 • 00 

ta so •on .00 .,00 • 00 .00 .00 .00 • DO .OD • OD • 00 
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CHUM oiscaim 0 . 1 0. » 1 . I 2 . » 3 . T to. r 20 . » 1 0 . « IOC. r 
CI SI .00 J . I ) - 0 1 l i l O i O l •.11*02 1 . I I W 3.01-01 » . 0 » - l * •00 .00 .DO .00 
CI 32 .00 .00 .00 .00 ••CD .00 .00 .00 .00 .00 •00 
CI S3 .DO .00 .DO • 00 .00 .00 .00 .00 .DO .00 .00 
CO S« .00 .00 •DO .00 .00 .00 .00 .00 .00 .00 .00 
e» 45 • 00 1.10*02 .00 .00 .00 •00 • 00 .00 .00 .00 .00 
Ml 31 .DO | . IS *01 • .11*02 1.12*32 • .11.02 2.12.02 1.73*01 J .» i -OI ••22-04 ( .01-11 .00 
"ii 33 .00 .00 • DD .00 .DO .00 .00 .00 .00 .00 .09 
m si .DO 3.21.05 .00 .00 .00 .00 .00 .00 .00 .00 .00 
aa 37 .00 J.1»<00 .00 .00 .00 .00 .00 .00 .00 .00 .DO 
»« SI .00 | . 2 ' - 0 2 .00 .30 .03 .00 .00 •00 .00 .00 .00 
' * SI • DO .00 ,00 .00 .00 • CO .00 .00 .09 .00 .00 
ft 35 •00 1.51*03 1.17103 7.31*03 t .52*03 3.00.03 2.21*01 ».«J*02 • .11*01 1.11-02 2.21-01 
re 5b .DC .00 .00 .03 .03 .00 .00 .DO .00 .00 .00 
f [ S7 .00 • 00 .00 .00 .on .00 .00 .00 .30 .00 .00 
n si .oc .00 .00 .00 .00 .00 .00 .DO .00 .go .00 
' t 5» .00 I.D»*02 1.77*02 4.03*01 2.35*00 l . l l - O J 1,21-10 2.10-22 .00 .00 .DO 
to sin .DO .00 .00 .00 .00 .00 .00 .OD .00 .00 >D0 
CO 51 .00 J.07.01 1.21*01 I . M ' O l • • •1*02 2.31*01 5.11-01 l . l t - 1 1 ,00 .DO • DO 
CD 3 * • OD .DO .00 .00 .DO .00 .00 .00 .00 .00 .DO 
CO (OK .90 I .Di .03 .00 .00 .00 .00 • DO • DD .00 •00 .00 
CO 13 .00 3.12*02 3.02-02 2 . » * 0 2 2.13*02 2.11*02 1.11*02 1.31*0) 2.23*01 ••21-01 5.10-01 
CO 61 .00 2.11*01 • 00 .00 .00 .oo .00 .DO .on .oo .00 
CD 12 .00 J.IO'CO .00 • 00 .00 .00 .00 •DO .00 .00 .00 
ai si .00 .00 .00 .00 .00 .00 .09 • 00 .00 .oo .DC 
M 5* .00 I . IS*0 I 1.13*01 l - ISJ-01 1.15*01 1.15*01 1.15*01 1.15*01 1.13*01 1.15*01 l . l i ' D l 
M .3 .00 .00 .DD .30 .oo .00 .00 .DC .01; •co .00 
*1 11 •oc .00 .00 • 00 .00 JO • 00 .00 .09 .00 .DC 
11 12 .oc .00 .00 .03 .00 .00 .00 .00 • DO .00 . .03 
M l ] •00 1.13*03 l.a5*03 1.15.0! | . t « . 3 1 1,1J*03 1 .51*01 |.53*D3 l .»2*01 1.11*01 1.7I4D2 
HI H .oc .00 .00 .33 .00 .00 .DO .DD •DO .00 • UO 
1] S3 .00 2.17103 .DD .00 .03 .00 .00 •DO .00 .00 • 0 0 
Cu 12 .or .00 .00 .00 .00 .oo .00 .00 .DO .00 .00 
Cv . 5 .00 .DD .00 .00 .00 .00 .00 .DD .00 .30 •DO 
Cu I I .00 l . U ' O I .00 .00 .00 .00 .00 .00 .00 .03 .00 
CU IS .00 .00 .00 .00 .00 .00 .00 •DO .oc .03 .00 
Cb >» •OS I . IO'Ol .00 .00 .00 .00 .00 .00 .oo .00 • 00 
2« IS •an .00 .00 .03 .DO .00 .00 .00 .on .00 " .oo 
<a t l .00 .30 .00 .03 • 03 .00 .03 .DD .00 .33 • 00 
2a a5 .00 1.02.03 J .10-01 l .M-O I J . I 2 - 0 I 1.21-01 3 . 1 1 - 0 1 3.31-01 1.01-1? 3 . H - 2 I • 00 
2« .» .00 .OU .00 ,00 .00 •DD .00 • DO ,00 .oo • 00 
2a »7 .00 .00 .IJO .ou .00 .00 .00 .00 .00 .03 • DD 
2« i l .c~ .30 .00 • 03 •DO .03 .09 .09 .09 .03 • 09 
1\ fcl" .DC .33 .00 .03 .03 .33 .05 .DC .or .03 • 3D 
.1 H .o; .03 .oo .30 .DO .30 .03 .00 .09 .DO .30 
21 ID .00 .03 .00 .00 .00 .00 .00 .30 .00 .oo .09 
2a 111" .oo .03 .00 .00 .00 .00 .00 .00 .CO .DD .00 
2> 71 .00 .00 .UO .03 .03 .00 .DO .30 .00 .00 .00 
CI I t .00 .30 .00 .00 .00 .00 .00 .00 .oo .00 .90 
01 70 •00 .00 .00 • 00 .DD .00 .00 .00 •on .00 .00 
til 71 .00 .30 .00 • OS .09 .00 .00 .30 .00 .00 .00 
V. 13 .00 • DO .00 .DO .DD •DD .00 .UO .09 .00 .00 
55- I I .30 .00 .00 .00 .UC .00 .00 .09 .00 .00 •DO 

I 
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•UCllOC >«OIO«CU«llI, CU«K5 
I ' H i = »r or «nrf m i l c»»*no to ttttim 

cturec O I S C M t f E 0 . 1 0 . 1 i . i 2 . t i . I 10. . t 2 0 . 1 . S O . 4 1 0 0 . 1 
» 14 . 0 0 4 . 1 2 - 0 1 1 . 3 4 * 0 1 • • • 1 * 0 0 j . n - o i i . 1 1 - 0 1 1 , 1 0 - 0 4 1 .44 - •30 . 0 0 . 0 0 . 0 0 
! » ' 0 . 0 0 1 . 1 1 - 0 4 1 . 7 4 - 9 4 1 . 7 J - 0 4 • • 4 0 - 0 4 I . H - 0 4 7 . 1 4 - 0 4 1 . 1 4 . •01 5 , 1 1 - 0 1 2 . 5 7 - 0 1 7 . • , - 0 1 
St » l . 0 0 » . M ' 0 O . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 9 . 0 0 . 0 0 
r ion . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
i t o .CO i - l l ' O J 1 . 7 4 - 0 4 1 . 7 2 - 0 4 M M l 1 . 1 4 . 0 4 7 . 7 4 - 0 4 4 . 4 4 - '04 i . 1 1 - 0 1 2 . 5 1 - 0 4 1 . 4 1 - O S 
1 t l « • 0 0 4 . U > 0 0 . 0 0 . 0 0 . 0 0 . 0 0 , 0 0 . 0 0 • 0 0 , 0 9 _ - 0 0 
T I I . 0 0 | . 0 4 * C I J . 7 7 - 0 1 1 . 4 1 * 0 1 l . t ' , . 0 0 1 . 1 1 - 0 2 4 , 1 7 - 9 1 2 . 1 7 . • 1 ' .oo . 0 0 • 00 

tt 40 . 0 0 . 0 0 . 0 0 • 00 . 0 0 •DO . 0 9 •ot . 0 0 • 00 • DO 
n t i • 0 0 . 3 0 . 0 0 . 0 0 • 0 0 . 0 0 . 0 0 • 09 . 0 0 . 0 0 . 0 0 
24 42 . 9 0 . 0 0 .oo • 0 D • 0 0 •DO . 0 0 . 9 0 .o^ . 0 0 • DO 
24 4 1 . 0 0 4 . 4 1 . 9 2 1 . 4 J - 0 2 4 . 6 1 - 0 2 1 . H - 0 2 4 . 4 1 - 0 2 4 . 4 1 - 0 2 4 , 4 ! - 02 4 . 4 1 - 0 2 4 . 4 1 - 0 2 4 . 6 1 - 0 2 
74 14 . 0 0 . 0 0 . 0 0 • Ou • 0 1 . 0 0 . 0 9 . 0 0 . 0 0 . 0 0 .OC 
2« i s . 0 0 J . 1 4 ' 0 4 1 . 2 9 * 9 4 i . 7 0 * 0 1 • • 1 " 0 2 1 . 1 0 - 0 1 1 . 0 1 - 0 4 1 . 1 0 - I ! •ot . 0 0 • DO 
H »» . 0 0 . 3 0 . 0 0 . 0 0 •oo . 0 9 . 0 0 • 0 0 .oo . 0 0 , 0 0 
>• t : . 0 0 . 0 0 . 0 0 .oo . 0 0 • DO .DO • DO . 0 0 . 0 9 • UC 
«cl » l n • 0 0 S - 7 S - 0 J 4 . U - 0 J I . T S - 0 3 1 . 0 3 - 0 2 I . 4 S - 0 2 2 . 4 1 - 9 2 4 . | » - 02 4 . 1 4 - 0 2 1 . 4 2 - 0 2 4 . 1 1 - 0 2 
11 4 ) . 0 0 .oo . 0 0 . 0 0 . 0 9 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 
u « • 0 0 4 . 0 2 - 1 4 • . 9 2 - 1 4 4 . C 2 - I 4 4 . 0 2 - 1 * 6 , 0 2 - 1 4 4 . 0 2 - 1 4 4 . 9 ? - 14 4 . 0 2 - 1 1 4 . 0 2 - 1 4 4 . 0 2 - 1 1 
« »s . 0 0 J . O f ' M 1 . 4 4 . 0 4 ! • 0 4 * 0 1 l . J J ' O J i.ntoi 2 . 3 2 - 9 4 i . o s - 11 . 0 0 •DO • OO 
M 4 t . 0 0 i . i v o i . 0 0 . 0 0 . 0 0 . 0 0 . 9 9 . 0 9 . 0 0 . 3 3 , 0 0 
ht 1 ) . 0 0 1 . 2 0 - 0 7 . 0 0 .OD . 0 0 . 0 0 . 0 0 • 00 •OD •to .DC 
• 0 42 • 00 • 0 0 , 0 0 . 0 0 •on . 0 0 . 0 3 . 9 0 . 0 9 • DO • OC 
"5 43 •oc . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 9 0 .on . 0 0 . 0 0 
» t 43» . 0 0 . 0 0 . 0 0 .CD . 0 9 . 3 0 . 0 0 . 0 0 . 9 0 .09 . 0 0 
• 0 14 .DC . 0 0 . 0 0 .OD . 0 0 . 0 0 . 0 9 . 0 0 . 0 0 • DO . 0 0 
• 0 1 1 • 00 . 0 0 . 0 0 . 0 0 •oo . 0 0 . 0 0 . 0 0 • DC . 0 0 • DO 
»C 44 • t o . 0 0 . 0 0 . 0 0 • DO . 0 0 . 0 0 • CO . 0 9 . 0 0 . D C 
' 0 47 •00 . 0 0 .oo • CO • 00 . 0 9 . 0 9 • 00 . 0 0 .OD .DO 
Kg i l . 0 0 • 00 . 0 0 •oo • 0 0 . 0 0 . 0 0 • 00 . 0 0 .OD • DC 
" 0 4 1 •OG s . 7 2 - 0 4 T , 1 1 - 1 4 2 . 0 1 - 2 1 • 09 . 0 0 .CO , 0 0 . 0 0 . 0 0 • CO 
• 9 1 9 0 . 0 0 • DO . 0 0 . 0 0 • OD . 0 3 . 0 9 . 0 0 . 0 0 . 0 9 .DC 
10131 . 0 0 . 0 0 • oo . 0 0 • 00 . 0 0 . 0 0 • 0 0 .oo . 9 9 .co 
H M H . 0 0 i . 2 1 - 0 4 » . 0 2 - 1 4 \ . n i i . 0 0 ,uo .CO . 0 0 • o f . 9 3 ,;c 
I t 14 . 0 0 4 . 7 S - I 2 ( . 7 0 . 1 2 • . 4 0 - 1 2 i-'o-u « - » 0 - « 4 . 4 0 - 1 2 4 . 4 0 - i >? 4 . 4 9 - 1 2 4 . 4 0 - 1 2 1 . ( 4 - 1 2 
U l C I •nc . 0 0 . 0 0 .Oil • 00 . 0 0 . 0 0 . 0 0 . 0 0 . 3 9 . 0 0 
C v l S l . 0 0 . 0 0 . 0 0 • oo . 0 9 .oo . 0 0 •or . 0 0 . 0 0 . D C 
i H i m •Of •DO . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 9 0 . 0 0 • 0 0 
coin .Oo . 0 0 . 0 0 . 0 0 . 0 0 , 0 9 . 0 0 • OD . 0 0 . 0 0 • OC 
C011S» • 0 0 . 0 0 . 0 0 .0(1 . 0 0 . 0 0 . 0 9 . 0 0 . 0 3 . 0 0 • 0 0 
tens • 0 0 1 . 4 J - O J I . J 6 - 1 5 «.»-« . 0 9 . 0 0 , 0 0 •DO • DO . 0 0 • DO 
t t l l w . 0 9 . 3 0 . 0 0 • CO • 0 0 , 9 0 . 0 0 • 0 0 . 0 0 .Co • DO 
CCI14 .o c 

7 . 1 0 * 0 4 . 0 0 • DU . 9 0 . 0 0 . 0 0 • 00 . 0 ' . 3 0 .OC 
I M ; I . 0 0 2 . 1 1 , - 0 4 . 1 0 . t o • 0 9 . 0 0 . 0 0 . 0 0 • o r . 0 0 • C3 
I S I I 3 •on .oo . 0 0 . 0 0 • 00 . 0 0 , L 0 • UF • r ^ . 0 9 • OC 
1 » I I 4 » •DO 2 . 1 0 - C 4 •oo • a j . 0 0 . 0 0 • CO . 0 0 • t r . 0 3 • JO 
I h l l l • DO 4 . 4 0 - D 2 . 0 0 • go .or . 9 0 • 00 • 03 loo . 9 3 . 1 3 
l h i . ' i n •or 2 . H - 0 4 . 0 0 • 00 . 0 0 ,110 . 0 0 • CD . 0 3 • 30 . 0 0 
1 M . - 1 •00 . 0 0 . 0 0 . 0 3 . 0 0 , 9 0 . 0 0 • 0 0 • Of •o: . 3 0 
» » 1 1 * . 0 3 . 0 0 . 0 0 . 0 0 • 00 . 0 0 . 9 0 . 0 0 . 3 0 •30 • LT 
S » I ) S •DO . 0 0 . 0 0 . 0 0 . 0 0 ,U0 • t g • LO •or . 3 3 • c : 
M i l t . 0 0 . 3 0 • 0 0 . 0 0 . 0 3 •oo . 0 0 .OD . 0 3 • 00 . 3 0 
S » | | l » • 0 0 1 . 1 2 * 0 4 1 . 1 3 . 0 2 4 . 1 4 * 0 0 1 . 4 4 - 0 6 J . S l - l j .UO . 0 0 . 0 0 . 0 0 . 0 0 
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l l j l j : " I O' « [ • » • M U L CH146C0 TO ICICTOI 

i m ' l l D I U H l t l t 0. 1 0 . » 1 . T 2 . t 5 f 10 T 20. 7 1 0 . r 100. 7 
SllllJ .00 .00 .00 .03 •00 • DD • DO .00 .00 .00 • OC 
54111 .00 .00 .00 • 00 • 00 .00 .00 •00 .00 • 00 .00 
Snin« .00 2.52-01 1.44.01 l.42«01 4.15-00 1 . 1 2 * 0 0 ! . » » • 01 i . o i - 01 4.02-01 2.57- 21 • 00 
M i l t .00 .30 .00 .00 .00 .03 .00 .00 .00 .00 .00 
SN12D .00 .00 .00 .00 .00 .00 • 00 .00 .oo .00 • 0 0 
SH12IK .00 i . i i - o i J.1J-01 1.12-01 1.11-01 J.01-01 5.00- 01 2.14- 01 2.41-01 1.44- 01 1.24-31 
i"12l .00 2.25.01 .00 .30 .00 •00 •oo .00 .on • 00 .00 
SHI22 .00 .00 .03 .30 .00 .00 •on •oo .00 .00 .DD 
SKI2J* .00 I.DI»02 .00 .00 .00 .00 .00 .00 ,00 .00 .00 
SK12J .00 4.14-01 2.14-01 l . H - O I 4.24-02 ( .24-0 ) 1.40- OS 7 .4 | - ID 1-21-11 .03 .00 
S4I24 .oo .30 .00 .00 .oo .00 .00 .00 .00 .00 .30 
5112511 • 00 4.14*01 .00 .30 .03 .00 • DO • DO .00 .00 .CC 
S412S .00 1.17*00 S.OI-O! 2.17-CS 7.44-12 1.1J-2J .03 •03 .00 .00 • DC 
54121 .00 • DO .00 .00 •00 .00 •DO •DO .0? •CO .DL 
SII2J .00 • 30 ,00 .00 • 00 .00 .OD •00 .00 • DO • DO 
54124* .("> 2.11-01 .00 .00 •oo .00 .00 •00 .00 .00 • DO 
!t 124 .00 4.40*00 1.41*00 7.2S-01 4.J4-02 t .44-04 1 . 1 4 - 04 2.17- I I • 00 .00 •DO 
Si 125 ,30 4.2SiOI 1.44*01 J.10.01 1.24-01 2.54.01 l . l l * 01 1.24> 00 2.40-01 1 - 1 3 - 04 J .01-10 
UlltK •oo 1.24-01 .00 .00 •00 .00 .30 .00 .0"! ,DD •DO 
suit, .oc 2.44-01 1.17-3) 1.45-OS 1.42-10 4 .27 - l f .00 .00 .00 •OD • DO 
11124 .00 .00 ,DD .00 .00 .30 .00 .03 .00 .03 .00 
U12SH .00 1.51*01 1.17.01 l-54'CI 1.14*01 1.05-01 4 . 1 1 * 00 I.1S* 00 1.04-U 4.44- os 1.25-10 
tt I IS •DC • 30 .00 .00 • 3D .DO .03 •no •oo .33 • DC 
UI24 •00 .00 .00 • 00 .00 .00 .03 .00 •00 .3D .00 
i » i e : .00 .00 .00 • OQ .00 .00 .03 .00 .Of .00 • DC 
t u n .DC • DO .03 .00 .00 .DD .00 • 0? •co • DO .00 
UIS7B .00 .03 .00 .DO • 03 .00 .00 •CO .00 .00 .LO 
11112 .00 .00 .00 .30 .03 .03 .00 •oc •00 • 03 .00 
• t i e .CO ,DD .00 .03 .00 .00 • DO .00 .or .DD .00 
•111 .00 .DO .00 .03 •CO .00 .00 • 00 .00 • 3D .OC' 
>]I2 .00 .00 .00 " .03 • 03 .liO .00 .00 .00 .00 • DO 
• I I III .OD .00 •00 .00 .00 ,00 .00 •00 • 00 .00 • 3D 
• I I ] .00 .00 .00 • 00 •00 .00 • 03 .00 .00 .00 • 00 
• 194 .oc .00 .00 .00 .03 .00 • 00 .00 • DO .3D .00 
• I I S K .00 .00 .00 .00 • OD .00 .00 .00 .00 • DO • DO 
• ]IS .00 .00 .00 .oo .oo .00 •00 .00 •00 .00 .00 
4144 ,00 • " . 0 0 ' •00 .00 .00 .00 • 00 .00 .Oo .09 .00 
• 147 .00 .DO .00 .00 .oo • 03 .OD • 00 .oc .00 .30 
l o u t .00 4.11.0S S. l l«04 l . )7 '04 I . U ' 0 4 7.14.01 4.04* 1) 2 . 2 ! . DI I.SO'OJ l . l i » 01 7.40*02 
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tuner. 0ISCH1KC 0 . 7 0 , • 1 . 1 J . 7 *. » 10. 1 10. 1 . so. t . 100. • 
N .00 f.S.I-01 » .«t -01 1.34-Ol t .os-ns ».1S-0S 7.22-04 S.«5-Oi 1.10-01 5.12-04 1.4J-07 

K •50 4-31-03 < . l t - 07 • • l> -01 4.44-07 • • • • - 0 7 • .44-g7 • • • • - 0 7 ». |«-07 1.41-07 ••44-07 
C .00 4.72-03 4.J2-03 4.72-03 «.7J-:s 4.72-03 4.72-03 4.71-03 4.71-03 4.41-03 4 . 4 . - 0 ] 
P .00 7.77-03 1.41-01 3.33-04 1.51-10 3.71-11 • 00 .00 .00 .00 • 00 

u .00 l . ! l - D I 1.15-10 ».SS-3I 3.40-11 7.74-12 1.77-14 1,42-17 t ,44-24 .00 • 00 
SC .00 4.21-04 1.74-12 • OS- IS 7 . M - 1 * 3.70-15 • - 5 1 - I ' 1.71-25 .00 ,00 .00 
c« .00 ' 2 . 4 I . 0 I 2.40*03 4.53*02 2.1I-D0 3.01-01 • .01-14 .00 .00 .00 • 00 

•>* • 00 J.27«05 4.11*02 7.12*02 1.11.37 2.12*02 1.11*01 2.45-01 4.27-01 i .Ot-14 •00 
f t .09 4.22*03 i . is *g3 7 . tOOl 4.52*03 5,00-03 2.2<*01 1.12*02 4.11*01 1.31-02 2.2*. .01 
CO ,00 3 . ! ] -C I * .»l«0« •.77*03 1.15-03 2.41*02 1.41*02 1,34*DI 1.2 3*01 i . 2 i - n 1*40-04 
• I .00 «.I3*0J 1.44*03 1.44*03 l . k i . 0 3 I . H * 0 3 i.»o*os 1.11*03 | . < ! *03 1.11.03 1.10-02 
2* .00 1.01-03 7.40-04 4,M-0< I . i? -0« i .2 i -g« S.«|-04 J.11-08 I . O ' - U 1.44-24 •oc 
i» .oo * . *1 *C I l.2««OI 4.11*00 J . I » - O I 3.21-03 1.71-01 4,y1-Ql S . ! * - 0 * 2.51-0< 7.44-05 
r •oo 1,47*03 1.77*01 1.41*01 l.4>*00 2.07-02 7.71-04 4 .M-04 5.31-01 2 . 1 7 . 0 , 7.»|-OS 

24 .OD 3 . l o o t 1.20*04 5,70*01 ••31*02 1.11*01 4.41-07 1.43-02 ,> .13-02 4.43-02 1.43-02 
« l .00 1.02«C4 J.M«0« 1,04*04 1.33*03 2.44*01 2.44-02 •• I1-Q2 4.34-02 1.72.02 f . l l - 0 2 
fit .00 1.72-c, 7.34-14 2 .M-23 .00 .00 .00 .oo .00 .00 .00 
I t .00 l .2 t -04 4.10-12 •.ra-u 4.70-12 «.40- |2 • • •0 -12 • • •0 -12 • .71-12 4.40-12 ••44-12 
CO • 00 2.14-os l . l l - l i 4.10-21 .00 .00 .00 .30 .00 .00 .00 
s« .00 1.14.04 1.1J-02 2*)5*OI 1.51*00 3.4«*CD 4.54-GI 1.47.01 2.41-01 1.11-01 1.24-01 
si .00 ( . n - o i 4.11*01 3.17*01 3*30*01 2.5«*01 3.11*01 3.24*00 2.10-01 I .1S-0* 3.01-10 
i t .00 1.11*03 1.17*01 1.54*01 1.36*01 1.01*01 4.11-00 i .3 ' *oo 1.01-01 4 .44-n i 1.21-10 
l o n i i .00 4.77*05 5.11*04 1.31*04 1.1104 7.11*03 • .01*01 2.23*03 1.10*03 | .11*03 7.70.02 

l u t i o i .oo .00 •00 •00 .00 .09 

• .77*01 1,11 *0> 7.H"03 2.23*03 1.14*03 
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TABLE D-6 

QUANTITIES OF LIGHT ELEMENTS AND 
MATERIALS OF CONSTRUCTION 

PRESENT IN SPENT FUEL 
VS. DECAY TIMES 

M i l l : 33.0DM, I H W h 31000.WI , 'in: I . 44« l ) l r tM4} - ! . t c 

WCLIK C N C t H t l M I U l . IMH3 
• m i : hi or KIIIT ntiii iMit[D n iricioi 

CH««[ pIScM-CI 0 . 1 0 . • 1 . 1 2 , 1 5. » 1 0 . • to . i I D . « IOC, 1 
It 1 •DD 2.24-01 I .2S-DI 2.23-01 1.21-01 2.J1-OI 2.23-01 2.23-01 1.25-01 2.25-01 2.21-01 
« 2 .00 1.41-0' 1*47-04 1.41-04 1.47-04 1.47-04 1.47-04 1.47.04 1.47*04 1.41-0* 1.4 7-04 
H ! .00 4.41-04 4.74.04 4.44-Of 4.14-01 4 . 4 1 - M 1.43-Ot 3.42-04 3.20-01 3.40-10 1.32-11 
H • .00 1.J4-JJ 2.24-25 I . 24-25 I .24-J1 1.24.23 7.24-25 7.24-jS 7.24-24 1.74-76 7,74-75 

«( ! .00 1.00-10 2.14-10 3.41-I0 4 . 4 | . | 0 1.15-04 2.3J-01 4.14-04 6 . K . 0 1 1.14.{4 1 . H - I , * 
M • •00 I.15*00 1.15*00 ••13*00 I.IS.CO 1,15*00 i . i s o o >.|S*C0 1.13*00 1.15*00 1.13*00 
hC 1 • 00 1.SI-IS .00 .00 .00 .00 .00 .30 .00 .00 .00 
U 6 • 00 2.41-01 2.44-04 2.44-04 2.44-34 2<4«-oi 2.41-04 2.44-04 2.41-01 2.66*at 2,41-01 
11 1 .00 4.14-12 4.44-12 4.11-12 4.44-12 4.01-12 4.14.12 4.44-12 4.4<>-)2 4.«4-l2 4.44-12 
CI 1 • 00 7.34-24 .00 .00 .00 • 00 .00 .oo .01 • DO .00 
ee • .00 1.34-30 .00 .00 .00 •CO .00 .00 .00 • 00 .00 
H 1 .00 2.30-04 2.DD-04 2.00-04 7.00-04 2.00-04 7.00-04 7.DC-C4 2.LC-04 2 . 0 C - C 4 2.00-04 
K 1C .00 1.34-03 3.31-0 3 3.31-05 1.30-05 3.31-05 3.11-05 3.34-05 3.3»-05 3.34-05 3.14-C5 
El I I .00 .00 .00 • DO .OD .00 .00 .00 .OD .00 • 00 
1 10 .00 2.33-12 4.34-12 4 . 1 4 - 1 2 I . M ' U 2,01-11 4.40-11 1.S1-IJ t . lD- IO 4.71-10 4.41-10 
1 I I .00 4.44-12 4.44.12 4.44-12 4 . 4 4 - u 4.44-12 4.44-12 4.44-12 6.44.17 6.44-12 4.14-12 
1 12 .00 2--0-24 .00 • OD .00 .00 ,00 .DD .oo .00 .00 
C 12 1.04*02 1.04*02 1,04*02 1.04*02 1.04*02 1.04*02 1.04*02 1.05*02 1.06*02 1.04*02 I .G"02 
t IS 1.11-00 4.44*00 «.44*£; 4.44*00 4.44*00 4.44*00 4.44*00 4.14*00 4.46*00 4.84*00 4.44*00 
C l< •00 l .S I -01 1.31-03 1.51-03 1.51-03 1.31-03 1.31-03 1.51-0) 1.50-03 1.30-03 1.41-03 
» 13 .00 .00 .00 .OD .00 ,00 .03 • 00 • 3D .00 .30 
h 14 .00 I.43-C7 1.41-01 2,23-07 3.26-07 5.01-C) 1.06-04 1,41-04 1.14-04 4.24-04 1.41-03 
X 11 •oo •,.41-12 S.41-12 5.41-12 5.41 12 5.41-12 5.41-12 3.41-12 5.41-12 5.41-12 5 .« I - I2 
K I t •00 2.01-04 .00 • OD • 0 0 .00 .CO .00 .00 • CD .00 
0 I t 1.34*03 1.11*05 1.34*05 1 .34 , 0 5 1 . 3 4 * 0 5 3.34*05 I.3>*05 1.34*05 1.34-05 1.34*03 1.14*05 
0 17 .00 1,11.00 «.77*0D 4.17*00 4 . )» '00 1.17.00 t .77 .00 1,11*00 4.11*00 4.11*00 1.17*00 
0 11 .00 1.24-14 3.24-11 1.21-19 | .2»-1» 1.24-14 1 .21- l f 1.24-14 1.24.11 1.24-1* l . 2» - |1 
0 I t • 00 2.92-J2 .00 .03 .00 • DO .00 .00 .00 .00 • DO 
r H • DC 3.44-32 4.31-32 4.31-92 1.14-32 4.34-32 4,11-32 4 . H - 1 2 4.11-32 4.31-32 6.51-12 
r 20 •DC 2.74-21 .00 .00 .DO .00 .00 .00 .oc .00 .DC 

«[ 20 •00 4.01-15 4.01-15 4.01-15 4 .DI - I5 4,01-15 • •Dl - tS 4.01-15 4.01-15 4.01-15 4.01-15 
. [ 21 .DO 2.12-11 2 . I2 -11 2.12-11 2.«2- l7 2.42-37 2.17-17 2.17-IT 2.17-11 2.12-11 2.42-17 
«£ 22 *oo s.n-ci 5.11-04 5.11-01 3.11-01 5.71-01 5.71-00 5.71-03 5.11-04 3.71-01 5.71-01 
at 23 .00 1.04-15 .00 .00 .00 .00 .03 • DD .00 .DD .3D 
•1 22 .00 .00 .00 • 00 ,r,r. .00 .DD .DO .00 .00 .00 
m 2 ! •OE 4.44-04 4 . . 4 -01 4.44-04 4.(,4-04 4.44-01 4.44-01 4.44-C9 4.44.04 4.44-04 4.4»-01 
U 24 •Of 2.41-14 .DO .00 .00 .00 .OD .OD • DO .00 .00 
III 25 •00 1.40-14 .00 .00 •00 .00 .00 .00 .00 .oo .00 
«6 24 •00 1.20-11 1.21-11 1.21-11 1.21-11 1.21-11 1.21-11 1.21-11 1 . 2 1 - 1 1 1.11-11 1.21-11 
M 25 •OD 1.34-03 1.31-03 1.34-03 1.34.91 1.34-03 1.14-03 1.16-03 1.31-03 1,34-03 1.34-01 
M 21 •00 4.05-04 4.05-0* 4.05-04 4.05-04 4.05-04 4.03-04 6.05-D4 4.03-04 4.05-04 4.03-04 
PC 21 •00 1.44-11 .00 .CO • CO • 00 .03 .CO .or .00 .00 
«L 21 •00 4.21-04 4.21-04 4.21-04 4.21-34 4.27-04 4.27-01 4.21-04 • .27-04 4.71-04 4.27-04 
(L 24 •DC 2.34-CI • CO .03 .09 .OD .03 .c: .00 .00 .00 
11 24 .00 2.35-0* .00 .03 .00 .DD • DO .00 .00 .00 .00 
SI 24 1 . 6 4 * 0 2 3.44*02 3.44*02 3.44*01 3.44.0} 3.44*02 3.44-02 3.44.02 3.44*02 3.66*02 3.41-02 
31 21 1.4M0I 1.14*01 1.11*01 1.01*01 1.41-01 1.11*01 1.11-01 I.14*01 I . t ' . D l 1.(1.01 1.44-01 
31 3D 1.24-01 1.24.C1 1.24*01 1.24*01 1.24*01 1.24*01 1.24-01 1,24*01 1.24'DI 1.24*01 1*24*01 
SI St .DO 4.4D-D7 .00 • 00 .00 .10 .OD • GO .00 .oo .00 
r 31 • OD 2.44-D3 2.44-03 2.44-03 2.44.33 2.44-01 2.44-0J 2.44-03 2.14-03 2.44-01 2.44-03 
4 12 • CD 2.72-01 1.47-10 1 . H - l l 3.57-14 1.14-21 .03 • 3D .or .00 • CO 
r i i .00 .00 .00 .00 .OD .00 • 03 •00 .0? .00 .00 
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»«• • CISC I - 11.000 ••0A7U taiM* • I K I 01 Ml Tints 

> W I F Ji.agni. lu i im: iMOO.mo. fiu»- i . tKi i t /c i i . i -s tc 

•uciiot coacuiMtlgns, «»i"s 
• • i l l : m or W I M m m (Hiitco 10 U I C I O I 

C.HII-.I f l i tH1 ICI 0 . 1 0 . 1 1 . 1 2 . 1 s. i 10. 1 20. T SO. 1 100 . 1 
• I t .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
1 » .00 5.11-07 S.41-07 S.11-07 J.1S-01 S. I1-01 S.41-07 J.tS-01 S. I3-01 S.11-01 S . 1 3 - 0 1 
S 13 .00 .00 .00 .oo ,00 •oo •00 .00 .00 • 03 .00 
1 I t .oo .00 .00 .00 .00 .00 .00 .00 .00 •OD .OD 
S IS •00 .00 .00 .00 .00 .00 .00 .00 .00 • 00 .DC 
S 11 .00 .00 .oo •w .00 .00 .00 .00 .00 • 00 .OC 
S 17 .00 ».1I-J2 .00 .00 .00 .00 .00 .00 • Off .00 .00 

11 35 .00 .00 .00 .00 .00 .00 .00 .00 .00 ,00 .00 
Cl 11 .00 •00 .00 .00 .00 .00 .00 •00 .00 .00 .00 
CI 11 .00 2.»0-12 ».»•-« 1.SI-JJ » . 5,1-12 I .St -32 1.11-32 1,11-12 O . M - M 1 . 5 1 - S J 1.51-32 
CL 31 •00 .00 .00 .00 .00 .00 .00 .00 .00 .00 • 00 
• • Ik .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
<• 17 .00 .00 .00 .00 .00 .00 .00 .00 •os .00 .Oo 
la 31 .00 • 00 .00 .00 ,00 .00 .00 • 00 •OD ,00 .oc 
I I 31 .00 .30 .00 .00 .00 .00 .00 .00 .00 .00 .1)0 
• 1 ID .00 1.01-71 1.01-21 1.04-23 l .U I -21 1.01-21 I ,01-21 l . 0 t - 2 1 1.1)1-21 I .Ot -2 ) 1.01-21 
I I < | .00 2.11-11 .00 .00 .00 .00 .00 .00 .00 .00 • 00 
1 11 .00 •00 .CO .00 .00 .00 .00 .00 .00 •oo .00 
I ig .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 • DC 
« M •00 S .12 - I I S.32-11 S . 1 I - I I S.12.11 S .12 -U S.37-11 S . 1 2 - U 5.12-11 S.12-11 S.32-14 
I •? .00 1.11-22 .00 .00 .00 .00 .00 .170 •oo .Oj • DC 
1 11 .00 5.11-21 .00 .00 •00 .00 •go .00 • DO .00 .00 
1 << .00 1.01-11 .00 .00 .00 •00 • 00 .00 ,00 .00 • ac 

t» »0 .00 .oo .00 .on ,00 .00 • 00 .00 •00 .00 •oc 
CI «1 .00 .00 .00 .OD .00 • 00 .00 •so •oo .00 .00 
CI 12 .00 2 .44- .1 J.47-1» 2.41-11 J.41-11 2.11-11 2.17-11 2 .47 . ,1 7 - I T - U 2.41-11 2.41-14 
C« »1 .00 1.11-11 1.11-11 1.11-11 l . l l - l l I . I J - l l I . I J - l l I . 1 J - I I 1•17.11 1,l!r I I l . l l - l l 
t l » .go I . 7 | -g1 1-71-01 I.11-C1 1.71-01 1.11-01 1.11-01 1 .7 , -g l 1.71-01 1.71-01 1.11-01 
CI l S .00 l . t l - l S 1,50-15 «.15-15 2.05-1S l - t l - l i 1 .12- l t 2.01-21 • •16 .21 .00 •«c 
c< <» .03 2.12-01 2.I2-0V 2.12-01 2.12-01 2.12-01 2.12-01 2 .12-c ' 2.12-01 2.I2-C9 2-17-01 
t l «7 .00 1.11-13 1.21-11 2 . 7 | - 2 . • DO .00 .00 .oc .00 .CO .DC 
CI I I ,00 .00 .00 .00 .00 .00 .00 •00 • 00 •oc .00 
CI 11 .ot> .00 ,00 ,00 • 00 .00 .CD .00 • DO .00 .00 
St IS .00 ' .21-15 1.J2-1* 1.31-11 1 . 1 7 - 1 1 1.15-11 1 .17- l t I . I T - i l l . l T - l t l . l l - l l i.ei-u 
SC 14 .00 t .12-17 2.21-17 1.21-17 2 . 1 1 - 1 1 1.15-11 1.3S-23 3.77-10 • 00 .00 • DC 
SC »7 .JO 1.S7-I0 I .15-11 1.21-21 .00 .00 .00 •00 • 0 0 • OD • DO 
SC I I .00 3 . I I -10 I.12-2S 1.51-11 .OD .00 .03 •CIO •00 • CO *cc 
St 14 .00 I.JS-12 .00 .00 .00 .oo ,00 • 00 •00 .00 •oo 
SC SO .00 1.11-15 ,1)0 .00 ,00 ,oo .00 .00 .00 .00 .00 
71 I t .00 t . H - 1 7 1.11-17 1.01-11 1 . 1 7 - 1 1 i . i i - i t 1 . I t - I t I.11-14 l - K - l l l . l l - l l 1 . 1 1 - 1 4 
l l 17 .00 1.01-CI 1,01-01 t.01-o< t ,01-OI 1,01-01 t.oi-oi 4.01-01 4,01-01 4 ,01 -M 4*01-01 
11 I t .on 1.70-07 f .70-07 1.10-07 1,10-01 1,20-01 I . lg-OT ' . ' 0 - 0 1 t . t r - 0 7 1.70-F7 4.70-07 
71 I I .00 1.11-03 1.33-0) l . l l - O l 1,11-03 1.31-01 1.I1-DS 1.13-01 l,J-'-»3 1 .33-r l 1*31-0! 
71 '.1 .:n 1.12-01 1.12-03 1.12-03 4,11.05 1.17-01 t , 1 2 - 0 ' * . 1 7 - C ! nir-o! 4 . 1 2 - t ! 4.17-C! 
'1 SI .00 2.2S-I0 ,09 .00 ,00 .00 ,00 ,uo ,0? .CO • DC 
I 14 .00 .go .00 .00 ,00 .00 •oo .1)0 .05 .00 • DC 
• SO .00 2.13.02 J.JJ-02 2.13-02 2,11-02 J,11-02 2,11-02 2.11-02 2,31-02 2.3J-02 2.31-02 
• si .00 S.17'00 5,11'DO S.ll.DO 4,11.00 i.sitoo S,! l<00 S-SI'OO 5.31*00 S.!1 '"0 S.11'00 
• S2 .00 2.12-07 .00 .00 ,0C .00 ,00 .oo .oo • OO • DC 
» SI .00 5.31-10 .00 .00 ,01 .90 .00 .00 .Of .00 .00 
» SI .03 2.11-IJ .00 .00 .00 ,00 .00 . in •0(7 •on • 0 1 

CI SO 1.11.02 I . I I ' M 1.11.02 1,73.07 I . « » 0 J i.iv»n! 1,11*02 1.1H02 I.11-02 1.73*02 1 . 1 1 * 0 2 
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?••(•: sv.ooan, IMMr : istoo .*•>•> ( t * i : ] . i«* l ia / t *» l - l tc 

MICl l l l CatCCalat t lmi , ( M M 
11)11 : «T I f « [ | M K I H CHim.1 t | n t c t t * 

» SI 
CI 52 
U 15 
ca i t 
Ca i i 
•« s« 
l* SS 
« SI 
m 57 
»« si 
ft s. 
« 55 
ft SI 
' t 57 
ft SI 
ft SI 
co sin 
CO S I 
CO 57 
CO t o n 
U lc 
co i ] 
CO 1 2 
1 1 SI 
* l 5 ' 
• I ID 
II II 
i i 12 
• I is 
• l i i 
• I i s 
CU 12 
Co 13 
CU I I 
CU IS 
CO I I 
2« 13 
I I I I I 
la 15 
2a I I 
2k I I 
It. I I 
Ik t i a 
2i I I 
2l 70 
2i 7 la 
2a i i 
I t l i 
CI ID 
01 71 
M 10 
I I I I 

CHlHt D t S C a l X C o. r 0 . f I . r 2 . r S. T 20. 1 2 0 . 1 So. 1 100. 7 
.00 2.11-01 2.12-02 1.12-03 2.11-05 1.21-01 1.11-21 ,00 .00 • OP •00 

l . t a t g l 3.13*0] 3.13*03 1.13*03 1 . I1 .01 1,13101 3.13*03 J.«J*01 ] . l ) * 0 3 1 . 1 . • ( ] 1.11*03 
l .»1*01 S.I2<02 3.12*02 3.12*02 3.|2*B2 1.12*02 1.12*02 •.12,02 1.2.2*02 J. I2*02 3.12*02 
l . l l ' O J 1.01*02 I .D I 'D l 1.01*02 1.01*02 1.01*02 | . )0*D2 1.10*02 1.10-0! 1,10,02 I . I0 .D2 

.00 S . l l - o l .00 .00 .00 .00 .00 .00 .00 ,00 • 00 

.oo l . l l - O I 1.15-01 1.10-02 1.12-02 2.11-02 2.11-01 1.32-05 1.10-01 1,01-11 .00 
2.11*01 2.01*03 2.01.03 2.0)*03 2.01*03 2.01*01 2.UI*D1 2.01*0) 2,01*03 2,01*03 2.01*03 

.00 1.50.02 .00 •00 .00 .00 .00 .DO ,00 ,00 • CO 
•oo 1.15-01 .00 .00 .00 .00 .00 .00 .00 • 00 .00 
.00 1.31-12 .00 • 00 .00 .00 .00 .00 .00 ,00 • DO 

l.«2«02 1.77*02 1.77.02 l . l l - O I 1.77*02 B . » 7 . M 1.11*02 1.77-02 1.11 ' 02 I . I 1 -02 1.11*02 
.00 3.10.00 l.JI'OO 1.03*00 2.11>00 2.00*00 ( .11.01 2.11-01 l . l i - 0 2 5.53-01 1.11-12 

1.31-01 1.10*01 1.10*01 1.10*01 1.10-01 |.10<CI 1.10*01 1.10.01 1.10.01 1.10*01 1.10-01 
1.23*02 3.»7*02 1.17*0! 1.11*02 1.11*02 l . l t - 0 ! 3.11*02 1.11*01 1.11*02 1.17*02 3.11.02 
1.71*01 S.51»D| 5.15-01 S.17*01 5.11-01 5.11-01 1.11*01 5.11*01 5.11-01 5.11*01 5.11-01 

.CI 1.11-02 3.10-0) 1.2J-03 S . I I - 03 1.17-07 1.72-15 1.21-21 .00 .00 • 00 

.00 .00 .00 .03 .00 .00 .00 .00 .00 .00 •DO 
•00 1.72-01 1.03-01 2.05-01 2 . H - 0 2 1.00-01 l . l l - O I 1.11*11 t .31-11 .03 •00 
.on 

3.12-00 3.13*00 J . I ) -00 1.11,00 3,11.00 J.tMOO 3.15.00 3.11*00 3.70*00 3.77-O0 
.00 S . l l - M .00 .00 .00 .00 .00 .on •on .00 • 00 
•oo 2.7S-01 2.11-01 2.10-01 2.11-01 2 . U - 0 I 1.17-91 1.31-02 1.11-02 3.11-01 5.20-07 
.00 7.73-01 .00 .00 .oo .DO .00 .00 .00 .00 • 00 
.00 l . l l - O I .00 .00 .00 .00 • DO .00 .00 .00 .00 

l.»3«01 1.91.01 | .11*0 l 1.11*01 1.11*01 l . l l - O l 1 . 1 1 , 0 1 1.11*01 1.11*01 l . i i - o « 1.11*01 
.00 1.52*02 1.52*02 1.32*02 J.S2*02 l.»2»02 1.52*02 1,32*02 1.52*02 1.52*02 1.12*02 

I . 3 K 0 ) 7.33*03 7.33*01 7.33*03 1.31*03 1.33*03 1.33*03 1,3),03 1.37*03 1.33*S3 l . l l ' C S 
i . u < o ; 3.11*02 1 . IK02 3.11*02 3-11*02 3.11*02 1.11*02 3.11*02 3.11*02 3 . IK02 3.1,»02 
l .0i<03 1.10*02 I .10*02 1.10*02 1.I0>02 ».»0*C2 1.10*02 1.10*02 1.10-02 1.70*02 1.1C02 

•00 2.11*01 2.17-01 2.11*01 2,11*01 2.41*01 2.51*01 2.11*01 2,30*01 1.11*01 1.21*01 
2.51*02 2.53*02 2.SJ-02 2.S3-M 2.J1'02 2.51-02 2.53*02 2.53*02 2.53*02 2.51-02 2.53*0! 

•00 1.11-01 .00 • 00 .CO ,0D .00 .00 .00 .DO • DC 
•DO .00 .00 .00 .09 ,00 .00 .00 .00 .00 •DC 
.00 2.11-01 2.11-01 3.35-01 • . • • - 0 1 1.17-01 1.21*00 2.11*00 1.00-00 1.11*00 1 . 1 1 . 0 1 
.oc 3.01.01 .00 .90 • DO ,00 .00 .00 ,00 .00 •oc 
•DO i . t i - m l . l l - O l i . l l - 0 1 l . l l - O l i . a i - o i 1.11-01 i . « l - o i 1,11-01 l . l l - O l l . l l - O l 
.00 2.11-01 .00 .00 ,00 .00 .00 .00 .00 .00 •DO 
.so .00 .00 .00 .DO ,00 .00 •DO .00 .00 •00 
• 00 1.2 7.01 I . 2 I - D I 1.21-01 1 . 2 1 - 0 1 1.21-01 1.21-01 1.21-01 1,21-01 1,21-01 « .2 i -0« 
.00 1.21-01 1.13.01 I . I O - O I 1.12-01 1.57-01 1.01-10 1.03-12 1.11-11 1,50-30 •00 
.oo 2.25-0! 2,25-03 2.25-0) 2.2S-03 2.25-33 2 .25-0! 2.25-03 2,25-03 2.25-03 2.2»-03 
.00 .00 .00 ,00 .00 .00 .00 •DO .00 .00 •00 
.00 .00 .00 .03 .05 .DO .00 .00 .00 .00 •DD 
.03 .00 .00 .00 • CO .03 .03 • DO •or .00 • OC 
.DC .00 .00 .10 , f .00 .00 •on .00 .00 • DO 
.00 .00 .00 .00 • 0 .oo .00 .00 .0'. .00 • 0 0 
•on .00 ,00 .Dg .00 .00 .09 .00 .00 .CO •00 
• DO .00 .00 .00 ,00 .oo .00 .00 .oo .00 • DO 
• 00 .30 .00 • Do .on .00 .00 .00 .00 .00 • 00 
•oo .30 .00 • DO .00 .00 .00 .00 .00 .00 .uo 
• 00 .00 .00 • 00 .00 ,00 .00 .00 .00 .03 •00 
•00 .00 •00 .00 .oo ,0D • 00 .DO .oo .00 .00 
.00 J.01-01 2 .M-01 2.01-01 2.01-01 l . l t - l l I . M - O I 2.01-01 1.01-01 t .oa-01 2.01-01 
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• • H I ; li .OMl. 1IIIMII: 3SC40.MID, litUS 3.It*l3tf»*»2'StC 

MKUM CHCIM1II10HS, Kin] 
•ISIS : HI Or M i l l Wi l l CIMMEO 10 UritlOl 

SI l« 
SI 10 
S» ' 1 
1 »0n 
t »0 
i » m 
I »l 

» »o 
» »l 
2« • ; 
1* 4] 
?» •• 
21 «5 
It • . 
H »; 
•a ')» 
» IS 
• 1 <« 
x» u 
hi I t 
Nt t l 
»0 32 
«o ai 
• 0 >>K 
•o n 
•0 »S 
rt M 
•0 11 
>0 t l 
•0 • ( 
WO ICO 
•wcl 
it »•« 
H •• 
uioi 
HB13I 
CD1I3H 
CDI1] 
COIIln 
cons 
COII'lt com cmi 
I M J l 

3 M I » 

JM|a 1 
s>m i 
S«l l t ! 

t « » n t 011[» .« I I 0 . • 0 . < • • T 2 . t 5* r 10. r 20. T 3 0 . v 100. 1 
*oo l . a f D S I . IO-O* l.»S-Da 1.12-05 t . t l - O I 3 . « - H ».0*-7* •DO .00 .00 
.00 t.33-0> t . l V O l t . n - o t t .O I -0» S.aS-Ot i , ! l - 0 t a . l ' - o t J . 1 , - 0 * 1-12-Ot ».?t*07 
.OS 2 .21 -M .00 .00 .00 .oo .oo .00 .00 .00 •oo 
.00 • DO •00 .00 .00 .00 ,00 .00 .00 .00 •DO 
.00 a . i t -os | . t l - 0 « 1.40-0* l . H - O l l . ia -oa l .»3-0» | . 2 ' - 0 » • . • « - l O - .72-10 1.17-10 
.00 l .«O-0l .00 .00 .00 .00 .00 .00 .00 • OD • OC 
,00 • > » t - o ; 1.S3-01 t . M - O t t . 0 2 - 0 * t .12-01 I . M - I I • . • • - 1 2 .ag .00 •oo 

l . l « 0 1 1.11*01 l . U ' O S 1.11*01 1.11*93 l . | l * 0 5 1.11*03 I . I I . C 5 t . M * D 3 1 . 1 1 * 0 3 l . | l * D 3 
J*SJ*0« 2.35*01 *.S5«0» 2 . » * 0 » ; . - . 5 * D « 2.15*0" 2.5!*o« »•»»•«» 2.S5*0» 2*W.Tt l .Si .Oa 
3.13.0" S.ll«0« 3.»1'0« l . H ' O l l . U ' D a l . t t ' D * 3.1t*0« 3 , f t *0« J.»»*0* 3.«t»!>a J . 'KOa 

.00 l . l f C I S.Tt*OI 3 . « * 0 | 3 - V O I J . ) t *01 1.7. '01 3.11*01 3 .1 t *0 l S . H ' O l 3.11*01 
a.O2*0a ».02«0a «.Q2*0a •t.tjj *n« *.D?*0< ».02*0» t.02*0« ».02*0> a.OJ.O* t.02*Ca t .02*D . 

.00 l .ai 'CD S.t t -OI J . to-oi 3.02-02 l . |a-Oa S.1T-0* l . lO - IT 2 . l« -3» .00 • DC 
t .«»*03 t . l a * 0 1 l .«»*03 t .M<03 l .aa-03 t*aa*03 t . a t *03 t . H . O ! t . o . c i l . * a * N t . U - 1 1 

.00 .00 .00 • 00 ,00 .00 .00 .00 .00 .00 .OC 

.DO 2.03-01 I . a j - 0 1 2 . I t - 0 1 3.13-01 i . l»-OS a.?<-0! l . a t -o* 2.2«-C« S . l t - C * I .3 f -oa 
.00 i.>«-o> l . U - O t l . l l - O t 2.33-Dt * . 5 » - 0 . 1.31-33 a . t t -os l . * ! - 0 . i . l t -Oa l .«2-01 
.00 » . 7 , - I 0 ••Ja-10 a.7»-10 « . l t - ] 0 t . n . t o » . l k - !0 «.-i»-io f i t - 1 0 ».1«-10 a . n - U 
.DO I . . V C 1 • ,««-OI J . H - O l 3.3'-02 l.JJ-CO i . * l - 0 » 2.0»-l> .DC .00 •00 
,00 W ' - O S .00 .00 .00 ,oc .00 '00 .00 .00 • CO 
.00 I . I S - H .00 .00 • 00 .00 .00 .00 .00 .00 •00 
.oc .00 .00 • 00 .00 .00 .00 • DO .00 .00 .00 
.00 • 00 .00 • CO .00 .00 .00 .00 .DO .00 •ot 
.00 .00 .00 • CD .00 .00 .00 •00 .00 • CO .OC 
.00 1 . 3 1 - H 1.2I-1T 1 .5J-U 2 . . 5 - I 1 t . o i - i r t .02-11 i . l 7 - I « 3 .3» - l t 3 . 3 0 - 1 . 3*ts-13 
.DO ».»t*00 I . I I ' O I i . i t * o i 1.21'01 1.22*01 1.22*31 l .22*0| 1.1,-01 i . n - c i 1.22*01 
•DC 5.11-01 H I - 0 1 i .«J-01 i . a i - n i i ,«T-01 S.al-01 S,«T-01 5.a 7-5i 3-a7-oi S.a l -Cl 
.00 J.aa-oa 2.1a-0a 2.«a-0" 2,»»-0« J.1*-0« !,aa.-D« *.»<-D« 7.«»-oa ! . . . . r < J.»<-Ca 
.00 2.31-07 2.31-0* 2.31-01 2 . i e - q i 2.31-01 l . X - 0 1 2.31-01 2 - S ' - 0 ' 2 . H - 0 7 2 .J»-0 I 
.00 J . t l - 1 2 1.11-21 * . « l - 2« .oo .oo .00 .00 .00 .00 .00 
.00 •)t .00 .00 .00 .CO .00 .00 .00 .00 .00 
.00 •DO .00 • CD • DO .00 .DO .00 .00 .00 • oc 
•00 t .S t -13 1.13-22 3.71-30 .00 ,00 .00 .00 .00 .00 .DC 
.00 J . t t - 10 2.15-10 2.15-lJ 2.15-10 2 . IS- I0 J. lS-10 2.13-10 I . l l - l O 2. I3- IO 2.11-10 
.00 .00 .00 • CO .00 .00 .00 .00 •oo .00 .OC 
.00 •00 .00 .00 ,00 .00 .00 .00 .00 .00 .00 
• 00 .00 •00 .00 .00 ,00 .00 .00 .00 .00 ' .00 
.ou I.ST-07 I.SJ-DI l . M - O ' I . i ' - O l 1.11-01 1.S1-0T 1.37-07 1.51-02 l . S I - t l 1.11-07 
.00 .00 .09 .00 .00 .oo .00 .00 • 00 ,oc .00 
• 00 l . l l - O I 2 , 1 1 - J I • . t l - 3 1 .00 .00 .00 .00 .9'. ,00 • CO 
.Do •00 .00 .03 .00 .00 .CO •00 .00 .03 .30 
•oo « . M - 1 ! • CO .GO .00 .00 .00 .00 .00 .00 • 0 0 
.Op a . l f l S •CO .0U • OP .00 .00 .uc .0? .00 .w 
.90 .00 • DO .00 .oo .00 .CO .00 •or .00 .00 
.00 I . O a - u •10 .01) .00 .00 .00 .00 .00 .00 .DC 
.00 » . » - ) ] •CO .00 .00 .00 .00 •Do .to .03 .CO 
• OQ • .10-13 .1.0 .00 • DC .00 .00 .00 • 00 .00 • OC 
.00 .00 •oo .00 .DO .00 .00 -co .OP •DO • OC 
•31*01 1.31*01 2.31*01 2.3|*01 2.->!•«! 2.31*01 2.31*01 2.11*03 2.11*0: 2.31*01 2.11-01 
•73*01 1.23*01 1.33*01 1.23*01 1.21*01 1.23*01 1.23*01 3-JS-01 1.23*01 1.21*01 1.21*01 
•0>«0i l . t l ' O ! 1.11*02 *.11*02 >.»l*0.7 • .9 I*C2 «.«B«02 ' >.«a*02 »,»»*02 • »M*C2 «.»1'02 
.00 1.13.01 l . M - 0 3 t . W - O i ! . 3 l - 0 » 3.21-11 .CO .00 .00 .00 • DO 
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M K t r ~ » . O O M . I W M P : 33M0.MD, H « « : ).«.*|)»/CII.»J-St.C 

•KLIIC cwct«ttiu««. anus 
••111 : « l I f M»»» K T l t C N I H U K K i C T M 

C M K t D'SCHIMC 0 . t 0 . 1 1 . 1 2 . 1 5. t 10. r . 10. T_ 10. » loo . r 
w i n ™ 2.44*02 2.47«0> "2.47*01 " l . i l ' O I l.47*r)2 2 . U * 0 1 2 . H * 0 * 7 .H-02 J .S ' .O! i .47.02 2.11*02 
s u m • • • • • 0 2 • • •HO? 1 .it'll i . n < 0 > • . • • • 0 2 • . • • • 0 2 • , • • • 0 2 I . M . M |.»»«C7 • • • • • 0 2 • • • • • 0 2 
imi«n .00 S.74-C3 • • • t -03 3.M-03 2.0»-53 I .J7 -0 . 3.4S-0S 2.2f -01 », I4-12 5,»5-:s • DO 
sunt J.01'02 2 . I I - 0 2 2 .»>02 2 .«<02 2. • • •02 2.«i*D2 2.»»«02 { , • • • 0 2 2.11*02 J. .1*02 2.«a*D2 
54120 l . l i i B J I . I S ' 0 1 3.IS-DS |. 'S«03 ) .15*01 I.IS'OS 1.15.0) 1.IS.0S I . IS '03 1.15*0] 1.15*01 
sm2in .00 ••07-03 I.0S-0S •.03-03 7 .M-03 7.12-03 7.11-03 7.11-03 4.72-03 5.11-03 3.2«*05 
5.121 • 30 2.3<-CJ .00 • .00 • 00 .00 .00 .00 .00 .00 .00 
SH122 l.4S«02 |.4»»02 |.tS«02 1.45-02 1.45*02 1.45*02 l.45«02 l.tS'OJ l- .5*0? 1.45*02 1.45*02 
SNI23" .00 2.43-04 .00 • 00 .00 .00 .00 .00 .00 .00 .00 
SU23 .00 S.tl-DS j . i a - o i 2.JI-0S J,<0-04 1.71-07 2 .21 -0 ' I . 1 S - U I . . 3 -22 .00 .00 
S«I2« 2.01-02 2.33*02 J.0>»02 2.03*02 ).0)<02 2 .01-0! 2.03*02 2,03*02 2.01*02 2.03*02 2.01*02 
inn in .00 S.»0-07 .00 ,flg .00 .00 .00 .00 .00 .00 .00 
taWS .00 3.M-0S 1.50-01 2.51-10 4 . M . I 7 1.31-21 ,D D •00 .00 .00 .00 
s i m ,00 1.01.00 1.01*00 1.01*00 1.01*00 1.01*00 1.01*00 I.OXDO 3.0»>00 1.01*00 1.01*00 
SI 12) .00 • • • • - 0 2 . .15-02 • . •4 -02 1.15-02 • .15-02 • • •5 -02 «.15-02 • .15-02 • ••5-02 • • •5 -02 
5»>2>« .00 2.14-10 .OS .00 .00 .DO .00 .00 .00 .00 .00 
s«i;> .00 2.42-04 1.74-OS •.11-05 1. IS-0I 5.44-01 1.10-13 1.23-22 .00 .00 • 00 
Sil lS .00 • • 0 1 T 2 3.77-02 3.57-02 3.10-D2 2.»0-02 1,11-02 3.D»"03 2 .31-m 1.07-07 2.1. -13 
SII24H .00 1.40'DI .00 .00 • 00 .00 .00 .00 .oo ,00 .00 
um .00 2 . ' l * 0 t 2.02-01 •.11-10 • .71-15 7.55-2< .00 .00 .00 .00 .oo 
u i ; . .oo 1.30-03 t , W - 0 1 1.S2-D3 1.51-01 1.51-01 I.S4-0S 1.51-03 1.51.0) 1.55-01 1.51-0) 
I M I S H .00 «.J»-D» «.70-0» t .Sl-Ot 7.55-0« 5.15.01 2.7I-04 7.SO-0S 5.75-04 2.4D-09 • • • 2 - I S 
H i i s .00 I.2S-02 l . . » -J2 i . n - o i 2.14-02 2.11-02 • .20-02 S.03-02 S.32.02 S.3.-02 S.3.-02 
7CI2. .00 1.12-0. 1,»S-D. L IS -01 1.15-0* 1,15-0. l.»S-0« 1.15-0. 1.15-0. 1.15-0. 1.15-0. 
m i o .00 .00 .00 .00 .00 .00 .00 .00 .oo .00 •oc 
m i l .oo .00 .oo .00 .00 .00 .00 •00 .03 • 00 •oo 
I IJ l iB .00 .00 .00 .00 • DO .00 .00 .00 .00 .00 .00 
14112 .00 • 00 .00 .00 .00 .00 .00 • 00 .00 .00 .00 
• 110 .00 .00 .00 .00 .00 .00 .00 ,00 ,00 ,00 .Og 
• i n .00 .00 .00 .00 • DO .00 .00 .00 .00 .00 • 00 
H I ; .00 .oo .00 . 0 D .00 .00 .DO .00 .00 .00 • 00 
.1(3)1 .00 .00 .00 .£1 .oo .00 • 00 .00 .00 .00 .00 
• 15! .or •to .00 .00 .00 .00 .00 .00 .01 • CO .00 
• I t ! .00 .00 .00 .00 ,00 .00 .00 .00 .00 .00 .00 
• I I S ' .00 .00 •00 .00 .00 .00 .00 .00 .00 .00 .00 
• I IS .00 .00 .00 .00 .00 •00 .00 .00 .00 .00 .00 
• l i t .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
• ]>7 .00 .00 .00 .00 .00 •00 .00 .00 .00 .00 ,00 
TOIIL • ,11'OS «. l l»0S . . ( • ' O S • • ia*os • .11*05 • .11*05 •••••OS • . • • •OS I .1MDS • • • • • 0 5 . .11*05 
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r\ 

»•«•= n.mm, tmv W H J I I . A M : >.at*nii/CMt2-sr.c 

ciram cactaimiMi, •ins 
•lilt : •) <r Mil l KlH OUKCO I* KIC10I 

CM1K OMCNiKC 0 . 1 0 . 7 1 . 1 2 . T 5. 7 10. 7 
H .00 1.21-01 2.21-01 2.24-01 2,11-01 2.29-01 2*23-01 1.25-01 

Ft .DO 1.13*00 1.15*00 1.13*00 3.15*00 1*11*00 1.13*00 1.15*00 
11 .00 i . i a - o i 2.11-OI 2 . .7-01 Z . H - 0 1 2.17-01 2.11-01 1.17-01 
DC .00 j . | a - o a I .sa-oa 2 .n -o< 2 . » - 0 « 2.3 l -0« 2 . ! * -0» I . l a - o l 
t .00 • . •1 -12 1.13-11 1 •31-11 l * » a * l l 2.71-11 5.57-11 1.03-10 
t 1.01*02 1.11*02 1.11*01 1*11*02 I . I l « 0 2 1.11*02 1,11*02 1*11*02 
II .00 1,15-07 1.11-0* 2*23-07 3.21-07 S.01-07 1.01-01 1.11-01 
0 1*11*05 ].J«*CS 1.11*05 1.1«*0S 1.11*05 1.11*05 l . l a 'os l . la*04 

r .00 2.14-21 1.31-32 t . I I - 1 2 ••11-32 1.31-12 1 .H -J2 • . J l - 3 2 
M .00 5.11-01 i .71-01 4.71-01 5.71-01 5.11-0* 5.71-01 5.71-01 
•1 .00 • • • i - M • . • • - 0 7 a.at-of i . i i - o i i . a i -o» • • •7 -07 i . n - o t 
• 1 .00 1.71-01 l .a f -03 i.11-03 1.17-0! 1.11-CJ 1.77-0 J 1.17-03 
* l .00 1.27-01 1.27-01 • .27 -0* 1.J7-01 1.21-01 1.27-0* 1.27-01 
SI a.oo*c2 • •00*01 a.oo*02 ••00*02 a.D0*D2 ••00*02 • .00*02 • .00*02 

» .00 2.11-01 2,17-01 2.at-os 2 . • • • 0 1 2 ,a l -01 2 . M - 0 1 2.11-DI 
s .1") S .U-07 s.as-oi S.«J-01 5.«l -07 S.al-OI S.as-07 5.13-01 

CI .00 2 . .0 -J2 t .Sa-32 • .sa-32 ».S«-32 1.51-32 ? , i a - ]2 1.51-J2 
>a •00 J . I 1 - . 7 1.01-21 1.01-21 1.01-2] 1.01-21 1*01-21 1.01-21 
k .00 i .12-11 5 . 3 2 - | l 1.32-11 5,12-11 5.12-11 4.32-11 5.32.11 

la .00 J.15-01 1.15-0' 1.15-01 I . I S - 0 1 1.13-01 I . IS -01 I . I 5 -O I 
so .00 >.11-10 1.22-1' » . l» - la I . 1 7 - H l . l i - i a 1 .17-1• 1.17-ia 
11 .00 1.03-0] 1.01-0. 1.05-01 1.05-01 a.05-01 1.05-0 3 t.DS-Cl 
V .00 >.»>oo S.JMOO 5.11*00 S.al '03 S.U.CC 4.11*00 5.11*00 

M 1.10*01 ••10*03 • .10*03 a.10*03 a . l t ' o s ••10*01 • .10*01 a . ic *o i 
HI 2.16*01 j . a i ' O j 2.01*03 2.01*01 2.01*03 2.01*0] 2.07*03 2.0'*D> 
Ft 1.12*0* 1.51*01 1.53*01 1.33*01 I .S l 'Ot l .5 i*oa 1.33*01 1.51*01 
CO • 00 • .11*00 • .10*00 a.lc*oo 1**1*00 1.15*00 l . IKOD 1.72-CO 
•1 2.12*01 2 .12 .0 I 2. I2*0« 2.I2*0> 2.12*0* 2.12*01 2.11*Ot 2.12*0* 
cu .00 1.21-01 7.11-01 1.02*00 1.13*00 1.11*00 1.72*00 2.17*00 
I* .00 2.11-01 2.11-OJ 2.11-01 2.11-03 2.11-01 2.11-03 2.11-01 
5« .00 2.10-01 2.07-01 2.01-01 2.01-01 2.01-01 2.01-01 2,01-UI 

» .00 1.32-01 1.55-01 1.17-0» 1.02-03 1.11-07 1.1J-07 ».27-t» 
n 2.30*05 2.10*03 2.30'OS 2.30*03 2.10*03 2.30*05 2.30*03 2.10*05 
m .00 7.11-DI • , • • - 0 1 2.1°-01 1.17-02 l . i l - c a I .DI-0« 1.74-CI 
»0 .00 1.05*01 l . l> *D I 1.22*01 1.27*01 1.27*01 1.27*01 1.27*01 
IC .00 2.11-10 2,13-10 2.15-10 2. t3-10 2.15-10 2.13-10 2.13-10 
CD "" •00 ' I . H - 0 1 1.57-01 1.47-01 1,41-01 1.57-07 1.57-07 1.57-07 
SH J . a T * O j 3.11*01 1.11*01 l.a7*0J J-07-03 l . a i * o i 3.«1*01 l.«7*D3 
51 .00 1.11*00 l . l t * 0 0 1,U*00 1.11*00 1.15*00 1.11*00 I.13*C0 

n •00 l .a i -02 l.»a-D2 1.71-02 2,a l -02 3.12-02 a,<l-D2 5.21-02 
l O T l l ! ••11*05 a . ) l *03 1.11*05 a. I K O S a.M'DS a.11*05 •.11*05 •J.IF-D5 

3UII0I ,00 •DO • 00 .00 .00 ,00 

70l»LS *,11*03 ».11*05 *.11*05 a.11*04 «,1**D5 a.11*05 

p. 
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20. 1 1 0 . 7 101, 7 
2.25-01 2.23-01 2.25-01 
1.15.00 l . |3*00 1,15*00 
2.11-01 Z . t * - 0 ! 2.11-01 
2.11-Oa 2.1«-0" 2.}a-Oa 
1.17-10 a.71-10 • • •1 -10 
I.11*02 1.11*02 1.11*02 
1.11-01 7 . 2 " - I * 1.11-05 
1.11*03 l . la*05 1.11*05 
1,11-12 i . l l - 1 2 1.11-32 
5*71-01 3*71-01 3.71-01 
a.ai-Of • . • • •0* a.ai-oi 
1.77-03 1.17-01 1.17-01 
1.27-01 1.27-C1 1.27-01 
a.oo*o2 a.00*02 a.OD*02 
2.17-0] 2.17-0] 2***'01 
4*al-01 5.a3*07 5.13-07 
1.5' 12 ! ,Si-]2 i . n - 1 2 
' ; ! 1.01-23 1.01-21 

II 5.32-U 5.12-lt 
1.14-01 I . I 5 -C I 1.15-01 
1.11-1* | . l 1 - t l 1 .17-1* 
1.05-01 1.03-03 1.04-0) 
5.•1*00 5.11*»0 4.11*00 
• . K . 0 1 «,10*01 • . I C ' o l 
2.01*03 2.07*03 1.04.0) 
i.53*o» S.5S»n i.5j*oa 
3.17*00 3,70*r0 3 .11*00. 
2.12.0* 2. I2*0« 2.12*0« 
•*ii*oo i.)**oo I-SI*CI 
2.ai-D3 2.1*-03 2.11-01 
2,01-01 2 .CI -0 I 2.01-01 
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REACTOR SPENT FUEL POOL 
AM3 FUEL HANDLING DESIGN/MATERIALS 

The following sections are intended to provide a summary of Ihe in-plant physical 

and chemical environment and methods of handling of most spent reactor fuel. 

E. I SPENT FUEL POOL DESIGN* 

The present-generation nuclear power pi its were designed and constructed 

during the late 1950's and the 1960's. Reactor manufacturers maintained 

organizational components that performed internal design reviews and audits to 

ensure the safety and reliability of the nuclear power plants being built. As a 

part of the information provided to various utilities, a "Technical Description" 

describing the plant design in detail was developed. For each proposed station 

this information was reconstituted into a second document called a "Preliminary 

Safety Analysis Report" (PSAR) and ultimately into a "Final Safety Analysis 

Report" (FSAR). These were submitted to the Atomic Energy Commission (AEC) 

for review and approval. There followed a permit to construct and later a 

license to operate the plant. The PSAR and FSAR concentrated primarily on the 

safety aspects of nuclear power p.ants and included analyses of the most severe 

accidents postulated. The design basis for fuel storage pools underwent a series 

of judgments and evaluations starting with the designer, reviewed by the internal 

safety committees, and finally reviewed by the AEC, ths Advisory Committee on 

Reactor Safeguards (ACRS), and the Atomic Safety and Licensing Board (ASLB) 

in public hearings. From this design basis information and operating experience, 

many standards and criteria have been developed for use by those who are 

designing fuel storage pools today or who ore providing for increased capacity in 

fuel storage pools in operating nuclear power plants. 

Reactors of the current generation typically have storage space for about one 

and one-third cores. The spent fuel racks were not designed for spacing as close 

as is possible. An equivalent of one core's discharge capability is preferred to be 

Extracted from References I and 9 
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unused and available for a complete maintenance or emergency discharge of the 

operating core, termed full core reserve (FCR). Each reactor pool typically 

stores only fuel used in its own reactor. 

E. I . I SPENT FUEL POOL CONFIGURATION AND STORAGE CAPACITY 

The water-filled fuel storage pool has been chosen for storage of spent fuel 

assemblies at reactor stations primarily because of the convenience and 

effectiveness provided. Water is used for shielding and cooling and as a 

transparent medium to facilitate fuel handling operations. 

The configuration of the fuel storage pools is essentially the same for all nuclear 

power plants. The pools are rectangular in horizontal cross section and 39 to 40 

feet deep. Fuel assemblies are placed in storage racks at the bottom of the pool. 

The racks hold the fuel assemblies in a vertical position and maintain the spacing 

xn assemblies. Insertion or removal of fuel assemblies is accomplished 

. tically from above the rack*. The 13.5 to 14.5 foot long fuel rods must 

remain submerged during fuel removal from or insertion into the racks; thus, for 

this reason alone, the water must be at least 28 to 30 feet deep. An additional 8 

to 10 feet of water is required for shielding. This amount of shielding water is 

needed for a high burnup fuel assembly just removed from the reactor. The total 

depth of most pools thus must be about 40 feet. The direct radiation at the pool 

surface from the fuel stored at the bottom of the pool is very low because the 

water depth of about 25 feet is equivalent to about 10 or I I feet of concrete in 

shielding value. 

The pool is filled with pure, demineralized water (for BWRs), or demineralized 

water to which borate (usually in the form of boric acid) has been added (for 

PWRs). The reason for the difference is that a PWR uses the "chemical shim" 

neutron absorber (borate) in the primary system, and the fuel storage pool is also 

borated in order to match the primary system during refueling. The BWR does 

not use the chemical shim in the primary system and therefore borate is not 

added to BWR storage pools. The PWR pool is slightly acidic (pH of 5-6), and the 

BWR pool is neutral (pH of 7). Both storage media effectively provide the three 
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basic requirements of shielding, cooling, ond transparency for fuel handling. 

Design temperatures are l20-i25°F maximum for normal operation and I50°F 

for abnormal operation. Experience to date shows pools are operating at I00°F 

or less. Consequently, the fuel is stored in a low-temperature, low-corrosion 

environment. The corrosiveness of the neutral to slightly acidic f'iuid is 

acceptably low for the three major materials used-stainless steel, zircaloy, and 

aluminum. 

The pools are constructed of reinforced concrete with sufficient thickness to 

meet radiation shielding and structural requirements. Each pool is lined with 

stainless steel plates (3/16" to 1/4" thick) welded together to ensure a leak-tight 

system. The liners are provided with various leak detection systems. Skimmer 

systems and filter-demineralizer systems are provided to clean the pool water. 

These cleanup systems are in addition to the pool cooling system that removes 

decay heat from the stored fuel. 

BWR refueling systems are designed with the fuel storage pool on the reactor 

operating floor. In most cases the operating floor is elevated in the reactor 

building above ground level (about 90 to 95 feet), while the bottom of the pool is 

50 to 55 feet above ground level. This feature necessitates some additional 

requirements over those for pools located at ground level. Primarily, the pool 

and rack structure is designed for higher seismic loadings because of the 

amplification factors that are caused by the movement of the building in a 

seismic event. Also, the pool loadings require additional evaluations when the 

ground support is not available. More recent BWR designs provide for ground-

level storage pools. When the BWR is shut down for refueling, the reactor is 

cooled, opsned, and filled with water to the same level as the refueling pool. A 

second pool adjocent to the reactor is used to store internal reactor components 

(dryer and separator). With this system a single refueling bridge and grapple is 

used to carry out all refueling operations from removal of the spent fuel from 

the reactor to its placement in storage positions in the fuel storage pool. 
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The PWR refueling system uses a ground-level fuel storage pool that is exterior 

to the reactor building in the fuel or auxiliary building. When the reactor is shut 

down for refueling, it is opened and the water level is raised to the refueling 

level. Fuel is removed from the reactor by a fuel handling grapple system. Fuel 

assemblies are passed horizontally through a transfer tube into a transfer canal. 

In the canal, the fuel is again raised to a vertical position, picked up by a second 

grapple system, and moved to the fuel storage pool where it is placed in a rack. 

The storage pool ranges from 30 to 60 feet long and from 20 to 40 feet wide. 

The storage area varies with the amount of fuel to be stored, which in turn 

depends on the type and size of reactor. In addition, the pool must accommodate 

the amount of non-fuel equipment to be stored in the pool and the number of fuel 

handling operations io be carried out in the pool. Physically, ihe cross-sectional 

area of a fuel assembly for a BWR is smaller than for a PWR. Both assemblies 

are about the same length, but the BWR assembly is about Sh inches square, 

while the PWR assembly is 1% to 8& inches square. The net result is that there 

are more fuel assemblies in a BWR than in a PWR for the sane size reactor. 

Reactivity is greater in a PWR assembly than in a BWR assembly. Because of 

this, PWR fuel requires greater spacing (assembly to assembly) in the fuel 

storage pool than is required for BWR fuel for the same criticality limits. 

Separate storage space is not required in the PWR pools for control clusters or 

for burnable neutron absorbers. These items are stored in the fuel assemblies 

themselves; in BWR pools separate storage is required for control blades and 

poison curtains plus fuel channels. Space is also needed in the BWR fuel storage 

pool for equipment to remove or install fuel channels. Pool size is influenced as 

well by the number of fuel assemblies that are discharged at each refueling. A 

PWR discharges 1/3 of the core with each refueling and a BWR discharges 

approximately 1/4 of the core. Table E-l summarizes the number of fuel 

assemblies that are stored for a range of reactor sizes and for the two reactor 

types. 
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TABLE E-l 

FUEL ASSEMBLY STORAGE REQUIREMENTS 
IN RELATION TO REACTOR SIZE AND TYPE 

Number of Assemblies 

Reactor 
Rated Power Type 

500-600 MWe PWR 

700-800 MWe PWR 

1000-IIOOMWe PWR 

500-600 MWe BWR 

700-800 MWe BWR 

1000-IIOOMWe BWR 

Reactor Fuel Discharged 
Core Size per Refueling 

Fuel Storage 
Pool Capacity 

121 40 162 

157 52 210 

193 64 260 

4S4 90-120 740 

724 100-170 1160 

764 150-190 1160 
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E.1.2 FUEL RACK DESIGN 

BWR and PWR racks are designed differently. The BWR uses a rack design (see 

Figure E-l) which is supplied by the reactor manufacturer. The outline 

dimensions are 14.5 feet high by S3 feet long by 1.5 feet wide. Individual rack 

positions have a 6-inch-square opening to receive the 5.5-inch square fuel 

assembly. The two rows of fuel assemblies are separated by a distance of 5.5 

inches. Racks are supported at the base by four one-inch diameter swing bolts. 

In high seismic areas, the racks are provided with cross-pool supports that reduce 

the rack loading in the short dimension. The BWR pool also has special racks few-

storage of control blades and fuel channels. 

The PWR racks are generally provided by the architect-engineer (AE) or 

purchased by the utility to specifications of the reactor manufacturer. This 

arrangement allows a number of rack design variations. However, most racks are 

made of stainless steel using preformed angles to form corners for support of the 

fuel. A typical rack is shown in Figure E-2. The racks are normally 14 to 14.5 

feet high and may have a one or two foot base. Most of the racks have a 20- to 

21-inch center-to-center spacing for the fuel assemblies in a square array. The 

individual spaces in the rack are 8 to 9 inches square to receive fuel assemblies 

73 to 83 inches square. Individual racks may be square or rectangular in cross 

section, with a maximum square dimension of about 8 feet. This dimension is 

dictated by shipping considerations. 

Rocks are designed with various methods of support for seismic restraint. The 

BWR uses swing /jolts mounted to the floor of the pool with or without horizontal 

restraints. The floor mountings are supported by anchors in the concrete. These 

anchors ore welded to the pool liner and are capable of taking the tension, 

compression, and shear loads that result from a seismic event. Some PWR racks 

are also mounted to the floor with anchors in the concrete. Other attachments 

used for seismic support in PWR pools include racks welded to pool floor 

embedments, horizontal supports welded to pool wall embedments, spring-loaded 

wall supports resting against (not attached to) the wall, friction-loaded supports 

with threaded adjustments that rest against the pool walls, and various 
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TYPICAL BWR SPENT FUEL STORAGE RACK 
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FIGURE E-2 

TYPICAL PWR OPEN FRAME FUEL STORAGE RACK 
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combinations of these methods of restraint. Where the loading is in tension 

anchors are required. Where the loading is compressive it can be borne by the 

pool liner as backed up by reinforced concrete. In case of pool modifications, it 

is required that the original design loads of the anchors not be exceeded when 

new racks are installed. 

All racks are designed to allow water to flow under them in order to ensure 

adequate cooling of irradiated fuel. Sufficient space is provided underneath and 

around the rack so that the natural circulation of the water is not restricted 

under normal or abnormal circumstances. In this way, there is no significant 

increase in fuel temperature whether or not the pool cooling system is operating. 

All racks are designed to Seismic Category I requirements to ensure that they 

remain functional during a seismic event. Specifically, the fuel is to remain 

vertical and the spacing between assemblies is to be maintained in order to 

provide a continued limitation on the neutron multiplication factor (k « ) . The 

rack is designed to maintain fuel spacing even when objects are dropped onto the 

racks. 

The dimensions and tolerances for the fuel storage spaces are so arranged that 

fuel assemblies can be easily inserted and withdrawn. Manufacturing tolerances 

usually allow for a maximum bow from top to bottom of the storage space of 

about 1/8 inch. Tight tolerances are also maintained for twist and parallelism 

within the storage spoces in order to facilitate fuel movement. 

The materials used for construction of fuel storage racks (stainless steel and 

aluminum) are compatible with the fuel storage medium (pure or borated water). 

Consequently, very little maintenance is required. BWR racks are readily 

removable. PWR racks are removable in some plants, but are welded in place at 

others. 

I 
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E.2 FUEL HANDLING 

E2. I GENERAL 

General Design Criterion 61, "Fuel Storage and Handling Criteria for Nuclear 

Power Plants," of Appendix A to 10 CFR Part 50 requires that the spent fuel 

storage and handling systems be designed to ensure adequate safety under normal 

and postulated accident conditions. The requirements to meet "adequate safety" 

are given in NRC Regulatory Guide 1.26 which specifies failures of safety-

related systems shall not result in off-site dose to an individual greater than 0.5 

rem. NRC Regulatory Guide 1.13, "Spent Fuel Storage Facility Design Basis," 

calls for certain design features to ensure compliance with Design Criterion 61 

of Appendix A to 10 CFR Part 50. 

These features result in the requirements for a controlled leakage system for the 

fuel pool, with the design of the ventilation and filtration system based on an 

inventory of radioactive materials available for leakage from the building after 

on accident, as given in NRC Regulatory Guide 1.25, "Assumptions Used for 

Evaluating the Potential Radiological Consequences of a Fuel Handling Accident 

in the Fuel Handling and Storage Facility for Boiling and Pressurized Water 

Reactors." 

Since the fuel handling equipment bundles only one fuel assembly at a time, the 

maximum consequence of an accident is limited. A fuel assembly has been 

dropped at several reactor sites and no radioactivity increase was measured at, 

or within, the site boundary. 

Most fuel handling accidents consist of dropping the fuel assembly as a 

consequence of improper fuel grapple finger engagement. If the drop occurs over 

the reactor core, the fuel in the core or the core grid plate may be damaged. 

Accidents of this nature have occurred and no radioactive material was released. 

Fuel assemblies can be damaged during removal from the core when the spacer 

grid snags an adjacent fuel assembly spocer grid and the grids are torn. This can 

only occur in a PWR. There has been no radioactive materiel released as a result 

of this type of accident. 
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E.2.2 EQUIPMENT DESIGN 

The major BWR fuel handling equipment and facilities are identified on Figures 

E-3 and E-4. The equipment and facilities associated with PWR fuel handling are 

shown in Figures E-5 through E-7. The main function of the equipment is to 

move fuel into and out of the reactor and to store it in the fuel storage pool. 

From the safety standpoint there are three main considerations: 

• Maintenance of shielding over the fuel 

• Prevention of fission product release 

• Prevention of loss of water from the fuel storage pool 

The equipment is '.amewhat similar for both the BWR and the PWR in that 

grapples and refueling bridges are used to move the fuel. The refueling operation 

for the BWR is carried out in one building with a single refueling bridge. The 

PWR requires transfer of fuel from the reoctor building to the refueling or 

auxiliary building. For this operation, two refueling bridges are required, one in 

each building. 

In order to maintain shielding, grapples are designed so that if equipment fails, 

the fuel assemblies will come no closer to the water surface than eight or ten 

feet. This limits the radiation level at the surface to less than the maximum 2.5 

mR per hour allowed per ANSI N2I0. The equipment is designed so that the 

minimum water depth over the fuel is maintained even if the hoist or grapple 

mechanism is at the top of its travel. 

The second requirement is related mainly to possible damage to fuel that is 

dropped. To prevent the dropping of fuel, the grapples are positive latching 

devices that cannot be released while the fuel is being transported. Electrical 

interlocks are provided to prevent fuel movement when the latch is not properly 

engaged. Fuel has been dropped on occasion without serious damage to the fuel 

or measurable off-site release of radioactivity. The experience has resulted in 

improved grapple designs. 
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FUEL HANDLING FACILITIES CROSS-SECTION - BWR 
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The third requirement is to ensure water supply for shielding the fuel and for 

cooling. The potential for significant water loss is evaluated and the appropriate 

design and procedural methods are used to prevent or mitigate the effects of 

potential accidents. The main consideration is the shipping cask and its 

movement. Provisions are made to limit damage from a cask drop or to provide 

redundant crane features to prevent the cask drop. 

E.2.3 BWR REFUELING OPERATION 

The major facilities required for fuel handling at BWRs consist of the following 

(all are in the reoctor building, accessible from the refueling floor level, except 

as noted): 

• Reactor refueling cavity 

• Spent fuel storage pool with storage racks 

• New fuel storrge vault with storage racks 

• Shipping cask pod area (located in pool) 

• New fuel inspection area 

• Fuel preparation area (located in pool) 

• Shipping cask decontamination area (located at ground 
level) 

The principal items of equipment required to perform a refueling cycle are as 

follows: 

• Fuel preparation machine 

• New fuel inspection stand 

• Refueling platform 

• Reactor building crane 

• Jib crane 
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There also is a complement of other equipment to facilitate the refueling 

process. These items include slings, grapples, actuating poles, wrenches, 

underwater lights, viewing aids, and an underwater TV system. 

Before the start of a refueling operation, new fuel must be received and 

inspected. It must also be prepared for final assembly into the reactor. This is 

accomplished by first placing it in the new fuel rncks in the pool. It is then 

channeled and stored in the assembled new fuel rack in the pool where it is ready 

for use. 

To start refueling operations, the reactor is shut down and allowed to cool, both 

thermally and radioactively. During the cooldown period, the reactor shield 

blocks and the drywell head are removed. 

After cooldown, first the reactor vessel head insulation and then the vessel head 

are removed. The water is raised to the refueling level, the pool gates are 

removed, and the steam dryers and separator ore placed in a pool provided for 

them. At this time the fuel assemblies are free from equipment interferences 

and are ready for removal from the reactor. The water has been adjusted to the 

correct height and oil refueling equipment has been operationally tested. 

To start the refueling sequence, the refueling platform is positioned over the fuel 

assembly to be removed using predetermined coordinates read from position 

indicators on the refueling platform. The fuel grapple is united with the spent 

fuel assembly, then raised to a predetermined height to clear the reoctor vessel 

and still leave sufficient water depth over the fuel assembly to eliminate any 

radiation hazard to personnel. 

The refueling platform then moves the spent fuel assembly through the refueling 

canal to the spent fuel storage pool. The spent fuel is positioned over a 

designated vacant cavity in the spent fuel storage rack, lowered into the rack, 

and the fuel grapple is disengaged. 
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To install new fuel, the processes are carried out in reverse order. The reactor is 

then returned to an operating condition, thus completing the refueling cycle. 

Reusable fuel channels are removed from the fuel prior to off-site shipment. A 

section of the fuel storage pool is designated as a work area during refueling. 

The equipment in the work area is used for dechanneling the spent fuel and 

installing channels (new or used) on the new fuel. 

The equipment used for preparing new and spent fuel includes a monorail jib hoist 

with trolley, grapple poles, hand-actuated grapples, portable underwater lights, 

underwater work table, and a chonnel handling boom Ircated between the two 

fuel preparation machines. 

To ship spent fuel off-site, spent fuel assemblies are loaded into a specially 

designed, shielded, and cooled shipping cask. To load spent fuel, the reactor 

building crane is used to lower the shipping cask into the fuel pool and set it on 

the cask pad area in a vertical position. The cask closure is then removed. 

Through use of the refueling platform, the spent fuel assemblies are placed in the 

shipping cask. The cask closure is then reinstalled and sealed. The reactor 

building crane is used to move the cask from the pool to the shipping cask 

decontamination area. The cask is washed down to remove any contamination 

that may have been picked up in the pool. The cask is then loaded onto rail or 

truck transportation for shipment off the site. 

E.2.4 PWR REFUELING OPERATION 

The PWR refueling operation is fundamentally the sane as that for the BWR 

except for the transfer between the reactor and refueling, or auxiliary, building. 

For this operation the fuel is placed in a container located on the transfer 

carriage, lowered to a horizontal position, driven through the fuel transfer tube 

to the transfer canal by an air motor, and raised to a vertical position for 

transfer to the fuel storage pool. 
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There are only two basic differences between PWR and BWR refueling 
procedures: ( I) the removal of control clusters from PWR fuel prior to the 
transfer tube operation, and (2) the stripping of fuel channels from BWR fuel 
assemblies. 

E 3 FUEL POOL MATERIALS* 

E J . I FUEL POOL WATER CHEMISTRIES 

Table E-2 compares water chemistries for fuel storage pools at five 
representative sites. Tables E-3 and E-4 compare water chemistry specifications 
for several pools. Pool chemistries are similar for pools at BWRs, independent 
spent fuel storage installations (ISFSIs), and most research and development 
facilities. The chemistries comprise oxygen-saturated deionized water. Some 
attempts have been made to reduce oxygen concentrations with hydrazine, 
without success due to the low reaction rates at pool temperatures except in 
radiation fields near the fuel bundles. However, hydrazine is added to some pools 
to convert iodine to water-soluble species, thereby reducing the concentration of 
airborne iodine. The pH ranges of the deionized water basins are slight! • acid to 
mildly basic (6.0 to 8.5). Some pools allow pH to reach the natural equilibrium 
with COj ("-S.8); at least one pool (NFS) used caustic additions to control pH in 
the range of 6 to 8. 

Major deviations from the water chemistry-cited above occur at PWR pools. 
Boric ocid is used as a chemical shim and lithium hydroxide as a pH control agent 
in PWR primary coolants. Boric ocid also is added to PWR spent fuel storage 
pools. The PWR primary coolant and pool water mix during fuel discharges and 
refueling, so it is easier to maintain balanced chemistries if both systems have 
similar compositions. Boric ocid has similar concentrations in PWR pool and 
primary systems; lithium frequently is added to the primary system, but not to 
the pool water. The pHs of PWR pools are in the acidic range (4.5 to 53), even 
through some PWR pool specifications permit basic pool chemistries (Table E-3). 

Extracted from Reference 4. 
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TABLE E-2 

CHARACTERISTICS OF U.S. FUEL STORAGE POOLS 

Water Volume. ofl' 
°ool Dimensions: 

length, ti 
width, It 
depth-fuel trawler, ft 

fuel ssoroge, It 
Woter Flow Rote to Meet Exchanger, ojxn 
Pool Temperature Range. C 

Woter a*"i»jv« 
pH range 
CI", H>-
Conduclivitv. mmho :•" 
Boron, pom 
Lithium. r»" 
Heavy Metoli (re, Cu, Mg. Ni). C 

-odroociivitv Control - Pool Woter 
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5crticuiatf 
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"stc oZ ~ 
• * • » ' i t . : 3 : . , 
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(75,000 

nFS BWR PWR 

iJnlo'ftpcoU) 
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(75,000 BO WO 1 Hk 110* 
(3 pools) 

260,000 

*e 
75 
29 

210 
30 

29 29 38 30 
2#K> 750 2*X> 700 > 2 per pool 

(o) 25-35 norm 
61 mo* 

27-32 
* l IIMI 

27.32 norm 

« U-9(Um»m) W L5-B.5 5.2-5.5 

0~02(Mrm) <0.l no: 
20 

(100 gpm) 

0.5-1 

<0.l 

Ion Exchange 

8.I5-E.50 
2,120-2,140 
low (n.0.) 

no. 

Ion Exchange Ion Etthonge ten Exchange Prtcoot Ion Exchange 
Cort. 1 
Precoo* 

Etched Oisk 
Filter 

Prtcoot Fillet 
250 Ojm 

Diatom Earth 
500 gpm 

Filter 
Ion Exchange 

Cort. 1 
Precoo* 

300 gpm 

5 x l 0 " 2 ( m m ) ( ° ' Ii * 10"* (norml 8» lO^lNorml s.ir2"" 

. 0 5 : " 

. i 3 i . . 5 ' 16 x 10 , 
0.8 HC* 

jz SToraQ? W0«'-

C<r.5Ter! 

Poc •.•"?' 
Poo 5-''-3'% 

3NSS 55 SS CM>l«*ciKe: 
5063 Al SS Al AI&SS 

(Oil Al 55 Al 
Concrete Concrei.- Concrere Concrete 

Ml, 55 55 Point (. 55 SS 
Concrete Concrele 5t« l Concrete 

316 55 Finnec- SS 

A. 4S< 
Concrete 

SS 
Concrele 
5! 

^oo! Storage Capod" 
Metric Tons 
Eauivolent BWR Assemblies 
equivalent PWR Auemblies 
Current Inventory, Metric Ions 
first Fuel 5toroo,e 

360 750 
3,735 
1,560 

225 (Mar. I, W7> 
1972 

162 
IKS 

3.16-

I960 

~300 

197c 

A C N 5 " CE Morris_ NFS 
Dreiden 

BWR 

Three-Mile 
Island 
PWR 

f u e l 5toroge Rock Spaeings 
Original, inches 
Stainless St te l , inches 
Stainless S t « l & Boron, inches 

10,0 21.0 
7J 13.0 
6.5 10.5 

( 0 , H B not begun to receive fuel , 

""'(BOiimum during refuelling. 

I U . • not analyzed 

E-21 

% 
TERA CORPORATION 



TABLE E-3 

SPENT FUEL POOL WATER QUALITY SPECIFICATIONS' (a) 

PWR 

Normal 
Transient 

Limits 

pH(77°F) 4 .5-6.0 ( b ) -

Conductivity @25°C 
(u mho/cm) 1-30 _ 

Chloride ion 
(ppm, max) 0.15 1.5 

Fluoride ion 
(ppm, max) 0.1 1.5 

Oxygen Saturated Saturated 

Total suspended 
solids (ppm, max) 1.0 _ 

Temperature rC) 50 100 

Boric acid ( c ) 

(as ppm-B) 
0-2,000 

1,950-2,250 
-

Activity level 
(nCi/ml) 

0.05 
varies with 
tech spec. 

Solid filtration 
(microns) 1-5 

" ™ 

(a) 

(b) 

(c) 

May vary somewhat from pool to pool. 

Some fuel pool pH range specifications ore 4.5 - 8.0; a few pools have a 
range of 4.0 - 10.6. 

Some PWR fuel pool specifications also indicate a lithium concentration 
range of 0.2 - 2.0 ppm, corresponding to values for PWR primary systems. 
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TABLE E-4 

FUEL POOL WATER CHEMISTRY SPECIFICATIONS 

BWR 
Bruce Station 
Ontario Hydro GE-Morris BWR 

Action 
Optimum Limits 

Unacceptable 
Ranqe 

Conductivity, 
li mho/cm, 25°C <3* 2 5 10 — 

Chloride (as CI"), 
pom £0.5 < 0.3 <0.5 > 1 10 

pH 5.3-7.5 5.5-8.0 <5,<8 <4,<9 4.5-9.0 

Heavy Elements, 
ppm <0.l _ _ — — 

Total Insolubles, 
ppm < 1 — — — — 

Radioactivity 
yCi/ml, max 0.02 ( a ) 

( a ) Transient limit, 0.1 V Ci/ml 

* £ 1.5 at some pools 
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The boric acid presents some problems regarding water purity control by ion 

exchange. Cleanup trains consisting of filters and boron-loaded ion exchange 

resins are used at PWR pools. 

Particulate end dissolved impurities are controlled by combinations of ion 

exchange and filters. Filter types are indicated in Table E-2. Skimmers remove 

materials which float on the water surface to maintain visual clarity and reduce 

radioactivity. 

Table E-4 provides water chemistry specifications for U. S. BWR, Bruce 

(Canadian), and GE-Morris pools, all using deionized water. 

The usual sampling frequencies for pool water chemistry are weekly or twice per 

week. Conductivity, chloride, and pH are the analyses commonly performed. 

Boron and sometimes lithium are analyzed for PWR pools. Analyses seldom 

include heavy metals. When analyzed, heavy metal concentrations were low 

(<0.l ppm). 

E3.2 FUEL POOL AND FUEL ROD TEMPERATURES 

Heat generated in spent fuel by radioactive decay is dissipated in the fuel pcols, 

elevating the water temperatures. The decay heat at three days after discharge 

is about 0.3 percent of the full power heat release. After five years the value is 

only 0.06 percent of the full power value. 

Reactor pool specifications generally call for fuel pool temperatures of £ I20°F 

(W)°C) with full heat exchange capacity; < IS0°F (66°C) with one heat exchanger 

and aged fuel and 2I2°F (I00°C) with freshly discharged fuel ond loss of heat 

exchange capacity. However, there are no reports that pool temperatures have 

approached I00°C. 
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E.3.3 FUEL POOL MATERIALS 

The fuel pool materials identified in the survey are summarized in Table E-5. 

After irradiation, the fuel bundles are contacted with steel grapples, used to 

remove them from the reactor core. The bundles are transferred to stainless 

steel viewing trays where they are inspected, then transferred to storage 

canisters. Canisters are constructed of alloy 304 stainless steel pipes with a 

solid steel plate/welded across the bottom. The pipes are welded together into 

modules of either nine 8-inch schedule 10 pipes for BWR bundle storage or four 

12-inch schedule 5 pipes for PWR bundle storage. The modules have locking 

devices which fix them to stainless steel racks mounted to the bottom of the 

pool. Both modules fit the same rack position. During pool residence, the only 

materials likely to contact the stored fuel would be the stainless steel canisters 

and trace impurities transported in the water. There is natural convective 

circulation through canisters. 

E.3.4 FUEL BUNDLE MATERIALS 

The range of materials interactions between the fuel bundle and materials in the 

storage pool are potentially important to define possible degradation 

mechanisms. Equally important is the range of materials interactions within the 

fuel bundle. Table 3-1 in the main report summarizes the range of materials in 

stainless- and zircaloy-clad fuel bundles. 

E.3.5 RADIOCHEMICAL CHARACTERIZATION OF FUEL POOL WATERS 

The radioactive species in fuel pool waters are monitored periodically (normally 

once or twice per week) for beta and gamma activity, and some analyses are 

made for alpha activity. Rates of radioactivity buildup on filters and ion 

exchange resins also are monitored. Monitors for airborne radioactivity operate 

continuously above the pools. 
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TABLE E-5 

SUMMARY OF MATERIALS IN FUEL POOLS 

Component Sub-Components Mater ia l^ Alloy 

Wall 

Sub-Components 

Reinforced Concrete mm 

Pool Liner: - Stainless Steel 
Epoxy, Fiberglass 

m 

Heat Exchanger1 - Stainless Steel mm 6 
Filter: Vessel 

Filter Elements: 
Stainless Steel 
Stainless Steel 

Diatomaceous Earth, 
Fiber 

304L 
304L 

Recirculating Pumps: Casing, Shaft 
Impeller 

Stainless Steel 
Bronze 

316 

Demin Water Return Pump Casing, Impeller, Shaft Stainless Steel 316 

Deionization Unit Tank Stainless Steel ML 

Cask Head Support Racks - Stainless Steel 304L 

Gates and Guides - Stainless Steel 304L 

Canister Storage Racks: Racks: Stainless Steel 
Aluminum 

304L 
606I-T6 

Embedded Supports Stainless Steel 3ML 
fc) Fuel Storage Canisters: - Stainless Steel 304L 

Aluminum 5083/5086/6063 

Leaker Can Support Racks: — Stainless Steel 
Carbon Steel, 
Epoxy-Coated 

~ 

Control Rod Cluster 
Storage Rocks 

- Stainless Steel -

Portable Offgas Hoods: - Stainless Steel 
Aluminum 

-

Cask Handling Crane Cable & Grapple Stainless Steel . . 
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TABLE E-5 

(CONT.) 

Component Sub-Components 

Cable & Grapple 

Mater ia l^ Alloy 

Canister Crane 

Sub-Components 

Cable & Grapple Stainless Steel 

Fuel Transfer Conveyer - Stainless Steel 3Q4L 

Insulators - Tygon, Neoprene 

Cask Impact Pad: Cladding Stainless Steel 
Pod (not exposed to H,0) Corbon Steel 

t (3-1/2-in. thick) 

Honeycomb (not exposed Aluminum 
to H 2 0 ) 

(o) 

(b) 

(c) 

Types identified in survey; other types may be used in some pools. 

Carbon steel tubes were originally installed in heat exchangers at one pool; severe 
rusting caused a visibility problem in the pool woter, resulting in retubing with 
stainless steel. Copper alloy tubes are used at one R&D focililty pool. 

Some canister walls contain boron-impregnated aluminum for reactivity control, clad 
with stainless steel or aluminum. 
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The sources of radioactivity in pool waters are activation products and fission 

products. The sources of the activation products are crud deposits and corrosion 

films on the fuel bundle surfaces. The fission products arise from bundles with 

rods which failed in-reactor or from intact bundles which adsorbed circulating 

fission products. The principal activation products released to pool waters, their 

half lives and source reactions are given in Table E-6. The principal fission 

products in pool waters appear in Table E-7. Cesium, tritium, cerium, strontium 

and the iodines from the spent fuel ore the principal fission products in reactor 

pools. For aged fuel, the most significant isotopes from the standpoint of pool 

waste management are: Cs-137, H-3, Co-60, Sr-90, and Ce-144 Pr. 

There are substantial differences in the inventories of radioactive species at 

reactor pools and at other pool facilities. During fuel discharges, reactor pool 

contamination levels rise from a combination of dissolved and particulate species 

in the reactor primary coolant, which mixes with pool water, and from species 

released from fuel bundle surfaces. Short-iived species such as iodine isotopes 

appear in reactor pools, but rarely at other pools. Tritium also is substantially 

higher in reactor pools. Loose crud is released from the fuel bundle surfaces 

during handling in the reactor pool. Radiation levels at reactor pools often rise 

to ~ I0 " uCi/ml during discharges, but can be controlled at 10 to 10 

iC i /m l after fuel discharges are completed. Radiation levels at reprocessing 

plant and R&D facility pools rise corresponding to receipt of fuel shipments, but 

are controlled at levels between 10" and 10" i.Ci/ml most of the time. 

Filtration and ion exchange are the principal methods for controlling radio­

activity. 
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TABLE E-6 

PRINCIPAL ACTIVATION PRODUCTS RELEASED FROM FUEL BUNDLES 
DURING POOL STOP GE 

Nuclide Holf-Life Production Reaction 

Co-60 5.3 y Co-59(n-y) 

Co-58 72 d Ni-58 (n-p) 

Cr-51 28 d Cr-50 (n-y) 

Fe-59 45 d Fe-58(n- Y) 

Mn-5<» 310 d Fe-54 (n-p) 

Zn-65 243 d Zn-64 (n-y) 

Ni-65* 2.5 d Ni-64 (n-y) 

W-187* 24 h W-I86(n-Y) 

* Only significant at reactor pools. 
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1 
TABLE E-7 

PRINCIPAL FISSION PRODUCTS RELEASED 
TO FUEL POOL WATERS 

Isotope Half-Life 

M3I 8.05 d 

Cs-134 2.1 y 

Cs-137 30 y 

H-3 12.3 y 

Sr-90 28.8 y 

Ce-144 285 d 

Ru-l06Rh-l06 1.0 y - 2.2 hr 

Zr-95 Nh-95 65 d - 35 d 
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APPENDIX F 

SAFETY GUIDE 25 
ASSUMPTIONS USED FOR EVALUATING THE 

POTENTIAL RADIOLOGICAL CONSEQUENCES OF A FUEL HANDLING 
ACCDENT IN THE FUEL HANDLING AND STORAGE FACILITY 

FOR BOILING AND PRESSURIZED WATER REACTORS 
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SAFETY GUIDE 25 

ASSUMPTIONS USED FOR EVALUATING THE 
POTENTIAL RADIOLOGICAL CONSEQUENCES OF A FUEL HANDLING 

ACCIDENT IN THE FUEL HANDLING AND STORAGE FACILITY 
FOR BOILING AND PRESSURIZED WATER REACTORS 

A. Introduction 

Section 50.34 of 10 (TR Part 50. 
"Contents of Applications: Technical 
Information," requires that each applicant for a 
construction permit or operating license provide 
an analysis and evaluation of the design and 
performance of structures, systems, and 
components of the facility with the objective of 
assessing the risk to public health and safety 
resulting from operation of the facility. A fuel 
handling accident in the fuel handling and 
storage facility resulting in damage to fuel 
cladding and subsequent release of radioactive 
material is one of the postulated accidents used 
to evaluate the adequacy of these structures, 
systems, and components with respect to the 
public health and safety. This safety guide gives 
acceptable assumptions that may be used in 
evaluating the radiological consequences of this 
accident for boiling and pressurized water 
reactors. 

B. Discussion 

A fuel handling accident during refueling 
operations could release a fraction of the fission 
product inventory in a nuclear power plant to 
the environment. An illustrative accident 
sequent consists of the dropping of a fuel 
assembl; resulting in breaching of the fuel rod 
cladding, release of a portion of the volatile 
fission gases from the damaged fuel rods, 
absorption of water soluble gases in and 
transport of soluble and insoluble gases through 
the water, air filtration (if provided) prior to 
release into the environment, and dispersion of 
I he released fission products into the 
atmosphere. 

The number and exposure histories of fuel 
assemblies assumed to be damaged determine 
(he total amount of radioactive material 
available for immediate release into the water 

during a fuel handling accident. Although the 
design of the fuel, the fuel transfer equipment. 
the fuel pool, and the methods used to handle 
discharged fuel should all he considered in 
arriving at the number of fuel assemblies or rods 
assumed to be damaged, this guide rather than 
being addressed to this determination is 
addressed to the determination of the 
radiological consequences of a handling accident 
once an asumption as to the number of 
assemblies or rods damaged has been made. 

A conservative approach to determining the 
quantity of radioactive material available for 
release from a fuel assembly is to assume that 
the assembly with the peak inventory is the one 
damaged. The inventory for the peak assembly 
represents an upper limit value and is not 
expected to be exceeded. The inventory should 
be calculated assuming maximum full power 
operation at the end of core life immediately 
preceding shutdown and such calculation should 
include an appropriate radial peaking factor. 

Only that fraction of the fission products 
which migrates from the fuel matrix to the gap 
and plenum regions during normal operation 
would be available for immediate release into 
the water in the event of clad damage. 
(Migration of fission products is a function of 
several variables including operating 
temperature, burnup, and isotopic half life taken 
into consideration in establishing the release 
fractions listed in this guide.) As compared to 
the quantity immediately released, the quantity 
of radioactive material released subsequent to 
the immediate release is considered for the 
purposes of this guide to be negligible. 

The assumptions set forth in this guide are 
based on engineering judgment and results from 
safety research programs conducted by the AEC 
and the nuclear industry and are believed to be 
appropriately conservative. In some cases 
unusual site characteristics, plant design 
features, or other factors may require different 
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assumptions which will be considered on an 
individual case basis. Major changes in fuel 
composition or management may also require 
alterations of these assumptions. 

C. Regulatory Position 

1. The assumptions' related to the release 
of radioactive material from the fuel 
and fuel storage facility as a result of a 
fuel handling accident are: 
a. The accident occurs at a time after 

shutdown identified in the 
technical specifications as the 
earliest time fuel handling 
operations may begin. Radioactive 
decay of the fission product 
inventory during the interval 
b e t w e e n s h u t d o w n and 
commencement of fuel handling 
o p e r a t i o n s is taken into 
consideration. 

b. The m a x i m u m f u e l rod 
pressurization2 is 1200 psig. 

c. The minimum water depth 2 

between the top of the damaged 
fuel rods and the fuel pool surface 
is 23 feet. 

d. All of the gap activity in the 
damaged rods is released and 
consists of 10% of the total noble 
gases other than Kr-85,30% of the 
Kr-85, and 10% of the total 
radioactive iodine in the rods at 
the time of the accident. For the 
purpose of sizing filters for the fuel 
handling accident addressed in this 
guide, 30% of the 1-127 and 1-129 
inventory is assumed to be released 
from the damaged rods. 

1 The assumptions given are valid only for oxide 
fuels of the types currently in use and in cases where the 
following conditions are not exceeded: 
a. Peak linear power density of 20.5 kW/ft for the 

highest power assembly discharged. 
b. Maximum center-line operating fuel temperature 

leu than 4500°F for this assembly. 
c. Average bumup for the peak assembly of 25,000 

MWD/ton or less (this corresponds to a peak local 
bumup of about 45,000 MWD/ton). 

2For release pressures greater than 1200 psig and 
water depths less than 23 feet, the iodine 
decontamination factors will be less than those assumed 
in this guide and must be calculated on an individual 
case basis using assumptions comparable in conservatism 
to those of this guide. 

e. The values assumed i':ir individual 
fission produci inventories are 
calculated assuming full power 
operation at the end of core life 
immediately preceding shutdown 
and such calculation should 
include an appropriate radial 
peaking factor. The minimum 
acceptable radial peaking factors 
are 1.5 for BWR's and 1.65 for 
PWR's. 

f. The iodine gap inventory is 
composed of inorganic species 
(99.75%) and organic species 
(.25%). 

g. The pool decontamination factors 
for the inorganic and organic 
species are 133and (.respectively, 
giving an overall effective 
decontamination factor of 100 
(i.e., 997c of the total iodine 
released from the damaged rods is 
retained by the pool water). This 
difference in decontamination 
factors for inorganic and organic 
iodine species results in the iodine 
above the fuel pool being 
composed of 75 7< inorganic and 
25% organic species. 

h. The retention of noble gases in the 
p o o l is n e g l i g i b l e ( i . e . . 
decontamination factor of I). 

i. The radioactive material that 
escapes from the pool to the 
building is released from the 
building3 over a two hour time 
period. 

j . If it can be shown that the building 
atmosphere is exhausted through 
adsorbers designed to remove 
iodine, the removal efficiency is 
90% for inorganic species and 70% 
for organic species.' 

k. The effluent from the filter system 
passes directly to the emergency 

_____ exhaust system without mixing5 in 
'The effectiveness of features provided to reduce 

the amount of radioactive material available for release 
to the environment will be evaluated on an individual 
case basis. 

4These efficiencies are based upon a 2-inch charcoal 
bed depth with tt second residence time. Efficiencies 
may be different for other systems and must be 
calculated on an individual case basis. 

s Credit for mixing will be allowed in some cases; 
the amount of aedit will be evaluated on an individual 
case basis. 
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(he s u r r o u n d i n g building 
atmosphere and is then released (as 
an elevated plume for those 
facilities with stacks''). 

The assumptions for atmospheric 
diffusion are: 
a. Ground Level Releases 

(I) The basic equation for 
atmospheric diffusion from a 
ground level point source is: 

Where: 

X = the short term average 
centerline value of the 
g r o u n d l e v e l 
concentration (curies/m3) 

0 = amount of material 
released (curies/sec) 

u = windspeed (meters/sec) 

o y = the horizontal standard 
deviation of the plume 
(meters) [See Figure V-l, 
Page 48, Nuclear Safety, 
June 1961, Volume 2, 
Number 4 , "Use of 
Routine Meteorological 
O b s e r v a t i o n s for 
Estimating Atmospheric 
D i s p e r s i o n , " F. A. 
Gifford.Jr.] 

o z = the vertical standard 
deviation of the plume 
(meters) [See Figure V-2, 
Page 48, Nuclear Safety, 
June 1961, Volume 2, 
Number 4 , "Use of 
Routine Meteorological 
O b s e r v a t i o n s for 
Estimating Atmospheric 
Di spers ion ," F. A. 
Gifford, Jr.) 

'Credit for an elevated release will be given only if 
the point of release is (a) more than two and one-half 
times the height of any structure close enough to affect 
the dispersion of the plume or (b) located far enough 
from any structure which could affect the dispersion of 
the plume. For those plants without slacks the 
atmospheric diffusion factors assuming ground level 
release given in regulatory position 2.b. should be used. 

(2) For ground level releases, 
atmospheric diffusion factors7 

used in evaluating the 
radiological consequences of 
the accident addressed in this 
guide are based on the 
following assumptions: 
(a) windspeed of 1 meter/sec: 
(b) uniform wind direction: 
(c) P a s q u i l l d i f f u s i o n 

category F. 
(3) Figure I is a plot of 

atmospheric diffusion factors 
(x/Q) versus distance derived 
by use of the equation for a 
ground level release given in 
regulatory position 2.a.(l) 
a b o v e u n d e r t h e 
meteorological conditions 
given in regulatory position 
2.a.(2) above. 

(4) Atmospheric diffusion factors 
for ground level releases may 
be reduced by a factor ranging 
from ont to a maximum of 
three (see Figure 2) for 
additional dispersion produced 
by the turbulent wake of the 
r e a c t o r bui ld ing. The 
volumetric building wake 
correction as defined in 
Subdivis ion 3-3,5.2 of 
Meteorology and Atomic 
Energy-1968, is used with a 
shape factor of lA and the 
minimum cross-sectional area 
of the reactor building only. 

Elevated Releases 
(!) The basic equation for 

atmospheric diffusion from an 
elevated release is: 

tuoyoz 

Where: 

X = the short term average 
centerline value of the 
g r o u n d l e v e l 

__ concentration (curies/m3) 

'These diffusion factors should be used until 
adequate site meteorological data are obtained. In some 
cases, available information on such site conditions as 
meteorology, topography and geographical location may 
dictate the use of more restrictive parameters to insure a 
conservative estimate of potential offsite exposures. 
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Q = amount of material 
released (curies/sec) 

u = windspeed (meters/sec) 

0 y = the horizontal standard 
deviation of the plume 
(meters I See Figure V-l, 
Page 48, Nuclear Safety. 
June 1061. Volume 2, 
Number 4 , "Use of 
Routine Meteorological 
O b s e r v a t i o n s for 
Estimating Atmospheric 
Di spers ion ." F. A. 
Gifford.Jr.l 

o z = Ihe vertical standard 
deviation of the plume 
(meters) [See Figure V-2, 
Page 48, Nuclear Safety. 
June 1961, Volume 2, 
Number 4 , "Use of 
Routine Meteorological 
O b s e r v a t i o n s for 
Estimating Atmospheric 
Di spers ion ." F. A. 
Gifford.Jr.l 

h = effective height of release 
(meters) 

(2) For e l e v a t e d releases, 
atmospheric diffusion factors1 

used in evaluating the 
radiological consequences of 
the accident addressed in this 
guide are based on the 
following assumptions: 
(a) windspeed of 1 meter/sec: 
(b) uniform wind direction: 
(c) envelope of Pasquill 

diffusion categories for 
various release heights: 

(d) u fumigation condition 
exists at the time of the 
accident.8 

(3) Figure 3 is a plot of 
atmospheric diffusion factors 
versus distance for an elevated 
r e l e a s e a s s u m i n g no 
fumigation, and Figure 4 is for 
an elevated release with 
fumigation. 

(4) E l e v a t e d re lease 1 , are 
considered to be at a height 
equal to no more than the 
actual stack height. Certain 
site conditions may exist, such 
as surrounding elevated 
t o p o g r a p h y or nearby 
structures, which will have the 
effect of reducing the effective 
stack height. The degree of 
stack height reduction will be 
evaluated on an individual case 
basis. 

3. The following assumptions and 
equations may be used to obtain 
conservative approximations of thyroid 
dose from the inhalation of radioiodine 
and external whole body does from 
radioactive clouds: 
a. The assumptions relative to 

i n h a l a t i o n t h y r o i d dose 
approximations are: 
(1) The receptor is located at a 

point on or beyond the site 
boundary where the maximum 
ground level concentration is 
expected to occur. 

(2) No correction is made for 
depletion of the effluent 
plume of radioiodine due to 
deposition on the ground, or 
for the radiological decay of 
radioiodine in transit. 

(3) Inhalation thyroid doses may 
be approximated by use of the 
following equation: 

D = 
Fg)FPBR(x/Q> 

(DF )(DF f) 

Where: 

"For siies located more than 2 units from large 
Mies til' waier such as oceans or one uf the Great 
bkes. a fumigation condiiion is assumed to exist at the 
time of the accident and continue for one-half hour. For 
sites located less than 2 miles from targe bodies of water 
a fumigation condiiion is assumed to -xisi at the time of 
the accident and continue for the duration of the release 
,2 hours). 

D = thyroid dose (rads) 

F„ = fraction of fuel rod 
iodine inventory in fuel 
rod void space (0.1) 

I = core iodine inventory at 
time of accident (curies) 
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F = fraction of core damaged 
so as to release void space 
iodine 

P = fuel peaking factor 

B = breathing rate = 3.47 x 
JO"4 cubic meters per 
second (i.e.. 10 cubic 
meters per 8 hour work 
day as recommended by 
the ICRP) 

D F . = effective iodine 
decontamination factor 
for poo) water 

DFj = effective iodine 
decontamination factor 
for filters (if present) 

x/O = atmospheric diffusion 
factor at receptor location 
(soc/m-1) 

R = adult thyroid dose 
conversion factor for the 
iodine isotope of interest 
(rads per curie). Dose 
conversion factors for 
Iodine 131-135 are listed 
in Table I.* These values 
w e r e derived from 
" s t a n d a r d m a n " 
parameters recommended 
in ICRP Publication 2. 1 ° 

TABLE I 

Adult Inhalation Thyroid 
Dote Conversion Factors 

Iodine Conversion Factor (R) 
Isotope (Radi/eurie inhaled) 

131 1.48 x l O 6 

13: S.35 x 104 

133 4.0 x l O 5 

134 2.5 x l O 4 

135 1.24x10' 

"Dose conversion factors taken from "Calculation 
of Distance Factors for Power and Test Reactor Sites." 
TID-I4S44. J. J. DiNunno. R. E. Baker. F. D. Anderson. 
undR.LWmerfiddd'HO). 

1 0Recommendations of the International 
Commission on Radiological Protection. "Report of 
Commilicc II on Permissible Dose for Internal Radiation 
I I W V ICRP Publication :. (New York: Pernmgon 
Press. I%0), 

b. The assumptions relative to 
external whole body dose 
approximations are: 
(1) The receptor is located at a 

point on or beyond the site 
boundary where the maximum 
ground level concentration is 
expected to occur. 

(2) External whole body doses are 
calculated using "Infinite 
Cloud" assumptions, i.e.. the 
dimensions of the cloud are 
assumed to be large compared 
to the distances that the 
gamma rays and beta particles 
travel, The dose at any 
distance from the reactor is 
calculated based on the 
maximum ground level 
concentration at that distance. 

For an infinite uniform cloud 
containing x cun« of beta 
radioactivity per cubic meter. 
the beta dose rate in air at the 
cloud center is:" 

p . * 0.457 E^x 

Where: 

0D „ = beta dose rate from an 
infinite cloud (rad'sec) 

Eg = average beta energy per 
disintegration (Mev/dis) 

X = concentration of beta or 
gamma emitting isotope 
in the cloud (curie/m3) 

Because of the limited range 
of beta particles in tissue, the 
surface body dose rate from 
beta emitters in the infinite 
cloud can be approximated as 
being one-half this amount or: 

( jD . ^EpX 
For gamma emitting material 
the dose rate in tissue at the 
cloud center is: 

^ D . = 0.507 Tyx 

Where: 

•yD" = gamma dose rale from 
„ _ _ _ "an infinite cloud trad/sec) 
"Meteorology and Atomic Energy-1°68. duplet 7. 
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E7 = average gamma energy 
per d i s i n t e g r a t i o n 
(Mev/dis) 

However, because of the 
presence of the ground, the 
receptor is assumed to be 
exposed to only one-half of 
the cloud (semi-infinite) and 
the equation becomes: 

7 D = 0 . 2 5 E 7 x 

Thus, the total beta or gamma 
dose to an individual located 
at the center of the cloud path 
may be approximated as: 

jjD_«0.23E^or 
^ = 0.2$!^ 
Where \j/ is the concentration 
time integral for the cloud 
(curie sec/m3). 

(3) The beta and gamma energies 
emitted per disintegration, as 
given in Table of Isotopes,12 

are averaged and used 
according to the methods 
described in ICRP Publication 
2. 

1 2 C. M. Uderer. J. M. Hollander, and I. Perlman. 
Table of kotopts, Sixth Edition (New York: John Wiley 
and Sons, Inc. 1967). 
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FIGURE 3 
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UNITED STATES NUCLEAR REGULATORY COMMISSION 
RULES and REGULATIONS 

T T O I N , CHAPTEK1. CODE OF R D I M L RHUUTOM-ENEAQV 

STANDARDS FOR PROTECTION AGAINST RADIATION 

GENERAL PROVISIONS 

Sec. 
20.1 Purpose. 
JO.J 
10.3 

Scope. 
De'inilHint. 

10.4 Units of radiation dole. 
20.5 Ufiiu of radioactivity. 
:o.6 ' Inmpieiil ion!. 
20.7 Communications. 

PERMISSIBLE DOSES, LEVELS. AND 
CONCENTRATIONS 

EXCEPTIONS AND ADDITIONAL REQUIRE­
MENTS 

30.501 Applications for eaemptions. 
30.502 Additional requirements. 

30.304 
10.105 

20206 
J0.1M 

20.101 Ksposurc of individuals to radia­
tion in restricted areas. 

30.102 Determination of accumulated 
dose. 

20.10} Kaposure of individuals to concen­
trations of radioactive material in 
restricted areas. 

20.104 Eiposure of minors. 
20.105 PcrmissiMe levels of radiation in 

unrestricted areas. 
20.106 Radioactivity in effluents to unre­

stricted areas. 
20107 Medical diainosi* and tnrnpy. 
20.101 Orders r«|Urring furnishini of bio-

n i iy services. 

PRECAUTIONARY PROCEDURES 
20.201 Surveys. 
30.302 Personnel tunitorini. 
10.303 Camion siini, labels, ii|nak, and 

controls. 
Sane: laeeplioM. 
Procedures for plckini up, tcceiv* 

in|. and opening paritltes. 
Instruction of personnel. 
Slotstt and control of UciMtd 

•ulatlabt i t unrestricted areas. 
WASTE DISPOSAL 

30.301 fjenml requirement. 
20.302 Method tot ootaiolte) approval ot 

proposed disposal procadum. 
30.303 Disposal ay rektte inlo sanitary 

affwrite systems. 
10.304 Dstpoul by buriil In »H-
20-305 Tteatment or disposil by Incinera­

tion. 

RECORDS, REPORTS, ANDNOTlFICATIOr 
30.401 Records of surveys, radiation ami. 

ttorint, and di lpml. 
20.402 Ktpotls ol Inell or loss of Moused 

material. 
10.403 Notifications of incidents. 
20.404 IReservedl 
10.405 lUtofts " ' ovc Rtpowret and t>-

cmivt levels and coaceimstions. 
20401 IReUmdl 
10.401 Personnel eiposure and ntHiMtsrliif 

nnurts. 
20.401 Kiportt ol Hisonncl eismwe on 

lermlnsiion or atnpluymm or 
work. 

M.4W Notlficslions and reports to I n * 
vidua a. 

ENFORCEMENT 
30.401 Violitions 
Appendix A-IReaetvedl 
Append'" B-Concenrrattons in a» and water 

above natural background. 
Appendix C. 
Appendix D-Unlted States Nuclear Result, 

lory Commission Inspection and En­
forcement Regional Offices. 

AUTHORITY: Trie proviuon! of this Part 30 
issued tinder sect. S3. 63, 65, I I , 103.104.161. 
M Stat. 930. 933. 035,936,937.941, as 
amended; 42 U.S.C. 3073,1093.1095,2111, 
3133.1134,2201. Ft.- the purposes of sec. 
313, U Stat. 95*. as aaendtd: 42 U.S.C. 
2273, § 520.401-20.4O9, issued under sec. 
161 u., t | stat. 450, as amended; 42 U.S.C. 
2201 (o). Sees. 201.106, Pub. 1.93436. 68 
Stll. 1244.1246 (42 U.S.C. 6)42, 5546). 

120.1 Pstrponf. 

(a) The reiuUtiorB In this Part estab­
lish standards for protection against ra­
diation hazards arising out of activities 
under licenses issued by toe Nuclear Reg­
ulator}- Commission mid ire luued pur-
tutnt to the Atomic Energy Act of 1854. 
at imended, uid the Energy Reorganlu-
tlott Act 0(1814. 

«b> T ^ Qs»c*rt41oactlre materia or 
other wurcM of radiation not lie*- * d 
to trie Comrotalrjo It not wbjtct t the 
regulations In thli put. However It U 
tot purpose of toe regulations lu tali 
p u t to control the ptaaiesttleci, s it , and 
tr»btfir of Ikwutd miteriil to any li-
oentte la wch a minner th»t exposure 
to ouch material and to radiation from 
weh material, when added to <xpofuret 
to unltcerued radioactive ma-trial and 
to other unlicensed tourcet c' radiation 
in the rwestton of the licensee, and to 
radtatlon thertfrom, dott not exceed the 
standards of radiation pnttctloD prt-
•Tlbtd in the regulations In thli part. 

(e) In aocorfanee frith racosnnjeDde-. 
t tau ot ttH M e n u IteviasUon Council, 
approvtd to tot prteidint, ptnoni t*> 
gaitd in KUTlttti und* .toenail sarued 
to the Nuclear Regulatory Cvammkm 
ptunafit to tbt Atonic tow Act of 
1M4, at amended, atv the Inergy Re-
OrianlMUon Act of 1IM should, in ad-
eUtkn to eo»pl|int with the require-

menu act tortr to thli part, make every 
reasonable afl rt to maintain radiation 
ttpcejurea, a t ; releases) of radioactive 
materlaU m atuentt to iinrertrlcted 
a m i , at low at it ravuonably achievable 
The term 'at low ai It reasonably 
achievable'' a tam at low ai it reason­
ably achlr jble taking tnto account the 
ttate of te Jinology, and the economics of 
improvementi In relation to benefits to 
the public health and safety, and other 
societal and toctoeconomlc considera-
Ooni, a:d tn relation to the utilisation 
ot atomic tni.Tgy m the public interest. 

$20.2 Scope. 
The regulations In this part apply to 

all persons who receive, possess, use. or 
trailer material licensed pursuant to 
th regulations in Parts 30 through 35. 
4r or 70 of this chapter, including per-
r .is licensed to operate a production or 

.ilization facility pursuant to Part SO 
if this chapter. 

1 1 0 J Definitions, 
(a) At used In this part: 
(1) "Act" meant the Atomic B u r n 

Act or MM (el Stat, t i t ) lncludlM an> 
amendment! thereto: 

<i> "Airborne radioactive material" 
meant any radioactive material dispersed 
In the air in the form of dotti, fumes, 
mists, vtport, or rates; 

(9) "Byproduct material" meant any 
radioactive material (except special nu­
clear material! yielded to or made ra­
dioactive by exposure to the radiation 
Incident to the procett of producing or 
utlllting tpeclal nuclear tnateritl; 

* (4> ^Vtnduojiar4^'ti«>aautrthti 
than 11 eonttcutlvt wteta tor mor» than 
U ccnaecuUn watkt. Th* t n t calendar 
quarter of each year ahall begin In Janu­
ary and tubmiiitnt calendar quarteti 
ahall be nch that no day It Included In 
more than one calendar quarter or 
omltttd from Inclusion within a calendar 
quarter. Ho Uctoaw shall change the 
method observed to him of determining 
calendar quarters except at the btiTlnnlnj 
ctfaealtadvytar. 

(S) "Commission" means the Nuclear Regu­
latory Comfflisswn or ils duly lulhoriied 
rtfreteitustivcs; 

20-1 



PART 20 • STANDARDS FOR PROTECTION AGAINST RADIATION 
(I) "Oovernment *teney" M U any 

txeeuttv* dcpartaent, H H U H , fell-
p e n d e n t tttaMliiamt, corporation, 
wholly or partly ow.Md by lb* ( M M 
•tttet or Antrk* which k u M n -
mentaiityaf tht united Stent, or any 
board, bantu, dtrfclon, Mntot, ante, 
• a m . authority, teamttrtBco, or 
otter MihWuMBl in tat • m U i i 

1 branch of the OoftrntMtt; 
(7) "lndrtlduer meant any human 

bttai; 
(I) "Licensed material".Tineas source, 

materiel, special nuclear materiel, or by-
product material received, pcteeettu 
wed. or transferred uader • ttneral ot 
apeclllc llcenie issued by the Commission 
pursuant to the nmlitloDi in thtt 
ebipter: 

<» "Lleeme" atom » license lnued 
under the rttulitloni in Put 30, « , or 
TO ot thit chapter. "Llctnm" means 
the bolder of such Ueente: 

UOi "Occupational doee''lncludii ex- > 
noture ot an indlvlduil to radiation ill ' 
In t restricted ire*: or (U) in the count 
of employment In which the Individual's 
duties involve exposure to radiation; 
provided, th»t "oocapitlonil dote" ihill 
not be deemed to Include any eipoture 
ol »n tad'vidual to radiation lor the pur-
poee of medical dtemotti or nMdlal 
thereof or eueh individual. 

wdiht oat-Mtntlcth »l one percent 
(*tt») Or more a< i. iraBlun, b. U». 
rlum or c, toy eombuwtlon thereot. 
Source aftttrlai do* not Include sptclil 
pucktreutcrlsl. 

Oili *»»il«l nwloirmitetlir nMBM 

intteM ft tat tatoprM or in the k > 
ten* W, *od *ny othor material whfcb 
tat Cnatalstlfiri, purtuant to lae.prorl-
slon* of Motion II ol tbt *ct, dtttmdnw 
t* bo tpectel welter nwterikl, bat dot* 
tat melsdt m o w materiel; or <H) tar 
Mterlil arttfldaBy oufcbjd br t w of 
a* tomolni but dote not Include m m 
Mteriol; 

nlttjtna in tak port, o n of tat foBow-
tef k eeneldond to be tfidvalant to o 
daot ot on* dm: 

(I) A don of 1 r dm to X - o r p u s * 

) ill) "Onrciltfcted *n*" meant any 
uta aeons to which 1» not oontralM by 
the lletoMt for purposes of protection ot 
indWduili from txpoeure to radiation 
/•ad radioactive materials, and any i n * 
M*d for mtdenttal quarters. 

(18) "Administration''means the Bn 
niy Research *nd Development Admin 
titration or It* duly authorized repre 
lenUtives. 

(11) "Perton" me*m (i) tnr indl-
vidual, corporation. Pkrtnenhlp, firm. 
Mioci»tlon, truit, eittte, public or pri­
vate Institution, roup. Government 
agency other than the Commission or the 
Administration (except that the Admin­
istration (hall be considered a person 
within the meanlnt of the retaliations In 
this part to the extent that Its facilities 
and activities are subject to the Ucenimr. 
and related regulatory authority ot the 
Commission pursuant to section 302 of 
the Enemy Reonanitatlon Act of 1074 
(M But. 12«)), any Bute, any fortlfn 
tovenunent or nation or any political 

.subdivision of any such lovemment or 
toation, or other entity: and (II) any 

/leiel successor, representative, etent. oi 
aitncy of the foretoiflt. 

(ID •'RadUUoo" meant any or *U of 
tht foUowtoi: alpha ran, beta ran, 
lemma ran, X-rays, neutron*, aifh-
epetd electrons, hiih-tpeed proW, tad 
other atomic partleltr. but not amad 
or radio wave*, or flatUt, Infrartd, or 
ultraviolet light; 

<») "Radioactive material" Includes 
any such material whither or not subject 
to UotnUni control by the Commission; 

<l« *1*atrlet*d area" moan* any 
a m atom to which It tontroUed by the 
ttoonn* tor .porpoaw of proteotlon of 
mdtndualt from txpotiut to radiation 
tad rtdtoaettv* •attrUt. -Btstrtttd 
area" than not taMhidt my treat ttad 
M rfttftnuai auarttn, Uthotttb a tap*-
rat* room or raw In • rtaMtntial 
bulldlni may be ttt tpatt at» rutrkted 

(15) "Source material" meant <1) 
urinlum Or thorium, or any eomblnt-
tkm thereot, in any physical or chemical 
torn: or (11) e m whkh contain by 

n> DtfmttcM of certain . a tr words 
phraam M mtd In tbl* part ioe eat 

in other ttdloo*, montlnt: 
(1) •Atrbono rtdioactMty are*" de­

fined in 110X9; 
1 U) TtidHlon em" abd Tilth radi-
atkmam"d*finedtnl3tJt3; 

(I) "?enonne1 uonltorun euulpment" 
d*9nedlB|30Jol' 

(ll'Suirej-diOnedmlJOJIl; 
: it) TMttofmsaiunmentofdoitatd, 
rtte) defined m . l l t ; 
: (I) TJsiu of awanrentnt of radto-
lattritydtflntdmixj, 
| » . 4 UabWredWiMdwt. 

(a) "Dote." ae OM] la thlt part, it the 
niantity of rtmatlon absorbed, per unit 
of nutt, by the body or by any portion of 
the body. Wbtn the reiumttcai m this 
put epeotty a dote durint a period of 
tlmt, the dote wane the total quantity 
of radiation absorbed, par cult of meat, 
by tht body or by tny ports* of tot 
body duiinr such parted of tbne. aerertl 
dtferent tmltt of dote tit in currant tea. 
DeOnlUau of unltt u need in toil part 
are aH forth In panfranbt <b) tad (e) 
of tail taetjon. 

<b) Thi rtd, as mwd In tali part, k a 
KM- tf the dcee of aw ionlttat radi­
ate body tienet m tem of the 
eoei jeorbed per unit Taaet of the 
Cemi jne rtd k tat dot* correspond-
lac to tht absorption of IN era per U t a 
ottkiM. (One mmirad (mr*d)-t.W 
nd.) 

(i) The rem, as and in thk part, k 
a mearoit ot thi don of any icolttnt 
ndlktlon to body tkrw In terms ot ttt 
•tttmited MtJorlcal tOect nlatrn to i 
dc**ofontroent«ii(r)ofX-rayi, (Oot 
mlIur*»(Br*m)-t.001reBi.) 1b*r*l**' 
tton ot the rem to other don unite de-
pends span tht klolotlcil ttfiet under 
ociitldnattonandupoatheecnditlowof 
Inadiatlon. *otthtpurpo*tottlierat> 

WAdonoflrtddwtoX-.pmm*, 
or bate radiation; 

<l» A d m of U n d dta to neutron 
•TlajB antra ITONM; 

(4)AdoNofMfrtftetot»r»i l t i 
BttTkt m a protont and wtm taltttnt 
eneny to reach the Mat of tbt eye; 
H ft k men eonvteJent te Mtent tat 
atotroo flat, or eejaMkat, than to de-
termme the nntron don at ndt, H 
provided In eubptramph (U of ink 
paratraph, oat m a of riutron radiation 
nay. for pmponi of t i t renihtlou in 
tak part, br tenmed to bt ttntralent 
to 14 minion neutrons per ttoere eantl-
•iter mcldtnt upon tbt body; or, If 
there tloitsiufflcJnrt tafomauon to est!-
•at* with reasonable tocuracy tat ap-
proxbnil* distribution in ennty of tht 
neutrons, the modest unbar ot aoa-
tttnt per eouar* otttkaeter tatrialent 
to tat rem may bt nUmated from tht 
foatwlnc table: 

MmeM* y»i Dae n i R t u n 

Katarvf a»jr 
•wmnkmaamtr fi* 

HmrnprnnOitfl netnlBt 
k i l n i l l 
« ( • » 
t * W 

a>paw) 

V W M I mxv (ft 
BWXW BWXW So BWXW 

a 
f,i .... , • x w a 
l i „„ 9 . x * a 
U , ..M i axw is 

•XH> a 1* , •XH> a 
SWI* ]» 

Pf,,. WCSP i) 
• w> B-ui •-• 1(X* a 

<d> MdeterminlnitipoiumtoXor 
timma rayn up to t Her, the don limits 
tpecJ&ed in | | 3D.IU to ».lo4, lnclualve. 
may he atiumed to be eoutvalent to the 
'airdote". For the purpon of thk put 
•air don" mnnt thtt tht dote U meas­
ured by a properly calibrated appropriate 
instrument in air atwnear the body BB-
fact in the retiM of hltbNt dotal* r»te. 

ti»S PahjitvaanMUiln. 
(a) Radtetcttnty Is commonly, and 

for purpose* of the retuliUon* In this 
part shall bt, measured tn terms of dit-
tntefration* per unit time or in cnrln. 
On* egrlt=l.TxU* OlslntefraUoot per 
aeoond (dps)=J3llO• dlsmtesraUoiis 
per minute Cdpm). Commonly ueed sub-
multlpln of tbi curie an the mlillcurie 
•nd the mlcrocurM: 

(1) One mullcurli <mCl) "=0.001 curie 
(CI) >=l.7il0' dps. 

(1) One mlcrocurie <*CI) '•O.oMOOl 
curie=3.7xlO' dps. 

'wowtwv PMBDU. u» apprepriite unit 
*»** *» »«»•» «> u "ciS»(,).- -mull. 
«rH(«)." or "mlcromrt(i)," tot t i . ShlL. 
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PART 20 • STANDARDS FOR PROTECTION AGAINST RADIATION 

(b) IDeteted 40 FR 507M.| 

(c) | Deleted 39 FR 23990.] 

§ 2U.f> Interpretations. 

Except as specifically authorized by 
the Commission In writing, no interpreta­
tion of the meaning of the regulations in 
this part by any officer or employee of 
the Commission other than a written in­
terpretation by the General Counsel will 
be recognized to be binding upon the 
Commission. 

§ 20.7 Communications. 

Except where otherwise specified in 
this part, all communications and re­
ports concerning the regulations In this 
part should be addressed to the Execu­
tive Director for Operations, U.S. Nu­
clear Regulatory Commission. Washing­
ton. D.C. 20555. Communications, re­
ports, and applications may be delivered 
in person at the Commission's'offices at 
1717 H Street NW., Washington. D.C.; or 
at 7920 Norfolk Avenue. Bethesda, Mary­
land. 

„"" m i m u u DMU. U I U U I 
OsRcmTunoM 

S 20.101 Eipmure of indiridinli lo ra­
diation in minded ureal. 

(a) Except as provided In paragraph 
<bi of this section, no licensee shall 
possess, use, or transfer licensed mate­
rial in such a manner as to cause any 
individual in a restricted area to receive 
in any period of one calendar quarter 
from radioactive material and other 
sources of radiation In the licensee's pos­
session a dose in excess of the limits 
specified in the following table: 

Rem per calendar quarter 
1. Whole body; head and trunk; active 

blood-forming organs; lent of 
eye* or gonedi 1!4 

3. Hindi and forean-«- feet and 
anklu IIS 

>. 4xw oi wtde - > If, 
ib) A licensee may permit an indi­

vidual in a restricted area to receive a 
dose to the wbole body greater than that 
permitted under paragraph (a) of this 

section, provided: 
(It During any calendar Quarter the 

dose to the whole body from radioactive 
material and other sources of radiation 
in the licensee's possession shall not ex­
ceed 3 rems; and 

<2> The dose to the whole body, when 
added to the accumulated occupational 
dose to the whole body, shall not exceed 
5 iN-lt) rems where "N" equals the in­
dividual's age in .years at his last birth­
day: and 

<3) The licensee has determined the 
Individual's accumulated occupational 
do* to Ifce whole body on Form NRC-4, or 
on a clear ind legible retold contain-
tag all the information required in that 
form: and has otherwise complied with 
the requirements of J 20.102. As used in 
paragraph <b), "Dose to the whole body" 
shall be deemed to Include any dose to 
the whole body, gonads, active blood-
forming organs, head and trunk, or lens 
of eye. 
§ 20.102 Determination of accumulated 

dose. 
(a) This section contains require­

ments which must be satisfied by 
licensees who propose, pursuant to para­
graph (b) of 5 20.101, to permit Individ­
uals in a restricted area to receive ex­
posure to radiation In excess of the limit} 
specified In paragraph <a> of {20.101. 

lb) Before permitting any individual 
in a restricted area to receive exposure 
to radiation in excess of the limits spec­
ified In paragraph (a) of § 20.101, each 
licensee shall: 

(1) Obtain a certificate on Form NRC-4, or 
on s clear and legible tecoid 
containing all the information required 
in that form, signed by the individual 
showing each period of time after the 
individual attained the age of 18 In which 
the Individual received an occupational 
dose of radiation; and 

(2) Cslculite on Form NRC-4 in accord­
ance with (he instructions inpear-
ing therein, or on a clear and legible 
record containing all the Information 
required in that form, the previously ac­
cumulated occupational dose received by 
the individual and the additional dose 
allowed for that individual undei 
J20.10Kb). 
(cMl) In the preparation of Form NRC-4, 

or i clear and legible record con­
taining all the Information required in 
that form, the licensee shall make a rea­
sonable effort to obtain reports of the 
Individual's previously accumulated oc­
cupational dose. For each period for 
which the licensee obtains such reports 
the licensee shall use the dose shown lr. 
the report in preparing the form. In 
any case where a licensee Is unabh to 
obtain reports of the individual's occu­
pational dose for a previous complete 
calendar quarter, it shall be assumed 
that the individual has received the oc­
cupational dose specified in whichever 
of the following columns apply: 

Column) Colutiin •: 

A Mined ASUffli-l 

fVKrftody 
tlpVUft 

ID i#m« tor 
ttWfwtir 

n|»c*iiri-
In ri ' in* f" f 

r - i km l t ' 

prior to 
Jin 1.19T.I 

i | im ' . r -
Iw'PillllMiL'.l 

UP ifi-r 
Jitn i, mil 

Whole body, mud?, 
Mtlvc bloM-formtni 
organs, hf*d u d trunk, 
km of tyc. 

3?* i> 

• • Amended 36 FR 1466. 
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(2) The licensee shall retain and pre­
serve records used in preparing Form 
NRC-4 until the Commission authorizes 
their disposition. 

if calculation of the individual's ac­
cumulated occupational dose for all 
periods prior to January 1, 1961 yields 
» result higher than the applicable ac­
cumulated dose value for the individual 
as of that date, as specified in paragraph 
(b) of 120.101, the excess may be disre­
garded. 

§20 .103 Expoiure of indivkl uaK lo ron-
centpctinnn of radioactive material* 
in air in restricted area*. 

(a) ID No licensee shall possess use. 
or transfer licensed material in s.rh a 
manner as to permit any Individual in a 
restricted area to inhale a quantity of 
radioactive material in any period of 
one calendar quarter greater than the 
quantity which would result from inha­
lation for 40 hours per week for 13 weeks 
at uniform concentrations of radioactive 
material in air specified In Appendix B. 
Table I, Column i . , : ' If the radioactive 
material is of such form that Intake by 
absorption through the skin Is likely. In­
dividual exposures to radioactive mate-, 
rial shall be controlled so that the up­
take of radioactive material by any or­
gan from either Inhalation or absorption 
or both routes of Intake'' in any calen­
dar quarter does not exceed that which 
would result from inhaling such radio­
active material for 40 hours per week for 
13 weeks at uniform concentrations spec­
ified in Appendix 6, Table I. Column 1. 

(2J NO licensee shall possess, use. or 
transfer mixtures of U-234, U-235, and 

' Since the concentration specified lor trit­
ium oxide vapor assumes equal Intakes by 
skin absorption and Inhalation, the total 
intake permitted Is twice that which would 
result from inhalation alone at the concen­
tration specified for H 3 S in Appendix B, 
Table I, column 1 for 40 hours per week tor 
13 weeWs 

•For radon-232, the limiting quantity U 
that Inhaled In a period of one calendar 
year. Dor radioactive materials delimited 
"8ub" In the "Isotope" column of the table, 
the concentration value specified to based 
upon exposure to the material as an exter­
nal radiation aouree. Individual exposures to 
these materials may be accounted for as ' 
part of the limitation on individual dote in 
I3O101. These nuclides shall be subject to _ 
the precautionary procedure* required by . 
iJO.lOSib'KU 

'Multiply the concentration values sped-. 
fled In appendix B, table I, column I, by , 
•JxlO'ml to obtain the quarterly quantity , 
limit. Multiply the concentration value spec­
ified In appendix B. table I, column 1. by 
3.5x10' ml to oblaL the annual quantity 
limit for Rn-SS!, 
Fnotnotes 4 ind 5 on pale 2fM 
•Amended •)! KR2.JI.W. 
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U-238 ill soluble (oral In such a manner 
as lo permit any individual in a restricted 
area to inhale a quantity of such material 
in excess o< the intake limits specified in 
Appendix B. Table I. Column 1 of this 
part If such soluble uranium is ot a form 
Mich that absorption through the skin Is 
likvl.. individual exposures to such ma­
terial shall be controlled so that the up­
take of such material by any organ from 
cither inhalation or absorption or both 
routes of intake' does not exceed that 
••Inch would result from inhaling such 
nmimal at Ihe limits specified in Ap­
pendix B. Table I. Column 1 and footnote 
4 thereto. 

• 3' For purposes of determining com­
pliance witli the requirements ot this sec­
tion the licensee shall use suitable meas­
urement of concentrations of radioac­
tive materials in air for detecting and 
evaluating airborne radioactivity in re­
stricted areas and in addition, as appro­
priate, shall use measurements ol radio­
activity in the body, measurements of 
radioactivity excreted from the body, or 
any combination of surh measurement* 
as may be necessary for timely detection 
and assessment of individual intakes of 
radionrlivitv by exposed individuals. It 
is assumed that an individual Inhales 
radioactive material at the airborne con­
centration in which he is present unless 
he uses respiratory protective equipment 
pursuant to paragraph <c< ol this sec­
tion When assessment of n particular 
individual's intake of radioactive ma­
terial Is necessary, intakes less than thosf 
which would result from inhalation ft. 
2 hours in any one day or for io hours 
in any one week at uniform concentra­
tions specified in Appendix B. Table I. 
Column 1 need not be included In such 
assessment, provided that for any assess­
ment in excess of these amounts the en­
tire amount is Included. 

'b>' 11 The licensee shall, as a precau­
tionary procedure, use process or other 
engineering controls, to the extent prac­
ticable, to limit conrentrat.ons of radio­
active materials in air to levels below 
those which delimit an airborne radio­
activity area as defined i n ! 20^3'd > '1 > 
< i i i . 

<2< When it is impracticable to apply 
process or other engineering controls to 
limit concentrations of radioactive ma­
terial in air b e t a those defined In 
5 20JQ3'd> • 11<ii>. other precautionary 

' Significant intake iv Iniestton or injec­
tion Is presumed to tv nir only as a result of 
circumstances sueb v 'jcrident. inadvertence, 
poor procedtt" or * ..illar Rperlal conditions. 
Such intakes lust tie «v«lu»ts! ana ac­
counted for by techniques and procedures »* 
miy be appraprlMe to the circumstances <if 
the occurrence. ExooMirt* so emulated shili 
be included In determining rtwher the 
limitation on individual exposure*" in IV -
lWial (11 hn been exceeded 

-Rreulatory guidance on aw«meni of 
Individual in»k«s of rad'wtlve material Is 
tlnn In Xeculitory tjutiie l.a. "Acceptable 
Conceals. Models. Sanations and Aasump-
tion< for a BloiMav Program." striate c<*ple* 
of which arc available from the once of 
Standard* Development If J. Nuclear Reni-
Htorr Commwinn. Washington. D.c. 2M5.V 
upon wrltte n request 

procedures, such as Increased surveil­
lance, limitation of working times, or 
rovlsion of respiratory protective oqulp-

.nent. shall be used to maintain intake 
ot radioacttve material by any individ­
ual within any period of seven consec­
utive day; as far below that intake of 
radioactive material which would result 
from inhnlatloii of such material for -10 
hours at the uniform concentrations 
specified in Appendix B. Table 1. Col­
umn 1 as Is reasonably achievable. 
Whenever the Intake of radioactive ma­
terial by nny Individual exceeds this 40-
iiour rontrol measure, the licensee shall 
nuke such evaluations and take such 
ictions as are necessary to assure 
auatwt recurrence. The licensee shall 
maintain records of such occurrences, 
evaluations, and actions taken In a clear 
and readily identifiable form suitable 
for summary review and evaluation 

i c When respiratory protective 
equipment Is used to limit the Inhala­
tion of Airborne radioactive material 
pursuant to pnraeraph <b"2> ot this 
<eclion. the licensee may make allow­
ance tor such use In estimating expo-' 
;ures ot individuals to such materials 
provided that such equipment is used 
as stipulated in Regulatory Guide 8.15. 
"Acceptable Programs for Respiratory 
Protection.'" 

'd' Notwithstanding the provisions of 
•jaragraphs 'b' and <t< of this section, 
.lie Coramtoion may impose further 
restrlctlons: 

• 1 • On the extent to which a licensee 
nav make allowance for use of respira­
tors in lieu ot provision of process, con­
tainment, ventilation, or other ensineer-
inc controls, if application of such con­
trols is found to be practicable; and 

• 2' As T iht be necessary to assure 
that the • liratory protective program 
of the ) ee is adequate in limiting 
exposure of personnel to airborne ra­
dioactive •• tr ia l s , 

i«' The licensee shall notify, in writ­
ing: the Director of the appropriate Nu­
clear Reg 'atory Commission Inspection 
and Enf' .cement Regional Office listed 
In Apr-.udix D at least 30 days before the 
dote that respirators' protective equip­
ment is first used under the provision: 
of this section. 

<f> A licensee who was authorized tc 
make allowance for use of respiratory 
protective eoulpment prior to Decem­
ber 29. 1971 slnll bring his respira­
tor.' protective program into conform­
ance with the requirements of para­
graph <r> of this section within One 
year of that date, and is exempt from 
the requirement of paragraph (e) of 
this section. 

•IWs Incomomion by reference provi­
sion was anprorea bv the Director of the fed-
vral Register on October IB. 187ii. Single 
topltl ot ftrpuriory Guide 1.15 are available 
from thr Office of standard! Development. 
rj.8- Nuclear Rtsvilatorv Commission. Wash­
ington, DC J055S. upon written request 

p2tl.Mll hiiMnurr uf minor*. 
la 1 No licensee shsll possess, use or 

transfer licensed material in such a 
manner as to cause any individual within 
a restricted aiea who is under 18 years 
or ape to reccve m any period of one 
calendar quarter from radioactive ma­
terial and other sources ot radiation in 
the licensee's iiov.es.Mtm a dose in excess 
of 10 iivrceni of the limns specund in 
the table in paragraph ' a > of '• 20.101 

<b> No licensee shall possess use qr 
translci licensed material in such a 
manner as to cause any individual 
within a restricted area, who is urriei 18 
years o[ ate to be exposed to airborne 
radioactive material possessed by the 
licensee in an avrraee concentration in 
exces.- of the limits specified in Appendix 
B, Tabic II ol this part Fnr purposes 
ot tins paragraph conccntutions ms.-
be averaged over periods not greater 
than a week 

<c> Tfie provisions of K2d.l03'b"2' 
and 20103'c shall apply to exposures 
subject, to paragraph ib> of this section 
except that the references in 15 20.103 
ib"2' and 20.103'ci to Appendix B. 
Table I, Column 1 shall be deemed to be 
references to Appendix B. Table II. Col­
umn 3. 

£2M.IQ.'t IV-rilti—iWr li-trl. vX Mlliittiim 
in unri'.lrieleil iin-.i.. 

ia' There may be included in anv ap­
plication for a license or for amendment 
of a license proposed limits uuori levels 
ot radiation in unrestricted areas result­
ing from the applicant's possession or 
use of radioactive material and other 
sources ot radiation. Such applications 
should include information as to antici­
pated average radiation levels and an­
ticipated occupancy times for each 
unrestricted area involved. The Com­
mission will approve the proposed limits 
it the applicant demonstrates that '.he 
proposed limits are not likely to cause 
any Individual to receive a dose to the 
whole body in any period of one calendar 
year in excess of 0.5 rem. 

ib> Except as authorized by the Com­
mission pursuant to paragraph <a> of 
this section, no licensee shall possess, use 
or transfer licensed material In such a 
manner as to create in any unrestricted 
area from radioactive material and other 
sources of radiation in his possession-. 

(1) Radiation levels which, if an indi­
vidual were continuously present In the 
area, could result in his receiving a dose 
in excess of two mlllirems in any one 
hour, or 

<2> Radiation levels which, if an indi­
vidual were continuously present in the 
area, could result in his receiving a dose 
m excess of 100 milllrems in any seven 
consecutive days. 

120.106 Redioncthtfljr in efflsenta to 
•nreiurkled ireai . 

<»i 1 licence thai! not poaaert, tue, 
n trawler ktnaed material fcu to re-
ease to tn ujirertricted tie* rauloac^rt 
itterlal In concentration! which uoaM 
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PART 2 0 * STAND/I 
Mie llmlta tpsdfltd In Appendix -»", 
IWUenofthhawt,aa«tM*atl>HM 
pamnnt u> I i t J t t or y t n t t H b (k) «l 
thli section. I t e PIBPOM e( tbk MR* 

ftloii concentrations may • ( avert**] o m 
t period not trsaMrthaB toe year. 

<b> An application for t Dome or 
intendment may include ptctxjttdUmlU 
higher thin those tpecmtd In para­
graph (a) of this ssotton. TbcCommli-
•ion will approve the proposed Umtts 
If the applicant demonstrates: 

(1) That she applicant bat u d e • 
leuomble effort to minimise the radio­
activity contained In aluenti to un­
restricted areas: and 

(2) n u t It to not likely tint radio­
active miterMduebuteil In the efluent 
would remit In the exposure of an Indi­
vidual to concentration! of radioactive 
material In air or water exceeding the 
limits specified in Appendix "B", Table 
Ilof this pert. 

(c) An application for hither llmlU 
pursuant to paragraph lb) of thii tac­
tion thai] include infonnaticn demon* 
itratint that the applicant hit made a 
reuonable effort to mlnlmlie the radio-
activity discharged In tttuoti to unre-
itrleted areas, and that! Include, a> 
pertinent; 

(1) Information ai to flow rate*, total 
volume of efluent, peak concentration of 
each radionuclide to the ettaent, and con­
centration of each radionuclide In the 
eOuent averaged over a period of one 
year at the point where the eluent leaves 
a Mack, tsbe, pipe, or dollar conduit: 

(2) A detcrtptlon of the proptrtlei of 
the effluents. Including: 

(I) chemicsl composition; 
(II) physlcsldasroterlstlcs, including 

impended wild* content in liquid e*u-
entt, and nature of la i or aerosol for air 
effluents; 

(ill) the hydrogen Ion concentrations 
(pf) of liquid eBuehts; and 
(iv) the tlie ranfe of partlculatea In 

effluents releaied Into air. 
(3) A description of the anticipated 

human occupancy In the unrestricted 
area wnere the hlitltctt concentration of 
radioactive material from the eluent l> 
expected, and, in the care of a river or 
Bream, t description of water nm down-
stream from the point of relet* of the 
effluent. 

U) information at to the hit beet con­
centration of each radionuclide la an 
unreitrleted ana, including inrHHtcd 
concentratloni avenged onr a period of 
one year: 

(I) tn air at any point of human oc­
cupancy; or 

(II) In water at points of ute down-
ttream from the point of relet* of the 
eftuent. 

(5) The backtnund concentraUon of 
radionuclides In the reoeMni river or 
itream prior to the releate of liquid 
efuent. 

(*) A description of the enrirocmeiitil 
monitoring equipment, Includinf tensl-
twlty of the system, and procedural and 
calculations to determine eoncentratlom 
of radlonudldetin the unrestricted art* 
and poitlble reconeentratlotu of radlo-
nucllflei. 

(1) A deMrlptlon of the watte treat­
ment facilities and procedural wad to 

IDS FOR PROTECTION AGAII 
reduce the eooe-ntritlonc/radloDUotidtt 
In safctnts prior to thUr nltaw. 

(d) Ibr the purpgeas of tide Motion 
the<»ie*iitriflanltait^App*nebx"»", 
Table C of thu part than apply at the 
boundary of 'the mtrkted and. The 
eenctntratkft of radioactive •attrlal 
discharged throufh a stack, pipe or sim­
ilar ocettaU.mty he dtUrmtoad with 
ratptet to the point where the material 
starts the toaduK. If the conduit dls-
e h a r n wtt&ta the natrleted area, the 
concentration at the boundary may be 
determined by tpplylnt appropriate 
factors for dilution, dispersion, or decay 
between the point of discharge and the 
boundary. 

(e) In addition to limltini concen-
tratloni in tfluent itreami. the Com­
mission may limit quantities of radio-
active materlali reltastd in air or water 
during a tptcifltd period of time If It 
apptin that the dally Intake of radio­
active material from air, water, or food 
iv a tultaue sample of an exposed psp-
tfutlon Roup, averaged over a perjod 
not exceeding one year, would othertlt* 
ttoted tbt dally intake multtai bom 
sststtsuous typoture to air or water eon-
tkmtaf one-third the concratrtUen of 
rwfioactlvi materials specified In Ap­
pendix "B". Table B of this part. 

(f) The proTiiioni of this tsetlon do 
tut apply to disposal cf radioactive ma­
terial Into tiflitary-sewerage systems, 
which Isiovemed by 120.302 

( 20.107 Medical tHitnotit and therapy. 
Nothing in the refUlttlont in this part 

ihall be Interpreted u limiting the in­
tentional exposure of patients to radia­
tion for the purpose of medical diagnosis 
or medics] therapy. 
120, ]0t M e n requiring furnnhinf o/ 

bio-attar Krvkr*. 
Where necessary or desirable In order 

to aid Jn determining the extent ol an 
individual's exposure to concentrations 
rf radioactive material, the Commission 
may Incorporate appropriate provisions 
n any license, directing the licensee to 
make available to the individual appro­
priate blo-auay services and to furnish 
t copy of the reports of such services to 
the commission. 

PlIC»UTIOMA«Y PtOCDVKS 
120.291 Surrey.. 

<a) At used in the regulations in this 
part, "survey" means an evtluttion of 
the radiation hazards incident to the pro­
duction, ute, relets?, disposal, or pres­
ence of radioactive mtterials or other 
sources of radiation under a specific set 
of conditions. When appropriate, such 
evaluation includes a physical survey of 
the locstlon of materials and equipment, 
and measurements ot levels ot radiation 
or concentrations of radioactive materiel 
present. 

(b) Bach licensee shall make or cause 
to be made such surveys u may be neces­
sary for him to comply with the regula-
ttcw in this part 
120.202 POTMMI moaiioriif-

(at Each licensee shall supply appro­
priate personnel monltorint equipment 
to, and shall require the use of such 

ST RADIATION 
equipment by: 

(1) Each individual who enters a re­
stricted area under such circumstances 
that he receives, or Is likely to receive, 
a dose in any calendar qutrter in excess 
of 25 percent of the applicable value 
specified in paragraph la) of 120.101 

<2) Each individual under 18 years ol 
ate who enters a restricted area under 
such circumstances that he receives, or 
is likely to receive, a dose in any calen­
dar quarter in excess of 5 percent of 
the applicable value speeffled in ptra-
fraph (a) of 120.101. 

(31 Each individual who enters a high 
radiation area. 

(b) As used In this part, 
(1) "Fersonntl monltorint equipment" 

means devices designed to be worn or 
carried by an Individual for the purpose 
ot measuring the dose received (e. g. 
Dim badges, pocket chambers, pocket 
dosimeters, film rings, etc.): 

(2) "Radiation area" meant any area, 
accessible to personnel, In which there 
exists radiation, originating to whole or 
in part within licensed material, at such 
levels that a major portion of the body 
could receive In any one hour a dose in 
excess of S mDlirem. or In any S con­
secutive days a dose in excess of 100 
miliirems: 

(3) "Elih radiation area" means any 
ana, accessible to personnel, in which 
there exists radiation originating In 
whole or in part within licensed mate­
rial at such levels that a mijor portion 
of the body could receive In any one hour 
a dose in excess of 100 mlUirem. 

I M J 0 3 Culioa algai, back, aifaak, 
(•4 Ma Irak. 

(a) General. (1) Except as otherwise 
authorized by the Commission, sym­
bols prescribed by this section shall use 
the conventional radiation caution colors 
(magenta or purple on yellow back­
ground). The symbol prescribed by this 
lection It the conventional threc-bladed 
design: 
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ktutnox n u t 

1. Cnaa-Btteitd i n t U to to taaftntt « 

J aacirrouod to to to yaUo*. 

'2) In addition to the contents of sign 
and labels prescribed In this section, li­
censees may provide on or near luch 
signs and labeli any additional informa. 
tlon which nuy be ipproprliu in aiding 
Individuals to minimtM exposure to radi­
ation or to radioactive material. 

(b> Rotation arm. Etch radiation 
tret shall be conspicuously potted with 
» tign or signs bearing the radiation cau­
tion symbol tnd the voids: 

CAOTKW' 
RADIATION ARIA 

(c) High tatuttto* areas. (1) Each 
high ridiation area ahall be conspicu­
ously posted with a sign or tiros bearing 
the radiation caution symbol and the 
words: 

CAUTION' 
HUB RADIATION ASIA 

til Etch entrance o> act ta point to 
• nigh radiation area ahall be: 

il) Equipped with a control device 
which ahall cause the level of radiation 
to be reduced below that at which an 
Individual might receive a dote of 100 
nttlllremi in 1 hour upon entry Into the 
a m ; or 

(U) Equipped with a control device 
which shall energise a conspicuous vis­
ible or audible alarm signal In such t 
manner that the Individual entering the 
high radiation area and the licensee or 
a supervisor o! the activity are made 
aware ol the entry; or 

(111) Maintained locked except during 
periods when access to the area is re­
quired, with positive control over each 
Individual entry. 

(3) The controls required by tobpara-
graph (2) of this paragraph ahall be 
established In such a way that no Indi­
vidual will be prevented from leaving a 
high radiation area. 

14) In the c u e of a high radiation 

Or "D»n«r 

area tattblialMd fora petted of M days 
orWs.dlrtcisurrelllanoclopttvtntun-
authorlMd entry may be ntttlUtcd tor 
the controls required by subparagraph 
(S) of this paragraph. 

(S) Any licensee, or applicant for a 
license, may apply to the Commission 
for approval of methods not Included In 
subparagraphs (1) and (4) of this pan-
graph for controlling access to high radi­
ation anas. The Commission will 
approve the proposed alternatives If the 
licensee or applicant demonstrates that 
the alternative methods ef control will 
prevent unauthorised entry Into a nigh 
radiation ana, and that the requirement 
of subparagraph i3> of this paragraph Is 
met. 

it) Each area In which there may exist 
radiation levels In excess of 500 rems In 
one hour at one meter from a sealed 
radio-active source' that Is used to Ir­
radiate materials than-: 

(D Have each entrance or access point 
equipped with entry control devices 
which shall function automatically to 
prevent any individual from Inadver­
tently entering the area when such ra­
diation levels exist; permit deliberate 
entry into the area only after a control 
device is actuated that shall cause the 
radiation level within the area, from the 
sealed source, to be reduced below that at 
which ii would be postible} lot an in­
dividual to receive a dose in excess of 
100 mrem In one hour: and prevent op­
eration of the source if the source would 
produce radiation levels in the area that 
could result in a nose to an individual In 
excess of 100 mrem in one hour. The en­
try control devices required by this para­
graph <c 1161 shall be established in such 
a way that no Individual will be pre­
vented from leaving the area. 

illi Be equipped with additional con-

' This paragraph <c> 1*1 does not apply to 
radioactive sources that ire used in tele­
therapy. In radiograph;, or in completely 
•elf-shielded Irradiators in which the source 
U both stored tnd operated within the Mint 
•Melding radiation bsrrler snd. In the de­
signed configuration of the Irradiator, is al­
ways physically Inaccessible to any individual 
and cannot create high levels of radiation In 
an area that Is accessible to any individual. 
This paragraph let 161 also does not apply to 
sources from which the radiation Is inci­
dental to some other use nor to nuclear re­
actor generated radiation other than radia­
tion from byproduct, source, or special 
nuclear materials that are used In sealed 
sources In non-self-shlelded Irradlutors 

-These requirements apply after Mar. 14. 
1078, £ach person licensed to conduct activi­
ties to whtch Uvls paragraph lent) applies 
and who Is not In compliance with the pro­
visions of this paragraph on Mar. 14. 1918. 
anal Die with the Director, Office of Nuclear 
Material Safety and Safeguards. U.S. Nuclear 
Regulatory Commission. Washington. D.C. 
20555. on or before June 14.1078. Information 
describing In detail the actions taken or to 
be taken to achieve compliance with this 
paragraph by Dec. 14.1B78. and may continue 
activities in conformance with present license 
conditions and the provisions of the pre­
viously errectlve 120203 until such compli­
ance Is achieved. For such persons compli­
ance must be achieved not later than Dec 14 
IB7B 
IAm™J(J4J IK 2107. 

trol devices such that upon failure of 
the entry control devices to function as 
required by paragraph ICM<I <n of this 
section the radiation level within the 
area, from the sealed source, shall be 
reduced below that at which it would be 
possible for an individual to receive a 
dote In excess of 100 mrem in one hour; 
and visible and audible alarm signals 
shall be generated to make an individual 
attempting to enter the area aware of 
the hazard and the licensee or at least 
one other Individual, who Is familiar 
with the activity and prepared to render 
or summon assistance, aware of such 
failure ol the entry control devices. 

illli Be equipped with control devices 
such that upon failure or removal o! 
physical radiation barriers other than 
the source's shielded storage container 
the radiation level from the source shall 
be reduced below that at which it would 
be possible for an individual to receive 
a dose In excess of 100 mrem in one 
hour: and visible and audible alarm sig­
nals shall be generated to make poten­
tially affected Individuals aware of the 
hazard and the licensee or at least one 
other Individual, who Is familiar with 
the activity and prepared to render or 
summon assistance, aware of the failure 
or removal of the physical barrier. When 
the shield for the stored source Is a 
liquid, means shall be provided to moni­
tor the Integrity of the shield and to sig­
nal, automatically, loss of adequate 
shielding. Physical radiation barriers 
that comprise permanent structural 
components, such as walls, that have no 
credible probability of failure or removal 
In ordinary circumstances need not meet 
the requirements of this paragraph 
<CH6Miiii. 

' iv Be equipped with devices that will 
automatically generate visible and audi­
ble alarm signals to alert personnel in 
the area before the source can be put 
into operation and in sufficient time for 
any individual in the area to operate a 
clearly identified control device which 
shall be installed in the area and which 
can prevent the source from being put 
Into operation. 

ivi Be controlled by use of such ad­
ministrative procedures* and such de­
vices as are necessary to assure that the 
area is cleared of personnel prior to each 
use of th! source preceding which use it 
might have been possible for an Indi­
vidual to have entered the area. 

'vi> Be checked by a physical radia­
tion measurement to assure that prior to 
the first individual's entry into the area 
after any use of the source, the radia­
tion level from the source in the area is 
below that at which it would be possible 
for an Individual to receive a dose in ex­
cess of 100 mrem in one hour. 

iviii Have entry control devices re­
quired in paragraph <e><6>>1> of this 
section which have been tested for 
proper functioning prior to initial 
operation with such source of radiation 
on any day (hat operations ate not un­
interruptedly continued from the previ­
ous day or before resuminr; operations 
after any unintended interruption, and 
for which records are kept o( (he dates 
times, and results of Mirti tests of ftinr-
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tlon. No operation* other than thow 
necessary to place the eouree la tafe 
condition or to elect reptin on controls 
shell be conducted with tuch source un­
less control dertcK ire functioning 
properly. The Ucemtt dul l tubmlt in 
iccepUhle echedule for more complete 
periodic teats of the entry control and 
wamlnx systems to be MtabUtbtd and 
adhered to at a condiuw of the Ucente. 

<vliii Have thoaeentrjaiid exit portals 
tint ire used In transporting materials 
to and from the irradiation area, and 
that art not Intended for use by Individ­
uals, controlled by such devices and ad­
ministrative procedure* at are Decenary 
to physically protect and warn aialnst 
inadvertent entry by any individual 
through luch portals, Exit portals for 
procesud materials shall be (quipped to 
detect and sifnal the pretence of looae 
radiation sources that are carried toward 
such an exit and to automatically pre­
vent such loose sources from being car­
ried out of the area. 

(7) Licensees with, or applicants for, 
license* for radiation sources that are 
within the purview of paragraph (c) («) 
of this section, and that must be used In a 
variety of positions or in peculiar loca­
tions, such as open fields or forest*, that 
make it Impracticable to comply with 
certain requirements of paragraph <c> 
(6) of this section, such as those for the 
automatic control of radiation levels, 
may apply to the Director, Office of Nu­
clear Material Safety and Safeguards. 
U.S. Nuclear Regulatory Commission, 
Washington, D.C. 20555, for approval, 
prior to use of safety measures that are 
"ltemative to those iperificd'ln paragraph 
(ci <«) of this section, and that will pro­
vide at least an equivalent degree of per­
sonnel protection in the use of tuch 
source*. At least one of the alternative 
measures must Include an entry-prevent­
ing interlock control bated on a physical 
measurement of radiation that aisuret 
the absence of high radiation levels be­
fore an Individual can gain access to an 
area where such sources are used. 

(d) Airborne rodloortlrify arias, (1) 
As used in the regulations la this part, 
"airborne radioactivity ana" mean* (I) 
any room, enclosure, or operating area 
in which airborne radioactive materlala, 
composed wholly or partly of licensed 
material, exist In concentrations In ex­
cess of the amount* specified In Appen­
dix B, Table L Column 1 of this part; or 
(II) any room, enclosure, or operating 
area Is which airborne radioactive mate­
rial composed wholly or partly of licensed 
material exists in concentrations which, 
averaged over the number of hours In 
any week during which Individuals are 
In the area, exceed 35 percent of the 
amount* specified in Appendix B, Table L 
Column 1 of this part. 

(2) Each airborne radioactivity area 
abajl be conspicuously potted with a sign 
or signs bearing the radiation caution 
symbol and the words: 

CAUTION > 
ADUOHHI ftADiOAcnvrry ADIA 

(•) AidtttoMlreqiJrriMiHi. ( l ) Iach 
art* or room In whieh-Uwnted material 
b Dted or stored and which contains any 
radioactive material (other than natural 
uranium or thorium) In an amount ex­
ceeding 10 timet the quantity of such 
materia] specified la Appendix C of this 
part shall be conspicuously potted with 
a algn or atgnt bearing the radiation 
caution symbol and the words: 

OicnoN' 
BAtuoacnvi aunuAtd) 

(2) Etch ana or room in which nat­
ural uranium or thorium la used or 
stored la in amount exceeding one-
hundred times lb* quantity *p*em*d to 
Appendix C of into part thai) a* tea-
apkuoutly ported with • a fn or eigne 
bearing the radiation caution tymbol 
and tht words: 

OAOTIOH' 
UDXOACTTvT, HATBOAt(S) 

(f) Containers. (1) Ktcept at pro­
vided In subparagraph (I) of this para­
graph, each container of licensed mate­
rial shall bear a durable, clearly visible 
libel identifying the radioactive eon-
tents. 

(3) A label required pursuant to nib-
paragraph (1) of this paragraph thill 
bear the radiation caution symbol and 
the words "CAUTION, RADIOACTIVE 
MATERIAL" or "DANOER, RADIOAC­
TIVE MATERIAL". It shall also provide 
tufflclent Information' to permit In­
dividuals handling or using the con­
tainers, or working in the ^dnlty there­
of, to take precautions to avoid or mlnl-
mlxe exposures. 

(3) Notwithstanding the provisions of 
subparagraph (1) of this paragraph, 
labeling It not required: 

(I) For containers that do not con­
tain licensed materials in quantities 
greater than the applicable quantities 
lilted in Appendix C of this part. 

(II) For containers containing only 
natural uranium or thorium in quantities 
no greater than 10 timet the applicable 
quantitlea lifted In Appendix C of this 
part. 

(ill) For containers that do not con­
tain licensed materials In concentrations 
greater than the applicable concentra­
tions listed In Column 3, Table I, Ap­
pendix B of thlt part. 

(Iv) For container* when they are at­
tended by an individual who takes the 
precautions necessary to prevent the 
exposure of any Individual to radiation or 
radioactive materials in exceti of the 
llmlU established by the regulations In 
thlt part. 

(v) For containers when they are In 
transport and packaged and labeled in 
leeordance with regulations of the • 
Department of Transportation , 

(vi) For containers which are accet-
atble' only to Individuals authorised to 
handle or use them, or to work In the 
vicinity thereof, provided that the con­
tent* are Identified to such Individual! 
by a readily available written record. 

Ml) For manufacturing or 
. equipment, such u nuclear reactors, re­
actor components, piping, and tank*. 

(4) I t ch ucentee thalL prior to dlt-
potai of in empty uncontamlnated 
container to unrestricted are**, 
remove or deface the radioactive mate­
rial label or otherwise clearly Indicate 
that the container no tenter contains 
radioactive material* 

1 Or "Danger" 
'Amended. 

>Aa appropriate, tin Information will In-
eliMe radiation Unit, kinds of materiel. «•-
tloatc m activity. gate (or which activity a 
etUmaud. mast «nrlcnnnnv tic. 

'for tiample. container! In locations suck 
as wattr-nUM canals, storage vaults, or not 
Mill. 
* Amended 31 FR 19546. 
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110.204 SMMrntrttioM. 
Notwithstanding the provisions of 

f 20.203. 
(•) A room or area 1* not required to 

be potted with a edition sign because of 
the pretence of a inled source provided 
the radiation level twelve Inches from 
the surface of the source container or 
housing dot* not exceed Ave milllrem 
per hour. 

(b) Rooms or other wren in hospitals 
ire not required to be potted with cau­
tion tifni, u d control of entrance or 
accew thereto pursuant to I J0.J03(O is 
not required, because of the presence of 

patients containing byproduct material 
provided thai there are personnel in at­
tendance whr v.!! -,oke the precautions 
necessary w prcc-' Ihr exposure of any 
Individual to radutlor. or radioactive 
material in excess of the limits estab­
lished in the repletions in this part. 

(C) Cautlor slfns are not required tc 
be posted at areas or rooms containing 
radioactive materials far periods of less 
than eight hours provided that <I> the 
materials are constantly attended during 
such periods by an individual who shall 
take the precautions necessary to pre­
vent the exposure of any Individual to 
radiation or radioactive materials in ex­
cess of the limits established in the regu­
lations in this part and; >2> such area or 
room is subject to the licensee's control 

id 1 A room or other area is not re-
quired to be posted with a caution sicn. 
and control Is not required for each en­
trance or acces: point to a room or other 
area which is a high radiation area solely 
because of the presence of radioactive 
materials prepared lor transport and 
packaged and labeled in accordance with 
regulation; ol the Department ol 
Transportation. 

days and a total quantity of no mart 
than 100 mUllcurita. 

The monitoring than be pertormed at 
toon at practicable after receipt, but no 
later than tore* boon after the pack-
ace It received at tbe licanttt's facility 
It received during the U c w e e i normal 
working houn, or eighteen hours If re­
ceived after normal working hours, 

(2> If removable radioactive contami­
nation b fxcett of 0.01 mlcrocurles 
(32,000 dlatntegrtUoos per mtaete) 'per 
100 square etntlmeten of package iur-
ftee It found on the external surfaces of 
the package, the licensee thai immedi­
ately notify the Anal delivering carrier 
and, by telephone and ttktnph, miilgiim, oi 
facsimiled the appiopnte Nadav Regulatory 
Commission Inspection and Eafotcemuit Re-
cjonal Office shows is Appendix D. 
T u n es> taun m T m A qwrnnas 

y-tipt Typ«A 
Transport {roup I q w .ybnJt qufltity emit 

Qi UfflxlM) OB curtail 

Ol aen 
.1 aw 1 > 1 D 

1 s> I 1KB 
u MOO 
1 X 

§ 20.203 Prorrdurr* for pirtinp up, re­
ceiving, »nd opening pirkapt •. 

(a)(1) Each licensee uho expects to 
receive a package containing quantities 
of radioactive material in excess of the 
Type A quantities specified in paragraph 
<b> of this section shall: 

li) If the package is to be delivered 
to the licensee's facility by the carrier, 
make arrangements to receive the pack­
age when it is offered for delivery by the 
carrier: or 

(li) If the package is to be picked up 
.by the licensee at the carrier's terminal 
make arrangements to receive notifica­
tion from the carrier of the arrival of the 
package, at the time of arrival. 

(2) Each licensee who picks up a 
package of radioactive material from a. 
carrier's terminal shall pick up tht pack­
age expeditiously upon receipt of notifi­
cation from tbe carrier of Its arrival. 

(b)(1) Etch licensee, upon receipt of 
a package of radioactive material, shall 
monitor the external surfaces of the 
package for radioactive contamination 
caused by leakage of the radioactive con­
tents, except: 

(I) Packages containing no more than 
the exempt quantity specified m the 
table In this paragraph: 

(li) Packages containing no more 
than 10 mlUlcUTies of radioactive mate­
rial consisting solely of tritium, carbofi-
14. sulfur-35, or lodine-125; 

(ill) Packages containing only radio­
active material as gases or in special 
form: 

(lv) Packages containing only radio­
active material in other than liquid form 
(Including Mo-»9/Tc-»9m generators) 
and not exceeding the Type A quantity 
limit specified In the ':'-ie in this para­
graph; and 

(v) Packages cor Uning only radio­
nuclides with half-live of less than .30 

(c) (1) Each licensee, upon rece.il of a 
package Containing quantities of r.dlo-
active material In excess ot the Type A 
quantities specified In paragraph (b) of 
this section, other than those transported 
by exclusive use vehicle, shall monitor 
the radiation levels external to the pack­
age. The package shall be monitored ae 
soon at practicable after receipt, but so 
later than three bourt after the package 
Is received at the licensed faculty If 
received during the licensee's normal 
working hours, or II hours if received 
after normal working hours. 

(2) If radiation levels are found on tbe 
external turf ace of tbe package in excess 
of 200 mlUlrem per hour, or at three feet 
from the external surface of tbe package 
m excess of 10 mltUrem per hour, 

the licensee 
shall immediately notify by telephone 
and telegraph, mallgram, or facsimile, 
the director of the appropriate NRC Re­
gional Office listed in Appendix D. and 
the final delivering carrier. 

(d) Each licensee shall establish and 
maintain procedures for safely opening 
packages ID which licensed material Is 
received, and shall assure that such pro­
cedures are followed and that due con­
sideration Is given to special instructions 
for the type of package being opened, 

§ 20.206 Instruction of personnel. 
Instructions required for Individuals 

working In or frequenting any portion of 
a restricted area are specified In 110.12 
of this chapter. 

i Ttw diflniuwi ol "I itKfl mop" nd "«>cU 
ferariRHWlMUlin.' .thutkipiu. 
^Amended 41 FR H'-'S. 
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/4W-*"!"-1 

ID tow 

tmm1tim»n)m* 

to M I 

far <*• not mm* tb» tortrr of tab-
WMHlK (1) Or Ht OTtMilMfnWh: 

«> I t ! toantltT whlth, K tabM IT 
to* MMH dally ttUKWy of ***•» It-
HMM toto lb* * • « by tk* M M 
HO Ktllt h ill IW*(t eOODMMUOD 
«wl to the ttmlti totdlled in AMMHH to) UmmiMrtmito « • " • • tow! to UN ttnlti fftdned In A p m * 

2S?£L,S.,S55,!Sifi.^ .**»* «•« i * «* pa* » 
SZ^JZ.'SiiiXSS I «) » » How* tb* «"otity of web 
»lltoalt^li*wv «•»•*•**. laiHrtii^ieUiuiBiFpBiffllClCtbli 

IMMI 
•» 

Cm/mliti* (M. 
• H I 

iuirwt%kn 
•total M atrridod b tin ntitoitoM to 
Bart M,*>, ( t 71 of tak chip**-, whKk-
•TOauytoaptUoab)*;** 

(kl M » « t k » r l « « 4 N M M t to 
H O D ; or 

<«> AI »r*fit*« to mm * 
INJM, eppiieeU* mowUTirr to In) 
(keotal of UMOMd mitirui by rata** 
toto aanltary Mwirai* tyitea* or burial 
m«ofl. or m I JO.IMI Radioactivity to 
BoenU to Damuktod ArkH). 
ittMJM*tmJmi^titrmtl tor 

S*J p R y H M •KyMU pfBNtMVIRa 
• to ) tor hen*** or applicant Mr • H U M P i » 1 M 1 k» barbl la s e t 
approval of proposed pcoosdurat to ««• 
PON of llctnttd mttrlil In t annua not 
•tttrrlt* wthorltad is thi mukUOM 
totbJtebaptn. tKoippUatiooibouM 
being* a rJaterlptloe of thi Ifcxnttd t u ­
torial and in? other ndMethi materia) 
tavolvod, lncludlni lb* n*nUU«* u d 
k M i of wdi material and the u n i t ol 

*l.p*ndli< 
PM.'tiM 
. to) Tt* luanttty of any item** or 
otkjf ndnaetlve material releeted in 
any «M nontb, If «l»ttd to- th* i m p 
monthly tuantlty of water icleaari to 
MM Bonis**, will not rttolt to an t w i n 
onomtnUon exceedlm tht bolt* apec-
KM In Appendix B, Table I. Cohora 3 
o t to* part; and 

(I) l b * iron quantity of Homad and 
•Uwr radioactive material ideated Intc 
to* atwinn lyttero or thi Ucetw* dots 
not oteatd on* curie per y**r. 
•tent* (lorn Individuals imdniolni 
to*4loal dlarioBi or IntrapT with radio-
aetht material thall bt aempt fron 

fcartoUoni eootaJmd to Ink 

radiix^rttvlnvolv«d,andth*propo»»( ' • " ' J ' l K J 

Do been** thai) dltpoat of UmzA 
tiatoilal by burial In toll unkit: 

(a) The total quantity of Heated and 
othtr radioactive matoltli burled at any 
on* location and time dot* not exceed, at 
lot Ume of burial. 1.000 timet the amount 
•Netted In Appendix C of toll part; and 

(b) Burial u at a minimum depth of 

maimer and confflUcM of diipoitl Tb* 
appliance ibosld alto tattoo* t i (Ml-
fw* tad entuatlon of ptrtlnmi mforma-
ttanat to the nature of toe enrtrnri moat, 
toctMlnt tepocaphJeel, pohfloal, aat-
toorolofieal, and hydrokitoil eb*r»et«r-
IMoi; Man of (round M4 Wtoe* 
waUn In tb* itneral ant; lb* natnr* 
and looatlon of ottor potosliaUy (Acta* 
faeum**; and prooidum to h* ebatnot 
H aMmn* tb» ito> of *arm**tid or 

aka*ardoil* flt^ponrto. 

•"• ft) t h * tanrntokcB wffl not i p p m i 
any appOcaUn tor a U H B N to raotlf* 
bMDttd material from oflur pmoni for 
dbpoatl on land not owntd by lb* 
M m ! lonramoat or by » Malt 

<e) Bvcettjlve burlali a n aepuatcd by 
dlitoncei of at leait all feet end not rnr* 
than II burlali an mad* ID any yaw. 

| I U « S TmbMtawftipaelayiKto-

Ro llctnate thall t m t er dupe** of 
bctrued material by Incineration eicept 
u tpeclflcillj- approved by the Commli-
ilcc punuant to l i 20.1otibi and 20403. 

._>*) 1h* Commlitlon will not applet* 
any application to » Uetu* for dWMaal 
of llcenNd mtiMil i t ata gnlcii the 
applicant ihots that tea dtipoul ofliri 
1 M Siarni to man or lb* environment 
than other practical alttrattlr* method* 
ofdtapoaal 

^ I M M Bb*Ml br rttaM Mt "«* 

M* Dceun ahatt dwhaif* Been*** 
taaterlal Into I (Miliary atwarai* irahm 

to) It la readily lolubl* or dbveraW* 
to water; and 

A) tbt manWr of any Uotaoiel or 
other radkaeUn material ttieaied toto 
lb* Bourn by th* BctnjH In any an* 
•bMJwW»ni]) i ) l . 

ajroati, u n wottncaTioa 
'lM.401 kffonli *f n n m ndiilita 

—ikni»i . ai iiypovl. 
(a) Itch licensee ihill maintain nc -

ordl (howuie the mllitlon rxpssurei of 
all Individuals (or thorn penonnel men-
Uorlni it rnjulrrt under 130.202 of the 
rtpilttkMi ie this put. Such wonts *M 
at kttt oa Fonn NRC-5, in Kotd-
ante with the instructions contained In 
that form or on clear and legible ne-
ordi containing all the information re-
(At* by Form NRC-5. The dnei nlrnd 
M lot fount or new j i sliill be lor 
periodi ol tltne not exceeding one calen­
dar quarter. 

(b) kVb bcerue* dull mamtalD !**• 
ordt to the aa&u unit* uted In tbH part, 
ifiowinf toe roulti of iurm* naulnd 
by l» .»Kb>, monltorlni ntubtd by 
l|H.»Mb> and20.mic).anddliinali 
mad* under II20J02.20401. and M JM. 

(e)(1) Records of Individual exposure 
to radiation and to radioactive material 

which mutt *» matotamtw ounuain to 
tht provlsloni of paniraph (a) of (hit 
atrtlon and ncords of Hoaatan. meliid-
tot rtwltt of whole body eountai el­
imination*, Made punuant to 130101, 
ihill be prtatrred until the Comnlatlon 
authorial diapwlUon. 

(J) Rtcerd* of th* rttufti of *urr*yt 
(Ad Bonltorlni which a w t b* matn-
tolned punuant to parairaph 'b) of this 
MCtton ihaU b* proened tor two yean 
liter completion of the eurw acept 
Ibat the lollowlhi rtcordi ihall be main­
tained until the Cpramlatlon authorlrei 
their disposition: (li records of the re-
tulti of surveys to deterin'M compll-
anet with 120.103's'; (III b the *b-
anct ol personnel moulterlns d-W». rec­
ords of the result of survey* to dr'" 
mine external reditu'.;, dost. *M (,ii) 
recorrji ol the result* of surrtys sued '-o 
•taluaie the rtlrtse ot radioactive tfii:-
tnU to thr envtcuunt.it 

(3) Record; of dlspuol of Hcvmet nit-
terlil made pursuant to 10 K%i, JOiCj, 
or 30.304 shall be tnititaiurt until li". 
Commtsjion autho.-tees their disposition, 

(t) Records which must be mamUlned 
pvnuant to this part may be the ord­
inal or a reproduced espy or olenfom 
If such reproduced ctjw or microform c 
duly authenticated by authorised ptrfi-
pel and the microform it capable of pro­
ducing a clear and Mble copy after 
atortie for the pried speclOtd by Cor-
ncttion retul*tlon5 

(S) If there Is t mri'.lrt betide '.he 
Commltslor.'e remiatio'u In Qm ps i , 
license condition, or technical iprcif!-
cation, or other r.ltteu Comnlblon ap­
proval or authorlattor. pertalnbs to the 
retention period (or the tame typ c' 
record, the retention period spetlficc' in 
the reiulatloni ':• this part for such 
records thill I-;*- unless the Commis­
sion pursuant to 120'' ho* (ranted a 
specific exemption (r : record re­
tention KQUlremtnu ,.-dfl«l to the 
retuUtlons In this part. 

| » 1 0 ! e>iM> i l M i • U >' 
Ikniir* BWrHiL 

(a) Euh llceiucc shall report by 
tdephiHiet to OK Director of the tpptopriett 
Nudtai Recuhtory Commbcon Impertioii tad 
EafoiccmiM Rctnoil Ofta aned 

In Appendix D. i,-nn'.ediitcly after lu oc­
currence becomes loovn to the licensee, 
any less or theft ol licensed material to 
tush oucKtltics end under such elreum-' 
Ittnces t . i t it spoors to the lluuee 
that a sutilMiili! heard may result to 
persons in unr?r.'.;1cted areat. 

(hi Each licensee who b requited to 
nuke a report pursuant to paninph 
'«> of this section thill, within thiirj 
(30i isys titer he teams of the lots ot 
theft, mike a report In wrlttnc to the 
appropriite NRC Refloaal Offlce listed 
In Appendix D nth copies to the Direc­
tor of Inspection and Enforcement, DA 
Nuclear Retulttory Commission, Wash-
lniton, DC S&5S5, aettlni forth the lot-
loaini Information: 

»Ammird«! ntOHSS. 
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Notice ii hereby given thtt tbt'report-
Ini lequlrements « t out fn the rote 
have been approved by the UA On-
ertl Accounting Office. 
EFFECTIVE DATE December 1>, 
1878. 
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PART 20 • STANDARDt FOR PROTECTION AGAINST RADIATION 
(1) A doMiptta tf CM 

ai tobl tenfold, taobd&f Uad, O M -
W7.ch<Dlcil,a&lpfe7«e*l?ora; 

(I) A doMitotton of tbt otnw-
MUOH nder •hkfe tbt 1 M or (Mt 
oocsznd; 

(1) A ttatonent of OasooWoa «r 
vrobabl* wjwMko «f « 

(« Radiation ecpoanras to MMd-
uali. dromstanoM under wttob the « • 
poium ooeunwd, and the extant of pae-
tfilt hutm to pmou In t»wMet«t 
trou; 

(I) Actions which hen been taken, or 
will bo liken, to rooonr the malarial; 
and 

(I) Procedural or M M S M whloh 
hare been or will be adopted to pvmnt 
a recunene* ot too lees or Unit ol U-
sensed material. 

(o) Bubaeaojot (o ffllac the written 
report too ttosnsee snail «lw noort lay 
•ubeiaawe additional UUoRBtttoo t s 
the Ices cttotft which beeftmooanAable 
w> UK uotneee, witi in » d m after bo 
tonne of oath infonneUen. 

t«> Any rtporB Died wto tat Con* 
• U c n piutMnt to thk KCIWR riwD M 
*> prcpved that asm* ot IndlrloDMlSi 
wtao BIT hew noetffd niotMM to 
natation no M M In • saturate port 
(fttotcpott 

110.403 NMlfiuttmvfliicMaiti. 
(») fmnedlflte MtWcfltton. Bach U-

ceiuee shall immediately notify by tele­
phone and teletrtph, mellfmn, or fac­
simile, the Director of the appropriate 
NRC Retlonal Offlce litis* la Appendix 
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PART 20 • STANDARDS FOR PROTECTION AGAINST RADIATION 
D of iny incident Involvtnt byproduct. 
•ource. or special nuclear material pot-
teased by him and which may have 
caused or threatens to ceuee: 

111 Exposure of the whole body of kit; 
Individual to 25 rcms or more ot radia­
tion: exposure of the skin of the iholr 
body ol any lndividu:il of IH rcms or 
more of radiation; or exposure ot the 
fret. anil*1*, hands or forearms of any 
indiviaual to 375 rrms or more of radia-
lion; or 

<Zi The relets- of radioaeJve tnatc-
rial in oinceniroiiotis which. If tverased 
nvri a penud of 24 hours, would exceed 
S.OM times thr limits speclflrd for such 
malulats In Apiiendix B. Table ft; oi 

fSi A lev. of one worklnc week or 
more or the operation of any fticiiitira 
affected: oi 

I4> Damnrr lo piopcrty In excess or 
J20O.000.) 

ib1 Ticenlp'/our hour notification 
Etch licensee shall within 24 flours no­
tify by telephone and teletraph. mall-
pam. or facsimile, tile Director of till 
appropriate NRC Regional Office listed 
in Appendix D of any Incident Involvlne 
licensed material possessed by him and 
which may have caused or threatens tc 
cause: 

<11 Exposure of the whole body of any 
individual lo 5 rcms or more of radia­
tion; exposure ol the skin of the whole 
body of any Individual to 31 raw* or 
more of radiation; or exposure ot the 
feet, etudes, hands, or fonenns to 7t 
rent or more of radiation; or 

(J) Tbe release of radioactive Mete-
rial In concentration! which, if aver-
aied over a period ot it rroure, would 
exceed 500 times the Units specified for 
such materials In Appendix B. Table II; 
or 

(I) A loss of one day or more of the 
operation of any faculties affected: or 
1 141 Danuuje to property Jn exeeaa of 
S2.000.J 

ttiitlon or concentrations of radioactive 
material (erhetSer or not tnvoMof e i -
ceaelve exposure of any lndMduel) In 
«n unmtrtctcd area Is n e t s ot ten 
timet any applicable Unit act forth In 
this par or In tbe Uecnae. ftch report 
rewired under this pMiftiph absUl de-

"(» A raportjif setter (1) t t t t teU 
ojsxsvhwr at lanMdtaila for vTsMB par* 
•saol awnttorist wis naratnd wader 
II JM«(a) or MJS(e) ol Uue ciswttr 
•ntnc tbe calender raar, or <*) the total 

•eeribe the extent of exposure ofMKktwalt s»e»t»e^ln«li*S»*lBje»w^ 
to radiation or to radioactive material. ~ " " " *"" 
tneludlni estimates ot each Individual's 
exposure at required by parairaph (b) 
of thU section: levels of radiation and 
concentrations of radioactive material 
Involved: the cause of the exoosure. 
levels or concentrations; and corrective 
atepa taken or planned to assure aialnit 
a recurrence. 

(bi Any rtpcrtflJid with ItJeCornmls-
•ion purausuil to this section shall In­
clude for each Individual exposed the 
name, social security number, and dau 
ot birth: and an estimate of tbe Indi­
vidual's exposure. The report Hull be 
prepared so that this Information U 
stated In a separate part of the report 

(c) IDfUlsd 31 FR 22220.1 

120.406 IDeklad 38 Fit 222IO.| 

| M . 4 « Peeaetnel. 

(cl Any report filed WHO the Commission pur­
suant to llm section shall be prepared so that 
aiames or individuals who have received eiposur 
to radiation will he slated in a separate part of 
ihewperi. 

520,404 |Mefed 3B Fit 22220.1 
f 20.405 Reports of en'emswaam and 

etettstve levels and csavreMialVaas. 
(a) In addiUon to any notification re-

enured by 120.403. n t h licensee shall 
make a report In writlm within 30 dan 
to tbe appropriate NRC Rational Office 
listed In Appendix D with a copy to tat 
Director of Inspection and Enforcement. 
O.f, Nuclear Reiulatory Commission, 
WaaTdnfton. D.C. 30SSS, of: 

(1) each exposure ot an 
Individual to radiation In excess of thi 
applicable limits In H 20.101 or 20.104 
(a) or the license: (2) each exposure 
of an Individual to radioactive material 
In excess of the applicable limits in 
It 30.103(a) (11. 20.103(a) 12), 20.104(b) 
or the license: (3) levels of radiation or 
concentrations of radioactive material] 
In a restricted area In excess of any' 
other applicable limit in the license; (4? 
any Incident for which notification Is re 
auired by i 20,403: and (5) levels of ra-

tuiiaujntwta. 
It) This section applies lo each person II-

ceased by the Commission «the Atomic En­
ergy Commission to: 

(1) Operate a nuclear reactor «e-
etfned to produce electrical or heat 
aoenry pursuant to I l&JKb) or I SO31 
of thli chapter or a tattlnf facility at 
defined In |M3fr> of this chapter: 

(1) rotates or use byproduct material 
(or porposea of rediofrephy pursuant to 
Putt M and H of this chapter; 

(3) Postou or uae at any one time, 
for purposes of f«el proctasKj, fit™-
(son. or rwrrscatsuii, tpeclal oiKleer ma­
teria] lnaeromtlfatTixe*o^»\000e™ne 
ot Natalnod urazaum-333, tri*xtiuin-333. 
or plutonlum or any ccmbtnatloo tbertof 
puTKiant to Part 70 of this chapter: or 

(4) Pottos* or oae at any one tine. 
for proceatlni or mintifecturlni for die-
Mbutjon pursuant to Part M, 33. or 33 
of this chapter, byproduct material In 
quantities eiceedmi anyone of the fol-
towlnf Quantities: 
lafiouEUr' tjttnvrUi (» ctrtu 
Oasmm-ltl . I 
cobalt-*) —-. 1 
OcM-ite too 
lodlne-lll 1 
Iridium-in W 
3trn>too-U. 

»-l47 
TtehMHum-lvm . . . . . . . . . . 

. . .1.001 

. _ u 

. . . l.OM 

(b) Itch person described B> para • 
ajaph (a) of this section dun, within 
the first Quarter of each calendar year 

twbinil to Ike Director of Inspection and Fn> 
foccemcRt, VS. Nudaar Regulatory Coimnis-
aior.WsakinrlM.D.C 20S55,t the fotto»i»» 
reports, applicable so the dttciibsd tccassd 

n l sooBHortrii wat prwlswd swtssi the 
asuandax year: ProttM, that esteh total 
blwawi at taajt the itaaabar tt tottM-
tali nqaatad to la nportad aaawr pan-
mat) rw a ) m at *k taction. The tw 
partabsUl taotsato wbatbtr It li fob-
aUHed in symsrlswo «tth •autjjrapb 
(b)(1) U ) « < t ) of thai atcttoa 

(1) A teWattJoil issavaary report of 
the penonnel raeeitorlnaj tnformttlon 
ratwrdtd by Use ttotntet for taUvataU 
tor »hom ptnonnel svaMtotini wax 
either reemrtd or provided, at 4tatrjtbtd 
in 120.407(b) (11, tadleatlni toe slaober 
>t mdlvtduala whoee total whole body 
npontnt recorded durtnt tbe prertout 
Mlendar year w*t to each of the foUow-
mi asumited expeaure ns i e i : 

aMtauttd t/IKic loly Srmler of 
aTipcnrtttnav swaHeilBjala fci 

(tnu|> teMraati 
Ifo sawaavrtblt tepotin.^. . . . 
HaaainbU aapcaun taas tkaa Oi-
ej to M « — — . . . . . . . . . . . . . . . . . 
OJI to OJ 
01 to 0.71 
071 to 1 . . . . „ „ . „ . . „ 
I to I. 
I to 1 
a to < 
a to t . ..... 

t so e"""™""HIZI"~'-
e to e.i 
a to 10 . . . . . . . . . . . . . . . . . 
to u ji 
II to IX. 
1J+-. 
Tiie low exposure ranft '.ate are re-

cjmred is order to obtain better Iraloric*-
ttm about the exposures actually re­
corded. This section dose jot require 
Improved i 

{20.40* Heporl. of SMTKHUKI eisu-
surr on lemainallon of eaaployaMnt 
or work. 

When an individual terminates em­
ployment with a ltcentee subject to 
130.401, or an Individual ar-lxned to 
work if such a licensee's faculty, lot not 
employed by the license*, completes his 
sort ajtipiment In the licensee's facility, 
die ticeiuae shtl ftsntiili* so the Darsclor of 
Issanclion sad Enfonwnml.t US. Nadav 
R'ivlitory Ctstnmsitloii, Watluaitoji. D.C. 
»555.s report of chela-
llvldual's exposure to radiation and ra­
dioactive material, incurred durlni the 

»TM CMourdation aiay require, aa a luttir 
•natuoii, or by rule, itfulatloa or order 
pr -mot to I soma, reports from lioautaa 
wbc are uctiiaed to ust radionuclides not oo 
IMS lilt, in lutntiuta euSdint to etnas 
•anBanblt radlaUoo iavau, 
tADietded 41 FK IM4S. 
(Amanda! <] FH4396S. 

Â licensee whose license eapires or lermi-
nates prior to, or on the bit day of the cal­
endar ytat. shall submit Rporls at the eapir 
Btion or termination uf the license, covering 
that pan of the year durinf which the license 
wss in effect. 

•Individual valuat alertly equal to tat 
nlues sepmuni exposure aunxta torn be 
reported in the fti|b*r imnxi. 
• Amended It FR 232:0. 
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PART 20 • STANDARDS FOR PROTECTION AGAINST RADIATION 
period of employment or w * t Mrifn- AIKNMX A IRaetmd) 
ment in the licensee'! fvJUtj. contain­
ing information rwcrdtd by the licensee 
pursuant lo i l 20401(a) and 20.1M. Such 
report shall be f utnlihed within M d t n 
after toe exposure of the Individual h u 
been determined by the Uceruee or H 
days after the dele of ttrmlniUon of em­
ployment or work assignment, whichever 
is earlier. 

120.499 IVMifinlfaM —i refarti to 
MiriJuU. 

<n Bevilmnintt for aotlflealloni 
and report! lo Individuals of exposure to 
radiation or radioactive gaattrM are 
specified In (11.13 of thli chapter. 

lb) When a Hceniee la required pur­
suant to II20 MS or 20.101 to report to 
the Commission my eiponut of as In-
dividual to radiation or redloectlve ma­
terial, the licensee ihall alio notify the 
Individual Surh notice ihall be trans­
mitted at a tune not later than the 
trdmmlunl to the Commission, and ihall 
comply with the provision! of 119.13(a) 
of this chapter. 

EXCEPTIONS tub AonriOXti. 
Risrausumrs 

£20.501 .ipplinlwniforeieiBptMai. 

The Commission may. upon application 
by any licensee or upon Its own initiative, 
(rant such exemptions from the require­
ment of the regulations in this part as 
it determines are authorized by law and 
will not result in undue hazard to life or 
property. 
§ 30.502 Additional requirements. 

The Commission may, by rule, regula­
tion, or order, impose upon any licensee 
such requirements, in addition to those 
established In the regulations In this 
part, as It deems appropriate or necessary 
to protect health or to minimize danger 
to life or property. 

§20.601 Violation*. 
An Injunction or other court order 

may be obtained prohibiting any viola­
tion of any provision of the Atomic 
Energy Act of 1(54. as amended, or Title 
II of the Energy Reorganization Act of 
1974. or any regulation or order Issued 
thereunder. A court order may be ob­
tained for the payment of a civil penalty 
imposed pursuant to section 234 of the 
Act for violation of lection 53,57,12, (3, 
81. 82. 101, 103. 104. 107. or 101 of the 
Act, or section 206 of the Energy Reorga­
nization Act of 1074. or any rule, regula­
tion, or order Issued thereunder, or any 
term, condition, or limitation of any 
license issued thereunder, or for any 
violation for which a license may be re­
voked under section IK of the Act. Any 
person who willfully violates any pro­
vision of the Act or any regulation or 
order issued thereunder may be guilty of 
a crime and. upon conviction, may be 
puniuied by fine or Imprisonment or 
both, as provided by law. 

Mm—The reporting and r a n * MeplBg 
requirements contaUM la tak part leva 
been approved by the O m u l Accounting 
once under 1-IIOJJJ laooui. (ROOM), aaa 
IIIOOM). 
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APPENDIX 0 
Watar Aba»a H i l w t l naekaravfra'—ContFnwad 

KIcwiBfTf (afanvlc nvmfe«r} 

Vreatilvm <4D). 

A*ty tlftato i i J l •nwtWa*e 
n«t Hatwd ab**a whh 
aaectjr m«>d» efhe* I Iran 
ataS* imlu i i i t a~ 

Atty alnafa r<^flam«nrfa 
rtaf l i i M • • « * • «Hh 
tfeeay "»•#*• mthm thmn 
atafc* antlavJan a* 
•*wtrt*n«a«* fUalaa 
and «Hh ratflaavttva 
ttafMHa p i i ( i i tfiaa 1 
h i m . 

Any alatjla radian aellJa 
aa* Iljtaal mt>mv9* wTilrb 
da* ays • * alpha »ml»-
•Jan *r sjtantanaaus 
Italian. 

• jtalufeW <B1: Inmlitnto <li 
' "Pitti" ;>ie*m that vnlnra Rf*rn are tor •ntomfiiluii tt» 

* fcit>bphrric«l Utnnltt cloud of airborne maierUJ. 
•Theaa radon «K*e*oir%Uona are appropri­

ate for prat^ctitHa from radon-333 eombiocd 
wltb It* abart-lLrad dauglitar*. AltarnaliTolT. 
the valua in Table I may be replaced by ont-
Cfatrd <Ki> "nrorfcinr. le-rel." (A "wortlnf 

IPTSV* la OeOnad aa any comblo*Uob of abort-
llvad radon-371 dauajbtar*. pOI«llum-31*. 
lnad-314, blamuUi-Sla and pokxuum-314. in 
on* llt*r vT air. without n « u d to iba aeara* 
of aqtUltbrlnm. tbat will raault in tto» ulti­
mate MQIMlon or 1-3 a. 10* ateV of alpba 
particle energy > The Table II value may b* 
replaced b» oDe-tiUrtlfltb. {**•) or a "amrtnnn 
loral." Tba limit on rad.QFi-333 ooocf ntroticna 
In restricted areaa may be baaed on an an­
nual aTRraca. 

(4. Por aolobla Eatatuw at TJ-2*». T3-3M 
and 17-3*0 In afcr obamleal tOBfcnty maj to* ute 
M—t̂ ng. factor. If tb* percent by *rel«n* (*n-
rlebmant) o* TJ-33B la l»aa tban B. tba oon-
oantraUon Talue few a> aO-hoar ao tkawl , 
<X*bl» I, la 0.3 miUfcrnuna uranium per cublo 
•neter of air arofa«c. *tor any attrtctunent. 
lb* proOuCt at tbe •¥*!*(* aocoantratfaa and 
Vlina of axpoaura during a> 40-boox vo-rv>v«a1t 
abaU not «xoa«tt axlO-" • » »<H-ar/aal. wbare 
0A ai txia epeeloo activity afUw untntum la­
beled, Tba ooOMntntUoa -ralu* for Table H ai 
O.oOT muiicraias uranium par cubic nwtar of 
air. Tba apacUo activity for natural -tna&loxm 
la fl.TTX 10-r curiae par gram V. Ttaa apactfle 
mattrltr tor ctbar nlxturaa a* TJ-3S8, C-39S 
and U-334, if DotraovD,tt>aDU; 
BA=8.0xlO-* our*aB/i»aai U S^ST 1" 0' 
flA= (0.4+ttJM B+O.OOM V ) t0-« * 2 p " 
v l » n • ha lb* peroontaea by «al«ht of D-23S. 
•apraaaad aa parcent. 

•Amended 37 FR 2 3 } | 9 . 
• •Amended 39 h'B 2390D; footnote re-

d»ianHled 40 Fft SO104. 
• - •Amended 40 FR 50704. 

t Amended JB f R I*»3l4. 
t Amended 39 FR 2^463; redesittnated 

tO PR 30704. 
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NOTF TG APPENDIX B 

K ors: 4 B tar am wtmn t h m k * aliturr ID «Jr a 
witcr o( man Uaa M » ndlHttitdc. itv BffllUnt n h » 
fir parpaw of i t * Appndli *ouH t* dMennlwd u 
Mowi: 

I. If U» Wrelitj u d amatMnttoo rf «efc ndlong 
didr In ibf mlnvr t n known, ibf Latum v»tu» 
ttoaM be dtrivtd u lotktwj t w r m i w , fw «eh ri-
dtosudldr is thf mmurr, thr ratio brtwftn thr qusnitiv 
pmnu la the otiloff md the limit olhrfwUr otah 
VttiH tu Appodlt B fat thf sprrlflr ndunuclldF whtn 
not tn • minurr Tht* mm cf such ratios lor ill ihr 
ndtontidldti ID ttr fflU'tin n»y not ticwd "I" (IT.. 
"unity"). 

FTiMm- [I ndionuttlds K. B. tnd C* i n prami 
tnconetntituoiD c*. Ci, «jj C c, ind tr the ippliablt 
Mrrj. m Mpr.. md MP<Y I M ,vtprc ^t-r 
titHi. thm Ihr conirntnivirK sh»ll hr llml'fd w thai 
thf (olhfttni rrktioiuhli> nt«l* 

MPt'i >&-. Cr 
'MPrr : 

7 I' Mllw thf tdnititT nr thp ronBmlratlon ol mi 
ranimniellde In [he raliturt b HOI kntwn. the Ibaltteii 
TiU*** lor purpw or Apptodti It ihnll be: 

a. POT punx»«<iJT»bl(l, Col 1 - 8 x 1 0 " 
b. Par purpat* OT Table 1. Col. 3—4 X 10-< 
e. PotpurpunMTibltII.Cal. 1—3X10"' 
& For purpoaa* of Table 12, Col. 3—5 x 10-* 

i . B tar rK t t t n d l t l o a i tfrxi(i4 M m 
new w t , t u oatnaposaif nran optcUKl 
ruio* mat bt c U In Urn t< ihota tptalati 
la pvifraph I abora. 

4. II tka tdawltj of Mob ndlostKiMi Is 
tba natcttn li known but tb« oracentntion 
of or* or Ban oi tbi w n n n y m m m un 
Uitura li not t u r n , u » oonoaatntlDa 
limit tot Bu mlstun k V>« Halt •pacified 
m Appandti "1" (or lb* ncllccucMda ID the 
mliturt bannf tna towatt oracArtzatlaB 
limit; or 

» tl IM MrnUtj at Mcb radionuclide la 
lb* mlltara !• sot knovn, but It !• knows 
that aruirj rmionudlaai ipKisM la *p-
benaik "V tn not pnaaat In tb* mlxturt. 
th» ooDcwntnttlon limit far the mutun u 
tbt lawait coaon oration limit opaclnad In 
Anprndii ">" tor u r ndlonticliitt *blch is 
not known to at ibstct from u » mlitnm: 

t Blnwit (luoile mmbiT) ud MODI 
l l 

• w r 
(•Cital) 

ColnmiiS 
« i t n 

taCllBl) 

Ut* Itwwt) trot MO, 1125, ] l & t i a , l l l l , (11U> 
b It 11 only), Pb210. Po 210. At 211, Kt-BJ, B»2-H. 
Its St, Ac B7. U !», TB !*, Ps SI, Th J*. Tb-
nit, Cm 248, Ci St. utd Fm 214ere not prtwit 

U It U town Mill Br » . I 1A I IS, t l a . ll 111, 11U. 
Uble U only). Pb 210, Po 210, Ha 223. R« 226, [U ZB, 
Pt 231, Tb-nu. Cm M, CI 3M, Ud Pffi 2H i n not 

l irai'nownihii Brio. 112* II125.112». III!, nble 11 
only), PbSlO, Bo J30, lU2B,Cm 24S,ir.j CliMlrt 

228 m not prwenl. . . . . 
II it U knorn tbal (JDnMmlttVI ond Br to, 1 IS, Pb 

210, Ae22T, Ra 2H, Pt.230.Pu TIL, u d Ok 2tt t n not 

2X1IH 

IXIIf 

•xio-' 

ixiir 1 

II ll It- known UhU •IpriMffitttm tnd Pb 210, Jke 227, 
IU 223. and PuMl an not pnwant.... 

11 It ll known ton alpbM&jluan and Ac 222 an ool 

1111 k itMn^'ioatAt 271. Th 330, Pa 231, Pu W, Pu 
231. Pu MO, Pu 243. Pti 2M. Cra243, CIMaa4 CI31I 
nooippwaol „ — . 

3X1CK 

8X10-*1 

3X1IW 

IXlo-w 

lx io - f 

1X10-" 

ixirr" 

1X10-1 

1.11 a mutton or ndJODUctklai ootulati of 
nranium and Ita daafhtcri lo on dint prtor 
to ebuaical aptntiob of tn* uranium m m 
tht on, thi taluat ipMillarl tallow may b* 
ttaid for uftBlum u d Itt dingbtiri tiirouiti 
ftdlura-SM, lrurbtad of t&OH from ryuafrapho 
i. 3, or t arori. 

a. For rmrpoM cf Trtti I. Ool. l - l x l o - « 
fdl/ml ptrai alpha rrtlaltji or IXIO^ •CI/ 
ml natural uranium; or 78 EojcntTami par 
wubld mitar Of air natural cranium 

b. for piiisoaai of labli D, Ool. 1-1X Io-» 
aOI/ml pom alpha aotMtT: or JxlD-^iCl/ 
ml natural tnanlom; or I nilororaBii par 
r>ubk nwtar of atr natural uranium. 

I. Por puijKHa of ton (otc, a radio. 
nnclldi ma; t» oonrKltrwil aa not pnacnt Is 
a mlitura If la) thi ratio of tna oonoeiitn-
tton of that ndtonudldi In th» mllturo 
(CO to Uia conointratlon Unit for that 
radlonuellda ipeclOed In labia D of Ap-
pnidli B (tfPCa) doai not aamS Uo 

(U. -gftiZ^) and (b) tba lum of inch 
nttoa for all tba radloouclldai efi&aldmd aa 
Mt pnamt tn tci minora dowa sot aatud 
K 

Ca ft 
"Iff iE+laJS. + .. • SH). 
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PART ID t ITAN9ARDS FOR PROTECTION AGAINST RADIATION 

tC 
ffSttrltl 

AB£lflliinaMl . . . . . . . . . a . . . . . . . . • • 
Aatlmenj-133 _ . . . 100 
Antlmraj-184 . . . . . . . . . . . . . . . . . . . 10 
Antimooj-IJ} . . . . . . . . . . . M 
Antnie.ig 100 
Amnle.74 _ . . „ „ . . . 10 
Amnie-78 . _ . . . „ . . — 10 
Mnle<T7. . . . . . . . 100 
-tailum-isi . . . . . . . . . . . . . . . . . . . . . 10 

>hiium-l33 " 10 
Dulum-lM . . . . . . . . . . . . . . . . 11) 
Unmith-ilO — . . . . _ . . . . . . . — — 1 
Iromliu-a. . 10 
Qtdmlum-lW . . . . . . . . . . . . . . . . . . . 10 
Ctdnlun-llSta . 10 
Cadmium-lit . . - . . . . . 100 

' C«lclum-48 . . . . . . . . . . . . . . . . . . . . . . 10 
CjlelUm-47 . . . . . . . . . . . . . . . . . . . 10 
CutwD-14 . . . . . . . . . . . . . . . . . . . 100 
Certum-141 . . . . . . . . . . . . . . . . . . . . . 100 
Ctrluro-143 „ - 100 
Cttlum-IM . . . . . . . . . . . . . . . . . . . . 1 
CMlUn-131 . . . . . 1,000 
CMtum-lMm . . . . . . . . . . . . . . . . . . . 100 
Cttlum*134 . . . . . . . . . . . . . . . . . . . . . . 1 
CMlum'lU . . . . . . . . . IS 
Cxlum-iad . . 10 
c m u m - 1 3 1 . . . . . . . . . . . . . . . . . _ . . . .a 
Cwonni-se _ . '.0 
Cblorlu-SB _ . _ . _ . . . _ . . . 10 
Chrealvim-M . — _ . . . _ _ . . 1,000 
CeblJt-Stm „ . 10 
ODbtit-es _ . I O 
ooMit-eo ............ i 
Oopplr»M . . . . . . . . . . . . . . . . . . . . . . 100 

JJ-iprouum-lSS . 10 
Ejnpnilum-IM . . IOO 
tnium-ieo . . . . 100 
auium-ni „. loo 
ftiropiunflM BJ h . 100 
turcpium-IM IS yr 1 
Eunptum-IM - . — — . . . . . . . . . . . 1 
Eurcplum-105 10 
numshl l 1.000 
OidDllBlum-lM 10 
Otdollnium-IM )U0 
OtlUum-TS . . . . . . . . . 10 
Qermnnlum»7l . . . . . • • • . . - . . 100 
Ooid-iss too 
Ocio-ioa , too 
Ktlnlum-IBI 10 
BolmlUD-IM 100 
H7dragen-3 «. . . 1,000 
Zndtum-lISm . . . . . . 100 
Indlum-llta 10 
IndJum-U5m . 100 
lodlum.HB 10 
iodine-us . . . . . . . . . . . . . . 1 
loairu-ua l 
lodini-in o.l 
lodlne-131 • 1 
IodlM-131 10 
Iodln»-l» I 
Iodln«-lSt 10 
ledlniOBS „ (0 
Irldlum-IBS . , 1.' 
indium-iot loo 
iraa-os IOO 
Iroo-M . . . . 10 
Kt}pt(n40 100 
Krrputfri _ . „ . 10 

'Unthinum-140 10 
LuUtlnm.177 100 
IfaniinM-Oa . . . . . . . . . 10 
UU|UMt»S4 . — . . . . . . 10 
MuiJUiett-M 10 
ll«mirj-S97m 100 
Jlettury-107...... too 
Mweiuy-SOJ 10 
llol;taenum-M too 
Hlod-mluiH-147 100 
lJeodm.um-140 100 
nickel-N ISO 
Klbkll.63 . . . . . . . . . . 10 
M.tol-» . . . . . . . . . . . . . . 100 
Moblwn-Mm 10 
t!loblum-»S 10 
Ploblum-07 . . . . . . . . . . . . . . . . . . . . . 10 
amium-ieo . . . . . . . . . . . . JO 

Matt! 
'ilia'... . . _ _ . . loo 

Gmlum-ioi — . . . . . . . . . . . . . . . . . 100 
Ounlum-ltS . . 100 
hiitdiun-iot ito 
Mladltmi-IN . . MP 
Pbarpbmu-S..... . . . 10 
l-ntlnum-lBl 100 
nitlnvn-ttSm — 100 
Kitlnura-1M . _ — - . . . — 100 
Mtttnnwi.lOTm ~ 100 putinuis-in IOO 
Plutonium-no — 01 
folooiiim-910 . . . . . . . . . . . . . . . 0.1 
rotwlua-tt 10 
Prueodymlun-IU 100. 
FrtModjmlum-lM . . . . . . . . . . . . . . 100 
Premithlura-147 10 
mntt l i lun*ia 10 
JUdium.WJ . . . . . . . . 01 
lUimlum.lM . . . . . . . . . . . . . 100 
• s m i u m - l M . . . . . — . . . . . . . . . _ . . 100 
ftbodiun-imm 100 
Rhodlum-105 . 1O0 
RuMdlum-M 10 
Ruoldlum47 . . . . . . — . . — , . - . . . . 10 
flutiMSIunvOT . . . — . - . - - . . . . . - . . - 100 
BUIIinUuDi-lOO.................. 10 
Butbtalum-ICl — . . . 10 
ftuthmlua-IOt — 1 
•UMItUSI-lSl . „ _ _ . . _ 10 
(•OHliwIM . . . . . . . . . . . . . . . . . . . 100 
(cudiun-49 — - . . . — . , . . , . . . . 10 
Ofwdlmn-47 . . . . . . . . . . . . . . . . . . . 100 
Bcualum-48 —— 10 
Seltnlum-76 . . . . . . . . . . . 10 
SlHmn-ai . . . . . . . . . . . . 100 
SUier-lOJ „ 10 
SllvtMlOm - 1 
Bllvtr-111 100 
Sodium.!! 10 
8trontlum.88 . . . . . . . . . . . 10 
Strontlura-W 1 
BLrontluni'BO . 0.1 
Btrontlum-Bl . . 10 
Stronitun-P2 10 
Sulphur-si 100 
l u u t i m - i s s . . 10 
TKhnetium-BS 10 
TKhiwtlMa-BTm IK* 
Technetiums 100 
TKhtieUum-OSis ' IOC 
Technetlum-99 - 10 
*Mlurlum-12Sm 10 
Tel!uHum-127m _ . 10 
Tillurium-127 100 
Tellurlum-lSDm 10 
Teliurluro-ISB 100 
Tellurlum-lSlra 10 
TeIlurIum-132 10 
Tsrblum-ieo 10 
Ttulllum-205 100 
Ttiklllum-301 100 
TMIllum-SOJ 100 
TJi.lllum-204 10 

••Biorluin (nrtvn!)' 100 
Ttiuimm-no io 
Tnuiinm-171 . 10 
Tin-113 10 
Tin-125 10 
Tungntrn-15! 10 

• Tun(iten-1B5 10 
.TllIIKSMIl-167 IOC 
**nrealum (nlturjT)'.———.—.- 100 

Ur»Bluni-233 .01 
(InIllutn-234—Vrtalua-239 .01 
y>Mdium-4B 10 
3KD0IW31O1 - 1,000 
Jftnon-133 100 
JtM»n-m 100 
Vtterblum-175 100 
yttrium.BO 10 
T«rlum-Bl 10 
TUnum-n 100 
Tttnum->3 100 
Mnc-es 10 
Zmc-39m 100 
Eint-OB 1,000 
Eircoi.lum-63 10 
Zirconluin.BS . — 10 
Iirconium-07 10 

OOJ llpllk «BimBf Ml̂ gBCSUU 
•at MM) ibrn « nunura o! 
•Iphi •» i t4n «f nairanm ooo-
peMiua oi 

tat ittfisnisiMi amm UUD »ph> 
•alniag rdionuilOa, sot HUM 
• t o n or nititum o» btt* «mit-
tan of oeanmni oopnttton.. . .1 
Hem: EW pmpoo ol !l to 303 uO K. 104, 

v b m tfceo 13 Ufomd t oombimuon d uo-
topa In t n m u u u n u (do limit tot tht 
mnOi&sUm ihooia bt dplTCiJ u SoBen: 
Brttmizo, (or t u n tewpi In tb» noMiu. 
Vea, ths i»Uo b*tmtn tfct quinWr pneent 
IB tlu cooblnitlon >od tH9 Unit otfamus 
tntbllibM tor tot qxeillc Isotope * b » est 
In combination. Too nim ot mien ntlcj fo? 
HI Ui» laotopcs '••• tin cnablnatlon may not 
ncitd "I" (U.," Jty"). m»npl(: tet por-
pom of I M.SK.. a pwtlcuUr i«tch con-
lllns 80,000 fiCit of Au** titij 90,000 pClt 
of C1 , it ouy jiba Include not more thin 
SCO p&t ol V'1. 171b limit wu dnmaiM6 
u foilowi:. 

n » dtnoolLtter b o * or <*» * ^ o 
H U M « M obtdaeO t7 multlplrlnf t i l flftst) 
to «W tcbln or IjSOO u pnmded In (WJM. 

•Sued on alpat Olslntcgttitlon Kto of 
fa-393, Th-030 ind tbilr diujnur preSucto. 

"Dmed OQ olphs dbinwrjntlon rob el 
U-SCI, U.W4. tn4 U-S38, 
° Amended 36 FR I6B9C 
•• Amended 39 FR 33990. 
t Amended 38 FR J93l«. 
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PART 20 • STANDARD* FOR PROTECTION AGAIN*.'.RADIATION 
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C«flWCIICU|, OtrtWO, OHKIct 01 £»• 
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join, Now K3m«»S«, « f * JO'K*. 
( * « voi l . Canmyinnu. Knott It-
» n * ond VOtmonl 

ftUoOtl*, FlgrlOi, OwnK, KUllUCNr, 
Hiuuurw, «o»lh C K O I M . «WJITU 
Caul Zonj. Puino Rico, t«iilll 
CirMInt, T«nn(i», VMnl i , ' . ' I H 
l inn* , too wtil VirojnS 

0<nc< of iMpKtom t « j 
411 •jru Annuo 
Kln» ol 9ruiw. H . M t ( 

lnlrw», InOiiu, lew. Mlcmun, Mnn» 
Wit, MiWull. U H . m f WlKoMM 

IV 
Mt imi t , Cosjrioo, tamo, xamii. 

LOgllUm. MonloM, NODfllko. NOw 
AMiieo, flow &M010, Okunomt, 
south OiHoti, T t m , miru »t0 
Vfyommp 
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tescStta 
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AIM*!, An/Oni, CililotnW, Howll, 
NOvidA, OffBon. Wllhlnitpn, ind u.t. 
loifno'ifi mo poiiotiioni in ihi 
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Office & Iniotcllon mo 
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»?0 N CiiifofiTU if«a. 
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PACKAGING OF RADIOACTIVE MATERIAL FOR 
TRANSPORT AND TRANSPORTATION OF RADIOACTIVE 

MATERIAL UNDER CERTAIN CONDITIONS * 

M p t f A~Caa.nl tntUtct 

Stt 
I I I Kirraiie 
71 2 Sciipt 
71 ^ Requirement Inr It—nve 
71 4 Detail**. 
71 * Tranifsiriatinn ill licenwl material 

EXEMPTIONS 

71 n Specilic e«flipi">fii 
71 7 EMmptuifi fiir rk> mme titan tjpe A quan-

mitt 
71 K Eumplinn H I ph}ttci»n} 
714 Eiempn<in i>l lluile material 
71 lu limned eaemptwn lur ihipmcnl if type B 

tntamiiict ul r*dii4ciivr material 

GENERAL LICENSES 

71 i : Genenl Ircerne IIIT ihinment .il lieenitjj 
material 

71 12 Gcncrj! Ikenie l.ir ihipmeni in DOT ipeetli-
nim-n ciimaineri. in package* approved 
l»r ukt hy iftmrttr pcrtiin. and in paeka|tt 
appfuved It) a liireifn natuitlBl cumst. 
ti-fit nulhi'iii) 

71 1) r.immunicili'W 
7! 14 Inierprtutmni 
71 H Additional requirement* 
71 lt% AmittvJmtrit i>t tamta | liceniei 

M k p w l eJ-~t-vHvr AnyttcUlotl 

7 1 3 ' O.intcnti ul •pplicaiuui 
71 72 rac i i |e drtcriptmn 
71 21 Packafe evaluattiai 
71 74 Pri<cdural cifilriili 
712* Additional inrnrmiiiiii 

S t * r « t C - f K t e t c S u s h i * 

71 ..M General itaitdardi Im all packa|iruj. 
7 D 2 Structural tlandatdi fur lypt B and large 

quantity packetine 
71.XI Cnticiliiy uaridirrJi fiir fiuile material 

paceaiet 
71 14 Evaluation ill a un|le par.kl|e. 
7| ) * Standatji, l<ir normal cuodilkmi uf trarupLTt 

lur a unjlc pachajc 
71 .Vi Standard! Inr hypothetical acctdrni Cueaji-

l ion, fur a l i m i t pachtlv. 
7I.J7 EnaluatkM i f t a t r r a y in* p K k a | » raf rratale 

material 
71.31 Sfecinc Hatvdardl 'df a Fj thk Class I 

rw la je . 
7 I . M Specific danlarda fear a F M I e Clan I I 

na t la j , 
71.40 Specirie itandlfdl h, i F rwIeCl tu I I I aUp. 

71.41 Pievinuiljr CJimargcted p t c k i | a fur i rndj -
sied inlid nuclear fuel. 

71 47 Special requirement* for platimntm thip-
• " - a f t e r June 17.1971. 

tc*-n B-Ofwilag fimfcii i 

71 SI Ealanltihment and maintenance of pen. 
ttiJum 

71 *2 Am—ipirosi a i m unknown pntjicntfti 
71 " ) rValimnwrjidetei.iiinatiiirn 
71 W Routine determinalitml 
7 ) 3 5 Openirti irntructiiirti 
71 nl Report. 
71 fi? lecotdt 
7 lx, ' Irrt&ectiiin and teul 
71 M Violation. 

Apeendti A—MortMt ciicidili'*. lit titntfurt. 
Appeulu P—-Hypithetical accident ciadiltoat 
Appendu C—Trantpori tritipint «r radtonuclidei 
r.ppcndu D—Tern roi ipecial tiitm lirerned 

ftijteriil 
Appendix E-Oualiry Auufance Crileria for 

Shlppini FlCrtna Till Radioactive Material 

AUTHORITY Trie prnvuiiini nl ihn Part 7| 
tltued under aeci i 1. W . 81.161. I f i l . IB). t l Stat 
1W. m . » \ W 8 . 9 J 3 . « < • ISanendetl.42 U.SC 
207.1. 2W.\. ! | | | . 2201. 2232. 22) ) . unleu ultttl-
latKniHed FiirlfteptjrpiianiilKC 22).MStat 9.16, 
ai amended. 42 V 5 C 227.1. i ! 71 f i l _ 7 l (,) tuned 
under Kt Inio. Ml Stat. 9 M . • • amended. 42 U S C 
2 M H m Stu . 202. 2 * i . Pub. L Vt-Olt , I t Sim 
1244. l !4n.4: i l .S .C S842. JIMfr 

S 71.1 PcTpae. 

(>) T h i . p i n (liabilities requirf-
menis foi uariiponation ind for pre­
paration for ihipment of licensed 
material and prescribes procedures and 
standards for approval by the Nuclear 
Reiulitory Commission of packa|in| 
and shipping procedures for fissile 
material (uranium-233, uraniuin-235, 
plulonium-238, pluionium-239, and 
plutonium-241) and for quantities of 
licensed materials in eicess of type A 
quantities, is defined it. 5 7l.4(q), anci 
prescribes certain requirements govern­
ing such packaging and shipping. 

(b) The packaging and transport of 
these materials are also subject to other 
parts of this chapter and lo the rejula-

•Amnided ]7 FR J9SS. 

lions of other agencies having jurisdic­
tion o»er mains of transport. The re-
^'•irementi of this part art in addition lo, 
and noi in substitution for, other re-
quiremenu. 

6 7 U Scape. 

The regulations in this pan apply 10 
each person authorized by specific 
license issued by the Commission to 
receive, possess, use or transfer licensed 
materia!;, if he delivers such materials to 
a carrier for transport or irtnspons such 
material outside the confines of his plant 
or other place of use. 

{ 7 1 J RcaTilrtwent for U « u e . 

No licensee subject to the regulations 
in this part shall (a) deliver any licensed 
materials to a cariier for transport or I b) 
transport licensed material eicepi as 
authorized in a general license or 
specific license issued by the Commis­
sion, or as exempted in this part 

5 71.4 Dcflillloiis. 

As used in this part: 
(a) " C a r r i e r means, any person 

engaged in the transportation of 
passengers or properly, as common, con­
tract, or private carrier, or freight for­
warder, as those terms ore used in the In­
terstate Commerce Act, as amended, or 
•he U.S. Post Office; 

(b) "Close reflection py waier" 
means immediate contact by water of 
sufficient thickness to reflect a maximum 
number of neutrons: 

(c) "Containment vessel' means (he 
receptacle on which principal reliance is 
placed to retain the radioactive material 
during transpori; 

(d) "Fissile classification" means 
classification of a package or shipment of 
fissile materials according to the con­
trols needed to provide nuclear cri-

71-1 

http://A~Caa.nl


PART 7t •> PACKAGING OF RADIOACTIVE MATERIAL FOR TRANSPORT 
\ 

tcccliiy tafexy during uuopottUioB M 
folloai: 

(1) Futile O m 1: Pacbga wileb 
may be iriasponed is unlimited uuffl-
ben and in ney arrangement, end which 
require no nuclear criticality safety eon-
troll during triniporutkin. For pur­
poses of nuclear critic»Uty afety con­
trol, t transportation index is not 
assigned no Fictile Clan I packages. 
However, the external radiation levelt 
may require a triniport index number. 

(2) Fitiile Class II: Packages which 
may be trituported together in any «r-
raniement but in numbers which do not 
exceed an affregate transport index of 
SO. For purposes of nuclear crilicality 
Ufety control, individual packages may 
have a transport index of not lea than 
0.1 and not more than 10. However, the 
external radiation leveli may require a 
higher transport index number but not to 
exceed 10. Such shipments require no 
nuclear criticality safety control by the 
ihipper during transportation. 

(3) Fitiile Class III: Shipments of 
packages which do not meet the require­
ments of Fissile Classes t or II and which 
are controlled in transportation by 
tpecial arrangements between the ship­
per and the carrier to provide nuclear 
criticality safety. 

(e) "Fissi le materials" means 
u r a n i u m - 2 3 3 , u r a n i u m - 2 3 5 , 
plutonium-238, plutonium-239, and 
piutonium-24); 

(f) "Urge quantity" meant a quan­
tity of radioactive material, the tfgreg-
atc radioactivity of which exceeds any 
one of the following: 

( i) For transport groups at defined 
in paragraph (p) of this section: 

(i) Croup I or II radionuclides: 20 
curies; 

(ii) Croup III or IV radionuclides: 
200 curies, 

(iii) Group V radionuclides: 5,000 
curies; 

(iv) Group VI or VII radionuclides: 
50,000 curies; 
*nd 

(2) For special form material as 
denned in paragraph (o) of this section: 
5,000 cu.iea. 

(g) "Low specific activity material" 
means any of the following: 

(1) Uranium ot thorium ores and 
physical or chemical concentrates of 
those ores; 

(2) Unirradiated natural or depleted 
uranium or unirradiated natural 
thorium; 

(3) Tritium oxide in aqueous solu­
tions provided the concentration doe-, 
not exceed 5,0 millicuries per millilite,-; 

(4) Material in which the activity ii 
essentially uniformly distributed and in 
which the estimated average concentra­

tion pet (ram of contents doet not ex­
ceed: 

(i) 0.0001 millicurle of Group I ra­
dionuclides; or 

(il) 0.003 millicurie of Group II ra­
dionuclides; or 

(iii) 0,} millicurie of Groups III or 
sV radionuclidei. 

NOTE: Teia « I I K I O . t i l n W Iiflitt4 w. 
euleriab of le* nduKiivity eaneeniriiion weh n 
residua at ulutiuii from chemical procnaini, 
wutei wen I I building rubble, meiil. wood, and 
fabric ttrap. glaiaware, caper, end cardboard. ulid 
or liquid plant v ine , iludfes, end aihes 

(S) Objects of nonradioactive 
material externally contaminated with 
radioactive material, provided that the 
radioactive material is not readily dis-
persible and the surface contamination, 
when averaged over an area of I square 
meter, does not txceed 0.0001 millicurie 
(220,000 disintegrations pei minute) per 
square centimeter of Group I ra­
dionuclides or 0.001 millicurie (2,200,-
000 disintegrations per minute) pet 
square centimeter of other ra­
dionuclides. 

(h) "Maximum normal operating 
pressure' means the maximum gauge 
pressure which is expected to develop in 
the containment vessel under the normal 
conditions of transport specified in Ap­
pendix A of this part; 

<i) "Moderator" means a material 
used to reduce, by scattering collisions 
and without appreciable capture, the 
kinetic energy of neutrons; 

(J) "Optimum interspersed hy­
drogenous moderation" means the oc­
currence of hydrogenous material bet­
ween containment vessels to such an ex­
tent that the maximum nuclear reactivity 
reiults: 

(k) "Package" means packaging and 
ill radioactive foments; 

(I) "Packaging" means one or more 
receptacles and wrappers and their con­
tents excluding fissile material and other 
radioactive material, but including ab­
sorbent material, spacing structures, 
thermal inflation, radiation shielding, 
devices for cooling and for absorbing 
mechanical shock, external fittings, 
neutron moderators, nonfitsile neutron 
absorbers, and other supplementary 
equipment; 

(m) "Primary coolant" means a gas, 
liquid, or solid, or combination of them, 
in contact with the radioactive material 
or, if the material is in special form, in 
contact with its capsule, and used to 
remove decay heat; 

(n) "Sample package" meant a 
package which ii fabricated, packed, and 
closed to fairly represent ihe proposed 
package at il would be presented for 

transport, aimulati'.j the material to be 
transported, as to weight and physical 
and chemical form; 

(0) "Special form" means any of the 
following physical forms of licensed 
material of any transport group: 

(1) The material is in solid form hav­
ing no dimension lees than 0.5 
millimeter or at leut one dimension 
greater than five millimeters; does not 
melt, sublime, or ignite in air at a tem­
perature of 1,000° F.; will not shatter or 
crumble if subjected to the percussion 
test described in Appendix D of this 
part; and is not dissolved or converted 
into dispersible form to the extent of 
more thin 0.005 percent by weight by 
immersion for I week in water at 68" F 
or in air at 86" F„ or 

(2) The r material is securely con­
tained in a capsule having no dimension 
less than 0.5 millimeter or at least one 
dimension Greater than five millimeters, 
which will retain its contents if subjected 
to Ihe tests prescribed in Appendix D of 
this part; and which is constructed of 
materials which do not melt, sublime, or 
ignite in air at 1.475° F., and do noi dis­
solve or convert into dispersible form to 
the extent of more than 0.005 percent by 
weight by immersion for 1 week in water 
at 68° F. or in air at 86° F. 

(p) "Transport group" means any 
one of seven groups into which ra­
dionucl ides is normal form are 
classified, according to their toxicity and 
their relative potential hazard in 
transport, in Appendix C of this part. 

(I) Any radionuclide not specifically 
listed in one of the groups in Appendix C 
shall be assigned IO one of the Groups in 
accordance with the following table: 

Ridiuictive half-lire 

Radio­
nuclide 

Olu 1000 
dayt 

1000 daji In Over 1(1' 
10 "yean years 

Atomic Croup lit .. Group II - Group III 
number 
1-81 

Atomic Croup I. . . . . Group I—- Group III 
number i2 
and over 

(2) For mixtures of radionuclides 
the following shell apply: 

(i) If the identity and respective ac­
tivity of each radionuclide are known. 
the permissible activity of each ra­
dionuclide shall be such that the sum, for 
all groups present, of the ratio between 
the total activity for each group to the 
permissible activity for each group will 
not be greater than unity. 

(Ii) If the groups of the radionuclides 
ore known but the amount in each group 
cannot be reasonably determined, the 
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mixture she!) be assigned IB l i e Boat 
reiinctivc group present. 

(itil I f the identity of i l l or tome of 
the radionuclides cannot be reasonably 
determined, etch of thoie unidentified 
radionuclides itiall be considered at 
belonging 10 the mod restrictive group 
which cannot be potitively eicluded. 

(iv> Mixture* consisting of a tangle 
radioactive decay chain where the ra­
dionuclide! are in the naturally occur­
ring proportions shall be considered as 
consisting of I single radionuclide The 
group and activity shall be that of the 
first nember present in the chain, except 
thai if a radionuclide'x" has a half-life 
longer than that of that first member and 
an activity greater than that of any other 
member, including the first, i t any time 
during transportation, the transport 
grot'P -J\ the nuclide "x" and the activity 
of the mixture shall be the minimum ac­
tivity of that nuclide "x" during 
transportation. 

Terms defined in Parts 20.30 to 36 in­
clusive, and 70 of this chapter have the 
same meaning when used tn this part 

(q) "Type A quantity" and "type B 
quantity" means a quantity of radioac­
tive material the aggregate radioactivity 
of which does not exceed that specified 
in the following table: 

Tuni^' t t smup\ Tjpc A T-rr* B 
wr ; 71 4lpl quinhly qiumil) 

lin eurietl (in curifil 

1 0001 20 
» 00* 20 
III ) 200 
IV JO W0 
V 20 5.000 
VI jnJ V I I 1.000 50.000 
Sp«l»l l.wm i 20 5,000 

§ 71.5 Transportation of llctsned 
material. 

(a) No licensee shall transport any 
licensed material outside of the confines 
of his plant or ither place of use, or 
deliver any licensed material to a carrier 
for transport, unless the licensee Com­
piles with the applicable requirements of 
the regulations appropriate to the mode 
of transport, of the Department of 
Transportation in 49 CFR Parts 
170-189.14 CFR f a n 103 and 46 Part 
146. ind the U.S. Postal Service in 39 
CFR Pins 14 and 15 insofar as such 
regulations relate to the packaging of 
byproduct, source, or special nuclear 
material,' marking and labeling of the 
packages, loading and storage cf 

Eicepl lh*t Tor nlifof njuni-252, l l * limit i l 2 Ci 

package*, afnardiasj Bf tat msnpcajfe-
lion vehicle, monitoring requirements 
and accident reporting. 

(b! When Department of Transpor­
tation regulations are not applicable to 
shipments of licensed material by rail, 
highway, or water because the shipment 
or the transportation of ike shipment is 
not in interstate or foreign commerce, or 
to shipments of licensed material by air 
because the thipmenl is not transported 
in civil aircraft, the licensee shall con-
farm to the standards and requirements 
of the Department of Transportation 
specified in paragraph lal of this section. 
10 the same extent as if the shipment or 
transportation were in interstate or 
foreign commerce or in civil aircraft. 
Any requests for modifications, waivers, 
or exemptions from those requirements, 
and any notifications referred to in those 
requirements shall be filed with or mode, 
to, the Nuclear Regulatory Commission. 

(c) Paragraph (al of t*» section shali 
not apply to the transportation of 

Ucenaed material or to the delivery of 
licensed material to a carrier for 
transport, where such transportation is 
subject to the regulations of the Depart­
ment of Transportation or the US 
Pusla, Service 

EXEMPTIONS 

'S "1.6 Specific exemptions. 

On application of any interested ner-
son or on us own initiative.the Commis­
sion may grant such exemptions from the 
requirements of the regulations in this 
part as it determines are sutfiorired by 
law and will not endanger life or proper­
ty or ihe common defense and security. 

7S.7 Exemption fo ' an » r e Chan 
Type A quantities.' 

A licensee is exempt from all the re­
quirements of this part to the extent that 
he delivers to a carrier for transport: 

(a) Packages each of which contains 
«" licensed material having a specific ac-
t n i i > in e x c e s s o f 0 . 0 0 2 
microcurie/gram;or 

(b) Shipments subject to the regula­
tions of the Department of Transporta­
tion in 49 CFR parts 170-189.14 CFR 
pan 103, or 46 CFR pan 146 or (he U.S. 
Postal Service in 39 CFR parts 14 and IS 
of pacsages each of which contains no 
more than a type A quantity of radioac­
tive material, as defined in }7 l .4 (q) , 
which may include one of the following: 

( I I Not more than 15 grams of fissile 
material, ot 

•Rrdcii(niittJ t>, ) ! Fit 104)1 
tUmmJnf ] i FR )0<!? 

(2) Thorium, or uranium containing 
not more than 0.72 percent by weight o{ 
fissile material, or 

(3) Uranium compounds, other than 
metal (e.g., U F . U F i . or uranium oxide 
in bulk form, not pellened or fabricated 
into shapes) nr aqueous i solutiuns ot 
uranium, in which the total amount of 
uranium-233 and plutnnium present 
does not exceed I Ot percent hy weigfn 
of the uranium-235 content, and the 
total fissile content does not exceed 
1.00: percent hy weighi of the ini.il 
uranium conieni.or 

(4) Homogenous hydrogenous-' v11u 
lions or mixtures containing nut mure 
than 

(i) 500 grams of any fissile material. 
provided the atomic ratio of hydrogen t" 
fissile material is greater than 7.600. or 

( I I ) 8 0 0 g r a m s nt 
uranium-235: Pntvitlrtt. Thai the aionuc 
ratio of hydrogen ii> fissile material is 
greater than 5.200. and the cnnieni «l 
other fissile material is not more than I 
percent by ueighi nf the total 
uranmm-235 content, or 

(iiil 500 grams of uranium-233 and 
uranium'23? Pr,,\iri,.; Thatthe ainmic 
ratin il hydrogen in fissile material c 
greatci than 5.200. and the ennten! nt 
plutonium is not more than 1 pcrceni b\ 
weighi of the total uranium-233 and 
uranium-235 content, nr 

(51 Less than 350 grams ol fissile 
material fWirfrrf That there is no( 
more than 5 grams of fissile material in 
in> cubic foot within ihe package 

°i 71.8 EnesBpiioa of pbysiciins. 

Physicians, as defined in ; 35 3(b) of 
this chapier. are exempt from the regula­
tions in this part to the extern that the) 
transport licensed material for use tn the 
practice of medicine. 

§ " 1 . 9 Exemption for fissile material. 

A licensee is exempt from require­
ments in §§71.33, 71.35(b). 71.36(h). 
71.37,71.38. 71 39. and 71.40 to the en-
tent that he delivers to a cartiet lot 
transport packages each of which con­
tains one of the following 

(a) Not more than 15 grams of fissile 
material, or 

(b) Thorium, or uranium containing 
not more than 0.72 percent by weighi of 
fissile material, or 

(c) Uranium compounds, other than 
metal (e.g., UF4, U F i , or uranium oxide 

'Thu applies m h|hi viler ind dues nt<i apph n> 
heivy wnei 

>Thit ippliM !•' li|rii M i ' t r n ini) d i * l rmt >ppl> 
In !«pvy hydfugth l i t dtuitnum m IMiUni. 
t AmerultJ .IK FR iftlJ" 
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In null form, not panelled o n i W f f i W 
ii-to shapes) (ir aqueous' solutions of' 
uranium, u> which ihc loial amount of 
uranium233 and plutonium present' 
does mil exceed I Ot percent by weight 
ol ihe u.anmm-235 content, arid the 
M I j I fissile content dues mil eiceed 
I Hut percent by weighi of the total 
UMiiium content, or 

l.l I Homogeneous hydrogenous' 
solution* or mixtures containing not 
more lh.in 

i l l 5IH) gramsiil any fissile material. 
pi,.\ided ihf aionnc mini of hydrogen to 
IINMEC material is greater than 7.600, or 

( 2 I Kill) g r a m s o f 
ur.irnuin r ts h.ivtdrtt. That the atomic 
r, ni hydrogen in hssilc material is 
greater ih.in 5.2()U. and the cowent of 
oihv'r hssilc maienal is not more than I, 
pcucn i hj weighi ot the total 
ur.mium-235 conteni, or 

: i | 501) grams uf uranium-23? and 
uiainuiit-23s fii'in/i'i/. Thai the atomic 
rat I hydrogen to fissile material is 
greater ihan 5.2(H). and the content of 
pluionium is not more ihan I percent by 
weighi ul ihc loial uranium-233 and 
uranium-235 content, or 

k i I.I'SS ihan 3511 grams of fissile 
in.iuTi.il familnl. Thai there is nol 
m<irc th.in 5 granis ol fissile material in 
urn cuhie loni within the package 

; 71.10 Limited exemption for ship­
ment of lype B quantities of 
radioactive material. 

A person delivering a type B quantity 
ni radioactive material, as defined in 
i 71 4iqi.niacarriei for transport in ac­
cordance »nh the provisions of a special 
perm n. which has been issued by the 
Dcpar-neni ot Transportation and is in 
cited on June Ml. I9?3. is exempl from 
ihe requirements in this pari with respect 
to such shipments The exemption 
granted by this section shall terminate on 
December 31 1973. or on Ihe date on 
which the DOT special permit expires. 
whichever is later, except as to activities 
described both in the special permit and 
in an application tor a license which the 
person has. prior to the terminatior date 
ot the exemption, filed with the Commis­
sion II the person has filed such an ap­
plication, ihc exemption granted by this 
section shall continue until the applica­
tion has been finally determined by the 
Commission 

G l V H A I Lll'ENSfS" 

Tills tppllei to liftit mur u d don not 
ajjjilv 10 hen j- «*ter. 

-This ippiiM to Ufht bydrcftQ u d OOM 
uv. tppiy to Heavy Hydrogen |U„ dmtwlum 
•ir m u u m i 
• ' \ i l j . a ' U K l « J " 
}*nw»>ic4 3n tR 16341 

A general license is hereby issued. to 
persons holding specific licenses issued 
pursuant to this chapter, to deliver 
licensed material to a earner for 
transport, without complying with Ihe 
package standards of Subpart C of this 
pan. when either: 

(a I The material is shipped as a 
Fissile Class I I I shipment with the 
following limitations on its contents: 

I I ) No single package contains more 
Ihan a type A quantity of radioactive 
material, as defined in § 114<.q), and 

(21 The fissile material contents of 
ihe shipment do not eiceed: 

HI 500grams oluranium-23S: or 
(hi 300 grams total of ur»mum-233. 

Plutonium-23B. plutonium-239. and 
plutonium-241:or 

( i i i ) Any c o m b i n a t i o n of 
uranium-233, utanium-235. and 
plutonium in such quantities that the sum 
of the raiios of the quantity of each of 
them to the quantity specified in subdivi­
sions in and ( i i | of this subparagraph 
does not exceed unity: or 

(is) 2500 grams of pluionium-238. 
plutonium-239, and plutonium-241 en­
capsulated as plutonium-berylliurrt 
neutron sources, with no one package 
containing in excess of 400 grams of 
plutomum-238, plutonium-239. and 
plutonium-241; or 

lb) The material is shipped as Fissile 
Class II packages with the following 
limitations on the contents of each 
package: 

(1) No single package contains more 
than a type A quantity of radioactive 
materia!, as defined in § 7l.4(q). and 

(2) No package contains fissile 
material in excess of the amounts 
specified in the following table, and each 
package is labeled with the correspond­
ing transport index: 

MrfiimuiTl qtiinuiy M] I'IKIIC miiciul 
in 4 un|le |MCkige 

— Ci i t r t • 
PJuiiinii/m tp>indinj! 

UOM U-2V* plum- aiPo-Be iwmp»rl 
lyumil (|ramtl mum neulnin index 

Ifunul minus 
Ijunul 

« 4 « 2T-V.1 ; v ; < yilWtW 10 
JU-» M : I : i :J !4u-)2u « 
2^-lii 2124 IV-21 ltiO-240 h 

'Rtanitnilnl 3HFR 104*7 
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20-3S 11-JI |Mv KM6U 4 
two I«-I* iM7 is-su : 

NOTr C< |H>I ,II ,*I«"U "I omit nuiriuli jit 
lulhiin/ea Fni eiimhiiuiiiifii iii little ttiutuAi. Ihc 
luf*sr»>n tmlct u ihc uni nl ibe IIVJMJIMI MIOO 
piifti)ingir«nlpirt intlcn'i Ttivi'rtltlti'llpiM mi)t> 
thill n<n eirml If) 

471.11 CcatnlUemi toaUtacM hi 
DOT ifXtHnttmj w i i k i n i i , hi 
paekKs 'rfani far aac kj> ID-
a lW pema< at t i paetufea *r 
tnmi U % t*Af* Mllm) taa-
iwmuiart j . 

A stDBml lletoN a hector laaued la 
Pdioni baldlni • lawrtl or ipatlfle U-
etow latutd prnnut U> Ult thaoler, to 
ftunr llanaed miterlil to a earner (or 
triafport, prorWad the UceotM has « 
mjjjlty umimioi promm, iihou de-
tcrtptlon has teen nibmltM ti and ap-
prond by the OcnnUaVv at itatlifjliit 

la i In a specification container for 
fissile tnaiirial as specified in H 17} 3Vh 
(bl or |c) or fur a lype B quantity »< 
radioactive material *s specified in 
I) 173.394(b) or } 173.395(b), or for a 
large quantity of radioactive material as 
specified m i l73.394lc)or 5 173 395(cl 
nt the regulations of (he Department ol 
Transportation, 49 CFR part 173. or 

(b! In a package lor which a license 
certificate ol compliance or oiher ap 
provat has been issued by the Commis­
sion's Direcior of Nuclear Material 
Safety and Safeguards or the Atomic 

Energy Commission, provided that 
(11 The person using a package pur­

suant to the general license provided by 
this paragraph 

(i) Has a copy of the specific license, 
certificate of compliance, or other ap­
proval authorizing use of the package 
and all documents referred in in the 
license, cernlicate. or other approval, as 
applicable. 

(i i l Complies with the terms and 
conditions of ihe license, certificate, or 
other approval, as applicable, and the 
applicable requirements of this part: and 

(lit) Prior lo first use of the package 
submits in wiling to the Director ul 
Nuclear Material Safety and Safeguards 
or the Atomic Energy Commission. 
his name and license number, the name 
and license or certificate number of the 
person to whom the package approval 
has been issued, and the package iden­
tification number specified in the 
package approval. 

111 The package approval authorizes 
use of the package under general license 
provided in this paragraph. 

(cl Inapackagewhichmeetstheper-
lineni requiremems in ihe 1967 regula­
tions of the International Atomic Energy 
Agency and the use of which has been ap­
proved in a foreign national competent 
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authority certificate Which has beer), 
revalidated by Ibe Dtpt'toeru of 
Truiiporution, fmiM, That tbe per-
urn utin| a package pursuant to the 
general licenie provided by tltii 
paragraph: 

(1) Hti Mid compile, with the ap-
phcablc certificate, the revilidation, tnd 
the documents referenced in the certifi­
cate relative to the use and maintenance 
of the packaging, ind the actions to be 
taken prior to thipmcnt; and 

(2) Cbmpliei with the applicable re­
quirements of this part, and the Depart' 
mem of Transportation regulations in 49 
CFR part I7J, 14 CFR part 103,and 46 
CFR pan 146. 

5 71.13 CtMraicalioat. 

All communications concerning 'he 
regulations in this part should be ad­
dressed to the Nuclear Regulatory Com­
mission, Washington, D.C. 2055S, At­
tention: Director of Nuclear Material 
Safely and Safeguards, or may be 
delivered in person at the Commission's 
offices at 1717 H Street NW„ 
Washington, D.C. or at 7920 Norfolk 
Avenue, Bethesda. Maryland. 

*§ 7l,M laltrprtiellons. 

Eicepi as specifically authorited by 
the Commission in writing, no in­
terpretation of the meaning of the 
regulations in this pin by an officer oi 
employee of the Commission other than 
a written interpretation by the General 
Counsel will be recognized to be binding 
on the Commission. 

'k 71.19 AMitlou) ntejlrtaati. 

The Commission may by rule, regula­
tion, or order impose upon any licensee 
such requirements, in addition to those 
established in this pan, as it deems 
necessary or appropriate to protect 
health or to minimize danger to life or 
property. 

• • • { 7 l . l t AneuttMai of eiittlstg 
Uensc*. 

(a I Licenses issued pursuant to Ibis 
part and in effect on Ottober 4, 1968, 
which authorize Fissile Clus II packages 
are hereby amended by increasing the 
minimum number of units specified for 
etch Fissile Class II package by a -actor 
of i.25. The new number, shall be 
rounded up to the firai decimal. In addi­
tion, the term "radiation units" is 
changed to "transport index" wherever 

•Rrdti'imlKTby F* IOM1 
—Awmta 17 ft » | t 

ttstd in the license. 
(b) The reference to 171.7(b) to 

licenses issued pursuant to this pan prior 
to March 26, 1972," is changed to 
J 71.9(b). 

\ 
(c) The stftrtne: to 471.9(b) in 

licenses issued pursuant to this part prior 
m June 30,1973. is changed to 71.12(b) 

Sibftvn k t - l k t w e AtfUatlMS) 

( 7121 CttStsrta<4fff4ktlsw. 

An application for a specific license 
under this run may be submitted u an 
application for a license or licenie 
amendment under this chapter and shall 
include, for each proposed packaging 
detirjn and method of transport, the 
following information in addition to any 
otherwise required: 

(a) A package description as re­
quired by (71.22, 

(bl A package evaluation as required 
by k 71.23, 

(o) to i t a t t t a t t e of tt* POM*. 
prosjna as- m M r tmmmm • upaJiarl 
k y l - l M ; 

(d) In the cast of fissile miwriif, an 
identification of the proposed fissile 
class. 

5 71.11 ratkage tteacrlptlo*. 

The application shall include a 
dercription of the proposed package in 
irufficieni detail to identify the package 
accurately and to provide a sufficient 
basis for evaluation of the packaging. 
The description should include'. 

(a) With respect to the packaging: 
(1) Cross weight; 
(2) Model number; 
(3) Specific materials of construc­

tion, weights, dimensions, and fabrica­
tion methods of 

(i) Receptacles, identifying the one 
which is considered to be the contain­
ment vessel; 

(ii) Materials specifically used as 
nonfissile neutron absorbers or modert-
tors; 

(iii) Internal and enteral! structures 
supporting or protecting receptacles; 

(iv) Valves, sampling pom, lifting 
devices, ind lie-down device!', 

(v) Structural and mechanical means 
fot the transfer and dissipation of heat; 
and 

(4) Identification and volumes of 

"EflKiive dale or ihii immdmaii. 

any coolants and of receptacles contain, 
ing coolant. 

(b) With respect to the contents of 
the package. _ _^ 

(I) Identification and minimum 
radioactivity of radioactive conaiiue.Hs. 

(!) Identification and maximum 
q'jentitiea of fissile constituents; 

(3) Chemical and physical form; 
(4) Eitent of reflection, the amount 

and identity of non-fissile neutron absor­
bers in the fissile constitulems, and the 
atomic ratio of moderator to fissile enn 
stituents; 

(5) Maximum weight, and 
(6) Maximum amount of decay beat 

5 71J3 Pocktgt evaluation. 

The applicant shall: 
(a) Demonstrate thai the package 

satisfies the standards specified in Sub­
part C; 

(b) For o Froile Class II package. 
aacertain and specify the number of simi-
'ttr packorjes which may be transported 
together in accordance with § 71.39; and 

(e) Fot • Fissile Class 111 shipment. 
describe any proposed special controls 
and precautions to be exercised during 
transport, loading, unloading, and han­
dling, and in the event of accident or 
delay. 

•17144 4>!kras«ani«. 
(!) Tho asnlkut ihafl Identify hit 

ajprond Quality fiajvrwet program to 
Bt applied to to* demo. teMcaUca, u -
onbl j , toting, tnttmaiiiift, repair, 
BaeeMcatloo, and cat of th« proposed 
ttcktguuj. 

lt» Tb» araHeant ahaS IdeaM* any 
uttbUiharj eota eaditarularti proposed 
to nat b Mcten dmSja, abtle»Haa, ia-
•stabl*. tsjttag, maintenance, and use, 
to thi abase* at tub codea and »Uad-
tris, fiia applicant than dttctlbe r o 
bia!jaaBr»UoBalaga«<ltofurmul»ks-i.i 
pjclngt quality atnnmct proptm. 

<«) H H (Bpuatit ihtiz itkatur any 
apactfle prottzioM to at etatalsed to his 
quality aaniranct program winch art ap-
pUeatielb me partJeular pickan ttatu> 
CfltljrrMnddtitUoa. 

i.l'US AddJIIoael lafornatiou. 

The Commission may at any time re­
quire further information in order to 
enable it to determine whether a license. 
certificate of compliance, or other ap­
proval should bt granted, denied, 
modified, suspended, or revoked. 

Subpirt C—Ftckaje Standards 

{ 71.31 General ifiadarsts for nil 

(a) Packaging shall be of Such 
material; :nd construction that there 
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1 will be no significant chemical, galvanic, 
or other reaction amor£ the packaging 
components, or between the packaging 
components and the package content!. 

|bl Packaging shall be equipped with 
a positive closure which will prevent in-
advencni opening, 

(c) Lifting devices: 
I I I If there is a system of lifting 

devices which is a structural part of the 
package, the system shall be capable of 
supporting three times the weight of the 
loaded package without generating stress 
in any material of the packing in ex-
cess of lis yield strength. 

121 If there is a system of lifting 
'devices whictTis a structural part olH^A 
the lid. the system shall be capable of 
supporting three times the weight of the 
lid and any attachments without generat­
ing stress in any material of the lid in ex­
cess of its yield strength. 

13) If there is a structural part of the 
package which could be employed to lift 
the package and which does not comply 
with subparagraph (I) of this paragraph, 
the pan shall be securely covered or 
lucked during transport in such a man­
ner as to prevent its use for thai purpose. 

(41 Each lifting device which i: a 
structural pari of ihe package shall be so 
designed that failure of the device under 
encessivc load would not impair the con-
lainmem or shielding properties of the 
package. 

Id) Tie-down devices 
( I I If there is a system of tie-down 

devices which is a structural part of Ihe 
package, the system shall be capable of 
withstanding, without generating stress 
in any material of the package in excess 
of its yield strength, a static fore; ap­
plied to the center of gravity of the 
package having a vertical component of 
two times the weight of the package with 
its contents, a horizontal component 
along the direction in which the vehicle 
travels of 10 limes the weight of !he 
package with its contents, and a horiion-
tsl component in the transverse direction 
of 5 times the weight of the package will) 
its contents. 

(2) If there is a structural pan of Ihe 
package which could be employed to tic 
the package down and which does not 
comply with subparagraph (I) of (his 
paragraph, the part shall be securely 
covered or locked during transport in 
such a manner as to prevent its use for 
that purpose. 

(J) Etch lie-down device which is a 
structural part of the package shall be so 
designed that failure of the device under 
excessive load would not impair the 
ability of the package to meet other re-
cjuirrments of this subpart. 

| ? 1 J 1 fcrssScrel ataasMi fat rjje 
• a * l a f p f M t ' l ' * * * * * * 

Packaging vied to ship a type B or a 
large quantity of radioactive material, u 
defined in 171.4 (q) and (0. shall be 
designed and constructed in accordance 
with the structural standards of this sec-
lion. 

Standards different from (hot: 
specified in this section may be approved 
by the Commission if the controls pro­
posed to be exercised by the shipper are 
demonstrated to he adequate to assure 
the safety of the shipment. 

(al Loud mhimer. Regarded lis n 
simple beam supportetfiriirtlia'SiWB 
any major axis, packaging shall be capal 
ble of withstanding a sialic load, normal, 
to and uniformly distributed along its 
length, equal to 5 times its fully loaded, 
weight, without generating stress in any; 
material of the packaging in excess of its 
yield strength. 

(b) Exittuclprruurt. Packaging 
shall be adequate to assure that the con­
tainment vessel will suffer no loss of con­
tents if subjected to an external pressure 
of 25 pounds per square inch gauge. 

§ 71.33 Crlllcillty ilaadardi for 
fissile ataterlal packages. 

(a) A package used for the shipment 
of fissile material shall be so designed 
and constructed and its contents so 
limited that it would be subcritical if it is 
assumed that water leaks into the con­
tainment vessel, and: 

(I) Water moderation of the con­
tents occurs to the most reactive credible 
extent consistent with the chemical and 
physical form of the contents; and 

12) The containment vessel is fully 
reflected on all rides hy water. 

(b) A package used for the shipment 
of fissile material thill be so designed 
and constructed and ill contents to 
limited that it would be subcritical if it is 
assumed thai any contents of Ihe package 
which are liquid during normal 
transport leak out of the contairitrenl 
vessel, and f-ai the fissile material is 
then: 

(1) In the most reactive credible 
configuration consistent with the chemi­
cal and physical form of the material; 

(2) Moderated by water outside of 
the containment vessel to the most reac­
tive credible eiteni, and 

(3) Fully reflected on all sides by 
water. 

(c) The Commission may apf-ovs 
exceptions to ihe requirements of this 
section where the containment vessel in­
corporates special design features which 
would preclude leakage of liquids in 

spite of any tingle packing error and 
appropriate measures are taken before 
each shipment to verify the leak tightness 
of each containment vessel. 

I 71.34 EvalaatUa i f a tingle 
•ackatt. 

(a) The effect of the transport en­
vironment on the safety of any single 
package of radioactive material sh-.ll be 
evaluated as follows: 

(1) The ability of a Dockage tc #iths-
tand conditions likely to occur in normal 
transport eholl be assessed by subjecting 
o sample package or scale model, by test 
or other assessment, to the normal con. 
ai7ioni""of transport as specified irJI 
{71.35; and 

(2) The effect on a package of cons,-
lion* likely to octur in an accident shall 
be assessed by subjecting a sample 
package or scale model, by test or other 
assessment, to the hypothetical accident 
conditions as specified in $71.36 

(b) Taking into account controls to 
be exercised by 'he shipper, the Commis­
sion may permit the shipment to be 
evaluated together with or without Ihe 
transporting vehicle, for the purpose of 
one or more tests. 

(c) Normal conditions of transport 
and hypothetical accident conditions 
different from those specified in 5 71.35 
and §71.36 may he approved by the 
Commission if the controls proposed to 
be exerciser) by the shipper are 
demonstrated to be adequate to assure 
the safety of the shipment 

5 71J5 Standards for swraal eoadl-
llou of transport tor a alagle 
package. 

(a) A package used for the shipment 
of fissile material or more than a type A 
quantity of radioactive material, as 
defined in { 71.4(q), shall be so designed 
and constructed a.-.d its conisms so 
limited that under the normal conditions 
of tnnspori specified in appendix A of 
this part: 

( I ; There will be no release of 
ladioactive material from the contain-
ment vsuel; 

(2) The effectiveness of the packag­
ing will not be substantially red'"".d; 

(3) There will be no mixture oi gases 
or vrpors in ihe package which could, 
through any credible increase of 
pressure or on explosion, significantly 
reduce the effectiveness of the package; 

(4) Radioactive confirmation of the 
liquid or gaseous primary t. slant will 
not exceed If)-' curies of activity of 
Croup I radionuclides jjer milliliter, 
5II0-* curies of activity of Group II ra-
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dionuclides per milliliter. 3x10-' curies 
tif activity of Group I N and Group IV 
radionuclides per milliliter; and 

(5) There will be no Iocs of coolant. 
(b) A package " i ' i f o r l n c shipment 

of fissile matcial shall be so designed 
and constructed and its contents w 
limited that under the normal conditions 
of transport specified in Appendix A of 
this part: 

I I ; The package will be subcritical; 
(2) The geometric form of the 

package contents would not be substan­
tially altered; 

(31 There will be no leakage of v/oter 
into the containment vessel This re­
quirement need noi be met if, in the 
evaluation of u n d a m a £ ! u ^ J ! ! M p i 
under § 71.38(a), (71 .39(a) (1) , or* 
(71.40(a), it has been assumed that 
moderation is present to such an extent 
as to cause maumum reactivity consis­
tent with the chemical and physical form 
of the material; and 

(4) There will be no substantial 
reduction in the effectiveness of the 
packaging, including: 

(i I Reduction by more thin 5 percent 
in the total effective "olume of the 
packaging on which nuclear safely is 
assessed; 

(ii) Reduction by more than 5 per­
cent in the effective spacing on which 
nuclear safely is assessed, between the 
center of the containment vessel and the 
outer surface of the packaging; or 

(iii) Occurrence of any aperture in 
the outer surface of the incktging Urge 
enough to permit the eitry of a 4-inch 
cube. 

(c) A package used for the thipmeni 
of more than a type A quantity of 
radioactive material as defined in 
5 7l.4(q), shall be so designed and con­
structed and its contents to limited that 
under the normal conditions of transport 
specified in appendix A of this pan, the 
containment vessel would not be vented 
directly to the atmosphere. 

( 71.36 Staadards for hypothetical 
accideit eoadltloai for a tingle 
package. 

(a) A package used for the shipment 
of more than a type A quantity of 
radioactive mate al , as defined in 
5 71,4(q|, shall be so designed and con­
structed and its contents to limited that 
if subjected to the hypothetical accident 
conditions specified in appendix B of 
this p«n at the free dtop, puncture, ther­
mal, and water immersion conditions in 
the sequence listed in appendix B, it will 
meet the following conditions: 

(1) The reduction of shielding would 
not be sufficient to increase the external 
radiation dose rate to more than 1,000 
millircms per hour at 3 feet from the ex­
ternal surface of the package. 

(2) No radioactive material would 
be released from the package except for 
gates and contrminated eoalant contain­
ing total radioactivity exceeding neither: 

(i) 0.1 percent of the total radioac­
tivity of the package contents; nor 

'.-., 0.01 curie of Group I ra­
dionuclides, 0.5 curie of Group I I ra­
dionuclides, 10 curies of Group I I I ra­
dionuclides, 10 curies of Group IV ra­
dionuclides, and 1.000 curies of inert 
Cases irrespective of transport group. 

A package need not satisfy the require-
rnraiTot- this • p a r a i r i p h W c V r M W 
only low specific activity materials, as 
defined in { 71.4(g). and is transported 
on a motor vehicle, railroad car, 
aircraft, inland water craft, or hold or 
deck of a seagoing vessel assigned for the 
sole use of the licensee. 

(b) A package used for the thipraeot 
of fissile material shall be to detigned 
and constructed and iis contents so 
limited that if subjected lo the hypotheti­
cal accident conditions specified in Ap­
pendix B of this pan as the Free Drop, 
juncture. Thermal, and Water Immer­
sion conditions, >n the sequence listed in 
Appendir. B, the package would be 
subcritical. In determirng whether this 
standard is satisfied, it shall be assumed 
that: 

( I I The fissile material is in the most 
reactive credible configuration consis­
tent with the damaged condition of the 
package and the chemical and physical 
form of the contents; 

(2) Water moderation occurs to the 
most reactive credible extern consistent 
with the damaged condition of the 
package and the chemical and physical 
form of the contents; and 

(3) There is reflection by water on 
all sides and as close as is consistent with 
the damaged condition of the package. 

5 7 I J 7 Eralaatloa of u array of 
packages of fissile Materia], 

(a) The effect of the transport en­
vironment on the nuclear safety of an ar­
ray of packages of fissile materiel siiill 
be evaluated by subjecting a sample 
package or a scale model, by test or 
other assessment, to the hypothetical ac­
cident conditions specified in {71.38, 
(71.39, or (71.40 for the proposed 
fissile clasr, and by assuming that each 
package in the array is damaged to the 
tame extent as the sample package or 
scale model. In this case of a Fissile 

Class I I I shipment, the Commission may. 
taking into account controls to be exer­
cised by the shipper, permit the shipment 
to be evaluated as a whole rather than as 
individual packages, and either with or 
without the transporting vehicle, for the 
purpose of one or more tests. 

(b) In determining whether the stun-
dards of ( { 71.38(b). 71.39(a)(2). and 
71 40(b) are satisfied, it shall be assumed 
that: 

(1) The fissile material is in the most 
reactive credible configuration consis­
tent with the damaged condition of the 
packogc, the chemical and physical form 
of the contents, and controls exercised 
over the number of packages to be 
transported together: and 

(2) Water moderation occurs to the 
most reactive credible extent consistent 
with the damaged condition of the 
package and the chemical and physical 
form oi the contents 

5 71.38 Specific nloDdords for a 
Fissile Cleat i package. 

A Fissile Class I package shall be so 
designed and constructed and its con­
tents so limited thai: 

(a) Any number of such undameged 
packages would be subcritical in any ar­
rangement, and with optimum in­
terspersed hydrogenous moderation 
unless there is a greater amount of in­
terspersed moderation in the packaging, 
in which cose that greater amount may be 
considered; and 

(b) Two hundred fifty such packages 
would be subcritical in any arrangement, 
if each package were subjected lo the hy­
pothetical accident conditions specified 
in Appendix B of this part as the Free 
Drop, Thermal, and Water Immersion 
conditions, in the sequence listed in Ap­
pendix B, with close reflection by water 
on all sides of the array and with op­
t imum interspersed hydrogenous 
moderation unless there is a greater 
amount of interspersed moderation in 
the packaging in which case that greater 
amount may be considered. The condi­
tion of the package shall be assumed to 
be as Ascribed in (71.37. 

( 71.39 Specific standards for i 
Fissile Class I i packarje. 

(a) A Fissile Class I I package Jiall 
be so designed and constructed and its 
contents to limited, and the number of 
such packages which may be transported 
together so limited, that 

(1) Five times that number of such 
undamaged packages would be subcriti-
cal in any arrangement if closely 
reflected by water; and 

(2) Twice that number of such 
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packages would be subciilicil in my ar­
rangement if each package were sub­
jected i" ihe hypothetical accident con­
ditions specified in Appendix B of this 
pan as ihe Free Drop. Thermal, and 
Water Immersion conditions, in Ihe se­
quence listed in Appendix B, with close 
reflection by water on all sides of the ar­
ray and with optimum interspersed hy­
drogenous moderation unlets there is a 
greater amount of interspersed modera­
tion in the packaging, in which case that 
greater amount may be considered. The 
"undition of the package shall be 
assumed to be is described in § 71.37. 

(hi The transport index for each 
Fissile Class II package is calculated by 
dividing Ihe number 50 by Ihe number of 

"such Fissile ( .Ht l !l p ic l tagl iVnicTOB 
he transported logether as determined! 
under the limitations of paragraph (a) of 
this sectmn The calculated number shall' 
be rounded up to the first decimal place. 

« 71.10 Specific standards for a 
Fissile Class I I I shipateit. 

A package for Fissile Class I I I ship­
ment shall b< so designed and con­
structed and its contents so limited, and 
the number of packages in a Fissile Class 
I I I shipment shall be £o limited,that: 

(a) The undamaged shipment would 
he subcrilical with an identical shipment 
in contact with it and with the two ship­
ments closely reflected on all sides by 
uiitcr, and 

lb) The shipment would be subcriti-
ca| if each package were subjected to the 
hypothet ical accident condi i ions 
specified in Appendix B of this part as 
the Free Drop. Thermal, and Water Im­
mersion conditions, in ihe sequence 
listed in Appendii B. with close reflec­
tion by waier on al! sirlcsof the array and 
with the packages in the most reactive 
arrangement and with ihe most reactive 
decree of interspersed hydrogenous 
moderation which would be credible 
considering Ihe controls to be exercised 
over the shipment. The condition of the 
package shall be assumed to be as 
described in i 71.37. Hypothetic! acci­
dent condiiions different from .nose 
specified, in this paragraph may be ap­
proved by the Commission if the con­
trols proposed to be exercised by the 
shipper are demonstrated to be adequate 
to assure ihe safety of the shipment. 

I T 1 4 1 FrnfacJ}- ecutnelW paffcifta 
far b r W l u s I solid r a d a r fiat^ 

(t) Hotwlfciemdmt i n j other proii-
atou cl &u eubpart,aitekage, to* we 
of whlr'j h u been anthorlaed by t ie 
Atomic Bergy rnmrnUiion for the 
trauport of Irradiated aelld nuclear fuel 
on cj QRcr September M. m . tad 

which ran ban mnnHtUj constructed 
prior to January I. i m . ahiD bt deemed 
to comply with tot package itandardi of 
(hb rabpirt (or that purpue, inept aa 
OUMSTSJ* prorkled Is paragraph (b). 

(b) The bokto ibonMe) of the ipo-
etne ippronl prorldtaf she authority 
apstUed to paragraph It) than. within 
I months alter October II, 1177. file a 
coMOlMUod application for a nptrnd-
tat approval for tha UM of tuch pack-
etea. deDODttnttai that tot packagea 
mttsfy the package gtantiardi of thla 
nbpart If the Uceue* farJi to inbuilt 
each an application, tbe prorntlcoi of 
panfraph (if and the authority granted 
by tbe apnronl to dellw the material to 
aoantertotraMportmltkftplctaiaj 
•hall expire at tin and of that I smooth 
period. H a CommlaUoo mar earn a DO* 
approval superseding the exkrttn; ap* 
pjrj73l, may oonflrm the exlitlnf ap-
proral with or without modification, of 
may deny toe application to whole or to 
part and tOTsloM* toe extitur appnnl 
to whole or to pari. It modification of 
the design of n package being rued tm-
der the authority of Ibli seetton to effect 
prior to Ortoter II, II7T, k prepojed by 
a licenses to bla application f or a luper-
atdtrif appnml to aooBfdance with t U 
paraijraph, the licensee shall trMlgrratt 
to ha application the ttno period needed 
to modify tbe packaged) after approval 
gytoeComTnletlnn. 

§ 71.42 Special reqalreneals for 
• l i t o a l e a shlptaer.fs after leee 17, 

im 
(a) Notwithstanding (he exemption 

in $71.9, plutonium in excess of twenty 
(20) curies per package shall be shipped 
as a solid 

(b) Plutonium in eicess of twenty 
(20 ) curies per package shall be 
packaged in a separaie inner container 
placed wKhtn'outerpatrlSiHPIimxMt 
the requirements of Subpart C forj 
packaging of material in normal form.i 
The separate inner container shall not 
release plutonium when the entire 
package is subjected to the norma) and 
accident test condiiions specified in Ap­
pendices A and B. Solid plulonium in the 
following forms is exempt from Ihe re­
quirements of this paragraph: 

(1) Reactor fuel cltmemsi 
(2) Mccal or metal alloy; or 
(3) Other plulonium bearing solids 

lhat the Commission determines should 
be exempt from ihe requirements of this 
section. 

(c) Authority in licenses issued pur­
suant lo this part for delivery of 
plutonium lo a carrier for transport 
under conditions which do not meet the 
limitations of paragraphs (a) and (b) of 
this section shall expire on lune 17. 
1978. 

Sohstsn D — O a t n l i a g Procedures 

illSl tiuUktBo. at aeaaaon 
•fa taiHy atuiaa entna. 

(a) Ifca **»**"— anal] ettablku. main* 
tats and eaeute a quality aararuee prc-
(ram uuifylnj each of the applicable 
e-lttrti speciflM to Appendti E. "«uaJ-
tty Assurance Criteria for Bhtpptof P K I -
Ute for RedloaeUre Material." and eet-
Hfymi any specific prorlilcni which a n 
applicable to tbe Ucenseelt icOrttjai ta-
chidlng procurement of p * 1 * * ! ^ Use 
cterlptlon of the quality aereraBce pro­
gram •hill toclule a dlKtujalon of which 
requlrtmenti of Appendii I are appll-
cable and how they wffl be iitketnl.' A 
cteecrtptlon of that pronim ihall be filed. 
In lemrdsnce with thll a»rtlon,,b> Jai>. 
!,19?9wlth the Director, OSce o' Nu-
ettu Ibterlal Safety and eafarauiU, 
Hueiear ttetulatory CommlarJoD, Wash-
taston, DC. S055S. If a panon hai filed 
ettch a deserlptlon, tbe continued oat of 
trie extstlni quality aituranee program ti 
authorised until the t»c"pt*Mlttj< of the 
program hu been finauy irt-jtnmed by 
the Conunlsslon. 
-<b) The prtrrliloni of tbk paragraph 

deal with packasea whlsh. r»ra been ap-
prond for ma In acenrdance with this 
part prior to Jan.U979and which nan 
been designed In accordance with the 
rjoTWcns of this part to effect at the 
time of package approval. NotwiUutand-
Ing the ptoHHoni of paragraph (a) of 
this KJttoa cuch paekaga ahall be 
deemed to haft been designed In accord­
ance with a quality tsSmcsce program 
which aatliflM tbe provudana o? panv 
graph (a) of thla section. 

(c) The prc-Woei of tola paragraph 
deal with pactum which have been op-
proved for use in accordutc lih tola 
part prior toJaJU.L979 •' •ebeenat 
h u t partially fabricated piior to that 
date, and which tare been tebrtceted In 
accordance with the provisions of thla 
part In effect at the time of package ap­
proval Hotwlthitandlnt the prortstcni 
of paragraph la) of this fectUm, inch 
packages shall be deemed to ban been 
(ihrlcated and uasnbled In siccordanee 
with a quality caKraoce projram which 
eatlsseg the prorkooni of paragraph (a) 
ofthbieetlon. 

<d) A Ccminlarloa-approred qttttlty 
aisunnce program which tatlslls the 
applicable criteria of Appendii B of Fart 
CO. of this chapter and which U ejtob-
llshe^rnamtalsed, tod eiecuted with re-
fird to tranapor! packages aholl be 
deemed to satisfy the requirement of 
paragraph (a) of thutection. 

^ 7 U 2 Assamptions as lo ookouwn 
properties. 

When the isntopic abundance. m;i&v 

tnut penuiert raqutretDtnts of Appesali 
I abimld te ippUtd Is • gndal ipprouh, 
u„ applied to an sxunt coutiKnt viUi 
their Unporusee to emtety i s OeperlMti u> 
•action 3 of Appendix E. 
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concentration, degree of irradiation, 
deg_ ree of moderation, or other pertinent 
property of futile material in any 
package it not known, the licence (hall 
package ihe futile material at if the 
unknnwi properties have tuch credible 
values at will cause the masitnum 
nuclear reactivity. 

S 71.53 Prdlniaary detenala«rte«. 

(a) Prior to the firat use of any 
packaging for the shipment of licensed 
materials, ihe licensee shall ascertain 
that there are no cracks, pinholes, un­
controlled voids or other defects which 
could significantly reduce the cffective-
ncss of the packaging 

<b> tbacnararei^M ralw «ml»n» 
" t, m d a* to n a r t H M "Hh 

Q)' 

"(bP Prior to The nrst 'i!te ol any 
packaging for the shipment of licensed 
materials, where the maximum normal 
operating pressure will exceed S pound* 
per square inch gauge, the licensee shall' 
test the containment vessel to assure that 
it will not leak at an internal pressure 30 
percent higher than the maximum nor­
mal operating pressure. 

(c) Packaging shall be conspicuously 
and durably marked with its model num­
ber. Prior to applying the model number, 
the licensee shall determine that th-
packagmp has been fabricated in accor-

• dance wiih the design approved by the 
Commission. 

5 7134 RoaliK deleralsaliosts. 

Prior to each use of a package for ship-
mem of licensed material the licensee 
shall ascertain that the package with its 
contents satisfies the applicable require­
ments of Subpart C of this perl and of tht 
license, including determinations that: 

(a) The packaging hu not been sig­
nificantly damaged: 

(b) Any moderators and nonfiuilr 
neutron absorbers, if required, are pre­
sent and are as authorized by the Com­
mission; 

(cl The closure of the package and 
any scaling gaskets are present and an 
free from 'Meets; 

(dl Any valve through which prim 
ary coolant can flow is protected against 
tampering: 

(e| The internal gauge pressure o' 
the package will not ciceed, during tht 
anticipated period of transport, the mat 
imum normal operating pressure; 

(0 Contamination of the primary 
coolant will not eaceed, during the anti­
cipated period of transport, the limiu 
specified in $ 71.35(a) (4). 

<t> ftsaa ptoiMad to? cgrtaUBaj eg. 
pangjon of Hcjttnl eooltAt or ft Bqtdd 
tUaUtaf mefjitnt K adequate, and tfcj 
ayttani fcr ttie Bqtikl cralsrrt and tba 
nquld sbWffint. toedtas art tattttnt, 

The provisions of this section shall not 
be applicable for packages authorised in 
the General licenses granted by j 71.6. In 
such cues the lics.see shall ascertain 
that the contents of the ptckeft ire ai 
luthoised in the general license. 

i 71.53 Ofaltsg lorttw iiasts, 

Prior lo delivery of a package to a car­
rier for transport, the licensee shall 
•tture that any special instruction 
needed to safely open the erckage are 
sent to or have been made i variable to 
Ihc consignee. 

5 71J1 Reptdi. 

The licensee shall report to the Direc­
tor of Nuclear Material Safety and 
Safeguards, U.S. Nuclear Regulatory 
Commuion, Washington, D.C. 20555, 
wiih'5 30 days any instance in which 
(there rTsul^emnWHJBHWnWB 
effectiveness of any authoracd packafl 
,mg daring use. _ . 

{ 71J2 Recasts, 

(a) The licensee shall maintain for a 
period of 2 years after its generation a 
record of each shipment of fissile 
material or of more thian a type A quan­
tity of radioactive material u defined in 
i 71.4(q), in a single package, showing, 
where applicable 

(1) Identification of the packaging 
by motel number; 

(2) Details of any significant defects 
in the packaging, with the meant 
employed to repair the defects and pre­
vent their recurrence; 

(3) Volume and identification of 
c oo\ua, 

(4) Type and quantity of licenced 
material in each package, and the total 
quantity in each shipment, 

(3) For each ilem of irradiated fissile 
material: 

(i) Identification by model number; 
(ill Irradiation and decay history to 

the essent appropriate to demonstrate 
that its nuclear and thermal charac­
teristics comply with license conditions; 

(iii) Any abnormal or unusual condi­
tion relevant to radiation safety 

(6) Date of Ihe shipment; 
, (7) For Fissile Oats 111, any special 
contrast eaercited; 

(8) Name and address of the 
transferee. 

(9) Address to which the shipment 
•as made; and 

(ID s w t t e t f t o c t o s r n i r a a n r e . 
ajBtodbalUK 

(b) The licensee shall make available 
to the Commission for inspection, upon 
reasonable notice, all records required 
by this part. 

Co) m Ueeoaaa than wnihitAln dtn-
tag (be Ufa of the ptekattns to which 
they pertain, mfflcamt quality saainnea 
ratiriitofttrnlaadctcumratarrefldenoa 
of ttsa ejttallcy of f ' frf iwg cctBpotxnta, 
cSdeh km aa/ecy algolficinec, and ot 
swrlcea ttrrtetsif tuck quality, taehidliii 
records ot tut mutta of the rktermmt-
Ho»ir»rjutr«dbTl71ilajidofmiiiltor-
ta|, tntptction and aadlttof of work rcr-
totsanes during the dtalgn, fcSxrteattan, 
tasmbtr. tsstUni, mcdlflcitc \ »* im> 
v m , and repair of the irri.Tirtnt'. 

5 lliti Iftsptclloi aid oests. 

(a) The licensee shall permu the 
Commission at all reasonable times to 
inspect the licensed material, packaging, 
and premises and facilities in which the 
licensed material or packaging ate used, 
produced, tested, stored or shipped 

(b) The licensee shall perform and 
permil the Commission to perform, such 
tests as the Commission deems necessary 
or appropriate for Ihe administration of 
the regulations in this chapter. 

(e) The l l eaca thai notify the Dl-
ractor of tmnrfBrm and Snfoneaient. 
TJA Nuclear Regulatory Ccmmimra, 
Witnmittm. D.C. J05M. i t l e n t « dnja 
prior to fntaieatlon of a package to bo 
naad for Use thjnoat. In that tingle 
eatkstn, of radloactlTe material tuntni 
• decay heat lead In aaxeto of B kW or 
trtsh sin uusiiUng jsntsnn ta antaa of 
»KQf. 

j T I M Violation. 

An injunction or other court order 
mny be obtained prohibiting any viola­
tion of any provision of the Atomic 
Energy Act of 1954, as amended, or Ti-
tle II of the Energy Reoreaniiation Aci 

issued thereunder. A court order may be, 
obtained for the payment of a civil 
penalty imposed pursuant to section 234 
of the Act for violation of section 53,57, 
62,63,81,82.101,103,104.107,or 109 
of the Act, or ration 206 of the Energy 
Reorganization Act of 1974, or any rule, 
regulation, or order issued thereunder, 
or any term, condition, or limitation of 
any license issued thereunder, or for any 
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PART 71 • PACKAGING OF RADIOACTIVE MATERIAL FOR TTRAN8P0RT™ 
violation for vatcn • liccaK nay b* 
revoked under lection 186 of the Act. 
Any perion who willfully violates my 
proviitun of the Act or any rtgulaiion or 
order iisued thereunder nay be (Uihy of 
a crime and. upon conviction Stay be 
puniihcd by fine or impruonmtnl or 
both, ai provided by law. 

. MfCNMCQ 

*mtmx A-HO«MAL OOKprnon OF 
TftJkNIKftT 

Eat* oT the fnllmrlfti wtmil eowdhbn of 
mMpm it in be iff) M itpvatHy lo tatmiK tit 
•ntn m » ftcta* 

I. ffw—Dim w l i t v m act ml l in H H -
pC«l«nf IWK. •Ul l l l l l . 

2- C<**-Aa M M M umptrmm nf *<«r f in 
Kill lir M d afcadt 

y. ftnt**—AieJWfhffk ynvare «* 0.5 m e t 
cundinj «* r« f tvTK anwrrc 

4 f ( !m*»—Vttw«inn cnrmilly * « k « i in 
irfcntpuri. 

H . ii 'orf ^»i*—A vHtr •pray urffietemly heary 
in tap the entire enpiwd Mirfaee <>Tiht ptskAfc n 
csp (he M l u f t tuAiraantBly * « diuin| t p t rml JO 
•unmet 

ft. frft- 0ftjf>~4eiwctn 1*1/2 tad 2-1/2 hupi 
ificr the cmteltntrm nf the m e t teray i t * . • free 
d/<*p ihriwth ibe diuance apetifitd M i r * unto • flat 
ciuniiall)rMyi(U]ifi|hirfiiiwuit«rfict.iin)iin|the 
uirftKic in a pmili<« fur which minmom dimefe it 
capcticd 

FREE FALL DISTANCE 

A r t a r r iw/(i* Dimmer 
« M « M * O Unit 

Leu \htn 10.000 4 
rWUffl »< M>.tt» - * ~ - 3 
IQ.tttW t» M.000 3 
Mure than W,000 „ — I 

7 (Vmi* l)nifh~ A. freednip<Miiic*..h Corner of 
the packift m w « « * t « r t . « tn the cue I I ( 4 cylindri­
cal pack'|e w i n each quarter iif each nm, ftiim i 
hei|Ki i>f ( fin* until a flat nKftiittl? w y f l d i n j 
hiid|..nul torfict Thineit IpplieKinlyliipaekajet 
which ire ennoructed primarily trf wimd in fiber-
bard , sad dufejJ u c t t d I tO pwndi | r u u wtijht. 
ami tn t i l f traik C t n i I I packi two 

P ft»w M H * - I m p e l of the bcmitpherical end 
l i f t vertical tieel cylinder M M iltttwi m dumtier 
f i d wti |>in| IJ ejnmdi.dropped from a heighi iif 40 
iKhnimui ihtcipottd Mifact t»f the package which 
I I expected ID be nvm <ilflerable ti> puKtute The 
t i *a n ^ i f t h e t j d n d f r dul l br per peadttuJirdMhc 
pactafc hirftct 

9 f«*/tAmMt—F*rf pKk* fe i Hoi Mct td in j 
10.000 pouftdi I T wftthi, a eoapreMirc k * d equal to 
either 5 u n a ihc wti |M <rf the pKkl jeor 2 paieidi 
p i t ypt rc inch aihiplicd b j ihc m u i m i m hi * a w 
ml crtm iectu« nf tht pBCk«c, whkhever ii | ieain 
Thr liiad thall be vp^cs) d«itB| a period vt 2* 
fcmili. witfiirmly noitui the tup n d hutlum of iht 
pKkafe ift the ptmiiiitn ID which Ihf packap <mu(d 
pnTdullv be irvtfpnned 

AFFEKOJX JWIYrXfTflPfiCAl AUSUBflL 
CONDITIONS { 

T V W l o r * | l t r f l l * 1 ' c , l i t t - n , w - ' n o e , , r c

1 

u be afpliid mBewWb-. ia ibt orttr ndicaied, tJ 
i«l*r«iH itwir cwvt«i«c4ffKt H apackjge or u-
try <4 packaREt. 

1 Anr t ^ r ^ - A f n r ^rc^ tkoafh * dt fann u\ 
H feet nftto a flji eacslially wy t t id i * | huruimial 
t o r t r - «r.HB« ita wrftci tr a puutirn fm which 
mo*' M T damate it eitpefled 

2 fmnwrr^h ( m d n * lhr<*|h * dtaaooc ol 
aOmchnniikini . in ip(]tiiian(Dr w h i c h ^ ' ninn 
dsna|c n Ctptcled. the tap eatf uf a venitil 
sylindrtcal mlW ntft bar moused ttf> in eaKnuahly 
cflyicldmj tkiruiHiiil lurfat* Tht bir lhati he A in< 
chct m diameter, triih (he fop hornmttl and u>ed|e 
r i n d e d to a rtditt* of Tn* man than n w ^ u l t u t 
inch, and ul loch > length ft tu catac mmmmn 
daou|c in ibt ptcliaic. b u tut leu thin ( i w h « 
Itmj The l-Kifl i n t n( ihc bat ihtll be perbendicular 
t'i the vfiyieldin| hormmtal wrflct 

;* fiirrmat-^ifuutt in I (hefrnfil leu in which 
ihe heat input lo the package it not leu than ihti 
which wimld (cul i f f tipuimt (if the whole 
t«kJ|tin|fpfl i i lK>fl*i«"i»ftmetiiof 1,411* F far 
M niifiutet with an miurviir cattftcim wf 0 9. 
ttmmifij ihc wrfacctuf the packlfe hsve an ibhup 
inm cueffieient ol 0 1 . Tht pHkcje thill nut be 
b»k)ld amriciallji gftlil i N>ptt ifiet ihe ttfl penod 
unleu it can be ihiiwn that (lie if mpenturt on (he ii> • 
udt ill the picktte h u bqun m (all in leu thin 5 
htiutt 

4. Warr 1/immxK} ifiuilc mitertll paekifn 
nnlyiv—.Immtriiur in water tu the encni thai til pqr-
i i i^i nl ihe pa£fca|e lo he irved ire under ai teat) ) 
feet of water for a period of run tee th»* * bvuti 

Horn—Th§ nportsai kai noori top'>* 
fffilnawili *e»*UM & «btt faft ftava 
bau appacw* tv th* Oxurti AfMntmi 
< • » u « r K l f C n (BOOM). 

71-10 



PART 3 • PACKAGING OP RADIOACTIVE MATERIAL FOR TRANSPORT 
•wow. eu j m n p n ^ w a a r T5fiNBi75 îTR5f«rDi«iinnwof 

RAD10HUC15DE5 T R»DIONUCUDB-CiMm«rt 
APf6Nsure=nowsiww(ioBPBrrjf' 

ftADtONUCUDej-Gxlllacd • J 

M u n c l M c * " Oictp. 

ALiinwm 119).. . . . . . . Ac 2 ? 1 -
AtJJI.-

I 
I 

A l M M d u n ( « S > — Am W l - — I 
A h 2 4 ) — I 

A i»n» i»>HI I S 6 i : 2 _ _ IV 
S6I24 I l l 
H>I2S Ill 

ArpiatlBi Ar.)7.— VI 
AMI II 
AMI luKuin V 

Brentd)" 
Aruiin (111 • AI 7) IV 

Ai II IV 
Al 16 IV 
Al 11 . . - IV 

Aumintl85> A i ! l l I l l 
Buium(S6l Ba 131 IV 

B | | 3 ) It 
B. 140 I l l 

8«Miu«>(97 l B U 4 9 — ., I 
Bervlliuit. I4| Sr 7 _ IV 
ftwiuth 183) Bi 206 . . . . . . . . . . IV 

B l N 7 I I I 
Bi 210 I I 
B> 211 _ Ill 

Biiaiinc 05) Br >2 IV 
CtdmiuniMII Cil I 0 » — IV 

C d u ! m „ Ill 
C( II! . - IV 

Cjltivm 1201 C» 45 IV 
c m — iv 

CalilKiwin i w i n ; i » I 
cr 2.<o i 
CT2J2 

dih. in<6l C M 
Cerium I5»> Ce HI 

Ct 14) 
Ct 144 

Cemimi«5|. Ci • 31 
CHMm... 
C U M . — 
C I I 3 5 
C H 3 6 
C i l > 7 

CWoTine(l7l CI 36 

a 3 8 — 
Oitipmium I24I Cf 51 
G I M I ( I I I Co 5* 

Co 57 
Ct> 56 m . — 
Co5i. 
Cn 60 

Copper (291 C u M 
Curium 1*61 Cm 242 

Cm 241 
Cm 244..—. 
Cm 243. 
Cn, 246 . - I 

DyiprojiiHTi (66) Dy154-
Dy 165 — . . . . 
Dy 166 — — . . 

£rtHBm(68) „ . . Er 1 6 9 — * ^ , - . 
Er 111 

Eulupium 16)1 Eti 150 
En 152 cn 
Eli I5J . . . . . 
Ell 154 
Eu 155 

Fl»iti'.c (»l F l l 
Gidulimum (64) Gd 133 

Ca 159.. 
Gallium 111) 0*61. . . 

G | 1 2 
Gtrminium (32l..... Ct 71 — . — * . . . . 
Gold (79) All 19) 

A»l»4 
At 193 

III 
IV 
IV 
IV 
I" 
III 
IV 
III 
II 
IV 
IV 
IV 
IV 

EkiKm' ftidmavelidt" Group 

All 196. . 
All 1 9 1 . . 
Ail 199. . 

K>(niiun |72l H U H . . 
Hnltniitfli 167) Hn 166 
H y a r i f t n l l ) H 3 (ret tritium ).. 
IndHfflt (49) In 113 tn . . . . 

In 114 in . . . 

In I I ) 
Iodine 1331 I 124 

I 125 
I 126 
I 129 
I 1)1 
I 132 
I 1)1 
I 1)4 
I 135 

Indium (771 Ir I9() 
II 19] _. . . 
I i I9< 

Iron lift) Fe 55 
Ft 39 

Krypton l 161......... Kr 85 m 
Kr 85 m (uncom-

pftuedl " 
Kr 85 
Kr 85 (untiim-

pfetltdi " 

IV 
IV 
IV 
IV 
IV 

IV 
III 

In I I ) m IV 
IV 
III 
III 
III 
III 
III 
IV 
III 
IV 
IV 
IV 

Kr 17. , II 
Kr 87 |unct>m. V 

preHtdl " 
Unilwnum (57). l.u 140... IV 
LtJut«!> Pb20) IV 

PD2I0 II 
Pb 212 II 

Lutttrum (71) u 172 Ill 
U 177 IV 

Mjinttium H2) M | 28 I l l 
M i n | m t i t t2)i M n ) 2 IV 

Mn 54 IV 
MnSb IV 

Mutd frown pfod-
ueli MFP 

Miilybdtnum 1421.. 
Nt.rfymium 160].... 

H i 197 m . . 
H | I 9 7 
H | 203 

Mi . 99 IV 
Nd 147 IV 
Ml 149 IV 

Neptunwai (9)1 

Nickel (2S> 

I 

IV 
Niobium (41). . 

Ounium (761... 

PlViutium 14b).. 

PfcuiflhuruKISI--. 
Plwnum (781 

Np 2)7 . . . 
Np239 . . . 
Ni 56 
Mi S9 
Ni63 
Ni 65 
N » 9 ) m IV 
N6 95 IV 
Nb«7 IV 
Cl 185 IV 
O l l 9 l m IV 
Ol 191 IV 
01 193 IV 
Pd 103 IV 
Pd 109- IV 
P ) 2 . _ IV 
PI 191 IV 
Pi 193 IV 
h 19) m IV 
Pi 197 m IV 
PI 197 IV 
Po 218 IF> I 
Pu2)9(r~) I 

pu|ifflium(S4l 
Fwmium (191 

Priuudymium (59). 

promtihium (hi). . . . 

Proiulimum (911... 

R4dtum<u8l 

Ridon IBbl 

Rhenium (751 

Rhodium (45) 

Rubidium (27) 

Ruthenium (441 

5tiindiuml2ll 

Selenium ()4). 
Silicon (Ml... 
S l im (47)— 

Sidiuml l l ) . . . . 

Strontium (3BJ 

Sulphui 1161 
Tinulum (7)1 . . . 
Technetium (4)1 

7crhium(65i. 
Thallium (HI) 

Thorium (90). 

fUdiiflUCWtl"' tiiuup. 

•"ITOIC.I.L.SCH.'P1 "" 
P» 241(F) I 
Pu242 I 
Po2l0 _ . . . I 
II 42 II 
If, 41 Ill 
Pi 14! IV 
Pi 145 IV 
P m l 4 7 . [1 

Pm Nu IV 
Pi 111) I 
Pi 311 I 
P i ! l i II 
R>::< II 
Ri 221 II 
R » 3 2 6 . „ I 
R> !!» I 
R t i l j n IV 
R n 2 l : II 
Re 1*1 15 
Rt 18ft 15 
Re 187 IV 
He IKK | \ 

ReNdiuul I ) 
Rh 10! m IV 
fm io< iv 
fiblfh I \ 
R6 81 I ) 
RbS.iurjl 15 
Rul* iv 
Ru III" 15 
Ru 101 IV 
ftu urn I l l 
Sm 141 Ill 
Sm U - I l l 
5m 151 IV 
Sm |5< IV 
St 4 0 . . I l l 
St 47 15 
St4» 15 
<f 75 15 

Si 31 15 
AJ 105 15 
AlllOm Ill 
As III IV 
Na22 Ill 
Ni24 15 
Si 85 m 15 
Sr S5 15 
Si 89 Ill 
Sr90 II 
Si 91 I l l 
Sf92 15 
S3S IV 
Ti i8: III 
Tc9h m 15 
TC96 15 
T c 9 1 m 15 
TC91 15 
Tc9Mm 15 
T45N 15 
Te I2>1 .... 15 
Tt 137 m 15 
Tel." II 
Te 129 m Ill 
Tt 129 15 
Tt Hi m Ill 
Tc n : 15 
To 160 IN 
TI5O0.. IV 
Tl 201 15 
Tl 202 15 
Tl 204 Ill 
Th 227 I I 
T» J2J I 
Th))0..._ I 
T h 2 ) l i 

Set liuKmHri «i end of l ibit. Set i"4iKim II end ol libit S M fcptnom it *nd of tiblc. 
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RWJbNUO.ipE$-!amim«f * J 
1 

ThrJlltfli — - 'HI T 
Thuh«ih|Wi| Tml t f - ~— HI < 

T o 170 I l l 
T m 1 7 l IV • 

T M I M I S a i l ) - IV j 
Sn|l7m IN i 
Sn \T Ill | 
fcJtt*- *-—d.^ 

rriiium 1" . •: i - '• . T !^ , 
H )<«--(;<::. « 

IvminuLi ;».,,,,•« 
rdu'bc' •*. wild 
3Mi.-n.lj-^-.... V|l 

TanfHen (74).. 

Vanadium (2)1. 

Xeifcin (S4) 

YiiMhium ilOJ.. 
Viifiun ( ) ' i„ „ 

t.-»c(XI) 

Ztr&ttutmt <4Q}.., 

. W 181 IV 
W IS1 - IV 
w i r rv 

. UIJO II 
LUJ: I 
UH3iF} II 
U 134 II 
UHJlFl Ill 
UJJr. ^... II 
UJlB Ill 
UNiituiil Ill 
UEmiehrdfFi Ill 
UDcpleieJ Ill 

. V4H IV 
V4V Ill 

. Xel?* Ill 
Xe Hi m Ill 
Xe 1)1 in (uncum* V 

preuedl "" 
Xc 133 Ill 
X« nHuncom- VI 

preucd) " 
Xe IW II 
X< DMuficom- V 

preucdl " 
. Ybl73 (V 

Y H IN 
vw. :v 
v»in in 
YVI Ill 
YW — IV 
VV) IV 
ZoftJ IV 
2BMm IV 
ZnM IV 
Zr« „ (V 
Z r « - III 
l r 9 7 . — IV 

<irrMRt>-TEm FOK SPECIAL FORM 
LlCEHSED MATERIAL 

I ftrc DA**—A USX linf ihr<M|b • (luii«f <>f 
JO IM mm u flu csbvullf snjrieldina; hnrni>nii1 
surlier, unkint ihc sarfact in wch > poulioh n in 
Hlter man nutn dunafc. 

J ft-titot'*»—Impacurfthe n»i eirc»lir end <>i a 
1 i»ch Jiairicitf Mttl rod weithinj 3 puundl. drop-
prtl ihrnugh adwuwoMOinchei The capsule w 
niiaiiil Jul I he placed in s ificei oTJewJ.uf hard-
neu numherr J.J in 4.1 on the Vieken Kile, ind r*rt 
mireihjn I iftChlhlct.wppoftitJhyaUTi.-rtrieiitn. 
Hilly ufiyielJ"*! wrfsce. 

1 WftBi»nf—Htiling m air n> i lempemure nl 
i,J71* F ind remiininf n ihm lempersuire Inr i 
PCIKHI nl 10 oiinulc 

4, iminrnhMi—Imiaetlion IIK 24 hour* in "iter 
uir<kimiempcraiureTh««rtierihilItKiipHfi-pK 
B. wiih • minimum LiAdutlivily uf ID miCh<fflh<4 
per cennmclcr 

M m i B—QBAUTT JuantsjKi Otttffeu rat 
• u r a r o P i c u o B rot luKMenfi a b r a m . 

/ •m*uffcm.-4B •nonrtarwi wltfa 171JV 
•wry applicant for aa approm tot at* of • 
•hipping ptckift It raantrea to daatnb* hit 
quality «pur*Dca profnm. U 0 ows? Uotsaaa 
H ratjulnd by | TWi to ewabliah and main­
tain k quality aarattfi* program for the 
•Haipi. fabrication, aanmbly. mUr*. rm, 
and BhlatMuna* of ateh pactaftn|. i t d«-
flnad Is. 1714(1). 

ftm appendix tatabUsbet q-Jllty ASIUT-
ant* nqulrvmcQti a-nkh apply to til « . 
ttnuM totctLni tfc* eompQDcnu crt tue 
piek*|iog vbleb t n irfolfleut to wfety. 
n n i i uUtlUcs tDCludi dfetifiiiii«, purchtf-
Itg, ffehrlefttlni, hmiJj^', tblpplAg. ttortng, 
tiHEl&ff, uttmMlQl lts^rtlLs. temng. 
epvatlelf, BiiotalDUC. rjfminof. an i 
nodlfTinc. 

At lutd in u u appmdlz. "qutiitr ftour-
woa" wmpnwi ttl UIOM plumod mod •TB-
tfeOlttC ftCUOU UOMttlT tO pTOfldt fed*. 
qutti coniWiDW itatf A lyitem or oompotjmt 
will ptrfora muXti&atui in aemot. Quint? 
a a n r u o t iDdudc quiUty ecntrel, *tUdi 
mmpT*w U U H quiliij itturtno* fettionj 
n l i U d to e o o M of tfci ptafricil ehuvter-
IfUoi tad quality of the totttrl*] or tempo-
DfDt to pmlitiTntfoid raejulrenuDU 

¥ha I k t a w ' tt lf l M rwaooUbl* tor the 
•KaUUhmnt tad tueotloa of tht qutllcy 
aaurtsct program. Tb« Uctnsn OAT delegate 
to otbm, n e b u ooDtrtttora. agents, or con. 
aulUnta, tb» vurk of aaUbllabliu *W1 ei*. 
eutlng the quality ururanct program, or any 
part Uwmf, but tball ratals rttpDMlblllty 
thmfor. Thi autboritT *od dutiH of pertou 
and crganittUoni ptrformlng aetltrltltt tf-
faetlnf tt» aalotj-rtiattd tuncuooi of ttruc-
tana,. BTttems. a&d oomp&atau a&ui be 
cltarlr titablltEitd and deiinaatvd to vritiag 
Tbaaa acUrltlm Induct* both tbo performing 
ttuetioni of attaining quality objocttm and 
tha quality aaaurtMioe fuootlona. Tb* Quality 
Bifuruoi functions a n thott of (a) auur-
laf that an ftppraprtatti quality aamraacc 
pTopam la aatabitibod and «H«*i*«ly cca-
cntsd tad (b) Ttrtfrtoi. tueh u by chacktng. 
auditing, and lospeeuon. that actlvlUaa ai< 
fietlos tbs mletj-raliurf lufletio&t b**e 
b a n conwrtly ptnor3»d. 1%» pcraosa and 
orcanlaatkcu perlon&lfit quality taumnc* 
functtoni ihau n a n auSttint authority 
and fltfanliaaona] frtadom to KUnUfy 
qotlfty problem* to initiate, recommend 
or prorld* Boluttou: and to TBTlfy lm-
p**a*nt»tioo of aoluaona. Sneh pmonj 
and crtcaniiauoni pcrfomlng quality aatut-
afio lu&cbuu «n^i »ei>art to a m » -
tftmant ltrtl auch that thU nquirad 
authority and onranleitlooal fraedtan, ID-
dudlnf ruOclcnt ibdrp«o(ieiic« from coat 
voA athtdula vban oppossd to tifaty eon-
U l e n n o u . ar» prortdMi. Beftuae of the 
many varlablta IBTOJIWI. aueh aa thi. number 
or pomnnei, tha typa or activity betas P*r-
(ortntd, tort tba location or locations where 
actmtiei are pntomt. the organuationai 
atructura for eiecutlng the quality aaaurance 
program may uke wioua forma provided 
that tha peraona and organization! aatigned 
tb i quality aatunnot funrtJom t u n t t n t t -
(jutrad authority and organlutlan&t rrwdom. 
Imapectlve of thi organ' -uonal etruetu», 
tha Individual (i) aulgo-" at naponalbiUty 
for uauring effectm ciacutbo of any por­
tion of the quality aaturane* profram at any 

'AIIHIIK nuoiber ihiiwn in ô 'Criihetcfc 
"Un -̂mprcued memt i( i otftiifi tut eictcd-

mitiiik' Jiminphtru 
'"AnimiL wti|hi tfaiwn Hiei At ladumaclidt 

tfmM 
m—Miuiliblf uale 
(Fl t-'iutlc rqucful 

'Whlli the tarm 1lc«DMe~ to isad in this 
apptndlx. tha quality tMurano* requtRmenu 
are applicable to whatrttr design, fabrica­
tion, aawmbiy and tattins of the paefcagt 13 
aotompllihed with respect to a package prior 
to thi ttmi a paekait appronl u suutd. 
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PART 71 • PACKAGING OF RADIOACTIVE MATERIAL OS TRANSPORT 
l o t a « k » tctrnaa •*>*» to a n * > 
pudM an tot? ) « a M MB tort * n d 
t a n a to tart a r t * ill " 
to 

•>«« Mtnftauif tto H I M « A » fHi-
ta • n w pntnn wbuk aaaha • » 
tot l l l l l l l l l l t 11Mi u p t l d n i l a ) t a d -
Ml M i n t proBim atou I t torn—Hd 
to aimat p n t m * n m w uo 
m u k) ttiMd « t is m r t u M «ttk tkM 
pardon ttnuKhool tat pint* «uuj 
t.»ita ptarjtUf a nad. Tto laaaa* t l i 

itUr tto aaam) tad aapoataa to u 
and Of tit quality a»tma»prop*n m 
ml HI I I IMI IHI I imn ii«um tn in 

OBIB. totKba tmn a t tairsatoi ftst-
JO of ttoa onmrtka. Tin quality at-

H B U M program taill prom-, osstrol ta i 
KtMltoi IftetlBf tat qulltr of <M Mattl-
ltd tuuriia ud ooaposna to a atoai 
n t l u t wili th«tr Importaaa to ant ; 
ud H nraairy to aann aaanrffiiaa « 
tb» tpmrnd d«|i> or vet laltTtiwl wa-
apt oaa' to tto ablpant at radtoatnt aa-
arm. icttnaa HTKUBI qoanty * * D to 
m a p l k M mdv svMUIr MUroWd • • • 
4Uka>. OBWJad ootdioaa aanto tat 
tat or laprdpritu tqutsaat: auaaa a-
vtmustattl ooadltwa to 
tatacomy, mctaaiitqiiatadiinatar. iad 
• m u n Hut ill prtnqisaKa i'.T tat Uao 
•amy u « ban B a n d m proem 
mm tan lato mount tot and far ajaM 
aabola, praotaaa, ton aqtupaat, toaa ud 
atfti to attain Ito nqslnd qtaltty. tad «* 
• • t for MriflmUoo of quality to uaparltsa 
tad tat 

Tta ugnai tain « • • a» iinwwaia 
tad prooalvni 81lb qanty annua pro-
pan en tto faltoalai i i 'mWi lW «*-
a m i tst xapumj uo prapoad aa a 
ttoptokaBrud ta ooapaaafiB: 

(1) T M noonuot or Mil lmlm a 
ttfBtaf tetania attar 

tl> Tat datn ud nMatUB luaijaaiTlj 
a mlqmarj ol tw l a n 

ID I t t nad »» ajiacu Dcacoa ud ar­

id) Tto dapm to cnlcs functional 
pnica as to aaauuilnlad by " 
a art: tod 

(t) Tat cjatuir aatory ud 
Barnaul iBlhiiiiHtolBa 

Tit prapm m n prorBa to udmrm 
tba ud mislai of panoana i n l u l a ] 
atMtat i fKtb| qn«ll(j a oiraarr to a-
a n tut ttditblc proddocj a a f j n a ud 
•tlnuintd Tkt llnwa wiu rrrtrw tk* 
•arat ud tttqua; of o» ta iu ; 
•aa prainiB u atuIMiad tatana. u n -
UKMat or ottar orpuariotK ptrtemaai 
te a t ouaijrtj araruei pragma a a l rtlfl* 
arty r m n B» nwot ud tdtguer •" • « 
But or tto OJliaiItT, - J " 
ur/mranmne. 

Htmiiti AiQ bo aaoUotd to laon 
M U upuaMi rtfuutar miuia—a ud 
Ito pKbw dalra, a •rdsid to ttt B-
aoa. tor tboa u t M i a ud ' • ) " " * * 
to «bks tui ipptDdii tppua tit tomcMr 
•utitad U B rsteooioaa, dmnaa. pre. 
aduni ud InrtreMox Turn mwmza 
attil lootadt pnmao: <o tant a i t i f 
•ropraa owLff rt>^dua tit vattrd ud 
aelodad to «td|n oteranaa ud * a ta l -
latot Bta tack rtudvto tit tooaoDal. 
t b a i m tbtll b» atuucud tor a t "too-
•oo gad rrDnr for nltuUltr of upHotUoo 
trmtotm, pro, Ktuitwet, tad iiinnua 
*tot art i-aatltl to U» aMj-naud faw-
a x t «r Qu Bianm, pua, tat tauaaaa 
riltoptotutaf. 

Maani B I H to taiMawi tor lat M B -
KaailUB ud aabol or gain Harriott ud 

pYtrtft tor arkfijat a tkaUi 
tJt«r jaaaB,ta6aa; tot | 
tt « taa rmra, W tot aa tf tiatata a 

•maaotti arOMi. a to a t 
a t tOttUi ta«U€ pntna. 

tojrfonad I T 
n u l l a ' 

• c o r r a t d u a u u auaai tad etsaj-
mat tu toa to tar natjaaas « d a -
• H E S Sail to tmtalto prior to toJtoUt-
tton a tot • ) « Btarai «M ta^laaatt. 
Ht3 Wnaailm i W m EMB ai rtaatd 
•f a to HtlMMi to a * uaaa ud totU to 
aaaf i t to KarMff to* aattc nqom-
a — m l ty tot paf ia i l t>ct- j cad 
tottotat, Tto MattiBta t! tfc coed 
a n l Q I T aunt t tn u t tBtoctKston 
* u to taaa l to a t Itoaat c? catpa 

ma a u a a i t «ttk tat tstsoaet, 
on tat f tnvtr at tto product a 

j u M J a fna tto m a apai- t. auiuiuBtx t n wtnar c? ^"ffft*^ 
m a «ao paraatd tat onjutl a -

, tort rto a n to troa tto c a apal-
i an pntrta a and to ar-

B> tto aatatT ot t tptdtc tWp tatart 
l i are a oua murlcj a tauiiBi pa-
m a n mm aeioa ttotait «auiauMa 
antB( at t protorrpt a aap* tall tata 
a t aott tdnra ttoJia aridlMfM Oatja 
aakol Btauni dull to tvplM to taw 
awa a tat foltaflai atualltt pkyaa, 
latatm tbitM'.ai, area, toirnti. itcnu-
la, tat toodtat utlyea; taopttlbUlt; ol 
•ttorltlt: Hoaauiit? fa nama lane-
•ta, •uaaoua ud nptir; fatant to It-
aUtott ttwtittalnillac, ud ttltaauu of 
aaptua cnuru tor tojastaa tad ara. 

M n omit)a. • " • - " n *uo a iam, 
aaU to tat|«t to ttata eaotnl a t t u a 

nn»*1Uitl»aualHtttttooni-
r» ratnta u ut midirioai aptd-

M to tto rataainpronl nram Oosaa> 

Marsra Bill to aauatod a t a n tatt 
tapllaMi raolraraa of Oa pat whlck 
t n Moaarr to csurt tdtqata oatlity tn 
tattUilj bsiadO « rtftnootd to tbt don-
tana to procurtntnt ot ataoitl. toolp-
au l , ud anfea vbttaa pmttoad bj tat 
nman a to au ODanctort» nbeaotito* 
ton TO tto trtMt umiairr, tto llorant 
aaU nqttiv mtneton « luoaoaortctâ  
to pronai t quint) taurua promB ooe-
aan l «tta tat ptrUMM annuoai ol thu 
put. 

aoanwt mraai qutiitj nun at e»-
ttrltod by donmtaad iBromruoBt, pna-
d a a a dnttop of t trpt upropnitt to 
a t dnuBuwaoa tod laaU to taoa>Uiaa 
la Htordaiut ma tata utmietuat, proa-
r n t a drwloaj Tata itoll lotludt apam-
pruu qguDOUn a qutuaun uoiptua 
atarto for dtttrotslat ton laponut u-
ttnua haa ton athfictallr taaapiatod. 

t itoU to BiablubJd to ooaool nt 
t of doeUHOta. tucb a uttruetioat. 

tttftto, inleb pracrlto is aettrltat tfict> 
tap; oaiiltT- Ttoa latuunt thtll atun thtt 
dttuBna. tultidlai chttfa, in mund 
for adtqutcf ud tpprortd to nla» b| tu-
uonad ptneuu ud in dutrlbatad tad 
• t d «tat Icauon worn tao pnmotd u-
thitf a ptrfwuitd. Catafa to docuntoa 
Bull to mund ud uprent to ut tun 
apaattkot tbit ptrfamai I u erl(Uui a-
Tto ud tppnrtl nalta tM k^elkut da-
kawa uotbr atuattua. 

MtvmaiaiU to attbtlual to anntatt 
fgnaiat) pittirlD. tqvlpiant, tad antoa, 
vtottor pvrcatad cneUf v. tami|a ost̂  
Melon ud tubtOTtncton. eosfom to th» 
pncinucl donuantt. Ttoa atttunt 
tatU ladvtt praraaat, a approprttu, tor 
touia mloauoa ud alatloa, ebjasin 
atdttia of qualltt farouatd to tto OOD-
•tetor a rutwetnrtor. laotmoe a tat 
toBtotcta a tutoootnetor toura, tad a-
tBlntllm a* padtcti upoo dtUttn. tbxu-

Btei-a c±s to w a w - i a a t Mm-
«*E=3icic2Ciiat£iKaa,pcta,s^i 
utat - ju l , Tkat aaraa S»u rcrs 
• i t ti3tu«ua» or a t am a mm^=^i 
to kct i n tar. pat naar , a ataa cj-
proama atut, tutor ta tto tea a on 
raorC tnoatot to IM tarn, a Kjdnd 
ttoonpEaa nbnattoa, totmnuaj. eea a t 
to tat itaa. Tata tautaVtaai t u taaoi 
ataiL.jtatlltoiiaujadlopwtaiiaaata 
a otciat a tatotttn atastife, ptffi) ssa 

O. C3XBSLS9C 
Cac.3 atol to atbaai l a a=m 

Call ap=31 | r c = 3 , toa«dt>.catt» 
tott trc-Jg, ao4 uiaatiuiUu CsScj. 
at ontFC t̂d ud aveoaauadd t? rp^tn-^ 
Caaiaial t^n qiallaa araadina in a-
tadua uKa tpr^oiu. rHa, tzsOuiL, 
atetdat!.'^, trttona, tad fc.-? eaaal 
rtquirtata-j. 

A c---<sca tor tmiwia tf tttsitto tf-
tocuaji qata^ abas to aaMatod ond m-
atod b t t i C i M orpaauus p^c^aat 
tat limtty a twUj antoaaara ma tat 
axmaalto larmtl t i , aatdiimt, tad 
dn»lnp to nwMMtitnt tto ijanti, tag 
lauctioa null to prfand to laimdMU 
Mtor tku taoa aao pufiiaal tto KUTIIJ 
MmHi^a^^ »*"-'-r"-n aniiiiiiiinii 
a tattDt atanti ap ta tea iiiiatui 
ton to patoaai to act tort annum 
•ton n MBIT Is a n » qomtj. B Bapa-
ttoa or imiian atarltl a produca a 
K a a u i a ttoto^uttttoai. ladaa i ea> 
•oi to atoltorlai trocaaai mtzxcx 
tqaaaat. ma prtoatol lists to |r=5Btel. 
I n iBtaa^.i ud proco aciansf 
• H i to praitta watt n f l a a M to la-
tdtquttt attaint Ma. B atatotoiT tttpa-
asa told {£tea, wkfc* naam HIMBII IJ 
a aapcRC3 * I tSm Ozzso* aatoaial 
nomttisitra u d torcca colch vat: s^il 
lot tnaM »1tJ*jJ tto cecal of Ma da$-
Sftl*!! Hllltl_Sl>*i?g. MB ?Kte!^rf tSja «a -
taic aoid psata aaB to uauauad i ap~K» 
•rattdecsaaa. 

it. ntr cetuoi 
* a a preonm aaU to aaaatod to 

tauro tait ill tartar ntjaMd to daara-
t o o am mi pttrajca toBpoaua °ni 
ptrtom aatttflaCf cawnt a natiitltii 
aao partoatd to Keafiua itta anttta 
tart pneadunt inich taoorcona tto n> 
|lnmmlirriMif Tt"1"-iniiiibaam 
ud aoo^tua tUDlti (xubjc^ ts a t patit-
an oopnnl. Tit p;t^]uia c t̂ll utttio 
prorialoaa to unutorrt^at on pnraqQMOB 
to tto ptto an BITS t=a m», thtt ut-
gjutla tat Isitnionct-tirD a tnlualt cad 
nao. ud tait tat tad L> pcJImad c i 7 
aoltabla antfeaiEtBtc! '~^""»« Teh n-
tutti uill to doeuasatcd CES anloaM to 
tanut ttat toot roqulruana I n Uta 

it. iwarat c? muinaa ABD V T 
aroinov? 

attenra then to ctablkhrt to soat 

7H3 
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araamtw at Htanm tat n m » ID 
I » I M B aKtapi* ta mmf—m wra 
un«rn«E» a rmieat *iaan or « m n -
Gaa. man CKMB7 for atnicikr pradaca, 
qactUprat=tict>nttt«iiauii,iaAMa*n 
G&) itraasJBcro. apaetflc KdRvn aontsDt 
tmb u< taBaamtaa n t k Kan t» aaci-
CSdUdarOVWid. 
it. rcancnw. O R uo> m i n i i a u m 

rJatura nan b> atasUdjo a m a i l , 
Dy a t u» ot •trMnai rea e >eat« tair 
keen rrat^raia^orotbariattssiaBawil, 
t i i rnatu of uptctMot I M tan Barnaul 
o;uo todlfMult K m of t* t aacka|ta|. 
TT:23 Btamo auK amor, cor m Urn-
_jaum of mar atler. kin atktttMUy 
ja=ad n*[£na laaMctuat H I Han, i a n 
oKiwq to pneludj HMnrtml CT-faaaag 
or ruch ujaictuai ud lau. 

atavura H d i k i H aatlaail tar to-
ttoumi o« t f i w a , flats of aafoana 
of ti> rwfctfat, mca • ajj iai talwo »M 
muhrn, a m a t t iMiianoi aoaiucu. 

it. 

t t x n aun M mbiuaao a agatml 
aucnuii. pull, or antpoanttj «tkb do 
ODI ain/ORa to nqulftoaati la oroar to pro­
l y l tiita ludnrtnt vm or taatallaUaa 
T%w raaruni mall tattoo, a aBsro-
Dtuu. prooaftra for Mtotaatan, dora. 
nrratiiT. lafncttioii. taacattite. u n 
jotUctuoa to affaetad vtuiatlou. Hon-
nnfoni'ia) luaa aoall t» ntamd aat as-
Mpte:. njoctad. rapund or i r r a M It as-
eoroin alii domanial nraooSitra. 

it. ooanrnn U H 

icauano oMJi b> anuuaUd a a n a 
Isat tenatfoai m m k> o.L-'Jtr, nth u 
ttnttoxia. snutlau. t.tcmt aaMarlal 
gift fqulpmat. and ooaongfongaaea. « • 
protopUJ idiMUM and oomctad. In iaa 
oan of • rtylrlrant mnrtiiioti adfara to 
qulltr, tea nauum tttu t a n * lb» <U 
ma ot 'J» ooodiuoo la awarafaal and 
-CTTKtta aeon tatm ta pnclua raatl-
VAi. TU atartfflratlnn of taa aajDlSauit 
eoadltfss atfara a a.nuitj, u* a a ot 
tar. MMiUeo. and taa aonactiia BcOoo 
taktc abai; to docuMdlad ud Ktamd to 
approprtttt HaH ot aamiiaaiit-

i i . • n u n lantura aanaa 

talaad to nmkh nlaiMt of arttnua al-
twani ouaBtT tea nama dall uadaai a » 
•ottowiog: aaaja nana, neza at « • « J 
aa naam i l nnltai, t — 

a nitrtnum. tfamtr »J tanmitu a latt 
noordjr. tai »IB« a> •awnttos, ttt nulla, 
On toasaMuqt, " 4 Oa aMaa Baa a 
KKlaWoo*taar«Mtl«atlaaaald.'aa> 
ar* *»n at MariflfiWi ud milwila) 
Ctaamot atta iseUoMw maiMarf ft-
<u1iiaa, tad — a m a«U WaMaa w-
nt iKaik aooamui tWM BHaHoo. MB 
•a dvttJoa, BHUOOB. alt aadni nsa> 

* toasrasaailia onaa af | _ 
•Klofllo tsdla alua H SUM ait M fBllr 
doBiiKiu wltt in upac* af * t fuat 
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